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APPENDIX A 

Public Comments to DOE' s Proposed Revisions 
to the Scope of the WM PEIS 

On June 27, 1989, twenty-two citizens' groups, led by the Natural Resources Defense Council, filed suit 

to compel the Department of Energy to prepare a programmatic environmental impact statement on 

proposals for the cleanup and modernization of the nuclear weapons production complex. Consequently, 

on January 12, 1990, the Secretary of Energy decided to prepare two programmatic environmental impact 

statements, one on the modernization of the nuclear weapons complex and the other on the Five-year 

Environmental Restoration and Waste Management Plan. Accordingly, on October 22, 1990, the 

Department of Energy issued a Notice of Intent (55 FR 42633) to prepare the Environmental Restoration 

and Waste Management Programmatic Environmental Impact Statement (see Attachment 1). In the Notice 

of Intent, the Department identified the proposed action as follows: "to formulate and implement an 

integrated environmental restoration and waste management program in a safe and environmentally sound 

manner and in compliance with applicable laws, regulations and standards." The Notice of Intent identified 

two separate sets of alternatives to be evaluated, one for environmental restoration and one for waste 

management. 

The public scoping period on the Programmatic Environmental Impact Statement extended from October 

22, 1990 to February 19, 1991. Beginning on December 3, 1990, the Department held 23 scoping meetings 

at various locations across the country to ensure adequate opportunity for participation by the public and 

other government agencies. During the public comment period, over 1,200 people provided approximately 

7,000 comments, either by participating in the meetings or by submitting materials and letters. Most 

concerns were related to the public perception of the Department and to environmental, health, and s;ifety 

issues. 

To record the results of the public scoping meetings and to serve as a plan for preparing the Programmatic 

Environmental Impact Statement, a Draft Implementation Plan was prepared and made publicly available 

on February 4, 1992 (57 FR 4193). The Draft Implementation Plan summarized the comments received 

during the public scoping meetings and identified those issues, as suggested by the comments, that would 

be considered in preparing the Programmatic Environmental Impact Statement. A public comment period 
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on the Draft Implementation Plan extended from February 4, 1992 until April 24, 1992. During this time, 

six regional public workshops were held. 

The Final Implementation Plan was completed in January 1994 and made available to the public (59 FR 

7990, February 17, 1994). It addressed comments received during the public scoping meetings and those 

received on the Draft Implementation Plan as well . 

Subsequently, the Department attempted to meaningfully analyze the environmental restoration alternatives 

that it originally defined in the Final Implementation Plan but concluded, after considerable effort, that it 

would not be appropriate to make programmatic decisions regarding cleanup strategies that would be 

applicable to all of the Department's sites. 

Accordingly, the Department announced on January 24, 1995 (60 FR 4607), an opportunity for public 

comment on its proposal to shift the focus and change the title of the Programmatic Environmental Impact 

Statement (see Attachment 2). The proposed modification would eliminate the environmental restoration 

alternatives and modify the proposed action. On March 16, 1995 (60 FR 14275) in response to a request 

from the public, the Department announced an extension of the public comment period on the proposed 

scope to April 10, 1995 (see Attachment 3). In both announcements, the Department stated that the draft 

PEIS would contain an appendix summarizing comments received during the resulting public comment 

period. 

On April 10, 1995, the Natural Resources Defense Council filed a public comment in response to the 

notices of opportunity on the proposed modification to the scope and title of the Programmatic 

Environmental Impact Statement. The Council's comments were the only comments received. 

The Council's letter (see Attachment 4) referred to the prior litigation between the Natural Resources 

Defense Council and the Department of Energy and stated that the Department indicated that its cleanup 

and waste management activities constituted actions that fall within the meaning of the National 

Environmental Policy Act and are thus subject to review. The letter also stated that the Department, during 

the course of litigation, committed to preparing a programmatic environmental impact statement that 

included environmental restoration. 
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The Council cited several program-level issues that it believes warrants full analysis and public 

participation, including those pertaining to uniform versus site-specific standards; the scope and pace of 

the cleanup program; land use restrictions in setting cleanup levels; inter- and intra-facility priorities in 

light of budget constraints; and public participation in the decision process for ..:1eanup. Further, the 

Council noted that as a matter of policy, the Department does not perform reviews under tne National 

Environmental Policy Act for actions taken pursuant to the Comprehensive Environmental Response, 

Compensation and Liability Act. 

The Department agrees that there are issues with regard to the cleanup program for which a national 

perspective and public discussion are appropriate. These issues concern implementation of the national 

environmental restoration program, which will involve some broad strategic initiatives and the need for 

consistency in site-specific decisions to ensure an adequate level of protection and adequate financial 

controls. DOE is considering some enhanced public participation to obtain input on such national 

environmental restoration isssues. However, the Department believes that there are suitable analytical tools 

and venues available other than the programmatic environmental impact statement, to address the issues 

raised in the Council's letter. These are discussed below. 

As the Department notes in the Federal Register Notices of Opportunity to comment on the proposed 

change in scope, the fundamental reasoning behind its decision to carefully refocus the scope of the draft 

Environmental Impact Statement was that cleanup decisions should reflect site-specific cleanup conditions 

commensurate with the regulatory framework under the Comprehensive Environmental Response, 

Compensation and Liability Act and the Resource Conservation and Recovery Act. The site-specific nature 

of cleanup decisions is inconsistent with the idea of making decisions under a programmatic environmental 

impact statement that will be implemented nationwide. In other words, for environmental restoration, there 

is not a proposed action leading to a programmatic decision in this document. Consequently, a 

programmatic environmental impact statement is not an appropriate vehicle for analysis. 

Arriving at cleanup decisions on a site'."specific basis does not preclude public involvement in such 

decisions, nor does it alter the Department's commitments and .requirements to complete appropriate 

reviews under the National Environmental Policy Act. On the contrary, this permits the necessary specific 

reviews, considerations, and deliberations for cleanup actions, including considerations of land use issues, 

to be reached properly with the approval of state and federal regulators and with the direct involvement 

of the local community. 
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Additionally, with regard to using land use restrictions in setting cleanup levels, the Department has 

embarked on an extensive land use initiative to gain an understanding of the long-term future site uses, 

which is essential to effective planning and decision making for a myriad of Departmental activities. 

Specifically, this initiative is to provide a basis for cleanup decision making and for site development and 

comprehensive planning. Each of the Department's major sites is developing future land use preferences 

with significant involvement of interested and affected stakeholders. 

The Department has conducted an ongoing national dialogue with regard to the budget and priorities. The 

Department actively sought the involvement of regulators and other stakeholders in establishing priorities 

and developing the FY 1997 budget. The Department designed a process to give regulators and 

stakeholders a meaningful voice in developing site priorities, which were then used to develop a budget. 

The goal of this collaborative effort was to plan what could and could not be done with available resources 

to try to achieve an optimum balance among priorities within a site, and to some extent, between sites. This 

process resulted in a reprioritizing of activities and modification of schedules to ensure that the program 

would be as effective and cost-efficient as possible. As part of this open deliberative decision making 

process, a national meeting was also held with regulators and stakeholders to discuss national priorities and 

cross-cutting issues as well as any changes to the field budget submission. The pace as well as the scope 

of the program, therefore, were taken into consideration and are reflected in the priorities and the budget. 

With respect to the role of site-specific advisory boards and other means of public participation in the 

decision making process for cleanup, while not considered an appropriate topic for review in an impact 

statement, is of critical concern to the Department. The Department has established several advisory boards 

at its major sites. The boards, which are one means for involving the public, have negotiated their roles 

and responsibilities. Moreover, agendas are left to the boards, in conjunction with the regulators and the 

Department, to determine. The boards are informed of ongoing cleanup activities and issues including land 

use planning, budget planning and development, and priority setting, and are invited into the decision 

making process. 

In the Fiscal Year 1994 National Defense Authorization Acts, Congress directed the Department to provide 

a life-cycle cost estimate for the program, delineated by specific projects and activities. The Baseline 

Environmental Management Report systematically analyzed potential life-cycle costs of meeting legal 

commitments as well as addressing other issues related to the management of hazardous and radioactive 

materials and waste within the system. The report provided cost estimates associated with various program-
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wide alternatives given differing land use assumptions, residual contamination standards funding and 

schedule changes, waste treatment, storage and disposal options, and potential technology improvements. 

This report is a valuable analytical tool for exploring cost consequences of potential options. 

In addition, the Risk Report, when considered with the Baseline Environmental Management Report as well 

as other analyses, helps to provide a foundation of technical, environmental, financial, and social analysis 

needed to inform the national debate on a number of issues, including those raised in the Council's letter. 

The purpose of the analysis, prepared in response to direction from the Energy and Water Subcommittee 

of the Committee on Appropriations, was to help the Department develop a mechanism for establishing 

priorities among competing cleanup requirements. 

After careful consideration of the Council's comments, and given these various opportunities for discussion 

and the analytical tools available to informed debate on national issues, the Department determined that 

these activities, processes and analyses are useful, but not necessarily sufficient mechanisms to analyze and 

involve the public in broad environmental strategy issues. Consequently, the Department is considering 
; 

the addition of some enhanced public participation methods to involve people in the future course of the 

environmental restoration program to the extent that national decisions and initiatives wi_ll occur. 

Nonetheless, the Department decided that the title and scope of the Programmatic Environmental Impact 

Statement should be modified as proposed to consider the management of the Department's radiological 

and hazardous wastes and sites at which the wastes could be managed in the future. This approach is 

consistent with the alternatives outlined for waste management in the Final Implementation Plan. 

As previously set forth in the Final Implementation Plan, the Waste Management Programmatic 

Environmental Impact Statement will evaluate decentralized, regional, and centralized approaches for 

storage of high-level waste; treatment and storage of transuranic waste; treatment and disposal of low-level 

and low-level mixed waste; and treatment of hazardous waste. Waste generated by restoration activities 

in the future that must be managed as part of the Department's program to manage all of its wastes will 

be considered in the Waste Management Programmatic Environmental Impact Statement. 
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ac&IYitlta. For eJtlllllllla,. llildlr TIU. l of 
tbe Uraniulll Mill Talllap lldiation 
Coatrot Act. DOlmatnaadiate 
,...,. maniWDlllilAlllllila ill 
aCIIIIIIGUCII wida Eavli t 
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Fedanl R-ter / VoL 55. No. 206 / Monday. October Z:. 1990 / Notice1 --
~"" Apnc:y atandard• (40 cnt 
part 1911 11tabli•had for ~hat 11w,,o•a. 

Waall•• are catqonuc in ac:coraanca 
wilh Fl!tl.,ral atatutaa and rewulation• 
alMi D01': Ord1n. Hltb•ltvel waatt 11 
da&neu 1n 1h1 Nuclear Wuta Polley Act 
of 1912 M2 U.S.C. 10\0t(t::ll, Low-ievei. 
tra111ur11mc:. and radioac:uv• m1x•ci 
wu111 .. ,. dlfineci in DOE Order 
SGD,2.\ IRadioaCU\'I Wuta 
Muu11111•11tl- Huarcioua wa1111 are 
llultt w•••aa that are d•fin•d aa 
hllarGc.111 by U.S. EAv1ronm1ntal 
Proucwin Atenc:v reguiauon, 
i1111N1t1111n11111 RCllA I 40 CFR Part 21111 

1111arated Crealtfothan.clua C (CTCCl 
waatt be handled II a •~l ca11 by 
•uu:h 1ilt. The D111anmant t• alao 
m110rwbl1 (or diapoul of commercially 
11111ra1td CTCC waate. DOE bu 
d1nlopld a lhrla-,,an ltrlllff ior 
maaa'1111 tllll waate. Th• fint 11ba11 
would provtd1 • 1tora1a facility far 
thole 1enerat011 that cannot connnue to 
llON lhl WHta. The 11cond pball 
would pnmdt a central 1tora11 facility 
(or all coaunen:ially g1nerat1d CTCC 
WHlt . . 

pabllc. and the tmnimuat: 1::1 to 
decontaminate {1c:iliU11 antalldaci for 
reat: and (3) dlCOlllllliuioa otbar 
(1ciliU11 in accardanca With 
~lrtllllntl Ill fonb ill &II a~ 
etmnmmental co11111lluce 11Lu. 
Cl&rrendy, DlD ac:uvttt11 are plamlld 
and IXICUllci Oft a •ite-by-s,te bu ... 

Tha fEJS will addrn1 thnt 11r1c:ttca1 
ami any reaaonabla 1ltanlauv11 
amanablt to 1nYironmatal analyaia. 

Nffd for an lnllftOted Elirit0nm1ntai 
Rntoratton and Wan. MIINlfltMIII 
Prorram. Tht (und•mntal 1011 of 
DOE'• omce of Envtnmmaatal 
Raatorauon and Waite M1111,•mmt 11 

10 ensure that 11·ottntial l'llkl to human 
bealth and to the tnYlronment poald b~ 
Wtllll undar ill iurildiction are ll Hit 
l1nla. To h1l11 ac:hi1wt thl• goal. DOE 
proiioaee to conduct an intqrattd 
enYlronmental restoration anci w1111 
man&IJlffltntp~ 

uo by "PPiicablt 11att re~ation1. °""'"' Pracuc11 for Waste 
,\fOIIOJlf•m11nr. To data. DOE'a w111t1 
rnu1H11ment op•rauons nan focused 
oa •n•• .. v,11t1 uuunenL stora, •• 
1ruapcm,111on. and disooaal of w11t1. 
Tr111111111n1c:. low,iev•i. hazarcious. and 
r1dioa1.11v1 mixed w1111 are ,ener11ed 
at maav DOE ilutatlalions: oniy a iew 
1n111ll.&11nn1 ,1nera1e ni!Jh•l•v•I w111e. 

DOE ~en•ra111 or 11ore1 lli,h•leni 
'"'" •• four 1nrtallalion1: 1h1 
SanM1111 Rlvar Site. tile Hanford 
RatlrvN11on. the Idaho National 
!aim•"""" i.aboratory. and the Wut 
Valley llemomtration Protect. Ta data. 
hip,lnl!I wuta baa unciefllQne only 
Ullillcl treatment. DOE lntencia 10 
~b111u th• wutt m a 11abl•. solid 
r- at.r.eptabl• far dispoaal in • 
poiollc repoeitory. Undar current law. 
oaly 01111 potential reposnory 1111 lat 
Yaa:a Mountain. Nevada) far this wute 
i• Cllffl'tlttv be11111 charactemed. 

Mott TRU wutt has been 1Jenerated 
at DOI!', Rocky flat, Plant m Golden. 
Calor.,1n. Transuraruc was11 1s 
amenuv stored at aevera1 iaabtiH 
incb&wn1 tile Roclty flall Plant. tne 
Idaho ri~11onai ~eennl! Laborasory. 
tbt Hunforci Reaervauon. the Oalt Ridll• 
Rn•n1111on. I.he Nevada Test Site. Laa 
Alam111 Nalionai Laboraiorv. and tile 
Sawann11II River Site. The Idaho 
~atio11"1 ElupneenruJ Laboratory has the 
laq111 manal!•ment program far th11 
wute. Ina D•parunent II cwnnuy 
nalw.11n1J ti\1 W11te lsolation Pilot 
Plaat ,,. Carllbad. N•w Mexico. as a 
patenu,.1 dilpoaal ailt for TRU waatt. 

l.ow-lt!vtl waatt raqwrea relauvaly 
llliaimii1111aunmt. Althouall in som• 
llll&ant.111 other mathoda may b1 used. 
DOE c;,1mntiy diapoaea of the ma1ority 
of Ila IJ. W In n1ar,1uriac1 faciliti11. 
indwl,n~ installationa at tha Savannah 
Rlnr i.itt. the Oak Rld31 Reaarvauon. 
the N...,ada Tt1t Sita. thrHamord 
Rltar,11noa. Laa Alamo, NaUonal 
Labor111ory, and the Idaho National 
!'l'a;."'111 Laboratory. 

,Order 6l2A2A (Radioacuv1 
Waai. Muqemmtl reqwrn that lhe 
DOE "'"'" aquiYlltnt to colllllWCtally 

The final pbua would transfer the 
slOffd w11t1 to a hl9h•lev1l w1111 
repoanory or pnmd1 for the 
d1Ytlo11m•nt of a 11paratrCTCC 
dll110aal facility. 

For huarci0u1 w1111, DOE'• near• 
term obilCUVt II to treat the WHll .. II 
is generated. thereby min~ the 
neeci for 1tora1Jt ca11ac1ty. DOE di1poae1 
of treateci baurciou1 w1111 m ;,ennmed 
DOE or commereial facilities. 

Mlxeci wa1111 are 9enera11d 11 many 
DOE ilu11il1lion•. Mlxaci waa1• may 
include hi9h-!•vei wutt. tranauraruc 
waata. ancs law-lH•l w11tt. DOE atom 
tlttaa waataa until they can be treated 
ami dia11011d of ln pmmtted facilities. 
The D111anmant c:uznntiy treatl a •mail 
IIIIDWlt of MW by thennai dntrucuan 
to tliminate 1ome huarcioua 
c011111on•nt1. ln addition. DOE treat1 
1ome low-level MW by 1olidlficau0n. 

The fEIS will 1ddrl11 lhnt pracuc11 
aDd any reaaonabl1 altemauv11 that are 
amanabla to ermronm1ntal analy111. 
(See Scop• of PE!S. below I 

Ounnt Pracucu ;or £nvironmentoi 
Ratorar,on. DOE w1il c0nunu1 to se•ir.. 
to the e,uent p0111bl1. to ne,ouat• a 
compreileas1v• Federai Factlili11 
A1rtement wuh the Envtronmen1ai 
Prottcuon Ag•ncy tEPAl a1111 lhe 
involved state to cover Ill remeciiatian 
adivittes at an tnrtailatton. Such 
aP'ffmtnll 11tablilh technical 
reqwremenll and 1chedul11 far 
charactenzauon. fe•11bility 111111ment 
aDd cleanup at each of the aifected 
sitea. and dtlintatt the rol11 ind 
rn110n11blllU11 of each pany to the 
11191m1nt. ta comply wuh the 
~mtntl of Secuon 120 of CEltCLA. 
DOE la in the eariy 1ta1aa of 1i1t 
aunam•nt and charactenzauon at 
may faciliU11. Thne Initial acuvitiH 
are b1iQ11 revieweci In complianc• with 
NIPA. DOE hu cietemunad that th111 
eariy remediation acuvttt11 ere 
nannaily catqoncaily 1xclud1d under 
Ill NEPA guidelinu (&5 FR 3i'17C, 
Se,tember 1. tllOt. 

Oacoatammalioll and 

Hiltoncally. COE envtronmantal 
r11torauon and w1111111111111ua1n1 
0119ftUOCII ban been condlldlci on • 
sita-by•lllt ba111, 1'bll 11racuc:1 ba1 ltd 
to di.fferin9 approachu to cleanup a1111 
w•1ta maaa91m1nt aman1 DOE 1it11. 
DOE'• rec:ant conaolidaUoa of w11te 
plOlfflll rn,,onsabilltln (ellYiroDmtntal 
rntoration and Wtlll 1111111'8111fflll 
pnmci11 the OPIIOrtllDllY to 1111blilh a 
,71t1matic approach to programmanc 
r•qmrementl and iirac:ucaa. 

Ramediation and D Ii D acuvllill 
renlt In lup IIIIDUlltl o{ WIIII tllal 
will reqwre manqament. ID adcilUon ta 
the w•1t11 9eaarated from producuon. 
rnean:h. and other activitaea. Seca1111 . 
emronmental restorauon acuvtli11 wu1 
bt a 111Jmficaat 1cnan:e of w11te. cieanuo 
and waatt mana,ement 1cu,,u11 ere 
clo11ly related. Tht re10i11uon _oi cen11n 
k•Y i11un. 1uch ti future IIIACl•UHOlhl\" 

objectives. will dettnmnt the amount. 
1)111, and tlmial of ennronmmtal . 
ree10rauon waatt beiq mtrodw:ed mta 
tba wutt maaa~mt pan of the 
syettrn. Laad•uaabillty policy relete~ 10 
cltanu11 atandardl and the dqrn ot 
reiiaaca on tn1t1tut10nai contrail far 
tana-tena health and 1nYUOD111tn1al 
prateet10n. 
HIHIIAMNft91C U:.UIDIII V"l'ftL ~ftCT 
STATmlffl On IIDIWY tZ, 1990. th• 
Sterttarv of Enllff detarmiaed that • 
P!JS ahould be 11f91111'1d for DOE'• 
newly pn,poatci lntapated 
emronmaatai rtttantioll and WHll 
maaqlllifflt 11rosraa- The &tcrttary 
ata&ad that 11r111antioll of tbla fEIS will 

decmmnie•ioaiq aCUvtlin bavt 11wtral 
olltectivet: (t) To mailltaill fac:ilitla1 
a-idq addltJoaal DAD ac&mtln in• 
lllUllllf Iha& llrotletl worun. tht 

•--- that a co1141111tHMYI and . 
cwmaiatlYI aawbaaa,ental aulytta of 
wate mac,pmaat p&opaeail IUld 
allematiYII will be aftiiable to DOE 
dlc&llonma&m Ullidl8~ 

Al-4 
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'T1le PEJSwiii.._Ol'Ncl 
pnlllUIIDaliaiuueaMill&awr• IN 
tlllftachn IO DOE'a llfflfDNll•l•i 
ratantion allli wu1e maaaeem-t 
aCliYttieL DOE aims. ta lhe aiuant t1UI ii 
fuaibla. for tha PEIS to ,nmae Iha 
pnmuy e11Y1101Unatai bw1 for 
aeAac:liq wuta IIIUqllNllt mathocia 
allli ~• &ht locataou at 
wllAcb they wowd ba inqliamantad. 
tioweftf; OOE doa Dot 1nt•11d lh• PEJS 
to &IHII w~ reiattd ta alt1maave 
chatca of locatiom Wlllllal a 1it1. Such 
detailed dtc:ilionl would ba baud on 
1ita-t111e1flc NEPA dac:amentl tiUed to 
thilPEIS. 

laaunca of the Reoard of DeaaiDDand 
will llOl be COlllldaNd ill Iha i£1S. Tha 
poundwaw nmediadoll aCIMt!ft 

Oermtenm"• aa 
dermmm · n:119 Mlfftda ara not 
•ai• cl ta lha dmsinnmakiq 
frui•waric w,.,,.... neadlalioll 
ac:uvitiu. DOI .-apua &blniln. ta 
alllft•cla all DlD aamtln ill u 
lntap'a&N. ayacamattc f.uldoD. 

11-.IIIIIUUlY OUClllll'TIOII Oii 
AUDMAnva:St:o;,1 of PE!S. DOE 
solicill public input on all 11p1Ct1 of Iha 
PfGIXIIIG Dl'01f• m di:acnb1d in this 
nouca. COE plam to 11n1ctare thia PElS 
in two Hctiona tn facuitata 11ublic 
~enew and comments. One ll!Ct1on of 
tht fEIS will focus on key 
ennronmental restoratton 1uua. The 
secand 1ectiOt1 Wttl anaayu ftnonably 
fornenble ~· i~1ct1 a11oaated 
,,rith YlflOUS WIiia man•"'"'""" 
ahemauv" w1thl11 the ,nt~ted 
propam. 

Aadiacaned 11rm~. c:mftM 
ltlftf'lffllllel rettonbOII end wa•te 
mua9llllfllt pracaca for 'l'ririch 
..-nabla aitemaliftl that aft 
·-•ble to elffll'Offlllffltll analni, C&II 

be idtnnfied an Wlttlla the •COIi• of the 
P!IS. Under the NIIC!ur W11t1 Polley 
Act of t91Z 14% U.S.C. unm. et •eq. I, aa 
a~ DOE curnnuy ptau ta 
dia,o•a of hip-teval -t1 ren1M" 

·-• with UM11VJI 1ft ;uat bewumm1- ilcrwner, ud thanfol'I are 
wtthua Iha ICID1l9 of thla PEIS. 

Propo,ed action. n, 11ra,oa•cl action 
ia 1o fonmuata uo 1nq11a1111111 ,n 
lffllll"• tecl EnYilonmmltal Rntontion 
IM WIila M•llalflllfllt Proplm Ul I 
safa and ltffi,0111U11tally 1Dlllld 
IIWlllff, and In CDffl111laDCa Wtth 
111111icabl1 laWL replationa 1Dd 
atallduda. AltnnliY1 •llll"ftchn 1r1 

dilc:ullad below. ~ 
Ellviruamutal Rntarallon Analyai•: . 

NEPA reqmrn DOE to analyu 
l'IUOa• bla aillnl•UVII IO ill 11rupo1ad 
aelioDL DOE reauu Iha& iA lila current 
e11Y1ronmmtal rutaraUOll 
deci1i0Qmakin1J framaworit {or 
remediation acuvtu11 than ara 
stabllOry aDd ~torf reqwrementa 
that muat be fullillad. 00£ Wlii CODWlll8 

to follow e• tabliahld 11~ ,n 
condllCWII) 011101111 enwuo1111111111I r--• uoa-acuvitiaL 

For UUS11iL the framaworit CC1ft1!1'819 
1atabilahad Wider CEila.A for maaaial 
ac:IMma U1qlCIIN a •ll'mle puduamr for 
pennaullt l'IIIUldias tllat cam,ly w11h 
all a11111icabla ud aP11l'01'ft• t• 
~ Ntabliabad Wider 
emirGnmmtal la-. Conaaq,iemt,. 
DOE'• ov .. 11 lftfHGl.m.4tal lfttanUOD 
efforta haw foc:uad 011 clu111111 u, 11te1 
adaq111tely for 11m111Cl'iclld futmw u1e. 
111a framework also requirn chat 
clanu11 requtremenll end remedies be 
s-• ct'l!d ait-l)eC!fically. This 11raauces 
final deaaiona made both discrete!! anci 
diw1ne1y. 

DOE believes. however. that there are 
,mt>OnaDt national issues that it sho11id 
analyu IQ carrying out 111 
l'ff1N)n11biliUe•• Th•• 111u11 include. 
bat al'9 not limited to. (1 l the dqree to 
wtw:b DOE ahou1d rely on i,ro,,en 
teclmoiogi11 in contra1t to makina 

WutaM........-Aulyail:Wa•te 
trnuunt. atarap. u •-,n1cauoa. and 
dla;,oaal altmmliYn 1lflllWlly d-,.nd 
011 the weata ca-.,ry (1uda •• 
radioacuve. huudaa•• or nctloactive 
amid wa1tet. Altmmuw• WIii reflect 
cetraliud. repon•i. or inatallatlon
speaflc 1ntetta, Tbe 1nalysi• woa6d 
pnmda anvirunmntal lnfonnatlOII for 
dacidin1 whicb wnca ~ 
ca,abillti11 1boald be ntabliahed 
c111tnlly, fqlOll• lly, or at ndl litL 
Tt1111portaaon of wa•t• aod the 
potemtal auoc:aatld tnq,sm w,11 alsa be 
enlaated. 

.Vo Action. Thll a!tam• tive woulJ 
contiDH llfllln& pracaeu. DOE wuuid 
not ado11t and 1ntewratld ecmronmantal 
mtoration and wa•t• maaa"emanc 
p'°"'am. COE wowd coalillu1 to 
01)Ulle ill lDYlrGDIDCll&I ra1tora11on 
acuYitill and Ill WIiie 0par•UODI .. 
dilcrata lite41)1C1fic acwm•• i£ 111• 
r.qwramnu dldata &ha need for offlita 
anew (acilitin. maaawemam deciliun• 
WOllid be made on a pru1act 1i:ecific 
bail. 

00E wowd mailllaill uialillg 
facilitie• for wuta maaapmeac 
a,anauona. :,,;ew w1118 mua1amen1 
actmtie•• prvjectL and tedmolmpcai 
dffti01)11tlnl would be c:omaderad ca1e
by-ca11. 
IOINffl'ICAflml GI' aNIJIR a JiFffU. 
Iuuas: The foiloWlftl elffll"Oftmenu11 
issue• have bean idanafied for anaiy11s 
in t111 PEIS. Thia li1t II pr91•nted to 
facilitate di1c:us110R on the •co!II of t t:I! 

from Oe11armienl&I aamne• m 1 
re,aauOl"J to b• cinesaoed for 111em fuel 
rrma commaaal nuaur unlitie•• in 
iddition. u.ndar •ecaoa Z13lal of I.he 
0-,anmenc of Enanry NatioDll Sec:amy 
and Military A11111icauon1 oi Nudear 
~ Authonzauon Act of t9IIO 142 
U.S.C. :272. et Her.I, 11 amencied. the 
08'1anmea, i,iana 10 ciamonavate \ha 
dilllo•a! of def11111 ltffllUl'IUUC w11ta et 
rhe W111e lsolatioD Pilot Plaa& IQ 
Cart•bad. N- MUICU. Tb- dtcasiODI 
will not be rn,1ited iA tba "~mmalic 
ElS.111 addition. Ula. IS • nauooei 
propam. 11odar C0Dsre111onal direeaoa. 
to addraa the meng-111 of 
c01111111raa! nuclear reaaor 1111111 fuel 
The ac&IYitiu auoc:aaia.i W1th that 
prowram wtll be c:omadand in 11111ra11 
NEPA doc:amaatalion aaci DOI iD lhia 
P!IS. Comman:w U.\V l1 nae tha 
O.,artmant'1 ra-,ouability and 
1haraiara 11.ouUida tba •cope of the 
PEIB. U:alliua Mill Tailiap itemedw 
AdioDPropamlUM'TllAPJ tailillp 
c:lamqt ud ~ ac:DYltiN ara 
widda DOE'• IJllffllW, but an e,qieclld 
to be cloH 10 c:om,l.lioa 11riar to t111 

strong reaource co1111111tm1DII to 
denloplDI innovaliva tedmologies: (Zl 
1ha manner ID witich DOE shouid 
maaa,a w-•111 until adaqute treatmlllt 
and dlspo1ai ca11acity i1 available: 131 
wilether DOE', imtallatiom abouid 

PEIS ana b not mtendad to be 111• 
inda•iv• or to pradatamuna the •Cl)l:1. 
T1wefore. DOE lnvltN coann11111 on 
1h .. and addlUon• I illUft relevant 10 

1hil PEIS, 
(ll 1'111 pote1uial Uftll• CU lbolb b..,.;iaal 

~- adYitrnl 10 woril•r beulll. pllhlic health. 
-1nd Iha e1tt1101dllllftt ....,flW 
alLlfflatff'II fa\ WiiVIICN .... l l'l'ltONhOft 

····-"'........ . 
(ZITile "°_....._...ID ..ti....11..Wte 

inv1nably ba cl•uad up for UIU'l11t1cted 
111& aad (4) tha eDYlrDDIIWlW buia for 
decidillc cluaup pnoritin. 

DOE ••Ir.a co d1ftio, ud aoa!yu 
propammaac ait1n1auvn &hat bar on: 
thatl• 111••L DOE beliavn chat 
im,onant information 011 the coa&1 and 
b .. fill of alternative 1)ropam · 
muapmeaa acrac• w- could lhlnby ba 
obaiDad. DOE la aa,ecwly lnt.,..ted in 
r•-1Yin1 11t1blic CCIIIIIIIIIIII oa tlllN 
i•-u. 

Al-5 

hnUII. • Ila tt.. 86• - __. .. ,_ 

1i&lnl• UYft ~--C-• •- oi w-••114~.........--
aailiaata.. 

(311'be danioclmnt ol ..... 
!ecllaaU14'11 ana ..... "' ··••a-.i 
,-enoa aad w•• rs• • t and 111• 
~till Uft11• C11 lbcM& b II C r:t•t 11nd ..._.f,_~ L ;I t1tlall, 

(4IAAyobll•clellO...._WI e..,.._ .... atla,...._......,,wie. ........ ·~ .... -........... 
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.-..... 1....-· I Vol. u. No. Z01 I Moaday, Oatobar 2Z. um I HOllaa 

apecdJA elMIOIUlllldal netaratioa ud 
wull' m•n•pmn• ~Cllivttiel wllile the 
PIIS le bainl pr9119nd. Maay of thua 
ectnttlu •re~ by F.det,ll end 
atate tetUie10rf •a-au UAder 
tawonmenw C011q1i11aca apeemuta 
and •om• ua nquind by court decnn. 
DOE will have to datenaine ceu-by• 
cue whatbar 1ita-tlMCiflc ac:tioal may 
pnaed before tha PEIS la ~latad. 
11111 will be dou in •ccordenca wi&b ell 
appllcebla requiremantl. lncludlnl the 
Int for inwtm •ctiona found in CollDCll 
oa f.nvironmutal Quellty'1 NEPA 
Repi&Uona (40 all 1SOL1(c)). 

Olher. DOE hu prepnd. or ii 
c:mnntty prwi,erinl, NEPA dOCW111nt1 
rar muy of DOE'a lite-tpeciftc acUoaa. 
Exam11l11 of 1om1 major relevlllt wuta 
nwaa1am1nt NEPA docum1nt1 are ll11ad 
below: 

t . Flui f.lm-tal l11111&Cl S111n11111. 
Dla,oau of Huford Def- Hlp~evel. 
TrauaralllC ud Tau WHlaL Hallfotd Sita. 
Jl.idaland. W11hin11on. DOE/EIS-4t13. 
o-tler t817. U.S. D1p1nmen1 of Enerv, 
\VaUllftWIIIL DC. 

2. Final Eavliu.awwwtal &n,,aCI Slallffllftt. 
WIiie Ma ....... ActiYIIIH fi. 
c.-a-•• Pcut..aoa. Snawll lllflr 
Plat. Allwt. &oulll CatolinL DOEIEIS-OUD. 
o-tnu1rt81P. U.S. O.,U-.. of Enaru, 
\VaulnllU, DC. 

l. f1Mi lilt11DIIOM"'U Envifoanulal 
~ Sia.._., Walla laolalioft Pilot 
Plat. D0!/IIS,,,ODZIM'S Juaary tVIIG. U.S. 
°""9Mn1 of !Miff, WuaiJlllon. DC. 

t. Draft !a✓anawatal 11111191:t StatMMnt. 
Dauu /IIIGI . I 1f llpa S.,lu PlodllCltotl 
Ra1cu1N 111111 Hafmd Slta. IUdalud. 
w~ DOI/EIS-Oltld. Mate111-. 
U.S. DapUIIUIU of EM,g, Walhinawa. DC. 

n... documents. the Fm-Year PIID 
(DOE/~P'I. tram~ from the 
public 1copin1 meettnp (when they 
blCllffle H1aiabl1t. and other related 
document• wdl be •••liable for 
inapecrton at DOE Freedom of 
lnfonnanon Readina Rooma. 

1..-d In W11hin1ton. DC. lhla 15th day of 
October lllllO. 
PelaN.Bawll. 
.Ulillf Auiatanr SM:lfllll'J,·, £:J11iron,,,.nc. 
Saf«r.ond H.a/rh. 

A,....air ,,,.., ... .,, Aclmtl.aa 
Eabramd by tba Pm 

---------~A-.IIIM&All. 
~ ......., t.alllao a...,. CA. .,. 
~-c:..... ......... CA. 
~ c:..,....-.CA. 
IAIIIWY ear 11-., A• a... CA. . .._--. 
.... -- .......,. U.-.CA. 
~ 
'--~ ...... i.-CA. ., 

~ ...... 
N.L 

"-T....., ~A----.NM. --SW ,.._. ~ ,.,__w. 
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Attachment 2 
(to WM PEIS Appendix A) 

Federal Rr.gister Notice 
(Volume 60 , Number 15, Tuesday January 24, 1995) 

[60 FR 4607] 

Department of Energy 
"Environmental Restoration and Waste Management; 

Programmatic Environmental Impact Statement" 
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Appendix A Public Comments to DOE's Proposed Revisions to the Scope of the WM PEIS 

Federal Register / Vol. 60, No. 15 / Tuesday, January 24,.-1995 / Notices 

DEPARTMEN r OF ENERGY· 

Environment.al Restoration and Waste 
Management; Programmatic · 
Environ mental lmp~ct Statement 

AGENCY: U.S. DepartnientofEr;iergy . 
. ACTION: Notice of opportunity for public 

comment : ' 

SUMMARY: The Department of Energy is 
giving the public the ·opportunity to 
comment on proposed modifications to 
the title and scope of the Environmental 
Restoration and Waste Management 
Programmatic Environmental Impact 
Statement. The Department proposes to 
modify the scope and name of the 
Environmental Restoration and Waste 
Management. Programmatic· · 
Environmental Impact Statement. (PEIS). 
The proposed action would focus .·_. 
primarily on the evaluation and.analysis 
ofwaste·management issues confr~mting 
the Df3partmenfand would be renamed 
the Waste Management Progra~matii:: . 
Environmental Impact Statement. . 
DATES: Ta ensure .that the public's , 
concerns and views are fully . . · . · 
considered, DOB is providing a 45-day 
written comment period that.will · 
extend untll·March 10, 1995,.to 
comment on the proposed modification 
to the Programmatic Environmental 
Impact Statement. · 
ADDRESSES AND FURTHER INFORMATION: 
Written comments and.requests for . 
fu.rtlier information on tht' . . 
Environmental Restoration and Waste 
Management Programmatic 
Environmental Impact Statement should 
be directed to~ Jaines A. Turi, Office of 

. Waste Management (EM-33), U.S. ' 

A2-2 
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., .. •.· · . • ' ·.. .. . ~- . 
~4808 !' :;-,:;:: ... ·. ·Ftderal'Register / Vol. 60, No. 15 / Tuesday, January 24, 1995 / Notices 

:»e~eiil'.cf.E;n~rgy. 1000: · · · · · 
,.1nd,peildeil~. A venue SW.-, . . · 
JYIShingto9;.·DC~0585--0002; (301) 903-
•7-147lFodnformatioil on. the, · · · · · 

·Department~~ :l'latlonal. Environmental 
.Poilcy Act process, contact: Cai:ol M. • 
.Borgsuom;Oinlctor, Office of NEPA 
Oversight (EH-25), U.S. Department of 
Energy, 1000--lndependence Avenue · 
SW:, Washijigton,.DC ·20585, (202) 586-
4600 or leave a message at t-B0D-472-
2756. · ,, .. · ' ., · · ·. · 
SUPPLEMENTARY INFORMATION: On 
October 22; 1990, the Derartment or 
Energy· issued a Notice o Intent to·· 
prepare the ~virorunental Restoration 
and Waste Management Progr8:fflmatic . · 
Environmental Impact Statement (PEIS) 
(55 FR 42633). In the Notice of Intent 
and in an Implementation Plan issued 
in January 199.4, the Department . 
idenµfied the proppsed action as 
follows: "to formulate and implement 
an integrote,d. environmental restoration 
and waste management program in o 
safe and environmentally sound manner 
and in compliance .with applicable lows, 
regulations and standards." The Notice 
of Intent and the Implementation Plari 
identified tw.o separate sets or 
alternatives to be evaluated, for 
environmental restoration and for waste 
management. 

The·Department attempted to 
meaningfully analyze. the environmental 
restoration altemative.s that it originally 
defin&d Bl! part of the "proposed 
!ldion/' After-considerable effort, the 
Departmen('bas concluded·thot it would 
not be app~priate to make 
programmatic decisions rego,rding 
cleanup strategies that would be 
aP.plicable to ell ohhe Department's 
sites. The fundamental reasoning · 
behind the Department's conclusion is 
that cleanup decisions should reflect 

. site-specific: conditions, and, in,any 
event; con only be reached with the , 
approval of.state and· federal regulators 

· and,the involvement ot,.the public. It 
would be inconsistent with the. site• 

· spedftc nature of cleanup decisions, 
tlierefore,to make these decisions under 
this PEIS that would be -implemented 
nationwide. 
· Accordingly,. the Department 

proposes to.eliminate the analysis .of 
.. .environmental restoration alternatives 
and to modify the proposed. action. As ' . · 
modified, the PEIS would·consider how 
to manage-the subject wastes·and 

.- analyzi•altemativ.e sites at which the 

• Statement.'' As previously set forth in 
the Implementation Plan, the PEIS ' 
would evaluate decentralized regional, 
and centralized ·approaches for storage 
of high-level waste: treatment and · 
storage of tr&nS\lr&nic waste: treatment 
and disposal of low-level and low level 
mixed waste: and treatment of 
hazardous waste. Waste generated by . 
restoration activities in ·the future that 
must be managed as part of the 
Department's program to mancge all of 
its wastes would be considered in the 
PEIS's projected waste inventories. The 
draft PEIS. ls currently scheduled for 
publication in late spring of'1995. · 

In-the October 22, 1990, Notice of 
Intent in the Federal Register, the 
Deportment of Energy discussed the 
preparation of.a Programmatic 
Environmental Impact Statement based 
on formulating and implementing on 
integrated environmental restoration 
and waste management program in a 
safe and environmentally sound manner 
and in compliance with applicable 
requirements. The Notice of Intent 

· stated that the purpose of the integrated 
environmental restoration and waste 
management program was to provide a 
broad, systematic approach to 
addressing site cleanup and waste 
management. Although the proposed 
action was defined in terms of 
integrating environmental restoration 
and waste management, the description 
of the alternatives in the 
Implementation Plan set forth separate 
sets of alternatives for environmental 
restoration and waste management. 

When the Department published the 
Notice of Intent in 1990, there were 
important national issues regarding the 
direction of its environmental 
restoration program that could be 
meaningfully evaluated in the PEIS. 
These· issues focused primarily on the 
level and extent of cleanµp of the 
Department's (acilities. The Department 
continues to believe that cleanup of its 
sites involves.important issues such as 
land use, public health, worker risks, 
and cleanup standards. The Deportment 
has concluded, however, that 
programmatic decisions regarding 
environmental restoration cannot be 
made because·these decisions should 
reflect the· particular conditions at each 
site, and require the approval of state 
regulators and the involvement of 
stakeholders. The Department believes 
that the proposed action origi~ally 
considered in the PEIS sho.uld .be · 

.. wutn could be manag&d.in the. future. · · 
The PEIS would focua its programmatic · 

··mluatioiil onwute.management 
. ·facllltieaiancl:would henceforth-be-.. 
·kJiown.=U-~i'.'Wute·Muiagement 
:~UcEnvlronmental Impact 

modified by eliininating the analysis of 
envlroninental restoration alternatives. . 
In view of this niodification the PEIS 
would be renamed the ."Wute· . ... . 
ManagementProgrammatic . 
Environmental Impact Statement." 

A2-3 

The modified proposed action would 
focus on the evaluation ~d analysis of 
waste management issues confronting 
the Department and wou;d incorporate 
potential in:ipacts of environmental 
restoration on the management or 
wastes. The Department believes the 
proposed action as modified will 
identify and analy~e waste management 
issues and activities for which the 
Deportment-is responsible. A summary 
of the comments received in response to 
this notice will be contained in on 
appendix to the draft Waste 
Management Programmatic 
Environmental Impact Statement. 
Comments previously received during 
the public comment process on the 
scope of the PEIS that are still relevant 
in light of the proposed modification to 
the PEIS, and the issues raised by such 
comments, would be evalu11ted as 
discussed in the Implementation Pion. 
Comments on the scope of the PEIS that 
are relevant to other analyaes being 
conducted in connec;tl'on with site• 
specific environmental restoration at 
DOE's sites will be considered in the 
preparation of those analyses. 

Issued in Washington, D.C. , on January Ill , 
1995. 

Thomas P. Grwubly, 

Assist1Jnt Secretary for Environme11tul 
Management. 

(FR Doc. 95-1754 Filed l-23-95: 8:45 am l 
BIWNG CODI _,-ft 
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(Volume 60, Thursday March 16, 1995) 

[60 FR 14275] 

Department of Energy 
"Extension of Public Comment Period for 

The Environmental Management Programmatic 
Environmental Impact Statement" 
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Appendix A Public Comments to DOE 's Proposed Revisions to the Scope of the ™ PEIS 

. [ 6450-01-P 1. 
DEPARTMENT OF ENERGY 

Extension of Public Ounrnent Period for the Environmental Ma:,agement . . 
Pfoerammatic Enmonmental Impact ~tatement 

. 
AGENCY: U.S. Department of Energy 

ACTION: Extension of public comment period. 

SUMMARY: On October 22, 1~, the Depanment of Energy issued a Notice of IDtcDt 

to prepare the Environmental Restoration and Waste Management Programmatic . 

Environmcntil Impact Statement (PEIS}. (55 FR 42633}. In the Notice of Intem and in 

an Implementation Plan issued in January 1994, the Department identified the proposed 

action as follows: "to formulate and implement an integrated environmentil ~on Nld 
waste management program in a safe and enviromn~ntally sound manner and m ~liap 
with applic:.able laws, regulations and standards." A notice wu ismed Oil JIDUN)' 24, . . 
1995, invitin& the public to provide writr.cn comments on a proposed modification to th= 

scope and name of the PEtS. (60 PR 4607). In the notice, the Departmmtt PIOIX)sed to 

modify the proposed action ~o eliminate the anaiysis of environmental resroration : 

altematives. As modified, the PEIS would consider how to ~ge certain types of 

radioactive and hamuous waste, and analyze· alternative sites at which tbD wastes ~ be 

managed in the future. The PEIS ,;r.,ould fcxu., its programmatic evaluations on waste · 

management facilities, and would henceforth be known as· the "Wiste Manaaemcat · 

Programmatic Enviromnental ~pact Statcmem." 

. . 
JNVITATION TO CO~: In response to a request from the ~ublic, the 

Department is ntending for 30 (ays, until April 10, -1995, the written commem: 'period for 

the. proposed modification to the Prog,arnrnati~ EnviromncntaJ Impaci Stataneat A 

. summary of the comments recc:ived ~ response to this notice will be C'flllined in ID 

appendix to the .draft Waste Management Programmatic Envu:onrncntaJ Impact StiltCIMDl . , 

A3-2 
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ADDRESSES AND FtlllTBEll INFORMATION: Written-commems'aud requests for 

fmtber µJformation on the Pragmnrnaric Environmental Impact S1alanent ~ be 
. ' . . . . 

.. directed to: James A. Turi, Officc'of Waste Management (BM-33), U.S. Dcpartmmt of 

Eaeqy, 1000 Independence Avenue, s.w .. ·Washington. DC 20SSS-0002, (301) 9C;B•7147. 
. ' 

For information on the Department's National Enviro~ental Policy Act process, comact: . . . 
Carol M. Borgstrom. Director, Office cf NEPA Policy~ Assisrance·(EH-42), U.S. 

Department of Energy, 1000 Indc:pendence Av~, S.W.~ Washmgton. D~ 20585, 

(202) S8_6-4600 or leave a message at 1--800-4?2-27S6. . 

Issued ~ Washington, D.C., this /~y of~ 1~5. · 

Assistant Secrccaey for 

A3-3 
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Attachment 4 
(to WM PEIS Appendix A) 

Natural Resources Defense Council's (NRDC's) Comments 
on the Department of Energy's (DOE's) Proposed Modification in 
Scope of the Environmental Restoration and Waste Management 

Programmatic Environmental Impact Statement 
(Letter: Andrew P. Caputo [NRDC] to 

James A. Turi [DOE], 
April 10, 1995) 
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Appendix A Public Comments to DOE 's Proposed Revisions to the Scope of the WM PEIS 

··1•··:· . ·_··. a.···. 
. . . : . 

· . Natural Resourres . 
. Defense Council . 

· · J.IJO N• Y-t A~ H.W Wuldit,-. DC lD005 
· m 1,,~1""' . . 
: · Fal.DZ11JJm 

April :i.o, ··1995 ,. · .· · .: ... 
. ,· : 

. :·Jam~~:-A~ · ~i · 
. . : . O!fice ,of Waat:e -M-.nagement <-~-33) · .. ·. u.s. Department of Energy._.· · . .- · . 

.-:': 1000 Independence ·Avenue SW :- . 
· · -wa-.hing~on·, ·p.c • . 2osa~-001>~ --

._ Dear" . Mr~ •. Turi: 

.. . ·: ,• .. . . • The,.Nat~:tai Reaou;-ces : befens~· Council .- ( ;;.NRDC") ; 
.. lead .plaintiff · in NRDc; · v, Watkins. Civ. No. ·.B9-1835•SS. · . 
• .. (t> .• D.C.-) · (stipulation filed Oct •.. 22., 1'9.90), files the . 
. · following comments on 1;he · Department· of Energy's· PJ'Oposed. 
· modification in ·scope of the Environmental ·Restoration and ... · 
: w~ste·· Management .Programmatic Environmental Impact.:- . · . .-. 

Statement ·. Nc;,tice .of the ,.pi:opo•ed modification ·:waa · . . 
published · ~n: .the Federal Register ·at 6·o ~ed.~ Reg. · 4 ~ 607 •· 
(Jan. ·2.4~ 199~)·, " and the comment period wa• extended to :·; · 
today ~rau-ant ·to · a · no~ic~. publ~s~ed at :.60 . F~~- Reg. ' 14 . .-27.~ ·. 

· <"-rch- 16, l995L. , · . · · · · .. · 

NRDC:: 'opposes t .h. 'proposed modification f 'o•r' both . 
· . · legal . and. policy reasons. All a · legal matter, . the National · 

·. 2nviro~mental Policy Act ( "NEPA!1.-) requires the Energy· · · : . 
. Department ·. to prepare a programmatic environment~l· impact 
· atatement ("EIS") on its .. program .of environmental ". . . · ·· 
: restoration- activities,· for all '· of the reasor:.s explained in 
the·. submia• ions .by · NRDC leading _up to and during the above~ 

· · cited litigation. · Moreover, . during this litigation the · · 
Department . specifically conceded that • its program of · .. . 

, . erivironmental . reiatoratiori and waste managem.:nt constitutes 
. . "'a group · of concerted actions! within the. meaning .of·• : . 

NEPA, 111 ·which triggers a duty to •prepare ,a .programmati~ EIS 
.P\l-X-&l,lant -to . 4C> C.F.JL ·s 1508~1B.(b) .(3) .·. Finally, the · · 

· Department committed to prepare such a document in the .. _ ·. ·. · 
~ourae ." Of·. the Nitpc Y, Watkins , lit~g~tion._. :' : . 

. .· .: ': .. ;_ :_. ·Th• . caae 'for ·.a 1,r0gra~11natic .~IS 'on .. t .he . . . ... . 
.· en"Vironmental reEi_toration p·rogram is -·just a•: strong._ from .. a · · 
policy · pe,;apecti ve · aa. it• is· -f°rom a· ·legal. 'perspective .. . .. Wh'ile .. · 
.it ia ._.ce~tainly• true that 11 cleanup decis.ionra .should .reflect, . 

. .. site-sp~cific· conditions.,~ _50··. Fed . . Reg. at · 4,608, _it· ·.i _s, .: -~ 
. . . . . _ .. ;• . : ··.. . . . . ·. ; .· . 

. .. •,.• ... . .. 
. } · ·. ·. l'temo;~d~--from· ~~~e~ -~:~·- Watki~, ·. ·s·~:~r~t~fy; DtiE; ·~~ -' Leo··:~: •:'· . 
.. · Duffy; . Director, . Office -of Envir.onmental . Reator•tion . ~d·'Wast-e_ ... · : .· . . :~_,t~~~~•- ·.oor~-t~n_ .. ~2, :i~9.o t>_·:._;~:-'. ·: . :;_. ::··· : .. : ; · .. ·. :-_: .. -:,.A:~:;·:;;_ ·.:' 

,~-.w,.., ... ... . ,ow,.·m•·~ ' . ·., ·71s,-·1nw1 . ·' fJJO ... ViaftffJW.>s.;,;uo· ._.:;• .. . ·: .· . 
. ••"· . . . .. :,._ Y-. Hn, Yo,UOOJJ S- ,,.._ CA 11105 . 1M A11,.,_ CA~ ·: . · · • " · · · · 

: :- . . , · 212 m~m, · , 411111.ouo · m ,_,...,oo . , . .. 
: '· · la 212 727-Jm ::~ · . Fa ;,,-,~UN . . .· t. ltJ tM-WO . .-
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. Ja,mea . A. · Turi 
Xpril 10, i,,s 

. · Page .2· : •.. :··. · 

Appendix A 

equally true .that ther~ . are ·a ··.number of important .· program.~ 
. •. level i•auea relating· ·to the. environmental . restoration · 
. ·p~ogram ·that d·emand ·a:. full, ;:pr09pective, progrilm-level .. 
. ,. · ai;ialyaia ·. with ·-full' -p¢>14-~ pa~tic.i:pa_t'ion.. •. These . iaaues · 
· ·. include the ••cope· .and pace of the environm-e~tal . restoration· 

progr.a~ · in light · of · budgetary and other con~traint's; . the·:· · · ~- . 
· choice between using .uniform: cle~up standarda or site- . 
· specific .. cleanup standards . aa ;part ··of ·the program: .·tbe · · . 
·programm~ti:c. impiicat'.ions of . us'ing .land..:uae restrictions in · 

. ·setting . cleanup lev_els; issues of ·· in_ter-· '.and .intra• faci·li t:;y 
··priority setting,·_·part·icularly :ii:i · a ·- aituat~on of .. budget .. _:.· 

. ~ca~city; · and··the •Ercgrammat.ic · role of,- :si:te-.s~ecifi·c . .. . . ·. 
advisory· boards and othez: avenues-. ,for public . participation · 
iri. making ·.cleanup decisions. ·.- A -:programmatic anal-ysis _.of. · 
these and other import an~ · ,is-sues . in . the environmental ·: • . 
reet.oration ·progra.in .has become ~ven more :important in ·recent 
months and years, ... in · 1igh~ · of . au.ch .. developments as·.-: •. · ·· ·, · 
departmental' ·discussi'OnS -conc~rnihg land.;.use .~onside~ati.ons . · · · 

:in; the 'cleanup process;: the •.findings of._ the ' l3as4!'!line .· · 
Environrrie~t.a~ M~nagetnent Repor·t, : ~nd pudge.t ·developments.: 

. ·: . . Th~· --~e~d . 'for ii .prog~a~-i~~~l ·. 'a~alysis 0~ ~he . . . 
· environmental restot:ation p;ogram. ·.'is ·. enhanced by "t;he · f lict ·• . . . 

. ·._ that .the Department, as. a :matter_. of policy, · ·does . not .perform .. 
-NEPA · complianc.e ori . site-specific enviro·nmental · restoration , · 
action~· tak·en pursuant to the Comprehen:si ve · Environmental i · 
Re'sponse, Compensation anli . Liability Act. ( h CE:RCLA ")' f ' Thua, ' 

. ~ program:.. level EIS seems the_ .only NEPA ·arialysis .'.availa:ble . 
·:eo citizens on many -of the important ·issues facing ·t ·he . : . ·· ·· 

. environmental ·restoration .program. : Moreover, · no ·. alternative 
to the NEPA ._ptoce.ss currently exists for analyzing · t:hese .. 
issu·es in ·.a programmatic:, prospective :manne~ -with full . 

. publio •. p•rtieipation. . . . . . . . 

· ~inc_erely,: 
· ~·.· .. :,:~·-- . . ' ' 

. . ' . . . . 

Andrew iP ~ ·.c._pl.lt.o ·:. 
~tt;orney, · 

." ~- ' 

• >. • ¢~{ A,~istant: Secretary ·Thomas . P, Gr:umbly _· 
·. .. . .. . ' ·. .., '' 
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APPENDIXB 

Environmental Restoration Sensitivity Analysis 

B.1 Introduction 

This appendix provides the Department of Energy (DOE) estimate of waste to be generated by 

environmental restoration activities throughout the DOE which will require treatment and disposal within 

the waste management complex. In addition, the appendix presents the methodology used to determine if 

the addition of the estimated environmental restoration-generated waste loads would effect DOE waste 

management decisions. 

The purpose of the environmental restoration sensitivity study is to identify those alternatives (if any) that 

are particularly sensitive to the addition of environmental restoration activities and wastes, and to 

specifically address two questions: 

• Will feasible alternatives for waste management become less desirable when environmental restoration

generated wastes are added? 

• Does the addition of environmental restoration-generated waste to the planned waste management waste 

volume increase any impact to an unacceptable level? 

B.2 DOE Environmental Restoration Program 

A legacy of the Nuclear Weapons Program is environmental contamination at the sites where research, 

development, test, and production of nuclear weapons took place. The volumes of contaminated media at 

some locations are quite large. The Environmental Restoration Program was established to address this 

problem. It encompasses a wide range of activities such as stabilizing contaminated soil, treating 

groundwater, decommissioning process buildings, including nuclear reactors and chemical separations 

plants, and exhuming buried drums of waste. The extent to which a site is "cleaned up" will depend largely 

on assumptions regarding future land use. For most sites, the process of determining future site use has just 

begun. 
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The general process to reach decisions concerning cleanup actions is laid out by statutes, including the 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) (42 USC 9601 et 

seq). The process is generally implemented at specific sites through agreements among DOE, the 

Environmental Protection Agency (EPA), and frequently the host state. The process can be described as 

follows: 

First, a site or portion of a site is "characterized" to identify contaminants, determine the extent of 

contamination, and assess potential threats to public health and the environment. If significant 

contamination is indicated, and limited action will result in mitigation of risk, an expedited response 

action or interim action may be conducted as a means to quickly address the problem. Upon completion 

of characterization, a detailed analysis is performed to quantify risk and evaluate remedial alternatives. 

The analysis is followed by a formal decision process including public hearings and formal comment 

period. 

If the results of the analysis indicate that a potential release site is not a threat to health and the 

environment or that an interim action adequately remediated the contamination, a recommendation of 

no further action is made to the regulators. If, however, a threat is deemed to be present, the appropriate 

remediation is identified, and a recommendation is submitted for formal approval. In either case, DOE 

makes a recommendation on what action is to be taken . The decision on what action will be taken is 

made by the regulator, not DOE. 

During each stage of the environmental restoration process from characterization to final remedial decisions, 

the potential exists for contaminated media to be generated. The projected volumes of contaminated media 

to be managed from environmental restoration activities were analyzed by each DOE site during 

development of the Baseline Environmental Management Report (BEMR) (DOE, 1995). These analyses 

included consideration of DOE treatment, storage, and disposal capabilities, existing or planned, project

specific restoration requirements, and negotiations with state and federal regulatory authorities in order to 

estimate what portion of the contaminated media would need treatment, storage, and disposal as a waste 

within the DOE waste management program. The resulting estimates of these portions of waste are 

contained in the BEMR as described in Section B.3. 

DOE has identified over 11,000 contaminated sites across the complex (PNL, 1995). Contamination at these 

sites ranges from small areas contaminated from leaking underground storage tanks to large burial pits. A 
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complete discussion of the environmental restoration program is in the DOE Pamphlet entitled "Committed 

to Results : DOE's Environmental Management Program" (DOE, 1994). 

B .3 Remedial Waste Estimation Methodology 

DOE has commissioned several major studies to prepare projections of environmental restoration-generated 

wastes and their potential impacts. For the WM PEIS analysis the DOE used waste generation data from the 

BEMR. The process used to develop environmental restoration waste projections had three major steps: Step 

I-estimate the volume of remedial derived waste from each installation, Step 2-define each remedial 

derived waste stream according to what treatment and disposal would be necessary by the waste management 

system, and Step 3-adjust the potential volumes according to available DOE installation, field office, and 

local plans for future land use. The environmental restoration-generated waste volumes that are expected 

to be provided to waste management do not appear explicitly in the published volumes of the BEMR but 

were provided from internal BEMR working documents in February 1995. 

Table B.3-1 provides the steps used in the WM PEIS analysis for the environmental restoration sensitivity 

analysis and waste type analysis. In general, the process involves preparing reasonable estimates of the 

volumes ("loads") of environmental restoration-generated waste that may be handled by waste management, 

comparing the projected environmental restoration-generated waste volumes with the estimated waste 

management volumes for each waste type, and then drawing qualitative inferences as to the effect the 

additional impact might have on a selected waste management alternative. Each waste type chapter presents 

tables showing the relative percentage increases. Based on this information, conclusions can be drawn for 

the probable impact of the added environmental restoration-generated waste. This is a study of the sensitivity 

of waste management decisions to the imposition of environmental restoration-generated wastes and not 

intended to be an absolute statement of the potential impacts from managing these environmental 

restoration-generated wastes . 

B.3.1 SOURCE OF ENVIRONMENTAL RESTORATION DATA 

The amount, schedule, and degree of remedial action will be determined by local decisions within the 

context of applicable laws and regulations which will define the specific sources, types, and schedules for 
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Table B.3-1. PEIS Environmental Restoration Sensitivity Analysis Methodology 

In Each Waste Type Chapter in the WM PEIS 

Step 1 Select waste management alternatives to represent two bounding cases and one mid-range case 
for each waste type. 

Step 2 Compare the projected environmental restoration-generated wastes as a percentage of the 
waste management legacy and production wastes for each selected waste management 
alternative, for each DOE site. 

Step 3 Draw conclusions assessing potential of waste management impacts that result from the change 
in volume due to environmental restoration-generated waste volumes. 

environmental restoration waste generation. However, these decisions will occur over an extended time 

frame as these are made on a site-by-site basis. Secondary environmental restoration-generated wastes were 

estimated based on a rigorous "bottom up" examination of about 3,500 individual release sites, the DOE 

site projections based on the current program, and on existing land use agreements. 

Table B.3-2 shows the total volume of contaminated wastes expected to be generated by environmental 

restoration activities. These wastes often require no further treatment before disposal . Some of the remedial 

actions require treatment and replacement of the contaminated medium (soil , water, debris) within the 

cleanup unit. In these instances, the contaminated material and its impacts are included as part of the 

CERCLA action. Because of this approach, these types of remedial actions will produce no wastes requiring 

treatment and disposal . 

Table B.3-2. Summary of Estimated Environmental Restoration-Generated Waste Volumes 
(Cubic Meters) 

LLMW LLW TRUW HW 

Treatment & Disposal 70,266 267,551 1,420 183, 188 

Disposal Only 120,891 531,599 21 ,336 64,728 

Total 191,157 799,150 22,756 247 ,916 

B.3.2 THE EFFECT ON WASTE VOLUMES OF VARYING CLEANUP GOALS 

The amount of waste, consequent costs, and risks, from individual remedial actions is a direct function of 

the cleanup goal set for that site. Restoring a site to its original pristine condition will probably generate 
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the greatest volume of waste. Retaining complete restriction and control over the release site by containing 

any further spread of contamination will generate the smallest amounts of secondary wastes. An intermediate 

cleanup goal allowing partial use of the property (e.g., an industrial area) will likely generate environmental 

restoration waste volumes that fall between the two extremes. 

In preparing the WM PEIS, the DOE recognized that cleanup activities are influenced by a combination of 

the various national and local laws and the desires of local stakeholders on the preferred use of the DOE 

sites after remediation. Therefore, for each release site, the land use was projected that resulted from 

probable cleanup goals. The final accumulation and tabulation of waste loads reflects the likelihood that for 

any given DOE installation, the land uses may be a mixture of the various cleanup levels. 

B.3.3 ESTIMATING THE VOLUME OF WASTE 

DOE developed a computer model, the Automated Remedial Action Methodology (ARAM) to examine 

thousands of release sites. Based on actual release site source term data and on analysis at the sub-release 

site level, the model estimates waste loads and impacts. To develop environmental restoration-generated 

waste volume projections for the BEMR, the DOE combined individual DOE site projections based upon 

the current program with ARAM outputs for releases sites and D&D facilities not yet within the 

environmental restoration program. 

B .4 Assumptions 

The scope of this estimate does not include remediation of contamination problems where application of 

existing technologies would be prohibitively expensive or where their use would cause intolerable ecological 

damage. Some of the problems facing the Department do not yet have technological solutions. Areas of the 

Nevada Test Site, where the Department conducted above and below-ground nuclear weapons tests, would 

be prohibitively expensive to remediate using existing technologies. Remediation of major river systems, 

such as the mercury contaminated sediments in Tennessee's Clinch River, would cause significant ecological 

damage because of the necessity to divert river flow to accomplish remediation. Waste loads for these types 

of environmental problems were not determined for this estimate. 
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Table B.4-1 summarizes the principal assumptions that form the basis for these projections. This is not an 

exhaustive list but does provide a general understanding of the underlying assumptions which were used to 

estimate the environmental restoration-generated waste loads. 

Table B.4-1. Assumptions Affecting Environmental Restoration-Generated Waste Loads 

• No allowance is made for massive sites, for which no feasible remedial technology is available. 
(Examples, nuclear test sites, major contaminated aquifers.) 

• Some Pre-1970 buried TRUW is excluded if no feasible technology exists for retrieval, 
(Primarily at SRS). Other pre-1970 TRUW is included (INEL is a major contributor). 

• The level, the schedule, and the degree of remedial action are by local decision in the context 
of regulations and local laws. 

• Volume of waste generated is dependent upon the expected land use. 

• DOE sites may be geographically divided into separate areas with specific land uses assigned to 
each. 

• Existing land use planning assumptions at a site will be used for the baseline land use. 

• Hazardous waste is treated and disposed at commercial facilities to the maximum extent 
possible. 

• Waste from transition of facilities from production to remediation is included in these waste 
loads. 

Table B.4-2 summarizes key assumptions associated with the environmental restoration-generated waste 

stream characteristics and those that were necessary to conduct efficiently the sensitivity analysis. 

B .5 Environmental Restoration-Generated Waste Loads 

Table B.5-1 provides a summary of the environmental restoration-generated wastes by waste type that are 

projected to be generated by environmental restoration activities which would require treatment and/or 

disposal within the waste management system. Some of the wastes generated by environmental restoration 

remedial activities are actually stabilized and ready for onsite disposal or for transportation and disposal 

offsite. These wastes are shown as "dispose" in the waste load tables. 
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Table B.4-2. Waste Stream Assumptions for the Environmental Restoration Sensitivity Analysis 

• LLMW from environmental restoration are all non-alpha. 

• Remedial derived TRUW from environmental restoration are all contact handled . 

• Treatment for environmental restoration wastes results in disposal volumes at ratio of 1 m3 

yields 1 m3
• 

• The relative constituents and treatability categories are assumed to not vary as the amount of 
environmental restoration-generated waste increases at any location. 

• · Environmental restoration wastes are assumed to fall into the same treatability groups as the 
waste management waste of each type and, therefore, can be processed in waste management 
treatment plants. 

• Environmental restoration wastes are assumed to be transported to the same sites as waste 
management waste for treatment and/or disposal. 

• Except where noted, environmental restoration-generated wastes follow the same treatment or 
disposal configuration as waste management. 

• Excess waste mal)agement plant capacity can be used for environmental restoration wastes; 
after planned 10 year production period, 20 years of operational capacity are available to treat 
environmental restoration wastes without significant additional construction impacts. 

• Disposal of environmental restoration wastes requires an equivalent area for disposal as waste 
management waste. 

• Generation of environmental restoration wastes will occur primarily over the thirty-year period 
from 2003 to 2033. 
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Table B.5-1. Cu"ent Program Environmental Restoration-Generated Waste 
Volumes to Waste Management 

LLMW LLW TRUW HW 

Environmental Environmental Environmental Environmental 
Installation Restoration Waste Restoration Waste Restoration Waste Restoration Waste 

Load (m3
) Load (m3

) Load (m3
) Load (m3

) 

Treatment Disposal Treatment Disposal Treatment Disposal Treatment Disposal 

ANL-E 2,918 

ANL-W (1 

BCL 25 71 

BNL 29,250 35,730 

ETEC 

PEMP 86,579 

GA 550 1,740 

GE 20 

GJPO 1 

Hanford 

INEL (1) 15 6,819 1,621 18,333 21,082 229 654 

K-25 (1) 

LANL 

LBL 40 42,490 49,752 

LEHR 35 892 

LLNL 1) 

Mound 285,236 

NTS 
ORNL (1) 

ORR 1 24,704 24,704 185,518 185,518 1,364 1,364 164,742 164,742 

Paducah 

Pantex 

Ports 

RFETS 33 ,241 115,722 76,210 113,579 56 56 12,878 

RMI 5 4,648 

SNL-NM (1) 4,171 15,426 

SRS 12,305 13,869 30 30 163 18,216 19,888 

WIPP 

WVDP 

Y-12 1) 

Total 

Note: Amounts for disposal include amounts for treatment . 
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APPENDIX C 
Environmental Impact Analysis Methods 

The Waste Management Programmatic Environmental Impact Statement (WM PEIS) environmental 
impacts analysis was accomplished using an engineering analysis of generic designs for treatment, 
storage, and disposal facilities as required to manage each waste type at the sites and estimates of 
transponation requirements. Outputs from the engineering analysis were estimates of resource 
requirements, environmental discharges, and costs. These outputs were used as inputs to evaluate 
human health risks, air quality, water quality, ecological, economic, population, land use, and 
infrastructure impacts at the sites and in transponation corridors, and were the basis for discussions 
of environmental justice and cultural resources concerns. 

C.1 PEIS Environmental Impacts Analysis Approach 

The environmental impacts for the five waste types were 

evaluated using an analytical process consisting of three phases 

for the waste management alternatives . This three-phased 

approach was applied as applicable for each of the waste types 

at the 17 major DOE sites in the analysis of treatment, 

transportation, storage, and disposal activities. The three 

phases, as shown in Figure C.1-1, were: 1) a Generic Design 

Engineering Analysis Phase; 2) an Engineering Analysis Output 

Phase; and 3) an Environmental Impacts Analysis Phase. 

Engineering Analysis using a Generic Design: In the first 

phase, DOE made assumptions regarding waste loads for the 

The environmental resources for 
which detailed impacts analysis 
methods are presented in this 
appendix include: 

• Cost 
• Air Quality 
• Water Resources 
• Ecological Resources 
• Economic Resources 
• Population Impacts 
• Environmental Justice 
• Land Use 
• Infrastructure 
• Cultural Resources 

five waste types. These assumptions related to the volume of waste currently in inventory and anticipated 

from future operations of DOE facilities and to its physical (gaseous, liquid, solid), chemical, and 

radiological characteristics. DOE distributed these estimated waste loads among specified DOE sites 

according to the definitions of the waste management alternatives to determine how much waste would 

be handled at each site under each alternative. DOE also developed a generic design of the waste 

management processes and facilities and selected one technology option for purposes of analysis. The 

facilities considered and the technology chosen for each waste type, and the rationale for that selection, 

are described more fully in the waste-type chapters. 
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Appendix C 

Engineering Analysis Outputs: In the second phase, the wasteloads allocated to each site under each 

alternative were generically "processed" through a mathematical model of the generic WM facility design, 

and estimates of outputs were obtained for the amounts and rates of radiological and chemical effluents 

released to the environment, volume and rates of resources required or consumed, numbers of full-time 

equivalent (FTE) workers required, and costs to build, operate, maintain, decontaminate and 

decommission the WM facilities. 

Environmental Impact Evaluation: In the third phase, the effluents, resources, and costs became the 

input for evaluation of environmental and socioeconomic impacts, and human health risks. 

C.2 Phase I: Engineering Analysis using a Generic Design 

C.2.1 WASTE LoADS 

Waste Volumes: The PEIS impact and cost analyses used DOE and Environmental Protection Agency 

(EPA) databases for waste inventories and generation rates . However, these databases are constantly 

upgraded and a cutoff date was established for the data to allow the analyses to proceed. Sources of data 

for each of the waste types are listed below: 

• Low-level mixed waste (LLMW)-The Mixed Waste Inventory Report (DOE, 1994a) was used for 

all LLMW inventories and generation rates . 

• Low-level waste (LLW), non-mixed transuranic waste (TRUW), and high-level waste 

(HLW)-The Integrated Data Base (DOE, 1992a) was used for generation rates and inventories of 

stored waste. The Waste Management Information System (DOE, 1992b) was consulted for data not 

available in the Integrated Data Base. 

• Mixed TRUW waste-The Interim Mixed Waste Inventory Report (DOE, 1993a) was used for 

mixed TRUW inventories and generation rates. 
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• Hazardous waste (HW)-The EPA Information System biennial reports and DOE Site Inventory 

Reports were used for generation rates. 

The waste loads analyzed in this PEIS do not include wastes that may be generated as a result of 

environmental restoration (ER) activities. The anticipated ER waste loads are described in the waste- type 

chapters (Chapters 6 to 10) on a site-by-site basis, and compared to the anticipated WM waste loads at 

those sites. It is not anticipated that HLW will be generated through ER activities. These chapters also 

contain a qualitative discussion of the extent to which ER waste loads could affect the conclusions 

regarding environmental impacts. 

Treatability Groups: While this PEIS covers five waste types, those wastes are not homogenous and are 

derived from thousands of different waste streams. Thus, the wastes were combined into treatability 

groups for purposes of developing treatment system designs. Each treatability group is identified with one 

of the five waste types considered in the PEIS and a treatment method, where appropriate, that EPA 

recognizes as meeting the requirements of the Resource Conservation and Recovery Act (RCRA) (42 USC 

6901 et seq.). For the PEIS analyses, the physical structure of the waste was used for the initial sort for 

treatability. At the most basic level of analysis, all waste can be grouped into six physical categories using 

common engineering criteria design parameters, which also served as the initial set of treatability 

categories: 

• Aqueous liquids-Primarily water with organic content less than 1 % (such as wastewater) 

• Organic liquids-Liquids and slurries with organic content greater than 1 % (such as solvents) 

• Organic and inorganic sludge and· particulates-Solid and semi-solid material other than debris 

(such as sludge from treatment plants, resins, and solids les·s than 2.5-inch diameter particle size) 

• Soils-Contaminated soils (such as contaminated earth requiring remediation) 

• Debris-Solid material exceeding 2.5-inch diameter particle size that is either (1) manufactured, or 

(2) plant or animal matter, or (3) discarded natural or geological material (such as cobblestones) 
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• Other-Special waste streams (such as batteries, laboratory packs , reactive metals , and toxic metals, 

which include mercury, lead, and beryllium) 

Four waste types use this basic framework analysis: LLMW, LLW, TRUW, and HW. For purposes of 

the PEIS analysis, HLW, also in the above treatability categories, is assumed to have been treated 

(vitrified). The PEIS only addresses the environmental consequences of storing and transporting vitrified 

HLW. 

Radiological and Chemical Composition: DOE used standard radiological profiles for each site and 

made assumptions about the concentration of contaminants in each treatability group based on available 

data. Hazardous constituents were apportioned to the treatability groups on the basis of the most prevalent 

hazardous chemicals using an average composition for all DOE sites . The assumptions for both 

radioactive and hazardous constituents are waste-type specific and are addressed in more detail in the 

waste-type chapters. 

C.2.2 WM TECHNOLOGIES 

Various technologies are used to sort and handle waste, reduce waste volume, destroy organic chemicals 

in waste, remove toxic metals from waste, treat hazardous characteristics to render them non-hazardous, 

recover and recycle materials , and stabilize and package waste for disposal. The facilities that use these 

technologies must be designed to accommodate the various physical and chemical forms and the 

radioactive and chemical characteristics discussed in previous sections . Existing, generic technologies 

necessary to meet the treatment, storage, and disposal requirements for each waste type were identified 

and sized to meet anticipated waste volume needs. For analytical purposes, and to facilitate utilization in 

any system at any site, the waste management technologies were grouped into common functions (front

end support such as administrative and laboratory services; receiving, inspecting, dumping, and sorting 

the waste; maintenance of facilities; and certification and shipping of the waste), pre-treatment 

(shredding and compaction), primary treatment (incineration, special processing, neutralization, 

deactivation, aqueous waste treatment, lead recovery, and mercury separation and recovery), secondary 

treatment and stabilization (polymer stabilization, grout stabilization, packaging, and vitrification of 

secondary processing residues) , storage (administration, receiving and inspection, contact-handled 
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storage, and remote-handled silo storage), and disposal (administration, receiving and inspection, shallow 

land disposal, engineered vault disposal, silo disposal, and borehole disposal) . 

C.2.3 WM FACILITIES 

Treatment, transportation, storage, and disposal "modules" were developed to represent every component 

required for waste management. Each module was assumed to contain several types of equipment, each 

able to perform a step needed in the waste management process. 

Individual modules were linked together for each treatability group and were adjusted for the chemical 

and physical type of waste. This method was used so that impacts could be compared among sites, with 

each site assumed to be using the identical 'array of linked modules. Any variation in impacts would then 

result from site-specific environmental differences. This approach also allowed an examination of the 

changes in impacts resulting from changes in the linked modules. 

Typically the type of facility considered was a building structure; i.e., a "fixed" facility at a given site. 

The analysis also considered the possible use of mobile treatment facilities that could be moved from site 

to site for treatment of the very small amounts of waste that exist at a number of the sites considered . 

The generic design of the WM facility, consisting of these treatment, storage, transportation, and disposal 

modules, enabled the calculation of land utilization, worker-years, resource consumption (i.e., water and 

electricity), pollutant discharges, and costs for the treatment, storage, transportation, and disposal of each 

waste type. The engineering features of the generic facility and the waste loads "processed" through the 

generic facility formed the basis for the risk and environmental impacts analysis. 

For purposes of analysis, the following assumptions were made regarding the construction and operation 

of the waste management facilities: 

• The facilities were assumed to be built over a 10-year period and operated over a 10-year period to 

process accumulated inventories in a 20-year period . 

• The facilities were assumed to operate 240 days per year with three 8-hour shifts. 
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• Except for HL W, a 20-year period of analysis is generally used for each waste type; the specific 

assumptions made for HL W are discussed in Chapter 9. 

C.2.4 ALTERNATIVES 

In the PEIS, an alternative identifies the· configuration of sites for treating, storing, or disposing of a 

specific waste type. Depending on the waste type, certain of these activities may not be analyzed in this 

PEIS. The categories of alternatives analyzed in this PEIS for each waste type are a no action alternative, 

decentralized alternative, regionalized alternative, and centralized alternative. These alternatives are 

described below: 

• No Action Alternative: These alternatives would involve using only currently existing or approved 

WM facilities at DOE sites or commercial venders. 

• Decentralized Alternative: These alternatives would result in leaving waste at the site where it is 

currently stored or where it will be generated, treated, or disposed in the future . Unlike the no action 

alternatives, the decentralized alternatives may require the siting, construction, and operation of new 

facilities or the modification of existing facilities. Under the decentralized alternatives, the WM 

facilities would be located at a larger number of sites than under the regionalized or centralized 

alternatives. 

• Regionalized Alternatives: These alternatives would result in transporting waste to various numbers 

of sites (fewer than the number of sites considered for the decentralized alternative, but greater than 

the number of sites considered for the centralized alternatives) . Generally, those sites that now have 

the largest volumes of a given waste type were considered as regional sites for treatment, storage, 

or disposal. 

• Centralized Alternative: These alternatives would result in transporting wastes to one or two sites 

for treatment, storage, or disposal. As was the case with the regionalized alternatives, the sites that 

have the largest volumes of a given waste type were considered as sites for centralized treatment, 

storage, or disposal. 
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These four categories of alternatives encompass the range of reasonable alternatives available to DOE for 

siting of facilities for the management of the five waste types that are the subject of this PEIS. However, 

under each category of alternative, there are many possible combinations for the number and location of 

DOE sites for treatment, storage, and disposal facilities. To narrow these combinations to a number under 

which a programmatic analysis was feasible, DOE selected particular alternatives for analysis under each 

category. 

The alternatives were developed and defined based on waste type origin and character, volumes and 

locations within the DOE complex, existing facilities and capabilities, and specialized treatment and 

disposal requirements. DOE determined where the largest waste volumes are located and where 

transportation requirements would be minimized. Treatment, storage, or disposal facilities were analyzed 

at those sites. For example, if seven sites were to be considered under a regionalized alternative, then 

the seven sites with the largest volume of that type of waste became candidate sites for the analysis. 

Another regionalized alternative for the waste type being analyzed may evaluate management at three 

sites; in that situation, the three sites with the largest volume of that type of waste were considered as 

candidate sites. As shown in Table C.2-1, a combined total of 36 alternatives were evaluated for the five 

waste types. The waste type chapters (6-10) contain more information on the alternatives analyzed in the 

PEIS. 

C.2.5 TRANSPORTATION 

Transportation is an integral component of the alternatives being considered for the management of each 

type of waste in the PEIS . The magnitude of the transportation related activities varies with each 

alternative, ranging from minimal transportation under the decentralized alternatives to significant 

transportation under some of the centralized alternatives. 
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Table C.2-1. Number of Alternatives Analyzed in the PEIS 

Alternatives LLMW LLW TRUW HLW • HW Total 

No Action 1 1 1 1 1 5 

Decentralized 1 1 1 1 1 5 

Regionalized 4 7 3 2 2 18 

Centralized 1 5 1 1 0 8 

Total 7 14 6 5 4 36 

* HLW alternatives are analyzed in terms of both final disposal beginning in 2015 and final disposal beginning at some later 
date. 

The transportation assessment included the onsite and offsite transportation of radioactive waste. Offsite 

transportation refers to transporting waste between distinct sites , including parts of the routes that may 

be within the boundaries of the origin and destination sites. Onsite transportation was evaluated for one 

sample site; Hanford. 

The transportation linkages among generator, treatment, and disposal sites depend on the type of waste 

and are defined explicitly for each alternative under consideration. For the PEIS , representative offsite 

truck and rail routes were determined for all possible pairs of origin and destination sites. The routes 

were selected to be consistent with existing routing practices and all applicable routing regulations and 

guidelines. 

The representative truck routes were determined by using the routing model HIGHWAY 3.1 (ORNL, 

1993a). INTERLINE 5.0 (ORNL, 1993b) was used to determine the rail routes. For truck and rail 

transportation , the route characteristics most important to the assessment included the total shipping 

distance between each origin and destination pair and the fraction of travel in rural, suburban, and urban 

areas. Because the routes were determined for the purposes of impact assessment, they are not simply 

representative of the actual routes that would be used to transport waste in the future. 

For the offsite transportation assessment, each specific alternative is defined as a set of pairs (origin and 

destination) representing shipping linkages among generator, treatment, and disposal sites. The number 

of origin-destination pairs varies among alternatives, ranging from a small number for the decentralized 

alternatives, to many pairs for the centralized alternatives . The sites that would not have the capability 
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to dispose of wastes would ship their wastes to a sites that does . Appendix E contains more detailed 

information on the transportation analysis . 

C.3 Phase II: Engineering Analysis Outputs 

The engineering features of the generic facility and the waste loads "processed" through the facility 

formed the basis for the estimates of resources required, effluents released, and cost. The resources 

required and effluents emitted, were used to estimate environmental impacts from construction and 

operation of the WM facilities . 

Resource Use 

The Waste Management Facility Cost Information (WMFCI) methodology model was used to estimate 

the resources required for construction and operations of each WM facility . The resources included labor 

(number of FTEs), land, water, electrical energy, fuel (natural gas, diesel oil, and coal), chemicals, 

concrete, carbon steel, and stainless steel. A description of the engineering analysis used to estimate the 

resources used is provided in this section. Details are provided in the WM Engineering Analysis 

Technical Reports . 

Facility Environmental Discharges 

Once the generic designs and the volumes and characteristics of the waste and the model throughput 

requirements were specified, the WAS.TE_ MGMT model was rn~ed to estimate discharges from the 

treatment, storage, and disposal modules. DOE estimated the r~diological and chemical components in 

air and water effluents from processing the waste, and the chemical components in air effluents from the 

burning of fuel during the operations period. A description of the modeling of effluent releases is given 

in the Human Health Risk Assessment Technical Report. Section C.4.2 of this Appendix identifies the 

airborne emissions used in the analysis of air quality impacts . Section C.4.3 provides the estimates of 

releases from LLMW and LL W disposal units into groundwater that were used in evaluating water quality 

impacts . 
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Facility and Transportation Costs 

The WMFCI methodology was also used to estimate life-cycle facility costs. Total cost of each alternative 

include the sum of the treatment, storage, disposal, and transportation costs, and in some instances , 

special costs. Examples of special costs include the Oak Ridge Reservation "B&C Pond sludge" treatment 

and disposal actions. Section C.3.2 describes the details of the engineering cost estimation procedures. 

C.3.1 REsOURCE USE 

The resource use data-estimating process for LLMW, LL W, TRUW, and HW (part of the WMFCI 

methodology), used the mass/volume throughput to quantify resource consumption for each WM module. 

Supplemental methodologies provided resource estimates for modular throughputs which were bounded 

by WMFCI estimates. Samples of tabular presentations of resource use data accompany the discussions. 

Tabular details are provided (INEL, 1995f). The resource use data estimating process for HLW used 

regression formulas developed by Argonne National Laboratory (ANL) (ANL, 1995b). 

C.3.1.1 Modular Estimating Approach 

The resource consumptipn estimated for each module was dictated by a series of allocation rules. These 

rules were applied to each module to obtain resource quantities for the module size selected. The resource 

categories were selected before the actual analysis of any alternatives. During the impacts analysis 

process, it was determined that several resource categories were not directly needed in the analysis . 

However, the allocation rules for resources for all facilities are discussed. 

C.3.1.1.1 Construction Resource Use 

The following assumptions were common to developing the resource use parameters for construction 

activities. 

A construction year was defined as 252 workdays, thus allowing time for holidays and weekends. Each 

workweek is assumed to be 40 hours and composed of five 8-hour days . An FTE employee represents 

one person working full-time for one construction year, one shift per day . 
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Most modules were assigned a 2-year construction period, representing the total time assumed from the 

startup to end of construction activity. A 3-year period was assigned to modules requiring installation of 

more complex equipment or special construction. The time needed to construct each module was included 

in tables in the resource use computer code. It was assumed that multiple modules will be placed within 

a single building. The time required to finish the entire plant is controlled by the interface requirements 

and staggered delivery schedules normally experienced during construction of a multipurpose facility. On 

any given site, construction of all required modules was assumed to take three to four years. 

Many of the resource use parameters for construction were based on ·an estimate derived for construction 

of a generic treatment plant. A 120,000-square-foot generic plant and 3-year construction period were 

assumed (INEL, 1994). 

The module area was a key parameter used ir calculating the construction material quantities required. 

In the construction data tables of the resource use computer program, each construction material quantity 

is specified in terms of units per square foot. The area was used as a multiplier to calculate the total 

construction material quantities. The module area was determined from the plant area calculation 

presented later in this section. All buildings were assumed to be rectangular with a length-to-width ratio 

of 4:1. 

Additional allocation rules for construction socioeconomic resource data included the following for 

electrical energy, electrical load, fuel, water, laydown area, plant area, parking area, peak employment, 

and annual costs. Allocation rules for concrete, carbon steel, stainless steel, chemicals, and type of skills 

which were not used in evaluating environmental impacts are presented in the Environmental Impacts 

Technical Report. 

• Electrical Energy (in megawatt-hours): This value represents the total amount of electrical energy 

consumed during construction. 

Estimate Basis: Electrical energy was calculated by multiplying the connected electrical load, by the 

hours of use. The hours of use were based on a standard construction year (252 days). The average 

capacity was assumed to be 65 % , which was determined by estimating the electrical energy 

consumed for construction of the generic treatment facility described above. 
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The typical allocation of electrical energy during construction was assumed to be 0 .017 kilowatts per 

square foot for all types of facility modules. 

• Electric.al Load (in kilowatts): This is an estimate of the connected electrical sources required during 

construction. 

Estimate Basis: The electrical load factors for treatment and administration modules were based on 

the estimates developed for the generic treatment facility described above. The electrical load factor 

for each module was calculated in kilowatts per square foot of plant area. Total electrical load was 

obtained by multiplying the module area by 0.017 kilowatts per square foot for all types of facility 

modules. 

Disposal modules with significantly less construction activity, such as the above-ground disposal 

module (AGDSP), silo disposal module (SIDSP), and silo storage module (STOSI), had an electrical 

load factor assumed to be approximately 20% of that of treatment modules . Modules such as shallow 

land disposal module (SLDSP), which do not include a plant with concrete and metal works, were 

assumed to have an electrical load factor of only 8 % . Borehole disposal (BHDSP) was assumed to 

be constructed without electricity. 

• Fuel (in gallons): Fuel oil, gasoline, and propane are included in this parameter. In addition, an 

allowance of 840 gallons per FTE was assumed to account for fuel used by each employee on the 

job site and fuel required for travel to and from work. 

Estimate Basis: The fuel factor for construction equipment was based on the fuel consumption 

estimate for the generic treatment facility described above. A consumption rate in gallons per square 

foot of plant area per year of construction was derived. A significantly lower value was estimated 

for the disposal modules . The fuel consumed by construction equipment for each module was 

obtained by multiplying by the module's area. Fuel consumption during construction for all modules 

was computed as the module area times 2.35 gallons per square foot of area. 

Fuel consumption by construction employees was estimated by assuming that the workers will travel 

a 50-mile round trip to the construction site each day of a construction year. A fuel consumption rate 

of 15 miles per gallon was assumed. This gives 840 gallons per workyear (FTE) for all modules. 
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• Water (in gallons): Estimates for water use include the water consumed during construction 

activities, potable water consumed by employees, and process water. 

Estimate Basis: The estimate for the amount of water consumed during construction was based on 

the generic treatment facility estimate described above. The average use of water for dust control, 

equipment washdown, concrete water, and general cleaning of work areas was determined on a per 

square foot of plant area basis. A value equal to half of this estimate was used for all disposal and 

storage modules, based on the fact that fewer construction activities are included with these modules. 

Total water used for these activities was obtained by multiplying the quantity needed per square foot 

by the module's area. 

The generic treatment facility estimate was also used to derive the amount of water used by a 

construction worker per year. The resulting yearly water usage factor was 3,400 gallons per FTE. 

General construction requirements were 27 .5 gallons per square foot of area per year for all 

modules. 

• Laydown Area (in acres): The construction laydown area includes the area for each plant module 

plus that used for equipment and material storage. 

Estimate Basis: The laydown area was estimated by adding a 25-foot-wide buffer to all four sides 

of the area required for each module. The laydown area for the site was obtained by adding the 

laydown areas for all modules composing the facility . A length-to-width ratio of 4: 1 was assumed 

for all modules and the buildings containing the modules. The plant area was taken from the 

calculation below. 

• Plant Area (in acres) : The plant area was obtained by summing the area requirements of the 

individual modules that constitute the facility. Each module's area was obtained by utilizing a 

relationship that relates the space required to the module's throughput capacity. 

Estimate Basis: Three different module sizes were used to baseline the cost rollup and resource use 

data for most modules. Only two were used in a limited number of cases . The area required by any 

module was obtained by calculating a regression curve relating the three baseline sizes to their 

throughput capacity. The area needed for any other module was then obtained from this curve, based 
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on the throughput capacity of the module in question. A scaling factor was applied in instances 

where the throughput capacity of the module in question was outside the range of the baseline 

facilities. 

• Parking Area (in acres): The parking area was obtained by allocating 400 square feet of space to 

85% of the number of workers constituting peak employment. 

Estimate Basis: A total individual parking area of 400 square feet was assumed, which includes space 

for both parking and maneuvering. The number of parking spaces required was based on the peak 

number of FTEs needed for construction. Parking space was assigned to 85 % of this number, 

assuming that 15% will carpool. Unload/offload was assumed to take place in the laydown area. 

• Peak Employment (in FTEs): Peak employment is defined as the maximum number of construction 

employees that will be on the site on any workday during the entire construction period. 

Estimate Basis: The total number of construction FTEs was obtained from the cost rollup data. The 

total number of FTEs divided by the construction period (in years) provided the average yearly 

FTEs. Peak employment was estimated as 1.41 (i.e., the square root of 2) times the average number 

of FTEs per year. 

• Annual Costs (in$ x 1,000): Each of the various average annual construction cost items is divided 

among labor, material, or equipment categories. 

Estimate Basis: The percentage of labor, materials, and equipment involved in the cost item 

breakdown was based on previously designed and constructed structures involving similar facilities . 

This cost information was taken from the cost rollup data. 

C.3.1.2.2 Operations Socioeconomic Resource Use 

The following assumptions were common to developing resource use parameters for facility operations. 
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An FfE employee represented one person working one shift per day for 252 days per year. Yearly plant 

operation was taken to be 4,032 hours assuming three 8-hour shifts daily, 240 days per year, with the 

plant available 70% of the time. The difference between an FTE-year and an operational year allows for 

the time when an employee may be working but the facility is not operating. 

All socioeconomic parameters given for facility operations were annualized. 

The module area were also an important factor in calculating operational resource use data. The 

calculation for module area used in this section is the same as that employed in the construction section. 

Additional allocation rules for operations socioeconomic resource data include the following for electrical 

energy; electrical load; fuel, natural gas or liquid propane gas; fuel, liquid; water; total disturbed area; 

plant area; total number of worker years; hours per week for labor; O&M labor; operations costs; and 

maintenance costs. 

• Electrical Energy (in megawatt-hours): This value represents the total electrical energy consumed 

during plant operations for one year . 

Estima.te Basis: Electrical energy was calculated by multiplying the connected electrical load by the 

hours of use. It was assumed that the equipment will operate half the time the plant is available. The 

"hotel load" (i.e., the electricity required for people), in watts per square foot, was multiplied by 

the module area (from below) . Both were multiplied by the hours of use per year. The plant is 

assumed to operate 4,032 hours per year. This assumes three shifts per day, 240 days per year, with 

the module available 70% of the time. 

• Electrical Load (in kilowatts): This value represents the connected electrical load expressed in 

kilowatts. It was based on the electrical requirements of the equipment in the module plus the hotel 

load (i.e., the electrical load needed to support human occupancy). The hotel load includes lights, 

wall plugs, and where appropriate, air conditioning. 

Estimate Basis: The resource use computer code contains estimates for the horsepower requirements 

of the equipment in the middle (or small) baseline facility . This was converted into watts and 

multiplied by the ratio of the module's throughput capacity to that of the baseline facility . A scaling 
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factor was applied in instances where the throughput capacity of the module in question was outside 

the range of the baseline facilities. 

The code also contains estimates of the hotel load in watts per square foot for each module. The 

hotel load was multiplied by the module's area and converted to kilowatts. Estimates of the hotel 

loads for the processing, storage, and administrative modules were based on supporting technical 

documentation (INEL, 1995t). 

• Fuel, Natural Gas or Liquid Propane Gas (in pounds): This value represents the fuel needed to 

heat the building for one year, assumed to be natural gas. 

• 

Estimate Basis: This estimate was based on supporting technical documentation (INEL, 1995t). The 

calculation assumed that to heat the module for the entire winter, the furnace runs an equivalent of 

2 months, 24 hours per day. It was further assumed that 3 British thermal units (BTUs) are needed 

to heat 1 cubic foot of volume for one hour. Multiplying the module volume by 3 BTUs/hour by 

1440 hours yielded the total heat required. One cubic foot of natural gas equals 1,030 BTUs. 

Fuel, liquid (in gallons): This quantity represents the fuel required to operate specific pieces of 

process equipment for one year. Where required, it accounted for operating the equipment at full 

power as well as maintaining equipment in a hot standby condition. The fuel assumed for these 

calculations was standard diesel oil. 

Estimate Basis: Some of the modules that process waste require fuel to operate. For those modules, 

the quantity of fuel required was calculated from the throughput capacity. Tables in the resource use 

computer program give the quantity needed for each 100 pounds of waste processed. The amount 

of fuel calculated from the throughput capacity per hour was then multiplied by the hours of 

operation per year. 

In addition to the fuel needed to process waste, fuel is needed to keep the equipment in a hot standby 

condition. It was estimated that 75% of the amount needed for operation is required during the hours 

per year the plant is available. The plant was assumed to operate 4,032 hours per year; three shifts 

per day, 240 days per year, with the module available 70% of the time. 
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• Water (in gallons): When required, water needed for operating process equipment was calculated 

specifically for the module in question. In addition, the quantities of water used and consumed by 

O&M employees were estimated. These were summed to derive the total water used per year. 

Estimate Basis: Some of the modules that process waste utilize water. For those modules, the 

quantity of water required was calculated from the throughput capacity. Tables in the resource use 

computer program give the quantity needed for each 100 pounds of waste processed. The amount 

of water calculated from the throughput capacity per hour was then multiplied by the hours of 

operation. The plant was assumed to operate 4,032 hours per year, three shifts per day, 240 days 

per year, with the module available 70% of the time. 

Aqueous waste treatment was assumed to generate 86. 7 pounds of water per hour for every 100 

pounds of waste mass processed per hour. Incineration was assumed to use 109 pounds of water per 

hour, grouting 26.l pounds of water per hour, and mercury recovery 10 pounds of water per hour. 

Each FTE was assumed to use 20 gallons of water per day. The operating year for water use was 

taken as 252 days . The total water used was the sum of that used by the processing equipment and 

that used by the O&M personnel. 

• Total Disturbed Area (in acres): The disturbed area required for an individual module was assumed 

to encompass a space with sides 10 feet from the area needed for processing or other activities. The 

module was assumed to be rectangular with sides in a ratio of 4: 1. The disturbed areas for each 

module were summed and the area of the parking lot added to yield the total disturbed area for the 

plant. 

• Plant Area (in acres): For each module, this value represents only the area needed for conducting 

the stated operation. The total facility area is a simple sum of the individual module areas that make 

up the facility. 

Estimate Basis: Three different module sizes were used to baseline the cost rollup and resource use 

data for most modules. Only two sizes were used in a limited number of cases. The area required 

by any module can be obtained by calculating a regression curve relating the three baseline sizes to 

their throughput capacity. The area needed for any other module was then obtained from this curve, 
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based on the throughput capacity of the module in question. A scaling factor was applied in instances 

where the throughput capacity of the module in question was outside the range of the baseline 

facilities. 

• Parking Area (in acres): Parking space was assigned to each FTE. Visitor parking was accounted 

for by assuming 15% of the FTEs will carpool. Unload/offload parking was assumed to be included 

within the plant area. 

Estimate Basis: The number of FTEs was obtained from the cost rollup data by dividing the total 

number of O&M FTEs by the number of operating years. A total of 400 square feet was assigned 

to each FTE. This total included both parking area and maneuvering room. 

• Totai Number of Worker Years (in FTEs): This value, in FTEs, was taken from the cost rollup 

data. An FTE represented one person working an 8-hour shift for 1 year composed of 252 days . 

• Hours per Week for Labor (in hours) : A total of 40 hours was assumed. 

• Types of Skills as a Percentage of Total Skills (in percent): 

Operating Labor: The total labor pool (i.e. , the total number of O&M FTEs) less the number 

required for maintenance. 

Estimate Basis: The average annual number of FTEs needed for both operations and maintenance 

was obtained from the cost rollup data. This number is equal to the total number of O&M FTEs 

divided by the number of operating years assumed for each module. The percentage of FTEs used 

for operating labor was obtained as follows: First, maintenance labor cost was calculated based on 

the equipment cost (see below). Next, the number of annual FTE maintenance employees was 

obtained by assuming each worker has an expense of $140,000 per year. The annual number of FTE 

operating personnel was obtained by subtracting the number needed for maintenance from the total 

average annual number of O&M FTEs. The ratio of annual operating FTEs to the total annual 

average O&M FTEs yielded a percentage. 
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Maintenance Labor: Annual maintenance labor was assumed to be equal to a percentage of the 

equipment cost plus a contingency factor . Equipment costs were obtained from the cost rollup data. 

Estimate Basis: The annual number of maintenance FTEs was calculated as follows. First, the 

maintenance costs for labor were estimated by assuming that the labor costs are equal to 250% of 

the maintenance material costs for each module. The maintenance material costs were taken as a 

percentage of the equipment cost (between 3% and 7% depending on the module). By assuming each 

FfE cost was $140,000 per year, the total number of maintenance FTEs was calculated. The ratio 

of annual maintenance FTEs to the total annual average O&M FTEs yielded a percentage. 

• Maintenance ($ x 1,000): Annual maintenance costs were composed of two factors , material and 

labor. These values were estimated as a percentage of the cost of the equipment. 

Estimate Basis: Maintenance cost was based on the equipment cost. It is assumed that 3 % to 7 % of 

the equipment cost was spent annually for maintenance materials, and the cost of maintenance labor 

is 2.5 times the material costs . To derive the total maintenance cost, a 25% contingency factor was 

added to this sum. 

• Operations ($ x 1,000): Operating costs constitute all costs needed except those required for 

maintenance. 

Estimate Basis: The total annual cost of O&M was obtained from the cost rollup analysis. The 

annual cost was obtained by dividing the total cost by the number of operating years assumed for 

each module. The number of operating years was also obtained from the cost roll up data. The annual 

cost of operations was obtained by subtracting the maintenance costs (from above) from the annual 

O&M cost. 

C.3.1.3 Resources Associated With Portable Modules 

Small generator sites typically generate very small quantities of certain wastes . Where portable modules 

were used (fRUW and LLMW), resource consumption was identified for each portable module and its 

contribution was rolled up into the site resource totals. 
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To analyze resources, the PEIS waste volume data were first divided into four waste types: LLW, 

LLMW, TRUW, and HW. These waste types were then subdivided into cases to analyze the alternatives. 

The cases were subdivided according to handling characteristics, sites, and construction or operations 

activities . Generic technology modules were identified and sized to meet the treatment, storage, and 

disposal requirements for each case. Resource data results were compiled for each alternative by summing 

the various resource data components for each module, then summing the module results for each site 

(DOE, 1995a). 

For some alternatives, supplementary extrapolation methodologies were applied. The data for these 

alternatives were obtained from similar data computed as described in Sections 3.1.1-3.1.3 , then scaled 

based on either cost or waste processing rates . The supplemental resource methodologies used for LLW, 

LLMW, TRUW, and HW can be found in Waste Management Environmental and Socioeconomic Impacts 

Methods and Results (DOE, 1995a). 

C.3.2 COST ESTIMATING 

Costs were estimated using an approach that tied the cost of facilities and transportation to waste 

quantities. In addition, DOE used costs associated with existing technologies and historical industrial cost 

experience for estimating purposes. 

C.3.2.1 Cost-Estimating Process Details 

Each alternative includes a definition of the assumed technologies for the complete treatment process. For 

each site and each alternative, wastes were hypothetically routed through the waste management process, 

and the modules were individually sized to handled the processing requirements. Since many sites have 

existing treatment, storage, and disposal capabilities (INEL, 1994), the analyses accounts for existing 

facilities to minimize additional construction requirements. However, only O&M costs were estimated 

for existing facilities. 
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C.3.2.1.1 Waste Management Facility Cost Information Reports 

The PEIS used a set of reports, collectively referred to as the "WMFCI reports," to develop cost and 

manpower estimates for the various alternatives and cases being considered. These reports were prepared 

for DOE by EG&G Idaho to provide a generic facility costing and resource use estimating methodology 

for programmatic analysis of treatment, storage, disposal, and inter-site transportation of radioactive and 

hazardous waste. The WMFCI reports consist of the following: 

• Data extracts of the detailed facility equipment and construction estimates and other costing factors 

applied to base estimates for waste types 

• Management analysis reports summarizing the findings of the data extract reports according to waste 

type 

• Procedural reports that describe how to compute costs and manpower for the modules used for the 

treatment, storage, and disposal of waste types 

• Data reports computed by PEIS alternative/case by waste type for cost and FTEs, and for resource 

consumption data supporting the environmental impacts analysis 

The WMFCI reports provide a consistent and defensible basis for generating life-cycle cost information 

for treatment, storage, and disposal facilities using specific data for each major waste type. The WMFCI 

reports present cost and manpower information reports for LLMW, LLW, TRUW, and HW. (INEL, 

1995a; INEL, 1995b; INEL, 1995c; INEL, 1995d). Within the waste-type categories listed above, cost 

information was developed for alpha-contaminated wastes (both LL W and LLMW) and RH waste (LL W, 

and TRUW). For some treatment processes, costs for portable systems were developed for non-alpha 

contaminated waste (LLW and LLMW); these were deemed more realistic and lower cost approach for 

treating extremely small waste loads. A separate report (INEL, 1995e) was developed to provide a cost 

computation methodology applicable to the shipment and routing information provided in Appendix E for 

the transportation of radioactive and hazardous wastes. A full listing of WMFCI reports is provided in 

the references cited section of this appendix. 
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The WMFCI reports were developed specifically for DOE-owned facilities. The cost-estimating used in 

the reports included provisions necessary to comply with all applicable regulatory requirements for a 

particular waste type and to meet the requirements of all applicable DOE orders. Indirect costs and 

overhead burden rates used in the WMFCI reports were based on those historically encountered at DOE's 

Idaho National Engineering Laboratory (INEL), which fall approximately in the middle of the range of 

cost factors found at several other DOE sites and which are, therefore, considered to be representative 

for complex-wide estimating purposes. 

C.3.2.1.2 Modular Estimating Approach 

To facilitate the development of comprehensive cost estimates covering cradle-to-grave management of 

wastes, the WMFCI reports categorized all necessary WM activities into a series of modules, each 

representing a discrete facility that carries out a single WM function. A unique set of cost information 

was developed for each WMFCI module (see Table C.3-1) . Within a given module, a series of unit 

operations necessary to accomplish the specified function was defined in sufficient detail to enable 

development of the planning level cost information. For example, the incineration module included each 

of the following unit operations: feed preparation, incineration, secondary combustion, and off-gas 

treatment. The array of unit operations is sufficiently broad to accomplish the incineration tasks required 

by the identified waste inventories. 

Once a particular WM alternative-based scenario was defined, a series of modules was selected that best 

represented all activities required to accomplish the necessary WM functions. Some scenarios may have 

required only 1 or 2 modules to fully define the WM functions, while others may have required 10 or 

more modules to capture all necessary functions. This modular approach to establishing the cost

estimating basis provided maximum flexibility; thus, the WMFCI was designed to be the full used to 

support a broad range of WM options. 

Design of the WMFCI was based on standard, proven technologies and WM approaches. The modules 

represent a variety of treatment, storage, disposal, material handling, and support facilities, that were 

developed for all major DOE waste streams. The cost modules, are listed by waste type in tables found 

in (INEL, 1995t). 
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Table C.3-1. Facility Cost Modules Included in WMFCI Reports 

Module LLW LLMW TRUW HW 

Treatment Front-end Support X X X X 

Small Generator Front-End/Back-End Support X X 

Waste Characterization X 

Packaging X X X 

Stored Waste Retrieval X 

Receiving and Inspection X X X X 

Open, Dump, and Sort X X X 

Assay, Sort, and Package X 

Maintenance X X X 

Incineration X X X X 

Aqueous Waste Treatment X X X 

Neutralization X X 

Shredding/Compaction X X X 

Supercompaction X 

Metal Melting X X 

Wet-Air Oxidation X 

Thermal Desorption X 

Debris Washing X 

Soil Washing X 

Lead Recovery X X 

Mercury Separation X X X 

Organic Removal X 

Deactivation X X X 

Special Waste Processing X X X 

Recycling X 

Organic Stabilization X 

Grout Stabilization X X X X 

Polymer Stabilization X X 

Vitrification X X X 

Certification and Shipping X X X X 

Storage Front-End and Back-End Support X X X 

Storage Receiving and Shipping X 

Storage X X X 

Silo Storage X X 

Disposal Front-End Support X X 

Engineered Disposal X X 

Shallow Land Disposal X X X 

Silo Disposal X X 

Borehole Disposal X X 

Note: HLW facilities are covered in a separate report (ANL, 1995b) but included only storage facilities . 
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C.3.2.1.3 Cost-Estimating Basis 

A "bottom-up" estimating approach was used to develop the WMFCI unit costs. Initially, a capacity range 

for each facility cost module was established by studying the currently stored and future projections of 

DOE waste volumes . Process functional diagrams and facility layout drawings were developed at the 

individual unit operation level. After all unit operations required for a module were defined, major 

equipment lists, building configurations, and square footage requirements were established, and cost 

estimates for each facility were developed. 

Data from the study defined baseline capacities for five facility sizes: portable, minimum-fixed, small , 

medium, and large. Using the five facility sizes, a generic design package for each cost module was 

developed and used as the basis for the Program Life Cycle Cost (PLCC) estimates. Each design package 

included a summary functional and operational requirements description, a process functional diagram 

with mass flow rates, a facility layout, manpower requirements for the processes, and cost and manpower 

(FTE) capacity-to-requirement curves. The design packages used as much available data from existing 

or planned DOE facilities as possible. This approach, referred to as "anchoring," provides the reference 

point used to estimate the various cost components . New designs were generated only if no existing data 

were available. 

C.3.2.1.4 Cost Components (Work Breakdown Structure) 

The costs for each WM facility included the following four components (each estimated separately): (1) 

pre-operational activities, including the costs of studies, demonstrations, generic designs, permitting, and 

startup; (2) facility construction, including definitive design, equipment and building, and construction 

labor costs; (3) O&M costs; and (4) decontamination and decommissioning (D&D) costs. Usages were 

determined separately for resources used during the construction period (which includes pre-operations 

and construction) and resources used during the period of operations (which includes O&M, and D&D). 

Resource usage was estimated for all treatment, storage, and disposal facilities configured at each site for 

each waste type under each alternative. Building unit costs for various functions were developed by 

generating detailed material quantities, labor hours, and related costs for construction, using rates 

applicable to INEL. These building functional unit costs were multiplied by the functional floor space 
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required within each module. The functional cost sub-totals were summed to give a total building cost 

for each module. 

Equipment costs were estimated either by soliciting budgetary costs from suppliers, by using existing 

data, or by making engineering judgments. Costs for the other three components of the estimate 

(operating budget-funded activities [pre-operation], O&M, D&D) were obtained from actual costs of 

existing facilities and from engineering estimates. These cost components do not include various site costs 

for the supporting infrastructure and basic site services known as "chargebacks." The allocation rules for 

chargebacks are site-specific and provide a similar site effect for all alternatives . They do not affect the 

relative cost ranking of the alternatives, and are not included in the PEIS . 

To provide a comprehensive analysis of the WM facility requirements for support, the facilities required 

to manage the waste (for example, administration and maintenance) were also provided as separate facility 

cost modules. This approach facilitated analysis of scenarios that involve existing facilities where none, 

some, or all of the administrative functions may have already been in place. 

C.3.2.1.5 Cost Estimates Development 

To assist in application of the WMFCI, the baseline cost/capacity relationships defined for each cost 

module were translated into parametric cost relationships. These relationships were defined by linear and 

log-linear equations that uniquely define the costs over a broad range of capacity requirements. Each 

facility module had specific cost equations that defined the pre-operations costs, facility construction costs, 

O&M costs, and D&D costs. The cost relationships allowed the WMFCI to be consistently applied over 

a wide range of estimating scenarios. 

Both DOE and the commercial nuclear industry have facilities similar to some of the cost modules 

examined by the WMFCI. Several facilities (for example, incinerators, metal-melters, supercompactors, 

SNF storage, and engineered disposal) were surveyed to obtain functional and operational requirements, 

capacity limitations, capital and operating costs, and other information needed to provide a basis for the 

WMFCI data. 
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To the extent possible, major equipment costs in each cost module were taken from similar facilities that 

had been constructed or that were in the advanced design stage. Before using costs from existing 

facilities, the data were adjusted to account for capacity differences and escalation. These cost validation 

steps established a cost confidence level for the PLCC estimates of plus or minus 30%. 

Facility construction costs were based on the current cost-per-square-foot rates for five typical building 

functional envelopes defined by use-low hazard, moderate hazard, alpha-treatment, storage, and disposal 

functions-planned and under construction at INEL. 

C.3.2.2 PEIS Cost-&timating Methodology 

C.3.2.2.1 Description of Alternatives 

Cost estimates for each PEIS alternative were developed at the module level for each site within the DOE 

complex. For a given WM alternative, every site with waste of that type played a role in management 

of that waste and consequently incurred some cost. The roles of the various sites could have ranged from 

simply packaging and shipping their own wastes to treating and disposing their own wastes and wastes 

from other sites. The contribution each site made toward the cradle-to-grave management of a given waste 

type was defined in each alternative through designation of treatment, storage, and disposal locations for 

each site's waste. The alternatives generally covered the range of possible configurations from a 

centralized waste management strategy to a decentralized scenario. Other parameters that were also varied 

within the alternatives analyzed for a particular waste type included the level of treatment performed and 

the final waste form produced. Therefore, for each alternative, a unique set of responsibilities was defined 

for each site; this established the activities that had to be performed at each site and provided the basis 

upon which the cost estimates were developed . 

C.3.2.2.2 Waste Loads Development 

Once the WM activities to be performed at each site were defined for a particular alternative, the quantity 

of waste to be processed or handled through each module was calculated. This step was accomplished 
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using a set of "raw" data that accounted for all waste stored and generated at each site. The waste 

information included quantities of waste currently in storage and projections for future waste generation. 

Each classification of waste (LLW, LLMW, TRUW, and HW) was broken down into "treatability 

groups." The treatability groups, based on the characteristics of the waste, helped to define which 

treatment processes were necessary to meet regulatory requirements for that waste type. (The generic 

configurations of processing modules necessary to treat, store, and dispose each waste treatability group 

were discussed earlier.) The raw data were transposed into the waste loads for each facility by applying 

the constraints and assumptions integral to the configuration designated for each alternative. Once a time 

factor was incorporated (for example, a 10-year operating period), the waste load for each module 

became a waste processing rate. The processing rates (throughput capacities) for each module was used 

to determine facility size and was the key factors used in developing the cost estimates . 

C.3.2.2.3 Existing Facilities Assessment 

A survey of existing and planned-or-approved WM facilities at each site, and their capacities, was 

performed to provide the baseline for cost-estimating purposes . Where existing capacities were identified, 

the total required operating capacity was reduced by that amount so that only the minimum necessary new 

facility construction was costed. Since existing facilities and their capacities were taken into account, the 

cost estimates developed for each alternative could be considered to be representative of actual future 

capital investments necessary to provide the additional capabilities required for the WM operations 

outlined in each alternative. 

In some alternatives, where a homogeneous waste stream was currently being treated in a dedicated 

facility and actual operating costs were known, these actual costs were used in the PEIS cost estimates 

(rather than using bottom-up cost estimates for generic facilities designed to treat the same waste). 

C.3.2.2.4 Bounding Parameters and Assumptions 

The PEIS alternatives generally assumed that a 10-year implementation period was necessary to construct 

and start up the new WM facilities required for each alternative, and that a 10-year operating period 

would be used to work off the projected waste inventories. 
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Costs under the no action alternative for each waste type were estimated using a unique set of 

assumptions. The no action alternatives (with some exceptions for storage and disposal) used existing 

facilities for 20 years. Where projected waste loads exceeded existing treatment facility capacities, waste 

was assumed to be stored. 

The HW alternatives were assumed to use commercial treatment and disposal contractors for 20 years; 

possible regional on-site treatment and disposal costs were also evaluated. 

Costs associated with treating quantities totaling less than 0.1 pounds per hour or disposing quantities 

totaling less than 0.1 cubic feet per hour were considered to be insignificant and costs were not 

developed. These volume totals equate to treating a drum or less of waste per year and disposing 60 

drums (one semi-trailer load) or less of LLW or LLMW per year. In such instances, bench-top-type 

treatment, or shipment to another facility , would be likely to occur. 

The receiving and inspection module was used only for wastes received from another site for regionalized 

or centralized treatment. It was assumed that wastes generated on site would be characterized to the extent 

that inspection would not be required and that the waste could be transported directly to the treatment 

facility. Representative sampling of on-site waste characterization was assumed to be performed as 

necessary through a variety of modules: certification and shipping (found at all sites), administration

with laboratory-(found at all treating, storing, and disposing sites), and waste characterization (found 

at all TRUW sites). 

The "open, dump, and sort" module was used only for waste volumes currently in storage. It was 

assumed that these containerized wastes are heterogeneous and would need to be sorted before treatment. 

It was further assumed that wastes presently being generated or to be generated in the future would be 

segregated by treatment need and would not require sorting. 

Except for TRUW, it was assumed that treated wastes would be accumulated in small batches (railcar or 

truckload quantities) and would be shipped directly for disposal, eliminating the need for storage. For 

TRUW, it was assumed that shipment could not be made directly to WIPP; therefore, costs were 

estimated for one year of storage before transportation to WIPP. 
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C.3.2.2.S Application of the Waste Management Facility Cost Information Methodology 

Curves for cost-versus-capacity and FTEs-versus-capacity were developed for each module through a 

bottom-up estimating method. These curves were developed over a finite range of capacities (referred to 

as the "standard capacity range") that, at the time the range was selected, would fit the anticipated cost

estimating needs . The standard capacity range selected was specific to each module. Cost versus capacity 

curves were developed for equipment (including installation), building requirements, operating labor, and 

operating materials. From these curves all other costs were determined through application of various cost 

factors. Combining all derived costs produced the life-cycle costs for each module. Costs for all modules 

were based on a 48-week year, three shifts per day, 5 days per week, and 70% availability, for a total 

operating period of 4,032 hours per year. The 4,032 hour year is a "rating" of achievable production 

capacity possible in a full 52-week workyear. 

Curves for cost versus capacity were developed for numerous modules handling CH LLMW, CH alpha

LLMW, RH LLMW, CH LLW, CH alpha-LLW, CH TRUW, RH TRUW, and HW. FTEs-versus

capacity curves were determined by applying a factor to the costs for an appropriate category. 

With the release of updated waste data, the need for costs at capacities outside the standard capacity range 

of developed data became necessary. The following methodology was used to estimate the costs when the 

capacities fell outside the standard range for any particular module. 

C.3.2.2.5.1 Costs Determination for Treatment Outside Standard Capacity Ran1:e 

To estimate the costs for a treatment module at a throughput capacity falling below the standard range, 

the following extrapolation method was used. An "economy of scale" function was assumed to exist 

beyond the upper and lower bounds of the capacity-to-cost curve (developed as discussed above). The 

upper and lower bounds were the waste processing throughput capacities of the largest and smallest 

standard commercially available processing equipment for the particular module being adjusted. The basic 

formula is shown below: 
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[Cost for higher/lower capacity] = [Cost for high/low bounding point] x [(waste throughput 

capacity of highernower requirement)/(waste throughput capacity of high/low bounding point)] 
0.7 

The ratio of required throughput capacity to the throughput capacity of the high or low bounding point 

of the capacity-to-cost curve was raised to the 0.7 power. The use of the 0.7 power scaling factor was 

based on estimating methods presented by Peters and Timmerhaus, and Remer and Chai, Chemical 

Engineering, April 1990. The resulting value was used to adjust the cost of the equipment, building 

requirements, operating labor, and operating materials. These adjusted costs were then used to estimate 

the costs associated for the lower-than-standard capacity (to eliminate unrealistically small modules). A 

module was never scaled down to below 10% of the smallest capacity in the standard range. Similar 

judgment would have been used when scaling to modules several times larger than the upper bounding 

capacity; however, waste loads never became that large, so this approach was not tested. 

For the incinerator module and the small generator front-end support module, costs were developed for 

a module of "minimum" size designation. This represented the smallest module size that could be 

constructed with off-the-shelf equipment. A slightly different approach was used to estimate costs . For 

capacities falling between the minimum capacity and the lowest capacity in the standard capacity range, 

the costs were determined by the method described above. For capacities falling at or below the 

minimum, the "minimum module" capital cost was used and operating costs were scaled down from the 

minimum capacity using the 0.7 power factor method. To eliminate an unrealistically small module for 

very small capacity requirements, the number of shifts was limited to 0.1 shift per workday. 

For seven other non-alpha modules (aqueous waste treatment, wet-air oxidation, thermal desorption, 

deactivation, lead recovery, mercury separation, and polymer stabilization), the minimum module was 

the same as the lowest capacity in the standard range. Costs for these seven modules were treated in a 

parallel manner as stated for incineration (above). For capacity below the range associated with these 

seven modules, capital costs from the minimum module were used and the operating costs were scaled 

down from the minimum capacity using the 0. 7 power factor method. 

To determine the costs of an engineered disposal module (AGDSP) or a shallow land disposal module 

(SLDSP) at a capacity falling below the standard range (18 to 126 cubic feet per hour), the following 

extrapolation method was used. For disposal capacities within the standard capacity range (1.44 to 5.9 
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cubic feet per hour) for the silo disposal module (SIDSP), costs for silo disposal were used. For disposal 

capacities falling between the standard ranges of the SIDSP and the AGDSP or SLDSP (5.9 to 18 cubic 

feet per hour), the ratio of the actual capacity to the lowest capacity of the AGDSP or SLDSP standard 

capacity range was raised to the 0.7 power. The resulting factor was used to adjust the cost of the 

equipment, building requirements, operating labor, and operating materials . These adjusted costs were 

then used to estimate the associated costs . For disposal capacities falling below the standard capacity 

range of the SIDSP, costs were determined by scaling down with a factor developed by taking the ratio 

of the actual capacity and the smallest capacity in the standard range for the SIDSP raised to the 0.7 

power. 

C.3.2.2.5.2 Portable Module Costs 

Small generator sites typically generate very small quantities of certain wastes. To treat these small 

quantities, installation of permanent treatment facilities would not always be cost effective. To handle 

these small quantities, portable treatment modules were identified as an economical alternative. Portable 

modules were used for certification and shipping, decontamination, polymerization (which is capable of 

performing grout stabilization for very small volumes) , thermal desorption, and wet oxidation (which 

could substitute for incineration for very small volumes). 

Costs for portable treatment modules were developed based on processing 2.5 cubic meters of waste per 

treatment campaign. Waste to be processed was assumed to have an incoming density of 40 pounds per 

cubic foot for all modules, except aqueous waste, which has a density of 62.4 pounds per cubic foot. 

Each treatment campaign was assumed to require 2 weeks, including setup, processing, and shutdown. 

Counting travel time and equipment maintenance time, the number of campaigns was limited to 12 per 

year. (If waste quantities were sufficiently high to exceed 12 campaigns per year, permanently installed 

modules were estimated.) The portable equipment was assumed to have a useful life of 5 years, or 60 

campaigns. A host facility (warehouse, garage, or similar structure) with suitable utility support was 

assumed to be required. 

Costs associated with portable modules were developed on a campaign basis. Each portable module has 

its unique campaign cost, computed to include all programmatic life-cycle cost components . 
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C.3.2.2.S.3 Supplemental Cost-Estimatine Methods 

For most WM alternatives, costs, manpower, and resource use data were computed using the above

described methodology. The computations were made by selecting the same data results from cases 

estimated using the WMFCI methods in LLW Cases 5, 7, 12, ~nd 14 for cost/manpower and in Cases 

1, 2, 4, 5, 7, 12, 14, and 14a for resource data; in HW Case 1 for cost/manpower and Cas.es 1 and 2 

for resource data; in TRUW Cases 1, 10, and 11 for resource data; and in LLMW Cases 1, 7, 10, and 

17 for resource data. For certain data points , exact matches did not exist; in such instances, data were 

scaled linearly, using waste processing throughput proportions, from the nearest data point computed 

using the WMFCI method. These computations are summarized in Sherick and Shropshire, 1995. 

Resource use data estimates were discussed in part C.3.1. 

Where modifications to the originally computed data were required because of changes in costing 

assumptions, a similar "exact selection, or scaling from closest data point" method was used . These 

computations have been summarized (INEL, 1995t). 

In the case of HL W, cost and manpower estimates for canister storage and transportation were abstracted 

from the many cost studies performed for vitrification of HLW at the West Valley Demonstration Project 

(WVDP), Savannah River Site (SRS), Hanford, and INEL. A summary of these findings is found at 

Section C.3.2.2.8. 

C.3.2.2.6 Transportation Cost Estimates 

Transportation costs were calculated for each alternative using mileage between sites (either by highway 

or rail) and mass quantities requiring shipment. Transportation costs were included for waste shipments 

between generator sites and treatment sites, between generator sites and disposal sites, and between 

treatment sites and disposal sites. Costs were compiled for each alternative for both truck and rail 

transportation. Transportation costs for most waste types were computed using linear regression formulas , 

where a fixed cost per trip (depending upon waste type) was multiplied by the number of shipments and 

added to a variable cost-per-loaded-mile multiplied by the total shipping mileage. The fixed and variable 

costs per waste type and the background of the transportation cost-estimate development are provided 

(INEL, 1995e). The cost-estimating process for the transportation of HLW is found at Section C.3.2 .2.8. 
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C.3.2.2. 7 QuaUty Assurance 

The PEIS cost estimates were compiled for each alternative, and the detailed estimating backup 

information is documented in data packages retained in the PEIS engineering files . Each cost data package 

was thoroughly reviewed before publication of any cost results. The quality reviews verified that the 

estimating methodology was correctly and consistently applied, that the assumptions and alternative 

descriptions were followed, and that the results provided reasonable PLCC that can be used to compare 

the relative costs of the various alternatives. 

C.3.2.2.8 Cost-Estimating Procedures for High-Level Waste Canister Storage and Transportation 

The generic cost methodology used was modified to reflect the specific assumptions for HLW. These 

modifications are discussed below. 

C.3.2.2.8.1 Methodolo~y and Assumptions 

The life-cycle costs are the "cradle to grave" costs, incurred from the time the waste is generated to the 

end of its institutional control. The total life-cycle costs include all costs associated with waste handling 

following its generation, current storage and treatment, transportation, future disposal and monitoring. 

The WM PEIS does not provide cost analysis of the current storage of HLW, pretreatment and treatment 

of HLW (resulting in canisters of vitrified waste), or environmental impacts of HLW disposal. The WM 

PEIS does provide cost analysis of the storage of canisters and the transportation to storage sites and a 

candidate geologic repository. Because of the possibility of a prolonged delay of HLW disposal, two sets 

of timing assumptions for acceptance of HLW at the candidate repository were analyzed. 

Projecting the cost of the HL W alternatives involved developing estimates of the individual cost 

components. The cost was divided into two components-capital investment and annual operating charges. 

The capital cost of a facility was assumed to include process equipment, construction materials (for 

example, steel and concrete), and labor, as well as indirect costs such as those for design, contingencies, 

and environmental compliance. The annual O&M costs were expenses estimated for O&M staff, fixed 

and variable supplies, annual operating fees, administration, and general expenses. These two cost 
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components were estimated by reviewing and abstracting available data on the costs of storage and 

transportation of HLW (ANL, 1995b). 

C.3.2.2.8.2 Canister Storaee 

Vitrified HLW from Hanford, SRS, WVDP and INEL would be placed in on-site storage facilities 

awaiting transport to the candidate geologic repository. The WM PEIS alternatives for HLW management 

include: (1) No Action-Continued storage (assumed for 30 years), (2) Decentralized-All sites provide 

storage for canisters until the candidate geologic repository begins accepting DOE HLW in 2015, with 

shipments beginning in 2016; (3) Regionalized 1-WVDP ships its canisters to SRS for storage until 

transportation to the candidate repository starting in 2016; (4) Regionalized 2-WVDP ships its canisters 

to Hanford for storage until transportation to the candidate repository begins in 2016; and (5) 

Centralized-WVDP, SRS, and INEL ship their canisters to Hanford for storage until transportation to 

the candidate repository begins in 2016. For the alternatives, the assumption was made that the approval 

of the candidate repository will occur in a timely manner so that the amount of storage facilities to be 

constructed could be kept to the minimum required. 

The second set of timing assumptions is configured identically to the No Action, Decentralized, 

Regionalized 1, Regionalized 2, and Centralized Alternatives, except that acceptance of DOE HLW at 

the candidate repository is deferred past 2015, requiring the construction of storage facilities at each site 

capable of holding the full amount of canisters to be stored at that site. These alternatives are costed 

assuming that the approval of the candidate repository is made in time to begin transportation in 2016 but 

after each site has completed construction of storage facilities for all canisters produced at that site. 

Further deferrals of the decision will increase the total cost of storage. Depending upon the alternative, 

the costs for storage operations will increase by an additional $8 million for every year past 2015 that 

acceptance of HLW canisters at the candidate geologic repository is delayed . 

The storage technology selected for costing is the modular dry vault storage (MVDS) concept. It is 

assumed that the interim canister storage facility at Hanford and at SRS for the vitrified HL W would hold 

canisters in vertically sealed cavities within a concrete structure forming the storage vault. Each canister 

storage vault (CISV) will be an air-cooled dry storage vault for vitrified HL W. A thermosyphon 

ventilation system would be used to remove heat generated by the stored vitrified HL W. Activities at a 
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given CISV include receipt and unloading of transportation cask containing canister(s) of vitrified waste, 

inspection of the canister, and storage of the waste until transfer to a permanent geologic repository. The 

CISV consists of rows of tubes or vaults laced below grade into which the canisters are lowered. Concrete 

plugs provide a cover for the tubes . The canisters are to be stored in sealed sleeves so that the cooling 

air would not directly come into contact with the potentially contaminated surfaces of the HLW canisters. 

Although the design for storage of canisters at INEL has not been decided, the PEIS assumed the storage 

technology to be the same as that for Hanford and SRS. Because the storage facility has been constructed 

at WVDP, these costs are not included in the PEIS analysis . 

The rationale for costing the construction and operations of these facilities is provided (ANL, 1995b). 

The cost experience for monitored retrievable storage facilities was modified to the above concept. The 

below formula was developed to estimate capital costs : 

Formula C-1 

[Capital Cost($ million)]Mvos = 0.71 [Capacity (HLW Canister)]°·53 

Annual O&M costs include the routine handling, storage, and retrieval, with the predominance of costs 

pertaining to the operation of facilities. The operating lifetime of the various storage facilities varies 

depending upon the transportation instruction for each Alternative. The correlation of the annual operating 

costs for the storage period as a function of capacity is: 

Formula C-2 

[Annual O&M Cost ($1,000/yr)lsiorage = 38.6 + 0.27 x [Capacity (HLW canisters being stored)] 

Loading/unloading operations were evaluated in the reference; the following formula was developed: 

Formula C-3 

[Annual O&M Cost ($l,000/yr)]1...ooding = 770 x [Throughput (HLW Canisters shipped/yr)]°-52 

With respect to the shipping rate to be assumed for the various alternatives, the loading rate into storage 

is taken to equal the maximum annual vitrification rate (190 canister~ per year for SRS, 790 canisters per 

year for Hanford (No Action is 320 canisters per year), 300 _canisters per year for WVDP, and 327 
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canisters per year for INEL). The total time for unloading the HLW canisters before shipment to the 

candidate repository is assumed to be performed at a rate of 800 canisters per year. The 

loading/unloading duration is dependent upon the shipping rate. 

The quantities and timings shown in Chapter 9 were applied to the formulas C-1 , C-2, and C-3, and 

totaled for each alternative under both sets of timing assumptions. The computation summaries are 

provided {INEL, 1995f). 

C.3.2.2.9 Transportation of Vitrified HL W Canisters 

The rationale for costing transportation of HLW canisters between sites is provided in Folga, et al ., 1995. 

Based on numerous reports, there is general agreement that transportation costs for HL W would be 

similar in cost for spent nuclear fuel. The life-cycle cost for HLW transportation can, in general, be 

calculated by summing the following cost categories: shipping cost; security cost; cask, capital and 

decommissioning cost; cask maintenance cost; inspection cost; demurrage cost; handling cost (loading 

and unloading); and transportation support system costs. 

The following assumptions were made for the HLW transportation cost analysis: 

• The costs associated with the inspection cost category are included in the annual operating charges 

for the various HLW storage facilities. 

• Demurrage (the charge for the detention of a freight car or truck by the shipper or receiver beyond 

the time allowed for loading, unloading, or shipping) is assumed _to be negligible in comparison with 

other cost components. 

• The handling cost for loading and unloading at the HLW storage facility has already been considered 

in the storage cost; the handling cost at the candidate repository is assumed to be out-of-scope for 

this PEIS . 
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• Transportation support system cost include the costs to maintain the railcars and trailers which are 

assumed to be negligible (average annual O&M cost for a truck trailer is approximately $14,000; 

for a rail car, $5,000). 

Table C.3-2 presents the formulas used to compute truck and rail transportation costs. 

C.4 Phase III: Environmental Impacts Evaluation 

This section describes the scientific approach and analytical methods used to evaluate the impacts of the 

WM alternatives on air quality, water resources, ecological resources, the local and National economies 

and social environments, environmental justice issues, land use, infrastructure, and cultural resources. 

Table C.3-2. Assumed Relationship for the Four Transportation Cost Components 

Cost Variable 
Relationship Assumed in This Study 

Rail-Based Truck-Based 

SPEED (mph) DIS/(0.04204 x DIS + 4)a 35 (i.e., a constant value)b 

Annual Cask Requirement, E {[(2 x DIS)/SPEED~]/24 + 2 x (5 E {[(2 x DIS/SPEED18"'J/24 + 2 x (3 
ACR days)} days)} 

Shipping Cost, less than E ((2.32 + 0.0067 x DIS] x 2,000) + E ((1.493 + 0.0033 x DIS] x 500) + 
1,000 miles ($1985) ((2.15 + 0.0063 X DIS] X 1 d800) X ((0.428 + 0.0034 x DIS] x 475) x 

[No. of Canisters]/5c, [No. of Canisterst 

Shipping Cost, greater than E ((5.07 + 0.004 x DIS] x 2,000) + E ((-0.16 + 0.0049 x DIS] x 500) + 
1,000 miles ($1985) ((4.72 + 0.0037 x DIS] x la800) x 

[No. of Canisters]/5c, 
((-0.19 + 0.004 x DIS] x 475) x [No. 

of Canisters]c 

Security Cost ($1985) E {291.65 x [DIS-0·5987] x DIS} x [No. E {7. 93 x [DIS-0·1855] x DIS} x [No. of 
Of Canisters]/5 Canisters] 

Cask Capital Cost ($1985)e E (ACR/300) x [No. <f Canisters] x E (ACR/300) x [No. <f Canisters] x 
(2.5 X 10 ) (1.5 X 10 ) 

Cask Mfintenance Cost 
($1985) 

E (ACR/300) x [No. if Canisters] x 
(2.5 X 10 ) 

E (ACR/300) x [No. if Canisters] x 
(1.5 X 10 ) 

8 DIS = distance traveled (one-way miles) ; is a function of WM PEIS alternative. 
b Conservative value, based on [DOE, 1986]; a value of 40 mph is cited in [DOE, 1991] . 
c The summations are to be performed over all shipping routes . 
d Assumes five HLW canisters per rail shipping cask , one HLW canister per truck shipping cask [DOE, 1986] . 
e Assumes a capital cost of $2.5 million for rail cask , $1.5 million for truck cask (both in $1985 dollars) [DOE, 1986] . 
f Assumes an annual maintenance cost of $125,000 for rail cask, $75 ,000 for truck cask (both in $1985 dollars) [DOE, 1986] . 
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The general impacts methods were applied as appropriate to analyze the effects of management 

alternatives for each of the five waste types. Construction and operation of treatment, storage and disposal 

facilities and intersite transportation of wastes were the principal activities analyzed for impacts, as 

applicable (Table C.4-1) under each of the waste-type alternatives. 

The engineering analysis Phase II output data served as the input data for the environmental impacts 

assessments. These engineering outputs included estimates of the costs, labor, and resources required to 

build and operate the WM facilities and estimated facility discharges of pollutants to air and water. 

Table C.4-1. WM Actions Analyzed for Environmental Impacts 

WM Action 
Waste Type 

LLMW LLW TRUW HLW HW 

Treatment Facility Construction and Operation ✓ ✓ ✓ ✓ 

Storage Facility Construction and Operation ✓* ✓ ✓ 

Disposal Facility Construction and Operation/(& 
✓ ✓ 

Postclosure Effects) 

Transportation of Wastes Between Sites ✓ ✓ ✓ ✓ ✓ 

Waste Transport to Repository or Commercial 
✓ ✓ ✓ 

Treatment/Disposal 

* For No Action Alternative only. 

Air quality impacts were analyzed by comparing estimated pollutant increases to applicable standards for 

the Air Quality Control Region at each site. The analysis addressed criteria pollutants, airborne 

radionuclides and other hazardous and toxic air pollutants from construction and operation of WM 

facilities at each DOE site. Criteria pollutant increases from mobile (transportation) and stationary sources 

were evaluated, as applicable. 

Water resources impacts were analyzed by evaluating the effects on natural water sources of the use or 

discharge of large volumes of water during construction or operation of WM facilities at each site. Water 

quality impacts were evaluated for hypothetical releases of waste, that could leach into groundwater the 

releases were assumed to come from deteriorating packages or containers in disposal facilities. 
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Ecological impacts were evaluated in terms of the potential for loss of habitat from site clearing for WM 

facility construction, indirect facility construction and operation effects on sensitive habitats, exposure 

of terrestrial species to airborne contaminants released from treatment facilities, and a scenario-based 

assessment of the consequences of releases of wastes to aquatic habitats in transportation accidents. 

Economic impacts were analyzed by estimating job and income increases in the regional economies 

supporting the DOE sites that might be caused by the infusion of funds to build and operate WM 

facilities. Impacts on the National economy were also assessed using the sum of all expenditures at all 

sites and for waste transportation under each waste-type alternative. 

Population impacts were evaluated in terms of changes caused by the influx of labor for construction and 

operation of facilities. 

An analysis of environmental justice considerations -disproportionate effects on minorities or low-income 

populations-discusses and displays the minority and poverty status of the populations at each WM site 

to highlight sites where those populations might be disproportionately affected by WM activities. 

Land use impacts were evaluated by estimating the likelihood that building WM facilities at the sites 

under a WM alternative would require a commitment of land that might substantively alter the use of land 

at the site or that might require DOE to acquire additional land to implement the alternative. Conflicts 

with site development plans and current adjacent land uses were also considered. 

Infrastructure impacts were evaluated by estimating the effects of building and operating WM facilities 

on site water supply, waste water treatment facilities, electrical power supply, and transportation 

infrastructure. Community infrastructure impacts were evaluated in terms of the estimated level of 

increased demand on community infrastructure caused by the influx of new labor and their families to 

support the WM projects. 

The potential for cultural resources effects was considered comparatively in terms of the extent of 

construction site disturbance at each site under each alternative as an indicator of the requirement for 

cultural resources surveys that would be conducted at the site or project level. Impacts on cultural 

resources were not evaluated directly because the WM facility locations on each site are not yet proposed. 
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Environmental impacts considered in the PEIS, but not evaluated in detail, included effects on geology 

and soils, the noise environment, and visual resources . Those impacts are discussed in Chapter 5 of the 

PEIS. 

All chemical and radiological discharges and direct radiation effects were estimated using computer 

models that simulate the fate and transport of contaminants in the environment. The computer models are 

described in the sections on air quality, water resources, and ecological resources. The models are further 

described in the facility risk appendixes (D and F) and the transportation risk appendix (E). 

C.4.1 HUMAN HEALTH IMPACTS 

Human health effects were evaluated for all aspects of the construction and operation of treatment, 

storage, and disposal facilities, for transportation of wastes, for accidents involving facilities at the sites , 

and for transportation accidents. Details of the human health risk assessment that estimated risks at the 

facilities during routine construction and operations activities and during facility accidents are given in 

Appendix D. Details of the routine transportation and transportation accident risk assessments are given 

in Appendix E. Further details of the facility accident risks are given in Appendix F. 

C.4.2 AIR QUALITY IMPACTS 

Air quality impacts were determined for pollutant-emitting activities associated with managing each of 

the five waste types: LLMW, LLW, TROW, HLW, and HW. Air quality impacts were assessed for the 

construction of new treatment, storage, and disposal facilities; for the O&M of the facilities; and for 

shipment of wastes between sites . The following sections describe in detail the methods used to estimate 

the air quality impacts for each WM alternative. 

C.4.2.1 Air Quality Impacts Analysis Methods 

Air quality impact assessments predict the consequences in terms of deterioration in air quality at off-site 

locations resulting from the release of contaminants from various categories of pollutant sources. This 

PEIS evaluated the potential for any of the alternative WM actions to lead to deterioration of local or 
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regional air quality at any of the sites . The analysis also evaluated the potential for the actions across 

sites, in combination with pollutants emitted in the waste transportation corridors, to lead to deterioration 

of National air quality. 

C.4.2.1.1 Air Pollutants Considered 

The air quality impacts analysis estimated the air 

emissions for WM facility construction and O&M 

activities. O&M activities include waste treatment, 

storage, disposal, and transportation of waste. 

Estimates were made for each action for four classes 

of air pollutants: (1) the criteria air pollutants 

regulated under the National and State Ambient Air 

Quality Standards (NAAQS and AAQS), (2) 

radionuclides and other Hazardous Air Pollutants 

(HAPs) regulated under the National Emissions 

Standards for Hazardous Air Pollutants (NESHAP), 

and (3) other types of toxic air pollutants (fAPs), 

which are regulated by some states, and (4) ozone 

Major Types of Air Pollutants 

Criteria Air Pollutants: carbon monoxide (CO), 
sulfar di,oxide (SO), nitrogen dioxide (NO 1 lead 
(Pb), ozone (0), and paniculate matter less than 
IO microns in diameter (PMu) 

Hazardous Air Pollutants: I 89 hazardous 
substances (including radionuclides) wzose 
emissions are regulated by the Clean Air Act 

Toxic Air Pollutants: Other toxic compounds 
regulated by EPA and state or local governments 

Oume Depleting Substances: Cenain man-made 
halocarbons (including chlorofluorocarbons 
[CFCs], halons, carbon tetrachloride, and /,1,1-
trichloroethane) wzose manufacture and use is 
regulated by EPA under the Clean Air Act. 

w,.,;;;,ss··· '"6,·W···············•·· .. . • .•. , ...................................... .. ..... · ... ··· 

depleting substances (ODS), such as chlorofluorocarbons (CFCs) and halons. The analysis evaluated air 

quality impacts qualitatively from stationary-sources and transportation sources for the first three classes 

of pollutants. ODS impacts are discussed qualitatively but their emissions were not quantified. 

Criteria pollutants consist of the six substances regulated by EPA (40 CFR 50) for which NAAQS have 

been established under the Clean Air Act (CAA): CO, S02, N02, Pb, 0 3, and PM10 • They are regulated 

both in terms of annual production in tons per year and in terms of ambient concentrations emanating 

from point and mobile sources. Unlike the other five criteria pollutants ozone is not a direct emission, 

but is formed in the atmosphere through a complex reaction of ozone precursor pollutants, sunlight, and 

temperature. Ozone precursor pollutants include nitrogen oxides (NO,J and non-methane hydrocarbons 

(NMHCs). The analysis of ozone impacts was done by evaluating NOx and VOCs emissions as criteria 

pollutants. 
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Hamrdous air pollutants include 189 substances listed in Section 112 of the Clean Air Act of 1990 (42 

USC 7401 et seq.), as amended through May 1992, whose emissions standards are regulated by the 

NESHAP in 40 CFR 61. In particular, HAPs include cancer-causing agents such as arsenic, benzene, 

carbon tetrachloride, and formaldehyde, as well as materials with non-cancer health hazards, such as 

fluoride, ammonia, and hydrochloric and sulfuric acids. EPA regulates radionuclides as a total annual 

dose limit (10 mrem/yr) from the air pathway under the NESHAP (40 CFR 61). Radionuclides are also 

regulated by the DOE (DOE, 1990; DOE, 1993b) as a total annual dose limit (100 mrem/yr). 

Toxic air pollutants include cancer causing agents and compounds with non-cancer health hazards. These 

substances are regulated by the EPA and on a state or local basis, through allowable ambient standards 

or guidelines. 

Ozone depleting substances are certain man-made halocarbons, including chlorofluorocarbons (CFCs), 

halons, carbon tetrachloride and 1, 1, I-trichloroethane that react in the upper atmosphere to deplete the 

stratospheric ozone layer. These compounds are regulated through the CAA and by the Montreal Protocol 

on Substances that Deplete the Ozone Layer. 

C.4.2.1.2 Air Quality Impacts Analysis Procedures 

The air quality impacts analysis varied according to the pollutant classes and emissions sources expected 

to be important in each WM activity. Different analytical assumptions and techniques were used to best 

estimate the amounts of pollutants that could be emitted by each source. A summary of the air quality 

impacts that were evaluated in the PEIS is shown in Table C.4-2. 
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Table C.4-2. Impacts Evaluated for Air Quality 

Relevant Period of 
Activities for 

Impacts Presentation 
Impacts Assessed Which Impacts 

Waste Types Analysis 
are Assessed 

Measure of Results 

Criteria Air All five waste Construction Use of construction Percent of Tabular or text 
Pollutant Emissions types equipment and tons/year discussion 

worker vehicles standard 

Operations Operation of Percent of Tabular or text 
incinerators, fuel use tons/year or discussion 
by all other WM concentration 
facilities, worker standard 
vehicles, and waste 
shipment vehicles, 
where applicable 

Radionuclide LLMW, LLW Operations C Operation of WM Percent of Tabular or text 
Emissions and TRUW treatment, storage dose standard discussion 

and disposal 
facilities, where 
applicable 

Haz.ardous and LLMW,bTRU Operations C Operation of WM Percent of Tabular or text 
Toxic Air Pollutant andHW treatment, storage concentration discussion 
Emissions and disposal standard 

facilities , where 
applicable 

a Emissions of radionuclides from HW and vitrified HLW are assumed to be negligible. 
b Emissions of hazardous and toxic air pollutants from LLW and vitrified HLW are assumed to be negligible. 
c Emissions assumed to be negligible during construction. 

C.4.2.1.2.1 Analytical Approach for Different Pollutant Classes 

For the air quality impacts analysis, stationary-source and area-source emissions were modeled and simple 

vehicular emissions factors were used to estimate mobile-source emissions for worker vehicle trips and 

waste transportation activities under each alternative. 

C.4.2.1.2.1.1 Comparisons with Emission-based and Concentration-based Standards 

The analysis of criteria,pollutants varied according to the attainment status of a site's Air Quality Control 

Region for each pollutant. Annual emissions of the criteria pollutants from sites located in attainment 
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areas were estimated for comparison with the allowable increment levels established in the Prevention of 

Significant Deterioration (PSD) regulations (40 CFR 52.21). The PSD allowable increments, in tons per 

year, regulate stationary-source emissions and do not include mobile-source emissions such as those from 

automobiles. Criteria pollutant emissions from sites located in nonattainment areas were estimated for 

comparison with the General Conformity Guidelines de-minimis levels, in tons per year (40 CFR 93). 

The Conformity Guidelines regulate both stationary-source and mobile-source emissions. 

Ambient concentrations of the criteria pollutants were estimated for comparison with the NAAQS and 

State AAQS. Concentrations of the HAPs (including radionuclides) and TAPs were estimated to compare 

with the EPA or State ambient allowable limits (AALs). 

C.4.2.1.2.1.2 Stationary-Source :futimates from Human Health Risk Modeline 

In the analysis of air quality impacts from stationary-source emissions, it was assumed that ambient 

concentrations of criteria, hazardous, aqd radioactive pollutants would increase according to estimated 

emissions from treatment, storage, and disposal facilities and that the most conservative estimates of those 

increases would be the estimates of concentrations that the maximally exposed individual (MEI) would 

be subject to in the human health risk assessment done for this PEIS (ORNL, 1995a). Therefore, the air 

quality impacts analysjs of stationary-source emissions used data on emissions, airborne transport and 

fate, and MEI doses assembled for the human health risk assessment to evaluate air quality effects. This 

is a conservative approach that will result in overestimating air quality impacts because the MEI doses 

from the health risk assessment include ingestion of farm products in addition to direct inhalation. The 

air quality impacts analysis used modeled estimates of local stationary-source ambient concentrations for 

hazardous and toxic air pollutants by waste type. Radionuclide data were taken directly from the off-site 

MEI doses estimated in the human health risk assessment. 

C.4.2.1.2.1.3 Transportation Source Assumptions 

In the air quality analysis, it was assumed that transportation sources (mobile-sources) may be an 

important source of criteria pollutant emissions in addition to those emanating from the facilities . 

Transportation sources were not expected to contribute significantly to hazardous (including radioactive) 
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and toxic airborne contaminants in routine operations. Therefore, for criteria pollutants only, the analysis 

~ti.mated local transportation-source annual tonnage of criteria pollutants, intersite transportation annual 

tonnage of criteria pollutants, and a national annual tonnage of criteria pollutants from all activities 

proposed under each alternative. 

C.4.2.1.2.2 Emissions Estimation Techniques 

Details of the ~timation methods for construction-phase and operatiqns-phase air emissions are presented 

in this section. 

C.4.2.1.2.2.1 Construction-Phase Air Emissions Estimates 

Emissions due to construction activities were calculated using estimates the amount of fuel used by 

construction equipment, and by construction workers traveling to and from the work site. 

Construction Equipment Fuel Use. Fuel use in gallons of liquid fuel for the construction of WM 

faciliti~ (as d~cribed in Section C.3) were used to calculate annual emissions for the WM alternatives, 

in tons per year, for the criteria pollutants CO, NO2, SO2, PM10 , and ozone (as NOx and VOC). 

The fuel use valu~ were divided by the WM alternative construction period (in years) to obtain an annual 

fuel usage in gallons. For the assessment of air emissions it was assumed that diesel fuel was used to 

operate construction equipment at the site. Emission rate factors, in pounds per gallon of fuel consumed, 

were obtained from Compilation of Air Pollutant Emission Factors, Volume II, Mobile Sources, also 

known as AP-42 (EPA, 1985a). The gallons of fuel used were multiplied by the pounds of pollutant per 

gallon consumed to obtain the annual emissions in pounds per year. This amount was divided by 2,000 

pounds per ton to obtain the annual tons emitted for each of the criteria pollutants . 

Worker Vehicle Fuel Use. The total number of FfEs for the construction period (as described in Section 

C.3) was divided by the construction period in years to obtain the total number of annual workers for 

each site and alternative combination. In order to provide an upper bound on air quality impacts, it was 
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assumed that each construction worker travels to and from the construction site in a single vehicle, and 

that no employees carpool . 

Vehicle emissions rates for the worker vehicle trips were obtained by running the EPA-approved vehicle 

emissions models Mobile5a (EPA, 1994a) and PARTS (EPA, 1994b). Emissions from the· MobileSa 

model were calculated in grams of pollutant emitted per vehicle mile traveled (VMT) for the pollutants 

CO, NO2 , and VOC. The PARTS model calculated PM10 emissions from vehicle exhaust in grams of 

pollutant emitted per VMT. For local impacts, it was assumed that the worker vehicles traveled 20 miles 

to and from work or 40 miles round trip each day. The total number of worker trips per day was 

multiplied by 40 miles per day and then by 240 working days per year to obtain the VMT per year. The 

annual VMT was then multiplied by the Mobile5a and PARTS emission rate factors in grams of pollutant 

per VMT to obtain the total number of grams emitted per year for the criteria pollutants CO, NO2, VOC, 

and PM10• The annual emissions in grams were then multiplied by 0.0022 pounds per gram and divided 

by 2,000 pounds per ton to obtain the annual emissions for worker vehicles in tons per year. 

C.4.2.1.2.2.2 Operations-Phase Air Emissions &timates 

The impacts to air quality from the operation and maintenance of WM treatment, storage, and disposal 

facilities were determined by calculating the emissions from facility fuel use, incineration of waste, 

transportation of waste, and worker vehicle trips to and from the sites . 

Waste Management Fuel Use. Facility fuel use values during the operation period of WM facilities were 

supplied in pounds of natural gas and gallons of liquid fuel. These fuel use values were used to calculate 

annual emissions for the WM Alternative, in tons per year, for the six criteria pollutants at each site 

under each alternative. 

The fuel use values were divided by the WM alternative period (in years) to obtain an annual usage for 

both natural gas, in pounds, and liquid fuel, in gallons. It was assumed that both classes of fuel were 

burned in an industrial boiler to produce heat and steam for the WM facilities . Emission characteristics 

for the burning of No. 4 fuel oil, with an assumed sulfur content of 1 % , were used to represent the liquid 

fuel. 
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Emission rate factors in pounds per million cubic feet for natural gas and pounds per 1,000 gallons of 

liquid fuel for No. 4 fuel oil were obtained from the Compilation of Air Pollutant Emission Factors, 

Volume I Stationary Sources (AP-42) (EPA, 1985b). The estimates of natural gas use, in pounds, were 

divided by a natural gas density of 0.0448 pounds per cubic foot to obtain a total number of cubic feet. 

The total number of cubic feet was then divided by 1 million to obtain the number of million cubic feet 

used. The number of million cubic feet used was multiplied by the pollutant emission factor, in pounds 

per million cubic feet, to obtain the amount of pollutant emitted in pounds per year. The total annual 

pounds emitted was divided by 2,000 pounds per ton to obtain the annual tons emitted for each of the six 

criteria pollutants. 

Direct Emissions from Incinerators: Criteria Pollutants. Criteria pollutant emissions from incineration 

of waste were calculated for annual emissions , in tons per year, and in parts per million or micrograms 

per cubic meter. The annual emissions were calculated using waste volumes for treatment and pollutant 

emission rate data. The emission rate data were supplied for each of the six criteria pollutants in grams 

of pollutant emitted per kilogram of waste incinerated. The kilograms of waste incinerated per year were 

multiplied by the grams of pollutant per kilogram of waste treated to obtain the total amount of pollutants 

emitted in grams per year. The total grams emitted per year were multiplied by 0.0022 pounds per gram 

and then divided by 2,000 pounds per ton to obtain the total amount of pollutant emissions in tons per 

year. 

Ambient concentrations of the criteria pollutant emissions were calculated by obtaining the annual 

emissions in grams per year, as described above, and dividing by the period of incineration operation, 

in seconds per year, to obtain a pollutant emission rate in grams per second . The annual emission rate 

in grams per second was multiplied by the highest off-site receptor concentration obtained from dispersion 

modeling. The dispersion model used was the EPA-approved Industrial Source Complex Long Term 

Revision 2 (ISC2) dispersion model (EPA, 1987). The model was run using an emission rate of one gram 

per second to produce annual receptor concentration values in micrograms per cubic meter per one gram 

per second (µ.g/m 3/g/sec). To obtain a new concentration value for a different emission rate, the 

normalized concentration was multiplied by the new emission rate; the new concentration value was in 

micrograms per cubic meter (µ.g/m 3
). The new annual concentration was divided by averaging period 

persistence factors, obtained from the EPA document Air!Superfund National Technical Guidance Study 

Series, Screening Procedures for Estimating the Air Impacts of Incineration at Superfund Sites (EPA, 
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1992a) to produce short-term concentrations for different averaging periods . These concentration values 

were compared to the NAAQS or State AAQS pollutant specific averaging periods as appropriate. 

Direct Emissions from Incinerators: Hazardous and Toxic Air Pollutants . Annual exposure 

concentrations of HAPs and TAPs, in µg/m 3
, to the off-site MEI were obtained from the human health 

risk assessment (Appendix D). For comparison of the HAPs and TAPs concentrations to State or EPA 

AALs, the concentrations were multiplied by the appropriate AAL averaging period persistence factor. 

The HAPs concentrations were divided by the AALs to obtain the percentage of the HAPs to the AALs. 

The following four AAL guidelines were used; State, EPA Region III, EPA Region IX, and EPA long

term action level. The order in which the different guidelines were applied was as follows: the state 

guideline was applied in all cases where the state had established guidelines; for those states with no 

adopted guidelines and located in either EPA Region III or IX, the EPA Region guidelines were applied; 

for those states with no guidelines which were not located in either EPA Region III or IX, the EPA long

term action levels were applied. 

Worker Vehicle Fuel Use. The total number of FTE employees for the waste treatment period was 

divided by the treatment period in years to obtain the total annual number of workers for each site and 

WM alternative. It was assumed (with the exception of Hanford) that each worker travels to and from 

the site in a single vehicle each day. For Hanford , the worker trips were adjusted to account for the 

percentage of employees who participate in ride-sharing programs. A worker trip reduction value of 

approximately 19% was obtained from the FY 1993 Annual Report on In-house Energy Management 

(Kaiser Engineers Hanford and Westinghouse Hanford Company, 1994), and applied to all Hanford 

worker trip numbers . 

Vehicle emissions rates for the worker vehicle trips were obtained by running the EPA-approved vehicle 

emissions models Mobile5a and PARTS. Emissions from the MobileSa model are calculated in grams of 

pollutant exhaust per VMT for the pollutants CO, NO2 , and VOC. The PARTS model calculated PM10 

emissions from vehicle exhaust in grams of pollutant emitted per VMT. 

For local impacts, it was assumed that the worker vehicle traveled 20 miles to and from work, or a round 

trip distance of 40 miles per day . The total number of worker trips per day was multiplied by 40 miles 

per day and then by 240 working days per year to obtain the total VMT per year. The annual VMT was 
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multiplied by the MobileSa and PARTS emission factors in grams of pollutant per VMT to obtain the total 

number of grams emitted per year for the criteria pollutants CO, NO2 , VOC, and PM10 • The annual 

emissions in grams were multiplied by 0.0022 pounds per gram and then divided by 2,000 pounds per 

ton to obtain the annual emissions for worker vehicle trips in tons per year. 

Indirect Emissions from Waste Shipments. Air emissions from shipment of waste from site to site 

(intersite), and to commercial waste handlers for HW, were calculated for local and national impacts. 

Local impacts were calculated for the site region of influence (ROI) (defined as a 50-mile radius), while 

intersite impacts were calculated based on the mileage traveled between sites, excluding the emissions 

calculated locally in the 50-mile radius. The intersite shipment emissions represent the contributions to 

regional or national levels of the criteria air pollutants, which are not accounted for in the site analysis. 

The total number of waste shipments entering and leaving each WM site for the treatment period was 

obtained from ANL. The number of shipments per treatment period was then divided by the length of 

the treatment period in years to obtain the total number of shipments to and from the site on an annual 

basis. 

Vehicle emissions rates for the truck shipments were obtained by running the EPA approved vehicle 

emissions models MobileSa and PARTS as described above. 

For local impacts the shipment miles were calculated using a travel distance of 50 miles to and from the 

site, or a round trip of 100 miles. The annual shipment numbers were multiplied by 100 miles to obtain 

the total annual VMT. The annual VMT was then multiplied by the Mobile5a and PARTS emission rate 

factors, in grams of pollutant per VMT, to obtain the total annual number of grams emitted for the 

criteria pollutants CO, NO2, VOC, and PM10 • The annual emissions in grams were then multiplied by 

0.0022 pounds per gram and then divided by 2,000 pounds per ton to obtain the annual emissions for 

shipment by truck in tons per year. 

Radiation Dose Estimates. Total radiation dose values, in rem, were obtained from the human health 

risk assessment for the MEI at an off-site location. The total dose values in rem were multiplied by 1,000 

to obtain the dose in millirem (mrem). The dose was then divided ·by the period of operation (10 or 20 

years) and compared to the NESHAP dose standard of 10 mrem per year. 
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C.4.2.1.3 Air Qual.ity Impacts Evaluation 

In general, air quality impacts were evaluated by comparing estimated emissions and concentrations to 

10% and 100% of Federal or State standards. 

C.4.2.1.3.1 Impacts Evaluation for Criteria Pollutants 

Criteria pollutant effects were assessed based on the air quality attainment status of each site's air quality 

control region (AQCR), for each of the six criteria pollutants. In general, the site's applicable AQCR is 

in attainment for a particular criteria pollutant if monitored ambient levels are below the NAAQS for that 

pollutant. The site's applicable AQCR is a nonattainment area for a particular criteria pollutant if ambient 

levels equal or exceed the NAAQS for that pollutant. The attainment status of the DOE sites for the 

NAAQS criteria pollutants are listed in Table C.4-3. Table C.4-4 explains the nonattainment status 

designations. 

C.4.2.1.3.1.1 Impacts for Installations in Attainment Reeions 

Any predicted increases to ambient concentration levels in areas designated as attainment by the EPA 

were compared to the NAAQS. If the estimated ambient concentrations exceeded the NAAQS then that 

WM alternative and the affected area were noted in the PEIS. 

The annual criteria emissions, in tons per year, were compared to th~ allowable increase levels specified 

in 40 CFR 52.21, Regulations for the Prevention of Significant Deterioration (PSD) of Ambient Air 

Quality. PSD regulations are applicable in those areas which are listed as in attainment of the NAAQS 

for each of the criteria pollutants. These allowable increases are referred to in the PSD regulations as 

PSD increments. If the estimated annual emissions exceeded the allowable PSD increments then that WM 

alternative and the affected area were noted in the PEIS. PSD increments account for all stationary-source 

emissions that can be reasonably attributed to the action but do not account for emission from mobile 

sources. PSD increments for attainment areas are listed in Table C.4-5. 
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Table C.4-3. Site Criteria Pollutant Attainment Designation 

Site State 
NAAQS Attainment Status 

co N02 0 3 Pb PM10 S02 

ANL-E IL A A S-17 A MOD A 

BNL NY A A S-17 A A A 

FEMP OH A A MOD A A A 

Hanford WA A A A A A A 

INEL ID A A A A A A 

LANL NM A A A A A A 

LLNL CA MOD-1 A MOD A A A 

NTS NV MOD-2 A A A MOD A 

ORR TN A A A A A A 

PGDP KY A A MAR A A A 

PORTS OH A A A A A A 

P~tex TX A A A A A A 

RFETS co MOD-2 A TRANS A MOD A 

SNL-NM NM MOD-1 A A A A A 

SRS SC A A A A A A 

WIPP NM A A A A A A 

WVDP NY A A A A A A 

CO = carbon monoxide; N92 = nitrogen dioxide; 0 3 = ozone; Pb = lead; PM 10 = particulate matter < 10 microns; SO2 = 
sulfur dioxide. A= Attainment, Nonattainment codes: S-17 = Severe-17; MOD-2 = Moderate-2; MOD-1 = Moderate-I ; MOD 
= Moderate; MAR = Marginal; TRANS = Transitional. 

Source: 40 CFR 81, Subpart C: Section 107 Attainment Status Designations. 
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Table C.4-4. NonaJtainment Status Definitions 

Criteria Pollutant Nonattainment Designation NAAQS Exceedance Range 

Carbon monoxide (CO) Moderate-1 9.1 to 12.7 ppm 

Moderate-2 12.8 to 16.4 ppm 

Ozone (03) Marginal 0.121 to 0.138 ppm 

Moderate 0.138 to 0.160 ppm 

Severe-17 0.190 to 0.280 ppm 

Particulate matter (PM 10} Moderate Greater than NAAQS 

a Only the nonattainment status designations used in Table C.4-3 are shown. 

Table C.4-5. PSD Increments for Criteria Pollutant Emissions in Attainment Areas 

Pollutant Tons/Year 

Carbon Monoxide (CO) 100 

Nitrogen Dioxide (NO2) 40 

Ozone (03} 40 

Lead (Pb) 0.6 

Particulate (TSP) 25 

Particulate (PM10} 15 

Sulfur Dioxide (SO2} 40 

Source: 40 CFR 52.21 . 

C.4.2.1.3.1.2 Impacts for Installations in Nonattainment Re~ions 

New stationary sources or major modifications of existing sources located in nonattainment areas for 

criteria pollutants must conform to New Source Performance Standards for new, or modified, existing 

pollutant sources. In addition, Federal actions which are located in nonattainment areas are required to 

follow the guidelines of the Clean Air Act General Conformity Rule (GCR) (40 CFR 93) in determining 

the conformity of the action to Section 176(c) of the Clean Air Act and to approved state or federal 

implementation plans. The GCR establishes specified de minimis levels for criteria pollutant emissions, 
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in tons per year, based on the AQCR's nonattainment designation. Actions producing emissions which 

are below the de minimis levels are considered to conform, while those equal to or above the limits are 

required to perform a conformity determination as outlined in the GCR. The GCR accounts for all 

stationary-sources and mobile sources of emissions that can be reasonably attributed to the action. GCR 

limits for criteria pollutants in nonattainment areas are listed in Table C.4-6. 

Table C.4-6. General Confonnity Rule de minimis Levels for Nonattainment Areas 

Pollutant & Nonattainment Designation de minimis level (Tons/Year) 

Oz.one (Volatile Organic Compounds or Nitrogen Oxides) 
- Serious Nonattainment Areas 50 
- Severe Nonattainment Areas 25 
- Extreme 10 
- Other oz.one Nonattainment Areas 100 

(outside an oz.one transport region) 

- Marginal and moderate Nonattainment Areas (inside an ozone 
transport region) 

voe 50 
NOX 100 

Carbon Monoxide (CO): 
- All Nonattainment Areas 100 

Sulfur Dioxide (SO:i) or Nitrogen Dioxide (NO 2): 

- All Nonattainment Areas 100 

Particulate Matter < 10 microns (PM10): 

- Moderate Nonattainment Areas 100 
- Serious Nonattainment Areas 70 

Lead (Pb): 
- All Nonattainment Areas 25 

Source: 40 CFR 51. 

C.4.2.1.3.2 Impacts Evaluation for Hazardous (includin2 Radionuclides) and Toxic Air 
Pollutants 

The determination of applicable emissions limits and allowable ambient concentrations for pollutants other 

than the six criteria pollutants, was performed on a site-by-site basis. This approach was necessary 

because site-specific information on existing levels of non-criteria contaminants was not readily available 

from the site or regulatory agencies. Information on ambient concentrations of such substances from DOE 

C-54 



9513387 .. ,~ 1 l1s 
Environmental Impacts Analysis Methods Appendix C 

site monitoring and environmental impact statements was used when available and applicable. In addition, 

the applicable regulations and standards vary considerably from state to state. Detailed procedures were 

defined on a site-by-site basis and described in the pertinent site air quality analyses section in the PEIS 

waste-type chapters. 

C.4.2.1.3.3 Impacts Evaluation for Ozone Precursor Emissions 

Ozone pollution is generally caused by reactions between VOC and NOx, in the presence of sunlight, and 

generally reaches its maximum many miles downwind of the sources of these substances. The impacts 

of the WM alternatives on ambient ozone levels were assessed by comparing changes in emissions of 

VOC and NOx with the total rate of emissions of these substances from the DOE site, the county, or the 

AQCR in which the emissions occur. It was assumed that changes in ozone precursor emissions would 

result in corresponding changes in downwind ozone levels . 

C.4.2.1.3.4 Ozone Depletin,: Substances (ODS) 

The stratospheric ozone layer protects the earth from the penetration of harmful ultraviolet radiation. On 

the basis of substantial scientific evidence, a national and international consensus currently exists that 

certain man-made halocarbons (including chlorofluorocarbons [CFCs], halons, carbon tetrachloride, and 

methyl chloroform), react in the upper atmosphere to deplete the stratospheric ozone layer. 

In response to this awareness, the U.S. and 22 other countries in 1987 signed the Montreal Protocol on 

Substances that Deplete the Ozone Layer. The Montreal Protocol, as originally drafted, called for a freeze 

on the production CFCs at 1986 levels and for CFCs to be reduced by 50% by 1998. 

The Clean Air Act (CAA), as amended, includes requirements for controlling ozone depleting substances 

that are generally consistent with, but in some cases, more stringent than those contained in the Montreal 

Protocol. Title VI of the CAA, and the implementing regulations (40 CFR 82), call for a phaseout of 

CFCs by January 1, 2000. In addition to the phaseout of ODS, Title VI includes a variety of other 

provisions intended to reduce emissions of ODS and promote the recycling of these substances. In 

addition, DOE facilities are required to adhere to Executive Order 12843 of April 21, 1993: Reduction 
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of Ozone-Depleting Substances. This Executive Order stipulates that all Federal Agencies must implement 

cost-effective programs to minimize the procurement of materials and substances that contribute to the 

depletion of stratospheric ozone; and give preference to the procurement of alternative chemicals, 

products, and manufacturing processes that reduce overall risks to human health and the environment by 

reducing the depletion of ozone in the upper atmosphere. 

Impacts to the stratospheric ozone layer due to emissions from WM activities were estimated. The 

analysis was performed at the alternative level since emissions of ozone depleting substances is a global 

rather than a site issue. The analysis was performed for waste types where treatment of waste containing 

hazardous constituents occurs (i.e., LLMW, TRUW and HW). The compounds analyzed include the 

ozone depleting substances identified by EPA in 40 CFR 82. Emissions of ozone depleting substances 

from incineration were tallied from information supplied by the health risk assessment. The total 

emissions from each alternative were found to be exceedingly small for all waste types, and in fact were 

< 0.1 pound per year for all LLMW alternatives (DOE, 1995). These minor emissions would not be 

expected to have any measurable affect on upper atmosphere ozone levels. Emissions of ozone depleting 

substances from other treatment, storage and disposal operations were assumed to be small due to the 

nature of these activities, and the mandated phase-out of the use of ozone depleting substances. 

C.4.3 WATER REsOURCES IMPACTS ANALYSIS METHODS 

This section describes the methods used to estimate the impacts of proposed WM alternatives on surface 

water and groundwater resources . Section C.4.3.1 provides an introduction, C.4.3.2 briefly describes the 

regulations that limit impacts to water resources, C.4.3.3 lists the assumptions used in the impacts 

analyses, C.4.3.4 describes impacts that were considered but not evaluated in detail, and C.4.3.5 

describes the methods used to assess the impacts on water resources that were evaluated in detail. 

C.4.3.1 Introduction 

The alternatives analyzed in this PEIS can affect the quantity or the quality of surface water and 

groundwater. Water availability elements that may be affected include surface water flow, floodplains, 

groundwater flow, and aquifer water levels. Surface water and groundwater rights, allocations and usage 
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may also be affected. Water quality elements that may be affected include areas of surface water and 

groundwater that are already contaminated, and receiving water bodies such as streams, lakes, rivers, and 

groundwater aquifers. The ROI for water resources is the area encompassed by onsite and offsite surface 

water and groundwater bodies and their watersheds, which may be affected by site activities. 

Water availability is affected when water withdrawal or discharge causes an appreciable change in surface 

water flow or groundwater levels. Water quality is affected when discharges cause an appreciable increase 

in the concentration of sediments or contaminants in the receiving water body. In addition, water quality 

may be affected when activities cause the movement of existing contamination. For example, activities 

that change the water table gradient could accelerate offsite movement of a plume of groundwater 

contamination. 

Construction, operation, and transportation activities can adversely affect water resources , both during 

normal operations and when an accident occurs . Waste management activities may adversely affect 

surface and groundwaters, as a result of increased water use, increased stormwater runoff, increased 

wastewater discharges, and releases to groundwater from disposal facilities. Transportation of wastes may 

affect water resources from the deposition of exhausts emitted from the vehicles and from accidental spills 

into water bodies. 

C.4.3.2 Regulatory Considerations 

The Clean Water Act (33 USC 1251 et seq.), as amended, requires a permit for all discharges to surface 

waters (including stormwater discharges) under the National Pollutant Discharge Elimination System 

(NPDES) program. NPDES permits set discharge limits for contaminants and require periodic monitoring 

to ensure compliance. In addition, Section 404 of the Clean Water Act regulates the discharge of fill 

material into navigable waters of the United States. 

The Comprehensive Environmental Response, Compensation and Liability Act (CERCLA) (42 USC 9601 

et seq.), as amended, requires the cleanup of contaminated areas and specifies cleanup levels by 

application of Applicable or Relevant and Appropriate Requirements (ARARs). 
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The Safe Drinking Water Act (42 USC 300 et seq.) regulates drinking water quality. The maximum 

contaminant levels established in the implementing regulations (40 CFR 141), although not directly 

applicable to groundwater quality, are commonly used as ARARs to determine appropriate levels for 

groundwater cleanup. Since the drinking water standards adequately protect human heath, concentrations 

of contaminants in groundwater at or below these levels are considered to be acceptable. In addition, 

DOE derived concentration guides for drinking water (DOE, 1990) are sometimes cited as "to be 

considered" requirements under CERCLA. 

Executive Order 11988 (Floodplain Management) and 10 CFR 1022 (Compliance with 

Floodplain/Wetland Environmental Review Requirements) require that proposed projects be reviewed to 

determine their impact on floodplain and wetland areas. Federal agencies are required to avoid, when 

possible, occupying and modifying floodplains. Floodplain and wetland assessments are required for 

actions that occur within the 100-year floodplain, and for "critical actions" that occur within 500-year 

floodplains. 

Monitoring of effluents and nearby water bodies for adverse effects from WM facilities is required by 

a number of statutes and their related regulations. Under the Clean Water Act, the National Pollutant 

Discharge Elimination System requires that discharges to waters of the United States be monitored and 

that levels of contaminants in the effluent remain below permitted levels. The Clean Water Act, as 

amended, also requires stormwater discharges to be monitored. The regulations implementing the RCRA 

(42 USC 6901 et seq.) have extensive requirements for groundwater monitoring at hazardous waste 

treatment, storage, and disposal facilities . Levels of contaminants in the groundwater must remain below 

levels described in the regulations. The regulations of the Toxic Substances Control Act (15 USC 2601 

et seq.) require similar monitoring at treatment, storage, and disposal facilities for asbestos and PCBs. 

DOE orders (e.g., 5820.2A (DOE, 1988)), require surface water and groundwater monitoring at 

radioactive waste treatment, storage, and disposal facilities. In addition, EPA regulations (40 CFR 191) 

require monitoring of treatment, storage, and disposal facilities at DOE sites that dispose of HLW and 

TRUW. 

Monitoring generally involves periodic ipeasurement of characterist·ics of the effluent or receiving water 

body including measurement of radionuclide and chemical con.centrations, temperature, pH, and flow. 

Groundwater monitoring usually involves the analysis of samples collected from wells drilled for this 

purpose. Surface water monitoring generally involves sampling from stations located downstream from 
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the effluent discharge point. These monitoring stations are located such that they are likely to intercept 

any releases from a WM facility. 

Monitoring provides the opportunity to detect excessive discharges from a WM facility before significant 

harm is done to human health or the environment. Once the cause of the excessive discharge is located, 

corrective actions are implemented to contain and then eliminate the source of the problem. DOE will 

comply with all applicable monitoring requirements. 

C.4.3.3 Assumptions 

Assumptions for the water resources impacts analysis included the following : 

• Current conditions of water resources adequately represent future baseline conditions. 

• Water for WM activities would be supplied by current water sources. If water is currently supplied 

by wells in aquifer X, water for the proposed alternatives would be supplied by wells in aquifer X. 

If water is currently supplied by a municipal system, then water for the proposed alternatives would 

be supplied by that system. If water is currently supplied by river Y, water for new facilities would 

be supplied by river Y. 

• Because municipal water is the current source, onsite surface and groundwater resources would not 

be affected by water withdrawals at Rocky Flats Environmental Technology Site (RFETS), Sandia 

National Laboratory-New Mexico (SNL-NM), and Waste Isolation Pilot Plant (WIPP). Because 

groundwater is used as the current source, surface water resources would not be affected by water 

withdrawals at Argonne National Laboratory-East (ANL-E), Brookhaven National Laboratory (BNL), 

Fernald Environmental Management Project (FEMP), INEL, Los Alamos National Laboratory 

(LANL), LLNL Site-300, Nevada Test Site (NTS), Pantex Plant, Portsmouth Gaseous Diffusion Plant 

(Ports), and SRS. :Because surface water is the current source, groundwater resources would not be 

affected by water withdrawals at Hanford, Oak Ridge Reservation (ORR), Paducah Gaseous Diffusion 

Plant (PGDP), and WVDP. 
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• Although some sites under consideration receive water from more than one source, they are assumed 

to obtain their water as follows: (1) Hanford Site from surface water; and (2) Lawrence Livermore 

National Laboratory (LLNL)-Site 300; and Savannah River Site (SRS) from groundwater. Since only 

a small portion of the Hanford Site is supplied by groundwater, it was assumed that all water would 

be supplied by surface water. At LLNL Site-300 water is supplied by an offsite municipal source and 

onsite groundwater, but to be conservative, it was assumed that groundwater supplied all the water 

to the site. At SRS, surface water is generally used only for cooling water. Therefore, it was assumed 

that groundwater would be used to supply WM facilities. 

• During normal operations, no untreated sanitary or process wastewater would be discharged to surface 

or groundwaters at any site. Wastewater would be recycled to the extent possible, would be treated, 

and then discharged to existing process or sanitary treatment plants, as appropriate. After the 

additional treatment, wastewater would be discharged from these plants in compliance with all NPDES 

and industrial wastewater discharge permits. 

• The manner of disposing wastewater would not change. If wastewater is currently discharged to a 

municipal sewer system, than future wastewater would be discharged to that system. If wastewater 

is currently discharged to a treatment plant, effluent would conti!me to be discharged to the treatment 

plant. 

• Since the locations for the WM have not been selected, it was not possible to determine which 

particular onsite water course(s) would be affected. For this impacts assessment, the major offsite 

water body was assumed to be the receiving water body. 

• Onsite surface water resources would not be affected by effluent discharges at SNL-NM, because 

wastewaters are discharged to municipal wastewater treatment systems. Surface water resources would 

not be affected by effluent discharges at Hanford, INEL, LANL, LLNL-Site 300, NTS, Pantex, or 

WIPP, because wastewaters are not discharged to natural-flowing surface water bodies. 

• For municipal water supply systems, withdrawals up to the capacity of the site distribution system are 

acceptable. It was assumed that, if water is available from the utility, the necessary steps have been 

taken to ensure that operations meet Federal, State, and local environmental regulations. These steps 
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may include withdrawal permits, water rights agreements, and environmental impact reports. This 

same assumption applies to municipal wastewater treatment. 

• During normal operation of waste storage facilities, no water (including precipitation, surface water, 

or groundwater) would be allowed to come into contact with the waste. Therefore, surface and 

groundwater quality would not be affected because runoff would not be contaminated. During normal 

operation of waste treatment facilities, no releases directly to groundwater would occur. Therefore, 

groundwater quality would not be affected . 

• Seepage of contaminated groundwater from disposal facilities could contaminate surface water. This 

contamination would be diluted by surface water flows such that the concentration in the surface water 

would be less than the concentration in the groundwater. Therefore, the impacts analysis of 

contaminated groundwater bound the impacts of contaminated surface water. 

• As described in Appendix E, for waste transported in U.S. Nuclear Regulatory Commission (NRC) 

Type B certified cpntainers, the probability of container leakage during an accident would be very 

low. Therefore, transportation accidents involving Type B containers are not likely to affect surface 

or groundwater resources . 

C.4.3.4 Impacts Considered But Not Evaluated in Detail 

This section describes potential impacts to water resources that were not evaluated in detail in the PEIS. 

These impacts were not evaluated in detail because they: 1) could be evaluated generically rather than 

for each alternative; 2) are believed to be minor; or 3) require site-specific analyses that are not possible 

at this time. 

Impacts to Floodplains 

If possible, new WM facilities would be located outside the 100-year floodplain, and if the facilities are 

considered "critical actions," would be located outside the 500-year floodplain. Even if the WM facilities 

are located outside floodplains, access roadways and utility corridors may encroach on floodplains. The 

impacts of these activities cannot be estimated at this time since the specific locations of the WM facilities 

have not been selected. Therefore, the requirements of Executive Order 11988 (Floodplain Management) 
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and 10 CFR 1022 (Compliance with Floodplain/Wetland Environmental Review Requirements) are 

satisfied, and a floodplain and wetland assessment is not required in the PEIS. Compliance with 

floodplain and wetland review requirements would be examined in detail when specific locations are 

proposed in site-specific or project-level NEPA documents. 

Impacts from Runoff and Sedimentation 

During the construction period, surface water resources could be affected by runoff and sedimentation 

from site clearing. During operations, water resources could be affected by increased runoff from 

buildings, parking lots, and cleared areas. Generally, the impacts would be proportional to the amount 

of land disturbed during construction or occupied during operations. In all cases, the effects would be 

minimized by implementing the best management practices for stormwater runoff and erosion control. 

These practices include the use of silt fences, runon and runoff diversion ditches, and stormwater 

retention and sedimentation ponds. In addition, stormwater discharges would be regulated by the new 

NPDES stormwater discharge permits. Therefore, impacts from these activities are not expected to be 

major, and should not influence the choice of alternatives. If necessary these impacts would be evaluated 

in site-specific or project-level NEPA documents. 

During WM operations, stormwater runoff may be contaminated with small quantities of materials 

deposited from air-borne emissions. Some of the potentially contaminated stormwater runoff would be 

contained within onsite stormwater collection ponds . The stormwater runoff would evaporate or infiltrate 

into the ground, although the ponds may discharge to surface water bodies during high flow conditions. 

The volume of stormwater in the ponds would be expected to change somewhat between the alternatives, 

depending on the size of the areas drained, but the quality of the water would be expected to be similar. 

Stormwater runoff would be routinely monitored and any discharges would be in compliance with site

specific permit limits. The impacts of runoff were not evaluated in quantitative fashion, but were assumed 

to be low due to regulations and practices for erosion control and stormwater management. Impacts from 

stormwater runoff are highly site-specific and would be evaluated in NEPA documents tiered to the WM 

PEIS. 

Stormwater runoff that is not contained within the stormwater management system, may contaminate 

surface waters. This runoff may contain small amounts of contamination from airborne emissions. Impacts 

from contaminated stormwater runoff are expected to be minor, but are highly site-specific and would 

depend on the design of the stormwater management system, meteorologic conditions, topography, soil, 
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and the affected surface water body at the site. These impacts should not influence the choice of 

alternatives, but would be evaluated in site-specific or project-level NEPA documents if necessary. 

Impacts from Sanitary Wastewater Discharges 

The majority of any new aqueous waste would be sanitary waste generated by the employees needed for 

the alternative. Sanitary wastes by definition are non-hazardous and would be discharged to existing 

sanitary wastewater treatment facilities. After treatment, sanitary wastewaters would be recycled, or 

discharged from these plants in compliance with site-specific NPDES , or industrial wastewater di~charge 

permit limits. Limits on the amount of contaminants in the efflue~t are set by the regulators after 

consideration of potential adverse ecological and human health effects in the receiving water body. The 

impacts on existing sanitary wastewater treatment facilities are discussed in the infrastructure sections of 

each waste-type chapter. 

Although the volume of sanitary wastewater may vary between alternatives , it would remain similar in 

quality. Therefore, current conditions would not change appreciably unless the discharge volume was a 

large percentage of the flow in the receiving water body: The impacts of combined sanitary and process 

wastewater discharges on surface water availability were evaluated for all waste types in the site tables, 

and show only minor (less than 1 % ) changes in flow. Since the quality of effluent discharges from 

sanitary wastewater treatment facilities would not change, and the flow would not be a significant fraction 

of the average flow in the major receiving water body, current monitoring captures the majority of the 

water quality effects of sanitary wastewater treatment plant discharges for the alternatives . Therefore, 

impacts from these activities are not expected to be major, and should not influence the choice of 

alternatives. If necessary these impacts would be evaluated in site-specific or project-level NEPA 

documents. 

Impacts from Process Wastewater Discharges 

Process wastewater (aqueous waste) is wastewater potentially contaminated by hazardous or radioactive 

constituents during treatment, storage or disposal activities. Process wastewaters from waste treatment 

facilities would be discharged to existing wastewater treatment facilities, where possible. After treatment, 

wastewaters would be recycled or discharged from these plants in compliance with site-specific DOE, 

NPDES, or industrial wastewater discharge permit limits. 
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The aqueous wastewaters that are currently being managed at the sites are not part of the WM PEIS. The 

WM PEIS includes only those aqueous wastes generated by the facilities analyzed as part of the PEIS 

alternatives. These WM facilities were assumed to be very efficient in water use. Process wastewater 

would be treated and recycled to the extent practicable with little liquid effluent discharge. Therefore 

there is little process wastewater that would be discharged to surface waters after treatment. Since process 

wastewater treatment would continue at all the sites where it presently occurs, and the volumes of process 

wastewater treated at each site would vary only slightly between alternatives. Therefore, the effects of 

process waste treatment on surface and groundwater quality are already accounted for in the affected 

environment section. Therefore, impacts from these activities are not expected to be major, and should 

not influence the choice of alternatives. If necessary these impacts would be evaluated in site-specific or 

project-level NEPA documents . 

Impacts to Small Onsite Streams 

Wastewater released by WM facilities may enter small onsite water courses before entering the major 

surface water body near the site. Additional effluents in these small streams, may cause eroding of parts 

of the stream channel and sedimentation in other parts of the channel. Water quality may also be affected 

because the facility effluents may form a large fraction of the natural streamflow. Before NPDES permits 

are renewed or issued by the EPA or state agencies, water quality in the receiving water body would be 

considered in setting effluent limits for the facilities. Impacts on small onsite water bodies would be 

evaluated in detail in site-specific or project-level NEPA documents. 

Impacts of Water Withdrawals on the Movement of Groundwater Contamination Plumes 

Withdrawals of groundwater for use by WM facilities could cause the movement of existing areas of 

groundwater contamination. This could occur where water levels are lowered by water withdrawals. 

Impacts of this sort are unlikely because existing wells would be used to the extent possible and new wells 

would be located to minimize their impact on the movement of existing contaminant plumes . Impacts on 

existing areas of contamination would be evaluated in detail in site-specific or project-level NEPA 

documents. 

Impacts from Waste Disposal on Surface Water Quality 

Seepage of contaminated groundwater from disposal facilities could contaminate surface water. This 

would be expected to occur at sites with shallow groundwater, and surface water bodies that are fed by 
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groundwater discharge (springs). Some sites (INEL, NTS, and Pantex) are located above deep 

groundwater such that surface water would not be expected to become contaminated. Other sites (LANL, 

LLNL, SNL-NM, and WIPP) have a low potential for surface water contamination due to the intermittent 

nature of most of the sites streams. Where contaminated groundwater discharges to the surface, dilution 

in "clean" surface waters would cause concentrations of contaminants in surface water to be lower than 

concentrations in groundwater. Therefore the groundwater pathway was assumed to be the major pathway 

for movement of contaminants beyond the disposal facility boundary, and was the pathway that was 

examined in detail. 

Impacts from Transportation 

Routine transportation would involve the intersite movement of waste by truck or rail, and the travel of 

workers to and from work. Waste materials would not be released during routine transportation of wastes. 

Therefore, impacts from transportation would be limited to the deposition and runoff of vehicle emissions 

to surface waters and the infiltration of materials deposited on the surface into groundwaters. As 

described in Section C.4.2 on air quality, vehicle emissions at any one place from transportation would 

be smaJJ. Therefore, the impacts of routine transportation on surface and ground waters would be 

minimal. 

Impacts from Transportation Accidents 

Because the waste would be shipped in sealed NRC or DOT approved containers, impacts to water 

resources would be unlikely unless a ruptured container fell directly into a surface water body. In the 

unlikely event that waste was released from a shipping container, cleanup response to the accident would 

be swift, and the release would be contained and cleaned up as quickly as possible. The spiJJ response 

and cleanup, and any subsequent remediation, would be conducted in accordance with the CERCLA as 

amended, the National Oil and Hazardous Substances Pollution Contingency Plan, and DOE emergency 

response requirements. Since a swift clean-up would occur, long-term impacts to water quality are 

unlikely. 

C.4.3.5 Impact Assessment Methods for Water Resources 

The environmental impacts on surface water and groundwater availability and groundwater quality were 

assessed by determining the potential change from baseline conditions caused by implementing the 
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Alternatives. A summary of the water resources impacts that were evaluated in detail in the PEIS is 

shown in Table C.4-7. 

First, current conditions at the sites were summarized from data in the Affected Environment Technical 

Report. Table C.4-8 shows the affected environment information used for each site, which includes the 

following types of information: 

• Source(s) of water for the site 

• Current rate of municipal water use (gallons per day) 

• Current rate of surface water use (gallons per day) 

• Current rate of groundwater use (gallons per day) 

• Location of wastewater discharge(s) 

• Average streamflow for the major water body (gallons per day) 

• The presence of Sole-Source Aquifers in the ROI as defined by the EPA 

• The presence of federally designated Wild and Scenic Rivers in the ROI 

Then the applicable facility design data for the sites affected by the proposed alternatives were assembled 

from the data tables in Appendix C, including: 

• Water used during construction (total gallons) 

• Water used during operations (gallons per year) 

Water used during construction was converted to daily usage by dividing by the total number of days of 

the construction period, assuming 250 work days per year and a 2-year construction period. Water used 

during operations was converted to daily usage, assuming 250 work days per year. Figures for the 

number of work days per year for construction and operation and for the duration of the construction 

period were supplied in the EG&G reports (e.g., EG&G and MK, 1994). 
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Table C.4-7. Impacts Evaluated in Detail for Water Resources 

Impacts Relevant Period of 
Activities for 

Presentation Which Impacts Impacts Measure 
Assessed Waste Types Analysis 

are Assessed of Results 

Water All five waste Construction Estimated for water Percent increase in Tabular and 
Availability types used: current water use text discussion 

- by personnel 
- for concrete Percent decrease in Text 
- for dust stream flow discussion 

suppression 

All five waste Operations Estimated for water Percent increase in Tabular and 
types used: current water use text discussion 

- by personnel 
- by treatment and Percent decrease in Text 

disposal stream flow discussion 
processes 

Estimated for Percent increase in Text 
effluent discharged stream flow discussion 
from sanitary and 
process wastewater 
treatment facilities 

Groundwater LLMW and Post-Closure Disposal of waste Percent of drinking Tabular and 
Quality LLW water quality text discussion 

: standard 

The following calculations were performed for each alternative by combining the baseline environmental 

data with the facility design data: 

• Percentage of current site water usage for increment added during construction 

• Percentage of average streamflow for water usage increment added during construction 

• Percentage of current site water usage for increment added during operations 

• Percentage of average streamflow for water usage increment added during operations 

• Percentage of average streamflow for effluent discharge increment added during operations, assuming 

that all water used is ultimately discharged as effluent from a wastewater treatment facility 
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Table C.4-8. Affected Environment Data for Water Resources' 

Current Use (gpd) Ava-age Flow in 
Site Source of Water Supply for Site Municipal Surface Wast~Water Discharge Location Major Stream 

Water Water Groundwater (gpd) 

ANL-E Chicago Sanitary & Ship Canal and Niagara NA 350,000 626,000 City of DuPage Municipal Sewer System, Sawmill 582,000,000 
Aquifer Creek & Des Plains River 

BNL Upper Glacial Aquifer & Magothy Aquifer
0 

NA NA 4,500,000 Onsite Streams & Peconic River 1,000,000 

FEMP Miami Valley Aquifer
0 

NA NA 400,000 Onsite Streams & Great Miami River 1,823,000,000 

Hanford Columbia River, Deep Wells and City of d 9,567,000 184,000 Onsite Drain Fields, Evaporation Ponds & Columbia 77,560,000,000 
Richland Municipal System River 

INEL Snake River Plain Aquifer
0 

NA NA 5,700,000 Onsite Evaporation Ponds NA 

LANL Main Aquifer NA NA 4,100,000 Onsite Canyons NA 

LLNL Site-300 Deep Groundwater & Hetch Hetchy Aqueduct e NA 87,000 Onsite Ponds and Leach Fields NA 

LLNL-L Hetch Hetchy Aqueduct and Alameda County 717,000 NA NA City of Livermore Municipal Sewer System NA 

NTS Groundwater NA NA 1,367,000 Onsite Evaporation Ponds NA 

ORR Clinch River NA 18,300,000 NA Onsite Streams & Clinch River 3,003,000,000 

PGDP Ohio River NA 15,000,000 NA Onsite Streams & Ohio River 174,521,000,000 

Pantex Ogallala Aquifer NA NA 548,000 Onsite Playas NA 

Ports Alluvial Aquifer & Scioto River NA 0 14,000,000 Onsite Streams & Scioto River 3,036,000,000 

RFETS Denver Water Board 272,000 NA NA Onsite Streams & Walnut Creek 142,000,000 

SNL-NM City of Albuquerque & Kirtland Air Force 1,000,000 NA NA City of Albuquerque WWTP NA 
Base 

SRS Groundwater & Savannah River NA 112,000,000 1,600,000 Onsite Streams & Savannah River 6,463,000,000 

WIPP City of Carlsbad Municipal System 14,400 NA NA Onsite Evaporation Ponds NA 
WVDPC Two Onsite Surface Water Reservoirs NA 70,000 NA Onsite Streams & Buttermilk Creek 41 ,000,000 

a Data from "Affected Environment for the Waste Management Programmatic Environmental Impact Statement Department of Energy Sites"(M/B, 1995b). No Sites have 
Federally designated Wild & Scenic Rivers in the ROI, although the Hanford Reach of the Columbia River is being considered for inclusion. WWfP = Waste Water 
ireatment Plant. NA = Not applicable. INEL includes INEL, ANL-W and NRF. LLNL-L includes LLNL-L and SNL-CA. SNL-NM includes SNL-NM and ITRI. 

Sole-source aquifer. 
~ Site is upstream from a sole-source aquifer. . 

Water use rate not available. Municipal water used to supply administrative areas (700, 1100 and 3000 Areas) near the City of Richland, only. 
e New system that has a capacity of 500,000 gallons/day. 
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These calculations formed the basis for assessing the impacts of the proposed alternatives on water 

availability. 

Percentages less than or equal to 1 % were considered to be negligible and were not discussed further . 

The 1 % threshold is based on the assumption that a change in current conditions of this magnitude is not 

likely to produce a significant impact. Thus the 1 % level was used as a screening level below which 

impacts were assumed to be minor. 

Percentages greater than 1 % were examined on a case-by-case basis because impacts would depend on 

the characteristics of the affected site. At one site a change in groundwater usage of 10% may be 

problematic, while at .another site a change of this magnitude may not be a problem. When necessary, 

water usage was compared to the capacity of the water supply distribution system, regional water use, 

or water rights agreements to determine if these values would be exceeded . The effects of projected 

demands for proposed facilities on existing water supply or wastewater treatment infrastructures are 

evaluated in the section on infrastructure impacts. 

The impacts of waste disposal on groundwater quality were estimated by using the information for the 

groundwater pathway generated during the health effects modeling. The movement of contaminants was 

modeled for each site using the Multimedia Environmental Pollutant Assessment System (MEPAS) code, 

modified to better account for radioactive decay and ingrowth of daughter radionuclides . The model 

estimated concentrations for radionuclides and hazardous constituents at a hypothetical well located 300 

meters from the center of the disposal facility for 70-year increments between the end of institutional 

control and 10,000 years . Impacts from leakage during operations and institutional control are unlikely 

since leachate and groundwater monitoring are likely to detect the leak before significant degradation of 

groundwater quality could occur. Disposal of 36 radionuclides was evaluated for LLMW and LLW; 

disposal of 15 hazardous constituents was evaluated for LLMW. The maximum conc~ntrations above 

0.001 pCi/L for radionuclides and 0.000001 mg/L for hazardous constituents were then tabulated and 

compared to groundwater quality comparison criteria. The year of the maximum concentration was also 

included in the tabulation. Values above 25% of the comparison criteria were noted, and the potential 

impacts of these concentrations were discussed in the PEIS. Appendix D provides more detail on the 

health effects methodology used to model the groundwater pathway. This appendix states that the 

uncertainty in the health risk results for the groundwater pathway is approximately 400% . 
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As shown in Table C.4-9, water quality comparison criteria used in the PEIS include maximum 

contaminant levels of the EPA National Primary Drinking Water ·Regulations (40 CFR 141) and standards 

for drinking water from DOE Order 5400.5 (DOE, 1990). Although not directly applicable to 

groundwater quality, these criteria are commonly used as ARARs to determine appropriate levels for 

groundwater cleanup. Since these criteria adequately protect human heath, then groundwater 

contamination at or below these levels is normally considered to be acceptable. EPA National Secondary 

Drinking Water Regulation secondary maximum contaminant levels (40 CFR 143) were used as 

comparison criteria where maximum contaminant levels did not exist, although they focus on qualities 

of taste and odor rather than protection of health. 

Table C.4-9. Water Quality Comparison Criteriaa 

EPA Drinking Water Regulations DOE Derived EPA Quality Criteria for 

Concentration Fresh Waterg 
Constituent 

MCLb SMCLd Proposed MCL e 
Guides for 

f 
Drinking Water Acute Chronic 

1,2-Dichloroethane 0.005 118 20 

Actinium-227 1.27 0.4 

Americium-241 6.34 1.2 

Americium-242m 1.27 1.2 

Americium-243 6.37 1.2 

Arsenic 0.05 0.36 0.19 

Barium 1 

Benzene 0.005 5.3 

Cadmium 0.005 0.0039 0.001 I 

Carbon Tetrachloride 0.005 35 .2 

Carbon-14 3200 2800 

Cesium-135 794 800 

Cesium-137 119 120 

Chromium + VI 0.1 0.016 0.011 

Curium-242 133 40 

Curium-244 9.84 2.4 

Curium-245 6.23 1.2 

Cyanide 0.2 0.022 0.0052 

Iodine-129 21 20 

Lead 0.015 C 0.082 0.0032 

Mercury 0.002 0.0024 0.000012 

Methylene Chloride 0.005 

Neptunium-237 7.06 1.2 

Nickel-59 27000 28000 

Nickei-63 9910 12000 
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Table C.4-9. Water Quality Comparison Criteria,0 -Continued 

EPA Drinking Water Regulations DOE Derived EPA Quality Criteria for 
Concentration Fresh Waterg 

Constituent 
MCLb SMCLd e Guides for 

f Proposed MCL Drinking Water Acute Chronic 

Palladium-I 07 36600 40000 

Plutonium-238 7.02 1.6 

Plutonium-239 62.1 1.2 

Plutonium-240 62.2 1.2 

Plutonium-241 62.6 80 

Potassium-40 280 

Protactinium-231 10.2 0.4 

Radium-226 3 C 20 4 

Samarium-151 14100 16000 

Selenium 0.05 0 .26 0.035 

Selenium-79 800 

Silver 0.1 0.0041 0.00012 

Strontium-90 8 42 40 

Technetium-99 3790 4000 

Thorium-229 49 .3 1.6 

Thorium-230 79 .2 12 

Thorium-232 88 2 

Tin-126 293 320 

Uranium-233 13.8 20 

Uranium-234 13 .9 20 

Uranium-235 14.5 24 

Uranium-236 14.7 20 

Uranium-238 14.6 24 

Zirconium-93 5090 3600 

a Chemicals in mg/L. Radionuclides in pCi/L. MCL = maximum contaminant level. SMCL = secondary maximum contaminant level. 
Comparison criteria for 1,2,2-trichloro-l , 1-trifluroethane and acetone were not found . 
b Source: 40 CFR 141 , NaJionaJ Primary Drinking Water Regulations, and EPA, 1991 , National Primary Drinking Water Regulations, Synthetic 
Organic Chemicals and Inorganic Chemicals; Final Rule, 40 CFR 141 and 142, 57 FR 31776. 
c Action level. 
d Source: 40 CFR 143, National Secondary Drinking Water Regulations. SMCLs based on taste and odor effects. 
e Source: EPA, 1991. NaJionaJ Primary Drinking Water Regulations; Radionuclides, notice of proposed rulemaking , 56 FR 33050, July 18, 1991. 
foncentration based on 4 mrem/year dose. Alpha emitters based on lifetime incidence risk of 1 x 10 .. 

Source: DOE Order 5400.5 (DOE, 1990), Radiation Protection of the Public and the Environment, June 5, 1990. Concentration based on 4 
mrem/year effective dose equivalent. 
g Source: EPA, 1986. Quality Criteria for Water, 1986, EPA 440/5-86-001, Office of Water Regulations and Standards, Washington, DC. 

The EPA proposed maximum contaminant levels for radionuclides in drinking water (EPA, 1991) were 

not used because they are proposed regulations that are not yet in effect. Note that most of the EPA 

proposed drinking water standards for radionuclides are similar to the DOE derived concentration guides 
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that were used. EPA quality criteria for fresh water (EPA, 1986) were not used since these apply 

primarily to surface water quality. 

It is important to note that DOE Order 5820.2A (DOE, 1988) for radioactive waste management, RCRA 

for hazardous waste, the Toxic Substances Control Act for waste containing PCBs, and DOE's 

Performance Assessment process would not allow a disposal facility to be constructed that would cause 

significant contamination of groundwater outside the facility boundary. If significant groundwater 

contamination was predicted by the Performance Assessment process, changes in the waste acceptance 

criteria would be made to limit disposal of the waste causing the problem. The wastes excluded from 

disposal would then become "special case wastes" that would require additional treatment prior to 

disposal, would be disposed at another DOE site where the wastes meet the waste acceptance criteria, or 

would be stored until a method was found to treat or dispose of the waste. 

Indirect impacts to water resources were deferred to site-specific or project-level NEPA documents. These 

include the effects of increased offsite water use caused by in-migrating employees and their families. 

C.4.4 ECOLOGICAL IMPACTS ANALYSIS METHODS 

Effects on ecological resources of waste treatment, storage, or disposal activities proposed at the 17 major 

DOE sites and the impacts of waste transportation were evaluated for each waste type under each 

alternative for: 

• routine activities of constructing and operating WM facilities; and 

• accidental releases of transported wastes. 

Table C.4-10 lists the ecological impact type, the particular resources affected, the general method used, 

the waste types to which each method was applied, and the type of presentation format for each ecological 

impact evaluated. 

C-72 



Appendix C 

C.4.4.1 Routine WM Activity Impacts 

The ecological impacts of routine WM activities were assessed in terms of potential disturbance or loss 

of nonsensitive terrestrial habitat resulting from site clearing for construction of WM facilities, the 

potential for site clearing and WM facility operations to affect nearby sensitive habitats, and the potential 

for airborne contaminant releases from waste treatment facilities to be toxic to terrestrial wildlife. 

C.4.4.1.1 Direct Nonsensitive Habitat Impacts 

During the construction phase, ecological resources will be affected through disturbance or loss of habitat 

resulting from site clearing. Terrestrial resources will be directly affected by land clearing through 

changes in vegetative cover, which will adversely affect the habitat of terrestrial animals. 

These changes may be important for individual animals of certain species with limited home ranges, such 

as small mammals and songbirds. Likely impacts include increased direct mortality and susceptibility to 

predation. Individual animals with larger home ranges, such as game animals and raptors, may not be 

adversely affected by the decreases in vegetative cover resulting from site construction. In general, it is 

not expected that any nonsensitive species populations will be affected by the limited amounts of 

nonsensitive habitats lost or disturbed in the WM program. The discussion of the potential for these 

effects in the waste-type chapters draws a comparison between the limited amounts of acreage likely to 

be disturbed in managing the waste type at individual sites and the extent of the nonsensitive habitats 

available regionally. 
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Table C.4-10. Ecological Resources Impacts Ana/,yzedfor the WM Alternatives 

Ecological Affected 
Applicable Presentation 

Impact Ecological Impact Analysis Method 
Waste Types of Results 

Analyzed Resource 

Habitat Effects-Routine WM Activities 

Non-sensitive Terrestrial Comparison of habitat loss at All five types Text 
Habitat Loss plants and WM construction sites to general discussion 

animals habitat range 

Potential for Nearby wetlands Likelihood of impacts to nearby All five types Text 
Sensitive and other sensitive habitats by comparing discussion 
Habitat Effects sensitive habitats construction acreage to available 

acreage of nonsensitive habitats 

Contaminant Exposures-Routine WM Activities 

Terrestrial Species Terrestrial Comparison of estimated LLMW, LLW, Text 
Exposures animal species radiation dose of representative TRUW discussion 

species with toxicity standard 

Habitat Effects or Contaminant Exposures-Routine WM Activities 

Sensitive Species Federally and Numbers of Federally and State- All five types Tabular listing 
Concerns State-listed listed species displayed by 

endangered and site/alternative 
threatened 
species 

Contaminant Exposures-Accidents 

Effects of Aquatic Species Results of scenario-based LLMW, LLW, Text 
Transportation in Streams modeling analysis of accidental TRUW discussion 
Accidents crossing spill effects on fish in various 

transpo~ion size streams 
corridors 

C.4.4.1.2 Indired Sensitive Habitat Impacts 

Many of the DOE sites contain sensitive habitats. The degree to which those habitats would be unaffected 

by noise or vibration disturbance, human presence, vehicle or equipment emissions, runoff, or 

encroachment by nearby WM facility construction or operations activities at any site would depend on 

DOE's ability to avoid locating the facilities near the sensitive habitats. A measure of this ability is the 

percentage of available land that facility construction under any WM alternative would require at a site. 

Available acreage was estimated from site development plans either using land designated for waste 

operations or subtracting the acreage of existing structures and sensitive habitats, such as wetlands and 
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wildlife management areas, from the total site acreage. Potential for impacts was assessed by estimating 

the percentage of available land by site and alternative and listing those that equal or exceed 1 % in the 

waste-type chapters . Further evaluation of those sites where the percentage equals or exceeds 1 % is 

presented in the waste-type chapters in terms of the expectation that DOE will be able to avoid impacts 

to sensitive habitats. 

Aquatic resources may be indirectly affected through increased runoff and sedimentation loadings to 

surface waters from disturbed terrestrial areas. However, the use of various mitigation techniques should 

minimize potential facility construction impacts to aquatic ecological resources. Direct discharges of 

contaminants to surface waters from the routine operation of facilities are expected to be limited by 

engineering control practices. Therefore, impacts to aquatic organisms are expected to be minimal. 

Habitat Effects Data Sources . Estimates of the acreage cleared to build WM facilities were compiled 

from the engineering analysis outputs described in Section C.3.1 of this appendix . For each waste type 

and WM alternative, the total disturbed area was estimated by summing the plant area required for all 

WM facility modules (plus 10-foot buffer zones) and the parking area. Plant area was estimated as a 

function of waste throughput requirements, whereas , parking area was estimated on the approximate 

number of full-time plant employees. Available acreage was estimated using site development plans and 

site environmental reports . 

Habitat Effects Data Evaluation. For nonsensitive habitat impacts, the construction acreage requirements 

at each site under each alternative are compared qualitatively with the general extent of these habitats in 

the affected regions. 

For sensitive habitat impact evaluation, sites where the proposed construction activities would disturb 

more than 1 % of the available WM area are noted in the waste-type chapters and additional discussion 

is included about whether these greater percentages would indicate that indirect effects to sensitive habitats 

are likely. Additional investigations of the type that would be conducted as part of the site-specific or 

project-level NEPA evaluations tiered to the PEIS, would be needed to confirm or refute any presumed 

significant habitat impacts . 
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C.4.4.1.3 Potential Toxicity to Terrestrial, Wildlife 

The impacts of airborne releases of radionuclides and hazardous chemicals to terrestrial animals living 

near waste treatment facilities were estimated using atmospheric emission/deposition modeling. This 

modeling, which used the same atmospheric emissions estimates as used in the human health risk 

assessment, provided estimates of doses of radiological and nonradiological contaminants deposited onto 

near-field and far-field surface soils . The model also estimated uptake from the soils and transfer in a 

terrestrial food chain leading to exposure of a small mammal used as a model terrestrial receptor. 

The white-footed mouse (Peromyscus leucopus) was used in this analysis to be representative of most 

small mammals because it is sensitive to contaminant exposure, it has a varied diet (for example, it eats 

both plants and insects), and it is a common prey species for a number of predators. In addition, field 

mice are ubiquitously distributed. These animals have a limited home range relative to estimated 

contaminant distributions. Therefore, mice live within potentially contaminated areas and can be expected 

to consume all of their diet from these areas. 

Data Sources. Contaminant toxicity evaluations were conducted using the same estimates of waste 

treatment facility airborne emissions as were used in the human health risk analyses. These annual 

emission rate estimates, provided by ANL, were assumed to be constant over a 10-year operating period. 

Contaminants that accounted for up to 80% of total emissions were included in the assessment; trace 

emissions were not assessed. 

Emission estimates were used as inputs to atmospheric dispersion/deposition models, which provided 

estimates of contaminant concentrations deposited to surface soils. Surface soil contaminants were then 

modeled for distribution in terrestrial food chains using a number of transfer factors. 

Estimates of maximum near-field and far-field contaminant concentrations were developed in order to 

conservatively assess exposure. The pathways used to estimate internal and external exposure include 

direct exposure to external radiation, incidental soil ingestion, and uptake of contaminants from soils into 

terrestrial food chains. Exposure from the inhalation and water ingestion pathways was assumed to be 

minimal due to dilution. 
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Surface soil concentration estimates were developed for each contaminant by applying the maximum near

field and far-field deposition rates to the contaminant emission rates. Except for tritium, contaminants 

were conservatively assumed to accumulate in the soil over the 10-year operation period . Radioactive 

decay was accounted for in the analysis. Contaminants were assumed to be evenly distributed in the top 

six inches of soil. 

Terrestrial food chain contaminant concentration estimates were made by applying transfer factors to soil 

concentrations to develop concentration estimates in plant tissues . Since reliable transfer factors were not 

available for estimating concentrations in insect tissue from plant tissue concentrations, complete (100%) 

plant to invertebrate transfer was conservatively assumed to estimate invertebrate tissue concentrations 

(ORNL, 1995b). 

Tritium exposure was assessed separately. Tritiated water is the principal form of tritium in the 

environment. Therefore, tritium can be expected to be incorporated into a great variety of compounds 

but cannot be assumed to accumulate in soils. For tritium, a simplifying assumption was made that tritium 

deposition is continuous and uniform over time and that tritium in the receptor mouse has attained a 

steady state equilibrium with environmental tritium (IAEA , 1992). Transfer factors for tritium were 

conservatively assumed to be 100% (ORNL, 1995b) . 

Data Evaluation. The potential toxicity of the radiological contaminants was assessed by comparing the 

estimated total internal and external doses to a benchmark value of 100 mrad/day, established by the 

International Atomic Energy Agency (IAEA, 1992). No-observable-adverse-effect levels (NOAELs) were 

used as benchmarks for the nonradiological (i .e., hazardous chemical) contaminants. The radionuclides 

selected for each analysis comprised 80% of the total volume of all radionuclides expected to be emitted 

at a given site. The radionuclides were used in calculating hazard indexes (HI's) for each selected 

site/alternative combination as composite ratios between the estimated species exposures to each of the 

contaminants and known, contaminant-specific toxic levels. The resulting ratio, the hazard index (HI), 

was used to identify WM alternatives that may be of concern for potential ecotoxicity. An HI greater than 

one would indicate a potential for the combined exposures to adversely affect the health of terrestrial 

species. Hazardous and toxic chemicals were evaluated using a separate HI in the same way. 
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C.4.4.1.4 Potential Impacts to Sensitive Species 

Location-specific analyses would be required to address impacts to sensitive habitats and .sensitive species, 

including species listed by the U.S. Fish and Wildlife Service as endangered or threatened. Those 

analyses would be part of the impacts analyses in NEPA documents tiered to this PEIS . For comparison 

of WM program effects on sensitive species, the waste-type chapters list the numbers of Federal and 

State-listed endangered and threatened species at each site under each alternative where a major action 

is proposed. Reference is made to the PEIS Chapter 4 on Affected Environment chapter which lists the 

sensitive species at the 17 major sites. 

C.4.4.2 hnpacts of Accidental Releases 

The ecological impacts of waste transportation accidents were evaluated as consequence assessments of 

spills into aquatic environments. These assessments estimated the potential ecological impacts of 

transportation accidents involving varying size releases of radionuclides under certain spill scenarios. 

However, they do not include estimates of the probability of these events occurring. 

Because hazardous constituents would vary so widely in volume and type in any particular mixed or 

hazardous waste shipment, no attempt was made to quantify the consequences of hazardous constituents 

in transportation accidents. Where applicable, the PEIS acknowledges that the consequences of those spills 

may be as severe or more severe than the consequences of spills of radioactive wastes. 

Accidental spills in nonsensitive terrestrial environments were not quantified but are expected to have 

more limited consequences than those estimated for the aquatic scenarios because the extent of the 

affected area would be more limited to the immediate locality of the spill and cleanup would likely be 

more effective because of the stable nature of the affected substrate. Airborne contaminants released 

downwind through such accidents could affect terrestrial species through all routes of exposure. The 

effects of such releases on nearby exposed humans were evaluated and are presented in the PEIS waste

type chapters and the human health risk appendix D. Terrestrial species would be at similar levels of risk 

for any acute effects. 
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Facility accidents would also likely affect terrestrial cind aquatic environments on and near the affected 

site. Such accidents were evaluated for effects on human health. Ecological impacts are likely to be as 

severe as those shown in the human health effects analysis, however, no separate quantitative analysis 

of ecological impacts was done. 

The transportation accident scenario used involves a rail shipment spill of waste directly into surface 

waters of different size classes. Assessments were performed for stream size classes ranging from a small 

second order stream (for example, flow rate of a few meters per second) to a tenth order major 

continental river (for example, the Mississippi River). Stream order is a method of numbering steams as 

part of a drainage basin network. The smallest tributary is called first order, the stream receiving the 

tributary is called second order, and so on. There are about 350,000 second-order streams in the United 

States and only one tenth-order stream, the Mississippi River. 

The environmental fate of the spilled waste was evaluated under two assumptions. In one case, it was 

assumed that all spilled material remained suspended or dissolved in the water column and was 

transported downstream. Aquatic organisms present at any given location were assumed to be exposed 

for a maximum of four days to the maximum concentration of waste material. Contaminant concentrations 

would be reduced by longitudinal dispersion as the contaminants move downstream. Biota in the water 

column would receive an external exposure to suspended or dissolved radioisotopes. 

In the other case, it was assumed that all of the released material was immediately deposited on the 

stream sediment at the release site. Aquatic organisms present at the release site were assumed to be 

exposed over their entire lifetime. Benthic (that is , bottom dwelling) biota would receive an external 

exposure from radiological waste deposited in sediment. If the deposited materials were allowed to remain 

in the sediment for a sufficient length of time, many isotopes would become incorporated into aquatic 

foodcbains. Foodchain exposure would produce internal exposures for benthic organisms and for fish or 

other organisms that feed on them. 

Data Sources. Estimates of the potential impacts of transportation accidents to aquatic organisms were 

conducted by Oak Ridge National Laboratory (ORNL, 1995b). ORNL used the waste load source term 

data provided by Argonne National Laboratory as inputs to aquatic environmental fate models to estimate 

maximum credible radiological releases for transportation accidents involving HLW, LL W, and C-H and 

R-H TRUW. For each waste type, ANL provided information on the radionuclides and total activity 
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present in a shipment and on the total release in a maximum severity accident. ANL concluded that for 

HLW and TRUW only a small portion of the total shipment inventory would be released because the only 

credible accidental release mechanisms for these waste types involve small cracks and seal failures in 

shipping containers. The entire contents of the LLW shipment were assumed to be released during a 

maximum severity accident; however, only a small fraction of the release was assumed to be soluble. The 

analysis of LLMW was based on the LLW results. Effects for HW and the chemical component of 

LLMW were not quantified as noted above (ANL, 1995). 

The source terms used in the assessment were obtained by screening the source terms from all sites for 

all alternatives for these waste types to identify the waste shipments that would result in the highest 

releases. 

The environmental fate of the spilled contaminants was estimated using a two-dimensional aquatic 

chemical fate model (EPA, 1985c). It was assumed that all of the spilled material remained in the water 

column for transport downstream or to sediment (ORNL, 1995b). 

Data Evaluation. For aquatic biota, adverse short-term effects (that is, acute toxicity) are assumed to 

occur if the estimated doses exceeded the maximum safe dose of one rad per day (rad/day) recommended 

by the National Council on Radiation Protection and Measurements (NCRP, 1991). The results of the 

water column assessment include estimates of (1) the length (meters) of the stream (for each size class) 

affected before longitudinal dispersion reduces the exposure below the NCRP threshold; and (2) the time 

(hours) required for this dispersion to occur. 

The results of the sediment assessment include estimates of the amount (kilogram) of clean sediment 

needed to dilute the spilled material to a sediment activity level corresponding to a one rad/day lifetime 

dose to a large fish residing at the bottom of the stream and feeding on benthic biota. This value also 

should be a reasonable estimate of the amount of sediment that would have to be removed during a 

remedial action taken following the spill. 
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C.4.5 ECONOMIC IMPACTS ANALYSIS METHODS 

The economic impact analysis methods were used to estimate the economic impacts of the WM 

alternatives on the regional and National economies. The impacts assessment addressed potential changes 

in regional employment, personal income, and industry output due to WM expenditures at the 17 major 

sites (fable C.4-11). The assessment also addressed changes in National employment, personal income, 

and industry output due to the sum of spending on WM facility activities at all applicable sites and on 

waste transportation between sites under each waste type alternative. This section describes the analysis 

procedures, assumptions, data, evaluation techniques , and the presentation of the results from the 

economic impacts analysis. 

Table C.4-11. Economic Impacts Analyzed for the WM Alternatives 

Economic 
Affected Aspect of Presentation of 

Impact Impact Analysis Method 
Analyzed 

Economy Results 

Effect on Regional Level of Regional Proposed site expenditures multiplied by Tabular or Text-
Employment Employment at the regional employment multiplier at each Only depending on 

Major Sites major site Range of. Results 

Effect on Regional Level of Regional Proposed site expenditures multiplied by Tabular or Text-
Incomes Personal Income at the regional income multiplier at each major Only depending on 

Major Sites site Range of Results 

Effect on Regional Value of Regional Proposed site expenditures multiplied by Presented in 
Industry Output Industrial Production regional income multiplier at each major Environmental 

site Impacts Technical 
Report Only 

National Economic National Employment, Proposed site expenditures at all involved Text Discussion 
Effects Personal Income and sites plus intersite transportation costs 

Industry Output multiplied by national employment, 
income, and industry output multipliers 

C.4.5.1 Focus of the Economic Impact Assessment 

The economic impact analyses of the WM alternatives used a methodology that is standard for industrial 

construction projects, although the WM program presents several unique economic considerations because 

the WM facilities are designed to treat, store, and/or dispose of radioactive and hazardous waste. Because 

processing of these wastes requires substantial provisions to decrease the probability of harm to human 
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health and the environment, special costs apply that include the costs of environmental documentation, 

for example, under RCRA (42 USC 6901 et seq.) and NEPA (42 USC 4231 et seq.), for monitoring, and 

for shielding. 

The specific project expenditure categories, as described in Section C.3 .3, include design and planning, 

testing, construction, cold start, O&M, D&D, and transportation. These expenditures and their respective 

time periods are not uniform across waste types. For example, there is no D&D phase for high-level 

waste. In the case of the alternatives for hazardous waste, there are expenditures proposed for commercial 

treatment, storage, and disposal facilities that factor into the National economy. Expenditures were 

aggregated into three major phases: construction, operations, and transportation. The construction phase 

encompasses all activities from the design phase through the cold start. The operations phase encompasses 

the O&M period as w.ell as D&D. The transportation phase generally coincided with the O&M portion 

of the operations phase. The analysis focused on the economic consequences of spending money on waste 

management activities within these major project phases. The full economic consequences of waste 

management activities were assumed to continue for an additional five years beyond the end of each phase 

(Cuthbertson and Nitzche, 1994). 

C.4.5.2 Quantitative Effects 

The principal variables selected to characterize the regional and National economics and provide the 

baseline conditions for the 17 major sites-employment, per capita income, and population-are presented 

in Chapter 4. Per capita income was multiplied by population to calculate total personal income. Data for 

these variables are provided for 1990 in 1990 dollars. 

The economic impact analysis estimated changes in employment, personal income, and industry output 

that would result from the direct infusion of project dollars into the regional and national economies and 

subsequent multiple cycles of spending. The following definitions of these variables apply to both the 

affected environment and impact chapters of the PEIS. 

Employment 

One of the variables that the economic impacts generated by the model described below is "job-years." 

The variable "job-years" is equiv~lent to person-years, or full-time equivalents. One job-year is equal to 

C-82 



Environmental l A endix C 

2,080 hours of employment in a twelve month period. Employment is the count of full- and part-time 

jobs. Job-years is converted to jobs or employment by dividing the number of job-years by the number 

of years over which the initial expenditures take place, plus the additional time it takes for the .successive 

rounds of expenditure to occur (i.e., five years for each phase) . 

Employment impacts are presented according to place of work. Employment by place of work shows how 

many people work in a given region irrespective of where they live. The workforce of a regional 

economy is considered to be the number of people that work in a given region (as opposed to the number 

of people that live and work in the region) . The economic impact analysis is geared to determine what 

the change in direct, indirect, and induced employment would be given a change in expenditures in the 

region. The research question is one of how many jobs will be generated in total , not how many jobs will 

be generated for the people that live in a given county. 

The employment by place of residence shows how many people in a given region (a county or 

aggregation of counties) have jobs, irrespective of which region their jobs are in. The affected 

environment chapter in the PEIS (Chapter 4) provides employment by place of residence for the 17 major 

DOE sites . The ratio of the site workforce to employment by place of residence is an indicator of regional 

economic dependence on DOE sites . If there were a change in the number of jobs at a site, the change 

in the unemployment rate would be reported by where people live, not work . 

While the data will indicate the direction of change, information on the magnitude of the changes will 

be more vague. It will be difficult to gauge the change in the unemployment rates due to a change in 

waste management spending, for example, but estimates of the magnitude of change in employment can 

be given . The percentage of earnings to labor from each of the "division level" Standard Industrial 

Classification (SIC) codes gives a useful snapshot of the character of the economy, but it will not be 

possible to determine how the composition of labor earnings will change given the implementation of one 

of the alternatives at a site. This is because the programmatic level of analysis must focus on a level of 

detail that enables a comparison of alternatives across sites and waste types . Analyzing changes in the 

composition of earnings obscures the importance of variables that facilitate a meaningful comparison of 

alternatives . 
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Baseline employment (by place of work) and baseline personal income for every ROI has been extracted 

from the U.S. Bureau of Economic Analysis' Regional Economic Information System (DOC, 1992a) and 

is presented in Tables C.4-12 and C.4-13. 

Personal. Income 

Total personal income is defined as pre-tax disposable income to the household sector. It is useful as a 

measure of the purchasing power available to consumers. The impacts analysis uses a measure of income 

that subtracts taxes out of the first cycle of spending. While the two measures are not identically defined, 

the numbers are similar enough that they can be combined. 

Industry Output 

Output is defined as gross industry receipts (DOC, 1992b), i.e., the number of units of goods and 

services that are sold times the price per unit. Output is useful in illustrating the magnitude of economic 

activity in a given region or in the national economy. Output, however, has two important limitations: 

• Output includes the revenues for each cycle of expenditure. Therefore, the value of a given good or 

service may be accumulated several times as an intermediate good before it sold as a final good to 

the ultimate consumer. 

• There are no available baseline measures of output available at the regional level. The model used 

to determine impacts provides a change in output given a change in initial expenditures, but there 

is no data available to compute a percent change in the baseline output. 

C-84 



9513387 ,'.160 
Environmental Impacts Analysis Methoas Appendix C 

Table C.4-12. Baseline Employment Data 
t"ercent 

Site Countv/Cllv 
Change 

1970 1975 1980 1985 1990 1970-1990 
IAMt:::i uoonew11 10,..trlf'I 11,~~l 11 ,684 11,006 11,:.111~ 1:1.lv/o 

tamilton IA\ 8,237 8,969 9,427 9,418 10,210 24.0% 
tardin OA\ 10,110 10,809 11,822 11 ,290 11 ,323 12.0% 

Jas0er(IA\ 15,997 16,390 16,889 16.770 17,823 11.4% 
Marshall (IA) 20,632 22,377 23,519 21,779 23,065 11 .8% 
Polk(IA) 157,758 179.201 206,377 216.637 255.686 62.1% 
Storv (IA 28,296 33,610 40,419 42.245 46,365 63.9% 

251 .296 282,707 320.137 329,145 375,677 49.5% 
ANL-E .001< (IL) 2.fHU,014 2,74:C~SB 2,IHJ,11:11 2,885,969 3;oeo~ 10.070 

tu Paae IL) 154,520 215,484 282,623 382,481 510,994 230.7% 
:ane IIL) 108.159 117,301 131,252 141 .234 171 ,116 58.2% 

Will (IL) 87,178 90,369 100,401 104,134 121 ,273 39.1% 
3,129.871 3,165,512 3,388,073 3,5"13,818 3.883.841 24.1% 

t:Sl,;L Delaware IUHl 15,851 17,914 21 ,449 23.432 27,U:.lb /U.:>7o 
Fairfield (OH) 27,211 30.877 36,655 35.308 38,948 43.1% 
Franklin (OH) 399.431 447,635 512.397 576.164 680.737 70.4% 
Lickina (OH) 41 ,660 43,642 50.269 52.119 56,828 36.4% 
Madison OH) 9,124 9,763 10,205 10.262 13,287 45.6% 
Pickawav <OH) 14,546 16,037 17,188 16.031 17,800 22.4% 
Union (OH) 10,672 11 ,289 12,486 15,042 22,671 112.4% 

518,495 577,157 660,649 728,358 857,297 65.3% 
IBAPL Alleahenv WA) /JU,Hll 731 ,255 tt):>;235 742,910 807,173 9.070 

Armstrona (PA) 22.139 24,075 24,607 23. 111 24,280 9.7% 
Beaver (PA) 81,428 87,386 86,106 64,258 62,093 -23.7% 
Butler (PA) 46,384 49,600 56,201 56,647 67,382 45.3% 
Washinqton (PA) 71 ,399 77,275 79,039 73,958 80,823 13.2% 
Westmoreland (PA) 123.374 131 ,997 147,434 141 ,501 151 ,582 22.9% 

1.075.546 1,101 ,588 1,158,622 1,102.385 1.188,333 10.5% 
BNL Nassau ( NT J !l~,601 581 ,113 648,UJ!:1 749,839 ((1,414 38.bv/o 

Suffolk (NY) 317,836 378,992 470,017 586.728 647,626 103.8% 
874.437 960,105 1,118,056 1,336.567 1,419,040 62.3% 

1..nar1eston Berke1ev 1::;1.,;1 12,m:11 15,250 23,617 27.-nl 33,869 HSU. l u/o 
Charleston (SC) 130,125 147,319 167,296 196.497 226,839 74.3% 
Colleton (SC) 10,507 10,942 11 ,591 12.568 13,805 31.4% 
Dorchester (SC) 8,701 11 .782 15,983 21 ,662 25,392 191 .8% 

161.424 185.293 218,487 258.058 299.905 85.8% 
1.JOlome IAlbanv lNTJ 179,332 183,478 :LU3,b!l/ L:.l!l,UU!l ~15 42.l:f'lo 

Columbia (NY) 17,950 19,455 20,598 22.942 25,561 42.4% 
I Greene ( NY) 11 ,675 13,144 14,306 15.456 17,034 45.9% 
Rensselaer (NY) 44,314 44,726 46,767 52,406 61 ,152 38.0% 
Saratoqa ( NY) 30,254 35,894 44,418 54,378 68,058 125.0% 
Schenectadv ( NY) 71 ,461 75,442 75,567 75,564 79,628 11 .4% 
Schoharie (NY) 7,799 8,514 8,656 9,267 10,655 36.6% 

362.785 380.653 413,969 455.018 518,303 42.9% 
t: I l:l,; 1Mm (l,;A) 136,096 100,838 198,411 ?'.'11,11rl 259,475 9U. f "/o 

Los Anaeles (CA) 3,326.115 3,551 .891 4,272,799 4,661 .161 5,199,569 56.3% 
San Luis Obispo (CA 37,913 48,874 65,028 83,929 103,621 173.3% 
Santa Barbara (CA) 113,665 134,333 163,668 193,381 213,960 88.2% 
Ventura CA) 131,954 166,800 216,109 259.345 320,927 143.2% 

3,745.743 4,068,736 4,916,015 5,429,007 6,097,552 62.8% 
FNAL Cook (IL 2,780,014 . 2,742,358 2,H/J,/l:lf L,885.!:lbl:I 3,uou;.isa 1U.o7o 

De Kalb IL) 31 ,128 31 ,702 34,187 35.438 38,832 24.7% 
Du Paae (IL) 154,520 215,484 282,623 382.481 510,994 230.7% 

Kane (Ill 108,159 117,301 131 ,252 141 ,234 171 ,116 I 58.2% 
Kendall (IL) 13,871 16,224 17,041 13.700 10,763 -22.4% 
McHenrv (IL) 41 ,314 46,505 55,262 65,007 81 ,866 98.2% 
Will (IL) 87,178 90,369 100.401 104,134 121,273 39.1% 

3,216.184 3,259.943 3,494,563 3,627.963 4.015,302 24.8% 
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Table C.4-12. Baseline Employment Data-Continued 

l"'ercent 

Site CountvJCitv 1970 1975 1980 
Change 

1985 1990 1970-1990 
l"t:MI"' t:IUtler (UH) 82,804 6/ ,JJl:I l:ll:1,638 1u-,,0::il:I 11:), 1H2 JY.1% 

Hamilton (OH) 488,962 490.210 540,620 562,639 630,991 29.0% 
Warren (OH) 17,209 21,622 27,641 31,891 44,723 159.9% 
Dearborn (IN) 10,779 11 ,322 12,629 12,114 13,480 25.1% 

599,754 610.493 680.528 710,303 804,376 34.1% 
l:jA mpena11i.;A) 33,H4:.! 41 ,IS/9 4:),HOO 4U, /L:::J !:12,LOl:I 54.:no 

OranQe (CA) 531 ,119 71 1,851 1,038.731 1,271 ,121 1,552,291 192.3% 
Riverside (CA) 166,660 192,861 256,835 317,421 436,293 161.8% 
San Dieoo (CA) 633,738 733,668 963,302 1,154,677 1,396,552 120.4% 

1,365,359 1,680.259 2,304,856 2,783,944 3,437,425 151.8% 
~E: Alpine 1i.;A) LUU L"tO 520 IUI 602 .lUl .U"/o 

Amador (CA) 4,720 5,839 7,656 9,173 11 ,974 153.7% 
Calaveras (CA) 4,618 4,743 7,524 8,880 10,610 129.8% 
San JoaQuin (CA) 123.076 139.076 162.927 181 ,349 211.109 71 .5% 
Stanislaus (CA) 81 ,872 98.597 121 .735 132.122 166,656 103.6% 
Tuolumne (CA) 7,473 9.570 13.817 16,582 20,641 176.2% 

221 .959 258.073 314.179 348.813 421 .792 90.0% 
~ Jl"'U Delta (l,;U J 5,51::, b,::i::1::1 8,bb/ 9,1::i::i 9,t!Ub 72.4"/o 

Garfield (CO) 5,783 8,747 11,873 14,554 17,224 197.8% 
Gunnison (CO) 2,664 3,979 6,163 6,263 7,041 164.3% 
Mesa (CO) 22,275 29,506 42.466 43,106 48,064 115.8% 
Montrose (CO) 7,025 8,806 11,649 11,460 13,141 87.1% 
Pitkin (CO) 4,231 7,865 11,529 12,764 16,546 291 .1% 
Grand (Un 2,675 3,032 4,045 2,955 3,122 16.7% 

50,168 68.534 96,392 100,257 114,644 128.5% 
HANF fl\aams (WA) b,::1I0 I ,DUL 6,U/0 7,894 8,4Ul:I Lu.::i-10 

Benton (WA) 27.477 38,013 58,925 54,409 59,910 118.0% 
Franklin (WA) 12,743 15,528 18,414 17,177 21,129 65.8% 
Grant (WA) 18,323 22,333 23,340 23,904 26,950 47.1% 
Yakima (WA) 62,556 71,326 82,024 84,284 97,900 56.5% 

128.075 154,802 190.779 187,668 214.298 67.3% 
IINt:L t:1annock (ID) £0,961 Lb. 185 30,0LO .lU,386 30,U/6 43.5"/o 

Binaham 110) 12,362 14,051 15.150 15,679 16,758 35.6% 
Bonneville (ID) 22.232 26.706 31.452 33.436 38.092 71.3% 
Butte (I D) 4,287 5,347 6.625 7,054 7,934 85.1% 
Clari< (10) 463 539 602 584 679 46.7% 
Jefferson (I D) 4,221 4,953 5.603 5,470 6.151 45.7% 

64,526 77.781 90.060 92,609 99,692 54.5% 
KCP Cass (MUJ 13,LLL 1::,, 1J9 14.Ll:16 17,621 LU,::11./'t 58.1 "lo 

Clay (MO) 40,959 42,843 51 ,268 66,683 77,616 89.5% 
Jackson (MO) 385.262 390.795 424.126 430,173 441 ,174 14.5% 
Johnson (MO) 14,493 16,243 17.867 19,173 21,770 50.2% 
Lafayette (MO) 10,684 11,221 12,036 12.253 13.439 25.8% 
Ray (MO) 4,662 5,357 5.736 6,583 6,784 45.5% 
Johnson (KS) 70,399 98,553 141 .148 185,482 242,894 245.0% 
Wyandotte (KS) 81 ,896 87,583 92.056 93,354 91,892 12.2% 

621 ,577 667.734 758.535 831,328 916,473 47.4% 
KAt'L-K Fulton (NY) 18,714 18,882 19.715 LU,2b:l 21,1b/ 13.1"/o 

Saratoaa (NY) 30,254 35.894 44,418 54,378 68,058 125.0% 
Schenectady (NY) 71 ,461 75,442 75,567 75,564 79,628 11.4% 

120,429 130,218 139,700 150,204 168,853 40.2% 
IKAt'L-N AIDany (NT) 1 / ::l,JJL 183,478 LUJ,0::J/ LL::,,005 L::Jt>,215 4l.l:lo/o 

Montqomerv ( NY) 22,062 20,904 22,387 23,284 24,092 9.2% 
Saratoaa (NY) 30,254 35,894 44,418 54,378 68,058 125.0% 
Schenectadv (NY) 71 ,461 75,442 75,567 75,564 79,628 11.4% 
Schoharie (NY) 7,799 8,514 8,656 9,267 10,655 36.6% 

310,908 324,232 354,685 387,498 438,648 41.1% 
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Table C.4-12. Baseline Employment Data-Continued 

r-ercent 

Site Countv/Cltv 
Qlange 

1970 1975 1980 1985 1990 1970-1990 
Mt'L·VV ttlmcra ,~ I l 4.>a,369 452,340 ::,,t./ ,l::IU4 ::H "'•:llffl 615,:u-. 'tU.'+70 

Utdlfield (Cn 53,720 56,711 68.844 76,288 85,810 59.7% 
M&adlesex 11,;n 45,352 51,689 60,888 73,741 82.460 81.8% 
New Haven (CTI 337,150 345.124 380,393 414,784 444,307 31.8% 
!Tolland fCTI 28,124 29,700 33,363 39,941 48,387 i,:,,2% 
Hamcden (MA) 202.106 198.347 220.977 229.234 240,374 18.9% 

1,102,821 1,133.911 1,292.349 1,406,584 1,516.912 37.5% 
i..cnR I1..01usa ICA) 6,,t.u::, 7,138 7,112 6,942 7,Hlll "''·"'70 

Lake (CA) 8,677 8,708 11,881 15,251 17,218 157.9% 
NICI CCA) 26.918 34,555 42.081 48,591 58,321 116.7% 
Sacramento (CA) 276,010 320,242 396,980 485,139 603,669 118.7% 
Solano (CA) 76,418 82,069 96,464 111,163 134,353 75.8% · 
Sutter (CA) 15,427 19,256 22.441 22.643 26,725 73.2% 
Yolo (CA) 34,958 47,963 57,528 64,323 82.075 134.8% 

442,613 519,931 634,487 754,052 930.252 110.2% 
LBL IAlameaa (l,;Al 490,O/H 509,946 588,728 o:::io,2116 /38, 160 :lU.O70 

,1.A>ntra Costa 1CAl 170,808 202.758 262.043 321,605 396.508 132.1% 
661,386 712.704 850.771 977.891 1.134.668 71.6% 

ILLNL IAlameoa (CA) 4lfLI,:>/l:l :lU!f,l::14O ::l!!8,/LO o:::io,286 I jlj, 1bU !IU.:no 
Contra Costa (CA) 170,808 202,758 262.043 321,605 396,508 132.1% 
San Joaquin (CA) 123,076 139.076 162.927 181,349 211 ,109 71.5% 
Stanislaus 1CA) 81,872 98,597 121 ,735 132,122 166,656 103.6% 

866,334 950,377 1.135.433 1.291 .362 1.512.433 74.6% 
IANL Los Alamos (NMl 8,0U,t. 1U,!f::>U 14,UlU 16,831 18,Ubb 105.2% 

Rio Amba (NM) 6,505 7,006 8,303 9,377 10,341 59.Oo/o 
santa Fe (NM) 22. 125 28.707 36,708 46,045 55.088 149.0% 

37,432 46.663 59,021 72,253 83,495 123.1% 
Mare lslana Icontra Costa (CAI 1 tU,8O8 lU;t,758 262.043 321,cu::, Jl:jtj,::,uo lJ;t.1% 

Lake (CA) 6,677 8,708 11,881 15,251 17,218 157.9% 
I Marin ICA) 68,350 81,672 105.136 131,293 149,704 119.0% 
Menaocmo 1CAl 19,826 24,124 32.118 35,191 41 ,643 110.0% 
Napa (CA) 26,918 34,555 42,081 48,591 58,321 116. 7% 
Sonoma (CAl 71,368 93,149 129,858 162,799 200.809 181.4% 

363.947 444.966 583.117 714,730 864.203 137.5% 
M;:)1-' Mercer 1NJ\ 1 :>i,!>Jts 1ts3,22O 11:!O,OL:l ll:1/ ,963 218.289 43.1"/o 

Middlesex (NJ) 236,060 264.873 317,105 362.229 410.340 73.8% 
Monmouth !NJl 156.505 173,172 205,799 247,685 278.379 77.9% 
Somerset (NJ) . 73.129 87,696 110.237 138.071 162,850 122.7% 
Union (NJ) 289.170 276,194 298,539 312.241 298.021 3.1 o/o 

907,400 965,155 1.112.505 1.258.189 1,367.879 50.7% 
MOUND t:IUtler (UH) 62.o~ tlf , jjl;I '::l!#,0.JO ,U;s,659 11 5,1112 J!#. I "/o 

Clan< !OH) 54.155 54,702 58,828 58,685 64,883 19.8% 
Oan<e (OH) 17,601 19,586 20,840 21,516 23,698 34.6% 
Greene (OH) 38,914 41,134 45,604 51,345 61,164 57.2% 
Miami (OH) 33,836 35,269 41 ,309 41 ,334 45,711 35.1% 
Montqomerv (OH) 310,229 296,176 319,744 336.040 365,015 17.7% 
Preble (OH) 9,686 10,484 11 ,389 12.650 13,803 42.5% 
Warren (OH) 17,209 21,622 27,641 31,891 44,723 159.9% 

564.434 566,312 624,993 657,120 734,179 30.1% 
jr11;:) l,;lar1( (NV) 13UIU4 1/1 ,lll £01, 13!1 301,329 441,LO/ 234.o·,o 

Nye (NV) 7,140 5,794 7,819 11 ,071 12.763 78.8% 
139,044 176,916 268,954 312,400 454.030 228.5% 

Nono11t Il,;nesaceakec1tv(VA ll,U4ts 24.-!f 31,494 41,t::IU ou,u;.n 112 . .J"/o 
Hampton Cltv (VA) 49,777 52.385 60.119 69,468 74,278 49.2% 
Newport News crtv ( 74,805 78,736 84,006 96,784 108,988 45.7% 
Norfolk city (VA) 209,849 211,839 225.741 245.270 256.042 22.0% 
Suffolk c:itv (VA) 17,837 19,957 19,391 19,414 20,545 15.2% 
Viraima Beadl c:itv ( 64,219 77,602 106.903 151,809 182,932 184.9% 
Isle of WIQht (VA) 9,222 9,781 11,791 11,380 12.346 33.9% 

447,755 474,749 539,445 635,915 715,152 59.7% 
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Table C.4-12. Baseline Employment Data-Continued 

t-en::em 
Change 

Site Countv/Cltv 1970 1975 1980 1985 1990 1970-~~ 
UKK I Anderson ( 1 N l 20,457 24,38!ii 30,785 ~o 39,111!.~ 91.U-,.. 

MOX(TN) 123,389 143,530 174,676 187.01~ 212.347 72. ,.,.. 
I Loudon !TN) 8.4~ 9.012 9,- 1nR94 12.310 48.0o/o 
Roane I fN) 21,217 21 .211 23.362 77 7RQ 24.234 14.2% 

173.497 1YB,138 238.789 2~305 287,974 M .Oo/o 
~Ut-' I ts111181'a 11\ Tl 3,139 3,-344 3,812 3,HH 3,llftft ,3.~70 

ICar1iste (KY) 1,911 1,814 1,768 1,798 1,M'2 -5.7o/o 
Graves IKYl 12,550 13,566 13,549 13,552 15,312 22.Oo/o 

I Marshall (KY) 9,121 9,125 10,705 10,901 12.773 40.Oo/o 
MC{;rad<en (KY) 27,167 31,027 34.536 34,007 41 ,056 51 .1% 
I Massac IIL) 4,776 5,078 5,267 4,666 4.945 3.5.,.. 

58.664 63.954 69.637 68,527 79.756 38.0o/o 
~alos l.OOK (IL\ , .,ou,u1-. 2,742,~::>C 2,lj/3. /':H 2,RR~.-!.i 3,O8O~ 10.lj"/o 

Ou PaQe (IL) 154,520 215,484 282,623 382,481 510.994 230.7% 
Kane(ILl 108.159 117,301 131 .252 141 ,234 171 ,116 58.2% 
Lake (IL) 164,074 177,608 206.965 238.950 292.353 78.2% 
McHenrv (IL) 41 .314 46,505 55.262 65.007 81.866 98.2% 
Will(IL) 87,178 90.369 100.401 104.134 121 .273 39.10/o 
Lake (IN) 228.285 227.217 237,925 205.496 228.304 0.0% 

3,563.544 3,616,842 3.888.225 4 ,023.271 4.486.364 25.9% 
t-'antex 1carson 11 xi 4,536 4,681 4.619 --S-,279 4 ,W:lt> 9,.,.,0 

Potter (TX) 55,811 68,372 77,990 88,106 78.713 41 .0% 
Randall !TX) 9,502 11 ,954 14,554 18,663 20.585 116.6% 

69,849 85,007 97,163 110,048 104.254 49.3% 
ll"'e&rt Hartlor Honolulu c Hll 3!>4,UC4 400.193 454,443 474,ll!'>b ~411,AAW :>LD7o 

KIIU81 (HI) 13,518 16,252 21 .278 23,900 31,820 135.4% 
iMau1 (HI) 21,023 27,778 38.034 47.507 63.110 200.2% 

388.625 444.823 513.755 545,463 635.379 63.5% 
t-I111 IHIIISborouan (FL) , 19,::>::>:l 276,643 334.297 4.L'\,!>b/ ~=.rn-11> 1.thS . .,·10 

I Pasco !FL) 17,603 30,096 46.570 66,730 83.624 375.1% 
Pinellas cFL) 185,693 232,451 307.786 400.674 457.517 148.4% 

422.851 539.190 688.653 910,971 1,075.237 154.3% 
l"V" I;:, Jaekson IUHl 8,W!ol!'> 9,4;.iU 9.911 11 ,~711 11 ,"ihll LIS,::i•to 

Pike (OHl 6,030 7.300 9.135 9,481 9.876 63.8% 
Ross !OH) 23,046 23,172 26,441 27,342 28.598 24.1% 
Scioto IOH) 26,467 24.934 26,633 25,617 27,772 4.9% 

64.538 64.836 72.120 73.768 77.806 20.6% 
lt-'0rtsmoutn l (.;umoenana 1ME1 97,734 107,168 126,llUb f5l ,9O/ 11n.L11 87.:,·10 

Oxford (ME\ 17.305 18,085 21.598 20,341 23,304 34.7% 
York (ME) 46,430 48,463 60,765 72,106 83.380 79.6% 

I Garrell (NHI 8,070 10.525 14.020 18,809 23,172 187.1% 
Rockinanam rNHl 49,342 60,202 89,598 117,970 134.660 172.9% 

IStraffora (NH) 30,189 31,769 40,538 44,984 50.420 67.0% 
249.070 276,812 353.325 426,117 498.207 100.0% 

lt-t't'L BurhnQton ( NJl 135,712 127,41:11 142,l:ILl:I 175.494 2O2,Q::lfi 49.:,·10 
Hunterdon (NJ) 24,227 27,383 32,991 44,645 52.433 116.4% 

I Mercer (NJ) 152.536 163,220 180,825 197,963 218,289 43.1% 
Middlesex < NJ) 238,060 264,873 317.105 362.229 410.340 73.8% 
Monmouth (NJ) 156,505 173,172 205,799 247,685 278,379 77.9% 

I Somerset (NJ) 73,129 87,696 110.237 138,071 162,850 122.7% 
IBud<s (PA) 137,592 163,917 199,483 234,165 266,078 93.4% 

915,761 1.007,742 1. 189,268 1.400,252 1,591 .305 73.8% 
11-'Uget ::sauna I Jefferson IWAl 3,ti28 4,405 6,183 7,114 --g_-, 17 151 .3% 

Kina CWA) 537,408 605,581 804.356 901 ,911 1,131 ,447 110.5% 
Kltsao (WA) 44,510 50,766 68.838 78.435 95.238 11-4.0% 
Mason (WA) 6,919 8,067 10,767 11 ,274 13,333 92.7% 

1 l"'terce (WA) 184,149 178,218 207,284 234,443 269,479 48.3% 
776,614 847,037 1.095,428 1,233,177 1.518,614 95.5% 
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Table C.4-12. Baseline Employment Data-Continued 

-.......... 
Change 

Site CounMCltv 1970 19715 1980 1985 19110 1970-1990 
l'(MI ,,..nta UlaHJMI 37,1133 Jll,U12 4 .,.11 38, ...... u;,,.,11 3. 3,-

•--u alOH 15. WO 18.1178 2 ,400 28,D3!'i l~'-720 109. 2% 
Lake OHl !17 I~ 72-178 8 ,842 , ,431 65. 1, 
ITrumt>ull (OH) 9!1, 126 102_811!1 ,a ,/113 1 1 .424 1D. 1, 
C19111Mrd IPAl 32- 380 34.817 J ,M:n ,,:n, 21 . 
Erle IPA\ 115.493 1~ 1.01 1'.i: '838 1 1 ,,!illll 24. I~ 

359.056 39!! .79 42 .427 4 8,775 MD,371 ~ .1% 
;l'(l'"I" ,.....-msc<--u 47 _.,., .. 72.U. g ,:n!'i 1 3,176 1 711, ....... IF ,.lj')li 

n0anoe(C 01 48.- 87.12 13 !_1194 1 1,619 21087 34 .5% 
ICll.lldercco 53.430 76. 151 110,011 119,658 157,480 19 .7% 
1anvercco· 3711,312 3911.634 .tNl,031 5ffl,784 41111,920 ''-n 
efferson IC Dl 68.124 101,812 154,901 207,232 ll!l,393 2"".3'-

596.989 745,443 975.272 1, 162,4611 1.198.525 100.8,-
1::iNLA 1c,ema11110 CNrvtl 135,fl~!'\ 176,533 219,ll\Jl , .......... """'·""" 124.ll'l'I 

;molaCNMl 0 0 0 5,358 6.148 NA 
andoval (NMl 3,323 4,:v!S 5,495 8.987 12.734 283.2o/o 
ianta Fe (NM) 22.125 28.707 36.708 46.045 55.088 149.0% 
orrance cNMl 1,879 2.046 2.182 ~.496 2_g57 57.4% 
aleneta CNMl 9.110 12.208 17,661 9.695 11,486 26.1% 

172.072 223.880 281 .947 339.445 39~.398 128.6% 
1~1'-> ,Alken l~CI J:), 1111 Jll.!>117 45,!>II!> ol:476 73,012 1Ut .:)"/o 

IAIIAnoale (SC) 5.399 4,581 4,273 4,128 4,784 -11 .4% 
88mDel'Q !SCl 6.327 6.268 6,691 6,118 6,139 .3_0,-
Bamwetl (SC) 7,598 8.827 8,942 9,766 9,242 21 .6% 
,urxe cGAl 5,833 6.457 7,806 16,144 8,470 45.2% 
::otum011 CGAl 21 ,949 15,829 22.958 28.033 28.284 28.9% 
-ucnmono (GA) 71,085 79,213 90,877 102.953 119,064 61.:;,-
,aeven cGAl 4,752 5,392 5.906 5,587 5,7117 21 .7"111 

158.124 165.154 193.038 223.205 254.777 61 .1% 
.)U\I., Jameaa 1CA1 490.:1/11 ::,09.ll'IO "'\l\ft. /~0 ....... _.,., ... 138.160 :,u_:,.,,. 

ion1erev cCAl 131 .810 147.482 156.959 176.632 202.533 53.7"/o 
an Benito (CAI 7.902 9.020 10.481 11 .808 15.212 92.:io/o 
an Mateo ICAl 227.090 259.528 313.958 349.819 396.533 74_6% 
anta Clara ICAl 446.473 553.366 790.461 930,931 1 .015.759 127.5% 
anta Cruz 1CAl 47,367 61.480 82.228 102.096 122,735 159.1% 
tan1s1aus tCAl 81 .872 98.597 121 .735 132.122 166.656 103.6% 

1,433.092 1,639.419 2.064.550 2,359.694 2.657.588 85.4% 
UMo ,.UClrain 1Mu1 1Z.40Cl 12_ ..... ,. 1J.:1111 f 2,3ll6 12.tlM J . 1 o/o 

BOone IMO\ 39.057 46,023 56.810 63.584 75,366 93.0% 
.... allawav 1MOI 10,588 11,120 16.920 14.611 16.281 53.8% 
,Ulle(MOl 28.045 32.876 38.421 42.868 48.500 72.9% 
C000er1MOl 6.'488 6.913 6.965 7.026 7.097 9.4% 
Howara IMO) 4,866 4,555 4,190 4,364 4,421 -9.1% 

1 MOnl1eau I MO\ 4.796 4,722 5.338 5.752 6.231 29.9% 
IRanoo1011 (MO) 8.977 9.883 11 .321 12.350 12.666 41 .1% 

115.217 128.960 153.483 162.941 183.341 59.1% 
IVYlt't' Chaves INMl 16 ......... 19,528 22,l>M!> 25. 116 26 ,216 :il . :)o/o 

t:aav NMI 15.825 18,410 21 .374 22.298 21 ,748 37.4% 
lea NMl 20.607 23.894 29.280 30.095 25.009 21 .4% 
IUUl,O INM) 19.079 20.526 22.626 25.681 24.956 30.6"111 
!Culberson CTX) 1,854 1,848 1.897 1.815 1.718 -7-3% 
LovinotTXl 102 175 131 123 60 -41 _2"11, 

74.116 84.381 98.003 105,128 99.707 34.5"111 
,n~ lt-ranklln IMUJ 19.4111 } 2 LU 27,r>:x> ~.11:.l!> J8 0 L-'-' !,11>,3711 

-rsoncMOl 19.773 21 ,857 29,787 38.875 47.635 140.9% 
L Cllartes CMO) 23.441 29.902 40,985 66,107 83,286 2:):;.3'l'I 
l Lou1aCMOl 355.947 393.919 4n.764 610.547 695.600 95.4% 
,-iiaon CIL 97.430 96.639 100.691 99.640 112,247 15.2"111 

Monroe fill 4.923 5,484 5.742 6.598 7.446 51 .3'-
Sl Clair(IL 91.661 94.622 99.354 98,llff_'\ 11l5,059 14.6% 

612.674 664.610 781 .979 9""455 1,111111,508 77.8'-
riYVUI" ILlanarauoua INTI 3f, ,"4 :l2_QQ1 J:),,,.., ~5_ .. -,11 J!l;il' .l4.3'l'I 

llel!A NYl 465.799 468.761 4n.s86 478.411 5211,812 13.7% 

497.523 499,752 51~.526 512.331 -:245 14.4% 

UNITED STATES 89.753 97,177 112.257 123,176 ~37,160 52.8% 

Source: U.S. ~ of Commerce, Burau of Economic Analyais, 1992a. 
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Appendix C 

Site Countv/CI tv 
f'MC.:I aoone,~ 

Hamilton IA\ 
Hardin (IA 
IJuoer(IA 
I Marshall CIA l 
l"'Olk IIAl 
storv IIA\ 

11'\1'4L·t: COOl((IL\ 

Ou PaQe IL) 
IMne(IL\ 
IVYIII (Ill 

t,\,,L Iue1aware cut1l 
Fairfield (OH\ 
Franklin (OHl 
Lickino cOHl 
Madison (OHl 
Plckawav IOH) 
Union (OHl 

~l"'L 11\!ieghenv (l"'A) 

Annstrona IPAl 
Beaver(PAl 
Butler (PA) 
vvashinaton (PAl 
Westmoreland (PAl 

t:IN 1 Nassau c NY) 
Suffolk (NY) 

;vnaneston t:1er1<etev l ;:,\_; l 
Charleston (SC) 
Colleton (SC) 
Dorchester (SC) 

I ... 01onie IAIDanv \NY) 
Columbia (NY) 
Greene \NY) 
Rensselaer ( NY) 
saratoaa ( NY) 
Schenectadv ( NY) 
Schohane ( NY) 

ICIC.I... IKem((.;A) 

Los Angeles (CA) 
~n Luis ObiSDO (CA) 

I Santa Barbara (CA) 
I Ventura (CA) 

11-NAL l.;001( ( I LI 

ue Kalb (IL) 
IUU Paae (IL) 
KanellL 
Ntnaall IL) 
McHenry (IL) 
IVVIII (IL) 
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Environmental Impacts Analysis Methods 

Table C.4-13. Baseline Personal Income 

TOTAL PERSONAL INCOME (In $MM) 

1970 1975 1980 
~6.6 1bll.7 Ll'.ll.4 
74.5 128.7 190.3 
92.0 141.9 215.9 

142.1 228.1 356.8 
182.4 290.9 433.1 

1,268.0 2,073.2 3,444.2 
210.3 354.0 633.2 

2.067.9 3,385.5 5,534.9 
2],t>rn-1.0 39,40Q.7 l'.IU,41'.1:l:2 

2,611 .0 4,636.8 9,007.3 
1,169.8 1,863.4 3,117.7 
1,068.0 1,844.2 3,372.3 

32,457.8 47,754.1 75,962.5 
159.0 281 .1 :nu.6 
263.5 456.6 848.7 

3,449.1 5.284.4 8,639.7 
374.3 617.4 1,088.2 
100.3 169.6 275.1 
135.1 221 .6 354.5 
89.0 155.0 267.8 

4.570.4 7,185.5 11,984.7 
7,024.7 10,Zll .7 16,U/ ..:.4 

243.3 415.6 691 .0 
742.2 1,236.9 2,061 .3 
474.9 785.4 1,384.4 
759.5 1,246.5 2,066.4 

1.383.8 2.153.6 3,803.4 
10,628.3 16,115.6 26,078.8 
8,524.6 11,845.3 18,941 .6 
4,876.5 7,924.0 13,650.9 

13,401 .1 19,769.3 32,592.5 
145.2 301.4 635.6 
835.3 1,363.4 2.236.8 

65.6 110.9 196.7 
95.5 201 .6 461 .7 

1.141 .7 1,977.4 3,530.8 
1.3/6.0 2,UZH.6 3,U-.l./ . 7 

194.8 325.4 564.1 
123.8 204.4 341.3 
574.8 827.5 1,306.1 
437.1 738.5 1,374.4 
738.5 1,025.3 1,544.5 

85.1 131.6 210.6 
3.532.0 5,281 .4 8.368.7 
1,257.9 2,169.1 4,321 .3 

35,043.2 50,436.0 88,053.0 
388.3 718.0 1,443.5 

1,235.4 1,949.3 3,563.0 
1,589.4 2,901.8 5,940.7 

39.524.2 58,194.3 103,321.5 
U,609.0 J~ 04U!!l.7 ou,400:2 

264.8 431 .7 675.2 
2,611.0 4,636.8 9,007.3 
1,169.8 1,863.4 3,117.7 

122.6 226.6 425.2 
519.0 895.6 1.6n.4 

1,068.0 1.844.2 3,372.3 
33,364.2 49,307.9 78,740.3 

... ercent 
Change 

1985 1990 1970-1990 
324,0 AHJ'<I 3UII, lo/o 

246.3 314.7 322.6% 
276.2 ....._~~.a 262.7% 
485.9 A-'U.,1 346.2% 
539.1 61128 279.8% 

4,703.3 6-;620.9 422.1% 
879.5 1,180.8 461.6% 

7,454.2 10,179.3 392.3% 
112,0611:1 110,w:.u .8 301.070 
13,480.1 21,043.2 706.0% 
4,490.1 6,914.2 491.0% 
4,633.2 6,738.2 530.9% 

104.671.5 145,623.4 348.7% 
,~~.7 1,;u~.4 /U4.:l"/o 

1,219.1 1,697.2 544.1% 
12,854.9 18,376.0 432.8% 

1,566.7 2,109.6 463.6% 
385.7 580.5 478.6% 
488.5 666.3 393.2% 
384.4 618.8 595.2% 

17,698.9 25,327.8 454.2% 
20.701:8 27,600:6 L~.t.. l:17o 

929.1 1,228.3 404.8% 
2.261 .5 2,816.5 279.5% 
1,834.4 2.626.3 453.0% 
2,584.4 3,396.7 347.2% 
4,816.0 6,316.2 356.4% 

33,127.3 43,984.7 313.8% 
28:244.9 -40,745.:l 378.U7o 
21.596. 1 32.091 .6 558.1% 
49.840.9 72,836.8 443.5% 

1,116.0 1.01..:.5 lu:::11.5% 
3.280.0 4,741 .6 467.6% 

282.0 407.9 521.6% 
769.4 1,175.2 1130.0% 

5,447 .5 7,997.2 600.4% 
4:J82~5 6,147 .t> 34ti. 1% 

846.2 1,239.0 536.0% 
496.2 735.9 494.4% 

1.907.1 2,745.3 377.7% 
2.153.7 3,435.4 686.0% 
2,243.2 3.086.2 317.9% 

302.6 455.6 435.6% 
12.331 .4 17,845.0 405.2% 
6,LL4.1 8.ti~1 .4 :,00.0·10 

130,394.8 185,131.4 428.3% 
2,469.8 3,767.8 870.3% 
5,696.0 8,134.3 558.4% 
9,495.6 14,428.4 807.8% 

154,280.3 220.153.3 457.0% 
R2]lSB:1 l10,~.u.o 301 .070 

935.5 1,286.3 385.8% 
13,480.1 21,043.2 706.0% 
4,490.1 6,914.2 491.0% 

549.7 797.7 550.6% 
2.509.2 4,032.9 sn.1% 
4,633.2 6,738.2 530.9% 

108,665.9 151.740.3 354.8% 



!Site 
·cMP 

~ 

!\:ii: 

l(,Jt'V 

HANF 

INl:L 

;KCP 

IKAPL-K 

IKAPL-N 

Table C.4-13. Baseline Personal Income-Continued 

TOTAL PERSONAL INCOME (In $MM) 

CountvtCltv 1970 1975 1980 1985 
Iauuer 1QHl IS/0.0 , .~110.6 2,!'>Ul'l.2 3,473.l 
Hamilton (OHl 4,130.7 5,879.9 9,405.5 12,973.0 
Warren(OHl 302.0 476.2 890.9 1,271 .3 
uearbom (IN) 101.0 162.8 295.4 430.2 

5,404.2 7.905.5 13,099.9 18,147.7 
moenattLAl :.!99.6 !'>LJ .9 l'll'll'l.2 1,1»1!'>.6 
vrangeCCAl 7,013.6 12.242.3 25,407.5 40,169.6 
lttrverstde (CA) 2,012.5 3,522.1 7,104.1 11,674.0 
is.an Oi111no (CA) 6,163.1 10,294.5 19,917.7 32.190.3 

15,488.9 26,586.7 53,317.4 85,119.4 
I1\Kltne CLA1 2.1 4.1 9.2 15.4 
AmadortCA) 49.0 89.4 188.3 292.7 
ulaveras (CA) 51.6 86.1 184.4 294.0 
San Joaouin ICAl 1,215.3 2,033.7 3.634.5 5,215.1 
Stanislaus !CA) 766.1 1,335.7 2.577. 1 3,743.3 
Tuolumne tCA) 81 .5 14'.9 308.1 481 .9 

2.165.5 3,693.8 6.901 .6 10,042.2 
ue1ta (LUI 40.6 84.7 1sa:a T/1'1.5 
Garfield (CO) 56.6 115.9 236.2 335.4 
Gunnison ICO) 18. 1 36.2 80.5 109.7 
MesatCO) 183.4 365.3 805.0 1,041 .8 
Montrose tCOl 53.3 97.5 186.2 253.7 
I t'flkin (CO) 36.0 79.9 169.4 249.0 
I Grand (UT) 23.1 37.5 77.9 76.8 

416.3 817.0 1.724.1 2.295.8 
NJafflSIWAl 54.7 122.5 146.2 184.3 
Banton (WA) 269.5 536.2 1,200.8 1,473.4 
Franklin (WA) 98.0 197.9 358.6 409.2 
.Grant(WA) 148.4 296.4 444.2 601 .8 
YakimacWAl 496.0 929.0 1,549.3 2.046.8 

1,066.7 2.082.0 3.699.2 4,715.4 
isannoCK OlJl 169.4 310.5 ::J:>4:J 731 .3 
Bingham I ID) 93.5 161 .6 266.2 353.4 
Bonnevnle 110) 189.5 339.7 588.5 837.4 
Butte (10) 9.5 14.0 28.2 32.2 
Clark 110) 4.7 6.1 10.1 12.7 
Jefferson flO) 34.6 61 .4 106.7 136.6 

501.3 893.2 1,554.0 2.103.7 
I Cass (Mu, 132.6 250.9 ·4a47 753.2 
IClav (MO) 501 .9 784.7 1.467.5 2,172.1 
Jackson I MO) 2,825.6 4.181.1 6.531.9 9,141.2 
Johnson tMO) 104.7 160.3 261.7 381 .3 
Lafavette IMO) 103.7 161.5 264.7 381.7 
Rav IMO) 61 .0 102.1 187.6 271.4 
Johnson tKS) 1.1 51.1 1.940.2 3,776.0 5,973.0 

IWYandotte IKS) 650.3 944.2 1,479.1 1,941 .4 
5,530.9 8.525.0 14.453.1 21 ,015.4 

1Fulton INY) 1t1lf.6 u~.o 4'8:l 619.9 
:saratooa (NY) 437.1 738.5 1,374.4 2,153.7 
Schenectady (NY) 738.5 1.025.3 1,544.5 2,243.2 

1,365.4 2,042.7 3,367.0 5,016.7 
IAlbanV INYI 1,3/11.0 2 ,028.6 3,11:11 .7 4,382.5 
MOntgomerv ( NY) 210.7 290.7 446.5 599.3 
:samoaa (NY) 437.1 738.5 1,374.4 2.153.7 

l::ienenectadv (NY) 738.5 1,025.3 1,544.5 2,243.2 
I ::ienoharie ( NY) 85.1 131 .6 210.6 302.6 

2.849.3 4,214.7 6,603.7 9,681 .2 

Appendix C 

t'en:em 
Change 

1990 1970.1990 
4,Q020 463.1"/o 

17;837.8 331.8% 
1,973.6 ::i=.6% 

594.3 488.4% 
25.307.8 368.3% 
l,595.3 ~ .'t70 

59,190.7 743.9% 
20.431 .5 915.2% 
49,344.3 700.6% 

130,561.8 742.9% 
·25:5 lW.J.U"/o 

456.0 830.6% 
4'2.3 757.8% 

7.484.0 515.8% 
5.699.3 644.0% 

724.9 789.9% 
14,832.0 584.9% 

278.-S :::,uo.~7o 
486.7 759.5% 
139.9 674.4% 

1,412.7 670.2% 
350.9 558.6% 
412.7 1047.6% 

88.0 280.6% 
3.169.8 661 .5% 

230.7 ~1.070 
1,959.2 626.9% 

553.1 484.6% 
853.8 475.2% 

2.920.4 488.8% 
6.517.2 511 .0% 

R84.6 42'.1 .,. 
512.5 4'8.0% 

1,203.7 535.2% 
45.8 380.6% 
20.2 327.9% 

212.2 512.8% 
2.879.0 474.3% 
1 .U~.t::3 IL't.1% 
2.833.8 464.6% 

11 .798.7 317.6% 
521.4 397.9% 
504.7 386.6% 
335.7 450.4% 

9,355.4 712.7% 
2.284.9 251 .4% 

28.726.9 419.4% 
849.Z 347 .::no 

3,435.4 686.0% 
3,086.2 317.9% 
7.370.7 439.8% 
6,141.6 .l'I0.1 "lo 

835.0 296.4% 
3,435.4 686.0% 
3,086.2 317.9% 

455.6 435.6% 
13,959.8 389.9% 
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11.tiL 

ILLNL 

11.ANL 

Mare 1s1ana 

IMOUND 

ru.:, 

~OIK 
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Environmental Impacts Analysis Methods 

Table C.4-13. Baseline Personal Income-Continued 

1----~-----
1IDRIII..II 

-ccn 
IMAl 

UIUll'f~l 
otoCCAl 

fl".A\ 

IAlameaa cCA1 
l(.(lllffll Costa cCAl 

1"~•1CAl 
IC:nnma Costa I CAI 

IL.Ga-Alamos CN~l 
, Rift Amtla I NM\ 
ls-tii Fe INMl 

I contr:11 \.;OSta I 1,;A l 
UlrafCAl 
MannCCAl 
-0an01CAl 
,._,CA) 
::iOI\OfflalCA) 

.....-cer 1NJI 
MIIMlesex I NJ) 
Manmoutn INJl 
smnerset INJl 
Union INJl 

TOTALPl!RIONAL INCOMe (In 11111) 

1fflJ 
4 , .. ,-. 

I . j 
. ' 3, . ) 

41 1 

,.... .9 
11 ,1 .9 

. ., .... ..,., 

l'9IWl1l 

a.. 
1975 1980 1915 1IIIO 1970-1990 

:,,111.t.O 9,uu,2 14,lllU,2 7 '"'• • • 171 

1,u:u.O 1,11/0. 1 7 ,..,,,8 ~, . ,I ,t, 
837.8 1,&a ~3 227i,.9 1, 1112.: ,.I% 

5,lltllJ,5 8,:., .2 ,, .4 1 :r, , '7i 

l!Zl..!i 1,18 .7 1, I, .li1, , ~ 
2J!lll6,5 4, Cl , 7 8'. ·ir, , 4% 

111,082.J 28,I 145.1 40, Q • ,4 4 ,/"/o 
143,5 /lt.J ,4 ~I ,rto 

150.6 ...,_4 ~ . I .4 .21'1 
a.ia.6 1.145.6 1.7 "" . 

2., ..... 4 4.61J.4 8.310.2 12.111 .E 111,11 .4% 
8w.7 1.= .9 7.,.,.,, 7 3,74 .2 5." L2'11 

187.1 348.9 5!i7.4 743.3 1 ro: .:!11 .7'11 
407.J IJ4.0 1,23!1.1 1,11.::a,7 71111]1 !'ll!lll.Do/o 

4Ji89. 1 7,/f'd.8 14,182.8 21.658.2 '.ll.231 ,9 627.3% 
5, ltll .J 1.111".5 lJ,U!l~.7 70 275.:> 71 •!>:! .I! 4'8.::171 

2.TT4.2 4,452.6 8.785.0 13,924.1 7l,A,i&7,5 644.3% 
7,981 .5 12.127.2 21.877.7 34.199.6 4 .101 .3 518.7% 
5, 1111 ,J f ,rua.5 l J,u,.,..,7 70 · ::,, :, ., • .._.,.,._,ti 4'8.:>'11 

2.TT4.2 4,452.6 8.785.0 13. 4.1 ,~11147.5 644.3% 
1,215.3 2.033.7 3,834.5 " 15.1 .• ... 0 515.8% 

7811.1 1,:u:,,7 2.::a11 .1 3. 43.3 -s. .3 644.0% 
9.IM2.9 1:,,4118.5 28.089.2 43.157.9 11.7 .6 5211.4% 

llt.1 124,7 lll ,4 -'-.4 .JI :>41 ,1171 

!13.11 92.1 183.6 240.3 .1 480.0% 
1-.8 =3 6TT.2 1,140.1 1, .0 714.0% 

.7 5ell.1 1,082.1 1,744.8 7 ~9 6 8.8% 
2./14.2 4.4:1~.6 tl, 111:::1.U 13,1124. 1 -.,,,- .5 o l't.J"/o 

77. 1 150.6 349.4 559.9 '[ .4 9 !4.2% 
1.nv.1 1,945.1 I 3,813.8 6.056.3 -8.A! .2 604.3% 

195.4 329.5 650.2 900.8 1~ 1.1 585.8% 
362.2 638.6 1,145.6 1,712.0 2.5111.8 595.8% 
921 .5 1,694.7 3,430,8 5,556.0 8,R7 K,9 838,4% 1 

5.559.5 9,211 .0 18.174.8 28.709.0 42.543.9 665.3%1 
1.41:>.4 l .J14 .5 1 J.b41 .9 :i.,u, .3 8 ,• 1.9 410.tm i 
2,751 .4 4.303.7 7.057.0 11 .558.7 16.7 1.1 509.20/o N 
2.120.8 3,380.2 6,038.3 10.105.8 15,1 '8.4 615.7¾ H 
1.055.7 1,604.0 I 2,919.1 4.991 .5 8.11 "'.3 658.7%11 
3.002.8 4.035.9 6,505.8 9.621 .6 12.1143.0 331.0% II 

,,...,. I JHl o,u.:, 1 ,.>aa.6 l,!>Utl.:l J.4/J. 1 4 ,...,...JJ 41U. 1 1o 
wx IOHl 588.0 853.4 1,331.4 1,832.4 -, .&&1 .8 318.7% 

10,406.1 15.638.3 26.168.1 41 ,984.8 61,'IA'l,7 489.9% 

ance IOHl 175.2 2TT.8 483.8 641 .3 MA.6 393.4% 

11ni-~~~~•~0 ~H~
1 
;;;:::::~~:::~~5~02~-~oq~:::~j1~so~-~2j::::~1.2j43!~-s~t:::j'h· 1~4~2.~3H~::~~2.~4~M>~-~o~::::~398.oo/o 1 

IM•ffll IOH) 337.8 502.0 860.2 1,171 .6 1. 3 .3% 
-..omerv,OHl 2.~.1 3_...,,,,_9 5.742.2 7.91111.6 10. ., % 111t:Prable~~~~•~o~Hgi~~~::::::~:::::j~~!!j:::::~!~[I:::::ii~9tt:::~j"""~~ijo~::::~11~"i+::::j ¾ 1 ,.9 1811.0 320. . 

ivnm!n IOHl 302.0 478.2 890.9 1,271 .3 1, Jr 553.6% 

l~(l'IVI 

INwltNVl 

Ke Cltv IVAl 
-~IVAl 
IWDOr1 News ....., NA) 
11r1n11t,,,,vlVAl 
-rintlVAl 
ll'llinill _,,...., IVA) 

1ua of VVICltlt IVA l 

5.529.5 8,lltllJ,0 13,381.3 18,575.6 '"' § .1 360.3% 
1,~.2 ;l,331 ,6 5,123,Q ] ,R.1.3,2 14,Llllt,5 ~11/0 

27.6 4,4,8 100.3 167.9 Lf;s;Q 892.9% 
1,382,8 2.Ja2.2 5,223.3 8.011 .0 14.:M 1.4 ~8% 
,_.6 ,,,u ,7 1,025,5 1,"' '3 7 u'J ((4.•-,. 

420.2 648.9 1,1 m.2 1.51 .1 1, 'lil~0 J .0% 

490.1! 753.8 1. 1·.5 ii .1 ' 13.3 
4 ~-if. 

1,111.8 1,81D.3 2. 9.9 .0 4, u.1 :.i ~ 
1;,w.3 244.5 11'.5 ,.0 "., ~ 
..,_ ,,Q 1,354.7 2. II .1 4, F4",4 I, •.8 91 · % 

57.0 111!!i,1 191.2 113.7 ,,:s 611:l ('111 

3~.7 :,.255,0 8,lll!Yl,9 14 ,.._,._5 19, .. :.mJr 5U 1'1• 



Environmental L 

Table C.4-13. Baseline Personal Income-Continued 

TOTAL PERSONAL INCOME (In S•) 

Site Countv/Cltv 1970 1975 1980 1985 
UKK Anaerson 11 N 1 2113.2 348.8 ::IIID.1 &11.7 

MOXITNl 923.2 1,:lD.Z.5 2.788.6 4,045.7 
lnUdon ITN\ 66.9 117.2 218.8 LY-.1.0 
RoanelTN\ 110.5 199.2 395.6 527.8 

1,303.9 2,ZZ5.7 3,989.2 5,HHH.2 
r'\:iUI-' tsallan:I I I\ T "'·a 4UI /U.6 88.7 

l.arlisle (KYI 13.9 n.9 37.5 52.9 
GravealKY 93.0 150.4 2M.5 355.9 
Marshall IKYl 61 .7 107.4 215.1 287.2 
MCCracken (KYl 2UY.4 335.7 588.6 777.3 
MassacllL\ 41 .4 71 .8 113.5 151 .3 

447.2 730.2 1.291 .8 1,713.3 
IP810S ILOOK (Ill 27,0Ul:I.O 39,40Q.7 ou.40::>.2 82,068.1 

I Ou Paae IILI 2.611 .0 4,636.8 9,007.3 13,480.1 
Kane OL) 1,169.8 1,863.4 3.117.7 4,490.1 
Lake (Ill 1,980.9 3,214.4 5,837.8 8,946.3 
McHenrv (IL) 519.0 895.6 1.677.4 2.509.2 
Will (IL\ 1,068.0 1,844.2 3,372.3 4,633.2 
Lake IIN) 2,159.4 3,257.7 5.187.4 5.916.4 

37,117.1 55,121 .9 88.665.1 122,043.4 
lt-'antex Carson ( fXl 27.2 0/.5 63.0 !1!1.1 

I Potter (TX) 315.2 512.3 958.9 1.357.7 
Randall (TX) 233.3 448.3 768.8 1,295.3 

575.7 1,028.2 1.790.7 2.752.0 
~an Haroor Honolulu (HI) 3,194.4 5.090.3 6,LlM.1 11,815.8 

Kauai (HI) 121.2 207.8 374.4 515.8 
Maui (Hll 193.9 371.9 710.5 1,068.6 

3.509.5 5.670.1 9.377.9 13.400.2 
"IN nmsborouon lt-Ll 1.oa;,,.1 3,130.5 5,!i93.9 9.41:1(.0 

t'IISCO ( FL) 249.7 650.0 1.562.5 2.703.0 
Pinellas (FL) 2.189.0 4.014.7 7,710.5 12,857.5 

4.122.3 7.795.2 14.866.9 25.057.5 
r-'UKI~ Jackson IUH) 72.1 119.0 iUl.6 U9.2 

Pike(OH) 48.3 81 .3 146.2 219.3 
Ross10H) 194.9 300.8 529.4 737.0 

I Scioto (OH) 247.0 364.1 608.4 788.9 
562.3 865.1 1.485.6 2.024.4 

,Portsmoutn Cumbenana I MF, 100.::, 1, 1i.u.3 2.0415 3."'tu:8 
Oxford (ME) 139.9 216.5 391.7 528.2 
Yori( (ME) 399.4 629.7 1.187.1 1,896.6 
Carroll (NHl 73.7 134.3 267.1 461.5 
Rockinaham (NH) 536.8 904.9 1.957.5 3,566.5 
I Straffon:t IN H) 245.0 368.3 735.1 1,195.7 

2.161 .3 3.446.0 6.580.0 10,919.3 
l"'l"'l"'L Burlin0ton (NJ) 1.~2b.U 2,172.7 3,897.1 6.067.2 

Hunten:ton (NJ) 344.2 600.8 1,139.9 2.043.2 
MArr-Ar INJ) 1,475.4 2,314.5 3,647.9 5,707.3 
Middlesex (NJ) 2,751.4 4.303.7 7.057.0 11.558.7 
MOnmouth (NJ) 2.120.B 3.380.2 6.038.3 10.105.8 
somenset (NJ) 1,055.7 1,604.0 2.919.1 4,991.5 
Bucks (PA\ 1,754.2 2,875.8 5,280.3 8,132.8 

10.827.6 17,251.7 29.979.6 48,606.4 
"uget souna Jeffenson (VVJ\I ,li,,;,, , , . , 1!16.3 ~Ll:'J,7 

Kina (WA) 5,583.1 8,507.6 16.i'70.2 23,445.3 
Kitsao(WAl 430.4 761.3 1,485.0 2,232.2 
MUOntWA) 75.2 135.1 279.3 390.6 
Pierce IWA) 1.654.8 2,561.0 4,738.9 6,764.8 

7,782.8 12,036.2 23.129.8 33,059.5 

A endix C 

l"'WlliiDI ll 

Clllnge 
1990 1970-1990 

1,1.i!1.1 <ti1 I .0'70 

5,"".4 o;,;s.1% 
4."l._'1,5 5'7.5% 
f;.!1.5 558.2% 

8,17H.4 523.2% 
1.u.1:1 34.t.,no 

-.1 374.1% 
~n 418:4% 
3w.7 545.8% 

1,UYY.4 425.1% 
195.3 372.3% 

2,3&1.5 428.8% 
l10,wn.a .)Ul.O70 

21,043.2 706.0% 
6~14.2 491 .0% 

14,211 .2 617.4% 
4,032.9 677.1% 
6,738.2 530.9% 
7,758.7 259.3% 

171,626.2 362.4% 
111.7 332.1% 

1,589.1 404.1% 
1,598.0 585.0% 
3,304.7 474.0% 

17,KMll.7 "tl1ir.O "/o 
884.1 629.5% 

1,876.8 887.7% 
20,641 .6 488.2% 
14,1ff.lS /4;t.1% 
3,960.7 1486.4% 

18,483.7 744.4% 
36.622.1 788.4% 

347.b 382., , o 
291.7 503.6% 
935.8 380.1% 

1,017.3 311 .9% 
2,592.4 361 .0% 
5.21,.::, :)/l:Ul"/o 

766.0 462.0% 
2,960.5 641 .2% 

780.8 959.5% 
5.369.4 900.3% 
1,794.5 632.5% 

16,902.6 682.1% 
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C.4.5.3 Impacts Analysis Procedures 

C.4.5.3.1 Development of Regional Multipliers 

The economic impact analysis was conducted by first determining how responsive the National economy 

and the various regional economies were to a change in expenditures. The result of this determination 

was quantified in what is termed a "multiplier." Each site has a unique ROI (relevant counties as defined 

below) and each industry within that region has a unique degree of responsiveness to changes in the level 

of expenditures in the region. Multipliers for disposable income, output, and job-years were developed 

for 80 industries (industrial sectors) for the aggregate county regions of influence and the national 

economy. The multipliers were derived from an SO-sector model based on the Regional Input-Output 

Modeling System (RIMS II) approach developed by the U.S. Department of Commerce, Bureau of 

Economic Analysis (DOC, 1992b). 

The procedure for developing the regional multipliers required establishing an economic ROI for each 

site. This was done by identifying those counties in the vicinity of the site where economic impacts would 

be expected to occur. Counties are unique in their ability to provide the labor and other resources 

necessary to any particular line of production . The demand for intermediate goods (i.e., goods that are 
' 

used in the production of other goods) is a function of the demand for final goods . The technique used 

to measure a county's ability to satisfy production requirements was first to establish the relationships 

between industries for the National economy, and then to estimate the proportion of relationships that are 

attributable to the regional economy under analysis. The technique involves matrix multiplication of the 

BEA's 1987 U.S. Use .and Make Tables that results in a National Direct Requirements Table, as shown 

in the following example: 

where: 
AN = National Direct Requirements Table 

USEN = 1987 U.S. Use Table 

MAKEN = 1987 U.S. Make Table 
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By using the Consumer Price Index (CPI) and the Producer Price Index (PPI), the 1987 data was updated 

to 1990 dollar terms. (The detailed PPI was used to update manufacturing and wholesale trade sectors, 

while the detailed CPI was used to update service and retail sectors.) 

Once the interindustry relationships were identified in the National Direct Requirements Table, they were 

regionalized by calculating the location quotient for earnings (i.e., income to labor). The location quotient 

for output is given by: 

where: 
LQR = Location quotient for region 11 R11 and industry 11 i11 

XR; and XR are output for industry II i II and total industry output in the region 

XN; and XN are National output for industry 11 i11 and total output for the country (Miller and 
Blair, 1985) 

Similarly, the income (earnings) location quotient matrix for industry 11 i11 in region 11 R11 is given by: 

where: 

LQR = Location quotient for region 11 R11 and industry 11 i11 

yn and yn are national income for industry "i 11 and total income for the Nation 
YR; and YR are income for industry II i II and total industry income in the region 

The National Direct Requirements Table (from above) was then multiplied by the vector of location 

quotients for a given region to derive a regional Direct Requirements Table. This process was repeated 

for each ROI. 

The regional Direct Requirements Table is therefore: 

where: 
AR = regional Direct Requirements Table for region "R, 11 and 
LQR = Matrix of location quotients for region "R" 
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The following calculation resulted in the final matrix of impacts for a given region: 

where: 
MR = Matrix of output multipliers for region "R," and 
I = the "identity" matrix (a matrix of zeros with ones on the diagonal) 

The resulting 80-by-80-sector output multiplier table was then totaled across its rows (except for row 80) 

to produce a vector of output multipliers. Row 80 is the sum of earnings paid to households and is 

already incorporated in the multipliers for the first 79 sectors. Therefore, row 80 contains the earnings 

multipliers for a given region. 

A final step was requir¢ to determine the employment multipliers for a region. Using County Business 

Pattern data for the Nation as a whole (DOC, 1993), the relationships between employment and output 

for all industries were derived. 

The standard procedure in applying regional impact models is to calculate the specific multipliers 

(employment, income, and output as described above) for each of the 80 sectors individually, then 

multiply each industry multiplier by the costs anticipated for each industry sector. The difficulty with this 

approach is in transforming the data from an lump sum engineering cost estimate into the 80 industry 

classifications. The procedure used in this economic impact analysis was to assume that the individual 

multipliers are normally distributed. The mean multiplier for employment, income, and output was 

calculated for each region, and multiplied by the initial costs. The product is the change in employment, 

income, and output. Given a sample size of 80 sectors that are normally distributed, the sample size is 

large enough to approximate a standard normal distribution. 

There is an advantage in using individual multipliers because of their ability to trace impacts on the 

economic variables through individual industrial sectors . However, because the objective of this analysis 

was to look at marginal changes in total employment, income, and output-not at the changes in specific 

industrial sectors-such a detailed analysis was considered unwarranted . 

The employment, income, and output multipliers for each region were then applied to the initial waste 

management project costs for each site under each waste type alternative taken from the analysis described 
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in Section C.3.3. As discussed above, the cost data were broken out into construction, operations, and 

transportation phases. When changes in employment and income. were calculated for each waste-type 

alternative, they were weighted by the nu.mber of years involved for construction and operations activities. 

The percent change in employment and income is equal to the total time-weighted dollar change in the 

variable divided by the 1990 value of the variable, multiplied by 100. 

The National-level impacts of waste management activities were calculated by using the National RIMS 

II multipliers. These impacts help to account for the leakage in expenditures that would occur at the 

regional ·1evel when purchases of goods and services must be made outside a particular ROI due to the 

inability of the regional economy to provide those goods or services. For example, steel is manufactured 

only in certain parts of the U.S . When steel is required by a site that is in an ROI that does not have a 

steel plant, the steel must be brought in from outside of the ROI. This purchase causes money "leakage" 

out of that ROI to somewhere else in the National economy. The National economy analysis is thus able 

to "capture" economic activity that is otherwise lost to the individual site ROis. 

Since the transportation expenditures would be made throughout the country, the National multipliers 

were also used to determine the impacts of transportation expenditures. 

The next step was to multiply the respective grand mean multipliers for employment, income, and output 

respectively by the initial expenditure anticipated for each site and waste type alternative. The product 

of the initial cost and the multipliers gave the estimated change in personal income, job-years, and output. 

C.4.5.3.2 Analysis Assumptions 

This section identifies the assumptions used in developing the baseline conditions and impacts for the 

various waste types. 

C.4.5.3.3 Multiplier Analysis 

Baseline conditions for the impacts analysis used a two-tier ROI. The first tier included the 17 sites that 

contain the vast majority of DOE waste. A detailed ROI was developed based on the residence patterns 
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of the site employees. Counties were included if they contained 5 % or more of the site employees, until 

the counties selected accounted for 90% or more of the site employees. Contiguous counties were 

included by exception if there was reason to believe that excluding them might preclude a site-specific 

determination of where on a site a waste management facility could be located . 

The second ROI tier included 37 sites that are anticipated to have relatively low expenditures, irrespective 

of the waste type or the Alternative. In most cases the second tier sites were waste donor sites. Since 

these sites will experience small impacts (due to little or no planned activity) they were not given the 

extensive treatment that the major sites received. The ROis for each second tier site consists of the host 

and contiguous counties only. 

As indicated above, multipliers were assembled for each of the ROls associated with each site. The 

simplifying assumption regarding these multipliers holds that the average (mean) multiplier is an unbiased 

and efficient estimator of the any of the 80 multipliers . 

Each waste type was analyzed using specific timing assumptions . Further, the HLW analysis used 

different timing assumptions for each alternative. The time frames identified in Table C.4-14 and 

employed in the analysis should be viewed as representative. Representative time cycles are used to show 

what would happen if a similar cycle were actually used. The time frame is required to annualize the 

changes in income and employment both to provide the absolute change in the variable and the percent 

change over the 1990 baseline. The time frames are proxies for any time period and are not intended to 

imply that a particular time frame has been selected. 

In addition, it was assumed that an additional five years will elapse before the full economic impacts of 

any given or phase of the operation will occur. The time frame used to calculate impacts then includes 

the time over which the action is planned to occur plus five years. 
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Table C.4-14. Duration in Years of WM Activity Phases Assumed for Waste Type 
Economic Analysis 

Waste Type Construction Phase Operations Phase Transportation 

LLMW 4 15 (No Action = 25) 10 (No Action = 20) 

LLW 4 15 (No Action = 25) 10 (No Action = 20) 

TRUW 4 15 (No Action = 25) 10 (No Action = 20) 

HLW 3 17 to 43 34 

HW 4 12 10 

The economic impact analysis was based on standard Keynesian economic theory. This theory holds that 

aggregate demand is a function of income. When income is generated in the form of a wage, several 

deductions are made reducing the amount of money that is available for respending. These deductions 

are given in Table C.4-15. 

Table C.4-15. Wage Deductions Used in the Income Multiplier Analysis 

Deduction Percentage of Deduction 

Federal Income Tax 18.0 

Social Security Tax 7.6 

State Unemployment Tax 1.5 

Benefits (Health and life insurance) 2.0 

Personal Savings 5.0 

Total unavailable for respending 34.1 

Total available for respending 65.9 

A coefficient of variance was calculated for the grand mean multipliers of the ROis for the 47 sites. The 

coefficient of variance is equal to the standard deviation of the grand mean multiplier divided by the 

grand mean multiplier. 

The grand mean multipliers and the multipliers' coefficient of variance for the 47 ROis are reported in 

Table C.4-16 and Table C.4-17, respectively. 

C-100 



9513 
Environmental Impacts Analysis 

Table C.4-16. Grand Mean Multipliers 

Site Output C1l Earnings (2l Emi:>lovment (3l 

'IAES 1.8988398 0.2888351 28.1 
IIL-E 1.899236-i 0.2794387 24.1 
.;L 2.D945444 0,2lim3150 27.2 

IBAPL 2.uts i4729 0.2955738 26.8 
NL 1.89 8D28 0.2825461 24.9 
naneston 1.8' 15995 0.2832758 24.2 
.alonie 1.9521110 0.2755395 26.0 
:l.t:\; 2.0860979 0.2918617 26.9 

~NAL 2.1277356 0.3000036 27.1 
FEMP 2.0115936 0.2992522 26.2 
C3A 1.9761869 0.2793827 28.2 

E 1.8819248 0.2698297 26.0 
UPO 1.8788433 0.2628304 25.5 
ianford 1.7345193 0.2606101 24.4 

INEL 1.6539740 0.2501210 23.2 
KCP 2.0661073 0.2920600 26.9 
KAPL-K 1.6542548 -· 0.2492809 22.1 
KAPL-N 1.8803463 0.2665589 25.2 
MPL-W 2.0211218 0.2872877 26.0 
LEHR 1.8814520 0.2667942 25.2 
LBL 2.1162016 0.3093407 26.8 
L.LNL 2.1480631 0.3114184 28.2 
lANL 1.7278235 0.2566492 23.6 
Mllre Island 2.0097511 0.2841494 26.5 
MSP 2.0560625 0.2908983 26.2 
MOUND 1.7815385 0.2537604 23.7 
NTS 1.7526830 0.2633199 23.4 
Norfolk 1.7882339 0.2551058 23.9 
ORR 2.0175825 0.3014903 26.7 
~DP 1.7091768 0.2612092 23.9 
1"8105 2.1394955 0.3019226 27.2 
Pantex 1.8058253 0.2664281 24.8 
~an Harbor 1.8166110 0.2560974 24.3 
l"IN 1.9382666 0.2750944 25.8 
PORTS 1.7395320 0.2644895 24.8 
Portsmouth 2.0104574 0.2857046 26.3 
PPPL 2.0962324 0.2967151 26.8 
,Puget Sound 1.9194054 0.2736098 25.3 
l'tMI 1.8073449 0.2559203 23.4 
RFETS 1.9088693 0.2832914 25.2 
SNLA 1.8358633 0.2730185 24.9 
::»t<S 1.8961558 0.2789010 25.8 
SLAC 1.7502934 0.2507150 23.3 
UMo 1.7537006 0.2497958 24.0 
rMPP 1.7094931 0.2559931 23.7 
msSRAP 2.1302335 0.3014761 27.3 
INVDP 2.1326031 0.3170268 27.8 

NATIONAL 3.0829564 0.8324667 36.8 

Notes: 
(1) The total dollar change in output that occurs across all industries for each 

additional dollar of output delivered to final demand. 
(2) The total dollar change in earnings of households employed by all industries 

for each additional dollar of output delivered to final demand. 
(3) The total change in nt.mber of jobs in all Industries for each 

additional 1 mHlion dollars of output delivered to final demand in a given year. 
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Table C.4-17. Multipliers ' Coefficient of Variance 

Site Output EaminQI 
-
,;;;i .. ~-~ ......... 

~l:l) U,1:.tlLl~14 • ,a · .11 · •·.11 .... · ~ o. ro, '~I 

ANL-E 0.1514593 0.4842782 0. ,-, .. 
Bel 0.133MS7 0.3108199 0. i816449 
BAPL 0.1423880 0.3197699 0. ~701S8 
INL 0.1u76392 0.4656121 0.6lJ15-071 
;naneston 0.1350718 0.3236767 0.6538367 
;olonie 0.1183233 0.3023482 0.6448926 
,ll=L 0.1194562 0.3069452 0.5785328 
NAL 0.1395721 0.3117937 0.5540122 

t-t:.MP 0.1212080 0.4434402 0.5735707 
GA 0.1184384 0.3187351 0.6262334 
CiE 0.1310743 0.3253468 0.7018351 
t3.JPO 0.1458825 0.3387602 0.7130032 
Hanford 0.1291553 0.4987933 0.7501411 
INEL 0.1174174 0.5183568 0.7851976 
I\CP 0.1249323 0.3062415 0.5880993 
KAPL-K 0.1055506 . 0.5082354 0.6985579 
KAPL-N 0.1108195 0.3142466 0.6520623 

APL-W 0.1330296 0.3176867 0.5789079 
HR 0.1195645 0.3213139 0.6552262 
L 0.1336941 0.4379207 0.5548303 
NL 0.1299192 0.4302718 0.6280589 
,NL 0.1234926 0.5115640 0.7293250 

r. 1are Island 0.1336816 0.3163528 0.6208246 
wsP 0.1337611 0.3137265 0.5703249 
WlUND 0.1183593 0.3377189 0.7091450 
N"TS 0.1305871 0.5074167 0.6517835 
Norfolk 0.1225205 0.3380128 0.6498472 
ORR 0.1279087 0.4467180 0.5916954 
PGDP 0.1297143 0.5055180 0.7517458 
gales 0.1399090 0.3116253 0.5491915 
~antex 0.1236165 0.4922549 0.7415270 
~art Harbor 0.1267270 0.3324984 0.6697828 
""ii~ 0.1146860 0.3179148 0.6247028 
.PORTS 0.1408416 0.5007350 0.7359551 
IPOrtsmouth 0.1414415 0.3262595 0.5881818 
l"'l"'PL 0.1343447 0.3116302 0.5635358 
Puoet Sound 0.1342005 0.3296160 0.6086124 
IRMI 0.1327751 0.3383731 0.6790840 
tU·ETS 0.1261521 0.4754906 0.6146155 
~NLA 0.1197497 0.4900238 0.6760818 
5RS 0.1370186 0.4650688 0.7017991 
ISLAC 0.1079955 0.3308188 0.6862206 
UMo 0.1305158 0.3448562 0.7495700 
vvtPP 0.1205319 0.5070867 0.7579089 
l'MSSRAP 0.1401402 0.3130342 0.5595690 
IWVDP 0.1362926 0.4282287 0.5648346 

NATIONAL 0.1816865 0.2830192 0.3542612 

Note: The coefficient of variance is equal to the standard deviation of the mean 
multiplier divided by the mean. 
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C.4.5.3.4 limitations of the Mul.tiplier Anal.ysis 

The use of the input-output (I-0) system for estimating multipliers has several limitations, including: 

• No explicit recognition of prices-relative prices between industries change and the prices are not 

updated. The most complete table in use today uses 1987 prices; price adjustments are made 

uniformly and do not capture changes in relative prices within an industry. 

• Linear homogeneous production function. If any scale economies or diseconomies exist, they are not 

captured; expansion of one industry will not have the impacts on downstream industries that the 1-0 

model assumes. 

• Constant 1-0 formation ignores the possibility that capacity will be reached with the effect of 

changing relative prices and input substitutions. 

While these limitations are important, the use of the multipliers is to show relative changes; what would 

happen if you did a similar thing in different places. While the limitations prevent the determination of 

the absolute changes in the magnitude of the economic variables , they are instrumental in identifying 

relative changes. 

C.4.5.3.5 Anal.ysis Data 

Most of the baseline data used in this analysis are from the Bureau of Economic Analysis whose 

"Regional Economic Information System" provides historical data oo employment and personal income. 

The cost figures used in the analysis were those described in Section C.3.3 of this appendix . They include 

the fully loaded costs of setting up a business to build and operate the WM facilities. They also include 

a set of linear scaler modules that can be assembled on the basis of the type of waste and waste volume. 

The modules can be pl,aced in any part of the country and either scaled to accommodate the volume of 
I 

waste, or adjusted in terms of the number of operating years to accommodate different waste volumes. 

The cost figures include a 30% contingency. 
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C.4.5.3.6 Evaluation Techniques 

The economic model outputs included changes in income, output, and job-years. When the timing 

assumptions were applied, the job-years variable was divided by the number of years to give the number 

of direct, indirect, and induced jobs in an ROI. All of the ROis that were evaluated are anticipated to 

experience an increase in expenditures resulting in increases in employment, income, and output; 

therefore, all impacts are expected to be positive. 

The primary evaluation technique is to identify the magnitude of the change. All of the impact categories 

are first measured in absolute terms. Then, income and employment inputs are calculated with respect 

to changes in the baseline income and employment. 

C.4.5.3. 7 Presentation of Results 

Data from the analysis are presented in several places in the document. Chapter 4 provides affected 

environment data for the 17 major sites in text and tables. The additional sites are presented in the 

Technical Report on the Affected Environment for the DOE Sites Considered in the WM PEIS (M/B SR-

01). Chapters 6 through 10 present the results of the impacts analysis for each of the waste types and for 

each alternative. The primary variable in these chapters is the percent change in the number of jobs. 

Changes in personal income are also presented. Both variables are presented in terms of absolute numbers 

as well as percent changes over the 1990 baseline. A 1 % change in the number of jobs is considered a 

substantial positive benefit to the regional or National economy. 

C.4.6 POPULATION IMPACTS 

The analysis examined the potential for the waste management alternatives to cause the types of impacts 

that could result when any large industrial or public works project attracts workers and their families to 

an area. 
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C.4.6.1 Regions of Influence 

The ROI included the geographic area surrounding the site that would be subject to the changes 

traditionally associated with large-scale industrial projects (such as changes in employment and 

demographics). The site-level ROI was defined, as an aggregate of whole counties to include the host 

county (or counties), any contiguous counties, and other counties within the region that contain at least 

5 % of the total site workforce (both DOE and contractor personnel). Where these counties did not 

represent at least 90% of the total site workforce, counties with progressively lower percentages were 

included until the 90% threshold was met. 

The site ROI population was assumed to represent the affected community at each site. It was considered 

reasonable to expect that the effects of in-migration to a region would be experienced in existing, nearby 

communities that have the infrastructure and established community support networks necessary for social 

life. 

The analysis quantified population changes that constitute or that may in turn cause a number of related 

changes in community characteristics and that are likely to affect community services and resources. The 

likelihood of these latter effects is inferred from the size of the expected temporary and permanent 

population changes during the construction and operations phases of the waste management projects and 

the general characteristics of the communities at each site. 

C.4.6.1.1 Potential Impacts of WM Project Labor Requirements 

Population increases and settlement patterns associated with worker in-migration to the ROI are the source 

of most social effects of the construction and operation of an industrial project. (Halstead, et al., 1984; 

Cantor, 1977). Sources of change include the introduction of new people into a region in response to new 

employment; loss of residents in response to a perceived diminished quality of life or loss of employment 

opportunities; or retention of residents, who might otherwise have left the area, as a result of 

improvement or enhancement of some social factor . 

The construction and operation of waste management facilities can be expected to have some influence 

on the growth of the population in the regions surrounding the sites. This growth will raise important 
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concerns basoo on the potential for changes to certain community characteristics such as size, diversity, 

stability, and the ability to provide necessary or locally desirable social services. Though the description 

of the precise nature and detail of these changes is dependent on site specific information regarding the 

location of any proposed facility, the size and characteristics of the inmigrating workforces and the 

number of existing site personnel actually employed on the project, some preliminary estimates can be 

made on the basis of the more general information available at the programmatic level. 

Community Characteristics-Size, Diversity, Stability. Conventional effects associated with large 

industrial facilities include: the economic effects of increased local employment, the demographic effects 

of increased population growth, the fiscal effects of increased demands for social services, and social 

effects of perceived changes in the quality of life (Finley, 1983).: These changes will usually result in 

other changes in community life. The temporary in-migration of construction workers and their families 

and the more permanent settlement of workers during the operations phase of the proposed action are 

relevant to this analysis. 

The central impetus for change rests in the differences, both real and perceived, between the incoming 

population and those who already reside in the ROI. Important demographic characteristics that could 

change include age, sex, ethnic and racial composition, and income distribution. Potential disruptions to 

settlement patterns and relocation of local population are also important (Cantor, 1993). Consequential 

changes in the patterns of interaction of local residents also can be anticipated (Gramling and 

Freudenburg, 1992). 

Other associated changes include: the level of diversity and complexity-affected when the number and 

types of social groups in the community are increased; and community cohesion-potentially affected by 

anything that decreases the desirability of the community itself or the desirability of associating or 

identifying with the community (Finsterbusch, 1980). 

Community Services and Resources. Local community resources and especially the provision of services 

(health, education, and public safety services) to community residents are susceptible to any change in 

the size and composition of the local population (Cantor, 1993). Along with community social and 

welfare services, these social services constitute primary resources to the populations of the affected 

communities. The mechanisms for providing these services can be disrupted by population growth or 

change in composition or location of the population. Other social resources, such as available housing 
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and recreational and cultural resources, may also be affected by temporary or long-term in-migration. 

Project related growth is expected to increase demands for services provided by local and State 

governments in the affected regions. 

Although it is not feasible to collect data on the capabilities of individual community service delivery 

systems without specific information regarding the physical location of the designated facility and the 

corresponding distribution of new population in the ROI, some qualitative prediction of impacts can be 

made on the basis of general population estimates. Impacts to social services and resources can be 

inferred from the direct and indirect labor requirements and associated changes in population size and mix 

anticipated for each of the alternatives. Impacts may be predicted on the basis of the potential for altering 

service provider to recipient ratios, such as student/teacher or doctor/patient ratios; decreased availability 

of facilities such as hospital beds or schoolroom seats; or the loss of services to segments of the 

community as a result of overcrowding or population relocation. A sudden need to provide resources to 

expand services or an increased capability to provide resources based on an increased population would 

cause fiscal impacts. 

C.4.6.1.2 Method of Population Analysis 

Because the factors that influence in-migration are multiple and complex, it was impossible to precisely 

predict the number of in-migrants at each site for the proposed alternatives . However, an estimate was 

made for each site based on total waste management project workforce requirements. Although this 

number is not a specific prediction of the actual in-migration into a site's ROI, it provides a basis for 

comparing potential changes in population across alternatives. 

This analysis considered three types of in-migration associated with new requirements for 1) direct 

construction labor; 2) O&M labor; and 3) secondary labor resulting from new employment at the sites. 

The level of in-migration would be indirectly influenced by several factors: the current level of 

unemployment in the region; the economic conditions and the demands for labor (both within the region 

and in adjacent areas); the ability of the local workforce to provide the necessary skills; the presence and 

success of worker retraining programs; characteristics of workers and their families; and individual 

preferences for location and type of residence. The location and the personnel requirements of contractors 
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who work on the project would also be factors; some may already be located in the region with available 

staff to meet the work requirement, while others may be located outside the region. 

Other factors that would influence in-migration include the size of the project and proximity of the region 

to urban centers. Indirect employment and induced employment (additional employment in the, region that 

is not directly connected to the project but results from increased expenditures in the region) would also 

contribute to changes .in the resident population and to the general social character of the region. 

This approach assumed that the following factors remain constant for all alternatives: worker family 

characteristics, residential locations, composition of the local workforce, and labor shortages among 

specific occupational groups in the region. No attempt was made to estimate the potential for in-migration 

that exceeds the number of jobs provided; only estimates of actual employment, direct and multiplier

based, are used. Estimates of peak employment or singular shortages of particular labor categories at 

particular sites are not included. The success rates of retraining programs at individual sites may affect 

the availability of labor, but this factor cannot be correctly appraised for this assessment. 

The actual number of in-migrants during any phase of the waste management project could not be 

precisely determined, but the literature provides empirical data that were used as percentage estimators 

for the WM project phases based on the phases of similar projects: 

• The percentage of construction jobs filled by in-migrants would range from 30 to 60 % (Halstead, 

et al., 1984). The actual figures for specific projects vary according to the following factors: 

size of the project 

proximity to urban centers 

local labor force 

requirement for specialized skills and crafts 

Table C.4-18 lists the percentages for each of the 17 major sites based on the characteristics of 

the site ROI 

• Job duration during the construction phase was assumed to be approximately four years, and most 

(85%) of in-migrant construction workers who are directly related to the project are phased out after 

this period. 
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• Local workers occupy 40 to 60% of new O&M jobs. Training or retraining programs may encourage 

local hiring. Because DOE has plans for a retraining program, it is assumed that no fewer than 40% 

of the available jobs will go to retrainees , 30% will go to other local workers, and 30% will go to 

in-migrants. 

• Of all induced labor associated with the project, 50% will be hired from the local workforce. 

Table C.4-18. Percentage of Construction Workers Expected to in-Migrate to 
Each of the 17 Major DOE Sites 

Percentage Sites 

30 BNL 

40 ANL-E, FEMP, LLNL, ORR, RFETS, SNL-NM, WVDP 

45 HS, NTS 

60 INEL, LANL, PGDP, Pantex, Ports, SRS, WIPP 

For the quantitative estimate of population in-migration and associated characteristics, impacts are 

presented in the waste-type chapters for those sites where ROI population increases (including new 

workers and their families) were estimated to be 1 % or greater than the 1990 population. These sites are 

assumed by the analysis to experience a greater potential for change to the social environment as a result 

of the proposed action. Additionally, sites with estimated population increases over one-half of 1 % were 

assumed to have a potential for minor impacts to social characteristics and the provision of social services 

and are noted in the discussion where appropriate. 

Because the precise location of new facilities at a site and the subsequent preferred residential location 

of in-migrating workers are not known, this assessment serves only as an estimate for the purpose of 

comparing impacts. Noticeable effects may occur at much lower levels than 1 % , if in-migration is 

concentrated in one or two communities . 
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C.4.7 ENvlRONMENTAL JUSTICE IMPACTS 

In accordance with the requirements of Executive Order 12898, DOE evaluated the potential for the WM 

PEIS program alternatives to cause disproportionately high and adverse human health or environmental 

effects to minority and low-income populations. DOE identified and mapped the distribution of minority 

and low-income populations at the 17 major sites then reviewed the human health effects and 

environmental impacts associated with alternatives for the five waste types at those sites. The review 

included potential impacts under each of the major scientific disciplines evaluated for the waste-type 

alternatives--human health risk, air quality, water resources, ecology, economics, population impacts, 

land use, infrastructure, and cultural resources impacts. Regarding health effects, both normal facility 

operations and accident conditions were examined, with accident scenarios evaluated in terms of the risk 

to the public. Likewise, the examination of transportation included both routine transportation effects and 

the effects of potential accidents for truck and rail transportation of the waste types. Special exposure 

pathways were evaluated with respect to subsistence consumption of fish, game, or native plants. 

C.4.7.1 Environmental Justice Overview 

Environmental justice means the fair treatment of people of all races, cultures, and income levels with 

respect to the development, implementation, and enforcement of environmental laws, regulations, and 

policies (EPA, 1994a). Environmental justice impacts refer to adverse effects that result when one or 

more of a broad range of factors tends to place disproportionate adverse environmental impacts on 

minority (specifically including Native American) and low-income populations. 

C.4.7.1.1 Studies Supporting Environmental Justice Concerns 

A number of studies, particularly those by the United Church of Christ and the EPA Environmental 

Equity Workgroup, have indicated a positive correlation between the locations of minority and 

low-income communities and the location of potentially polluting facilities such as industrial plants and 

hazardous waste facilities (United Church of Christ, 1987; EPA, 1992b). 
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The United Church of Christ study found that race was more strongly correlated to residence near a 

hazardous waste site than to income status (United Church of Christ, 1987). The EPA Environmental 

Equity Workgroup study found that: 

• There are clear differences between racial groups in terms of diseases and death rates; however, 

there is a general lack of data on environmental health effects by race and income. 

• People of color and low-income populations experience higher-than-average exposures to selected 

air pollutants, hazardous waste facilities, and contaminated fish . 

• Data are not routinely collected on health risks posed by multiple industrial facilities, cumulative and 

synergistic effects, or multiple pathways of exposure. 

• American Indians are a unique group with a special relationship to the Federal government and 

distinct environmental problems. Tribes generally lack physical infrastructure, institutions, trained 

personnel, and resources necessary to protect their members (EPA, 1994a; EPA, 1992b). 

C.4. 7.1.2 Issuance of the Executive Order on Environmental Justice 

As a result of these and other studies, Executive Order 12898, Federal Actions to Address Environmental 

Justice in Minority and Low-Income Populations, was developed by the administration during 1993 and 

became effective when signed on February 11, 1994 (Executive Order 12898). The Executive Order 

requires all Federal agencies to focus attention on the environmental and human health conditions in 

minority and low-income communities to promote nondiscrimination in federal programs substantially 

affecting human health and the environment. The Executive Order also requires federal agencies to 

provide minority and low-income communities access to information and public participation in matters 

relating to environmental justice. 

To accomplish these goals, the Executive Order focuses on the need for all Federal agencies to apply the 

substantive environmental requirements relating to the enforcement of existing laws in a non

discriminatory manner. The Executive Order also establishes a process for Federal agencies, individually 

and in concert, to implement these environmental justice requirements. To initiate this process, EPA has 
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convened an interagency Federal Working Group on Environmental Justice to provide guidance to Federal 

agencies, and to serve as an information clearinghouse, coordinate research and data collection, 

disseminate existing data and studies, provide public participation, organize interagency model projects, 

and deal with other environmental justice issues that require cooperation among Federal agencies. DOE 

is a member of the Working Group. 

Under the Executive Order, agencies are required to develop agency-wide environmental justice strategies 

to identify and address, as appropriate, disproportionately high and adverse human health or 

environmental effects of the agency's programs, policies, and activities on minority and low-income 

populations. Using the strategy, the agency is required to conduct its programs, policies, and activities 

that "substantially affect human health or the environment" in a manner that insures that they do not 

subject persons (including populations) to discrimination. 

There are significant information-gathering requirements under the Executive Order. The extra dimension 

of minority and low-income populations is added to existing research, data collection, and analysis 

requirements to the extent practicable and appropriate. Additionally, to the extent practicable and 

appropriate, agencies must examine consumption patterns of fish and wildlife where they may be affected 

by agency activities. Risks inherent in such consumption must be communicated to at-risk populations. 

The public participation and information access requirements of the Executive Order are also significant. 

The public is encouraged to submit recommendations to Federal agencies relating to incorporation of 

environmental justice principles into agency programs or policies. Federal agencies must convey such 

recommendations to the Working Group. Whenever practicable and appropriate, agencies must translate 

relevant communication relating to human health or the environment for limited English speaking 

populations. Public documents, notices, and hearings relating to human health or the environment must 

be concise, understandable, and readily accessible to the public. In addition to other minority and 

low-income groups, Native Americans are specifically identified as requiring agency scrutiny under the 

requirements of the Executive Order . 

Federal agencies are required to implement the Executive Order consistent with and "to the extent 

permitted by existing law." However, the Executive Order is intended only to improve the internal 

management of the Executive branch and does not create "any right, benefit, or trust responsibility, 

substantive or procedural, enforceable at law or equity by a party against the United States, its agencies, 
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its officers, or any person." The Executive Order is not to be construed to create any right to judicial 

review involving the compliance or noncompliance of the United States, its agencies, its officers, or any 

other person. A memorandum for the heads of all departments and agencies, circulated with the Executive 

Order, underscored the application of Title VI of the Civil Rights Act of 1964, NEPA, the Freedom of 

Information Act, the Sunshine Act, and the Emergency Planning and Community Right-to-Know Act as 

existing law particularly applicable to environmental justice (Office of the President, 1994). 

"Minority and low-income populations" are not defined under the Executive Order. Generally, as defined 

by the U. S. Department of Commerce, Bureau of Census, minority populations include Black, American 

Indian, Asian-Pacific, and Hispanic racial and ethnic categories (DOC, 1992c; DOC, 1992d). Native 

American populations are specifically identified under the Order. Low-income populations are those 

whose income level is below the poverty level, also as defined by the Bureau of Census (DOC, 1992e). 

C.4.7.1.3 Status of DOE Guidance on Environmental Justice 

The interagency Federal Working Group on Environmental Justice is directed to provide guidance to 

Federal agencies on criteria for identifying disproportionately high and adverse human health or 

environmental effects on minority populations and low-income populations. The Working Group is also 

directed to coordinate with each Federal agency to develop an environmental justice strategy, if a strategy 

is required by the proposed activities . At the time of this analysis, the Working Group had not issued 

final guidance on the approach to be used in analyzing environmental justice, as directed by the Executive 

Order . The Working Group has issued draft definitions of terms' in the Draft Guidance for Federal 

Agencies on terms in Executive Order 12898, dated November 28, 1994. These definitions, with slight 

modifications, were used in the PEIS environmental justice analysis. Further, in coordination with the 

Working Group, DOE is developing internal guidance for the implementation of the Executive Order, 

which has not yet been finalized. Because both DOE and the Working Group are still in the process of 

developing guidance, the approach used in this analysis might depart somewhat from whatever guidance 

is eventually issued. 

C-113 



Appendix C Environmental Impacts Analysis Methods 

C.4.7.2 Approach to PEIS Consideration of Environmental Justice hnpacts 

For the environmental justice assessment, the following effects were evaluated for alternatives under each 

of the five waste types: 

Disproportionately high and adverse human health effects: Adverse health effects are 

measured in risks and rates that could result in latent cancer fatalities, as well as other fatal or 

nonfatal adverse impacts to human health. Disproportionately high and adverse human health 

effects occur when the risk or rate for a minority population or low-income population from 

exposure to an environmental hazard significantly exceeds the risk or rate to the general 

population and, where available, to another appropriate comparison group. 

Disproportionately high and adverse environmental impacts: An adverse environmental 

impact is a deleterious environmental impact determined to be unacceptable or above generally 

accepted norms. A disproportionately high impact refers to an impact (or risk of an impact) to 

a low-income or minority community that significantly exceeds the same type of impact in the 

larger community. 

C.4.7.2.1 Identification and Mapping of Minority and Low-Income Populations 

Demographic information obtained from the U.S. Bureau of Census was used to identify minority and 

low-income populations in the zone of potential impact surrounding each of the sites under consideration. 

This zone is defined as a circle with origin at the site center and an SO-kilometer (50-mile) radius. This 

SO-kilometer (50-mile) radius was selected because it was judged to encompass virtually all of the human 

health risks and environmental impacts that may occur. It was used to specify the offsite population at 

risk in the human health risk assessment of airborne dispersion of waste management facility emissions. 

It also encompasses the majority of communities that would be affected socioeconomically by waste 

management program actions. Transportation impacts are assessed within 800 meters (0.5 miles) of 

transportation routes for incident-free transportation because impacts beyond this distance are expected 

to be negligible. For transportation accidents, an SO-kilometer (50-mile) radius was used. 
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Definitions 

Definitions used to develop and map the community characteristics data are as follows: 

A census trod is an area defined for the purpose of monitoring census data that is usually comprised of 

between 2,500 and 8,000 persons, with 4,000 persons being ideal. When first delineated, census tracts 

are designed to be homogenous with respect to population characteristics, economic status, and living 

conditions. Census tracts do not cross county boundaries. The spatial size of census tracts varies widely 

depending on the density of settlement. Census tract boundaries are delineated with the intention of being 

maintained over a long period of time so that statistical comparisons can be made from census to census . 

A minority population is a group of people and/or community experiencing common conditions of 

exposure or impact that consists of persons classified by the U.S. Bureau of the Census as 

Negro/Black/African-American, Hispanic, Asian and Pacific Islander, American Indian, Eskimo, Aleut, 

or other nonwhite, based on self-classification by the people according to the race with which they most 

closely identify. For the purposes of this analysis , a minority populations was defined as any census tract 

within the 50-mile zone of impact where minority individuals comprise 50% or more of the population. 

A low-income population was defined as a census tract with a median income to a family of four equal 

to or below the national poverty level of $12,674. Census tracts were included in the analysis if 50% of 

the area of the tract fell within the SO-kilometer (50-mile) radius .. 

Mapping Procedures 

For each of the 17 major WM sites, demographic maps were prepared using 1990 census data available 

from the U.S. Bureau of the Census. Maps of the minority and low-income populations are shown in 

Appendix I. Figures 1-1 through 1-17 and Figures I-18 through I-34 illustrate census tract distributions 

for minority populations and low-income populations respectively for areas surrounding the 17 DOE sites 

being considered for the management of the five waste types. These maps are based on an analysis of 

1990 United States Bureau of the Census Tiger Line files, which contain political boundaries and 

geographical features, and Summary Tape Files 3A (as processed by the U.S. Environmental Protection 

Agency), which contain demographic information (DOC, 1992c; DOC, 1992d; DOC, 1992e). Data were 

resolved to the census tract group level. A census tract is an area defined for the purpose of monitoring 

census data that is usually comprised of between 2,500 and 8,000 persons. Native American tribal lands 
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within 50 miles of each site were also identified and mapped and are included in Appendix I, where 

applicable, with the minority distribution maps I-1 through I-17 

C.4. 7.2.2 Review of High and Adverse Health Risks and Environmental Impacts 

The environmental justice analysis presented in each waste type chapter is based on a review of the 

findings of the risk assessment for public health effects from proposed WM activities at each site and 

from transportation of wastes. The analysis focused on risks to the maximally-exposed individual (MEI) 

members of the offsite population at the sites and in the transportation corridors . The expectation was that 

the PEIS human health risk assessment findings would indicate that risks to the general population from 

WM actions at each site would be low. Therefore, only in instances where certain individuals identified 

as MEis are at high risk would there be a potential for disproportionately high and adverse health risks 

to minority or low-income communities. If risks to MEis were also low then no segment of the population 

would experience disproportionately high and adverse health risks including any minority or low-income 

populations. 

The analysis also reviewed environmental impacts, focusing on such effects as air quality impacts that 

are likely to directly affect offsite populations. Special consideration was also given to the potential for 

effects on subsistence hunters and fishermen in terms of contamination of fish or game and in terms of 

reductions in game populations caused by vehicle collisions. As was the case with health risk, if 

environmental impacts in general were low then only in the instance of a specific impact being high at 

a particular site would there be a potential for disproportionately high and adverse impacts to minority 

or low-income groups. Where risks or environmental impacts were found to be significant, mitigation 

measures are described that could minimize impacts and thus eliminate the potential for disproportionately 

high impacts to any minority or low-income populations that might be affected. 

C.4.8 LAND USE IMPACTS 

The land use impacts analysis evaluated the potential for the management alternatives for the five waste 

types to adversely affect land use at the sites by comparing the amount of land required for proposed 

waste treatment, storage, or disposal facilities with the amount of land designated for future waste 
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management operations in the site development plans for the 17 major sites . For those of the 17 sites not 

having a portion of the site designated for waste operations, the land required for waste management 

activities was compared with an estimated amount of land suitable for development. This estimate was 

made by subtracting from the total installation acreage the known or estimated acreage of land in existing 

structures, sensitive habitats including wetlands, topographic and surface water features, and other 

features such as wildlife management areas and cultural resources. At sites where the land requirement 

constitutes 1 % or more of designated or suitable land, a potential for impacts is noted in the waste type 

impacts discussion and the percent required is listed in a summary table for the site/alternative. The text 

then discusses the severity of impacts depending on how great a portion of the available land is required 

and includes an indication of the likelihood of conflicts with land uses adjacent to the site. Where the land 

requirements for waste management activities exceeds the amount of land designated or suitable, the 

analysis indicates that significant land use impacts are likely. Apart from the analysis of the percent of 

suitable site land used, the analysis also indicates whether the description of future uses at the sites given 

in the site development plans appears to indicate a potential conflict between those planned uses and the 

uses proposed under the waste type alternatives. 

C.4.9 INFRASTRUCTIJRE IMPACTS METHODOLOGY 

Construction and operation of waste management facilities at the sites will increase the sites' use of water 

supply, wastewater treatment facilities, and electrical power systems and will increase traffic on site 

roads. The impacts of the waste management alternatives on site water, wastewater, and power systems 

were evaluated using estimates of the percentage of existing system capacity the new requirements 

represented. Where the new requirements were substantial, they were added to current use rates and the 

sum compared to the existing supply capacities of those systems. Site transportation infrastructure impacts 

were assessed indirectly using increased site employment as an indicator of increased stress on the system. 

Impacts to community infrastructure systems were assessed using estimated waste management project

induced population increases as an indicator of increased demand on those systems. The impacts 

assessment evaluated the separate effects of the construction and operations phases for each alternative 

for each waste type. 
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C.4.9.1 Site Infrastructure Impacts 

The site infrastructure impacts analysis focused on the effects of the WM alternatives on the 17 major 

sites' water supply, wastewater treatment, and electrical power infrastructure systems. Data on new 

infrastructure requirements under each alternative are described in Section C.3.2 of this appendix. Current 

use rate and existing capacity data are described in PEIS Chapter 4 on the Affected Environment and in 

the Affected Environment Technical Report. 

New project requirements of less than 5% of existing capacity were considered likely to have negligible 

or minor impacts on an infrastructure system and were not further evaluated. Moderate or major impacts 

were considered possible where increases in system requirements were 5 % or greater. These cases were 

further evaluated on a site by site basis. Major impacts were considered possible where new requirements 

caused system capacity to be approached or exceeded. Therefore, any increase of 5% or greater that 

caused the total site use rate to exceed 90% of available capacity, was considered to have the potential 

to cause a major infrastructure impact. In such cases, site infrastructure may require substantial expansion 

or construction of new systems to meet the added demand . Such projects would have associated costs and 

environmental impacts beyond the direct impacts of the waste management facilities. 

Where site infrastructure capacity information was not available, the new requirements were evaluated 

as a percentage of current use. In these cases, new requirements of less than 5% of current use were 

considered likely to have negligible or minor impacts. Increases in requirements from 5 to less than 15% 

were considered to have the potential to cause moderate impacts, and increases of 15% or greater were 

considered to have the potential to cause major impacts. 

Site transportation infrastructure impacts were evaluated indirectly by comparing new site employment 

to existing site employment as an indicator of increased stress on site transportation systems. New site 

employment of less than 5% of current employment was considered likely to have negligible or minor 

impacts. Site employment increases from 5% to less than 15% were considered to have the potential to 

cause moderate impacts, and increases of 15% or greater were considered to have the potential to cause 

major impacts. 
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Community infrastructure would be affected indirectly by any substantial increase in population caused 

by the influx of labor to implement the WM alternatives. Community infrastructure impacts were 

evaluated by comparing estimated population increases with current population levels as an indicator of 

increased use rates of community infrastructure systems. This analysis was based on the in-migration 

estimates and 1990 regional population data described in the social impacts analysis (see Section C.4.6). 

Population increases of less than 5% of current (1990 census) population levels were considered to have 

the potential to cause negligible or minor impacts. Increases of 5% or greater were considered to have 

the potential to cause moderate impacts, and increases of 15% or greater were considered to have the 

potential for major infrastructure impacts. 

C.4.9.3 Site and Community Infrastructure Baseline 

Baseline water, wastewater, and power information can be found in the Affected Environment chapter 

and appendix. The information is summarized below. Proposed resource requirements under the 

alternatives are compared to the current capacity to determine whether increased use will impact the 

infrastructure systems. Site employment information is provided in the socioeconomic impacts discussion, 

and is summarized in Table C.4-19. Proposed increases in site employment under the various alternatives 

is compared to current site employment to determine possible impacts to transportation infrastructure. 
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Table C.4-19. Baseline Infrastructure Data for the 17 Major DOE Sites 

Water (gpd) Wastewater (gpd) Power (mw) 
Site 

Site Current Current Current Employment 
Use 

Capacity 
Use 

Capacity 
Use 

Capacity 

ANL-E 625,000 1,800,000 434,000 2,600,000 23 NA 4,455 

BNL 3,500,000 6,000,000 1,000,000 2,300,000 35 47 3,557 

FEMP 400,000 1,600,000 2,180,000 2,270,000 33 NA 1,939 

HS 9,510,000 79,060,000 158,000 200,000 550 NA 14,394 

INEL 5,242,000 30,630,000 254,000 unlimited 42 NA 11,813 

LANL 4,100,000 10,000,000 NA 1,000,000 68 120 6,199 

LLNL 717,000 2,520,000 400,000 1,680,000 61 100 8,173 

NTS 1,360,000 2,780,000 140,000 338,000 30 45 7,086 

ORR 18,300,000 40,200,000 2,000,000 4,100,000 116 660 21,544 

PGDP 15,000,000 30,000,000 400,000 1,750,000 1,564 3,040 1,740 

Pantex 500,000 1,500,000 275,000 545,000 13 1,523 2,891 

PORTS 14,000,000 37,000,000 350,000 1,200,000 1,537 1,929 2,386 

RFETS 272,000 1,000,000 150,000 500,000 18 35 7,365 

SNL 1,000,000 4,030,000 548,000 NA 35 50 8,596 

SRS 1,600,000 5,000,000 500,000 750,000 80 175 17,319 

WIPP 14,000 540,000 12,000 185,000 NA NA 932 

WVDP 70,000 110,000 70,000 70,000 3 7 643 

C.4.10 CUL11JRAL REsOURCES IMPACTS 

The potential for cultural resources to be affected by waste management activities was considered by 

using the estimated acreage of site disturbance to construct waste management facilities under each waste

type alternative as an estimate of the area of potential cultural resource effects and as a comparative 

indicator of the extent of the cultural resource survey requirements at each site. Cultural resources 

impacts were not directly evaluated in the PEIS because the analysis would require identification of 

specific locations of proposed waste management facilities. 
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C.4.10.1 Cultural Resources Considered 

The cultural resources considered in this analysis include prehistoric and historic resources, and Native 

American resources . Paleontological resources, though not cultural in origin, are also included because 

of their recognized value and similar need for protection. 

C.4.10.1.1 Prehistoric and Historic Properties 

A "historic property" is an archeological site, standing structure, or traditional cultural property that is 

listed or is potentially eligible for listing on the National Register of Historic Places (36 CFR 60). 

Requirements for the assessment of historic properties for the PEIS are met through compliance with 

Section 106 of the National Historic Preservation Act of 1966 (16 USC 470), as amended, with 
' implementing regulations contained in 36 CFR 800. In general, Federal agencies are required to 

determine the effects of proposed actions on significant historic properties within a defined area of 

potential effects. 

C.4.10.1.2 Native American Resources 

Native American resources refer to structures, regional locations, natural features, native plants, objects 

and other materials that are considered to be of value to contemporary Native American groups for 

traditional, religious, or ceremonial purposes. Examples of these resources can include burial grounds, 

sacred sites, and areas, materials for the production of sacred objects and traditional implements, and 

botanical, biological, and geological resources of ritual importance. Impacts to these areas include both 

direct physical impacts (destruction, loss of access) and indirect social and economic effects. Several laws 

and regulations are specifically applicable to the protection of Native American resources including 

American Indian Religious Freedom A~t of 1978 (42 USC 1996) and the Native American Graves 

Protection and Repatriation Act of 1990 (25 USC 3001 et seq.). Determination of potential impact to 

these sites is similar to that for other historic properties. 
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C.4.10.1.3 Paleontological Resources 

Paleontological materials and features are the physical remains of life forms (fossils) from a former 

geologic age. These include the remains of animals, plants, or trace fossils such as impressions, burrows 

or tracks. Although paleontological resources are not treated with the same level of specificity as 

archeological or historic properties, they are included in several Federal statutes such as the Archeological 

Resources Protection Act of 1979 (16 USC 470aa-470ll) and the Federal Land Management Policy Act 

of 1976 (43 USC 1701 et seq.). 

C.4.10.2 Cultural Resources Protection Procedures 

Federal agencies protect cultural resources through compliance with Section 106 of the National Historic 

Preservation Act of 1966, as amended, which is implemented through regulations contained in 36 CFR 

800. These regulations require Federal agencies to consider the existing information, undertake 

identification activities if the existing information is insufficient, determine whether any cultural resources 

contained within the agency-defined area of potential effects meet the criteria for eligibility for inclusion 

in the National Register of Historic Places, determine the effect of the proposed action on significant 

historic properties, consult with the State Historic Preservation Office (SHPO), and afford the Advisory 

Council on Historic Preservation (ACHP) the opportunity to comment. 

To comply with 36 CFR 800, the lead federal agency defines an "area of potential effects," or project 

area, for the proposed action. The project area usually comprises the physical limits of disturbance or 

alteration that will result from the proposed actions, such as construction, demolition, staging, or 

operation of a facility. 

The next step in the process is to identify the presence of absence of historic properties within the area 

of potential effects (36 CFR 800.4) . An "historic property" is an archeological site, standing structure, 

or traditional cultural property that is listed or is potentially eligible for listing on the National Register 

of Historic Places (NRHP) (36 CFR 60). ldentificational studies can comprise a variety of site-specific 

archaeological, architectural, or cultural surveys of the undertaking's project area. Other studies may be 

conducted in order to evaluate an identified resource's eligibility for inclusion on NRHP. 

C-122 



QS 13287 ? ,· ,q ./, ...... 1.1 *""• I> 
Environmental Impacts Analysis Methods Appendix C 

If no cultural resources eligible or potentially eligible for the NRHP are identified during these studies, 

then, given the concurrence of the SHPO, the project will have no effect on historic properties and the 

undertaking may proceed. If historic properties are identified within the project area, then the agency in 

consultation with the SHPO must apply the "criteria or effect and adverse effect" as defined in 36 CFR 

800.5 and Part 800.9. 

An undertaking is considered to have an adverse effect when the effect on a historic property may 

diminish the integrity of the property's location, design, setting, materials , workmanship, feeling, or 

association. Adverse effects on historic properties include, but are not limited to : 

• Physical destruction, damage, or alteration to all or part of the property 

• Isolation of the property from or alteration to the character of the property' s setting when that 

character contributes to the property's qualification for the National Register 

• Introduction of visual, audible, or atmospheric elements that are out of character with the property 

or alter its setting 

• Neglect of a property resulting in its deterioration or destruction 

• Transfer, lease, or sale of the property (36 CFR 800.9.b.1-5) 

C.4.10.3 Consideration of Cultural Resources Impacts in the PEIS 

Given the various levels of cultural resource information (the number of recorded resources and the size 

of surveyed areas) associated with DOE facilities across the country and the cultural resource diversity 

known or presumed to be located at these sites, the specific analysis of impacts must be left to site

specific or project-level NEPA documents. In addition, the locations of the different waste management 

activities at individual sites have not been identified . Thus, at the programmatic level, both the specific 

area of potential effects and the presence or absence of National Register eligible historic properties are 

at present unknown. Therefore, evaluation of potential impacts in this PEIS was limited to providing 

relevant information on existing cultural resources identified at the sites (see Chapter 4, Affected 

C-123 



Appendix C Environmental Impacts Analysis Methods 

Environment) and an estimate of the extent to which potential new site surveys would be required (see 

the Cultural Impacts sections in the waste-type Chapters 6 - 10). 

Chapter 4 identifies the extent to which installations have been surveyed for cultural resources and lists 

registered cultural properties. Chapters 6 through 10 display acreage requirements for treatment, storage, 

or disposal construction as estimates of the amount of land that may be disturbed at each site and may 

therefore require a cultural resource survey. Acreages are given by site and by alternative, and are totaled 

across sites as estimates of alternative-specific survey requirements. In general, the smaller the total 

acreage required, the lower the likelihood that National Register eligible properties will be affected by 

new facility construction. Thus, the waste management alternative that requires the smallest total land area 

at the individual sites would appear to be preferable from a cultural resources perspective. This may be 

partially offset by the greater acreages required at the fewer regional or the single centralized sites, 

although these sites are generally the much larger sites, which gives DOE a greater ability to locate the 

new waste management facilities so as to avoid affecting cultural resources . 
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APPENDIXD 
Waste Management Facility Human Health Risk Estimates 

D .1 Introduction 

This appendix summarizes the human health impacts posed by stationary sources of waste at 

U.S. Department of Energy (DOE) waste management facilities. The term "stationary source" refers to 

facilities that process, store, or dispose of various types of waste throughout the DOE complex, in 

contrast to waste transport. Waste transportation risks are discussed in Appendix E. Supplemental details 

of this human health risk assessment are available in a separate technical report (ORNL, 1995e). 

This appendix is organized as follows: 

• Section D.l defines the purpose and scope of the Waste Management (WM) Program human health 
risk evaluation including an overview of the five DOE WM Program waste types and waste 
consolidation alternatives . 

• Section D.2 presents general information on the risk assessment process, including a discussion of 
the potentially exposed populations and health effects evaluated, assumptions used to calculate the 
risks to the affected populations and individuals, explanations of certain risk calculations, and 
directions on how to read and interpret the risk results that are presented in Section D.3. 

• Section D.3 contains the human health risk evaluations for the five DOE WM Program waste types. 
It provides definitions of the wastes; identifies the waste consolidation alternatives evaluated; 
discusses the assumptions used in estimating the human health risks for routine waste management 
activities and potential accidents by waste type; presents a summary of the human health risk results 
for routine waste management activities and (where applicable) accidents by waste type; and 
identifies the waste consolidation options and contaminants that potentially pose the greatest and least 
risks to human health. 

• Section D .4 describes the uncertainties associated with the waste management human health risk 
evaluation. 

• Section D .5 presents a discussion of the mathematical models used to develop the human health risk 
estimates for this study. 

D-1 



Appendix D Waste Management Facility Human Health Risk Estimates 

D.1.1 PuRPoSE OF THE WASTE MANAGEMENT HUMAN HEALTII RlsKEVALUATION 

The purpose of this human health risk evaluation is to provide projections of the health risks posed by 

the waste consolidation options being considered for DOE waste management facilities in this draft 

programmatic environmental impact statement (hereinafter called the PEIS). This information, in 

conjunction with other PEIS impacts (e.g., transportation risks, ecological risks, air, water, and 

socioeconomic impacts) and costs, is intended to aid in determining the advantages and disadvantages of 

the various waste consolidation options. 

The risk estimates presented here are based on various assumptions, best available data, and data 

generated by fate and transport and exposure modeling (instead of data gathered by monitoring) . This 

was necessary because monitored data were not consistently available for all installations and/or processes 

have not been demonstrated fully. To maintain consistency with current regulatory approaches to risk 

assessment, the methodologies used to estimate the various elements of risk for the PEIS were partially 

adapted from existing accepted risk assessment methods (NAS, 1983; EPA, 1989a, 1991a, 1991b; ICRP, 

1977, 1979, 1990) or developed specifically for the PEIS (ORNL, 1995a, 1995b, 1995c). While it is 

important to recognize the purpose and limitations of this assessment, the same assumptions and 

methodologies were applied uniformly to all installations . Therefore, when used on a comparative basis 

at the program level, these results should provide a relatively accurate overview of the risks posed by 

WM Program treatment, storage, and disposal activities . More detailed risk estimates for a particular 

DOE installation should be performed when necessary in site-specific documents (e.g., environmental 

impact statements, environmr.ntal assessments , risk assessments) . 

D.1.2 WASTE TYPES EVALUATED 

Both existing and future waste management facilities were evaluated for the following waste types: 

• High-level waste (HLW) (Section D.3.1) 

• Low-level waste (LLW) (Section D.3.2) 

• Hazardous waste (HW) (Section D.3.3) 

• Transuranic waste (TRUW) (Section D.3.4) 

• Low-level mixed waste (LLMW) (Section D.3.5) 
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The risk analysis for each waste type and installation was perfonned based on data including (1) estimated 

rates of contaminant release to the air and/or the water in the water table (called "groundwater"), and (2) 

estimated waste processing rates (which determine a worker's hourly exposure) . These two types of 

release rates are called "source terms. " The source terms for the human health risk analysis were 

developed by Argonne National Laboratory (ANL) based on waste inventory information and 

characteriz.ation data, waste management module characterization information, and the definitions of the 

various PEIS alternatives. This process, as well as the source terms used in the analysis, are included in 

Appendix C and supporting technical reports by ANL (ANL, 1995a, 1995b, 1995c, 1995d, 1995e). 

Health effects were not evaluated for spent nuclear fuel (from which HLW is derived) because its 

programmatic issues are assessed in a separate environmental impact statement (see further discussion of 

this in Chapter 1 of the PEIS). 

D.1.3 WASTE CONSOLIDATION ALTERNATIVES 

For each of the waste types listed in Section D.1.2, the Oak Ridge National Laboratory (ORNL) 

estimated the potential health effects posed by up to four general alternatives for consolidating, 

processing, storing, and disposing of wastes: 

• No Action: Wastes are processed and/or disposed at each installation using existing or approved 
facilities (an approved facility is one for which National Environmental Policy Act [NEPA] review 
has been completed, appropriate permits received, and the decision made to proceed with the 
facility). 

• Decentralized: Wastes are processed and/or disposed at the installation where they were generated. 

• Regionalized: Wastes are consolidated for processing and/or disposal at regional installations. 

• Centralized: Wastes are consolidated for processing and/or disposal at one or two installations. 

Within each type of alternative, there were often several potentially feasible waste management options. 

For example, a spectrum of regionalized alternatives was considered for contact-handled TRUW in which 

wastes are treated and stored at as many as 10 or as few as 3 installations. The rationale for selecting 

these alternatives is discussed in Chapter 3. 

D-3 



Appendix D Waste Management Facility Human Health Risk Estimates 

The waste processing and disposal period for the No Action alternatives was assumed to be 20 years. For 

the remaining alternatives except for HL W, it was assumed that 10 years would be needed for the 

construction of required waste management facilities and 10 years would be required for waste processing 

and disposal. The risk analysis for HL W differed in that only interim storage pending final disposal was 

assessed because a treatment method has already been selected and is being performed at some 

installations. 

Many DOE installations do not currently have facilities for waste management. In the alternatives 

evaluation, it was necessary to assume that these installations would construct the waste management 

facilities required under the alternative being evaluated, and that waste processing would begin after 

construction was completed. 

The waste disposal evaluation assessed disposal only for the installations currently storing waste. It did 

not include federal facilities planned for waste disposal such as Yucca Mountain because these 

installations will be addressed in site-specific NEPA documents (for more information on this subject, 

see Chapter 2). 

D.2 Evaluating The Risks Associated With Waste Management Activities 

This section presents a brief introduction to the concepts and methods used to perform the human health 

risk analysis for the PEIS including information on the potentially exposed human populations, the means 

by which people could be exposed to WM Program wastes, the health effects that could result from 

exposure to the various wastes, and an overview of the process of estimating human health risks. In 

addition, this section contains a discussion of how to read and interpret the risk analysis results presented 

in Section D. 3. 

Risk analysis entails several steps including characterizing the environmental setting of the installation 

being studied; identifying potential receptors, environmental transport pathways, and exposure routes; 

identifying potential human health effects to be evaluated; quantifying contaminant intakes, doses, and 

exposures; and calculating risks. For more detailed information on the risk analysis process used in this 

study, see the ORNL risk methodologies (ORNL, 1995a, 1995b, 1995c). 
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D.2.1 CHARACTERIZING TIIE ENVIRONMENTAL SEITING 

The first step in estimating risk is to collect information about the installation's environmental setting 

including agricultural data (e.g., prevalent livestock and crops , crop yields) , geographical location, 

climatological information (e.g., annual rainfall, storm frequency, temperature range, joint frequency 

distribution for wind), and land use on and around the installation. The environmental setting information 

used in the PEIS can be found in the ORNL installation description report (ORNL, 1995d). 

D.2.2 IDENTIFYING POTENTIALLY EXPOSED POPULATIONS 

The next step is to identify the categories of people (called "receptors " in the analysis) who might be 

exposed to or affected by waste management processes. The following receptor categories were selected 

( 1) to represent the populations that would most likely be exposed to contaminants during waste 

management activities or (2) as worst-case receptors for the risk analysis: 

• Offsite (general public) population: The offsite population within an 80-km (50-mi) radius of each 
installation. 

• Noninvolved workers: Onsite employees not directly involved in an installation's waste handling 
activities. 

• Most-exposed individual (MEI) of the offsite population. 

• MEI of the noninvolved worker populatibn. 

• Waste management workers: Onsite eniployees working in an installation's waste management 
facilities, including both the workers directly involved in the waste management process and the 
construction workers who build the waste management facilities . 

• Hypothetical farm family: An imaginary f~ily of two adults and two children assumed to live 300 
m (approximately 330 yd) downgradient of the center of a waste disposal facility in a period when 
institutional controls (fences, warning s~gns, etc.) no longer exist. The farm family engages in 
farming activities such as growing an(!l consuming their own crops and livestock, and uses 
groundwater for drinking and for wateriqg the crops and animals. 

• Hypothetical intruder: An imaginary adult who drills a well directly through a waste disposal facility 
down to the water table (groundwater), briljlgs the contaminated soil from within the disposal facility 
to the surface during drilling, and mixes th~ contaminated soil into the top 15 cm (5.9 in.) of surface 
soil of a 2,500-m2 (0.6-acre) plot of land. The intruder then farms this plot and feeds him- or herself 
with the crops . The intrusion scenario takes place in a period when institutional controls no longer 
exist. 
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Estimates of the offsite population and distribution within an 80-km radius of each installation were 

obtained from the 1990 U.S. census. The population and distribution of noninvolved workers at each 

installation were estimated based on installation records, site maps, and best judgment. Because of lack 

of information, it was necessary at some installations to simply assume an even distribution of workers 

in all directions around a facility. The offsite and noninvolved worker population size and distribution 

for each installation and the location of each installation's MEis can be found in the ORNL installation 

description report (ORNL, 1995d). 

Risks to the offsite and noninvolved worker populations were assumed to result from exposure to airborne 

contaminants, and were estimated only for the first 70 years after an alternative is implemented (i.e., for 

the lifetime of a person living during the period when treatment and storage activities take place). 

The worst-case risk to an individual member of the offsite and noninvolved worker populations was 

assessed by considering the MEI in each population. In these scenarios, the MEI receives the highest total 

chemical intake and/or radiation dose for all exposure routes (e.g., inhalation, ingestion, direct exposure) 

over the person's lifetime. In considering the results of the TRUW and LLMW alternatives, note that for 

each installation the MEI is one individual; however, for each alternative (in which the impacts from all 

relevant installations are considered together), the MEI is a composite of the worst radiological exposure 

at any of those installations, the worst chemical carcinogen exposure at any of the installations, and the 

worst noncarcinogenic chemical exposure. 

The hypothetical farm family and hypothetical intruder represent two worst-case exposure situations that 

occur at a time when institutional controls (fences, warning signs, land records, etc.) no longer exist, and 

are analyzed to determine upper-bound exposures only. The farm family is assumed to set up residence 

300 m downgradient from the center of the disposal facility. The 300-m distance was chosen to ensure 

that the farm family's groundwater well was . beyond the boundary of the disposal site (no matter what 

type of disposal facility is assumed for a particular installation). 

Risks to the hypothetical onsite farm family are evaluated for 143 consecutive 70-year lifetimes (e.g., 

10,000 years) in order to determine the upper bound of long-term risks from exposure to groundwater 

that has been contaminated by the failure of a waste disposal facility. The maximum exposure would 

presumably occur in the futuren when the peak concentration of contaminant(s) passes the farm family's 

well, and might be significant over a series of lifetimes. The 10,000-year time period was selected for 
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the analysis in order to maintain consistency with current performance assessments and the Guidelines 

for Radiological Performance Assessment of DOE Low-Level Radioactive Waste Disposal Sites 

(Case et al., 1988). To provide some perspective on the timing of health risks predicted to result from 

disposal, the risk analysis identifies the 70-year lifetime (out of the 143 lifetimes evaluated) during which 

the highest exposures , hence, risks, are estimated to occur for the hypothetical farm family . This peak

risk lifetime is referred to in the results as the most-exposed lifetime (MEL) of the farm family . 

The intruder scenario involves chronic exposure of an individual to contaminated material brought up to 

the ground surface by drilling a well directly through a waste disposal facility (following guidance on 

intruder scenarios presented in Intruder Scenarios for Site-Specific Low-Level Radioactive Waste 

Classification [Kennedy, et al ., 1988]). The intruder scenario is intended to show the worst-case risk from 

the disposal technology itself; therefore, only the health effects from direct exposure to contaminated 

drilling wastes (as opposed to additional exposure to other contaminated media such as groundwater) are 

evaluated for this scenario. Exposure to an intruder is evaluated for one lifetime for two instances of 

intrusion: one at 100 years after closure of the disposal facility and one at 300 years after closure. 

Worker risks are estimated both for short-term construction activities and for longer term facility 

operation activities. Worker activities are expected to occur over 10 to 20 years , depending on waste type 

and alternative, so worker risk is estimated to be a factor only during the first lifetime, or 70 years , after 

implementation of an alternative. The number of waste management workers involved in the various 

alternatives was determined as described in Section D.2.7.2. 

D.2.2.1 Populations Not Specifically Evaluated 

The hwnan health risk analysis did not explicitly include risks to sensitive subpopulations (as defined by 

the U.S. Environmental Protection Agency [EPA] [EPA, 1989a]) such as children, the elderly, pregnant 

or nursing women, or people who consume a large quantity of locally-grown produce or fish from local 

water sources. However, sensitive subpopulations were considered in the development of the toxicity and 

exposure values that were used in the analysis, hence, are indirectly included. 

For radiological exposures , the nominal risk probability coefficients (referred to as "risk factors") used 

to estimate the risk of cancer and adverse genetic effects from radionuclide exposures are taken from 
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Volume 60 of the proceedings of the International Commission on Radiological Protection (ICRP), which 

is referred to as ICRP 60 (ICRP, 1990). ICRP 60 states that "[a]lthough there are differences between 

the sexes and between populations of different age-specific mortality rates, these differences are not so 

large as to necessitate the use of different nominal probability coefficients ." A small difference exists, 

however, between the risk factors used for workers and those used for the population as a whole. This 

difference arises principally because the more sensitive younger age groups and pregnant women are 

included in the whole population (as opposed to the worker population). With regard to the elderly, the 

radiological risks presented in the PEIS were calculated as the estimated risks a person would sustain over 

a 70-year lifespan assuming 50 years of radionuclide uptake and commitment (the concept of radionuclide 

commitment is explained in Section D.2.6). A person who is already elderly when a PEIS alternative is 

implemented would not likely be exposed for the entire 50 years. Therefore, the use of a 50-year uptake 

and commitment period should lead to an overestimate of the risks to the elderly. This overestimate would 

be more pronounced in populations containing a disproportionate number of elderly people. 

The EPA slope factors and reference doses (RfDs) or reference concentrations (RfCs) used to evaluate 

risks from exposures to chemicals are similarly conservative. Slope factors and RfDs or RfCs are 

generally extrapolated from animal data and include what is termed an "uncertainty factor." This 

uncertainty factor is an attempt to arithmetically express how well or poorly the pharmacokinetic 

differences between animals and humans are understood for a particular chemical; it also accounts for 

the effects of the chemical on various human subpopulations. As such, these slope factors and RfDs or 

RfCs are considered valid for a wide range of human subpopulations. For more information on this 

subject, readers may wish to refer to the EPA sources for toxicity factors, the Health Effects Assessment 

Summary Tables (referred to as HEAST) and the on-line Integrated Risk Information System (called 

IRIS). 

In deciding whether to explicitly consider one or more sensitive subpopulations in the PEIS risk 

evaluation, it was necessary to determine whether the presence of such subpopulations might affect the 

exposure parameters used in the study. Certain Native American populations, for example, might 

consume larger quantities of locally grown produce or fish from local water sources than the population 

as a whole; this might result in higher risks to these particular people. However, the consumption of fish 

was eliminated as an exposure route of concern for the PEIS because postulated surface water 

contamination was found;to be minimal (see Section D.2.3.1). In addition, it was assumed that all food 

grown within 80 km of an installation remained in the area and that all members of the offsite population 
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have the same dietary habits and consumption rates . On this basis , groups that consume relatively large 

quantities of locally grown produce or fish from local water sources were not differentiated from other 

members of the offsite population in this evaluation. 

Another issue not explicitly addressed in the human health risk analysis was that of environmental justice 

impacts. This issue, which involves the consideration of minority and low-income populations in policy

making where negative impacts are expected, is discussed in detail in Appendix C. Executive Order 

12898 mandates adding the dimension of minority and low-income populations to research, data 

collection, and analysis to the extent practicable and appropriate. From the perspective of human health 

risk, there would be little reason to assess risks differently for minority or low-income populations unless 

dietary habits or other factors were to cause their exposure to be substantially different from that of the 

population as a whole . A more comprehensive analysis of environmental justice impacts would require 

detailed site-level information beyond the scope of this programmatic document. 

D.2.3 IDENTIFYING ENVIRONMENTAL :TRANSPORT PATHWAYS 

The next step in the risk analysis process is to identify the pathways between the sources of contamination 

and the individuals or populations at risk. These pathways are the actual physical routes along which the 

contaminants would trave.l from the source to the exposed individual or population. 

Waste management workers working at waste management facilities can come into direct contact with 

wastes and/or waste containers and with intrafacility airborne contamination during routine treatment, 

storage, and disposal operations, and during accidents. The remaining receptors become exposed only 

if contaminants are released from the waste management facility to environmental media such as air or 

groundwater. For the purposes of the PEIS, it is assumed that contaminants are released (1) to the air 

during waste treatment operations and accidents, (2) to the groundwater at some point after wastes have 

been disposed of in engineered disposal facilities, and (3) to the surrounding soil upon intrusion into 

disposal facilities following institutional control. During treatment operations and accidents, area winds 

carry released contaminants from the treatment facility toward the offsite and noninvolved worker 

populations. These airborne contaminants can be inhaled as well as deposited on plants and soil. Wind 

also transports the contaminated soil that the intruder brings to the surface during drilling and mixes into 

his/her farm plot. In the waste disposal scenarios, it is assumed that contaminants leach from the facility 
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to the groundwater and are transported downgradient toward the hypothetical farm family's drinking 

water well. 

D.2.3.1 Transport Pathways Not Evaluated 

Deposition of Radionuclides onto Surface Water with Subsequent Ingestion. The deposition of 

contaminants by an airborne plume on an exposed body of water was eliminated as a pathway from 

detailed quantitative analysis. Preliminary tests were performed to determine the order-of-magnitude 

impacts of this secondary exposure pathway.: These tests, which involved varying rates of flow of surface 

water, widths of surface water bodies, and distances from the atmospheric source to the receptor, 

demonstrated that the contribution of this secondary pathway to the final dose was at least 3 orders of 

magnitude smaller than the dose resulting from inhalation of the plume. Tests were performed for a 

hypothetical unit release and atmospheric deposition of several representative radionuclides using 

parameters associated with the Columbia River near Hanford (Washington) and the Clinch River near 

ORNL (Tennessee). The Columbia has an average width of 457.2 m, an average depth of 6.1 m, and 

an average flow speed of 1.2 mis. The Clinch River has an average width of 124.3 m, an average depth 

of 9.1 m, and an average flow speed of 0.1 mis. For the test, the atmospheric source was located at three 

different distances from both rivers: 10 m, 300 m, and 16.1 km. The receptor was located at the river 

and drank 1 L (0.9 qt) of contaminated water per day. The cancer incidence risk from inhalation of the 

plume is compared with the cancer incidence risk from ingestion of the contaminated water. The 

following table summarizes the results for uranium-238. 
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Table D.2-1. Preliminary Surface Water Analysis Results for Radionuclides 

Contaminant: Uranium-238 

River Distance Ingestion Cancer Inhalation Cancer Approximate 
(m) Incidence Risk Incidence Risk Difference• 

Columbia 10 2.4E-11 4.9E-1 10 orders of magnitude 

300 5.3E-13 3.6E-4 9 orders of magnitude 

16,100: 7.7E-15 9.5E-8 7 orders of magnitude 

Clinch 10 3.4E-12 3.6E-4 8 orders of magnitude 

300 7.7E-11 2.4E-1 10 orders of magnitude 

16,100 l.0E-13 l.9E-7 6 orders of magnitude 

a Difference (in orders of magnitude) between cancer incidence risks for ingestion versus inhalation. 

Deposition of Chemicals onto Surface Water with Subsequent Ingestion. Tests were performed for 

exposure to unit releases of chemicals for some of the same scenarios outlined above. Benzene and 

1, 1, 1-trichloroethane were chosen because both are in the PEIS source terms. B~nzene is a carcinogen 

for inhalation and ingestion, and 1, 1, 1-trichloroethane is a noncarcinogen for inhalation and ingestion. 

Chemicals that exhibit carcinogenicity for ingestion but not for inhalation ( or vice versa) were not 

examined because an accurate comparison could not be made. 

Overland Runoff. Overland runoff involves an additional time delay and dilution factor with respect 

to direct deposition of contaminants on surface water. Since the latter case involves negligible 

contributions to risk, the former would pose even less of a contribution to risk. For this reason, the 

overland runoff pathway was not analyzed in the PEIS. 
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Table D.2-2. Preliminary Surface Water Analysis Results for Chemicals 

Columbia River at 300 m 

Ingestion Inhalation Ingestion Cancer 
Inhalation Approximate 

Contaminant Hazard Hazard Cancer Incidence 
Quotient Quotient Incidence Risk Risk Difference 

Benzene 7.SE-19 8.7E-10 9 orders of magnitude 

1, 1, I -Trichloroethane l.4E-14 7.8E-6 8 orders of magnitude 

a Difference (in orders of magnitude) between hazard indices and cancer incidence risks for ingestion versus inhalation. 

D.2.4 IDENTIFYING LIKELY EXPOSURE Rourns FOR POPULATIONS AND INDIVIDUALS 

The following sections describe the exposure routes by which the various receptors may come 

into contact with radiological and chem,ical contaminants. These exposure routes are illustrated in Figures 

D.2-1, D.2-2, D.2-3, and D.2-4. 

D.2.4.1 Offsite and Noninvolved Worker Population Exposure Routes 

It was asswned that the offsite population could be exposed to radionuclides, carcinogenic chemicals, and 

noncarcinogenic toxic chemicals by coming into contact with contaminated air. Airborne contaminants 

can be inhaled, taken up by agricultural animals and plants and subsequently ingested, or can cause direct 

(external) exposure via immersion in a plume of contaminated air or exposure to contaminated soil. 

Noninvolved workers were assumed to be exposed only to atmospheric releases, because institutional 

controls should ensure that this population is not exposed to contaminated groundwater or surface water 

through drinking or showering. 

The offsite and noninvolved worker populations were evaluated for dermal exposure to tritium derived 

from tritiated water in the atmosphere. Both absorption through the skin and the lungs were taken into 

account; this combined rate of absorption was assumed to be 150% of the inhalation intake rate alone 

(Napier et al., 1988). 
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D.2.4.2 Hypothetical Farm Family Exposure Routes 

The risks to the hypothetical fann family were analyzed only for the waste types that will be disposed 

of in DOE facilities (e.g., LLW and LLMW). It was assumed that the fann family could be exposed 

directly and indirectly to groundwater contaminated by a release from the disposal facility . Shallow land 

disposal facilities were assumed to allow immediate releases; tumulus and below-ground vault disposal 

facilities were assumed to fail and allow release in 300 and 750 years, respectively. The exposure routes 

evaluated for the farm family include ingestion of contaminated groundwater and ingestion of crops and 

animals contaminated by exposure to groundwater. 

D.2.4.3 Hypothetical Intruder Exposure Routes 

Exposure of the intruder was assessed only for LL W and LLMW, the waste types that will be disposed 

of in DOE facilities. The exposure routes evaluated for the intruder involve exposure to contaminated 

soil. These exposure routes are direct radiation from the soil, ingestion of plants , inadvertent ingestion 

of soil, and inhalation of resuspended soil (for radionuclides); and ingestion of plants, inadvertent 

ingestion of soil, and inhalation of resuspended soil (for chemicals) . 

D.2.4.4 Worker Exposure Routes 

To provide an overview of the program-level health impacts from waste treatment, storage, and disposal 

activities, the risks to waste management workers include the risks to workers building waste management 

facilities . Workers directly involved in treatment, storage, and disposal were assumed to be exposed to 

contaminated air in work areas resulting from fugitive treatment emissions and resuspended surface 

contamination on waste containers, to receive external exposure from radioactive wastes, and to be at risk 

of death or injury from industrial-type physical hazards. The worker exposures associated with placing 

wastes into disposal facilities were assessed separately from treatment risks. Construction workers were 

assumed to be exposed only to construction-related physical hazards , not to radiological and chemical 

wastes . The construction and operational risk factors used in this risk analysis are based on current 

statistics from the U.S. Bureau of Labor Statistics and the National Safety Council , as discussed in the 

PEIS unit risk methodology (ORNL, 1995c). At sites where no construction was assumed, these risks 

were not estimated. 
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D.2.5 IDENTIFYING TIIE HUMAN HEALm EFFECTS TO BE EVALUATED 

The PEIS focuses on certain human health impacts as one of the bases for comparing the various waste 

management alternatives. In this risk evaluation, it was assumed that health effects, which might range 

from mild clinical symptoms of chemical exposure to bodily injury, illness, or death, could result from 

exposure to radionuclides, carcinogenic chemicals, and noncarcinogenic toxic chemicals as a result of 

both routine waste management operations and potential accidents. In addition to exposure-related health 

problems, waste management workers were assumed to be at risk of on-the-job injuries or deaths from 

physical trauma (falls, crushing, electrocution, etc.). The following health effects, called "endpoints" in 

the analysis, were evaluated: 

• Cancer incidence from radionuclide and chemical exposures 

• Cancer fatalities from radionuclide exposures only 

• Adverse genetic effects caused by exposure to radionuclides 

• Hazard index for non-workers (an indicator of the likelihood of noncancer toxicity caused by 
continuous exposure to nonradioactive waste components) 

• Exposure index for workers (an indicator of the likelihood of noncancer toxicity caused by work-day 
exposure to nonradioactive waste components) 

• Waste management 'o/orker fatalities and injuries associated with the construction and operation of 
waste management facilities 

In addition, in the accident scenarios, an "immediately-dangerous-to-life-and-health (IDLH) index" was 

calculated for workers as an indicator of the likelihood that contaminant levels might impair escape or 

be immediately dangerous to life and health. 

For the purposes of this evaluation, the concepts of cancer incidence and cancer fatality refer to what are 

termed "excess cancers," i.e., cancers that would not otherwise have occurred. These terms encompass 

all types of cancer and any occurrence(s) of cancer over the 70-year lifetime of an individual. 

Radiayon-Related Health Effects. It was assumed that exposures to radiation can result in cancer 

incidence, cancer fatality, and adverse genetic effects. Adverse genetic effects include gene mutations 

(alterations in the elementary units of heredity, the genes) and gross chromosomal aberrations (changes 

in the structure or number of chromosomes). Because exposure to contaminants in and from DOE sites 

might occur over many generations, concern exists that the cumulative genetic damage carried benignly 
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across generations might, at some point, produce disease that is not accounted for in the basic cancer risk 

calculations. 

The frequency with which these three health effects occur was assumed to be directly proportional to the 

amount of radiation absorbed by the receptor (see the discussions on "effective dose equivalent" and dose 

"commitment" in Section D.2.6). Moreover, these impacts were assumed to occur in a fixed ratio to one 

another. For example, for all receptors except waste management workers, the ratio of cancer incidence 

to cancer fatality to genetic effects was taken to be 17:5:1 (see Section D.2.8 .1 for a more detailed 

discussion of these assumptions) . 

Chemical-Related Health Effects. It was assumed that exposure to hazardous (nonradioactive) chemicals 

can cause cancer and/or a spectrum of toxic effects ranging from mild headaches or nasal irritation to 

more serious impacts such as organ (e.g ., liver, kidney) toxicity, neurotoxicity, immunotoxicity, 

developmental toxicity, reproductive toxicity, and genetic toxicity. 

The risk of cancer fatality was calculated for radionuclides but not for chemical carcinogens; this is 

discussed in more detail in Section D.2.6.3. 

D.2.5.1 Factors Excluded from the Analysis 

The risks from enhanced or diminished toxicity from interactions among components of a contaminant 

mixture (termed "synergy" and "antagonism," respectively), or the effects of multiple chemical forms of 

the same atom ("speciation") or combination of atoms ("complexing") were not evaluated because not 

enough information exists on these effects. If synergism or antagonism is occurring at a particular 

installation, the risks there will be accordingly under- or overestimated. Similarly, since complexing and 

speciation can affect a contaminant's physicochemical and health-related properties including its toxicity, 

carcinogenicity, reactivity, and water solubility (hence, transportability), the lack of toxicity information 

on waste complexing and speciation may introduce some additional uncertainty to the risk analysis. 
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D.2.6 QUANTIFYING CONTAMINANT INTAKES, DOSES, AND EXPOSURES 

This section presents a brief overview of how chemical and radiological exposures are measured. For 

more information, refer to the EPA risk assessment guidelines '. (EPA, 1989a) and the ORNL risk 

methodologies (ORNL, 1995a, 1995b). 

D.2.6.1 Quantifying Chemical Intake and Exposure 

Chemical hazards are generally quantified by an individual's intake of a chemical. Intake is expressed in 

milligrams of contaminant ingested, inhaled, or absorbed per kilogram of body weight per day. When 

evaluating health effects from chemical exposure, intake values for noncarcinogenic chemicals are 

compared to EPA RtDs or RfCs as published in HEAST and IRIS (for all receptors except waste 

management workers}, and intake values for chemical carcinogens are multiplied by EPA cancer slope 

factors (for all receptors). For workers, American Conference of Government Industrial Hygienists' 

(ACGIH) time-weighted average threshold limit values (TWA-TLVs, or more simply, TLVs) are used 

rather than RtDs or RfCs, since TLVs are based on workday exposure concentrations. 

There are many uncertainties inherent in the process of formulating RtDs and cancer slope factors. For 

example, a margin of safety is incorporated into these values (i.e., these values tend to overestimate the 

risk of the toxicant to some degree to help ensure that human health is protected). In addition, 

uncertainties are ~ntroduced when the findings of dose-response research performed on animals are applied 

to humans; findings of studies performed at high exposure levels are extrapolated to low exposure levels; 

results concerning acute exposures are extended to chronic exposures; and findings from occupational 

conditions are used to characterize toxicity in nonoccupational or environmental conditions. 

The magnitude of these uncertainties is not well known; estimates from different studies vary depending 

upon factors such as the number of studies performed for a particular substance and the receptors and 

scenarios for which the substance was investigated. 
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D.2.6.2 Quantifying Radiological Dose and Exposure 

A variety of units are used to indicate the amount, intensity, and potential health effects of radiation. The 

"curie" (abbreviated Ci) is a measure of the amount of radioactive decay occurring in a sample of 

radioactive material, and is defined as 37 billion disintegrations (individual radioactive decay events) per 

second. The rate of decay of 1 g of radium is the basis for this unit of measure. Amounts of radionuclides 

are commonly measured in curies or fractions of curies such as the picocurie (pCi), which is a trillionth 

of a curie. Emission rates are typically measured in picocuries per year (pCi/year), and concentrations 

in units such as picocuries per cubic meter (pCi/m3
) or picocuries per gram (pCi/g). 

The same dose (absorbed by the human body) of different types of radiation (e.g., alpha, beta, gamma) 

can produce different health risk outcomes and different effects on living cells. To standardize for these 

effects, a unit of radiation measure called a "rem" is used as a way of measuring the biological effects 

of a given dose of any type of radiation. The rem has built-in factors that weight the dose according to 

each type of radiation's capacity for causing biological damage (this capacity is called the "biological 

effectiveness" of the radiation). Hence, l rem of one type of radiation (for example, gamma radiation) 

is presumed to have the same biological effects on a given type of tissue as l rem of any other type of 

radiation (say, beta radiation). This unit of measure allows comparison of the biological effects (on a 

given type tissue) of radionuclides that emit different types of radiation. A millirem (mrem) is one

thousandth of a rem. See the ORNL worker risk methodology (ORNL, 1995b) for a more detailed 

description of the different types of radiation. 

The various organs of the body have different susceptibilities to harm from radiation; for example, the 

gonads tend to be more sensitive to radiation damage than the cornea of the eye. The unit of measure that 

takes these different susceptibilities into account to provide a broad indicator of the total effective 

radiation dose is called an "effective dose equivalent" (or "EDE") . It is obtained by multiplying the dose 

(or "dose equivalent") in rems in each major organ or tissue by a weighting factor associated with the 

risk susceptibility of the tissue or organ, then summing the totals. This unit of measure allows comparison 

of the general adverse consequences to people who are exposed to radiation, regardless of the different 

susceptibilities of individual types of tissue in different organs to such exposure. For a more detailed 

discussion of organic and tissue weighting factors, see the ORNL worker risk methodology (ORNL, 

1995b). 
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Three types of radiation doses are calculated in the PEIS: an external dose, an internal dose, and a 

combined external and internal dose (or total dose). External doses are from sources located outside the 

body such as a sealed radioactive container or contaminated air, water, or soil. Internal doses arise from 

sources that have entered the body, usually from eating or drinking contaminated substances or breathing 

contaminated air. 

D.2.6.3 Comparing Radionuclide Exposures to Chemical Exposures 

Radionuclide and chemical exposures are, for the most part, very different from one another. A chemical 

contaminant may be released to groundwater or dispersed into the air, whereupon it is deposited on the 

ground, vegetables or other crops, or other surfaces. A person becomes exposed by inhaling the 

contaminant, drinking contaminated water, eating contaminated vegetables, etc. A number of chemicals, 

such as mercury, lead, and PCBs, bind to or · "bioaccumulate" in various body tissues such as bone and 

fat and may continue to cause toxic effects long after initial exposure. However, quite often, a chemical 

that has entered the body exerts its toxic or carcinogenic effect over a relatively short period of time and 

is excreted or otherwise eliminated from the exposed person's body. (The time required for a living 

organism to eliminate half the amount of an absorbed or ingested chemical substance by natural processes 

is termed the "biological half-life" of that substance.) 

There seems to be an exposure threshold for noncancer effects caused by chemicals that do not 

bioaccumulate. Above this threshold exposure level, these chemicals begin to exert adverse effects; below 

the threshold, their effects seem to be negligible. A person can be exposed many times to less than the 

exposure threshold of chemicals that do not bioaccumulate and show no cumulative adverse noncancer 

effects. 

Based on the characteristics of the contaminants of concern in the WM Program waste types, it was 

assumed in this risk analysis that chemical contaminants of concern do not significantly bioaccumulate. 

Accordingly, the exposure time for toxic chemicals was assumed to equal the release time. The release 

time was assumed to be equal to the total processing period for the waste type in question (e.g., 10 or 

20 years) . While this assumption may be somewhat conservative, it is applied across all installations; 

hence, the relative ranking of installations by risk will likely remain the same. 
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People are exposed to radionuclides by the same mechanisms as they are to chemicals. However, 

radionuclides may be present in forms such as simple salts that, when ingested, can be incorporated into 

body tissues (such as bone) more readily than many hazardous chemicals. Radionuclides may also adhere 

to particles that, once inhaled, are too small for the lungs to expel. In these circumstances, a radionuclide 

will stay in the body and continue to deliver a radiation dose long after the exposed person has stopped 

ingesting or inhaling the radionuclide. (The persistence time of a radionuclide in a living organism is 

measured in terms of the radionuclide's "effective half-life. " This is the period of time required for the 

amount of radionuclide in an organism to diminish 50 % from the combined action of radioactive decay 

and biological elimination.) 

Based on the radionuclides found in the WM waste types and ICRP guidance (ICRP, 1977; 1990), it was 

assumed that most ingested or inhaled radionuclides remain in the body and continue to expose the person 

for the rest of his or her life (i.e., the internal dose continues to accumulate). In risk analysis, this 

continuing, cumulative internal exposure period is referred to as the "commitment period. " A commitment 

period of 50 years was chosen for this study (ICRP, 1990). This time period reflects the average person's 

working lifetime beginning at age 18, and is a standard time period used in risk assessments . 

Accordingly, in this study, the risks from radionuclide exposure are calculated not just for the waste 

treatment time span (10 or 20 years, according to waste type) but as though the internal exposure period 

persists for a total of 50 years (this does not apply to external exposure to radiation). Therefore, the total 

EDE deposited in the body over the 50 years after intake of a radionuclide, called the "committed EDE," 

is used in the PEIS risk calculations. 

Because we do not have a clear understanding of the biological processes by which chemicals and 

radiation cause cancer, a conservative approach (and the one adopted in the PEIS) is to assume that there 

is no minimum or threshold value for exposures to carcinogens. This means that any exposure to a 

carcinogen increases the lifetime risk of cancer. Consequently, it is assumed that the risk of cancer 

accumulates with repeated exposures to carcinogens and that the risk of cancer from multiple exposures 

to multiple sources is additive. 

The risk of cancer fatality was calcula~ed for radionuclides but not for chemical carcinogens. This is 

because research and epidemiological studies have provided enough information to develop risk factors 

for both cancer incidence and fatality caused by radionuclides; however, there is not yet enough 

information to develop risk factors for cancer deaths resulting from chemical exposures. These differences 
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between the amounts of information available about cancers associated with chemical and radionuclide 

exposures have another implication: The risk of cancer incidence from exposure to hazardous chemicals 

is not, strictly speaking, directly comparable to the risk of cancer incidence from exposure to 

radionuclides (this becomes an issue only in the risk analyses for TRUW and LLMW, which contain both 

radionuclides and hazardous constituents). Readers should bear this in mind when assessing the risk 

analysis results. 

D.2. 7 Calculating Exposures for the PEIS Receptors 

This section presents a brief introduction to the methods used to model the fate and transport of chemical 

and radiological contaminants between their initial release and the point at which the various receptors 

are exposed, and to calculate the unit chemical intakes and radiological doses the receptors receive. 

For every potential contaminant in these studies, it was assumed that one unit amount of contaminant is 

released to various environmental media (e.g., air, soil, or groundwater); or, for worker exposures to 

radionuclides, is available to cause direct exposure. This unit is 1 Ci for radionuclides and 1 g for 

chemicals. Appropriate fate and transport models and dose assessment models were then used to estimate 

the exposures the various receptors sustain from this unit of contaminant. These models use information 

about the physical and chemical properties of the contaminants and the specific environmental setting in 

which the contaminants were released to calculate the direction in which the contaminants move; the rate 

at which they move into different environmental media (for example, air, soil, water); their dilution, 

dispersion, and degradation or decay; and their movement via the food chain. The models described 

below are discussed further in Section D.5 and in supporting ORNL technical reports (ORNL, 1995a, 

1995b, 1995c). 

D.2.7.1 Calculating Exposures to the Offsite and Noninvolved Populations, the 
Hypothetical Farm Family, and the Hypothetical Intruder 

Regulatory Considerations for Public Receptors. While there are regulatory standards governing the 

maximum permissible radionuclide and chemical exposures to members of the public (i.e., to all receptors 

other than waste management workers), the doses to these receptors were not limited in this analysis for 

two reasons. First, a waste management facility is a relatively controlled environment so worker 
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exposures are somewhat more easily monitored than exposures to the public. Second, leaving the 

predicted exposures to the offsite and noninvolved worker populations unmodified enables the reader to 

make a better assessment of the worst-case risks among the various PEIS alternatives. (Applicable 

environmental requirements would be taken into account in the implementation of a selected alternative). 

Estimating Doses from Contaminated Groundwater. For the groundwater pathway, the computer 

models DUST (Disposal Unit Source Term) (Sullivan, 1992), MEPAS (Multimedia Environmental 

Pollutant Assessment System) (Droppo et al., 1989), and DITTY (Dose in Ten Thousand Years) (derived 

from the GENII model) are used to simulate environmental transport of contaminants from the source 

(waste disposal location) to groundwater to potential receptors. Contaminant-specific unit rate of transfer 

(flux) rates out of the engineered disposal facility are generated by DUST and are used by MEPAS to 

simulate the transport of contaminants through the vadose zone (the area above the permanent 

groundwater level) and into the groundwater. The MEPAS model then predicts the environmental 

concentration of contaminants at various receptor locations as a function of time. For radionuclides, the 

7~year average concentrations from MEPAS are used by DITTY to predict the dose to receptors for each 

radionuclide. For hazardous chemicals, the 70-year average concentrations are multiplied by standard 

intake values for water and food to arrive at a contaminant-specific intake, which is multiplied by the size 

of the drinking water population to give the total contaminant dose for each 70-year period. 

Radioactive decay and ingrowth of daughter products are taken into account at several points during the 

estimation of dose from the groundwater pathway. Radioactive decay that occurs prior to the disposal 

facility breach is calculated, and the contaminant inventory is modified accordingly . Decay that occurs 

after the facility breach and during transport to the vadose zone is accounted for prior to the transfer of 

flux rates to MEPAS. The MEPAS model then accounts for radioactive decay and ingrowth involved in 

transport through the vadose and saturated zones. All doses from daughter products are attributed to the 

parent radionuclide in the analysis results. 

Estimating Radionuclide Doses from the Atmosphere. For atmospheric transport of radionuclides, 

doses are estimated by a program called GENII (Generation II of the Hanford Environmental Radiation 

Dosimetry Software System) (Napier et al., 1988 ). GENII contains algorithms, data, and methods for 

calculating radiological doses to various organs and tissues and for calculating EDEs based on ICRP 

guidance (ICRP, 1977, 1979). To create unit doses for the atmospheric release of radionuclides, GENII 

is run using an emission rate of 1 Ci per year for each radionuclide in the GENII library. The GENII 
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program then uses the modeled atmospheric concentrations to predict the unit dose to potential receptors. 

A separate unit dose is generated for both an acute (i.e., 24-h) release period and a one-year release 

period. The unit dose calculated for acute releases is used to evaluate the accidental release scenarios. The 

one-year unit dose is used to project cumulative doses associated with chronic release scenarios. This is 

accomplished using radionuclide-specific cumulative dose conversion equations, which calculate the 

cumulative EDE based on the number of years of release. As previously noted, when calculating the 

cumulative EDE, radioactivity is assumed to be continually deposited in the body for 50 years after 

exposure occurs. GENII also accounts for radioactive decay and ingrowth of daughter products; all doses 

from daughter products are attributed to the parent in the analysis results. 

Estimating Chemical Intakes from the Atmosphere. For chemicals, ISC2 dispersion models 

(Industrial Source Complex Dispersion Models, Version 2) (EPA, 1992) are used to estimate exposures 

to contaminants. To create site-specific unit intakes for the atmospheric release of chemicals, ISC2 is run 

using an emission rate of 1 g/s with site-specific information for wind distribution. The ISC2 model 

predicts atmospheric concentrations based on this emission rate for each block in a circular grid 

comprising 16 directional sectors (e.g., north, north-northeast, northeast, east-northeast, etc.) at 10 radial 

distances out to 80 km (50 mi) from the point of release, yielding a distribution of unit atmospheric 

concentrations. The highest concentration in a block with actual population is used to generate the MEi's 

intake, while the population-weighted average concentration is used ,to generate the population intake. 

Recall that, unlike radionuclides, there is no commitment period for · chemical exposures. To generate 

the unit intakes for chemicals, the unit air concentration predicted: by ISC2 is converted to a unit intake 

using standard exposure parameters developed by the EPA, such as how much air an average-sized adult 

breathes per day (EPA, 1991a). 

Estimating Doses and Intakes from Contaminated Soil for the Intruder Scenario. This estimate is 

based on the inventory of contaminants in the disposal facility. Contaminant concentrations in soil are 

derived for the intruder by (1) calculating the volume of the cylinder of soil removed from the waste 

facility during drilling; (2) multiplying the inventory in the disposal facility by the ratio of the well 

volume to the facility volume to derive the amount of contaminant removed by drilling; and (3) 

calculating the final concentration of contaminant in the 2,500-m2 farm plot after the contaminated well

drilling soil is mixed into the top 15 cm of plot soil. 
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The exposure pathways evaluated for radionuclides are direct radiation from the soil, ingestion of plants, 

inadvertent ingestion of soil, and inhalation of resuspended soil. The exposure pathways for chemicals 

are ingestion of plants, inadvertent ingestion of soil, and inhalation of resuspended soil. The GENII 

computer model is used to calculate the 50-year cumulative EDE for radionuclide exposures. This dose 

is multiplied by the appropriate risk factors to calculate the resulting potential cancer fatalities , cancer 

incidence, and genetic effects. Radioactive decay and ingrowth of daughter products are accounted for 

in both intruder scenarios. An enhanced version of the PRESTO computer model (Fields et al., 1986; 

Fields and Mellescue, in preparation) is used to calculate the cancer incidence for carcinogenic chemicals 

and the hazard index for noncarcinogenic chemicals. 

D.2.7.2 Calculating Exposures to Waste Management Workers 

Characterizing Waste Management Facilities and Treatment Proces~es. Estimating worker exposures 

calls for characterizing the various waste management facilities and treatment processes used in each 

alternative. To make comparative analysis possible, these characterizations are based on the co?ceptual 

designs of "generic" waste management facilities developed by EG&G Idaho, Inc., for estimating the 

costs associated with the various PEIS alternatives, and on consistent assumptions about worker activities 

and worker protection (EG&G, 1992). Each individual process or step of treating, storing, and disposing 

of a waste (such as retrieving waste from current storage, receiving and inspection, shredding and 

compaction, incineration, solidification, interim storage, packaging, shallow land burial, and below

ground vault disposal) is identified and analyzed separately for risk as a "module." Each module serves 

conceptually as a self-contained "box" within which worker exposures may occur; each can contain 

several submodules or worker activities (see ORNL, 1995b). 

Modules can be arranged to form "treatment trains" that contain all the processes required to treat, store, 

and dispose of a specific type of waste. A treatment train for solid LL W, for instance, might consist of 

size reduction (shredding), compaction, packaging, and shallow land burial. These generic modules are 

interchangeable and can be used as needed to formulate the treatment trains for all the different waste 

types in the analysis (for example, the incineration module is used in several of the treatment trains for 

HW, LL W, and LLMW; and the compaction module is used in many of the treatment trains for LL W, 

LLMW, and TRUW). 
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Estimating Staff'mg Requirements. Once the various types of waste management facilities have been 

characterized, staffing requirements are then estimated. To make it possible to compare estimated worker 

exposures to regulatory criteria, staffing was expressed as the number of "full-time equivalents " (FfEs). 

An FfE was assumed to be commensurate to one individual working full-time in a waste management 

facility. In reality, one FfE could represent several individuals who are not exposed full-time to waste 

management activities, but whose cumulative work time totals one FfE. Because the risk of exposure 

could be shared by more than one worker working less than full-time in a waste management facility, 

risks to actual individual workers might be overestimated. When interpreting the risk analysis results, 

readers may find it useful to think of an FrE as a hypothetical worker or "worker equivalent." Note that 

radiation doses to workers are expressed in FfE-rem instead of person-rem. 

The staffing requirements for facilities of various sizes were estimated using equations developed through 

linear regression analysis. These equations, which predict the number of FTEs needed according to 

facility capacity, were based on data points provided by EG&G Idaho, Inc. It was assumed that the 

facilities operate at 70% availability (i.e. , they are not operating the other 30% of the time). Workers 

are assumed to be exposed by treatment or handling processes 5.6 hours/day, 240 days/year, totaling 

1,344 hours/year (EG&G, 1992). 

Regulatory Considerations for Waste Management Workers. Regulatory requirements have been 

established to limit exposures of workers to radionuclides and hazardous chemicals . These requirements 

are generally considered to be conservative to ensure safe conditions for workers . Code of Federal 

Regulations, Title 10, Chapter 835 (abbreviated "10 CFR 835") and DOE Order 5480.11 specify that the 

maximum allowable worker exposure to radionuclides is 5 rem/year. However, DOE installations institute 

their own additional radioactive waste operations procedures and administrative exposure limits for 

workers. DOE facilities adhere to the principle that radiological exposures should be kept "as low as 

reasonably achievable" (the "ALARA" principle). Guidance documents such as the Occupational Safety 

and Health Guidance Manual for Hazardous Waste Site Activities, Standard Operating Safety Guides, and 

Field Standard Operating Procedures provide information oriented toward reducing exposures at 

hazardous waste sites. One of the primary assumptions of the worker risk analysis is that waste 

management worker exposures do not routinely exceed occupational exposure limits . This assumption is 

based on historical occupational exposure data showing that workers involved in routine operations are 

generally exposed to levels less than these limits . According to the DOE Radiological Control Manual 

(DOE, 1994), the DOE Administrative Control Level per person is 2,000 mrem. However, the Manual 
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also states that "an annual facility Administrative Control Level of 500 mrem or less should be 

challenging and achievable. An annual facility Administrative Control Level above 1,500 mrem is in 

most cases not sufficiently challenging to meet the goals of this Manual." Therefore, for the worker risk 

analysis, the radiation exposure guideline of 1,000 mrem/year (1 rem/year) is assumed to be the upper 

bound of worker exposure to radiation. 

Estimated air concentrations are also compared to occupational exposure criteria such as TLVs for 

chemicals and EPA derived air concentrations for radionuclides to evaluate worker exposure conditions. 

The methodology used to estimate worker risks assumes the use of good work practices under normal 

conditions. If a TL V is not available for a particular chemical, estimated air concentrations of that 

chemical may be compared instead to 10% of the IDLH concentration, as established by the National 

Institute of Occupational Safety and Health. The IDLH level is defined as the maximum air concentration 

to which an individual without a respirator can be exposed for 30 min without suffering escape-impairing 

or irreversible health effects; 10% of that level is considered the boundary between negligible and 

reversible health effects for a 30-min exposure (ORNL, 1995b). 

&timating Doses from Indoor Air. For indoor scenarios in which individuals work inside treatment, 

storage, and disposal facilities, air concentrations are estimated using a room model (Jayjock, 1988). 

Contaminant releases are assumed to be distributed evenly throughout the entire volume of the room 

where treatment takes place. Intakes or doses from inhalation are estimated for each module, contaminant, 

and worker classification. For the worker risk evaluation, 10% of the stack emissions are assumed to 

escape from the module into the room (EPA, 1989b). Stack emission rates from treatment, storage, and 

disposal facilities are provided by ANL. Dose conversion factors used to calculate committed EDEs for 

inhalation of radionuclides are obtained from the EPA (EPA, 1988). 

&timating Doses from External Radiation. Doses received by treatment, storage, and disposal workers 

.from exposure to radiation from sources external to the body (not inhaled or ingested) are calculated by 

taking into account the capacity of each module, worker types and numbers , exposure durations , and 

available shielding. With the aid of the MicroShield computer model (Grove Engineering, 1992), a "unit" 

EDE is calculated for workers within each module. MicroShield modeling is performed assuming that 

a unit concentration (1 Ci/m3) of each radionuclide is present. Since treatment periods are assumed for 

a maximum of 10 years , radioactive decay and ingrowth of daughter products are considered for a 
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five-year time period (average of the treatment period) in order to include external doses from 

photon-emitting daughter products. 

D.2.8 CALCULATING RlsKS 

This section describes how the unit doses and intakes estimated by modeling (as described in the previous 

section) are scaled up according to each installation's source term and how the PEIS human health risk 

estimates are calculated for the various alternatives. 

D.2.8.1 Scaling Unit Doses and Intakes According to Installation Source Term 

For each installation, a database is created of unit doses and intakes for all known contaminants. The 

database comprises numerous tables that contain waste-, site-, and exposure pathway-specific information. 

For radionuclides, the database contains tables of unit doses by site, receptor, contaminant, and pathway. 

For chemicals, the database contains tables of unit intakes by site, receptor, contaminant, and pathway. 

Once unit doses and intakes have been estimated for the contaminants at a particular installation for a 

particular alternative, they are scaled up based on the waste inventory at that installation. To estimate 

exposures to the offsite and noninvolved populations, intruder, and farm family posed by a particular 

contaminant at the installation, the inventory for that contaminant is first multiplied by the fraction of 

contaminant released during treatment, storage, and disposal activities. This product, the source term, 

is the estimated amount of contaminant released to the environment that could result in exposure via 

ingestion or inhalation. To estimate worker exposures, the unit exposure values are scaled by the 

inventory of contaminant present in each module for a particular installation. 

D.2.8.2 Calculating Risks from Unit Doses and Intakes 

Calculating Risks for Noncarcinogens. The health risk value for each noncarcinogenic hazardous 

chemical is estimated by dividing the intake by the appropriate chemical-specific toxicity value (e.g., the 

EPA RID) for all receptors but waste management workers. For workers, the estimated air concentration 

is divided by the ACGIH TL¥. The resulting quotients (called the "hazard quotient" and "exposure 
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ratio," respectively) express how closely the exposure to this toxicant, under the conditions in the 
' 

exposure scenario, approaches the EPA or ACGIH exposure standard (this concept is explained in greater 

detail in Sections D.2.9, D.2.10, and D.2.11). 

Calculating Risks for Carcinogens. Risks for carcinogens are estimated by multiplying the unit dose 

or intake by the appropriate cancer risk values from the EPA and the ICRP. For chemical carcinogens, 

EPA chemical-specific cancer potency factors are used (EPA, 1991b). The risk factors used for 

radionuclides are published in ICRP 60 (ICRP, 1990). The radiological risk factors for the public (all 

receptors except waste management workers) and waste management workers are shown in Table D.2-3. 

As stated above, these factors are multiplied by the EDE or committed EDE (for internal radiological 

exposures) sustained by a receptor or group of receptors to yield risk estimates associated with radiation 

exposure. The ICRP 60 risk factors are consistent with the recommendations of the DOE Office of 

National Environmental Policy Act Oversight and are contained in the preamble to the U.S. Nuclear 

Regulatory Commission's Standards for Protection Against Radiation, 56 Fed. Reg. 23363. 

Table D.2-3. ICRP Radiological Risk Factors Used in the PEIS Human Health Risk Evaluation 

Endpoint 

Cancer incidence 

Cancer fatality 

Genetic effects 

Risk Factor for Public Receptors 

0.0017/rem-lifetime 

0.0005/rem-lifetime 

0.0001/rem-lifetimeb 

Risk Factor for Workers 

0.0014/rem-lifetimea 

0.0004/rem-lifetirnea 

0 .00006/rem-lifetime b 

a The nominal probability coefficient for fatal cancers is used to derive the cancer incidence nominal probability coefficient. The 
probability of fatal cancer, F (which for workers is 80% of F, as described in ICRP 60) is divided by the lethality fraction, k, 
for each organ. The total cancers per organ are then summed over all organs to result in total cancer incidence nominal 
grobability coefficient of 0.0014. 

Includes weighting for severity of hereditary effects, but not for years of life lost should harm occur. 

Source: ICRP, 1990. 

Risk Factors for Construction and Operational Hazards. Construction and operational risks are 

calculated based on current Bureau of Labor Statistics and National Safety Council statistics for the 

number of construction fatalities per 100,000 full-time workers; the rate of injuries, illnesses, or lost 

work days per 100 full-time workers over 200,000 work hours; and the risk of operational fatality, 
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illness, or injury to sanitary (sewerage and refuse) services workers (including both government and 

private industry employees). 

Calculating Risks to the Public (All Receptors Except Waste Management Workers). The following 

example summarizes the steps involved in calculating risk for the offsite population: 

• Calculating Unit Dose-Assuming that 1 Ci of plutonium-238 is released per year from one 
treatment module in LLW Treatment Facility No. 2 at Installation X, a unit dose of 
0.0001 rem/Ci/year is calculated, using the computer model GENII, for inhalation of plutonium-238 
by the offsite population. 

• Calculating Exposure to the Offsite Population-The unit dose of 0.0001 rem/Ci/year is multiplied 
by the source term, which is the inventory of plutonium-238 (expressed in Ci) released per year. 
Assuming that the source term for plutonium-238 emissions from one treatment module in LL W 
Treatment Facility No. 2 at Installation X is 20 Ci/year: 

0.0001 rem/Ci/year x 20 Ci/year = 0.002 person-rem (1) 

• Calculating Annual Risk of Cancer Fatalities-The annual risk for cancer fatalities resulting from 
the release of plutonium-238 from one treatment module in LL W Treatment Facility No. 2 at 
Installation X is calculated by multiplying the dose calculated in equation ( 1) above by the risk factor 
for cancer fatalities for the offsite population (Table D.2-3) to obtain the annual risk for release of 
plutonium-238 from one treatment module in LLW Treatment Facility No. 2 at Installation X: 

0.002 person-rem x 0.0005/person-rem = 0.000001 (or one in one million) (2) 

• Calculating Cumulative Risk for Entire Release Period-To calculate the cumulative cancer 
fatality risk release of plutonium-238 from one treatment module in LL W Treatment Facility No. 2 
at Installation X for the entire 20-year release period, the annual risk calculated in equation (2) above 
is multiplied by 20: 

0.000001/year x 20 years = 0.00002 (or 2 in 100,000) over 20 years (3) 

The risks for all of the contaminants in the installation's source term are calculated as described in the 

four steps above, then summed to yield the total risk for each exposure pathway. The risks for each 

pathway associated with a treatment module are summed to give a risk for each module. The risks for 

all modules are summed to give a risk for each waste type. The risks for treatment of each waste type 

at an installation can then be summed to give the installation's total risk. Population risk estimates 

represent the estimated number of occurrences of a health effect such as cancer incidence, cancer fatality, 

or genetic effects within the total population. A risk estimate for an individual (i.e., for the MEls) is the 

estimated probability that the individual will develop a particular health effect. 
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Calculating Risks to Waste Management Workers. Risks to waste management workers from exposure 

to a unit amount of contaminant are estimated using unit doses similar to the those described above. 

Worker risks are calculated by the following steps: 

• Waste management modules, treatment trains, worker types, and staffing estimates are characterized 
as described in Section D.2.7.2. 

• Unit doses and intakes for each technology or module are then calculated. 

• Worker exposures are estimated based on unit intakes and doses, installation/module-specific 
contaminant inventories and waste throughputs, and module-specific person-hours required to 
perform the selected technologies or activities. 

• The risks of injury and death from physical trauma (crushing, burning, electrocution, etc.) during 
construction and operation of waste management facilities are calculated based on worker person
hours and current Bureau of Labor Statistics and National Safety Council data, as described in 
Section D.2.8.1 and the ORNL worker risk methodology (ORNL, 1995b). 

For example, assume that a rate of 0.00005 deaths per person-hour from physical trauma is expected for 

workers involved in heavy construction. If an estimated 20,000 person-hours are required to build a 

treatment facility, then: 

20,000 person-hours x 0.00005 deaths/person-hour = 1 (4) 

Therefore, one death is estimated to occur during facility construction. 

D.2.9 CALCULATING AND INTERPRETING THE HAZARD INDEX 

The hazard index is an indicator of the total additive, non-cancer toxicity from exposure to mixtures of 

hazardous chemicals (EPA, 1991a). It is calculated for the offsite and noninvolved worker MEis at each 

installation, by alternative, for both routine waste management operations and potential accidents. The 

highest offsite and noninvolved worker hazard indices for a particular alternative represent the estimated 

highest noncarcinogenic chemical exposure that an offsite individual and individual noninvolved worker, 

respectively, would receive at any installation under that scenario. 

The first step in calculating the hazard index is to estimate the receptor's predicted exposure to a 

hazardous chemical in the waste mixture, and divide the predicted exposure level by that chemical's 
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maximum acceptable level (the level to which a person can be exposed 24 hours/day over a 70-year 

lifetime without developing adverse effects). These maximum acceptable levels are determined based on 

EPA RfDs and RfCs. 

The resulting number from this calculation is the "hazard quotient." Hazard quotients are calculated for 

all of the hazardous components in the mixture and the results are summed to yield the hazard index. 

Hazard index estimates should be interpreted according to EPA risk assessment guidelines (EPA, 1991a). 

According to this guidance, if the hazard index is less than or equal to 1.0, the exposure is unlikely to 

produce adverse toxic affects. However, the closer the hazard index is to 1.0, the more concern about 

the potential hazard of the chemical mixture increases. If the index exceeds 1. 0, the concern is the same 

as if an individ1,1al chemical exposure had exceeded its acceptable level by the same proportion. While 

the hazard index does not provide a statistical probability that a particular mixture at a particular exposure 

level will cause a particular adverse effect (recall that below-threshold exposures for single components 

of a mixture may not contribute to adverse effects), it can serve as an indicator of the relative potential 

for causing harm. For a more detailed explanation of this concept, refer to supporting technical reports 

by ORNL (1995b, 1995c). 

If a contaminant has no RID, it is excluded from the public risk analysis and the effect of excluding it 

is discussed in the results . 

D.2.10 CALCULATING AND INTERPRETING TIIE EXPOSURE INDEX 

For routine waste management operations, the exposure index is calculated for the most-exposed FfE 

("worker equivalent") instead of the hazard index. Like the hazard index, the exposure index is an 

estimate of the worst-case, total non-cancer toxicity from exposure to hazardous chemicals (EPA, 1991a). 

However, it is based on occupational exposure (which is episodic) rather than continuous, residential-type 

exposure. 

The first step in determining the exposure index is to divide the concentration of each hazardous chemical 

in the workroom air by its TLV to yield an "exposure ratio" for each chemical. TLVs are typically time

weighted average exposure concentrations considered safe for a normal 8-hour (or 10-hour) work day and 
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a 40-hour work week. The TLVs for an 8-hour work day were used for this analysis when available 

(ACGIH, 1992). 

The exposure ratios for all of the chemicals in the workroom air are summed to determine the exposure 

index. Results greater than 1.0 indicate exppsure at levels higher than recommended and an increased 

likelihood of adverse health effects. Similar t(,l the hazard index, the exposure index in the results shows 

the highest chemical exposure to the most-exposed FTE at any installation under a particular alternative. 

If no TLV or IDLH concentration has been determined for a particular contaminant, it is not included 

in the worker risk estimates. If an excluded ·contaminant comprises a significant percentage of the waste, 

the results discussion for that waste addresses the effect of excluding it. 

D.2.11 CALCULATING AND INTERPRETING TIIE IDLH INDEX FOR ACCIDENTS 

For accidents involving hazardous , nopcarcinogenic wastes, the IDLH index, instead of the exposure 

index, is determined for FTEs. The IDLH index is similar in concept to the exposure index and is 

calculated similarly for the most-exposed FTE at any installation under a particular alternative. However, 

it is based on comparison to contaminant air concentrations that impair escape or are immediately 

dangerous to life and health if exposure lasts more than 30 min. An IDLH index greater than 1.0 

indicates an increased likelihood of immediate danger to life and health (whereas an exposure index 

greater than 1.0 indicates exposure at a level higher than recommended for a safe work environment). 

The IDLH index is used for accidents based on the assumption that if exposure to a contaminant does not 

impair escape or threaten health or life for at least 30 min, this exposure does not impair escape or 

threaten health or life in the few seconds or minutes postulated for the accident scenarios analyzed in this 

part of the PEIS . 

D.2.12 AsSESSING TIIE RISKS FROM POTENTIAL ACCIDENTS 

This section provides a brief overview of the methodology for calculating accident risks ; additional details 

can be found in (ORNL, 1995b). 
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There are two general types of accidents likely to affect waste management operations: operational 

accidents involving waste management workers in the course of routine waste management activities; and 

external events, which are accidents caused by forces or events outside of waste management operations. 

Operational accidents include handling mishaps, explosions, uncontrolled reactions, fires, and leaks or 

spills. External events include those caused by humans (such as airplane crashes) and natural phenomena 

(such as earthquakes, e:1Ctreme winds or tornadoes, and volcanoes). One or more of these types of 

accidents were postulated and evaluated for all WM Program waste types as part of the PEIS human 

health risk analysis. The rationale for the design and selection of the PEIS accident scenarios can be found 

in Appendix F. In general, worst-case accidents (such as an earthquake followed by fire and explosion) 

and accidents that are likely to occur during waste management operations (such as drum-handling 

accidents) have been selected to represent the spectrum of potential accidents. 

In all accident scenarios, one shift of workers is assumed to be present in the facility when the accident 

occurs. The workers are assumed not to be using personal protective equipment because adequate 

engineering and administrative controls are assumed to be in place to protect them during routine 

operations. It is assumed that workers are not blocked or injured by falling or burning debris, and are 

not so overcome by heat or smoke that they cannot escape from the accident scene. The injuries or 

fatalities considered in the risk analysis result solely from the radiological and/or chemical exposure the 

workers receive in the accident. 

It is assumed that when an accident occurs, the released contaminants mix uniformly into a specified 

volume of air. The size and shape of this volume vary according to waste type and accident scenario. The 

concentration of contaminants in this volume of air is the concentration to which workers are exposed. 

Exposure durations vary depending on the type of accident and whether it occurs indoors or outdoors. 

Any contamination that escapes during the accident is assumed to disperse to the offsite and noninvolved 

worker populations via the atmosphere. Both populations are at risk from inhaling contaminated air. In 

addition, the offsite population may be directly exposed by contaminated soils, and by ingesting 

contaminated water, soil, meat, and agricultural products (ORNL, 1995a). The resulting health effects 

and their duration depend on the type of contaminant(s) released and the exposure pathway(s) and route(s) 

(ORNL, 1995a). Because the exposure pathways and routes may be different for the offsite and 

noninvolved worker populations than for workers, the contaminant of greatest concern to these non

worker populations may be different from the contaminant causing the most risk to workers. 
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The population distributions and meteorological monitoring data used in the accident analyses can be 

found in the technical report, "PEIS Installations Descriptions" (ORNL, 1995d). Any additional 

assumptions used in evaluating accident risks are noted in the text where appropriate. 

D.2.12.1 Predicted Annual Frequency of Accidents 

Each accident type in the PEIS risk evaluation is assigned an estimated annual frequency of occurrence 

as follows (see Appendix F): 

• Anticipated (greater than 1 chance in 100) 

• Unlikely (between 1 chance in 100 and 1 chance in 10,000) 

• Very unlikely (between 1 chance in 10,000 and 1 chance in 1,000,000) 

• Extremely unlikely (less than 1 in 1,000,000) 

For example, incinerator ash explosions during the processing of LL W are considered to be anticipated, 

while a large aircraft impact with fire and explosion is considered extremely unlikely . 

The accident risk estimates presented in the results section reflect only the consequence of each accident 

as though it occurs; the estimated annual frequency is not factored into these results. However, when 

considering the results, readers should bear both of these parameters in mind. There may be cases in 

which an accident scenario has extremely serious projected consequences but the probability that it will 

occur is extremely remote. Conversely, an accident with relatively small consequences may be of 

substantial concern because it is predicted to occur relatively often. 

D.2.13 CONTENTS OF TIIE RISK ANALYSIS TABLES 

The risk analysis results tables in the subsequent sections of this appendix present a breakdown of the 

total human health risks associated with managing and disposing of that waste under its waste 

consolidation alternatives. For each of the waste types, the tables show: 
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• The estimated risk to each total offsite and noninvolved worker population, their respective MEis, 
and waste management workers of developing cancer, dying of cancer, or suffering adverse genetic 
effects from exposure to chemicals and/or radionuclides, by alternative and installation. 

• The risks to waste management workers of death or injury from physical trauma during waste 
management activities and the construction of waste management facilities, by alternative and 
installation (it is assumed that no contaminants are released during these events so physical hazards 
can be assessed separately from chemical and radiological hazards). 

• A hazard index calculation for the offsite and noninvolved worker MEis, indicating the greatest 
likelihood of noncancer toxicity from continuous exposµre to chemical contaminants, by alternative. 

• An exposure index calculation for the most-exposed FTE (hypothetical worker or "worker 
equivalent"), indicating the greatest likelihood of noncancer toxicity effects from work-day (episodic) 
exposure to chemical contaminants, by alternative. 

• The risks to waste management workers, the most-exposed generation of the hypothetical farm 
family, and all generations of the farm family from disposal of LL W and LLMW, by alternative and 
installation. 

• The risks to the hypothetical intruder for intrusion at 100 years and 300 years, by alternative. 

• The risks to all populations and MEis from potential accidents, by alternative. 

D.2.14 READING AND INTERPRETING THE RISK AND fROBABILITY NUMBERS 

The numbers in the results tables are displayed in the standard "scientific" (exponential) notation used 

in risk assessment and are read as follows. Assume that a table contains the entry 5.0E-1 to represent the 

total estimated operations fatalities to waste management workers incinerating a particular waste under 

a regionalized alternative. The notation "E-1" indicates the power of 10 by which the leftmost, two-digit 

number (in this case, 5.0) is to be multiplied. Therefore, 5 .0 is multiplied by 10·1 (0.1) to yield 0.5. This 

result means it is predicted that nationwide operations for that waste type under this regionalized 

alternative will result in an estimated 0.5 fatality during routine incineration operations over the total 

processing period for that waste (e.g., 10 or 20 years). Note that the estimate in this example is a 

fraction of 1, that is, a number less than 1. This means that over the period studied (under the 

assumptions used in the risk analysis), no waste management workers are estimated to die as a result of 

routine incinerator operations. (However, note that there is some degree of error in any risk estimate due 

to uncertainties in the assumptions, data, models, etc., used to perform the analysis; see Sections D.2.15 

and D.4). 
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Probability is expressed as a number between zero and one. If there is no chance that a particular event 

will occur, it is assigned a probability of zero; if that event is certain to occur, its probability is one. The 

probability that the offsite and noninvolved worker MEis will develop or die of cancer, or manifest 

noncancer toxicity, etc., is expressed in the same notation as risk. Assume that a table contains the entry 

3.0E-6 to represent the probability that the noninvolved worker MEI for a particular waste type scenario 

will develop cancer from exposure to a radioactive waste. The notation 3.0E-6 indicates that 3.0 is 

multiplied by 10-6 (0.000001). Therefore, this probability is 0.000003, which means that there are 3 

chances in 1,000,000 that, over the total waste processing period, the noninvolved worker MEI will 

develop cancer from exposure to that radioactive waste. (Again, note that this estimate will be affected 

by any uncertainties associated with the risk calculations.) 

To place the risk estimates in this appendix in perspective, it may be useful to compare them to the 

exposure level guidelines in 40 CFR 300.430(e)(2) and (EPA, 1991b). According to those guidelines, the 

target exposure level (or risk goal) for an individual member of the public to known or suspected 

carcinogens is generally taken to be that concentration that poses an excess lifetime risk of cancer 

incidence between l.OE-4 and l.0E-6. It follows that individual risks of cancer incidence below l.0E-6 

are generally considered to meet this goal while risks above 1. 0E-4 may indicate that action is necessary 

to reduce risks. Note that these guidelines should be considered as an attempt to define action levels and 

not to represent any value judgements about acceptable or unacceptable risks . 

As discussed in preceding sections, the maximum exposure to workers allowed under 10 CFR 835 and 

DOE Order 5480.11 is 5 rem/year. In contrast, DOE Order 5400.5 states that the maximum annual 

allowable radiation dose to the members of the public from DOE-operated nuclear facilities is 100 

mrem/year. For perspective, it is estimated that the average individual in the United States receives a dose 

of about 300 mrem (0.3 rem)/year from all sources combined, including medical sources of radiation 

(such as x-rays) and natural background radiation (such as radon gas). A modem chest x-ray results in 

a dose of approximately 8 mrem, while a diagnostic hip x-ray results in a dose of approximately 83 

mrem. A person must receive an acute (short-term) dose of approximately 600,000 mrem before there 

is a high probability of near-term death (NAS/NRC, 1990). 

Since the offsite and noninvolved worker MEis at each installation receive the worst-case public 

exposures to contaminants (the per capita exposure to an entire popuJation is always lower than the MEI's 
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exposure), readers might wish to compare the risks for these most-exposed receptors to the EPA 

guidelines above. 

Note that the estimated risks of injury to waste management workers take into account all on-the-job 

injuries from the most minor to the most severe. Similarly, the risks to all receptors of adverse effects 

from noncarcinogenic, hazardous chemicals (expressed as the hazard and exposure indices) consider all 

adverse manifestations with no indication of their severity. 

Finally, there are two ways to examine and compare the risks between alternatives in this risk analysis: 

at the program level and at the installation level. This is illustrated in the following example. 

Consider a decentralized alternative (for example, Hypothetical Alternative 1) that affects the populations 

at 14 installations and a centralized alternative (Hypothetical Alternative 2) that affects the population at 

only 1 installation. If the total risks across all installations in Hypothetical Alternative 1 are numerically 

higher than the total risks for the one installation in Hypothetical Alternative 2, Hypothetical Alternative 

1 is the highest-risk alternative at the program level. However, the reader may find it useful in some 

instances to look at these risks at the installation level as well. 

Suppose the overall program-wide risk of cancer incidence from radionuclide exposure in Hypothetical 

Alternative 1 is 8.0E-1, and this total risk is distributed across 23 million people, the sum of the offsite 

populations at all 14 installations involved in that alternative. If this program-wide risk, 8.0E-1, is divided 

by the total affected population, 23 million, the resulting number is: 

8.0E-1 (total risk for alternative) ~ 23,000,000 people affected overall = 3.5E-8 

This result, 3.5E-8, might be considered the "average" risk to an individual member of the program-wide 

offsite population. (Note that this number is not the risk to the MEI, and will in all cases be :less than 

the risk to the MEI. This is because, on average, individual members of the population receive less 

exposure, by definition, ,than the MEI, the most-exposed member of the population.) 

If this so-called "average" individual risk is compared to EPA risk assessment guidelines, it is found to 

be 1.5 orders of magnitude below l .0E-6, or within what is considered to be the target risk range. 
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Although this "average" individual risk is not a formal construct in risk analysis, it may be useful in 

helping the reader compare the risks among alternatives or installations . "Average" risks will be brought 

to the reader's attention in the text and tables as needed to clarify the risks posed by particular alternatives 

or installations. 

D.2.15 OVERVIEW OF UNCERTAINTIES IN TIIE PEIS RISK ANALYSIS PROCESS 

The results of any human health risk assessment are conditional estimates based on multiple assumptions 

about exposure, toxicity, release of contaminants into the environment, human behavior patterns, and 

other variables. Therefore, the uncertainties accompanying the analysis should be evaluated to place these 

risk estimates in proper perspective. Uncertainties can be classified into three broad categories: 

• Model uncertainty 

• Scenario uncertainty 

• Parameter uncertainty 

Model uncertainty can result from the general limitations of mathematical models . Modeling involves 

trying to simulate a process that is inherently complex using a fixed and relatively small number of 

variables. Model uncertainty is usually estimated in the verification and validation phase of model 

development. Model uncertainty can also result from the inappropriate application of a model to a 

particular scenario (for instance, in situations for which no model has been specifically designed, and 

existing models must be adapted for use). 

Scenario uncertainty may result from a generalized or incorrect conceptualization of a contaminant release 

or an exposure scenario. For example, there may be errors in the generalized assumptions concerning 

the amount of contaminants released, the spatial distribution of potential receptors, and the intake 

parameters considered for the receptors. 

Parameter uncertainty may result from sampling errors, natural variability of the parameter, or the use 

of generic data (data that are not site-specific). The fate and transport models used to estimate risks for 

the PEIS require large amounts of data, including meteorological measurements, hydrogeologic settings, 
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and release parameters. Actual data are used where possible, but generic data are often substituted where 

site-specific data are unavailable. 

Keep in mind that the goal of the PEIS risk analyses is to evaluate the relative differences in risks among 

the various waste management alternatives if implemented nationwide. The assumptions made in 

performing this program-level evaluation were intended to yield reasonably conservative risk estimates 

(i.e., estimates that tend to overestimate rather than underestimate risk) using the best available data and 

state-of-the-art models. Given the programmatic nature of the PEIS and the use of the unit approach to 

risk assessment (ORNL, 1995c), many of the uncertainties associated with the PEIS risk estimates are 

"systematic." That is, many modeling and scenario assumptions were applied consistently-that is, 

"systematically"-throughout the analysis (such as facility emission rates for particular types of waste 

treatment or storage, inhalation rates, etc.). Therefore, the relative differences in risk estimates among 

waste management alternatives should not be affected by errors associated with these systematically 

applied assumptions. For example, if consumption of contaminated agricultural food products by the 

offsite population was overestimated for one alternative, it was similarly overestimated for all other 

alternatives. 

Other uncertainties in risk estimates may be specific to assumptions about a particular scenario or 

installation (such as wind conditions, crop yields, etc.). Section D.4 presents an evaluation of some of 

these parameter uncertainties associated with the PEIS health risk estimates . In addition, readers may also 

wish to refer to the modeling literature cited in the reference list (Section D.6) . 

D.3 Risk Analysis By Waste Stream 

This section contains a summary of the risk analysis for both routine waste management operations and 

potential accidents associated with each of the DOE WM Program waste streams. The information for 

each waste stream includes a brief definition of the waste, an overview of the alternatives analyzed, the 

special assumptions and considerations used in the analysis, tables showing the results of the analysis, 

and results summaries. 
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D.3.1 HIGH-LEVEL WASTE 

High-level waste (HLW) is the highly radioactive material resulting from the reprocessing of spent 

nuclear fuel. When spent nuclear fuel is reprocessed, reactor fuel elements are divided and dissolved to 

separate plutonium and uranium from their fission products; the plutonium and uranium can then be 

reused. The byproduct, HL W, includes liquid waste produced directly in reprocessing as well as any solid 

waste derived from the liquid, and contains a combination of TRUW and fission products in 

concentrations requiring careful handling and permanent isolation (DOE, 1988). Because a variety of 

solvents, acids, and alkaline agents are used in spent nuclear fuel reprocessing as well as in treatment, 

HL W may also contain hazardous waste components (nonradioactive but hazardous substances subject 

to Resource Conservation and Recovery Act regulation). However, once HLW has been vitrified 

(vitrification involves mixing the waste with glass-forming frit; heating the mixture to fuse it into a glass, 

ceramic, or other noncrystalline solid; and storing the immobilized waste in sealed, decontaminated metal 

canisters), these are no longer present or are immobilized in the glass matrix and are no longer emitted. 

DOE has determined that spent nuclear fuel reprocessing will be phased out as soon as possible; 

therefore, liquid HL W will no longer be generated in the future. 

Four installations manage DOE-owned HLW (note that the abbreviations given here are used in the tables 

in this appendix): 

• Hanford Site (Hanford), Richland, Washington 

• Idaho National Engineering Laboratory (INEL), Idaho Falls, Idaho 

• Savannah River Site (SRS), Aiken, South Carolina 

• West Valley Demonstration Project (WVDP), West Valley, New York 

Because DOE has already selected vitrification as the method for immobilizing HL W, evaluations were 

performed only for the worker risks associated with interim storage of the resulting HL W canisters 

pending final disposal in a national geologic repository. Public risks were not evaluated for interim 

storage because the offsite population would be at negligible risk of exposure. However, public risks were 

calculated for potential accidents; the results are presented in Sections D.3.1.5 through D.3.1.8. 

Transportation risks are presented in Appendix E. 
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Chapters 3 and 9 of the PEIS and the HL W technical report (ANL, 1995a) provide more detailed 

information on this waste including HLW inventories at DOE installations, estimated release rates, 

treatment categories used in the PEIS, and the process for developing the PEIS HLW alternatives. 

D.3.1.1 Summary of HLW Alternatives 

The PEIS waste management alternatives (No Action, Decentralized, Regionalized, and Centralized) and 

the rationale for developing them are discussed rigorously in the main body of the PEIS. Five HL W 

alternatives (the No Action, Decentralized, Regionalized l, Regionalized 2, and Centralized alternatives) 

were analyzed. For each alternative, two cases-designated Storage Cases l and 2-were analyzed. In 

Storage Case 1, it was assumed that a geologic repository would be available in 2015 and would accept 

HL W canisters at a rate of 800/year. In Storage Case 2, it was assumed that there would be a delay in 

the availability of a geologic repository past 2015, but that when the repository began accepting HLW, 

it would accept canisters at a rate of 800/year. For each alternative except the Centralized Alternative, 

the number of canisters produced and stored at each installation is identical between Storage Cases 1 and 

2. In Storage Case 1 of the Centralized Alternative, Hanford stores only the portion of canisters produced 

by SRS and INEL until 2015; and in Storage Case 2 of the Centralized Alternative, Hanford stores all 

of the SRS and INEL canisters. 

• 

• 

• 

• 

• 

In the No Action Alternative, HLW canisters are stored in existing and approved interim storage 
facilities at Hanford, SRS, and WVDP. No interim storage facility exists or has been approved for 
INEL; therefore, no risks are calculated for INEL under the No Action Alternative. 

In the Decentralized Alternative, each of the four installations continues to store its own inventory 
of immobilized HL W awaiting ultimate disposal in a national geologic repository. 

In the Regionalized Alternative 1, 300 vitrified canisters of HLW from WVDP are shipped to SRS 
to be stored there until final disposition. Hanford and INEL store their own HL W. 

In the Regionalized Alternative 2, 300 canisters of HLW from WVDP are shipped to Hanford for 
interim storage. SRS and INEL store their own HL W. 

In Storage Case 1 of the Centralized Alternative, 2,373 canisters from SRS, 327 from INEL, and 
300 from WVDP are transported to Hanford for interim storage until a geologic repository is 
available. The remaining canisters produced at SRS (2,199) and INEL (8,173) are stored onsite until 
the geologic repository is in operation. In Storage Case 2, Hanford stores all SRS and INEL 
canisters (a total of 28,372) and would require additional storage capacity. 
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Construction hazards were analyzed for the installations where additional storage facilities would be 

needed until the opening of a national geologic repository in the year 2015 or later. 

Table D. 3 .1-1 depicts the five HL W alternatives and shows which installations ship their wastes to 

regional or central consolidation sites for interim storage. The numbers in parentheses are the numbers 

of canisters stored at the installation. For each alternative, Storage Cases 1 and 2 are identical to one 

another except in the Centralized Alternative, in which Hanford would store all of the SRS and INEL 

canisters (making a total of 28,372 HLW canisters at Hanford) . 

Table D.3.1-1. PEIS Waste Consolidation Altemativesfor HLW 

Alternative Hanford INEL SRS WVDP 

No Action Ship - - - -
(both storage cases) Store · Hanford (750) - ·· SRS" (4,572) ·: WVDP (300). 

Decentralized Ship - - - -
(both storage cases) 

Store = Hanford•. (15,000) INEL". (8 ;500). SRS• (4,572) \ WVDP (300) =·· 
Regionalized 1 Ship - - - $tore temporarily.for 6. 
(both storage cases) 

:Store Hanford'. (15,000} INEL.1. (8;500) .. · SRS•(4,872) . 
years theuhip:300 .to ·. 

: . ·SRS/.· 

Regionalized 2 Ship - - - \ ~tore· temporarily. for =,= 
(both storage cases) 

Store Hanford'. (15,300) INEL~.(8,500) SRS~ (4,572) 
16 years. then ship 300 : 

to•Hanford 

Centralized- Ship - Ship 327 to Hanford Ship 2,373 to Hanford Ship 300 to Hanford 
Storage Case 1 

Store Hanford,. (18,000) INEL1 (8 ,173) SRS .. (2.199) - ·· 

Centralized- Ship - Ship 8,500 to Hanford Ship 4,572 to Hanford Ship 300 to Hanford 
Storage Case 2 

Store Hanford' (28;372) - ·· · 
. 

- ·· · - · · · 

a Construction of a new storage facility is required. 

D.3.1.2 Special Assumptions and Considerations Used in the HLW Risk Analysis 

Once HL W has been vitrified, sealed in stainless steel canisters, decontaminated, and moved into 

dedicated storage, there is expected to be very little risk of exposing the public to these materials under 

routine (nonaccident) conditions; therefore, only routine operational worker risks associated with interim 

storage of treated HL W were evaluated. These include risks associated with exposure to radiation and 

with operational or construction hazards. Risk estimates were based on expected worker person-hours 

associated with loading and storage activities . Potential exposures and health risks to the public and 
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workers from accidental releases during HL W storage are considered in Sections D. 3 .1. 5, D. 3 .1. 6, and 

D.3.1.7. 

Interim storage is defined as long-term storage prior to disposal in a geologic repository. Temporary 

storage is defined as more short-term storage prior to shipment to another installation for interim storage 

pending disposal in a geologic repository. For the purposes of this analysis, all shipments of HLW are 

assumed to be by truck. 

It was assumed that the canisters are thoroughly decontaminated before they are transported to interim 

storage; this would remove any radioactive residue from the outside of a canister that could be inhaled, 

ingested, or transferred to the skin. Therefore, WM workers would be subject only to radiation that 

penetrates the HL W canister wall (this is termed II external II or II direct II radiation) and to the physical 

hazards associated with construction and routine facility operations. It was also assumed that HLW 

treatment would remove or immobilize any hazardous, nonradioactive components; therefore, there would 

be little or no risk of chemical carcinogenesis or toxic effects. 

D.3.1.3 Results Tables for the HLW Human Health Risk Analysis 

This section contains the results tables for the HLW human health risk analysis . A discussion of the 

results is presented in Section D.3.1.4. The fatality and cancer incidence numbers in the tables are 

displayed in the standard exponential notation used in risk assessment; directions on reading this notation 

and a more complete description of the types of information in the tables are given in Section D.2. 

• Table D.3.1-2 presents an overview, by alternative (for Storage Case 1 only), of the total, program
wide risks of cancer fatalities, cancer incidence, and construction and operational fatalities to waste 
management workers. This table provides the estimated total number of workers involved in storage 
and handling activities who will develop or die of cancers caused by exposure to HL W over the next 
50 years if a particular alternative is implemented nationwide. In addition, it shows the estimated 
total number of workers who will be killed in construction and operational activities associated with 
storage and handling of HL W. 

• Tables D.3.1-3 through D.3.1-7 show the program-wide worker risks by health effect and Storage 
Case 1 alternative. 

• Tables D.3.1-8 through D.3.1-12 present the worker population risks for each installation, by 
Storage Case 1 alternative. 
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• Tables D.3.1-13 and D.3.1-14 present the incremental annual risk for each Storage Case 2 
alternative (where the repository opening is delayed past 2015) . These risk numbers show the 
additional risk per year from storage past 2015 . 

• Table D.3.1-15 presents the additional risks at Hanford for the Storage Case 2 Centralized 
Alternative. This alternative requires Hanford to accept all canisters of HL W produced at WVDP, 
INEL, and SRS which will result in more loading and unloading risks and additional construction 
risks . 
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Table D.3.1-2. Summary of Program-Wide Ri.sks Associated with Routine Management 
of HLW: Risks to Worker Population Under Storage Case 1, by Alternative 

Storage Case 1 Alternative 
Total er c1· 

Fatalities" 

No Action 1.7 1.8 6.4 

Decentralized 3.7 2.7 9.8 

Regionalized 1 3.8 2.8 9.9 

Regionalized 2 3.7 2.8 9.9 

Centralized 4.0 3.0 l.0El 

a Sum of fatalities from construction, operation, and cancer associated with exposure to radionuclides. 
b CF-Cancer fatality associated with exposure to radionuclides. 
c CI-Cancer incidence. 
d C&OF-Construction and operational fatalities. 

C&OFI 

5.0E-1 

9.8E-1 

9.9E-1 

9.2E-1 

9.9E-1 

Table D.3.1-3. Program-Wide Risks Associated with Managing HLW Under 
Storage Case 1 of the No Action Alternative, by Health Endpoint 

Receptor Endpoint Radionuclides 
Physical 
Hazards 

Dose (FfE-rem) 4:5E3 

Cancer Fatalities 1.8 

Cancer Incidence 6.4 

WM Workers 
Genetic Effects 2.7E-1 

' Construction Fatalities 2.4E-2 

Construction Injuries l .0El 
Operation Fatalities 4 .7E-l 

Operation Injuries 4.0E2 
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Table D.3.1-4. Program-Wide Risks Associated with Managi,ng HLW Under 
Storage Case 1 of the Decentralized Alternative, by Health Endpoint 

Receptor Endpoint Radionuclides 
Physical 
Ha7.ards 

Dose (FTE-rem) 7.0E3 

Cancer Fatalities 2.7 

Cancer Incidence 9.8 

WM Workers 
Genetic Effects 4.2E-l 

Construction Fatalities 2.0E-1 

Construction Injuries 8.8El 

Operation Fatalities 7.7E-l 

Operation Injuries 6.5E2 

Table D.3.1-5. Program-Wide Risks Associated with Managi,ng HLW Under 
Storage Case 1 of the Regi.onalized Alternative 1, by Health Endpoint 

Receptor Endpoint Radionuclides 
Physical 
Hazards 

Dose (FfE-rem) 7.1E3 

Cancer Fatalities 2.8 

Cancer Incidence 9.9 

Genetic Effects 4.2E-l 
WM Workers 

2.0E-1 Construction Fatalities 

Construction Injuries 8.9El 

Operation Fatalities 7.8E-l 

Operation Injuries 6.6E2 
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Table D.3.1-6. Program-Wide Risks Associated with Managi,ng HLW Under 
Storage Case 1 of the Regi,onalized Alternative 2, by Health Endpoint 

Receptor Endpoint Radionuclides 
Physical 
Hazards 

Dose (FI'E-rem) 7.0E3 

Cancer Fatalities 2.8 

Cancer Incidence 9.9 

WM Workers 
Genetic Effects 4.2E-l 

Construction Fatalities 2.0E-1 

Construction Injuries 8.8El 

Operation Fatalities 7.lE-1 

Operation Injuries 6.0E2 

Table D.3.1-7. Program-Wide Risks Associated with Managi,ng HLW Under 
Storage Case 1 of the Centralized Alternative, by Health Endpoint 

Receptor Endpoint Radionuclides 
Physical 
Hazards 

Dose (FI'E-rem) 7.5E3 

Cancer Fatalities 3.0 
Cancer Incidence l .0EI 

Genetic Effects 4.5E-l 
WM Workers 

Construction Fatalities 2.2E-l 

Construction Injuries 9.5El 

Operation Fatalities 7.6E-l 

Operation Injuries 6.4E2 
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Table D.3.1-8. Risks Associated with Managi.ng HLW Under 
Storage Case 1 of the No Action Alternative, by Installation 

Worker Risks 
Installation 

Total Fatalitiesa Cancer Incidence 

Hanford 3.4E-1 2.8 

INEL 0.0 0.0 

SRS 1.3 3.4 

WVDP 6.6E-2 1.7E-1 

TOTAL 1.7 6.4 

a Includes fatalities associated with both radiation exposures and physical hazards. 

Table D.3.1-9. Risks Associated with Managi.ng HL W Under Storage Case 1 of the 
Decentralized Alternative, by Installation 

Worker Risks 
Installation 

Total Fatalities• Cancer Incidence 

Hanford 1.8 4.7 

INEL 5.7E-1 1.5 

SRS 1.3 3.4 

WVDP 6.6E-2 1.7E-l 

TOTAL 3.7 9.8 

a Includes fatalities associated with both radiation exposures and physical hazards. 

Table D.3.1-10. Risks Associated with Managi,ng HL W Under Storage Case 1 of the 
Regi.onalized Alternati.ve 1, by lnstallati.on 

Worker Risks 
Installation 

Total Fatalities" Cancer Incidence 

Hanford 1.8 4.7 

INEL 5.7E-1 1.5 

SRS 1.4 3.6 

WVDP 4.0E-2 l.lE-1 

TOTAL 3.8 9.9 

a Includes fatalities associated with both radiation exposures and physical hazards. 
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Table D.3.1-11. Risks Associated with Managing HLW Under Storage Case 1 of the 
Regionalized Altemati.ve 2, by lnstallati.on 

Worker Risks 
Installation 

Total Fatalities• Cancer Incidence 

Hanford 1.9 4.8 

INEL 5.7E-l 1.5 

SRS 1.2 3.4 

WVDP 5.8E-2 l.SE-1 

TOTAL 3.7 9.9 

a Includes fatalities associated with both radiation exposures and physical hazards. 

Table D.3.1-12. Risks Associated with Managing HLW Under Storage Case 1 of the 
Centralized Altemati.ve, by lnstallati.on 

Worker Risks 
Installation 

Total Fatalities• Cancer Incidence 

Hanford 2.3 6.1 

INEL 5.6E-l 1.5 

SRS 1.0 2.7 

WVDP 5.8E-2 l.SE-1 

TOTAL 4.0 l.OEl 

a Includes fatalities associated with both radiation exposures and physical hazards. 
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Table D.3.1-13. Storage Case 2: Incremental Annual Exposure lllsks Associated with 
Storage Beyond 2015, in lllsk per Year 

Storage Case 2 
Alternative CF' 

No Action 7.2E-3 

Decentralized 7.2E-3 

Regionalized 1 7.2E-3 

Regionalized 2 7.2E-3 

Centralized 7.6E-3 

'CF-Cancer fatalities . 
"CI-Cancer incidence. 
'GE-Genetic effects. 

Hanford 

Clb 

2.5E-2 

2.5E-2 

2.5E-2 

2.5E-2 

2.7E-2 

INEL 

GEe CF CI 

1.lE-3 0.0 0.0 

1.lE-3 8.0E-4 . 2.8E-3 

1.lE-3 8.0E-4 2.8E-3 

1.lE-3 8.0E-4 2.8E-3 

1.lE-3 0.0 0.0 

SRS WVDP 

GE CF CI GE CF CI 

0.0 7.6E-3 2.7E-2 1.lE-3 1.2E-3 4.2E-3 

l.2E-4 7.6E-3 2.7E-2 1.lE-3 l.2E-3 4.2E-3 

1.2E-4 7.6E-3 2.7E-2 1.lE-3 0.0 0.0 

l .2E-4 7.6E-3 2.7E-2 1.lE-3 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 

Table D.3.1-14. Storage Case 2: Incremental Annual Operational lllsks Associated with 
Storage Beyond 2015, in lllsk per Year 

Storage Case 2 Hanford INEL SRS WVDP 
Alternative 

OF' OJb OF 01 OF 01 OF 

GE 

l .8E-4 

1.8E-4 

0.0 

0.0 

0.0 

01 

No Action 3.2E-3 2.8 0.0 0.0 3.4E-3 2.9 5.4E-4 4.6E-1 

Decentralized 3.2E-3 

Regionalized 1 3.2E-3 

Regionalized 2 3.2E-3 

Centralized 3.4E-3 

'OF-Operational fatalities. 
'OI-Operational injuries and illnesses. 

2.8 3.6E-4 

2.8 3.6E-4 

2.8 3.6E-4 

2.9 0.0 

3. lE-1 3.4E-3 2.9 5.4E-4 4.6E-1 

3.lE-1 3.4E-3 2.9 0.0 0.0 

3.lE-1 3.4E-3 2.9 0.0 0.0 

0.0 0.0 0.0 0.0 0 .0 
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Table D.3.1-15. Storage Case 2: Additional Loading, Unloading, and Construction 
Risks at Hanford 

Storage Case 2 
Alternative 

Centralized 

'CF-Cancer fatalities. · 
"CI-Cancer incidence. 
•GE-Genetic effects. 

er 
1.1 

•of-Operational fatalities. 
•OJ-Operational injuries and illnesses. 
'CnF-Consttuction fatalities. 
'Cnl-Consttuction injuries and illnesses. 

3.9 

Hanford 

GE• or 01· CnF' 

1.7E-l 3.9E-2 3.3El 6.7E-2 

Cnl1 

2.9El 

D.3.1.4 Results of the HLW Human Health Risk Analysis for Routine Operations 

In general, there are only slight differences in estimated worker cancer and physical hazard risks among 

the Storage Case 1 alternatives (in which the repository is assumed to be available in 2015; see 

Table D.3.1-2 and Tables D.3.1-3 through D.3.1-12). Program-wide fatalities from cancer and physical 

hazards range from 1.7 to 4.0. The risks for each health endpoint differ by about a factor of two. The 

factors influencing the risks among the alternatives are: (1) the duration of interim storage; (2) the 

construction of new interim storage facilities at SRS, Hanford, and INEL; and (3) the volumes of HLW 

at SRS and Hanford. In the Storage Case 2 alternatives, for every year that operation of the repository 

is delayed past 2015, there are additional storage risks at certain installations depending on the alternative 

(see Tables D.3.1-13 and D.3.1-14) . Table D.3.1-15 shows the additional risks at Hanford as a result 

of the increased number of canisters being shipped there for storage in the Storage Case 2 Centralized 

Alternative. 

The lowest estimated cancer fatality risks are for the No Action Alternative in Storage Case 1. This is 

because there are fewer canisters at Hanford and the risks are zero at INEL. The risks for the Storage 

Case 1 consolidation alternatives (Decentralized, Regionalized, and Centralized) are higher by slightly 

more than a factor of two. This increased risk is due to the relatively long time that SRS, Han.ford, and 

INEL store their canisters-42 to 45 years at all three installations. These long storage periods are based 

on the assumption that . the national geologic repository accepts 800 canisters/year; therefore, canister 

shipping rates to the repository are about 400 canisters/year at Hanford and 200 canisters/year at the other 

sites. Note that in each of these consolidation alternatives, the canisters are moved from one installation 
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to another but the total number of canisters at all installations, hence, the total associated risk, stays 

approximately the same. 

The risk of fatalities from physical hazards follows the same trend as the risk of cancer fatalities; Storage 

Case 1 risks for the Decentralized, Regionalized, and Centralized alternatives (9.2E-1 to 9.9E-1) are 

about two times higher than the risks for Storage Case 1 of the No Action Alternative (5.0E-1) . These 

higher risks are due to the extended loading and storage periods at Hanford and INEL; this means that 

more person-hours are devoted to storage activities in these alternatives than in the No Action Alternative. 

Because more HL W is present at SRS and Hanford, the highest estimated risks of total fatalities are 

associated with these two installations (see Tables D.3.1-8 through D.3.1-12). 

D.3.1.5 Special Assumptions and Considerations Used in the HLW Accident Analysis 

11tls section presents an overview of the types of potential accidents analyzed for the interim storage of 

immobilized HLW. For this analysis, ANL estimated source terms for the HLW facilities at Hanford, 

SRS, and WVDP for accidents involving a canister breach due to dropping, collision, or both. These 

accident source terms are site-specific but do not differ by alternative (i.e., a glass canister breach at a 

particular installation is considered to have the same consequences regardless of the alternative under 

which the accident occurs). The probability or frequency of HLW accidents is not addressed. Instead, 

consequences are presented as if each accident occurs once over the course of HLW interim storage. 

However, this should not be construed as indicating the actual probability or frequency of the postulated 

storage accidents. 

Two accident scenarios were evaluated to determine the risks from radiological exposure to the offsite 

population and MEI, the noninvolved worker population and MEI, and waste management workers. In 

both, it was assumed that one canister of vitrified HL W is breached inside the storage facility and 

produces a cloud of pulverized, radioactive material. One shift of four waste management workers is 

assumed to be inside the facility when the accident occurs. 

When the canister is breached, the contaminants are assumed to disperse in a hemispherical mixing 

volume with a radius of 5 m. The four waste management workers are 1 m away from the canister when 

it is breached and walk away at 1 mis; therefore, the workers are exposed for 4 sec. It is assumed that 
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the workers do not hold their breath while walking away. While immersed in the resulting cloud of 

contaminated air, the workers are subject to external radiation and to internal radiation exposure by 

inhalation. 

In the first accident, the storage facility's high-efficiency particulate air (HEPA) filtration system is 

assumed to be fully functional when the canister is breached and only a small amount of the cloud of 

contaminated air escapes from the building. This material is atmospherically dispersed and presents a risk 

of internal and external exposure to the offsite and noninvolved worker populations and their respective 

MEis. 

In the second accident, the storage facility's HEPA filtration system is assumed to be completely disabled 

when the canister is breached. The entire cloud of contaminated air escapes from the building, is 

atmospherically dispersed, and presents a risk of internal and external exposure to the offsite and 

noninvolved worker populations and their respective MEis. 

For the worker exposure assessment, it was assumed that workers are always exposed to unfiltered 

releases, thus, the same unfiltered source term was used for both accident scenarios. As a result, worker 

risks are the same for both accident types at a particular installation. The methodology and models for 

estimating worker risks are different from those used to estimate the risks that noninvolved worker and 

offsite receptors might receive from atmospheric releases (ORNL, 1995b). Because of this, air 

concentrations are different for workers than for nonworkers ; controlling contaminants 

and exposure routes may also differ. 

D.3.1.6 Results Tables for the Risk Analysis of Potential HLW Accidents 

Table D.3.1-16 presents a program-wide summary of the risks of cancer incidence and cancer fatality 

to all receptors, by accident type and installation. Table D.3.1-17 provides (he sizes of the offsite, 

noninvolved worker, and worker populations for each installation. Table D.3.1-18 lists the contaminant 

contributing the most risk to the total offsite population and the dose contributed by that contaminant. 
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Table D.3.1-16. Summary of lasksfrom Potential HLW Accidents, 
by Accident Type and Installation 

Noninvolved 

Appendix D 

Offsite Noninvolved 
Offsite MEP Worker Workersb 

Population Worker MEI Accident Installation Population 

Cf"= CI0 CF CI CF 

Hanford l .4E-3 4.7E-3 3.3E-8 l.lE-7 l.2E-7 

Filtered SRS l.2E-7 4.0E-7 3.6E-12 l.2E-ll 9.4E-9 
Canister 
Breach 

WVDP 4.9E-7 l.7E-6 l.SE-10 6.2E-10 4.2E-9 

Hanford l.3E-l 4.3E-l 3.0E-6 l.0E-5 4.0E-3 

Unfiltered SRS 5.8E-2 2.0E-1 l.8E-6 6.lE-6 4.7E-3 
Canister 
Breach 

WVDP 2.4E-1 8.3E-l 9.lE-5 3.lE-4 2.IE-3 

a MEI-Most-exposed individual. 
b Worker exposures for a particular installation are the same in both accidents. 
c CF-Risk of cancer fatality associated with radiological exposure. 
d Cl-Risk of cancer incidence associated with radiological exposure. 

CI 

4.lE-7 

3.2E-8 

l.4E-8 

l .3E-2 

l .6E-2 

7.IE-3 

CF CI CF CI 

l.2E-9 4.0E-9 3.7E-4 l.3E-3 

4.0E-11 l.4E-10 l .3E-3 4.6E-3 

2.4E-ll 8.lE-11 3.3E-4 l.2E-3 

3.9E-5 1.3E-4 3.7E-4 l.3E-3 

2.0E-5 6.9E-5 l .3E-3 4.6E-3 

l.2E-5 4.0E-5 3.3E-4 l.2E-3 

Table D.3.1-17. Size of Of/site, Noninvolved Worker, and Worker Populations Affected 
by the lasks from Potential HL W Storage Accidents, by Installation 

Installation Offsite Population 
Noninvolved Worker Worker Population 

Population 

Hanford 377,645 8,674 4 

SRS 620,618 15,996 4 

WVDP 1,698,391 960 4 
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Table D.3.1-18. HLW Radionuclides Contributing the Highest Risk of Cancer Fatality 
to the Of/site Population, by Accident Type and Installation 

Accident Type 

Filtered Canister Breach 

Unfiltered Canister Breach 

Radionuclide and Dose, by Installation 

Hanford SRS WVDP 

Iodine-129 
2.8 person-rem 

Cesium-137 
108 person-rem 

Strontium-90 
7 .SE-5 person-rem 

Strontium-90 
39.2 person-rem 

Cesium-137 
3.9E-4 person-rem 

Cesium-137 
197 person-rem 

Note: All exposures received via internal exposure (inhalation and ingestion). 

D.3.1.7 Summary of the HLW Accident Analysis Results 

As expected, the risks to all offsite and noninvolved worker receptors from the accident in which HEPA 

filtration is lost are markedly higher than the risks from the accident in which filtration is retained. As 

shown in Table D.3.1-16, estimated cancer incidence and fatalities for both populations and MEis are 

2 to 6 orders of magnitude greater for the unfiltered canister breach than for the filtered accident. 

Recall that cancer incidence risks to the MEI between 1.0E-4 and 1.0E-6 are generally regarded as within 

the target risk range according to EPA risk assessment guidelines (see Section D.2.14). In the filtered 

canister breach, cancer incidence and fatality risks to all offsite and noninvolved worker receptors are 1 

to 5 orders of magnitude below l.0E-6. In the unfiltered canister breach, cancer incidence and fatality 

risks exceed l.0E-4 for the offsite MEI at WVDP and the noninvolved worker MEI at Hanford, and are 

in the E-6 to E-5 range for all remaining offsite and noninvolved worker MEis . 

At Hanford, the filtered canister breach accident risks for both the offsite population and MEI are 2 to 

4 orders of magnitude greater than the analogous risks at SRS and WVDP (see Table D.3.1-16). This 

is because Hanford has iodine-129 in its inventory. Iodine-129 is a volatile gas, not a particulate, so 

HEPA filtration is not highly effective in removing it. In addition, iodine-129 is very biologically 

dangerous when taken into the body because it bioaccumulates in the thyroid and can severely damage 

thyroid tissue. However, while iodine-129 contributes equally to the risks in both the filtered and 

unfiltered accident scenarios at Hanford, its contribution to the unfiltered canister breach accident risks 

are outweighed by the risks from cesium-137. 
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In both accident scenarios, strontium-90 contributes most of the offsite population risk at SRS and 

cesium-137 is the major contributor at WVDP (see Table D.3.1-18). At Hanford, the controlling 

radionuclides are iodine-129 in the filtered canister breach scenario and cesium-137 in the unfiltered 

breach scenario. In all circumstances, the predominant exposure routes are inhalation and, to a lesser 

extent, ingestion. 

Worker exposure is the same in both accident scenarios (see Table D.3.1-16). Worker risks do not differ 

appreciably among installations, and are highest at SRS by less than 0.5 orders of magnitude. The 

controlling radionuclides for worker exposure are plutonium-238 at SRS and americium-241 at Hanford 

and WVDP; inhalation is the principal exposure route. 

D.3.2 LOW-LEVEL WASTE 

This section contains the human health risk analysis results for low-level waste (LLW). LLW includes 

all radionuclide-containing wastes not classified as high-level waste, transuranic waste with an activity 

greater than 100 nanocuries (billionths of a curie) per gram, spent nuclear fuel, or byproduct material as 

defined in Section lle(2) of the Atomic Energy Act of 1954 (such as tailings containing uranium or 

thorium). Waste designated as LLW contains source, special nuclear, or byproduct material that is 

acceptable for disposal in a land disposal facility and does not contain hazardous components regulated 

under the Resource Conservation and Recovery Act (RCRA). LLW that contains hazardous components 

is classified as low-level mixed waste, which is addressed in Section D.3.5. 

DOE generates LLW primarily in research and development, defense activities, uranium enrichment 

operations, and the naval nuclear propulsion program. More than 30 installations within the DOE 

complex generate LL W; following are the installations considered in the PEIS (note the abbreviations 

used in this section): 

• Argonne National Laboratory-East (ANL-E), Argonne, Illinois 

• Argonne National Laboratory-West (ANL-W), Idaho Falls, Idaho 

• Brookhaven National Laboratory (BNL), Brookhaven, New York 

• Fernald Environmental Management Project (FEMP), Fernald, Ohio 

• Hanford Site (Hanford), Richland, Washington 
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• Idaho National Engineering Laboratory (INEL), Idaho Falls, Idaho 

• Kansas City Plant (KCP), Kansas City, Missouri 

• Lawrence Berkeley Laboratory (LBL), Berkeley, California 

• Lawrence Livermore National Laboratory (LLNL), Livermore, California 

• Los Alamos National Laboratory (LANL), Los Alamos, New Mexico 

• Mound Plant (Mound), Miamisburg, Ohio 

• Naval Reactors Facility (NRF), Idaho Falls , Idaho 

• Nevada Test Site (NTS), Las Vegas, Nevada 

• Oak Ridge Institute for Science and Education (ORISE), Oak Ridge, Tennessee 

• Oak Ridge Reservation (ORR), Oak Ridge, Tennessee (comprises the Oak Ridge K-25 Site [K-25], 
the Oak Ridge National Laboratory [ORNL], and the Oak Ridge Y-12 Plant [Y-12]) 

• Paducah Gaseous Diffusion Plant (PGDP), Paducah, Kentucky 

• Pantex Plant (Pantex) , Amarillo, Texas 

• Pinellas Plant (Pinellas), Largo, Florida 

• Portsmouth Gaseous Diffusion Plant (Ports), Piketon, Ohio 

• Rocky Flats Environmental Technology Site (RFETS), Golden, Colorado 

• Sandia National Laboratories-New Mexico (SNL-NM), Albuquerque, New Mexico 

• Sandia National Laboratory-California (SNL-CA), Livermore, California 

• Savannah River Site (SRS), Aiken, South Carolina 

Note that treatment risks were estimated separately for the three sites comprising ORR (e.g ., ORNL, 

Y-12, and K-25), whereas disposal risks were calculated for the combined three sites (i.e. , for the ORR 

as a single, overall installation). Treatment risks were calculated separately based on the assumption that 

Y-12 and K-25 perform only the packaging and certification/shipment modules, while ORNL undertakes 

these plus additional modules such as aqueous treatment, solidification, tumulus disposal, and incineration 

(where applicable) . Disposal risks were combined based on the assumption that disposal of LLW from 

all three sites takes place at one central ORR facility. 

LL W may contain a wide range of radionuclides at activities ranging from trace amounts to thousands 

of curies. Depending on its chemical and physical properties, LLW can be grouped into waste stream 

categories according to the type of treatment needed, such as dilute and aqueous wastes; organic wastes; 

combustible wastes; noncombustible, compactible or noncompactible wastes; surface-contaminated bulk 
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metal or equipment; activated bulk metal or equipment; sludges and resins; and remote-handled LLW 

(RH-LL W), a high-activity waste requiring special handling. 

Currently, Hanford, INEL, LANL, NTS, ORR, and SRS are authorized to dispose of DOE-generated 

LLW. Low-activity wastes can be disposed of by shallow, engineered land disposal; higher-activity wastes 

require disposal technologies offering greater confinement. 

Chapters 3 and 7 of the PEIS and the LLW technical report (ANL, 1995c) provide more detailed 

information on this waste, including LLW inventories at DOE installations, estimated release rates, 

treatment categories used in the PEIS, the process for developing PEIS LLW alternatives, and the various 

waste consolidation alternatives. 

D.3.2.1 Summary of LLW Alternatives 

The PEIS waste management alternatives (No Action, Decentralized, Regionalized 1 and 2, and 

Centralized) and the rationale for developing them are discussed rigorously in the main body of the PEIS. 

A broad range of alternatives are analyzed for this waste type: 

• The No Action Alternative: All installations transport LLW to six installations (Hanford, INEL, 
LANL, NTS, ORR, and SRS) for disposal under current arrangements. All installations use existing 
treatment facilities. 

• The Decentralized Alternative: Twelve installations dispose of all LL W projected to be generated 
over the next 20 years. Minimum treatment at each installation is assumed. 

• The Regionalized Alternatives (seven alternatives): 2 , 6, or 10 installations dispose of all LLW 
projected to be generated over the next 20 years. In three of these alternatives , treatment to reduce 
waste volume (by shredding, compaction, and incineration) is performed. 

• The Centralized Alternatives (five alternatives) : One installation (Hanford or NTS) disposes of all 
LLW projected to be generated over the next 20 years . In three of these alternatives, treatment to 
reduce volume is performed. 

This series of alternatives makes it possible to compare the risks of minimum treatment versus minimum 

treatment plus volume reduction, the risks of using volume reduction at varying numbers of installations, 

and the risks associated with various disposal configurations. 

Table D.3 .2-1 depicts the overall treatment and storage schemes for the LLW alternatives . 
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Table D.3.2-1. PEIS Alternatives for LLW 

a Alternative abbreviations are: Dec . = Decentralized; Reg. = Regionalized; and Cen. = Centralized . 
b Ten installations use existing facilities for volume reduction. Three sites not listed as major installations above (LBL, RMI, and Mound) include volume reduction facilities. 
c T-Treatment installation. In this context, treatment entails volume reduction using thermal organic destruction, size reduction (shredding, etc .), and compaction followed by 
solidification. All installations perform minimum treatment in all alternatives; this consists of solidifying liquids and powdered material, packaging, and shipment. 
d D-Disposal installation. Each of the 6-installation disposal ahernatives uses the same installations, and each of the 12-installation disposal alternatives uses the same 12 installations. 
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Note that for the purposes of this risk analysis, the waste loads from four smaller generators have been 

added to the inventories of larger generators. Specifically, the ORISE waste load is combined with the 

ORNL inventory; the ANL-W and NRF waste loads are added to the INEL inventory; and the SNL-CA 

waste load is combined with the LLNL inventory. 

D.3.2.2 Special Assumptions and Considerations Used in the LLW Risk Analysis 

For all disposal scenarios, it is assumed that shallow land burial will be used at installations west of the 

Mississippi River and tumulus (above-ground vault) disposal will be used at eastern installations. The 

exceptions are RFETS, which disposes in tumulus vaults, and SRS, which disposes in below-ground 

vaults. 

Some LL W waste streams will already be disposed of onsite and are not considered in the consolidation 

alternatives. In particular, grout waste at Hanford and saltstone waste at SRS are not included in the LLW 

disposal inventories at their respective installations. Disposal of these waste forms is assumed to cause 

no risk to workers because the waste is piped directly into underground disposal facilities; therefore, 

worker risks have not been assessed for these situations. 

It is assumed that, except in the No Action Alternative, LL W disposal capacity at each installation will 

be expanded as required to meet disposal demands. 

In estimating worker radiological risks, it is assumed that management and disposal of the II activated 

metals II and II remote-handled II categories of LL W require greater shielding for workers than the other 

categories because these two waste streams emit higher levels of external radiation; a remote shielding 

scenario was used to estimate worker radiation exposure, as described in ORNL unit risk methodology 

(ORNL, 1995c). 

D.3.2.3 Results Tables for the LLW Human Health Risk Analysis 

This section contains tables that summarize the results for the LLW human health risk analysis. A 

discussion of the results and the remainder of the results tables are presented in Section D.3.2.4. The 

D-63 



Appendix D Waste Management Facility Human Health Risk Estimates 

fatality and cancer incidence numbers in the tables are displayed in the standard exponential notation used 

in risk assessment; directions on reading this notation and a more complete description of the types of 

information in the tables are given in Section D.2. 

• Table D.3.2-2 presents an overview, by alternative, of the total, program-wide risks associated with 
treatment of LL W. Included are the risks of cancer fatalities and cancer incidence for the off site and 
noninvolved worker populations; and the risks of cancer fatalities, cancer incidence, and construction 
and operational fatalities for waste management workers associated with waste treatment. This table 
provides the estimated total number of people in the three populations who will develop or die of 
cancer caused by exposure to LLW if a particular alternative is implemented nationwide. In addition, 
it shows the estimated total number of workers who will be killed in construction and operational 
activities. The results in this table are drawn from Tables D.3.2-7 through D.3.2-19, which can be 
found at the end of Section D.3.2.4. 

• Table D.3 .2-3 presents an overview, by alternative, of the program-wide risks associated with 
disposal of LL W. This table summarizes the risks of cancer fatalities and cancer incidence for the 
most-exposed lifetime (MEL) of the hypothetical farm family; the total risks to members of all 143 
lifetimes of the farm family; and the risks of cancer fatalities, cancer incidence, and construction and 
operational fatalities for waste management workers associated with waste disposal. The results in 
this table are drawn from Tables D.3.2-33 through D.3 .2-46, located at the end of Section D.3.2.4. 

• Table D.3.2-4 shows the sizes of the total affected populations for each alternative. 

• Table D.3.2-5 summarizes the risks to the noninvolved worker and offsite MEis for each LLW 
alternative. The numbers in this table are the estimated probabilities that the offsite and noninvolved 
worker MEis will die of cancer or develop cancer from radionuclide exposure. These results are 
drawn from Tables D.3.2-7 through D.3 .2-19 and Tables D.3 .2-33 through D.3.2-46. 

• Table D.3.2-6 lists the radionuclides that contribute most of the risk of cancer fatality to the offsite 
population, by installation and alternative. 
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Table D.3.2-2. Summary of Program-Wide Risks Associated with Treatment of LL W: 
Risks to Total Populations, by A/,ternative 

Offsite Population Noninvolved Worker 
WM Workers 

Alternative Population 

er CI0 CF CI CF CI C&O~ 

No Action l.3E-2 4.5E-2 4.3E-4 l.5E-3 1.1 3.7 2.9 

Minimum Treatment Alternatives 
Decentralized 2.9E-2 9.8E-2 l.9E-4 6.4E-4 7.5E-l 2.6 2.1 

Regionalized l 2.9E-2 9.8E-2 l.9E-4 6.4E-4 7 .5E-l 2.5 2.1 

Regionalized 3 2.9E-2 9.8E-2 l.9E-4 6.4E-4 7.SE-1 2.5 2.3 

Regionalized 6 2.9E-2 9.8E-2 l.9E-4 6.4E-4 7.7E-l 2.7 2.6 

Regionalized 7 2.9E-2 9.8E-2 l.9E-4 6.4E-4 7.7E-l 2.7 2.6 

Centralized l 2.9E-2 9.8E-2 l.9E-4 6.4E-4 7.7E-l 2.7 2.6 

Centralized 2 2.9E-2 9.8E-2 l .9E-4 6.4E-4 7 .7E-l 2.7 2.6 

Volume Reduction Alternatives 
Regionalized 2 6.4E-l 2.2 6.6E-3 2.2E-2 1.1 3.8 4.8 

Regionalized 4 9.7E-2 3.3E-l l.9E-3 6.5E-3 1.2 4.3 4.8 
Centralized 3 l.0E-1 3.4E-l 2.lE-3 7.3E-3 1.2 4.3 4.8 
Centralized 4 l.0E-1 3.4E-l 2.lE-3 7.3E-3 1.2 4.3 4.8 

Regionalized 5 l.2E-l 4.0E-1 l .4E-3 4.8E-3 1.4 4.8 4.8 
Centralized 5 9.8E-2 3.33E-l l.lE-3 3.7E-3 2.2 7.5 4.3 

a CF-cancer fatality associated with radionuclide exposure. 
b CI-cancer incidence associated with exposure to radionuclides. 
c C&OF-fatalities due to the physical hazards of constructing and operating waste management facilities. 

D-65 



Appendix D Waste Management Facility Human Health Risk Estimates 

Table D.3.2-3. Summary of Program-Wide Ri.sks Associated with Disposal, of U W: 
Risks to Hypothetical, Farm Family and Waste Management Workers, by Alternative 

MEL of Fann All (143) Lifetimes 
of WM Workers 

Alternative Family 
Farm Family 

er Cib CF CI CF CI C&O~ 

No Action 5.7E-3 2.0E-2 7.6E-2 2.6E-1 3.0 10 3.8 
Decentralized Disposal 

Decentralized 6.4E-2 2.2E-1 1.2 3.9 2.3 7.9 5.9 
Regionalized Disposal 

Regionalized 1 1.5E-3 5.lE-3 2.2E-2 7.4E-2 2.2 7.6 5.7 

Regionalized 2 5.2E-3 1.8E-2 7.2E-2 2.5E-1 1.8 6.3 4.2 

Regionalized 3 1.3E-3 4.3E-3 1.7E-2 5.8E-2 2.4 8.3 5.3 

Regionalized 4 l .4E-2 4.8E-2 1.9E-1 6.3E-1 1.8 6.3 3.9 

Regionalized 5 l .4E-2 4.8E-2 l.9E-l 6.3E-l 1.8 6.3 3.9 

Regionalized 6 l.6E-2 5.6E-2 2.2E-l 7.3E-l 1.8 6.2 6.4 

Regionalized 7 l.7E-4 5.9E-4 l.8E-4 6.3E-3 1.8 6.2 6.3 

Centralized Disposal 

Centralized l 4.8E-3 l.6E-2 6.4E~2 2.2E-l 2.8 9.7 1.4 

Centralized 2 0.00 0.00 0.00 0.00 2.8 9.7 1.3 

Centralized 3 9.2E-3 3.lE-2 l.2E-1 4.2E-l 1.8 6.1 7.5E-1 

Centralized 4 0.00 0.00 0.00 0.00 1.8 6.2 8.5E-l 

Centralized 5 9.2E-3 3.lE-2 l.2E-l 4.2E-l 1.8 6.2 8.8E-l 

a CF-Risk of cancer fatality associated with exposure to radionuclides. 
b CI-Risk of cancer incidence associated with exposure to radionuclides. 
c C&OF-Estimated construction and operational fatalities from physical hazards. 
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Table D.3.2-4. Size of Total Of/site, Noninvolved Worker, and Worker Populations 
Affected by Risks from Routine Management of U W, by Alternative 

Alternative Off site Population Noninvolved Worker 
WM Workers Population 

No Action 32,597,069 115,729 16,656 
Decentralized 38,321 ,357 115,729 9,640 

Regionalized 1 32,582,803 115,729 9,663 
Regionalized 3 32,582,803 115,729 10,321 
Regionalized 6 32,582,803 115,729 11 ,579 
Regionalized 7 32,582,803 115,729 11,845 
Centralized 1 32,582,803 115,729 11,601 
Centralized 2 32,582,803 115,729 11,867 

Regionalized 2 35,347,392 118,185 22,483 
Regionalized 4 32,582,803 115,729 22,469 

Centralized 3 32,597 ,069 119,485 22,489 
Centralized 4 32,597,069 119,485 22,489 

Regionalized 5 32,582,803 115,729 22,602 
Centralized 5 32,582,803 115,729 19,855 

Table D.3.2-5. Summary of Program-Wide Risks Associated with Treatment of UW: 
Risks To the Of/site and Noninvolved Worker Most-Exposed Individuals, by Alternative 

Offsite MEI" Noninvolved Worker MEI 
Alternative 

er er CF CI 

No Action 3.5E-7 1.2E-6 3.4E-7 1.2E-6 

Decentralized 2.9E-7 9.7E-7 4.7E-8 l .6E-7 

Regionalized 1 2.9E-7 9.7E-7 4.7E-8 l .6E-7 

Regionalized 3 2.9E-7 9.7E-7 4.7E-8 1.6E-7 

Regionalized 6 2.9E-7 9.7E-7 4.7E-8 1.6E-7 

Regionalized 7 2.9E-7 9.7E-7 4.7E-8 1.6E-7 

Centralized 1 2.9E-7 9.7E-7 4.7E-8 1.6E-7 

Centralized 2 2.9E-7 9.7E-7 4 .7E-8 1.6E-7 

Regionalized 2 6.3E-6 2.lE-5 l.8E-6 6.2E-6 

Regionalized 4 2.3E-6 7.9E-6 8.5E-7 2.9E-6 

Centralized 3 2.3E-6 7.9E-6 l. lE-6 3.6E-6 

Centralized 4 2.3E-6 7.9E-6 1.lE-6 3.6E-6 

Regionalized 5 l.4E-6 4.9E-6 8.5E-7 2.9E-6 

Centralized 5 l.5E-6 5.2E-6 1.7E-6 5.8E-6 

a MEI-Most-exposed individual. 
b CF-Risk of cancer fatality associated with exposure to radionuclides. 
c CI-Risk of cancer incidence associated with exposure to radionuclides. 

D-67 



Table D.3.2-6. Radionuclide Contributing the Highest Risk of Cancer Fatality to the Of/site Population for 
LL W Treatment, by Alternative and Installation 

Installation 
Alt.a 

ANL-E BNL FEMP Hanford INEL KCP KAPL-K LBL LLNL LANL Mound NTS K-25 ORNL Y-12 

No Pu-238' Pu-238 Co-60 U-238 Co-60 H-3 U-238 Pu-238 Pu-238 U-238 Pu-238 U-238 
Aclion 7.0E-7' 2 .3E-7 l .3E-6 5.SE-10 5.3E-4 7.6E-4 2.4E-7 I. I E-4 4.3E-8 l.2E-9 I.OE-I l.8E-8 

Dec. Pu-238 Pu-238 Co-60 U-238 Co-60 H-3 H-3 Pu-238 Pu-238 U-238 Pu-238 U-238 
7.6E-7 1.5E-6 7.6E-7 5.7E- IO 5.2E-4 2 .0E-1 I.OE-I l .2E-4 4 .7E-8 8.0E-9 3.3E-6 l.9E-8 

Reg . I Pu-238 Pu-238 Co-60 U-238 Co-60 H-3 H-3 Pu-238 Pu-238 U-238 Pu-238 U-238 

7.6E-7 l .5E-6 7.6E-7 5.7E-IO 5 .2E-4 2.0E-1 I.OE-I l.2E-4 4.7E-8 8.0E-9 3 .3E-6 l.9E-8 

Reg. 3 Pu-238 Pu-238 Co-60 U-238 Co-60 H-3 H-3 Pu-238 Pu-238 U-238 Pu-238 U-238 

7.6E-7 l .5E-6 7.6E-7 5.7E- IO 5.2E-4 2.0E-1 I.OE-I l.2E-4 4 .7E-8 8.0E-9 3.3E-6 l.9E-8 

Ree. 6 Pu-238 Pu-238 Co-60 U-238 Co-60 H-3 H-3 Pu-238 Pu-238 U-238 Pu-238 U-238 

7 .6E-7 l.5E-6 l.2E-6 5.7E-IO 5.2E-4 2 .0E-1 I.OE-I 1.2E-4 4.7E-8 I.IE-7 3.3E-6 7.8E-8 

Reg. 7 Pu-238 Pu-238 Co-60 -lJ-238 Co-60 H-3 H-3 Pu-238 Pu-238 U-238 Pu-238 U-238 

7.6E-7 2 .2E-6 1.2E-6 5.7E-IO 5.2E-4 2 .0E-1 I.OE-I l .2E-4 4.7E-8 I.IE-7 3.3E-6 7.8E-8 

Cen . I Pu-238 Pu-238 Co-60 U-238 Co-60 H-3 H-3 Pu-238 Pu-238 U-238 Pu-238 U-238 

7.6E-7 l.5E-6 l.2E-6 5.7E-IO 5.2E-4 2 .0E-1 I.OE-I l .2E-4 4.7E-8 I.IE-7 3.3E-6 7 .8E-8 

Cen. 2 Pu-238 Pu-238 Co-60 U-238 Co-60 H-3 H-3 Pu-238 Pu-238 U-238 Pu-238 U-238 

7.6E-7 2.2E-6 l .2E-6 5.7E-IO 5.2E-4 2 .0E-1 I.OE-I l .2E-4 4 .7E-8 l.lE-7 3 .3E-6 7 .8E-8 

Reg . 2 Pu-238 H-3 Pu-238 Co-60 U-238 Co-60 H-3 H-3 U-238 Pu-238 U-238 C-14 U-238 

7 .6E-7 2 .0E-1 l.9E-6 l.3E-6 5.7E-IO 5.2E-4 2 .0E-1 3.SE-1 I.OE-I 4 .7E-8 8.0E-9 4.9E-6 l.9E-8 

Reg. 4 Pu-238 H-3 Co-60 U-238 Co-60 H-3 U-238 Pu-238 U-238 U-238 U-238 

7 .6E-7 5 .0E-1 l.3E-6 5.7E-IO 5.2E-4 2 .0E-1 I.OE-I 4.7E-8 8.0E-9 S.6E-6 l.9E-8 

Ccn. 3 Pu-238 H-3 Co-60 U-238 Co-60 H-3 U-238 Pu-238 Pu-238 U-238 U-238 U-238 

Cen . 4 7 .6E-7 5 .0E-1 l.3E-6 5.7E-10 S.2E-4 2 .0E-1 I.OE-I 4.7E-8 4.8E-5 8.0E-9 5.6E-6 1.9E-8 

Reg. 5 Pu-238 H-3 U-238 U-238 Co-60 H-3 Pu-238 Pu-238 U-238 H-3 U-238 

7 .6E-7 5 .0E-1 3.4E-4 5.7E-IO 5.2E-4 2 .0E-1 l.2E-4 4 .7E-8 8.0E-9 5 .0E-1 l.9E-8 

Ceo. 5 Pu-238 H-3 Co-60 U-238 Co-60 H-3 Pu-238 Pu-238 U-238 Pu-238 U-238 

7.6E-7 7 .0E-1 7.6E-7 5.7E- IO 5.2E-4 2 .0E-1 1.2E-4 4 .7E-8 8.0E-9 3 .3E-6 l.9E-8 

a Alternative abbreviations are : Alt . = Altema1ive ; Dec. = Decentralized; Reg. = Regionalized; and Cen. = Cen1ralized. 
b Radionuclide contributing most risk . 
c Associated risk of cancer fatality to the offsite population within 80 km (50 mi) of this ins1allation. 

PGDP Pantex Plndlas Ports RFETS 

U-238 H-3 H-3 U-238 Pu-238 
l.8E-8 l.6E-7 l .8E-8 l.6E-9 4.9E-8 

U-238 H-3 H-3 U-238 Pu-238 
2.8E-7 8 .0E-8 1.8E-8 2.SE-10 l.4E-7 

U-238 H-3 H-3 U-238 Pu-238 
2.8E-7 8.0E-8 l.8E-8 2 .8E-IO l.4E-7 

U-238 H-3 H-3 U-238 Pu-238 
l.8E-8 8.0E-8 l.8E-8 l.6E-9 l.6E-7 

U-238 H-3 H-3 U-238 Pu-238 
l.8E-8 8.0E-8 1.8E-8 l.6E-9 l.6E-7 

U-238 H-3 H-3 U-238 Pu-238 
l.8E-8 8.0E-8 l.8E-8 l.6E-9 l.6E-7 

U-238 H-3 H-3 U-238 Pu-238 
l.8E-8 8.0E-8 l.8E-8 l.6E-9 l .6E-7 

U-238 H-3 H-3 U-238 Pu-238 
I.BE-8 8.0E-8 l.8E-8 l.6E-9 l.6E-7 

U-238 H-3 H-3 Co-60 Pu-238 
l.6E-6 8. IE-8 I.SE-8 5.SE-5 7 .4E-S 

U-238 H-3 H-3 H-3 Pu-238 
l.8E-8 8.0E-8 I.SE-8 2.0E-1 7 .4E-S 

U-238 H-3 H-3 H-3 Pu-238 
l.SE-8 8.0E-8 1.8E-8 2.0E-1 7 .4E-S 

U-238 H-3 H-3 U-238 Pu-238 
I.SE-8 8.0E-8 l.8E-8 l.6E-9 l.6E-7 

U-238 H-3 H-3 U-238 Pu-238 
1.SE-8 8 .0E-8 I .SE-8 1.6E-9 l .6E-7 

SNL/NM SRS 

U-238 H-3 
8.8E-7 4.IE-4 

U-238 H-3 
8.9E-7 6.2E-6 

U-238 H-3 
9.IE-7 6.2E-6 

U-238 H-3 
9.IE-7 6.2E-6 

U-238 H-3 
9.IE-7 6.2E-6 

U-238 H-3 
9.IE-7 6.2E-6 

U-238 H-3 
9.IE-7 6.2E-6 

U-238 H-3 
9.IE-7 6 .2E-6 

U-238 H-3 
9.IE-7 4.IE-4 

U-238 H-3 
9.IE-7 4.IE-4 

U-238 H-3 
9. IE-7 4 . IE-4 

U-238 H-3 
9.IE-7 4.IE-4 

U-238 Co-60 
9.IE-7 S.OE-6 



q-
Waste Management Facili Appendix D 

D.3.2.4 Results of the LLW Human Health Risk Analysis for Routine Operations 

D.3.2.4.1 Program-Wide Trends in Human Health Risks Associated with UW 
Management Alternatives 

In general, No Action presents the lowest health risks for all public populations and for all health risk 

endpoints. For the offsite population the risks of cancer fatality due to the treatment of LL W are within 

1.5 orders of magnitude for all alternatives (l.3E-2 to 6.4E-1). Risks to the noninvolved worker 

population and to MEls follow the same general trend. Regionalized Alternative 2 (regionalized volume 

reduction at 11 installations) produces the highest risk of cancer fatalities , though it is still within an order 

of magnitude of all the other alternatives. The health risks tend to increase as the level of treatment 

increases and where a treatment installation is situated in a highly populated area. 

Overall, estimated worker health risks associated with management of LL W are similar among 

alternatives; however, the highest worker risks tend to be for installations with waste consolidation (i.e., 

larger waste loads) for treatment and for installations with more treatment facility construction. 

Estimated impacts to each of the receptor populations are presented below. 

Offsite Population. The lowest risks of cancer fatality to the offsite population are from the No Action 

Alternative (1.3E.:..2), the Decentralized Alternative, Regionalized Alternatives 1, 3, 6, 7, and Centralized 

Alternatives 1 and 2. All are in the E-2 order of magnitude and affect a total population of 32 million 

to 38 million people. All of these installations perform minimum treatment (although some volume 

reduction is performed in the No Action Alternative); the only variation is in the various disposal 

configurations. The risks of cancer fatality associated with Regionalized Alternatives 4 and 5 and 

Centralized Alternatives 3, 4, and 5 are similar to one another (ranging from 9.7E-2 to l.2E-1 over a 

total affected population of approximately 32.5 million) and are about 0.5 to 1 order of magnitude higher 

than for the other alternatives. 

Regionalized 2 poses the highest risks to the offsite population by approximately O. 5 orders of magnitude 

(an estimated 6.4E-1 cancer fatalities over 32.5 million people). This is because the largest combined 

population (11 sites totaling about 14.8 million people) is affected by volume reduction (which includes 
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incineration). The highest installation-specific risks are associated with LLNL (an estimated 3.9E-1 cancer 

fatalities over a population of approximately 6.3 million); the radionuclide contributing the most risk is 

tritium, via inhalation and ingestion. The lowest risks to an offsite population at a particular installation 

are at Ports in both the Decentralized and Regionalized 1 Alternatives. 

Inspection of Table D.3.2-6 shows that for all alternatives in which incineration is the major volume

reduction treatment (Regionalized 2, 4, and 5, and Centralized 3, 4, and 5), cancer fatality risks in the 

E-1 order of magnitude are attributable to tritium except in Regionalized 4, and Centralized 3 and 4. In 

these three alternatives, both tritium and uranium-238 contribute cancer fatality risks on the order of E-1. 

Noninvolved Worker Population. The trends in program-wide health risks to the noninvolved worker 

population are similar to those observed for the offsite population; both the program-wide risks and the 

total affected population are lower by approximately 2 orders of magnitude. 

The estimated risk of cancer fatality to the noninvolved worker population in Regionalized 2 (6.6E-3 

cancer fatalities in a population of 118,185) are about three to six times higher than in the other volume 

reduction alternatives. 

The risks in the No Action, Decentralized, Regionalized 1, 3, 6, 7, and Centralized 1 and 2 Alternatives 

are nearly identical to one another (ranging from approximately 2E-4 to 4E-4) because the treatment is 

the same at all sites. The risks to the noninvolved worker population are 1 to 1.5 orders of magnitude 

higher in Regionalized 4, and 5 and Centralized 3, 4, and 5 than in the minimum treatment alternatives. 

Most-Exposed Noninvolved Workers and Most-Exposed Offsite Individuals. Radiological exposure 

risks to the noninvolved worker and offsite MEis are lowest in the No Action, Decentralized, 

Regionalized 1, 3, 6, 7, and Centralized 1 and 2 Alternatives; slightly higher in Regionalized 4 and 5 and 

Centralized 3, 4, and 5; and highest in Regionalized 2. This trend generally parallels that seen for the 

overall noninvolved worker and offsite populations. 

The program-wide risk of cancer incidence for both MEis is in the E-5 to E-6 range in Regionalized 2, 

4, and 5 and Centralized 3, 4, and 5 (see Table D.3 .2-5), and are considered to meet target exposure 

levels according to EPA guidelines. Across the program, the highest risk of cancer fatality for both MEis 

is in Regionalized 2 (an estimated risk of 6.3E-6 for the offsite MEI and 1.8E-6 for the noninvolved 
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worker MEI). At the installation level, the highest risks of cancer fatality to the offsite MEI are at FEMP 

(4.4E-6) and LLNL (6.3E-6) in Regionalized 2; Ports (2.3E-6) in Regionalized 4; Hanford (l.0E-6) and 

Ports (2.3E-6) in Centralized 3 and 4; ORNL (l.4E-6) in Regionalized 5; and Hanford (l.5E-6) in 

Regionalized 5. These elevated risks are the result of volume reduction (including incineration) of 

relatively large volumes of volatile waste containing tritium. All cancer fatality risks to both MEis for 

minimum treatment alternatives are below E-6. 

Workers. The program-wide estimated risks of cancer fatality to workers vary by no more than a factor 

of three across all alternatives. The risks for the minimum treatment alternatives (Decentralized, 

Regionalized 1, 3, 6, and 7 and Centralized 1 and 2) are nearly identical to one another (approximately 

7.5E-1 cancer fatalities across 9,640 to 11,867 FTEs), and are slightly higher in the No Action 

Alternative and volume reduction alternatives Regionalized 2, 4, and 5, and Centralized 3 and 4). The 

highest program-wide cancer fatality risk is incurred in Centralized Alternative 5 (2.2 over a total 

population of 19,855 FTEs), in which all waste is treated by volume reduction at Hanford. 

Estimated construction fatality risks for workers are lowest in the No Action Alternative (8.5E-1), in 

which no new treatment facilities are to be built. New facilities will be required at several installations 

in the volume reduction alternatives (Regionalized 2, 4, and 5, and Centralized 3, 4, and 5); however, 

the risks in these alternatives are higher than in the remaining alternatives by only a factor of two. 

Estimated operational fatalities are slightly higher (by about a factor of two or less) for the No Action 

Alternative (2.01) and the volume reduction alternatives (2 .4 to 2.73) than for the minimum treatment 

alternatives (1.17 to 1.44). This is because more worker person-hours are required for the 20-year No 

Action treatment period and for the more extensive treatment in the volume reduction alternatives. 

Although worker risks are very similar across alternatives, some differences in installation risks are 

notable. The estimated total fatalities (cancer fatalities plus construction and operational fatalities) in the 

No Action and minimum treatment alternatives are consistently very similar among installations (E-2 to 

E-1 range) except at KCP and Pinellas (E-3 order of magnitude), which have much smaller waste loads 

to treat and employ fewer workers (21 to 26 and 11 to 13 FTEs, respectively) than are needed at other 

installations. 

By a slight margin, ORNL poses the highest total worker fatality risks in the Regionalized 2, 4, and 5, 

and Centralized 3 and 4 volume reduction alternatives (total fatalities range from 1.15 to 1.77) however 
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the risks among installations in these alternatives are within approximately 1 order of magnitude except 

at KCP and Pinellas, at which worker fatality risks are 1 to 2 orders of magnitude lower in all 

alternatives. The slight elevation in risks at ORNL in the volume-reduction alternatives reflects 

consolidation of waste loads at ORNL for treatment, additional construction of treatment facilities, and 

the presence of 10 times more FTEs at ORNL in these scenarios. Total fatalities also increase slightly 

at INEL (1.34) in Regionalized Alternative 5, in which volume reduction is performed at four 

installations; this is due mainly to larger consolidated waste loads in treatment and a larger exposed work 

force than for other alternatives . The highest estimated total fatalities are in Centralized Alternative 5 at 

Hanford (3.65 in 9,856 FTEs), where all volume reduction is performed and the treatment work force 

is greatly increased compared to other alternatives . 

D.3.2.4.2 Program-Wide Trends in Human Health Risks Associated with LL W Disposal 

For the MEL of the hypothetical farm family, the health risks associated with the LL W disposal 

alternatives show no discemable trends. The risk of cancer fatality to all 143 farm family lifetimes across 

alternatives ranges from 0.0 to 1.2 cancer fatalities over 10,000 years. Estimated cancer fatalities for 

workers during disposal are very similar across alternatives, ranging from 1.8 to 3.0; worker risks tend 

to increase as the waste load to be disposed of becomes larger and as more disposal facility construction 

is required. 

Most-Exposed Lifetime of the Hypothetical Farm Family. For each alternative, with the exception of 

Centralized alternatives 2 and 4 (single site disposal at NTS), the risk of cancer incidence to the MEL 

of the farm family is greater than lE-4, indicating exposure levels that might be considered above the 

target exposure level if compared with the EPA guidelines discussed in Section D. 2 .14. For the II average 11 

individual member of the farm family, the risk of cancer incidence (determined by dividing the cancer 

incidence risk in Table D.3.2-3 by the number of family members, four, times the number of disposal 

sites for that alternative), may be considered above the target exposure level in all alternatives except 

Centralized 2 and 4 . 

The highest cancer fatality risks to the MEL are in Decentralized (in which wastes receive minimum 

treatment and are then disposed of at 12 installations). Estimated program-wide cancer fatality risks are 

6.4E-2 in Decentralized. 
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The lowest risks of cancer fatality to the MEL are in Centralized 2 (minimum treatment and disposal at 

NTS) and Centralized 4 (volwne reduction at seven installations and disposal at NTS). The program-wide 

risks of cancer fatality for the four-member farm family are 0.0 in Centralized 2 and in Centralized 4. 

At the installation level, the lowest disposal risks are at LANL in the No Action, Decentralized, 

Regionalized 1, 2, 3, 4, and 5 Alternatives; at NTS in the No Action, Regionalized 3, 4, and 7, and 

Centralized 2 and 4 Alternatives; at Pantex in the Decentralized and Regionalized 1 and 2 Alternatives; 

and at INEL in the No Action, Decentralized, and Regionalized 1, 2, 3, 4, and 5 Alternatives. The 

estimated radiological risks at these installations are zero because the wastes being disposed of contain 

low concentrations of radionuclides and the migration of the contaminants into the groundwater is very 

slow (all four installations receive little annual rainfall). 

The highest "average" disposal installation risk to a farm family member is at SNL-NM in the 

Decentralized Alternative (average individual risk of cancer fatality is 1.6E-2). The MEL is lifetime 15 

at SNL-NM, where uranium-238 contributes over 99% of the dose received by farm family members. 

Workers Placing Wastes into Disposal. The estimated worker risks from disposal are very similar across 

alternatives, ranging from 1.8 to 3.0 for cancer fatality and 6.1 to 10 for cancer incidence. However, the 

estimated risk of fatality from construction is more than 1 order of magnitude lower for the 

one-installation disposal alternatives (the five Centralized Alternatives) than for the other alternatives . In 

the Centralized scenarios, Hanford and NTS are the single-disposal installations; both have large amounts 

of existing disposal capacity compared to other installations and, therefore, require less new construction. 

The highest construction fatality risks occur in Regionalized 6 and 7; these alternatives involve 

two-installation disposal at Hanford and SRS. The majority of the construction-related worker risks are 

at SRS, which has a relatively small amount of existing disposal capacity and, based on the large amount 

of LL W to be sent there for disposal in these disposal scenarios, would require extensive construction. 

The estimated nwnber of operational fatalities is within 1 order of magnitude among alternatives (ranging 

from 5.3E-1 to 2.1). In general, operational fatalities are slightly higher for scenarios in which multiple 

installations dispose (the No Action, Decentralized, and Regionalized 1 and 3 Alternatives), and are 

slightly lower where only one installation disposes (the Centralized Alternatives). This is because the 
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fewer the disposal installations, the fewer the number of FTEs needed to operate them (therefore, fewer 

workers are around to be involved in operational accidents) . 

Although overall risks to workers from disposal do not differ appreciably among alternatives, some trends 

are apparent in the installation-specific risks associated with disposal. In the multiple-installation disposal 

alternatives (the No Action, Decentralized, and Regionalized Alternatives), the same four installations, 

Hanford, INEL, SRS, and LANL, have the highest cancer risks by approximately 0.5 to 2 orders of 

magnitude; all four are consolidation installations for LLW disposal in these alternatives. The controlling 

contaminants are cobalt-60 at Hanford, INEL, and SRS, and cesium-137 and daughter products at 

LANL; external radiation is the predominant exposure route. In the t~o-installation disposal alternatives 

(Hanford and SRS in Regionalized 6; NTS and SRS in Regionalized 7), Hanford and NTS cancer risks 

are approximately twice as high as those for disposal at SRS. The controlling contaminant for disposal 

at Hanford and NTS in Regionalized 6 and 7 is cobalt-60; the primary exposure route is external 

radiation. However, there are more estimated fatalities at SRS due to physical hazards because of the 

construction of new disposal facilities. 

D.3.2.4.3 Comparison Among Treatment Options 

For workers, comparison of minimum treatment and volume reduction scenarios shows very little 

difference in cancer risks associated with LLW treatment. In all alternatives, estimated worker cancer 

fatality risks from treatment are very similar, ranging between 7.5E-1 and 2.2. Overall, worker risks at 

particular installations seem to be driven primarily by waste consolidation and facility construction. 

The program-wide risk of cancer fatality for all of the minimum treatment alternatives are identical for 

all receptors. The overall risks associated with the volume reduction alternatives are approximately 0.5 

to 1.5 orders of magnitude higher than the risks associated with minimum treatment only. This can be 

seen at the installation level as well as at the program level; for example, at RFETS, cancer fatalities in 

the offsite population increase from 4.0E-7 in Regionalized Alternative 5 (which involves minimum 

tr~ent) to 1.9E-4 in Regionalized Alternative 4 (which involves volume reduction). This is attributable 

to increased atmospheric releases associated with the incineration of LL W. 
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Comparison of the risks for the volume reduction alternatives shows that the risks for all receptors vary 

by no more than a factor of six between volume reduction at 11 installations and volume reduction at 7, 

4, or 1 installation(s). 

D.3.2.4.4 Comparison Among Disposal Scenarios 

Comparisons can be made between the alternatives in which treatment is the same but the number of 

disposal sites varies from 12 installations to 1. For the minimum treatment alternatives, the cancer fatality 

risks to all farm family lifetimes range from 1.6E-3 to 8.2E-2. There are no apparent trends as the 

number of disposal facilities changes. The cancer fatality risks in the single-installation disposal 

alternatives (Centralized 1 and 2) are within 0.5 orders of magnitude (1.6E-3 at NTS and 4.8E-3 at 

Hanford). 

Comparison of disposal risks among alternatives that have the same disposal scenarios but different 

treatment options shows that the type of LL W treatment has little effect on the cancer risks to all farm 

family lifetimes or to the MEL. For example, in the 10-installation disposal alternatives (Regionalized 1 

and Regionalized 2), the major difference is that minimum treatment is performed at all installations in 

Regionalized 1, while additional volume reduction is performed at 11 installations in Regionalized 2. 

Risks of cancer fatality to all farm family lifetimes from disposal are higher in Regionalized 2 by less 

than a factor of three. This small difference is found for both the MEL and for all lifetimes across 

Regionalized 3, 4, and 5 (the six-installation disposal alternatives); Centralized 1, 3, and 5 (the 

alternatives in which disposal takes place at Hanford) ; and Centralized 2 and 4 (in which LL W is 

disposed of at NTS) . 

As previously noted for worker risks associated with LL W treatment, the disposal risks to workers do 

not differ appreciably among alternatives; however, certain instailation-specific risks tend to be higher 

where waste loads are consolidated for disposal or where more construction of disposal facilities is 

required. 
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D.3.2.4.5 Summary of Results for Routine Treatment and Disposal of LL W 

Treatment by volume reduction slightly increases the cancer risks to offsite and noninvolved worker 

populations at a particular installation in comparison to minimum treatment. However, the type of 

treatment does not affect the subsequent disposal risks to the farm family as much as the amount of waste 

consolidated at an installation or the hydrogeology and meteorology of the disposal installation (both of 

which can markedly affect the migration of contaminants into groundwater). Volume reduction tends to 

concentrate waste producing slightly higher estimated risks to the farm family. 

In all but two disposal alternatives (Centralized 2 and 4), the program-wide risks of cancer incidence to 

the MEL of the hypothetical farm family exceed the target exposure levels if comparison is made to EPA 

risk assessment guidelines (Section D.2.14). Recall that this is a worst-case disposal scenario in which 

the farm family residence and drinking water well are situated 300 m downgradient from the center of 

a disposal facility, and that the well serves as the sole source of water for the family, their livestock, and 

crops. 

Worker risks are very similar across all alternatives, regardless of treatment type or disposal scenario; 

program-wide risks are within 1 order of magnitude across all treatment alternatives and all disposal 

alternatives. Fatalities associated with radi~tion exposure are usually fewer than those due to the physical 

hazards of constructing and operating treatment and disposal facilities, except in the one-site disposal 

alternatives at NTS and Hanford. As discussed above, these installations have relatively large existing 

disposal facility capacities and require less construction. Overall, however, worker risks at specific 

installations seem to be driven primarily by the amount of waste consolidated for treatment and/or 

disposal and the amount of facility construction needed. 
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Table D.3.2-7. Program-Wide Risks Associated with Treatment of UW Under the 
No Action Alternative, by Health Endpoint 

Receptor Endpoint Radionuclides 
Physical 
Hazards 

Dose (person-rem) 8.5E-1 

Noninvolved Cancer Fatalities 4.3E-4 
Worker Population Cancer Incidence 1.5E-3 

Genetic Effects 8.5E-5 

Dose (rem) 6.SE-4 

Cancer Fatalities 3.4E-7 
Noninvolved 

Cancer Incidence 1.2E-6 
Worker MEI 

Genetic Effects 6.SE-8 

Hazard Index 

Dose (person-rem) 2.7El 

Cancer Fatalities l.3E-2 
Offsite Population 

Cancer Incidence 4.5E-2 

Genetic Effects 2.7E-3 

Dose (rem) 7.0E;4 

Cancer Fatalities 3.5E-7 

Offsite MEI Cancer Incidence l.2E-6 

Genetic Effects 7.0E-8 

Hazard Index 

Dose (FfE-rem) 2.6E3 

Cancer Fatalities 1.1 

Cancer Incidence 3.7 

Genetic Effects l.6E-l 

WM Workers Exposure Index 

Construction Fatalities 8.5E-1 

Construction Injuries 3.7E2 

Operation Fatalities 2.0 

Operation Injuries l.7E3 
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Table D.3.2-8. Program-Wide Risks Associated with Treatment of UW Under the 
Decentra/.ized Alternative, by Health Endpoint 

Receptor Endpoint Radionuclides 
Physical 
Hazards 

Dose (person-rem) 3.7E-l 
Noninvolved Cancer Fatalities 1.9E-4 

Worker 
Population Cancer Incidence 6.4E-4 

Genetic Effects 3.7E-5 

Dose (rem) 9.4E-5 
Cancer Fatalities 4.7E-8 

Noninvolved 
Cancer Incidence l.6E-7 

Worker MEI 
Genetic Effects 9.4E-9 
Hazard Index 

Dose (person-rem) 5.8El 

Offsite Population 
Cancer Fatalities 2.9E-2 
Cancer Incidence 9.SE-2 
Genetic Effects 5.SE-3 

Dose (rem) 5.7E-4 
Cancer Fatalities 2.9E-7 

Offsite MEI Cancer Incidence 9.7E-7 
Genetic Effects 5.7E-8 
Hazard Index 

Dose (FfE-rem) l.9E3 
Cancer Fatalities 7.5E-l 
Cancer Incidence 2.6 
Genetic Effects l.lE-1 

WM Workers Exposure Index 
Construction Fatalities 9.6E-l 
Construction Injuries 4.2E2 
Operation Fatalities 1.2 
Operation Injuries 9.9E2 
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Table D.3.2-9. Program-Wide Risks Associated with Treatment of UW Under the . 
Regionalized Alternative 1, by Health Endpoint 

Receptor Endpoint Radionuclides 
Physical 
Hazards 

Dose (person-rem) 3.7E-l 

Noninvolved Worker Cancer Fatalities l.9E-4 
Population Cancer Incidence 6.4E-4 

Genetic Effects 3.7E-5 

Dose (rem) 9.4E-5 
Cancer Fatalities 4.7E-8 

Noninvolved Worker 
Cancer Incidence l.6E-7 

MEI 
Genetic Effects 9.4E-9 
Hazard Index 

Dose (person-rem) 5.8El 
Cancer Fatalities 2.9E-2 

Offsite Population 
Cancer Incidence 9.SE-2 
Genetic Effects 5.8E-3 

Dose (rem) 5.7E-4 
Cancer Fatalities 2.9E-7 

Offsite MEI Cancer Incidence 9.7E-7 
Genetic Effects 5.7E-8 
Hazard Index 

Dose (FfE-rem) l.8E3 
Cancer Fatalities 7.3E-l 
Cancer Incidence 2.5 
Genetic Effects l.lE-1 

WM Workers Exposure Index 
Construction Fatalities 9.6E-l 
Construction Injuries 4.2E2 
Operation Fatalities 1.2 
Operation Injuries 9.9E2 
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Table D.3.2-10. Program-Wide Risks Associated with Treatment of UW Under the 
Regi.onalized Altemati.ve 3, by Health Endpoint 

Receptor Endpoint Radionuclides 
Physical 
Hazards 

Dose (person-rem) 3.7E-l 

Noninvolved Worker Cancer Fatalities l.9E-4 
Population Cancer Incidence 6.4E-4 

Genetic Effects 3.7E-5 

Dose (rem) 9.4E-5 

Cancer Fatalities 4.7E-8 
Noninvolved Worker 

Cancer Incidence l.6E-7 
MEI 

Genetic Effects 9.4E-9 

Hazard Index 

Dose (person-rem) 5.8El 

Offsite Population 
Cancer Fatalities 2.9E-2 

Cancer Incidence 9.8E-2 

Genetic Effects 5.8E-3 

Dose (rem) 5.7E-4 

Cancer Fatalities 2.9E-7 

Offsite MEI Cancer Incidence 9.7E-7 

Genetic Effects 5.7E-8 

Hazard Index 

Dose (FTE-rem) l.8E3 

Cancer Fatalities 7.3E-l 

Cancer Incidence 2.5 

Genetic Effects l.lE-1 
WM Workers Exposure Index 

Construction Fatalities 1.0 

Construction Injuries 4.5E2 
Operation Fatalities 1.3 
Operation Injuries l.1E3 
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Table D.3.2-11. Program-Wide Ri.sks Associated with Treatment of UW Under the 
Regi.onalized Alternative 6, by Health Endpoint 

Receptor Endpoint Radionuclides 
Physical 
Hazards 

Dose (person-rem) 3.7E-l 

Noninvolved Worker Cancer Fatalities 1.9E-4 
Population Cancer Incidence 6.4E-4 

Genetic Effects 3.7E-5 

Dose (rem) 9.4E-5 
Cancer Fatalities 4.7E-8 

Noninvolved Worker 
Cancer Incidence 1.6E-7 

MEI 
Genetic Effects 9.4E-9 
Hazard Index 

Dose (person-rem) 5.8El 

Offsite Population 
Cancer Fatalities 2.9E-2 
Cancer Incidence 9.SE-2 
Genetic Effects 5.SE-3 

Dose (rem) 5.7E-4 
Cancer Fatalities 2.9E-7 

Offsite MEI Cancer Incidence 9.7E-7 
Genetic Effects 5.7E-8 
Hazard Index 

Dose (FfE-rem) 1.9E3 
Cancer Fatalities 7.7E-l 
Cancer Incidence 2.7 
Genetic Effects l.2E-l 

WM Workers Exposure Index 
Construction Fatalities 1.2 
Construction Injuries S.OE2 

Operation Fatalities 1.4 
Operation Injuries l .2E3 
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Table D.3.2-12. Program-Wide Risks Associated with Treatment of UW Under the 
Regionalized Alternative 7, by Health Endpoint 

Receptor Endpoint Radionuclides 
Physical 
Hazards 

Dose (person-rem) 3.7E-l 

Noninvolved Worker Cancer Fatalities l.9E-4 
Population Cancer Incidence 6.4E-4 

Genetic Effects 3.7E-5 

Dose (rem) 9.4E-5 

Cancer Fatalities 4.7E-8 
Noninvolved Worker 

Cancer Incidence l.6E-7 
MEI 

Genetic Effects 9.4E-9 

Hazard Index 

Dose (person-rem) 5.8El 

Offsite Population 
Cancer Fatalities 2.9E-2 

Cancer Incidence 9.SE-2 

Genetic Effects 5.SE-3 

Dose (rem) 5.7E-4 

Cancer Fatalities 2.9E-7 

Offsite MEI Cancer Incidence 9.7E-7 

Genetic Effects 5.7E-8 

Hazard Index 

Dose (FTE-rem) l.9E3 

Cancer Fatalities 7.7E-l 

Cancer Incidence 2.7 

Genetic Effects l.2E-l 

WM Workers Exposure Index 

Construction Fatalities 1.2 
Construction Injuries 5.2E2 

Operation Fatalities 1.4 

Operation Injuries l.2E3 
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Table D.3.2-13. Program-Wide Risks Associated with Treatment of UW Under the 
Centralized Alternative 1, by Health Endpoint 

Receptor Endpoint Radionuclides 
Physical 
Hazards 

Dose (person-rem) 3.7E-l 

Noninvolved Worker Cancer Fatalities L9E-4 
Population Cancer Incidence 6.4E-4 

Genetic Effects 3.7E-5 

Dose (rem) 9.4E-5 
Cancer Fatalities 4.7E-8 

Noninvolved Worker 
Cancer Incidence l.6E-7 

MEI 
Genetic Effects 9.4E-9 
Hazard Index 

Dose (person-rem) 5.8El 
Cancer Fatalities 2.9E-2 

Offsite Population 
Cancer Incidence 9.8E-2 
Genetic Effects 5.8E-3 

Dose (rem) 5.7E-4 
Cancer Fatalities 2.9E-7 

Offsite MEI Cancer Incidence 9.7E-7 
Genetic Effects 5.7E-8 
Hazard Index 

Dose (FfE-rem) l.9E3 
Cancer Fatalities 7.7E-l 
Cancer Incidence 2.7 
Genetic Effects l.2E-l 

WM Workers Exposure Index 
Construction Fatalities 1.2 
Construction Injuries 5.0E2 
Operation Fatalities 1.4 
Operation Injuries l.2E3 
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Table D.3.2-14. Program-Wide Risks Associated with Treatment of UW Under the 
Centralized Alternative 2, by Health Endpoint 

Receptor Endpoint Radionuclides 
Physical 
Hazards 

Dose (person-rem) 3.7E-l 

Noninvolved Worker Cancer Fatalities l.9E-4 
Population Cancer Incidence 6.4E-4 

Genetic Effects 3.7E-5 

Dose (rem) 9.4E-5 
Cancer Fatalities 4.7E-8 

Noninvolved Worker 
Cancer Incidence l.6E-7 

MEI 
Genetic Effects 9.4E-9 
Hazard Index 

Dose (person-rem) 5.8El 

Offsite Population 
Cancer Fatalities 2.9E-2 
Cancer Incidence 9.SE-2 
Genetic Effects 5.SE-3 

Dose (rem) 5.7E-4 
Cancer Fatalities 2.9E-7 

Offsite MEI Cancer Incidence 9.7E-7 
Genetic Effects 5.7E-8 
Hazard Index 

Dose (FTE-rem) l.9E3 
Cancer Fatalities 7.7E-l 
Cancer Incidence 2.7 
Genetic Effects l.2E-l 

WM Workers Exposure Index 
Construction Fatalities 1.2 
Construction Injuries 5.2E2 
Operation Fatalities 1.4 
Operation Injuries l.2E3 
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Table D.3.2-15. Program-Wide Risks Associated with Treatment of LLW Under the 
Regi.onalized Alternative 2, by Health Endpoint 

Receptor Endpoint Radionuclides 
Physical 
Hazards 

Dose (person-rem) 1.3El 

Noninvolved Worker Cancer Fatalities 6.6E-3 
Population Cancer Incidence 2.2E-2 

Genetic Effects 1.3E-3 

Dose (rem) 3.6E-3 
Cancer Fatalities 1.SE-6 

Noninvolved Worker 
Cancer Incidence 6.2E-6 

MEI 
Genetic Effects 3.6E-7 
Hazard Index 

Dose (person-rem) l.3E3 
Cancer Fatalities 6.4E-1 

Offsite Population 
Cancer Incidence 2.2 
Genetic Effects l.3E-1 

Dose (rem) 1.3E-2 
Cancer Fatalities 6.3E-6 

Offsite MEI Cancer Incidence 2.lE-5 
Genetic Effects 1.3E-6 
Hazard Index 

Dose (FfE-rem) 2.7E3 

Cancer Fatalities 1.1 

Cancer Incidence 3.8 
Genetic Effects 1.7E-l 

WM Workers Exposure Index 
Construction Fatalities 2.1 
Construction Injuries 9.2E2 
Operation Fatalities 2.7 
Operation Injuries 2.3E3 
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Table D.3.2-16. Program-Wide Ri.sks Associated with Treatment of LLW Under the 
Regionalized Alternative 4, by Health Endpoint 

Receptor Endpoint Radionuclides Physical 
Hazards 

Dose (person-rem) 3.8 

Noninvolved Worker Cancer Fatalities l.9E-3 
Population Cancer Incidence 6.5E-3 

Genetic Effects 3.8E-4 

Dose (rem) 1.7E-3 
Cancer Fatalities 8.SE-7 

Noninvolved Worker 
Cancer Incidence 2.9E-6 

MEI 
Genetic Effects l.7E-7 
Hazard Index 

Dose (person-rem) 2.0E2 

Offsite Population 
Cancer Fatalities 9.7E-2 
Cancer Incidence 3.3E-l 
Genetic Effects 2.0E-2 

Dose (rem) 4.6E-3 
Cancer Fatalities 2.3E-6 

Offsite MEI Cancer Incidence 7.9E-6 
Genetic Effects 4.6E-7 
Hazard Index 

Dose (FfE-rem) 3.1E3 
Cancer Fatalities 1.2 
Cancer Incidence 4.3 
Genetic Effects l.SE-1 

WM Workers Exposure Index 
Construction Fatalities 2.1 
Construction Injuries 9.3E2 
Operation Fatalities 2.7 
Operation Injuries 2.3E3 
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Table D.3.2-17. Program-Wide Risks Associated with Treatment of UW Under the 
Centralized Alternatives 3 and 4, by Health Endpoint 

Receptor Endpoint Radionuclides 
Physical 
Hai.ards 

Dose (person-rem) 4.3 

Noninvolved Worker Cancer Fatalities 2.lE-3 
Population Cancer Incidence 7.3E-3 

Genetic Effects 4.3E-4 

Dose (rem) 2.lE-3 

Cancer Fatalities l.lE-6 
Noninvolved Worker 

Cancer Incidence 3.6E-6 
MEI 

Genetic Effects 2.lE-7 
Hazard Index 

Dose (person-rem) 2.0E2 

Offsite Population 
Cancer Fatalities l .0E-1 
Cancer Incidence 3.4E-l 
Genetic Effects 2.0E-2 

Dose (rem) 4.6E-3 
Cancer Fatalities 2.3E-6 

Offsite MEI Cancer Incidence 7.9E-6 
Genetic Effects 4.6E-7 
Hazard Index 

Dose (FTE-rem) 3.1E3 
Cancer Fatalities 1.2 
Cancer Incidence 4.3 
Genetic Effects l.9E-l 

WM Workers Exposure Index 
Construction Fatalities 2.1 
Construction Injuries 9.3E2 
Operation Fatalities 2.7 
Operation Injuries 2.3E3 
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Table D.3.2-18. Program-Wide Risks Associated with Treatment of UW Under the 
Regionaliz.ed Alternative 5, by Health Endpoint 

Receptor Endpoint Radionuclides 
Physical 
Hazards 

Dose (person-rem) 2.8 

Noninvolved Worker Cancer Fatalities 1.4E-3 
Population Cancer Incidence 4.8E-3 

Genetic Effects 2.8E-4 

Dose (rem) l.7E-3 
Cancer Fatalities 8.SE-7 

Noninvolved Worker 
Cancer Incidence 2.9E-6 

MEI 
Genetic Effects l.7E-7 
Hazard Index 

Dose (person-rem) 2.4E2 

Offsite Population 
Cancer Fatalities l.2E-1 
Cancer Incidence 4.0E-1 
Genetic Effects 2.4E-2 

Dose (rem) 2.9E-3 
Cancer Fatalities l.4E-6 

Offsite MEI Cancer Incidence 4.9E-6 
Genetic Effects 2.9E-7 
Hazard Index 

Dose (FfE-rem) 3.5E3 
Cancer Fatalities 1.4 
Cancer Incidence 4.8 
Genetic Effects 2. lE-1 

WM Workers Exposure Index 
Construction Fatalities 2.1 
Construction Injuries 9.1E2 
Operation Fatalities 2.7 
Operation Injuries 2.3E3 
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Table D.3.2-19. Program-Wide Risks Associated with Treatment of UW Under the 
Centralized Alternative 5, by Health Endpoint 

Receptor Endpoint Radionuclides Physical 
Hazards 

Dose (person-rem) 2.2 

Noninvolved Worker Cancer Fatalities l.lE-3 
Population Cancer Incidence 3.7E-3 

Genetic Effects 2.2E-4 

Dose (rem) 3.4E-3 
Cancer Fatalities 1.7E-6 

Noninvolved Worker 
Cancer Incidence 5.SE-6 

MEI 
Genetic Effects 3.4E-7 
Hazard Index 

Dose (person-rem) 2.0E2 

Offsite Population 
Cancer Fatalities 9.SE-2 

Cancer Incidence 3.3E-l 
Genetic Effects 2.0E-2 

Dose (rem) 3.IE-3 
Cancer Fatalities l.5E-6 

Offsite MEI Cancer Incidence 5.2E-6 
Genetic Effects 3.IE-7 

Hazard Index 

Dose (FTE-rem) 5.4E3 
Cancer Fatalities 2.2 
Cancer Incidence 7.5 
Genetic Effects 3.2E-l 

WM Workers Exposure Index 
Construction Fatalities 1.9 
Construction Injuries 8.5E2 
Operation Fatalities 2.4 
Operation Injuries 2.0E3 
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Appendix D Waste Management Facility Human Health Risk Estimates 

Table D.3.2-20. Program-Wide Risks Associated with Treatment of U W Under the 
No Action Alternative, by Installation 

Fatalitiesb Cancer Incidence• 
Installation Population• 

Populationd MEid Workers Populationd MEid Workers 

INEL 
153061 

l.4E-6 1.7E-10 
2169 

6.lE-1 4.7E-6 5.8E-10 8.7E-l 

Hanford 
377645 

4.2E-7 8.6E-12 3.2E-l 1.48-6 2.98-11 5.48-1 
997 

K.APL-K 
1290172 

5.38-4 l.2E-8 l.7E-l 1.88-3 4.0E-8 1.88-2 
925 

LBL 
5856829 

7.6E-4 l.2E-8 
236 

5.lE-2 2.6E-3 4.18-8 2.98-2 

LANL 
159152 

1.9E-4 2.0E-8 3.3E-l 6.6E-4 6.9E-8 6.28-1 
920 

NTS 
14266 

0 
0.00 0.00 0.00 0.00 0.00 0.00 

ORNL 
881652 

914 
1.lE-2 3.SE-7 2.3E-1 3.8E-2 1.28-6 2.0E-1 

SNL-NM 
610714 

l.7E-6 6.8E-11 
277 

5.lE-2 5.88-6 2.3E-10 1.88-3 

SRS 
620618 

5.9E-4 5.68-9 
3032 

8.58-1 2.0E-3 1.98-8 1.2 

KCP 
1729833 

13 
1.0E-9 4.6E-14 2.4E-3 3.4E-9 l.6E-13 1.3E-4 

LLNL 
6324234 

426 
3.SE-7 5.8E-12 i.0E-2 1.2E-6 2.0E-11 4.lE-3 

Mound 
3032983 

9.4E-8 5.SE-12 
710 

1.48-1 3.28-7 l.9E-11 7.2E-3 

K-25 
871406 

708 
l.3E-9 2.8E-14 l.2E-1 4.4E-9 9.6E-14 1.58-2 

Y-12 
895379 

1101 
l.9E-8 7.2E--13 1.9E-1 6.6E-8 2.4E-12 2.3E-2 

PGDP 
500502 

654 
2.0E-8 2.JE-12 1.28-1 6.98-8 7.68-12 7.88-3 

Pantex 
265185 

1040 
1.SE-7 1.6E-11 l.SE-1 6.3E-7 5.JE-11 1.2E-2 

Pinellas 
2532174 

26 
1.SE-8 3.8E-13 4.7E-3 6.0E-8 l.3E-12 2.4E-4 

Ports 
639602 · 

1.78-9 2.lE-13 
1450 

2.58-1 5.78-9 7.2E-13 2.08-2 

RFETS 
2171877 

656 
l.2E-7 1.78-12 1.28-1 4.lE-7 5.6E-12 6.58-3 

ANL-8 
7939785 

2.3E-6 1.JE-11 
402 

1.lE-1 8.08-6 4.4E-11 1.SE-1 

TOTAL 1.38-2 3.58-7 3.9 4.58-2 1.2E-6 3.7 
. . 

Top number represents the off11te population w1thm an 80-krn (50-nu) radius of the mstallatton, whtle the bottom number represents the total 
~ for WM worken involved in construction and operation activities. 

Includes worker fatalities associated with radiation exposures and physical haz.ards. 
~ Indicates cancer incidence associated with radiation exposure. 

Offsite. 
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Table D.3.2-21. Program-Wide Risks Associated with Treatment of UW Under the 
Decentralized Alternative, by Installation 

Fatalitiesb Cancer Incidence• 
lmtallation Population• 

Populationd MEid Workers Populationd MEid Workers 

ANL-E 
7939785 

2.5E-6 1.4E-ll 8.3E-2 8.5E-6 4.7E-ll 1.lE-1 
224 

Hanford 
377645 

2.7E-6 5.5E-11 2.2E-1 9.lE-6 1.9E-10 3.5E-1 
577 

INEL 
153061 

8.0E-7 9.9E-11 3.2E-1 2.7E-6 3.4E-10 5.8E-1 
677 

KAPL-K 
1290172 

5.3E-4 l.2E-8 1.5E-1 l.8E-3 4.0E-8 2.0E-2 
650 

LBL 
5856829 

l.8E-2 2.9E-7 5.lE-2 6.2E-2 9.7E-7 2.7E-2 
174 

LLNL 
6324234 

l.0E-2 1.6E-7 5.0E-2 3.4E-2 5.5E-7 8.9E-3 
191 

LANL 
159152 

2.lE-4 2.2E-8 2.8E-l 7.lE-4 7.5E-8 4.9E-l 
653 

ORNL 
881652 

5.7E-6 1.8E-10 1.5E-l l.9E-5 6.0E-10 9.lE-2 
444 

SNL-NM 
610714 

l.8E-6 7.lE-11 6.5E-2 6.lE-6 2.4E-10 7.6E-2 
187 

SRS 
620618 

l.9E-5 . 1.7E-10 6.6E-l 6.3E-5 5.9E-10 7.9E-l 
1986 

BNL 
5738554 

0.00 0.00 
0 

0.00 0.00 0.00 0.00 

KCP 
1729833 

l.lE-9 4.8E-14 2.6E-3 3.6E-9 1.6E-13 l.0E-4 
11 

Mound 
3032983 

l.0E-7 5.9E-12 l.lE-1 3.5E-7 2.0E-11 4.7E-3 
435 

K-25 
871406 

8.6E-9 l.9E-13 l.2E-l 2.9E-8 6.4E-13 l.2E-2 
582 

Y-12 
895379 

2.0E-8 7.5E-13 1.8E-1 6.9E-8 2.6E-12 l.8E-2 
853 

PGDP 
500502 

3.2E-7 3.6E-l 1 l.lE-1 l.lE-6 1.2E-10 5.2E-3 
501 

Pantex 
265185 

8.3E-8 7.lE-12 
446 

9.8E-2 2.8E-7 2.4E-11 8.9E-3 

Pinellas 
2532174 

l.8E-8 3.8E-13 5. lE-3 6.0E-8 1.3E-12 2.0E-4 
21 

Ports 
639602 

2.4E-10 3.lE-14 l.5E-1 8.3E-10 l.lE-13 1.6E-2 
730 

RFETS 
2171877 

3.6E-7 4.9E-12 7.lE-2 1.2E-6 l.7E-11 4.0E-3 
298 

TOTAL 2.9E-2 2.9E-7 2.9 9.8E-2 9.7E-7 2.6 

a Top number represents the offsite population within an 80-krn (50-rni) radius 6f-the installation, while the bottom number represents the total 
~ for WM workers involved in construction and operation activities. 

Includes worker fatalities associated with radiation exposures and physical hazards. 
c Indicates cancer incidence associated with radiation exposure. 
d Offsite. 
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Table D.3.2-22. Program-Wide Risks Associated wiJh Treatment of U W Under the 
Regionalized Alternative 1, by Installation 

Fatalitiesb Cancer Incidencec 
Installation Population• 

Populationd MEid Workers Populationd MEid Workers 

Hanford 
377645 

2.7E-6 5.5E-11 2.2E-1 9.lE-6 1.9E-10 3.SE-1 
577 

INEL 
153061 

677 
8.0E-7 9.9E-11 3.2E-1 2.7E-6 3.4E-10 5.8E-1 

KAPL-K 
1290172 

5.3E-4 1.2E-8 
650 

1.SE-1 1.8E-3 4.0E-8 2.0E-2 

LBL 
5856829 

174 
l.8E-2 2.9E-7 5.lE-2 6.2E-2 9.7E-7 2.7E-2 

LLNL 
6324234 

191 
l.OE-2 1.6E-7 5.0E-2 3.4E-2 5.SE-7 8.9E-3 

LANL 
159152 

653 
2.lE-4 2.2E-8 2.8E-1 7.lE-4 7.SE-8 4.9E-1 

ORNL 
881652 

5.7E-6 1.8E-10 
444 

1.SE-1 1.9E-5 6.0E-10 9.lE-2 

Ports 
639602 

730 
2.4E-10 3.lE-14 1.5E-1 8.3E-10 1.lE-13 1.6E-2 

SNL-NM 
610714 

210 
1.8E-6 7.2E-l 1 5.lE-2 6.2E-6 2.4E-10 1.SE-3 

SRS 
620618 

1986 
1.9E-5 1.7E-10 6.6E-1 6.3E-5 5.9E-10 7.9E-1 

ANL-E 
7939785 

224 
2.5E-6 1.4E-11 8.3E-2 8.5E-6 4.7E-11 1.lE-1 

KCP 
1729833 

11 
1.lE-9 4.8E-14 2.6E-3 3.6E-9 1.6E-13 l.0E-4 

Mound 
3032983 

435 
1.0E-7 5.9E-12 l.lE-1 3.SE-7 2.0E-11 4.7E-3 

K-25 
871406 

582 
8.6E-9 l.9E-13 1.2E-1 2.9E-8 6.4E-13 l.2E-2 

Y-12 
895379 

853 
2.0E-8 7.SE-13 1.8E-l 6.9E-8 2.6E-12 1.8E-2 

PGDP 
500502 

501 
3.2E-7 3.6E-11 l.lE-1 1.lE-6 1.2E-10 5.2E-3 

Pantex 
265185 

446 
8.3E-8 7.lE-12 9.8E-2 2.SE-7 2.4E-11 8.9E-3 

Pinellas 
2532174 

21 
1.8E-8 3.SE-13 5. lE-3 6.0E-8 1.3E-12 2.0E-4 

RFETS 
2171877 

298 
3.6E-7 4.9E-12 7.lE-2 1.2E-6 1.7E-11 4.0E-3 

TOTAL 2.9E-2 2.9E-7 2.9 9.SE-2 9.7E-7 2.5 

a Top number represents the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
~ for WM workers involved in construction and operation activities. 

Includes worker fatalities associated with radiation exposures and physical hazards . 
c Indicates cancer incidence associated with radiation exposure. 
d Offaite. 
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Table D.3.2-23. Program-Wide Risks Associated with Treatment of U W Under the 
Regionalized Alternative 3, by Installation 

Fatalitiesb Cancer Incidencec 
Imtallation Population• 

Populationd MEid Workers Populationd MEid Workus 

Hanford 
377645 

2.78-6 5.58-11 
577 

2.28-1 9.18-6 1.98-10 3.58-1 

IN8L 
153061 

8.08-7 9.98-11 
677 

3.28-1 2.78-6 3.48-10 5.88-1 

KAPL-K 
1290172 

650 
5.38-4 1.28-8 1.58-1 1.88-3 4.08-8 2.08-2 

LBL 
5856829 

1.88-2 2.98-7 5.18-2 6.28-2 9.78-7 2.78-2 
174 

LANL 
159152 

653 
2.18-4 2.28-8 2.88-1 7.18-4 7.58-8 4.98-1 

NTS 
14266 

0 
0.00 0.00 0.00 0.00 0.00 0.00 

ORNL 
881652 

444 
5.78-6 1.88-10 1.58-1 1.98-5 6.08-10 9.18-2 

SNL-NM 
610714 

210 
1.88-6 7.28-11 5.18-2 6.28-6 2.48-10 1.58-3 

SRS 
620618 

1986 
1.98-5 1.78-10 6.68-1 6.38-5 5.98-10 7.98-1 

ANL-E 
7939785 

224 
2.58-6 1.48-11 8.38-2 8.SE-6 4.78-11 1.18-1 

KCP 
1729833 

11 
1.18-9 4.88-14 2.6E-3 3.6E-9 1.6E-13 1.08-4 

LLNL 
6324234 

227 
1.08-2 1.6E-7 5.9E-2 3.48-2 5.58-7 8.9E-3 

Mound 
3032983 

435 
1.08-7 5.9E-12 1.18-1 3.SE-7 2.0E-11 4.78-3 

K-25 
871406 

8.68-9 1.98-13 
582 

1.2E-1 2.98-8 6.4E-13 1.28-2 

Y-12 
895379 

853 
2.08-8 7.SE-13 1.88-1 6.98-8 2.68-12 1.88-2 

PGDP 
500502 

2.lE-8 2.3E-12 1.lE-1 7.lE-8 8.08-12 5.28-3 
503 

Pantex 
265185 

675 
1.18-7 9.28-12 1.58-1 3.7E-7 3.lE-11 9.08-3 

Pinellas 
2532174 

21 
1.88-8 3.88-13 5.lE-3 6.08-8 1.38-12 2.08-4 

Ports 
639602 

1075 
1.88-9 2.28-13 2.38-1 6.08-9 7.58-13 1.68-2 

RF8TS 
2171877 

344 
4.08-7 5.48-12 8. l E-2 1.48-6 1.88-11 4.08-3 

TOTAL 2.98-2 2.98-7 3.0 9.88-2 9.7E-7 2.5 

a Top number represents the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
~ for WM workers involved in construction and operation activities. 

Includes worker fatalities associated with radiation exposures and physical hazards. 
c Indicates cancer incidence associated with radiation exposure. 
d Offsite. 
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Table D.3.2-24. Program-Wide Risks Associated wuh Treatment of U W Under the 
Regionalized Alternative 6, by Installation 

Fatalitiesb Cancer Incidencec 
Installation Population• 

Populationd MEid Workers Populationd MEid Workers 

Hanford 
377645 

2.7E-6 5.SE-11 
577 

2.2E-1 9.lE-6 1.9E-10 3.SE-1 

KAPL-K 
1290172 

5.3E-4 1.2E-8 
650 

1.SE-1 1.8E-3 4.0E-8 2.0E-2 

LBL 
5856829 

174 
1.8E-2 2.9E-7 5.lE-2 6.2E-2 9.7E-7 2.7E-2 

LANL 
159152 

2.lE-4 2.2E-8 
902 

3.3E-1 7.lE-4 7.SE-8 4.9E-1 

ORNL 
881652 

444 
5.7E-6 1.8E-10 1.SE-1 1.9E-5 6.0E-10 9.lE-2 

SNL-NM 
610714 

210 
1.8E-6 7.2E-11 5.lE-2 6.2E-6 2.4E-10 1.SE-3 

SRS 
620618 

1986 
1.9E-5 1.7E-10 6.6E-1 6.3E-5 5.9E-10 7.9E-1 

INEL 
153061 

1032 
1.3E-6 1.6E-10 4.3E-1 4.4E-6 5.4E-10 7.2E-1 

ANL-E 
7939785 

224 
2.SE-6 1.4E-11 8.3E-2 8.SE-6 4.7E-11 1.lE-1 

KCP 
1729833 

11 
1.lE-9 4.8E-14 2.6E-3 3.6E-9 1.6E-13 1.0E-4 

LLNL 
6324234 

227 
l.0E-2 1.6E-7 5.9E-2 3.4E-2 5.SE-7 8.9E-3 

Mound 
3032983 

1.0E-7 5.9E-12 
435 

1.lE-1 3.SE-7 2.0E-11 4.7E-3 

K-25 
871406 

867 
l.lE-7 2.SE-12 1.9E-1 3.9E-7 8.6E-12 1.3E-2 

Y-12 
895379 

1222 
8.4E-8 3.lE-12 2.7E-l 2.9E-7 l.lE-11 1.9E-2 

PGDP 
500502 

503 
2.lE-8 2.3E-12 1.lE-1 7.lE-8 8.0E-12 5.2E-3 

Pantex 
265185 

l.lE-7 9.2E-12 
675 

1.5E-1 3.7E-7 3. lE-11 9.0E-3 

Pinellas 
2532174 

21 
1.8E-8 3.8E-13 5.lE-3 6.0E-8 1.3E-12 2.0E-4 

Ports 
639602 

1.8E-9 2.2E-13 
1075 

2.3E-1 6.0E-9 7.SE-13 1.6E-2 

RFETS 
2171877 

344 
4.0E-7 5.4E-12 8.lE-2 1.4E-6 1.8E-11 4.0E-3 

TOTAL 2.9E-2 2.9E-7 3.3 9.8E-2 9.7E-7 2.7 

a Top mmiber represents the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
~ for WM workers involved in construction and operation activities . 

Includes worker fatalities associated with radiation exposures and physical hazards. 
c Indicates cancer incidence associated with radiation exposure. 
d Offsite. 
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Table D.3.2-25. Program-Wide Risks Associated with Treatment of UW Under the 
Regionaliud Alternative 7, by Installation 

Fatalitiesb Cancer Incidence• 
lmtallation Population• 

Populationd MEid Workers Populationd MEid Workers 

Hanford 
377645 

843 
4.2E-6 8.5E-ll 2.9E-1 1.4E-5 2.9E-10 3.6E-1 

KAPL-K 
1290172 

5.3E-4 1.2E-8 1.5E-1 1.8E-3 4.0E-8 2.0E-2 
650 

LBL 
5856829 

1.8E-2 2.9E-7 
174 

5.lE-2 6.2E-2 9.7E-7 2.7E-2 

LANL 
159152 

2.lE-4 2.2E-8 3.3E-1 7.lE-4 7.5E-8 4.9E-1 
902 

NTS 
14266 

0 
0.00 0.00 0.00 0.00 0.00 0.00 

ORNL 
881652 

444 
5.7E-6 1.8E-10 l .SE-1 1.9E-5 6.0E-10 9.lE-2 

SNL-NM 
610714 

210 
l.8E-6 7.2E-l 1 5.lE-2 6.2E-6 2.4E-10 l.SE-3 

SRS 
620618 

l.9E-5 1.7E-10 
1986 

6.6E-l 6.3E-5 5.9E-10 7.9E-1 

INEL 
153061 

1032 
1.3E-6 1.6E-10 4.3E-1 4.4E-6 5.4E-10 7.2E-1 

ANL-E 
7939785 

2.SE-6 1.4E-ll 8.3E-2 8.5E-6 4.7E-ll 1.lE-1 
224 

KCP 
1729833 

11 
1.lE-9 4.8E-14 2.6E-3 3.6E-9 1.6E-13 1.0E-4 

LLNL 
6324234 

1.0E-2 1.6E-7 
227 

5.9E-2 3.4E-2 5.SE-7 8.9E-3 

Mound 
3032983 

435 
1.0E-7 5.9E-12 1.lE-1 3.5E-7 2.0E-11 4.7E-3 

K-25 
871406 

867 
1.lE-7 2.SE-12 l.9E-l 3.9E-7 8.6E-12 1.3E-2 

895379 
Y-12 8.4E-8 3.lE-12 2.7E-1 2.9E-7 1.lE-11 1.9E-2 

1222 

PGDP 
500502 

503 
2.lE-8 2.3E-12 l.lE-1 7.lE-8 8.0E-12 5.2E-3 

Pantex 
265185 

675 
l.lE-7 9.2E-12 1.5E-1 3.7E-7 3.lE-11 9.0E-3 

Pinellas 
2532174 

21 
1.8E-8 3.8E-13 5.lE-3 6.0E-8 1.3E-12 2.0E-4 

Ports 
639602 

1075 
1.8E-9 2.2E-13 2.3E-1 6.0E-9 7.5E-13 1.6E-2 

RFETS 
2171877 

344 
4.0E-7 5.4E-12 8. lE-2 l.4E-6 1.8E-1 l 4.0E-3 

TOTAL 2.9E-2 2.9E-7 3.4 9.SE-2 9.7E-7 2.7 
1 Top number represents the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
~ for WM workers involved in construction and operation activities. 

Includes worker fatalities associated with radiation exposures and physical hazards. 
c Indicates cancer incidence associated with radiation exposure. 
d otTsite. 
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Table D.3.2-26. Program-Wide Risks Associated with Treatment of U W Under the 
Centralized Alternative 1, by Installation 

Fatalitiesb Cancer Incidencec 
Installation Population• 

Populationd MEid Workers Populationd MEid Workers 

Hanford 
377645 

577 
2.7E-6 5.SE-11 2.2E-1 9.lE-6 1.9E-10 3.SE-1 

KAPL-K 
1290172 

S.3E-4 1.2E-8 
6S0 

1.SE-1 1.8E-3 4.0E-8 2.0E-2 

LBL 
5856829 

174 
1.8E-2 2.9E-7 5.lE-2 6.2E-2 9.7E-7 2.7E-2 

LANL 
159152 

902 
2.lE-4 2.2E-8 3.3E-1 7.lE-4 7.SE-8 4.9E-1 

ORNL 
8816S2 

444 
5.7E-6 1.8E-10 1.5E-1 1.9E-5 6.0E-10 9.lE-2 

SNL-NM 
610714 

210 
1.8E-6 7.2E-11 5.lE-2 6.2E-6 2.4E-10 1.SE-3 

620618 
SRS 

2008 
1.9E-5 1.8E-10 6.7E-1 6.3E-5 5.9E-10 8.0E-1 

INEL 
153061 
1032 

1.3E-6 1.6E-10 4.3E-1 4.4E-6 5.4E-10 7.2E-1 

1729833 
KCP 

11 
1.lE-9 4.8E-14 2.6E-3 3.6E-9 1.6E-13 1.0E-4 

LLNL 
6324234 

227 
1.0E-2 1.6E-7 5.9E-2 3.4E-2 5.SE-7 8.9E-3 

3032983 
Mound 

435 
1.0E-7 5.9E-12 1.IE-1 3.SE-7 2.0E-11 4.7E-3 

K-25 
871406 

867 
1.IE-7 2.5E-12 1.9E-1 3.9E-7 8.6E-12 1.3E-2 

895379 
Y-12 

1222 
8.4E-8 3. lE-12 2.7E-1 2.9E-7 1.lE-11 1.9E-2 

PGDP 
500502 

2. lE-8 5.2E-3 
503 

2.3E-12 l.lE-1 7.lE-8 8.0E-12 

Pantex 
265185 

675 
l.lE-7 9.2E-12 l .SE-1 3.7E-7 3.lE-11 9.0E-3 

Pinellas 
2532174 

21 
1.8E-8 3.8E-13 5.lE-3 6.0E-8 1.3E-12 2.0E-4 

Ports 
639602 

1075 
1.8E-9 2.2E-13 2.3E-1 6.0E-9 7.SE-13 1.6E-2 

RFETS 
2171877 

344 
4.0E-7 5.4E-12 8.lE-2 1.4E-6 1.8E-11 4.0E-3 

ANL-E 
793978S 

224 
2.SE-6 1.4E-11 8.3E-2 8.SE-6 4.7E-11 1.lE-1 

TOTAL 2.9E-2 2.9E-7 3.3 9.8E-2 9.7E-7 2.7 

4 
Top number represents the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 

~Es for WM workers involved in construction and operation activities . 
Includes worker fatalities associated with radiation exposures and physical hazards . 

c Indicates cancer incidence associated with radiation exposure. 
d Offsite. 
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Table D.3.2-27. Program-Wide Risks Associated with Treatment of U W Under the 
Centralized Alternative 2, by Installation 

Fatalitiesb Cancer Incidencec 
Installation Populationa 

Populationd MEid Workers Populationd MEid Workers 

Hanford 
377645 

843 
4.2E-6 8.5E-11 2.9E-1 1.4E-5 2.9E-10 3.6E-1 

KAPL-K 
1290172 

5.3E-4 1.2E-8 1.5E-1 1.8E-3 4.0E-8 2.0E-2 
650 

LBL 
5856829 

174 
1.8E-2 2.9E-7 5.lE-2 6.2E-2 9.7E-7 2.7E-2 

LANL 
159152 

902 
2.lE-4 2.2E-8 3.3E-1 7.lE-4 7.5E-8 4.9E-1 

NTS 
14266 

0 
0.00 0.00 0.00 0.00 0.00 0.00 

ORNL 
881652 

444 
5.7E-6 1.8E-10 1.5E-1 1.9E-5 6.0E-10 9.lE-2 

SNL-NM 
610714 

210 
1.8E-6 7.2E-11 5.lE-2 6.2E-6 2.4E-10 1.5E-3 

SRS 
620618 

2008 
1.9E-5 1.8E-10 6.7E-1 6.3E-5 5.9E-10 8.0E-1 

INEL 
153061 

1032 
1.3E-6 1.6E-10 4.3E-1 4.4E-6 5.4E-10 7.2E-1 

ANL-E 
7939785 

224 
2.5E-6 1.4E-11 8.3E-2 8.5E-6 4.7E-11 1.lE-1 

KCP 
1729833 

11 
1.lE-9 4.8E-14 2.6E-3 3.6E-9 1.6E-13 1.0E-4 

LLNL 
6324234 

l.0E-2 1.6E-7 
227 

5.9E-2 3.4E-2 5.5E-7 8.9E-3 

Mound 
3032983 

435 
1.0E-7 5.9E-12 1.lE-1 3.5E-7 2.0E-11 4.7E-3 

K-25 
871406 

867 
l.lE-7 2.5E-12 1.9E-1 3.9E-7 8.6E-12 1.3E-2 

Y-12 
895379 

1222 
8.4E-8 3.lE-12 2.7E-1 2.9E-7 1.lE-11 1.9E-2 

PGDP 
500502 

503 
2.lE-8 · 2.3E-12 1.lE-1 7.lE-8 8.0E-12 5.2E-3 

Pantex 
265185 

675 
l.lE-7 9.2E-12 1.5E-1 3.7E-7 3. lE-11 9.0E-3 

Pinellas 
2532174 

21 
1.8E-8 3.8E-13 5. lE-3 6.0E-8 1.3E-12 2.0E-4 

Ports 
639602 

1075 
1.8E-9 2.2E-13 2.3E-1 6.0E-9 7.5E-13 1.6E-2 

RFETS 
2171877 

344 
4.0E-7 5.4E-12 8. lE-2 1.4E-6 1.8E-11 4.0E-3 

TOTAL 2.9E-2 2.9E-7 3.4 9.8E-2 9.7E-7 2.7 

a Top number represents the offsite population within an 80-krn (50-mi) radius of the installation, while the bottom number represents the total 
t:Es for WM workers involved in construction and operation activities . 

Includes worker fatalities associated with radiation exposures and physical hazards. 
c Indicates cancer incidence associated with radiation exposure. 
d Offsite. 
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Table D.3.2-28. Program-Wide Risks Associated with Treatment of U W Under the 
Regionaliz.ed Alternative 2, by Installation 

Fatalitiesb Cancer Incidencec 
Installation Population• 

Populationd MEid Workers Populationd MEid Workers 

Fernald 
2764589 

2.3E-1 4.4E-6 
461 

1.2E-1 7.9E-1 1.5E-5 2.3E-2 

Hanford 
377645 

3.6E-6 7.3E-11 5.2E-1 l.2E-5 2.SE-10 6.9E-1 
1569 

INEL 
153061 

1.4E-6 l.7E-10 5.4E-l 4.6E-6 5.7E-10 5.8E-l 
1809 

KAPL-K 
1290172 

5.3E-4 l.2E-8 1.5E-1 l.8E-3 4.0E-8 2.0E-2 
650 

LBL 
5856829 

174 
1.8E-2 2.9E-7 5.lE-2 6.2E-2 9.7E-7 2.7E-2 

LLNL 
6324234 

483 
3.9E-1 6.3E-6 1.SE-1 1.3 2.lE-5 l.7E-l 

LANL 
159152 
1362 

7.8E-3 8.2E-7 4.9E-l 2.7E-2 2.8E-6 6.5E-l 

ORNL 
881652 

l .SE-5 4.6E-10 1.2 5.lE-5 1.6E-9 4.6E-l 
4756 

Ports . 
639602 
3434 

5.3E-5 6.6E-9 7.4E-l 1.8E-4 2.2E-8 9.6E-2 

SNL-NM 
610714 

210 
1.8E-6 7.2E-11 5.lE-2 6.2E-6 2.4E-10 1.SE-3 

SRS 
620618 

6.lE-4 5.7E-9 
2598 

8.3E-l 2.lE-3 2.0E-8 9.6E-l 

KCP 
1729833 

11 
l.lE-9 4.8E-14 2.6E-3 3.6E-9 l.6E-13 l.0E-4 

Mound 
3032983 

435 
l.0E-7 5.9E-12 l.lE-1 3.SE-7 2.0E-11 4.7E-3 

RFETS 
2171877 

800 
l.9E-4 2.5E-9 2.2E-1 6.3E-4 8.6E-9 4.0E-3 

K-25 
871406 

582 
8.6E-9 1.9E-13 l.2E-1 2.9E-8 6.4E-13 l.2E-2 

Y-12 
895379 

2.0E-8 7.SE-13 
853 

l.8E-l 6.9E-8 2.6E-12 l.SE-2 

Pinellas 
2532174 

21 
1.8E-8 3.88-13 5.lE-3 6.08-8 l.3E-12 2.08-4 

Pantex 
265185 

1.18-7 9.18-12 
1251 

2.68-1 3.7E-7 3.lE-11 9.SE-3 

ANL-E 
7939785 

224 
2.SE-6 1.4E-11 8.3E-2 8.SE-6 4.7E-11 1.18-1 

PGDP 
500502 

1.98-6 2.lE-10 
800 

1.9E-l 6.4E-6 7.lE-10 5.8E-3 

TOTAL 6.4E-l 6.3E-6 5.9 2.2 2.lE-5 3.8 

a Top number represen18 the offsite population within an 80-krn (50-rni) radius of the installation, while the bottom number represents the total 
~ for WM work:en involved in construction and operation activities. 

Includes worker fatalities associated with radiation exposures and physical hazards. 
c Indicates cancer incidence associated with radiation exposure. 
d Offsite. 
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Table D.3.2-29. Program-Wide Risks Associated with Treatment of UW Under the 
Regionalized Altemati.ve 4, by Installation 

Fatalitiesb Cancer Incidencec 
Installation Population• 

Populationd MEid Workers Populationd MEid Workers 

Hanford 
377645 

1634 
4.7E-2 9.6E-7 5.4E-l l.6E-l 3.3E-6 7.2E-l 

INEL 
153061 

1809 
l.4E-6 1.7E-10 5.4E-1 4.6E-6 5.78-10 5.8E-1 

KAPL-K 
1290172 

650 
5.3E-4 1.2E-8 l.5E-1 1.8E-3 4.0E-8 2.0E-2 

LBL 
5856829 

174 
l.8E-2 2.9E-7 5.lE-2 6.2E-2 9.7E-7 2.7E-2 

LANL 
159152 

2731 
7.8E-3 8.2E-7 9.3E-1 2.7E-2 2.8E-6 1.2 

ORNL 
881652 
4855 

l.9E-5 5.7E-10 1.2 6,3E-5 1.9E-9 4.SE-1 

Ports 
639602 

3483 
l.9E-2 2.3E-6 7.6E-l 6.4E-2 7.9E-6 1.3E-1 

SNL-NM 
610714 

210 
1.8E-6 7.2E-11 5.lE-2 6.2E-6 2.4E-10 l.SE-3 

SRS 
620618 

2598 
6.lE-4 5.7E-9 8.3E-1 2.lE-3 2.0E-8 9.6E-1 

KCP 
1729833 , 

11 
l.lE-9 4.8E-14 2.6E-3 3.6E-9 1.6E-13 1.0E-4 

LLNL 
6324234 

227 
4.4E-3 7.lE-8 5.9E-2 1.SE-2 2.4E-7 8.9E-3 

Mound 
3032983 

435 
1.0E-7 5.9E-12 1.lE-1 3.SE-7 2.0E-11 4.7E-3 

NTS 
14266 

0 
0.00 0.00 0.00 0.00 0.00 0.00 

K-25 
871406 

582 
8.6E-9 1.9E-13 1.2E-1 2.9E-8 6.4E-13 1.2E-2 

895379 
Y-12 

853 
2.0E-8 7.SE-13 1.8E-1 6.9E-8 2.6E-12 1.8E-2 

PGDP 
500502 

497 
2.lE-8 2.4E-12 l.lE-1 7.2E-8 8.0E-12 5.2E-3 

Pantex 
265185 

675 
1.lE-7 9.2E-12 1.5E-1 3.7E-7 3.lE-11 9.0E-3 

Pinellas 
2532174 

1.3E-12 2.0E-4 
21 

1.8E-8 3.8E-13 5.lE-3 6.0E-8 

RFETS 
2171877 

800 
1.9E-4 2.SE-9 2.2E-1 6.3E-4 8.6E-9 4.0E-3 

ANL-E 
7939785 

224 
2.SE-6 1.4E-11 8.3E-2 8.SE-6 4.7E-11 l.lE-1 

TOTAL 9.7E-2 2.3E-6 6.1 3.3E-1 7.9E-6 4.3 
8 Top number represents the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
~ for WM workers involved in construction and operation activities. 

Includes worker fatalities associated with radiation exposures and physical hazards. 
c Indicates cancer incidence associated with radiation exposure. 
d Offsite. 
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Table D.3.2-30. Program-Wide Risks Associated wiJh Treatment of U W Under the 
Centralized Alternatives 3 and 4, by Installation 

Fatalitiesb Cancer lncidencec 
lmtallation Population• 

Populationd MEid Workers Populationd MEid Workers 

Hanford 
377645 

5.0E-2 1.0E-6 5.4E-1 1.7E-1 3.SE-6 7.2E-1 
1634 I 

INEL 
153061 
1809 

1.4E-6 1.7E-10 5.4E-1 4.6E-6 5.7E-10 5.8E-1 

KAPL-K 
1290172 

5.3E-4 1.2E-8 1.5E-1 1.8E-3 4.0E-8 2.0E-2 
650 

LBL 
5856829 

l.8E-2 2.9E-7 
174 

5.lE-2 6.2E-2 9.7E-7 2.7E-2 

LANL 
159152 

7.8E-3 8.2E-7 
2731 · 

9.3E-1 2.7E-2 2.8E-6 1.2 

NTS 
14266 

0 
0.00 0.00 0.00 0.00 0.00 0.00 

ORNL 
881652 

1.9E-5 5.7E-10 
4855 

1.2 6.3E-5 1.9E-9 4.SE-1 

Ports 
639602 

1.9E-2 2.3E-6 7.6E-1 6.4E-2 7.9E-6 1.3E-l 
3481 

SNL-NM 
610714 

232 
1.8E-6 7.2E-11 7.7E-2 6.2E-6 2.4E-10 7.6E-2 

SRS 
620618 

6.lE-4 5.7E-9 8.3E-1 2.lE-3 2.0E-8 9.6E-l 
2598 

ANL-E 
7939785 

224 
2.5E-6 1.4E-11 8.3E-2 8.SE-6 4.7E-11 1.lE-1 

KCP 
1729833 

11 
1.lE-9 4.8E-14 2.6E-3 3.6E-9 1.6E-13 l.0E-4 

LLNL 
6324234 

227 
4.4E-3 7.lE-8 5.9E-2 1.5E-2 2.4E-7 8.9E-3 

Mound 
3032983 

1.0E-7 5.9E-12 1.lE-1 3.SE-7 2.0E-11 4.7E-3 
435 

K-25 
871406 

582 
8.6E-9 1.9E-13 1.2E-l 2.9E-8 6.4E-13 1.2E-2 

Y-12 
895379 

2.0E-8 7.SE-13 
853 

1.8E-l 6.9E-8 2.6E-12 1.8E-2 

500502 
PGDP 

497 
2.lE-8 2.4E-12 1.lE-1 7.2E-8 8.0E-12 5.2E-3 

Pantex 
265185 

675 
1.lE-7 9.2E-12 1.5E-1 3.7E-7 3.lE-11 9.0E-3 

Pinellas 
2532174 

21 
1.8E-8 3.8E-13 5.lE-3 6.0E-8 1.3E-12 2.0E-4 

RFETS 
2171877 

800 
l.9E-4 2.5E-9 2.2E-1 6.3E-4 8.6E-9 4.0E-3 

TOTAL 1.0E-1 2.3E-6 6.1 3.4E-1 7.9E-6 4.3 

a Top number repreaents the offsite population within an 80-lan (50-mi) radius of the installation, while the bottom number represents the total 
i:Es for WM workers involved in construction and operation activities. 

Includes worker fatalities associated with radiation exposures and physical hazards. 
c Indicates cancer incidence associated with radiation exposure. 
d Offsite. 
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Table D.3.2-31. Program-Wide Risks Associated with Treatment of UW Under the 
Regionalized Alternative 5, by Installation 

Fatalitiesb Cancer Incidence• 
Installation Population• 

Populationd MEid Workers Populationd MEid Workers 

Hanford 
377645 

1634 
4.7E-2 9.6E-7 5.4E-l l.6E-l 3.3E-6 7.2E-l 

INEL 
153061 

4.lE-4 5.lE-8 
3954 

1.3 l.4E-3 l.7E-7 1.9 

KAPL-K 
1290172 

5.3E-4 2.0E-2 
650 

1.2E-8 1.SE-1 l.SE-3 4.0E-8 

LBL 
5856829 

l.8E-2 
174 

2.9E-7 5.lE-2 6.2E-2 9.7E-7 2.7E-2 

LANL 
159152 

2.lE-4 
902 

2.2E-8 3.3E-1 7.lE-4 7.SE-8 4.9E-l 

ORNL 
881652 

4.6E-2 4.9E-6 5.6E-l 
7524 

1.4E-6 1.8 l.6E-l 

SNL-NM 
610714 

210 
1.8E-6 7.2E-ll 5. lE-2 6.2E-6 2.4E-10 l .SE-3 

SRS 
620618 

2598 
6.lE-4 5.7E-9 8.3E-l 2.lE-3 2.0E-8 9.6E-l 

ANL-E 
7939785 

2.5E-6 1.lE-1 
224 

l.4E-ll 8.3E-2 8.SE-6 4.7E-11 

KCP 
1729833 

11 
1.lE-9 4.8E-14 2.6E-3 3.6E-9 l.6E-13 1.0E-4 

LLNL 
6324234 

227 
4.4E-3 7. lE-8 5.9E-2 l.SE-2 2.4E-7 8.9E-3 

Mound 
3032983 

1.0E-7 
435 

5.9E-12 1. lE-1 3.SE-7 2.0E-11 4.7E-3 

NTS 
14266 

0 
0.00 0.00 0.00 0.00 0.00 0.00 

K-25 
871406 

8.6E-9 6.4E-13 1.2E-2 
582 

1.9E-13 1.2E-1 2.9E-8 

895379 
Y-12 

853 
2.0E-8 7.SE-13 1.8E-l 6.9E-8 2.6E-12 l.8E-2 

PGDP 
500502 

497 
2.lE-8 2.4E-12 1.lE-1 7.2E-8 8.0E-12 5.2E-3 

265185 
Pantex 

675 
1.lE-7 9.2E-12 1.SE-1 3.7E-7 3.lE-11 9.0E-3 

Pinellas 
2532174 

21 
1.8E-8 3.8E-13 5.lE-3 6.0E-8 1.3E-12 2.0E-4 

Ports 
639602 

1087 
1.8E-9 2.2E-13 2.4E-1 5.9E-9 7.SE-13 1.6E-2 

RFETS 
2171877 

4.0E-7 
344 

5.4E-12 8.lE-2 1.4E-6 l.8E-11 4.0E-3 

TOTAL 1.2E-l l.4E-6 6.2 4.0E-1 4.9E-6 4.8 

1 Top number repreaenta the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
~ for WM workers involved in construction and operation activities. 

Includes worker fatalities associated with radiation exposures and physical hazards. 
c Indicates cancer incidence associated with radiation exposure. 
d Offsite. 
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Table D.3.2-32. Program-Wide Risks Associated wiJh Treatment of LL W Under the 
Centralized Alternative S, by Installation 

Fatalitiesb Cancer Incidencec 
Installation Population• 

Populationd MEid Workers Populationd MEid Workers 

Hanford 
377645 

7.5E-2 l.SE-6 
9856 

3.7 2.SE-1 5.2E-6 5.3 

K.APL-K 
1290172 

5.3E-4 l.2E-8 l.5E-l l.8E-3 4.0E-8 2.0E-2 
650 

LBL 
5856829 

174 
l.8E-2 2.9E-7 5.lE-2 6.2E-2 9.7E-7 2.7E-2 

LANL 
159152 

902 
2.lE-4 2.2E-8 3.3E-l 7.lE-4 7.SE-8 4.9E-l 

SNL-NM 
610714 

210 
l.8E-6 7.2E-11 5.lE-2 6.2E-6 2.4E-10 1.SE-3 

SRS 
620618 

1986 
1.2E-5 l.2E-10 6.6E-l 4.2E-5 3.9E-10 7.9E-1 

INEL 
153061 

8.0E-7 9.9E-11 
677 

3.2E-l 2.7E-l 3.4E-10 5.8E-l 

ORNL 
881652 

444 
5.7E-6 1.8E-10 l.SE-1 1.9E-5 6.0E-10 9.lE-2 

KCP 
1729833 

~ 11 
1.lE-9 4.8E-14 2.6E-3 3.6E-9 l.6E-13 l.0E-4 

ANL-E 
7939785 

224 
2.SE-6 l.4E-11 8.3E-2 8.SE-6 4.7E-11 1.lE-1 

LLNL 
6324234 

227 
4.4E-3 7.lE-8 5.9E-2 1.5E-2 2.4E-7 8.9E-3 

Mound 
3032983 

l.0E-7 5.9E-12 
435 

1.lE-1 3.5E-7 2.0E-11 4.7E-3 

K-25 
871406 

582 
8.6E-9 1.9E-13 l.2E-1 2.9E-8 6.4E-13 1.2E-2 

Y-12 
895379 

2.0E-8 7.5E-13 
853 

l.8E-1 6.9E-8 2.6E-12 1.8E-2 

PGDP 
500502 

497 
2.lE-8 2.4E-12 1.lE-1 7.2E-8 8.0E-12 5.2E-3 

Pantex 
265185 

675 
1.lE-7 9.2E-12 l.SE-1 3.7E-7 3.lE-11 9.0E-3 

Pinellas 
2532174 

21 
1.8E-8 3.8E-13 5.lE-3 6.0E-8 1.3E-12 2.0E-4 

Ports 
639602 

1087 
1.8E-9 2.2E-13 2.4E-1 5.9E-9 7.SE-13 1.6E-2 

RFETS 
2171877 

344 
4.0E-7 5.4E-12 8. lE-2 1.4E-6 1.8E-11 4.0E-3 

TOTAL 9.8E-2 1.5E-6 6.5 3.3E-1 5.2E-6 7.5 

1 
Top number represents the offsite population within an 80-km (SO-mi) radius of the installation, while the bottom number represent& the total 
~ for WM worken involved in construction and operation activities. 

Includes worker fatalities associated with radiation exposures and physical hazards. 
c Indicates cancer incidence associated with radiation exposure. 
d Offaite. 
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Table D.3.2-33. Program-Wule Risks Associated with Disposal of U W Under the 
No Action Alternative, by Health Endpoint 

Receptor Endpoint Radionuclides Physical 
Hazards 

Dose (person-rem) l.2El 

Most-Exposed Cancer Fatalities 5.7E-3 

Farm Family Cancer Incidence 2.0E-2 

Genetic Effects 1.2E-3 

Hazard Index . 
Dose (person-rem) 1.5E2 

Cancer Fatalities 7.6E-2 

All Lifetimes Cancer Incidence 2.6E-1 

Genetic Effects l.SE-2 

Hazard Index 

Dose (FI'E-rem) 7.4E3 

Cancer Fatalities 3.0 

Cancer Incidence 1.0El 

Genetic Effects 4.5E-1 

WM Workers Exposure Index 

Construction Fatalities 1.7 

Construction Injuries 7.5E2 

Operation Fatalities 2.1 

Operation Injuries 1.8E3 
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Table D.3.2-34. Program-Wide Risks Associated with Disposal of U W Under the 
Decentralized Alternative, by Health Endpoint 

Receptor Endpoint Radionuclides Physical 

Hazards 

Dose (person-rem) l.3E2 

Most-Exposed Cancer Fatalities 6.4E-2 

Farm Family Cancer Incidence 2.2E-l 

Genetic Effects l .3E-2 

Hazard Index 

Dose (person-rem) 2.3E3 

Cancer Fatalities 1.2 

All Lifetimes Cancer Incidence 4.0 

Genetic Effects 2.3E-l 

Hazard Index 

Dose (FTE-rem) 5.6E3 

Cancer Fatalities 2.2 

Cancer Incidence 7.9 

Genetic Effects 3.4E-l 

WM Workers Exposure Index 

Construction Fatalities 3.9 

Construction Injuries l.7E3 

Operation Fatalities 1.8 

Operation Injuries l.5E3 
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Table D.3.2-35. Program-Wide Ri.sks Associated with Disposal of U W Under the 
Regionalized Alternative 1, by Health Endpoint 

Receptor Endpoint Radionuclides Physical 

Hazards 

Dose (person-rem) 3.0 

Most-Exposed Cancer Fatalities l.5E-3 

Farm Family Cancer Incidence 5.lE-3 

Genetic Effects 3.0E-4 

Hazard Index 

Dose (person-rem) 4.4El 

Cancer Fatalities 2.2E-2 

All Lifetimes Cancer Incidence 7.4E-2 

Genetic Effects 4.4E-3 

Hazard Index 

Dose (FTE-rem) 5.4E3 

Cancer Fatalities 2.2 

Cancer Incidence 7.6 

Genetic Effects 3.2E-l 

WM Workers Exposure Index 

Construction Fatalities 3.9 

Construction Injuries l.7E3 

Operation Fatalities 1.8 

Operation Injuries l.5E3 
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Table D.3.2-36. Program-Wide lasks Associated with Disposal of U W Under the 
Regionalized Alternative 3, by Health Endpoint 

Receptor Endpoint Radionuclides Physical 

Hazards 

Dose (person-rem) 2.5 

Most-Exposed Cancer Fatalities 1.2E-3 

Farm Family Cancer Incidence 4.3E-3 

Genetic Effects 2.5E-4 

Hazard Index 

Dose (person-rem) 3.4El 

Cancer Fatalities 1.7E-2 

All Lifetimes Cancer Incidence 5.SE-2 

Genetic Effects 3.4E-3 

Hazard Index 

Dose (FTE-rem) 5.9E3 

Cancer Fatalities 2.4 
I 

Cancer Incidence 8.3 

Genetic Effects 3.5E-1 

WM Workers Exposure Index 

Construction Fatalities 3.7 

Construction Injuries 1.6E3 

Operation Fatalities 1.6 

Operation Injuries l.3E3 
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Table D.3.2-37. Program-Wide Ri.sks Associated with Disposal of UW Under the 
Regionalized Alternative 6, by Health Endpoint 

Receptor Endpoint Radionuclides Physical 

Hazards 

Dose (person-rem) 3.3El 

Most-Exposed Cancer Fatalities l.6E-2 

Farm Family Cancer Incidence 5.6E-2 

Genetic Effects 3.3E-3 

Hazard Index 

Dose (person-rem) 4.3E2 

Cancer Fatalities 2.2E-1 

All Lifetimes Cancer Incidence 7.3E-1 

Genetic Effects 4 .3E-2 

Hazard Index 

Dose (FfE-rem) 4.4E3 
I Cancer Fatalities 1.8 

Cancer Incidence 6.2 

Genetic Effects 2.6E-1 

WM Workers Exposure Index 

Construction Fatalities 5.1 

Construction Injuries 2.2E3 

Operation Fatalities 1.3 

Operation Injuries l.1E3 
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Table D.3.2-38. Program-Wide Risks Associated with Disposal of UW Under the 
Regionalized Alternative 7, by Health Endpoint 

Receptor Endpoint Radionuclides Physical 

Hazards 

Dose (person-rem) 3.4E-1 

Most-Exposed Cancer Fatalities 1.7E-4 

Farm Family Cancer Incidence 5.9E-4 

Genetic Effects 3.4E-5 

Hazard Index 

Dose (person-rem) 3.7 

Cancer Fatalities 1.SE-3 

All Lifetimes Cancer Incidence 6.3E-3 

Genetic Effects 3.7E-4 

Hazard Index 

Dose (FfE-rem) 4.4E3 

Cancer Fatalities 1.8 

Cancer Incidence 6.2 

Genetic Effects 2.6E-1 

WM Workers Exposure Index 

Construction Fatalities 5.0 

Construction Injuries 2.2E3 

Operation Fatalities 1.3 

Operation Injuries 1.1E3 
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Table D.3.2-39. Program-Wide Ri.sks Associated with Disposal of U W Under the 
Centralized Alternative I, by Health Endpoint 

Receptor Endpoint Radionuclides Physical 

Hazards 

Dose (person-rem) 9.6 

Most-Exposed Cancer Fatalities 4.8E-3 

Fann Family Cancer Incidence l.6E-2 

Genetic Effects 9.6E-4 

Hazard Index 

Dose (person-rem) l.3E2 

Cancer Fatalities 6.4E-2 

All Lifetimes Cancer Incidence 2.2E-l 

Genetic Effects l .3E-2 

Hazard Index 

Dose (FfE-rem) 6.9E3 

Cancer Fatalities 2.8 

Cancer Incidence 9.7 

Genetic Effects 4.2E-l 

WM Workers Exposure Index 

Construction Fatalities 4.0E-1 

Construction Injuries l.7E2 

Operation Fatalities 9.6E-l 

Operation Injuries 8.1E2 
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Table D.3.2-40. Program-Wide Ri.sks Associated with Disposal of UW Under the 
Centralized Alternative 2, by Health Endpoint 

Receptor Endpoint Radionuclides Physical 

Hazards 

Dose (person-rem) 0.0 

Most-Exposed Cancer Fatalities 0.0 

Farm Family Cancer Incidence 0.0 

Genetic Effects 0.0 

Hazard Index 

Dose (person-rem) 0.0 

Cancer Fatalities 0.0 

All Lifetimes Cancer Incidence 0.0 

Genetic Effects 0.0 

Hazard Index 

Dose (FfE-rem) 6.9E3 

Cancer Fatalities 2.8 

Cancer Incidence 9.7 

Genetic Effects 4.2E-1 

WM Workers Exposure Index 

Construction Fatalities 3.7E-1 

Construction Injuries l.6E2 

Operation Fatalities 9.6E-1 

Operation Injuries 8.1E2 
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Table D.3.2-41. Program-Wide Ri.sks Associated with Disposal of U W Under the 
Regi.onalized Alternative 2, by Health Endpoint 

Receptor Endpoint Radionuclides Physical 

Hazards 

Dose (person-rem) l.0El 

Most-Exposed Cancer Fatalities 5.2E-3 

Farm Family Cancer Incidence l.BE-2 

Genetic Effects 1.0E-3 

Hazard Index 

Dose (person-rem) l.5E2 

Cancer Fatalities 7.2E-2 

All Lifetimes Cancer Incidence 2.5E-1 

Genetic Effects l .5E-2 

Hazard Index 

Dose (FfE-rem) 4.5E3 

Cancer Fatalities 1.8 

Cancer Incidence 6.3 

Genetic Effects 2.7E-1 

WM Workers Exposure Index 

Construction Fatalities 3.0 

Construction Injuries l.3E3 

Operation Fatalities 1.2 

Operation Injuries l .0E3 
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Table D.3.2-42. Program-Wide Risks Associated with Disposal of U W Under the 
Regi.onalized Alternative 4, by Health Endpoint 

Receptor Endpoint Radionuclides Physical 

Hazards 

Dose (person-rem) 2.8El 

Most-Exposed Cancer Fatalities l .4E-2 

Fann Family Cancer Incidence 4.SE-2 

Genetic Effects 2.SE-3 

Hazard Index 

Dose (person-rem) 3.7E2 

Cancer Fatalities l.9E-l 

All Lifetimes Cancer Incidence 6.3E-l 

Genetic Effects 3.7E-2 

Hazard Index 

Dose (FTE-rem) 4.5E3 

Cancer Fatalities 1.8 

Cancer Incidence 6.3 

Genetic Effects 2.7E-l 

WM Workers Exposure Index 

Construction Fatalities 2.8 

Construction Injuries l.2E3 

Operation Fatalities 1.1 

Operation Injuries 9.0E2 
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Table D.3.2-43. Program-Wide Ri.sks Associated with Disposal of UW Under the 
Centralized Alternative 3, by Health Endpoint 

Receptor Endpoint Radionuclides Physical 

Hazards 

Dose (person-rem) l.8El 

Most-Exposed Cancer Fatalities 9.2E-3 

Farm Family Cancer Incidence 3.lE-2 

Genetic Effects l .8E-3 

Hazard Index 

Dose (person-rem) 2.5E2 

Cancer Fatalities l.2E-1 

All Lifetimes Cancer Incidence 4.2E-l 

Genetic Effects 2.5E-2 

Hazard Index 

Dose (FfE-rem) 4.4E3 

Cancer Fatalities 1.8 

Cancer Incidence 6.2 

Genetic Effects 2.7E-1 

WM Workers Exposure Index 

Construction Fatalities 2.5E-l 

Construction Injuries l.IE2 

Operation Fatalities 6.3E-l 

Operation Injuries 5.4E2 

D-113 



Appendix D Waste Management Facility Human Health Risk Estimates 

D-114 

Table D.3.2-44. Program-Wide Risks Associated with Disposal of U W Under the 
Centralized Alternative 4, by Health Endpoint 

Receptor Endpoint Radionuclides Physical 

Hazards 

Dose (person-rem) 0.0 

Most-Exposed Cancer Fatalities 0.0 

Farm Family Cancer Incidence 0.0 

Genetic Effects 0.0 

Hazard Index 

Dose (person-rem) 0.0 

Cancer Fatalities 0.0 

All Lifetimes Cancer Incidence 0.0 

Genetic Effects 0.0 

Hazard Index 

Dose (FrE-rem) 4.4E3 

Cancer Fatalities 1.8 

Cancer Incidence 6.2 

Genetic Effects 2.7E-l 

WM Workers Exposure Index 

Construction Fatalities 2.2E-l 

Construction Injuries 9.6El 

Operation Fatalities 6.3E-l 

Operation Injuries 5.4E2 
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Table D.3.2-45. Program-Wide Ri.sks Associated with Disposal of UW Under the 
Regi,onalized Alternative 5, by Health Endpoint 

Receptor Endpoint Radionuclides Physical 

Hazards 

Dose (person-rem) 2.8El 

Most-Exposed Cancer Fatalities l .4E-2 

Farm Family Cancer Incidence 4.SE-2 

Genetic Effects 2.SE-3 

Hazard Index 

Dose (person-rem) 3.7E2 

Cancer Fatalities l.SE-1 

All Lifetimes Cancer Incidence 6.3E-l 

Genetic Effects 3.7E-2 

Hazard Index 

Dose (FfE-rem) 4.5E3 

Cancer Fatalities 1.8 

Cancer Incidence 6.3 

Genetic Effects 2.7E-1 

WM Workers Exposure Index 

Construction Fatalities 2.8 

Construction Injuries l .2E3 

Operation Fatalities 1.1 

Operation Injuries 9.0E2 
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Table D.3.2-46. Program-Wide Risks Associated with .Disposal of U W Under the 
Centralized Altemati.ve 5, by Health Endpoint 

Receptor Endpoint Radionuclides Physical 

Hazards 

Dose (person-rem) 1.8El 

Most-Exposed Cancer Fatalities 9.2E-3 

Farm Family Cancer Incidence 3.IE-2 

Genetic Effects 1.8E-3 

Hazard Index 

Dose (person-rem) 2.5E2 

Cancer Fatalities 1.2E-l 

All Lifetimes Cancer Incidence 4.2E-l 

Genetic Effects 2.5E-2 

Hazard Index 

Dose (FI'E-rem) 4.4E3 

Cancer Fatalities 1.8 

Cancer Incidence 6.2 

Genetic Effects 2.6E-l 

WM Workers Exposure Index 

Construction Fatalities 2.5E-1 

Construction Injuries l.1E2 

Operation Fatalities 6.3E-1 

Operation Injuries 5.3E2 
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Table D.3.2-47. Program-Wide Risks Associated with Disposal of UW Under the 
No Action Alternative, by Installation 

Fatalities" Cancer Incidenceb 
Installation 

Most- All Fann 
WM 

Most- All Fann WM 
(Lifetime) Exposed Family 

Workers 
Exposed Family Workers 

Fann Family Lifetimes Fann Family Lifetimes 

LANL (0) 0.00 0.00 1.2 0 .00 0.00 2.9 

NTS (0) 0.00 0.00 4.9E-l 0.00 0.00 2.SE-1 

SRS (153) l.5E-4 2.2E-3 2.8 5.0E-4 7.3E-3 2.5 

ORR 225) 8.2E-8 l .2E-6 3.5E-l 2.8E-7 4.0E-6 1.3E-l 

Hanford (18) 5.6E-3 8E-2 1.1 l .9E-2 2.7E-l 2.3 

INEL (0) 0.00 0 .00 8.5E-l 0 .00 0.00 2.2 

TOTAL 5.7E-3 7.6E-2 6.8 2.0E-2 2.6E-l I.OE! 

a Includes cancer fatalities associated with radiation exposure for farm family and fatality associated with radiation exposure and physical hazards 
for workers . 
b Indicates cancer incidence associated with radiation exposure. 
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Table D.3.2-48. Program-Wide Risks Associated with Disposal of U W Under the 
Decentralized Alternative, by Installation 

Installation Fatalities" Cancer Incidenceb 

(Lifetime) Most- All Farm WM Most- All Farm WM 
Exposed Family Workers Exposed Family Workers 

Farm Family Lifetimes Farm Family Lifetimes 

INEL (0) 0.00 0.00 6.6E-l 0.00 0.00 1.5 

LLNL (142) 4.4E-6 6.8E-5 2.3E-l l.5E-5 2.3E-4 5.6E-l 

LANL (0) 0.00 0.00 8.8E-l 0.00 0.00 2.0 

ORR (22) l.0E-7 l.4E-5 4.6E-l 3.4E-6 4.6E-5 1.0E-1 

SNL-NM (15) 6.3E-2 1.1 9.5E-2 2. lE-1 3.9 2.2E-l 

PGDP (42) 3.7E-4 6. lE-3 l.5E-l l .3E-3 2.lE-2 1.lE-2 

Pantex (0) 0.00 0.00 l.4E-l 0.00 0.00 9.8E-3 

RFETS (38) l.lE-7 2. l E-6 1.4E-l 3.7E-7 7.0E-6 9.9E-3 

SRS (153) l.lE-4 l.7E-3 4.1 3.8E-4 5.6E-3 2.0 

Ports (37) 2.4E-7 4.5E-6 4.4E-l 8.2E-7 l.5E-5 4.6E-2 

ANL-E (64) l.lE-4 5.lE-3 l.lE-1 3.9E-4 1.7E-2 l.5E-l 

Hanford (18) l.OE-3 l.4E-2 5.6E-l 3.4E-3 4.7E-2 1.3 

TOTAL 6.4E-2 1.2 7.9 2.2E-l 3.9 7.9 

a Includes cancer fatalities associated with radiation exposure for farm family and fatality associated with radiation exposure and physical hazards 
for workers . 
b Indicates cancer incidence associated with radiation exposure. 
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Table D.3.2-49. Program-Wide Risks Associated with Disposal of LL W Under the 
Regi,onalized Alternative 1, by Installation 

Installation Fatalitiesa Cancer Incidenceb 

(Lifetime) Most- All Farm WM Most- All Fann WM 
Exposed Family Workers Exposed Family Workers 

Farm Family Lifetimes Fann Family Lifetimes 

Hanford (18) l.0E-3 l.4E-2 5.6E-l 3.4E-3 4.7E-2 1.3 

INEL (0) 0.00 0.00 6.6E-l 0.00 0.00 1.5 

LLNL (142) 4.4E-6 6.8E-5 2.3E-l l .5E-5 2.3E-4 5.6E-l 

LANL (0) 0.00 0.00 8.9E-l 0.00 0.00 2.0 

ORR (22) l.0E-7 l .4E-5 4.6E-l 3.4E-6 4.6E-5 I.OE-! 

Ports (145) 2.0E-6 7.7E-5 5.2E-l 6.9E-6 2.6E-4 l. lE-1 

PGDP (42) 3.7E-4 6.lE-3 l.5E-l l.3E-3 2.lE-2 l.lE-2 

Pantex (0) 0.00 0.00 1.4E-l 0.00 0.00 9.8E-3 

SRS (153) l.2E-4 l.8E-3 4.1 4. lE-4 6.0E-3 2.0 

RFETS (38) l.lE-7 2.lE-6 l .4E-l 3.7E-7 7.0E-6 9.9E-3 

TOTAL l.SE-3 2.2E-2 7.8 5.lE-3 7.4E-2 7.6 

a Includes cancer fatalities associated with radiation exposure for farm family and fatality associated with radiation exposure and physical hazards 
for workers. 
b Indicates cancer incidence associated with radiation exposure. 
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Table D.3.2-50. Program-Wide Risks Associated with Disposal of U W Under the 
Regionalized Alternative 3, by Installation 

Installation Fatalities• Cancer lncidenceb 

(Lifetime) Most- All Farm WM Most- All Farm WM 
Exposed Family Workers Exposed Family Workers 

Farm Family Lifetimes Farm Family Lifetimes 

Hanford (18) l.0E-3 l.4E-2 5.6E-l 3.4E-3 4.7E-2 1.3 

INEL (0) 0.00 0.00 6.6E-l 0.00 0.00 1.5 

LANL (0) 0.00 0.00 1.2 0.00 0.00 2.7 

NTS (0) 0.00 0.00 2.3E-1 0.00 0.00 5.7E-l 

ORR (22) l.2E-4 l.5E-3 8.8E-l 4.2E-4 5.2E-3 l.8E-1 

SRS (153) l.2E-4 l.8E-3 4.1 4.lE-4 6.0E-3 2.0 

TOTAL l.3E-3 l.7E-2 7.6 4.3E-3 5.8E-2 8.3 

a Includes cancer fatalities associated with radiation exposure for farm family and fatality associated with radiation exposure and physical hazards 
ior workers. 

Indicates cancer incidence associated with radiation exposure. 

Table D.3.2-51. Program-Wide Risks Associated with Disposal of UW Under the 
Regionalized Alternative 6, by Installation 

Installation Fatalities• Cancer lncidenceb 

(Lifetime) Most- All Farm WM Most- All Farm WM 
Exposed Family Workers Exposed Family Workers 

Farm Family Lifetimes Farm Family Lifetimes 

Hanford (18) l.6E-2 2.2E-1 1.8 5.5E-2 7.3E-l 4.0 
I 

SRS (23) l.7E-4 l.9E-3 6.4 5.9E-4 6.6E-3 2.1 

TOTAL l.6E-2 2.2E-1 8.2 5,6E-2 7.4E-l 6.2 

a Includes cancer fatalities associated with radiation exposure for farm family and fatality associated with radiation exposure and ph;sical hazards 
ior workers. 

Indicates cancer incidence associated with radiation exposure. 
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Table D.3.2-52. Program-Wide Risks Associated with Disposal of U W Under the 
Regi,onalized Alternative 7, by Installation 

Installation Fatalities• Cancer Incidenceb 

(Lifetime) Most- All Farm WM Most- All Farm WM 
Exposed Family Workers Exposed Family Workers 

Fann Family Lifetimes Fann Family Lifetimes 

NTS (0) 0.00 0.00 1.7 0.00 0.00 4.1 

SRS (23) l.7E4 l.9E-3 6.4 5.9E4 6.3E-3 2.1 

TOTAL l.7E4 l.9E-3 8.1 5.9E4 6.3E-3 6.2 

a Includes cancer fatalities associated with radiation exposure for fann family and fatality associated with radiation exposure and physical hazards 
tor workers. 

Indicates cancer incidence associated with radiation exposure. 

Table D.3.2-53. Program-Wide Risks Associated with Disposal of U W Under the 
Centralized Alternative 1, by Installation 

Installation Fatalities" Cancer Incidenceb 

(Lifetime) Most- All Farm WM Most- All Farm WM 
Exposed Family Workers Exposed Family Workers 

Farm Family Lifetimes Farm Family Lifetimes 

Hanford (18) 4.8E-3 6.4E-2 4.1 l.6E-2 2.2E-l 9,.7 

TOTAL 4.8E-3 6.4E-2 4.1 l.6E-2 2.2E-l 9.7 

3 Includes cancer fatalities associated with radiation exposure for fann family and fatality associated with radiation exposure and physical hazards 
for workers. 
b Indicates cancer incidence associated with radiation exposure. 
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Table D.3.2-54. Program-Wide Risks Associated with Di.sposal of U W Under the 
Centralized Alternative 2, by Installation 

Installation Fatalities• Cancer Incidencch 

(Lifetime) Most- All Farm WM Most- All Farm WM 
Exposed Family Workers Exposed Family Workers 

Farm Family Lifetimes Farm Family Lifetimes 

NTS (0) 0.00 0.00 4.1 0.00 0.00 9.7 

TOTAL 0.00 0.00 4.1 0.00 0.00 9.7 

a Includes cancer fatalities associated with radiation exposure for fann family and fatality associated with radiation exposure and physical hazards 
for workers. 
b Indicates cancer incidence associated with radiation exposure. 
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Table D.3.2-55. Program-Wide Ri.sks Associated with Disposal of UW Under the 
Regionalized Altemati.ve 2, by Installati.on 

Installation Fatalities" Cancer Incidenceb 

(Lifetime) Most- All Fann WM Most- All Farm WM 
Exposed Family Workers Exposed Family Workers 

Fann Family Lifetimes Fann Family Lifetimes 

Hanford (18) 4.5E-3 6.2E-2 4.3E-l 1.5E-2 2.lE-1 1,1 

INEL (0) 0.00 0.00 4.9E-l 0.00 0.00 1.2 

LLNL (142) 4.4E-6 6.8E-5 1.9E-l l .5E-5 2.3E-4 4.7E-l 

LANL (0) 0.00 0.00 5.3E-l 0.00 0.00 1.3 

ORR (22) 4.6E-6 6.3E-5 2.0E-1 l.6E-5 2.lE-4 1.7E-l 

Ports (145) 3.5E-6 l.3E-4 3.2E-l 1.2E-5 4.5E-4 9.3E-2 

PGDP (42) 5.0E-4 8.lE-3 l.3E-l 1.7E-3 2.8E-2 9.7E-3 

Pantex (0) 0.00 0.00 6.3E-2 0.00 0.00 4.7E-3 

SRS (153) 1.4E-4 2.lE-3 3.5 4.9E-4 7.2E-3 2.0 

RFETS (38) 3.2E-7 6.2E-6 6.8E-2 l.lE-6 2.lE-5 5.6E-3 

TOTAL 5.2E-3 7.2E-2 6.0 18E-2 2.5E-l 6.3 

a Includes cancer fatalities associated with radiation exposure for farm family and fatality associated with radiation exposure and physical hazards 
for workers . 
b Indicates cancer incidence associated with radiation exposure. 
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Table D.3.2-56. Program-Wide Risks Associated with Disposal of UW Under the . 
Regionaliz.ed Alternative 4, by Installation 

Installation Fatalities• Cancer Incidenceb 

(Lifetime) Most- All Fann WM Most- All Fann WM 
Exposed Family Workers Exposed Family Workers 

Fann Family Lifetimes Fann Family Lifetimes 

LANL (0 0.00 0.00 5.7E-l 0.00 0.00 1.4 

ORR (22) 2.8E-4 3.6E-3 4.7E-l 9.6E-4 l.2E-2 l.7E-l 

NTS (0) 0.00 0.00 l .6E-l 0.00 0.00 3.9E-l 

SRS (153) l.4E-4 2. IE-3 3.5 4.9E-4 7.2E-3 2.0 

INEL (0) 0.00 0.00 5.2E-l 0.00 0.00 1.3 

Hanford (18) l.4E-2 l.8E-l 4.3E-l 4.6E-2 6.IE-1 1.1 

TOTAL l .4E-2 l.9E-l 5.7 4.8E-2 6.3E-l 6.3 

a Includes cancer fatllities associated with radiation exposure for farm family and fatality associated with radiation exposure and physical hazards 
tor workers. 

Indicates cancer incidence associated with radiation exposure. 

Table D.3.2-57. Program-Wide Risks Associated with Disposal of LL W Under the 
Centralized Alternative 3, By Installation 

Installation Fatalities• Cancer Incidenceb 

(Lifetime) Most- All Fann WM Most- All Fann WM 
Exposed Family Workers Exposed Family Workers 

Fann Family Lifetimes Fann Family Lifetimes 

Hanford (18) 9.2E-3 l.2E-l 2.7 3.IE-2 4.2E-l 6.2 

TOTAL 9.2E-3 l.2E-l 2.7 3.IE-2 4.2E-l 6.2 

a Includes cancer fatllities associated with radiation exposure for farm family and fatality associated with radiation exposure and physical hazards 
tor workers. 

Indicates cancer incidence associated with radiation exposure. 
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Table D.3.2-58. Program-Wide Risks Associated with Disposal of U W Under the 
Centralized Alternative 4, By Installation 

Installation Fatalities" Cancer Incidenceb 

(Lifetime) Most- All Farm WM Most- All Farm WM 
Exposed Family Workers Exposed Family Workers 

Farm Family Lifetimes Farm Family Lifetimes 

NTS (0) 0.00 0 .00 2.6 0.00 0.00 6.2 

TOTAL 0 .00 0.00 2.6 0.00 0.00 6.2 

a Includes cancer fatalities associated wilh radiation exposure for farm family and fatality associated with radiation exposure and physical hazards 
&or workers. 

Indicates cancer incidence associated with radiation exposure. 

Table D.3.2-59. Program-Wide Risks Associated with Disposal of U W Under the 
Regi.onalized Alternative 5, by Installation 

Installation Fatalities• Cancer Incidenceb 

(Lifetime) Most- All Farm WM Most- All Farm WM 
Exposed Family Workers Exposed Family Workers 

Farm Family Lifetimes Farm Family Lifetimes 

Hanford (18) 1.4E-2 l.8E-1 4.3E-1 4 .6E-2 6. lE-1 1.1 

LANL (0) 0.00 0.00 5 .9E-1 0 .00 0 .00 1.4 

ORR (22) 2.8E-4 3.5E-3 4 .7E-1 9.6E-4 l.2E-2 1.7E-1 

NTS (0) 0.00 0.00 1.6E-1 0 .00 0 .00 3 .9E-l 

SRS (153) l.4E-4 2.lE-3 3.5 4 .9E-4 7 .2E-3 2 .0 

INEL (0) 0.00 0.00 4 .9E-l 0 .00 0 .00 1.2 

TOTAL 1.4E-2 l.9E-1 5 .7 4.8E-2 6.3E-1 6 .3 

a Includes cancer fatalities associated wilh radiation exposure for farm family and fatality associated with radiation exposure and physical hazards 

tor workers. 
Indicates cancer incidence associated with radiation exposure. 
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Table D.3.2-60. Program-Wide Risks Associated with Disposal of UW Under the 
Centralized Alternative 5, by Installati.on 

Installation Fatalities• Cancer Incidenceb 

(Lifetime) Most- All Fann WM Most- All Fann WM 
Exposed Family Workers Exposed Family Workers 

Fann Family Lifetimes Fann Family Lifetimes 

Hanford (18) 9.2E-3 l.2E-l 2.6 3.lE-2 4.2E-1 6.2 

TOTAL 9.2E-3 l.2E-1 2.6 3.lE-2 4.2E-1 6.2 

a Includes cancer fatalities associated wilh radiation exposure for farm family and fatality associated with radiation exposure and physical hazards 
for workers. 
b Indicates cancer incidence associated with radiation exposure. 

D.3.2.6 Summary of Alternatives for Potential LLW Accidents 

For LL W, health risks from potential incinerator accidents were evaluated for the No Action, 

Regionalized 2, and Centralized 5 Alternatives (see Section D.3.2.1); no storage-related accidents were 

analyzed. The types of accidents evaluated were (1) a baghouse area facility fire ; (2) an earthquake 

leading to a fire in the incinerator facility ; (3) the crash of a large aircraft (at INEL, SRS, and Hanford) 

or a small aircraft (at RFETS and PGDP) resulting in fire and explosion; and (4) an incinerator explosion. 

Accidents in "alpha facilities " (incinerators that process LLW contaminated with alpha-emitting 

radionuclides) were evaluated for RFETS in Regionalized 2 and for Hanford in Centralized 5. 

Aircraft impacts were not evaluated for FEMP, LANL, LLNL, Mound Plant, PGDP, or ORR. 

For more detailed information on accident scenarios , see Appendix F. 

D.3.2.7 Special Assumptions and Considerations Used in the LLW Accident Analysis 

All accident releases from incinerator facilities to the outside (i.e., to the offsite and noninvolved worker 

populations) are assumed to be at ground level with dispersion starting at a lower level rather than from 

a facility stack. In the incinerator explosion accident scenario, it is assumed that the efficiency of the 

facility's high-efficiency particulate air filtration system drops to 99.9% . In the assessment of worker 
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risks from incineration accidents, it is assumed that the air in the work area is not ventilated or filtered; 

the intra-facility source term for this accident is, therefore, 1000 times higher than the atmospheric source 

term used to calculate risks to the offsite and noninvolved worker populations. 

During all accidents, one shift of waste management workers is assumed to be inside the facility. Shift 

size varies from one to eight workers (see Table D.3.2-64). 

Incineration accidents are assumed to result in releases into the operating gallery where the workers are 

located. Half of the operating gallery (e.g., an area 32 m long x 6 m wide x 6 m high) is assumed to 

fill with contaminated air. Exposure duration is 1 min, the time necessary for workers to avoid any 

obstructions and leave the scene. 

Each accident type has an associated estimated annual frequency of occurrence as determined by Argonne 

National Laboratory (see Section D.2.12.1). However, the probability of occurrence is not taken into 

account in the risk calculations. Risks estimates associated with each accident should be interpreted as 

the consequences if the accident occurred. The incinerator explosion is considered to be "anticipated" 

(greater than lE-2); the baghouse area facility fire is considered "unlikely" (lE-4 to lE-2); the earthquake 

resulting in an incinerator facility fire is considered "very unlikely" (lE-6 to lE-4); and the aircraft 

impact is regarded as "extremely unlikely" (less than lE-6) (see Appendix F). 

D.3.2.8 Results Tables for the Risk Analysis of Potential LLW Accidents 

Table D.3.2-61 presents a summary of the worst-case accident risks to the offsite and noninvolved 

worker populations, their respective MEis, and waste management worker populations for treatment 

facility accidents, by installation and alternative. Table D.3.2-62 provides the sizes of the offsite, 

noninvolved worker, and worker populations at each installation. Tables D.3.2-63 through D.3.2-75 

present more detailed results by health endpoint and installation. 
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Installation 

INEL 

SRS 

FEMP 
Hanford 
INEL 

LANL 

LLNL 

ORR 
PGDP 
Ports 
RFETS 
SRS 

Hanford 

Waste Management Facility Human Health Risk Estimates 

Table D.3.2-61. Risks from Potential Worst-Case U W Treatment 
Facility Accidents, by Alternative and Installation 

Offsite Noninvolved Noninvolved Worker 
Offsite MEI Worker Population Population Worker MEr Population 

er ct CF CI CF CI CF CI CF CI 

No Action 
5.9E-5 2.0E-4 6.7E-9 2.3E-8 2.2E-5 7.SE-5 1.3E-8 4.SE-8 1.SE-5 5.4E-5 

4.6E-2 1.6E-1 1.4E-6 4.9E-6 9.6E-3 3.3E-2 4.2E-5 1.4E-4 9.SE-3 3.3E-2 

Regionalized 2 
6.0E-5 2.lE-4 1.6E-8 5.4E-8 2.2E-6 7.6E-6 1.SE-8 5. lE-8 3.6E-7 1.3E-6 

2.4E-3 8.lE-3 5.SE-8 1.9E-7 1.2E-4 4.2E-4 1.3E-6 4.2E-6 l.0E-5 3.SE-5 

5.9E-5 2.0E-4 6.7E-9 2.3E-8 2.2E-5 7.SE-5 l.3E-8 4.SE-8 1.9E-5 6.7E-5 

8.7E-l 3.0 4.lE-4 1.4E-3 2.SE-1 8.6E-l 7.4E-4 2.SE-3 2.SE-1 8.7E-1 

2.9 9.8 4.0E-4 1.4E-3 2. lE-1 7. lE-1 3.6E-4 l.2E-3 7.3E-3 2.6E-2 

l.lE-2 3.9E-2 9.7E-7 3.3E-6 8.2E-3 2.8E-2 9. lE-6 3. lE-5 2.SE-4 8.6E-4 

2.SE-4 8.6E-4 7.4E-8 2.SE-7 4.9E-5 1.7E-4 4.3E-7 1.SE-6 3.8E-5 1.3E-4 

2.SE-5 8.6E-5 1.7E-8 5.9E·8 1.lE-5 3.8E-5 1.7E-8 5.7E-8 5.2E-6 1.8E-5 

2.8E-2 9.4E-2 9.8E-7 3.3E-6 4.8E-3 1.6E-2 1.4E-5 4.8E-5 2. lE-3 7.3E-3 

4.6E-2 1.6E-l 1.4E-6 4.9E-6 9.6E-3 3.3E-2 4.2E-5 1.4E-4 1.2E-2 4 . lE-2 

Centralized 5 

4.8 1.6El 1.lE-4 3.8E-4 9.lE-1 3.1 9.2E-3 3.lE-2 6.0E-1 2.1 

a MEI-most-exposed individual; each value represents the highest single risk (not the sum of all risks) to the MEI from among all accidents 
~t an installation. 

CF-risk of cancer fatality associated with exposure to radionuclides. 
c Cl-risk of cancer incidence associated with exposure to radionuclides. 

Table D.3.2-62. Sizes of the Of/site, Noninvolved Worker, and Worker Populations 
Affected by Risks from Potential U W Treatment Accidents, by Installation 

Offsite Noninvolved WM Worker Population 
Installation Population Worker 

Population Regionalized 2 Centralized S 

Hanford 377,645 8,674 8 

FEMP 2,764,589 2,456 4 

INEL 153,061 8,451 5 

LANL 159,152 11,552 6 

LLNL 6,324,234 9,504 

ORR 881,652 3,809 2 

PGDP 500,502 1,952 4 

Ports 639,602 3,226 5 
RFETS 2,171,877 6,993 8 

SRS 620,618 15,996 5 
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Table D.3.2-63. Accident Risks Associated With U W Treatment at INEL 
Under the No Action Alternative, by Accident Type 

Appendix D 

Cancer Fatalities" Cancer Incidence• 
Accident 

Populationb MEib 

Incineration, Earthquake (VU)c 3.9E-5 4.SE-9 

Incineration, Incinerator (A) 2.4E-8 2.7E-12 
Explosion 

Incineration, Baghouse (U) 5.9E-7 6.7E-ll 
Facility Fire 

Incineration, Large (EU) 5.9E-5 6.7E-9 
Aircraft Crash 

WORST-CASE ACCIDENT 5.9E-5 6.7E-9 

a Indicates cancer fatality and incidence associated with radiation exposure. 
b Offsite. 

Workers Populationb MEib Workers 

l .0E-5 l.3E-4 l .5E-8 3.6E-5 

6. lE-6 8.0E-8 9. lE-12 2.2E-5 

l.SE-7 2.0E-6 2.3E-10 5.4E-7 

1.SE-5 2.0E-4 2.3E-8 5.4E-5 

l .SE-5 2.0E-4 2.3E-8 5.4E-5 

c Accident annual frequency codes are "A" for anticipated ( > 1 E-2) , "U" for unlikely (I E-4 10 1 E-2), •vu· for very unlikely (I E-6 to I E-4), 
and "EU" for extremely unlikely ( < IE-6). 

Table D.3.2-64. Accident Risks Associated With U W Treatment at SRS 
Under the No Action Alternative, by Accident Type 

Cancer Fatalities• Cancer Incidence• 
Accident 

Populationb MEP 
Incineration, Large (EU)C 

4.6E-2 l .4E-6 
Aircraft Crash 

Incineration, Earthquake (VU) 3. lE-2 9.6E-7 

Incineration, Incinerator (A) 
l .SE-5 5.SE-10 

Explosion 

Incineration, Baghouse (U) 
4.6E-4 l.4E-8 

Facility Fire 

WORST-CASE ACCIDENT 4.6E-2 l.4E-6 

a Indicates cancer fatality and incidence associated with radiation exposure. 
b Offsite. 

Workers Populationb MEP Workers 

9.5E-3 l.6E-l 4.9E-6 3.3E-2 

6.3E-3 l.0E-1 3.3E-6 2.2E-2 

3.SE-3 6.2E-5 2.0E-9 l.3E-2 

9.5E-5 l.6E-3 4.9E-8 3.3E-4 

9.5E-3 l.6E-l 4.9E-6 3.3E-2 

c Accident annual frequency codes are "A· for anticipated ( > IE-2), ·u• for unlikely (IE-4 10 IE-2), "VU" for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 
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Table D.3.2-65. Accident Risks Associated With U W Treatment at FEMP 
Under the Regi,onalized Alternative 2, by Accident Type 

Cancer Fatalities" Cancer Incidence• 
Accident 

Populationb MEJb Workers Populationb MEJb Workers 

Incineration, Earthquake (VU)C 6.0E-5 l.6E-8 

Incineration, Incinerator (A) 
3.6E-8 9.SE-12 

Explosion 

Incineration, Baghouse (U) 
9.lE-7 2.4E-10 

Facility Fire 

WORST-CASE ACCIDENT 6.0E-5 l.6E-8 

a Indicates cancer fatality and incidence associated with radiation exposure. 
b Offsite. 

3.6E-7 2.lE-4 5.4E-8 l.3E-6 

2.lE-7 l.2E-7 3.2E-l l 7.SE-7 

5.4E-9 3.lE-6 8.lE-10 1.9E-8 

3.6E-7 2.lE-4 5.4E-8 l.3E-6 

c Accident arurual frequency codes are •A• for anticipated ( > lE-2), "U" for unlikely (IE-4 to lE-2), ·vu• for very unlikely (IE-6 to lE-4) , 
and "EU" for extremely unlikely ( < lE-6). 

Table D.3.2-66. Accident Risks Associated With U W Treatment at Hanford 
Under the Regi,onalized Alternative 2, by Accident Type 

Cancer Fatalities" Cancer Incidence• 
Accident 

Populationb MEP Workers Populationb MEP Workers 

Incineration, Earthquake (VU)c l.6E-3 3.7E-8 

Incineration, Incinerator (A) 
9.SE-7 2.2E-l l 

Explosion 

Incineration, Baghouse (U) 
2.4E-5 5.5E-10 

Facility Fire 

Incineration, Large (EU) 
2.4E-3 5.SE-8 Aircraft Crash 

WORST-CASE ACCIDENT 2.4E-3 5.5E-8 

a Indicates cancer fatality and incidence associated with radiation exposure. 
b Offsite. 

6.7E-6 5.4E-3 l.3E-7 2.3E-5 

4.0E-6 3.2E-6 7 .5E-l l l .4E-5 

l.0E-7 8. lE-5 l.9E-9 3.SE-7 

l.0E-5 8. lE-3 l.9E-7 3.5E-5 

l.0E-5 8. lE-3 l.9E-7 3.SE-5 

c Accident annual frequency codes are "A" for anticipated(> IE-2), "U" for unlikely (IE-4 to lE-2) , "VU " for very unlikely (IE-6 to lE-4), 
and "EU" for extremely unlikely ( < IE-6). 
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Table D.3.2-67. Accident Risks Associated With LL W Treatment at INEL 
Under the Regionalized Alternative 2, by Accident Type 

Appendix D 

Cancer Fatalities" Cancer Incidence• 
Accident 

Populationb MElb 

Incineration, Large (EU)C 
5.9E-5 6.7E-9 

Aircraft Crash 

Incineration, Earthquake (VU) 3.9E-5 4.5E-9 

Incineration, Incinerator (A) 
2.4E-8 2.7E-12 

Explosion 

Incineration, Baghouse (U) 
5.9E-7 6.7E-l l 

Facility Fire 

WORST-CASE ACCIDENT 5.9E-5 6.7E-9 

a Indicates cancer fatality and incidence associated with radiation exposure . 
b Offsite . 

Workers Populationb MElb Workers 

l .9E-5 2.0E-4 2.3E-8 6.7E-5 

l .3E-5 l.3E-4 l .5E-8 4.5E-5 

7 .7E-6 8.0E-8 9.IE-12 2.7E-5 

l.9E-7 2.0E-6 2.3E-10 6.7E-7 

l .9E-5 2.0E-4 2.3E-8 6.7E-5 

c Accident annual frequency codes are "A" for anticipated(> IE-2) , "U" for unlikely (IE-4 to IE-2), "VU" for very unlikely (IE-6 to IE-4) , 
and "EU" for extremely unlikely ( < lE-6). 

Table D.3.2-68. Accident Risks Associated With LL W Treatment at LLNL 
Under the Regionalized Alternative 2, by Accident Type 

Cancer Fatalities• Cancer Incidence• 
Accident 

Populationb MElb 

Incineration, Earthquake (VU)· 2.9 4.0E-4 

Incineration, Incinerator (A) 
l .7E-3 2.4E-7 

Explosion 

Incineration, Baghouse (U) 
4.3E-2 6.0E-6 

Facility Fire 

WORST-CASE ACCIDENT 2.9 4.0E-4 

a Indicates cancer fatality and incidence associated with radiation exposure. 
b Offsite. 

Workers Populationb MElb Workers 

7.3E-3 9.8 l .4E-3 2.6E-2 

4.4E-3 5.9E-3 8.lE-7 l.5E-2 

l.lE-4 1.5E-l 2 .0E-5 3.8E-4 

7.3E-3 9.8 1.4E-3 2.6E-2 

c Accident annual frequency codes are •A• for anticipated ( > IE-2), "U" for unlikely (IE-4 to IE-2) , "VU" for very unlikely (IE-6 to IE-4) , 
and "EU" for extremely unlikely ( < IE-6). 
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Table D.3.2-69. Accident Ri.sks Associated With U W Treatment at LANL 
Under the Regionalized Alternative 2, by Accident Type 

Cancer Fatalities" Cancer Incidence• 
Accident 

Populationb MEib 

Incineration, Earthquake (VU)' 8.7E-1 4.lE-4 

Incineration, Incinerator (A) 
5.2E-4 2.SE-7 

Explosion 

Incineration, Baghouse (U) 
l.3E-2 6.2E-6 

Facility Fire 

WORST-CASE ACCIDENT 8.7E-1 4.lE-4 

a Indicates cancer fatality and incidence associated with radiation exposure. 
b Offsite. 

Workers Populationb MEP Workers 

2.SE-1 3.0 1.4E-3 8.7E-1 

1.SE-1 l .8E-3 8.4E-7 5.2E-1 

3.7E-3 4.4E-2 2.lE-5 l.3E-2 

2.SE-1 3.0 1.4E-3 8.7E-1 

c Accident annual frequency codes are "A" for anticipated ( > I E-2) , "U" for unlikely (I E-4 to I E-2), "VU" for very unlikely (I E-6 to I E-4) , 
and "EU" for extremely unlikely ( < IE-6). 

Table D.3.2-70. Accident Risks Associated With U W Treatment at ORR 
Under the Regionalized Alternative 2, by Accident Type 

Cancer Fatalities" Cancer Incidence• 
Accident 

Populationb MEP 

Incineration, Earthquake (VU)' l.lE-2 9.7E-7 

Incineration, Incinerator (A) 
6.9E-6 5.8E-10 

Explosion 

Incineration, Baghouse (U) 
1.7E-4 l.5E-8 

Facility Fire 

WORST-CASE ACCIDENT l.lE-2 9.7E-7 

a Indicates cancer fatality and incidence associated with radiation exposure. 
b Offsite. 

Workers Populationb MEib Workers 

2.SE-4 3.9E-2 3.3E-6 8.6E-4 

l.5E-4 2.3E-5 2.0E-9 5.2E-4 

3.7E-6 5.8E-4 4.9E-8 l .3E-5 

2.5E-4 3.9E-2 3.3E-6 8.6E-4 

c Accident annual frequency codes are "A" for anticipated ( > I E-2), "U" for unlikely ( I E-4 to I E-2), "VU" for very unlikely (I E-6 to I E-4) , 
and "EU" for extremely unlikely ( < IE-6). 
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Table D.3.2-71. Accident Risks Associated With LLW Treatment at PGDP 
Under the Regi.onalized Alternative 2, by Accident Type 

Appendix D 

Cancer Fatalities• Cancer Incidence• 
Accident 

Populationb MEib 

Incineration, Earthquake (VU)· 2.5E-4 7.4E-8 

Incineration, Incinerator (A) l.5E-7 4.4E-ll 
Explosion 

Incineration, Baghouse (U) 3.8E-6 l.lE-9 
Facility Fire 

Incineration, Small (EU) 6.3E-5 l.8E-8 
Aircraft Crash 

WORST-CASE ACCIDENT 2.5E-4 7.4E-8 

a Indicates cancer fatality and incidence associated with radiation exposure. 
b Offsite . 

Workers Populationb MEib Workers 

3.8E-5 8.6E-4 2.5E-7 l.3E-4 

2.3E-5 5.2E-7 l.SE-10 7.9E-5 

5.6E-7 l .3E-5 3.8E-9 2.0E-6 

9.4E-6 2.2E-4 6.3E-8 3.3E-5 

3.8E-5 8.6E-4 2.5E-7 l.3E-4 

c Accident annual frequency codes arc "A· for anticipated ( > IE-2), "U" for unlikely (IE-4 to IE-2), ·vu· for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlilccly ( < IE-6). 

Table D.3.2-72. Accident Risks Associated With LLW Treatment at Ports 
Under the Regi.onalized Alternative 2, by Accident Type 

Cancer Fatalities" Cancer Incidence• 
Accident 

Populationb MEib 

Incineration, Baghouse (U)· 3.8E-7 2.6E-10 
Facility Fire 

Incineration, Earthquake (VU) 2.5E-5 l.7E-8 

Incineration, Incinerator (A) 1.5E-8 1.0E-11 
Explosion 

WORST-CASE ACCIDENT 2.5E-5 l.7E-8 

a Indicates cancer fatality and incidence associated with radiation exposure . 
b Offsitc. 

Workers Populationb MEib Workers 

7.8E-8 l.3E-6 8.8E-10 2.7E-7 

5.2E-6 8.6E-5 5.9E-8 l.8E-5 

3. lE-6 5. lE-8 3.5E-l l l.lE-5 

5.2E-6 8.6E-5 5.9E-8 l.8E-5 

c Accident annual frequency codes arc "A" for anticipated ( > IE-2), "U" for unlikely (IE-4 to IE-2), "VU" for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlilcely ( < IE-6). 
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Table D.3.2-73. Accident Risks Associated With UW Treatment at RFETS 
Under the Regionalized Alternative 2, by Accident Type 

Cancer Fatalities• Cancer Incidence• 
Accident 

Populationb MEib Workers Populationb MEib Workers 

Incineration, Small (EU)· 6.9E-3 2.5E-7 
Aircraft Crash (alpha) 

Incineration, Baghouse (U) 4.2E-4 l .5E-8 
Facility Fire (alpha) 

Incineration, Earthquake (VU) 2.8E-2 9.BE-7 
(alpha) 

Incineration, Incinerator (A) l .7E-5 5.9E-10 
Explosion (alpha) 

WORST-CASE ACCIDENT 2.BE-2 9.BE-7 

a Indicates cancer fatality and incidence associated with radiation exposure. 
b Offsite. 

5.2E-4 2.4E-2 8.3E-7 l .BE-3 

3. lE-5 l .4E-3 5.0E-8 l.lE-4 

2. lE-3 9.4E-2 3.3E-6 7.3E-3 

l .3E-3 5.7E-5 2.0E-9 4.4E-3 

2.lE-3 9.4E-2 3.3E-6 7 .3E-3 

c Accident annual frequency codes are "A" for anticipated ( > IE-2) , "U" for unlikely (IE-4 to I E-2), "VU " for very unlikely (IE-6 to !E-4), 
and "EU" for extremely unlikely ( < IE-6). 

Table D.3.2-74. Accident Risks Associated With UW Treatment at SRS 
Under the Regionalized Alternative 2, by Accident Type 

Cancer Fatalities• Cancer Incidence• 
Accident 

Populationb MEib 

Incineration, Large (EU)· 4.6E-2 l.4E-6 
Aircraft Crash 

Incineration, Earthquake (VU) 3.lE-2 9.6E-7 

Incineration, Incinerator (A) l .8E-5 5.SE-10 
Explosion 

Incineration. Baghouse (U) 4.6E-4 1.4E-8 
Facility Fire 

WORST-CASE ACCIDENT 4.6E-2 l .4E-6 

a Indicates cancer fatality and incidence associated with radiation exposure. 
a Offsite. 

Workers Populationb MEib Workers 

l.2E-2 l.6E-l 4.9E-6 4.lE-2 

7.9E-3 1.0E-1 3.3E-6 2.BE-2 

4.7E-3 6.2E-5 2.0E-9 l.7E-2 

l.2E-4 l .6E-3 4.9E-8 4.lE-4 

l .2E-2 l.6E-l 4.9E-6 · 4.lE-2 

c Accident annual frequency codes are •A• for anticipated ( > IE-2), ·u• for unlikely (IE-4 to lE-2), •vu• for very unlikely (lE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 
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Table D.3.2-75. Accident Risks Associated With U W Treatment at Hanford 
Under the Centralized Alternative 5, by Accident Type 

Cancer Fatalities• Cancer Incidence• 
Accident 

Appendix D 

Populationb MEib Workers Populationb MEib Workers 

Incineration, Large (EU)· 4.8 l.IE-4 
Aircraft Crash (non-
alpha) 

Incineration, Large (EU) 2.4E-2 5.6E-7 
Aircraft Crash (alpha) 

Incineration. Earthquake (VU) 3.2 7.5E-5 
(non-alpha) 

Incineration, Earthquake (VU) 1.6E-2 3.7E-7 
(alpha) 

Incineration, Incinerator (A) l.9E-3 4.5E-8 
Explosion (non-alpha) 

Incineration, Incinerator (A) 9.5E-6 2.2E-10 
Explosion (alpha) 

Incineration, Baghouse (U) 4.8E-2 l.IE-6 
Facility Fire (non-alpha) 

Incineration, Baghouse (U) 2.4E-4 5.6E-9 
Facility Fire (alpha) 

WORST-CASE ACCIDENT 4.8 l.IE-4 

a Indicates cancer fatality and incidence associated with radiation exposure . 
b Offsite. 

6.0E-1 l .6El 3.8E-4 2.1 

3.lE-3 8.0E-2 · 1.9E-6 l.lE-2 

4.0E-1 l.lEl 2.5E-4 1.4 

2.lE-3 5.4E-2 l.3E-6 7.3E-3 

2.4E-l 6.5E-3 l.5E-7 8.5E-1 

l .3E-3 3.2E-5 7.6E-l0 4.4E-3 

6.0E-3 1.6E-l 3.8E-6 2.lE-2 

3.lE-5 8.0E-4 1.9E-8 l.IE-4 

6.0E-1 l.6El 3.8E-4 2.1 

c Accident annual frequency codes are •A• for anticipated (>I E-2), "U" for unlikely (IE-4 to IE-2), "VU" for very unlikely (I E-6 to IE-4) , 
and "EU" for extremely unlikely ( < IE-6). 

D.3.2.9 Summary of the LLW Accident Analysis Results 

For all receptors, the dominating accidents are those involving a large airplane crash or an earthquake 

during incineration (non-alpha). At any installation where both of these accident types are analyzed, the 

risks associated with them differ by less than a factor of two for offsite and noninvolved worker 

populations, offsite and noninvolved worker MEis, and workers. The risks to all receptors from alpha 

facility accidents are generally lower than the comparable non-alpha facility accident risks at a given 

installation by about 2 orders of magnitude. This is due to a much smaller inventory of alpha LL W and 

therefore, much smaller releases associated with alpha incinerator accidents. 
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D.3.2.9.1 Risks to the Of/site Population from UW Accidents 

The lowest installation-specific health risks associated with accidents are for the incinerator explosion at 

INEL in No Action and Regionalized 2 (2.4E-8 cancer fatalities) and for the same accident at FEMP 

(3.4E-8 cancer fatalities) and Ports (l .5E-8 cancer fatalities) in Regionalized 2. The highest accident risks 

are at Hanford in Centralized 5 for the large airplane crash during incineration (4.8 cancer fatalities) and 

for the earthquake during incineration (3.2 cancer fatalities) and at LLNL and LANL in Regionalized 2 

for the earthquake during incineration (2.9 and 8.7E-1 cancer fatalities, respectively). The comparatively 

high risks to these populations are due to the combination of population distribution and waste inventory 

at each installation. The cancer fatality risk from the worst-case accident at Hanford in Centralized 5 

increases about 3 orders of magnitude compared to that in Regionalized 2 due to waste consolidation. 

In general, the airplane crash (small and large) and the earthquake resulting in a fire are the worst-case 

accidents in all alternatives and vary by less than 1 order of magnitude at all installations where both 

accident types are postulated. The associated annual frequencies for these accidents differ somewhat in 

that an airplane crash is considered "extremely unlikely" (less than lE-6) and an earthquake is considered 

"very unlikely" (lE-6 to lE-4). 

The principal contributors to risk are uranium-238 at FEMP, Hanford (Centralized 5), LANL, PGDP, 

Ports, and SRS; thorium-232 at LLNL and ORR; cesium-137 at Hanford (Regionalized 2); cobalt-60 at 

INEL; and plutonium-238 at Hanford (alpha incineration only in Centralized 5) and RFETS. The primary 

exposure route is internal exposure in all alternatives. 

D.3.2.9.2 Risks to the Noninvolved Worker Populati.on from U W Accidents 

Noninvolved worker risks are slightly lower than offsite population risks, but are distributed over a much 

smaller affected population. The general trend in risks by accident type, dominating accident type, 

controlling contaminants and exposure route, and highest-risk installations are the same as for offsite 

population. 
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D.3.2.9.3 Risks to the Most-Exposed Noninvolved Worker and Most-Exposed Of/site 
Individual from U W Accidents 

Radiological risks to the offsite and noninvolved worker MEis generally parallel the trends for their 

respective populations but are 2 to 5 orders of magnitude lower. For the noninvolved worker MEI, the 

highest worst-case cancer fatality risks are at Hanford in Centralized 5 (9.2E-3) and at LLNL and LANL 

in Regionaliz.ed 2 (3 .6E-4 and 7.4E-4, respectively). The highest cancer fatality risks to the offsite MEI 

are at LLNL and LANL in Regionalized 2 (4.0E-4 and 4. lE-4, respectively) and at Hanford in 

Centralized 5 (1. lE-4). The cancer risks to the offsite population in Regionalized 2 are among the highest 

primarily because of the relatively large contaminant releases in the accidents at LANL and LLNL 

combined with the relatively large number of residents living very close to each of these installations 

(ORNL, 1995d). The cancer risks in Centralized 5 are among the highest primarily because of the large 

volume of waste consolidated at Hanford (higher than the cancer risks to MEis in Regionalized 2 by 

almost 4 orders of magnitude) . 

Controlling contaminants for both MEis at these three installations are the same as for their respective 

populations, uranium-238 at LANL and Hanford and thorium-232 at LLNL. The exposure route is 

internal exposure for both receptors at all installations. 

D.3.2.9.4 Risks to Waste Management Workers from LLW Accidents 

The cancer fatality risks to workers from worst-case accidents range from 3.6E-7 to 6.0E-1 ; shift size 

varies from one to eight workers. In all alternatives, the large aircraft crash into an incinerator and an 

earthquake at an incinerator are the highest-risk accidents. For any installation where both of these 

accident types were analyzed, the difference in risks between them is less than a factor of two. The next 

highest accident risks to workers are associated with the incinerator explosion scenario. (If the large 

aircraft crash is not postulated for an installation, then the earthquake and incinerator explosion scenarios 

are the highest-risk accident types; cancer risks differ by less than a factor of two for these two 

scenarios.) Risks from the baghouse fire scenario are generally 1 or more orders of magnitude lower than 

those associated with the aircraft crash, earthquake, and incinerator explosion scenarios. The accident 

types that result in higher risks to workers involve larger releases of radionuclides than the baghouse fire 

scenario. Recall that the estimated annual frequency of the aircraft crash accidents occurring is "extremely 
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unlikely" (less than lE-6); the earthquake scenario is considered "very unlikely" (lE-6 to lE-4); the 

baghouse fire is considered "unlikely" (lE-4 to lE-2) ; and the incinerator explosion is "anticipated" 

(greater than lE-2). 

The highest worker cancer fatality risk is for the worst-case accident at Hanford in Centralized 5. The 

cancer fatality risk at Hanford in Centralized 5 is about 5 orders of magnitude higher than at Hanford in 

Regionalized 2 due to the consolidation of LLW for treatment at Hanford (which would result in a larger 

release in the event of an accident). Exposure to uranium-238 via inhalation is the risk driver at Hanford 

in Centralized 5. The highest-risk installations in No Action and Regionalized 2 are SRS and LANL 

(Regionalized 2 only). Worker cancer fatality risks at the other installations are lower by 1 to 6 orders 

of magnitude. Inhalation of uranium-238 is also the driving contributor to worker risk at SRS and LANL 

in No Action and Regionalized 2. 

D.3.2.10 Risks to the Hypothetical Intruder from LLW Disposal 

The health risks to the hypothetical intruder who drills a well through an LL W disposal facility were 

evaluated for the Decentralized, Regionalized 3, and Centralized 1 Alternatives , for intrusion 100 years 

and 300 years after the cessation of disposal activities at each installation. 

Tables D.3.2-76 and D.3.2-77 present summaries of the risk evaluations at 100 and 300 years, 

respectively. Tables D.3 .2-78 through D.3.2-83 contain the health risks by health endpoint and 

installation for each alternative in both time frames. 
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Table D.3.2-76. Summary Table for the Intruder Scenario for U W (100 years) 

Radionuclides 

Alternative Dose (rem) Cancer Fatality Cancer Incidence Genetic Effects 

Decentralized 160 8.0E-2 2.7E-1 l .6E-2 

Regionalized 3 110 5.3E-2 l.SE-1 l.lE-2 

Centralized 1 1.7 8.3E-3 2.SE-2 l.7E-3 

Table D.3.2-77. Summary Table for the Intruder Scenario for U W (300 years) 

Radionuclides 

Alternative Dose (rem) Cancer Fatality Cancer Incidence Genetic Effects 

Decentralized 1.7 8.4E-4 2.SE-3 l.7E-4 

Regionalized 3 1.1 5.7E-4 1.9E-3 l.lE-4 

Centralized 1 l.7E-l 8.4E-5 2.9E-4 l.7E-5 
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Table D.3.2-78. Intruder Scenario Risk Results for the Decentralized Altemati.ve (100 years) 

Radionuclides 

Installation Dose (rem) Cancer Fatality Cancer Incidence Genetic Effects 

ANL-E 6.6E-1 3.3E-4 l. lE-3 6.6E-5 

Hanford 6.8 3.4E-3 l .2E-2 6.8E-4 

INEL 7.0E-1 3.5E-4 l.2E-3 7.0E-5 

LANL 142 7. lE-2 2.4E-1 l.4E-2 

LLNL 5.8 2.9E-3 9.8E-3 5.8E-4 

ORR 1.3 6.6E-4 2.2E-3 l .3E-4 

PGDP 6.7E-3 3.3E-6 l. lE-5 6.7E-7 

Pantex 5.2E-3 2.6E-6 8.9E-6 5.2E-7 

PORTS 4.8E-1 2.4E-4 8.2E-4 4.8E-5 

RFETS 2.4E-3 l.2E-6 4. lE-6 2.4E-7 

SNL-NM 1.5 7.3E-4 2.5E-3 l.5E-4 

SRS 2.3 l.2E-3 4.0E-3 2.3E-4 

TOTAL 160 8.0E-2 2.7E-1 l.6E-2 

Table D.3.2-79. Intruder Scenario Risk Results for the Decentralized Altemati.ve (300 years) 

Radionuclides 
Installation Dose (rem) Cancer Fatality Cancer Incidence Genetic Effects 

ANL-E 7.6E-3 3.8E-6 l.3E-5 7.6E-7 

Hanford 5.8E-2 2.9E-5 9.9E-5 5.8E-6 

INEL l.3E-1 6.6E-5 2.2E-4 l.3E-5 

LANL 1.2 5.9E-4 2.0E-3 l.2E-4 

LLNL l.0E-1 5.0E-5 l .7E-4 1.0E-5 

ORR l.lE-2 5.3E-6 l.8E-5 l.lE-6 

PGDP 6.6E-3 3.3E-6 l. lE-5 6.6E-7 

Pantex 5.2E-3 2.6E-6 8.9E-6 5.2E-7 

PORTS l.2E-l 6.0E-5 2.0E-4 1.2E-5 

RFETS l.9E-3 9.5E-7 3.2E-6 1.9E-7 

SNL-NM 2.6E-2 l.3E-5 4.4E-5 2.6E-6 

SRS 2.6E-2 l.3E-5 4.5E-5 2.6E-6 

TOTAL 1.7 8.4E-4 2.8E-3 l.7E-4 
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Table D.3.2-80. Intruder Scenario Risk Results for the Regi.onalized Alternative 3 (100 years) 

Radionuclides 

Installation Dose (rem) Cancer Fatality Cancer Incidence Genetic Effects 

Hanford 6.8 3.4E-3 l.2E-2 6.8E-4 

INEL 7.0E-1 3.5E-4 l.2E-3 7.0E-5 

LANL 91 4.5E-2 l.5E-l 9. lE-3 

NTS 5.8 2.9E-3 9.8E-3 5.8E-4 

ORR 8.lE-1 4.lE-4 l.4E-3 8.lE-5 

SRS 2.3 l.2E-3 4.0E-3 2.3E-4 

TOTAL 110 5.3E-2 l.8E-1 l. lE-2 

Table D.3.2-81. Intruder Scenario Risk Results for the Regionalized Alternative 3 (300 years) 

Radionuclides 

Installation Dose (rem) Cancer Fatality Cancer Incidence Genetic Effects 

Hanford 5.8E-2 2.9E-5 9.9E-5 5.8E-6 

INEL l.3E-1 6.6E-5 2.2E-4 l.3E-5 

LANL 7.6E-1 3.8E-4 l .3E-3 7.6E-5 

NTS l.0E-1 5.0E-5 l .7E-4 l .0E-5 

ORR 6. lE-2 3.0E-5 1.0E-4 6. lE-6 

SRS 2.6E-2 l.3E-5 4.5E-5 2.6E-6 

TOTAL 1.1 5.7E-4 l.9E-3 l.lE-4 
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Table D.3.2-82. Intruder Scenario Risk Results for the Centralized Alternative 1 (100 years) 

Radionuclides 

Installation Dose (rem) Cancer Fatality Cancer Incidence Genetic Effects 

Hanford 1.7 8.3E-3 2.SE-2 l.7E-3 

TOTAL 1.7 8.3E-3 2.SE-2 l.7E-3 

Table D.3.2-83. Intruder Scenario Risk Results for the Centralized Alternative 1 (300 years) 

Radionuclides 

Installation Dose (rem) Cancer Fatality Cancer Incidence Genetic Effects 

Hanford l.7E-1 8.4E-5 2.9E-4 l.7E-5 

TOTAL 1.7E-1 8.4E-5 2.9E-4 1.7E-5 

D.3.2.10.1 Results of the Human Health Risk Analysis for the Intruder 

In the Decentralized Alternative, LLW is disposed of at 12 installations. One hundred years after the end 

of disposal operations, the highest intruder cancer fatality risk is at LANL (7. lE-2) . This is due to both 

the large volume of waste disposed at LANL in this alternative and the presence of Sr-90 in the 

inventory. Strontium is a bone-seeking radionuclide, hence, its internal dose conversion factors are high. 

The lowest intruder cancer fatality risk is at RFETS (l.2E-6), which disposes only of its own waste in 

this alternative. Three hundred years after disposal operations end, the highest and lowest intruder risks 

are still at LANL (5 .9E-4) and RFETS (9.5E-7), respectively; Sr-90 continues to be the driving 

contaminant at LANL. 

In the Regionalized Alternative 3, LLW is consolidated and disposed of at six installations. One hundred 

years after the completion of disposal operations, the highest intruder cancer fatality risk is at LANL 

(4.5E-2). Again, this is due to the large volume of waste disposed and the presence of Sr-90 in the 

inventory. In Regionalized 3, LANL receives waste from SNL-NM, Pantex, and RFETS. The lowest 

intruder cancer fatality risk is at INEL (3.5E-4), which disposes only of its own waste. Three hundred 
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years after the end of disposal operations, the highest intruder cancer fatality risk remains at LANL 

(3.8E-4). The lowest intruder cancer fatality risk is at SRS (l.3E-5), which receives waste from Pinellas. 

INEL is no longer the lowest-risk installation because of the accumulation of higher-risk daughter 

(radioactive decay) products at this installation during the intervening 200 years. 

In the Centralized Alternative 1, all LLW is consolidated and disposed of at Hanford. One hundred years 

after disposal operations end, the intruder's risk of cancer fatality is 8.3E-3. Three hundred years after 

disposal operations, the risks are 2 orders of magnitude lower. 

Overall, Centralized 1 results in the lowest collective risks to the intruder among the three alternatives. 

This result may seem counterintuitive. However, when relatively low-activity wastes from other 

installations are added to the higher-activity Hanford wastes, the resulting average waste concentration 

at Hanford is lower than in Decentralized and Regionalized 3. Consequently, the risks to the intruder 

are lowest in Centralized 1. 

D.3.3 IIAzARDOUS WASTE 

Hazardous waste (HW) is broadly defined in the Resource Conservation and Recovery Act (RCRA) as 

a solid waste, or combination of solid wastes, which because of its quantity, 
concentration, or physical, chemical, or infectious characteristics may: (1) cause, or 
significantly contribute to an increase in mortality or an increase in serious irreversible, 
or incapacitating reversible, illness; or (2) pose a substantial or potential hazard to 
human health or the environment when improperly treated, stored, transported, or 
disposed of, or otherwise managed. 

The EPA has more specifically defined and identified HW according to considerations such as acute and 

chronic toxicity, persistence, and degradability in nature; potential for bioaccumulation; and other 

characteristics such as ignitability, corrosiveness, and reactivity. Based on these factors, the EPA 

promulgated regulations under 40 CFR 261, classifying HW as "listed" waste, "characteristic" waste, or 

"other" waste. Listed wastes are those specifically identified on one of the lists in 40 CFR 261, Subpart 

D. These include wastes from non-specific sources, wastes from specific sources or industries, and a 

rigidly defined list of commercial chemical products. Examples of listed wastes are spent solvents, spent 
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sludges, and discarded commercial chemicals such as cyanides, benzene, and chloroform. Characteristic 

wastes are defined by 40 CFR 261, Subpart C, as exhibiting ignitability, corrosiveness, reactivity, or 

toxicity. Other HW includes mixtures that contain HW and residues from HW treatment. HW contains 

no radioactive component; wastes that meet the RCRA definition of HW and are also radioactive are 

addressed as low-level mixed waste (see Section D.3.5). 

HW is generated by a variety of DOE activities including those associated with defense, nuclear energy, 

and energy research programs. The following 11 installations generate the majority of the DOE inventory 

of HW and are considered in this human health risk evaluation (note that the abbreviations given here are 

used throughout this appendix): 

• Argonne National Laboratory-East (ANL-E}, Argonne, Illinois 

• Hanford Site, (Hanford}, Richland, Washington 

• Fermi National Accelerator Laboratory (Fermi}, Batavia, Illinois 

• Idaho National Engineering Laboratory (INEL), Idaho Falls, Idaho 

• Kansas City Plant (KCP}, Kansas City, Missouri 

• Los Alamos National Laboratory (LANL}, Los Alamos, New Mexico 

• Lawrence Livermore National Laboratory (LLNL), Livermore, California 

• Oak Ridge Reservation (ORR}, Oak Ridge, Tennessee 

• Pantex Plant (Pantex), Amarillo, Texas 

• Sandia National Laboratories-New Mexico (SNL-NM), Albuquerque, New Mexico 

• Savannah River Site (SRS), Aiken, South Carolina 

The quantities and types of HW generated vary throughout the DOE complex. Laboratory facilities 

generate wastes (e.g., laboratory solutions, acids, and caustics) as a result of research and development 

activities, processing operations, and other activities associated with their mission. Production facilities 

generate HW as a result of manufacturing weapons and weapons materials, nuclear fuel, and other 

production operations. Many installations also generate reportable quantities of industrial solvents, paints, 

oils, rags, and wipes contaminated with hazardous cleaning compounds, and other hazardous materials 

that are byproducts of routine maintenance, degreasing, and machine-shop operations (ANL, 1995d). The 

current HW management strategy is based on minimizing ( or eliminating) HW generation, and on proper 

characterization, treatment, and disposal. 
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Environmental restoration activities also contribute substantially to II\\;' generation. While an installation 

may produce very little HW in the course of routine operations , remediation of environmental problems 

such as leaking petroleum underground storage tanks may generate thousands of pounds of HW

contaminated soil. 

For more detailed inform~ion on HW, including HW inventories at DOE installations , estimated release 

rates, treatment categories used in the PEIS, and the process for developing PEIS HW alternatives , see 

Chapters 3 and 10 of the PEIS and the HW technical report (ANL, 1995d). 

D.3.3.1 Summary of HW Alternatives 

The PEIS waste management alternatives (No Action, Regionalized 1 and 2) and the rationale for 

developing the various HW analysis alternatives are discussed rigorously in the main body of the PEIS. 

• The No Action Alternative demonstrates the baseline risks of treating some of the DOE inventory 
of HW by incineration only (no waste fuel burning) at existing facilities at INEL and the ORR, while 
the remainder is treated and disposed of by permitted commercial facilities . 

• In the Regionalized Alternative 1, approximately 50% of the complex-wide, commercially treated 
HW is instead treated by incineration and waste fuel burning at Hanford, INEL, LANL, ORR, and 
SRS. The remaining HW is treated and disposed of by permitted commercial facilities . 

• In the Regionalized Alternative 2, approximately 80% to 90% of the complex-wide, commercially 
treated HW is instead treated by incineration and waste fuel burning at INEL and ORR. The 
remainder is treated and disposed of by a limited number of permitted commercial facilities . 

Table D.3.3-1 presents the consolidation and treatment schemes for these three alternatives. 
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Alternative 

No Action-
Treatment of own HW 

(by incineration) at 
current 2 installations; 
remainder treated 
commercially 

Regionalized 1-
50% of DOE HW 
treated (by incineration 
and fuel burning) at 5 
installations; 
remainder treated 
commercially 

Regionalized 2-
80-90% of DOE HW 
treated (by incineration 
and fuel burning) at 2 
installations; 
remainder treated 
commercially 

a T-Treaunent installation 

Waste Management Facility Human Health Risk Estimates 

Table D.3.3-1. PEIS Alternatives for HW 

Pantex SNL-NM SRS 

D.3.3.2 Special Assumptions and Considerations Used in the HW Risk Analysis 

The source term for chlorinated organics and inorganics emitted in incinerator flue gases was developed 

from a set of RCRA trial burn data from the Rollins Deer Park, Texas, waste incinerator (one of the 

commercial facilities that currently processes DOE-generated HW); the constituents in the flue gases are 

shown in Table D.3.3-2. Although the chemistry of the industrial wastes used in the trial burn was 

unknown, they were waste types generally typical of DOE HW and were assumed to be reasonably 

similar to DOE HW in organic composition (ANL, 1995d). The results of those bums were scaled up 

based on each installation's HW waste volume. 

D-146 



9c 13301 ~->,,,i ,,., ' .. " 1:11 ~ (,(../ ,J 
Waste Management Facility Human Health Risk Estimates Appendix D 

Table D.3.3-2 HW Source Term Constituents Derived from Analysis of Deer Park, 
Texas, Incinerator Flue Gases 

Bromodichloromethane 

Chlorobenzene 

Chloromethane 

Chloroform 

Dibromochloromethane 

1,2-Dichloroethane 

Methylene chloride 

1, 1,2,2-Tetrachloroethane 

1, 1, 1-Trichloroethane 

1, 1,2-Trichloroethane 

Trichlorofluoromethane 

Hydrogen chloride 

Constituents in HW Source Tenn 

Chlorine 

Vinyl chloride 

Cadmium 

Chromium (VI) 

Copper 

Lead 

Mercury 

Nickel 

Zinc 

Arsenic 

Dioxins (PCDD) 

Furans (PCD F) 

It was assumed that the composition of HW and the relative proportions of its components are the same 

at all installations. Because of this, the controlling contaminants and their percentage contribution to risk 

are the same across all installations and alternatives . 

Consistent with the other waste streams, the duration of the No Action Alternative is assumed to be 20 

years. For the Regionalized 1 and 2 Alternatives, construction of treatment facilities is assumed to take 

place for 10 years and HW treatment for 10 years. 

The RfDs and cancer potency factors for the various HW constituents, where available, were obtained 

from the EPA's Health Effects Assessment Summary Tables and Integrated Risk Information System. If 

the EPA values were not available, toxicity values derived by PNL were used (Droppo et al., 1989). 

It was assumed that an FTE (see Section D.2) would not be exposed to concentrations of hazardous 

chemicals that exceed the time-weighted average threshold limit value (TW A-TLV) for full-time workers 

exposed 8 hours/day, 40 hours/week (ACGIH, 1992). 
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The chemicals used as surrogates in evaluating the health effects to the public from polychlorinated 

dibenzodioxins and polychlorinated dibenzofurans were hexachlorodibenzo-p-dioxin and 

hexachlorodibenzofuran, respectively. Due to the lack of better information, it was also assumed that the 

chromium in the source term was present as 100% chromium (VI), an inhalation carcinogen,. This is 

a conservative assumption; therefore, health risks associated with chromium in the HW source term may 

be overestimated. 

No TLVs or immediately-dangerous-to-life-and-health (IDLH) values were found for 

bromodichloromethane, dibromochloromethane, hexachlorodibenzofuran, or hexachlorodibenzo-p-dioxin; 

therefore, the health effects to workers associated with these chemicals were not evaluated. However, the 

first two compounds comprise only 0.01 % each of the source term, the third is 2. 6E-5 % of the source 

term, and the fourth is 3E-6% of the source term. The offsite and noninvolved worker populations were 

evaluated for all chemicals in the source term. 

Note that the human health risks for commercial treatment are not addressed in this analysis. Therefore, 

the greater the percentage of waste treated commercially, the lower the human health risk estimates for 

the DOE complex and the less information this analysis can supply about the overall risks to human health 

from combined public and private HW waste management activities. 

D.3.3.3 Results Tables for the HW Human Health Risk Analysis 

This section contains the results tables for the HW human health risk analysis . A discussion of the results 

is presented in Section D.3.4.4. The risks in the tables are displayed in the standard scientific 

(exponential) notation used in risk assessment; directions on reading this notation and a more complete 

description of the types of information in the tables are given in Section D.2. 

• Table D.3 .3-3 presents an overview, by alternative, of the total, program-wide risks of cancer 
incidence for the offsite and noninvolved worker populations; and the risks of cancer incidence and 
construction and operational fatalities for waste management workers. These tables provide the 
estimated total number of people in the three receptor populations who will develop cancers from 
exposure to HW over a lifetime if a particular alternative is implemented nationwide. In addition, 
it shows the estimated total number of workers who will be killed in construction and operational 
activities . 

• Table D.3.3-4 shows the sizes of the total affected populations for each alternative. 
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• Table D.3.3-5 summarizes the risks to the offsite and noninvolved worker MEis for each HW 
alternative. The numbers in this table are the estimated probabilities that the offsite and noninvolved 
worker MEis will develop cancer from chemical exposure or are indicators that the MEis will suffer 
adverse health effects from exposure to noncarcinogenic, hazardous constituents. 

• Tables D.3.3-6 through D.3.3- 8 show the program-wide risks for all receptors and health effect 
endpoints, by alternative. 

• Tables D.3.3-9 through D.3 .3-11 present offsite and worker population risks for each installation, 
by alternative. 

• Table D.3.3-12 lists the hazardous constituents that contribute most of the risk of cancer incidence 
to the offsite population, by installation and alternative. 

Table D.3.3-3 Summary of Program-Wide Ri.sks Associated with Routine Management 
of HW: Risks to Total Populations, By Alternative 

Offsite 
WM Workers 

Noninvolved Worker 

Alternative Population Population 

Chem Cl" Chem CI C&Ofi"t> Chem CI 

No Action 7.5E-3 9.4E-2 8.2E-3 2.5E-3 

Regionalized 1 6.0E-2 1.2 6.9E-2 2.5E-2 

Regionalized 2 9.6E-2 1.8 7.3E-2 3.3E-2 

a Chem CI-cancer incidence associated with exposure to hazardous chemicals. 
b C&OF-Fatalities due to physical hazards during construction and operation of waste treaanent facilities . 

Table D.3.3-4 Size of Total Offsite, Noninvolved Worker, and Worker Populations 
Affected by the Risks from Routine Management of HW, By Alternative 

Alternative Offsite Population WM Workers 
Noninvolved Worker 

Population 

No Action 1,034,713 52 12,260 

Regionalized 1 2,192,128 355 48,482 

Regionalized 2 1,034 ,713 372 12,260 
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Table D.3.3-5 Summary of Program-Wide Ri.sks Associated with Managi.ng HW to the 
Offsite and Noninvolved Worker Most-Exposed Individuals, By Alternative 

Offsite MEI" 
Alternative 

Chem Cib m· 
No Action 3.9E-7 2.6E-3 

Regionalized 1 2.4E-6 3.2E-2 

Regionalized 2 5.0E-6 6.6E-2 

a MEI-Most-exposed individual 
b Chem CI-cancer incidence associated with exposure to hazardous chemicals 
c HI-Hazard index 
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Noninvolved Worker MEI 

Chem CI m 
2.4E-6 l.6E-2 

l.lE-5 5. lE-1 

3. lE-5 4. lE-1 
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Table D.3.3-6 Program-Wide Risks Associated with the Routine Management of HW 
Under the No Action Alternative, By Health Endpoint 

Hazardous Chemicals Physical Receptor Endpoint 
Carcinogens Noncarcinogens Hazards 

Noninvolved 
Dose (person-rem) 

Worker Cancer Fatalities 

Population 
Cancer Incidence 2.5E-3 
Genetic Effects 

Dose (rem) 

Noninvolved Cancer Fatalities 

Worker MEI Cancer Incidence 2.4E-6 
Genetic Effects 
Hazard Index l.6E-2 

Dose (person-rem) 
Offsite Cancer Fatalities 

Population Cancer Incidence 7.5E-3 
Genetic Effects 

Dose (rem) 
Cancer Fatalities 

Offsite MEI Cancer Incidence 3.9E-7 
Genetic Effects 
Hazard Index 2.6E-3 

Dose (FTE-rem) 
Cancer Fatalities 
Cancer Incidence 9.4E-2 
Genetic Effects 

WM Workers Exposure Index 4 .3 
Construction Fatalities l .9E-3 
Construction Injuries 8.4E-l 
Operation Fatalities 6.3E-3 
Operation Injuries 5.3 
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Table D.3.3-7. Program-Wide Risks Associated with the Routine Management of HW 
Under the Regi.onalized Alternative 1, by Health Endpoint 

Hazardous Chemicals Physical 
Receptor Endpoint 

Carcinogens Noncarcinogens Hazards 

Noninvolved 
Dose (person-rem) 

Worker Cancer Fatalities 

Population 
Cancer Incidence 2.5E-2 
Genetic Effects 

Dose (rem) 

Noninvolved 
Cancer Fatalities 

Worker MEI 
Cancer Incidence l.lE-5 
Genetic Effects 
Hazard Index l.5E-l 

Dose (person-rem) 
Offsite Cancer Fatalities 

Population Cancer Incidence 6.0E-2 
Genetic Effects 

Dose (rem) 
Cancer Fatalities 

Offsite MEI Cancer Incidence 2.4E-6 
Genetic Effects 
Hazard Index 3.2E-2 

Dose (FTE-rem) 
Cancer Fatalities 
Cancer Incidence 1.2 
Genetic Effects 

WM Workers Exposure Index 6.1 
Construction Fatalities 2.6E-2 
Construction Injuries l.2El 
Operation Fatalities 4.3E-2 
Operation Injuries 3.7El 
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Table D.3.3-8. Program-Wide Risks Associated with the Routine Management of HW 
Under the Regi.onalized Altemati.ve 2, by Health Endpoint 

Hazardous Chemicals Physical Receptor Endpoint 
Carcinogens Noncarcinogens Hazards 

Noninvolved 
Dose (person-rem) 

Worker Cancer Fatalities 

Population 
Cancer Incidence 3.3E-2 
Genetic Effects 

Dose (rem) 

Noninvolved 
Cancer Fatalities 

Worker MEI Cancer Incidence 3.lE-5 
Genetic Effects 
Hazard Index 4.lE-1 

Dose (person-rem) 
Offsite Cancer Fatalities 

Population Cancer Incidence 9.6E-2 
Genetic Effects 

Dose (rem) 
Cancer Fatalities 

Offsite MEI Cancer Incidence 5.0E-6 
Genetic Effects 
Hazard Index 6.6E-2 

Dose (FfE-rem) 
Cancer Fatalities 
Cancer Incidence 1.8 
Genetic Effects 

WM Workers Exposure Index 6.2 
Construction Fatalities 2.SE-2 
Construction Injuries 1.2El 
Operation Fatalities 4.5E-2 
Operation Injuries 3.8El 
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Installation 

INEL 

ORR 

TOTAL 

Waste Management Facility Human Health Risk Estimates 

Table D.3.3-9. Risks Associated with the Routine Management of HW 
Under the No Action Alternative, By Installation 

Fatalitiesb Cancer Incidence 

Population• Offsite Offsite 
Noninvolved Noninvolved 

Workers Population MEI° 
Worker Worker 

Population MEIC 

153061 
2.6E-3 3.4E-5 4.6E-9 4.4E-5 3.7E-8 

16 

881652 
5.6E-3 7.4E-3 3.9E-7 2.5E-3 2.4E-6 

36 

8.2E-3 7.5E-3 3.9E-7 2.5E-3 2.4E-6 

Workers 

l.8E-2 

7.6E-2 

9.4E-2 

a Top number represents the off site population within an 80-km (50-mi) radius of the installation. while the bottom number represents the total 
FTEs for waste management workers involved in both construction and operation activities . 
b Risk of cancer fatality from exposure to hazardous chemicals cannot be assessed; worker fatality risks reflect risks from physical hazards only . 
c MEI-Most-exposed individual. 

Installation 

Hanford 

INEL 

LANL 

ORR 

SRS 

TOTAL 

Table D.3.3-10. Risks Associated with the Routine Management of HW 
Under the Regionalized Alternative 1, By Installati.on 

Fatalitiesb Cancer Incidence 

Population• Offsite Offsite 
Noninvolved Noninvolved 

Workers 
Population MEIC Worker Worker 

Population MEIC 

377645 
1.BE-2 4.3E-3 1.4E-7 2.6E-3 5.0E-6 

91 

153061 
6.8E-3 l.0E-4 1.4E-8 1.4E-4 1. lE-7 

35 

159152 
l.7E-2 l.9E-2 2.4E-6 9.5E-3 5.9E-6 

88 

881652 
2.0E-2 3.6E-2 l.8E-6 l.lE-2 l.lE-5 

101 

620618 
7.9E-3 l.2E-3 l .5E-8 5.9E-4 6.7E-7 

40 

6.9E-2 6.0E-2 2.4E-6 2.5E-2 l.lE-5 

Workers 

2.9E-1 

7.6E-2 

3.0E-1 

4.2E-1 

9.3E-2 

1.2 

a Top number represents the off site population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
~s for waste management workers involved in both construction and operation activities. 

Risk of cancer fatality from exposure to hazardous chemicals cannot be assessed; worker fatality risks reflect risks from physical hazards only . 
c MEI-Most-exposed individual. 
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Installation 

Table D.3.3-11. Risks Associated with the Routine Management of HW 
Under the Regionalized Alternative 2, By Installation 

Fatalitiesb Cancer Incidence 

Population• Noninvolved Noninvolved Offsite Offsite Workers 
Population MEI• Worker Worker Workers 

Population MEI• 

INEL 
153061 

160 
3.lE-2 9.7E-4 l.3E-7 l .3E-3 l.lE-6 7.4E-1 

ORR 
881652 

212 
4.lE-2 9.5E-2 5.0E-6 3.2E-2 3. lE-5 1.1 

TOTAL 7.3E-2 9.6E-2 5.0E-6 3.3E-2 3. lE-5 1.8 

a Top number represents the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
FTEs for waste management workers involved in both construction and operation activities. 
b Risk of cancer fatality from exposure to hazardous chemicals cannot be assessed ; worker fatality risks reflect risks from physical hazards only. 
c MEI-Most-exposed individual. 

Table D.3.3-12. Constituents in HW Contributing the Highest Risk of Cancer Incidence 
to the Offsite Population at Each Installation, By Alternative 

Installation 
Alternative 

Hanford INEL LANL ORR SRS 

No Action - chromium (Vl)1 - chromium (VI) -
2.7E-5b 5.9E-3 

Regionalized 1 chromium (VI) chromium (VI) chromium (VI) chromium (VI) chromium (VI) 
3.5E-3 8.3E-5 

Regionalized 2 - chromium (VI) 
7.8E-4 

3 Chromium in the source term was assumed to be 100% chromium (VI). 
b Risk of cancer incidence contributed by this constituent. 

l.5E-2 2.9E-2 9.4E-4 

- chromium (VI) -
7 .7E-2 

D.3.3.4 Results of the HW Human Health Risk Analysis for Routine Operations 

The following sections present a summary of the estimated program-wide impacts to each receptor 

population and a discussion of the overall results of the HW human health risk analysis. 
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D.3.3.4.1 Program-Wide Trends in Human Health Risks Associated with HW Management 
Alternatives 

Offsite Population. For the offsite population, the program-wide risk of cancer incidence associated with 

routine treatment of HW is lowest for No Action (7.5E-3 cancer incidences distributed over a total 

affected population of approximately 1 million), and slightly higher for Regionalized 1 and 2 (6.0E-2 over 

a total population of approximately 2 million and 9.6E-2 over approximately 1 million, respectively). 

As would be expected based on the waste consolidation and treatment scenarios, cancer incidence risks 

at INEL and ORR are slightly higher in Regionalized 2 than Regionalized 1 (recall that in Regionalized 

2, 80% to 90% of the DOE inventory of commercially treatable HW is consolidated and treated at these 

two installations). 

Noninvolved Worker Population. The program-wide risk of cancer incidence to the noninvolved worker 

population follows the same pattern as for the offsite population: Regionalized 1 and 2 risks are similar 

to one another (both are in the E-2 order of magnitude) and approximately 1 order of magnitude higher 

than in No Action. However, the total affected noninvolved worker populations (approximately 12,260 

in No Action and Regionalized 2 and 48,482 in Regionalized 1) are substantially smaller than the total 

offsite populations. Therefore, the relative risks "per capita" (the risks to an average member of the 

noninvolved worker population compared to an average member of the offsite population) are 

concomitantly higher. This higher individual risk to members of the noninvolved worker population is 

also reflected in the results for the offsite and noninvolved worker MEls. 

Most-Exposed Noninvolved Worker and Offsite Individual. For the offsite and noninvolved worker 

MEis, risk of cancer incidence follows the same pattern as for their respective populations. However, 

the risks of cancer incidence for both of these receptors in Regionalized 1 and 2 are in the E-5 to E-6 

range. Following EPA guidance developed for evaluating cancer incidence (see Section D.2.14), the risks 

to the MEis in Regionalized 1 and 2 are within target exposure levels. Most of the risk in these 

alternatives is attributable to the presence of the inhalation carcinogen chromium (VI) in the source term 

(ANL, 1995d). 

The hazard indices for both MEis (indicating the worst-case individual exposure to noncarcinogenic 

chemicals per scenario) follow the trend for cancer incidence but are less than 1.0 in all alternatives. This 
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indicates a low probability that these receptors will suffer adverse effects from exposure to 

noncarcinogenic, toxic contaminants. 

Workers . Program-wide health risks to worke__rs follow the same general trends as for the offsite and 

noninvolved worker populations. The total risks of cancer incidence in Regionalized 1 and 2 are slightly 

more than 1 order of magnitude higher than in No Action, and range from 1.8E-2 to 1. 1. While the air 

concentrations of each HW constituent component are estimated to be at or below TLVs, the sum of the 

exposures from those concentrations yields exposure indices that are consistently above 1.0 (ranging from 

4.1 to 8.2) in all alternatives. This indicates that the worker receiving the worst-case exposure is 

potentially at risk of adverse health effects from the daily inhalation of fugitive chemical emissions in all 

three alternatives. These results indicate that the risk of cancer incidence to the total worker population 

increases as a greater percentage of the DOE HW inventory is treated and as treatment is performed at 

fewer consolidation installations, while the worst-case individual exposure to hazardous, noncarcinogenic 

chemicals differs little from alternative to alternative. 

As can be seen in Tables D.3 .3-9 through D.3.3-11, the highest risks of cancer incidence to workers 

result at INEL and ORR under Regionalized 2, in which these two installations treat 80% to 90% of the 

DOE inventory of commercially treatable HW. The difference in risks at these installations between 

Regionalized 1 and 2 is about 0 .5 to 1 order of magnitude. 

Construction and operational injuries and fatalities follow the same pattern as exposure risks to workers 

and other populations (see Tables D.3.3-6 through D.3 .3-8). No Action involves the least construction, 

the smallest volume of waste in treatment, and the fewest workers. Accordingly, the No Action risks 

from physical hazards are the lowest among the three alternatives. The risks from physical hazards in 

Regionalized 1 and 2 are almost identical to one another and reflect increased person-hours spent building 

and operating waste processing facilities compared to No Action. 

D.3.3.4.2 Summary of Results for Routine Treatment of HW 

For the offsite population, ·oRR poses the highest risk of cancer incidence in No Action and Regionalized 

2; ORR and LANL pose the highest risks in Regionalized 1 (see Tables D.3.3-9 through D.3.3-11) . 

INEL presents the lowest cancer incidence risks in all alternatives. Inhaled chromium (VO contributes 
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the most risk of cancer incidence to the offsite population at all installations across all alternatives (see 

Table D.3.3-12). Cancer incidence risks to the offsite MEI are in the E-6 order of magnitude at LANL 

in Regionalized 1 and ORR in Regionalized 1 and 2. 

Risks to the various noninvolved worker populations tend to parallel the risks to the installation-specific 

offsite populations. ORR presents the highest risk of cancer incidence in No Action and Regionalized 2; 

and ORR, LANL, and Hanford pose the highest risks in Regionalized 1. Inhalation of chromium (VI) 

contributes most of the cancer incidence risk at all installations in all alternatives (ORNL, 1995e). 

The cancer incidence risk to the noninvolved worker MEI is between lE-6 and lE-4 at ORR in No 

Action; ORR, LANL, and Hanford in Regionalized 1; and ORR and INEL in Regionalized 2. Hazard 

indices for both MEis are below 1.0 in all alternatives , indicating a low probability of adverse effects 

from exposure to noncarcinogenic, toxic contaminants . 

The highest installation cancer incidence risks are always at ORR for workers, although differences 

between installations in cancer incidence for workers are consistently less than 1 order of magnitude. The 

controlling contaminants at ORR for worker cancer incidence are chromium (VI) in No Action and vinyl 

chloride and chromium (VI) in Regionalized 1 and 2. In No Action, the exposure index at ORR is slightly 

higher than at INEL; the controlling contaminants at ORR are chlorine and cadmium. In Regionalized 

1 and 2, exposure indices at all installations are approximately equal; controlling contaminants are 

hydrogen chloride, chlorine, cadmium, copper, lead, and nickel. 

D.3.3.4.3 Discussion . 

As noted in the summary of HW alternatives (Section D.3 .3.1), No Action involves only the incineration 

of the INEL and ORR inventories of HW, while Regionalized 1 and 2 involve treatment of consolidated 

HW waste loads (50% and 80 to 90%, respectively) by incineration and waste fuel burning. Accordingly, 

risks to the various receptors would be expected to increase as the amount of waste treated at DOE 

installations and the degree of consolidation increase. While. the differences among alternatives are 

relatively small, this trend is apparent. Health risks associated with Regionalized 1 and 2 are slightly 

higher than those associated with No Action by about 1 order of magnitude. The risks for Regionalized 

1 and 2 are approximately the same for all populations and health effects endpoints. In other words, 
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treating 50% of the DOE inventory of HW at five installations and treating 80% to 90% at two 

installations result in nearly the same overall health risks to all populations. Within each alternative, the 

highest-risk installations for exposure are also the highest-risk installations for construction and 

operational risks. This indicates that the volume of waste being treated and, consequently, the number 

of hours workers spend constructing facilities and processing the waste, are the determining factors for 

health risks. 

Comparison of the risks to the overall populations and MEis in Regionalized 1 and 2 (see Tables 

D.3.3-10 and D.3.3-11) shows that risks generally differ by less than a factor of 2 between the two 

alternatives (which is reasonable since the difference in the amount of waste processed does not quite 

double between the alternatives). However, the risks in Regionalized 1 are distributed over twice as many 

members of the offsite population and four times as many members of the noninvolved worker population 

as in Regionalized 2. 

D.3.3.S Summary of Alternatives for Potential HW Accidents 

Three categories of potential HW accidents were analyzed for Regionalized 1 and 2: single-drum, single

contaminant accidents occurring during storage; multiple-contaminant storage facility accidents; and 

multiple-contaminant treatment facility accidents. 

D.3.3.5.1 Single-Drum Accidents 

Thirty-one storage accidents involving the release of a single chemical (either a carcinogen or a hazardous 

noncarcinogen) from a single drum were postulated for each installation and each alternative . Thsee 

single-drum accident scenarios are summarized in Table D.3.3-13 . 

There were three general types of single-drum accidents: a spill ; a spill plus fire ; and other combinations 

of events (spill plus explosion, fire only, fire plus explosion, etc. ). Because of the large number of 

accidents to be analyzed, only the results of the four worst-case accidents (i.e. , those for which the 

attendant risks are highest) at each installation for each alternative are reported in Table D.3.3-15. These 

results are: 
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• The estimated cancer incidence in the installation's offsite population for an accident involving a 
carcinogen. 

• The hazard index for the offsite MEI for an accident involving a hazardous noncarcinogen. 

• The estimated cancer incidence for the shift of six FTEs (hypothetical workers) working during an · 
accident involving a carcinogen. 

• The IDLH index (see Section D.2.11) for the most-exposed FTE working during an accident 
involving a hazardous noncarcinogen. 

The consequences of a single-drum accident release (if the accident occurred) do not differ among 

alternatives. However, the estimated annual frequency of the accident may differ among alternatives (i.e., 

an accident may become more likely as more drums are stored at an installation). 

The risks to noninvolved workers from single-drum accidents are not reported in this appendix; those 

results can be found in ORNL (1995e). 

Note that the single-drum accident that poses the highest risks to the offsite population may not be the 

same as the worst-case accident for workers (because exposure scenarios and pathways often differ 

between workers and the other receptors). 
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Table D.3.3-13. Summary of Single-Drum Accident Scenarios for HW 

Scenario Accident Toxic Gases Released 
Category 

Spill lA Ammonia 

1B Hydrogen chloride 

lC Hydrogen fluoride 

1D Sulfur oxides 

Spill and fire 2A Polyaromatic hydrocarbon soot, 
unburnt hydrocarbons and 
carbon monoxide 

2B Hydrogen fluoride 

2C Cyanide 

2D Mercury vapor 

Spill, fire, and gas 3A Ammonia 
cylinder explosion 

Fire and gas cylinder 3B Ammonia 
breach 

Fire and gas cylinder 3C Ammonia 
breach 

Spill and explosion 3D Ammonia 

Fire and explosion 3E Ammonia 

Spill 4A Ammonia 

4B Hydrogen chloride 

4C Hydrogen fluoride 

4D Sulfur oxides 

4E Acetic acid 

4F Carbon disulfide 

4G l, l, 1-Trichloroethane 

Fire 5A Polyaromatic hydrocarbon soot 
and unburnt hydrocarbons 

5B Hydrogen fluoride 

5C Cyanide 

5D Mercury vapor 

5E Cadmium fumes 

SF Dust from burnt and unburnt 
potassium and sodium 
dichromate salts 

Spill, fire, and gas 6A Ammonia 
cylinder explosion 

Fire and gas cylinder 6B Ammonia 
breach 

Fire and gas cylinder 6C Ammonia 
breach 

Spill and explosion 6D Ammonia 

Fire and gas cylinder explosion 6E Ammonia 
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D.3.3.5.2 Storage Facility Accidents 

Potential storage facility HW accidents include ( 1) a facility fire that engulfs a significant fraction of the 

containers in storage, releasing some or all of these contaminants: 2A, 2B, 2C, 20, 5E, and 5F (see 

Table 0 .3.3-13); (2) an earthquake that ruptures a significant number of drums, releasing some or all 

of these contaminants: IA, lB, lC, 10, 4E, 4F, and 4G in Table 0 .3.3-13; and (3) the crash of a large 

aircraft (at Hanford, INEL, and SRS) or small aircraft (at LANL and ORR) resulting in a fire that burns 

a significant portion of the storage drums releasing some or all of these contaminants: 2A, 2B, 2C, 20, 

3A, 30, 5E, and 5F in Table 0.3.3-13. Earthquake-related storage accidents were postulated for Hanford 

and LANL only in Regionalized 1 and for INEL and ORR in Regionalized 2. 

D.3.3.5.3 Treatment Facility Accidents 

The treatment facility accidents analyzed for HW include (1) an incinerator explosion and resulting 

feedstock fire; (2) an earthquake followed by an incinerator facility fire; and (3) a large or small aircraft 

impact (assuming the same scenarios as for the storage facility accidents) and resulting incinerator facility 

fire. All three types of incinerator accidents involve a fire and a release of some or all of these 

contaminants: 2A, 2B, 2C, 20, 5E, and 5F. 

D.3.3.6 Special Assumptions and Considerations Used in the HW Accident Analysis 

The source terms for the HW accidents include the period of time over which a particular accident release 

occurs. For assessing risks to offsite and noninvolved worker receptors from single-drum and facility

wide accidents, all releases have been averaged for a 1-h release (i.e. , for contaminant releases greater 

than 60 min in duration, the amount released was scaled to reflect a 60-min release; for contaminant 

releases of less than 60 min in duration, the total amount of contaminant is assumed to be released in 60 

min) . 

In estimating the risks to the offsite and noninvolved worker populations , releases from storage facility 

accidents are assumed to be ground releases without flow (i.e., releases at ground level); releases from 
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incinerator facility accidents are assumed to be stack releases with flow (i.e ., release from the stack of 

an operating facility). 

All storage accidents are assumed to involve six workers , the average number of workers needed to place 

waste in storage facilities (EG&G, 1992). For treatment (incineration) accidents , one shift of workers is 

assumed to be present in the facility when the accident occurs; shift size varies with the waste processing 

rate . For HW, from one to five workers are present during treatment accidents (see Table D.3.3-20) 

(EG&G, 1992). 

All releases from storage accidents are assumed to take place outside at an outdoor storage facility. A 

5-min worker exposure duration is assumed for outdoor exposures to accidents that are readily visually 

detectable (fires, explosions, spills plus fire, etc:). For spills alone (which may not be noticed as quickly) , 

a 10-min exposure period is assumed. Outdoor worker exposure concentrations were calculated using the 

INEXPLC model for close-in atmospheric dispersion, explosive releases , and particle deposition 

(ORNL, 1993), using the following assumptions : 

• The worker is standing directly downwind of the release. 

• The release height is Om (i.e., at ground level). 

• The receptor height is 1.5 m (i.e. , the height of the person's nose). 

• The radius of the source is 1.5 m. 

• Receptor distances were varied from 1 m to 25 m at 1-m intervals and concentrations calculated at 
each interval ; an average of these concentrations was used as the exposure concentration. 

• Simple gas dispersion with no particle settling takes place. 

Incineration accidents are accompanied by releases into an indoor operating gallery where the workers 

are located. Half the gallery (e.g ., an area 32 m long x 6 m wide x 6 m high) is assumed to fill with 

contaminated air. An exposure duration of 1 min is assumed, during which workers avoid any 

obstructions and leave the scene. Indoor worker exposure concentrations are estimated using a room 

model with no ventilation. 

Cancer potency factors from the EPA Integrated Risk Information System and Health Effects Assessment 

Summary Tables were used for determining the cancer incidence resulting from accidents that released 

carcinogenic chemicals. RfCs and lethality concentrations for acute exposure to toxic chemicals are 
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derived from the methodology developed by Hartmann et al. (1994). Cadmium and benzene are 

considered to be the carcinogens in the HW accident source terms. Cadmium is toxic as well as 

carcinogenic, so it is incorporated into both the IDLH index and cancer incidence risk for workers. For 

the offsite and noninvolved worker populations exposed to cadmium, only the risk of cancer incidence 

is evaluated because no acute RID is available to calculate a hazard index. The toxicity and slope factors 

and IDLH values for cadmium dust are used for accident subcategory SE because no analogous values 

are available for cadmium fumes . 

The chemical surrogates in Table D.3.3-14 are used in the HW accident risk estimates for all receptors. 

Table D.3.3-14. Chemical Su"ogates Used in Risk Analysis for Potential HW Accidents 

Chemical Hypothetically Released in Accident Surrogate Used in Risk Analysis 

Cyanides (hydrogen, potassium, etc.) Hydrogen cyanide 

Dichromate salts (potassium, sodium, etc.) Potassium dichromate 

Polyaromatic hydrocarbon soot and unburnt hydrocarbons Benzene 

Sulfur oxides Sulfur dioxide 

There is an associated estimated annual frequency of occurrence for each accident type (see Section 

D.2.12.1). However, the probability of occurrence is not taken into account in the risk calculations. Risk 

estimates associated with each accident should be interpreted as the consequences if the accident occurred. 

The various single drum accidents have estimated annual frequencies of occurrence ranging from 

"unlikely" (lE-4 to lE-2) to "very unlikely"(lE-6 to lE-4). The incinerator explosion and fire is 

considered to be "anticipated" (greater than lE-2) ; the earthquake causing a storage facility spill or an 

incinerator fire is considered "unlikely" to "very unlikely, " depending on the location of the installation; 

and aircraft impact is regarded as "extremely unlikely" (less than lE-6), depending on installation location 

(see Appendix F). 

D.3.3. 7 Results Tables for the Risk Analysis of Potential HW Accidents 

Table D.3.3-15 shows a summary of the risks to the offsite and waste management worker populations 

from worst-case single-drum, single-contaminant releases, by installation and alternative. Tables D.3.3-16 
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through D.3.3-19 present a summary of risks to the offsite, noninvolved worker, and waste management 

worker populations for treatment and storage facility accidents, by installation and alternative. Table 

D.3 .3-20 provides the sizes of the offsite, noninvolved worker, and worker populations at each 

installation. 

Table D.3.3-15. Summary of Risks to the Of/site and Waste Management Worker 
Populations from Potential Single-Drum HW Accidents, by Alternative and Installation 

Receptor and Endpoint 

OfTsite Population OfTsite MEib Worker Population 
Most-Exposed 

Installation Alternative Worker 

Accident° Cid Accident me Accident CI Accident 
IDLH 

Hanford Reg . 1• 5E (U)r 3.2E-4 2D (U) 8. IE-2 

INEL Reg . 1 5E (U) 2.lE-4 2D (U) 5.3E-l 

LANL Reg. 1 5E (U) 3.0E-4 2D (U) 9.9E-l 

ORR Reg. 1 5E (VU) 5.9E-3 2D (U) 5.8 

SRS Reg. 1 5E (U) 2.6E-5 2D (U) 8. lE-2 

INEL Reg. 2• 5E (U) 2. lE-4 2D (U) 5.3E-l 

ORR Reg. 2 5E (U) 5.9E-3 2D (U) 5.8 

a Rcg .1-Regionalizcd Alternative I ; Reg. 2-Rcgionalized Alternative 2. 
b MEI-most-exposed individual. 
c Worst-case single-drum accident type. 
d Cl-risk of cancer incidence associated with exposure to chemical carcinogens. 

Index 

5E (U) 2.5E-3 5F (VU) 6.4El 

5E (U) 2.5E-3 5F (U) 6.4El 

5E (U) 2.5E-3 5F (U) 6.4El 

5E (VU) 2.5E-3 5F (VU) 6.4El 

5E (U) 2.5E-3 5F (0)8 6.4El 

5E (U) 2.5E-3 5F (U) 6.4El 

5E (U) 2.5E-3 5F (U) 6.4El 

c HI-hazard index associated with exposure to noncarcinogenic, hazardous chemicals. 
f Accident annual frequency codes are "A• for anticipated ( > IE-2), •u• for unlikely (IE-4 to lE-2) , •vu• for very unlikely ( IE-6 to lE-4) , 
and "EU" for extremely unlikely ( < l E-6). 
g The annual frequency of this accident occurring at SRS is O. 
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Table D.3.3-16. Risks Associated with Potential Facility-Wide HW Storage Accidents 
Under the Regi.onalized Alternative 1, By Accident and Installation 

Offsite Pop Offsite MEP 
Noninvolved Noninvolved 

Installation Worker Pop Worker MEI Worker CI er m· CI m 
Storage Facility Fire 

Hanford (U)d 2.8E-3 1.1 l.5E-5 5.6 l.8E-2 

INEL (lJ) l.7E-3 1.5 6.8E-3 l.4El 2.0E-2 

LANL (U) 8.3E-3 3.lEl l.8E-3 4.4E2 6.6E-2 

ORR (lJ) l .8E-2 7.6El 2.3E-2 8.4E2 5.3E-3 

SRS (lJ) 5.6E-4 1.7 2.8E-3 l.1E2 5.4E-2 

Large or Small Aircraft Impact and Storage Facility Fire 

Hanford (EU) 2.8E-3 1.2 l .4E-5 6.2 l .8E-2 
(large) 

INEL (EU) 1.7E-3 1.6 6.9E-3 l.4El 2.0E-2 
(large) 

LANL (EU) 8.3E-3 3.2El l.8E-3 4.5E2 6.6E-2 
(small) 

ORR (EU) l.8E-2 7.7El 2.3E-2 8.5E2 5.3E-3 
(small) 

SRS (EU) 5.9E-4 1.7 2.8E-3 l.1E2 5.4E-2 
(large) · 

Earthquake and Resulting Spill of Multiple Storage Containers 

Hanford (VU) o.o• l.6E-3 o.o• 8.5E-3 o.o• 
LANL (U) o.o• 2.0E-2 o.o• 2.SE-1 o.o• 

a CI-risk of cancer incidence associated with exposure to chemical carcinogens. 
b MEI-most-exposed individual. 

Worker 
IDLH Index 

9.0E2 

5.1E2 

2.4E3 

6.0E2 

l .3E3 

l.4E3 

5.3E2 

2.7E3 

6.8E2 

l.3E3 

1.2 

1.2 

c HI-hazard index associated with exposure to noncarcinogenic, hazardous chemicals. 
d Accident annual frequency codes are •A• for anticipated ( > IE-2), •u• for unlikely (I E-4 to IE-2), "VU" for very unlikely (I E-6 to IE-4), 
and "EU" for extremely unlikely ( < lE-6). 
e Zero indicates that no carcinogen is released in accident scenario. 
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Table D.3.3-17. Risks Associated with Potential Facility-Wide HW Storage Accidents 
Under the Regi.onalized Alternative 2, By Accident and Installation 

Offsite Pop Offsite MEib Noninvolved Noninvolved Worker Installation Worker Pop Worker MEI Worker CI Cl" me 
CI m IDLH Index 

Storage Facility Fire 

INEL (U)d l.2E-2 3.6El 4.8E-2 3.2E2 l.4E-l 

ORR (U) l.6E-l 2.4E2 2.lE-1 2.6E3 6.lE-2 

Large or Small Aircraft Impact and Storage Facility Fire 

INEL (EU) l.2E-2 3.7El 4.8E-2 3.3E2 l.4E-l 
(large) 

ORR (EU) l.6E-l 2.4E2 2.lE-1 2.6E3 6.lE-2 
(small) 

Earthquake and Resulting Spill of Multiple Storage Containers 

INEL (U) o.o• l.9E-l o.o• 

ORR (U) o.o• l.lE-1 o.o• 

a Cl-risk of cancer incidence associated with exposure to chemical carcinogens. 
b MEI-most-exposed individual . 

1.7 o.o• 

1.3 o.o• 

5.1E3 

2.2E3 

6.2E3 

2.3E3 

8.0 

1.2 

c HI-hazard index associated with exposure to noncarcinogenic, hazardous chemicals. . 
d Accident annual frequency codes are "A" for anticipated(> IE-2), "U" for unlikely (IE-4 to IE-2), "VU" for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 
e Zero indicates that no carcinogen is released in accident scenario. 
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Table D.3.3-18. Risks Associated with Potential Facility-Wide HW Treatment Accidents 
Under the Regionalized Alternative 1, By Accident and Installation 

Offsite Pop Offsite MElb Noninvolved Noninvolved 
Installation Worker Pop Worker Worker Cl 

Cl" 111· 
Cl MEIHI 

Incinerator Explosion and Fire 

Hanford (A)d l.9E-5 8.0E-2 9.SE-8 4 .3E-l l.OE-6 

INEL (A) 2.0E-4 o.o• 4.7E-4 o.o• 2.5E-4 

LANL (A) 3.lE-4 9.5E-l 6.lE-5 7.3 7.5E-4 

ORR (A) 5.SE-3 3.5 4.SE-4 3} l.OE-3 

SRS (A) 7.6E-7 8.0E-2 3.4E-6 4 .4 5.0E-7 

Large or Small Aircraft Impact and Incinerator Facility Fire 

Hanford (large) (EU) 5.6E-5 I.SE-I 2.9E-7 9.SE-1 

INEL (large) (EU) 4. lE-4 8.3E-2 9.4E-4 4.6E-l 

LANL (small) (EU) 3.4E-4 1.3 6.6E-5 9.9 

ORR (small) (EU) 1.lE-2 6.8 9.7E-4 7.1 

SRS (large) (EU) 2.9E-5 8.IE-2 l.3E-4 4.4 

Earthquake and Incinerator Facility Fire 

Hanford (VU) 3.7E-5 I.OE-I 2.0E-7 

INEL (VU) 2.lE-4 8.3E-2 4 .SE-4 

LANL (VU) 3.5E-4 1.0 6.SE-5 

ORR (VU) 1.lE-2 6.8 9.7E-4 

SRS (VU) 2.7E-5 8.lE-2 l.2E-4 

a Cl-risk of cancer incidence associated with exposure to chemical carcinogens. 
b MEI-most-exposed individual. 

5.5E-l 

4 .6E-l 
I 

7.8 

7.1 

4.4 

3.0E-6 

5.0E-4 

7.6E-4 

2.0E-3 

5.0E-4 

2.0E-6 

2.5E-4 

7 .SE-4 

2.0E-3 

5.0E-4 

Worker 
IDLH Index 

3.9El 

7 .9El 

l.2E2 

2.0E2 

3.9El 

3.6E2 

2.3E2 

4 .8E2 

3.2E2 

l.2E2 

3.2E2 

l.6E2 

2.0E2 

3.2E2 

l.2E2 

c HI-hazard index associated with exposure to noncarcinogenic, hazardous chemicals. 
d Accident annual frequency codes are "A• for anticipated ( > 1 E-2), "U" for unlikely (1 E-4 to I E-2), "VU" for very unlikely (I E-6 to I E-4), 
and "EU" for extremely unlikely ( < IE-6). 
c Zero indicates that no acute RID was available for contaminant; cancer incidence only was calculated. 
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Table D.3.3-19. Risks Associated with Potential Facility-Wide HW Treatment Accidents 
Under the Regi,onalized Alternative 2, By Accident and Installation 

Offslte Pop Offsite MEP Noninvolved Noninvolved Worker Installation Worker Pop Worker Worker CI CP me 
CI .MEIID IDLH Index 

Incinerator Explosion and Fire 

INEL (A)d 2.3E-4 4.9E-l 5.2E-4 2.7 l .3E-3 

ORR (A) 6.0E-3 6.6 5.2E-4 6.9 l.3E-3 

Large or Small Aircraft Impact and Incinerator Facility Fire 

INEL (large) (EU) 4.5E-4 1.5 l.0E-3 8.5 

ORR (small) (EU) l.2E-2 l.lEl l .0E-3 l.lEl 

Earthquake and Incinerator Facility Fire 

INEL (VU) 8.6E-4 2.1 2.0E-3 

ORR (VU) l.2E-2 l.lEl l.0E-3 

a CI-risk of cancer incidence associated with exposure to chemical carcinogens. 
b MEI-most-exposed individual . 

l.2El 

l.lEl 

2.5E-3 

2.5E-3 

5.0E-3 

2.5E-3 

2.0E2 

l.6E2 

6.4E2 

5.6E2 

9.9E2 

5.6E2 

c HI-hazard index associated with exposure to noncarcinogenic, hazardous chemicals. 
d Accident annual frequency codes arc "A" for anticipated ( > lE-2), ·u• for unlikely (IE-4 to IE-2), "VU" for very unlikely (lE-6 to IE-4), 
and "EU" for extremely unlilcely ( < lE-6). 

Table D.3.3-20. Size of Of/site, Noninvolved Worker, and Worker Populations Affected 
by Risks from Potential HW Treatment and Storage Accidents, by Installation 

Noninvolved Storage Worker Population 
Treatment Worker 

Installation 
Offsite 

Worker Population 
Population 

Population Regionalized 1 Regionalized 1 

Hanford 377,645 8,674 6 2 

INEL 153,061 8,451 6 1 

LANL 159,152 11,552 6 3 

ORR 881,652 3,809 6 4 

SRS 620,618 15,996 6 2 

D-169 



Appendix D Waste Management Facility Human Health Risk Estimates 

D.3.3.8 Summary of the HW Accident Analysis Results 

In general, the accident analyses indicate the same trend as seen in routine waste management operations: 

as the volume of waste is increased at an installation, the risks to the public and workers during treatment 

and storage increase. In Regionalized Alternative 2, approximately 80% of DOE-generated HW is treated 

at two installations, while treatment of 50% of DOE HW is distributed across five installations in 

Regionalized 1. Accordingly, the accident risks to all receptors at INEL and ORR in Regionalized 2 tend 

to be higher than the Regionalized 1 risks at these installations by roughly 1 order of magnitude for 

storage accidents and by only a slight margin for treatment accidents. 

The worst-case single-drum storage accidents for the offsite population and MEI involve releases of 

cadmium and mercury vapor. The worst-case single-drum accidents for workers involve releases of 

cadmium and dichromate salts . The facility-wide storage accidents that would produce the highest risks 

to all receptors are the storage facility fire and the crash of an aircraft into a storage facility followed by 

fire. However, the storage facility fire is considered "unlikely" (lE-4 to lE-2) whereas the aircraft impact 

scenario is designated "extremely unlikely " (less than lE-6). For treatment facility accidents , 

consequences are generally similar among accident types at a given installation; however, the incinerator 

explosion is considered much more likely (greater than lE-2 or "anticipated") than other scenarios. The 

most common controlling contaminants in HW accident scenarios are cadmium and mercury vapor. The 

highest-risk installations are usually INEL, ORR, and LANL. 

D.3.3.8.1 Risks to the Of/site Population from Accidents During Storage 

Single-Drum Accidents. For the offsite population at each installation, the highest cancer incidence risks 

are associated with a forklift accident resulting in a spill and fire involving a release of cadmium fumes 

(5E) (see Table D.3.3-15) . These risks of cancer incidence range from 2.6E-5 to 5.9E-3 in Regionalized 

1 and from 2.lE-4 to 5.9E-3 in Regionalized 2. The highest cancer incidence is at ORR in both 

Regionalized 1 and 2 (5.9E-3 occurrences affecting a population of 881,652) . The next highest risks of 

cancer incidence are at Hanford and LANL in Regionalized 1 and at INEL in both alternatives (3.2E-4, 

3.0E-4, and 2. lE-4, respectively). The lowest cancer incidence risks are at SRS in Regionalized 1 (2.6E-

5). The consequences at an installation of the worst-case single-drum accident (if it occurred) do not differ 

between alternatives. However, the estimated annual frequency of the accident increases almost 2 orders 
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of magnitude at ORR from "very unlikely" (lE-6 to lE-4) to "unlikely" (lE-4 to lE-2) in Regionalized 

2. The accident is considered "unlikely" at all other installations in both alternatives. 

Storage Facility Accidents. For the offsite population, storage facility fires and aircraft impacts with 

subsequent fires would pose about the same risks of cancer incidence if they occurred at an installation 

(see Tables D.3.3-16 and D.3.3-17). However, facility fires are projected to occur more frequently than 

airplane crashes ("unlikely" [lE-4 to lE-2] versus "extremely unlikely" [less than lE-6], respectively) . 

In general, the risks at each installation are 1 order of magnitude higher in Regionalized 2 than in 

Regionalized 1. Titls is because approximately 80% of DOE-generated HW is treated at two installations 

in Regionalized 2 while treatment of 50% of DOE HW is distributed across five installations in 

Regionalized 1. 

The highest cancer incidence risks from a storage facility fire or an airplane impact affecting a storage 

facility are at ORR in Regionalized 1 and 2 (1.8E-2 and l.6E-1 , respectively , in an affected population 

of 881,652), INEL in Regionalized 2 (l.2E-2 in a population of 153,061), and LANL in Regionalized 1 

(8.3E-3 in a population of 159,152). At all three installations, the controlling contaminant is cadmium. 

In earthquake scenarios, no carcinogens are assumed to be released (source terms contain noncarcinogens 

only) . 

D.3.3.8.2 Risks to the Of/site Population from Accidents During Treatment 

The risks of cancer incidence to the offsite population from facility-wide accidents during incineration 

range from 7.6E-7 to 1.lE-2 in Regionalized 1 and from 2.3E-4 to 1.2E-2 in Regionalized 2. In 

Regionalized 1, cancer incidence risks to the offsite population are similar among accident types 

(incinerator explosion, aircraft crash into a incinerator facility, and earthquake and fire affecting an 

incinerator facility) at a given installation, differing by only a factor of three or less in most instances. 

One exception is the incinerator explosion scenario at SRS, which results in a cancer incidence to the 

offsite population (7.6E-7) that is more than 1 order of magnitude lower than other accident types at SRS. 

(Titls is because the carcinogen cadmium is released in the other accident types, but not in the incinerator 

explosion scenario.) Cancer incidence risks to the offsite population are also similar among accident types 

at INEL and ORR in Regionalized 2, differing by less than a factor of four. However, in both 

alternatives, the estimated annual frequency associated with each of the three treatment facility accident 
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scenarios is different: the incinerator explosion is considered "anticipated" ( estimated annual frequency 

greater than lE-2); the aircraft impact scenario is "extremely unlikely" (less than lE-6); and the 

earthquake scenario is "very unlikely" (lE-6 to lE-4). 

ORR is the highest-risk installation for all accident types and alternatives. The highest cancer incidence 

risks are for the aircraft impact or the earthquake at ORR in both alternatives (l. lE-2 in Regionalized 

1 and l.2E-2 in Regionalized 2). The driving contaminant at ORR for these accident types is cadmium. 

D.3.3.8.3 Risks to the Noninvolved Worker Population from Accidents During Storage 

The risks to noninvolved workers from single-drum accidents are not presented in this appendix, but can 

be found in a separate ORNL technical report (1995e) . 

The risk of cancer incidence in the noninvolved worker population due to accident-related releases follows 

a similar pattern to that for the offsite population. At each installation, storage facility fires and aircraft 

impacts with subsequent fires pose about the same risks of cancer incidence (see Tables D.3.3-16 and 

D.3.3-17); however, facility fires are projected to occur more frequently than airplane crashes ("unlikely" 

versus "extremely unlikely," respectively) . Accident risks in Regionalized 2 are approximately 1 order 

of magnitude higher than those in Regionalized 1 for each installation. This is due to a greater number 

of breached containers involved in the Regionalized 2 accident scenarios. Cancer incidence due to storage 

accidents ranges from l.4E-5 to 2.3E-2 in Regionalized 1 and from 4.8E-2 to 2. lE-1 in Regionalized 2. 

For the airplane impact affecting a storage facility and the storage facility fire, the highest cancer 

incidence risks are at ORR in Regionalized 1 and 2 (2.3E-2 and 2.lE-1, respectively, in an affected 

population of 3,809). The next highest cancer incidence risks are from an airplane impact or storage 

facility fire at INEL (approximately 7 .0E-3 in Regionalized 1 and 4.8E-2 in Regionalized 2). Cadmium 

is the controlling contaminant at both installations. The installation with the lowest cancer incidence risks 

to noninvolved workers from storage accidents is Hanford in Regionalized 1. 
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D.3.3.8.4 Risks to the Noninvolved Worker Population from Accidents During Treatment 

The risks of cancer incidence to the noninvolved worker population from facility-wide accidents during 

incineration range from 9.8E-8 to 9.7E-4 in Regionalized 1 and from 5.2E-4 to 2.0E-3 in Regionalized 2. 

In both alternatives, cancer incidence risks to noninvolved workers are similar among accident types at 

a given installation, differing by only a factor of three or less in most instances. One exception is the 

incinerator explosion scenario at SRS which results in a cancer incidence (3.4E-6) that is nearly 2 orders 

of magnitude lower than other accident types at SRS. (This is because the carcinogen cadmium is 

released in the other accident types, but not in the incinerator explosion scenario.) 

The highest installation risks of cancer incidence are at ORR and INEL for all accident types. Cancer 

incidence risks to noninvolved workers at INEL range from 4. 7E-4 to 9 .4 E-4 in Regionalized 1 and from 

5.2E-4 to 2.0E-3 in Regionalized 2. ORR cancer incidence risks are very similar to those at INEL, 

ranging from 4.8E-4 to 9.7E-4 in Regionalized 1 and from 5.2E-4 to l.0E-3 in Regionalized 2. The 

controlling contaminant is cadmium at both installations. 

D.3.3.8.5 Risks to the Most-Exposed Of/site Individual from Single-Drom Accidents 

The worst-case single-drum accident involving the release of a noncarcinogenic chemical is a forklift 

accident that results in a _spill and fire with release of mercury vapor (2D) (see Table D.3.3-15). The 

highest hazard index is at ORR in both alternatives (5.8), indicating an increased likelihood of adverse 

health effects. The next highest hazard index resulting from this accident type is 9.9E-1 at LANL in 

Regionalized 1; this value approaches the threshold value of 1.0 beyond which adverse health effects 

become more likely. All other hazard indices are below 1.0. The estimated annual frequency of 

occurrence for this accident type is "unlikely'.' for all installations and alternatives. 

D.3.3.8.6 Risks to the Most-Exposed Noninvolved Worker and Most-Exposed Of/site 
Individual from Storage Facility Accidents 

Accidents During Storage. The highest hazard indices for the offsite MEI from an airplane impact 

affecting a storage facility or a storage facility fire are at ORR in Regionalized 1 and 2 (approximately 
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7.7El and 2.4E2, respectively); INEL in Regionalized 2 (approximately 3.7El); and LANL in 

Regionalized 1 (approximately 3.2El). The same trend holds true for the noninvolved worker MEI. At 

all three installations the controlling contaminant is mercury vapor. 

Hazard indices associated with earthquake scenarios that affect storage facilities are usually less than 1.0 

with the exception of the noninvolved worker MEI at ORR and INEL in Regionalized 2 (1.3 and 1.7, 

respectively). The hazard index from an earthquake-related accident is generally 2 to 3 orders of 

magnitude less than those associated with other storage facility accidents at the same installation. In terms 

of ann~al accident frequency, earthquake and facility fire scenarios are considered "unlikely" (with the 

exception of the earthquake scenario at Hanford in Regionalized 1 which is considered "very unlikely"), 

while aircraft impacts are "extremely unlikely" to happen. 

Accidents During Treatment. The highest hazard indices to the offsite MEI for all accident types are 

at ORR in Regionalized 1 and 2 (ranging from 3.5 to l.lEl); the aircraft impact and earthquake scenarios 

at INEL in Regionalized 2 ( 1. 5 and 2 .1, respectively); and the aircraft impact and earthquake scenarios 

at LANL in Regionalized 1 (1.3 and 1.0, respectively). The controlling contaminant at these installations 

is mercury vapor. The highest hazard indices to the noninvolved worker MEI are for all accident types 

at ORR in both alternatives (ranging from 3.7 to l.lEl); LANL in Regionalized 1 (ranging from 7.3 to 

9.9); SRS in Regionalized 1 (4.4 for all accident types); and INEL in Regionalized 2 (ranging from 2.7 

to 12). Each of these accidents, were it to occur, would result in exposures that might lead to adverse 

health effects to the MEis. Recall, however, that the incinerator explosions are considered "anticipated," 

while the earthquake and aircraft impact scenarios are considered "very unlikely" and "extremely 

unlikely," respectively. 

D.3.3.8. 7 Risks to Waste Management Workers from Storage and Treatment Facility Accidents 

Accidents During Storage. The single-drum accident scenario resulting in the highest cancer incidence 

risk to workers (2.5E-3) is 5E, the forklift accident leading to a spill and fire with release of cadmium 

fumes (see Table D.3.3-13). (This scenario was also the worst-case single-drum accident involving a 

carcinogen for the offsite population.) The worst-case single-drum accident for workers involving the 

release of a noncarcinogen is SF, a forklift accident resulting in a spill and fire with a release of dust 

from burnt and unburnt dichromate salts (analyz.ed as potassium dichromate). The IDLH index associated 
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with this accident is 6.4El, which is 64 times the exposure concentration that could cause irreversible 

health effects if exposure were to last as long as 30 min. However, the accident scenario assumes a much 

shorter ·exposure duration, which could reduce the severity of health effects. For each installation, the 

consequences of the worst-case single-drum accidents for workers are the same across alternatives. 

However, the estimated annual frequency of accident types SE and SF increases at ORR from "very 

unlikely" in Regionalized 1 to "unlikely" in Regionalized 2. Note that the estimated annual frequency of 

SF is zero (i.e., SF is assumed not to occur) at SRS in Regionalized 1. 

Storage facility fires and aircraft impacts with subsequent fires would pose very similar risks of cancer 

incidence and IOLH indices were they to occur at an installation (see Tables 0.3.3-16 and 0.3.3-17). 

However, facility fires are projected to occur more frequently than airplane crashes ("unlikely" versus 

"extremely unlikely," respectively). Both cancer incidence risk and IOLH index increase by about 1 order 

of magnitude at INEL and ORR from Regionalized 1 to Regionalized 2 due to centralization of waste 

loads. The highest risk of cancer incidence is associated with the storage facility fire or aircraft crash at 

INEL in Regionalized 2 (1.4E-1 for each accident). The highest IOLH indices are also for the storage 

facility fire and aircraft crash at INEL in Regionalized 2 (S.1E3 and 6.2E3, respectively). These IOLH 

indices indicate that, were one of these accidents to occur, contaminant concentrations would greatly 

exceed the level considered immediately dangerous to life and health for exposures of 30 min. However, 

the accident scenarios assume a much shorter exposure duration, which could reduce the severity of health 

effects. The controlling contaminants at INEL are cadmium and mercury vapor. 

Earthquake-related accidents result in IDLH indices greater than 1.0, but 2 to 3 orders of magnitude less 

than those resulting from other storage facility accidents. The highest IOLH index for earthquake-related 

releases from storage is also at INEL in Regionalized 2 (8.0) . No carcinogens are assumed to be released 

in earthquake scenarios. 

Accidents During Treatment. In both alternatives, cancer incidence risks to workers are similar among 

treatment accident types at a given installation. However, similar to the trend for offsite and noninvolved 

worker populations, there is one exception: the incinerator explosion at SRS in Regionalized 1 results in 

a cancer incidence risk to workers of S.0E-7; this is 3 orders of magnitude lower than other treatment 

facility accidents at SRS. As previously discussed, this is because there is no cadmium in the source term 

for the incinerator explosion. The highest installation risks are for all accident types at ORR in both 
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alternatives (ranging from 1.0E-3 to 2.0E-3) and INEL in Regionalized 2 (ranging from l.3E-3 to 5.0E-

3). The controlling contaminant is cadmium at both installations. 

IDLH indices are similar· among accident types at a given installation in both alternatives. One notable 

exception is the incinerator explosion at Hanford in Regionalized 1, which results in an IDLH index 

approximately 1 order of magnitude lower than for other accident types. This is primarily because there 

is no cyanide in the incinerator explosion source term (in contrast to the other accident types). All IDLH 

indices associated with treatment facility accidents are greater than 1.0 by 1 to 3 orders of magnitude, 

indicating exposures to workers that could lead to irreversible health effects. 

D.3.4 TRANSURANIC WASTE 

DOE Order 5820.2A defines transuranic waste (TRUW) as, "[w]ithout regard to source or form, waste 

that is contaminated with alpha-emitting transuranium radionuclides with half-lives greater than 20 years, 

and concentrations greater than 100 nCi/gm [nanocuries per gram] at the time of assay" (DOE, 1988). 

This lower activity limit is interpreted as being per gram of actual waste matrix, excluding the weight 

of added external shielding, liners, or packaging. By definition, TRUW includes neptunium, plutonium, 

americium, curium, and californium. DOE Order 5820.2A also provides for the management of some 

other alpha-contaminated wastes as TRUW, such as wastes containing uranium-233 and radium-226, as 

necessary . In this appendix the term "TRUW" refers to all materials meeting the DOE definition 

including TRUW that contain hazardous constituents regulated by the Resource Conservation and 

Recovery Act (RCRA). The principal focus of the PEIS is on TRUW generated since 1970, which has 

been packaged and retrievably stored in various trench, pit, vault, and pad configurations. (TRUW 

generated before 1970 was buried onsite in shallow landfills and may be addressed through environmental 

restoration activities.) 

TRUW is generated primarily in research and development, weapons manufacturing, and plutonium 

recovery; some TRUW is also retrieved during environmental restoration and decontamination and 

decommissioning. Following are the DOE installations that generate or store TRUW (note that the 

abbreviations given here are used throughout this appendix): 
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• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Argonne National Laboratory-East (ANL-E), Argonne, Illinois 

Argonne National Laboratory-West (ANL-W), Idaho Falls, Idaho 

Energy Technology Engineering Center (ETEC), Canoga Park, California 

Hanford Site (Hanford), Richland, Washington 

Idaho National Engineering Laboratory (INEL), Idaho Falls, Idaho 

Inhalation Toxicology Research Institute (ITRI), Albuquerque, New Mexico 

Lawrence Berkeley Laboratory (LBL), Berkeley, California 

Lawrence Livermore National Laboratory (LLNL), Livermore, California 

Los Alamos National Laboratory (LANL), Los Alamos, New Mexico 

Mound Plant (Mound), Miamisburg, Ohio 

Nevada Test Site (NTS), Las Vegas, Nevada 

Oak Ridge Reservation (ORR), Oak Ridge, Tennessee 

Paducah Gaseous Diffusion Plant (PGDP), Paducah, Kentucky 

Rocky Flats Environmental Technology Site (RFETS), Golden, Colorado 

Sandia National Laboratories-New Mexico (SNL-NM), Albuquerque, New Mexico 

Sandia National Laboratory-California (SNL-CA), Livermore, California 

Savannah River Site (SRS), Aiken, South Carolina 

University of Missouri at Columbia (U of Mo), Columbia, Missouri 

West Valley Demonstration Project (WVDP) , West Valley, New York 

Appendix D 

Most TRUW is solid waste (such as contaminated tools, machine parts , protective clothing, and 

laboratory glassware) but some is in liquid or sludge forms. Perhaps 50 to 60 % of the DOE inventory 

of TRUW is mixed waste, containing both radioactive and hazardous constituents regulated under RCRA. 

Examples of this mixed waste include sludges contaminated with spent solvents, debris contaminated with 

solvents and radionuclides , and discarded contaminated lead shielding. Depending on its chemical and 

physical properties, TRUW can be grouped into waste stream categories, such as aqueous liquids , organic 

liquids, solid process residues, soils , or debris, according to the type of treatment needed. 

Packaged TRUW with a surface dose rate of less than 200 mrem/h is categorized as contact-handled 

TRUW (CH-TRUW). Packaged TRUW with a surface dose rate greater than 200 mrem/h emits sufficient 

penetrating beta, gamma, or neutron radiation to require remote handling, and is classified as remote

handled TRUW (RH-TRUW). The handling category determines the level of protective shielding needed 

to store and process the waste safely. The distinction between CH-TRUW and RH-TRUW is maintained 
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in the human health risk analysis for both routine operations and accidents. Therefore, the results for 

CH-TRUW are presented separately from the results for RH-TRUW. 

The DOE Waste Isolation Pilot Plant (WIPP), located near Carlsbad, New Mexico, has been identified 

as the permanent disposal installation for DOE-generated TRUW. To ensure that TRUW can be disposed 

of safely at WIPP, DOE has developed a set of waste acceptance criteria (referred to as "WIPP-WAC" 

in the risk analysis tables) that waste generators and treatment and storage installations must meet before 

shipping TRUW to WIPP. These waste acceptance criteria were taken into account in developing the 

PEIS alternatives. However, because the final WIPP disposal criteria will likely be more stringent than 

current criteria, two additional treatment standards were evaluated in this analysis. The first of these was 

treatment to an intermediate waste form that generates less gas from the degradation of organic chemicals 

and corrodible metals than is mandated by current WIPP waste acceptance criteria. This is accomplished 

mainly by shredding and grouting the wastes and packaging them in containers that are not expected to 

release significant amounts of gases when disposed of at WIPP. The second was treatment to meet RCRA 

land disposal restrictions (LDRs) as promulgated in 1986 in Title 40, Chapter 268 of the Code of Federal 

Regulations. This is the most extensive of the three treatment standards; wastes are incinerated to destroy 

most of the hazardous organic chemical components . 

Chapters 3 and 8 of the PEIS and the TRUW technical report (ANL, 1995b) provide more detailed 

information on this waste, including TRUW inventories at DOE installations, estimated release rates, 

treatment categories used in the PEIS, and the process for developing PEIS TRUW alternatives. 
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D.3.4.1 Summary of CH-TRUW Alternatives 

The PEIS waste management alternatives (No Action, Decentralized, Regionalized, and Centralized) and 

the rationale for developing the various CH-TRUW analysis alternatives are discussed rigorously in the 

main body of the PEIS. 

• The No Action Alternative demonstrates the baseline risks of CH-TRUW retrieval, packaging, 
certification, and indefinite interim storage at all generator installations. Treatment is not considered, 
and it is assumed that TRUW will not be disposed of at WIPP, although it will be prepared as 
though it were going to WIPP. 

• The Decentralized Alternative presents the risks of treating wastes to WIPP waste acceptance criteria 
and storing them at 10 installations. 

• In Regionalized Alternative 1, CH-TRUW is consolidated, treated to minimize gas generation, and 
stored at five installations. 

• In Regionalized Alternatives 2 and 3, CH-TRUW is consolidated, treated to meet RCRA LDRs, and 
stored at five and three installations, respectively . 

• In the Centralized Alternative, CH-TRUW is consolidated, treated to meet RCRA LDRs, and stored 
at one installation. 

In Regionalized 1 and 2, consolidation, treatment, and storage take place at the same five installations. 

Comparison of these alternatives makes it possible to contrast the risks of treatment to minimize gas 

generation versus treatment to meet RCRA LDRs. Comparison of Regionalized 2, 3, and the Centralized 

Alternative demonstrates the differences in risks when the same treatment method is used but treatment 

and storage are performed at five, three, and one installation(s), respectively. 

Table D.3.4-1 presents the overall treatment and storage schemes for these six alternatives. Table 

D. 3 .4-2 shows which installations ship their wastes to regionalized or centralized consolidation 

installations for treatment and storage. Note that for the purposes of this risk analysis, the waste loads 

from three smaller generators were added to the inventories of larger generators . Specifically, the ITRI 

waste load was combined with the SNL-NM inventory; the ANL-W waste load was added to the INEL 

inventory; and the SNL-CA waste load was combined with the LLNL inventory. Also, source terms were 

not available for ETEC, U of Mo, and the WVDP so risks at these installations were not evaluated (ANL, 

1995b). 
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Tabl 0 D.3.4-1. PEIS Alternatives for CH-TRUW 

Altenatln 

No Action Alternative 

No treaanent/store at 16 

Decentralized Alternative 

Treat to WIPP-WAC/store at 10 

Regionalized Alternative I 

Treat to reduce gas/store at S 

Regionalized Alternative 2 

Treat to LDRs/store at S 

Regionalized Alternative 3 

Treat to LDRs/store at 3 

Centralized Alternative 

Treat to LDRs/store at I 

LLNL• Moaad NTS ORR 

a,e,f Data for ETEC, U of Mo, and WVDP were not available so risks at these installations were not evaluated. 
b Includes CH-TRUW from ANL-W. 
c Includes CH-TRUW from SNL- CA. 
d Includes CH-TRUW from ITRI. 
1 T-treaanent installation. 
b S- storage installation. 

PGDP JUIETS ~ SRS 
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Table D.3.4-2. PEIS Consolidation and Treatment Strategies for CH-TRUW 

Alternative Origin 
Treatment and Storage 

Destination 

No Action Alternative All installations Generators store own waste 
No treatment; store at 16 installations 

Decentralized Alternative ANL-E ANL-E 
Treat to WIPP-W AC and store at 10 installations Hanford, LBL Hanford 

INELi ANL-W1 INEL 
LANL, SNL-NM/ITRlb LANL 
LLNL/SNL-CA c LLNL 
Mound, WVDP'1 Mound 
NTS, ETECe NTS 
ORR, PGDP, U of Mor ORR 
RFETS RFETS 
SRS SRS 

Regionalized Alternative 1 Hanford, LBL, LLNL/SNL-CA Hanford 
Treat to minimize gas generation and store at 5 INEL/ANL-W, ETEC, NTS INEL 

installations LANL, SNL-NM/ITRI LANL 
RFETS RFETS 
SRS, ANL-E, Mound, ORR, SRS 
PGDP, U of Mo, WVDP 

Regionalized Alternative 2 Hanford, LBL, LLNL/SNL-CA Hanford 
Treat to RCRA LDRs and store at 5 installations INEL/ANL-W, ETEC, NTS INEL 

LANL, SNL-NM/ITRI LANL 
RFETS RFETS 
SRS, ANL-E, Mound, ORR, SRS 
PGDP, U of Mo, WVDP 

Regionalized Alternative 3 Hanford, LBL, LLNL/SNL-CA Hanford 
Treat to RCRA LDRs and store at 3 installations INEL/ANL-W, ETEC, LANL, INEL 

NTS, RFETS, SNL-NM/ITRI SRS 
SRS, ANL-E, Mound, ORR, 
PGDP. U of Mo, WVDP 

Centralized Alternative . All installations WIPP 
Treat to RCRA LDRs and store at WIPP 

a.b,c For the purpose of the human health rislc analysis, the ANL-W waste load is added to tlle INEL inventory, the ITRI waste load is added 
to 'e SNL-NM inventory. and the SNL-CA waste load is added to the LLNL inventory . 
d,e, Source tenns for WVDP, ETEC. and U of Mo were not available so rislcs at these installations were not evaluated. 

D.3.4.2 Special Assumptions and Considerations Used in the TRUW Risk Analysis 

For all alternatives except the No Action Alternative (for CH-TRUW and RH-TRUW), it is assumed that 

design and construction of new facilities will begin in 1995, and new facilities will be operational in the 

year 2003. All current inventory, retrievably stored waste, and waste generated between 1993 to 2013 

will be treated from approximately 2003 to 2013. Waste generated after 2013 will be treated as necessary 

(ANL, 1995b). Therefore, all alternatives except No Action were evaluated to estimate human health risks 

D-181 



Appendix D Waste Management Facility Human Health Risk Estimates 

for a 10-year period of treatment and storage, while No Action was evaluated for a 20-year period. 

Disposal risks were not estimated for TRUW since it is assumed that all TRUW will be disposed of at 

WIPP. 

It is assumed that WIPP will accept TRUW for disposal from 1998 to 2018. The acceptance rate for 

waste will average 7080 m3/year (250,000 ft'/year) for 20 years . Because WIPP waste acceptance criteria 

may change over time, the human health risk assessment was performed for treatment to three 

increasingly stringent standards to obtain a clearer picture of the full range of potential impacts, (current 

WIPP waste acceptance criteria, treatment for reduced gas generation, and RCRA LDRs). 

In the No Action Alternative, wastes are retrieved where necessary, packaged, certified for shipment to 

WIPP, and placed in interim storage. There is no treatment of waste other than packaging, but health 

risks to public receptors and WM workers are assessed for retrieval and packaging operations. Retrieval 

potentially poses exposure risk due to emissions from corroding waste containers . Therefore, contaminant 

emissions during both retrieval and packaging were considered as part of routine waste management for 

TRUW. 

Waste containers were assumed to be 55-gal drums for CH-TRUW; 6-in.-wall concrete casks for RH

TRUW; and Transuranic Package Transporter-II (TRUPACT II) containers for packaging wastes to be 

shipped to WIPP. 

A hazard index is reported for the noninvolved worker MEI and offsite MEI, while an exposure index 

is reported for workers. The HI reflects the worst-case exposure of the noninvolved worker MEI and 

offsite MEI to noncarcinogenic, hazardous chemicals. The EI indicates the analogous worst-case exposure 

to an individual FfE. 

Staffing requirements, expressed as FfEs, were estimated for the TRUW module for polymer 

solidification using the FfE data for grout solidification; and for the TRUW module for wet-air oxidation 

using the FfE data for wet-air oxidation of alpha-contaminated low-level and low-level mixed waste. For 

more information on the treatment modules, see ORNL (1994b). 
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D.3.4.3 Results Tables for the CH-TRUW Human Health Risk Analysis 

This section contains the results tables for the CH-TRUW human health risk analysis. A discussion of 

the results is presented in Section D.3.4.4. The fatality and cancer incidence numbers in the tables are 

displayed in the standard exponential notation used in risk assessment; directions on reading this notation 

and a more complete description of the types of information in the tables are given in Section D.2. 

• Tabie D.3.4-3 presents an overview, by alternative, of the total, program-wide risks of cancer 
fatalities and cancer incidence for the offsite and noninvolved worker populations; and the risks of 
cancer fatalities , cancer incidence, and construction and operational fatalities for waste management 
workers. This table provides the estimated total number of people in the three populations who will 
develop or die of cancers caused by exposure to CH-TRUW over the next 50 years if a particular 
alternative is implemented nationwide. In addition, it shows the estimated total number of workers 
who will be killed in construction and operational activities. · 

• Table D.3.4-4 shows the sizes of the total affected populations for each alternative. 

• Table D.3.4-5 sumniarizes the risks to the noninvolved worker MEI and offsite MEI for each 
CH-TRUW alternative. The numbers in this table are the estimated probabilities that the offsite and 
noninvolved worker MEis will die of cancer or develop cancer from radionuclide or chemical 
exposure, and indicators of the likelihood of suffering adverse health effects from exposure to 
noncarcinogenic, hazardous constituents . 

• Tables D.3.4-6 through D.3.4-11 show the program-wide risks for all receptors and health effect 
endpoints, by alternative. 

• Tables D .3 .4-12 through D. 3 .4-17 present off site and worker population risks for each installation, 
by alternative. 

• Table D.3.4-18 lists the radionuclides that contribute most of the risk of cancer fatality to the offsite 
population, by installation and alternative. 
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Table D.3.4-3. Summary of Program-Wide Risks Associated with 
Routine Management of CH-TRUW: Risks to Total. Populati.ons, by Alternati.ve 

Noninvolved 
Off site Population Worker WM Workers 

Alternative Population 

CF' Cib CF CI CF CI C&OF' 
No Action Alternative 2.3E-5 7.8E-5 2.lE-6 7.lE-6 9.6E-3 3.4E-2 3.5E-l 

Decentralized Alternative l .2E-4 4.2E-4 l.lE-5 3.9E-5 6.0E-1 2.1 2.1 

Regionalized Alternative 1 l.7E-4 5.9E-4 1.6E-5 5.SE-5 6.3E-l 2.2 2.7 

Regionalized Alternative 2 3.3 11.3 3.4E-l 1.2 6.lE-1 2.1 4.4 

Regionalized Alternative 3 2.6 8.9 2.9E-l 9.9E-l 6.6E-1 2.3 3.6 

Centralized Alternative 6. lE-1 2.1 5.0E-2 l.7E-1 6.8E-1 2.4 3.1 

3 CF-cancer fatality associated with radionuclide exposure. 
b Cl-cancer incidence associated with exposure to radionuclides and carcinogenic chemicals. 
c C&OF-fatalities due to the physical hazards of constructing and operating waste management facilities . 

Table D.3.4-4. Size of Total. Of/site, Noninvolved Worker, and Worker Populati.ons 
Affected by Risks from Routine Management of CH-TRUW, by Alternati.ve 

Alternative Offsite Noninvolved Worker WM Worker 

No Action 19,333,201 70,681 1,690 

Decentralized 24,373,318 92,462 6,473 

Regionalized 1 23,491,666 88,653 8,439 

Regionalized 2 23,491,666 88,653 14,569 

Regionalized 3 23,491,666 88,653 11,991 

Centralized 24,473,207 89,713 10,237 
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Table D_.3.4-5. Summary of Program-Wide Risks Associated with 
Routine Management of CH-TRUW: Risks To the Of/site and Noninvolved Worker 

Most-Exposed Individuals, by Alternative 

Offsite MEI Noninvolved Worker MEI 
Alternative 

er Rad Clb Chem er ffid CF Rad CI Chem CI m 
No Action 4.4E-10 l.5E-9 3.lE-13 2.6E-l l l .3E-9 4.4E-9 9.9E-13 2.7E-10 

Decentralized 5.7E-9 1.9E-8 2.SE-12 l.SE-10 

Regionalized 1 6.9E-9 2.3E-8 4.SE-12 2.2E-10 

Regionalized 2 6.7E-5 2.3E-4 4.SE-12 l.lE-8 

Regionalized 3 2.4E-5 8.2E-5 4.SE-12 3.0E-9 

Centralized 1.6E-4 5.4E-4 4.SE-12 7.6E-8 

a CF-cancer fatality associated with exposure to radionuclides. 
b Rad CI-cancer incidence associated with exposure to radionuclides. 
c Chem Cl-cancer incidence associated with exposure to carcinogenic chemicals. 
d HI-hazard index associated with exposure to noncarcinogenic, toxic chemicals. 

4.SE-9 1.6E-8 8.9E-12 l.4E-9 

7.7E-9 2.6E-8 l.5E-ll 2.5E-9 

2.4E-4 8.2E-4 l.5E-ll l.3E-7 

2.4E-4 8.2E-4 l.5E-l l l.3E-7 

l.9E-4 6.5E-4 l.5E-ll 4.6E-7 
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Table D.3.4-6. Program-Wide Ri.sks Associated with Managing CH-TRUW 
Under the No Action Alternative 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides Hazards Carcinogens Noncarcinogens 

Dose (person-rem) 4.2E-3 
Noninvolved Cancer Fatalities 2.lE-6 

Worker 
Population Cancer Incidence 7 . lE-6 3.5E-9 

Genetic Effects 4 .2E-7 

Dose (rem) 2.6E-6 

Cancer Fatalities l .3E-9 
Noninvolved 

Cancer Incidence 4.4E-9 9.9E-13 Worker MEI 
Genetic Effects 2.6E-10 

Hazard Index 2.7E-10 

Dose (person-rem) 4 .6E-2 

Offsite Population 
Cancer Fatalities 2.3E-5 

Cancer Incidence 7 .SE-5 l .4E-8 

Genetic Effects 4.6E-6 

Dose (rem) 8.7E-7 

Cancer Fatalities 4.4E-10 

Offsite MEI Cancer Incidence l.5E-9 3. lE-13 

Genetic Effects 8.7E-l l 

Hazard Index 2.6E-l l 

Dose (FfE-rem) 2.4El 

Cancer Fatalities 9.6E-3 

Cancer Incidence 3.4E-2 3.SE-7 

Genetic Effects l .4E-3 

WM Workers Exposure Index 2.6E-6 

Construction Fatalities 1.4E-l 
Construction Injuries 6.2El 
Operation Fatalities 2.0E-1 
Operation Injuries 1.7E2 
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Table D.3.4-7. Program-Wide Risks Associated with Managi.ng CH-TRUW 
UTJ,der the Decentralized Alternative 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides 

Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 2.3E-2 
Noninvolved Cancer Fatalities 1.IE-5 

Worker 
Population Cancer Incidence 3.9E-5 3.4E-8 

Genetic Effects 2.3E-6 

Dose (rem) 9.5E-6 
Cancer Fatalities 4.8E-9 

Noninvolved 
Cancer Incidence l.6E-8 8.9E-12 

Worker MEI 
Genetic Effects 9.5E-10 
Hazard Index l.4E-9 

Dose (person-rem) 2.4E-1 

Offsite Population 
Cancer Fatalities 1.2E-4 
Cancer Incidence 4.2E-4 1.3E-7 
Genetic Effects 2.4E-5 

Dose (rem) 1.IE-5 
Cancer Fatalities 5.7E-9 

Offsite MEI Cancer Incidence l.9E-8 2.8E-12 
Genetic Effects 1.IE-9 
Hazard Index l.5E-10 

Dose (FfE-rem) 1.5E3 
Cancer Fatalities 6.0E-1 
Cancer Incidence 2.1 l .0E-5 

Genetic Effects 9.0E-2 
WM Workers Exposure Index 3.IE-5 

Construction Fatalities 1.4 
Construction Injuries 5.9E2 

Operation Fatalities 7 .SE-1 

Operation Injuries 6.7E2 
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Table D.3.4-8. Program-Wide Risks Associated with Managi,ng CH-TRUW 
Under the Regi,onali1.ed Alternative 1 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides 

Hazards Carcinogens Noncarcinogens 

Dose (person-rem) 3.2E-2 
Noninvolved Cancer Fatalities l.6E-5 

Worker 
Population Cancer Incidence 5.SE-5 5.SE-8 

Genetic Effects 3.2E-6 

Dose (rem) l .SE-5 
Cancer Fatalities 7.7E-9 

Noninvolved 
Cancer Incidence 2.6E-8 l.SE-11 

Worker MEI 
Genetic Effects l.5E-9 
Hazard Index 2.5E-9 

Dose (person-rem) 3.4E-l 

Offsite Population 
Cancer Fatalities l.7E-4 
Cancer Incidence 5.9E-4 2.3E-7 
Genetic Effects 3.4E-5 

Dose (rem) l .4E-5 
Cancer Fatalities 6.9E-9 

Offsite MEI Cancer Incidence 2.3E-8 4.SE-12 
Genetic Effects 1.4E-9 
Hazard Index 2.2E-10 

Dose (FTE-rem) l.6E3 
Cancer Fatalities 6.3E-l 
Cancer Incidence 2.2 2.0E-5 
Genetic Effects 9.4E-2 

WM Workers Exposure Index 3.lE-5 
Construction Fatalities 1.7 
Construction Injuries 7.5E2 
Operation Fatalities 1.0 
Operation Injuries 8.7E2 
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Table D.3.4-9. Program-Wide Risks Associated with Managing CH-TRUW 
Under the Regionali1.ed Alternative 2 

Hazardous Chemicals Physical Receptor Endpoint Radionuclides 
Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 6.9E2 
Noninvolved Cancer Fatalities 3.4E-1 

Worker 
Cancer Incidence 1.2 5.6E-8 Population 
Genetic Effects 6.9E-2 

Dose (rem) 4.9E-1 
Cancer Fatalities 2.4E-4 

Noninvolved 
Cancdt- Incidence 8.2E-4 l.5E-11 

Worker MEI 
Genetic Effects 4.9E-5 
Hazard Index 1.3E-7 

Dose (person-rem) 6.7E3 

Offsite Population 
Cancer Fatalities 3.3 
Cancer Incidence l.lEl 2.2E-7 
Genetic Effects 6.7E-1 

Dose (rem) 1.3E-1 
Cancer Fatalities 6.7E-5 

Offsite MEI Cancer Incidence 2.3E-4 4.8E-12 
Genetic Effects l .3E-5 
Hazard Index l.lE-8 

Dose (FfE-rem) l.5E3 
Cancer Fatalities 6.lE-1 
Cancer Incidence 2.1 2.5E-5 

Genetic Effects 9.2E-2 
WM Workers Exposure Index 8.6E-4 

Construction Fatalities 2.6 
Construction Injuries l.1E3 

Operation Fatalities 1.8 

Operation Injuries l.5E3 
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Table D.3.4-10. Program-Wide Risks Associated with Managing CH-TRUW 
Under the Regionalized Alternative 3 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides 

Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 5.8E2 
Noninvolved Cancer Fatalities 2.9E-l 

Worker 
Cancer Incidence 9.9E-l 5.7E-8 Population 
Genetic Effects 5.SE-2 

Dose (rem) 4.9E-l 
Cancer Fatalities 2.4E-4 

" Noninvolved 
Cancer Incidence 8.2E-4 l.SE-11 

Worker MEI 
Genetic Effects 4.9E-5 
Hazard Index 1.3E-7 

Dose (person-rem) 5.2E3 

Offsite Population 
Cancer Fatalities 2.6 
Cancer Incidence 8.9 2.2E-7 
Genetic Effects 5.2E-l 

Dose (rem) 4.8E-2 
Cancer Fatalities 2.4E-5 

Offsite MEI Cancer Incidence 8.2E-5 4.SE-12 
Genetic Effects 4.8E-6 
Hazard Index 3.0E-9 

Dose (FfE-rem) l.6E3 
Cancer Fatalities 6.6E-l 
Cancer Incidence 2.3 3.6E-5 
Genetic Effects 9.SE-2 

WM Workers Exposure Index 8.6E-4 
Construction Fatalities 2.2 
Construction Injuries 9.4E2 
Operation Fatalities 1.5 

Operation Injuries l.2E3 
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Table D.3.4-11. Program-Wide Ri.sks Associated with Managi,ng CH-TRUW 
Under the Centralized Alternative 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides 

Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 9.9El 
Noninvolved Cancer Fatalities 5.0E-2 

Worker 
Population Cancer Incidence l.7E-l 6.6E-8 

Genetic Effects 9.9E-3 

Dose (rem) ~.8E-l 
Cancer Fatalities l.9E-4 

Noninvolved 
Cancer Incidence 6.5E-4 l.5E-l l 

Worker MEI 
Genetic Effects 3.8E-5 
Hazard Index 4.6E-7 

Dose (person-rem) l .2E3 

Offsite Population 
Cancer Fatalities 6.lE-1 
Cancer Incidence 2.1 2.3E-7 
Genetic Effects 1.2E-l 

Dose (rem) 3.2E-l 
Cancer Fatalities l.6E-4 

Offsite MEI Cancer Incidence 5.4E-4 4.SE-12 
Genetic Effects 3.2E-5 
Hazard Index 7.6E-8 

Dose (FfE-rem) l.7E3 
Cancer Fatalities 6.8E-l 
Cancer Incidence 2.4 8.6E-5 

Genetic Effects I.0E-1 
WM Workers Exposure Index l.lE-3 

Construction Fatalities 1.8 
Construction Injuries 7.9E2 

Operation Fatalities 1.2 

Operation Injuries l.1E3 
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Installation 

Hanford 

INEL 

LBL 

LLNL 

LANL 

PGDP 

Mound 

NTS 

RFETS 

SNL-NM 

SRS 

ANL-E 

TOTAL 

Waste Management Facility Human Health Risk Estimates 

Table D.3.4-12. Risks Associated with Managing CH-TRUW Under the 
No Action Alternative, by Installation 

Fatalitiesb Cancer lncidencec 
Population• 

Populationd MEid Workers Populationd MEid Workers 

377645 
3.5E-7 7.2E-12 8.9E-2 1.2E-6 2.5E-ll 2.SE-2 

404 

153061 

55 
2.6E-9 3.3E-13 l.lE-2 8.9E-9 1.lE-12 3.8E-6 

5856829 

0 
4.8E-10 7.0E-15 3.4E-5 1.7E-9 2.5E-14 3.2E-12 

6324234 

148 
1.lE-6 1.8E-1 l 3.0E-2 3.8E-6 6.lE-11 2.SE-5 

159152 

257 
4.lE-6 4.4E-10 5.3E-2 1.4E-5 1.SE-9 1.2E-3 

500502 

0 
0.00 0.00 0.00 0.00 0.00 0.00 

3032983 
0.00 

0 
0.00 0.00 0.00 0.00 0.00 

14266 
0.00 0.00 0.00 0.00 0.00 0.00 

0 

2171877 

353 
3.0E-6 4. lE-11 7.3E-2 1.0E-5 1.4E-10 2.9E-4 

610714 

0 
0.00 0.00 0.00 0.00 0.00 0.00 

620618 

367 
1.4E-5 l.3E-10 7.6E-2 4.7E-5 4.4E-10 7.4E-3 

7939785 

106 
5.SE-7 3.lE-12 2.2E-2 1.9E-6 1.0E-11 3.3E-6 

2.3E-5 4.4E-10 3.6E-l 7.SE-5 l .5E-9 3.4E-2 

• Top number representa the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
FTEa ("worker equivalenta") for WM workers involved in both construction and operation activities. 
~ Includes worker fatalities a11ociated with both radiation exposures and physical hazards. 
• Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
• Offsite. 
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Table D.3.4-13. Risks Associated with Managi,ng CH-TRUW Under the 
Decentralized Alternative, by Installation 

AppendixD 

Fatalitiesb Cancer Incidence• 
Installation Population• 

Populationd MEid Workers Populationd MEid Workers 

ANL-E 
7939785 

275 
1.8E-6 9.9E-12 1.0E-1 6.lE-6 3.4E-11 3.0E-2 

INEL 
153061 

2303 
1.lE-6 l.4E-10 1.0 3.8E-6 4.8E-10 8.7E-1 

LBL 
5856829 

1 
6.3E-9 9.4E-14 8.4E-3 2.lE-8 3.2E-13 7.6E-9 

6324234 
LLNL 

354 
3.SE-6 5.7E-l l l.lE-1 l.2E-5 2.0E-10 2.0E-3 

LANL 
159152 

1064 
5.4E-5 5.7E-9 4.9E-1 1.8E-4 1.9E-8 5.0E-1 

ORR 
881652 

2 
0.00 0.00 4.7E-4 0.00 0.00 7.9E-14 

Mound 
3032983 

84 
8.4E-7 4.8E-11 3.2E-2 2.9E-6 1.6E-10 4.8E-4 

NTS 
14266 

204 
1.lE-10 3.0E-14 6.8E-2 3.9E-10 1.0E-13 7.3E-4 

500502 
PGDP 

15 
3.SE-9 3.9E-13 1.3E-2 1.2E-8 1.3E-12 1.6E-6 

RFETS 
2171877 

664 
9.3E-6 1.3E-10 2.2E-1 3.2E-5 4.3E-10 2.7E-2 

610714 
SNL-NM 

2 
2.7E-9 1.lE-13 8.7E-3 9.lE-9 3.6E-13 2.lE-8 

SRS 
620618 

790 
5.lE-5 4.SE-10 3.SE-1 1.7E-4 1.6E-9 3. lE-1 

Hanford 
377645 

715 
l.4E-6 2.9E-11 3.3E-1 4.SE-6 9.9E-11 3.6E-1 

TOTAL 1.2E-4 5.7E-9 2.7 4.2E-4 1.9E-8 2.1 

• Top number represents the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
FfEs ("worker equivalents") for WM workers involved in both construction and operation activities. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
• Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
• Offsite. 
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Table D.3.4-14. Risks Associated with Managi.ng CH-TRUW Under the 
Regi.onalized Al.ternative 1, by Installation 

Fatalitiesb Cancer Incidencec 
Installation Population• 

Populationd MEid Workers Populationd MEid Workers 

7939785 
ANL-E 

121 
1.SE-6 8.5E-12 4.SE-2 5.2E-6 2.9E-ll 3.0E-2 

Hanford 
377645 

1232 
2.3E-6 4.7E-ll 5.3E-1 7.7E-6 1.6E-10 4.5E-1 

153061 
INEL 

3100 
1.4E-6 1.8E-10 1.2 4.9E-6 6.0E-10 8.7E-1 

LBL 
5856829 

9.8E-9 1.5E-13 1.8E-4 3.4E-8 5.0E-13 7.SE-9 
1 

6324234 
LLNL 

186 
3.6E-6 5.9E-11 5.7E-2 1.3E-5 2.lE-10 2.0E-3 

LANL 
159152 

1502 
6.5E-5 6.9E-9 6.4E-l 2.2E-4 2.3E-8 5.0E-1 

500502 
PGDP 

8 
5.3E-9 5.9E-13 2.5E-3 1.8E-8 2.0E-12 1.7E-6 

Mound 
3032983 

47 
1.5E-6 8.6E-l l 1.4E-2 5.lE-6 2.9E-10 4.7E-4 

NTS 
14266 

137 
1.5E-10 3.9E-14 4.2E-2 5.lE-10 1.3E-13 7.0E-4 

RFETS 
2171877 

989 
l.SE-5 2.0E-10 3.4E-l 5.lE-5 6.9E-10 2.7E-2 

610714 
SNL-NM 

1 
3.SE-9 1.4E-13 4.SE-4 l.2E-8 4.8E-13 2.lE-8 

SRS 
620618 

1115 
8.lE-5 7.7E-10 4.6E-l 2.8E-4 2.6E-9 3.lE-1 

TOTAL 1.7E-4 6.9E-9 3.4 S.9E-4 2.3E-8 2.2 

• Top number represents the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
FTEs ("worker equivalents") for WM workers involved in both construction and operation activities. 
• Includes worker fatalities associated with both radiation exposures and physical hazards. 
< Indicates cancer incidence associated with both radiation and chemical carcinogen exposures . 
d Offsite. 
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Table D.3.4-15. Risks Associated with Managing CH-TRUW Under the 
Regionalized Alternative 2, by Installation 

Appendix D 

Fatalitiesb Cancer Incidence• 
Installation Population• 

Populationd MEid Workers Populationd MEid Workers 

ANL-E 
7939785 

121 
1.SE-6 8.5E-12 4.SE-2 5.2E-6 2.9E-ll 3.0E-2 

Hanford 
377645 

2184 
4.SE-3 9.4E-8 8.lE-1 1.6E-2 3.2E-7 4.9E-1 

INEL 
153061 

5364 
7.3E-3 9.lE-7 1.8 2.SE-2 3.lE-6 8.3E-1 

LBL 
5856829 

1 
9.8E-9 1.SE-13 1.8E-4 3.4E-8 5.0E-13 7.SE-9 

LLNL 
6324234 

186 
3.6E-6 5.9E-ll 5.7E-2 1.JE-5 2.lE-10 2.0E-3 

LANL 
159152 

2772 
6.4E-1 6.7E-5 9.6E-1 2.2 2.3E-4 4.8E-l 

PGDP 
500502 

8 
5.3E-9 5.9E-13 2.SE-3 1.8E-8 2.0E-12 1.7E-6 

Mound 
3032983 

47 
1.SE-6 8.6E-11 1.4E-2 5.lE-6 2.9E-10 4.7E-4 

NTS 
14266 

137 
1.SE-10 3.9E-14 4.2E-2 5.lE-10 1.JE-13 7.0E-4 

RFETS 
2171877 

1852 
1.lE-1 1.SE-6 5.7E-1 3.7E-1 5.0E-6 2.SE-2 

610714 
SNL-NM 3.5E-9 1.4E-13 4.5E-4 1.2E-8 4.SE-13 2.lE-8 

1 

SRS 
620618 

1896 
2.6 2.4E-5 6.SE-1 8.8 8.2E-5 3.0E-1 

TOTAL 3.3 6.7E-5 5 .0 1.lEl 2.3E-4 2.1 

• Top number represents the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
FfEs ("worker equivalents") for WM workers involved in both construction and operation activities. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
• Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
4 Offsite. 
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Imtallation 

ANL-E 

Hanford 

INEL 

LBL 

LLNL 

LANL 

PGDP 

Mound 

NTS 

RFETS 

SNL-NM 

SRS 

TOTAL 

Waste Management Facility Human Health Risk Estimates 

Table D.3.4-16. Risks Associated with Managing CH-TRUW Under the 
Regionalized Alternative 3, by Installation 

Fatalitiesb Cancer Incldencec 
Population• 

Populationd MEid Workers Populationd MEid Workers 

7939785 

121 
l.SE-6 8.5E-12 4.SE-2 5.2E-6 2.9E-11 3.0E-2 

377645 
4.SE-3 9.4E-8 

2184 
8.lE-1 1.6E-2 3.2E-7 4.9E-1 

153061 

6277 
4.lE-2 5.lE-6 2.1 1.4E-1 1.7E-5 8.7E-1 

5856829 

1 
9.8E-9 l.SE-13 1.8E-4 3.4E-8 5.0E-13 7.5E-9 

6324234 

186 
3.6E-6 5.9E-11 5.7E-2 1.3E-5 2.lE-10 2.0E-3 

159152 

713 
7.IE-5 7.4E-9 3.8E-1 2.4E-4 2.SE-8 5.0E-1 

500502 
5.3E-9 5.9E-13 

8 
2.5E-3 1.8E-8 2.0E-12 1.7E-6 

3032983 

47 
l.SE-6 8.6E-11 1.4E-2 5.lE-6 2.9E-10 4.7E-4 

14266 
137 

1.5E-10 3.9E-14 4.2E-2 5.lE-10 1.3E-13 7.0E-4 

2171877 

420 
1.2E-5 1.6E-10 1.6E-1 4.lE-5 5.6E-10 1.0E-1 

610714 
3.5E-9 1.4E-13 4.5E-4 

1 
1.2E-8 4.8E-13 2.lE-8 

620618 
2.6 

1896 
2.4E-5 6.8E-1 8.8 8.2E-5 3.0E-1 

2.6 2.4E-5 4.3 8.9 8.2E-5 2.3 

• Top number repraenta lhe offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
FTEa ("worker equivalents") for WM workers involved in both construction and operation activities . 
• Includes worker fatalities associated with both radiation exposures and physical hazards. 
• Indicates cancer incidence associated with both radiation and chemical carcinogen exposures . 
• Offaite. 
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Table D.3.4-17. Risks Associated wiJh Managing CH-TRUW Under the 
Centralized A/Jernative, by Installation 

AppendixD 

Fatalitiesb Cancer Incidencec 
Installation Population• 

Populationd MEid Workers Populationd MEid Workers 

99889 
WIPP 

6125 
6.lE-1 1.6E-4 1.8 2.1 5.4E-4 2.3E-1 

ANL-E 
7939785 

121 
1.SE-6 8.SE-12 4.5E-2 5.2E-6 2.9E-ll 3.0E-2 

Hanford 
377645 

476 
1.3E-6 2.7E-ll 2.4E-1 4.4E-6 9.lE-11 3.3E-1 

INEL 
153061 

1586 
1.6E-6 2.0E-10 7.6E-1 5.3E-6 6.6E-10 8.SE-1 

5856829 
LBL 

1 
9.8E-9 1.SE-13 1.8E-4 3.4E-8 5.0E-13 7.5E-9 

LLNL 
6324234 

186 
3.6E-6 5.9E-11 5.7E-2 l.3E-5 2.lE-10 2.0E-3 

159152 
LANL 

713 
7.lE-5 7.4E-9 3.8E-1 2.4E-4 2.SE-8 5.0E-1 

500502 
PGDP 

8 
5.3E-9 5.9E-13 2.SE-3 1.8E-8 2.0E-12 l.7E-6 

3032983 
Mound 

47 
1.5E-6 8.6E-11 1.4E-2 5.lE-6 2.9E-10 4.7E-4 

14266 
NTS 

137 
1.SE-10 3.9E-14 4.2E-2 5.lE-10 1.3E-13 7.0E-4 

2171877 
RFETS 

420 
1.2E-5 l.6E-10 l.6E-1 4. lE-5 5.6E-10 l.0E-1 

610714 
SNL-NM 

1 
3.SE-9 1.4E-13 4.5E-4 1.2E-8 4.8E-13 2.lE-8 

620618 
SRS 

416 
6.4E-5 6.0E-10 2.2E-l 2.2E-4 2.0E-9 3.3E-1 

TOTAL 6.lE-1 1.6E-4 3.7 2.1 5.4E-4 2.4 

• Top number represents the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
FfEs ("worker equivalents") for WM workers involved in both construction and oi,,!ration activities . 
b Includes worker fatalities associated with both radiation exposures and physical hazards . 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
4 Offsite. 
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Alternative 
ANL-E Hanford 

No Action Pu-2391 Pu-238 
4.21E-7b 2.45E-7 

Decentralized Pu-239 Pu-238 
l.37E-6 9 .81E-7 

Regionalized 1 Pu-239 Pu-238 
l.18E-6 l .29E-6 

Regionalized 2 Pu-239 Pu-239 
l.18E-6 1.78E-3 

Regionalized 3 Pu-239 Pu-239 
l.18E-6 l.78E-3 

Centralized Pu-239 Pu-238 
l.18E-6 9.02E-7 

• Radionuclide contributing most risk. 

Table D.3.4-18. CH-TRUW Radionuclides Contributing the Highest Risk of 
Cancer Fatality to the Offsite Population At Each Installation, By Alternative 

Installation 

INEL LANL LBL LLNL Mound NTS PGDP RFETS SNL-NM 

Am-241 Am-241 Pu-239 Pu-239 Pu-238 Pu-242 Pu-242 Am-241 Pu-242 
l .34E-9 2.14E-6 2.53E-10 5.68E-7 0.00 0 .00 0 .00 1.59E-6 0.00 

Am-241 Am-241 Pu-239 Pu-239 Pu-238 Pu-239 Pu-239 Am-241 Pu-239 
5.84E-7 2.80E-5 3.25E-9 1.79E-6 8.38E-7 2.29E-10 1.82E-9 4.94E-6 l .38E-9 

Am-241 Am-241 Pu-239 Pu-239 Pu-238 Pu-239 Pu-239 Am-241 Pu-239 
7.39E-7 3.42E-5 5. llE-9 l .88E-6 l.50E-6 3.0lE-10 2.76E-9 7.94E-6 l.81E-9 

Am-241 Am-241 Pu-239 Pu-239 Pu-238 Pu-239 Pu-239 Am-241 Pu-239 
3.80E-3 3.33E-l 5. llE-9 l.88E-6 l.50E-6 3.0IE-10 2.76E-9 5.82E-2 l.81E-9 

Am-241 Am-241 Pu-239 Pu-239 Pu-238 Pu-239 Pu-239 Am-241 Pu-239 
2.13E-2 3.68E-5 5. llE-9 l .88E-6 1.50E-6 3.0IE-10 2.76E-9 6.45E-6 1.81E-9 

Am-241 Am-241 Pu-239 Pu-239 Pu~ 38 Pu-239 Pu-239 Am-241 Pu-239 
8. IIE-7 3.68E-5 5 . IIE-9 l.88E-6 1.S0E-6 3.0IE-10 2.76E-9 6.45E-6 l.81E-9 

• Associated risk of cancer fatality to the offsite population within 80 km (50 mi) of this installation. 

SRS ORR WIPP 

Pu-238 
l.32E-5 

Pu-238 Pu-242 
4.85E-5 0 .00 

Pu-238 
7 .81E-5 

Pu-238 
2.47 

Pu-238 
2.47 

Pu-238 Pu-238 
6. I0E-5 5.19E-l 
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D.3.4.4 Results of the CH-TRUW Human Health Risk Analysis for Routine Operations 

In general, No Action presents the lowest health risks for all public and worker populations and for all 

health risk endpoints because no waste treatment is performed other than packaging. For off site and 

noninvolved worker receptors, the health risks associated with the other CH-TRUW alternatives generally 

increase as more extensive waste treatment is assumed; the alternatives with the highest estimated health 

risks are those involving treatment to meet RCRA LDRs. For workers, all alternatives that include waste 

treatment involve similar h~th risks. Overall, the health risks from exposure to chemicals in CH-TRUW 

are considerably lower than from exposure to radionuclides . In addition, the probability of adverse effects 

from noncarcinogenic, hazardous chemicals is very low. 

Estimated impacts to each receptor population are summarized below. 

D.3.4.4.1 Program-Wide Trends in Human Health Risks Associated with CH-TRUW 
Management Alternatives 

Offsite Population. Radiological and chemical exposure risks to the offsite population are lowest for No 

Action in which CH-TRUW is stored, without treatment, at the 16 generator installations in existing or 

approved facilities . The program-wide risk of cancer fatality for this alternative is 2.3E-5 distributed over 

a total affected offsite population of approximately 19 million (see Tables D.3.4-3 and D.3.4-4). The 

exposure risks to offsite populations in Decentralized (in which wastes are treated to WIPP waste 

acceptance criteria and stored at 10 installations) and Regionalized 1 (in which wastes are treated to 

reduce gas generation and stored at 5 installations) are slightly higher than those for No Action and are 

distributed over a similar total population. Regionalized 2, 3, and Centralized, the three alternatives in 

which CH-TRUW receives the extensive treatment necessary to meet RCRA LDRs, show markedly 

higher risks to offsite populations than other alternatives, with 0.61 to 3.3 estimated cancer fatalities over 

a total population of approximately 24 million people. 

The highest risks to the offsite population are associated with Regionalized 2 and 3 (in which wastes are 

treated to RCRA LDRs and stored at five and three installations, respectively). Estimated program-wide 

cancer fatalities for all 12 installations in Regionalized 2 and 3 are 3.3 and 2.6, respectively, for a total 

offsite population of approximately 23 million. Tables D.3.4-15 and D.3.4-16 show that the predominant 
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portion of the estimate4 cancer risks in Regionalized 2 and 3 are attributed to SRS , where, in both 

alternatives, 2.6 cancer fatalities in a population of 620,618 are estimated to occur over a 10-year 

treatment period. The higher estimated cancer risks at this installation are linked to its relatively large 

inventory of plutonium-238 (the larger the contaminant inventory with respect to other installations, the 

larger the amount of contaminant assumed to be released during treatment). 

The risks of radionuclide-related cancer incidence and genetic effects follow the same general trend as 

for cancer fatalities. Estimated program-wide risk of cancer incidence due to exposure to carcinogenic 

chemicals remains fairly consistent (in the E-7 order of magnitude) across alternatives except for No 

Action in which this estimated risk is slightly lower by approximately 1 order of magnitude. 

Noninvolved Worker Population. The program-wide health risks to noninvolved worker populations 

parallel the trends observed for offsite populations but are slightly lower and involve much smaller 

affected populations (see Table D.3.4-4) . Regionalized 2 poses the highest program-wide risk to 

noninvolved worker populations (0.34 total estimated cancer fatalities); however, the estimated cancer 

fatality risk for Regionalized 3 (0.29) is only slightly lower than for Regionalized 2. The program-wide 

risk of cancer incidence due to exposure to carcinogenic chemicals is in the E-7 order of magnitude in 

all except No Action, where it is slightly lower (by approximately 1 order of magnitude). 

Mom-Exposed Noninvolved Worker and Offsite Individual. As shown in Table D.3.4-5, radiological 

exposure risks to the noninvolved worker and offsite MEls are lowest for No Action, slightly higher for 

Decentralized and Regionalized 1, and highest by approximately 4 to 5 orders of magnitude for 

Regionalizecl 2, 3, and Centralized. This trend generally parallels that seen for noninvolved worker and 

offsite populations. The risk of cancer fatality for an MEI in Regionalized 2 and 3 are in the E-5 to E-4 

range, and the highest risk of cancer fatality for an MEI is in the Centralized Alternative ( 1. 9E-4 for the 

noninvolved worker MEI and l .6E-4 for the offsite MEI). As discussed previously in this appendix, the 

EPA considers that risks of cancer incidence to an individual between 1. 0E-4 and 1. 0E-6 are within target 

risk levels (EPA, 1991b). In the alternatives involving treatment to LDRs (Regionalized 2, 3, and 

Centralized), the risks of cancer incidence to the noninvolved worker (Regionalized 2, 3, and Centralized) 

and offsite (Regionalized 2 and Centralized) MEis from radionuclides exceed target risk levels. 
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Tables D.3.4-15 through D.3.4-17 show that the highest risks of cancer fatality to the offsite MEI are 

at SRS, LANL, and RFETS in Regionalized 2; SRS and INEL in Regionalized 3; and WIPP in the 

Centralized Alternative. The elevated risks to the MEis at these installations are due to two factors. First, 

in Regionalized 2 and 3, elevated cancer risks to the MEls at SRS, LANL, and RFETS result from 

increased exposure to emissions during treatment to LDRs. Second, in Regionalized 3 and Centralized, 

elevated cancer risks to the MEis at INEL and WIPP result from a combination of increased emissions 

from treatment to LDRs and increased waste loads from consolidation. 

All health risks due to chemical exposures are relatively low compared to radiation risks. Estimated risk 

of cancer incidence to each MEI due to chemical exposure is similar among alternatives and does not 

exceed the E-11 order of magnitude. In addition, the hazard indices for both MEls are at least 7 orders 

of magnitude below 1.0 in all alternatives, indicating that adverse health effects from noncarcinogenic 

chemicals are unlikely. 

Workers. As observed for public receptor populations, program-wide radiological and chemical exposure 

risks to workers are lowest in No Action. Worker health risks for No Action are lower than for the other 

alternatives by more than 1 order of magnitude (9.6E-3 estimated cancer fatalities over a population of 

1,690 FfEs). No treatment is performed and fewer FfEs are required than in the other alternatives, 

resulting in less collective exposure. The estimated risk of cancer fatality (approximately 6E-l) and cancer 

incidence (approximately 2.0) due to radiation exposure are approximately equal in all but No Action, 

indicating that collective worker radiation exposure is relatively independent of the type of CH-TRUW 

treatment involved. 

Worker health risks associated with chemical exposure vary slightly among alternatives. The exposure 

index, or worst-case individual worker exposure to noncarcinogenic chemicals, follows the trend for the 

noninvolved worker and offsite MEis (No Action is the lowest; Decentralized and Regionalized 1 are 

slightly higher; and Regionalized 2, 3, and Centralized are substantially higher). However, the exposure 

indices in all alternatives are at least 3 orders of magnitude below 1.0, indicating a low probability of 

adverse health effects from noncarcinogenic, hazardous constituents. The risk of worker cancer incidence 

from chemical exposure rises gradually across alternatives (lowest in No Action and slightly higher in 

the other alternatives). As seen with public receptor populations, chemical exposure contributes much less 

to worker health risk estimates than radiation exposure. 
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Estimated construction and operational fatalities are always higher than those associated with radiation 

exposure, regardless of alternative. No Action results in lower worker health risks from physical hazards 

because fewer person-hours are spent in construction and operation of facilities; therefore, injuries and 

fatalities are less likely. Regionalized 2 poses the highest risk of construction and operation fatalities of 

all the alternatives (4.4), reflecting the greatest number of person-hours devoted to these activities (see 

Table D.3.4-4). 

Discussion. Radiation exposure risks from the routine management of CH-TRUW are substantially 

greater for all populations than chemical exposure risks; in addition, risks of worker fatalities due to 

physical hazards are always greater than those due to exposure. 

For the offsite population, SRS consistently poses the highest estimated cancer fatalities except in the 

Centralized Alternative, where the highest risk to the offsite population is at WIPP. The radionuclides 

contributing the most risk to the offsite population at SRS in Regionalized 2 and 3 are americium and 

plutonium isotopes through inhalation and ingestion (see Table D.3.4-18). The controlling radionuclides 

are the same at WIPP in the Centralized Alternative, reflecting the consolidation of SRS's CH-TRUW 

at WIPP. Note that the cancer fatality risk to the offsite population is more than four times higher when 

SRS treats its own waste than when its waste is treated at WIPP. This reflects the larger size and higher 

density of the population surrounding SRS ( compare the population distributions for SRS and WIPP as 

shown in Tables D.3.4-19 and D.3.4-20). 

For workers, the highest estimated total fatalities (cancer fatalities plus construction and operational 

fatalities) are associated with INEL in every alternative except No Action, where Hanford has the highest 

worker fatality risks, and Centralized, where WIPP has the highest number of total fatalities. As might 

be expected, for each alternative, the installation with the highest worker risk also has the highest number 

of FTEs involved in CH-TRUW managem~nt. The radionuclides contributing the most risk for workers 

at these installations are uranium-238 and uranium-235 at INEL via inhalation; and cesium-137 at 

Hanford and WIPP via external exposure. 
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D.3.4.4.2 Comparison of the Decentralized Alternative and Regionalized Alternative 1: 
Treatment to WIPP Waste Acceptance Criteria versus Treatment to Reduce Gas Generation 

A comparison of the Decentralized Alternative, in which CH-TRUW is stored and treated to WIPP waste 

acceptance criteria at 10 installations , and Regionalized 1, in which CH-TRUW is stored and treated to 

reduce gas generation at five installations, shows few differences in the health risks associated with these 

two treannent and consolidation options. The major difference between treating to WIPP waste acceptance 

criteria and treating to reduce gas generation is the addition of a waste shredding step in Regionalized 1, 

therefore, treatment risks should not be substantially different. The number of installations at which waste 

is consolidated also does not greatly affect the overall health risks . 

D.3.4.4.3 Comparison of Regionalized Alternatives 1 and 2: Treatment to Reduce Gas 
Generation versus Treatment to Land Disposal Restrictions 

A more controlled comparison of treatment risks can be made between Regionalized 1 and 2 since 

consolidation schemes are identical (wastes are treated and stored at the same five installations in both 

alternatives) but treatments differ (treatment to reduce gas generation in Regionalized 1 versus treatment , 

to LDRs in Regionalized 2) . As previously noted, the program-wide risks of cancer fatalities, cancer 

incidence, and genetic effects from radiation exposure associated with treatment to LDRs in Regionalized 

2 are approximately 4 orders of magnitude greater for the offsite and noninvolved worker populations 

and MEis than the risks from treatment for minimization of gas generation in Regionalized 1. While 

these radionuclide-related health effects differ between the two alternatives, the contribution of chemical 

carcinogens to cancer incidence is almost the same in each alternative for each population. 

The program-wide risks to workers from radionuclide exposure are nearly the same in Regionalized 1 

and 2. In addition, the risk of chemical-related cancer incidence in workers is nearly identical between 

alternatives. This reflects the fact that collective worker exposure is similar between the alternatives, 

regardless of the different treatment options. 

The offsite and noninvolved worker MEI hazard indices for Regionalized 2 are approximately two orders 

of magnitude higher than in Regionalized 1, and the Regionalized 2 worker exposure index is about 1 

order of magnitude higher than in Regionalized 1. This trend reflects the potential for higher worst-case 
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individual exposure to noncarcinogenic hazardous chemicals when CH-TRUW is treated to LDRs. 

However, in all alternatives, exposures to noncarcinogenic, hazardous chemicals yield hazard indices well 

below 1.0. 

D.3.4.4.4 Comparison of the Regionalized 2, 3, and Centralized Alternatives: Differences in 
Consolidation Configuration 

Examination of the Regionalized 2, 3, and Centralized Alternatives provides a comparison of 

consolidation and interim storage configurations; in these three alternatives, wastes are treated to LDRs 

but are consolidated and stored at five, three, and one installation(s), respectively. As discussed above, 

the program-wide radiation exposure risks to all populations are very similar across all three alternatives 

with certain exceptions: In the Centralized Alternative, the risk of cancer fatality, cancer incidence, and 

genetic effects to offsite populations is 1 order of magnitude lower than the risks in Regionalized 2 and 

3 because of the smaller population size and lower population density at WIPP compared to installations 
' 

such as SRS, INEL, and Hanford. Also, the population at only one installation, rather than several, is 

being exposed. However, the risks to the offsite and noninvolved worker MEls are slightly high~r in the 

Centralized Alternative than in Regionalized 2 and 3. These higher risks could be due to a combination 

of factors including the proximity of neighboring ranches to WIPP and the influence of weather conditions 

such as wind speed and direction. As previously noted, the estimated cancer incidence risks to the offsite 

and noninvolved worker MEis exceed EPA target risk levels (offsite MEI cancer fatality risk l.6E-4; 

noninvolved worker MEI cancer fatality risk 1.9E-4). 
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Table D.3.4-19. Population Distribution Around SRS, Based on the 1990 U.S. Census 

Direction Distance from Installation 
from 

Installation 0.8 km 2.4 km 4.0 km 5.6 km 7.2 km 12 km 24km 40km 56km 72 km Total 

s 0.00 0.00 0 .00 0.00 0 .00 0 .00 618 .00 1,291 .00 7,146.00 3,060.00 12,115.00 

SSW 0 .00 0 .00 0.00 0.00 0.00 0.00 496.00 2,197.00 5,195.00 2,844.00 11 ,332.00 

SW 0 .00 0 .00 0 .00 0.00 0 .00 0 .00 1,283.00 6,379.00 898.00 2,077.00 10,637.00 

WSW 0.00 0 .00 0 .00 0 .00 0 .00 4 .00 1,201 .00 3,580.00 1,491.00 6, 157.00 12,433.00 

w 0.00 0 .00 0 .00 0 .00 0 .00 45 .00 6,431.00 7,295 .00 3_,05Q.OO 8,251 .00 25,072.00 

WNW 0.00 0 .00 0 .00 0 .00 0 .00 1,980.00 2 ,529.00 141,404.00 32,376.00 16,308.00 194597.00 

NW 0.00 0 .00 0.00 0 .00 0 .00 475.00 14,925.00 87,876.00 6,296.00 2,327.00 111,899.00 

NNW 0.00 0 .00 0.00 0 .00 0 .00 786.00 18,188.00 11 ,409.00 1,099:00 2,700.00 40,182.00 

N 0 .00 0 .00 0 .00 0 .00 0 .00 3,137 .00 21,804 .00 10,819.00 6,626.00 10,148.00 52,534.00 

NNE 0.00 0.00 0 .00 0 .00 0 .00 12.00 1,431.00 1,777.00 3,117.00 15,556.00 21 ,893 .00 

NE 0 .00 0.00 0 .00 0 .00 0 .00 0 .00 1,522.00 2 ,030.00 4 ,951.00 11,660.00 20,163 .00 

ENE 0.00 0 .00 0.00 0.00 0 .00 0 .00 4,187.00 4 ,222.00 5,293 .00 31,334.00 45,036.00 

E 0 .00 0.00 0.00 0 .00 0 .00 0 .00 5,294.00 4 ,027 .00 12,122.00 4,551.00 25,994.00 

ESE 0 .00 0.00 0.00 0.00 0 .00 0 .00 2 ,730.00 2,218.00 1,999.00 2,817.00 9,764.00 

SE 0 .00 0.00 0.00 0 .00 0.00 0 .00 593 .00 5,773 .00 5,699.00 11 ,579.00 23,644.00 

SSE 0 .00 0.00 0 .00 0 .00 0 .00 0 .00 179.00 482.00 551.00 2,111.00 3,323 .00 

Total 0 .00 0 .00 0 .00 0.00 0 .00 6,439.00 83 ,411.00 292,779 .00 104,509.00 133,480.00 620618.00 



t, 
tG 
0 

°' 

Table D.3.4-20. Population Distribution Around the Waste Isolation Pilot Plant (WIPP), Based on the 1990 U.S. Census 

Direction Distance from Installation 
from 

Installation 0.8 km 2.4 km 4.0 km 5.6 km 7.2 km 12 km 24km 40 km 56km 72 km Total 

s 0 .00 0.00 0.00 0.00 0 .00 0 .00 3.00 2.00 46.00 20.00 71.00 

SSW 9.00 0.00 0.00 0.00 0 .00 0 .00 0 .00 2.00 43 .00 8.00 62.00 

SW 0 .00 0.00 0.00 0.00 0.00 0.00 37 .00 57.00 0.00 5.00 99.00 

WSW 0 .00 0.00 0.00 0.00 0.00 0.00 1,622 .00 191.00 57.00 62.00 1,932.00 

w 0.00 0.00 0.00 0.00 0.00 0 .00 138.00 25 ,291.00 197.00 3.00 25 ,629.00 

WNW 0 .00 0.00 0.00 0.00 0.00 0 .00 38 .00 5,765.00 242.00 63.00 6,108.00 

NW 0.00 0.00 0.00 0 .00 0.00 0.00 6.00 7.00 14.00 12,401.00 12,428.00 

NNW 0.00 0.00 0.00 0 .00 0 .00 9.00 4 .00 66.00 104.00 56.00 239.00 

N 0.00 0.00 0.00 0.00 0.00 0.00 3.00 0.00 63 .00 12.00 78.00 

NNE 0 .00 0.00 0.00 0.00 0.00 0.00 4.00 3.00 122.00 7,353 .00 7,482.00 

NE 0 .00 0.00 0.00 0 .00 0.00 0.00 0.00 11.00 37 .00 9,115.00 9,163.00 

ENE 0 .00 0.00 0.00 0 .00 0.00 0.00 0.00 10.00 282.00 30,877 .00 31 ,169.00 

E 0.00 0.00 0.00 0 .00 0.00 0.00 6.00 5.00 2,982.00 19.00 3,012 .00 

ESE 0.00 0.00 0.00 0 .00 0.00 0.00 0.00 16.00 2,173.00 97.00 2,286.00 

SE 0.00 0.00 0.00 0 .00 0.00 0 .00 0.00 0.00 15.00 20.00 35 .00 

SSE 0.00 0 .00 0.00 0.00 0.00 1.00 3.00 14.00 5.00 73.00 96.00 

TOTAL 9.00 0.00 0.00 0.00 0.00 10.00 1,864 .00 31,440.00 6,382.00 60, 184.00 99,889.00 
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Risk of cancer incidence ~ue to chemical exposure is within the same order of magnitude for all public 

receptor populations in all' three alternatives. The hazard index for the offsite MEI in Regionalized 3 is 

slightly lower than the Regionalized 2 or Centralized estimates. 

Worker radiation and chemical exposure risks are similar among the Regionalized 2, 3, and Centralized 

Alternatives. 

D.3.4.4.5 Summary of the Human Health Risk Analysis for Routine Management of 
CH-TRUW 

In summary, the No Action Alternative presents the fewest health risk to all populations. Health risks 

generally increase for the public receptors as more extensive treatment of CH-TRUW is assumed. Overall 

health risks to workers do not differ appreciably with different treatment options. The primary risk 

drivers for the public receptor populations are radiation exposure (as opposed to chemical exposure) and 

treatment option. For workers, the primary risk drivers are the size of the waste load and the person

hours necessary to process it. 

D.3.4.5 Summary of RH-TRUW Alternatives 

The PEIS waste management alternatives (No Action, Decentralization, Regionalization, and 

Centralization) and the rationale for developing the various RH-TRUW analysis alternatives are discussed 

rigorously in the main body of the PEIS. Four alternatives are analyzed for the RH-TRUW human health 

risk analysis: 

• The No Action Alternative demonstrates the baseline risks of RH-TRUW retrieval, packaging, 
certification, and indefinite interim storage at ANL-E, Hanford, INEL, LANL, and ORR. Treatment 
is not considered and it is assumed that TRUW will not be disposed of at WIPP. 

• In the Decentralized Alternative, risks are estimated for building additional treatment facilities as 
required, treating wastes to WIPP waste acceptance criteria, and storing them at the five installations 
pending disposal at WIPP. 

• In the Regionalized Alternative l, RH-TRUW is consolidated, treated to minimize gas generation, 
and stored at Hanford and ORR. 
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• In the Regionalized 2, 3, and Centralized Alternatives, RH-TRUW is consolidated, treated to meet 
RCRA LDRs, and stored at Hanford and ORR. (This scenario makes it possible to contrast the risks 
of different levels of treatment of RH-TRUW by comparison with Regionalized Alternative 1.) 

Table D.3.4-21 presents the overall treatment and storage schemes for these RH-TRUW alternatives. 

Table D.3.4-22 shows which installations will ship their wastes to regionalized or centralized 

consolidation installations for treatment and storage. Note that for the purposes of this risk analysis, the 

waste load from a smaller generator, ANL-W, was added to the inventory of INEL, a larger generator 

(ANL, 1995b), as the two installations are in close proximity to one another. 

The discussion of the risk analysis results will address the overall health risk trends across the 

alternatives discussed above, comparisons among alternatives, higher-risk installations and alternatives, 

and major factors driving the estimated risks. 

Table D.3.4-21. PEIS Alternatives for RH-TRUW 

Alternative 

No Action Alternative 

No treatment; store at 5 installations 

Decentralized Alternative 

Treat to WIPP-WAC and store 
at 5 installations 

Regionalized Alternative I 

Treat 10 reduce gas and score al 

2 installations 

Regionalized Alternatives 2. 3. and 
Centralized Alternative 

Treat to RCRA LDRs and store 
at 2 installations 

a T-treatment installation. 
b S-storage installation. 
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Table D.3.4-22. PEIS Consolidation and Treatment Strategies/or RH-TRUW 

Alternative Origin 
Treatment and Storage 

Destination 

No Action Alternative All installations . Generators store own waste 
No treatment; store at 5 installations 

Decentralized Alternative All installations Generators treat and store own 
Treat to WIPP-W AC and store at S installations waste 

Regionalized Alternative 1 Hanford, INEL/ANL-W-, Hanford 
Treat to minimize gas generation and store at 2 LANL, ORR, ANL-E ORR 
installations 

Regionalized Alternatives 2, 3, and Hanford, INEL/ANL-W1
, Hanford 

Centralized Alternative LANL, ORR, ANL-E ORR 
Treat to RCRA LDRs and store at 2 installations 

• For the purpose of the human health risk analysis , the ANL-W waste load is added to the INEL waste load. 

D.3.4.6 Results Tables for the RH-TRUW Human Health Risk Analysis 

This section contains the results tables for the RH-TRUW human health risk analysis. A discussion of 

the results is presented in Section D. 3. 4. 7. The fatality and cancer incidence numbers in the tables are 

displayed in the standard exponential notation used in risk assessment; directions on reading this notation 

and a more complete description of the types of information in the tables are given in Section D.2. 

• Table D.3.4-23 presents an overview, by alternative, of the total, program-wide risks of cancer 
fatalities and cancer incidence for the offsite and noninvolved worker populations; and the risks of 
cancer fatalities , cancer incidence, and construction and operational fatalities for waste management 
workers. These tables provide the estimated total number of people in the three populations who will 
develop or die of cancers caused by exposure to RH-TRUW if a particular alternative is implemented 
nationwide. In addition, it shows the estimated total number of workers who will be killed in 
construction and operational activities. 

• Table D.3.4-24 shows the sizes of the total affected populations for each alternative. 

• Table D.3.4-25 summarizes the risks to the noninvolved worker MEI and offsite MEI for each 
RH-TRUW alternative. The numbers in this table are the estimated probabilities that the noninvolved 
worker and offsite MEis will die of or develop cancer from radionuclide or chemical exposure, or 
indicators of the likelihood of suffering adverse health effects from exposure to noncarcinogenic, 
hazardous constituents. 

• Tables D.3.4-26 through D.3.4-29 show the program-wide risks for all receptors and health effect 
endpoints, by alternative. 

• Tables D.3.4-30 through D.3.4-33 present offsite and worker population risks for each installation, 
by alternative. 
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• Table D.3.4-34 lists the radionuclides that contribute most of the risk to the offsite population, by 
installation and alternative. 

Table D.3.4-23. Summary of Program-Wide Risks Associated with Routine Management 
of RH-TRUW: Risks to Total Populations, by Alternative 

Off site Population Noninvolved WM Workers 
Alternative Worker Population 

er Cib CF CI CF CI c&or 
No Action 8.8E-7 3.0E-6 3.7E-8 l.3E-7 l.7E-4 5.9E-4 8.6E-2 

Decentralized 5.3E-6 l.8E-5 2.3E-7 8.2E-7 4.9E-3 l.7E-2 4.2E-l 

Regionalized l 5.6E-6 l.9E-5 2.4E-7 8.6E-7 5.lE-3 l.8E-2 4.2E-l 

Regionalized 2, 3, and 5.2E-2 l.8E-l l.8E-3 6. lE-3 9.3E-2 3.3E-l 8.5E-l 
Centralized 

a CF-cancer fatality associated with radionuclide exposure. 
b CI-cancer incidence associated with exposure to radionuclides and carcinogenic chemicals. 
c C&OF-fatalities due to the physical hazards of constructing and operating waste management facilities . 

Table D.3.4-24. Size of Total Of/sue, Noninvolved Worker, and Worker Populations 
Affected by Risks from Routine Management of RH-TRUW, by Alternative 

Alternative Offsite Noninvolved Worker WM Worker 

No Action 9,511 ,295 38,057 417 

Decentralized 9,511,295 38,057 1,234 

Regionalized 1 9,511 ,295 38,057 1,261 

Regionalized 2, 3, and 9,511,295 38,057 2,544 
Centralized 
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Table D.3.4-25. Summary of Program-Wide Risks Associated with Routine Management 
of RH-TRUW: Risks To the Most-Exposed Of/site Individual and 

Most-Exposed Noninvolved Worker, by Alternative 

Offsite MEI 
Alternative 

CF" Rad Clb Chem Cic ffid 

No Action l.5E-ll 5.2E-l l 4.0E-13 3.3E-12 

Decentralized 8.SE-11 3.0E-10 8.lE-12 l.3E-10 

Regionalized 1 9.3E-l l 3.2E-10 8. lE-12 l.3E-10 

Regionalized 2, 3, and l.4E-6 4.SE-6 5.7E-12 l.9E-9 
Centralized 

a CF-cancer fatality associated with exposure to radionuclides. 
b Rad CI-cancer incidence associated with exposure to radionuclides. 
c Chem CI-cancer incidence associated with exposure to carcinogenic chemicals. 
d HI-hazard index associated with exposure to noncarcinogenic , toxic chemicals. 

Noninvolved Worker MEI 

CF Rad Cl Chem Cl m 
5.SE-11 2.0E-10 2.5E-12 2.0E-11 

3.4E-10 l.lE-9 5.0E-11 8.0E-10 

3.5E-10 l.2E-9 5.0E-11 8. lE-10 

l.4E-6 4.SE-6 3.5E-ll l .2E-8 
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Table D.3.4-26. Program-Wide Risks Associated with Treatment of RH-TRUW 
Under the No Action Alternative, by Health Endpoint 

Hazardous Chemicals Physical Receptor Endpoint Radionuclides 
Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 7.4E-5 
Noninvolved Cancer Fatalities 3.7E-8 

Worker 
Population Cancer Incidence 1.3E-7 2.6E-9 

Genetic Effects 7.4E-9 

Dose (rem) l.2E-7 
Cancer Fatalities 5.SE-11 

Noninvolved Cancer Incidence 2.0E-10 2.SE-12 Worker MEI 
Genetic Effects l.2E-l l 
Hazard Index 2.0E-11 

Dose (person-rem) 1.8E-3 

Offsite Population 
Cancer Fatalities 8.8E-7 
Cancer Incidence 3.0E-6 8.lE-9 
Genetic Effects I.8E-7 

Dose (rem) 3.0E-8 
Cancer Fatalities 1.SE-11 

Offsite MEI Cancer Incidence 5.2E-l 1 4.0E-13 
Genetic Effects 3.0E-12 
Hazard Index 3.3E-12 

Dose (FfE-rem) 4.2E-1 
Cancer Fatalities I.7E-4 
Cancer Incidence 5.9E-4 8.7E-8 
Genetic Effects 2.5E-5 

WM Workers Exposure Index 3.0E-6 
Construction Fatalities 3.5E-2 

Construction Injuries l.5El 
Operation Fatalities 5.lE-2 
Operation Injuries 4.3El 
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Table D.3.4-27. Program-Wide Risks Associated with Treatment of RH-TRUW 
Under the Decentralized Alternative, by Health Endpoint 

Hazardous Chemicals Physical Receptor Endpoint Radionuclides 
Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 4.5E-4 
Noninvolved Cancer Fatalities 2.3E-7 

Worker 
Population Cancer Incidence 7.7E-7 5.2E-8 

Genetic Effects 4.5E-8 

Dose (rem) 6.7E-7 
Cancer Fatalities 3.4E-10 

Noninvolved 
Cancer Incidence 1.lE-9 5.0E-11 

Worker MEI 
Genetic Effects 6.7E-l l 
Hazard Index 8.0E-10 

Dose (person-rem) l.lE-2 

Offsite Population 
Cancer Fatalities 5.3E-6 
Cancer Incidence l.8E-5 l.6E-7 
Genetic Effects 1.lE-6 

Dose (rem) I.SE-7 
Cancer Fatalities 8.SE-11 

Offsite MEI Cancer Incidence 3.0E-10 8.lE-12 
Genetic Effects I.SE-11 
Hazard Index l.3E-10 

Dose (FfE-rem) l.2El 
Cancer Fatalities 4.9E-3 
Cancer Incidence l.7E-2 3.0E-6 
Genetic Effects 7.3E-4 

WM Workers Exposure Index 3.0E-5 

Construction Fatalities 2.7E-1 

Construction Injuries l.2E2 
Operation Fatalities l .5E-1 

Operation Injuries l.3E2 

~ - - ------- ---- --- - - - - -
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Table D.3.4-28. Program-Wide Ri.sks Associated with Treatment of RH-TRUW 
Under the Regionalized Alternative 1, by Health Endpoint 

Hazardous Chemicals Physical Receptor Endpoint Radionuclides 
Carcinogens Noncarcinogens Huards 

Dose (person-rem) 4.8E-4 
Noninvolved Cancer Fatalities 2.4E-7 

Worker 
Cancer Incidence 8.lE-7 5.2E-8 Population 
Genetic Effects 4.8E-8 

Dose (rem) 7.0E-7 

Cancer Fatalities 3.5E-10 
Noninvolved 

Cancer Incidence l.2E-9 5.0E-11 
Worker MEI 

Genetic Effects 7.0E-11 

Hazard Index 8.lE-10 

Dose (person-rem) l.lE-2 

Offsite Population 
Cancer Fatalities 5.6E-6 

Cancer Incidence l.9E-5 l.6E-7 

Genetic Effects l.lE-6 

Dose (rem) l.9E-7 

Cancer Fatalities 9.3E-l l 

Offsite MEI Cancer Incidence 3.2E-10 8. lE-12 

Genetic Effects l.9E-ll 

Hazard Index l.3E-10 

Dose (FTE-rem) l .3El 

Cancer Fatalities 5.lE-3 

Cancer Incidence l.8E-2 3.4E-6 

Genetic Effects 7.6E-4 

WM Workers Exposure Index 3.0E-5 

Construction Fatalities 2.6E-l 
Construction Injuries l.2E2 
Operation Fatalities I.SE-I 

Operation Injuries l.3E2 
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Table D.3.4-29. Program-Wide Ri.sks Associated with Treatment of RH-TRUW 
Under the Regionalir.ed 2, 3, and Centralized Altemati.ves, by Health Endpoint 

Hazardous Chemicals Physical Receptor Endpoint Radionuclides 
Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 3.6 
Noninvolved Cancer Fatalities l.SE-3 

Worker 
Cancer Incidence 6.lE-3 3.7E-8 Population 
Genetic Effects 3.6E-4 

Dose (rem) 2.SE-3 
Cancer Fatalities l.4E-6 

Noninvolved 
Cancer Incidence 4.SE-6 3.5E-ll 

Worker MEI 
Genetic Effects 2.SE-7 
Hazard Index l .2E-8 

Dose (person-rem) l.0E2 

Offsite Population 
Cancer Fatalities 5.2E-2 
Cancer Incidence l.8E-l l.lE-7 
Genetic Effects l.0E-2 

Dose (rem) 2.8E-3 
Cancer Fatalities l.4E-6 

Offsite MEI Cancer Incidence 4.SE-6 5.7E-12 
Genetic Effects 2.SE-7 
Hazard Index l.9E-9 

Dose (FfE-rem) 2.3E2 
Cancer Fatalities 9.3E-2 
Cancer Incidence 3.3E-l 5.2E-6 
Genetic Effects 1.4E-2 

WM Workers Exposure Index 3.0E-5 
Construction Fatalities 5.4E-l 
Construction Injuries 2.4E2 

Operation Fatalities 3.lE-1 

Operation Injuries 2.6E2 
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Installation 

Tabl, D.3.4-30. Risks Associated with Treatment of RH-TRUW Under the 
No Action Alternative, by Installation 

Fatalitiesb Cancer Incidencec 
Population• 

Populationd MEid Workers Populationd MEid Workers 

ANL-E 
7939785 

7.4E-8 4.lE-13 
30 

6.lE-3 2.5E-7 l.4E-12 l.0E-7 

Hanford 
377645 

7.4E-7 1.SE-11 
264 

5.4E-2 2.5E-6 5.2E-ll 5.8E-4 

INEL 
153061 

4. lE-9 5.lE-13 l.6E-2 1.4E-8 l.7E-12 l.0E-5 
77 

LANL 
159152 

5 
6.7E-10 7.0E-14 l.lE-3 2.3E-9 2.4E-l3 3.5E-9 

ORR 
881652 

41 
6.6E-8 2.lE-12 8.4E-3 2.3E-7 7.4E-12 l.3E-6 

TOTAL 8.8E-7 1.SE-11 8.6E-2 3.0E-6 5.2E-11 5.9E-4 

a Top number represents the off site population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
FTEs for WM workers involved in both construction and operation activities. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with radiation exposure. 
d Offsitc. 

Installation 

Table D.3.4-31. Risks Associated with Treatment of RH-TRUW Under the 
Decentralized Alternative, by Installation 

Fatalitiesb Cancer Incidence< 
Population• 

Populationd MEid Workers Popuiationd MEid Workers 

ANL-E 
7939785 

62 
l.9E-7 l.lE-12 2.6E-2 6.5E-7 3.6E-12 5.8E-4 

Hanford 
377645 

683 
4.3E-6 8.8E-11 2.3E-1 1.5E-5 3.0E-10 2.7E-3 

INEL 
153061 

l.2E-8 l.6E-12 
168 

5.9E-2 4.2E-8 5.3E-12 3.7E-3 

LANL 
159152 

51 
2.0E-8 2.lE-12 2.3E-2 6.7E-8 7.lE-12 4.8E-4 

ORR 
881652 

8.0E-7 2.5E-ll 
270 

9.3E-2 2.9E-6 9.2E-11 9.5E-3 

TOTAL 5.3E-6 8.8E-ll 4.3E-1 l.8E-5 3.0E-10 l.7E-2 

a Top llll1lbcr represents the offsitc population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
~ for WM workers involved in both construction and operation activities. 

Includes worker fatalities associated with radiation exposure and physical hazards. 
: Indicates cancer incidence associated with radiation e~posure. 

Offsitc. 
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Table D.3.4-32. Risks Associated with Treatment of RH-TRUW Under the 
Regionaliz.ed Alternative 1, by lnstal.lation 

Fatalitiesb Cancer Incidencec 
Population• 

Appendix D 

Populationd MEid Workers Populationd MEid Workers 

ANL-E 
7939785 

29 
2.0E-7 1.lE-12 8.9E-3 6.9E-7 3.8E-12 5.2E-4 

Hanford 
377645 

778 
4.5E-6 9.3E-l l 2.6E-l l.5E-5 3.2E-10 3.5E-3 

INEL 
153061 

l.6E-8 2.0E-12 
105 

3.3E-2 5.4E-8 6.7E-12 3.5E-3 

LANL 
159152 

35 
2.5E-8 2.6E-12 l.lE-2 8.5E-8 9.0E-12 4.6E-4 

ORR 
881652 

314 
8.3E-7 2.6E-ll l.lE-1 3.0E-6 9.5E-ll 9.7E-3 

TOTAL 5.6E-6 9.3E-ll 4.2E-l l.9E-5 3.2E-10 l.8E-2 

a Top number reprcscnlS the offsite population within an 80-km (50-mi) radius of the installation. while the bottom number represents the total 
~ for WM workers involved in both construction and operation activities. 

Includes worker fatalities associated with radiation exposure and physical hazards. 
c Indicates cancer incidence associated with radiation exposure. 
d Offsite. 

Installation 

Table D.3.4-33. Risks Associated with Treatment of RH-TRUW Under the 
Regionaliz.ed 2, 3, and Centralized Alternatives, by Installation 

Fatalitiesb Cancer Incidence< 
Population• 

Populationd MEid Workers Populationd MEid Workers 

LANL 
159152 

35 
2.5E-8 2.6E-12 l.lE-2 8.5E-8 9.0E-12 4.6E-4 

ORR 
881652 

4.6E-2 l.4E-6 
682 

3.0E-1 l.6E-1 4.8E-6 3.2E-l 

ANL-E 
7939785 

2.0E-7 l.lE-12 6.9E-7 3.SE-12 5.2E-4 
29 

8.9E-3 

Hanford 
377645 

1693 
6.3E-3 l.3E-7 5.9E-l 2.2E-2 4.5E-7 5.6E-3 

INEL 
153061 

l.6E-8 2.0E-12 
105 

3.3E-2 5.4E-8 6.7E-12 3.5E-3 

TOTAL 5.2E-2 l .4E-6 9.5E-l l.8E-l 4.SE-6 3.3E-l 

a Top number represclllS the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
f::Es for WM workers involved in both construction and operation activities. 

Includes worker fatalities associated with radiation exposure and physical hazards. 
c Indicates cancer incidence associated with radiation exposure. 
d Offsitc. ' 
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Table D.3.4-34. RH-TRUW Radionuclides Contributing the Highest Risk of 
Cancer Fatality to the Of/site Population at Each Installation, By Alternative 

Installation 
Alternative 

ANL-E Hanford INEL LANL ORR 

No Action Pu-2391 Pu-238 Pu-241 Pu-239 Cm-244 
3.13E-8b 4.31E-7 2.13E-9 3.53E-10 3.22E-8 

Decentralized Pu-239 Pu-238 Pu-241 Pu-239 Cm-244 
8.02E-8 2.50E-6 6.64E-9 1.04E-8 3.75E-7 

Regionalized 1 Pu-239 Pu-238 Pu-241 Pu-239 Cm-244 
8.53E-8 2.51E-6 8.46E-9 l.31E-8 3.75E-7 

Regionalized 2, 3, and Pu-239 Pu-241 Pu-241 Pu-239 Cm-244 
Centralized 8.53E-8 2.57E-3 8.46E-9 l.31E-8 2.llE-2 

a Radionuclide contributing most risk of cancer fatality . 
b Associated risk of cancer fatality to the offsitc population within 80 km (50 mi) of this installation. 

D.3.4. 7 Results of the RH-TRUW Human Health Risk Analysis 

D.3.4.7.1 Program-Wide Trends in Human Health Risks Associated with RH-TRUW 
Management Alternatives 

In general, the overall risks associated with managing RH-TRUW are somewhat lower than the risks from 

managing CH-TRUW. No Action presents the lowest health risks for all public and worker populations 

and for all health risk endpoints because there is no waste treatment other than packaging. For the offsite, 

noninvolved worker, and worker populations, the health risks associated with the remaining RH-TRUW 

alternatives generally increase as more extensive waste treatment is employed; the highest estimated health 

risks are for the RH-TRUW scenario associated with the Regionalized 2, 3, and Centralized Alternatives, 

which involves incinerating RH-TRUW to destroy organic chemicals to meet RCRA LDRs. For workers, 

health risks are similar among the alternatives that include waste treatment. Overall, the health risks from 

exposure to chemicals in RH-TR UW are lower than from exposure to : radionuclides, and the probability 

of adverse effects from noncarcinogenic, hazardous chemicals is very low. 

Estimated impacts to each receptor population are summarized below. 
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Offsite Population. Radiological and chemical exposure risks to the offsite population are lowest for No 

Action in which RH-TRUW is stored, without treatment, at the five generator installations in existing or 

approved facilities. The program-wide risk of cancer fatality for this alternative is 8.8E-7 distributed over 

a total affected offsite population of approximately 9.5 million (see Tables D.3.4-23 and D.3.4-24) . The 

exposure risks to offsite populations in Decentralized (in which wastes are treated to WIPP waste 

acceptance criteria and stored at five installations) and Regionalized 1 (in w~ich wastes are treated to 

reduce gas generation and stored at two installations) are slightly higher than those for No Action and 

are distributed over a similar total population. Treatment of RH-TRUW to LDRs and storage at two 

installations (Regionalized 2, 3, and Centralized Alternatives) results in markedly higher risks to offsite 

populations than in the other alternatives , with 5.2E-2 estimated cancer fatalities over a total population 

of approximately 9 .5 million people. 

Table D.3.4-33 shows that the predominant portion of the estimated cancer risks when RH-TRUW is 

treated to meet LDRs and stored at Hanford and ORR (Regionalized 2, 3, and Centralized Alternatives) 

is attributed to ORR, where 4.6E-2 cancer fatalities in a population of 881,652 are estimated to occur 

over the 10-year treatment period. The higher estimated cancer risks at this installation are linked to its 

relatively large inventory of curium-244 (the larger the contaminant inventory with respect to other 

installations, the larger the amount of contaminant assumed to be released during treatment) . 

Estimated program-wide risks of cancer incidence from exposure to carcinogenic chemicals remain fairly 

consistent across alternatives, in the E-7 order of magnitude in all alternatives except No Action, in which 

cancer incidence risk is 8. lE-9 for the offsite population. 

Noninvolved Worker Population. The program-wide health risks to noninvolved worker populations 

parallel the trends observed for offsite populations but are slightly lower and involve a smaller affected 

population of 38,052 (see Table D.3.4-24). Treatment of RH-TRUW to LDRs and storage at two 

installations (Regionalized 2, 3, and Centralized Alternatives) poses the highest program-wide risk to 

noninvolved worker populations (l.8E-3 total estimated cancer fatalities). The risk of cancer incidence 

due to exposure to carcinogenic chemicals is in the E-8 order of magnitude in all except No Action, 

where it is lower by approximately 1 order of magnitude (see Tables D.3.4-26 through D.3.4-29). 

Most-Exposed Noninvolved Worker and Most-Exposed Offsite Individual. As shown in Table 

D.3.4-25, radiological risks to the noninvolved worker and offsite MEis are lowest in No Action, slightly 
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higher in Decentralized and Regionalized 1, and highest by approximately 4 orders of magnitude in the 

other alternatives (where RH-TRUW is treated to LDRs and stored at ORR and Hanford). Risks from 

chemical exposure follow a similar pattern. These trends generally parallel that seen for the total 

noninvolved worker and offsite populations. 

Tables D.3.4-30 through D.3.4-33 show that the highest risks of cancer fatality to the offsite MEI are 

at Hanford and ORR in the Regionalized 2, 3, and Centralized Alternatives. These elevated risks are due 

to increased exposure from emissions during treatment to LDRs. 

On the program level, estimated risk of cancer incidence due to chemical exposure is similar among 

alternatives and does not exceed the E-11 order of magnitude. While both MEI hazard indices are 

approximately 3 orders of magnitude higher in Regionalized 2, 3, and Centralized than in No Action, the 

hazard indices in all alternatives are well below 1.0, indicating a low probability of adverse health effects 

from noncarcinogenic, hazardous constituents. 

Workers. All exposures to FTEs are below regulatory limits. As was the case for CH-TRUW, 

RH-TRUW worker exposure and physical hazard risks generally increase as treatment increases in extent. 

Estimated construction and operational fatalities are always higher than those associated with ~adiation 

exposure, regardless of alternative. No Action results in lower worker health risks from physical hazards 

because fewer person-hours are spent in construction and operation of facilities , therefore injuries and 

fatalities are less likely. The risks from physical hazards are highest for the alternatives involving 

treatment (all except No Action) and are similar among these alternatives. Program-wide radiological risks 

to workers are lowest in No Action (l.7E-4 estimated cancer fatalities over a population of 417 FTEs), 

somewhat higher in Decentralized and Regionalized 1 (approximately 5E-3 in both alternatives), and 

increase almost to the E-1 order of magnitude in the other alternatives. 

Worker health risks associated with chemical exposure vary slightly among alternatives. The exposure 

index, or worst-case individual worker exposure to noncarcinogenic chemicals, is approximately 1 order 

of magnitude lower in No Action than for the alternatives that involve treatment. However, in all 

alternatives the exposure indices are well below 1.0, indicating a low probability of adverse health effects 

from noncarcinogenic, hazardous constituents. The risk of worker cancer incidence from chemical 

exposure rises gradually across alternatives (lowest in No Action and slightly higher in the Decentralized, 
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Regionalized, and Centralized Alternatives). Chemical exposure contributes much less to worker health 

risk estimates than radiation exposure. 

Discussion. As stated above, radiation exposure risks are greater than chemical exposure risks for 

RH-TRUW for all populations by several orders of magnitude. The risks of worker fatalities due to 

physical hazards are always greater than those due to exposure. 

For the offsite population, Hanford poses the highest estimated cancer fatalities in all alternatives except 

Regionalized 2, 3, and Centralized, where the highest risk is at ORR. The radionuclides contributing the 

most risk to the offsite population are plutonium-238 at Hanford in No Action, Decentralized, and 

Regionalized 1; plutonium-241 at Hanford in Regionalized 2, 3, and Centralized; and curium-244 at ORR 

in Regionalized 2, 3, and Centralized (see Table D.3.4-34). 

For workers, the highest estimated total fatalities (cancer fatalities plus construction and operational 

fatalities) in all alternatives, are associated with Hanford, where the most FTEs are involved in RH-TRUW 

management. Total fatality risks (as well as numbers of FTEs) are only slightly lower at INEL in No 

Action, and at ORR in all other alternatives. In No Action, the radionuclides contributing the most 

worker risk are plutonium-241 at INEL, through inhalation; and plutonium-238 at Hanford, through 

inhalation. The controlling radionuclides for worker risks in Decentralized are uranium-236 at Hanford, 

through inhalation; and europium-152 and its radioactive decay products at ORR, through external 

exposure. In Regionalized 1 at Hanford, and in Regionalized 2, 3, and Centralized at ORR and Hanford, 

the controlling radionuclide is uranium-233, through inhalation. 

D.3.4. 7 .2 Comparison of the Decentralized and Regionalized 1 Alternatives: Treatment to 
WIPP Waste Acceptance Criteria Versus Treatment to Reduce Gas Generation 

A comparison of Decentralized (in which RH-TRUW is treated to WIPP waste acceptance criteria and 

stored at five installations) and Regionalized 1 (in which RH-TRUW is treated to reduce gas generation 

and stored at two installations) shows few differences in the health risks associated with these two 

treatment and consolidation options. The major difference between treating to WIPP waste acceptance 

criteria and treating to reduce gas generation is the addition of a waste shredding step in Regionalized 1, 
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therefore, treatment risks should not be substantially different. The number of installations at which waste 

is consolidated also does not greatly affect the overall health risks. 

D.3.4.7.3 Comparison of the Regionalized 1 Alternative with the Regionalized 2, 3, and 
Centralized Alternatives: Treatment to Reduce Gas Generation Versus Treatment to Land 
Disposal Restrictions 

A more controlled comparison of treatment risks can be made between the Regionalized 1 and the 

Regionalized 2 and 3, an~ Centralized Alternatives since consolidation schemes are identical (wastes are 

treated and stored at the same two installations in all of these alternatives) but treatments differ (treatment 

to reduce gas generation in Regionalized 1 versus treatment to LDRs in the other three alternatives). As 

previously noted, the program-wide risks of cancer fatalities, cancer incidence, and genetic effects from 

radiation exposure associated with treatment of RH-TRUW to LDRs (in the Regionalized 2, 3, and 

Centralized Alternatives) are approximately 4 orders of magnitude greater for the offsite and noninvolved 

worker populations and MEls than the risks from treatment to minimize gas generation in Regionalized 

1. 

The offsite and noninvolved worker MEI hazard indices associated with treatment of RH-TRUW to LDRs 

are approximately 1 order of magnitude higher than in Regionalized 1. This trend reflects the potential 

for higher worst-case individual exposure to noncarcinogenic hazardous chemicals when RH-TRUW 

undergoes treatment to meet LDRs rather than to reduce gas generation. However, in all alternatives, 

exposures to noncarcinogenic, hazardous chemicals yield hazard indices well below 1.0, indicating a very 

low probability of adverse effects from these contaminants. 

The program-wide risks to workers from radionuclide exposure are more than 1 order of magnitude 

higher in the alternatives involving treatment to LDRs than in Regionalized 1. However, the risk of 

chemical-related cancer incidence is similar between alternatives. 
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D.3.4. 7 .4 Summary 

In summary, the No Action Alternative presents the fewest health risk to all populations. Health risks 

generaUy increase for the public receptors as more extensive treatment of RH-TRUW is employed. 

Radionuclide- and construction/operationa1-related health risks to workers increase somewhat as more 

extensive treatment is employed. Chemical-related risks for all receptors are slightly higher in the 

alternatives that involve treatment (all except No Action) than in No Action, but are relatively 

independent of treatment type. 

The primary risk drivers for the offsite and noninvolved worker populations are radiation exposure (as 

opposed to chemical exposure) and treatment option. For workers, the primary risk drivers are the size 

of the waste load and the person-hours necessary to process it. 

D.3.4.8 Summary of Alternatives for Potential TRUW Accidents 

At the time of this writing the analyses for postulated TRUW facility accidents were incomplete. Current 

safety analysis reports (as developed in accordance with DOE Order 5481.lB, Safety Analysis and Review 

System) and site-specific DOE environmental impact statements contain predictions of the consequences 

and frequency of occurrence of selected waste storage accident scenarios. A brief summary of some of 

the accident scenarios from these safety analysis reports and environmental impact statements, the 

assumptions used by the various sites in preparing their analyses, and the estimated release or health 

effects are presented in Appendix F. The PEIS analyses for TRUW storage accidents can be expected to 

use similar assumptions and produce similar results. TRUW treatment-related accident scenarios will be 

similar to those analyzed for LLW and LLMW. Accidents associated with contact-handled TRUW will 

be analyzed similarly to contact-handled LL W and LLMW. These storage and treatment accident results 

will be published in a supplement to this draft PEIS and will be included in the final PEIS. 

D.3.5 Low-LEVEL MIXED WASTE 

Low-level mixed waste (LLMW) is waste that contains both low-level radioactivity and hazardous 

components regulated under the Resource Conservation and Recovery Act in sufficient quantities to 
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render the waste hazardous per the guidelines of 40 CFR 261. Although asbestos-containing wastes are 

not considered hazardous under the Resource Conservation and Recovery Act, friable asbestos waste is 

considered a ha7.ardous waste in several states. For the purposes of the PEIS, low-level radioactive waste 

contaminated with asbestos is considered LLMW. High-level waste, transuranic waste, or spent nuclear 

fuel that may be contaminated with hazardous components regulated by the Resource Conservation and 

Recovery Act are not classified as LLMW and are not evaluated for human health risks in this portion 

of the appendix (high-level waste is considered in Section D. 3 .1 and transuranic wastes containing 

hazardous constituents are addressed in Section D.3.4). 

Like low-level waste, LLMW may contain a wide range of radionuclides at activities ranging from trace 

amounts to thousands of curies. Packaged LLMW with a surface dose rate of less than 200 mrem/h is 

categoriz.ed as contact-handled LLMW (CH-LLMW). Packaged LLMW with a surface dose rate greater 

than 200 mrem/h emits sufficient penetrating beta, gamma, or neutron radiation to require remote 

handling, and is classified as remote-handled LLMW (RH-LLMW). The handling category determines 

the level of protective shielding needed to store and process the waste safely. The distinction between 

CH-LLMW and RH-LLMW is maintained in the human health risk analyses for both routine operations 

and accidents. The risks associated with each category are estimated and discussed separately. 

LLMW is also categorized according to its content of alpha-emitting radionuclides (e.g., alpha LLMW 

or non-alpha LLMW) and polychlorinated biphenyls (PCBs) (e.g., PCB LLMW or non-PCB LLMW). 

More than 50 installations within the DOE complex generate LLMW; following are the installations 

considered in this portion of the PEIS (note that the abbreviations given here are used in the tables in this 

appendix): 

• Argonne National Laboratory-East (ANL-E), Argonne, Illinois 

• Brookhaven National Laboratory (BNL), Brookhaven, New York 

• Fernald Environmental Management Project (FEMP), Fernald, Ohio 

• Idaho National Engineering Laboratory (INEL), Idaho Falls, Idaho 

• Inhalation Toxicology Research Institute (ITRI), Albuquerque, New Mexico 

• Kansas City Plant (KCP), Kansas City, Missouri 

• · Knolls Atomic Power Laboratory-Kesselring (KAPL-K), Schenectady, New York 
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• Lawrence Berkeley Laboratory (LBL), Berkeley, California 

• Lawrence Livermore National Laboratory (LLNL), Livermore, California 

• Los Alamos National Laboratory (LANL), Los Alamos, New Mexico 

• Mound Plant (Mound), Miamisburg, Ohio 

• Nevada Test Site (NTS), Las Vegas, Nevada 

• Oak Ridge Reservation (ORR), Oak Ridge, Tennessee 

• Paducah Gaseous Diffusion Plant (PGDP), Paducah, Kentucky 

• Pantex Plant (Pantex), Amarillo, Texas 

• Portsmouth Gaseous Diffusion Plant (Ports), Piketon, Ohio 

• Rocky Flats Environmental Technology Site (RFETS), Golden, Colorado 

• Sandia National Laboratories-New Mexico (SNL-NM), Albuquerque, New Mexico 

• Savannah River Site (SRS), Aiken, South Carolina 

• West Valley Demonstration Project (WVDP), West Valley, New York 

Depending on its chemical and physical properties, LLMW can be grouped into waste stream categories 

according to the type of treatment needed, such as aqueous wastes, organic liquids, inorganic or organic 

sludges, contaminated soil with or without debris, or special wastes. 

Chapters 3 and 6 of the PEIS and the LLMW technical report (ANL, 1995e) provide more detailed 

information on this waste, including LLMW inventories at DOE installations, estimated release rates, 

treatment categories used in the PEIS, considerations regarding disposal, and the process for developing 

PEIS LLMW alternatives. 

D.3.5.1 Summary of LLMW Alternatives 

The PEIS waste management alternatives (No Action, Decentralized, Regionalized, and Centralized) and 

the rationale for developing the various LLMW analysis alternatives are discussed rigorously in the main 

body of the PEIS. A broad range of decentralized, regionalized, and centralized alternatives are analyzed 

for this waste stream: 

• The No Action Alternative: In this alternative, all installations treat CH-LLMW and RH-LLMW 
using existing capabilities and store the treated waste onsite (there is no disposal scenario for this 
alternative). 

D-225 



Appendix D Waste Management Facility Human Health Risk Estimates 

• The Decentralized Alternative: In this alternative, 49 installations treat CH-LLMW and 15 
installations dispose of it. 

• The Regionalized Alternatives: Regionalized 1 involves treatment of CH-LLMW at 11 installations 
and disposal at 12. In Regionalized 2 and 3, CH-LLMW is treated at seven installations and disposed 
of at six and one installation(s), respectively. Regionalized 4 entails treating CH-LLMW at four 
installations and disposing of it at six. 

• The Centralized Alternative: Hanford treats and disposes of CH-LLMW in this alternative. 

• The RH-LLMW management scenario (for all alternatives except No Action): four installations treat 
this waste and dispose of it onsite. 

This series of alternatives makes it possible to compare the relative risks of consolidating CH-LLMW and 

treating it at varying numbers of installations, and the risks associated with a broad range of disposal 

configurations. 

Table D. 3 .5-1 depicts the overall treatment and storage schemes for the LLMW alternatives; detailed 

information on waste consolidation scenarios can be found in the LLMW technical report (ANL, 1995e). 

Note that for the purposes of this risk analysis, the waste load from the ITRI has been added to the waste 

load for SNL-NM. 
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Table D.3.5-1. PEIS Alternatives for LLMW 

Alternative Scenario 

No Action (CH and RH) Treat at all 
All installations treat 
using existing 
capabilities and store Store at all 

onsite 

Decentralized CH treatment at 49 
CH Treatment 

Dispose at 15 

Regionalized 1 CH treatment at 11 
CH Treatment 

Dispose at 12 

Regionalized 2 CH treatment at 7 
CH Treatment 

Dispose at 6 

Regionalized 3 CH treatment at 7 
CH Treatment 

Dispose at 1 

Regionalized 4 CH treatment at 4 
CH Treatment 

Dispose at 6 

Centralized CH treatment at 1 
CH Treatment 

Dis ose at 1 

(All alternatives except RH treatment at 4 
No Action) 

RH Treatment Dispose at 4 

• T-treatment installation. 
b S- storage installation. 
c D-<lisposal installation. 

t:, 
I 
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D.3.5.2 Special Assumptions and Considerations Used in the LLMW Risk Analysis 

The following chemicals were used as representatives of generic classes of chemical contaminants in the 

risk evaluation for the offsite and noninvolved worker populations: 1,2-dichloroethane (to represent 

compounds containing two chlorine atoms), 1,1,1-trichloroethane (to represent compounds containing 

three chlorine atoms), carbon tetrachloride (to represent compounds containing four chlorine atoms), 

1,2,2-trichloro 1, 1,2-trifluoroethane (to represent chlorofluorocarbons), benzene (to represent water

insoluble organic compounds), and acetone (to represent water-soluble organic compounds). It was also 

assumed that any chromium in the source term was the inhalation carcinogen, chromium (VI) (100%), 

due to lack of better information. This is a conservative assumption, and health risks associated with 

chromium (VI) may be overestimated. 

For all disposal scenarios, it is assumed that shallow land burial will be used at installations west of the 

Mississippi River and tumulus (above-ground vault) disposal will be used at eastern installations. The 

exceptions are RFETS, which disposes in tumulus vaults, and SRS, which disposes in below-ground 

vaults. 

It is assumed that, except in the No Action Alternative, LLMW disposal capacity at each installation will 

be expanded as required to meet disposal demands. 

The waste containers for CH-LLMW are assumed to be 55-gal drums; RH-LLMW is assumed to be 

packaged in concrete casks with 6-in. walls . 

For the purposes of estimating the human health risks associated with treatment and disposal of LLMW, 

no distinction is made between PCB-contaminated LLMW and non-PCB LLMW. If an installation is 

postulated to possess PCB-LLMW, the source term for that mixed waste is combined with all the other 

LLMW source terms for that installation. 

D.3.5.3 Results Tables for the LLMW Human Health Risk Analysis 

This section contains the results tables for the LLMW human health risk analysis. A discussion of the 

results is presented in Section D.3.5.4. The risk numbers in the tables are displayed in the standard 
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exponential notation used in risk assessment; directions on reading this notation and a more complete 

description of the types of information in the tables are given in Section D.2. 

• Table D.3.5-2 presents an overview, by alternative, of the total, program-wide risks associated with 
treatment of LLMW. Included are the risks of cancer fatalities and cancer incidence for the offsite 
and noninvolved worker populations; and the risks of cancer fatalities, cancer incidence, and 
construction and operational fatalities for waste management workers associated with waste 
treatment. This table provides the estimated total number of people in the three populations who will 
develop or die of cancers caused by exposure to LLMW if a particular alternative is implemented 
nationwide. In addition, it shows the estimated total number of workers who will be killed during 
construction and operational activities . The results in this table are drawn from Tables D.3.5-7 
through D.3.5-14. 

• Table D.3.5-3 presents an overview, by alternative, of the program-wide risks associated with 
disposal of LLMW. This table summarizes the risks of cancer fatalities and cancer incidence for the 
MEL of the hypothetical farm family; the likelihood of adverse heath effects to the MEL from 
exposure to noncarcinogenic, hazardous chemicals; the total risks to members of all 143 lifetimes 
of the farm family; and the risks of cancer fatalities , cancer incidence, and construction and 
operational fatalities for waste management workers associated with waste disposal. The results in 
this table are drawn from Tables D.3.5-23 through D.3 .5-29. 

• Table D.3.5-4 shows the sizes of the total affected populations for each alternative. 

• Table D.3.5-5 summarizes the risks to the noninvolved worker and offsite MEls for each LLMW 
alternative. The numbers in this table are the estimated probabilities that the offsite and noninvolved 
worker MEis will die of or develop cancer from radionuclide and chemical exposure and indicators 
of the likelihood of adverse health effects to the MEis from exposure to noncarcinogenic, hazardous 
chemicals. These results are drawn from Tables D.3.5-7 through D.3.5-14 and Tables D.3.5-23 
through D.3.5-29. 

• Table D.3.5-6 lists the radionuclides that contribute most of the risk of cancer fatality to the offsite 
population for LLMW treatment, by installation and alternative . 

The following tables are located at the end of Section D.3.5.4: 

• Tables D.3.5-7 through D.3.5-14 provide more detailed information on the program-wide health 
risks to all receptors from treatment of LLMW, by alternative and health endpoint. 

• Tables D.3.5-15 through D.3.5-22 present summaries of the health risks for the offsite and worker 
populations, by alternative and installation. 

• Tables D.3.5-23 through D.3.5-29 provide more detailed information on the program-wide health 
risks to the MEL of the hypothetical farm family of four, all 143 lifetimes of the farm family, and 
waste disposal workers, by alternative and health endpoint. 

• Tables D.3.5-30 through D.3.5-36 present summaries of the health risks to the farm family and 
workers and an indication of which farm family lifetime is most exposed, by installation. 
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Table D.3.5-2. Summary of Program-Wide Risks Associated with Treatment of UMW: 
Risks to Total Populations, by Alternative 

Noninvolved 
Off site Population Worker WM Workers 

Alternative Population 

er Cib CF CI CF CI C&O~ 

No Action 3.lE-1 1.1 l.3E-2 4.3E-2 8.7E-l 3.1 1.8 

Decentralized 1.7E-l 5.8E-l 2.4E-3 8.0E-3 5.2E-l 1.8 4.0 

Regionalized 1 l.6E-l 5.5E-l 2.4E-3 8.0E-3 5.7E-l 2.0 3.7 

Regionalized 2 l.8E-2 6. lE-2 3.6E-4 l .2E-3 5.8E-l 2.0 3.4 

Regionalized 3 l.8E-2 6.lE-2 3.6E-4 l.2E-3 5.8E-l 2.0 3.4 

Regionalized 4 l.8E-2 5.9E-2 3.6E-4 1.2E-3 6.3E-l 2.2 3.1 

Centralized 2.5E-2 8.6E-2 3.3E-4 l.lE-3 6.4E-l 2.2 2.6 

RH-LLMW l.3E-3 4.5E-3 4.2E-5 l.4E-4 2.3E-2 8.lE-2 4.5E-l 

a CF-cancer fatality associated with radionuclide exposure. 
b CI-cancer incidence associated with exposure to radionuclides and carcinogenic chemicals. 
c C&.OF-fatalities due to the physical hazards of constructing and operating waste management facilities. 

Table D.3.5-3. Summary of Program-Wide Risks Associated with Disposal of UMW: 
Risks to Hypothetical Farm Family and Waste Management Workers, by Alternative 

MEL of Fann Family 
All (143) Lifetimes of WM Workers 

Farm Family 
Alternative 

er RadCJb 
Chem Hr1 CF Rad CI 

Chem CF er: CI 

Decentralized l.8E-3 6.lE-3 l.lE-2 3.0 5.0E-2 l.7E-l 5.0E-1 5.5E-1 

Regionalized 1 1.2E-3 4.lE-3 l.0E-2 3.0 2.4E-2 8.0E-2 5.0E-1 5.5E-l 

Regionalized 2 l.4E-3 4.8E-3 l.3E-2 2.7 2.4E-2 8.0E-2 8.3E-l 5.2E-l 

Regionalized 3 0.00 0.00 2.8E-3 3.lE-1 0.00 0.00 5.4E-2 3.7E-l 

Regionalized 4 l.5E-3 5.lE-3 l.3E-2 2.7 2.5E-2 8.5E-2 8.2E-l 6.4E-l 

Centralized l.9E-2 6.6E-2 9.5E-4 2.4 2.5E-l 8.6E-l 8.5E-3 3.6E-l 

RH-LLMW 8.5E-5 2.9E-4 l .4E-5 l .3E-2 l.3E-3 4.5E-3 5.8E-4 l .5E-3 

a CF-Risk of cancer fatality associated with exposure to both radionuclides and carcinogenic chemicals. 
b Rad CI-Risk of cancer incidence associated with exposure to radionuclides. 
c Chem CI-Risk of cancer incidence associated with exposure to chemical carcinogens. 
d HI-Hazard Index. 
e C&OF-Estimated construction and operational fatalities from physical hazards. 
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CI C&OF 

1.9 4.8E-l 

1.9 4.5E-l 

1.8 4.2E-l 

1.3 l.8E-l 

2.2 4.lE-1 

1.3 l .5E-l 

5.2E-3 3.0E-2 
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Table D.3.5-4. Siz.e of Total Of/site, Noninvolved Worker, and Worker Populations 
Affected by Risks from Routine Management of UMW, by Alternative 

Alternative Offslte Population Noninvolved Worker WM Workers Population 

No Action 38,499,644 113 ,752 9,218 

Decentralized 38,499,644 113,752 15,082 

Regionalized 1 38,499,644 113,752 14,052 

Regionalized 2 38,499,644 113,752 13,300 

Regionalized 3 38,499,644 113,752 13,300 

Regionalized 4 38,499,644 113,752 12,031 

Centralized 38,499,644 113,752 9,756 

RH-LLMW 2,032,976 36,930 1,312 

Table D.3.5-5. Summary of Program-Wide Ri.sks Associated with Treatment of UMW: 
Risks To the Of/site and Noninvolved Worker Most-Exposed Individuals, by Alternative 

Offsite MEI" Noninvolved Worker MEI" 
Alternative er Rad Cl" Chem Cid m· CF 

No Action 7.0E-6 2.4E-5 2.0E-8 2.3E-5 8.7E-6 

Decentralized 2.5E-6 8.5E-6 l .2E~9 l.4E-6 7.3E-7 

Regionalized 1 2.6E-6 8.7E-6 l.0E-9 l .4E-6 7 .4E-7 

Regionalized 2 2.7E-7 9.2E-7 l .0E-9 l .4E-6 3.lE-7 

Regionalized 3 2.7E-7 9.2E-7 l.0E-9 l .4E-6 3.lE-7 

Regionalized 4 2.7E-7 9.3E-7 l .5E-9 2.0E-6 3.lE-7 

Centralized 5.2E-7 1.8E-6 4. lE-10 4.5E-7 5.8E-7 

RH-LLMW 3.4E-8 l.2E-7 2.9E-12 4.8E-9 2.3E-8 

a MEI-Most-exposed individual. 
b CF-Risk of cancer fatality associated with exposure to radionuclides. 
c Rad CI-Risk of cancer incidence associated with exposure to radionuclides. 
d Chem Cl-Risk of cancer incidence associated with exposure to chemical carcinogens. 
c HI-Hazard Index. 

Rad CI Chem CI Ill 

3.0E-5 2.lE-7 4.5E-5 

2.5E-6 7. lE-9 8.8E-6 

2.5E-6 6.2E-9 8.7E-6 

l .0E-6 6.2E-9 8.8E-6 

l.0E-6 6.2E-9 8.8E-6 

1.lE-6 9.3E-9 l.3E-5 

2.0E-6 l.4E-8 l .6E-5 

7.8E-8 1.SE-11 3.8E-8 
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Table D.3.5-6. Radionuclide Contributing the Highest Risk of Cancer Fatality to the Of/site Population for LLMW Treatment, 
by Alternative and Installation 

Installation 
IAlt. • 

ANL-E Hanford INEL KAPL-K KCP LANL LBL LLNL NTS ORR Paola Ports PGDP 

No U-238b Pu-238 Pu-238 Co-60 Co-60 Pu-238 U-238 Pu-238 U-238 U-238 Pu-238 U-238 U-238 
~ction l .24E-2' 1.1 IE-2 3.85E-4 4.87E-4 4.61E-6 8.81E-5 3.45E-5 7.55E-4 7.81E-ll l.09E-1 l .45E-6 5.92E-5 3.32E-3 

Dec. U-238 Pu-238 H-3 H-3 H-3 H-3 H-3 H-3 U-238 U-238 H-3 U-238 U-238 
5.94E-4 9.84E-4 3.S0E-5 l.98E-4 2.J0E-6 5.86E-4 l .02E-2 I.S4E- l l .7SE-14 4.86E-4 3.41E-S 2.49E-6 l.l0E-4 

Reg. I U-238 Pu-238 H-3 Co-60 Co-60 H-3 U-238 H-3 U-238 U-238 H-3 H-3 U-238 
2.77E-6 9.0JE-4 3.S0E-5 l .05E-7 9.90E-10 6.02E-4 7.74E-9 I.S7E- l 1.75E-14 4. 19E-4 3.41E-5 3.03E-S l.l0E-4 

Reg. 2 U-238 H-3 H-3 Co-60 Co-60 H-3 U-238 Pu-238 U-238 U-238 H-3 H-3 U-238 
2.77E-6 l .20E-2 6.l0E-4 l .05E-7 9.90E-10 8.52E-4 7.74E-9 1.76E-7 1.75E-14 6.56E-4 2.34E-6 3.15E-5 7.48E-7 

Reg. 3 U-238 H-3 H-3 Co-60 Co-60 H-3 U-238 Pu-238 U-238 U-238 H-3 H-3 U-238 
2.77E-6 l .20E-2 6. IOE-4 l .0SE-7 9.90E-I0 8.S2E-4 7.74E-9 1.76E-7 1.7SE-14 6.S6E-4 2.34E-6 3. ISE-5 7.48E-7 

Reg. 4 U-238 H-3 H-3 Co-60 Co-60 H-3 U-238 Pu-238 U-238 U-238 H-3 U-238 U-238 
2.77E-6 l .20E-2 6.SIE-4 l.05E-7 9.90E-10 3.79E-5 7.74E-9 l.76E-7 l.75E-14 8.04E-4 2.34E-6 1.65E-8 7.48E-7 

Ccn. U-238 H-3 H-3 Co-60 Co-60 H-3 U-238 Pu-238 U-238 U-238 H-3 U-238 U-238 
2.77E-6 2.30E-2 4.83E-6 1.05E-7 9.90E-10 3.79E-5 7.74E-9 l.76E-7 1.75E-14 2. ISE-6 2.34E-6 l .6SE-8 7.48E-7 

RH Pu-238 H-3 11-3 
3.08E-7 1.95E-4 7.66E-4 

a Alternative abbreviations arc: All. = Allcmalivc; Dec. = Decentralized ; Reg . = Regionalized; Ccn. = Cenlralized; RH = RH-LLMW. 
b Radionuclide contributing mosl risk . 
c Associated risk of cancer fatality 10 lhe offsitc population wilhin 80 km (50 mi) of lhis installation. 

RFETS SNL/NM SRS WVDP FEMP BNL Mound 

Pu-238 Pu-238 H-3 Pu-238 U-238 U-238 Pu-238 
1.63E-2 3. l3E-S 2.60E-3 2.0JE-4 S.90E-4 l.08E-4 l .38E-S 

Pu-238 H-3 H-3 Pu-238 U-238 U-238 H-3 
4.09E-S l .J0E-4 l .68E-3 l.08E-7 2.39E-S S.32E-6 l.26E-4 

Pu-238 Pu-238 H-3 H-3 U-238 U-238 Pu-238 
4.08E-S 7.30E-9 1.68E-3 l.06E-7 3.J0E-4 2.43E-8 3.22E-9 

Pu-238 Pu-238 H-3 H-3 U-238 U-238 Pu-238 
4.09E-S 7.J0E-9 l .68E-3 l.06E-7 l.33E-7 2.43E-8 3.22E-9 

Pu-238 Pu-238 H-3 H-3 U-238 U-238 Pu-238 
4.09E-5 7.30E-9 l .68E-3 1.06E-7 l.3JE-7 2.43E-8 3.22E-9 

Pu-238 Pu-238 H-3 H-3 U-238 U-238 Pu-238 
8.15E-7 7.30E-9 I .68E-3 l.06E-7 1.33E-7 2.43E-8 3.24E-9 

Pu-238 Pu-238 H-3 H-3 U-238 U-238 Pu-238 
8.15E-7 7.30E-9 9.81E-7 l.06E-7 l .33E-7 2.43E-8 3.24E-9 

H-3 
2.80E-5 
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Table D.3.5-7. Program-Wide Ri.sks Associated with Treatment of LLMW Under the 
No Action Alternative, by Health Endpoint 

Hazardous Chemicals Physical Receptor Endpoint Radionuclides 
Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 2.5El 
Noninvolved Cancer Fatalities 1.3E-2 

Worker 
Cancer Incidence 4.3E-2 5.8E-4 Population 
Genetic Effects 2.SE-3 

Dose (rem) 1.7E-2 
Cancer Fatalitie,; 8.7E-6 

Noninvolved 
Cancer Incidence 3.0E-5 2.lE-7 

Worker MEI 
Genetic Effects 1.7E-6 
Hazard Index 4.SE-5 

Dose (person-rem) 6.2E2 
Cancer Fatalities 3. lE-1 

Offsite Population 
Cancer Incidence 1.1 2.9E-3 
Genetic Effects 6.2E-2 

Dose (rem) 1.4E-2 
Cancer Fatalities 7.0E-6 

Offsite MEI Cancer Incidence 2.4E-5 2.0E-8 
Genetic Effects 1.4E-6 

Hazard Index 2.3E-5 

Dose (FTE-rem) 2.2E3 
Cancer Fatalities 8.7E-1 
Cancer Incidence 3.0 l.lE-2 
Genetic Effects 1.3E-1 

WM Workers Exposure Index l.2E-2 
Construction Fatalities 6.2E-1 
Construction Injuries 2.7E2 

Operation Fatalities 1.1 

Operation Injuries 9.7E2 
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Appendix D Waste Management Facility Human Health Risk Estimates 

Table D.3.5-8. Program-Wide Risks Associated with Treatment of LLMW Under the 
Decentralized Alternative, by Health Endpoint 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides Hazards Carcinogens Noncarcinogens 

Dose (person-rem) 4.7 
Noninvolved Cancer Fatalities 2.4E-3 

Worker 
Population Cancer Incidence 8.0E-3 l .4E-5 

Genetic Effects 4.7E-4 

Dose (rem) l.5E-3 
Cancer Fatalities 7.3E-7 

Non involved 
Cancer Incidence 2.5E-6 7.lE-9 

Worker MEI 
Genetic Effects l.5E-7 
Hazard Index 8.SE-6 

Dose (person-rem) 3.4E2 

Offsite Population 
Cancer Fatalities l.7E-l 
Cancer Incidence 5.SE-1 6.2E-5 
Genetic Effects 3.4E-2 

Dose (rem) 5.0E-3 
Cancer Fatalities 2.5E-6 

Offsite MEI Cancer Incidence 8.5E-6 l.2E-9 
Genetic Effects 5.0E-7 
Hazard Index l .4E-6 

Dose (FfE-rem) l.3E3 
Cancer Fatalities 5.2E-l 
Cancer Incidence 1.8 9.9E-3 
Genetic Effects 7.SE-2 

WM Workers Exposure Index l.2E-2 
Construction Fatalities 2.2 

Construction Injuries 9.4E2 
Operation Fatalities 1.9 
Operation Injuries l.6E3 
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Table D.3.5-9. Program-Wide Risks Associated with Treatment of LLMW Under the 
Regi.onalized Alternative 1, by Health Endpoint 

Hazardous Chemicals Physical Receptor Endpoint Radionuclides 
Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 4.7 
Noninvolved 

Cancer Fatalities 2.4E-3 
Worker 

Population Cancer Incidence 8.0E-3 l.3E-5 

Genetic Effects 4.7E-4 

Dose (rem) l.5E-3 

Cancer Fatalities 7.4E-7 
Noninvolved 

Cancer Incidence 2.5E-6 6.2E-9 
Worker MEI 

Genetic Effects l.5E-7 

Hazard Index 8.7E-6 

Dose (person-rem) 3.3E2 

Offsite Population 
Cancer Fatalities l.6E-l 

Cancer Incidence 5.5E-l 4.6E-5 

Genetic Effects 3.3E-2 

Dose (rem) 5.IE-3 

Cancer Fatalities 2.6E-6 

Offsite MEI Cancer Incidence 8.7E-6 l.0E-9 

Genetic Effects 5.IE-7 

Hazard Index l.4E-6 

Dose (FfE-rem) l.4E3 

Cancer Fatalities 5.7E-l 

Cancer Incidence 2.0 9.2E-3 

Genetic Effects 8.5E-2 

WM Workers Exposure Index l.2E-2 

Construction Fatalities 2.0 

Construction Injuries 8.6E2 

Operation Fatalities 1.7 

Operation Injuries l.5E3 
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Table D.3.5-10. Program-Wide Risks Associated with Treatment of UMW Under the 
Regionalized Alternative 2, by Health Endpoint 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides 

Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 7.2E-l 
Noninvolved Cancer Fatalities 3.6E-4 

Worker 
Population Cancer Incidence l.2E-3 l.SE-5 

Genetic Effects 7.2E-5 

Dose (rem) 6.lE-4 
Cancer Fatalities 3.lE-7 

Noninvolved 
Cancer Incidence l.0E-6 6.2E-9 

Worker MEI 
Genetic Effects 6.lE-8 
Hazard Index 8.SE-6 

Dose (person-rem) 3.6El 

Offsite Population 
Cancer Fatalities l.SE-2 
Cancer Incidence 6.lE-2 3.SE-5 
Genetic Effects 3.6E-3 

Dose (rem) 5.4E-4 
Cancer Fatalities 2.7E-7 

Offsite MEI Cancer Incidence 9.2E-7 l.0E-9 
Genetic Effects 5.4E-8 
Hazard Index l .4E-6 

Dose (FTE-rem) l.4E3 
Cancer Fatalities 5.SE-1 
Cancer Incidence 2.0 9.6E-3 
Genetic Effects 8.6E-2 

WM Workers Exposure Index l.3E-2 
Construction Fatalities 1.8 
Construction Injuries 7.7E2 
Operation Fatalities 1.6 
Operation Injuries 1.4E3 
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Table D.3.5-11. Program-Wide Risks Associated with Treatment of UMW Under the 
Regionalit.ed Alternative 3, by Health Endpoint 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides 

Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 7.2E-1 
Noninvolved Cancer Fatalities 3.6E-4 

Worker 
Population Cancer Incidence 1.2E-3 1.2E-5 

Genetic Effects 7.2E-5 

Dose (rem) 6.lE-4 
Cancer Fatalities 3.lE-7 

Noninvolved 
Cancer Incidence l.0E-6 6.2E-9 Worker MEI 
Genetic Effects 6.lE-8 
Hazard Index 8.SE-6 

Dose (person-rem) 3.6El 

Offsite Population 
Cancer Fatalities 1.SE-2 
Cancer Incidence 6.lE-2 3.2E-5 
Genetic Effects 3.6E-3 

Dose (rem) 5.4E-4 
Cancer Fatalities 2.7E-7 

Offsite MEI Cancer Incidence 9.2E-7 l.0E-9 
Genetic Effects 5.4E-8 
Hazard Index 1.4E-6 

Dose (FfE-rem) 1.4E3 
Cancer Fatalities 5.SE-1 
Cancer Incidence 2.0 9.6E-3 
Genetic Effects 8.6E-2 

WM Workers Exposure Index l.3E-2 
Construction Fatalities 1.8 

Construction Injuries 7.7E2 

Operation Fatalities 1.6 

Operation Injuries l.4E3 
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Table D.3.5-12. Program-Wide Risks Associated with Treatment of LLMW Under the 
Regionalized Alternative 4, by Health Endpoint 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides Hazards Carcinogens Noncarcinogens 

Dose (person-rem) 7.lE-1 
Noninvolved Cancer Fatalities 3.6E-4 

Worker 
Population Cancer Incidence 1.2E-3 1.3E-5 

Genetic Effects 7.lE-5 

Dose (rem) 6.3E-4 

Cancer Fatalities 3. lE-7 
Non involved 

Cancer Incidence l.lE-6 9.3E-9 
Worker MEI 

Genetic Effects 6.3E-8 

Hazard Index l .3E-5 

Dose (person-rem) 3.5El 

Offsite Population 
Cancer Fatalities I .8E-2 

Cancer Incidence 5.9E-2 3.4E-5 

Genetic Effects 3.SE-3 

Dose (rem) 5.SE-4 

Cancer Fatalities 2.7E-7 

Offsite MEI Cancer Incidence 9.3E-7 l .SE-9 

Genetic Effects 5.SE-8 

Hazard Index 2.0E-6 

Dose (FfE-rem) l.6E3 

Cancer Fatalities 6.3E-1 

Cancer Incidence 2.2 l .2E-2 

Genetic Effects 9.SE-2 

WM Workers Exposure Index l.6E-2 

Construction Fatalities 1.6 

Construction Injuries 6.9E2 

Operation Fatalities 1.5 

Operation Injuries l .3E3 
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Table D.3.5-13. Program-Wide Risks Associated with Treatment of LLMW Under the 
Centralized Alternative, by Health Endpoint 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides 

Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 6.6E-l 
Noninvolved 

Cancer Fatalities 3.3E-4 
Worker 

Population Cancer Incidence l.IE-3 7.9E-6 

Genetic Effects 6.6E-5 

Dose (rem) l.2E-3 

Cancer Fatalities 5.SE-7 
Noninvolved 

Cancer Incidence 2.0E-6 1.4E-8 
Worker MEI 

Genetic Effects l.2E-7 

Hazard Index l.6E-5 

Dose (person-rem) 5.0EI 

Offsite Population 
Cancer Fatalities 2.5E-2 

Cancer Incidence 8.6E-2 l.5E-5 

Genetic Effects 5.0E-3 

Dose (rem) 1.0E-3 

Cancer Fatalities 5.2E-7 

Offsite MEI Cancer Incidence l.SE-6 4. IE-10 

Genetic Effects 1.0E-7 

Hazard Index 4.5E-7 

Dose (FfE-rem) l.6E3 

Cancer Fatalities 6.4E-l 

Cancer Incidence 2.2 l.SE-2 

Genetic Effects 9.6E-2 

WM Workers Exposure Index 2.6E-2 

Construction Fatalities 1.4 

Construction Injuries 6.0E2 

Operation Fatalities 1.2 

Operation Injuries l .0E3 
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Table D.3.5-14. Program-Wide Risks Associated with Treatment of RH-UMW Under Each 
Alternative (Except No Action), by Health Endpoint 

Hazardous Chemicals Physical 
Receptor Endpoint Radionuclides Hazards Carcinogens Noncarcinogens 

Dose (person-rem) 8.4E-2 
Noninvolved Cancer Fatalities 4.2E-5 

Worker 
Population Cancer Incidence l.4E-4 3.9E-8 

Genetic Effects 8.4E-6 

Dose (rem) 4.6E-5 

Cancer Fatalities 2.3E-8 
Noninvolved 

Cancer Incidence 7.8E-8 l.8E-l l 
Worker MEI 

Genetic Effects 4.6E-9 

Hazard Index 3.8E-8 

Dose (person-rem) 2.7 

Offsite Population 
Cancer Fatalities l .3E-3 -
Cancer Incidence 4.5E-3 7.2E-8 

Genetic Effects 2.7E-4 

Dose (rem) 6.8E-5 

Cancer Fatalities 3.4E-8 

Offsite MEI Cancer Incidence l.2E-7 2.9E-12 

Genetic Effects 6.8E-9 

Hazard Index 4.8E-9 

Dose (FfE-rem) 5.8El 

Cancer Fatalities 2.3E-2 

Cancer Incidence 8.lE-2 6.7E-5 

Genetic Effects 3.5E-3 

WM Workers Exposure Index 4.6E-4 

Construction Fatalities 2.9E-l 

Construction Injuries l.3E2 

Operation Fatalities l.6E-l 

Operation Injuries l.4E2 
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Table D.3.5-15. Risks Associated with Treatment of UMW Under the 
No Action Alternative, by Installation 

AppendixD 

Fatalitiesb Cancer Incidencec 
lmtallation Population• 

Populationd MEid Workers Populationd MEid Workers 

FEMP 
2764589 

6.3E-4 1.2E-8 5.2E-2 2.2E-3 4.3E-8 2.2E-3 
268 

KAPL-K 
1290172 

1.2E-3 2.6E-8 6.6E-3 3.9E-3 8.7E-8 9.0E-3 
21 

LBL 
5856829 

4.3E-5 6.SE-10 3.6E-3 1.6E-4 2.4E-9 l.SE-4 
18 

LANL 
159152 

221 
1.5E-4 1.6E-8 4.4E-2 5.2E-4 5.SE-8 7.7E-3 

LLNL 
6324234 

1.9E-3 3.lE-8 6.SE-2 6.6E-3 1.lE-7 6.SE-3 
329 

Mound 
3032983 

2.5E-5 1.SE-9 2.lE-3 8.8E-5 5.0E-9 8.7E-5 
11 

NTS 
14266 

3.2E-11 8.0E-15 
0 

4.4E-5 1.lE-10 2.8E-14 1.8E-6 

Pantex 
265185 

2.2E-6 1.8E-10 1.SE-2 7.7E-6 6.4E-10 l.SE-3 
74 

Ports 
639602 

6.4E-5 8.0E-9 1.lE-1 3.3E-4 4.7E-8 5.7E-3 
534 

SNL-NM 
610714 

7.7E-5 3.0E-9 2.4E-3 2.6E-4 1.0E-8 1.8E-4 
12 

Hanford 
377645 

1.5E-2 3.lE-7 
585 

2.SE-1 5.2E-2 1.lE-6 4.SE-1 

RFETS 
2171877 

2.6E-2 3.6E-7 2.lE-1 9.2E-2 1.2E-6 7.8E-3 
931 

WVDP 
1698391 

2.7E-4 4.lE-9 
15 

2.9E-3 9.3E-4 1.4E-8 2.4E-4 

KCP 
1729833 

1 
1.lE-5 5.0E-10 l.2E-4 3.7E-5 1.7E-9 7.9E-6 

SRS 
620618 

3. lE-3 2.9E-8 4.6E-1 l.lE-2 l.0E-7 7.9E-1 
1358 

ORR 
881652 

2.3E-1 7.0E-6 8.2E-l 7.8E-1 2.4E-5 9.SE-1 
3072 

PGDP 
500502 

3.6E-3 4.0E-7 l.7E-2 l.2E-2 l .4E-6 l.3E-3 
89 

INEL 
153061 

l.lE-3 1.4E-7 4.lE-1 3.8E-3 4.8E-7 6.SE-1 
1156 

BNL 
5738554 

2.3E-4 3.lE-9 
39 

7.6E-3 7.9E-4 1.lE-8 5.2E-4 

ANL-E 
7939785 

484 
2.6E-2 l.4E-7 l .4E-l 8.9E-2 4.9E-7 l.6E-1 

TOTAL 3.lE-1 7.0E-6 2.6 1.1 2.4E-5 3.1 

a Top number repreaenl8 the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
FTEs for WM workers involved in both construction and operation activities. 
b Includes ~orker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
d Offsite. 
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Table D.3.5-16. Risks Associated with Treatment of LLMW Under the 
Decentralized Alternative, by Installation 

Fatalitiesb Cancer Incidencec 
Imtallation Population• 

Populationd MEid Workers Populationd MEid Workers 

BNL 
5738554 

1.2E-5 1.6E-10 1.6E-2 4.lE-5 5.SE-10 4.3E-4 
62 

FEMP 
2764589 

2.6E-5 4.9E-10 1.6E-1 9.lE-5 1.78-9 1.18-3 
533 

KAPL-K 
1290172 

3.08-4 6.78-9 1.3E-2 1.08-3 2.38-8 6.28-3 
44 

LBL 
5856829 

1.0E-2 1.68-7 1.0E-2 3.58-2 5.58-7 1.38-4 
40 

LANL 
159152 

5.9E-4 6.28-8 2.08-1 2.08-3 2.lE-7 5.58-3 
590 

LLNL 
6324234 

1.58-1 2.5E-6 2.7E-1 5.2E-l 8.SE-6 2.8E-2 
831 

ORR 
881652 

1.lE-3 3.3E-8 7.7E-1 3.7E-3 1.2E-7 6.2E-1 
2530 

Mound 
3032983 

1.3E-4 7.4E-9 2.lE-3 4.3E-4 2.SE-8 4.7E-5 
7 

NTS 
14266 

7.0E-15 0.00 2.4E-5 1.8E-9 4.8E-13 9.lE-7 
0 

Pantex 
265185 

3.58-5 2.9E-9 3.98-2 1.2E-4 1.0E-8 1.2E-3 
145 

Ports 
639602 

2.7E-6 3.4E-10 4.8E-1 1.2E-5 1.SE-9 5.6E-3 
1853 

SNL-NM 
610714 

1.4E-4 5.4E-9 
20 

5.4E-3 4.7E-4 1.9E-8 1.28-3 

SRS 
620618 

1289 
1.7E-3 1.7E-8 4.3E-1 5.9E-3 5.6E-8 3.7E-1 

RFETS 
2171877 

6.7E-5 9.lE-10 6.3E-1 2.3E-4 3.lE-9 4.lE-3 
2305 

WVDP 
1698391 

2.SE-7 3.8E-12 
11 

6.8E-3 8.6E-7 1.3E-ll 8.6E-3 

KCP 
1729833 

1 
3.9E-6 1.8E-10 2.6E-4 1.3E-5 6.0E-10 1.2E-4 

INEL 
153061 

5.2E-5 6.5E-9 
1588 

5.3E-1 1.8E-4 2.2E-8 3.6E-1 

Hanford 
377645 

1.5E-3 3.0E-8 6.2E-1 5.0E-3 1.0E-7 3.6E-1 
2196 

PGDP 
500502 

144 
l.2E-4 1.3E-8 4.7E-2 4.lE-4 4.SE-8 8.4E-4 

ANL-E 
7939785 

1.3E-3 7.2E-9 
886 

2.3E-1 4.SE-3 2.SE-8 6.78-2 

TOTAL 1.7E-1 2.5E-6 4.5 5.8E-1 8.SE-6 1.8 

1 Top rwmber repreaenta the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
FfEs for WM workers involved in both construction and operation activities. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
d Offsite. 
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Waste Management Faci ·· ~ I:fJ@dziRisk Estimates 

Table D.3.5-17. Risks Associated with Treatment of LLMW Under the 
Regionalized Alternative 1, by lnstal.lation 

Appendix D 

Fatalitiesb Cancer Incidencec 
Installation Population• 

Populationd MEid Workers Populationd MEid Workers 

BNL 
5738554 

5.2E-8 7.08-13 4.0E-3 1.98-7 2.SE-12 2.08-4 
16 

F8MP 
2764589 

7.0E-4 1.3E-8 
1233 

3.5E-1 2.4E-3 4.58-8 9.5E-2 

KAPL-K 
1290172 

2.6E-7 5.8E-12 2.8E-3 8.9E-7 2.08-11 2.28-3 
9 

LBL 
5856829 

9.88-9 1.58-13 
8 

1.9E-3 4.98-8 8.3E-13 7.48-5 

LANL 
159152 

6.lE-4 6.4E-8 2.08-1 2.lE-3 2.28-7 6.48-3 
597 

LLNL 
6324234 

1.6E-1 2.68-6 
915 

3.lE-1 5.3E-1 8.78-6 8.lE-2 

ORR 
881652 

9.3E-4 2.9E-8 
2162 

5.9E-1 3.2E-3 9.8E-8 3.98-1 

Mound 
3032983 

5.9E-9 3.4E-13 
5 

1.lE-3 7.3E-8 2.9E-12 4.3E-5 

NTS 
14266 

7.0E-15 0.00 
1 

1.2E-4 1.8E-9 4.88-13 1.68-5 

Pantex 
265185 

3.SE-5 2.98-9 
145 

3.9E-2 1.2E-4 1.0E-8 1.28-3 

Ports 
639602 

4.9E-5 6.08-9 4.08-1 1.7E-4 2.lE-8 2.lE-1 
1353 

SNL-NM 
610714 

1.8E-8 7.lE-13 
5 

1.28-3 6.lE-8 2.4E-12 6. lE-5 

SRS 
620618 

l .8E-3 1.7E-8 
1290 

4.4E-l 6.0E-3 5.7E-8 3.8E-l 

RFETS 
2171877 

6.7E-5 9 .0E-10 
2307 

6.3E-l 2.3E-4 3.lE-9 4.lE-3 

WVDP 
1698391 

1.7E-7 2.6E-12 
10 

3.2E-3 5.9E-7 8.9E-12 9.7E-5 

KCP 
1729833 

2.5E-9 1.18-13 5.9E-5 8.4E-9 3.8E-13 2.8E-6 
0 

Hanford 
377645 

2065 
1.4E-3 2.8E-8 6.0E-1 4.7E-3 9.6E-8 4.2E-l 

INEL 
153061 

5.28-5 6.58-9 
1587 

5.3E-l 1.8E-4 2.2E-8 3.6E-l 

PGDP 
500502 

144 
1.28-4 l.3E-8 4.7E-2 4.lE-4 4.SE-8 l.4E-3 

ANL-E 
7939785 

6.0E-6 3.38-11 5.7E-2 2.lE-5 1.lE-10 3.6E-2 
200 

TOTAL l .6E-l 2.6E-6 4.3 5.58-1 8.7E-6 2.0 

a Top number represents the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
FfEs for WM workers involved in both construction and operation activities . 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
d Offsite. 
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Appendix D Waste Management Facility Human Health Risk Estimates 

Table D.3.5-18. Risks Associated with Treatment of LLMW Under the 
Regionalized Alternative 2, by Installation 

Fatalitiesb Cancer Incidencec 
lmtallation Population• 

Populationd MEid Workers Populationd MEid Workers 

ANL-E 
7939785 

6.0E-6 3.3E-ll 5.7E-2 2.lE-5 1.lE-10 3.6E-2 
200 

BNL 
5738554 

5.2E-8 7.0E-13 4.0E-3 1.9E-7 2.5E-12 2.0E-4 
16 

FEMP 
2764589 

1.4E-7 2.7E-12 
269 

8.8E-2 5.8E-7 1.2E-ll 8.8E-4 

KAPL-K 
1290172 

2.6E-7 5.8E-12 
9 

2.8E-3 8.9E-7 2.0E-11 2.2E-3 

LBL 
5856829 

9.8E-9 1.5E-13 1.9E-3 4.9E-8 8.3E-13 7.4E-5 
8 

LANL 
159152 

8.6E-4 9.lE-8 
679 

2.2E-1 2.9E-3 3.lE-7 8.2E-3 

LLNL 
6324234 

4.4E-7 7.2E-12 
136 

3.3E-2 1.9E-6 3.5E-ll 2.2E-3 

ORR 
881652 

1.2E-3 3.6E-8 
2177 

6.0E-1 4.lE-3 1.3E-7 4.2E-1 

Mound 
3032983 

5.9E-9 3.4E-13 1.lE-3 7.3E-8 2.9E-12 4.3E-5 
5 

NTS 
14266 

7.0E-15 0.00 
0 

2.4E-5 2.5E-14 0.00 9.lE-7 

Pantex 
265185 

2.3E-6 2.0E-10 
48 

1.SE-2 8.0E-6 6.8E-10 5.8E-4 

Ports 
639602 

1.lE-4 1.3E-8 5.4E-1 3.6E-4 4.SE-8 2.7E-1 
1951 

SNL-NM 
610714 

1.8E-8 7.lE-13 1.2E-3 6.lE-8 2.4E-12 6.lE-5 
5 

SRS 
620618 

1.8E-3 1.7E-8 
1290 

4.4E-1 6.0E-3 5.7E-8 3.8E-1 

RFETS 
2171877 

6.8E-5 9.2E-10 
2307 

6.3E-1 2.4E-4 3.2E-9 4.6E-3 

WVDP 
1698391 

1.7E-7 2.6E-12 
10 

3.2E-3 5.8E-7 8.9E-12 9.7E-5 

KCP 
1729833 

2.SE-9 1.lE-13 
0 

5.9E-5 8.4E-9 3.SE-13 2.8E-6 

INEL 
153061 

6.3E-4 7.8E-8 
2010 

6.6E-1 2.lE-3 2.7E-7 3.9E-1 

Hanford 
377645 

2132 
1.3E-2 2.7E-7 6.4E-1 4.SE-2 9.2E-7 5.0E-1 

PGDP 
500502 

8.lE-7 9.0E-11 1.3E-2 2.8E-6 3.lE-10 5.2E-4 
48 

TOTAL 1.8E-2 2.7E-7 4.0 6.lE-2 9.2E-7 2.0 

a Top number represents the offsite population within an 80-k.m (50-mi) radius of the installation, while the bottom number represents the total 
FrEs for WM workers involved in both construction and operation activities . 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures . 
d Offsite. 
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Waste Management Faci 

Table D.3.5-19. Risks Associated with Treatment of LLMW Under the 
Regionalir.ed AJJemative 3, by Installation 

Appendix D 

lmtallation Population• 
Fatalitiesb Cancer Incidence• 

Populationd MEid Workers Populationd MEid Workers 

ANL-E 
7939785 

200 
6.08-6 3.38-11 5.7E-2 2.lE-5 1.lE-10 3.6E-2 

BNL 
5738554 

5.28-8 7.08-13 
16 

4.08-3 1.98-7 2.SE-12 2.0E-4 

FEMP 
2764589 

269 
1.48-7 2.78-12 8.88-2 5.88-7 1.2E-ll 8.88-4 

KAPL-K 
1290172 

2.68-7 5.88-12 2.8E-3 8.9E-7 2.08-11 2.28-3 
9 

LBL 
5856829 

8 
9.88-9 1.58-13 1.98-3 4.9E-8 8.3E-13 7.48-5 

LANL 
159152 

8.68-4 9.lE-8 2.2E-1 2.9E-3 3. lE-7 8.2E-3 
679 

LLNL 
6324234 

136 
4.48-7 7.2E-12 3.3E-2 1.9E-6 3.5E-ll 2.28-3 

ORR 
881652 

1.28-3 3.6E-8 6.0E-1 4.lE-3 1.3E-7 4.28-1 
2177 

Mound 
3032983 

5 
5.98-9 3.4E-13 1.lE-3 7.38-8 2.9E-12 4.3E-5 

NTS 
14266 

7.08-15 0.00 2.4E-5 7.lE-8 1.88-11 9.lE-7 
0 

Pantex 
265 185 

2.3E-6 
48 

2.0E-10 l.SE-2 8.0E-6 6.8E-10 5.8E-4 

Ports 
639602 

1.lE-4 1.3E-8 5.4E-l 3.6E-4 4.SE-8 2.78-1 
1951 

SNL- NM 
610714 

5 
1.8E-8 7.lE-13 1.2E-3 6.lE-8 2.4E-12 6.lE-5 

SRS 
620618 

1.8E-3 1.7E-8 
1290 

4.4E-l 6.0E-3 5.7E-8 3.8E-l 

RFETS 
2171877 

2307 
6.8E-5 9.2E-10 6.3E-1 2.4E-4 3.2E-9 4.6E-3 

WVDP 
1698391 

10 
1.7E-7 2.6E-12 3.2E-3 5.8E-7 8.9E-12 9.7E-5 

KCP 
1729833 

0 
2.SE-9 1.l E-13 5.9E-5 8.4E-9 3.8E-13 2.SE-6 

Hanford 
377645 

1.3E-2 2.7E-7 
2132 

6.4E-1 4.SE-2 9.2E-7 5.0E-1 

INEL 
153061 
2010 

6.3E-4 7.SE-8 6.6E-l 2. lE-3 2.7E-7 3.9E-l 

PGDP 
500502 

48 
8.lE-7 9.0E-11 1.3E-2 2.8E-6 3.lE-10 5.2E-4 

TOTAL 1.88-2 2.78-7 4.0 6.lE-2 9.2E-7 2.0 

1 
Top number repreaenta the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
F, for WM worlcen involved in both construction and operation activities. 

Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
d Off•ite. 

D-245 



Appendix D Waste Management Facility Human Health Risk Estimates 

Table D.3.5-20. Risks Associated with Treatment of LLMW Under the 
Regi.onalized Alternative 4, by Installation 

Fatalitiesb Cancer lncidencec 
Installation Population• 

Populationd l\-1Eld Workers Populationd l\-1Eld Workers 

ANL-E 
7939785 

6.0E-6 3.3E-ll 5.7E-2 2.lE-5 1.lE-10 3.6E-2 
200 

BNL 
5738554 

5.2E-8 7.0E-13 4.0E-3 1.9E-7 2.5E-12 2.0E-4 
16 

FEMP 
2764589 

1.4E-7 2.7E-12 
269 

8.8E-2 5.8E-7 1.2E-11 8.8E-4 

KAPL-K 
1290172 

2.6E-7 5.8E-12 
9 

2.8E-3 8.9E-7 2.0E-11 2.2E-3 

LBL 
5856829 

9.8E-9 1.SE-13 
8 

1.9E-3 4.9E-8 8.3E-13 7.4E-5 

LANL 
159152 

3.8E-5 4.0E-9 
146 

4.4E-2 1.3E-4 l .4E-8 2.4E-3 

LLNL 
6324234 

4.4E-7 7.2E-12 
136 

3.3E-2 1.9E-6 3.SE-11 2.2E-3 

ORR 
881652 

1.6E-3 5.0E-8 
3116 

9.SE-1 5.6E-3 l.7E-7 8.SE-1 

Mound 
3032983 

6.0E-9 3.SE-13 
5 

1.2E-3 7.4E-8 2.9E-12 4.6E-5 

NTS 
14266 

7.0E-15 0.00 
0 

2.4E-5 2.SE-14 0.00 9. lE-7 

Pantex 
265185 

48 
2.3E-6 2.0E-10 l .SE-2 8.0E-6 6.8E-10 5.8E-4 

Ports 
639602 

1.8E-8 2.3E-12 
405 

1.2E-1 1.lE-7 1.6E-11 2.9E-3 

SNL-NM 
610714 

1.8E-8 7.lE-13 
5 

l.2E-3 6. lE-8 2.4E-12 6. lE-5 

SRS 
620618 

1.8E-3 1.7E-8 4.4E-1 6.0E-3 5.7E-8 3.8E-1 
1291 

RFETS 
2171 877 

l.3E-6 1.8E-11 
769 

2. lE-1 4.9E-6 6.4E-11 3.5E-3 

WVDP 
1698391 

11 
1.7E-7 2.6E-12 3.3E-3 6.0E-7 9.lE-12 1.0E-4 

KCP 
1729833 

2.SE-9 1.lE-13 
0 

5.9E-5 8.4E-9 3.8E-13 2.8E-6 

INEL 
153061 

6.7E-4 8.4E-8 
3281 

1.0 2.3E-3 2.8E-7 4.2E-1 

Hanford 
377645 
2268 

1.3E-2 2.7E-7 6.9E-1 4.SE-2 9.3E-7 5.2E-1 

PGDP 
500502 

8.lE-7 9.0E-11 
48 

l .3E-2 2.8E-6 3.lE-10 5.2E-4 

TOTAL 1.8E-2 2.7E-7 3.7 5.9E-2 9.3E-7 2.2 

a Top number represents the offsite population within an 80-krn (50-mi) radius of the installation, while the bottom number represents the total 
t:"Es for WM workers involved in both construction and operation activities. 

Includes worker fatalities associated with both radiation exposures and physical hazards . 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
d Offsite. 
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Waste Management Facility Human Health Risk Estimates 

Table D.3.5-21. Risks Associated with Treatment of LLMW Under the 
Centralized Alternative, by Installation 

Appendix D 

Fatalitiesb Cancer Incidencec 
lmtallation Population• 

Populationd MEid Workers Populationd MEid Workers 

ANL-8 
7939785 

6.08-6 3.38-11 5.78-2 2.lE-5 1.18-10 3.68-2 
200 

BNL 
5738554 

5.28-8 7.08-13 
16 

4.08-3 1.98-7 2.58-12 2.08-4 

F8MP 
2764589 

1.48-7 2.78-12 
269 

8.8E-2 5.8E-7 1.28-11 8.8E-4 

KAPL-K 
1290172 

2.6E-7 5.88-12 
9 

2.8E-3 8.9E-7 2.08-11 2.28-3 

LBL 
5856829 

9.88-9 1.58-13 
8 

1.98-3 4.98-8 8.38-13 7.48-5 

LANL 
159152 

3.88-5 4.08-9 
146 

4.48-2 1.38-4 1.48-8 2.48-3 

LLNL 
6324234 

4.4E-7 7.28-12 
136 

3.3E-2 1.9E-6 3.58-11 2.28-3 

ORR 
881652 

6.8E-6 2.lE-10 1.68-1 2.48-5 7.78-10 8.48-2 
490 

Mound 
3032983 

5 
6.0E-9 3.SE-13 l.2E-3 7.4E-8 2.9E-12 4.68-5 

NTS 
14266 

7.0E-15 0.00 2.48-5 2.58-14 0.00 9.lE-7 
0 

Pantex 
265185 

2.3E-6 2.08-10 
48 

1.58-2 8.08-6 6.8E-10 5.88-4 

Ports 
639602 

1.88-8 2.38-12 
405 

1.28-1 1.lE-7 1.68-11 2.9E-3 

SNL-NM 
610714 

1.8E-8 7.lE-13 
5 

1.28-3 6.lE-8 2.4E-12 6.lE-5 

SRS 
620618 

1.38-6 1.3E-l l 
207 

8.lE-2 4.6E-6 4.4E-11 1.18-1 

RFETS 
2171877 

l.3E-6 6.48-11 3.SE-3 
769 

1.8E-ll 2.lE-1 4.9E-6 

WVDP 
1698391 

11 
1.7E-7 2.6E-12 3.3E-3 5.9E-7 9.lE-12 1.0E-4 

KCP 
1729833 

0 
2.SE-9 1.lE-13 5.9E-5 8.4E-9 3.8E-13 2.8E-6 

INEL 
153061 

4.98-6 6.lE-10 
278 

1.5E-1 1.7E-5 2.lE-9 2.58-1 

Hanford 
377645 

2.58-2 
6706 

5.28-7 2.2 8.58-2 1.8E-6 1.8 

PGDP 
500502 

8.lE-7 9.08-11 1.3E-2 2.88-6 3.lE-10 5.2E-4 
48 

TOTAL 2.SE-2 5.28-7 3.2 8.6E-2 1.88-6 2.3 

a Top number represents the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 
t:'Es for WM workers involved in both construction and operation activities . 

Includes worker fatalities associated with both radiation exposures and physical hazards . 
c Indicates cancer incidence associated with both rapiation and chemical carcinogen exposures . 
d Offsite. 
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Appendix D Waste Management Facility Human Health Risk Estimates 

Table D.3.5-22. Risks Associated with Treatment of RH-LLMW Under Each 
Alternative (Except No Action), by Installation 

Fatalitiesb Cancer lncidencec 
Installation Population• 

Populationd MEid Workers Populationd MEid Workers 

Hanford 
377645 

4.4E-7 9. lE-12 l.7E-4 l .5E-6 3. lE-11 2.4E-9 
1 

ORR 
881652 

l.lE-3 3.4E-8 3.0E-1 3.7E-3 l.2E-7 7.5E-2 
725 

INEL 
153061 

569 
2.lE-4 2.6E-8 l.7E-1 7.0E-4 8.7E-8 6.9E-3 

SRS 
620618 

17 
3.0E-5 2.8E-10 5.lE-3 l .0E-4 9.6E-10 4.8E-6 

TOTAL l .3E-3 3.4E-8 4.7E-1 4.5E-3 l.2E-7 8.lE-2 

3 
Top number represents the offsite population within an 80-km (50-mi) radius of the installation, while the bottom number represents the total 

FTEs for WM workers involved in both construction and operation activities. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
d Offsite. 
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Waste Management Facility Human Hea1t Risk Estimates Appendix D 

Table D.3.5-23. Program-Wide Risks Associated with Disposal of UMW Under the 
Decentralized Altemative, by Health Endpoint 

Receptor Endpoint Radionuclides Hazardous Chemicals Physical 

Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 3.6 

Most-Exposed Cancer Fatalities 1.SE-3 

Farm Family Cancer Incidence 6. lE-3 l.lE-2 

Genetic Effects 3.6E-4 

Hazard Index 3.0 

Dose (person-rem) 1.0E2 

Cancer Fatalities 5.0E-2 

All Lifetimes Cancer Incidence l.7E- 1 5. lE-1 

Genetic Effects 1.0E-2 

Hazard Index 3.0 

Dose (fTE-rem) 1.4E3 

Cancer Fatalities 5.SE-1 

Cancer Incidence 1.9 

Genetic Effects 8.3E-2 

WM Workers Exposure Index 

Construction Fatalities 1.3E-1 

Construction Injuries 5.9El 

Operation Fatalities 3.4E-1 

Ooeration Injuries 2.9E2 
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Appendix D Waste Management Facility Human Health Risk Estimates 

Table D.3.5-24. Program-Wide Risks Associated with Disposal of UMW Under the 
Regi.onalized Alternative 1, by Health Endpoint 

Receptor Endpoint Radionuclides Hazardous Chemicals Physical 

Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 2.4 

Most-Exposed Cancer Fatalities l.2E-3 

Farm Family Cancer Incidence 4.lE-3 1.0E-2 

Genetic Effects 2.4E-4 

Hazard Index 3.0 

Dose (person-rem) 4.7El 

Cancer Fatalities 2.4E-2 

All Lifetimes Cancer Incidence 8.0E-2 5.0E-1 

Genetic Effects 4.7E-3 

Hazard Index 3.0 

Dose (FfE-rem) l.4E3 

Cancer Fatalities 5.5E-l 

Cancer Incidence 1.9 

Genetic Effects 8.3E-2 

WM Workers Exposure Index 

Construction Fatalities 1.2E-l 

Construction Injuries 5.4El 

Operation Fatalities 3.3E-l 

Operation Injuries 2.8E2 
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Table D.3.5-25. Program-Wide Risks Associated with Disposal of UMW Under the 
Regionalized Alternative 2, by Health Endpoint 

Receptor Endpoint Radionuclides Hazardous Chemicals Physical 

Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 2.8 

Most-Exposed Cancer Fatalities l.4E-3 

Fann Family Cancer Incidence 4.8E-3 1.3E-2 

Genetic Effects 2.8E-4 

Hazard Index 2.7 

Dose (person-rem) 4.7El 

Cancer Fatalities 2.4E-2 

All Lifetimes Cancer Incidence 8.0E-2 8.3E-1 

Genetic Effects 4.7E-3 

Hazard Index 2.7 

Dose (FIB-rem) 1.3E3 

Cancer Fatalities 5.2E-1 

Cancer Incidence 1.8 

Genetic Effects 7.8E-2 

WM Workers Exposure Index 

Construction Fatalities 1.lE-1 

Construction Injuries 4.7El 

Operation Fatalities 3.lE-1 

Operation Injuries 2.6E2 
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Table D.3.5-26. Program-Wide Risks Associated with Disposal. of LLMW Under the 
Regional.ized Alternative 3, by Heal.th Endpoint 

Receptor Endpoint Radionuclides Hazardous Chemicals Physical 

Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 0.00 

Most-Exposed Cancer Fatalities 0.00 

Farm Family Cancer Incidence 0.00 2.SE-3 

Genetic Effects 0.00 

Hazard Index 3. lE-1 

Dose (person-rem) 0.00 

Cancer Fatalities 0.00 

All Lifetimes Cancer Incidence 0.00 5.4E-2 

Genetic Effects 0.00 

Hazard Index 3. lE-1 

Dose (FfE-rem) 9.2E2 

Cancer Fatalities 3.7E-l 

Cancer Incidence 1.3 

Genetic Effects 5.5E-2 

WM Workers Exposure Index 

Construction Fatalities 5.2E-2 

Construction Injuries 2.3El 

Operation Fatalities l.3E-l 

Operation Injuries l.1E2 
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Table D.3.5-27. Program-Wide Risks Associated with Disposal of LLMW Under the 
Regionalized Alternative 4, by Health Endpoint 

Receptor Endpoint Radionuclides Hazardous Chemicals Physical 

Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 3.0 

Most-Exposed Cancer Fatalities l.SE-3 

Fann Family Caneer Incidence 5.lE-3 1.3E-2 

Genetic Effects 3.0E-4 

Hazard Index 2.7 

Dose (person-rem) 5.0El 

Cancer Fatalities 2.5E-2 

All Lifetimes Cancer Incidence 8.5E-2 8.2E-1 

Genetic Effects 5.0E-3 

Hazard Index 2.7 

Dose (FfE-rem) l.6E3 

Cancer Fatalities 6.4E-1 

Cancer Incidence 2.2 

Genetic Effects 9.5E-2 

WM Workers Exposure Index 

Construction Fatalities l.0E-1 

Construction Injuries 4.4El 

Operation Fatalities 3. lE-1 

Operation Injuries 2.7E2 
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Table D.3.5-28. Program-Wide Ri.sks Associated with Disposal. of LLMW Under the 
Central.ized Alternative, by Heal.th Endpoint 

Receptor Endpoint Radionuclides Hazardous Chemicals Physical 

Carcinogens Noncarcinogens Hazards 

Dose (person-rem) 3.9El 

Most-Exposed Cancer Fatalities l.9E-2 

Farm Family Cancer Incidence 6.6E-2 9.SE-4 

Genetic Effects 3.9E-3 

Hazard Index 2.4 

Dose (person-rem) 5.0E2 

Cancer Fatalities 2.SE-1 

All Lifetimes Cancer Incidence 8.6E-l 8.SE-3 

Genetic Effects 5.0E-2 

Hazard Index 2.4 

Dose (FfE-rem) 9.1E2 

Cancer Fatalities 3.6E-l 

Cancer Incidence 1.3 

Genetic Effects 5.4E-2 

WM Workers Exposure Index 

Construction Fatalities l.9E-2 

Construction Injuries 8.1 

Operation Fatalities 1.3E-l 

Operation Injuries l .1E2 
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Table D.3.5-29. Program-Wide Risks Associated with Disposal of RH-UMW Under Each 
Alternative (Except No Action), by Health Endpoint 

Receptor Endpoint Radionuclides Hazardous Chemicals Physical 

Carcinogens Noncarcinogeos Hazards 

Dose (person-rem) l.7E-1 

Most-Exposed Cancer Fatalities 8.SE-5 

Fann Family Cancer Incidence 2.9E-4 l.4E-5 

Genetic Effects l.7E-5 

Hazard Index l.3E-2 

Dose (person-rem) 2.7 

Cancer Fatalities l.3E-3 

All Lifetimes Cancer Incidence 4.SE-3 5.8E-4 

Genetic Effects 2.7E-4 

Hazard Index l.3E-2 

Dose (FfE-rem) . 3.7 

Cancer Fatalities l .SE-3 

Cancer Incidence 5.2E-3 

Genetic Effects 2.2E-4 

WM Workers Exposure Index 

Construction Fatalities 9.4E-3 

Construction Injuries 4.1 

Operation Fatalities 2.lE-2 

Operation Injuries l.8El 

D-255 



Appendix D Waste Management Facility Human Health Risk Estimates 

Installation 

(Lifetime)• 

Hanford (18) 

INEL (0) 

LLNL (142) 

LANL (0) 

NTS (0) 

ORR (22) 

PGDP (146) 

Pantex (96) 

Ports (145) 

RFETS (38) 

SNL-NM (92) 

SRS (153) 

ANL-E (64) 

BNL (78) 

FEMP (53) 

TOTAL 

Table D.3.5-30. Risks Associated with Disposal of LLMW Under the 
Decentralized Altemanve, by lnstallati.on 

Fatalitlesb Cancer Incidencec 

Most-Exposed All Farm WM Most-Exposed All Farm 
Farm Family Family Workers Fann Family Family 

Lifetimes Lifetimes 

9.4E-4 1.8E-2 2.8E-1 3.7E-3 6.5E-2 

0.00 0.00 1.9E-1 3.0E-5 4. lE-5 

1.3E-6 2.0E-5 6.3E-2 7.8E-6 2.6E-4 

0.00 0.00 1.3E-2 3.lE-4 5.5E-3 

0.00 0.00 l.2E-2 2.2E-4 3.5E-3 

3.8E-6 5.9E-5 l.3E-1 6.4E-3 4.5E-1 

7.8E-6 6.6E-5 3.lE-3 2.8E-5 2.4E-4 

2.7E-6 8.6E-5 5.lE-3 1.4E-5 3.6E-4 

3.lE-5 l.lE-3 6.6E-2 5.4E-4 8.8E-3 

1.6E-6 3. lE-5 7.lE-2 l.lE-3 2.5E-2 

1.8E-4 9.3E-3 7.7E-4 6.2E-4 3.2E-2 

9.7E-5 1.3E-3 l .4E-1 1.3E-3 7 .2E-3 

3.4E-4 1.5E-2 5.2E-2 2.lE-3 6.5E-2 

4.2E-5 2.6E-3 1.6E-3 1.8E-4 9.0E-3 

l.5E-4 2.5E-3 9.3E-3 7.8E-6 2.6E-4 

1.8E-3 5.0E-2 1.0 1.7E-2 6.SE-1 

a Number in parentheses indicates the most-exposed lifetime of the farm family for radionuclide exposure only . 
b Includes worker fatalities associated with both radiation exposures and physical hazatds. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
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7. lE-1 

4.9E-1 

1.4E-1 

5.5E-3 

1.9E-3 

2.8E-1 

4 .8E-4 

l.lE-3 

l .3E-1 

8.2E-3 

1.2E-4 

1.4E-1 

4.3E-2 

2.lE-4 

l.0E-3 

1.9 



e~Jsk Estimates Appendix D 

Imtallation 

(Llf etime)• 

FEMP (53) 

INEL (0) 

LLNL (142) 

LANL (0) 

NTS (0) 

ORR (22) 

PGDP (146) 

Pantex (96) 

Ports (145) 

RFETS (38) 

SRS (153) 

Hanford (18) 

TOTAL 

Table D.3.5-31. Risks Associated with Disposal. of LLMW Under the 
Regional.ized Alternative 1, by lnstal.lation 

Fatalitiesb Cancer Incidencec 

Most-Exposed All Farm WM Most-Exposed All Farm 
Farm Family Family Workers Farm Family Family 

Lifetimes Lifetimes 

l.5E-4 2.5E-3 9.3E-3 5.7E-4 8.7E-3 

0.00 0.00 l.9E-l 3.0E-5 4.lE-5 

l.3E-6 2.0E-5 6.3E-2 7.SE-6 2.6E-4 

0.00 0.00 l.3E-2 3.lE-4 5.5E-3 

0.00 0.00 l .4E-2 2.2E-4 3.5E-3 

3.0E-6 4.7E-5 l.2E-l 6.4E-3 4.5E-l 

7.SE-6 6.6E-5 3. lE-3 2.SE-5 2.4E-4 

2.7E-6 8.6E-5 5.lE-3 l.4E-5 3.6E-4 

8.5E-5 3.lE-3 l.lE-1 8.5E-4 l.7E-2 

l.6E-6 3.lE-5 7. lE-2 l.lE-3 2.5E-2 

9.7E-5 l.3E-3 l.4E-l l.3E-3 7.2E-3 

8.6E-4 l.7E-2 2.7E-l 3.4E-3 6.lE-2 

l .2E-3 2.4E-2 1.0 l.4E-2 5.8E-l 

a Number in parentheses indicates the most-exposed lifetime of the farm family for radionuclide exposure only. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 

WM 
Workers 

l.0E-3 

4.9E-l 

l.4E-l 

6.7E-3 

l.9E-3 

2.5E-l 

4.SE-4 

l.lE-3 

2.0E-1 

8.2E-3 

l.4E-l 

7.0E-1 

1.9 

D-257 



Appendix D Waste Management Facility Human Health Risk Estimates 

Installation 

(Lifetime)• 

Hanford (18) 

INEL (0) 

LANL (0) 

NTS (0) 

ORR (22) 

SRS (153) 

TOTAL 

Table D.3.5-32. Risks Associated with Disposal of UMW Under the 
Regi,onalized Alternative 2, by Installation 

Fatalitiesb Cancer Incidencec 

Most-Exposed All Farm WM Most-Exposed All Farm 
Farm Family Family Workers Farm Family Family 

Lifetimes Lifetimes 

l.3E-3 2.2E-2 2.9E-l 4.9E-3 8.0E-2 

0.00 0.00 2.2E-l 3.0E-5 4.2E-5 

0.00 0.00 l.4E-l l.7E-4 3.2E-3 

0.00 0.00 3.9E-4 l.4E-9 2.IE-8 

3.6E-6 5.8E-5 l.5E-l l .2E-2 8.IE-1 

9.7E-5 l.3E-3 l.4E-l l .3E-3 7.2E-3 

l.4E-3 2.4E-2 9.4E-l l.8E-2 9. IE-1 

a Number in parentheses indicates the most-exposed lifetime of the farm family for radionuclide exposure only . 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 

Installation 

(Lifetime)" 

NTS (0) 

TOTAL 

Table D.3.5-33. Ri.sks Associated with Disposal of LLMW Under the 
Regi,onalized Alternative 3, by Installation 

Fatalitiesb Cancer Incidencec 

Most-Exposed All Fann WM Most-Exposed All Farm 
Fann Family Family Workers Farm Family Family 

Lifetimes Lifetimes 

0.00 0.00 5.5E-l 2.8E-3 5.4E-2 

0.00 0.00 5.5E-l 2.8E-3 5.4E-2 

a Number in parentheses indicates the most-exposed lifetime of the farm family for radionuclide exposure only. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
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7.4E-l 
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3.3E-l 

1.4E-l 

1.8 
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Installation 

(Llf etime)" 

INEL (0) 

LANL (0) 

NTS (0) 

ORR (22) 

SRS (153) 

Hanford (18) 

TOTAL 

Table D.3.5-34. Risks Associated with Disposal of LLMW Under the 
Regionalir.ed Alternative 4, by Installation 

Fatalitlesb Cancer lncidencec 

Most-Exposed All Farm WM Most-Exposed All Farm 
Farm Family Family Workers Farm Family Family 

Lifetimes Lifetimes 

0.00 0.00 4.0E-1 l.7E-5 2.2E-5 

0.00 0.00 7.6E-2 4.7E-7 8.4E-6 

0.00 0.00 3.3E-4 1.4E-9 2.lE-8 

4.3E-6 7.0E-5 l.5E-l l.2E-2 8.2E-1 

9.7E-5 l.3E-3 l.4E-1 1.3E-3 7.2E-3 

1.4E-3 2.4E-2 2.9E-1 5.2E-3 8.5E-2 

1.5E-3 2.5E-2 1.1 l.8E-2 9. lE-1 

a Number in parentheses indicates the most-exposed lifetime of the farm family for radionuclide exposure only. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 

Installation 

(Lifetime)" 

Hanford (18) 

TOTAL 

Table D.3.5-35. Risks Associated with Disposal of UMW Under the 
Centralized Alternative, by Installation 

Fatalitiesb Cancer Incidencec 

Most-Exposed All Farm WM Most-Exposed All Farm 
Farm Family Family Workers Fann Family Family 

Lifetimes Lifetimes 

l.9E-2 2.5E-1 5. lE-1 6.7E-2 8.7E-1 

l.9E-2 2.5E-1 5. lE-1 6.7E-2 8.7E-1 

a Number in parentheses indicates the most-exposed lifetime of the farm family for radionuclide exposure only. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c Indicates cancer incidence associated with both radiation and chemical carcinogen exposures. 
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WM 
Workers 

1.0 

5.5E-3 

2.5E-5 

3.3E-1 

l.4E-1 

7.4E-1 

2.2 

WM 
Workers 

1.3 

1.3 
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Table D.3.5-36. Risks Associated with Disposal of RH-LLMW Under Each 
Alternative (Except No Action), by Installation 

lmtallation Fatalltiesb Cancer lncidencec 

(Llf etime)• Most-Exposed All Fann WM Most-Exposed All Farm 
Fann Family Family Workers Farm Family Family 

I.Jfetimes Lifetimes 

INEL (0) 0.00 0.00 2.lE-2 7.6E-7 1.2E-6 
' 

.. anford (18) 2.4E-7 S.0E-6 2.SE-S 8.SE-7 1.7E-S 
\ 
ORlt. (22) 8.3E-S 1.3E-3 9.7E-3 2.9E-4 S.0E-3 

SRS (153) 2.lE-6 2.9E-S 1.2E-3 1.2E-S 1.lE-4 

TOTAL 8.SE-S 1.3E-3 3.2E-2 3.0E-4 S.lE-3 

a Number in parenlheses indicalles the most-exposed lifetime of the farm family for radionuclide exposure only. 
b Includes worker fatalities associated with both radiation exposures and physical hazards. 
c lndicales cancer incidence associated with both radiation and chemical carcinogen exposures. 

WM 
Workers 

3.SE-3 

3.2E-11 

1.SE-3 

2.2E-6 

S.2E-3 

D.3.5.4 Results of the LLMW Human Health Risk Analysis for Routine Operations 

D.3.5.4.1 Program-Wide Trends in Human Health Risks Associated with LLMW 
Management AUemaJi,es 

For the offsite and noninvolved worker populations and their respective MEis, the cancer fatality risks 

associated with CH-LI.MW treatment Regionalized Alternatives 2, 3, 4, and the Centralized Alternative 

are generally lower than for No Action, Decentralized, and Regionalized 1, due to reduction in the 

number of treatment installations and the transfer of waste to installations where offsite populations are 

spwlerjaIKL'or farther away from treatment facilities. However, for the offsite population and both MEis, 
• 'l 

cancer fatality risks in the Centralized Alternative are slightly higher (less than a factor of two) than those 

associated with Regionali7.cd 2, 3, and 4. In all alternatives, radiological risks to offsite and noninvolved 

worker receptors are higher than risks from chemical exposure. 

Risk of cancer incidence to offsite and noninvolved worker populations and offsite MEis from chemical 

exposure follows a similar trend, decreasing as fewer installations treat LLMW. However, for the 

noninvolved worker MEI, chemical-related cancer incidence risk increases slightly when all treatment is 
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perfonned at only one installation. All ha7.ard indices are all well below 1.0, indicating a low probability 

of adverse health effects due to noncarcinogenic, toxic chemicals . 

For workers, the No Action Alternative (which entails treatment of RH- and CH-LLMW) ·and all 

CH-LLMW treatment alternatives are very similar for all health risk endpoints. However, the cancer 

incidence risks due to chemical exposure are 1 to 2 orders of magnitude lower than the cancer incidence 

risks due to radionuclide exposure. All exposure indices are well below 1.0, indicating a low probability 

of adverse health effects due to noncarcinogenic, toxic chemicals. 

For all receptors, cancer risks associated with RH-LLMW treatment (in all alternatives except No Action) 

are greater ~t ORR and INEL than at other installations because these two installations treat substantially 

larger waste loads. 

\ 
.r 

Offsite Population. The No Action, 49-installation treatment, and 11-installation treatme.nt alternatives 

(No Action, Decentralized, and Regionalized 1, respectively) produce risks of cancer fatality to the offsite 

population approximately 1 order of magnitude higher than the 7-, 4-, and I-installation treatment 

alternatives (Regionalized 2, 3, 4, and Centralized). This is because CH-LLMW is being transferred for 

treatment from LLNL (which has a population of 6.3 million located relatively close to the facility) to 

Hanford (which has a population of 380,000 located farther from the facility). Total cancer fatality risks 

for No Action, Decentralized, and Regionalized 1 range from l.6E-1 to 3.lE-1 over a total affected 

population of approximately 38.5 million; whereas the risks in Regionalized 2, 3, 4, and Centralized 

range from l.8E-2 to 2.5E-2 for the same affected population. 

For No Action and the alternatives involving treatment of CH-LLMW, most of the estimated cancer 
• fatality risk can be attributed to exposure to uranium-238 at ORR (No Action), tritium at LµNL 

(Decentralized and Regionalized 1), and tritium at Hanford (Regionalized 2, 3, 4, and Centralized). The 

installations that pose the highest risk, by alternative, are ORR in No Action; LLNL in Decentralized and 

Regionalized 1; and Hanford in Regionalized 2, 3, 4, and Centralized. (As discussed in Chapter 6, the 

risk estimates in this section are based on the assumption that LLMW will be incinerated. The highest 

health risks to the offsite population are estimated to result from releases of tritium during incineration 

of wastes containing tritium. It should be noted that DOE is exploring alternative technologies for treating 

LLMW where incineration is determined to be unacceptable based on potential health risks.) 
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Cancer incidence risk to offsite populations from exposure to carcinogenic chemicals follows the trends 

for radiological risks, gen~rally decreasing from No Action to Centralized. The highest chemical-related 

cancer incidence risk is in No Action (2.9E-3) by approximately 1 to 2 orders of magnitude over other 

alternatives. The lowest estimated cancer incidence due to chemical exposure is in the Centralized 

Alternative (1.5E-5). 

The treatment of RH-LLMW at four installations presents a program-wide risk of cancer fatality to the 

offsite population of l .3E-3 over a total affected population of approximately 2 million (in all alternatives 

except No Action). The highest installation-specific cancer fatality risk associated with RH-LLMW 

treatment is at ORR due to tritium emissions during management of a relatively large waste volume. The 

estimated program-wide risk of cancer incidence from chemical exposure is 7.2E-8 for the RH-LLMW 

treatment scenario. 

Noninvolved Worker Population. The program-wide health risks to noninvolved worker populations 

parallel the trends observed for the offsite populations. Cancer fatality risks in No Action, Decentralized, 

and Regionalized 1 are approximately 1 to 2 orders of magnitude higher than in Regionalized 2, 3, 4, 

and Centralized. The risk of cancer fatality to noninvolved worker populations ranges from 3.3E-4 

(Centralized) to 1.3E-2 (No Action) for CH-LLMW. 

The No Action Alternative presents the highest risk of cancer fatality (1.3E-2) to the noninvolved worker 

population and is approximately 1 order of magnitude higher than the next-highest alternative. The 49-

installation and 11-installation CH-LLMW treatment alternatives (Decentralized and Regionalized 1) 

produce risks of cancer fatality (2.4E-3 in each alternative) for the noninvolved worker population 

approximately 1 order of magnitude higher than for the 7-, 4-, and 1-installation treatment alternatives 

(Regionalized 2, 3, 4, and Centralized) (3.3E-4 to 3.6E-4), because at LLNL, a larger population of 

noninvolved workers is located closer to the facility than at Hanford. (There are 9,500 noninvolved 

workers located 800 m from the facility at LLNL compared to 160 people at Hanford). 

The risk of cancer incidence to noninvolved worker populations from exposure to carcinogenic chemicals 

in CH-LLMW ranges from 7.9E-6 (Centralized) to 5.8E-4 (No Action), following the same general trend 

as for offsite populations. 
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The treatment of RH-LLMW at four installations (all alternatives except No Action) results in a risk to 

noninvolved worker populations of 4.2E-5 for cancer fatality and a risk of 3.9E-8 for cancer incidence 

due to chemical exposure. 

Most-Exposed Noninvolved Workers and Most-Exposed Offsite Individuals. For CH-LLMW, the 

trends in cancer fatality risks to offsite MEis are similar to those for offsite and noninvolved worker 

populations in that Regionalized 2, 3, 4, and Centralized generally have lower risks than No Action, 

Decentralized, and Regionalized 1. Risk of cancer incidence to offsite and noninvolved worker 

populations and offsite MEis due to chemical exposure follows a similar trend, decreasing as fewer 

installations treat LLMW. However, both cancer fatality risks and chemical-related cancer incidence risks 

to the noninvolved worker MEI increase slightly (less than a factor of two) in the Centralized Alternative 

(compared to Regionalized 2, 3, and 4), reflecting increased exposure of the noninvolved worker MEI 

with consolidation of waste and treatment at one installation. 

The No Action Alternative has the highest risk of cancer fatality for the offsite and noninvolved worker 

MEis, (7.0E-6 and 8.7E-6, respectively). The risk of cancer incidence due to chemicals is about 2 or 

more orders of magnitude less than the risk of cancer incidence due to radionuclides for both MEis. The 

hazard index for the offsite MEI ranges from 4.8E-9 to 2.3E-5, whereas the hazard index for the 

noninvolved worker MEI ranges from 3.8E-8 to 4.5E-5. The hazard indices for all MEis are well below 

1.0 in all alternatives, indicating a low probability of health effects from noncarcinogenic constituents. 

Treatment of RH-LLMW at four installations results in cancer fatality risks to the offsite and noninvolved 

worker MEis of 3.4E-8 and 2.3E-8 respectively, and risks of cancer incidence from chemical exposure 

of 2.9E-12 and l.8E-11, respectively. 

Workers. Total estimated risks of cancer incidence and cancer fatalities to workers due to radionuclide 

exposure are very similar among alternatives , differing by less than a factor of two. Estimated cancer 

fatalities for No Action and the CH treatment alternatives range from 5.2E-1 to 8.7E-1 out of a total 

population ranging from about 9,200 to 15,100 FTEs). Risk of cancer incidence due to radiation exposure 

ranges from 1.8 to 3.0 for the same alternatives. Risks of cancer fatalities and incidence to workers due 

to radionuclide exposure in the RH treatment scenario are 2.3E-2 and 8.lE-2, respectively, out of a total 

worker population of 1,312 FTEs. 
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Worker health risks due to chemical exposure are also similar among alternatives (No Action and 

CH-LLMW treatment) . The highest cancer incidence (1.8E-2 out of a total population of 9,756 FTEs) 

and the highest exposure index (2.6E-2) due to chemical exposure are for the Centralized Alternative 

where all waste is treated at Hanford. In this alternative, chemical waste loads are substantially larger at 

Hanford, and more workers are processing more waste at a time to complete treatment over the 10-year 

period. However, chemical exposure risks associated with the Centralized Alternative are higher only by 

about a factor of two over other alternatives. For RH-LLMW, cancer incidence risk due to chemical 

exposure is 6.7E-5, and the exposure index is 4.6E-4 (in each alternative except No Action). 

All worker cancer incidence risks due to chemical exposure are 1 to 2 orders of magnitude lower than 

cancer incidence risks due to radionuclide exposure. All exposure indices are well below 1.0. 

Estimated construction fatality risks for CH treatment are also very similar among alternatives, ranging 

from 1.4 to 2.2 (in the Regionalized and Centralized Alternatives) . Construction fatality risks are slightly 

lower in No Action (6.2E-l). Construction fatality risk associated with RH treatment is 2.9E-1. Risk of 

operational fatality ranges from 1.1 to 1.9 for No Action and CH treatment alternatives, and is 1.6E-1 

for the RH treatment scenario. Estimated operational fatalities are slightly lower (by about a factor of two 

or less) for No Action (1.1) than for other alternatives; this is due to less worker person-hours associated 

with treatment in No Action. Estimated construction and operational injuries follow the same patterns as 

fatalities. 

Although, worker risks associated with CH-LLMW treatment are very similar across alternatives, some 

differences in installation risks are notable. The estimated total fatalities (cancer fatalities plus construction 

and operational fatalities) at KCP and NTS (E-5 to E-4 range) are lower by 1 or more orders of 

magnitude because these installations have much smaller waste loads to treat and fewer workers than other 

installations (1 or less FTEs in all alternatives). The same trend is seen for total cancer incidence due to 

radionuclide and chemical exposure at NTS and KCP (see Table D.3.5-15). 

The highest total fatality and cancer incidence (from radionuclides and chemicals) risks associated with 

CH treatment are at Hanford in the Centralized Alternative (2.2 and 1.8, respectively). All risks at 

Hanford increase about 0.5 to 1 order of magnitude in the Centralized Alternative where Hanford is the 

only treatment installation (compared to No Action and other CH-LLMW alternatives). 
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The highest total fatalities and cancer incidence risks for RH treatment are at ORR (3.0E-1 and 7.5E-2, 

respectively) and INEL (l.7E-1 and 6.9E-3, respectively) due to much larger RH-LLMW volumes and 

much larger exposed work forces (725 at ORR and 569 at INEL compared to 1 at Hanford and 17 at 

SRS). 

D.3.5.4.2 Program-Wide Trends in Human Health Risks Associated with UMW Disposal 

In general , Regionalized 3 (single-installation disposal of CH-LLMW at NTS) poses the lowest total 

health risks to all farm family lifetimes for cancer fatalities and cancer incidence. Estimated risk of cancer 

incidence (from radiological and chemical exposure) associated with all other CH-LLMW disposal 

alternatives is higher by approximately 1 order of magnitude. The estimated risk of cancer incidence to 

all farm family lifetimes from radionuclides ranges from zero (Regionalized 3) to 8.6E-1 (Centralized); 

and the estimated cancer incidence risk from carcinogenic chemicals ranges from 8.5E-3 (Centralized) 

to 8.3E-1 (Regionalized 2). The hazard indices (for a member of the MEL of the farm family) range from 

3. lE-1 in Regionalized 3 to 3.0 in Decentralized and Regionalized 1. 

Only one scenario (all alternatives except No Action) was analyzed for RH-LLMW with four installations 

(Hanford, INEL, ORR, and SRS) treating and disposing of all waste onsite. The risks of cancer incidence 

to all farm family lifetimes from radionuclides range from zero (INEL) to 4.4E-3 (ORR). The risks of 

cancer incidence posed by chemicals range from 2.6E-7 (Hanford) to 5.7E-4 (ORR). The hazard indices 

(to a member of the MEL of the farm family) range from 7.2E-5 (Hanford) to l.3E-2 (SRS). 

Most-Exposed Lifetime of the Hypothetical Fann Family . The lowest risks of cancer incidence due 

to radionuclide exposure to the MEL of the farm family are for Regionalized 3 in which all LLMW is 

disposed of at NTS. The risk of cancer incidence is zero for the farm family of four. This lack of risk 

is primarily due to the greater depth of the groundwater, the small amount of rainfall, and the lack of 

volatile radionuclides (such as carbon-14) in the waste at NTS. This results in retarded migration of 

contaminants into the groundwater (slow-moving, long-lived radionuclides have not yet reached the 

groundwater during the 10,000-year analysis period). 

The highest risks of cancer incidence due to radionuclide exposure to the MEL of the farm family are 

for the Centralized Alternative in which all CH-LLMW is disposed of at Hanford. The risk of cancer 

incidence is 6.6E-2 (average individual risk of cancer incidence is 1. 7E-2) during lifetime 18 with 
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uranium-238 as the controlling radionuclide. The elevated risks are probably due to a higher level of 

contaminant migration into the groundwater. 

The lowest disposal installation risks are at INEL, LANL, and NTS for Decentralized and Regionalized 

1, 2, and 4 and at NTS for Regionalized 3. The estimated risk of cancer incidence due to radionuclide 

exposure to the MEL of the farm family for each of these alternatives is zero. This is due to the lack of 

volatile radionuclides in the waste at installations with a greater depth to groundwater and a small amount 

of rainfall. 

The lowest estimated risks of cancer incidence due to chemical exposure to the MEL of the farm family 

are for the Centralized Alternative in which CH-LLMW is disposed of at Hanford. The program-wide 

risk of cancer incidence is 9 .5E-4 for the .MEL of the farm family (individual cancer incidence risk is 

2.4E-4) during lifetime 18 where 1,2-dichloroethane is the controlling contaminant. 

The highest risks of cancer incidence due to chemical exposure to the MEL of the farm family are for 

Decentralized (15-installation disposal), Regionalized 1 (12-installation disposal), and Regionalized 2 

and 4 (both 6-installation disposal). The chemical-related cancer incidence risk for each of these 

alternatives is very similar, ranging from 1.0E-2 to 1.3E-2. For each of these alternatives, the risk of 

chemical-related cancer incidence at ORR ranges from 6.4E-3 to 1.2E-2 during lifetime 61 , and the 

controlling contaminant is 1,2-dichloroethane. The higher risk at this installation is due to a much higher 

concentration of volatile, potentially carcinogenic contaminants in the groundwater. 

The lowest hazard index for a member of the MEL of the farm family occurs at NTS for Regionalized 2 

and 4 (6.4E-8) during lifetime 37. The controlling contaminant is methylene chloride, which accounts for 

more than 90% of the hazard index. The hazard index is well below 1.0, therefore, exposure to 

noncarcinogenic, hazardous chemicals presents very few health hazards to any of the farm family lifetimes 

at NTS in this alternative. 

The highest hazard index occurs at ORR for Regionalized 4 (1.1) during lifetime 22. The controlling 

contaminant is acetone, which accounts for over 70% of the hazard index. As this hazard index is greater 

than 1.0, it indicates a risk of toxicity to the most-exposed farm family. 
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For RH-LLMW disposal, the lowest estimated risks of cancer incidence due to radionuclides is at INEL 

where the risk to the MEL of the fann family is zero. As observed for NTS, the low amount of rainfall, 

the depth to groundwater, and a lack of volatile radionuclides in the waste lead to a greatly reduced risk 

due to retarded migration of contaminants. Estimated risk of radionuclide-related cancer incidence to the 

MEL of the fann family is highest at ORR with a risk of 2. 8E-4 (individual cancer risk of 7. 0E-5) during 

lifetime 22, and the driving radionuclide is neptunium-237. 

The lowest risks of cancer incidence posed by chemicals in RH-LLMW is at Hanford (2.6E-8) where 

carbon tetrachloride is the controlling contaminant during lifetime 34. The highest estimated risk of 

cancer incidence due to chemicals is at SRS (4.7E-6) during lifetime 5; carbon tetrachloride is the 

controlling contaminant. All hazard indices are below 1.0, indicating that adverse health effects associated 

with noncarcinogenic chemicals are estimated to be unlikely for RH-LLMW disposal. 

Workers Placing Wastes into Disposal. The estimated worker cancer fatality and incidence risks due 

to radionuclide exposure during disposal are very similar among alternatives, ranging from 3.6E-1 to 

6.4E-1 and from 1.3 and 2.2, respectively, for the CH-LLMW treatment alternatives. However, the 

estimated risk of fatality from construction is lower for the one-installation disposal alternatives 

(Regionalized 3 and Centralized) than for other alternatives. Hanford and NTS are the single disposal 

installations in these alternatives and both have a large amount of existing disposal capacity compared to 

other installations; therefore, these two installations would require less construction of disposal facilities. 

The construction risks for the other CH-LLMW alternatives (Decentralized and Regionalized 1, 2, 4) are 

very similar. Construction fatality risk for the RH-LLMW disposal scenario is 3.0E-2. Trends in risk of 

construction injury follow those seen for risk of construction fatality. 

The estimated number of operational fatalities is within an order of magnitude among the CH disposal 

alternatives (ranging from 3.4E-1 to l.3E-1). The RH disposal scenario has an estimated operational 

fatality risk of 2. lE-2. In general, operational fatalities are slightly higher for alternatives where multiple 

installations dispose (Decentralized and Regionalized 1, 2, 4) and are slightly lower where only one 

installation disposes (Regionalized 3 and Centralized). This trend is due to fewer total worker 

person-hours associated with fewer disposal installations. Risk of operational injury to workers follows 

the same trend as operational fatalities. 
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Though overall risks to workers from disposal do not differ appreciably among CH treatment alternatives, 

some trends are apparent among installation risks associated with disposal. In the multiple-installation 

disposal alternatives (Decentralized and Regionalized 1, 2, 4), the same two installations, Hanford and 

INEL, have the highest cancer risks by about 0.5 to 2 orders of magnitude. These installations are 

consolidation installations for disposal of CH-LLMW in these alternatives. The controlling contaminants 

are ~ium-137 at Hanford for Decentralized and cobalt-60 at Hanford and INEL for Regionalized 1, 2, 

and 4; external radiation is the predominant exposure route. In the one-installation disposal alternatives, 

the controlling contaminant at Hanford in Centralized and NTS in Regionalized 3 is cobalt-60; the 

primary exposure route is external radiation. Risks increase approximately 3 to 5 orders of magnitude 

at NTS where it is the only installation disposing in Regionalized 3; and risks go up only slightly at 

Hanford when it is the only disposal installation in the Centralized Alternative. 

For RH-LLMW disposal, estimated risk of cancer fatality and cancer incidence from radionuclide 

exposure are 1.5E-3 and 5.2E-3, respectively. INEL and ORR have the greatest estimated risks to 

workers by 2 to 7 orders of magnitude with total estimated fatalities (exposure plus physical hazards) of 

2.lE-2 and 9.7E-3 and cancer incidence (from radionuclides and chemicals) of 3.5E-3 and 1.SE-3, 

respectively, over Hanford and SRS. This difference in risk is attributed to the large amounts of 

remote-handled LLMW at INEL and ORR versus the comparatively small amounts at Hanford and SRS. 

The controlling radionuclide at INEL and ORR is cobalt-60 and external radiation is the primary exposure 

route. 

D.3.5.4.3 Comparison Among Treatment Options 

A comparison of CH-LLMW treatment options (No Action and 49-, 11-, 7-, 4-, and 1-installation 

treatment options) indicates that treatment risks (radiological and chemical) to offsite and noninvolved 

worker populations generally decrease as the number of treatment installations are reduced. This trend 

is due in part to transfer of waste to installations where offsite populations are smaller and/or farther away 

from treatment facilities. Worker risks associated with treatment are very similar for all alternatives. 

Radiological risks associated with treatment are consistently higher than chemical exposure risks 

associated with treatment for all receptors. 
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D.3.5.4.4 Comparison Among Disposal Scenarios 

Direct comparisons can be made between the two CH-LLMW alternatives that involve disposal at a single 

installation. Regionalized 3 involves disposal at NTS, and Centralized involves disposal at Hanford. The 

estimated risk of cancer incidence due to radionuclide exposure is higher for Hanford (6.6E-2) than for 

NTS (zero). The risk of cancer incidence due to exposure to carcinogenic chemicals is slightly higher at 

NTS than at Hanford (2.8E-3 versus 9.5E-4, respectively). However, the hazard index at Hanford is 

higher by approximately one order of magnitude (3.lE-1 at NTS versus 2.4 at Hanford). Though both 

NTS and Hanford are in arid environments, the level of the groundwater at NTS is much deeper than at 

Hanford, and radionuclide contaminants migrate at a much slower rate. 

Comparisons can also be made between Regionalized 2 (treat CH-LLMW at seven installations, dispose 

at six installations) and Regionalized 4 (treat CH-LLMW at four installations, dispose at six installations). 

There is no appreciable difference in the estimated risk of cancer incidence due to chemicals (4.2) or in 

the hazard indices (2.7). The risks of cancer incidence due to radionuclides show also little variation 

(8.0E-2 for Regionalized 2 and 8.5E-2 for Regionalized 4) . 

All worker risks associated with CH-LLMW disposal are similar among alternatives. 

D.3.5.4.5 Summary of Results for Routine Treatment and Disposal of UMW 

In summary, the No Action Alternative presents the highest treatment health risks to the offsite and 

noninvolved worker populations. For treatment, radiological risks are consistently higher than chemical 

exposure risks for all receptors . 

Since the types of treatment do not change for any of the LLMW alternatives, treatment is not a 

consideration for LLMW disposal. The risks are largely affected by the amount and type of waste load 

as well as the groundwater characteristics of the disposal installation. Geographical location of the 

disposal installation and the characteristics of the soil affecting the migration of contaminants into the 

groundwater affect the risks as well. 
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Worker risks are very similar across all CH-LLMW alternatives, regardless of number of treatment 

installations or disposal scenario. However, as might be expected, consolidation of CH-LLMW at fewer 

installations for treatment or disposal tends to elevate worker risks at those installations. 

D.3.5.5 Summary of Alternatives for Potential LLMW Accidents 

The following LLMW alternatives were evaluated for potential treatment facility (incinerator) accidents: 

No Action, Decentralized, Regionalized 1, Regionalized 2, Regionalized 4, and Centralized. Health risks 

associated with accidental releases of radionuclides and those associated with accidental releases of 

chemicals were analyzed separately from one another and are discussed separately in this section. In 

addition, the risks from accidents affecting facilities that manage alpha-emitting radionuclides were 

analyzed separately from the accident risks for facilities that manage non-alpha-emitting radionuclides 

(these two categories of radionuclides are referred to as "alpha" and "non-alpha" in the analysis). Note 

that incineration accident scenarios postulated for Regionalized 1 only include installations with alpha 

facilities. 

The treatment facility accidents analyzed include (1) an incinerator explosion and resulting fire; (2) a 

feedstock staging area fire; and (3) an earthquake followed by an incinerator facility fire. For accidents 

involving chemical releases during incineration, only the feedstock staging area fire scenario is evaluated. 

D.3.5.6 Special Assumptions and Considerations Used in the LLMW Accident Analysis 

All accidental releases from incinerator facilities to the outside (i.e., to the offsite and noninvolved worker 

populations) are assumed to be at ground level with dispersion starting at a lower level rather than from 

a facility stack. In the incinerator explosion accident scenario, it is assumed that the efficiency of the 

facility's high-efficiency particulate air filtration system drops only to 99. 9 % . In the assessment of worker 

risks from incineration accidents, it is assumed that the air in the work area is not ventilated or filtered; 

the intra-facility source term for this accident is, therefore, 1,000 times higher than the atmospheric 

source term used to calculate risks to the offsite and noninvolved worker populations. 
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Incineration accidents are assumed to cause releases into the operating gallery where the workers are 

located. Half of the operating gallery (e.g., an area 32 m long x 6 m wide x 6 m high) is assumed to 

fill with contaminated air. Exposure duration is 1 min, the time necessary for workers to avoid any 

obstructions and leave the scene. During all accidents, one shift of waste management workers is assumed 

to be inside the incinerator facility. Shift size varies from 1 to 14 workers. 

Each accident type has an associated estimated annual frequency of occurrence as determined by Argonne 

National Laboratory (see Section D.2.7.1). However, the probability of occurrence is not taken into 

account in the risk calculations. Risk estimates associated with each accident should be interpreted as the 

consequences if the accident occurred. Estimated annual frequencies vary by accident type and 

contaminant type. 

For radionuclide-related accidents, the incinerator explosion is considered to be "anticipated" (greater than 

lE-2); the feedstock staging area fire is considered "unlikely" (lE-4 to lE-2); and the earthquake 

resulting in an incinerator facility fire is considered "very unlikely" (lE-6 to lE-4). For chemical-related 

accidents, the incinerator feedstock staging area fire is considered "anticipated" (greater than lE-2) (see 

Appendix W). 

All "chromium" listed in the source term was assumed to be 100% chromium (VI) due to lack of more 

specific information. This is a conservative assumption, and health risks associated with chromium (VI) 

may be overestimated. 

D.3.5. 7 Results Tables for the Risk Analysis of Potential LLMW Accidents 

Because of the volume of results tables for potential LLMW accidents, the following results tables are 

presented at the end of Section D.3.5.8: 

• Tables D.3.5-37 and D.3.5-38 present the worst-case radionuclide- and chemical-related accidents for 
the offsite and noninvolved worker populations, their respective MEls, and waste management 
workers for treatment facility accidents, by installation and alternative. 

• Tables D.3.5-39 through D.3.5-70 present the radionuclide-related risks associated with LLMW 
treatment for the offsite population, offsite MEI, and worker population by alternative, installation, 
and accident type. 
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• Tables D.3.S-71 through D.3.S-113 present the chemical-related risks associated with LLMW 
treatment for the offsite population, offsite MEI, and worker population by alternative, installation, 
and accident type. 

While the risk analysis results for the noninvolved worker population and noninvolved worker MEI are 

discussed below, the risk results for these receptors are not included in Tables D.3.5-39 through 

D.3.S-113. The results for the noninvolved worker receptors can be found in the supplementary risk 

analysis results technical document (ORNL, 1995e). 

D.3.S.8 Summary of the LLMW Accident Analysis Results 

Accidents Involving Releases of Radiological Contaminants. For radionuclide-related incineration 

accidents in all alternatives, the dominant accident type for all receptors is the earthquake resulting in a 

fire. The highest installation-specific cancer fatality risks are consistently associated with Hanford and/or 

ORR for all receptors. Cancer fatality risks associated with incineration accidents in alpha facilities are 

usually higher than those associated with similar accidents in non-alpha facilities by 2 times to 3 orders 

of magnitude (for all receptors at INEL, LANL, and RFETS in Decentra:lized, Regionalized 2, and 

Regionalized 4). However, at SRS (in all alternatives where SRS is evaluated) and at Hanford (in the 

Centralized Alternative), alpha facility accident risks are lower than those from similar accidents in non

alpha facilities by 1 to 2 orders of magnitude. 

Accidents Involving Releases of Chemical Contaminants. For chemical-related incineration accidents 

in all alternatives except Centralized (where Hanford treats all LLMW) , ORR is consistently the highest

risk installation for all receptors. In the Centralized Alternative, however, Hanford has the highest worker 

cancer incidence risk and IDLH index of all alternatives due to a greater number of exposed workers. 

At installations where both alpha and non-alpha LLMW are incinerated, the accident risks vary depending 

on contaminant inventories. At a given installation, the estimated cancer incidence risks and hazard/IDLH 

indices for accidents occurring in alpha incineration facilities are usually higher (in some instances by 

more than 2 orders of magnitude) than those estimated for similar non-alpha facility accidents. The 

exceptions to this are: SRS (Decentralized and Regionalized 1, 2, and 4) and Hanford (Centralized) 

where the risks from non-alpha incineration accidents are approximately 1 order of magnitude higher than 

those from alpha facility accidents; and LLNL (Decentralized and Regionalized 1) where non-alpha 

D-272 



Appendix D 

incineration accident risks are only slightly higher (less than a factor of two) than similar alpha facility 

accident risks. 

D.3.5.8.1 Risks to the Of/site Population from LLMW Accidents 

Accidents Involving Releases of Radiological Contaminants. For incineration accidents involving 

releases of radionuclides from non-alpha facilities, cancer fatality risks to the offsite population range 

from 9.5E-9 to 4.0E-1 in population sizes ranging from 153,061 to 10,453,402. Cancer fatality risks from 

alpha facility incinerator accidents range from 5.4E-7 to l. lE-2 in population sizes ranging from 153,061 

to 6,324,234. Incineration accident risks at a given installation do not differ greatly among alternatives. 

Risks associated with a particular accident either remain the same at an installation across alternatives or 

increase only slightly with waste consolidation. 

The incineration accident type resulting in the highest risks to offsite populations is the earthquake 

resulting in a fire . In each alternative, the risks of cancer fatalities for other incinerator accidents 

(incinerator explosion and aircraft impact) are approximately 2 to 3 orders of magnitude lower than those 

associated with the earthquake scenario at a given installation. However, the estimated annual frequency 

of the earthquake scenario affecting the incinerator facility is "very unlikely" (lE-6 to lE-4) for all 

installations and alternatives, while the feedstock staging area fire and incinerator explosion are 

considered "unlikely" (lE-4 to lE-2) and "anticipated" (greater than lE-2), respectively . 

Hanford has the highest cancer fatality risks to the offsite population from incineration accidents in all 

alternatives (where Hanford is evaluated) because of relatively high releases of plutonium-238 and/or 

uranium-238. The highest cancer fatality risk at Hanford is 4.0E-1 (distributed over a population of 

377,645) for the non-alpha earthquake scenario in the Centralized Alternative. ORR has the next highest 

cancer fatality risks to the offsite population from non-alpha incineration accidents . The controlling 

contaminant at ORR is uranium-238 . Internal exposure is the primary route for both installations . The 

highest alpha facility accident risks are at LLNL in Decentralized and Regionalized 1 and at RFETS in 

Decentralized and Regionalized 1 and 2. The controlling contaminant at both installations is plutonium-

238; the primary exposure route is internal. 
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Accidents Involving Releases of Chemical Contaminants. For incineration accidents that involve 

chemical releases from non-alpha facilities (feedstock staging area fire), the estimated risks of cancer 

incidence range from 2.lE-7 to 1.lE-2 in population sizes ranging from 153,061 to 10,453,402. 

Estimated risks of cancer incidence from alpha incinerator facility feedstock staging area fire accidents 

range from l.SE-6 to 4.7E4 in population sizes ranging from 153,061 to 6,324,234. All chemical-related 

feedstock staging area fire scenarios are considered "anticipated" (estimated annual frequency greater than 

lE-2). 

The highest estimated risk of cancer incidence from an accidental chemical release associated with 

incineration at an installation is at ORR in Regionalized 4 (l. lE-2 in a population of 881,652). In all 

alternatives except Centralµed (in which all treatment is performed at Hanford), ORR poses the greatest 

risks of cancer incidence from incineration accidents, ranging from 7.3E-3 to 1. lE-2 in a population of 

881,652. This is approximately 1 to 5 orders of magnitude higher than the risks at all other installations. 

The higher estimated cancer risk at ORR is due to a relatively large release of chromium (VI) during an 

incinerator accident. The alpha incineration accident with the highest risk of cancer incidence to the 

vffsite population is the feedstock staging area fire at RFETS; the risk of cancer incidence is 4.7E4 in 

a population of 2,171,877 for Decentralized and Regionalized 1 and 2. The controlling contaminant at 

RFETS is also chromium (VI). 

Worst-case incineration accident risks do not differ much among alternatives at most installations (remain 

approximately equal or increase slightly with greater waste consolidation). However, cancer incidence 

risk to the offsite population from the worst-case accident in Decentralized and Regionalized 1, 2, and 

4 is higher than for No Action at INEL by 1 to 2 orders of magnitude. In addition, cancer incidence risk 

from the worst-case accident at Hanford in the Centralized Alternative is higher than for Hanford in other 

alternatives by an order of magnitude or more due to centralized consolidation of waste loads. 

D.3.5.8.2 Risks to the Noninvolved Worker Population from UMW Accidents 

Accidents Involving Releases of Radiological Contaminants. For radionuclide-related accidents, the 

trends in risk to the noninvolved worker population follow the trends for the offsite population. For 

incineration accidents involving releases of radionuclides from non-alpha facilities, cancer fatality risks 

range from 3.SE-10 to l.2E-1 in population sizes ranging from 128 to 15,996. Cancer fatality risks from 
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alpha facility incinerator accidents range from 1.lE-7 to 2.0E-3 in population sizes ranging from 6,993 

to 15,996. Incineration accident risks at a given installation do not differ greatly among alternatives. Risks 

associated with a particular accident either remain the same at an installation across alternatives or 

increase only slightly with waste consolidation. 

The incineration accident type resulting in the highest risks to noninvolved worker populations is the 

earthquake resulting in a fire. For each alternative, the risks of cancer fatalities for other incinerator 

accidents (incinerator explosion and aircraft impact) are approximately 1 to 3 orders of magnitude lower 

than those associated with the earthquake scenario at a given installation. Recall, however, that the 

estimated annual frequency of the earthquake scenario affecting the incinerator facility is the lowest of 

the three accident types. 

For the non-alpha facility earthquake scenario, ORR produces the greatest risk of cancer fatalities , with 

worst-case accident risks ranging from 8.3E-2 to 1.2E-1 in Decentralized and Regionalized 2 and 4, 

distributed over a population of 3,809. The next highest non-alpha accident risks are at Hanford in all 

alternatives (where Hanford is evaluated), with cancer fatality risks ranging from 2.2E-2 to 3.8E-2 in a 

population of 8,674. The controlling contaminants at ORR and Hanford are uranium-238 and plutonium-

238, respectively. For alpha facility incinerator accidents, the highest-risk installations are INEL and 

RFETS in Decentralized and Regionalized 1 and 2 and INEL in Regionalized 4. In these alternatives, 

cancer fatality risk associated with the worst-case incinerator accident (earthquake) is 2.0E-3 for INEL 

in a population of 8,451 and l .0E-3 for RFETS in a population of 6,993; the controlling contaminant is 

plutonium-238 at both installations. 

Accidents Involving Releases of Chemical Contaminants. For chemical-related incineration accidents 

occurring in non-alpha facilities , the estimated risks of cancer incidence range from 5 .1 E-10 to 9. 7E-4 

in population sizes ranging from 128 to 15,996. Estimated risks of cancer incidence from alpha facility 

incinerator accidents range from 4.3E-6 to l.7E-4 in population sizes ranging from 6,993 to 15,996. The 

incinerator accident resulting in the highest estimated risk of cancer incidence is the non-alpha feedstock 

staging area fire at ORR in Regionalized 4 (9 .7E-4 in a population of 3,809). In all alternatives except 

Centralized (all installations treat at Hanford), ORR poses the greatest risks of cancer incidence. 

Incineration accident risks to noninvolved worker populations at other installations are 1 to 6 orders of 

magnitude lower. The controlling contaminant at ORR is chromium (VI). The alpha incineration accident 

with the highest risk of cancer incidence to the noninvolved worker population is the feedstock staging 
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area fire at INEL in Regionalized 4 (1.7E-4 in a population of 8,451). The controlling contaminant at 

INEL is also chromium (VI). 

Worst-case accident risks of cancer incidence do not differ much among alternatives at most installations 

(remain approximately equal or increase slightly with greater waste consolidation). However, cancer 

incidence risk to the noninvolved worker population from the worst-case accident in Decentralized and 

Regionalized 1, 2, and 4 is higher than for No Action at INEL by 1 to 2 orders of magnitude. In 

addition, cancer incidence risk from the worst-case accident at Hanford in the Centralized Alternative is 

higher than for Hanford in other alternatives by about an order of magnitude due to centralized 

consolidation of waste loads. 

D.3.S.8.3 Risks to the Most-Exposed Noninvolved Worlcer and Most-Exposed Of/site Individual 
from LLMW Accidents 

Accidents Involving Releases of Radiological Contaminants. For radionuclide-related accidents, the 

trends in risk to the offsite MEI and noninvolved worker MEI generally follow those for their respective 

populations. Incineration accident risks at a given installation do not differ greatly among alternatives. 

Risks to the MEis associated with a particular accident either remain the same at an installation across 

alternatives or increase only slightly with waste consolidation. Differences in cancer risks between non

alpha facility accidents and alpha facility accidents parallel those estimated for the offsite and noninvolved 

worker populations. 

The highest-risk incineration accident type for both MEis is the earthquake resulting in a fire. The 

highest-risk installations for the offsite MEI differ somewhat from those observed for the offsite 

population. The highest installation-specific cancer fatality risk to the offsite MEI is from the non-alpha 

facility earthquake scenario at ORR in No Action, Decentralized, and Regionalized 2 and 4 (ranging from 

1.4E-5 to 1.6E-5). The controlling contaminant at ORR is uranium-238; the primary exposure route is 

internal. The next highest installation risks are for the non-alpha facility earthquake scenarios at Hanford 

in Centralized (9.4E-6) and PGDP in Decentralized (9.0E-6). The controlling contaminants at Hanford 

and PGDP are plutonium-238 and uranium-238, respectively; exposure is primarily internal. 
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The highest cancer fatality risk to the noninvolved worker MEI from an earthquake scenario is at Hanford 

(for non-alpha facilities) in Decentralized, Regionalized 2 and 4, and Centralized (ranging from 2.2E-4 

to 3.9E-4). The contaminant contributing the most to risk at Hanford is plutonium-238 by internal 

exposure. The next highest risk to the noninvolved worker MEI is from the non-alpha earthquake scenario 

at ORR in Regionalized 2 and 4 (l.4E-4 and l. lE-4 cancer fatalities, respectively). The controlling 

contaminant at ORR is uranium-238; exposure is primarily internal. 

Accidents Involving Releases of Chemical Contaminants. For chemical-related accidents, the trends 

in risks to the offsite MEI and the noninvolved worker MEI tend to generally follow those for their 

respective populations. As observed for the offsite and noninvolved worker populations, risks and hazard 

indices do not differ greatly among alternatives at an installation with the exception of INEL (lower in 

No Action than other alternatives by about 2 orders of magnitude) and Hanford (greater in the Centralized 

Alternative with centralized consolidation by an order of magnitude or more). 

For incineration accidents (i.e., feedstock staging area fire), the highest risks of cancer incidence to the 

offsite MEI (7.3E-7) and the noninvolved worker MEI (7.7E-7) occur at ORR in Regionalized 4. The 

cancer incidence risks to both MEls are higher at ORR than those at other installations by 2 times to 4 

orders of magnitude. The controlling carcinogenic contaminant at ORR is chromium (VI). 

The highest hazard indices associated with incineration accidents are also at ORR in all alternatives 

(ranging from 7.8 to 9.4 for the offsite MEI and from 8.1 to l.3El for the noninvolved worker MEI). 

For both MEis, the hazard index is greater than 1.0 at Ports in Decentralized and Regionalized 1 and 2 

(ranging from 1.3 to 1.5 for the offsite MEI and from 2.1 to 2.4 for the noninvolved worker MEI). In 

addition, for the noninvolved worker MEI, hazard indices are greater than 1.0 at SRS in all alternatives 

where SRS treats LLMW (ranging from 4.4 to 4.7) and at INEL in Regionalized 2 and 4 (ranging from 

1.1 to 1.6). The controlling noncarcinogenic chemical is hydrogen chloride at ORR, Ports, SRS, and 

INEL. All other hazard indices are below 1.0, indicating less likelihood of harmful effects from exposure 

to noncarcinogens. 
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D.3.S.8.4 Ri.sks to Waste Management Workers from LLMW Accidents 

Accidents Involving Releases of Radiological Contaminants. For incineration accidents involving 

releases of radionuclides, installation-specific worker risks are similar among alternatives, increasing only 

very slightly at installations where LLMW is consolidated for treatment, most notably in the Centralized 

Alternative, in which estimated cancer fatalities at Hanford from all incineration accidents increase 

approximately half an order of magnitude. Estimated worker cancer fatalities associated with accident 

scenarios in non-alpha facilities range from 7 .9E-8 to l .6E-2. For alpha facility accident scenarios, 

estimated worker cancer fatalities range from l.3E-4 to 3.5E-3. Shift size varies from 1 to 14 workers. 

In all alternatives, the earthquake and incinerator explosion scenarios produce the higher worker risks by 

about 1 to 2 orders of magnitude over the feedstock staging area fire scenario. 

The highest installation-specific cancer fatality risks associated with non-alpha incinerator accidents are 

for the earthquake scenarios at ORR in No Action (9.8E-3), at ORR and Hanford in Decentralized (l. lE-

2 at both installations), at ORR and Hanford in Regionalized 2 (l.6E-2 and l.lE-2, respectively), at ORR 

and Hanford in Regionalized 4 (l.4E-2 and l. lE-2, respectively), and at Hanford in the Centralized 

Alternative (4.4E-2). The controlling contaminants are uranium-238 at ORR and plutonium-238 at 

Hanford; the primary exposure route is inhalation. For alpha incinerator accidents, the highest installation 

cancer fatality risks are for the earthquake scenario at INEL in Decentralized and Regionalized 1, 2, and 

4 (ranging from 3. lE-3 to 3.5E-3). The controlling contaminant at this installation is plutonium-238, and 

the primary exposure route is inhalation. Recall that the radionuclide-related earthquake scenario affecting 

the incinerator is considered to be "very unlikely". 

Accidents Involving Releases of Chemical Contaminants. Estimated risks of cancer incidence to 

workers from non-alpha incineration accidents (feedstock staging area fires) range from 2.7E-12 to 7.5E-4 

across alternatives. Alpha facility accident risks range from 3.2E-6 to 5.7E-5. Worker population size 

(shift size) varies from 1 to 14 workers. Chemical emissions from an incinerator feedstock staging area 

fire in a non-alpha facility are assumed to be identical regardless of installation or alternative; the same 

assumption was made for alpha facility accidents. Because of this, cancer incidence risk estimates for 

workers only vary by facility type and in direct proportion to the number of workers assumed to be 

present during the accident at each installation (which depends on the waste volume being incinerated at 

each installation). 
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The highest cancer incidence risk to workers from a non-alpha incinerator feedstock staging area fire is 

at Hanford in the Centralized Alternative (7 .5E-4) due to the consolidated waste load and a greater 

number of workers necessary to operate the incinerator. The next highest cancer incidence risks to 

workers from non-alpha feedstock staging area fires are at ORR in all alternatives where ORR treats 

LLMW (ranging from l .9E-4 to 3.6E-4). The highest alpha facility risks are also associated with Hanford 

in the Centralized Alternative (5.7E-5). The IDLH index is equal to or greater than 1.0 for all 

installations and alternatives, indicating a danger of irreversible health effects due to exposure to toxic 

chemicals. The controlling contaminants are the same at each installation, chromium (VI) and carbon 

monoxide. 

As observed for the offsite and noninvolved worker populations and their respective MEis, risks and 

IDLH indices do not differ greatly among alternatives at an installation with the exception of INEL (lower 

in No Action than other alternatives by about 2 orders of magnitude) and Hanford (greater in the 

Centralized Alternative with waste consolidation by an order of magnitude or more) . 

D-279 



Waste Management Facility Human Health Risk Estimates Appendix D 

Table D.3.5-37. Radionuclide-Related Jllsks from Potential. Worst-Case I.LMW Treatment 
Facility Accidents, by Alternative and Installation 

Offsite Noninvolved Noninvolved Worker Offsite MEI Worker 
Installation Population 

Population Worker MEI" Population 

CF' · cI· CF CI CF CI CF CI CF CI 

No Acdon 
INEL l .3E-3 4.4E-3 l.5E-7 5.0E-7 7.2E4 2.4E-3 4.3E-7 l .5E-6 l.4E4 5.0E4 

ORR l.6E-l 5.5E-l l.4E-5 4.7E-5 8.3E-2 2.SE-1 9.2E-5 3.1E4 9.SE-3 3.4E-2 

SRS 2.0E-2 6.7E-2 6.lE-7 2.lE-6 2.2E-3 7.3E-3 9.4E-6 3.2E-5 3.2E-3 l.lE-2 

Decentralized 
ANL-E 6.lE-2 2.lE-1 l.SE-6 6.2E-6 7.9E4 2.7E-3 5.9E-6 2.0E-5 8.8E4 3. lE-3 

BNL l .0E-2 3.5E-2 9.2E-7 3.lE-6 8.lE-5 2.8E4 7.5E-7 2.5E-6 9.3E-6 3.2E-5 

FEMP l .6E-5 5.4E-5 4.lE-9 l.4E-8 5.9E-7 2.0E-6 4.0E-9 l .3E-8 7.0E-8 2.5E-7 

Hanford 2.7E-l 9.lE-1 6.3E-6 2.lE-5 2.2E-2 7.5E-2 2.2E4 7.6E4 l.lE-2 3.SE-2 

INEL 2.lE-3 7.lE-3 2.4E-7 8.lE-7 2.0E-3 6.SE-3 l .2E-6 4.lE-6 3.lE-3 l.lE-2 

KAPL-K 4.lE-3 l .4E-2 2.lE-7 7.0E-7 6.9E-5 2.4E4 2.SE-7 9.5E-7 5.7E-6 2.0E-5 

LANL 9.1E4 3.lE-3 4.3E-7 1.5E-6 2.6E4 8.8E4 7.7E-7 2.6E-6 l.7E4 6.0E4 

LLNL l.lE-2 3.SE-2 l .6E-6 5.3E-6 9.5E4 3.2E-3 1.7E-6 5.6E-6 l .3E4 4.7E4 

ORR l.6E-l 5.5E-l l.4E-5 4.7E-5 8.3E-2 2.SE-1 9.2E-5 3.1E4 l.lE-2 3.9E-2 

PGDP 3.lE-2 l.lE-1 9.0E-6 3. lE-5 6.lE-3 2.lE-2 5.4E-5 1.8E4 2.3E-3 8.2E-3 

Pantex 5.1E4 1.7E-3 5.6E-8 l.9E-7 l.lE-5 3.7E-5 l.9E-7 6.4E-7 5.2E-6 l.SE-5 

RFETS 5.9E-3 2.0E-2 2.lE-7 7.lE-7 l .0E-3 3.5E-3 3.lE-6 l.0E-5 3.9E4 l .4E-3 

SRS 2.0E-2 6.7E-2 6.lE-7 2.lE-6 2.2E-3 7.3E-3 9.4E-6 3.2E-5 3.2E-3 l.lE-2 

Regionalized 1 
INEL 2.lE-3 7.lE-3 2.4E-7 8.lE-7 2.0E-3 6.SE-3 l .2E-6 4.lE-6 3. lE-3 l.lE-2 

LANL 9.lE-4 3.lE-3 4.3E-7 l.5E-6 2.6E-4 8.SE-4 7.7E-7 2.6E-6 1.7E-4 6.0E-4 

LLNL l.lE-2 3.SE-2 l .6E-6 5.3E-6 9.5E-4 3.2E-3 1.7E-6 5.6E-6 l.3E-4 4.7E-4 

RFETS 5.9E-3 2.0E-2 2.lE-7 7.lE-7 l.0E-3 3.5E-3 3.lE-6 l.0E-5 3.9E4 l .4E-3 

SRS l.7E-3 5.9E-3 5.3E-8 l.SE-7 l.9E4 6.5E4 8.2E-7 2.SE-6 l.4E4 4.9E4 

Regionalized 2 
Hanford 2.7E-l 9. lE-1 6.3E-6 2.lE-5 2.2E-2 7.5E-2 2.2E4 7.6E-4 l.lE-2 3.SE-2 

INEL 2.lE-3 7.lE-3 2.4E-7 8.lE-7 2.0E-3 6.9E-3 l .2E-6 4.lE-6 3.lE-3 l.lE-2 

LANL 9.1E4 3.lE-3 4.3E-7 l.5E-6 2.6E4 8.8E4 7.7E-7 2.6E-6 l.7E4 6.0E4 

ORR l.SE-1 6.lE-1 l.5E-5 5.lE-5 l.2E-l 4.2E-l l.4E4 4.6E4 l .6E-2 5.7E-2 

RFETS 5.9E-3 2.0E-2 2.lE-7 7.lE-7 l.0E-3 3.5E-3 3.lE-6 l .0E-5 3.9E4 l.4E-3 

SRS 2.0E-2 6.7E-2 6.lE-7 2.lE-6 2.2E-3 7.4E-3 9.4E-6 3.2E-5 3.2E-3 l.lE-2 
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Table D.3.5-37. Radionuclide-Related Risks from Potential Worst-Case LLMW Treatment 
Facility Accidents, by Altemative and Installation-Continued 

Offsite Noninvolved 
Noninvolved Worker Offsite MEI Worker 

Installation Population 
Population Worker MEP Population 

er c1c CF CI CF CI CF CI CF Cl 
Regionalized 4 

Hanford 2.7E-l 9. lE-1 6.3E-6 2.lE-5 2.2E-2 7.SE-2 2.2E-4 7.6E-4 l.lE-2 3.SE-2 

INEL 2.lE-3 7.lE-3 2.4E-7 8.lE-7 2.0E-3 6.9E-3 l .2E-6 4.lE-6 3.SE-3 l.2E-2 

ORR l.SE-1 6.2E-l l.6E-S S.3E-S 9.6E-2 3.3E-l l.lE-4 3.6E-4 l.4E-2 S.0E-2 

SRS 2.0E-2 6.7E-2 6.IE-7 2.IE-6 2.2E-3 7.4E-3 9.4E-6 3.2E-S 3.2E-3 l.lE-2 

Centralized 
Hanford 4.0E-1 1.4 9.4E-6 3.2E-S 3.SE-2 l.3E-l 3.9E-4 l.3E-3 4.4E-2 1.6E-l 

a MEI-most-exposed individual; each value represents the highest single risk (not the sum of all risks) to the MEI from among all accidents 
~t an installation. 

CF-risk of cancer fatality associated with exposure to radionuclides. 
c CI-risk of cancer incidence associated with exposure to radionuclides. 
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Table D.3.5-38. Chemical-Related Risks from Potential Worst-Case LLMW Treatment 
Facility Accidents, by Alternative and Installation 

Offslte 
Noninvolved 

Noninvolved 
Offsite MEI Worker Workers 

Installation Population 
Population 

Worker MEI" 

Cib CI me CI CI m CI IDLlr 
No Action 

INEL 8.9E-7 2.lE-10 3.5E-3 2.0E-6 l .2E-9 l.9E-2 7.5E-8 1.1 

ORR 7.3E-3 4.7E-7 7.8 6.3E-4 5.0E-7 8.1 l.9E-4 3.0El 

SRS l.5E-5 4.9E-9 8.lE-2 6.9E-5 2.7E-7 4.4 6.0E-5 1.4El 

Decentralized 
ANL-E 9.3E-6 2.6E-10 4.2E-3 l.4E-7 7.6E-10 l .3E-2 3.3E-7 1.1 

BNL 3.2E-5 5.8E-10 9.5E-3 2.4E-8 l.9E-10 3. lE-3 l.8E-8 1.0 

FEMP 2.3E-4 l.0E-8 l .6E-l l.5E-6 9.6E-9 l.6E-l 2.lE-6 1.9 

Hanford 6.5E-5 l.7E-9 2.8E-2 3.4E-7 9.lE-9 l.SE-1 2.lE-5 5.3 

INEL 3.5E-5 8.2E-9 l .3E-l 7.9E-5 4.5E-8 7.4E-l l.9E-5 4.7 

KCP 2.7E-7 l.2E-ll 2.0E-4 3.4E-9 l.2E-l l 2.0E-4 7.7E-12 1.0 

KAPL-K 3.6E-6 6.lE-10 l .0E-2 l.SE-7 6. lE-10 l.0E-2 9.3E-9 1.0 

LANL 2.2E-5 7.5E-9 l.2E-l 4.3E-6 5.8E-8 9.4E-l 4.5E-6 2.6 

LBL 5.6E-6 5.lE-10 8.4E-3 l.4E-7 5.3E-10 8.7E-3 3.9E-9 1.0 

LLNL 8.8E-5 2.4E-8 4.0E-1 2.0E-5 3.4E-8 5.6E-l 6.0E-6 3.2 

ORR 8.7E-3 5.6E-7 9.2 7.5E-4 5.9E-7 9.6 2.5E-4 3.6El 

PGDP l .3E-4 l .9E-8 3.2E-l l.4E-6 l.2E-8 l.9E-l 9.9E-7 1.8 

Pantex 6.5E-6 4.5E-10 7.4E-3 7.8E-7 8.6E-9 l.4E-l 7.0E-7 1.9 

Ports l.lE-4 7.9E-8 1.3 4.6E-5 l.3E-7 2.1 3.4E-5 9.5 

RFETS 4.7E-4 9.5E-9 l.6E-l 4.6E-6 l .2E-8 l.9E-l 4.5E-6 1.8 

SNL-NM 3.SE-6 1.0E-9 l.7E-2 3.6E-7 l .0E-9 l.7E-2 4.6E-8 1.1 

SRS l.6E-5 5.2E-9 8.5E-2 7.3E-5 2.SE-7 4.7 5.9E-5 1.4El 

Regionalized 1 
FEMP 2.5E-4 l.lE-8 l.8E-l l.6E-6 l.lE-8 l.7E-l 3.8E-6 2.0 

Hanford 6.6E-5 1.7E-9 2.8E-2 3.5E-7 9.3E-9 1.5E-l 2.2E-5 5.4 

INEL 3.5E-5 8.2E-9 l.3E-l 7.9E-5 4.5E-8 7.4E-l l.9E-5 4.7 

LANL 2.2E-5 7.5E-9 l.2E-l 4.3E-6 5.8E-8 9.4E-l 4.5E-6 2.6 

LLNL 9.lE-5 2.5E-8 4.lE-1 2.lE-5 3.6E-8 5.SE-1 6.4E-6 3.3 

ORR 8.7E-3 5.6E-7 9.2 7.6E-4 5.9E-7 9.6 2.5E-4 3.6El 

PGDP l.3E-4 l.9E-8 3.2E-l 1.4E-6 l.2E-8 1.9E-l 9.9E-7 1.8 

Pantex 6.5E-6 4.5E-10 7.4E-3 7.SE-7 8.6E-9 l.4E-l 7.0E-7 1.9 

Ports l.lE-4 8. lE-8 1.3 4.7E-5 l.3E-7 2.2 3.5E-5 9.8 

RFETS 4.7E-4 9.5E-9 l.6E-l 4.6E-6 l.2E-8 l.9E-l 4.5E-6 1.8 

SRS l.6E-5 5.2E-9 8.6E-2 7.3E-5 2.9E-7 4.7 5.9E-5 l.4El 
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Table D.3.5-38. Chemical-Related Risks from Potential Worst-Case LLMW Treatment 
Facility Accidents, by Alternative and Installation-Continued 

Offsite 
Noninvolved Noninvolved 

Offsite MEI Worker Workers 
Installation Population 

Population 
Worker MEI" 

Cib CI me CI CI m CI IDLHd 

Regionalized 2 

Hanford l.OE-4 2.6E-9 4.3E-2 5.3E-7 l .4E-8 2.3E-1 3.4E-5 7 .7 

INEL 5.0E-5 l .2E-8 l.9E-1 l.lE-4 6.6E-8 1.1 3.lE-5 6.3 

LANL 2.2E-5 7 .SE-9 l.2E-1 4.3E-6 5.8E-8 9.4E-1 4.SE-6 2.6 

ORR 8.9E-3 5.7E-7 9.4 7.6E-4 6.0E-7 9.8 2.SE-4 3.6El 

Ports l .2E-4 9.0E-8 1.5 5.2E-5 l.SE-7 2.4 4.7E-5 1.lEl 

RFETS 4.7E-4 9.SE-9 l.6E-l 4.6E-6 l .2E-8 l.9E-1 4.SE-6 1.8 

SRS l.6E-5 5.2E-9 8.6E-2 7.3E-5 2.9E-7 4.7 5.9E-5 l .4El 

Regionalized 4 

Hanford l.OE-4 2.6E-9 4.3E-2 5.3E-7 l .4E-8 2.3E-l 3.2E-5 7.7 

INEL 7.2E-5 l .7E-8 2.8E-l l.7E-4 9.SE-8 1.6 4.9E-5 8.7 

ORR l.lE-2 7.3E-7 l .2El 9.7E-4 7.7E-7 l.3El 3.6E-4 4 .6El 

SRS l.6E-5 5.2E-9 8.6E-2 7.3E-5 2.9E-7 4.7 6.4E-5 l .4El 

Centralized 

Hanford l.OE-3 2.6E-8 4.3E-l 5.2E-6 1.4E-7 2.3 7.SE-4 6.8El 

a MEI-most-exposed individual; each value represents the highest single risk (not the sum of all risks) to the MEI from among all accidents 
at an installation. 
b CI-risk of cancer incidence associated with exposure to carcinogenic chemicals. 
c HI-hazard index. 
d IDLH-worker IDLH index. 

D-283 



Waste Management Facility Human Health Risk Estimates Appendix D 

Table D.3.5-39. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
INEL Under the No Action Alternative, by Accident Type 

Accident Cancer Fatalities• 

Population• MEI• 

Non-Alpha Incineration, (A)d 
7.SE-7 8.9E-l l 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
2.0E-5 2.2E-9 

Feedstock Staging Area Fire 

Non-Alpha Incineration, (VU) 
l.3E-3 l.5E-7 

Earthquake 

WORST-CASE ACCIDENT l .3E-3 I .5E-7 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

8.6E-5 

2. IE-6 

l.4E-4 

l.4E-4 

Cancer Incidenceb 

Population• MEI• Workers 

2.7E-6 3.0E-10 3.0E-4 

6.6E-5 7.6E-9 7.5E-6 

4.4E-3 5.0E-7 5.0E-4 

4.4E-3 5.0E-7 5.0E-4 

d Accident anmal frequency codes arc "A• for anticipated ( > IE-2) , "U" for unlikely (lE-4 to tE-2) , "VU" for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely (<IE-{;). 

Table D.3.5-40. Radionuclide-Related Accident Risks Associated With UMW Treatment at 
ORR Under the No Action Alternative, by Accident Type 

Accident Cancer Fatalities" 

Population• MEI• 

Non-Alpha Incineration, (VU}d 
l.6E-1 l.4E-5 

Earthquake 

Non-Alpha Incineration, (A) 
9.7E-5 8.2E-9 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
2.4E-3 2. lE-7 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l.6E-l l .4E-5 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
C Offsite. 

Workers 

9.SE-3 

5.9E-3 

l.5E-4 

9.SE-3 

Cancer Incidenceb 

Population• MEI• Workers 

5.5E-1 4.7E-5 3.4E-2 

3.3E-4 2.SE-8 2.IE-2 

8.2E-3 7.0E-7 5.IE-4 

5.5E-l 4.7E-5 3.4E-2 

d Accidentanmal ftequency code• arc "A" for anticipated(> IE-2), •u• for unlikely (IE-4 to IE-2), "VU" for very unlikely (IE-{; to IE-4), 
and "EU" for extremely unlikely ( < IB-6). 
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Table D.3.5-41. Radionuclide-Related Accident Ri.sks Associated With LLMW Treatment at 
SRS Under the No Action Alternative, by Accident Type 

Accident Cancer Fatalities• 

Populatione MEic 

Non-Alpha Incineration, (VU)d 
2.0E-2 6.lE-7 

Eanhquake 

Non-Alpha Incineration, (A) 
l.2E-5 3.6E-10 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
3.0E-4 9.lE-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 2.0E-2 6.lE-7 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
C , 

Offsite. 

Workers 

3.2E-3 

l.9E-3 

4.8E-5 

3.2E-3 

Cancer Incidenceb 

Populatione MEic Workers 

6.7E-2 2.lE-6 l.lE-2 

4.0E-5 l .2E-9 6.7E-3 

l.0E-3 3.lE-8 l.7E-4 

6.7E-2 2.lE-6 l.lE-2 

d Accident annual frequency codes are "A• for anticipated ( > IE-2), ·u• for unlikely (IE-4 10 IE-2), •vu• for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 

Table D.3.5-42. Radionuclide-Related Accident Ri.sks Associated With LLMW Treatment at 
ANL-E Under the Decentralized Alternative, by Accident Type 

Accident Cancer Fatalitiesa 

Populationc 

Non-Alpha Incineration, (A)~ 
3.7E-5 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
9.lE-4 

Feedstock Staging Area Fire 

Non-Alpha Incineration, (VU) 
6. lE-2 

Earthquake 

WORST-CASE ACCIDENT 6.lE-2 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

MEie Workers 

l.lE-9 5.3E-4 

2.7E-8 l .3E-5 

l.8E-6 8.8E-4 

l.8E-6 8.8E-4 

Cancer lncidenceb 

Populatione MEie Workers 

l .2E-4 3.7E-9 l.8E-3 

3.lE-3 9.3E-8 4.6E-5 

2.lE-1 6.2E-6 3. lE-3 

2.lE-1 6.2E-6 3.lE-3 

d Accident annual frequency codes are "A" for anticipated(> IE-2), •u• for unlikely (IE-4 to IE-2), "VU" for very unlikely (IE-6 to IE-4), 
aod "EU" for extremely unlikely ( < IE-6). 
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Table D.3.5-43. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
BNL Under the Decentralized Alternative, by Accident Type 

Accident Cancer Fatalities" 

Populationc MEJC 

Non-Alpha Incineration, (A)d 
6.lE-6 5.5E-10 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
l.5E-4 

Feedstock Staging Area Fire 

Non-Alpha Incineration, (VU) 
l.OE-2 

Earthquake 

WORST-CASE ACCIDENT l .0E-2 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

l.4E-8 

9.2E-7 

9.2E-7 

Workers 

5.6E-6 

1.4E-7 

9 .3E-6 

9 .3E-6 

Cancer Incidenceb 

Populationc MEie Workers 

2.lE-5 l.9E-9 l .9E-5 

5.2E-4 4.7E-8 4.9E-7 

3.5E-2 3. lE-6 3.2E-5 

3 .5E-2 3. IE-6 3.2E-5 

d Accident annual frequency codes are "A" for anticipated(> IE-2), •u• for unlikely (IE-4 to IE-2), "VU" for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 

Table D.3.5-44. Radionuclide-Related Accident Risks Associated With UMW Treatment at 
FEMP Under the Decentralized Alternative, by Accident Type 

Accident Cancer Fatalities" 

Populationc MEJC 

Non-Alpha Incineration, (VU)d 
l.6E-5 4 . lE-9 

Earthquake 

Non-Alpha Incineration, (A) 
9.5E-9 2.5E-12 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
2.4E-7 6.2E-l l 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l.6E-5 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

4.lE-9 

Workers 

7.0E-8 

4 .2E-8 

l.lE-9 

7.0E-8 

Cancer Incidenceb 

Populationc MEJC Workers 

5.4E-5 1.4E-8 2.5E-7 

3.2E-8 8.4E-12 1.5E-7 

8. lE-7 2.lE-10 3 .7E-9 

5.4E-5 l .4E-8 2.5E-7 

d Accident annual frequency codes are "A• for anticipated(> IE-2), •u• for unlikely (IE-4 to IE-2), "VU" for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 
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Table D.3.5-45. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
Hanford Under the Decentralized Alternative, by Accident Type 

Accident Cancer Fatalities• 

Populationc MEfC 

Non-Alpha Incineration, {VU)d 
2.7E-1 6.3E-6 

Earthquake 

Non-Alpha Incineration, (A) 
l.6E-4 3.SE-9 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
4.0E-3 9.SE-8 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 2.7E-1 6.3E-6 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

l.lE-2 

6.SE-3 

l.6E-4 

l.lE-2 

Cancer Incidenceb 

Populationc MEie Workers 

9. lE-1 2.lE-5 3.SE-2 

5.5E-4 l.3E-8 2.3E-2 

l .4E-2 3.2E-7 5.7E-4 

9.lE-1 2.lE-5 3.8E-2 

d Accident arumal frequency codes are "A" for anticipated ( > lE-2), "U" for unlikely (IE-4 to lE-2), "VU" for very unlikely (IE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 
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Table D.3.5-46. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
INEL Under the Decentralized Alternative, by Accident Type 

Accident Cancer Fatalities• 

Populationc 1\-IEIC 

Alpha Incineration, (VU)d 
2.lE-3 2.4E-7 

Earthquake 

Alpha Incineration, (A) 
l.3E-6 l.4E-10 

Incinerator Explosion 

Alpha Incineration, (U) 
3.lE-5 3.6E-9 

Feedstock Staging Area Fire 

Non-Alpha Incineration, (VU) 
l .3E-3 l.SE-7 

Earthquake 

Non-Alpha Incineration. (A) 
7.9E-7 9.0E-11 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
2.0E-5 2.3E-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 2.lE-3 2.4E-7 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsitc. 

Workers 

3.lE-3 

l.SE-3 

4.6E-5 

l .4E-4 

8.7E-5 

2.2E-6 

3.lE-3 

Cancer lncidenceb 

Populationc 1\-IEIC Workers 

7.lE-3 8.lE-7 l.lE-2 

4.3E-6 4.9E-10 6.4E-3 

l.lE-4 l.2E-8 l.6E-4 

4.SE-3 5.lE-7 5.lE-4 

2.7E-6 3.lE-10 3.0E-4 

6.7E-5 7.7E-9 7.6E-6 

7.lE-3 8.lE-7 l.lE-2 

d Accident anma1 frequency codes are •A• for anticipated(> IE-2), •u• for unlikely (IE-4 to IE-2), ·vu• for very unlikely (IE-6 to IE-4), 
and "EU". for extremely unlikely ( < IE-6). 
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Table D.3.5-47. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
KAPL-K Under the Decentral.ized Alternative, by Accident Type 

Accident Cancer Fatalities" 

Population• MEI• 

Non-Alpha Incineration, (VU)d 
4.lE-3 2.lE-7 Earthquake 

Non-Alpha Incineration, (A) 
2.5E-6 l.2E-10 Incinerator Explosion 

Non-Alpha Incineration, (U) 
6.2E-5 3.lE-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 4.lE-3 2.lE-7 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

5.7E-6 

3.4E-6 

8.6E-8 

5.7E-6 

Cancer Incidenceb 

Population• MEI• Workers 

l .4E-2 7.0E-7 2.0E-5 

8.4E-6 4.2E-10 l.2E-5 

2.lE-4 l.lE-8 3.0E-7 

l .4E-2 7.0E-7 2.0E-5 

d Accident annual frequency codes are •A• for anticipated ( > 1 E-2), •u• for unlikely (1 E-4 to lE-2), •vu• for very unlikely (1 E-6 to 1 E-4), 
and "EU" for extremely unlikely ( < lE-6). 

Table D.3.5-48. Radionuclide-Related Accident Risks Associated With UMW Treatment at 
UNL Under the Decentralized Alternative, by Accident Type 

Accident Cancer Fatalities• 

Population• MEI• 

Alpha Incineration, (VU}d 
l.lE-2 l.6E-6 

Earthquake 

Alpha Incineration, (A) 
6.SE-6 9.3E-10 

Incinerator Explosion 

Alpha Incineration, (U) 
l.7E-4 2.3E-8 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l.lE-2 l.6E-6 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

l.3E-4 

8.0E-5 

2.0E-6 

l.3E-4 

Cancer Incidenceb 

Population• MEI• Workers 

3.SE-2 5.3E-6 4.7E-4 

2.3E-5 3.2E-9 2.SE-4 

5.SE-4 7.9E-8 7.0E-6 

3.SE-2 5.3E-6 4.7E-4 

d Accident annual frequency codes are •A• for anticipated ( > lE-2), •u• for unlikely (lE-4 to lE-2), "VU" for very unlikely (lE-6 to lE-4), 

and "EU" for extremely unlikely ( < IE-6). 

D-289 



Waste Management Facility Human Health Risk Estimates Appendix D 

Table D.3.5-49. Radionuclide-Related Accident Risks Associated With LLMW Treatment at LA.NL 
Under the Decentral.ized Alternative, by Accident Type 

Accident Cancer Fatalities• 

Populatione MEie 

Alpha Incineration, (VU)d 
9. lE-4 4.3E-7 

Earthquake 

Alpha Incineration, (A) 
5.4E-7 2.6E-10 

Incinerator Explosion 

Alpha Incineration, (U) 
l .4E-5 6.SE-9 

· Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 9.lE-4 4.3E-7 

a Indicates cancer fatalities associated with radiation expo~urc. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsitc. 

Workers 

l.7E-4 

l .0E-4 

2.6E-6 

l.7E-4 

Cancer lncidenceb 

Populatione MEJC Workers 

3. lE-3 l .5E-6 6.0E-4 

l.9E-6 8.SE-10 3.6E-4 

4.6E-5 2.2E-8 9.0E-6 

3 . lE-3 l.5E-6 6.0E-4 

d Accident annual frequency codes arc "A" for anticipated(> IE-2), "U" fo r unlikely (IE-4 to lE-2), "VU" for very unlikely (IE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6) . 

Table D.3.5-50. Radionuclide-Related Accident Risks Associated With UMW Treatment at 
ORR Under the Decentralized Alternative, by Accident Type 

Accident Cancer Fatalities• 

Populatione MEie 

Non-Alpha Incinr~'ltion, (VU)d 
l.6E-l l .4E-5 

Earthquake 

Non-Alpha Incineration, (A) 
9.7E-5 8.2E-9 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
2.4E-3 2.lE-7 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l.6E-l l .4E-5 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsitc. 

Workers 

l.IE-2 

6.6E-3 

l.7E-4 

l.IE-2 

Cancer lncidenceb 

Populatione MEJC Workers 

5.SE-1 4.7E-5 3.9E-2 

3.3E-4 2.SE-8 2.3E-2 

8.2E-3 7.0E-7 5.SE-4 

5 .5E-1 4 .7E-5 3 .9E-2 

d Accident annual frequency codes arc "A" for anticipated ( > lE-2), "U" for unlikely (IE-4 to lE-2), "VU" for very unlikely (lE-6 to 
lE-4), and "EU" for extremely unlikely ( < lE-6). 
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Table D.3.5-51. Radionuclide-Related Accident Risks Associated With LLMW Treatment at PGDP 
Under the Decentralized Alternative, by Accident Type 

Accident Cancer Fatalities• 

Populationc MEie 

Non-Alpha Incineration, (VU)d 
3.lE-2 9 .0E-6 

Earthquake 

Non-Alpha Incineration, (A) 
l.9E-5 5.4E-9 

Incinerator Explosion 

Non-Alpha Incineration, (lJ) 
4 .6E-4 l.4E-7 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 3. lE-2 9.0E-6 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

2.3E-3 

l .4E-3 

3.5E-5 

2.3E-3 

Cancer Incidenceh 

Populationc MEI° Workers 

l.lE-1 3. lE-5 8.2E-3 

6.3E-5 l.8E-8 4 .9E~3 

l.6E-3 4.6E-7 l.2E-4 

l.lE-1 3.lE-5 8.2E-3 

d Accident annual frequency codes are •A• for anticipated ( > I E-2), "U" for unlikely (I E-4 to I E-2), "VU" for very unlikely (I E-6 to 
IE-4), and "EU" for extremely unlikely ( < IE-6). 

Table D.3.5-52. Radionuclide-Related Accident Risks Associated With LLMW Treatment at Pantex 
Under the Decentralized Alternative, by Accident Type 

Accident Cancer Fatalities" 

Populationc MEie 

Non-Alpha Incineration, (VU)d 
5.lE-4 5.6E-8 

Earthquake 

Non-Alpha Incineration, (A) 
3.lE-7 3.3E-11 

Incinerator Explosion 

Non-Alpha Incineration, (lJ) 
7.7E-6 8.3E-10 

Feedstock Staging Area Fire 

WORST-;CASE ACCIDENT 5. lE-4 5.6E-8 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

5.2E-6 

3.lE-6 

7.8E-8 

5.2E-6 

Cancer Incidenceh 

Populationc MEJC Workers 

l.7E-3 1.9E-7 l .8E-5 

l.0E-6 l.lE-10 l.lE-5 

2.6E-5 2.8E-9 2.7E-7 

l .7E-3 l.9E-7 l.8E-5 

d Accident annual frequency codes are •A• for anticipated (>I E-2), "U" for unlikely (IE-4 to lE-2), ·vu• for very unlikely (IE-6 to 
IE-4), and "EU" for extremely unlikely ( < IE-6). 
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Table D.3.5-53. Radionuclide-Rilaled Accident Risks Associated With LLMW Treatment at RFETS 
Under the Decentralized Alternative, by Accident Type 

Accident Cancer Fatalities• 

Populationc MEie 

Alpha Incineration, {VU)d 
5.9E-3 2.lE-7 

Earthquake 

Alpha Incineration, (A) 
3.5E-6 1.3E-10 

Iricinerator Explosion 

Alpha Incineration, (U) 
8.SE-5 3.lE-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 5.9E-3 2.lE-7 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

3.9E-4 

2.4E-4 

5.9E-6 

3.9E-4 

Cancer lncidenceb 

Populatlonc MEJC Workers 

2.0E-2 7. lE-7 1.4E-3 

1.2E-5 4.3E-10 8.3E-4 

3.0E-4 l.lE-8 2.lE-5 

2.0E-2 7.lE-7 1.4E-3 

d Accident anmal frequency codes are • A" for anticipated(> IE-2), •u• for unlikely (IE-4 to IE-2), •vu• for very unlilcely (IE-6 to IE-4), 
and "EU" for extremely unlilcely ( < lE-6). 
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Table D.3.5-54. Radionuclide-Related Accident Risks Associated With UMW Treatment at 
SRS Under the Decentralized Alternative, by Accident Type 

Accident Cancer Fatalities• 

Populationc MEr 

Alpha Incineration, (VU)d 
1.7E-3 5.3E-8 Earthquake 

Alpha Incineration, (A) 
l.0E-6 3.2E-11 Incinerator Explosion 

Alpha Incineration, (U) 
2.6E-5 8.0E-10 Feedstock Staging Area Fire 

Non-Alpha Incineration, (VU) 
2.0E-2 6.lE-7 Earthquake 

Non-Alpha Incineration, (A) 
l.2E-5 3.6E-10 Incinerator Explosion 

Non-Alpha Incineration, (U) 
3.0E-4 9.lE-9 Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 2.0E-2 6.lE-7 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

1.4E-4 

8.4E-5 

2.lE-6 

3.2E-3 

l.9E-3 

4.8E-5 

3.2E-3 

Cancer Incidenceb 

Populationc MEr Workers 

5.9E-3 1.8E-7 4.9E-4 

3.5E-6 1.lE-10 2.9E-4 

8.8E-5 2.7E-9 7.3E-6 

6.7E-2 2.lE-6 l.lE-2 

4.0E-5 l .2E-9 6.7E-3 

l .0E-3 3.lE-8 1.7E-4 

6.7E-2 2.lE-6 l.lE-2 

d Aa:idcnt anmal frequency codes arc •A• for anticipated ( > lE-2), •u• for unlikely (lE-4 10 lE-2), •vu• for very unlikely (lE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 
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Table D.3.5-55. Radionuclide-Related Accident Risks Associated With LLMW Treatment at INEL 
Under the Regi,onalized Alternative 1, by Accident Type 

Accident Cancer Fatalities• 

Population• MEI° 

Alpha Incineration, (A)d 
1.3E-6 l.4E-10 

Incinerator Explosion 

Alpha Incineration, (U) 
3.lE-5 3.6E-9 

Feedstock Staging Area Fire 

Alpha Incineration, (VU) 
2.lE-3 2.4E-7 

Earthquake 

WORST-CASE ACCIDENT 2.lE-3 2.4E-7 

a Indicates cancer fatalities associated with radiation exposure . 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

1.SE-3 

4.6E-5 

3. lE-3 

3.lE-3 

Cancer Incidenceb 

Population• MEI• Workers 

4.3E-6 4 .9E-10 6.4E-3 

1.lE-4 l.2E-8 l.6E-4 

7.lE-3 8.lE-7 l.lE-2 

7. lE-3 8. lE-7 1.lE-2 

d Accident annual frequency codes are •A• for anticipated ( > IE-2), •u• for unlikely (IE-4 to IE-2), •vu• for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 
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Table D.3.5-56. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
UNL Under the Regionalized Alternative 1, by Accident Type 

Accident Cancer Fatalitiesa 

Population• MEI• 

Alpha Incineration, (VU)d 
l.lE-2 l.6E-6 

Earthquake 

Alpha Incineration, (A) 
6.8E-6 9.3E-10 

Incinerator Explosion 

Alpha Incineration, (lJ) 
l.7E-4 2.3E-8 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT I . IE-2 l.6E-6 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

l.3E-4 

8.0E-5 

2.0E-6 

l .3E-4 

Cancer Incidenccb 

Population• MEI• Workers 

3.8E-2 5.3E-6 4.7E-4 

2.3E-5 3.2E-9 2.8E-4 

5.8E-4 7.9E-8 7.0E-6 

3.8E-2 5.3E-6 4.7E-4 

d Accident annual frequency codes are "A• for anticipated ( > IE-2), "U" for unlikely (IE-4 to IE-2), "VU" for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 

Table D.3.5-57. Radionuclide-Related Accident Risks Associated With UMW Treatment at LANL 
Under the Regionalized Alternative 1, by Accident Type 

Accident Cancer Fatalities• 

Population• MEI° 

Alpha Incineration, (VU}d 
9. lE-4 4.3E-7 

Earthquake 

Alpha Incineration, (A) 
5.4E-7 2.6E-10 

· Incinerator Explosion 

Alpha Incineration, (lJ) 
l.4E-5 6.5E-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 9.IE-4 4.3E-7 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

/ 

l.7E-4 

I.0E-4 

2.6E-6 

l.7E-4 

Cancer Incidenceb 

Population• MEI• Workers 

3. lE-3 l.5E-6 6.0E-4 

l.9E-6 8.8E-10 3.6E-4 

4.6E-5 2.2E-8 9.0E-6 

3.lE-3 l .5E-6 6.0E-4 

d Accident annual frequency codes are "A• for anticipated ( > IE-2), •u• for unlikely (IE-4 to IE-2), "VU" for very unlikely (IE-6 to 
IE-4), and "EU" for extremely unlikely ( < lE-6). 
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Table D.3.5-58. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
RFETS Under the Regionalized Alternati.ve 1, by Accident Type 

Accident Cancer Fatalities• 

Populationc MEr 

Alpha Incineration, (VU)d 
5.9E-3 2.lE-7 

Earthquake 

Alpha Incineration, (A) 
3.SE-6 l.3E-10 

Incinerator Explosion 

Alpha Incineration, (U) 
8.SE-5 3.lE-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 5.9E-3 2.lE-7 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

3.9E-4 

2.4E-4 

5.9E-6 

3.9E-4 

Cancer lncidenceb 

Populationc MEr Workers 

2.0E-2 7. lE-7 l.4E-3 

l.2E-5 4.3E-10 8.3E-4 

3.0E-4 l.lE-8 2.lE-5 

2.0E-2 7.lE-7 l .4E-3 

d Accident annual frequency codes are "A" for anticipated(> lE-2), "U" for unlikely (IE-4 to lE-2) , "VU" for very unlikely (IE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 

Table D.3.5-59. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
SRS Under the Regionalized Alternati.ve 1, by Accident Type 

Accident Cancer Fatalities• 

Population< MEI• 

Alpha Incineration, (VU}d 
l.7E-3 5.3E-8 

Earthquake 

Alpha Incineration, (A) 
l.0E-6 3.2E-l l 

Incinerator Explosion 

Alpha Incineration, (U) 
2.6E-5 8.0E-10 

Feedstock Staging Area Fire 
I 

WORST-CASE ACCIDENT l.7E-3 5.3E-8 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. . 

Workers 

l.4E-4 

8.4E-5 

2.lE-6 

l.4E-4 

Cancer Incidenceb 

Population• MEJC Workers 

5.9E-3 l.SE-7 4.9E-4 

3.SE-6 l.lE-10 2.9E-4 

8.SE-5 2.7E-9 7.3E-6 

5.9E-3 1.SE-7 4.9E-4 

d Accident annual frequency codes are "A" for anticipated(> lE-2), "U" for unlikely (IE-4 to lE-2), •vu• for very unlikely (lE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 
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Table D.3.5-60. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
Hanford Under the Regionalized Alternative 2, by Accident Type 

Accident Cancer Fatalities• 

Populationc MEie 

Non-Alpha Incineration, (VU)d 
2.7E-l 6.3E-6 

Earthquake 

Non-Alpha Incineration, (A) 
l.6E-4 3.SE-9 Incinerator Explosion 

Non-Alpha Incineration, (U) 
4.0E-3 9.5E-8 Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 2.7E-l 6.3E-6 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. · 

Workers 

1.IE-2 

6.5E-3 

l.6E-4 

1.IE-2 

Cancer lncidenceb 

Populatione MEie Workers 

9.IE-1 2.IE-5 3.SE-2 

5.5E-4 l.3E-8 2.3E-2 

l.4E-2 3.2E-7 5.7E-4 

9.IE-1 2.IE-5 3.SE-2 

d Accident aruwal frequency codes arc "A• for anticipated(> IE-2), "U" for unlikely (IE--4 to IE-2), "VU" for very unlikely (IE-6 to IE--4), 
and "EU" for extremely unlikely ( < IE-6) . 

Table D.3.5-61. Radionuclide-Related Accident Risks Associated With UMW Treatment at 
INEL Under the Regionalized Alternative 2, by Accident Type 

Accident Cancer Fatalities• Cancer lncidenceb 

Population< MEie Workers Populatione MEXC Workers 

Alpha Incineration, (A)d 
l.3E-6 1.4E-10 l.SE-3 4.3E-6 4.9E-10 6.4E-3 

Incinerator Explosion 

Alpha Incineration, (U) 
3.IE-5 3.6E-9 4.6E-5 l.IE-4 l.2E-8 1.6E-4 

Feedstock Staging Area Fire 

Non-Alpha Incineration, (A) 
7.9E-7 9.0E-11 l.7E-4 2.7E-6 3.IE-10 6.IE-4 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
2.0E-5 2.3E-9 4.3E-6 6.7E-5 7.7E-9 l.5E-5 

Feedstock Staging Area Fire 

Alpha Incineration, (VU) 
2. IE-3 2.4E-7 3. IE-3 7.IE-3 8. IE-7 l.IE-2 

Earthquake 

Non-Alpha Incineration, (VU) 
l.3E-3 l.5E-7 2.9E-4 4.5E-3 5. IE-7 l.0E-3 

Earthquake 

WORST-CASE ACCIDENT 2.IE-3 2.4E-7 3.IE-3 7.IE-3 8.IE-7 1.IE-2 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 
d Accident annual frequency codes arc •A• for anticipated(> IE-2), •u• for unlikely (lE--4 to IE-2), •vu• for very unlikely (lE-6 to IE-4), 
and "EU" for extremely unlikely ( < lE-6). 
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Table D.3.5-62. Radionuclide-Related Accident Risks Associated With UMW Treatment at 
LANL Under the Regi.onalized Alternative 2, by Accident Type 

Accident Cancer Fatalities• 

Populatione MEie 

Alpha Incineration, (A)d 
5.4E-7 2.6E-10 

Incinerator Explosion 

Alpha Incineration, (U) 
l.4E-5 6.SE-9 

Feedstock Staging Area Fire 

Non-Alpha Incineration, (VU) 
4.8E-4 2.3E-7 

Earthquake 

Non-Alpha Incineration, (A) 
2.9E-7 l .4E-l0 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
7.3E-6 3.SE-9 

Feedstock Staging Area Fire 

Alpha Incineration, (VU) 
9.lE-4 4.3E-7 

Earthquake 

WORST-CASE ACCIDENT 9.lE-4 4.3E-7 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

l.0E-4 

2.6E-6 

9.3E-6 

5.6E-6 

l.4E-7 

l .7E-4 

1.7E-4 

Cancer Incidenceb 

Populatione MEie Workers 

l.9E-6 8.SE-10 3.6E-4 

4.6E-5 2.2E-8 9.0E-6 

l .7E-3 7.8E-7 3.3E-5 

9.9E-7 4.7E-10 2.0E-5 

2.SE-5 l .2E-8 4 .9E-7 

3. lE-3 l.SE-6 6.0E-4 

3.lE-3 l.5E-6 6.0E-4 

d Accident annual frequency codes arc "A• for anticipated ( > IE-2), ·u• for unlikely (IE-4 to IE-2), "VU" for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 

Table D.3.5-63. Radionuclide-Related Accident Risks Associated With UMW Treatment at 
ORR Under the Regionalized Alternative 2, by Accident Type 

Accident Cancer Fatalities" 

Populatione MEie 

Non-Alpha Incineration, (VU)d 
l .8E-1 l.5E-5 

Earthquake 

Non-Alpha Incineration, (A) 
l.lE-4 9.0E-9 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
2.7E-3 2.3E-7 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l.8E-1 l.5E-5 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

Workers 

1.6E-2 

9.8E-3 

2.4E-4 

l.6E-2 

Cancer Incidenceb 

Population< MEie Workers 

6. lE-1 5.lE-5 5.7E-2 

3.6E-4 3.lE-8 3.4E-2 

9.lE-3 7.6E-7 8.5E-4 

6. lE-1 5.lE-5 5.7E-2 

c~~- . 
d Accident annual frequency codes arc •A• for anticipated ( > I E-2)·. •u• for unlikely (I E-4 to I E-2), •vu• for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 
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Table D.3.5-64. Radionuclide-Related Accident Ri.sks Associated With LLMW Treatment at RFETS 
Under the Regionalized Alternative 2, by Accident Type 

Accident Cancer Fatalities" 

Population• MEI• 

Non-Alpha Incineration, (VU)d 
l .5E-4 5.5E-9 

Earthquake 

Alpha Incineration, (A) 
3.5E-6 1.3E-10 

Incinerator Explosion 

Alpha Incineration, (U) 
8.SE-5 3.lE-9 

Feedstock Staging Area Fire 

Alpha Incineration, (VU) 
5.9E-3 2.lE-7 

Earthquake 

Non-Alpha Incineration, (A) 
9.3E-8 3.3E-12 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
2.3E-6 8.3E-l l 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 5.9E-3 2.lE-7 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

4.0E-7 

2.4E-4 

5.9E-6 

3.9E-4 

2.4E-7 

6.0E-9 

3.9E-4 

Cancer Incidenceb 

Population• MEI• Workers 

5.3E-4 l.9E-8 l.4E-6 

l.2E-5 4.3E-10 8.3E-4 

3.0E-4 l.lE-8 2.lE-5 

2.0E-2 7.lE-7 l.4E-3 

3.2E-7 l.lE-11 8.5E-7 

7.9E-6 2.8E-10 2.lE-8 

2.0E-2 7. lE-7 l.4E-3 

d Accident annual frequency codes are •A· for anticipated ( > I E-2), ·u• for unlikely (I E-4 to I E-2), ·vu• for very unlikely (IE-6 to I E-4), 
and "EU" for extremely unlikely ( < I E-6). 
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Table D.3.5-65. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
SRS Under the Regionalized Alternative 2, by Accident Type 

Accident Cancer Fatalities" 

Population• MEie 

Alpha Incineration, (VU)d 
l.7E-3 5.3E-8 

Earthquake 

Alpha Incineration, (A) 
l.0E-6 3.2E-l l Incinerator Explosion 

Alpha Incineration, (lJ) 
2.6E-5 8.0E-10 Feedstock Staging Area Fire 

Non-Alpha Incineration, (VU) 
2.0E-2 6.lE-7 Earthquake 

Non-Alpha Incineration, (A) 
l.2E-5 3.7E-10 Incinerator Explosion 

Non-Alpha Incineration, (lJ) 
3.0E-4 9.2E-9 Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 2.0E-2 6.lE-7 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

l.4E-4 

8.4E-5 

2.lE-6 

3.2E-3 

l.9E-3 

4.8E-5 

3.2E-3 

Cancer Incidenceh 

Population• MEI• Workers 

5.9E-3 l.SE-7 4.9E-4 

3.SE-6 l.lE-10 2.9E-4 

8.SE-5 2.7E-9 7.3E-6 

6.7E-2 2. lE-6 l.lE-2 

4.0E-5 l.3E-9 6.7E-3 

l .0E-3 3.lE-8 1.7E-4 

6.7E-2 2.lE-6 l.lE-2 

d Accident annual frequency codes arc "A" for anticipated(> IE-2), •u• for unlikely (IE-4 to IE-2), •vu• forvery unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < lE-6). 
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Table D.3.5-66. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
Hanford Under the Regionalir.ed Alternative 4, by Accident Type 

Accident Cancer Fatalltles8 

Populationc MEr 

Non-Alpha Incineration, (VU)d 
2.7E-l 6.3E-6 

Earthquake 

Non-Alpha Incineration, (A) 
l .6E-4 3.SE-9 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
4.0E-3 9.SE-8 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 2.7E-l 6.3E-6 

3 
Indicates cancer fatalities associated with radiation exposure. 

b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

1.lE-2 

6.SE-3 

l.6E-4 

1.lE-2 

Cancer Incidenceb 

Populatlonc MEie Workers 

9.lE-1 2.lE-5 3.SE-2 

5.SE-4 l .3E-8 2.3E-2 

l .4E-2 3.2E-7 5.7E-4 

9.lE-1 2.lE-5 3.SE-2 

d Accident annual frequency codes are "A• for anticipated ( > l E-2), ·u· for unlikely ( l E-4 to l E-2), "VU" for very unlikely (IE-6 to lE-4) , 
and "EU" for extremely unlikely ( < lE-6). 
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Table D.3.5-67. Radionuclide-Related Accident Risks Associated With LLMW Treatment at INEL 
Under the Regionalir.ed Alternative 4, by Accident Type 

Accident Cancer Fatalities" Cancer lncidenceb 

Populatione MEie Workers Populatione MEie Workers 

Alpha Incineration, (VU)d 
2.lE-3 2.4E-7 3.5E-3 7.lE-3 8. lE-7 1.2E-2 

Earthquake 

Alpha Incineration, (A) 
1.3E-6 1.4E-10 2. lE-3 4.3E-6 4.9E-10 7.4E-3 

Incinerator Explosion 

Alpha Incineration, (U) 
3.lE-5 3.6E-9 5.3E-5 l.lE-4 1.2E-8 1.9E-4 

Feedstock Staging Area Fire 

Non-Alpha Incineration, (VU) 
1.3E-3 1.5E-7 4.4E-4 4.5E-3 5. lE-7 l .5E-3 

Earthquake 

Non-Alpha Incineration, (A) 
7.9E-7 9.0E-11 2.6E-4 2.7E-6 3. lE-10 9. lE-4 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
2.0E-5 2.3E-9 6.5E-6 6.7E-5 7.7E-9 2.3E-5 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENf 2.lE-3 2.4E-7 3.5E-3 7. lE-3 8.lE-7 l.2E-2 

: Indicates cancer fatalities associated with radiation exposure. 
Indicates cancer incidence associated with radiation exposure. 

~ Offsite. 
Accident annual frequency codes arc •A• for anticipated ( > I E-2) , •u• for unlikely ( I E-4 to I E-2), •vu• for very unlikely ( I E-6 to IE-4) , 

and "EU" for extremely unlikely ( < IE-6). 

Table D.3.5-68. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
ORR Under the Regi.onalized Alternative 4, by Accident Type 

Accident Cancer Fatalities" 

Populatione MEI• 

Non-Alpha Incineration, (VU}d 
1.SE-1 1.6E-5 

Earthquake 

Non-Alpha Incineration, (A) 
l.lE-4 9.4E-9 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
2.SE-3 2.3E-7 Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 1.SE-1 1.6E-5 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 

Workers 

l .4E-2 

8.5E-3 

2.lE-4 

l .4E-2 

Cancer Incidenceb 

Populatione MEie Workers 

6.2E-l 5 .3E-5 5.0E-2 

3.7E-4 3.2E-8 3.0E-2 

9.3E-3 8.0E-7 7.4E-4 

6.2E-1 5.3E-5 5.0E-2 

~ Offsite. 
Accident annual frequency codes arc •A• for anticipated ( > IE-2), •u• for unlikely (IE-4 to IE-2), •vu• for very unlikely (IE-6 to IE-4), 

and "EU" for extremely unlikely_ ( < IE-6). 
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Table D.3.5-69. Radionuclide-Related Accident Risks Associated With UMW Treatment at 
SRS Under the Regi,onalized Alternative 4, by Accident Type 

Accident Cancer Fatalities• 

Populationc MEie 

Alpha Incineration, (VU}d 
1.7E-3 5.3E-8 

Earthquake 

Alpha Incineration, (A) 
l.0E-6 3.2E-11 

Incinerator Explosion 

Alpha Incineration, (U) 
2.6E-5 8.0E-10 

Feedstock Staging Area Fire 

Non-Alpha Incineration, (VU) 
2.0E-2 6.lE-7 

Earthquake 

Non-Alpha Incineration, (A) 
l.2E-5 3.7E-l0 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
3.0E-4 9.2E-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 2.0E-2 6.lE-7 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

1.4E-4 

8.4E-5 

2.lE-6 

3.2E-3 

l .9E-3 

4.8E-5 

3.2E-3 

Cancer lncidenceb 

Populationc MEJC Workers 

5.9E-3 1.8E-7 4.9E-4 

3.5E-6 l.lE-10 2.9E-4 

8.8E-5 2.7E-9 7.3E-6 

6.7E-2 2.lE-6 l.lE-2 

4.0E-5 l .3E-9 6.7E-3 

l .0E-3 3.lE-8 1.7E-4 

6.7E-2 2.lE-6 l.lE-2 

d Accident annual frequency codes are "A" for anticipated(> IE-2), "U" for unlikely (IE-4 to IE-2), ·vu• for very unlikely (IE-6 to lE-4), 
and "EU" for extremely unlikely ( < IE-6) . 
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Table D.3.5-70. Radionuclide-Related Accident Risks Associated With LLMW Treatment at 
Hanford Under the Central.ized Alternative, by Accident Type 

Accident Cancer Fatalities• 

Population• MEI' 

Alpha Incineration, (VU)d 
3.4E-3 8.0E-8 

Earthquake 

Non-Alpha Incineration, (VU) 
4.0E-1 9.4E-6 

Earthquake 

Non-Alpha Incineration, (A) 
2.4E-4 5.7E-9 

Incinerator Explosion 

Non-Alpha Incineration, (U) 
6.0E-3 l.4E-7 

Feedstock Staging Area Fire 

Alpha Incineration, (A) 
2.0E-6 4.8E-ll 

Incinerator Explosion 

Alpha Incineration, (U) 
5.lE-5 1.2E-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 4.0E-1 9.4E-6 

a Indicates cancer fatalities associated with radiation exposure. 
b Indicates cancer incidence associated with radiation exposure. 
c Offsite. 

Workers 

4.SE-4 

4.4E-2 

2.7E-2 

6.7E-4 

2.7E-4 

6.7E-6 

4 .4E-2 

Cancer lncidenceb 

Population• MEI' Workers 

1.2E-2 2.7E-7 l.6E-3 

1.4 3.2E-5 l.6E-l 

8.2E-4 l.9E-8 9.3E-2 

2. lE-2 4.8E-7 2.3E-3 

6.9E-6 l.6E-10 9.4E-4 

l.7E-4 4. lE-9 2.4E-5 

1.4 3.2E-5 1.6E-l 

d Accident annual frequency codes are "A• for anticipated ( > lE-2), •u• for unlikely (lE-4 to lE-2), ·vu• for very unlikely (lE~ to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 

Table D.3.5-71. Chemical-Related Accident Risks Associated With UMW Treatment at 
INEL Under the No Action Alternative, by Accident Type 

Accident Cancer Incidencea 

Populationb MElb 

Non-Alpha Incineration, (A)' 
8.9E-7 2.lE-10 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 8.9E-7 2.lE-10 

a Indicates cancer incidence associated with chemical carcinogen exposure. 
b Offsite. 

Hazard IDLH Index 
Index 

Workers MEib Most-
Exposed 
Worker 

7.SE-8 3.SE-3 1.1 

7.SE-8 3.SE-3 1.1 

c Accident annual frequency codes are "A• for anticipated ( > l E-2). •u· for unlikely (l E-4 to lE-2), ·vu• forvery unlikely (l E-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 
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Table D.3.5-72. Chemical-Related Accident Risks Associated With LLMW Treatment at 
ORR Under the No Action Alternative, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)• 
7.3E-3 4.7E-7 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 7.3E-3 4.7E-7 

a Indicates cancer incidence associated with chemical carcinogen exposure. 
b Offsite. 

Huard IDLHlndex 
Index 

Workers MEib Most-
Exposed 
Worker 

l.9E-4 7.8 3.0EI 

l.9E-4 7.8 3.0EI 

c Accident annual frequency codes arc •A• for anticipated ( > I E-2), •u• Tor unlikely (IE-4 to IE-2), ·vu• for very unlikely (IE-6 to I E-4), 
and "EU" for extremely unlikely ( < IE-6). 

Table D.3.5-73. Chemical-Related Accident lllsks Associated With UMW Treatment at 
SRS Under the No Action Alternative, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)' 
l.5E-5 4.9E-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l .5E-5 4.9E-9 

a Indicates cancer incidence associated with chemical carcinogen exposure. 
b Offsite. 

1187.ard IDLH Index 
Index 

Workers MEib Most-
Exposed 
Worker 

6.0E-5 8.lE-2 l .4El 

6.0E-5 8. lE-2 l.4El 

c Accident annual frequency codes arc •A· for anticipated ( > IE-2), ·u• for unlikely (I E-4 to 1 E-2), ·vu· for very unlikely (I E-6 to lE-4) , 
and "EU" for extremely unlikely ( < IE-6) . 
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Table D.3.5-74. Chemical-Related Accident Risks Associated With LLMW Treatment at 
ANL-E Under the Decentralized Alternative, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)' 
9.3E-6 2.6E-10 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 9.3E-6 2.6E-10 

a Indicates cancer incidence associated with chemical carcinogen exposure. 
b Offsite. 

Hazard IDLHlndex 
Index 

Workers MEr Most-
Exposed 
Worker 

3.3E-7 4.2E-3 1.1 

3.3E-7 4.2E-3 1.1 

c Accident annual frequency codes are •A• for anticipated ( > lE-2), ·u• for unlikely (IE-4 to IE-2). "VU" for very unlikely (lE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 

Table D.3.5-75. Chemical-Related Accident Risks Associated With UMW Treatment at 
BNL Under the Decentralized Alternative, by Accident Type 

Accident Cancer Incidence• 

Populationb MEP 

Non-Alpha Incineration, (A)' 
3.2E-5 5.SE-10 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 3.2E-5 5.SE-10 

a Indicates cancer incidence associated with chemical carcinogen exposure. 
b Offsite. 

Hazard IDLH Index 
Index 

Workers MEib Most-
Exposed 
Worker 

1.8E-8 9.5E-3 1.0 

l.8E-8 9.5E-3 1.0 

c Accident annual frequency codes are •A• for anticipated ( > lE-2), •u• for unlikely (IE-4 to lE-2), "VU" for very unlikely (IE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 
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Table D.3.5-76. Chemical-Related Accident Risks Associated With UMW Treatment at 
FEMP Under the Decentralized Alternati.ve, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)• 
2.3E-4 l.0E-8 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 2.3E-4 l .0E-8 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

2.lE-6 l.6E-l 1.9 

2.lE-6 l.6E-l 1.9 

c Accident annual frequency codes are •A• for anticipated ( > lE-2), •u• for unlikely (lE-4 to lE-2), •vu• for very unlikely (lE-6 to lE-4) , 
and "EU" for extremely unlikely ( < IE-6). 

Table D.3.5-77. Chemical-Related Accident Risks Associated With UMW Treatment al 

Hanford Under the Decentralized Alternati.ve, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)• 
6.5E-5 l.7E-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 6.5E-5 l.7E-9 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

2.lE-5 2.8E-2 5.3 

2.lE-5 2.8E-2 5.3 

c Accident aruwal frequency codes are "A" for anticipated(> IE-2), "U" for unlikely (IE-4 to IE-2), "VU" for very unlikely (IE-6 to IE-4), 

and "EU" for extremely unlikely ( < IE-6). 
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Table D.3.5-78. Chemical-Related Accident Risks Associated W-rth LLMW Treatnunt at 
INEL Under the Decentralir.ed Altemative, by Accident Type 

Accident Cancer Incidence• 

Populationb MEP 

Non-Alpha Incineration, (A)C 
2.8E-6 6.SE-10 

Feedstock Staging Area Fire 

Alpha Incineration, (A) 
3.SE-5 8.2E-9 Feedstoclc Staging Area Fire 

WORST-CASE ACCIDENT 3.SE-5 8.2E-9 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLHlndex 

Workers MEib Most-
Exposed 
Worken 

3.lE-7 1.lE-2 1.3 

l.9E-5 l.3E-l 4.7 

l .9E-5 l.3E-l 4.7 

c Accident arumal frequency codes are "A" for anticipated(> IE-2), •u• for unlikely (IE-4 to IE-2). "VU" for very unlikely (IE-6 to lE-4). 
and "EU" for extremely unlikely ( < lE-6). 

Table D.3.5-79. Chemical-Related Accident Risks Associated With UMW Treatment at 
KCP Under the Decentralized Altemative, by Accident Type 

Accident Cancer Incidence• 

Populationb MElb 

Non-Alpha Incineration, (A)" 
2.7E-7 l.2E-ll Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 2.7E-7 1.2E-ll 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

7.7E-12 2.0E-4 1.0 

7.7E-12 2.0E-4 1.0 

c Accident arumal frequency codes are "A• for anticipated ( > l E-2). •u• for unlikely (I E-4 to l E-2). "VU" for very unlikely (I E-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 

D-308 



Appendix D 9513387 .,:35l~aste Management Facility Human Health Risk Estimates 

Table D.3.5-80. Chemical-Rlltlted Accident Risks Associated With LLMW Treatment at 
KAPL-K Under the Decentralized Alternative, by Accident Type 

Accident Cancer Incidence• 

Populationb l\.fElb 

Non-Alpha Incineration, (A)" 
3.6E-6 6. lE-10 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 3.6E-6 6.lE-10 

1 
lndicares cancer fatalities associated with chemical carcinoiren exposure. 

b Offsite. 

Hazard Index IDLHlndex 

Workers l\.fElb Most-
Exposed 
Workers 

9.3E-9 1.0E-2 1.0 

9.3E-9 1.0E-2 1.0 

c Ac::cidem anmal frequency codes arc •A• fo r antic· ated ( > lE-2), •u• for unlikely (lE-4 to lE-2), •vu• for very unlikely (lE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 

Table D.3.5-81. Chemical-Related Accident Risks Associated With LLMW Treatment at 
LANL Under the lkcentraliz.ed Alternative, by Accident Type 

Accident Cancer Incidence• 

Populationb l\.fElb 

Non-Alpha Incineration, (A)' 
2.6E-6 8.7E-10 

Feedstock Staging Area Fire 

Alpha Incineration, (A) 
2.2E-5 7.SE-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 2.2E-5 7.SE-9 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsitc. 

H87.ard Index IDLH Index 

Workers l\.fElb Most-
Exposed 
Workers 

7.9E-8 l .4E-2 1.2 

4.SE-6 l.2E-1 2.6 

4.SE-6 l.2E-1 2.6 

c Accidcntanmial frequency codes are "A" for anticipated(> lE-2), •u• for unlikely (lE-4 to lE-2), ·vu• for very unlikely (lE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 
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Table D.3.5-82. Chemical.-Related Accident Ri.sks Associated With LLMW Treatment at 
LBL Under the Decentra/.ized Alternative, by Accident Type 

Accident Cancer Incidence• 

Populationb MElb 

Non-Alpha Incineration, (A)C 
5.6E-6 5.lE-10 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 5.6E-6 5.IE-10 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLHindex 

Workers MElb Most-
Exposed 
Workers 

3.9E-9 8.4E-3 1.0 

3.9E-9 8.4E-3 1.0 

c Accidentarurual frequency codes are "A" for anticipated(> IE-2), •u• for unlikely (IE-4 to IE-2), •vu• for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 

Table D.3.5-83. Chemical.-Related Accident Risks Associated With UMW Treatment at 
LLNL Under the Decentral.ized Alternative, by Accident Type 

Accident Cancer Incidence• 

Populationb MElb 

Non-Alpha Incineration, (A)c 
8.SE-5 2.4E-8 

Feedstock Staging Area Fire 

Alpha Incineration, (A) 
6.4E-5 l.SE-8 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 8.SE-5 2.4E-8 

a Indicate~ cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

6.0E-6 4.0E-1 3.2 

4.7E-6 2.9E-l 2.6 

6.0E-6 4.0E-1 3.2 

c Accidentarurual frequency codes are "A" for anticipated(> IE-2), ·u• for unlikely (IE-4 to IE-2), "VU" for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 
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Table D.3.5-84. ChemicaJ.-Related Accident Risks Associated With UMW Treatment at 
ORR Under the DecentraJ.ized Alternative, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)" 
8.7E-3 5.6E-7 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 8.7E-3 5.6E-7 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEP Most-
Exposed 
Workers 

2.5E-4 9.2 3.6El 

2.5E-4 9.2 3.6El 

c Accident annual frequency codes are "A" for anticipated ( > IE-2), ·u• for unlikely (IE-4 to IE-2), ·vu• for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 

Table D.3.5-85. ChemicaJ.-Related Accident Risks Associated With UMW Treatment at 
PGDP Under the Decentralized Alternative, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)" 
l.3E-4 l.9E-8 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l.3E-4 l.9E-8 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

9.9E-7 3.2E-l 1.8 

9.9E-7 3.2E-l 1.8 

c Accident annual frequency codes are ·A· for anticipated ( > I E-2), ·u• for unlikely (I E-4 to IE-2), "VU" for very unlikely (I E-6 to I E-4), 
and "EU" for extremely unlikely ( < IE-6). 
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Table D.3.5-86. Chemi.cal-Related Accident Ruks Associated With LLMW Treatment at 
Pantex Under the Decentralit.ed Alternative, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)• 
6.SE-6 4.SE-10 

Feedstock Stagq Area Fire 

WORST-CASE ACCIDENT 6.5E-6 4.SE-10 

1 
Indicates cancer falalitia usocialed with chemical carcinogen exposure. 

b Offsiie. 

Hazard Index IDLHindex 

Workers MEl11 Most-
Exposed 
Workers 

7.0E-7 7.4E-3 1.9 

7.0E-7 7.4E-3 1.9 

c Accident annual frequency codet are "A" for anticipated(> lE-2), •u• for 1nlikely (lE-4 to lE-2), •vu• for very unlikely (lE-6 to lE-4), 
and "EU" for exmmely unlikely ( < lE-6). 

Table D.3.5-87. Chemi.cal-Related Accident Risks Associated With LLMW Treatment at 
Ports Under the Decentralit.ed Alternative, by Accident Type 

Accident CaDcer lnddence• 

Populationb MEI' 

Non-Alpha Incineration, (A)• 
l.lE-4 7.9E-8 Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l.lE-4 7.9E-8 

3 
Indicates cancer fatalities associated with chemical carcinogen exposure. 

b Offsite. 

Huard Index IDLH Index 

Workers MEJb Most-
Exposed 
Workers 

3.4E-5 1.3 9.5 

3.4E-5 1.3 9.5 

c Accident annual frequency codes are •A• for anticipated ( > lE-2), •u• for unlikely (lE-4 to lE-2), •vu• for very unlikely (lE-6 to lE-4), 
and "EU" for exmmely unlikely ( < lE-6). 
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Table D.3.5-88. ChemicaJ.-RelaJed Accident Ri.sks Associated With LLMW Treatment at 
RFETS Under the Decentralized Alternative, by Accident Type 

Accident Cancer Incidence• 

Populationb MEr 

Alpha Incineration, (A)C 
4.7E-4 9.SE-9 Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 4.7E-4 9.SE-9 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLHlndex 

Workers MElb Most-
Exposed 
Workers 

4.SE-6 l.6E-l 1.8 

4.SE-6 l.6E-l LS 

c Accident aruwal frequency codes a·re •A• for anticipated ( > 1 E-2), •u• fo r unlikely (IE-4 to 1 E-2). "VU" for very unlikely ( 1 E-6 to IE-4), 
and "EU" for extremely unlikely ( < lE-6). 

Table D.3.5-89. ChemicaJ.-RelaJed Accident Ri.sks Associated With UMW Treatment aJ SNL-NM 
Under the Decentral.ized Alternative, by Accident Type 

Accident Cancer Incidence• 

Populationb MElb 

Non-Alpha Incineration, (A)C 
3.SE-6 l.0E-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 3.SE-6 l .0E-9 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEP Most-
Exposed 
Workers 

4.6E-8 l.7E-2 1.1 

4.6E-8 l.7E-2 1.1 

c Aa:identaruwal frequency codes are "A" for anticipated(> lE-2), "U" for unlikely (IE-4 10 lE-2), •vu• for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE--6). 
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Table D.3.5-90. Chemical-Related Accident Risks Associated With UMW Treatment at 
SRS Under the Decentralized Alternative, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration. {A)• 
l.6E-5 5.2E-9 

Feedstock Staging Area Fire 

Alpha Incineration, {A) 
l.SE-6 4.7E-l0 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l .6E-5 5.2E-9 

3 
Indicates cancer fatalities associated with chemical carcinogen exposure. 

b Offsite. 

Hazard Index IDLHlndex 

Workers MEib Most-
Exposed 
Workers 

5.9E-5 8.SE-2 l.4El 

3.2E-6 7.6E-3 2.2 

5.9E-5 8.SE-2 l.4El 

c Accident annual frequency codes are "A• for anticipated ( > lE-2), •u• for unlikely (1 E-4 to lE-2), •vu• for very unlikely (1 E-6 to 1 E-4), 
and 'EU' for extremely unlikely ( < lE-6). 

Table D.3.5-91. Chemical-Related Accident Risks Associated With UMW Treatment at 
FEMP Under the Regionalized Alternative 1, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)• 
2.SE-4 l.lE-8 Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 2.SE-4 l.lE-8 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLHlndex 

Workers MEP Most-
Exposed 
Workers 

3.SE-6 l.SE-1 2.0 

3.SE-6 l.SE-1 2.0 

c Accident amJJal frequency codes are •A• for anticipated ( > lE-2), •u• for unlikely (lE-4 to lE-2), •vu• for very unlikely (lE-6 to lE-4), 
and 'EU' for extremely unlilcely ( < lE-6). 
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Table D.3.5-92. Chemical-Related Accident Risks Associated With LLMW Treatment at Hanford 
Under the Regionaliz.ed Alternative 1, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)" 
6.6E-5 1.7E-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 6.6E-5 1.7E-9 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLHlndex 

Workers MEib Most-
Exposed 
Workers 

2.2E-5 2.SE-2 5.4 

2.2E-5 2.SE-2 5.4 

c Accident annual frequency codes are • A" for anticipated ( > IE-2) , •u• for unlikely (IE-4 to IE-2), ·vu• for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 

Table D.3.5-93. Chemical-Related Accident Risks Associated With LLMW Treatment at 
INEL Under the Regionalized Alternative 1, by Accident Type 

Accident Cancer Incidence• 

Populationb MEJb 

Non-Alpha Incineration, (A)" 
2.SE-6 6.SE-10 

Feedstock Staging Area Fire 

Alpha Incineration, (A) 
3.5E-5 8.2E-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 3.5E-5 8.2E-9 

a Indicates cancer fatalities associated with chemical carcinogen exposure . 
b Offsite. 

Hazard Index IDLHlndex 

Workers MEJb Most-
Exposed 
Workers 

3. lE-7 l.lE-2 1.3 

l.9E-5 l .3E-1 4.7 

1.9E-5 1.3E-1 4.7 

c Accident annual frequency codes are •A• for anticipated ( > IE-2), ·u• for unlikely (IE-4 to IE-2), ·vu• for very unlikely (lE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 
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Table D.3.5-94. Chemical-Related Accident Risks Associated With LLMW Treatment at 
LA.NL Under the Regionalized Alternative 1, by Accident Type 

Accident Cancer Incidence• 

Populationb MEP 

Non-Alpha Incineration, (A)" 
3.4E-6 l.2E-9 

Feedstock Staging Area Fire 

Alpha Incineration, (A) 
2.2E-5 7.5E-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 2.2E-5 7.5E-9 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

l.lE-7 l.9E-2 1.3 

4.SE-6 l.2E-l 2.6 

4.5E-6 1.2E-l 2.6 

c Accident annual frequency codes are "A" for anticipated ( > lE-2), "U" for unlikely (lE-4 to lE-2), "VU" for very unlikely (IE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 

Table D.3.5-95. Chemical-Related Accident Risks Associated With LLMW Treatment at 
LLNL Under the Regionalized Alternative 1, by Accident Type 

Accident Cancer Incidencea 

Populationb MEP 

Non-Alpha Incineration, (A)" 
9.lE-5 2 .SE-8 

Feedstock Staging Area Fire 

Alpha Incineration, (A) 
6.4E-5 1.SE-8 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 9.lE-5 2.SE-8 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEP Most-
Exposed 
Workers 

6.4E-6 4. lE-1 3.3 

4.7E-6 2.9E-l 2.6 

6.4E-6 4.lE-1 3.3 

c Accident annual frequency codes are "A• for anticipated ( > lE-2), •u• for unlikely (IE-4 to IE-2), "VU" for very unlikely (lE-6 to IE-4), 
and "EU" for extremely unlikely ( < lE-6). 

D-316 



-- - --- ...... ~----

Appendix D 
9513387*235 

aste Management Facility Human Health Risk Estimates 

Table D.3.5-96. Chemical-Related Accident Risks Associated With UMW Treatment at 
ORR Under the Regionalized Alternative 1, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)C 
8.7E-3 5.6E-7 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 8.7E-3 5.6E-7 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

1187.ard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

2.5E-4 9.2 3.6El 

2.SE-4 9.2 3.6El 

c Accident annual frequency codes are "A• for anticipated ( > IE-2), •u• for unlikely (IE-4 to lE-2), "VU" for very unlikely (lE-6 to lE-4), 
and "EU" for extremely unlikely ( < IE-6). 

Table D.3.5-97. Chemical-Related Accident Risks Associated With UMW Treatment at 
Pantex Under the Regionalized Alternative 1, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)C 
6.5E-6 4.SE-10 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 6.5E-6 4.SE-10 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

1187.ard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

7.0E-7 7.4E-3 1.9 

7.0E-7 7.4E-3 1.9 

c Accident annual frequency codes are "A" for anticipated ( > IE-2), "U" for unlikely (IE--4 to IE-2), "VU" for very unlikely (lE-6 to IE--4), 
and "EU" for extremely unlikely ( < IE-6). 
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Table D.3.5-98. Chemical-Related Accident Risks Associated With LLMW Treatment at 
PGDP Under the Regionalized Alternative 1, by Accident Type 

Accident Cancer Incidence• 

Populationb MEJb 

Non-Alpha Incineration, (A)• 
l.3E-4 l.9E-8 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l.3E-4 l.9E-8 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

9.9E-7 3.2E-l 1.8 

9.9E-7 3.2E-l 1.8 

c Accident annual frequency codes are •A• for anticipated ( > IE-2), •u• for unlikely (lE-4 to IE-2), •vu• forvery unlikely (lE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 

Table D.3.5-99. Chemical-Related Accident Risks Associated With LLMW Treatment at 
Ports Under the Regionalized Alternative 1, by Accident Type 

Accident Cancer Incidence• 

Populationb MEP 

Non-Alpha Incineration, (A)• 
l.lE-4 8. lE-8 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l.lE-4 8. lE-8 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

3.5E-5 1.3 9.8 

3.SE-5 1.3 9.8 

c Accident annual frequency codes are •A• for anticipated ,(> lE-2), •u• for unlikely (lE-4 to lE-2), •vu• for very unlikely (lE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 
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Table D.3.5-100. Chemica/.-Related Accident Risks Associated With LLMW Treatment at 
RFETS Under the Regional.ized Alternative 1, by Accident Type 

Accident Cancer Incidence• 

Populationb MEJb 

Non-Alpha Incineration, (A)• 
2.lE-7 4.2E-12 

Feedstock Staging Area Fire 

Alpha Incineration, (A) 
4.7E-4 9.5E-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 4.7E-4 9.5E-9 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Haz.ard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

2.7E-12 6.9E-5 1.0 

4.5E-6 l.6E-l 1.8 

4.5E-6 1.6E-l 1.8 

c Accident annual frequency codes arc "A• for anticipated(> lE-2), •u• for unlikely (lE-4 to lE-2}, ·vu• for very unlikely (lE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 

Table D.3.5-101. Chemica/.-Related Accident Risks Associated With LLMW Treatment at 
SRS Under the RegionaJ.ized Alternative 1, by Accident Type 

Accident Cancer Incidence• Hazard Index IDLH Index 

Populationb MEJb Workers MEJb Most-
Exposed 
Workers 

Non-Alpha Incineration, (A)• 
l.6E-5 5.2E-9 5.9E-5 8.6E-2 l .4El 

Feedstock Staging Area Fire, 

Alpha Incineration, (A) 
l .5E-6 

Baghouse Are Facility Fire 
4.7E-10 3.2E-6 7.6E-3 2.2 

WORST-CASE ACCIDENT l.6E-5 5.2E-9 5.9E-5 8.6E-2 l.4El 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. . 
c Accident annual frequency codes arc "A" for anticipated(> lE-2}, •u• for unlikely (lE-4 to lE-2), •vu• for very unlikely (lE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 
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Table D.3.5-102. Chemical-Related Accident Risks Associated With LLMW Treatment at Hanf ord 
Under the Regionalized Alternative 2, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)• 
l.OE-4 2.6E-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l .OE-4 2.6E-9 

a Indicate~ cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

3.4E-5 4.3E-2 7.7 

3.4E-5 4.3E-2 7.7 

c Accident annual frequency codes are "A" for anticipated(> l E-2). •u• fo r unlikely (lE-4 to lE-2), •vu• fo r very unlikely (lE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 

Table D.3.5-103. Chemical-Related Accident Risks Associated With UMW Treatment at 
INEL Under the Regionalized Alternative 2, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)• 
2.9E-6 7.0E-10 

Feedstock Staging Area Fire 

Alpha Incineration, (A) 
5.0E-5 l.2E-8 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 5.0E-5 l .2E-8 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

5.2E-7 l.lE-2 1.3 

3.lE-5 l.9E-l 6.3 

3.lE-5 l.9E-l 6.3 

c Accident annual frequency codes are "A" for anticipated(> lE-2), •u• for unlikely (lE-4 to lE-2), ·vu• for very unlikely (lE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 
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Table D.3.5-104. Chemical-Related Accident Risks Associated With UMW Treatment at 
LANL Under the Regionalized Alternative 2, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)• 
l .6E-5 5.5E-9 

Feedstock Staging Area Fire 

Alpha Incineration, (A) 
2.2E-5 7.5E-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 2.2E-5 7.5E-9 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEi b Most-
Exposed 
Workers 

l .2E-6 9.0E-2 2.2 

4.5E-6 l.2E-l 2.6 

4.5E-6 l.2E- l 2.6 

c Accident annual frequency codes arc •A• for anticipated ( > 1 E-2), "U" for unlilcely (IE-4 to 1 E-2), "VU" forvery unlikely ( 1 E-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-<i). 

Table D.3.5-105. Chemical-Related Accident Risks Associated With UMW Treatment at 
ORR Under the Regionalized Alternative 2, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)' 
8.9E-3 5.7E-7 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 8.9E-3 5.7E-7 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLHlndex 

Workers MEib Most-
Exposed 
Workers 

2.5E-4 9.4 3.6El 

2.5E-4 9.4 3.6El 

c Accident annual frequency codes are "A" for anticipated(> lE-2), ·u• for unlikely (IE-4 to lE-2), "VU" for very unlikely (lE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-<i). 
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Table D.3.5-106. Chemical.-Related Accident Risks Associated With LLMW Treatment at 
Ports Under the Regionalized Alternative 2, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)" 
l.2E-4 9.0E-8 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l.2E-4 9.0E-8 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLHindex 

Workers MEib Most-
Exposed 
Workers 

4.7E-5 1.5 1.lEl 

4.7E-5 1.5 1.lEl 

c Accident annual frequency codes are "A" for anticipated(> IE-2), ·u• for unlikely (IE-4 to IE-2), •vu• for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < lE-6). 

Table D.3.5-107. Chemical.-Related Accident Risks Associated With UMW Treatment at 
RFETS Under the Regional.ized Alternative 2, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)" 
8.0E-7 l.6E-ll 

Feedstock Staging Area Fire 

Alpha Incineration . (A) 
4.7E-4 9.5E-9 Feedstock Staging Area Fire 

WORST-CASE ACCIDENT 4.7E-4 9.5E-9 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

2.lE-11 2.6E-4 1.0 

4.5E-6 l.6E-l 1.8 

4.5E-6 l.6E-l 1.8 

c Accident annual frequency codes are "A• for anticipated ( > IE-2), ·u· for unlikely (IE-4 to IE-2), •vu• for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 
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Table D.3.5-108. Chemical-Related Accident Risks Associated With UMW Treatment at 
SRS Under the Regionalized Altemati.ve 2, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)• 
l .6E-5 5.2E-9 Feedstock Staging Area Fire 

Alpha Incineration, (A) 
1.5E-6 4.7E-10 Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l.6E-5 5.2E-9 

3 
Indicates cancer fatalities associated with chemical carcinogen exposure. 

b Offsite. 

Hazard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

5.9E-5 8.6E-2 1.4El 

3.2E-6 7.6E-3 2.2 

5.9E-5 8.6E-2 1.4El 

c Accident annual frequency codes are "A" for anticipated(> IE-2), "U" for unlikely (IE-4 to IE-2), "VU" for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 

Table D.3.5-109. Chemical-Related Accid~nt Risks Associated With UMW Treatment at Hanford 
Under the Regionalized Altemati.ve 4, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)• 
I.OE-4 2.6E-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l.OE-4 2.6E-9 

3 Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

3.2E-5 4.3E-2 7.7 

3.2E-5 4.3E-2 7.7 

c Accident annual frequency codes are •A• for anticipated ( > I E-2), ·u· for unlikely (I E-4 to I E-2). ·vu• for very unlikely (IE-6 to IE-4), 
and "EU" for extremely unlikely ( < IE-6). 
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Table D.3.5-110. Chemica(-Related Accident Risks Associated With LLMW Treatment at 
. INEL Under the Regionalized Alternative 4, by Accident Type 
~ 

Accident Cancer Incidence• 

Populationb MEr 
t 

Non-Alpha Incineration, (A)' 
l.4E-5 3.4E-9 

Feedstock Staging Area Fire 

Alpha Incineration, (A) 
7.2E-5 . l.7E-8 

Feedstock Staging Arca Fire 

WORST-CASE ACCIDENT 7.2E-5 l.7E-8 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsire. 

Hazard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

3.6E-6 5.5E-2 2.5 

4.9E-5 2.8E-1 8.7 

4.9E-5 2.SE-1 8.7 

c Accident anmal frequency codes are •A· for anticipated(> IE-2), •u• for unliltcly (IE4 to IE-2). •vu• for very unlikely (IE-6 to IE4), 
and "EU" for extremely unlikely ( < IE-6). 

Table D.3.5-111. Chemical-Related Accidmt Risks Associated With LLMW Treatment at 
ORR Under the Regionaliz.ed Alternative 4, by Accident Type 

Accident Cancer Incidence• 

PopuJationb MEib 

' • I 

Non-Alpha Incineration, (A)' 
l.lE-2 7.3E-7 

Feedstock Staging Arca Fire 

WORST-CASE ACCIDENT l.lE-2 7.3E-7 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers MEr Most-
Exposed 
Workers 

3.6E-4 l.2El 4.6El 

3.6E-4 l.2El 4.6El 

c Accident anmial frequency codes are ·A· for anticipated ( > IE-2). •u• for unlikely (IE4 to IE-2), •vu• for very unlikely (IE-6 to IE4), 
and "EU• for extremely unlikely ( < I E-6). 
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Table D.3.5-112. Chemical-Related Accident Risks Associated With LLMW Treatment at 
SRS Under the Regionaliz.ed Alternative 4, by Accident 'J'ype 

Accident Cancer Incidence• 

Populationb MEJb 

Non-Alpha Incineration, (A)C 
l.6E-5 5.2E-9 Feedstock Staging Area Fire 

Alpha Incineration, (A) 
1.5E-6 4.7E-10 Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l.6E-5 5.2E-9 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Huard Index IDLH Index 

Workers MEib Most-
Exposed 
Workers 

6.4E-5 8.6E-2 l .4El 

3.SE-6 7.6E-3 2.2 

6.4E-5 8.6E-2 l.4El 

c Accident annual frequency codes are •A• for anticipated ( > lE-2), •u• for unlikely (I E-4 to IE-2), •vu• for very unlikely (IE-6 to lE-4), 
and "EU" for extremely unlikely ( < lE-6). 

Table D.3.5-113. Chemical-Related Accident Risks Associated With LLMW Treatment at Hanford 
Under the Central.ized Alternative, by Accident Type 

Accident Cancer Incidence• 

Populationb MEib 

Non-Alpha Incineration, (A)C 
I.0E-3 2.6E-8 

Feedstock Staging Area Fire 

Alpha Incineration, (A) 
l.3E-4 3.5E-9 

Feedstock Staging Area Fire 

WORST-CASE ACCIDENT l.0E-3 2.6E-8 

a Indicates cancer fatalities associated with chemical carcinogen exposure. 
b Offsite. 

Hazard Index IDLH Index 

Workers ME1b · Most-
Exposed 
Workers 

7.5E-4 4.3E-l 6.8El 

5.7E-5 5.7E-2 9.8 

7.5E-4 4.3E-1 6.8El 

c Accident annual frequency codes are •A• for anticipated ( > 1 E-2), •u• for unlikely ( 1 E-4 to lE-2), ·vu· for very unlikely (I E-6 to l E-4), 
and "EU" for extremely unlikely ( < lE-6). 
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D.3.5.9 Risks to the Hypothetical Intruder from LLMW Disposal 

The health risks to the hypothetical intruder who drills a well through an LLMW disposal facility were 

evaluated for the Decentralized, Regionalized 2, and Centralized Alternatives, and for remote-handled 

LLMW (RH-LLMW) disposal (disposal at four installations in the Decentralized, Regionalized, and 

Centralized Alternatives). Intrusion was evaluated 100 years and 300 years after the cessation of disposal 

• activities at each installation. 

Tables D.3.5-114 and D.3.5-115 present summaries of the risk evaluations at 100 and 300 years, 

respectively. Tables D.3.5-116 through D.3.5-123 contain the health risks by health endpoint and 

installation for each alternative in both time frames. 

Table D.3.5-114. Summary Table for the Intruder Scenario for UMW (100 years) 

Radionuclides Chemicals 

Alternative Dose Cancer Cancer Genetic Cancer Hazard 
(rem) Fatality Incidence Effects Incidence Index 

Decentralized 34 1.7E-2 5.8E-2 3.4E-3 1.8E-13 1. lE-7 

Regionalized 2 33 1.6E-2 5.SE-2 3.3E-3 1.8E-13 1.4E-7 

Centralized 7.1 3.6E-3 1.2E-2 7.lE-4 5. lE-14 9.6E-8 

RH-LLMW 68 3.3E-2 1.2E-1 6.8E-3 1.2E-14 8.8E-9 

Table D.3.5-115. Summary Table for the Intruder Scenario for UMW (300 years) 

Radionuclides Chemicals 

Alternative Dose Cancer Cancer Genetic Cancer Hazard 
(rem) Fatality Incidence Effects Incidence Index 

Decentralized 7.2E-1 3.5E-4 1.2E-3 7.2E-5 l.8E-13 l.lE-7 

Regionalized 2 6.lE-1 3.0E-4 l.0E-3 6.lE-5 1.8E-13 1.4E-7 

Centralized l.SE-1 7.3E-5 2.5E-4 l.5E-5 5. lE-14 9.6E-8 

RH-LLMW 2.2 1. lE-3 3.7E-3 2.2E-4 l .2E-14 8.8E-9 
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Table D.3.5-116. Intruder Scenario Ri.sk Results for the Decentralized Altemati.ve (100 years) 

Radionuclides Chemicals 

Installation Cancer Cancer Genetic Cancer Hazard 
Dose (rem) Fatality Incidence Effects Incidence Index 

ANL-E 6.6E-1 3.3E-4 l.lE-3 6.6E-5 l.4E-14 l.6E-8 

BNL l.SE-2 7.4E-6 2.SE-5 l.5E-6 0.0 l.3E-9 

FEMP l.4E-3 6.BE-7 2.3E-6 l.4E-7 0.0 6.BE-9 

Hanford 19 9.4E-3 3.2E-2 l.9E-3 3.lE-14 4.0E-8 

INEL 7.5 3.BE-3 l.3E-2 7.5E-4 2.2E-14 6.2E-8 

LANL 5.2E-2 2.6E-5 8.BE-5 5.2E-6 0.0 l.0E-8 

LLNL 3.2E-1 1.6E-4 5.4E-4 3.2E-5 0.0 l.6E-8 

NTS 4.9E-2 2.4E-5 8.3E-5 4.9E-6 0.0 6.7E-9 

ORR 2.6 l .3E-3 4.4E-3 2.6E-4 4.SE-14 l.lE-7 

PGDP . l.3E-1 6.4E-5 2.2E-4 l.3E-5 0.0 2.5E-9 

Pantex l.9E-2 9.4E-6 3.2E-5 l.9E-6 0.0 8.6E-10 

PORTS 4.BE-1 2.4E-4 8.2E-4 4.BE-5 2.7E-14 2.9E-8 

RFETS 1.6E-2 7.8E-6 2.6E-5 l.6E-6 1.3E-14 5.4E-9 

SNL-NM l. lE-2 5.6E-6 l.9E-5 l.lE-6 0.0 4.9E-11 

SRS 3.1 l.6E-3 5.4E-3 3.lE-4 2.BE-14 1.0E-7 

TOTAL 34 l.7E-2 5.8E-2 3.4E-3 l.BE-13 l.lE-7 
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Table D.3.5-117. Intruder Scenario Risk Results for the Decentralized AJ.ternati.ve (300 years) 

Radionuclides Chemicals 

Installation Cancer Cancer Genetic Cancer Hazard 
Dose (rem) Fatality Incidence Effects Incidence Index 

ANL-E 2.3E-2 1. lE-5 3.9E-5 2.3E-6 1.4E-14 1.6E-8 

BNL 5.0E-4 2.SE-7 8.6E-7 5.0E-8 0.0 1.3E-9 

FEMP l.4E-3 6.8E-7 2.3E-6 l.4E-7 0.0 6.8E-9 

Hanford 1.SE-1 7.7E-5 2.6E-4 1.SE-5 3.lE-14 4.0E-8 

INEL 2.SE-1 1.2E-4 4.2E-4 2.SE-5 2.2E-14 6.2E-8 

LANL 1.9E-3 9.3E-7 3.2E-6 l.9E-7· 0.0 1.0E-8 

LLNL 9.3E-3 4.6E-6 l.6E-5 9.3E-7 0.0 1.6E-8 

NTS 3.lE-3 1.6E-6 5.3E-6 3.lE-7 0.0 6.7E-9 

ORR 8.SE-2 4.2E-5 1.4E-4 8.SE-6 4.SE-14 1. lE-7 

PGDP 1.3E-1 6.4E-5 2.2E-4 1.3E-5 0.0 2.SE-9 

Pantex l.9E-4 9.3E-8 3.2E-7 l .9E-8 0.0 8.6E-10 

PORTS 6.0E-3 3.0E-6 l.0E-5 6.0E-7 2.7E-14 2.9E-8 

RFETS l.lE-2 5.7E-6 l.9E-5 l.lE-6 l .3E..J.4 5.4E-9 

SNL-NM l.6E-4 8.2E-8 2.8E-7 1.6E-8 0.0 4.9E-11 

SRS 4.6E-2 2.3E-5 7.9E-5 4.6E-6 2.SE-14 1.0E-7 

TOTAL 7.2E-1 3.SE-4 l .2E-3 7.2E-5 l.SE-13 l.lE-7 
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Table D.3.5-118. Intruder Scenario Ri.sk Results for the Regiona/,ized Alternati.ve 2 (100 years) 

Radionuclides Chemicals 

Installation Cancer Cancer Genetic Cancer Hazard 
Dose (rem) Fatality Incidence Effects Incidence Index 

Hanford 19 9.4E-3 3.2E-2 l.9E-3 3.4E-14 4.7E-8 

INEL 7.9 3.9E-3 l.3E-2 7.9E-4 2.7E-14 6.9E-8 

LANL 4.6E-2 2.3E-5 7.9E-5 4.6E-6 l.7E-14 l.lE-8 

NTS l.4E-4 7.lE-8 2.4E-7 1.4E-8 0.0 2.SE-12 

ORR 2.5 1.2E-3 4.2E-3 2.5E-4 7.lE-14 l.4E-7 

SRS 3.1 l.6E-3 5.4E-3 3.lE-4 2.7E-14 l.0E-7 

TOTAL 33 l.6E-2 5.5E-2 3.3E-3 l.SE-13 l.4E-7 

Table D.3.5-119. Intruder Scenario Ri.sk Results for the Regiona/,ized Alternative 2 (300 years) 

Radionuclides Chemicals 

Installation Cancer Cancer Genetic Cancer Hazard 
Dose (rem) Fatality Incidence Effects Incidence Index 

Hanford l.4E-l 7. lE-5 2.4E-4 l .4E-5 3.4E-14 4.7E-8 

INEL 2.6E-1 l .3E-4 4.4E-4 2.6E-5 2.7E-14 6.9E-8 

LANL l.4E-2 6.8E-6 2.3E-5 l.4E-6 l.7E-14 l.lE-8 

NTS 3.4E-4 l.7E-8 5.8E-8 3.4E-9 0.0 2.SE-12 

ORR l.5E-1 7.4E-5 2.5E-4 l .5E-5 7. lE-14 l.4E-7 

SRS 4.6E-2 2.3E-5 7.9E-5 4.6E-6 2.7E-14 l.0E-7 

TOTAL 6.lE-1 3.0E-4 l .0E-3 6.lE-5 l.SE-13 l.4E-7 

D-329 



Waste Management Facility Human Health Risk Estimates Appendix D 

Table D.3.5-120. Intruder Scenario Risk Results for the Central.ized Alternative (100 years) 

Radionuclides Chemicals 

Installation Cancer Cancer Genetic Cancer Hazard 
Dose (rem) Fatality Incidence Effects Incidence Index 

Hanford 7.1 3.6E-3 1.2E-2 7.lE-4 5.IE-14 9.6E-8 

TOTAL 7.1 3.6E-3 1.2E-2 7.lE-4 5.IE-14 9.6E-8 

Table D.3.5-121. Intruder Scenario Risk Results for the Centralized Alternative (300 years) 

Radionuclides Chemicals 

Installation Cancer Cancer Genetic Cancer Hazard 
Dose (rem) Fatality Incidence Effects Incidence Index 

Hanford 1.5E-1 7.3E-5 2.5E-4 l.5E-5 5. IE-14 9.6E-8 

TOTAL l.5E-1 7.3E-5 2.SE-4 1.SE-5 5. IE-14 9.6E-8 

Table D.3.5-122. Intruder Scenario Risk Results for RH-LLMW (100 years) 

Radionuclides Chemicals 

Installation Cancer Cancer Genetic Cancer Hazard 
Dose (rem) Fatality Incidence Effects Incidence Index 

Hanford 6.2E-3 3.lE-6 l .0E-5 6.2E-7 0.0 5.9E-13 

INEL 13 6.4E-3 2.2E-2 l.3E-3 l.2E-14 8.SE-9 

ORR 55 2.7E-2 9.3E-2 5.5E-3 0.0 2.3E-10 

SRS 7.0E-2 3.5E-5 l.2E-4 7.0E-6 0.0 6.SE-11 

TOTAL 68 3.3E-2 l.2E-1 6.SE-3 l.2E-14 8.SE-9 
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Table D.3.5-123. Intruder Scenario Risk Results for RH-LLMW (300 years) 

Radionuclides Chemicals 

Installation Cancer Cancer Genetic Cancer Huard 
Dose (rem) Fatality Incidence Effects Incidence Index 

Hanford 4.7E-5 2.4E-8 8.lE-8 4.7E-9 0.0 5.9E-13 

INEL 2.SE-1 l.4E-4 4.SE-4 2.SE-5 l.2E-14 8.SE-9 

ORR 1.9 9.5E-4 3.2E-3 l.9E-4 0.0 2.3E-10 

SRS 1.0E-3 5.2E-7 l.SE-6 1.0E-7 0.0 6.SE-11 

TOTAL 2.2 1.lE-3 3.7E-3 2.2E-4 1.2E-14 8.SE-9 

D.3.5.9.1 Results of the Human Health Risk Analysis for the Intruder 

For the Decentralized Alternative (which entails disposal at 15 installations), 100 years after the end of 

disposal operations, the installation with the highest intruder cancer fatality risk is Hanford (9.4E-3) and 

the lowest cancer fatality risk is at FEMP (6.8E-7). The high dose at Hanford is due to large inventories 

of Sr-90 and Cs-137. Three hundred years after waste disposal is completed, the highest intruder cancer 

fatality risk is at INEL (l.2E-4), due primarily to a large inventory of Ni-63, and the lowest risk is at 

SNL-NM (8.2E-8). 

For Regionalized Alternative 2 (involving disposal at six installations), 100 years following the end of 

disposal, the highest intruder cancer fatality risk is at Hanford (9.4E-3) due to Sr-90 and Cs-137; the 

lowest intruder risk is at NTS (7. lE-8). Three hundred years after disposal, the highest intruder cancer 

fatality risk is at INEL (l.3E-4), where Ni-63 is the driving radionuclide; the lowest risk is at NTS 

(1.7E-8). 

The Centralized Alternative (in which all waste is disposed at Hanford) poses an intruder cancer fatality 

risk of 3.6E-3 at 100 years, following the end of disposal activities. The controlling radionuclide is 

Sr-90. Three hundred years after disposal, the cancer fatality risk to the intruder decreases to 7.3E-5. 

The risks at Hanford under this single-installation consolidation alternative are nearly three times lower 

than the risks at Hanford under the 15- or 6-installation disposal options. While this may seem 

counterintuitive at first, it derives from the reduction in average waste concentration at Hanford that 
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results when the waste volumes of low-activity wastes from other installations are added to the relatively 

higher-activity Hanford wastes. 

For the RH-LLMW disposal scenario, 100 years after disposal operations cease, the highest cancer 

fatality risk is at ORR (2.7E-2) due to the presence of Sr-90 in the inventory. The lowest cancer fatality 

risk occurs at Hanford (3. lE-6). Three hundred years after the end of disposal operations, the highest 

intruder cancer fatality risk remains at ORR (9.5E-4), due to Th-232, and the lowest risk remains at 

Hanford (2.4E-8). The driving radionuclide at ORR changes between the 100- and 300-year intrusions 

because Sr-90 decays through about 10 half-lives in the intervening 200 years whereas, Th-232 has a 

half--life of approximately 14.1 billion years. As such, more than 99.99% of the material that was present 

at the close of disposal activities has decayed to lower-risk daughter products. 

In general, the risks associated with intrusion at 300 years after closure of the disposal facility are less 

than those at 100 years due to the decay of radionuclides with time. The incidence of cancer associated 

with chemical exposures is eight to 12 eight orders of magnitude lower than the risk from exposure to 

radionuclides, and is well below levels of risk considered to be tolerable. The highest hazard index for 

any installation is in the E-7 range, so exposure to noncarcinogenic chemicals is unlikely to lead to 

adverse health effects. 

D.4 Uncertainty 

The risks presented in the preceding sections of the PEIS will be used to rank the alternatives based on 

cost, health risk reduction, and environmental and socioeconomic impacts . These risks were calculated 

based on assumptions about the amount of contaminants released into the environment (source terms), 

the tramport of the contaminants through the air and groundwater to various populations, and the health 

effects to man resulting from the intake of these contaminants by inhalation or ingestion. These 

assumptions are necessary because the actual processes may be too complex to simulate or insufficient 

information is available to properly model the system. Because exact system definition is not possible, 

a range of possible values can be estimated; the most likely value (based on available data) is then chosen 

for calculating the risk. This range of possible values and the frequency with which these values occur 

arc referred to as the "distribution." The model can be run using this distribution of input parameters to 

determine the range of risk estimates. This range is known as the risk uncertainty. 
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The risk uncertainty can be applied to the risk values given in the PEIS to get an estimated range of risks 

for each alternative. If part of the range of risks for one alternative overlaps the range for another 

alternative, it may not be possible to make a distinction between the two alternatives to determine which 

alternative poses the lower risk. 

The standard method for detennining risk uncertainties is quantitative, and involves estimating the range 

and distribution of each input parameter, producing a large number of input data sets that simulate those 

ranges and distributions, then running the model to determine the range of risks that result. However, 

the PEIS uses too many involves too many parameters and data sets for such an uncertainty analysis. 

Therefore, a qualitative uncertainty analysis was performed to assess the general accuracy of the PEIS 

risk estimates. This was done by performing an uncertainty analysis on a limited amount of data, then 

applying the results across all installations and alternatives . 

As noted in previous sections, the uncertainties associated with risk analyses depend to a large degree on 

the various assumptions that are made when determining model methodologies , scenario definitions, and 

input parameters. Model uncertainties vary according to the model being used and how applicable that 

model is to the scenario; they are estimated during the verification and validation phase of model 

development. Usually, the model developers provide the model uncertainties and/or limitations of model 

applicability. 

Scenario uncertainties include overlooking important receptors , not fully considering receptor activities 

(which could, for instance, lead to under- or overestimates of exposure) , and so forth. Since the PEIS 

defines the scenarios to be analyzed for risk, these types of uncertainties do not apply in the alternative 

comparisons and, therefore, were not included in the uncertainty analysis. 

Parameter uncertainties are caused by errors in measurements of the independent variables involved in 

the risk calculations and/or the representativeness of the samples taken for measurement. Since the PEIS 

is concerned with the comparison of relative risk estimates, only the parameters that cause a relative 

uncertainty between alternatives should be included. These parameters generally include all site-specific 

variables such as wind conditions or crop yields, as opposed to parameters that are common across all 

facilities, such as the breathing rate of humans and toxicity-related measures such as dose conversion 

factors. 
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The first step in this uncertainty analysis requires determining which parameters are significant, that is, 

which ones have the greatest influence on risk. Parameters that do not contribute to relative errors have 

been excluded from this uncertainty analysis, and are discussed in greater detail where appropriate in the 

following sections. The second step involves determining the uncertainty of each significant parameter. 

The third and final step is calculating the total risk uncertainty. Since different mathematical models are 

used for treatment and storage sites, disposal facilities, and waste management workers, the analysis will 

vary for each alternative. Uncertainties are presented in the following text, first for treatment and storage 

sites, then for disposal sites, and finally for waste management workers. 

D.4.1 TREATMENT AND STORAGE SITES 

Atmospheric transport and subsequent inhalation, ingestion, and external exposure to contaminants were 

considered to be the only significant exposure pathways for treatment and storage sites (the groundwater 

and surface water transport pathways were excluded). To determine unit doses for the PEIS for 

radionuclides, the GENII code (Napier et al., 1988) was used. · For hazardous chemicals, the ISC2 

dispersion models (EPA, 1992) were used. The risk uncertainty from using each of these cod~s had to 

be evaluated separately. To determine the general trends and magnitudes in risk uncertainty, a single, 

quantitative uncertainty analysis was performed using representative data from various sites. The results 

of this analysis are discussed according to their applicability across all installations. 

To perform the uncertainty analysis for the PEIS, the measurement uncertainty and/or representativeness 

of the samples of all parameters having a significant influence on risk are needed. One significant variable 

is the source term. However, the uncertainties of the source terms for the PEIS were not provided by 

ANL at the time of this study and were, therefore, not included in this uncertainty analysis. 

The uncertainties of other parameters, such as dose conversion factors, risk factors, and RfDs are 

associated with a high level of uncertainty. However, these parameters are determined apart from the 

PEIS and remain constant; therefore, any error associated with them is systematically applied across all 

facilities. In addition, although the health effects vary for each individual for a given exposure, the overall 

effects averaged across an entire population should be similar from one facility to another if that 

population is sufficiently large. Since the assumption that the populations were sufficiently large at all 

facilities was considered appropriate for a qualitative uncertainty analysis, the uncertainties from these 

D-334 



Appendix D 9513387 .. Z36 ft'aste Management Facility Human Health Risk Estimates 

parameters were not included in this study. The breathing rate of humans was also not considered in this 

analysis for similar reasons. Other parameters such as particle deposition velocity, resuspension 

parameters, stack flow rate, and stack exhaust gas temperature were assumed to be identical at all 

treatment and storage facilities since the facilities are not yet built and are hypothetical in nature. 

Therefore, these parameters were not included in this uncertainty analysis. 

D.4.1.1 Radionuclides 

To calculate the uncertainty associated with the estimated exposure caused by radionuclides, a sensitivity 

analysis of the GENil model was performed first, then the uncertainty analysis was made using only the 

significant parameters. The results are presented in the following subsections. 

D.4.1.1.1 Sensitivity Analysis of GENII 

A sensitivity analysis was performed to determine the variables that have a significant influence on the 

model's predictions of risk. Variables that were included in the sensitivity study included average air 

concentrations from a unit source for a specific area and population (called "Chi/Q"), agricultural yields, 

and what are termed "dietary fractions" (the rates at which a receptor consumes various nutrients such 

as water, grain, etc.). As noted in Section D.4.1, other variables such as breathing rates, particle 

deposition velocities, etc., were not included. 

The GENII-S code (Leigh et al., 1992), developed by SNL-NM specifically for sensitivity and 

uncertainty analysis, was used to perform the sensitivity studies. The uncertainty associated with the 

annual effective dose equivalent (AEDE) due to the uncertainties associated with input parameters was 

determined. Latin Hypercube sampling (Iman and Shortencarier, 1984) was used to generate a total of 

300 input data sets that represent the distributions of the input variables. The results were subjected to 

regression analysis so that the statistically significant predictor variables could be determined. The 

regression equation simply fits a linear curve to the outputs from the Latin Hypercube samples: 
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y = b + C X + C X + ... + c.x . 
1 1 2 2 I I 

where Y is the predicted variable, b is the y · intercevt, x is the predictor variable, and c is the coefficient 

of the predictor variable in the linear formula. The null hypothesis that a coefficient was zero was tested 

to within the 95% confidence level; in other words, any coefficient that had a probability less than 0.05 

of being zero was considered a significant parameter. 

The parameters used in the sensitivity study included Chi/Q, 11 crop yields , and dietary fractions of 

cattle. To perform the sensitivity study, the range and distribution of each parameter had to be 

determined. To initialize input parameters, SRS was chosen as the installation and a representative source 

term consisting of 1 Ci of each of the following radionuclides was used: tritium, carbon-14, 

phosphorus-32, sulfur-35, cobalt-60, strontium-90, yttrium-90, technetium-99), ruthenium-106, 

iodine-125, iodine-129), iodine-135, cesium-137, neptunium-237, thorium-229, uranium-238 , 

americium-242, plutonium-238, and curium-245 . 

GENII-S uses Chi/Q as an input parameter. However, Chi/Q is actually a derived variable based on the 

joint frequency data, anemometer height, exhaust stack height, stack flow rate, stack diameter, and stack 

exhaust gas temperature; therefore, the uncertainty of Chi/Q had to be determined. Only the uncertainty 

in the site-specific joint frequency data was included in determining the uncertainty of Chi/Q, since the 

other parameters were not addressed (refer to Section D.4.1). 

The joint frequency data for the 26 installations analyzed in the PEIS were collected from the MEP AS 

code (Droppo et al. , 1989) (21 sites), the National Climatic Data Center (4 sites), and an environmental 

impact statement report (1 site). The joint frequency data comprise six wind speed ranges, seven stability 

classes per wind speed range (these stability classes indicate the number and intensity of wind gusts for 

a particular average wind speed range), and 16 wind directions (16 sectors of 22.5 degrees per sector; 

e.g., north, north-northeast, northeast, east-northeast, etc.). The uncertainties associated with each joint 

frequency data set are the measurement uncertainties for wind speed and direction and the 

representativeness of that data set relative to average wind conditions at the site over a specified period 

of time. The time period of interest may differ for the release scenario. For a chronic release, the joint 

frequency data should represent wind speeds and directions averaged over the longest possible time period 

since the exposure period used in the human health risk analysis is equivalent to the average life span of 

an individual. However, for acute releases, such as would result from accidents, the data should be 
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representative of a 1-year release since a 1-year constant release was assumed for acute release scenarios. 

The uncertainty of the joint frequency data is therefore a function of the variability of the wind on an 

annual basis and of how many years of data were used to estimate the average annual wind conditions. 

To estimate the uncertainty in Chi/Q caused by the variations in atmospheric conditions, one site was 

chosen for which sufficient wind profile data were available to perform the analysis. (However, for a 

more complete uncertainty analysis, every site would have to be analyzed individually since the method 

for obtaining the data, the instrumentation used, the location of the meteorological tower relative to the 

facility, and the number of samples taken vary from installation to installation.) The meteorological data 

at the ORNL-East Tower were used since the data are readily available, fairly extensive, and 

measurement uncertainties are negligibly small compared to wind condition variability. The 

meteorological data are taken each hour, with measurement uncertainties of one degree for wind 

directions and 0.1 mph for wind speeds. Since GENII uses 16 wind directions of 22.5 degrees per 

directional sector, a 1-degree uncertainty in wind direction would have a negligible effect on the wind 

velocity profiles used for modeling (these profiles present wind velocity as a function of direction, by 

degree). GENil also uses only six wind speed ranges separated by approximately 2 mph and only seven 

stability classes. Therefore, wind speed uncertainties of 0.1 mph are negligible relative to model input 

capabilities for both mean wind speeds and stability classes. 

The only uncertainty that must be considered is the representativeness of the joint frequency data to the 

"actual" conditions one would experience during exposure. To estimate this uncertainty for one site, the 

hourly data taken at the ORNL-East Tower were averaged over 1 year to produce one joint frequency 

data set for that year. Since data have been acquired since 1987, seven yearly data sets could then be 

constructed (1987-1993). The GENII code was run for each of these joint frequency data sets to 

determine a Chi/Q with all other parameters being constant. The results presented in Table D .4-1 show 

that the standard deviation for Chi/Q for this set of data is l.27E-12. Two standard deviations are 

typically used to bound data within the 95 % confidence level. Using two standard deviations, the 

uncertainty of the resultant Chi/Q is approximately ± 10%. Therefore, the joint frequency data averaged 

over 7 years would also be expected to have an uncertainty of no more than ± 10 % . 
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Table D.4-1. Descripti.ve Stati.sti.csfor Chi/Qfrom ORR Meteorological Data 

Statistic 

Mean 

Standard deviation 

Two standard deviations 

Value 

2.34E-11 

l .27E-12 

2.54E-12 (10% of mean value) 

Shor et al. (1982) (the source of the agricultural yield data) report that the margin of error for the 

agricultural yields is ± 10 % ; the distribution had to be detennined from the data in that study. From 

evaluating various yields from counties surrounding SRS, it was detennined that a normal distribution 

was appropriate for the crop yields. 

After the range and distribution of the input parameters · were established, 300 input data sets were 

developed using the Latin Hypercube sampling technique. The regression analysis was then performed 

on the 300 model outputs. The coefficients resulting from the regression analysis and the probability of 

a coefficient being zero from the test of the null hypothesis are presented in Table D.4-2. 
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Table D.4-2. Results of GENII Sensitivity Study 

AppendixD 

Variable Coefficient Probability 

Chi/Q 113,787.87 0.000 

Yield Rate-Grain for Human Consumption 326.36 0.00 

Yield Rate-Fresh Forage for Beef Cattle 202.11 0.05 

Beef Dietary Fraction for Stored Feed 100.51 0.17 

Yield Rate-Stored Feed for Milk Cows 74.28 0.09 

Yield Rate-Stored Feed for Poultry 31.17 0.73 

Yield Rate-Root Vegetables 27.57 0.62 

Yield Rate-Stored Feed for Beef Cattle 25.37 0.56 

Yield Rate-Leafy Vegetables -6.58 0.68 

Yield Rate-Fruit -18.43 0.45 

Yield Rate-Fresh Forage for Milk Cows -32.35 0.75 

Milk Dietary Fraction for Stored Feed -42.69 0.56 

Yield Rate-Stored Feed for Laving Hens -102.27 0.25 

Of all the variables considered in the analysis, only Chi/Q, the yield of grain for human consumption, 

and the yield of fresh forage for beef cattle were below the 0.05 probability level of having a zero 

coefficient. This means that the AEDE was most sensitive to variations in these three variables. Latin 

Hypercube sampling and regression analysis were performed again using these three variables only. The 

resulting partial correlations (which indicate the strength of the linear dependence of a parameter and 

factor out the first-order correlations between input variables) are presented in Table D.4-3 . 

Table D.4-3. Correlation Coefficients for Significant Variables 

Variable 

Chi/Q 

Yield Rate-Grain for Human Consumption 

Yield Rate-Fresh Foliage for Beef Cattle 

Partial Correlation 

0.99 

0.17 

0.12 

Table D.4-3 reveals that the most sensitive variable was Chi/Q with a correlation coefficient of 0.99. 

This means that the uncertainty in Chi/Q will probably affect the uncertainties in risk much more than 

the uncertainties in the other two parameters. This is similar to the results found in an uncertainty study 
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by Lyon et al. (1992), in which the Chi/Q correlation coefficient was 0.95. Despite the small 

contributions from the other two variables (grain yield for humans and fresh forage yield for beef cattle), 

the uncertainty analysis was performed using all three variables to ensure the thoroughness of the 

analysis. 

D.4.1.1.2 Uncertainty Analysis 

The uncertainty analysis was performed using the GENII-S code again, along with the three parameters 

shown in Table D.4-3 . The results presented in Table D.4-4 show that the deviations in AEDE were 

±9% . This is nearly the same uncertainty as that of Chi/Q (which, the reader will recall from preceding 

discussion, was ± 10%); this is as expected, since the correlation coefficient of Chi/Q is 0.99. 

Table D.4-4. Descriptive Statistics for AEDE from the Uncertainty Analysis 

Statistic Value 

Mean 2.5E+4 

Deviation (Max-Mean) 2.15E+3 (9% of mean value) 

D.4.1.2 Haz:rdous Chemicals 

The ISC2 code (EPA, 1992) was used in the PEIS to estimate atmospheric fate and transport of hazardous 

chemicals. ISC2 estimates unit air concentrations for each block in a circular grid comprising 16 

directional sectors (e.g., north, north-northeast, northeast, east-northeast, etc.) at 10 radial distances out 

to 80 km (50 mi) from the point of release, similar to the Chi/Q calculation in GENII. Because of the 

simplicity of the approach in ISC2, the Chi/Q, cancer potency factors, and RfDs are the only parameters 

used in modeling, and all are sensitive parameters on risk. However, recall from Section D.4.1 that the 

uncertainties in cancer potency factors and RfDs were not considered applicable in the PEIS uncertainty 

analysis since only relative, not absolute, uncertainties were being sought. Therefore, Chi/Q was the only 

sensitive variable in the ISC2 model for the purposes of this uncertainty analysis. Since the calculation 

for Chi/Q in ISC2 is almost identical to that in GENII, the uncertainties in Chi/Q are ± 10%. 
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D.4.1.3 Conclusion for Treatment and Storage Sites 

The relative uncertainty of risk for the PEIS for comparison purposes could not be determined since the 

uncertainties in source terms were not available for this analysis. For the parameters pertaining to 

ingestion or inhalation, including Chi/Q, crop yields, and dietary fractions of humans and animals, the 

only significant parameter was Chi/Q, which had an uncertainty of ± 10 % . 

Because the uncertainties for parameters other than the source term are relatively low, the overall risk 

uncertainties should be of approximately the same order of magnitude as the source term uncertainties 

determined by ANL. 

If the critically exposed population in the PEIS is relatively small, the uncertainties in the breathing rates 

of humans, dose conversion factors, risk factors, and RfDs become significant, and the uncertai.nties in 

risk increase accordingly. 

D.4.2 DISPOSAL SITES 

Groundwater transport was considered the only significant environmental transport pathway for disposal 

sites. Three computer codes were used to estimate disposal risks. The DUST code (Sullivan, 1992) was 

used to estimate the amount leached from the disposal site; MEPAS (Droppo et al., 1989) was used to 

calculate fate and transport of the contaminants; and the DITTY portion of the GENII code (Napier et 

al., 1988) was used for the ingestion and exposure assessment. The uncertainty in these disposal risk 

calculations was estimated based on a sensitivity and uncertainty analysis of the MEPAS code conducted 

in April 1992 by ORNL and PNL (Lyon et al., 1992). 

The applicability of the sensitivity and uncertainty analysis of the MEP AS code to the PEIS was 

evaluated. The locations studied by Lyon et al. were chosen to encompass high-risk sites (sites for 

which population fatalities were estimated at greater than 1), medium-risk sites (where population 

fatalities were predicted to range between 1 and 0.0001), and low-risk sites (with population fatalities 

estimated at less than 0.0001). Of the six contaminated sites studied, four involved the groundwater 

pathway. These four were ORNL Waste Area Grouping 6, the Hanford Nonradioactive Dangerous Waste 

Landfill Site, LLNL Site 300 Landfill 6, and FEMP Operable Unit 1. Because these four sites are located 
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at four installations that were included in the PEIS health risk analyses, the results from the 1992 study 

were cQnsidered applicable to the PEIS. 

Before relating the results of the study by Lyon et al. to the PEIS results, two differences must be pointed 

out. First, the PEIS used the DUST model instead of MEPAS to input the rate of contaminant release 

from the disposal site; however, the methodology used in the PEIS was identical to that used in the 

MEPAS study by Lyon et al. Second, the risk estimates in the study by Lyon et al. were time-weighted 

such that health effects that occurred sooner were weighted more heavily than those occurring later; the 

PEIS risks were not time-weighted. However, the contaminants in the Lyon study-uranium-238, 

strontium-90, benzene, and trichloroethene-moved through the groundwater at relatively similar rates 

and relatively fast; therefore, time-weighting the results would have a neglible effect on the uncertainties. 

Moreover, these contaminants are some of the primary constituents in the PEIS source terms. Because 

of these factors, the variations in risk estimates determined by Lyon et al. should provide a reasonable 

estimate of the uncertainties in the PEIS. 

Latin Hypercube sampling was used to perform the sensitivity and uncertainty studies. The sensitivity 

analysis was performed by PNL, which used the time-weighted number of health effects as the dependent 

variable. The initial sensitivity rankings of the inputs were based on the partial correlation coefficients 

(indicating the strength of the linear dependence of the parameters). Typically, only three to six 

parameters showed sufficient sensitivity to be considered for the uncertainty analysis at the various sites. 

The null hypothesis that a coefficient was zero was tested to the 95 % confidence level (i.e., parameters 

were considered sufficiently sensitive if there was a probability of 0.05 or less that a parameter's 

coefficient in the regression equation was zero). 

Table D.4-5 presents the input parameters with significant correlation coefficients and the number of 

orders of magnitude difference between the 95th percentile upper and lower confidence levels. The 

significant parameters are listed in order of the highest to lowest correlation coefficients. The authors 

concluded that the most vital components of the risk characterization process are the initial concentrations 

of contaminants, contaminant inventories, and contaminant flux rates at the site. In many cases, the final 

risk estimate is directly proportional to these values. Uncertainties in the subsurface partitioning 

coefficient, ~s, were determined to be insignificant relative to these other components. 
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Table D.4-5 shows that the differences in population risk estimates between the upper and lower 95th

percentile confidence bands ranged from 0.2 to 12.2 orders of magnitude. Note that the uncertainty at 

Hanford was very high in relation to the other three sites (12 orders of magnitude compared to 0.2, 1.5, 

and 2.1). This was because of a large decrease in population risk from the lower 80th percentile to the 

lower 95th percentile, accounting for approximately 10 orders of magnitude of uncertainty; there is only 

a difference of 2.2 orders of magnitude of uncertainty between the upper 95th percentile to the lower 80th 

percentile. Excluding the lower 80th to 95th percentile of the uncertainty for Hanford from consideration 

(because this behavior appears to be unique to Hanford and is extremely uncharacteristic of the other 

sites), the most reasonable estimate of the uncertainty with respect to disposal risks in the PEIS would 

be between 1 and 2 orders of magnitude. 

This uncertainty estimate does not take into account uncertainties in the waste inventories provided by 

ANL. If the uncertainties in the inventories are provided by ANL, the risk uncertainty estimated in the 

preceding paragraph can be adjusted accordingly . 

D.4.2.1 Conclusion for Disposal Sites 

The most reasonable estimate of the uncertainty in the risk predictions in the PEIS for the disposal sites 

was expected to be approximately one to two orders of magnitude, based on the study by Lyon et al. 

(1992). If ANL provides source term uncertainties in the future, the uncertainties in risk in the PEIS can 

be adjusted accordingly. 
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Table D.4-5. Uncertainties of Ri.sk Predictions via the Groundwater Pathway 

Site 

ORR-Waste Area Group 6 

Hanford-Nonradioactive 
Dangerous Waste Landfill Site 

LLNL-Site 300 Landfill 6 

FEMP-Operable Unit 1 

Significant Parameters (from highest to 
lowest correlation coefficient) 

1) Contaminant inventory 
2) Surface K.i 
3) Subsurface K.i 
4) Discharge rate of White Oak Lake into 

the Clinch River 

1) Thickness of saturated zone 
2) Waste leaching rate 
3) Transverse dispersivity in saturated 

zone 
4) K.i in saturated zone 
5) K.i in partially saturated zone 
6) Population drinking contaminated 

groundwater 

1) Flux rate 
2) Leaching rate 
3) K.i in first partially saturated zone 
4) K.i in second partially saturated zone 
5) K.i in saturated zone 
6) Population drinking contaminated 

groundwater 

1) Contaminant inventory 
2) Pore water velocity in saturated zone 
3) K.i in first partially saturated zone 
4) K.i in second partially saturated zone 
5) K.i in saturated zone 
6) Travel distance in saturated zone to 

receptor 

Population Risk Orders 
of Magnitude Difference• 

1.5 

12 

2.1 

0.2 

• Orders of magnitude difference between the 95th percentile upper and lower confidence levels. 

D.4.3 WASTE MANAGEMENT WORKERS 

The MicroShield code (Grove Engineering, Inc., 1992) was used to calculate external radiation exposure 

to waste management workers for the waste management portion of the PEIS. MicroShield is capable of 

performing sensitivity studies for the shield thickness, distance-from-source-to-shield, and distance-from

source-to-receptor parameters. Sensitivity studies on other parameters such as material density and source 

strength must be performed manually. 
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For the comparison of PEIS alternatives, only the parameters that cause relative error, not absolute error, 

are the ones desired in determining the risk uncertainties. Since the PEIS treatment facilities and 

operational equipment were hypothetical in nature and were all assumed to be identical for the various 

treatments required, many parameters could be excluded from this uncertainty study. These included the 

shielding material and thickness, and the distances of the shield and receptor from the source. 

Uncertainties were introduced in the PEIS risk estimates from relating waste throughputs to source 

volumes (volumes of waste in treatment vessels) and unit dose methodologies. For the PEIS, the 

throughput of waste for each treatment module for each alternative was provided by ANL. Since 

MicroShield requires input of the source (or waste) volume rather than the waste throughput, regression 

equations were used to relate throughputs to treatment vessel volumes using known values for existing 

facilities, derived from facility data provided by Morrison Knudsen Corporation (1993, 1994). The 

treatment modules that have variable capacities included feed waste bins, shredders, evaporators, high 

pressure spray/blast booths, solidification units, aqueous tanks , neutralization tanks, ion exchange tanks, 

oxidation reactor tanks, incinerators, metal melters, thermal desorption units , mercury roasting kilns, 

metal deactivation units, lead melting tanks, soil washing tanks, sludge washing tanks, debris washing 

tanks, and polymer blending tanks. (The size of some modules, such as drum compactors, did not change 

since the drum sizes remain the same for various throughputs; only the number of drums changed.) 

There were two sources of error in the worker exposure calculations . First, the known throughputs and 

volumes consisted of three or four sizes categorized as extra-small, small, medium, and large. Since only 

three or four sizes existed to derive the regression equations for each treatment module, the maximum 

error of the three or four known values was used, regardless of throughput. 

The second source of error resulted from using the unit dose methodology, in which the unit dose to a 

worker is calculated based on exposure to 1 m3 of waste in a 1-m3 container. Since the capacity of some 

of the treatment modules varied, the unit doses had to be scaled to reflect the doses for the correct waste 

volumes in these cases. To derive this relationship, MicroShield was executed for each of the variable

size modules for a range of waste volumes, and a regression equation was used to relate the dose from 

the various waste volumes to the unit dose . 

To estimate the uncertainty in risk predictions from these two sources of error, an alternative was chosen 

in which the treatment train consisted of throughputs and treatment modules for which larger errors on 
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the regression curves existed. The management of LLMW at INEL in Regionalized Alternative 3 was 

chosen. Since the throughput changed with each of the 57 treatment modules for this alternative, and the 

number of workers changed with throughput, the actual dose for each treatment module had to be 

determined. The total actual dose was then calculated in an EXCEL spreadsheet and compared to that in 

the PEIS, resulting in an approximate ±6% error. 

The shielding materials used for the PEIS included air, concrete, iron, and water. Since the construction, 

operation, and maintenance of all the facilities were assumed to be identical because the facilities are 

hypothetical in nature, any variations in the densities of concrete, iron, or water that might occur would 

cause absolute errors in risk predictions but would not cause relative errors (the type of errors sought for 

comparison purposes). The only site-specific parameter that might cause relative error would be air 

density since it is a function of the altitude of the treatment site. Because the sea-level air density of 

0.00122 g/cm3 was used for all locations in the PEIS, the error would be the difference between the 

average density at a specific location and the density at sea level. The altitudes for the facility locations 

in the PEIS ranged from sea level to approximately 5,300 feet at RFETS in Golden, Colorado. Therefore, 

the corresponding air densities ranged from 0.00122 to 0.00127 g/cm3• This variability would have little 

effect on the shielding properties of air, so its effect on risk estimates would be negligible. 

D.4.3.1 Conclusion for Worker Risk 

Variability in parameters such as shield thickness, the distance-from-source-to-shield, and distance-from

source-to-receptor would be the major source of absolute error in risk estimates. However, these 

parameters would not have contributed to relative error since they were hypothetical in nature and were 

assigned identical values at all facilities. Uncertainties in the source terms and waste throughputs are 

significant for alternative comparisons in the PEIS since they are site-specific parameters. However, as 

with the source terms for the treatment and storage sites and disposal sites, ANL had not provided the 

uncertainties in source terms for WM workers at the time of this study; therefore, uncertainties for 

worker risks could not be determined. Because the uncertainties for parameters, other than source term, 

that contribute to relative error are relatively low (±6%), the overall risk uncertainties should be 

approximately of the same order of magnitude as the source term uncertainties determined by ANL. 

D-346 



9513387 2373 
Waste Managtmtnt Facility Human Health Risk Estimates Appendix D 

D.5 Models Used in the PEIS Human Health Risk Evaluation 

The ORNL Center for Risk Management used a number of computer codes to generate the PEIS human 

health risk estimates; these included numerous in-house codes based on established outside models for 

application of the unit risk approach. 

GENII (Generation II of the Hanford Environmental Radiation Dosimetry Software System) (Napier 

et al., 1988) was used to assess the exposures to the offsite and noninvolved populations resulting from 

atmospheric releases of radioactive contaminants during routine facility operations and accidents, and to 

assess the intruder's radiological exposure to contaminated soil. 

GENII is the second generation of a model developed for DOE at PNL to incorporate internal dosimetry 

models recommended by the ICRP into Hanford's existing environmental pathway analysis models. 

GENII analyzes environmental contamination resulting from both acute and chronic radionuclide releases 

by calculating radiation doses to individuals or populations from inhalation, ingestion of contaminated 

food and water, and external exposure through soil, water, and air. The GENII codes were developed 

under a stringent quality assurance plan based on American National Standards Institute (ANSI) standard 

NQA-1 as implemented in the PNL QA Manual (PNL-MA-70). It includes the DITTY (Dose Integrated 

Over Ten Thousand Years) code, which was used to calculate doses to the hypothetical farm family in 

the disposal scenarios as described below. · 

GENII has been used worldwide by several hundred users. Some noted applications include the Hanford 

Defense Waste EIS, Hanford's annual reports, the Hanford Safety Analysis, the Reactor Retirement EIS 

for PNL, and the ANL ·New Production Reactor Study. It has also been accepted by the State of 

Washington. 

EPA's ISC2 (Industrial Source Complex Dispersion Models, Version 2) (EPA, 1992) was used to model 

atmospheric exposure modeling to chemical contaminants for the offsite and noninvolved worker 

populations. The code was designed specifically to support the EPA's regulatory modeling programs, and 

has EPA approval. 

The DUST (Disposal Unit Source Term), MEPAS (Multimedia Environmental Pollutant Assessment 

System), and DITTY models were used in series to estimate exposures to contaminated groundwater. 
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DUST was used to calculate the flux of contaminants released and transported to the disposal facility 

boundary; these fluxes were then used as the input to MEPAS. The transport portion of MEPAS was used 

for the vadose and saturated zone plume migration calculations; the output concentrations from MEPAS 

were then used as input to DITTY. The DITTY code was then used for dose assessment calculations. 

DUST was developed at Brookhaven National Laboratory (BNL) (Sullivan, 1992). This code models the 

release and transport of radionuclides through a shallow land disposal facility. DUST contains models to 

predict fluid flow, container degradation, waste form leaching, and radionuclide transport. DUST is 

useful for screening to determine which radionuclide is released at the highest rate, and for parameter 

sensitivity analysis. It has been extensively tested and verified, and the code predictions have been 

compared to known analytical solutions and to other code predictions; several verification tests are 

provided in the Data Input Guide (Sullivan, 1992). An important application of DUST was the modeling 

of field lysimeter release data collected at ORNL and ANL over a 7-year period. 

MEPAS (Droppo et al., 1989) was originally developed in 1986 by PNL to assist the DOE Office of 

Environmental Safety and Health in prioritizing sites for remedial activities. This model is an objective, 

physics-based, PC-platform system that uses mathematical algorithms and a pathway analysis to evaluate 

the release of contaminants into the environment; the movement of these contaminants through and 

between multiple environmental media; exposure to surrounding human populations via inhalation, 

ingestion, dermal contact, and external dose; and the human health effects due to exposure to both 

chemicals and radionuclides. 

MEP AS has been the subject of numerous technical reviews and has been widely used. Applications 

include the identification and prioritization of areas of existing environmental problems and risk at DOE's 

defense production facilities, and the assessment of potential risks for a number of commercial clients, 

the Hanford Site Single-Shell Tank Waste Characterization Program, the Hanford grout studies of 

hazardous waste risks, and 20 Comprehensive Environmental Response, Compensation, and Liability Act 

(CERCLA) sites . 

DITTY was used in the PEIS analysis to calculate radiological doses to the hypothetical farm family. 

DITTY was developed to calculate long-term population exposures from waste disposal sites; the time 

frame for calculations in DITTY is 10,000 years, divided into 143 periods of 70 years each. DITTY 
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calculates the lifetime cumulative dose equivalent for each time period and the EDE for the period of 

maximum dose. 

The risks due to chemicals for the intruder scenario and the surface water deposition study were estimated 

using an upgraded version of the PRESTO-Il risk assessment code (Fields et al., 1986). PRESTO-II was 

developed at ORNL to assist EPA in assessing the potential human health impacts from the disposal of 

LL W. PRESTO-Il, originally written for a mainframe computer, was based on methodologies presented 

in the U.S. Nuclear Regulatory Commission Reg. Guide 1.109 (NRC, 1977) for the release, transport, 

uptake, and human health risk assessment of radionuclides released from a shallow land burial trench. 

The PRESTO-II code was downloaded to a PC and augmented with a windows interface; this version 

of the code is called PRESTO-W (Fields and Melescue, in preparation). Further code development 

included adding the capability to simulate near-field scenarios where the contaminant concentrations of 

the environmental media are known at the receptor location. PRESTO-W was also upgraded to estimate 

human health risks from chemicals. The chemical database in MEPAS was incorporated into PRESTO-W 

for initializing chemical properties, cancer slope factors, and RfDs. The hazard index and cancer risks 

from chemicals were calculated in PRESTO-W using the methodologies presented in the EPA Superfund 

risk assessment guidelines (EPA, 1989a). 

The MicroShield 4 computer code (Grove Engineering, Inc., 1992) was used for assessing external 

radiation exposure to waste management workers. MicroShield 4 was developed for designing shields and 

containers, assessing radiation exposure to people and materials, making source strength calculations 

based on radiation measurements, and teaching shielding principles. This model uses a highly structured 

ANSI standard programming language with good numerical precision. Data for attenuation coefficients, 

buildup factors, and buildup factor coefficients are taken from information distributed by the Radiation 

Shielding Information Center and included in ANSI/ANS 6.4.3. 

MicroShield is currently being used by 400 organizations worldwide. For example, MicroShield was used 

in assessments of the Chernobyl accident in the former Soviet Union (Grove Engineering, Inc., 1992) and 

of various commercial nuclear utilities. Numerous universities including Kansas State University, 

Pennsylvania State University, the Massachusetts Institute of Technology, the Georgia Institute of 

Technology, and Renesselaer Polytechnic Institute use MicroShield for teaching shielding principles. 

INEXPLC is a QuickBASIC program designed by ORNL System Safety Engineering (Bloom, 1993). The 

code includes relatively simple models that simulate close-in (i.e., less than 50 m downwind from the 
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source) atmospheric dispersion, explosive releases, and particle deposition. These models are based on 

exact solutions to the differential equation of a convection, turbulent-diffusion model for a point source 

and a semicircular, finite-~ source. In this model, it is assumed that simple gas dispersion talces place 

with no effects from nearby structures (building wake effects or downwash). The INEXPLC code was 

used in the WM PEIS worker risk analysis to estimate outdoor air concentrations from accidental 

chemical releases. 
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Foreword 

This appendix presents a summary of the transportation-related human-health risk assessment conducted 

for the U.S. Department of Energy Waste Management Programmatic Environmental Impact Statement 

(WM PEIS). It also provides references to more detailed sources of information for all waste types. The 

assessment of risks associated with the transportation of radioactive waste is described in Part I, the 

assessment for transportation of hazardous waste (HW) in Part II. The information presented in this 

appendix is supported by data in separate technical reports (Biwer et al., 1995; Lazaro et al., 1995b; 

Monette et al., 1995), that is, transportation technical memoranda, which describe the transportation 

for offsite and onsite shipments of radioactive and hazardous wastes. 

Transportation of radioactive waste and HW presents a risk to both crew members and members of the 

public. Part of this risk results from the nature of transportation itself, independent of the radioactive 

or hazardous characteristics of the cargo (for example, increased levels of pollution from vehicular 

exhaust and accidents during transportation); these risks can be viewed as "vehicle-related" risks. In 

addition, transportation of radioactive waste or HW may pose. additional risk because of the 

characteristics and potential hazards of the material itself; these risks are considered to be 

"cargo-related" risks. 

For radioactive materials, the cargo-related impacts on human health during transportation are caused 

by exposure to ionizing radiation during routine (for example, incident-free) transportation and during 

accidents. During routine operations, the external radiation field must be below limits specified in 

Federal regulations. During transportation-related accidents, human exposures may occur following 

release and dispersal of radioactive materials via multiple environmental pathways such as exposure 

to contaminated ground or contaminated air, or ingestion of contaminated food. 

In contrast to radioactive materials, hazardous chemicals do not pose cargo-related risks to humans 

during routine transportation-related operations. Waste transportation operations are generally well 

regulated with respect to packaging, such that small spills or seepages during routine transport are kept 

to a minimum and do not result in exposures (for example, containers of liquids are surrounded by 

absorbent overpacking). Potential cargo-related health risks to humans can occur only if the integrity 

of a container is compromised during an accident (that is, a container is breached). Under such 
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conditions, some toxic chemicals (such as chlorine gas) may cause an immediate health threat to 

exposed individuals . 

In addition to acute health effects, cargo-related risk of excess cases of latent cancer from accidental 

chemical exposures has been estimated. The correlation of chemical dose with the induction of human 

cancer has traditionally been based on the linear/no-threshold hypothesis, similar to radioactive 

exposure. The treatment of carcinogenic effects of exposures resulting from accidental chemical 

releases has added uncertainty because the carcinogenic risk is estimated for short-term (1-hour) 

exposures. Lifetime risks less than 1 in 1 million have been considered negligible and are not estimated. 

The number of individuals experiencing an increased risk of cancer of 1 in 1 million or greater has 

been estimated, without attempting to estimate the precise risk for those in the category of greater than 

1 in 1 million. 

Health impacts from radioactive and hazardous materials are presented separately in Part I and Part II 

of this appendix. No attempt has been made (even in cases where both radioactive and hazardous 

components are present in the same materials) to add or compare the estimated risks for the two classes 

of contaminants. To understand and interpret the estimated health impacts presented in this appendix, 

readers must keep in mind the fundamental differences between radioactive and chemical contaminants 

discussed previously. The table on the following page summarizes the human health effects considered 

for the radioactive-waste and HW risk assessments in this appendix. 



Q"'" I zzg, ·')-zo Appendix E Part I I h .LJ / " ( 705 

Endpoints Used for Human Health Effects: 
WM PEIS Transportation Risk Assessment 

Nature of Radioactive 
Type of Human Health Effect Health Effect Waste HW 

Vehicle-related effects: routine transponation 

Truck-emission-induced cancer fatality Latent ✓ ✓ 

Vehicle-related effects: accident 

Physical trauma fatality Acute ✓ ✓ 

Cargo-related effects: routine transponation 

Radiation-induced cancer fatality Latent ✓ b 

Radiation-induced cancer incidence Latent ✓ b 

Radiation-induced genetic effects Latent ✓ b 

Cargo-related effects: accident 

Potential life-threatening effects Acute C ✓ 

Potential for any adverse effects Acute C ✓ 

Cancer fatality Latent ✓ d 

Cancer incidence Latenf ✓ ✓ 

Genetic effects Latent ✓ d 

a Each check mark represents a quantitative measure of risk computed in this appendix. All end 
points are relevant to mixed waste because it contains both a radioactive and a hazardous 
component. 

b No public exposure to the HW occurs during routine transportation. 
c Threshold doses for radiological acute effects are generally in excess of 100 rem. Exposures 

from transportation-related activities (routine or accidents) have not been found to reach such 
a high dose level. 

d Not applicable because of lack of scientific data to support the measure. 
e For radioactive waste, the risk of cancer is expressed as the number of excess cases of cancer 

in the general population. For HW, the risk of cancer is expressed as the number of 
individuals in the general population experiencing an excess lifetime cancer risk of 
1 in 1 million or greater. 
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Acronyms and Abbreviations 

The following is a list of the acronyms and abbreviations (including units of measure) used in this 

document. Some acronyms used only in tables are defined only in those tables. 

Acronyms 

ALOHA
111 

ANL-E 
ANL-W 
Bettis 
BNL 
CFR 
CH 
DOE 
DOT 
EPA 
ER 
FEMP 
Fermi 
FY 
GTCC LLW 
HLW 
Hanford 
HaWRAM 
HQ 
HW 
ICRC 
INEL 
LANL 
LBL 
LCso 
LCLo 
LDR 
LLMW 
LLNL 
LLW 
MEI 
Mound 
NRC 
NTS 
ORR 
PAEC 
Pantex 
PEIS 
PGDP 
PIH 

Areal Locations of Hazardous Atmospheres 
Argonne National Laboratory-East 
Argonne National Laboratory-West 
Bettis Atomic Power Laboratory 
Brookhaven National Laboratory 
Code of Federal Regulations 
contact-handled 
U.S. Department of Energy 
U.S. Department of Transportation 
U.S . Environmental Protection Agency 
environmental restoration 
Fernald Environmental Management Project 
Fermi National Accelerator Laboratory 
fiscal year 
Greater-Than-Class-C low-level waste 
high-level waste 
Hanford Site 
Hazardous Waste Risk Assessment Modeling 
hazard quotient 
hazardous waste 
increased cancer risk concentration 
Idaho National Engineering Laboratory 
Los Alamos National Laboratory 
Lawrence Berkeley Laboratory 
lethal concentration causing death in 50 percent of animals tested 
lowest reported lethal concentration 
land disposal restriction 
low-level mixed waste 
Lawrence Livermore National Laboratory 
low-level waste 
maximally exposed individual 
Mound Plant 
U.S . Nuclear Regulatory Commission 
Nevada Test Site 
Oak Ridge Reservation 
potential adverse effect concentration 
Pantex Plant 
Programmatic Environmental Impact Statement 
Paducah Gaseous Diffusion Plant 
poison inhalation hazard 
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PLC 
PORTS 
RCRA 
RfC 
RID 
RFETS 
RH 
SPEIS 
SMAC 
SNL-NM 
SNL-CA 
SRS 
TCLo 
TRUW 
TSCA 
TSD 
WAC 
WIPP 
WM 
WVDP 

potential life-threatening concentration 
Portsmouth Gaseous Diffusion Plant 
Resource Conservation and Recovery Act 
reference concentration 
reference dose 
Rocky Flats Environmental Technology Site 
remote-handled 
Supplemental Final Environmental Impact Statement 
Shipment Mobility/ Accountability Collection 
Sandia National Laboratories (New Mexico) 
Sandia National Laboratories (California) 
Savannah River Site 
lowest toxic concentration (lowest concentration causing any adverse effect) 
transuranic waste 
Toxic Substance Control Act 
treatment, storage, and disposal 
waste acceptance criteria 
Waste Isolation Pilot Plant 
waste management 
West Valley Demonstration Project 

Abbreviations 

oc degree(s) Celsius 
d day(s) 
op degree(s) Fahrenheit 
ft foot (feet) 
gal gallon(s) 
h hour(s) 
kg kilogram(s) 
km kilorneter(s) 
km2 square kilometer(s) 
L liter(s) 
lb pound(s) 
rn rneter(s) 
m3 cubic meter(s) 
mi miles(s) 
mi2 square rnile(s) 
min minute(s) 
rnrern millirern 
ppm part(s) per million 
rem roentgen equivalent man 
s second(s) 
yd3 cubic yard(s) 
yr year(s) 
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APPENDIX E-PART I: 
Radioactive Waste Transportation Risk Assessment 

E.1 Introduction 

Transportation is an integral component of the Alternatives being considered for each type of 

radioactive waste in the U.S. Department of Energy (DOE) Waste Management Programmatic 

Environmental Impact Statement (WM PEIS). The types of radioactive waste considered in Part I are 

high-level waste (HLW), low-level waste (LLW), transuranic waste (TRUW), and low-level mixed 

waste (LLMW). For some Alternatives, radioactive waste would be shipped among the DOE Sites at 

various stages of the treatment, storage, and disposal (TSO) process. The magnitude of the 

transportation-related activities varies with each Alternative, ranging from minimal transportation for 

decentralized approaches to significant transportation for some centralized approaches . The human 

health risks associated with transporting various waste materials were assessed to ensure a complete 

appraisal of the impacts of each PEIS Alternative being considered. 

This section provides an overview of the approach used in the PEIS to assess human health risks that 

may result from transporting radioactive waste. The assessment's scope, computer models used, 

important assumptions for each waste type, and methods for determining potential routes for 

transportation are discussed. The risk assessment results are summarized for all Alternatives for each 

waste type. In addition, to aid in understanding and interpreting the results, specific areas of uncertainty 

are described, emphasizing how the uncertainties may affect comparisons of the Alternatives. Finally, 

possible mitigative measures that could be implemented to reduce potential impacts are discussed. 

The methods and assumptions used in _the transportation-related radiological risk assessment were 

selected to ensure meaningful comparisons among programmatic-level Alternatives . Therefore, this 

assessment uses a number of generic assumptions appropriate to the programmatic nature of th~ PEIS; 

for example, because a detailed consideration of every possible waste shipment would be impractical, 

representative physical and radiological characteristics were determined for each waste type. Similarly, 

transportation routes were selected to be consistent with current practice and applicable regulations, 

but they may not be the actual routes that will be used in the future. Any specific actions for 

transporting radioactive wastes would be supported by the appropriate project-level environmental 

analyses and documentation. 
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Extensive studies of transportation risk assessment have been conducted for specific Federal actions 

(NRC, 1977a; DOE, 1986a; DOE, 1990a). However, care must be exercised when comparing the 

results of this PEIS transportation-related risk assessment with others. Although some Alternatives in 

this PEIS may be similar to those analyzed in other studies, the results of other transportation risk 

assessments may differ for many reasons. In general, the other studies did not consider the range of 

programmatic Alternatives being considered in this PEIS. Moreover, the other studies used assumptions 

and parameters specific to the actions being considered, which are not necessarily appropriate for this 

PEIS. In addition, revised radiation health risk conversion factors have recently been recommended 

(ICRP, 1991), and data on the projected waste inventory and on waste characterization have been 

revised and updated. Results of this PEIS are not intended to replace results of previous transportation 

risk assessments for ongoing or planned actions. 

This section of the appendix should be read in conjunction with the technical reports describing the 

development of site-specific data on the waste inventory and characterization for each waste type (Folga 

et al., 1995; Goyette, 1995; Hong et al., 1995; Lazaro et al., 1995; Wilkins et al., 1995). Data on site

specific waste characterization are used for the transportation accident risk assessment but are not 

presented explicitly in this appendix. Similarly, the Alternatives analyzed for each waste type are only 

summarized in Part I; detailed Alternative definitions for each waste type are provided in the respective 

chapters of the PEIS for the waste type. The supporting technical reports prepared for each waste type 

contain detailed information on waste characterization, Alternative' definitions, and risk assessment 

results (Monette et al., 1995a-d; Biwer et al., 1995). 

E.2 Scope of As~essment 

The scope of the PEIS transportation radiological risk assessment-including the Alternatives, 

transportation-related activities, potential vehicle- and cargo-related impacts, receptors, and 

transportation modes considered-is described in this section. Additional details of the assessment are 

provided in the sections that follow. 

E.2.1 ONSITE VERSUS OFFSITE TRANSPORTATION 

The transportation risk assessment includes the onsite and offsite transportation of radioactive waste. 

Onsite transportation involves transporting waste between facilities within a DOE Site's boundaries. 
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Transfers of waste within a specific facility are not considered onsite shipments but are considered part 

of the normal facility operations. Offsite transportation refers to transporting waste between distinct 

Sites, including parts of the routes that may be within the boundaries of the origin and destination Sites. 

Offsite transportation usually involves a radioactive waste shipment moving through a constantly 

changing landscape and potentially stopping at any place along a route. To effectively describe this 

situation, models that use simplified assumptions and generalizations are used to estimate risk from 

offsite shipments. National average or typical values are chosen for variables such as road and track 

dimensions, vehicular speed, traffic density, weather conditions, and stop times; population densities 

are modeled as being uniformly distributed. Conversely, onsite transportation occurs at a fixed 

location, which allows for a site-specific analysis. The onsite risk assessment uses site-specific 

characteristics, such as local weather, nonuniform distributions of population, and data on agricultural 

productivity. 

The human health risks associated with onsite transportation are generally much smaller than those 

from offsite transportation, largely because of the limited distances for onsite shipment, limited 

population densities along the routes, and limited average travel speeds (DOE, 1992c). Accordingly, 

the impacts of onsite transportation are not likely to contribute significantly to differences among the 

Alternatives being considered. Therefore, for purposes of the PEIS, the onsite risk assessment has been 

limited to one representative Site-the Hanford Site (Hanford). This Site was selected primarily because 

it is relatively large and conducts activities for managing all waste types. The impacts calculated for 

the Hanford Site are believed to be typical of other large DOE Sites and conservatively estimate the 

impacts expected for smaller Sites. The risk assessment conducted for onsite transportation is intended 

to estimate the magnitude of potential risk for comparison with the risks of offsite transportation. The 

risk assessment also characterizes the typical site-specific transportation scenarios and impacts not 

encompassed in the offsite analysis. 

E.2.2 WASTE TYPE-SPECIFlC ALTERNATIVES 

The transportation risk assessment conducted for the PEIS estimates the human health risks associated 

with transporting radioactive waste for a large number of Alternatives. In general, the PEIS 

Alternatives are considered independently for each waste type and reflect decentralized, regionalized, 

and centralized approaches . For each waste type, several options, referred to as "cases," have been 
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defined for each broad Alternative. The individual cases differ in the numbers, locations, and types of 

TSD facilities being considered. 

For the off site transportation risk assessment, each specific case is defined as a set of pairs ( origin and 

destination) representing shipping linkages among generator, treatment, and disposal sites . The number 

of origin-and-destination pairs varies among cases, ranging from a small number of pairs for 

decentralized cases to many pairs for centralized ones. Examples of the linkages for shipment in two 

sample cases are shown in Figures E-1 and E-2. Figure E-1 represents a decentralized LLW case 

involving 12 disposal Sites. The Sites that would not have the capability for disposal ship their wastes 

to a Site that does. Figure E-2 represents a LLW centralized disposal case in which all Sites would 

dispose of their wastes at a single Site. Chapter 3 of the PEIS contains detailed descriptions of the 

Alternatives for each waste type. The Alternatives are summarized in the following paragraphs. 

E.2.2.1 Alternatives for HLW 

The generation, treatment, and management of HL W and the cases considered in the PEIS are 

described in detail in the HL W technical report (Folga et al., 1995). In summary, canisters of vitrified 

HL W would be produced at the four DOE Sites that have historically generated and currently store 

HLW and would be transported to a geologic repository for final disposal. 

The analysis of HL W investigates storage options under the No Action, Decentralized, Regionalized, 

and Centralized Alternatives. For each of the latter three Alternatives, two cases are analyzed. The first 

assumes the repository will open as scheduled in 2015, while the second case assumes the repository 

opens after 2015. The cases differ primarily in the location of interim canister storage before final 

disposal in a repository. For assessing the impacts of transportation, this PEIS assumes the repository 

to be located at the candidate site of Yucca Mountain in Nevada, which is the only site authorized by 

legislation for investigation. The Alternatives are defined in Chapter 3 of the PEIS and are summarized 

as follows: 
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Figure E-1. Example of Shipping linkages Among Generator, Treatment, 
and Disposal Sites for a LL W Decentralized Altemati.ve. 
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Figure E-2. Example of Shipping Linkages Among Generator, Treatment, 
and Disposal Sites for a U W Centralized Alternative. 
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• No Action. Store HLW canisters on an interim basis at Hanford, the Savannah River Site (SRS), and 
the West Valley Demonstration Project (WVDP) in existing and approved interim storage facilities 
until acceptance of HL W canisters at a geologic repository. Store HL W at Idaho National 
Engineering Laboratory (INEL) in bin-sets as calcine or in tank farms as liquid HL W. 

• Decentralized. Provide adequate interim HL W canister storage capacity at each of the four sites that 
would produce HL W canisters until acceptance of HL W canisters at a geologic repository. 

• Regionalized 1. Transport HL W canisters from WVD P to SRS and provide adequate interim storage 
capacity for HLW canisters at Hanford, SRS, and INEL until acceptance of HLW canisters at a 
geologic repository. 

• Regionalized 2. Transport the HLW canisters from WVDP to Hanford and provide adequate interim 
storage capacity for HLW canisters at Hanford, SRS, and INEL until acceptance of HLW canisters 
at a geologic repository. 

• Centralized. Transport the HL W canisters from the WVDP, INEL and SRS to Hanford and provide 
adequate interim storage capacity for HL W canisters at Hanford until acceptance of HL W canisters 
at a geologic repository. Case 1 assumes the repository opens on time in the year 2015. Case 2 
assumes the repository opens later and all HL W is stored temporarily at Hanford. 

E.2.2.2 Alternatives for LLW 

Transportation risks have been calculated for 14 LL W cases. The cases range from decentralized to 

centralized approaches to TSD. Case 1 represents the No Action Alternative. The number of disposal 

sites varies from 16 (decentralized disposal) to 1 (centralized disposal). Treatment options also vary 

from decentralized to centralized approaches. In general, Sites without treatment or disposal capability 

would ship to the nearest Site with such capability. The Alternatives are defined in Chapter 3 of the 

PEIS and are summarized as follows: 

• No Action (Case 1). All Sites would treat LLW using existing, planned, and approved treatment 
facilities and dispose of LL W at the six current disposal Sites in accordance with current 
arrangements. 

• Decentralized (Case 2). All Sites would minimally treat LLW, stabilizing fines and liquids, and 
dispose of LLW at 16 Sites (Argonne National Laboratory-East [ANL-E], Brookhaven National 
Laboratory [BNL], Fernald Environmental Management Project [FEMP], Hanford, INEL, Lawrence 
Livermore National Laboratory [LLNL], Los Alamos National Laboratory [LANL], the Nevada Test 
Site [NTS], Oak Ridge Reservation [ORR], Paducah Gaseous Diffusion Plant [PGDP], Pantex Plant 
[Pantex], Portsmouth Gaseous Diffusion Plant [PORTS], Rocky Flats Environmental Technology 
Site [RFETS], Sandia National Laboratory-New Mexico [SNL-NM], SRS, and WVDP. 

• Regionalized 1 (Case 3). All Sites would minimally treat LLW, stabilizing fines and liquids, and 
dispose of LLW at 12 Sites (Hanford, INEL, NTS, LANL, ORR, SRS, PORTS, PGDP, FEMP, 
LLNL, Pantex, and RFETS). 

• Regionalized 2 (Case 9). Eleven Sites (Hanford, INEL, LANL, ORR, SRS, PORTS, PGDP, FEMP, 
LLNL, Pantex, and RFETS) would incinerate, supercompact, reduce the size of, and grout 
volume-reducible waste; all Sites would minimally treat other waste; disposal would occur at 
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12 Sites (Hanford, INEL, NTS, LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Pantex, and 
RFETS) . 

• Regionalized 3 (Case 4). All Sites would minimally treat LLW, stabilizing fines and liquids, and 
dispose of LLW at the nearest of six Sites (Hanford, INEL, NTS, LANL, ORR, and SRS). 

• Regionalized 4 (Case 12). Seven Sites (Hanford, INEL, LANL, ORR, PORTS, RFETS, and SRS) 
would incinerate, supercompact, reduce the size of, and grout volume-reducible waste; all Sites 
would minimally treat other waste; disposal would occur at six Sites (Hanford, INEL, NTS, LANL, 
ORR, and SRS). 

• Regionalized 5 (Case 19). Four Sites (Hanford, INEL, ORR, and SRS) would incinerate, 
supercompact, reduce the size of, and grout volume-reducible waste; all Sites would minimally treat 
other waste; disposal would occur at six Sites (Hanford, INEL, NTS, LANL, ORR, and SRS) . 

• Regionalized 6 (Case 5). All Sites would minimally treat LLW, stabilizing fines and liquids, and 
dispose of LL W at the nearer of two Sites (Hanford and SRS). 

• Regionalized 7 (Case 6). All Sites would minimally treat LLW, stabilizing fines and liquids, and 
dispose of LL W at the nearer of two Sites (NTS and SRS). 

• Centralized 1 (Case 7). All Sites would minimally treat LLW, stabilizing fines and liquids, and 
dispose of LL W at one Site (Hanford). 

• Centralized 2 (Case 8). All Sites would minimally treat LLW, stabilizing fines and liquids, and 
dispose of LL W at one Site (NTS). 

• Centralized 3 (Case 14). Seven Sites (Hanford, INEL, LANL, ORR, SRS, PORTS, and RFETS) 
would incinerate, supercompact, reduce the size of, and grout volume-reducible waste; all Sites 
would minimally treat other waste; disposal would occur at one Site (Hanford). 

• Centralized 4 (Case 14a). Seven Sites (Hanford, INEL, LANL, ORR, SRS, PORTS, and RFETS) 
would incinerate, supercompact, reduce the size of, and grout volume-reducible waste; all Sites 
would minimally treat other waste; disposal would occur at one Site (NTS). 

• Centralized 5 (Case 21). One Site (Hanford) would incinerate, supercompact, reduce the size of, and 
grout volume-reducible waste; all Sites would minimally treat other waste; disposal would occur at 
one Site (:Ianford). 

E.2.2.3 Alternatives for TRUW 

Transportation risks have been calculated for six TRUW alternatives. Each Alternative is comprised 

of a case that deals with contact-handled TRUW (CH-TRUW) and a case that deals with remote-handled 

TRUW (RH-TRUW). The cases range from decentralized to centralized approaches to treatment and 

storage before final geologic disposal. In general, Sites without treatment capability ship to the nearest 

Site with such capability. The treatment options considered are (1) treatment that meets the Waste 

Isolation Pilot Plant (WIPP) waste acceptance criteria (WAC); (2) treatment to reduce gas generation 

using shredding, grouting, and nonsteel containers, resulting in waste that exceeds current WIPP-WAC 

requirements but does not meet land disposal restrictions (LDRs); and, finally, (3) treatment to a level 
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that meets or exceeds LDR requirements. The transportation assessment assumes that all TRUW will 

ultimately be shipped to WIPP for disposal. The Alternatives are defined as follows: 

• No Action (CH-TRUW Case 1, RH-TRUW Case 10). Continue storing CH-TRUW at ANL-E, 
Hanford, INEL, LANL, Lawrence Berkeley Laboratory (LBL), LLNL, Mound Plant (Mound), 
NTS, ORR, PGDP, RFETS, SNL, SRS, and WVDP in accordance with current practices. Storage 
of RH-TRUW would continue at ANL-E, Hanford, INEL, LANL, and ORR in accordance with 
current practices. No transportation of waste is assumed. 

• Decentralized (CH-TRUW Case 4, RH-TRUW Case 11). Ten Sites (ANL-E, Hanford, INEL, LANL, 
LLNL, Mound, NTS, ORR, RFETS, and SRS) would treat CH-TRUW to meet the WIPP-WAC. 
Five Sites (ANL-E, Hanford, INEL, LANL, and ORR) would treat RH-TRUW to WIPP-WAC . All 
treated TRUW would be disposed at WIPP. 

• Regionalized 1 (CH-TRUW Case 5, RH-TRUW Case 14). Five Sites (Hanford, INEL, LANL, 
RFETS, and SRS) would treat CH-TRUW to reduce gas generation. Two Sites (Hanford and ORR) 
treat RH-TRUW to reduce gas generation. All treated TRUW would be disposed at WIPP. 

• Regionalized 2 (CH-TRUW Case 6, RH-TRUW Case 15). Five Sites (Hanford, INEL, LANL, 
RFETS, and SRS) would treat CH-TRUW to LDR levels . Two Sites (Hanford and ORR) treat 
RH-TRUW to LDR levels. All treated TRUW would be disposed at WIPP. 

• Regionalized 3 (CH-TRUW Case 8, RH-TRUW Case 15). Three Sites (Hanford, INEL, and SRS) 
would treat CH-TRUW to LDR levels. Two Sites (Hanford and ORR) treat RH-TRUW to LDR 
levels. All treated TRUW would be disposed at WIPP. 

• Centralized (CH-TRUW Case 9, RH-TRUW Case 15). One Site (WIPP) would treat CH-TRUW to 
LDR levels. Two Sites (Hanford and ORR) treat RH-TRUW to LDR levels. All treated TRUW 
would be disposed at WIPP. 

E.2.2.4 Alternatives for LLMW 

Transportation risks have been calculated for seven LLMW Alternatives . The Alternatives range from 

decentralized to centralized approaches to TSD. The number of disposal Sites varies from 16 Sites to 

1. Treatment options also vary from decentralized to centralized approaches . In general, Sites without 

treatment or disposal capability ship to the nearest Site with such capability. The Alternatives are 

defined in Chapter 3 of the PEIS and are summarized as follows: 

• No Action (Case 1). Treatment and indefinite storage of LLMW generated in the future . No 
transportation occurs. 

• Decentralized (Case 2a). Forty-nine sites treat LLMW to LDR levels, and 16 sites dispose. 

• Regionalized 1 (Case 4). Eleven sites treat LLMW, and 12 sites dispose. 

• Regionalized 2 (Case 7). Seven sites treat LLMW, and 6 sites dispose. 

• Regionalized 3 (Case 10a). Seven sites treat LLMW, and 1 site disposes (NTS). 

• Regionalized 4 (Case 15). Four sites treat LLMW, and 6 sites dispose . 
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• Centralized (Case 17). One site treats LLMW (Hanford), and 1 site disposes (Hanford). 

E.2.3 DESCRIPTION OF TRANSPORTATION ACTIVITIES 

The transportation risk assessment determines transportation-related risks by considering the total 

amount of waste shipped over each route for each Alternative. The assessment considers waste 

currently stored or generated over the next 20 years. The assessment takes into account differences in 

the quantity and properties of wastes at each Site. In addition, characteristics of the routes between Sites 

are considered. For onsite transportation, most solid radioactive waste at the Hanford Site is assumed 

to be initially shipped to a central waste complex, regardless of possible offsite shipment for treatment 

or disposal. Therefore, the onsite transportation risks presented here apply equally to all Alternatives. 

The onsite assessment is not intended to be used as a basis for comparison among Alternatives. 

The transportation risk assessment is limited to estimating the human health risks incurred during the 

actual transportation of waste for each Alternative. The risks to workers or to the public during the 

loading, unloading, and handling of waste before or after shipment are considered as part of normal 

facility operations and are not included in the transportation assessment. Similarly, the transportation 

risk assessment does not address how increased levels of transportation may affect local traffic flow, 

noise levels, logistics, or infrastructure. 

E.2.4 CARGO-RELATED IMPACTS (RADIOLOGICAL) 

The cargo-related impacts on human health during the transportation of radioactive materials would be 

caused by exposure to ionizing radiation. For all cases, radiological risks (risks resulting from the 

radioactive nature of the waste) are assessed for routine (normal) transportation and for accidents. The 

radiological risk associated with routine transportation results from }he potential exposure of people 

to low levels of external radiation near a loaded shipment. The radiological risk from transportation

related accidents lies in the potential release and dispersal of radioactive material into the environment 

during an accident and the subsequent exposure of people through multiple exposure pathways, such 

as exposure to contaminated soil, inhalation, or the ingestion of contaminated food. 

All radiologically related impacts are calculated in terms of committed dose and associated health 

effects in the exposed populations. The dose of radiation calculated is the total effective dose equivalent 
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(Title 10, Part 20, of the Code of Federal, Regulations [10 CFR 20]), which is the sum of the effective 

dose equivalent from exposure to external radiation and the 50-year committed effective dose equivalent 

(ICRP, 1977) from exposure to internal radiation. Doses of radiation are calculated in units of roentgen 

equivalent man (rem) for individuals and in units of person-rem for collective populations . 

The potential exposures to the public from transporting radioactive materials, either from routine 

operations or from postulated accidents, are usually at such a low dose that the primary adverse health 

effect is the potential induction of latent cancers (that is, cancers that occur several years after the 

exposure). The correlation of radiation dose and human health effects for low doses has traditionally 

been based on what is called the "linear/no-threshold hypothesis," which has been described by various 

international authorities on protection against radiation. This hypothesis implies, in part, that even small 

doses of radiation have some cancer risk and that doubling the radiation dose means doubling the 

expected numbers of cancers. The types of cancer induced by radiation are similar to "naturally 

occurring" cancers and might be expressed at some point in the lifetime of the exposed individuals. 

On the basis of the analyses presented in this appendix, transportation-related operations for all waste 

types are not expected to cause acute (short-term) radiation-induced fatalities or to produce immediately 

observable effects in exposed individuals . Acute radiation-induced fatalities occur at doses well in 

excess of 100 rem (ICRP, 1991), which generally would not occur for a wide range of transportation 

activities, including routine operations and accident conditions. (In general, individual acute whole

body doses in the range of 300 to 500 rem are expected to cause death in 50 percent of the exposed 

individuals within 30 to 60 days [ICRP, 1991] .) For some severe accident scenarios analyzed, it is 

possible that doses to individuals would have short-term effects, such as temporary sterility and changes 

in blood chemistry; however, these effects cannot be readily quantified and therefore have not been 

assessed in this appendix. 

The radiological impacts discussed in this appendix are expressed as health risks in terms of the number 

of estimated latent cancer fatalities, the incidence of cancer, and the genetic effects in exposed 

populations for each Alternative. The health risk conversion factors (expected latent health effects per 

dose absorbed) were derived from ICRP Publication 60 (ICRP, 1991). 
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E.2.5 VEHICLE-RELATED IMPACTS (NONRADIOLOGICAL) 

In addition to the radiological risks posed by transportation-related activities, risks are also assessed 

for v~hicle-related causes for the same routes for offsite transportation . These risks are independent of 

the radioactive nature of the cargo and would be incurred for similar shipments of any commodity . The 

vehicle-related risks are assessed for routine conditions and accidents. Vehicle-related risks during 

routine transportation are caused by potential exposure to increased vehicular exhaust emissions. The 

routine risks are primarily associated with travel in urban environments. The vehicle-related accident 

risk refers to the potential for transportation-related accidents that result in fatalities caused by physical 

trauma unrelated to the shipment's cargo. State-specific rates for transportation-related fatalities are 

used in the assessment. Vehicle-related risks are presented in terms of estimated fatalities for each 

Alternative. 

E.2.6 TRANSPORTATION MODES 

Although radioactive waste can be transported by various modes , all shipments have been assumed to 

take place either by truck or rail. For each Alternative, risks have been calculated separately for all 

truck and all rail options, although the actual shipping campaigns for a selected Alternative may involve 

a combination of the two modes . Rail shipments are assumed to take place by regular freight train; the 

use of special or dedicated rail service was not considered. Shipments by barge, though feasible for 

some Sites, have not been explicitly considered because this mode of transportation is somewhat limited 

and has not been established as a major programmatic option for the PEIS assessment. Similarly, 

shipments by aircraft and other modes were not considered. 

The assumption that waste would be shipped entirely by truck or entirely by rail has been made for 

calculational purposes . All DOE Sites can ship waste by truck, but not all Sites have readily available 

rail access. A review of the transportation facilities at 35 major DOE Sites shows that 15 Sites have 

onsite rail access: 12 Sites have access within 16 kilometers (km) (10 miles [mi]), and the remaining 

Sites have access within 16 to 161 km (10 to 100 mi) of the Site (personal communication from Paul 

Johnson, Oak Ridge National Laboratory, to Fred A. Monette, ANL-E) . To ship by rail , Sites that do 

not have direct rail access would likely ship waste by truck to the nearest rail siding, where the waste 

would be transferred to railcars. This type of shipment involving cargo transfer has not been considered 

in the risk assessment. 
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E.2. 7 RECEPTORS 

Transportation-related risks are calculated and presented separately for workers and members of the 

general public. The workers considered are truck and rail crew members involved in the actual 

transportation of waste. The public includes all persons who could be exposed to a shipment while it 

is moving or stopped en route. Potential risks are estimated for the collective populations of exposed 

people, as well as for maximally exposed individuals (MEls). The collective population risk is a 

measure of the radiological risk posed to society as a whole by the Alternative being considered. As 

such, the collective population risk is used as the primary means of comparing various Alternatives . 

E.3 Packaging and Representative Shipment Configurations for 
Radioactive Waste 

Regulations that govern the transportation of radioactive materials are designed to protect the public 

from the potential loss or dispersal of radioactive materials, as well as from routine doses of radiation 

during transit. The primary regulatory approach for ensuring safety is by specifying standards for the 

packaging of radioactive materials. 

Because packaging represents the primary barrier between the radioactive material being transported 

and exposure of the public and the environment to radiation, packaging requirements are an important 

consideration for the transportation risk assessment. Regulatory packaging requirements and the 

representative packaging and shipment configurations assumed for each type of radioactive waste 

considered in the PEIS are described in this section. The information about shipment configuration 

includes truck and railcar payload capacities for each waste type. 

E.3.1 PACKAGING 

Although several Federal and State organizations are involved in regulating the transportation of 

radioactive waste, the U.S. Department of Transportation (DOT) and the U.S. Nuclear Regulatory 

Commission (NRC) have primary regulatory responsibility. In addition, DOE has formalized 

agreements with the NRC and DOT to delineate responsibilities of each agency . All transportation

related activities must be in accordance with applicable regulations of these agencies specified in 

49 CFR 173 and 10 CFR 71. 
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Packaging for transporting radioactive materials must be designed, constructed, and maintained to 

ensure that they will contain and shield their contents during normal transportation. For more highly 

radioactive material, the packaging must contain and shield their contents in severe accidents. The type 

of packaging used is determined by the radioactive hazard associated with the packaged material. The 

basic types of packaging required by the applicable regulations are designated as Type A, Type B, or 

"strong and tight" (generally for low specific-activity material). 

Type A packaging must withstand the conditions of normal transportation without the loss or dispersal 

of the radioactive contents. "Normal" transportation refers to all transportation conditions except those 

resulting from accidents or sabotage. Approval of Type A packaging is achieved by demonstrating that 

the packaging can withstand specified testing conditions intended to simulate normal transportation. 

Type A packaging, typically a 208-liter (L) (55-gallon [gal]) drum or standard waste box, is commonly 

used to transport wastes with low radioactivity levels. Type A packaging is routinely used in waste 

management for storage, transportation, and disposal. Type A packaging usually does not require 

special handling, packaging, or transportation equipment. 

"Strong and tight" packagings may be used to transport certain low specific-activity materials (for 

example, mill tailings, uranium ore, natural uranium hexafluoride, and some LLW). Shipments of 

"strong and tight" packagings are excepted from certain packaging specifications and marking and 

labeling requirements but must still comply with many administrative controls . Functionally, "strong 

and tight" packagings are equivalent to Type A packaging because contents must not leak under normal 

transport conditions. Examples of "strong and tight" packages currently in use include steel drums, 

rectangular metal bins, and wooden boxes. 

In addition to meeting the standards for Type A packaging, Type B packaging must provide a high 

degree of assurance that the package integrity will be maintained, even during severe accidents, with 

essentially no loss of the radioactive contents or serious impairment of the shielding capability. Type B 

packaging is required for shipping large quantities of radioactive material and must satisfy stringent 

testing criteria (specified in 10 CFR 71). The testing criteria were developed to simulate conditions of 

severe hypothetical accidents, including impact, puncture, fire, and immersion in water. The most 

widely recognized Type B packagings are the massive casks used for transporting highly radioactive 

spent nuclear fuel from nuclear power stations. Large-capacity cranes and mechanical lifting equipment 

are usually necessary for handling Type B packagings. Many Type B packagings are transported on 

trailers specifically designed for the package being used. 
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External radiation allowed to escape from a package must be below specified limits that minimize 

exposure of the handling personnel and the public. Most DOE waste shipments are handled only by 

the shipper and the receiver, an arrangement referred to as an "exclusive-use" shipment. For this type 

of shipment (regardless of the waste type or package), the dose rate for external radiation during 

normal transportation must be maintained below the following limits (49 CFR 173): 

• Dose of 10 millirem per hour (mrem/h) at any point 2 meters (m) (6.6 feet [ft]) from the vertical 
planes projected by the outer lateral surfaces of the car or vehicle 

• Dose of 2 mrem/h in any normally occupied position in the car or vehicle 

Additional restrictions apply to radiation levels on the package surface; however, these restrictions do 

not affect the transportation-related radiological risk assessment. Representative external dose rates for 

each waste type are described in Section E.6.2. 

For the purposes of risk assessment, specifying the actual package that will be used is unnecessary 

because all packagings of a certain type are designed to meet the same performance criteria; for 

instance, a 208-L (55-gal) drum and a standard waste box, each designed to meet Type A packaging 

criteria, would be expected to behave similarly under routine transportation and accident conditions. 

E.3.2 REPRESENTATIVE PACKAGING AND SIIlPMENT CONFIGURATIONS BY WASTE TYPE 

To conduct the transportation risk assessment, assumptions must be made about the types of packaging, 

the transporting vehicles, and the shipment capacities used for future waste shipments. Certain 

assumptions, such as types of vehicles and their legal weight restrictions, are common to all waste 

types; however, the radiological and physical characteristics of waste types differ, so separate 

packaging assumptions must be made for each. In all cases, waste is assumed to be characterized, 

treated, packaged, and labeled in accordance with applicable regulations before shipment. 

E.3.2.1 Offsite Transportation 

For all waste types, transportation is assumed to be in certified or certified-equivalent packagings, and 

exclusive-use vehicles are assumed to be used. Legal-weight heavy-haul combination (tractor-trailer) 

trucks are assumed to be used for highway transportation. Typically, Type A packages are transported 
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on common flatbed or covered trailers; Type B packages are generally shipped on trailers designed 

specifically for the packaging being used. For transportation by truck, the maximum payload weight 

is considered to be 19,958 kilograms (kg) (44,000 pounds [lb]), based on DOT highway weight 

limitations and an average tractor-trailer weight of 16,329 kg (36,000 lb). 

Regular freight-train service is assumed for the rail transportation. The use of special or dedicated train 

service was not considered in the analysis. For rail transportation, average payload weights for boxcars 

range from 45,359 to 68,039 kg (100,000 to 150,000 lb). A median payload weight of 54,431 kg 

(120,000 lb) has been assumed for this assessment. 

. ~ 

The above shipment capacities for truck and rail were assumed to be reasonable based on current 
' 

,· pra~tice. In reality, truck and rail shipment capacities vary from shipment to shipment at a given site, 

1 , depending on the characteristics of the waste, operational practices, and site regulations. Because of 

the programmatic nature of the PEIS, representative shipment capacities were assumed for each waste 

type based on current practices. For truck shipments, payloads were taken to be near the regulatory 

weight limit because the density of most waste is such that volume tends not to be limiting, and it is 

common practice to load trucks near the legal weight limit for economical reasons . On the other hand, 

railcar capacities are seldom limited by the weight restrictions of the railcar and can vary over a wide 

range depending upon the density of the material . Therefore, a "median" railcar capacity of 120,000 lb 

was assumed for calculational purposes because railcar weights are not normally distributed. In 

addition, the total risk remains relatively unchanged if the size of each shipment is changed. If the 

maximum payloads are used, the number of shipments is minimized, resulting in the least number of 

potential accidents, although the consequences are higher. Conversely, smaller payloads require more 

shipments, resulting in more potential accidents, each of lessor consequence. 

As discussed previously, the packaging type is determined primarily by radiological characteristics of 

the waste material. For the purposes of risk assessment, representative packagings have been 

determined for each type of radioactive waste on the basis of average waste characteristics and 

currently accepted practice. In practice, packagings are selected on a case-by-case basis and may differ 

from the representative-types presented here. Assumptions about packaging and shipment are discussed 

in this section and are summarized in Table E-1. 
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Table E-1. Representative Packaging and Shipment Assumptions 
for Radioactive Waste Types 

Waste Packaging Shipment Capaclty8 

HLW Type B: similar to the defense HLW cask Truck cask = 1 canister; rail cask = 5 canisters 

LLW Type A: 208-L (55-gal) drums or standard Assumed to be limited by vehicular weight 

TRUW 

waste boxes or strong and tight packaging restrictions; payload capacity: truck = 19,958 kg 
(44,000 lb) and rail = 54,431 kg (120,000 lb) 

Type B 

CH= TRUPACT-11 

RH = NuPac 72B 

Assumed to be limited by package volume 
restrictions 

3 TR UP A CT -Ils per truck and 6 ,fer rail car; 
payload cfacity: truck = 8.4 m (11 yd3) and rail 
= 16.8 m (22 yd3) 

1 NuPac 72B per truck and 2 per railcar; payload 
capacity: truck = 0.89 m3 (1.2 yd3) and rail = 
1.8 m3 (2.4 yd3) 

LLMW Type A: 208-L (55-gal) drums or standard Similar to LLW 
waste boxes or stron_g and til?ht packa_gin_g 

Notes: CH = contact-handled waste; RH = remote-handled waste. 
a Truck shipments are assumed to be legal weight. Truck payload capacities were calculated by assuming a 
36,287-kg (80,000-lb) gross vehicular weight limit and a tractor-trailer weight of 16,329 kg (36,000 lb). Rail 
shipments are by regular freight service. The median railcar payload capacity was taken to be 54,431 kg 
(120,000 lb). 

E.3.2.1.1 HL W Shipments 

Canisters of vitrified HL W are assumed to be shipped in a Type B package similar to the "defense 

HLW cask" being developed for SRS. The number of canisters to be transported in a cask differs for 

the truck and rail modes. The truck cask is assumed to accept one HL W canister, and rail capacity is 

assumed to be five canisters (DOE, 1987a). In the future, DOE will likely develop a multiple-canister 

HLW truck cask to minimize the number of shipments for major shipping campaigns; however, because 

a multiple-canister cask does not yet exist, impacts were calculated by assuming that a single-canister 

cask would be used. If a multiple-canister cask were designed and used in the future, risks would be 

significantly less than those in this analysis. 
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E.3.2.1.2 LLW Shipments 

All LLW is assumed to be transported in strong and tight or Type A packaging, such as 208-L (55-gal) 

drums or standard waste boxes. Suitable Type A packagings are readily available from commercial 

sources. The number of shipments from a specific Site is calculated by projecting Site-specific 

information about waste inventory (weight) and limitations on shipment capacity for each transportation 

mode. The effects of potential waste treatment, such as volume reduction or incineration, are reflected 

in changes in waste density. All shipments are assumed to be at the maximum weight limits for truck 

and rail shipments. On the basis of typical LLW densities, roughly 80 drums with a 208-L (55-gal) 

capacity each would be shipped per truck, and 300 per railcar. 

E.3.2.1.3 TRUW Shipments 

The radiological characteristics of TRUW require the use of Type B packaging. The DOE has agreed 

to have the NRC certify the containers used for CH-TRUW and RH-TRUW shipments as meeting 

Type B specifications (DOE, 1990a). Shipments of TRUW will essentially consist of a number of 

Type A packages within reusable certified Type B packages. The Type B packages are assumed to be 

the TRUPACT-11 for CH-TRUW and the NuPac 72B for RH-TRUW. 

The TRUPACT-11 was certified as meeting the NRC regulations for Type B packaging in August 1989 

(DOE, 1990a). The container is a cylinder with a flat bottom and domed top that is transported in an 

upright position. Each TRUPACT-11 is approximately 2.4 m (8 ft) in diameter and 3.1 m (10 ft) in 

height. The TRUPACT-11 was designed to maximize payload in volume and in weight. The usable 

volume of each TRUPACT-11 is approximately 2.8 cubic meters (m3) (3.7 cubic yards [yd 3]). The 

payload capacity of each TRUPACT-11 is 3,300 kg (7,275 lb). Three TRUPACT-Ils are assumed to 

be transported per truck, and six per railcar. The total number of required shipments has been 

calculated on the basis of waste volume, which is 8.4 m3 (11 yd 3) for truck shipments and 16.8 m 3 

(22 yd3) for rail shipments. 

The NuPac 72B shipping cask is assumed to be used for all RH-TRUW shipments. The NuPac 72B is 

being designed to meet Type B packaging specifications and is a scaled-down version of the certified 

NuPac 125B cask (DOE, 1990a). (The NuPac 125B was used to transport core debris from the 

damaged Three Mile Island nuclear power station to INEL.) The NuPac 72B cask is approximately 
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3.7 m (12 ft) long with a diameter of 1.1 m (3.5 ft). The usable volume of each NuPac 72B is 

approximately 0.89 m3 (1.2 yd 3). The payload capacity of each NuPac 72B is limited to 3,629 kg 

(8,000 lb). One NuPac 72B is assumed to be transported per truck, and two per railcar. The total 

number of required shipments has been calculated on the basis of waste volume, which is 0.89 m3 

(1 .2 yd3) for truck shipments and 1.8 m3 (2.4 yd3) for rail shipments. 

E.3.2.1.4 LLMW Shipments 

Shipment of LLMW is assumed to be similar to LL W. Shipments of LLMW would meet any additional 

requirements for characterization and labeling associated with the HW component. In addition, 

shipments of liquid waste would meet regulatory requirements specified for liquids; that is, packages 

would contain adequate absorbent material to absorb twice the volume of the transported liquid, or a 

leak-tight overpack would be used (10 CFR 71) . 

E.3.2.2 Onsite Transportation 

The policy at the Hanford Site is to use certified packaging whenever practicable for transporting 

radioactive materials onsite (Mercado et al. , 1992). Therefore, the packaging used for onsite 

transportation is assumed to be the same as that used for offsite transportation. If an alternative means 

of packaging is necessary , a concept of equivalent safety is maintained while achieving the same 

shipping results . On site transportation safety is attained through such measures as limiting vehicular 

speeds, appropriate traffic controls , or increasing shielding for crew members and distance from the 

package. 

In addition, the public has access to a number of routes on the Hanford Site. Unless such routes are 

barricaded while radioactive waste is being transported, shipments must meet all pertinent Federal 

regulations pertaining to public highways. Stringent procedures are followed at the Hanford Site to 

ensure the safety of workers and the public, providing the same level of safety for onsite and offsite 

shipments (WHC, 1993). 
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E.4 Analysis of Truck and Rail Routing 

As discussed previously and illustrated in Figures E-1 and E-2, each case can be defined as a set of 

origin-and-destination pairs representing shipping linkages among generator, treatment, and disposal 

sites. The calculation of the transportation risk for an Alternative depends, in part, on the 

characteristics of the transportation routes between the origin and destination sites. Regulatory routing 

criteria and the methods used to determine representative truck and rail routes for the transportation 

risk assessment are described in this section. 

E.4.1 ROUTING REGULATIONS 

The DOT routing regulations for public highways are prescribed in 49 CFR 177 (commonly referred 

to as HM-164). The objectives of the regulations are to reduce the impacts of transporting radioactive 

materials, to establish consistent and uniform requirements for route selection, and to identify the role 

of State and local governments in routing radioactive materials. The regulations attempt to reduce 

potential hazards by avoiding populous areas and by minimizing travel times . In addition, the 

regulations require that the carrier of radioactive materials ensure that the vehicle is operated on routes 

that minimize radiological risks, and that accident rates , transit times, population density and activity , 

time of day, and day of week are considered in determining risk. 

A vehicle transporting a shipment of a "highway route controlled quantity" of radioactive materials is 

required by HM-164 to use the interstate highway system except when moving from origin to interstate 

or from interstate to destination, when making necessary repair or rest stops, or when emergency 

conditions make continued use of the interstate unsafe or impossible. Carriers are required to use 

interstate circumferential or bypass routes , if available, to avoid populous areas. Any State or Native 

American tribe may designate other "preferred highways" to replace or supplement the interstate 

system. Under its authority to regulate interstate transportation safety, DOT can prohibit State and local 

bans and restrictions as "undue restraint of interstate commerce. " State or local bans can be preempted 

if inconsistent with HM-164 . 

The DOT has no railroad routing regulations specific to the transportation of radioactive materials. 

Routes are generally fixed by the location of rail lines, and urban areas cannot readily be bypassed. 
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E.4.2 REPRESENTATIVE TRANSPORTATION ROU1ES 

E.4.2.1 Offsite Transportation 

The scope of this PEIS assessment involves every DOE Site that generates, stores, or disposes 

radioactive waste. The transportation linkages among generator, treatment, and disposal sites depend 

on the type of waste and are defined explicitly for each case under consideration. For this PEIS, 

representative offsite truck and rail routes were determined for all possible pairs of origin and 

destination sites. Table E-2 gives the truck route distances between major DOE Sites, and Table E-3 

gives the rail route distances. The routes were selected to be consistent with existing routing practices 

and all applicable routing regulations and guidelines; however, because the routes were determined for 

the purposes of risk assessment, they do not necessarily represent actual routes that would be used to 

transport waste in the future. 

The representative truck routes were determined by using the routing model HIGHWAY 3 .1 (Johnson 

et al., 1993a), and INTERLINE 5.0 was used to determine the rail routes (Johnson et al., 1993b). For 

truck and rail transportation, the route characteristics most important to the radiological risk assessment 

include the total shipping distance between each origin-and-destination pair and the fractions of travel 

in rural, suburban, and urban zones of population density. The route selected determines the total 

potentially exposed population along a route and the expected frequency of transportation-related 

accidents. Because of the large number of unique origin-and-destination pairs considered for the PEIS 

Alternatives, detailed route characteristics are provided in the technical reports prepared for each waste 

type (Monette et al., 1995a-d; Biwer et al., 1995). 

E.4.2.1.1 HIGHWAY 3.1 

The HIGHWAY 3 .1 computer program is used for predicting highway routes for transportin 
f 

radioactive materials by truck within the United States. The HIGHWAY database is a computerized 

road atlas that describes at least 386,243 km (240,000 mi) of roads. This database includes a complete 

description of the interstate highway system and of all U.S. highways. In addition, most principal sfate 
highways and many local and community highways are identified. The code is updated periodically to 

reflect current road conditions and has been compared with reported mileages and observations of 

commercial trucking firms. 
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Table E-2. Truck Route Distances (mi) Between Major DOE Sitesa 
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Table E-2. Truck Route Di.stances (mi) Between Major DOE Sitesa-Continued 
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Table E-3. Rail Route Distances (mi) Between Major DOE Sitesa 
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aRail routes generated by using the INTERLINE 5.0 routing model (Johnson et aL, 1993b). 
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National Engineering Laboratory; ITRI = Inhalation Toxicology Research Instirute; KCP = Kansas City Plant; KAPL-S = Knolls Atomic 
Power Laboratory (Schenectady); LBL = Lawrence Berkeley Laboratory; LLNL = Lawrence Liveanore National Laboratory; LANL = 
Los Alamos National Laboratory; Mound = Mound Plant; NRF = Naval Reactor Facility; NTS = Nevada Test Site; ORISE = Oak 
Ridge Institute for Science and Education; ORR = Oak Ridge Reservation; PGDP = Paducah Gaseous Diffusion Plant; Pantex = Pantex 
Plant; Pinellas = Pinellas Plant; PORTS = Portsmouth Gaseous Diffusion Plant; PPPL = Princeton Plasma Physics Laboratory; RMI = 
Reactive Metals, Inc,; RFETS = Rocky Flats Environmental Technology Site; SNL-NM = Sandia National Laboratories (New Mexico); 
SNL-CA = Sandia National Laboratories (California); SRS = Savannah River Site; SLAC = Stanford Linear Accelerator Center; 
WVDP = West Valley Demonstration Project; WIPP = Waste Isolation Pilot Plant; and YM = Yucca Mountain, 
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Routes are calculated within the model by minimizing the total impedance between origin and 

destination. The impedance is basically defined as a function of distance and driving time along a 

particular segment of highway. A special feature of the HIGHWAY 3 .1 model is its ability to calculate 

rout~s that maximize the use of interstate highways. This feature allows the user to predict routes for 

shipping radioactive materials that conform to DOT transportation regulations, specifically HM-164. 

The population densities along a route are derived from 1990 census .data from the U.S. Bureau of the 

Census. Rural, suburban, and urban areas are characterized according to the following breakdown: 

rural population densities range from Oto 54 persons per square kilometer (km2) (0 to 139 persons per 

square mile [mi2]); the suburban range is 55 to l,284/km2 (140 to 3,326/mi2); and urban covers all 

population densities greater than l ,284/km2 (3 ,326/mi2). 

E.4.2.1.2 INTERLINE 5. 0 

The INTERLINE 5.0 computer program is designed to simulate routing of the U.S. rail system. The 

INTERLINE database consists of 94 separate subnetworks and represents various competing rail 

companies in the United States. The database used by INTERLINE was originally based on data from 

the Federal Railroad Administration and reflected the U.S. railroad system in 1974. The database has 

been expanded and modified over the past two decades. The code is updated periodically to reflect 

current track conditions and has been compared with reported mileages and observations of commercial 

rail firms. 

The INTERLINE 5.0 motiel uses a shortest route algorithm that finds the path of minimum impedance 

within an individual subnetwork. A separate method is used to find paths along the subnetworks . The 

routes chosen for this study used the standard assumptions in the INTERLINE model that simulate the 

process of selection that railroads would use to direct shipments of radioactive waste. For Sites that do 

not have direct rail access, the rail siding nearest the Site was used for routing. The population densities 

along a route are derived from 1990 census data. Rural, suburban, and urban areas are characterized 

according to the following breakdown: rural population densities range from 0 to 54 persons per square 

kilometer (km2) (0 to 139/mi2); the suburban range for population density is 55 to 1,284/km2 (140 to 

3,326/mi 2); and urban covers all population densities greater than 1,284/km 2 (3,326/mi2). 
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E.4.2.2 Onsite Transportation 

Most radioactive waste at the Hanford Site is shipped by truck. The routes for onsite transportation 

used for this analysis are typical of those used for shipping radioactive waste onsite at the Hanford 

Site (DOE, 1989). Because the Hanford Site maintains an extensive onsite railroad network, 

consideration of rail transport was included to maintain consistency with the analyses of offsite 

transportation. Rail routes were chosen to minimize distance traveled. 

E.5 Methods for Calculating Transportation-Related Risks 

The technical approach for conducting the transportation risk assessment was developed after a 

thorough and critical review of the literature and existing documentation in the National Environmental 

Policy Act for Federal actions involving transportation of radioactive materials. Consideration was also 

given to recent DOE commitments arising from litigation and public awareness. The approach selected 

uses several computer models and databases to determine risks for each case. The method for offsite 

assessment is discussed in Section E.5 .1; the method for onsite assessment is discussed in 

Section E.5.2. 

E.S.l OFFSITE TRANSPORTATION 

The approach for offsite transportation risk assessment is summarized in Figure E-3 and discussed in 

detail in this section. For each case, risks are assessed for routine transportation and accidents. For the 

routine assessment, risks are calculated for the collective populations of potentially exposed individuals, 

as well as for the MEis. The accident assessment consists of two components: (1) an accident risk 

assessment, which considers the probabilities and consequences of a range of possible transportation

related accidents, including low-probability accidents that have high consequences, and high-probability 

accidents that have low consequences; and (2) an accident consequence assessment, which considers 

only the radiological consequences of the severe transportation-related accidents that are postulated to 

result in the largest releases of radioactive material. 

The RADTRAN 4 computer code (Neuhauser and Kanipe, 1993) is used for routine and accident risk 

assessments to estimate the impacts to collective populations. RADTRAN 4 was developed by SNL-NM 

to calculate population risks associated with transporting radioactive materials by various means , 
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including truck, rail, air, ship, and barge. The code has been extensively reviewed, updated, and used 

for transportation risk assessments since it was issued in the late 1970s. 

The RADTRAN 4 calculations of population risk take into account the consequences and the 

probabilities of potential exposures. The collective population risk is a measure of the total radiological 

risk posed to society as a whole by the Alternative being considered. The collective population risks 

are used as the primary means of comparing the various Alternatives. 

As a complement to the RADTRAN calculations, the RISKIND computer code (Yuan et al., 1993) is 

used to estimate scenario-specific doses to MEis for routine operations and accidents and to estimate 

population impacts for the accident consequence assessment. The RISKIND computer code was 

developed for the DOE Office of Civilian Radioactive Waste Management specifically to analyze 

radiological consequences to individuals and population subgroups associated with transporting spent 

nuclear fuel. Minor modifications to the code were made for WM PEIS applications to accommodate 

shipments of all types of radioactive waste. 

The RISKIND calculations are conducted for the WM PEIS to supplement the results for collective risk 

calculated with RADTRAN 4. Whereas the results for collective risk provide a measure of the overall 

risks of each case, the RISKIND calculations are meant to address areas of specific concern to 

individuals and subgroups of population. Essentially, the RISKIND analyses are meant to address 

hypothetical questions, such as, "What if I live next to a Site access road?" or "What if an accident 

happens near my town?" 

E.5.1.1 Routine (Incident-Free) Risk Assessment Method 

E.5.1.1.1 Collective Population Risk 

The radiological risk associated with routine transportation results from the potential exposure of 

people to low-level external radiation from loaded shipments. The maximum allowable external dose 

rates for exclusive-use shipments were presented in Section E.3 .1. 
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For routine transportation, the RADTRAN 4 computer code considers all major groups of potentially 

exposed persons. The RADTRAN 4 calculations of risk for routine highway and rail transportation 

include exposures of the following population groups : 

1. Persons Along the Route (Off-Link Population). Collective doses are calculated for all persons living 
or working within 0.8 km (0.5 mi) on each side of a transportation route. The total number of 
persons within the 1.6-km (1-mi) corridor is calculated separately for each route considered in the 
assessment. 

2. Persons Sharing the Route (On-Link Population) . Collective doses are calculated for persons in all 
vehicles sharing the transportation route. This group includes persons traveling in the same or the 
opposite direction as the shipment, as well as persons in vehicles passing the shipment. 

3. Persons at Stops. Collective doses are calculated for people who may be exposed while a shipment 
is stopped en route. For truck transportation, these include stops for refueling, food, and rest. For 
rail transportation, stops are assumed to occur for purposes of classification. 

4. Crew Members. Collective doses are calculated for truck and rail transportation crew members. 

The doses calculated for the first three population groups are added generically to yield the collective 

dose to the public; the dose calculated for the fourth group represents the collective dose to workers. 

The RADTRAN 4 models for routine dose are not intended to be used for estimating specific risks to 

individuals. 

The RADTRAN 4 calculations for routine dose are based on generically expressing the dose rate as 

a function of distance from a point source (Neuhauser and Kanipe, 1993). Associated with the 

calculation of routine doses for each exposed population group are parameters such as the radiation 

field strength, source-receptor distance, duration of exposure, vehicular speed, stopping time, traffic 

density, and route characteristics such as population density. The RADTRAN manual contains 

derivations of the equations and descriptions of these parameters (Neuhauser and Kanipe, 1993). The 

values for many of the most important parameters are presented in Section E.6 . 

The collective routine risks are calculated for each specific Alternative as follows. Each Alternative is 

first defined as a set of origin-and-destination pairs . Representative highway and rail routes are 

determined for each unique pair, as described in Section E.4. The number of shipments transported 

across each linkage is then calculated for truck and rail modes by using estimated Site-specific waste 

inventories and information on shipment capacity, which is in Section E.3. For shipments between each 

origin-and-destination pair, RADTRAN 4 is used to calculate collective risks to workers and the public 

on the basis of representative radiological and physical properties of the waste type being considered. 
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The collective risks are then summed over the set of origin-destination pairs to estimate the collective 

routine risks associated with that case. 

E.5.1.1.2 Maximally Exposed Individual Risk 

In addition to assessing the routine collective population risk, the RISK.IND model has been used to 

estimate risk to MEis for a number of hypothetical exposure scenarios. The receptors include 

transportation crew members, departure inspectors, and members of the public exposed during traffic 

delays, while working at a service station, or while living near a DOE Site. 

The dose to each MEI considered is calculated with RISK.IND for an exposure scenario defined by a 

given distance, duration, and frequency of exposure specific to that receptor. The distances and 

durations of exposure are similar to those given in previous transportation risk assessments (DOE, 

1987b; DOE, 1990a) and are presented in Section E.6. The scenarios are not intended to be exhaustive 

but were selected to provide a range of potential exposure situations. 

The RISK.IND external dose model considers direct external exposure and exposure from radiation 

scattered from the soil and air. The RISK.IND model is used to calculate dose as a function of distance 

(millirems per hour) for stationary exposures and millirems per event (for moving shipments) from a 

waste shipment on the basis of the shipment dimensions. The code approximates the shipment as a 

cylindrical volume source; and the calculated dose includes secondary radiation-scattering contributions 

from buildup (scattering by waste contents), cloudshine (scattering by air), and groundshine (scattering 

by the ground). The dose rates calculated by using RISKIND have been shown to be comparable with 

output from existing shielding codes for various waste configurations. The RISK.IND model produces 

realistic but conservative results. As a conservative measure, credit for potential shielding between the 

cask and the receptor is not considered, although RISK.IND allows for shielding provisions. 

E.5.1.1.3 Vehicle-Related (Nonradiological) Routine Risk 

Vehicle-related health risks resulting from routine transportation may be associated with the 

transporting vehicles that generate air pollutants during waste shipment, independent of the nature of 

the shipment. The health endpoint assessed under routine transport conditions is the excess (additional) 
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latent mortality caused by inhalation of vehicular exhaust emissions. A risk factor for latent mortality 

from pollutant inhalation, generated by Rao et al. (1982), is 1 x 10·7/km (1.6 x 10·7/mi) of truck travel 

in an urban area. This risk factor is based on regression analyses of the effect of sulfur dioxide and 

particulate releases from diesel exhaust on mortality. Excess latent mortality is assumed to be equivalent 

to cancer fatalities. Vehicle-related risks from routine transportation are calculated for each case by 

multiplying the total distance traveled in urban areas by the appropriate risk factor. Similar risk factors 

are not available for rural and suburban areas. 

Risks are summed over the entire route and over all shipments for each Alternative. This method has 

been used in several reports to calculate risks from routine transport of radioactive wastes (DOE, 

1986b; DOE, 1987a; DOE, 1990a) and provides a convenient method of comparing the risks of routine 

transport for HW shipment alternatives and the risks of HW versus radioactive waste shipments under 

routine conditions. Lack of information for rural and suburban areas is an obvious gap in the data, 

although the risk factor would presumably be lower because total emissions from all sources in rural 

and suburban areas are lower. 

E.S.1.2 Accident Assessment Method 

E.S.1.2.1 Radiological Accident Risk Assessment 

The risk analysis for potential accidents differs fundamentally from the risk analysis for routine 

transportation because occurrences of accidents are statistical. The accident risk assessment is treated 

probabilistically in RADTRAN 4. Accident risk is defined as the product of the accident consequence 

(dose) and the probability of the accident occurring. In this respect, the RADTRAN 4 code estimates 

the collective accident risk to populations by considering a spectrum of transportation-related accidents. 

The spectrum of accidents is designed to encompass a range of possible accidents, including low

probability accidents with high consequences and high-probability accidents with low consequences 

("fender benders"). The results for collective accident risk can be directly compared with the results 

for routine collective risk because the former results incorporate the probabilities of accident 

occurrences. 

The RADTRAN 4 calculation of collective accident risk employs models that quantify the range of 

potential accident severities and the responses of transported packages to accidents. The spectrum of 
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accident severity is divided into a number of categories. Each category of severity is assigned a 

conditional probability of occurrence-that is, the probability that an accident will be of a particular 

severity if an accident occurs. The more severe the accident, the more remote the chance of such an 

accident. Release fractions, defined as the fraction of the material in a package that could be released 

in an accident, are assigned to each accident severity category on the basis of the physical and chemical 

form of the waste material. The models take into account the transportation mode and the packaging 

type being considered. The accident rates, the definition of accident severity categories, and the release 

fractions used in this analysis are discussed further in Section E.6. 

For accidents involving the release of radioactive material, RADTRAN 4 assumes that the material is 

dispersed into the environment according to standard Gaussian diffusion models. For the risk 

assessment, default data for atmospheric dispersion were used, representing an instantaneous 

ground-level release and a small-diameter source cloud (Neuhauser and Kanipe, 1993). The calculation 

of the collective population dose after the release and dispersal of radioactive material includes the 

following exposure pathways: 

• External exposure to the passing radioactive cloud 

• External exposure to contaminated soil 

• Internal exposure from inhaling airborne contaminants 

• Internal exposure from ingesting contaminated food 

For the pathway of ingestion, State-specific food transfer factors, which relate the amount of 

radioactive material ingested to the amount deposited on the ground, were calculated in accordance with 

the methods described by NRC Regulatory Guide 1.109 (NRC, 1977b) and were used as input to the 

RADTRAN code. Doses of radiation from ingesting or inhaling radionuclides are calculated with 

standard dose conversion factors (DOE, 1988a; DOE, 1988b). 

The collective accident risk for each case is determined in a manner similar to that described for routine 

collective risks. Accident risks are first calculated for each unique origin-and-destination pair and then 

are summed over all pairs to estimate the total risk for the case. The accident risk assessment uses site

specific and waste type-specific radiological and physical waste characteristics, which are described 

further in Section E.6. In addition, the assessment uses route-specific information on population density 

and accident rates derived for individual States. 
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E.5.1.2.2 Radiologi,cal Accident Consequence Assessment 

The RISKIND code is used to provide a scenario-specific assessment of radiological consequences of 

severe transportation-related accidents for each waste type. The RADTRAN 4 accident risk assessment 

considers the entire range of accident severities and their related probabilities, whereas the RISKIND 

accident consequence assessment focuses on accidents that result in the largest releases of radioactive 

material to the environment. 

For each waste type, accident consequences are presented for a shipment of waste that represents the 

highest potential radiological risk if an accident occurs. This "worst case" is identified for each waste 

type by screening the site-specific radiological waste characteristics (that is, activity concentrations) 

developed for this PEIS, taking into account the physical forms of waste and the relative hazards of 

individual radionuclides. For most waste shipments, the consequences of severe accidents would be less 

than those presented for the worst case. The accident consequence assessment is intended to provide 

an estimate of the maximum potential impacts posed by a severe transportation-related accident 

involving a particular waste type. 

The severe accidents considered in the consequence assessment are characterized by extreme 

mechanical and thermal forces. In all cases, these accidents result in a release of radioactive material 

to the environment. The accidents correspond to those within the highest accident severity category, 

as described previously. These accidents represent low-probability high-consequence events. 

Therefore, accidents of this severity are expected to be extremely rare. However, the overall 

probability that such an accident could occur is dependent upon the potential accident rates for this 

severity category and the shipping distance for each case. 

The RISKIND model was used to assess accident consequences for two reasons . First, its code can 

model the complex atmospheric (or site-specific) dispersion from severe accidents. The atmospheric 

dispersion is modeled as an instantaneous release by using standard Gaussian puff methods. In addition, 

because severe accidents routinely involve fires, modeling the potential radiological consequences takes 

into account physical phenomena resulting from the fire, such as buoyant plume rise. Second, 

RISKIND can estimate the dose to MEis near an accident. RISKIND is used to determine the MEI' s 

location on the basis of the atmospheric conditions assumed at the time of the accident and the thermal 

characteristics of the release. 

E-34 



Appendix E-Part I 

For each waste type, the accident consequences are calculated for local populations and for MEls. The 

population dose includes the population within 80 km (50 mi) of the accident site. The exposure 

pathways considered are similar to those discussed previously for the accident risk assessment. 

Although remedial activities after the accident (for example, evacuation or ground cleanup) would 

reduce the consequences, these activities were not considered in the consequence assessment. 

Because predicting the exact location of a severe transportation-related accident is impossible, separate 

consequences are calculated for accidents occurring in rural, suburban, and urban zones of population 

density. Moreover, to address the effects of the atmospheric conditions existing at the time of an 

accident, two different atmospheric conditions are considered. The first case assumes neutral 

atmospheric conditions, and the second assumes stable conditions. Atmospheric conditions are 

discussed further in Section E.6. 

E.5.1.2.3 Vehicle-Related (Nonradi.ological) Accident Risk Assessment 

The vehicle-related accident risk refers to the potential for transportation-related accidents that directly 

result in fatalities that are not related to the shipment's cargo. This risk represents fatalities from 

mechanical causes. State-specific transportation fatality rates are used in the assessment and are 

discussed in Section E.6. Vehicle-related accident risks are calculated for each case by multiplying the 

total distance traveled in each State by the appropriate State rate for transportation-related fatalities. In 

all cases, the vehicle-related accident risks are calculated by using distances for round-trip shipment. 

E.5.2 ONSITE TRANSPORTATION 

The RISKIND computer code was used to calculate the routine and accident doses to MEis and to 

collective onsite populations from onsite transportation at the Hanford Site. The RISKIND code allows 

for extensive use of site-specific data. Sitewide characteristics, such as weather data, nonuniform 

population densities, and surrounding agricultural productivity, are variable input parameters. In 

addition, the characteristics of receptors, such as shielding, intake rates, and location relative to the 

shipping route, can be specified. 
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E.5.2.1 Routine (Incident-Free) Risk Assessment Method 

For routine conditions, RISKIND is used to calculate the dose and risk to specific individuals 

distinguished by their location relative to a shipment when it is stationary or moving. As a conservative 

assumption, potential shielding between the waste shipments and the receptor is not considered. 

The following four groups of receptors are considered for the onsite routine risk assessment: 

• Truck and rail crew members (crew dose) 

• Workers near the transportation route (off-link worker population dose) 

• Persons sharing the transportation route (on-link dose) 

• Guards at the gates of individual facilities or at checkpoints along the route 

The dose to the crew members is calculated by multiplying the distance traveled times the dose per 

kilometer calculated by RADTRAN 4 at the crew compartment. The dose rate in the crew compartment 

is limited to a value of 2 mrem/h by Federal regulations. RADTRAN 4 was used for estimating the 

dose to the crew to retain consistency with the offsite transportation assessment. 

Onsite workers at the Hanford Site are located within well-defined facilities or work areas. All areas 

within 0.8 km (0.5 mi) on each side of the route were considered. RISKIND was used to calculate the 

population dose to each affected area by specifying the minimum distance from the route, the maximum 

distance from the route, and the average population density of that specific work area. The dose for 

each area was calculated while the shipment was immediately next to the area. 

RISKIND was used to calculate the dose to individuals sharing the truck transportation route with waste 

shipments on the basis of the average vehicular occupancy and speed, road type, and one-way traffic 

densities. Members of the public, as well as workers, receive this dose because a section of a principal 

onsite route is over public-access roadways. No on-link dose was calculated for rail transportation 

because the tracks at the Hanford Site are used exclusively by Hanford; no parallel sets of tracks exist 

over the route. 

For truck routes , the guard at the boundary of the shipping facility or the one at the checkpoint along 

the route is potentially the closest individual to the shipment outside of the loading facilities. This dose 

was calculated directly by using RISKIND. 
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E.5.2.2 Accident Consequence Assessment Method 

For each waste type, the radiological accident consequences of the onsite transportation and its 

attendant health risks were calculated. The probabilities for onsite transportation accidents at Hanford 

Site (Wang et al., 1991) were used to estimate the likelihood of potential accidents and the associated 

maximum credible radioactive release for each waste type. 

Doses to an MEI and to onsite and offsite populations are calculated by using RISKIND and parameters 

specific to Hanford. Doses include contributions from inhalation, cloudshine, and groundshine; no 

pathway for food ingestion has been considered for MEis or for onsite worker populations. The 

food-ingestion pathway was considered only for offsite rural populations. 

E.6 Input Parameters and Assumptions 

The transportation risk assessment is designed to ensure-through uniform and judicious selection of 

models, data, and assumptions-that relative comparisons of risk among the various Alternatives are 

meaningful. This goal is accomplished by uniformly applying to all Alternatives the input parameters 

and assumptions common to each waste type. The principal input parameters and assumptions used in 

the transportation risk assessment are discussed in this section. 

E.6.1 WASTE INVENTORY AND CHARACTERIZATION DATA 

The computational model WASTE_MGMT was developed at ANL-E to support the PEIS analyses of 

risks and costs (Kotek et al., 1995). Input to the model includes data on the waste inventory and on 

waste characterization at each DOE Site, data on operations for the TSD facilities used for the wastes, 

and definitions of various Alternatives . The sources and development of the model input data are 

described in the supporting technical reports specific to each waste type (Folga et al. , 1995; Goyette, 

1995; Hong et al., 1995 ; Lazaro et al., .1995; Wilkins et al., 1995). 

One output of the model consists of the quantity, physical form, and radiological characteristics of the 

waste shipped between Sites for each case. Table E-4 shows an example of output for an LL W case. 

The output presents part of a waste transportation data file that includes, for each origin

and-destination pair, the total quantity of waste shipped (both volume and mass), as well as the total 
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Table E-4. Example of a Pamal Argonne National Laboratory WASTE_MGMT 
Computational Model Output File Used as Input 

for the Transportation Radiological Risk Assessmenf 

Waste Stream LLW 
~----------------------· 

Origin Site AMES 
I --------------------• 

Destination Volume Mass 

Site NTS m3/yr 1.16E+0l kg/yr 2.99E+04 
~ -----------------------------------------------------------------------· -

Activity 
Radionuclide Ci/yr 

------------------ -------------
Tl-208 4.50E-07 

Pb-212 l.19E-06 

Bi-212 1.19E-06 

Po-212 7.68E-07 

Po-216 l.19E-06 

Ra-224 l.19E-06 

Ra-228 7.12E-06 

Ac-228 7.12E-06 

Th-228 l.19E-06 

Th-231 6.86E-06 

Th-232 7.23E-05 

Th-234 8.79E-03 

Pa-234 9.0lE-07 

Pa-234m 8.79E-03 

U-235 6.83E-06 

U-238 8.79E-03 

Pu-238 6.94E-04 

Pu-239 5.30E-05 

Pu-240 1.85E-04 

Pu-241 2.55E-02 

Am-241 1.06E-06 

Cm-242 1.48E-05 

Cm-244 5.30E-06 

a A complete WASTE_MGMT output file contains the above shipment information for all 
origin-and-destination pairs for a given case. For illustrative purposes, only shipments between 
one origin and one destination are shown. 
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activity (curies) of radionuclides in the waste being shipped. The effects of potential waste treatment, 

such as volume reduction or incineration, are considered in the model and are reflected in changes in 

waste density and activity concentrations. The WASTE_MGMT output files are used directly as input 

to the transportation risk assessment. 

For each waste type, the physical forms of the waste are generally classified into a small number of 

categories, such as vitrified waste, liquid waste, metal waste, and heterogeneous solid waste. The 

package release fractions are developed according to the physical characteristics of the waste in each 

category . 

E.6.2 SmPMENT EXTERNAL DOSE RATES 

The dose (and, correspondingly, the risk) to populations and MEis during routine transportation is 

directly proportional to the assumed external dose rate from the shipment. The Federal regulations for 

maximum allowable external dose rates for exclusive-use shipments are presented in Section E.3 .1. The 

actual shipment dose rate is a complex function of the composition and configuration of shielding and 

containment materials used in the waste packaging, the geometry of the loaded shipments, and the 

characteristics of the waste material itself. The external dose rates assumed for each waste type are 

summarized in Table E-5 and are discussed in detail in the text. In practice, external dose rates vary 

not only from Site to Site and from waste type to waste type but also from shipment to shipment at a 

given Site. 

E.6.2.1 HLW Shipments 

For HLW shipments , the external dose rate has been assumed to be equal to the regulatory limit of 

10 mrem/h at 2 m (6 .6 ft) for all shipments. The regulatory limit was assumed because extensive 

historical data for HL W shipments do not exist. In practice, the dose rates may range well below the 

regulatory limit assumed for this assessment. Therefore, assuming that the dose rates are equal to the 

regulatory limit provides a conservative estimate. 
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Table E-5. Shipment External Dose Rates 
for Each Waste Type 

Waste Type External Dose Rate 

10 mrem/h at 2 m (6.6 ft) 

1 mrem/h at 1 m (3.3 ft) 

CH = 3 mrem/h at 1 m 
RH = 7 mrem/h at 1 m 

LLMW 1 mrem/h at 1 m (3.3 ft)d 

Notes: CH = contact handled waste; RH = remote
handled waste. 
a Regulatory limit (10 CFR 71) . 
b Based on historical DOE LLW shipments as 
reported to the Shipment Mobility/Accountability 
Collection (R. Morris, Science Applications 
International Corp., personal communication to 
F.A. Monette, ANL, Argonne, IL, Dec. 9, 1993). 
c Derived from DOE (1990a) . 
d Based on comparison of LLMW and LLW 
radiological characteristics. 

E.6.2.2 LLW Shipments 

Appendix E-Part I 

For LLW shipments, the external dose rates from historical waste shipments were investigated by using 

the Shipment Mobility/ Accountability Collection (SMAC) system (personal communication from 

R. Morris, Science Applications International Corp ., to P.A. Monette, ANL, Argonne, IL, Dec. 9, 

1993). The SMAC database contains information about unclassified commercial freight shipments made 

by DOE and its contractNs . The information available in the SMAC database is collected from Site 

shipping and receiving documents . Available information for shipments of radioactive materials 

includes the types of material shipped, the number of packages in each shipment, shipment weights , 

external dose rates, and package isotopic inventories . Approximately two-thirds of all DOE unclassified 

shipments are estimated to be reported to the SMAC database. 

Shipment information from the SMAC database was examined for fiscal years 1983 to the present 

(personal communication from R. Morris, Science Applications International Corp., to P.A. Monette, 

ANL, Argonne, IL, Dec. 9, 1993). Information was provided for three general categories of 

radioactive material: irradiated fuel, "other" highway route controlled quantities, and LLW. (The 

material categories chosen were dictated by the format in which data are submitted and entered into the 

SMAC database and are not consistent with the definitions of waste types used in this PEIS .) Of the 

15,000 LLW shipments recorded in the SMAC database, approximately 2,500 reported external dose 
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rates. The average dose rate reported was approximately 1 mrem/h, measured at 1 m (3.3 ft) from the 

surface of a shipment. This value was used for future LLW shipments for the PEIS analysis . 

E.6.2.3 TRUW Shipments 

For TRUW shipments, external package dose rates have been derived from information in the 

Supplemental Final Environmental Impact Statement (SPEIS) for WIPP (DOE, 1990a). In the WIPP 

SPEIS, Site-specific external package dose rates were presented for CH-TRUW and for RH-TRUW 

packages. For this PEIS, the average external dose rates were calculated by using the SPEIS values and 

were used for purposes of assessment. The average external package dose rates were calculated to be 

3 mrem/h for CH-TRUW and 7 mrem/h for RH-TRUW at 1 m (3.3 ft). 

E.6.2.4 LLMW Shipments 

Because very limited data exists for historical LLMW shipments , and the fact that the radiological 

characteristics of LLMW were assumed to be similar to LL W for the PEIS, the external dose rate for 

shipments of LLMW was assumed to be the same as for the LL W shipments. As with LL W shipments, 

an average dose rate of 1 mrem/h measured at 1 m (3.3 ft) from the surface of a shipment was assumed 

for analysis purposes. 

E.6.3 POPULATION DENSITY ZONES 

Three population density zones-rural, suburban, and urban-were used for the offsite population risk 

assessment. The fractions of travel in each zone were determined by using the HIGHWAY and 

INTERLINE routing models. The rural, suburban, and urban zones are assigned average population 

densities of 6/km2 (15.5/mi2), 719/krn2 (1,862/mi2), and 3,861/km2 (10,000/mi2), respectively. These 

population densities are typical of rural, suburban, and urban environments (NRC 1977a). Occurrence 

of the three population density zones is based on an aggregation of the 12 population density zones 

provided in the HIGHWAY and INTERLINE model outputs . For calculation purposes, information 

about population density was generated at the State level and used as RADTRAN input for all 

origin-and-destination pairs. For the onsite analysis, the population density of the Hanford Site 

was used. 
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E.6.4 ACCIDENT RATES 

For calculating accident risks, vehicle accident involvement and fatality rates are taken from data 

provided in Saricks and Kvitek (1994). For each transport mode, accident rates are generically defined 

as the number of accident involvements (fatalities) in a given year per unit of travel of that mode in the 

same year. Therefore, the rate is a fractional value-the accident-involvement count is the numerator, 

and vehicular activity (total traveled distance) is the denominator. Accident rates are generally 

determined for a multiyear period. For assessment purposes, the total number of expected accidents 

or fatalities is calculated by multiplying the total shipping distance for a specific case by the appropriate 

accident or fatality rate. 

For truck transportation, the rates presented in Saricks and Kvitek (1994) are specifically for heavy 

combination trucks involved in interstate commerce. Heavy combination trucks are rigs composed of 

a separable tractor unit containing the engine and one to three freight trailers connected to each other 

and the tractor. Heavy combination trucks are typically used for shipping radioactive wastes. Truck 

accident rates are computed for each State on the basis of statistics compiled by the DOT Office of 

Motor Carriers for 1986 to 1988. Saricks and Kvitek (1994) present accident involvement and fatality 

counts, estimated kilometers of travel by State, and the corresponding average accident involvement, 

fatality, and injury rates for the 3 years investigated. Fatalities (including crew members) are deaths 

attributable to the accident that occurred any time within 30 days of the accident. 

Rail accident rates are computed and presented similarly to truck accident rates in Saricks and Kvitek 

(1994); however, for rail transport, the unit of haulage is the railcar. State-specific rail accident 

involvement and fatality rates are based on statistics compiled by the Federal Railroad Administration 

for 1985 to 1988. Rail accident rates include both mainline accidents and those occurring in rail yards. 

The accident assessment presented in this appendix uses separate accident rates for travel in rural, 

suburban, and urban population density zones in each State. Therefore, total accident risk for a case 

depends on the total distance traveled in various population zones in each State and does not rely on 

national average accident statistics. However, for comparative purposes, the national average truck 

accident rate presented in Saricks and Kvitek (1994) is 2.4 x 10-7 accidents/km (3.9 x 10-7 accidents/mi). 

The national average railcar accident rate is 5.6 x 10-8 accidents/km (9.0 x 10-8 accidents/mi) . For the 

onsite accident assessment, accident probabilities at the Hanford Site were taken from 

Wang et al. (1991). 
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Note that the accident rates used in this assessment were computed using all interstate shipments, 

regardless of the cargo. Saricks and Kvitek (1994) point out that shippers and carriers of radioactive 

material generally have a higher-than-average awareness of transportation risk and prepare cargos and 

drivers for such shipments accordingly. This preparation should have the twofold effect of reducing 

component and equipment failure and mitigating the contribution of human error to accident causation. 

These effects were not considered in the accident assessment. 

E.6.5 ACCIDENT SEVERITY CATEGORIES 

A method to characterize the potential severity of transportation-related accidents is described in a NRC 

report commonly referred to as NUREG-0170 (NRC, 1977a). The NRC method divides the spectrum 

of transportation accident severities into eight categories. Other studies have divided the same accident 

spectrum into 6 categories (Wilmot, 1981) and into 20 categories (Fischer et al ., 1987); however, these 

studies focused primarily on accidents involving spent nuclear fuel shipments. 

The NUREG-0170 scheme for accident classification is shown in Figure E-4 for truck transportation, 

and Figure E-5 for rail transportation. Severity is described as a function of the magnitudes of the 

mechanical forces (impact) and thermal forces (fire) to which a package may be subjected during an 

accident. Because all accidents can be described in these terms, severity is independent of the specific 

accident sequence. In other words, any sequence of events that results in an accident in which a 

package is subjected to forces within a certain range of values is assigned to the accident severity 

category associated with that range. The scheme for accident severity is designed to take into account 

all credible transportation-related accidents, including accidents with low probability but high 

consequences and those with high probability but low consequences. 

Each severity category represents a set of accident scenarios defined by a combination of mechanical 

and thermal forces. A conditional probability of occurrence (that is , the probability that if an accident 

occurs, it is of a particular severity) is assigned to each category. The fractional occurrences for 

accidents by the accident severity category and the population density zone are shown in Table E- 6. 

Category I accidents are the least severe but the most frequent, whereas Category VIII accidents are 

very severe but very infrequent. To determine the expected frequency of an accident of a given 

severity, the conditional probability in the category is multiplied by the baseline accident rate. Each 
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Table E-6. Fractional Occurrences for Accidents by Severity 
Category and Population Density Z,one 

Fractional Occurrence by 
Population Density Zone 

Fractional 
Severity Category Occurrence Rural Suburban Urban 

Truck 
I 0.55 0.1 0.1 0.8 

II 0.36 0.1 0.1 0.8 
III 0.07 0.3 0.4 0.3 
IV 0.016 0.3 0.4 0.3 
V 0.0028 0.5 0.3 0.2 

VI 0.0011 0.7 0.2 0.1 
VII 8.5X 10-5 0.8 0.1 0.1 

VIII 1.5X 10-5 0.9 0.05 0.05 

Rail 
I 0.50 0.1 0.1 0.8 

II 0.30 0.1 0.1 0.8 
III 0.18 0.3 0.4 0.3 
IV 0.018 0.3 0.4 0.3 
V 0.0018 0.5 0.3 0.2 

VI 1.3X 10-4 0.7 0.2 0.1 
VII 6.0x 10-5 0.8 0.1 0.1 

VIII I.Ox 10-5 0.9 0.05 0.05 

Source: NRC, 1977a. 

population density zone has a distinct baseline accident rate and distribution of accident severities 

related to differences in average vehicular velocity, traffic density, and other factors, including 

location-rural, suburban, or urban. 

For the accident consequence assessment, the doses were assessed for populations and individuals by 

assuming an accident of severity Category VIII. This accident severity category represents the most 

severe accident scenarios, which would result in the largest releases of radioactive material. Accidents 

of this severity are extremely rare, occurring approximately once in every 70,000 truck or 100,000 rail 

accidents involving a radioactive waste shipment. On the basis of national accident statistics (Saricks 

and Kvitek, 1994), for every 1.6 km (1 mi) of shipment (loaded), the probability of an accident of this 

severity is 6 x 10-12 for shipment by truck and 1 x 10 -12 for shipment by rail. For the PEIS waste 

Alternatives (the largest estimated shipment mileage is 560 million mi for LL W), no accident of such 

severity is expected to occur. 
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E.6.6 PACKAGE RELEASE FRACTIONS 

Radiological consequences are calculated by assigning package release fractions to each accident 

severity category. The release fraction is defined as the fraction of the radioactive material in a package 

that ccmld be released from that package during an accident of a certain severity. Release fractions take 

into account all mechanisms necessary to create release of radioactive material from a damaged package 

to the environment. Release fractions vary according to the package type and the physical form of the 

waste. Type B packagings are designed to withstand the forces of severe accidents and, therefore, have 

smaller release fractions than Type A packagings. 

Package release fractions for accidents of each severity category are given in Table E-7 for the package 

types considered in this assessment. The values for release fractions were obtained from various 

Table E-7. Estimated Release Fractions for Shipping Packagings 
Under Various Accident Severity Categories 

Estimated Release Fraction 

TypeB 
Severity Category Type Aa HLW Cask3 TRUPACT-Ilb NuPac 72Bb 

Truck 
I 0 

II 0.01 
III 0.1 
IV 1.0 
V 1.0 

VI 1.0 
VII 1.0 

VIII 1.0 
Rail 

I 0 
II 0.01 

III 0.1 
IV 1.0 
V 1.0 

VI 1.0 
VII 1.0 

VIII 1.0 

a Values are for total material release fraction. 
b Values are for respirable release fraction. 

Sources: NRC, 1977a; DOE, 1990a. 

0 0 0 
0 0 0 
0.01 8x10-9 6x10-9 

0.1 2xl0-7 2x10-1 

1.0 8x10-5 1 xI0-4 

1.0 2x10-4 1 x10-4 

1.0 2x10-4 2x10-4 

1.0 2x10-4 2x10-4 

0 0 0 
0 0 0 
0.01 2x10-8 2x10-8 

0.1 1x10-1 1x10-1 

1.0 8x10-5 1 xI0-4 

1.0 2x10-4 1 x10-4 

1.0 2x10-4 2x10-4 

1.0 2x10-4 2x10-4 
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sources, but all were derived on the basis of the methods described in NUREG-0170 (NRC, 1977a). 

Also important for the purposes of risk assessment are the fraction of the released material that can be 

entrained in an aerosol (that is, part of an airborne radioactive plume) and the fraction of the 

aerosolized material that is also respirable (of a size that can be inhaled into the lungs). These fractions 

depend on the physical form of the waste material. Most solid materials are difficult to release in 

particulate fonn and are, therefore, relatively nondispersible. Conversely, liquid or gaseous materials 

are relatively easy to release if the container is compromised in an accident. The aerosolized and 

respirable fractions for various physical fonns of waste have been compiled in RADTRAN (Neuhauser 

and Kanipe, 1993) and are given in Table E-8 . (Note that the release fractions for TRUW packages 

incorporate the aerosolized and respirable fractions on the basis of the characteristics of TRUW .) 

E.6.7 ATMOSPHERIC CONDfflONS 

Radioactive material released to the atmosphere is transported by the wind. The amount of dispersion, 

or dilution, of the radioactive material in the air depends on the meteorologic conditions at the time of 

the accident. Because predicting the specific location of an offsite transportation-related accident is 

impossible, generic atmospheric conditions were selected for the accident risk and consequence 

assessments. 

For the accident risk assessment, neutral weather conditions were assumed; these conditions were 

represented by Pasquill stability Class D with a windspeed of 4 m/second (s) (9 mi/h) . Because neutral 

meteorologic conditions constitute the most frequently occurring atmospheric stability condition in the 
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Table E-8. Aerosolized and Respirable Material Release 
Fractions for Various Physical Waste Forms 

Phvsical Waste Form 
Vitrified wastea 

Activated metalsa 

Heterogeneous solidsb 

Nonvolatile liquids 

Volatile liquids 

Aerosolized Fraction 
1 x10-6 

1x10-6 

0.1 

0.1 

a Considered to behave as immobile material. 
b Considered to behave as a loose powder. 

Source: Neuhauser and Kanipe, 1993. 

Resnirable Fraction 
0.05 

0.05 

0.05 

0.05 

1 
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United States, these conditions are most likely to be present if an accident occurs involving a waste 

shipment. Observations at National Weather Service surface meteorologic stations from more than 300 

U.S. locations indicate that on a yearly average, neutral conditions (represented by Pasquin Classes C 

and D) occur about half (50 percent) the time, while stable conditions occur about one-third (33 

percent) of the time (Pasquin Classes E and F), and unstable conditions (Pasquin Classes A and B) 

occur about one-sixth (17 percent) of the time (Doty et al., 1976). The neutral category predominates 

in all seasons but is most prevalent (nearly 60 percent of the observations) during winter. 

For the accident consequence assessment, doses were assessed under neutral atmospheric conditions 

(Pasquill Stability Class D with a windspeed of 4 mis [9 mi/h]) and stable conditions (Pasquin Stability 

Class F with a windspeed of 1 m/s [2 .2 mi/h]). The results calculated for neutral conditions represent 

the most likely consequences, and the results for stable conditions represent a "worst case" weather 

situation in which the least amount of dilution is evident with the highest air concentrations of 

radioactive material. 

E.6.8 HEALTH RISK CONVERSION FACTORS 

The health risk conversion factors used throughout this PEIS to estimate the number of expected 

cancer-caused fatalities, the incidence of cancer, and the serious genetic effects from radiological 

exposures were derived from ICRP (1991): 5.0 x 10-4 cases of fatal cancer per person-rem for members 

of the public, and 4.0 x 10-4 cases for workers; 1.7 x 10-3 cases of induced cancer per person-rem for 

members of the public, and 1.4 x 10-3 cases for workers; and 1.0 x 10-4 adverse genetic effects per 

person-rem for members of the public, and 6.0 x 10-5 adverse genetic effects for workers. Cancer

caused fatalities and cancer incidence are determined over the lifetimes of exposed populations . Genetic 

effects occur in descendants of the exposed population, and the estimates for these effects are based on 

the total dose to the reproductive organs. The genetic health risk conversion factors used in this 

analysis include all generations. 

E.6.9 MAXIMALLY EXPOSED INDIVIDUAL EXPOSURE SCENARIOS 

The risk to MEis has been estimated for a number of hypothetical exposure scenarios for offsite 

transportation. The receptors include crew members, departure inspectors, and members of the public 

exposed during traffic obstructions (traffic jams), while working at a service station, or by living near 
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a treatment, storage, or disposal site. The dose and risk to MEis were calculated for particular distances 

and durations of exposure. The distances and durations of exposure for each receptor are similar to 

those used in previous transportation assessments (DOE, 1987b; DOE, 1990a). The scenarios for 

exposure are not intended to be exhaustive but were selected to provide a range of potential exposure 

situations . The assumptions for exposure scenarios are as follows: 

• Crew Members. Truck and rail crew members are assumed to be occupational radiation workers and 
would be monitored by a dosimetry program. Therefore, the maximum allowable dose would be 
5 rem/yr. As an administrative procedure, DOE limits doses to its workers to 2 rem/yr (DOE, 
1992b). 

• Inspectors (Truck and Rail). Inspectors are assumed to be either Federal or State vehicle inspectors. 
Inspectors are not assumed to be monitored by a dosimetry program. An average exposure distance 
of 3 m (9.8 ft) and an exposure duration of 30 minutes are assumed. 

• Rail-Yard Crew Member. A rail-yard crew member is not assumed to be monitored by a dosimetry 
program. An average exposure distance of 10 m (32.8 ft) and an exposure duration of 2 hours are 
assumed. 

• Resident (Truck and Rail). A resident is assumed to live 30 m (98 ft) from a Site entrance route 
(truck or rail). Shipments pass at an average speed of 24 km/h (15 mi/h), and the resident is exposed 
unshielded. Cumulative doses are assessed for each Site on the basis of the number of shipments 
entering or exiting the Site, with the assumption that the resident is present for 100 percent of the 
shipments . 

• Person in Traffic Obstruction (Truck and Rail). A person is assumed to be stopped next to a waste 
shipment (because of traffic or other obstructions) . The person is assumed to be exposed unshielded 
at a distance of 1 m (3.3 ft) for 30 minutes. 

• Person at Truck Service Station. A person is assumed to be exposed at an average distance of 20 m 
(65 .6 ft) for 2 hours. This receptor could be a worker at a truck stop. 

• Resident Near a Rail Stop. A resident is assumed to live near a rail classification yard. The resident 
is assumed to be exposed unshielded at a distance of 200 m (656 ft) for 20 hours . 

The largest uncertainty in predicting the dose to MEis during transportation involves determining the 

frequency of exposure occurrence. This difficulty arises from uncertainties in future shipment schedules 

and route selection and from the inherent uncertainty in predicting the frequency of random or chance 

events; for example, it is conceivable that an individual may be stopped in traffic next to a shipment 

of radioactive waste, but it is difficult to predict how often the same individual would experience this 

event. Therefore, doses are assessed on a per-event basis for most receptors considered. To account 

for possible multiple exposures, ranges of realistic total doses are discussed qualitatively. One 

exception is the dose calculation for hypothetical residents living near an entrance route to a treatment, 

storage, or disposal site . For these residents, total doses are calculated on the basis of the number of 

shipments entering or exiting each Site for each PEIS Alternative. 
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E.6.10 GENERAL RADTRAN INPUT PARAMETERS 

In addition to the specific parameters discussed previously, values for several general parameters must 

be specified within the RADTRAN code. These general parameters define basic characteristics of the 

shipment and traffic and are specific to the transportation mode. The user's manual for the RADTRAN 

code (Neuhauser and Kanipe, 1993) contains derivations and descriptions of these parameters . 

Table E-9 summarizes the general RADTRAN input parameters used in the transportation risk 

assessment. 

E.6.11 ONSITE ASSESSMENT ACCIDENT LOCATION 

The onsite transportation accident consequence was estimated for a potential accident occurring on the 

roadway or railroad adjacent to the 300 Area at the Hanford Site. This location would maximize 

Table E-9. General RADTRAN Input Parameters 

Parameter Truck Rail 

Package type Waste-type specific Waste-type specific 

No. of crew 2 5 

Distance from source to crew (m) 3 152 

Average vehicular speed (km/h) 
Rural 88 64 
Suburban 40 40 
Urban 24 24 

Stop time (h/lan) 0.011 0.033 

No. of people exposed while stopped 25 100 

No. of people per vehicle sharing route 2 3 

Population densities (persons/km2) 

Rural 6 6 
Suburban 719 719 
Urban 3,861 3,861 

One-way traffic count (vehicles/h) 
Rural 470 1 
Suburban 780 5 
Urban 2,800 5 

Notes: Accident conditional probabilities are listed by severity category in Table E-6; 
accident release fractions are given in Table E-7. 

Source: Neuhauser and Kanipe, 1993. 
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exposure to worker populations onsite and to the public offsite. The highest accident severity category 

possible for each waste type was assumed to determine the amounts of radioactive material released. 

E. 7 Results of Risk Assessment 

This section presents results of the transportation risk assessment for each of the four types of 

radioactive waste considered in the PEIS. For each waste type, results are presented for the Alternatives 

summarized in Section E.2.2 and defined in detail in the waste type-specific chapters (Chapters 6 

through 9) . As stated previously, the number and location of potential treatment, storage, or disposal 

sites differs for each specific Alternative, and the number of Alternatives considered nries among 

waste types. 

Although the method for risk assessment and important assumptions about assessment have been 

presented in detail previously, the following sections give a brief overview of the risk assessment 

process. This overview is intended to help readers interpret results as they are presented for each waste 

type. 

For each waste type, the impacts of transportation are calculated in four areas: (1) collective population 

risks during routine conditions and accidents for each Alternative, (2) risks to MEis during routine 

conditions for each Alternative, (3) consequences to individuals and populations after the most severe 

accidents involving release of radioactive material, and (4) onsite transportation risks. Each of these 

areas is described briefly. 

Collective Population Risk. The collective population risk is a measure of the total risk posed to society 

as a whole by the Alternative being considered. For the collective population risk assessment, the 

persons exposed are considered as a group, without specifying individual receptors. The collective 

population risk is used as the primary means to compare the various Alternatives. 

Collective population risks are calculated from vehicle- and cargo-related causes for routine 

transportation and accidents. Vehicle-related risks are independent of the shipment's cargo and include 

risks from vehicular exhaust emissions and traffic accidents (fatalities caused by physical trauma). 

Vehicle-related risks are presented in terms of estimated fatalities for each Alternative. 
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For radioactive material, cargo-related risk refers to the risk posed by the radioactive nature of the 

material . The RADTRAN 4 model is used to calculate collective population risks for each Alternative. 

The RADTRAN 4 calculations for population risk take into account the consequences and the 

probabilities of potential exposure-causing events (such as accidents). The accident risk values are 

referred to as "dose risk" because they incorporate the probabilities of a spectrum of accidents . The 

collective population risks are presented in terms of the total dose (person-rem) to workers and to 

members of the public for each Alternative. The collective population risks are also presented in terms 

of estimated fatalities from latent cancer by using the ICRP Publication 60 (ICRP, 1991) health risk 

conversion factors described in Section E.6.8 . Other health endpoints , such as the incidence of cancer 

and severe genetic effects, are not explicitly presented but can be calculated by multiplying the total 

doses by the appropriate conversion factors given in Section E.6.8. 

Maximally Exposed Individuals During Routine Conditions. During the routine transportation of 

radioactive waste, specific individuals close to a shipment may be exposed to radiation . For each waste 

type, the RISKIND model has been used to estimate risk to these individuals for a number of 

hypothetical exposure-causing events . The receptors include transportation crew members, inspectors , 

and members of the public exposed during traffic delays , while working at a service station, or living 

near a DOE Site. The assumptions about exposure are given in Section E.6.9. The scenarios for 

exposure are not meant to be exhaustive but were selected to provide a range of potential exposures . 

For most individual receptors considered, doses are assessed and presented on a per-event basis. No 

attempt has been made to estimate the frequency of exposure-causing events, although the range of 

possible exposures is qualitatively discussed. However, one exception is the calculation of the dose to 

a hypothetical resident living near the entrance route to a treatment, storage, or disposal site . For these 

residents , cumulative doses are calculated on the basis of the total number of shipments entering or 

exiting each site for each Alternative. 

Accident Consequence Assessment. The RISKIND code is used to provide a detailed assessment of the 

consequences of the most severe transportation-related accidents for each waste type. The RADTRAN 4 

collective accident risk assessment considers the entire range of accident severities and their related 

probabilities, whereas the RISKIND accident consequence assessment assumes that an accident of the 

highest severity category (Category VIII) has occurred. The consequences, in terms of committed dose 

(rem) and latent cancer fatalities, are calculated for exposed populations and individuals near 

an accident. 
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For each waste type, accident consequences are calculated for a waste shipment that represents the 

highest potential radiological risk if an accident occurs. This "worst case" waste is identified for each 

waste type by screening the site-specific characteristics for radiological waste (that is, activity 

concentrations) developed for the PEIS, by taking into account the physical forms of the waste and 

relative hazards of individual radionuclides. For most waste shipments, the consequences of severe 

accidents would be fewer than those presented for the "worst case" waste. Separate accident 

consequence calculations are not performed for each case for a given waste type. The accident 

consequence assessment is intended to provide an estimate of the maximum potential impacts posed by 

a severe transportation-related accident. 

Onsite Assessment. The risk assessment conducted for onsite transportation is intended to provide an 

estimate of the magnitude of the potential onsite transportation risk for comparison with' offsite 

transportation risks. For the PEIS, onsite transportation is defined as transportation of waste between 

facilities within the boundaries of a DOE Site. Transfers of waste within a specific facility are not 

considered onsite shipments but are part of the normal facility operations. (Off site transportation refers 

to transporting waste between distinct Sites, including parts of the routes that may be within the 

boundaries of the origin and destination Sites.) 

For purposes of the PEIS, the onsite risk assessment has been limited to one representative Site-the 

Hanford Site. The Hanford Site was selected primarily because it is a relatively large Site that conducts 

waste management activities for all waste types. The impacts calculated for the Hanford Site are 

believed to be typical of other large DOE Sites and would conservatively bound the impacts expected 

for smaller Sites. The routine risks presented for the Hanford Site are expected to be the same among 

alternatives for each waste type. This is because all radioactive waste is shipped to a centrally located 

processing facility regardless of final treatment/disposal, onsite or offsite. 

E.7.1 HIGH-LEVEL WASTE 

The generation, treatment, and management of HL W and the Alternatives considered in the PEIS are 

described in detail in Folga et al (1995) . In summary, canisters of vitrified HLW would be produced 

at the four DOE Sites that have historically generated and currently store HL W, and these canisters 

would be transported to a geologic repository for final disposal. Untreated HLW is transferred between 

facilities by a special pipeline system. Treated (vitrified) HL W will be stored in facilities in close 
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proximity to the vitrification facilities. No significant onsite transportation of HL W is assumed to 

occur. 

Transportation risks have been calculated for four HLW alternativ.es summarized in Section E.2 .2. The 

six alternative cases differ primarily in the location for interim storage of canisters before final disposal 

in a repository. For assessing the impacts of transportation, the PEIS assumes the location of the 

repository to be at the candidate site of Yucca Mountain in Nevada, the only site currently authorized 

by legislation for investigation. 

E.7.1.1 Shipment Summary 

The number of canisters of vitrified HL W ultimately shipped to a geologic repository varies from 

approximately 3,300 for the No Action Alternative to over 41,000 for the second case of the 

Centralized Alternative. The impacts of transportation have been calculated for shipping the entire 

estimated inventory of HLW canisters. However, the repository is expected to accept approximately 

400 canisters per year when it becomes operational. Impacts have been calculated separately for all 

truck and rail modes of shipment. 

The total number of shipments and the mileage for loaded shipments for each case are summarized in 

Table E-10 for truck shipments, and Table E-11 for rail shipments. For the six HLW cases, the total 

number of truck shipments ranges from 3,336 if the canisters from currently available storage are 

shipped directly to a repository (No Action Alternative) to about 41,744 if the repository opens late and 

all the canisters are consolidated at one Site for interim storage (Centralized 2 Alternative). For rail 

transportation, the corresponding numbers of shipments range from about 668 to 8,350. The total 

mileage for loaded shipments ranges from about 11.6 to 82.5 million km (7 .2 to 51 million mi) for 

truck transportation and from about 2.7 to 18.3 million km (1.7 to 11.4 million mi) for rail 

transportation. 

For purposes of comparison, within the United States for the years 1986 to 1988, the average annual 

reported mileage for interstate truck shipments of all commodities was approximately 45 .1 billion km 

(28 billion mi), and for train shipments approximately 48 .8 billion railcar-km (30.3 billion railcar-mi) 

(Saricks and Kvitek, 1994). The entire number of HLW shipments for the Centralized 2 Alternative 

would thus represent less than 0 .2 percent of the annual amount of truck and rail transportation activity 

within the United States . 
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Table E-10. Total Population Impacts of HL W Transportation 
for the WM PEIS Cases: Truck Mode 

Alternatlve8 

No 
Parameter Action Decentralized Reglonallzed 1 Reglonallzed 2 Centralized 1 

Shipment summary 

Shipments 3,336 28 ,372 28 ,672 28,672 31,372 

Mileage (106 mi) 7.2 35.7 36.0 36. l 39.8 

Population Impacts 

Cargo-relate,f 

Dose risk (person-rem) 

Routine crew 644 3,170 3,200 3,210 3,530 

Routine public 855 4,290 4,330 4,340 4,770 

Accidentd 0.291 0.743 0.739 0.746 0.786 

Latent cancer fatalitiese 

Crew fatalities 0.26 1.3 1.3 1.3 1.4 

Public fatalities 0.43 2.1 2.2 2.2 2.4 

Vehicle-related f 

Emission fatalities 0.044 0.28 0.28 0.28 0.30 

Accident fatalities 0.49 2.2 2.2 2.2 2.4 

Total population 1.2 5.9 6.0 6.0 6.5 
health effects 
(fatalities) 

Note : NA = not applicable. 
a Alternative definitions are summarized in Section E.2.2 and provided in detail in Chapter 3 of the WM PEIS. 
b By definition, no onsite HLW shipments exist at the Hanford Site. 
c Cargo-related impacts are impacts attributable to the radioactive nature of the waste material. 

Centralized 2 

41,744 

51.3 

4,470 

6,080 

0.885 

1.8 

3.0 

0.35 

3.0 

8.2 

Onslte 

NAb 

NAb 

NAb 

NAb 

NAb 

NAb 

NAb 

NAb 

NAb 

NAb 

d Dose risk is a societal risk and is the product of accident probability and accident consequence. 
e Latent cancer fatalities are calculated by multiplying dose by the ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 
t x 104 fatal cancers per person-rem for workers, and 5x 104 for the public. 

Vehicle-related impacts are impacts independent of the shipment's cargo. 

E.7.1.2 Collective Population Risk Results 

The results for collective risk assessment for HL W shipments are also summarized in Table E-10 for 

truck shipments and Table E-11 for rail shipments . The collective risk results are presented for 

shipment of the total estimated inventory of HL W canisters. 

An examination of the results of the transportation risk assessment shows that differences in population 

risk among the various cases are dependent primarily on the number of shipments made and then on 

total shipping distances. The number of shipments and total shipping distance for each case is 

determined by the case definition (storage capacity, repository availability, shipment origin, and 

destination Sites), the site-specific waste inventories (specifically waste volume and mass, which 

E-56 



9513387 .. Zll 15 
ApPendix E-Part I 

Table E-11. Total Population Impacts of HLW Transportation 
for the WM PEIS Cases: Rail Mode 

Alternatlvea 

No 
Parameter Action Decentralized Reglonallzed 1 Reglonallzed 2 Centralized 1 Centralized 2 

Shipment summary 

Shipments 668 5,675 5,735 5,735 6,277 

Mileage (106 mi) 1.65 7.94 8.03 8.03 8.78 

Population Impacts 

Cargo-relatedc 

Dose risk (person-rem) 

Routine crew 34.2 192 195 195 213 

Routine public 46.1 204 206 206 222 

Accident 0.00933 0.0227 0.0221 0.0228 0.0247 

Latent cancer fatalitiesd 

Crew fatalities 0.014 0.077 0.D78 0.D78 0.085 

Public fatalities 0.023 0.10 0.10 0.10 0.11 

Vehicle-relatede 

Emission fatalities 0.014 0.048 0.048 0.048 0.051 

Accident fatalities 0.0034 0.017 0.017 0.017 0.018 

Total population 0.054 0.24 0.24 0.24 0.26 
health effects 
(fatalities) 

Note: NA = not applicable. 
a Alternative definitions are summarized in Section E.2.2 and provided in detail in Chapter 3 of the WM PEIS. 
b By definition, no onsite HL W shipments exist at the Hanford Site. 
c Cargo-related impacts are impacts attributable to the radioactive nature of the waste material. 

8,350 

11.4 

278 

284 

0.0299 

0.11 

0.14 

0.063 

0.024 

0.34 

Onslte 

NAb 

NAb 

NAb 

NAb 

NAb 

NAb 

NAb 

NAb 

NAb 

NAb 

d Dose risk is a societal risk and is the product of accident probability and accident consequence. 
e Latent cancer fatalities are calculated by multiplying dose by the ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 
f x 104 fatal cancers per person-rem for workers, and 5 x 104 for the public. 

Vehicle-related impacts are impacts independent of the shipment's cargo. 

directiy determine the total number of shipments), and the route distances among all pairs of origin and 

destination Sites . 

For truck transportation, the total estimated number of fatalities from radiological causes ranges from 

approximately 0.7 to 4.8 . For rail transportation, the number of fatalities from radiological causes 

ranges from 0.037 to 0.25. In general, shipment by rail results in lower doses to crew members and 

the public, primarily because of the reduced number of shipments. The vehicle- and cargo-related risks 

are comparable for truck shipments. The cargo-related risks are generally greater than the vehicle

related risks for rail transportation. 
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E. 7 .1.3 Maximally Exposed Individual Assessment 

The estimated doses during routine transportation for each individual receptor considered (see 

Section E.6.9 for exposure assumptions) are presented in Table E-12 on a per-event basis. The total 

dose for repeated exposures can be estimated by multiplying the per-event dose by the number of 

exposure-causing events. 

The potential exists for significant individual exposures if multiple exposure-causing events occur. For 

example, the dose to a person stuck in traffic next to an HL W shipment for 30 minutes is estimated to 

be 11 mrem. If the duration of exposure were longer, the dose would rise proportionally. Therefore, 

conceivably, a person could receive a dose of approximately 30 to 50 mrem while stopped in traffic 

next to an HL W shipment. In addition, a person working at a truck service station could receive an 

increased dose if trucks used the same stops repeatedly. If a truck stop worker is present for 

100 shipment stops (at the distance and duration given previously), the calculated dose would be 

approximately 30 mrem. Administrative controls could be instituted to control the location and duration 

of truck stops if multiple exposures were to occur routinely. 
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Table E-12. Estimated Routine Doses and Lifetime Risk of Fatal 
Cancer to MEls From Shipments of HL W 

(per Exposure Eventl 

Dose (rem) Lifetime Riske 

R~..eptor1> Truck Rail Truck Rail 

Workers 
Crew member d d d d 

Inspector 0.0029 0.0029 1x10·6 1 x10·6 

Rail-yard crew member NA 0.0013 NA 5x10·7 

Public 
Resident 4.0x 10·7 4.0x10·7 2x10·10 2x10·10 

Person in traffic jam 0.011 0.011 6 X 10·6 6X 10·6 

Person at service station 3.1 X 10·4 NA 2 X '.J·7 NA 
Resident near rail stop NA l.3X 10·5 NA 7 X 10·9 

Note: NA = not applicable. 
a The external dose rate is assumed to be 10 mrem/h at 2 m (6.6 1't) for all shipments. 
b Receptor assumptions are described in Section E.6.9. 
c Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk 
conversion factors of 4 x 10-" ·fatal cancers per person-rem for workers, and 5 x 10-" 
for the public. · 
d The DOE administrative control level limits doses to DOE workers to 2 rem/yr. 
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Table E-13 summarizes for each case the potential cumulative dose to a resident living along a Site 

entrance route. The cumulative doses assume that a resident is present for every shipment entering or 

exiting a Site and is unshielded at a distance of 30 m (98 ft) from the entrance route. The maximum 

cumulative dose would occur near the repository, except for the Centralized 2 case, because of the 

large number of shipments entering the Site for all Alternatives. The maximum total dose to this 

resident would be approximately 11 mrem for the all-truck case and 1 mrem for the all-rail case. For 

the Centralized 2 case where temporary storage of all HL W occurs at Hanford, the maximum total dose 

to a resident would be approximately 17 mrem for the all-truck case and 3 mrem for the all-rail case. 

The estimated dose to a resident would be well below the annual limit of 100 mrem specified for 

members of the public (DOE, 1990b). 

E. 7 .1.4 Accident Consequence Assessment 

Table E-14 presents results of the accident consequence assessment for HL W. As stated previously, 

the results are calculated for transportation-related accidents that result in the maximum release of 

radioactive material. The results were calculated for SRS HL W, which was found to result in the 

highest accident-related doses of the four types of Site-specific HLW; however, all maximum accident

related doses for the four HL W types were within a factor of 5. The population doses are for a uniform 

population density within an 80-km (50-mi) radius of accidents in rural, suburban, and urban 

population density zones. 

The location of the MEI after an accident is determined on the basis of atmospheric conditions and the 

buoyant characteristics of the released plume. The locations of maximum exposure are 160 m (525 ft) 

from the accident site for neutral conditions, and 400 m (1,312 ft) for stable conditions . The dose to 

the MEI is independent of the accident location. The maximum dose to an individual is approximately 

60 mrem under unfavorable weather conditions, which corresponds to a lifetime fatal cancer risk 

of 3x10-4• 

E. 7 .1.5 Onsite Assessment Results 

As defined previously, no onsite transportation of HL W will occur at the Hanford Site. Therefore, no 

onsite transportation impacts have been calculated for the Site. 
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Table E-13. Cumulati.ve Routi.ne Dose and Lifeti.me Risk to an MEI 
Living Along a Site Entrance Route for Shipments of HL w'1 

All Truck All Rail 

Alternative Total Dose Lifetime Total Dose Lifetime 
and Site Shipments (rem) Riskb Shipments (rem) Riskb 

No Action 

Repository 3336 1.3 X 10-3 7 X 10-7 668 2.7 X 10-4 1 X 10-7 

SRS 2286 9.1 X 10-4 5 X 10-7 458 1.8 X 10-4 9 X 10-8 

Hanford 750 3,0 X 10-4 2 X 10-7 150 6.0 X 10-5 3 X 10-8 

WVDP 300 1.2 X 10-4 6 X 10-8 60 2.4 X 10-5 1 X 10-8 

INEL 0 0 0 0 0 0 
Decentralized 

Repository 28372 1.1 X 10-2 6 X 10-6 5675 2.3 X 10-3 1 X 10-6 

Hanford 15000 6.0 X 10-3 3 X 10-6 3000 1.2 X 10-3 6 X 10-7 

INEL 8500 3.4 X 10-3 2 X 10-6 1700 6.8 X 10-4 3 X 10-7 

SRS 4572 1.8 X 10-3 9 X 10-7 915 3 .7 X 10-4 2 X 10-7 

WVDP 300 1.2 X 10-4 6 X 10-8 60 2.4 X 10-5 1 X 10-8 

Regionalized 1 

Repository 28372 1.1 X 10-2 6 X 10-6 5675 2.3 X 10-3 1 X 10-6 

Hanford 15000 6.0 X 10-3 3 X 10-6 3000 1.2 X 10-3 6 X 10-7 

INEL 8500 3.4 X 10-3 2 X 10-6 1700 6.8 X 10-4 3 X 10-7 

SRS 5172 2 . 1 X 10-3 1 X 10-6 1034 4.1 X 10-4 2 X 10-7 

WVDP 300 1.2 X 10-4 6 X 10-8 60 2.4 X 10-5 1 X 10-8 

Regionalized 2 

Repository 28372 1.1 X 10-2 6 X 10-6 5675 2.3 X 10-3 1 X 10-6 

Hanford 15600 6.2 X 10-3 3 X 10-6 3120 1.2 X 10-3 6 X 10-7 

INEL 8500 3.4 X 10-3 2 X 10-6 1700 6 .8 X 10-4 3 X 10-7 

SRS 4572 1.8 X 10-3 9 X 10-7 915 3.7 X 10-4 2 X 10-7 

WVDP 300 1.2 X 10-4 6 X 10-8 60 2 .4 X 10-5 1 X 10-8 

Centralized 1 
Repository 28372 1.1 X 10-2 6 X 10-6 5675 2.3 X 10-3 1 X 10-6 

Hanford 21000 8.4 X 10-3 4 X 10-6 4200 1.7 X 10-3 8 X 10-7 

INEL 8500 3.4 X 10-3 2 X 10-6 1700 6.8 X 10-4 3 X 10-7 

SRS 4572 1.8 X 10-3 9 X 10-7 915 3.7 X 10-4 2 X 10-7 

WVDP 300 1.2 X 10-4 6 X 10-8 60 2.4 X 10-5 1 X 10-8 

Centralized 2 

Hanford 41744 1.7 X 10-2 8 X 10-6 8350 3.3 X 10-3 2 X 10-6 

Repository 28372 1.1 X 10-2 6 X 10-6 5675 2.3 X 10-3 1 X 10-6 

INEL 8500 3.4 X 10-3 2 X 10-6 1700 6.8 X 10-4 3 X 10-7 

SRS 4572 1.8 X 10-3 9 X 10-7 915 3.7 X 10-4 2 X W-7 

wvnP 1()() 1 ? ')( 1 o-4 f. ')( rn-8 f;() ? .d ')( 10-5 1 ')( rn-8 

a The external dose rate is assumed to be 10 mrem/h at 2 m (6.6 ft). The resident is assumed to be present for all shipments 
that either enter or exit the Site. Shipments are assumed to pass at a distance of 30 m (98 ft) and an average speed of 24 km/h 
b15 mi/h). 

Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 4 x 104 fatal 
cancers per person-rem for workers, and 5 x 104 for the public. 
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Mode and 
Accident 

Table E-14. Estimated Consequences for the Mogt Severe Accidents 
Involving Shipments of HL wz, 

Neutral Conditlonsc Stable Conditlonsd 

Populatlone MEif Populatlone 

Dose Risk Risk Dose Risk 
(person- (cancer Dose (cancer (person- (cancer Dose 

MEif 

Risk 
Location rem) fatalities) (rem) fatality) rem) fatalities) (rem) (cancer fatality) 

Truck 

Urban 4.2 2x 10-3 3.4x 10·3 I.7x 10-0 34 l.7 x 10-2 1.2 x 10·2 6x l0-<i 

Suburban 0.78 4x 104 3.4 x to·3 l.7 Xl0,6 6.2 3.l x l0·3 1.2 x 10·2 6x 10-0 

Rural 0.016 Bx 10-0 3.4 x 10·3 l.7x 10-0 0.13 6.5 x lQ·5 1.2x 10·2 6x 10-0 

Rail 

Urban 21 l X 10·2 l.7 x l0·2 8.5 Xl0-6 170 8.5 X lQ·2 6x 10·2 3x 10·5 

Suburban 3.9 2x 10·3 l.7 x l0·2 8.5X 10,6 31 l .6x l0·2 6x 10·2 3x 10·5 

Rural 0.080 4x 10·5 l.7 x l0·2 8.5 x l0-<i 0.65 3.3x l04 6x 10·2 3x 10·5 

a The most severe accidents correspond to the highest NUREG-0170 accident severity category (Category VIII) 
hNRC, 1977a). Results are presented for HLW from SRS. 

Buoyant plume rise resulting from fire for a severe accident was included in the exposure model. One HLW 
canister is assumed to be breached in a truck accident; five canisters are assumed to be equally breached in a rail 
accident. 
c Neutral weather conditions result in moderate dispersion and dilution of the released plume. Neutral conditions 
were considered to be Pasquill Stability Class D with a windspeed of 4 mis (9 mi/h). Neutral conditions occur 
approximately 50 percent of the time in the United States. 

Stable weather conditions result in minimal dispersion and dilution of the released plume and thus are unfavorable. 
Stable conditions were taken to be Pasquill Stability Class F with a windspeed of 1 m/s (2.2 mi/h) . Stable conditions 
occur approximately one-third of the time in the United States. 
e Populations extend at a uniform population density to a radius of 80 km (50 mi) from the accident site. Population 
exposure pathways include acute inhalation; acute cloudshine; groundshine; resuspended inhalation; resuspended 
cloudshine; and ingestion of food, including initially contaminated food (rural only) . No decontamination or 
mitigative actions are taken. 
f The MEI is assumed to be at the location of maximum exposure. The locations of maximum exposure would be 
160 m (525 ft) from the accident site under neutral atmospheric conditions and 400 m (1,312 ft) under stable 
atmospheric conditions. Individual exposure pathways include acute inhalation, acute cloudshine, and groundshine 
during passage of the plume. No ingested dose is considered. 

E.7.2 LOW-LEVEL WASTE 

The projected rate of LL W generation for each Site, the waste characteristics, the potential treatments, 

and the Alternatives considered in the PEIS are described in detail in the LL W technical report 

(Goyette, 1995). Transportation risks have been calculated for the 14 LLW Alternatives summarized 

in Section E.2.2. The cases range from decentralized to centralized approaches to TSD. The number 

of disposal Sites varies from 16 Sites for decentralized disposal to 1 Site for centralized disposal. 

Options for treatment also vary from decentralized to centralized approaches. 
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The PEIS considers current inventories of LLW plus 20 years of generation for all DOE Sites. All 

impacts are calculated as totals for the entire inventory of waste under consideration. The average 

annual risk can be estimated by dividing the summarized results by the duration of the shipping 

campaigns. For the No Action Alternative, shipments would be distributed uniformly over a 20-year 

period; however, for all other Alternatives, shipments would occur uniformly over a 10-year period, 

with the assumption of a 10-year period lo build TSO facilities. These timeframes are consistent with 

the assumptions used in the facility assessments for estimating throughputs. 

E.7.2.1 Shipment Summary 

The total number of shipments and the mileage for loaded shipments for each LL W case are 

summarized in Table E-15 for truck shipments, and Table E-16 for rail shipments. The estimated 

number of shipments and the total mileage for the various Alternatives span a wide range. The total 

number of truck shipments ranges from approximately 24,420 for the Decentralized Alternative to 

about 264,000 shipments for the Centralized 4 Alternative. For rail transportation, the corresponding 

numbers of shipments range from 9,210 to 102,100. The total mileage for loaded shipments ranges 

from 9.0 to 906 million km (5.57 to 563 million mi) for truck transportation and from 3.4 to 

360 million km (2.1 to 224 million mi) for rail transportation. The average annual number of shipments 

and mileage can be estimated by dividing the total results by a shipping duration of either 10 or 20 

years. 

For comparison, within the United States for the years 1986 to 1988, the average annual reported 

mileage for interstate truck shipments of all commodities was approximately 45 billion km (28 billion 

mi), and for train shipments approximately 48.8 billion railcar-km (30.3 billion railcar-mi) (Saricks and 

Kvitek, 1994). The estimated annual LLW shipments for the maximum transportation Alternative would 

represents approximately 0.2 percent of the annual truck and rail transportation activity within the 

United States. 

E. 7 .2.2 Collective Population Risk Results 

The results for the collective risk assessment for the 10 LL W Alternatives are also summarized in 

Table E-15 for truck shipments, and Table E-16 for rail shipments. The results for collective risk are 
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Table E-15. Total Population Impacts of Transportation of Cu"ent UW Inventories Plus 20 Years 
of U W Generation: Truck Mode 

Alternatlve8 

No Decentral- Regional- Regional- Regional- Regional- Regional- Regional- Regional- Central- Central- Central- Central-
Impact Action lzed lzedl lzed2 lzed 3 l:r.ed4 lzedS lzed6 lzed7 lzed 1 lzed2 lzed3 lzed4 

Shipment summary 
Shipments 87,360 24,420 25,800 25,880 84,200 87,390 92,200 174,390 188,930 242,730 257,270 250,020 264,060 

Mileage (106 mi) 166 5.57 9.31 9.19 38.1 36.9 63 .8 124 125 563 505 530 478 

Population Impacts 
Cargo-relatedc 

Dose risk (person-rem) 

Routine crew 4,690 225 343 338 1,210 1,190 1,900 3,870 3,890 15,800 14,500 14,900 13,700 

Routine public 5,620 241 362 357 1,340 1,310 2,180 4,350 4,410 18,700 17,200 17,700 16,300 
Accidentd 2.45 0.129 0.648 0.648 1.52 2.13 344 233 205 580 563 580 567 

Latent cancer fatalitiese 

Crew fatalities 1.9 0.090 0.1 0.1 0.5 0.48 0.8 1.5 1.6 6.3 5.8 6.0 5.5 
Public fatalities 2.7 0.12 0.2 0.2 0.7 0.66 I.I 2.3 2.2 9.7 8.6 9.1 8.4 

Vebicle-relatedf 

Emission fatalities 1.0 0.12 0.1 0.1 0.2 0.22 0.3 0.67 0.8 2.4 2.9 2.2 2.8 
Accident fatalities 10.8 0.30 0.5 0.5 2.6 2.5 4.4 8.7 9.0 35 35.1 33 34 

Total population health 
effects (fatalities) 16.4 0.63 0.9 0.9 4.0 3.9 6.6 13 13.6 53 52.4 50 51 

Note: NA = not applicable. 
8 Alternative definitions are summarized in Section E.2.2 and provided in detail in Chapter 3 of the PEIS. 
b Onsite impacts are calculated for the Hanford Site. 
c Cargo-related impacts are impacts atlributable to the radioactive nature of the waste material. 
d Dose risk is a societal risk and is the product of accident probability and accident consequence. 

Central- o'\; 
lzedS site 

241,540 11,640 

5(,() 0.27 

15,700 IO.I 

18,700 0.224 

580 NA 

6.3 0.004 

9.3 0.0001 

2.4 NA 
35 .0 NA 

53.0 NA 

e Latent cancer fatalities are calculated by multiplying dose by the ICRP Publication 60 health risk conversion factors of 4xl0-4 fatal cancers per person-rem for workers, and 5x10-4 for the public (ICRP, 1991). 
f Vehicle-related impacts are impacts independent of the cargo in the shipment. 
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1'able E-16. Total Population Impacts of Transportation of Current LL W Inventories Plus 20 Years 
of LL W Generation: Rail Mode 

Alternative a 

Decentral- Regional- Regional- Regional- Regional- Regional- Regional- Regional- Central- Central- Central- Central-
Impact No Action lzed ludl lud2 lud3 lud4 ludS lud6 lud7 ludl lud2 lzed3 lud4 

Shipment summary 
Shipments 33,420 9,210 9,740 9,900 31,850 33,460 35,430 66,040 71 ,480 91 ,440 96,880 96,710 102, 100 
Mileage (106 mi) 69.9 2.09 3.74 3.78 17 .2 16.6 25.3 51.4 54.4 224 219 218 212 

Population Impacts 
Cargo-relate,f 

Dose risk 
(person-rem) 

Routine crew 388 35.3 43 .7 44.2 163 166 208 405 433 1,190 1,190 1,190 1,180 

Routine public 849 104 135 136 408 368 470 820 845 2,340 2,340 2,310 2,310 
Accidentd 1.03 0.0841 0.162 0.162 0.626 0.886 23.9 44 .0 25.0 114 90.9 114 91.6 

Latent cancer 
fatalities• 

Crew fatalities 0.15 0.014 0.02 0.02 0.07 0.067 0.08 0.16 0.17 0.48 0.47 0.48 0.47 

Public fatalities 0.43 0.052 0.07 0.07 0.21 0.18 0.23 0.43 0.42 1.2 1.20 I.I 1.2 

Vehicle-relatel 

Fmission fatalities 0.78 0.10 0.13 0.13 0.32 0.23 0.35 0.47 0.47 1.8 1.8 1.7 1.8 

Accident fatalities 0.15 0.0044 0.0078 0.0079 0.036 0.035 0.053 0.11 0.11 0.47 0.46 0.46 0.45 

Total population 
health effects 
(fatalities) 1.5 0.17 0.23 0.23 0.64 0.51 0.71 1.2 1.2 4.0 3.9 3.7 3.9 

Note: NA= not applicable. 
a Alternative definitions are summarized in Section E.2.2 and provided in detail in Chapter 3 of the PEIS. 
b Onsite impacts are calculated for the Hanford Site. 
c Cargo-related impacts are impacts attributable to the radioactive nature of the waste material. 
d Dose risk is a societal risk and is the product of accident probability and accident consequence. 

Central- On-
ludS slteb 

90,980 4,360 

223 0.122 

1,190 1.38 

2,330 0 

113 NA 

0.47 5.52x10 

1.20 0 

1.8 NA 
0.47 NA 

3.9 NA 

e Latent cancer fatalities are calculated by multiplying dose by the ICRP Publication 60 health risk conversion factors of 4x t04 fatal cancers per person-rem for workers, and 5x 104 for the public (ICRP, 1991 ). 
f Vehicle-related impacts are impacts independent of the cargo in the shipment. 
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presented for shipment of the current inventories plus the estimated generation of LL W for a period 

of 20 years. 

Examination of the results of the transportation risk assessment shows that differences in population 

risk among the various cases are primarily dependent on total shipping distances. Thus, in general, 

centralized options predictably show larger transportation risks than regionalized or decentralized 

approaches because the centralized options involve greater transportation distances. The total shipping 

distance for each Alternative is determined by the definition of the case (shipment origin and destination 

Sites), Site-specific waste inventories (specifically waste volume and mass, which directly determine 

the total number of shipments), packaging assumptions, and route distances among all pairs of origin 

and destination Sites. 

For truck transportation, the total estimated number of fatalities from radiological causes ranges from 

approximately 0.2 to 16. For rail transportation, fatalities from radiological causes range from 0.07 

to 1.7. Shipment by rail results in lower doses to crew members and the public, primarily because of 

the reduced number of shipments involved. In general, for LL W shipments, the vehicle-related risks 

are greater than the associated cargo-related risks. 

E. 7 .2.3 Maximally Exposed Individual Assessment 

The estimated doses during routine transportation for each of the individual receptors considered (see 

Section E.6.9 for exposure assumptions) are presented in Table E-17 on a per-event basis. The total 

dose for repeated exposures can be estimated by multiplying the per-event dose by the number of 

exposures. 

As noted previously for HLW shipments, the potential exists for significant individual exposures if 

multiple exposure-causing events occur during LLW shipments; for instance, the dose to a person 

caught in a traffic jam for 30 minutes next to a shipment is estimated to be 0.5 mrem. If the exposure 

is longer, the dose would rise proportionally. Therefore, it is conceivable that a person could receive 

a dose of between 2 to 10 mrem while stopped in traffic next to an LL W shipment. In addition, a 

person working at a truck service station could receive an increased dose if trucks were to use the same 

stops repeatedly. If a truck-stop worker is present for 100 shipment stops (at the distance and duration 

give.n previously), the estimated dose is approximately 2 mrem. Administrative controls could be 
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Table E-17. Estimated Routine Doses and Ufetime Risk of Fatal Cancer 
to MEis From Shipments of LL W (per Exposure Event)° 

Dose (rem) Lifetime Riske 

Receptor'> Truck Rail Truck Rall 

Workers 
Crew member 

d d d d 

Inspector 1.5 X 10-4 1.5 X 10-4 6X 10-8 6x10-8 

Rail-yard crew member NA 7.9x 10-5 NA 3x10-8 

Public 
Resident 1.6X 10-8 1.6X 10-8 8 X 10-12 8 X 10-12 

Person in traffic jam 5.0x 10-4 5.0x 10-4 3x10-7 3x10-7 

Person at service station 2.1 X 10-5 NA 1 X 10-8 NA 
Resident near rail stop NA 1.1 X 10-6 NA 6x10-10 

Note: NA = not applicable. 
a The external dose rate is assumed to be 10 mrem/h at 2 m (6.6 ft) for all shipments. 
b Receptor assumptions are described in Section E.6.9. 
c Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 4x 104 

fatal cancers per person-rem for workers, and 5 x 104 for the public. 
d The DOE administrative control level limits doses to DOE workers to 2 rem/yr. 

instituted to control the location and duration of truck stops if multiple exposures were to happen 

routinely. The probability of multiple exposures increases as the amount of waste transportation 

increases. 

The potential cumulative dose to a resident living along a Site entrance route is summarized in 

Table E-18 for the LLW Alternatives. Doses were calculated for all DOE Sites in each case; however, 

only the five Sites sending or receiving the most shipments have been included in Table E-18. The 

cumulative doses assume that a resident is present for every shipment entering and exiting a Site and 

is unshielded at a distance of 30 m (98 ft) from the roadway. The maximum cumulative dose would 

occur near centralized facilities because of the large number of shipments entering a single Site; for 

ins~ce, for the Centralized 2 Alternative, the maximum dose to a resident living near the NTS would 

be approximately 4 mrem for the all-truck case and 2 mrem for the all-rail case. The annual dose can 

be estimated by assuming that shipments would occur over a 20-year period for the No Action 

Alternative and over a 10-year period for all other cases . The estimated annual dose to a resident would 

be well below the annual limit of 100 mrem specified for members of the public (DOE, 1990b). 
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Table E-18. Cumulati.ve Dose and lifetime Risk to an MEI Living Along a Site Entrance 
Route for Shipments of U W (Current Inventories Plus 20 Years of Generationl 

All Truck All Rail 

Alternative Total Dose Lifetime Total Dose Lifetime 
and Siteb Shipments (rem) Riske Shipments (rem) Riske 

No Action 

NTS 69,960 1.1 X 10-3 6 X 10-7 26,740 4.3X 10-4 2x10-7 

PORTS 33,440 5.4x10-4 3x10-7 12,740 2.1 X 10-4 1x10-7 

Hanford 17,340 2.8X 10-4 1 x10-7 6,640 1.1 X 10-4 6X 10-8 

Pantex 13,740 2.2X 10-4 1 x10-7 5,440 8.8x10-5 4X 10-8 

RMI 7,300 1.2X 10-4 6x10-8 2,740 4.4X 10-5 2x10-8 

Decentralized 

PORTS 12,800 2.1 X 10-4 1x10-7 4,770 7.7x 10·5 4X 10-8 

RMI 7,680 1.2X 10·4 6X 10"8 2,870 4.6X 10·5 2x10-8 

BNL 6,790 1.1 X 10·4 6x10·8 2,580 4.2x 10·5 2x10·8 

KAPL-S 6,780 1.1 X 10·4 6x 10·8 2,570 4.lx10·5 2x10-8 

Mound 5,120 8.2x10·5 4X 10-8 1,900 3.1 X 10-5 2x10-8 

Regionalized 1 
PORTS 24,820 4.0x 10·4 2x10·7 9,330 1.5X 10·4 sx10·8 

RMI 7,680 1.2X 10·4 6x10·8 2,870 4.6X 10·5 2x10·8 

KAPL-S 6,780 1.1 x10·4 6x10·8 2,570 4.1 X 10·5 2x10-8 

Mound 5,120 8.2X 10·5 4x10·8 1,900 3.1 X 10·5 2x10·8 

Bettis 3,730 6.0x 10·5 3x10·8 1,410 2.3X 10·5 1 x10·8 

Regionalized 2 
PORTS 24,380 3.9X 10·4 2x10·7 9,260 1.5 X 10·4 sx10·8 

RMI 7,610 1.2X 10·4 6x10·8 2,850 4.6x 10"5 2x10·8 

KAPL-S 6,670 1.1 X 10·4 5 X 10"8 2,560 4.1 X 10·5 2x10·8 

Mound 5,080 8.2x10·5 4x10-8 1,910 3.1 X 10·5 2x10-8 

Benis 3,660 5.9x10·5 3x10·8 1,400 2.3x10·5 1 x10·8 

Regionalized 3 
ORR 64,590 I.Ox 10·3 5X 10·7 24,470 3.9X 10·4 2x10-7 

PORTS 33,440 5.4x 10·4 3x 10·7 12,740 2.1 X 10-4 1x10·7 

LANL 18,400 3.ox10·4 2x10·7 6,910 1.1 X 10·4 6X 10-8 

Pantex 14,500 2.3x10·4 1 x10-7 5,440 8.8x10·5 4x10·8 

RMI 7,680 1.2X 10·4 6x10·8 2,870 4.6x10·5 2x10-8 

Regionalized 4 

ORR 58,210 9.4x 10·4 5x10·7 22,310 3.6xl0-4 2x10·7 

PORTS . 47,610 7.7X 10·4 4 X 10-7 18,410 3.0x 10·4 2x10·7 

LANL 17,860 2.9X 10·4 1 x10·7 6,740 1.1 x10·4 5 X 10·8 

Pantex 14,180 2.3X 10-4 1x10·7 5,370 8.6X 10·5 4x10-8 

RMI 7,520 1.2X 10·4 6x 10·8 2,860 4.6x10·5 2x10-8 
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Table E-18. Cumulative Dose and Lifetime Risk to an MEI Living Along a Site Entrance 
Route for Shipments of LL W (Current Inventories Plus 20 Years of Generationl-Continued 

All Truck All Rail 

Alternative Total Dose Lifetime Total Dose Lifetime 
and Slteb Shipments (rem) Riske Shipments (rem) Riske 

Regionalized 5 
ORR 63,430 I.Ox 10-3 5 X 10-7 24,170 3.9X 10-4 2x10-7 

PORTS 32,500 5.2x 10-4 3x10-7 12,500 2.0x 10-4 1 x10-7 

INEL 25,620 4.lx 10-4 2x10-7 10,020 1.6X 10-4 sx10-8 

Pantex 13,830 2.2X 10-4 1 x10-7 5,380 8.7X 10-5 4x10-8 

LANL 11,750 1.9X 10-4 1 x10-7 4,640 7.5x10-5 4X 10-8 

Regionalized 6 

SRS 130,030 2.1 X 10-3 1 x10-6 49,340 7 .9X 10-4 4Xl0-7 

ORR 65,420 1. 1 X 10-3 sx10-1 24,860 4.0x 10-4 2x10-7 

Hanford 44,360 7. 1 X 10-4 4X 10-7 16,700 2.7X 10-4 1x10-7 

PORTS 33,440 5.4X 10-4 3X 10-7 12,740 2.1 X 10-4 1x10-7 

Pantex 14,500 2.3X 10-4 1 x10-7 5,440 8.8x10-5 4x10-8 

Regionalized 7 

SRS 130,030 2.1 X 10-3 1x10-6 49,340 7.9x 10-4 4X 10-7 

ORR 65,420 1.1 X 10-3 sx10-1 24,860 4.ox10-4 2x10-7 

NTS 58,900 9.5X 10-4 5 X 10-7 22, 140 3.6X 10-4 2x10-7 

PORTS 33,440 5.4X 10-4 3 X 10-7 12,740 2.1 X 10-4 1 x10-7 

Hanford 14,540 2.3><10-4 1x10-7 5,440 8.8X 10-5 4x10-8 

Centralized 1 

Hanford 242,730 3.9x10-3 2x10-6 91,440 1.5X 10-3 7x10-7 

SRS 68,340 1. 1 X 10-3 6X 10-7 25,400 4.1 X 10-4 2x10-7 

ORR 65,420 1.1x10-3 5 X 10-7 24,860 4.0x 10-4 2x10-7 

PORTS · 33,440 5.4x 10-4 3x10-1 12,740 2.1 X 10-4 1 x10-7 

Pantex 14,500 2.3 X 10-4 1 x10-7 5,440 8.8x 10-5 4x10-8 

Centralized 2 

NTS 257,270 4 .1 X 10-3 2x10-6 96,880 1.6x 10-3 8x10-7 

SRS 68 ,340 1.1x10-3 6 X 10-7 25,400 4.lxl0-4 2x10-7 

ORR 65,420 1.1 X 10-3 5 X 10-7 24,860 4.0x 10-4 2x10-7 

PORTS 33,440 5.4X 10-4 3 X 10-7 12,740 2.1 X 10-4 1 x10-7 

Hanford 14,540 2.3x10-4 1x10-7 5,440 8.8X 10-5 4X 10-8 

Centralized 3 

Hanford 225,660 3.6X 10-3 2x10-6 87,240 1.4x10-3 7x10-7 

SRS 67,520 1. 1 X 10-3 5 X 10-7 25,230 4.1 X 10-4 2x10-7 

ORR 61,250 9.9x 10-4 5 X 10-7 24,470 3.9x 10-4 2x10-7 

PORTS 47 ,440 7.6x10-4 4 X 10-7 18,350 3.0x 10-4 2x10-7 

LANL 36,640 5.9X 10-4 3x10-7 14,400 2 .3x10-4 1 x10-7 
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Table E-18. Cumulative Dose and Lifetime Risk to an MEI Living Along a Site Entrance 
Route for Shipments of LL W (Current Inventories Plus 20 Years of Generati.onl-Continued 

All Truck All Rall 

Alternative Total Dose Lifetime Total Dose Lifetime 
and Siteb Shipments (rem) Riske Shipments (rem) Riske 

Centralized 4 

NTS 239,350 3.9x10·3 2x10·6 92,470 1.5 X 10·3 1x10·7 

SRS 67,520 1. 1 X 10·3 5 X 10·7 25,230 4.1x10·4 2x10·7 

ORR 61,250 9.9X 10"4 5 X 10"7 24,470 3.9X 10·4 2x10·7 

PORTS 47,440 7.6x 10·4 4X 10·7 18,350 3.0x 10·4 2x10·7 

LANL 36,640 5.9X 10·4 3x10·7 14,400 2.3X 10-4 1x10·7 

Centralized 5 

Hanford 241,540 3.9X 10·3 2x10·6 90,980 1.5 X 10·3 7 X 10·7 

SRS 68,540 1. 1 X 10·3 6X 10·7 25,320 4.lx10·4 2x10·7 

ORR 65,840 1. 1 X 10·3 5x10·7 24,890 4.0x10·4 2x10·7 

PORTS . 32,500 5.2X 10·4 3x10·7 12,500 2.0x 10·4 1 x10·7 

Pantex 14,180 2.3X 10·4 1 x10·7 5,370 8.6x10·5 4x10·8 

a The external dose rate is assumed to be 1 mrem/h at 1 m (3.3 ft) for all shipments. The resident is assumed to be 
present for all shipments that either enter or exit the Site. Shipments are assumed to pass at a distance of 30 m (98 ft) 
~d an average speed of 24 km/h (15 mi/h). 

For each Alternative, only the five Sites sending or receiving the most shipments are reported. All other Sites have 
MEI doses less than those presented here. 
c Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 4x 104 

fatal cancers per person-rem for workers, and 5 x 104 for the public. 

E. 7 .2.4 Accident Consequence Assessment 

For the accident consequence assessment, the waste characteristics for each Site were screened to 

determine the waste with the highest potential radiological consequences if a release were to occur. The 

LL W from the Argonne National Laboratory-West (ANL-W) Site results in the highest transportation 

accident doses . The doses were highest primarily because the LLW from ANL-W contains a significant 

amount of cobalt-60, nearly 7,000 Ci per shipment. To comply with regulations in 10 CFR 71 for 

Type A packagings, the material would have to be shipped in many packages. In practice, such 

quantities likely would be shipped in Type B packages; however, for purposes of assessment, the 

ANL-W source term was used to conservatively estimate the impacts of potential LLW accidents. 

As stated previously, the accident consequences were calculated for transportation-related accidents that 

result in the maximum release of radioactive material (accident severity Category VIII). The accident 
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consequence results are presented in Table E-19. The population doses are for a uniform population 

density within an 80-km (50-mi) radius of accidents occurring in rural, suburban, and urban population 

density zones. 

The location of the MEI after an accident is determined on the basis of atmospheric conditions and 

buoyant characteristics of the released plume. The locations of maximum exposure from the accident 

site are 160 m (525 ft) for neutral conditions and 400 m (1,312 ft) for stable conditions . 
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Table E-19. Estimated Consequences for the Mogt Severe Accidents 
Involving Shipments of LL W a, 

Neutral Conditlonsc Stable Conditloni 

Populatione MEif Populatione MEif 

Mode and Dose Risk 
Dose 

Risk Dose Risk 
Dose 

Risk 
Accident (person- (cancer (rem) (cancer (person- (cancer 

(rem) (cancer 
Location rem) fatalities) fatality) rem) fatalities) fatality) 

Truck 
Urban 8,300 4.2 0.77 3.9x104 67,000 34 2.6 1.3 x 10·3 

Suburban 1,600 0.8 0.77 3.9 x 104 12,000 6 2.6 u x 10·3 

Rural 15 0.008 0.77 3.9 x 104 120 0.06 2.6 1.3 x 10·3 

Rail 
Urban 22,000 11 2.1 1.3 x 10·3 180,000 90 7.0 3.5 x 10·3 

Suburban 4,200 2.1 2.1 1.3 x 10·3 33,000 17 7.0 3.5 x 10·3 

Rural 41 0.02 2.1 1.3 x 10·3 320 0.16 7.0 3.5 x 10·3 

a The most severe accidents correspond to the highest NUREG-0170 accident severity category (Category VIII) (NRC, 
J977a) . Results are reported for LLW from ANL-W, which was found to result in the highest potential accident doses. 

Buoyant plume rise resulting from fire for a severe accident was included in the exposure model. 
c Neutral weather conditions result in moderate dispersion and dilution of the released plume. Neutral conditions were 
taken to be Pasquill Stability Class D with a windspeed of 4 mis (9 mi/h). Neutral conditions occur approximately 
50 percent of the time in the United States. 
d Stable weather conditions result in minimal dispersion and dilution of the released plume and are thus unfavorable. 
Stable conditions were taken to be Pasquill Stability Class F with a windspeed of 1 m/s (2.2 mi/h). Stable conditions 
occur approximately one-third of the time in the United States. 
e Populations extend at a uniform population density to a radius of 80 km (50 mi) from the accident site. Population 
exposure pathways include acute inhalation; acute cloudshine; groundshine; resuspended inhalation; resuspended 
cloudshine; and ingestion of food, including initially contaminated food (rural only). No decontamination or mitigative 
pctions are taken. 

The MEI is assumed to be at the location of maximum exposure. The locations of maximum exposure would be 
160 m (525 ft) and 400 m (1,312 ft) from the accident site under neutral and stable atmospheric conditions, 
respectively. Individual exposure pathways include acute inhalation, acute cloudshine, and groundshine during passage 
of the plume. No ingested dose is considered. 
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The dose to the MEI is independent of the accident location. The maximum dose to an individual 

(approximately 7 rem for a rail accident under unfavorable weather conditions) has a potential lifetime 

fatal cancer risk of 4 x 10-3. 

The accident consequence results for LLW from ANL-W should be considered extremely conservative 

for most LL W shipments for a number of reasons . First, the LL W from ANL-W represents less than 

1 percent by volume of the total LL W generated annually within DOE. Only about two truck shipments 

would be required each year to transport ANL-W waste to an offsite facility for treatment, storage, or 

disposal. Therefore, it is unlikely that a severe LL W accident would involve the LL W from ANL-W. 

Second, the accident dose results for LL W from ANL-W are at least a factor of 10 greater than those 

for LLW from other Sites, primarily because of the cobalt-60 content of the ANL-W waste. The 

"average" accident consequences would be much less than those presented here. 

E. 7 .2.5 Onsite Assessment Results 

The onsite risks for LL W transportation at the Hanford Site are summarized in Table E-15 for truck 

transportation and in Table E-16 for rail transportation. The risks presented for the transportation crew 

include the dose to workers in areas along the shipping route. The total dose to workers close to the 

route is generally much less than the dose to the actual crew members involved in transporting the 

waste. Risks calculated for the public include persons sharing the transportation route with waste 

shipments . The MEI for routine conditions, besides crew members , was considered to be a guard at 

a facility gate or checkpoint along the route who is exposed to each shipment for 1 minute at a distance 

of 5 m (16.4 ft). The total dose to the guard for all shipments is estimated to be 30 mrem. Overall , the 

routine onsite shipment risks are much less than the offsite shipment risks for all cases considered. 

In addition, the consequences of an onsite accident at the Hanford Site are summarized in Table E- 20. 

For the accident consequence assessment, the characteristics of LL W from the Hanford Site were used. 

The MEI is located at the position where maximum impacts would occur, similar to the offsite accident 

consequence assessment. An exposure of 2 hours was assumed for the population of onsite workers 

after an accident. The impacts on the offsite population were calculated by using the population 

distribution in the vicinity of the Hanford Site and by assuming a 1-year exposure duration. 
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Table E-20. Results of Onsite Accident Consequence Assessment for the Hanford Site 

Onslte Population Offslte Population MEI 
Waste and 

Transport Mode Neutral Stable Neutral Stable Neutral Stable 
Conditions Conditions Conditions Conditions Conditions Conditions 

Dose (person-rem) 
LLW 

Truck 0.076 0.26 0.90 7.7 0.0077 0.026 
Rail 0.20 0.69 2.4 21 0.021 0.070 

CH-TRUW 
Truck 10 36 6.0 52 0.25 0.84 
Rail 21 70 12 100 0.50 1.7 

RH-TRUW 
Truck 2.1 7.1 1.2 11 0.050 0.17 
Rail 4.1 14 2.4 21 0.10 0.34 

LLMW 
Truck 4.5 16 8.1 69 0.11 0.36 
Rail 12 40 21 180 0.28 0.93 

Risk (latent cancer 
fatalities) 

LLW 
Truck 3.0 x 10-5 1.0 X 10-4 4.5 x104 3.8x10-3 3.9 X 10-6 l.3x10-5 

Rail 8.1x 10-5 2.8x104 1.2x10-3 1.o x 10-2 1.ox10-5 3.5 x 10-5 

CH-TRUW 
Truck 4.2x10-3 1.4 x 10-2 3.0x 10·3 2.6x10·2 l.3x104 4.2x104 

Rail 8.2x10-3 2.8 X 10·2 5.9 x 10·3 5.2x10·2 2.5xl04 8.3x104 

RH-TRUW 
Truck 8.2x 104 2.8x 10·3 6.0 xl04 5.3 X 10·3 2.5x10-5 8.4 x10·5 

Rail l.6x10·3 5.6 x 10·3 l.2X 10·3 1.1x10·2 5.0 x 10·5 l.7X 10-4 
LLMW 

Truck l.8x10·3 6.2 x 10-3 4.0x10·3 3.5x10·2 5.3 x 10-5 l.8x104 

Rail 4.7 x 10·3 l.6 x 10·2 1.1 x 10-2 9.0 x 10·2 l.4 X 10-4 4.6x10-4 

E. 7 .3 TRANSURANIC WASTE 

The projected rate for TRUW generation ·for each Site, the waste characteristics , the potential 

treatments, and the cases considered in the PEIS are described in detail in the TRUW technical report 

(Hong et al., 1995). Transportation risks have been calculated for five TRUW alternative cases 

summarized in Section E.2.2 (1 of the 6 Alternatives does not involve waste transportation) . The 

Alternatives range from decentralized to centralized approaches to treatment and storage before final 

geologic disposal. The No Action Alternative does not involve transport of waste . The other 

Alternatives each have CH-TRUW and RH-TRUW components. The transportation assessment 

assumes that all TRUW will ultimately be shipped to WIPP for disposal. The WM PEIS considers 

current inventories of TRUW plus 20 years of TRUW generation for all DOE Sites. All impacts are 
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calculated as totals for the entire waste inventory under consideration . The average annual risk can be 

estimated by dividing the summarized results by the duration of the shipping campaigns . For purposes 

of the PEIS, to estimate the sizes of potential facilities needed for treatment, the assumption has been 

made that waste would be shipped over a 10-year period. Previous assessments have assumed that 

TRUW would be shipped to WIPP over a 20-year period (DOE, 1990b). 

E.7.3.1 Shipment Summary 

The total number of shipments and the mileage for loaded shipments for each TRUW Alternative are 

summarized in Table E-21 for truck shipments and Table E-22 for rail shipments. The total truck 

shipments range from approximately 18,640 to 23 ,900. For rail transportation, the corresponding 

numbers range from 9,360 to 12,010 shipments. The total distance for loaded shipments ranges from 

55 to 69 million km (34 to 43 million mi) for truck transportation and from 26 to 34 million km (16 

to 21 million mi) for rail transportation . The average annual number of shipments and mileage can be 

estimated by dividing the total results by a shipping duration of either 10 or 20 years . 

For comparison, within the United States for the years 1986 to 1988, the average annual reported 

mileage for interstate truck shipments of all commodities was approximately 45 billion km 

(28 billion mi), and for rail shipments approximately 48.8 billion railcar-km (30.3 billion railcar-mi) 

(Saricks and Kvitek, 1994). The maximum estimated annual TRUW shipments would represent much 

less than 0.1 percent of the annual truck and rail transportation activity within the United States . 

E. 7 .3.2 Collective Population Risk Results 

The results for collective risk assessment for the TRUW Alternatives are also summarized in 

Table E-21 for truck shipments and Table E-22 for rail shipments. The collective risk results are 

presented for shipment of the current TRUW inventories plus the estimated generation of TRUW for 

a period of 20 years. 

Examination of the results of the transportation risk assessment shows that differences in population 

risk among the various cases are dependent primarily on total shipping distances. The total shipping 

distance for each Alternative is determined by the definition of the case (shipment origin and destination 

Sites), Site-specific waste inventories (specifically waste volume and mass, which directly determine 
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Table E-21. Total Population Impacts of Transportation of Current 
TRUW Inventories Plus 20 Years of TRUW Generation: Truck Mode 

Altemative8 

No Decentral- Regional- Regional- Regional- Central- Onsiteb 
Impact Action ized ized 1 ized 2 ized 3 ized 

Shipment summary 
Shipments 0 23,900 21,680 18,640 20,600 21,640 206 

Mileage (106 mi) 42.4 38.3 34.0 37.2 38.7 0.0047 

Population impacts 
Cargo-relatedc 

Dose risk 
(person-rem) 

Routine crew 3,650 3,260 2,888 3, 160 3,310 11 

Routine public 3,870 3,360 2,940 3,310 3,490 0.56 
Accidentd 9.80 8.98 8.98 11.8 8.93 NA 

Latent cancer 
fatalitief 

Crew fatalities 1.5 1.3 1.2 1.3 1.3 0.0044 

Public fatalities 1.9 1.7 1.5 1.7 1.7 0.00028 
Vehicle-relatel 

Emission fatalities 0.22 0.19 0.18 0.19 0.20 NA 

Accident fatalities 3.0 2.7 2.4 2.6 2.7 NA 
Total population 6.6 5.9 5.2 5.7 6.0 NA 

health effects 
(fatalities) 

Note: NA = not applicable. 
a Alternative definitions are summarized in Section E.2.2 and provided in detail in Chapter 3 of the 
fEIS . 

Onsite impacts are calculated for the Hanford Site. 
c Cargo-related impacts are impacts attributable to the radioactive nature of the waste material. 
d Dose risk is a societal risk and is the product of accident probability and accident consequence. 
e Latent cancer fatalities are calculated by multiplying dose by the ICRP Publication 60 (ICRP, 
1991) health risk conversion factors of 4 x 104 fatal cancers per person-rem for workers, and 
( x 104 for the public. 

Vehicle-related impacts are independent of the shipment's cargo. 

the total number of shipments), packaging assumptions, and the route distances among all pairs of 

origin-and-destination Sites. 

The total estimated number of fatalities from radiological causes ranges from approximately 2.7 to 3.4 

for truck shipments. For rail transportation, fatalities from radiological causes range from 0 .67 to 0.90. 

Shipment by the rail mode results in lower doses to crew members and the public, primarily because 

of the reduced number of shipments involved. In general, for TRUW shipments, the vehicle-related 

risks are comparable to the associated cargo-related risks. 
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Table E-22. Total Population Impacts of Transportation of Current 
TRUW Inventories Plus 20 Years of TRUW Generation: Rail Mode 

Alternative a 

No Decentral- Regional- Regional- Regional- Central-
Onsiteb 

Impact Action lzed lzed 1 lzed 2 lzed 3 ized 

Shipment summary 
Shipments 0 12,010 10,890 9,360 10,340 10,870 104 

Mileage (106 mi) 20.3 18.2 15.8 17.4 18.4 0.0029 

Population impacts 
Cargo-relatedc 

Dose risk 
(person-rem) 

Routine crew 836 756 656 718 759 4.8 

Routine public 1,134 978 821 907 1,011 0 
Accidenf 0.777 0.770 0.773 0.844 0.768 NA 

Latent cancer 
fatalitiel 

Crew fatalities 0.33 0.30 0.26 0.28 0.30 0.0019 

Public fatalities 0.57 0.49 0.41 0.46 0.51 0 
Vehicle-relatei 

Emission fatalities 0.10 0.10 0.080 0.080 0.10 NA 
Accident fatalities 0.043 0.037 0.033 0.036 0.039 NA 

Total population 1.0 0.93 0.78 0.86 0.95 NA 
health effects 
(fatalities) 

Note: NA = not applicable. 
a Alternative definitions are summarized in Section E.2.2 and provided in detail in Chapter 3 of the 
fEIS . 

Onsite impacts are calculated for the Hanford Site. 
c Cargo-related impacts are impacts attributable to the radioactive nature of the waste material. 
d Dose risk is a societal risk and is the product of accident probability and accident consequence. 
e Latent cancer fatalities are calculated by multiplying dose by the ICRP Publication 60 (ICRP, 1991) 
health risk conversion factors of 4x 104 fatal cancers per person-rem for workers, and 5 x 104 for the 
public. 

Vehicle-related impacts are independent of the shipment's cargo. 

E. 7 .3.3 Maximally Exposed Individual Assessment 

The estimated doses during routine transportation for each individual receptor considered (see 

Section E.6.9 for exposure assumptions) are presented in Table E-23 for CH-TRUW, and in 

Table E-24 for RH-TRUW. Th total dose for repeated exposures can be estimated by multiplying the 

per-event dose by the number of exposure. 

Except for doses to crew members, all doses are presented for single exposures . Note that the potential 

exists for significant individual exposures if multiple exposure-causing events occur. For example, the 
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Table E-23. Estimated Routine Doses and Lifetime Risk of Fatal Cancer 
to MEis From Shipments of CH-TRUW (per Exposure Eventl 

Dose (rem) Lifetime Riske 

Receptorb Truck Rail Truck Rail 

Workers 

Crew member d d d d 

Inspector 0.0014 0.0014 6 X 10-7 6X 10·7 

Rail-yard crew member NA 0.0015 NA 6X 10·7 

Public 
Resident 1.sx10-7 3.0 X 10-7 Bx 10·11 2x10-JO 

Person in traffic jam 0.0047 0.0093 2x10·6 5x10-6 

Person at service station 1.9X 10-4 NA 1 x10-7 NA 
Resident near rail stop NA 2.1 X 10·5 NA 1 x10-8 

Note: NA = not applicable. · 
a The dose rate is assumed to be 3 mrem/h at 1 m (3 .3 ft) from each package. 
b Receptor assumptions are described in Section E.6.9. · 
c Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 4x 104 

fjttal cancers per person-rem for workers, and 5 x 104 for the public. 
The DOE administrative control level limits doses to DOE workers to 2 rem/yr. 

Table E-24. Estimated Routine Doses and Lifetime Risk of Fatal Cancer to MEis 
From Shipments of RH-TRUW (per Exposure Eventl 

Dose (rem) Lifetime Riske 
Receptorb Truck Rail Truck Rail 

Workers 
Crew member d d d d 

Inspector 0.0010 0.0010 4X 10-7 4X 10-7 

Rail-yard crew member NA 0.0011 NA 4X 10-7 

Public 
Resident 1. 1 X 10-7 2.3X 10-7 6 X 10-ll 1 X 10-IO 

Person in traffic jam 0.0036 0.0071 2x10-6 4x10-6 

Person at service station 1.sx10-4 NA 8x10·8 NA 
Resident near rail stop NA 1.5X 10-5 NA 8x10-9 

Note: NA = not applicable. 
: Dose rate is assumed to be 7 mrem/h at 1 m (3.3 ft) from each package. 

Receptor assumptions are described in Section E.6.9. 
c Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 4x 104 

fjttal cancers per person-rem for workers, 5 x 104 for the public. 
The DOE administrative control level limits doses to DOE workers to 2 rem/yr. 
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dose to a person stopped in traffic next to a truck shipment of CH-TRUW for 30 minutes is estimated 

to be 5 mrem; if the exposure duration were longer, the dose would rise proportionally. Therefore, it 

is conceivable that a person could receive a dose of approximately 10 to 20 mrem while stopped in 

traffic next to a TRUW shipment. In addition, a person working at a truck service station could receive 

an increased dose if trucks used the same stops repeatedly . If a truck stop worker were present for 

100 CH-TRUW shipment stops (at the distance and duration given previously), the estimated dose 

would be approximately 20 mrem. Administrative controls could be instituted to control the location 

and duration of truck stops if multiple exposures were to happen routinely. The probability of multiple 

exposures increases as the amount of waste transportation increases. 

The cumulative dose to a resident living along a Site entrance route is summarized in Table E-25 for 

each TRUW Alternative. Note that each alternative involves both contact- and remote-handled 

shipments. Although doses were calculated for all DOE Sites storing or generating TRUW, only data 

for the five Sites sending or receiving the most shipments have been provided for each case in 

Table E-25. The cumulative doses assume that an unshielded resident is present at a distance of 30 m 

(98 ft) from the roadway for every shipment entering or exiting a Site. In almost all cases, the 

maximum cumulative dose would occur near the WIPP disposal Site. If all CH-TRUW and RH-TRUW 

were shipped to WIPP, the maximum dose to a resident would be less than 4 mrem for both truck and 

rail cases. The truck and rail doses are similar because the same number of packages would be shipped 

for each mode. The annual dose can be estimated by assuming that shipments would occur over either 

a 10- or 20-year period. The annual dose to a resident would be well below the annual limit of 

100 mrem specified for members of the public through DOE orders (DOE, 1990b), as well as 

comparable NRC limits (10 CFR 20). 

E. 7 .3.4 Accident Consequence Assessment 

For the accident consequence assessment, the characteristics of contact- and remote-handled waste for 

each Site were screened to detennine the waste with the highest potential radiological consequences if 

a release were to occur during an accident. For CH-TRUW, waste shipments from LANL were found 

to result in the highest potential transportation accident doses. For RH-TRUW, shipments from the 

Hanford Site were found to result in the highest potential accident doses. The accident consequence 

results are presented in Table E-26 for contact-handled shipments and Table E-27 for remote-handled 

shipments. The population doses are for a uniform population density within an 80-km (50-mi) radius 

of accidents occurring in rural, suburban, and urban population density zones . 
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Alternadve 
and Slteb 

Decentralized 
WIPP 
Hanford 
INEL 
SRS 
ORR 

Regionalized 1 
WIPP 
Hanford 
INEL 
ORR 
SRS 

Regionalized 2 
WIPP 
Hanford 
INEL 
ORR 
LANL 

Regionalized 3 
WIPP 
Hanford 
INEL 
LANL 
ORR 

Centralized 
WIPP 
Hanford 
INEL 

SRS 
LANL 
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Table E-25. Cumulative Dose and lifetime Risk to an MEI 
Uving Along a Site Entrance Route for Shipments of TR UW 

(Current Inventories Plus 20 Years of Generationl 

All Truck All Rall 

Total Dose Lifetime Total Dose 
Shipments (rem) Riske Shipments (rem) 

23,860 3.6x10-3 2x10-6 11,970 3.6X 10-3 

10,260 l.5X 10-3 Bx10-1 5,140 l.5X 10-3 

5,970 8.9x 10-4 5 X 10-7 2,990 8.9x 10-4 

2,370 3.5x 10-4 2x10-7 1,190 3.6x 10-4 

1,880 2.8X 10-4 1x10-7 940 2.8X 10-4 

20,080 3.0x 10-3 2x 10-6 10,060 3.0x 10-3 

10,430 l.6X 10-3 Bx10-1 5,220 l.6X 10-3 

4,900 7.3X 10-4 4X 10-7 2,460 7.4X 10-4 

2,440 3.6X 10-4 2x10-7 1,230 3.7X 10-4 

1,240 l.8X 10-4 9x10-8 630 l.9X 10-4 

17,040 2.6x10-3 1x10-6 8,530 2.6X 10-3 

11,830 l.8x10-3 9x10-1 5,930 l.8X 10-3 

4,250 6.4X 10-4 4X 10-7 2,130 6.4X 10-4 

990 l.5X 10-4 sx10-8 500 l.5X 10-4 

930 l.4x 10-4 7x10-8 470 l.4X 10-4 

17,030 2.6X 10-3 1x10-6 8,520 2.6X 10-3 

11,830 1.8x 10-3 9x10-7 5,930 1.8X 10-3 

7,610 1.1 X 10-3 6X 10-7 3,820 1. 1 X 10-3 

1,250 l.9X 10-4 1x10-7 630 l.9X 10-4 

990 l.5X 10-4 8x10-8 500 1.5 X 10-4 

20,500 3.1 X 10-3 2x10-6 10,290 3.1 X 10-3 

11,610 l.7X 10-3 9x10-1 5,820 l.7X 10-3 

5,180 7.7X 10-4 5 X 10-7 2,600 7.8X 10-4 

2,080 3.1 X 10-4 2x10-7 1,040 3.1 X 10-4 

1 250 l.9X 10-4 1 X 10-7 630 l.9X 10-4 

Lifetime 
Riske 

2X 10-6 

Bx10-1 

5x10-1 

2x10-7 

1 x10-7 

2x 10-6 

Bx 10-7 

4X 10-7 

2x10-7 

9x10-8 

1 X 10-6 

9x10-1 

4X 10-7 

8x10-8 

1x10-8 

lX 10-6 

9X 10-7 

6X 10-7 

1 X 10-7 

8x10-8 

2x10-6 

9x10-1 

5x 10-1 

2x10-7 

1x10-7 

a The external dose rates are assumed to be 3 mrem/h at 1 m (3.3 ft) for CH-TRUW, and 7 mrem/h for RH-TRUW 
shipments. The resident is assumed to be present for all shipments that enter or exit the Site. Shipments are assumed to 
gass at a distance of 30 m (98 ft) and an average speed of 24 km/h (15 mi/h). 

For each Alternative, only the five Sites sending or receiving the most shipments are reported. All other Sites have 
MEI doses less than those presented here. 
c Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 4 x 104 

fatal cancers per person-rem for workers and 5 x 104 for the public. 
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Table E-26. Estimated Consequences for the Most ievere Accidents 
Involving Shipments of CH-TR UW a, 

Neutral Conditionl Stable Conditloni 

Populatlone MEif Populatione MEif 

Mode and Dose Risk Risk Dose Risk Risk 
Dose Dose 

Accident (person- (cancer 
(rem) 

(cancer (person- (cancer 
(rem) 

(cancer 
Location rem) fatalities) fatality) rem) fatalities) fatality) 

Truck 

Urban 4,000 2 3.5 1.sx10·3 32,000 16 12 6x10·3 

Suburban 740 0.37 3.5 l.8X 10·3 5,900 3 12 6X10-3 

Rural 6.5 0.003 3.5 l.8x10·3 52 0.03 12 6x10·3 

Rail 

Urban 7,900 4 7.1 3.6X 10·3 63,000 32 24 l.2X 10-'.i 
, 

Suburban 1,500 0.75 7.1 3.6x10·3 12,000 6 24 l.2X 10"" 
, 

Rural 13 0.007 7.1 3.6X 10·3 100 0.05 24 l.2X 10"" 

a The most severe accidents correspond to the highest NUREG-0170 accident severity category (Category VIII) (NRC, 
1977a). Results are reported for CH-TRUW from LANL. 
b Buoyant plume rise resulting from fire for a severe accident was included in the exposure model. Three 
TRUPACT-Ils are assumed to be breached in a truck accident; six TRUPACT-Ils are assumed to be equally breached 
in a rail accident. 
c Neutral weather conditions result in moderate dispersion and dilution of the released plume. Neutral conditions were 
taken to be Pasquill Stability Class D with a windspeed of 4 mis (9 milh) . Neutral conditions occur approximately 
50 percent of the time in the United States. 
d Stable weather conditions result in minimal dispersion and dilution of the released plume and are thus unfavorable. 
Stable conditions were taken to be Pasquill Stability Class F with a windspeed of 1 mis (2.2 milh) . Stable conditions 
occur approximately one-third of the time in the United States. 
e Populations extend at a uniform population density to a radius of 80 km (50 mi) from the accident site. Population 
exposure pathways include acute inhalation; acute cloudshine; groundshine; resuspended inhalation; resuspended 
cloudshine; and ingestion of food, including initially contaminated food (rural only). No decontamination or mitigative 
pctions are taken. 

The MEI is assumed to be at the location of maximum exposure. The locations of maximum exposure would be 
160 m (525 ft) from the accident site under neutral atmospheric conditions, and 400 m (1,312 ft) for stable 
atmospheric conditions. Individual exposure pathways include acute inhalation, acute cloudshine, and groundshine 
during passage of the plume. No ingested dose is considered. 

The location of the MEI after an accident is determined on the basis of atmospheric conditions and 

buoyant characteristics of the released plume. The locations of maximum exposure are 160 m (525 ft) 

from the accident site for neutral conditions, and 400 m (1,312 ft) from the accident site for stable 

conditions . The dose to the MEI is independent of the accident location. The maximum dose to an 

individual (approximately 24 rem for a rail accident under unfavorable weather conditions) corresponds 

to a potential lifetime fatal cancer risk of 1 x 10-2. 
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Table E-27. Esti,mated Consequences for the Most ievere Accidents 
Involving Shipments of RH-TRUWa, 

Neutral Condltlonsc Stable Condltionsd 

Populatione MEif Populatione MEif 

Dose Risk 
Dose 

Risk Dose Risk 
Dose 

Risk 
(person- (cancer 

(rem) 
(cancer (person- (cancer 

(rem) 
(cancer 

rem) fatalities) fatality) rem) fatalities) fatality) 

60 3.0x10·2 0.051 2 .6x10·5 480 2.4X 10-l 0.17 8 .5X 10·5 

11 5 .5X 10·3 0.051 2.6x 10·5 89 4.5x 10·2 0 . 17 8.5x10·5 

0 . 10 5.0x 10·3 0.051 2 .6x10·5 0.83 4.2x10·4 0.17 8.5X 10"5 

120 6x10·2 0.10 5.0x 10·5 950 4.8 X 10-l 0 .34 l.7X 10"4 

22 1.1 X 10"2 0 . 10 5.0x 10·5 180 9 .0x 10·2 0 .34 l.7X 10·4 

0.21 1.1 X 10·4 0 . 10 s.ox10·5 1.7 8 .5X 10"4 0.34 l.7X 10"4 

a The most severe accidents correspond to the highest NUREG-0170 accident severity category (Category VIII) (NRC, 

6977a). Results are reported for RH-TRUW from the Hanford Site. 
Buoyant plume rise resulting from fire for a severe accident was included in the exposure model. One NuPac 72 B is 

assumed to be breached in a truck accident; two NuPac 72Bs are assumed to be equally breached in a rail accident. 
c Neutral weather conditions result in moderate dispersion and dilution of the released plume. Neutral conditions were 
taken to be Pasquill Stability Class D with a windspeed of 4 mis (9 mi/h). Neutral conditions occur approximately 
50 percent of the time in the United States. 
d Stable weather conditions result in minimal dispersion and dilution of the released plume and are thus unfavorable. 
Stable conditions were taken to be Pasquill Stability Class F with a windspeed of 1 m/s (2 .2 mi/h) . Stable conditions 
occur approximately one-third of the time in the United States. 
e Populations extend at a uniform population density to a radius of 80 km (50 mi) from the accident site. Population 
exposure pathways include acute inhalation; acute cloudshine; groundshine; resuspended inhalation; resuspended 
cloudshine; and ingestion of food, including initially contaminated food (rural only). No decontamination or mitigative 
rctions are taken. 

The MEI is assumed to be at the location of maximum exposure. The locations of maximum exposure would be 160 m 
(525 ft) and from the accident site under neutral atmospheric conditions, and 400 m (1,312 ft) for stable atmospheric 
conditions. Individual exposure pathways include acute inhalation, acute cloudshine, and groundshine during passage of 
the plume. No ingested dose is considered. 

E. 7 .3.5 Onsite Assessment Results 

The onsite risks for TRUW transportation at the Hanford Site are summarized in Table E-21 for trucks 

and Table E-22 for rail. The risks presented for the transportation crew include the dose to workers 

in areas along the shipping route. The total dose to workers adjacent to the route is generally much less 

than the dose to the crew members involved in transporting the waste. Risks calculated for the public 

include persons sharing the transportation route with waste shipments . The MEI for routine conditions, 

besides crew members, was considered to be a guard at a facility gate or checkpoint along the route 

exposed to each shipment for 1 minute at a distance of 5 m (16.4 ft) . The total dose to the guard from 
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all shipments is estimated to be 61 mrem. Overall, the routine onsite shipment risks are much lower 

than the offsite shipment risks for all cases considered. 

The consequences of an onsite accident at the Hanford Site are summarized in Table E-20. For the 

accident consequence assessment, characteristics of CH-TRUW and RH-TRUW from the Hanford Site 

were used. The MEI is located at the position where maximum impacts would occur, similar to the 

offsite accident consequence assessment. An exposure of 2 hours was assumed for the population of 

onsite workers after an accident. Impacts on the offsite population were calculated by using the 

population distribution near the Hanford Site and by assuming a 1-year exposure duration. 

E. 7.4 LOW-LEVEL MIXED WASTE 

The projected rate of LLMW generation for each Site, the waste characteristics , the potential 

treatments, and the cases considered in the PEIS are described in detail in Wilkins et al. (1995). 

Transportation risks have been calculated for the LLMW Alternatives summarized in Section E.2 .2 (the 

No Action Alternative does not involve transportation of LLMW). The cases range from decentralized 

to centralized approaches to TSD. The number of disposal Sites varies from 16 Sites for decentralized 

disposal to 1 Site for centralized disposal. Options for treatment also vary from decentralized to 

centralized approaches. 

The PEIS considers current inventories of LLMW plus 20 years of generation for all DOE Sites. All 

impacts are calculated as totals for the entire inventory of waste under consideration. The average 

annual risk can be estimated by dividing the summarized results by the duration of the shipping 

campaigns. For all alternatives, shipments would occur uniformly over a 10-year period, with the 

assumption of a 10-year period to build TSD facilities. These timefrarnes are consistent with the 

assumptions used in the facility assessments for estimating throughputs. 

E.7.4.1 Shipment Summary 

The total number of shipments and the mileage for loaded shipments for each LLMW Alternative are 

summarized in Table E-28 for truck shipments, and Table E-29 for rail shipments . The estimated 

number of shipments and the total mileage for the various cases span a wide range. The total number 
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Table E-28. Total Population Impacts of Transportation of Cu"ent LLMW 
Inventories Plus 20 Years of UMW Generation: Truck Mode 

Alternative a 

Decentral- Regional- Regional- Regional• Regional- Central- 0% 
Imoact lzed lzed 1 lzed2 lzed 3 lzed4 lzed site 

Shipment summary 
Shipments 490 1,820 5 ,560 10,990 4,250 7,520 1,720 

Mileage (106 mi) 0.23 0.59 2.57 14.9 2.70 13.5 0.051 

Population Impacts 
Cargo-relatedc 

Dose risk (person-rem) 

Routine crew 7.68 20.4 80.3 429 79.9 374 1.49 

Routine public 9.15 23 .1 92.6 513 93.4 447 0.033 
Accidentd 0.858 2.23 15.4 26.0 16.0 148 NA 

Latent cancer fatalitiese 

Crew fatalities 0.0030 0.0083 0.032 0.17 0.031 0.15 0.00060 

Public fatalities 0.0050 0.013 0.053 0.27 0.055 0.29 l.72 x 10-5 

Vehicle-related f 

Emission fatalities 0.0042 0.0085 0.024 0.10 0.017 0.054 NA 
Accident fatalities 0.017 0.038 0.19 1.0 0.19 0.83 NA 

Total fatalities 0.029 0.068 0.30 1.5 0.29 1.3 NA 

Note: NA = not applicable. 
a Alternative definitions are summarized in Section E.2.2 and provided in detail in Chapter 3 of the PEIS . 
b Onsite impacts are calculated for the Hanford Site. 
c Cargo-related impacts are impacts attributable to the radioactive nature of the waste material. 
d Dose risk is a societal risk and is the product of accident probability and accident consequence. 
e Latent cancer fatalities are calculated by multiplying dose by the ICRP Publication 60 health risk conversion factors t 4 x 104 fatal cancers per person-rem for workers, and 5 x 104 for the public (ICRP, 1991). 

Vehicle-related impacts are impacts independent of the cargo in the shipment. 

of truck shipments ranges from approximately 490 for the Decentralized Alternative to about 

11,000 shipments for the Regionalized 3 Alternative. For rail transportation, the corresponding 

numbers of shipments range from 360 to 4,540. The total mileage for loaded shipments ranges from 

0.37 to 24 million km (0.23 to 15 million mi) for truck transportation and from 0.34 to 11 million km 

(0.21 to 6.8 million mi) for rail transportation. The average annual number of shipments and mileage 

can be estimated by dividing the total results by the shipping duration which is assumed to be 10 years 

in the WM PEIS. 

For comparison, within the United States for the years 1986 to 1988, the average annual reported 

mileage for interstate truck shipments of all commodities was approximately 45 billion km (28 billion 

mi), and for train shipments approximately 48.8 billion railcar-km (30.3 billion railcar-mi) (Saricks and 

Kvitek, 1994). The estimated annual LLMW shipments for the maximum transportation Alternative 

would represent less than 0.1 percent of the annual truck and rail transportation activity within the 

United States. 
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Table E-29. Total Population Impacts of Transportation of Cu"ent UMW 
Inventories Plus 20 Years of LLMW Generation: Rail Mode 

Alternatlve8 

Decentral- Regional- Regional- Regional- Regional- Central- On-
Impact lzed lzed 1 lzed 2 lzed 3 !zed 4 lzed slteb 11-----........ ---------------.....;..;... 

Shipment summary 
Shipments 
Mileage (106 mi) 

Population Impacts 
Cargo-relatedc 

Dose risk (person-rem) 
Routine crew 
Routine public 
Accidentd 

Latent cancer 
fatalitiel 

Crew fatalities 
Public fatalities 

Vehicle-relatedf 
Emission fatalities 
Accident fatalities 

Total fatalities 

360 
0.21 

1.93 
5.11 
0.257 

0.00077 
0.0027 

0.0047 
0.00045 
0.0086 

1,030 
0.48 

4.98 
13.7 

0.596 

0.0020 
0.0072 

0.013 
0.0010 
0.023 

2,490 
1.37 

12.9 
29.1 
2.18 

0.0052 
0.015 

4,540 
6.76 

41.3 
75 .8 
4.61 

0.017 
0.040 

2,050 
1.52 

12.2 
28 .1 
2.61 

0.0049 
0.015 

3,340 
6.46 

36.6 
69.3 
27.6 

660 
0.026 

0.206 
0.0024 

NA 

0.015 8.3 X 10-S 
0.049 9.6 X 10"7 

0.023 0.055 0.024 0.053 NA 

0.0028 0.014 0.0032 0.014 NA 
0.046 0.13 0.047 0.13 NA ==============I 

Note: NA = not applicable. 
a Alternative definitions are summarized in Section E.2.2 and provided in detail in Chapter 3 of the PEIS. 
b Onsite impacts are calculated for the Hanford Site. 
c Cargo-related impacts are impacts attributable to the radioactive nature of the waste material. 
d Dose risk is a societal risk and is the product of accident probability and accident consequence. 
e Latent cancer fatalities are calculated by multiplying dose by the ICRP Publication 60 health risk conversion 
?,ctors of 4x 104 fatal cancers per person-rem for workers and 5 x 104 for the public (ICRP, 1991). 

Vehicle-related impacts are impacts independent of the cargo in the shipment. 

E. 7 .4.2 Collective Population Risk Results 

The results for the collective risk assessment for the LLMW Alternatives are also summarized in 

Table E-28 for truck shipments, and Table E-29 for rail shipments . The results for collective risk are 

presented for shipment of the current inventories plus the estimated generation of LLMW for a period 

of 20 years . 

Examination of the results of the transportation risk assessment shows that differences in population 

risk among the various cases are primarily dependent on total shipping distances. Thus, in general , 

centralized options predictably show larger transportation risks than regionalized or decentralized 

approaches because the centralized options involve greater transportation distances. The total shipping 

distance for each Alternative is determined by the definition of the case (shipment origin and destination 

Sites) , Site-specific waste inventories (specifically waste volume and mass, which directly determine 
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the total number of shipments), packaging assumptions, and route distances among all pairs of origin 

and destination Sites. 

For truck transportation, the total estimated number of fatalities from radiological causes ranges from 

approximately 0.008 to 0.5. For rail transportation, fatalities from radiological causes range from 0.003 

to 0.06. Shipment by rail results in lower doses to crew members and the public, primarily because of 

the reduced number of shipments involved. In general, for LLMW shipments, the vehicle-related risks 

are greater than the associated cargo-related risks. 

E. 7 .4.3 Maximally Exposed Individual Assessment 

The estimated doses during routine transportation for each of the individual receptors considered (see 

Section E.6.9 for exposure assumptions) are presented in Table E-30 on a per-event basis. The total 

dose for repeated exposures can be estimated by multiplying the per-event dose by the number of 

exposures. 

As noted previously for HL W and LL W shipments, the potential exists for significant individual 

exposures if multiple exposure-causing events occur during LLMW shipments; for instance, the dose 

to a person caught in a traffic jam for 30 minutes next to a shipment is estimated to be 0.5 mrem. If 

the exposure is longer, the dose would rise proportionally. Therefore, it is conceivable that a person 

could receive a dose of between 2 to 10 mrem while stopped in traffic next to an LLMW shipment. In 

addition, a person working at a truck service station could receive an increased dose if trucks were to 

use the same stops repeatedly. If a truck-stop worker is present for 100 shipment stops (at the distance 

and duration given previously), the estimated dose is approximately 2 mrem. Administrative controls 

could be instituted to control the location and duration of truck stops if multiple exposures were to 

happen routinely. The probability of multiple exposures increases as the amount of waste transportation 

increases. 

The potential cumulative dose to a resident living along a Site entrance route is summarized in 

Table E-31 for the LLMW Alternatives. Doses were calculated for all DOE Sites for each case; 

however, only the five Sites sending or receiving the most shipments have been included in 

Table E-31. The cumulative doses assume that a resident is present for every shipment entering and 

exiting a Site and is unshielded at a distance of 30 m (98 ft) from the roadway. The maximum 
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Table E-30. Estimated Routine Doses and Lifetime Risk of Fatal Cancer 
to ME/s From Shipments of LLMW (per Exposure Eventl 

Dose (rem) Lifetime Riske 

Receptorb Truck Rall Truck Rall 

Workers 

Crew member d d d d 

Inspector 1.5 X 10-4 1.5 X 10-4 6X 10-8 6x10-8 

Rail-yard crew member NA 7.9X 10-5 NA 3x10-8 

Public 

Resident 1.6X 10-8 1.6 X 10-8 sx10-12 8 X 10-12 

Person in traffic jam 5.Ox 10-4 5.Ox 10-4 3x10-7 3x10-7 

Person at service station 2. 1 X 10-5 NA 1 X 10-8 NA 

Resident near rail stop NA 1. 1 X 10-6 NA 6 X 10-I0 

Note: NA = not applicable. 
a Dose rate is assumed to be 1 mrem/h at 1 m (3.3 ft) from an LLMW shipment. 
b Receptor assumptions are described in Section E.6.9. 
c Lifetime risk of fatal cancer based on ICRP Publication 60 (ICRP, 1991) health risk conversion factors of 4 X 104 

fatal cancers per person-rem for workers and 5 x 10-4 for the public (ICRP, 1991). 
d The DOE administrative control level limits doses to DOE workers to 2 rem/yr. 

cumulative dose would occur near regionalized or centralized facilities because of the large number of 

shipments entering a small number of sites ; for instance, for the Regionalized 3 Alternative, the 

maximum dose to a resident living near the NTS would be approximately 0.2 mrem for the all-truck 

case and 0.06 mrem for the all-rail case. The annual dose can be estimated by assuming that shipments 

would occur over a 10-year period for all Alternatives . The estimated annual dose to a resident would 

be well below the annual limit of 100 mrem specified for members of the public through DOE Orders 

(DOE, 1990b), as well as comparable NRC limits (10 CFR 20). 

E. 7 .4.4 Accident Consequence Assessment 

As stated previously, the accident consequences were calculated for transportation-related accidents that 

result in the maximum release of radioactive material (accident severity Category VIII) . For these 

accidents, the assumptions were that all of the material in the shipment would be released from its 

packaging, that 10% would be entrained as an aerosol, and that 5% of the aerosol would be respirable. 
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Table E-31 Cumulative Dose and lifetime Risk to MEI Living Along a Site Entrance Route 
for WM LLMW Shipments (Cu"ent Inventories plus 20 Years of Generation)0 

All Truck All Rail 

WM Case Dose Risk Dose Risk 
and Siteb Total Shipments (rem) (Fatal Cancerf Total Shipments (rem) (Fatal Cancerf 

Case 2a 
LLNL 250 4.0E- 06 2E- 09 120 l.9E-06 IE-09 
NTS 110 l.8E-06 9E- 10 50 8.lE-07 4E-10 
ETEC 110 l.8E-06 9E-10 40 6.4E- 07 3E- 10 
WVDP 100 l.6E-06 8E-10 100 l.6E-06 8E-10 
SRS 90 1.4E-06 7E-10 90 1.4E- 06 7E- 10 

Case4 
FEMP 1,060 1.7E-05 9E-09 410 6.6E- 06 3E-09 
PORTS 820 l.3E-05 7E-09 440 7.lE-06 4E-09 
ANL-E 450 7.2E-06 4E- 09 180 2.9E-06 lE-09 
LLNL 310 5.0E- 06 3E- 09 180 2.9E- 06 lE- 09 
NTS 120 l.9E- 06 lE- 09 60 9.7E- 07 5E- 10 

Case 7 
LANL 2,610 4.2E-05 2E-08 1,020 l.6E- 05 8E-09 
RFETS 2,560 4.lE- 05 2E- 08 980 l.6E- 05 8E- 09 
PORTS 2,260 3.6E-05 2E-08 960 l.5E-05 8E- 09 
ORR 1,660 2.7E- 05 IE- 08 650 I .0E- 05 5E- 09 
ANL-E 450 7.2E-06 4E-09 180 2.9E-06 lE-09 

Case 10a 
NTS 9,650 l.6E- 04 8E- 08 3,700 6.0E- 05 3E- 08 
RFETS 2,560 4.lE- 05 2E- 08 980 1.6E- 05 8E- 09 
PORTS 2,260 3.6E- 05 2E- 08 960 l .5E- 05 8E- 09 
ORR 2,100 3.4E-05 2E- 08 790 l.3E- 05 6E- 09 
Hanford 1,690 2.7E- 05 lE- 08 710 l.lE- 05 6E- 09 

Case 15 
RFETS 1,990 3.2E- 05 2E- 08 740 l.2E- 05 6E- 09 
INEL 1,740 2.8E- 05 lE- 08 760 l.2E- 05 6E- 09 
ORR 1,480 2.4E-05 lE- 08 740 l.2E- 05 6E- 09 
LANL 830 l.3E- 05 7E- 09 350 5.6E- 06 3E- 09 
PORTS 650 l.0E- 05 5E-09 260 4.2E- 06 2E- 09 

Case 17 
Hanford 7,520 1.2E- 04 6E- 08 3,340 5.4E- 05 3E- 08 
RFETS 1,990 3.2E- 05 2E-08 740 l.2E- 05 6E- 09 
ORR 1,970 3.2E- 05 2E- 08 740 l.2E- 05 6E- 09 
INEL 700 l.lE- 05 6E- 09 290 · 4.7E-06 2E-09 
PORTS 650 1.0E- 05 5E- 09 260 4.2E- 06 2E- 09 

a The external dose rate is assumxl to be 1 mrem/h at I m (3.3 ft) for all shipments . The resident is assumed to be present for all shipments that 

b 
enter or exit the site. Shipments are assumed to pass at a distance of 30 m (98 ft) and an average speed of 24 km/h (15 mph). 
For each Alternative, only the five sites sending or receiving the most shipments are reported. All other sites have MEI doses less than those 
presented here. 

C The risk of fatal cancer is calculated by using the ICRP Publication 60 (ICRP, 1991) health risk conversion factor of 5E- 04 fatal cancers per 
person-rem for members of the public. 

During screening, the LLMW from the Paducah Gaseous Diffusion Plant (PGDP) was found to result 

in tbe highest transportation accident doses for the most severe accidents. The accident consequence 

results from RISKIND for LLMW shipments are presented in Table E-32. The population doses are 
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Mode and 
Accident 
Location 

Truck 
Urban 
Suburban 
Rural 

Rail 
Urban 
Suburban 
Rural 

Table E-32 Estimated Consequences for the Most s,:ere Accidents Involving 
Shipments of WM UMW°' 

Neutral Conditionf Stable Conditionsd 

Po11ulatione MEif PoEulatione MEif 

Risk Risk Risk 
Dose (Cancer Dose (Cancer Dose (Cancer Dose 

(person-rem) Fatalities) (rem) Fatality) (person-rem) Fatalities) (rem) 

6E+02 3E- 0l 5 .3E- 0l 2.7E- 04 4.75E+03 2E+OO l.8E+OO 
l.lE+02 6E- 02 5.3E- 0l 2.7E- 04 8.85E+02 4E- Ol l.8E+OO 
I.0E+OO 5E- 04 5 .3E- 01 2.7E- 04 7.5E+OO 4E- 03 l.8E+OO 

l.62E+03 8E- Ol l.4E+OO 7.0E- 04 l.283E+04 6E+OO 4.8E+OO 
3.0E+02 2E- 0l 1.4E+OO 7.0E- 04 2.4E+03 IE+OO 4 .8E+OO 
2.7E+OO IE- 03 1.4E+OO 7.0E- 04 2.0E+0l IE- 02 4.8E+OO 

Risk 
(Cancer 
Fatalitv) 

9.0E- 04 
9.0E- 04 
9.0E- 04 

2.4E- 03 
2.4E- 03 
2.4E- 03 

a The most severe accidents correspond to the highest NUREG-0170 accident severity category (Category VIII) (NRC, 1977a). Results are reponed 
for WM LLMW from PGDP, which was found to result in the highest potential accident doses . The assumptions were that 100% of the radioactive 
material would be released from its packaging in an accident, that 10% of the release would be entrained in an aerosol, and that 5% of the 
ierosoliz.ed release would be respirable. 

Buoyant plume rise resulting from fire for a severe accident was included in the exposure model. 
c Neutral weather conditions result in moderate dispersion and dilution of the released plume. Neutral conditions were taken to be Pasquill Stability 
~lass D with a wind speed of 4 mis (9 mph}. Neutral conditions occur approximately 50% of the time in the United States. 

Stable weather conditions result in minimal dispersion and dilution of the released plume and are thus unfavorable. Stable conditions were taken to 
be Pasquill Stability Class F with a wind speed of I mis (2.2 mph). Stable conditions occur approximately one-third of the time in the United States. 
e Populations extend at a uniform population density to a radius of 80 km (50 mi) from the accident site. Population exposure pathways include acute 
inhalation; acute cloudshine; groundshine; resuspended inhalation; resuspended cloudshine; and ingestion of food, including initially contaminated 
food (rural only) . No decontamination or mitigative actions are taken. 

The MEI is assumed to be at the location of maximum exposure. The locations of maximum exposure would be 160 m (525 ft) and 400 m 
(1,312 ft) from the accident site under neutral and stable atmospheric conditions, respectively. Individual exposure pathways include acute 
inhalation, acute cloudshine, and groundshine during passage of the plume. No ingested dose is considered. 
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for a uniform population density within an 80-km (50-mi) radius of accidents occurring in rural, 

suburban, and urban population density zones. The location of the MEI after an accident is determined 

on the basis of atmospheric conditions and the buoyant characteristics of the released plume. The 

locations of maximum exposure are approximately 160 m (525 ft) and 400 m (1,312 ft) from the 

accident site for neutral and stable weather conditions, respectively. The dose to the MEI is 

independent of the location of the accident. The maximum dose to an individual (approximately 5 rem 

for a rail accident under unfavorable weather conditions) has a potential lifetime fatal-cancer risk 

of 2E-03. 

E. 7 .4.5 Onsite Assessment Results 

The onsite risks for LLMW transportation at the Hanford Site are summarized in Table E-28 for truck 

transportation and in Table E-29 for rail transportation. The risks presented for the transportation crew 

include the dose to workers in areas along the shipping route. The total dose to workers close to the 

route is generally much less than the dose to the actual crew members involved in transporting the 

waste. Risks calculated for the public include persons sharing the transportation route with waste 

shipments. The MEI for routine conditions, besides crew members, was considered to be a guard at 

a facility gate or checkpoint along the route who is exposed to each shipment for 1 minute at a distance 

of 5 m (16.4 ft). The total dose to the guard for all shipments is estimated to be 16 mrem. Overall, the 

routine onsite shipment risks are much less than the offsite shipment risks for all cases considered. 

In addition, the consequences of an onsite accident at the Hanford Site are summarized in Table E-20. 

For the accident consequence assessment, the characteristics of LLMW from the Hanford Site were 

used. The MEI is located at the position where maximum impacts would occur, similar to the off site 

accident consequence assessment. An exposure of 2 hours was assumed for the population of onsite 

workers after an accident. The impacts on the offsite population were calculated by using the population 

distribution in the vicinity of the Hanford Site and by assuming a 1-year exposure duration. 
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E.8 Uncertainties and Conservatism in Estimated Impacts 

The sequence of analyses performed to generate estimates of radiological risk for transporting 

radioactive waste includes (1) determining waste inventory and characteristics at each Site, 

(2) estimating shipment requirements, (3) determining route characteristics, (4) calculating radiation 

doses to exposed individuals (including estimating of environmental transport and uptake of 

radionuclides), and (5) estimating health effects. Uncertainties are associated with each step. 

Uncertainties exist in the way that the physical systems being analyzed are represented by the 

computational models; in the data required to apply the models (because of measurement errors , 

sampling errors, natural variability, or unknowns caused simply by the future nature of the actions 

being analyzed); and in the calculations themselves (for example, the approximation algorithms used 

by the computers). 

In principle, one can estimate the uncertainty associated with each input or computational source and 

predict the resultant uncertainty in each subsequent set of calculations. Thus, one can propagate the 

uncertainties from one set of calculations to the next and estimate the uncertainty in the final, or 

absolute, result. However, conducting such a full-scale quantitative uncertainty analysis is often 

impractical and sometimes impossible, especially for actions to be initiated at an unspecified time in 

the future. Instead, the risk analysis is designed to ensure-through uniform and judicious selection of 

scenarios, models , and input parameters-that relative comparisons of risk among the various 

Alternatives are meaningful. In the transportation risk assessment, this design is accomplished by 

uniformly applying input parameters and assumptions to all Alternatives for each waste type. 

Therefore, although considerable uncertainty is inherent in the absolute magnitude of the transportation 

risk for each Alternative, much less uncertainty is associated with the relative differences among the 

Alternatives in a given measure of risk. 

In the following sections , areas of uncertainty are discussed for each assessment step enumerated 

previously, with the exception of health effects. Special emphasis is placed on identifying whether the 

uncertainties affect relative or absolute measures of risk. Where practical, the parameters that most 

significantly affect the risk assessment results are identified, and quantitative estimates of uncertainty 

are provided. The uncertainties involved in estimating health effects from radiological doses are 

discussed in Appendix D. 
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E.8.1 UNCERTAINTIES IN WASTE INVENTORY AND CHARACTERIZATION 

The site-specific waste inventories and the physical and radiological waste characteristics are important 

input parameters for the transportation risk assessment. The potential amount of transportation for any 

Alternative is determined primarily by the projected waste inventory at each Site and assumptions about 

shipment configurations (packaging and shipment capacities). The physical and radiological waste 

characteristics are important in determining the amount of waste released during accidents and the 

subsequent doses to exposed individuals through multiple environmental exposure pathways. 

The development of projected Site-specific inventory and waste characterization data, including 

identification of uncertainties, is discussed in the reports prepared for each waste type. In general, the 

uncertainties in the data specific to the Site and to the waste type may potentially affect the relative and 

absolute measures of transportation risk and are difficult to quantify. Precisely defining the impact of 

these uncertainties on the transportation risk analysis is difficult because of the large number of Sites 

and Alternatives and because of the inability to accurately quantify the uncertainty in waste 

characterization at each Site. 

The uncertainties in the waste characterization data will be reflected to some degree in the 

transportation risk results. If the waste inventories are consistently overestimated (or underestimated), 

the resulting transportation risk estimates will also be overestimated (or underestimated) by roughly 

the same factor. In terms of relative risk comparisons, if the uncertainty in one Site inventory is large 

as compared with other Site inventories, then the uncertainties may not be comparable among different 

Alternatives, and meaningful relative risk comparisons are difficult. For example, if the inventory at 

Site A is overestimated as compared with other Sites, the ri~k transportation assessment results will be 

unduly biased toward those Alternatives that do not involve shipping Site A waste; however, the waste 

characterization data have been carefully developed by uniformly applying consistent methodologies 

and assumptions to the best available information. This approach is expected to limit the overall 

uncertainty in the data and the likelihood that the level of uncertainty varies significantly among Sites . 

For comparative purposes among Alternatives, the observed differences in transportation risks are 

believed to represent unbiased, reasonably accurate estimates from current information. 
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E.8.2 UNCERTAINTIES IN SmFMENT CONFIGURATIONS 

As stated previously, the amount of transportation required for each Alternative is partly based on 

assumptions about the packaging and shipment configurations for each waste type. Representative 

shipment configurations have been defined for each waste type on the basis of either historical or 

probable future shipment capacities (for example, all truck shipments of LL W are assumed to be at the 

regulatory weight limit). In reality, the actual shipment capacities may differ from the predicted 

capacities so that the projected number of shipments and, consequently, the total transportation risk 

would change; however, although the predicted transportation risks would increase or decrease 

accordingly, the relative differences in risks among consolidation Alternatives would generally remain 

unchanged. 

E.8.3 UNCERTAINTIES IN Roum DETERMINATION 

Representative routes have been determined between all pairs of origin and destination sites considered 

by the Alternatives . The routes have been determined consistent with current guidelines, regulations, 

and practices but may not be the actual routes that will be used in the future. In reality, the actual routes 

may differ from the representative ones in terms of distances and total population along the routes. 

Moreover, because the assessment considers wastes generated over the next 20 to 30 years, the 

highway and rail infrastructures and the demographics along routes may change as a function of time. 

Although these effects have not been accounted for in the transportation assessment, it is not anticipated 

that these changes would significantly affect relative comparisons of risk among Alternatives considered 

in the PEIS. 

E.8.4 UNCERTAINTIES IN THE CALCULATION OF RADIATION DOSES 

The models used to calculate radiation doses from transportation activities introduce additional 

uncertainty into the risk assessment process . Estimating the accuracy, or absolute uncertainty, of the 

risk assessment results is generally difficult. The accuracy ·of the calculated results is closely related 

to the limitations of the computational models and to the uncertainties in each of the input parameters 

that the model requires. The single greatest limitation facing users of RAD TRAN, or any computer 

code of this type, is the scarcity of data for certain input parameters. 
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Uncertainties associated with the computational models are minimized by using state-of-the-art 

computer codes that have been extensively reviewed. However, because numerous uncertainties are 

recognized but are difficult to quantify, assumptions are made at each step of the risk assessment 

process that are intended to produce conservative results (that is, overestimate the calculated dose and 

radiological risk). Because parameters and assumptions are applied equally to all Alternatives for a 

waste type, this model bias is not expected to affect the meaningfulness of relative comparisons of risk; 

however, the results may not represent risks in an absolute sense. 

To understand the most important uncertainties and conservatisms in the transportation risk assessment, 

the results for all cases were examined to identify the largest contributors to the collective population 

risk. The results of this examination are discussed briefly in the following paragraphs . 

For truck shipments, the largest contributors to the collective population dose were found to be, in 

decreasing order of importance: (1) incident-free dose to members of the public at stops; 

(2) incident-free dose to transportation crew members; (3) incident-free dose to members of the public 

sharing the route (on-link dose); (4) incident-free dose to members of the public living along the route 

(off-link dose); and (5) accident dose risk to members of the public. Approximately 80 percent of the 

estimated public dose was incurred at stops; 15 percent was incurred by the on-link population; and 

5 percent was incurred by the off-link population. In general, the accident contribution to the total risk 

was negligible as compared with the incident-free risk . 

For rail shipments, the largest contributors to the collective population dose were found to be the 

following (in decreasing order of importance): (1) incident-free dose to transportation crew members; 

(2) incident-free dose to members of the public living along the route (off-link dose); (3) incident-free 

dose to members of the public at stops; (4) incident-free dose to members of the public sharing the 

route (on-link dose); and (5) accident dose risk to members of the public. Approximately 70 percent 

of the estimated public dose was incurred by the off-link population; 25 percent was incurred by the 

population at stops; and 5 percent was incurred by the on-link population. As with truck shipments, 

the accident contribution to the total risk in general was negligible as compared with the incident-free 

risk. 

As shown previously, incident-free transportation risks are the dominant component of the total 

transportation risk for both truck and rail modes. The most important parameter in calculating incident

free doses is the shipment external dose rate (incident-free doses are directly proportional to the 

E-92 



ApPendix E-Part I 95 t3387 Zll33 

shipment external dose rate). For calculational purposes, representative dose rates have been applied 

to each waste type because information is not available to predict shipment dose rates accurately on a 

Site-by-Site basis. The representative dose rates are based on historical shipments or waste type-specific 

data when possible and were selected to reflect the probable average dose rates of future shipments. 

In practice, the external dose rates will vary not only from Site to Site and waste type to waste type, 

but also from shipment to shipment at a given Site; and the rates will range above and below the levels 

assumed for this assessment. 

Finally, the single largest contributor to the collective population doses calculated with RADTRAN was 

found to be the dose to members of the public at truck stops . RADTRAN uses a simple point source 

approximation for truck stop exposures and assumes that the total stop time for a shipment is 

proportional to the shipment distance. The parameters used in the stop model were based on a survey 

of a very limited number of radioactive material shipments that examined various shipment types in 

different areas of the country (Madson and Wilmot, 1982). The assumption was made that stops occur 

as a function of distance, with a rate of 0 .011 h/km; thus, for a 1,000-km (621-mi) trip, the total would 

be 11 hours of stops. The further assumption was made that an average of 25 people are exposed at a 

distance of 20 m (66 ft) at each stop. The population dose is directly proportional to the external 

shipment dose rate and the number of people exposed (25) and is inversely proportional to the square 

of the distance (20 x 20 = 400). Based on the limited data available, the parameter values used in the 

assessment appear to be conservative; however, data do not exist to qualitatively assess the degree of 

conservatism in the stop dose model. As a practical matter, DOE could conceivably take steps to 

control the location, frequency, and duration of truck stops, if necessary to assure that the local 

population does not receive excessive exposure to radiation. 

E.9 Mitigative Measures 

The DOE is committed to conducting all transportation-related activities in a manner protective of 

human health and safety. The hazards of transporting radioactive materials under both incident-free 

conditions and accidents are minimized by existing regulations. All activities related to transporting 

radioactive waste would be conducted according to applicable health-and-safety requirements of the 

Federal Government, States, and local jurisdictions, including requirements promulgated by DOT in 

49 CFR. 
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Although detailed plans about waste transportation will not be prepared for major shipping campaigns 

until some future time, safety plans have been prepared for a program involving the transportation of 

TRUW to WIPP. The plans for WIPP can be considered as representative of those for future major 

DOE programs for waste transportation. The WIPP plans (DOE, 1990a) include provisions for the 

following: 

• Vehicles and equipment with the best available mechanical safeguards, including personal 
protective equipment and speed limiters 

• A facility for maintaining and inspecting equipment 

• A safety program, including personnel training in safe work practices 

• Stringent driver-training program and penalty provisions 

• Accident and emergency training 

• Constant-surveillance service for all loaded shipments 

• Communications equipment and services 

In reviewing the WIPP program activities, the National Academy of Sciences concluded that the 

"system proposed for transportation of TRUW waste to the WIPP is safer than that employed for any 

other hazardous material in the United States today and will reduce risk to very low levels" (DOE, 

1990a). 

In addition to these policies, DOE may impose administrative measures to control accumulated doses 

during specific circumstances. Examples of administrative controls would include requiring temporary 

lead shielding between loaded casks and service personnel, controlling the location and duration of 

service stops, and prohibiting transportation during inclement weather. These measures would ensure 

that all exposures are maintained below the regulatory dose limits specified in DOE Orders 5400.5 and 

5480.11 (DOE, 1988c; DOE, 1990b), as well as comparable NRC limits (10 CPR 20) for members of 

the public and for workers. 

For accidents, DOE has issued a series of orders specifying the requirements for emergency 

preparedness, including DOE Orders 5500.10, 5500.2B, 5500.3A, and 5500.4A (DOE, 1991a-c, 

1992a). Each DOE Site has also established an emergency management program, such as the one at 

the Hanford Site (WHC, 1994). Procedures and agreements among DOE, other Federal agencies, and 

State agencies are in place to allow for effective response by all appropriate parties if a severe accident 

should occur. 
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Hazardous Waste Transportation Risk Assessment 

E.11 Introduction 

Part II of this appendix considers risk from hazardous waste (HW) transportation and from the 

hazardous waste components of low-level mixed waste (LLMW) and transuranic waste (TRUW). These 

wastes are regulated under the Resource Conservation and Recovery Act (RCRA). Some waste types 

not covered by RCRA but regulated by the States or under the Toxic Substances Control Act (TSCA: 

7 United States Code [USC] 136) are also included. The transportation of each waste type for treatment 

and ultimate disposal is an integral component of the Alternatives being considered in the 

U.S. Department of Energy (DOE) Waste Management Programmatic Environmental Impact Statement 

(WM PEIS). 

This appendix should be read in conjunction with the technical reports for HW, LLMW, and TRUW, 

(Lazaro et al., 1995a; Wilkins et al ., 1995; Hong et al ., 1995) which present inventory characterization 

and waste load data for each major generator within the DOE complex. These data are used for the 

transportation risk assessment. 

Section E.12 discusses the scope of the transportation risk assessment for HW and HW components 

of LLMW and TR UW. Section E .13 describes packaging requirements and the distinctions between 

requirements for HW and those for radioactive waste. Section E .14 describes the method for selecting 

the most likely transportation routes for use in the risk assessment. Section E.15 describes the analytical 

approach used for the transportation risk assessment. Modeling input parameters and assumptions are 

provided in Sect on E.16. Section E.17 presents the results of the transportation risk assessment for 

HW, LLMW, and TRUW. Section E.18 discusses sources of uncertainty in the assessment, focusing 

on areas that might affect comparisons among Alternatives. Finally, Section E.19 suggests mitigative 

measures that could be implemented to reduce the risk of transporting HW and HW components of 

LLMW and TRUW. 
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E.12 Scope of Assessment 

This section describes the scope of the PEIS transportation risk assessment, including the treatment, 

storage, and disposal (TSD) Alternatives; transportation-related activities; onsite versus offsite 

assessments; potential vehicle- and cargo-related impacts; receptors; and transportation modes are 

considered. Subsequent sections provide additional details about the assessment. 

E.12.1 ALTERNATIVES 

HW. The HW transportation risk analysis is intended to provide input for decisions about the extent 

to which DOE should continue to rely on commercial facilities for treating and disposing of the 

nonaqueous portion of the hazardous waste stream. Four Alternatives are considered: (1) No Action, 

(2) Decentralized, (3) Regionalized 1 (five TSD Sites), and (4) Regionalized 2 (two TSD Sites). The 

specific DOE and TSD Sites associated with these Alternatives are discussed in Section E.17. The HW 

technical report (Lazaro et al., 1995a) contains details about TSD technologies, HW inventory and 

generation, existing and planned capabilities for treating and storing HW, and waste loads by 

Alternative. 

TRUW. For TRUW, six Alternatives are considered: (1) No Action, (2) Decentralized, 

(3) Regionalized 1, (4) Regionalized 2, (5) Regionalized 3, and (6) Centralized. See Section E.2.2.3 

for detailed descriptions of these alternatives. 

LLMW. For LLMW, seven Alternatives are considered: (1) No Action, (2) Decentralized, 

(3) Regionalized 1, (4) Regionalized 2, (5) Regionalized 3, (6) Regionalized 4, and (7) Centralized. See 

Section E.2.2.4 for detailed descriptions of these alternatives. 

E.12.2 DESCRI1711ON OF TRANSPORTATION ACTIVITIES 

As in Part I of this appendix, the radioactive waste transportation risk assessment, these HW 

assessments for HW and HW components of TRUW and LLMW are limited to estimating the human 

health risks during waste transport. The risks during waste loading, unloading, and handling before 
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or after shipment are not included; nor do these assessments address possible impacts from increased 

transportation levels on local traffic flow, noise levels, logistics, or infrastructure. 

E.12.3 ONSITE VERSUS OFFSITE TRANSPORTATION 

The HW transportation risk assessment includes onsite and offsite transportation. These transportation 

types are as defined in Section E.2.1. To estimate onsite transportation risks, site-specific values are 

used (when available). Models that rely on simplifying assumptions and average values for many 

parameters, such as road dimensions, weather conditions, and population densities, are used to estimate 

risk from off site shipments. As in the radi_ological transportation risk assessment, the Hanford Site 

(Hanford) was selected as representative of conservatively estimated impacts for onsite transportation 

risks and is used for comparison with offsite transportation risks. On-site analyses were not conducted 

for TRUW and LLMW. For both of these waste types, the low risks estimated for offsite 

transportation indicated that risks from onsite transportation would be negligible. 

E.12.4 CARGO-RELATED IMPACTS (HAzARD0US CHEMICAL WAS1ES) 

Cargo-related impacts to human health during HW, TRUW and LLMW transportation come from 

exposure resulting from container failure and chemical release during an accident (a collision with 

another vehicle or road obstacle). Containers used for shipping HW have been specified by the 

U.S. Department of Transportation (DOT) and have been assumed to preclude any significant exposure 

of workers or the public during routine HW transport. Type A packaging for LLMW is also designed 

and maintained to ensure the containers will contain and shield their contents during normal transport. 

TRUW is packaged in TRUPACT-11 containers (i.e., external containers into which 55-gal drums are 

placed for transportation), decreasing further the likelihood of release under routine conditions. 

Accordingly, no cargo-related impacts are associated with HW transport under routine (incident-free) 

conditions. 

The risks from HW and HW component exposure during transportation accidents can be either acute 

(resulting in immediate injury or fatality) or latent (resulting in cancer that becomes evident after a 

latency period of several years). Population risks and risks to the maximally exposed individual (MEI) 

have been evaluated for transportation accidents. Two acute health endpoints-potential life-threatening 
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effects and potential adverse effects-have been evaluated for assessing cargo-related population 

impacts from transportation accidents. The identification of chemicals in HW, TRUW, and LLMW with 

potential life-threatening effects was made by comparison with gaseous and liquid substances designated 

"poison inhalation hazard" (PIH) chemicals by DOT. Chemicals selected for the potential adverse 

effects analysis included PIHs and gaseous or liquid chemicals with inhalation toxicity values (reference 

concentrations) established by the U.S. Environmental Protection Agency (EPA, 1993a; EPA, 1993b). 

The acute effects evaluated are assumed to exhibit a threshold, nonlinear relationship with exposure; 

that is, some low level of exposure can be tolerated without inducing a health effect. Chemical-specific 

values for the potential life-threatening concentration (PLC) and potential adverse effect concentration 

(PAEC) were developed to estimate risks. All individuals exposed at these levels or higher are included 

in HW transportation risk estimates. Use of this type of population risk descriptor, which involves 

estimating the number of persons exposed above a specified conservatively estimated level, is 

recommended under EPA guidance (EPA, 1992). Figure E-6 presents a conceptual diagram of how 

PLC and PAEC values were derived. Additionally, to address MEls, locations of maximum HW 

concentration were identified for shipments with the largest potential releases of individual 

HW components. 
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A latent health endpoint-"increased cancer risk"-has also been used to assess the cargo-related 

population impacts from accidents involving carcinogen releases. Traditionally, risk assessment for 

chemical carcinogens characterizes risk to the MEI (EPA, 1989a). The MEI assessment is included in 

this HW transportation risk analysis (Section E.17 .3). Additionally, for assessing risk to the general 

population, increased carcinogenic risk has been expressed as the number of individuals in the general 

population with an increased lifetime cancer risk of one in one million or greater, as recommended 

under EPA guidance for characterization of population risks (EPA, 1992). Cancer risks greater than 

one in one million have been designated as increased cancer risk concentrations (ICRC) levels . Overall 

population risk (in terms of number of excess cancers expected in the population) has not been 

calculated for HW as it was for radioactive waste because this calculation would require an estimate 

of average exposure levels in the population, while standardized cancer risk assessment methods 

address only MEis. Therefore, characterizing population cancer risks associated with HW 

transportation as the number of individuals experiencing an increased risk of one in one million was 

deemed preferable. Cargo-related population cancer risks presented in this assessment cannot be 

directly compared with cancer risks for individuals . 

Inhalation is the primary exposure route of concern for accidental ,release of HW, TRUW and LLMW. 

Direct exposure to hazardous materials by other pathways, such as ingestion or dermal absorption, is 

possible, but these routes are expected to result in much lower exposure than the inhalation pathway 

doses. The likelihood ~f acute effects, such as those evaluated by using PLC and PAEC values, is much 

lower for the ingestion and dermal pathways than for inhalation. For HW, this assessment addresses 

inhalation of organic vapors and gases only: the potential for the public's exposure by inhalation of 

particulates is considered to be much lower than that for inhalation of vapors or gases because (1) DOE 

transports limited quantities of solids prone to particulate formation (for example, powders), so releases 

would be relatively small and would result only in small particulate clouds; (2) because particulates 

settle rapidly, exposure of the general population located 30 meters (m) (100 feet) (ft) or farther from 

the release site would be minor because of low particulate concentrations; and (3) acute toxicity of 

inhaled particulates is low. Although some particulates are carcinogens (for example, cadmium salts), 

low exposure dose and duration make risks low compared with risks from vapors and gases. For 

LLMW, two types of exposures from solid wastes are also evaluated to maintain consistency with the 

radiological assessment. These are (1) volatile organic vapor emissions from contaminated spoils piles 

(i.e., solid waste spill on the ground); and (2) respirable aerosol fraction of organic substances from 

a solids spill direct to the atmosphere. Inorganic substances in LLMW were not assessed for the same 
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reasons given above for HW. Evaluation of releases from solids was not conducted for TRUW because 

the bounding risk from release of organic liquids was minimal. 

E.12.5 VEIIlCLE-RELATED IMPACTS 

For HW, vehicle-related risks (independent of a shipment's chemicals) are assessed for the same 

transportation routes as cargo-related impacts, for routine and accident conditions. Vehicle-related risks 

under routine conditions are the result of exposure to vehicle-exhaust emissions; risks are primarily 

associated with exposure in urban environments. Vehicle-related accident risks are fatalities and injuries 

resulting from direct physical trauma during an accident (not from exposure to released cargo). Fatality 

and injury rates specific to HW transportation are used in this assessment. For TRUW and LLMW, 

vehicle-related risks are presented in Part 1 of this appendix. 

E.12.6 TRANSPORTATION MODE 

HW. The transportation risk assessment is based on shipping HW by truck from generators to TSD 

facilities. Shipments by rail, barge, and aircraft, although possible, have not been considered because 

none of these shipment modes were identified in the baseline case data. In addition, waste volumes 

accumulated at a Site are generally small (onsite storage at DOE Sites is generally limited to 90 days 

under RCRJ\, unless a Part B permit is obtained); the volume to be transported is not large enough to 

warrant rail or barge transportation. 

TRUW and LLMW. Both truck and rail transport were assessed for TRUW and LLMW. The 

assessments for truck and rail shipments used the same methods and accident statistics as were used for 

the radiological assessment. 

E.12. 7 RECEPfORS 

In general, risks from HW, TRUW, and LLMW transportation are calculated for members of the 

public. Risks to the MEI are also presented. Potential risks are estimated for the collective populations 

of exposed people, as well as for MEis. The collective population risk is a measure of the radiological 
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risk posed to society by the Alternative being considered, and it is the primary means of comparing 

various Alternatives. 

E.13 Waste Packaging 

Regulations that govern the transportation of hazardous materials are designed to protect the public 

from the potential dispersal of hazardous materials. The specification of standards for packaging 

hazardous materials is the primary regulatory approach for ensuring the public's safety. 

The packaging requirements for a specific hazardous material are determined by the level of hazard the 

material would present as a result of an accidental release. In the "Hazardous Materials Table" 

(Title 49, Part 172.01, of the Code of Federal Regulations [CFR]), which lists more than 

4,000 chemicals in alphabetical order by proper shipping name, column 8 supplies a reference number 

to a part of 49 CFR 173. The part specified describes shipping requirements for a particular chemical. 

Container acceptability is determined by performance-based tests (e.g., drop strength, leak resistance, 

hydrostatic pressure, stacking, and vibration) (49 CFR 173). A wide range of performance levels is 

required because of the broad spectrum of hazard levels presented by different hazardous materials. 

Radioactive waste types generally have more rigorous containment requirements than HW. Most 

low-level waste (LLW) and LLMW can be shipped in Type A containers, typically 0.21-cubic meter 

(m3) (55-gallon [gal]) drums. The DOT and U.S. Nuclear Regulatory Commission (NRC) performance 

specifications for Type A radioactive waste containers are comparable to the DOT requirements for 

HW containers. Most other radioactive wastes considered in this PEIS (HLW, Greater-Than-Class-C 

low-level waste [GTCC LLW], and TRUW) require Type B containers, which are subject to far more 

rigorous requirements than Type A containers. Examples of testing include a 9-m (30-ft) drop test 

(regardless of size and weight of container), a 15-m (50-ft) water immersion over an 8-hour (h) period, 

and a 30-minute (min) exposure to a radiation environment at or above 802 degrees Celsius ( 0 C) 

(1,475 degrees Fahrenheit[° F]) and emissivity coefficient of at least 0.9. 

The NRC data summarized in Section E.6.5 (Tables E-6 and E-7) and DOT-reported data on release 

probability during an accident (Harwood and Russell , 1990) can be used to compare the containment 

E-105 



Appendix E-Pan II 

perfonnance differences between Type B containers and typical containers used for HW. The data show 

that the probability of a release from a Type B container resulting from an accident would be less than 

9 percent and that, if a release occurs, less than 1 percent of the total shipment quantity would be 

released. These estimates are considered to be extremely conservative (i.e., overestimates of potential 

release amounts). The DOT data, based on 1985-86 data involving liquid hazardous material spills 

from truck accidents in the State of Missouri, show that the probability of a liquid hazardous material 

in bulk containment being released as the result of an accident is estimated to be 18. 7 percent and that, 

if a release occurred, the average percentage of total cargo released would exceed 16 percent. 

E.14 Routing Analysis 

The HIGHWAY 3.1 computer program (described in Section E.4.2.1.1) was used for predicting the 

most likely truck route for each shipment of HW assessed. The HIGHWAY model provides the number 

of miles each route passes through various population density areas and provides estimates of 

population densities along each segment of routes of interest. In generating estimates of risk, the 

midpoint of the population density given by the HIGHWAY code for each route segment was used. 

For the potential life-threatening endpoint under the No Action Alternative, transporters were contacted 

to determine the actual routes for each shipment. For the potential adverse effect and increased 

carcinogenic risk endpoints and for all four Alternatives, HIGHWAY was used to determine the most 

likely route by constraining the routing to maximize interstate highway use. The INTERLINE 5.0 

model was used for detennining rail routes for LLMW and TRUW (see Section E.4 .2.1.2 for details). 

E.15 Methods for Computing Transportation Risk 

This section describes methods for computing risks associated with two types of transportation 

conditions-routine operations and accident conditions-involving the vehicle and its cargo. The routine 

risk estimated is solely the vehicle-related risk from inhalation of vehicle emissions; no cargo-related 

risk would exist because of the assumption that potential seepage would be contained. The accident 

risks include cargo-related risks from inhalation of a hazardous chemical (in the case of a ruptured 

waste container) and vehicle-related risks from the physical trauma of a traffic accident. The risk 

computation for routine operating conditions involves only two parameters: a risk factor for urban 
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vehicle exhaust exposure and the distance transported in an urban area. In addition to risks to the 

general population, risks to the MEI from the most hazardous chemical shipment are also assessed for 

accident conditions. A technical support document by Lazaro et al. (1995b) contains a more detailed 

discussion of this method. 

The cargo-related health risk to the public (expressed as the number of individuals likely to experience 

an adverse health effect) from transporting a specific HW is computed for each segment of the rural, 

urban, or suburban population zone associated with a specific shipment route. The total risk is obtained 

by summing the risks for each shipment over a period of interest. This approach for determining risk 

from transporting HW and HW components of TRUW and LLMW is similar to the procedure for 

performing radiological transportation risk calculations described in Part I of this appendix. The 

differences in approach are principally the applied consequence assessment models and model input 

assumptions, and the health criteria used to compute the hazard zones (population areas at risk) . These 

differences and the principal areas of similarity are highlighted in the following sections for the offsite 

and onsite risk assessment methodologies . 

E.15.1 OFFSITE TRANSPORTATION 

The offsite transportation risk assessment approach for routine operations and accident conditions is 

summarized in Figure E-7 and discussed in detail in the following sections . Section E.16.5 describes 

the development of health risk criteria used in this assessment. 

E.15.1.1 Routine Risk Assessment Method (Vehicle-Related Risks) 

The HW assessment calculates only vehicle-related routine risk, because no significant health concerns 

can be identified for cargo-related routine operations. The estimation of routine risks from vehicle 

exhausts is based on an empirical correlation linking latent inhalation mortality risk to vehicle mileage 

(the methods are the same as those described in Section E.5.1.1.3 of the radiological assessment) . 

Risks from routine transportation may be calculated by multiplying the number of kilometers traveled 

in urban areas by the appropriate risk factor for each _HW shipment. This calculation enables the 

comparison of total risk of routine transport for the baseline case and the various Alternatives . Routine 
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risk for HW is presented in Section E.17, whereas routine risks for TRUW and LLMW are presented 

in Part 1 of this appendix. 

E.15.1.2 Accident Risk Assessment Method 

E.15.1.2.1 Cargo-Related Risks 

HW. The risk assessment for HW transportation accidents considers historical hazardous material truck 

traffic data, including accident probabilities, cargo release likelihoods given an accident, and 

consequences of a range of possible transportation accidents. These accidents include low-probability 

accidents with high consequences and high-probability accidents with low consequences. The need to 

evaluate the consequences from the most severe hypothetically postulated HW transportation accident 

(instantaneous release of entire cargo contents), consistent with the assumptions used for the most 

severe radioactive accidental release, is considered. As discussed in Section E.5 .1, the consequence 

assessment for routine and accident radioactive waste transportation conditions are computed with the 

RADTRAN 4 (collective populations risks) and RISKIND (individual or population subgroup risks) 

models (Neuhauser and Kanipe, 1993; Yuan et al ., 1993). Hazardous waste transportation accident 

consequence assessment relies on the Areal Locations of Hazardous Atmospheres ALOHA TH model 

(version 5.1) (Reynolds, 1992) for the collective population and individuals. The model is a widely 

applied code EPA often used to help emergency field personnel implement emergency response 

measures. 

The main differences between the ALOHA TH and the RADTRAN 4/RISKIND computer models are in 

the approaches for determining the source-term (chemical or radionuclide release rate or fraction), 

transport and dispersion, and exposure duration. The ALOHA TH model has a built-in source-term 

algorithm for computing the rate, quantity, and type of atmospheric release of a hazardous air pollutant, 

including pool evaporation from a volatile organic liquid spill . The model can handle computations for 

frequently encountered accidental releases from ruptured tanks, drums, and pipes. ALOHA TH 

incorporates a chemical data library of physical and chemical properties (such as vapor pressure, 

boiling point, and molecular weight) for several hundred chemical compounds. These properties, along 

with container content input, such as the container geometry and rupture characteristics (hole size, for 
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example), are used by ALOHA TM to compute chemical release rate and duration. Radionuclide release 

quantities for RADTRAN 4 and RISKIND are not computed by the models but are specified as release 

fraction input parameters. With these models, release fractions ( defined as the fraction of material in 

a package that could be released in an accident) are assigned to each accident severity category 

according to the waste material's physical and chemical form. Both models assume instantaneous 

releases. 

All three models assume that plume transport and diffusion approximate Gaussian distribution in the 

atmosphere. The ALOHA TM model simulates atmospheric transport and dispersion of the released 

substance as either a neutrally buoyant (or passive) plume or a slumping dense gas plume. In the 

ALOHA n1 model, the selection of plume type (passive or heavy gas) from a near-surface release 

depends primarily on the relative density of the released toxic vapor (vapor or gas density to 

atmospheric density) and the ambient windspeed. Either continuous or intermittent releases and 

dispersion in rural or urban atmospheres can be simulated. The RADTRAN 4 and RISKIND models 

are limited to passive plume dispersion from instantaneous releases; these models are not designed to 

simulate transport and dispersion from dense gas releases commonly associated with HW chemicals. 

The ALOHAn1 model does not account for the thermal buoyancy generated from fire plumes. Because 

severe accidents routinely involve fires, the RISKIND model was designed to take into account physical 

phenomena from the fire, such as buoyant plume rise. The risks associated with HW transportation 

accidents involving fire and water immersion are now being assessed with models or approaches 

appropriate to these conditions. These assessments will address risk associated with fire combustion 

products and water reaction chemistry. 

Once the release and plume characteristics are computed, ALOHA n1 establishes the plume hazard area 

or "footprint" (ground areal plume coverage with chemical concentrations greater than or equal to 

health criteria concentrations). Health criteria values are concentrations in air corresponding to the 

potential life-threatening effect, increased cancer risk, and any adverse health effect endpoints . This 

footprint is used to estimate the consequences of population exposure along the transportation route. 

No consequences are assumed within 30 m (98 ft) of the accident because homes are not likely to be 

located less than 30 m (100 ft) from the center of the highway. The ALOHA 'DI-computed hazard areas, 

along with the chemical-specific health criteria concentration values and estimated exposure durations, 

are used to estimate acute and latent health effects from inhalation. In comparison, the consequences 

estimated by RADTRAN 4 or RISKIND, along with health risk conversion factors, are used to compute 
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latent cancer fatalities, cancer incidence, and serious genetic effects from inhalation and ingestion by 

exposed populations. The supporting technical report by Lazaro et al. (1995a) provides further 

description of the ALOHA™ model and modeling assumptions . 

TRUW. Since only liquid or gaseous hazardous components of TRUW required evaluation, the 

methods used to calculate cargo-related risks were identical to those used for HW. 

LLMW. The LLMW consequence assessment for HW assumes organic liquid spills and particulate 

releases are instantaneous as liquid and solid (as respirable fraction) aerosols. The methods used to 

calculate cargo-related risks for the liquid or gaseous hazardous components of LLMW were identical 

to those used for HW. For particulates, release fractions are estimated with the approach used for 

radionuclide releases (described in Section E.6 .6). One additional source term is estimated for 

contaminated solids (containing volatile organic compounds) spilled on the ground. The emission rate 

is calculated with a standard evaporative gaseous emissions model (EPA, 1988). The emission rates are 

used in the ALOHA code to provide hazard zones ("footprints"). Details are provided in the 

Supplemental Information document for LLMW (Monette et al., 1995). 

E.15.1.2.2 Vehicle-Related Risks 

The risk assessment also provides an estimate of injury or fatality to truck crew members and the public 

as a result of physical trauma from vehicle collisions. This risk is assessed by combining data on 

U.S . annual deaths and injuries occurring from hazardous materials transportation accidents with total 

miles traveled by hazardous materials transport vehicles (DOC, 1987). The death and injury rates (unit 

risks) derived from these data are 9.56 x 10-9 fatalities/km (1.53 x 10 -8/mi) traveled and 6.25 x 10 -& 

injuries/km (1.0 x 10-7 /mi) traveled. 

The risk of collision death or injury from transporting HW for each route segment is calculated as the 

product of the number of kilometers traveled and the unit risk factors. Risks are summed over the 

entire route and over all shipments for each Alternative. Vehicle-related risks for TRUW and LLMW 

are presented in Part I of this appendix. 
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E.15.2 ONSITE TRANSPORTATION 

The approach used for offsite HW transportation risk calculations was also used to estimate onsite 

accident risks to collective populations and the MEI. The Hanford Site was selected as a large 

representative DOE Site for estimating the magnitude of the onsite transportation risk for hazardous 

and radioactive waste. The assessment requires extensive use of site-specific routing and worker 

population data. Sitewide characteristics such as meteorologic data and building-specific worker 

population densities are variable input parameters. In addition, receptor characteristics such as intake 

rate and location relative to the shipment route can be specified. 

The three groups of receptors considered for the onsite routine risk assessment are as follows: 

• Workers near the transport route (worker population dose) 

• Guards at the gates of individual facilities or at checkpoints along the route 

• General public near a gate (offsite collective population) 

For each shipment, onsite transport HW accident consequences and the attendant health risks were 

calculated. The same accident and release probabilities used for the offsite risk calculations were used 

for the onsite risk estimates at the Hanford Site. 

Based on results of the off-site analysis for TRUW and LLMW, risks from on-site transportation for 

these waste types would likely be very small, and were therefore not quantified. 
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E.16 Input Parameters and Assumptions 

E.16.1 WASTE INVENTORY AND CHARACTERIZATION DATA 

HW. The HW risk assessment modeling (HaWRAM) database was developed to support the WM PEIS 

transportation and technology analysis (Lazaro et al., 1994). The database was developed primarily as 

a tool to provide the modeling parameters identified below: 

• Chemical name, its United Nations or North American identification number, and classification; 
that is, whether the chemical is a PLC, PAEC, or ICRC chemical 

• Physical-chemical state (liquid, solid, or gas/vapor) of waste container contents 

• Chemical composition and physical-chemical characteristics 

• Container type (metal or fabric drum) 

• Container size (0.21-m3, 0.11-m3, or 19-L [55-, 30-, or 5-gal] drum), number of containers in 
shipment, and total quantity of waste in containers shipped 

• Shipment date and EPA and State manifest numbers 

• Generator name, EPA identification ~umber, and location 

• TSD facility name, EPA identification number, and location 

The HaWRAM database contains waste inventory and characterization data for each DOE Site, 

operations data for the facilities used for TSD of the wastes, and definitions <?f the various Alternatives. 

The development of the HaWRAM database is described in Hong et al. (1995) and by Lazaro et al. 

(1995a) . 

The HaWRAM database was designed to provide the following: 

• Quantities of offsite HW shipments , key physical-chemical HW characteristics , and treatment 
technologies commercial TSD facilities used 

• Data, such as chemical name, container size, chemical state, and chemical hazard designation, 
required to carry out a transportation risk assessment under current as well as future conditions 

• Data for determining the degree and type of onsite versus offsite treatment at commercial facilities 

• Data on "as-generated" or "operational" HW from industrial-type processes or laboratory research 
versus "remediation" HW from decommissioning or Superfund cleanup 
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Hazardous waste is defined under RCRA as waste either exhibiting certain standard characteristics 

(ignitability, corrosivity, reactivity, or toxicity) or listed under RCRA Subpart D (40 CFR 261.31). 

Subpart D lists approximately 800 waste categories and several hundred individual constituents as 

hazardous waste; however, many of these wastes are solids or nonvolatile liquids whose potential to 

become airborne under accident conditions is insufficient for significant exposure of the general public. 

Therefore, the substances evaluated for the WM PEIS transportation risk assessment were limited to 

those appropriate for the health endpoint being assessed, as detailed below. 

For accident conditions, three health endpoints were evaluated: potential for life-threatening effects, 

potential for any adverse effects, and increased cancer risk . For evaluation of the potential 

life-threatening effects endpoint, analyses were conducted for shipments containing substances 

designated by DOT as PIH chemicals (criteria for PIH designation are detailed in Section E.16.5.1). 

Potential life-threatening concentration values were developed for estimating the risks for this endpoint. 

In the evaluation of potential for any adverse effects, both PIH substances and substances that may 

result in less severe adverse health effects on exposure were evaluated. Potential adverse effect 

concentration values were developed for estimating the risks for this endpoint. Increased cancer risks 

concentration values were developed to assess risks from substances for which sufficient evidence of 

carcinogenicity exists in humans or animals . Increased cancer risk concentration values were expressed 

as the concentrations associated with an increased lifetime cancer risk of one in one million for 

members of the public. 

For fiscal year (FY) 1992, the HaWRAM database identifies the shipment by DOE of 48 substances 

to be evaluated under the potential life-threatening effects endpoint, 85 substances evaluated under the 

potential for any adverse effects endpoint, and 32 substances evaluated under the increased cancer risk 

endpoint. This constituted cargo-related risk evaluations of approximately 285 of the 1,712 shipments; 

however, evaluation of these shipments for the three stated health endpoints was considered to 

adequately represent inhalation hazards associated with collisions, because releases of less hazardous 

substances from other shipments are unlikely to result in a health risk to the general population. The 

PLC, PAEC, and ICRC values were developed for the WM PEIS risk assessment (Hartman et al., 

1994). These values were derived by using toxicologic data and risk evaluation methods for emergency 

planning available from the EPA and other sources (EPA, 1986; EPA et al., 1987; personal 

communication from D.M. Maloney, ANL, to J.C. Hess, DOT Research and Special Programs 

Administrations, 1990; DOT, 1993b; National Research Council, 1993). 
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TRUW and LLMW. Reports have been prepared describing the TRUW and LLMW inventories and 

characteristics at each DOE site (Wilkins et al., 1995; Hong et al., 1995). These reports were used as 

the primary source of information for the transportation assessment. The majority of information on 

the hazardous-chemical compositions is derived from site-specific (process) operational knowledge. All 

TRUW is assumed to be radioactive material mixed with other chemical substances and divided into 

a number of waste-stream categories (e.g ., aqueous wastes, organic liquids, contaminated soils). 

Concentrations of hazardous chemical constituents for each of these categories were estimated (Wilkins 

et al., 1995). For LLMW, classification into waste-stream categories was also conducted to facilitate 

the assessment (e.g., aqueous liquids, organic liquids, solid process residues; Wilkins et al., 1995). 

Organic liquid and solid hazardous waste components with significant volatilization potential and 

inhalation toxicity values (i.e., slope factors or reference concentrations) available from the EPA were 

evaluated. The same health risk endpoints as for HW were considered, although for some health 

endpoints, zero risk was calculated (e.g., the potential for life-threatening effects endpoint for both 

TRUW and LLMW was zero, because no substances in the respective inventories were identified as 

PIH chemicals.) 

E.16.2 POPULATION DENSfIY ZONES 

The same three population density zones (rural, suburban, and urban) used in the radiological risk 

assessment (Section E.6.3) were used for the offsite population risk assessments. As for the radiological 

risk assessment, the onsite analysis used population densities for the Hanford Site and the town of 

Richland, Washington. 

E.16.3 TRUCK ACCIDENT AND RELEASE PROBABILITIES 

A cross-classification study conducted in California (Graf and Archuleta, 1985) and cited in a Midwest 

Research Institute document (Harwood and Russell, 1990) provided the only data available on accident 

rates by highway type (rural freeway, rural nonfreeway, or urban freeway) and truck configuration 

(single unit, single combination, or double combination). Because HWs in the DOE complex are 

shipped mainly by 0.21-m3 (55-gal) drum or smaller containers, single-unit trucks will likely be the 

predominant truck type used; therefore, accident rates for single-unit trucks were used in this 
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assessment. Also, because an accident rate for suburban freeways was required, the average of the rural 

and urban freeway rates was used. Rates used in the analysis (per million kilometers of truck travel) 

were as follows: rural freeway, 0.35; rural nonfreeway, 0.42; suburban freeway, 0.49; and urban 

freeway, 0.63 (0.56, 0.68, 0.79, and 1.01, respectively, per million miles). Rural nonfreeway rates 

were used for the small route segments from facilities to freeways. 

Some States maintain more comprehensive and better monitored hazardous materials incident data than 

can be found in corresponding national data from DOT sources; for example, the State of Missouri's 

highway patrol accident reports contain data identifying whether each vehicle involved in an accident 

was carrying hazardous materials, what type or types of materials were carried, and whether a toxic 

substance was released. This format permits accurate classification of accidents by hazardous material 

cargo type. Missouri is one of only three States to incorporate all of these items in their reports. 

Because Missouri was considered the most representative (nearest the midpoint of the Nation), the data 

from Missouri, as cited in Harwood and Russell (1990), were used as the basis for estimating the 

probability of a toxic substance release after an accident. The probabilities used were 0.072 for gases 

in bulk and 0.187 for liquids in bulk. 

In addition to these accident and release probabilities, an estimate is needed of the likely number of 

containers and the quantity of chemicals to spill from them as the result of a vehicle accident. An 

algorithm was developed to account for multiple chemicals in containers, percentage of containers in 

a shipment expected to be breached in an accident, and average quantity released per container. This 

algorithm provided the estimate of the amount spilled from the total quantity reported on HW manifest 

sheets (an HW tracking form mandated by Federal and, in most cases, State law for all offsite 

shipments of HW). The quantity of the chemical of interest per container was assumed to be equal to 

the total quantity in each container divided by the number of chemicals in the container (specific 

concentration levels were generally unavailable). This quantity was multiplied by the appropriate 

assumption for percent spilled and by the number of containers assumed to be breached. Data on 

percent spilled and number of containers breached were specific to container type (metal, plastic, glass, 

pressurized, or other) and size and were based on statistics from the Hazardous Materials Incident 

Reporting System (HM IRS) database (DOT, 1993a). 
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E.16.4 ATMOSPHERIC CoNDmONS 

The meteorologic input to the ALOHA TM model assumes neutral stability (Pasquill Stability Class D, 

daytime) with moderate to overcast solar insolation, ambient temperature of 35 °C (95 °F), and a 

windspeed of 4 meters/second (m/s) (13.12 ft/s). Because neutral meteorologic conditions are the most 

frequently occurring atmospheric stability conditions in the United States, these conditions are most 

likely to prevail in the event of a transportation spill of a hazardous chemical or radioactive waste 

shipment (Part I, Section E.6.7, contains assumptions for radioactive waste exposure modeling). On 

the basis of observations from National Weather Service surface meteorologic stations at more than 300 

locations in the United States, on an annual average, neutral conditions occur about 50 percent of the 

time, while stable conditions (represented by Pasquin Stability Classes E and F) occur about 33 percent 

of the time, and unstable conditions (represented by Pasquill Stability Classes A and B) occur about 

17 percent of the time (NOAA, 1976). Regionally, neutral conditions are less prevalent in the arid 

Southwest and most prevalent in the Midwest and Northeast. The neutral category predominates in all 

seasons, but most frequently in the winter (nearly 60 percent of the observations). Neutral stability is 

conservative for the daytime, when most accidents occur. In its 1993 Emergency Response Guidebook 

(DOT, 1993b), DOT employs neutral stability and 4.5-m/s (14.76-ft/s) windspeed for the meteorology 

for all transportation accidents. Although worst case conditions, such as Class F stability and 

windspeed of 1.5 mis (4.92 ft/s), should be conservative for both day and night, DOT's position when 

developing the Initial Isolation and Protective Action Distances was to avoid multiplying conservative 

assumptions . This position was also adopted for modeling chemical exposure in this assessment. 

E.16.5 HEALTH RisK CRTIERIA 

For predicting inhalation hazards associated with accidental releases, the ALOHA TM model can be 

applied to calculate the health consequence area by predicting the HW plume area resulting from an 

accident. Plume concentrations corresponding to appropriate health endpoints are required. Human 

health risk endpoints addressed in this assessment include the potential for life-threatening effects 

(evaluated using PLC values), potential for reversible or irreversible adverse effects (evaluated using 

PAEC values), and potential for increased cancer incidence effects (evaluated using ICRC values). The 

calculated risks correspond to the endpoint being assessed. 
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The goal of identifying PLC, PAEC, and ICRC values is to estimate the minimum concentration that 

could induce an adverse health effect. This minimum level is used in the ALOHA TM model to estimate 

the plume area with an air concentration at that level or higher. The total population exposed is 

assumed to be at risk for the health effect. Of the population at risk (the population within the plume), 

those exposed to the highest concentrations will be most likely to experience the health effect. The 

collective population risk calculations identify the number of individuals in the population at risk but 

do not differentiate the risk for individuals within the plume area. The analysis for MEI receptors 

addresses the highest estimated exposure levels. 

E.16.5.1 Potential Life-Threatening Concentration Values 

The potential for life-threatening health effects is assessed for specific HW components designated as 

PIHs by DOT (49 CFR 173.115, 173.132-133). These substances are assigned protective action 

distances in the DOT 1993 Emergency Response Guidebook commonly used by hazardous materials 

incident response personnel (DOT, 1993a). Only liquids and gases are designated as PIH substances. 

Two criteria must be met for designation as a PIH: (1) high toxicity, based on the concentration of a 

chemical gas or vapor at which 50 percent of the test animals die, known as LC50; and (2) for liquids, 

medium to high volatility. Potential life-threatening concentration values were derived for all PIH 

substances in the HW FY 1992 shipment inventory considered the baseline case for the No Action 

Alternative. These resulted in PLC values for approximately 50 chemicals. No PIH chemicals were 

identified in the TRUW or LLMW inventories. 

Potential life-threatening concentration values are air concentrations of HW above which exposed 

persons are at risk for potential life-threatening health effects when exposed for the associated exposure 

duration. Potential life-threatening concentration values are input to the ALOHA TM code to estimate 

"PLC-areas at risk" (areas that equal or exceed the PLC air concentration). In deriving PLC values, 

three main issues must be addressed: (1) selection of toxicity values, (2) selection of appropriate 

uncertainty factors, and (3) exposure duration adjustment. These issues are discussed in detail in the 

technical support document (Lazaro et al., 1994a) and are summarized below. 
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E.16.S.1.1 Toxicity Value Selection 

Toxicity data were obtained from one of two sources: (1) the Registry of Toxic Effects of Chemical 

Substances (RTECS) database (NIOSH, 1992), or (2) Dangerous Properties of Industrial Materials 

(Sax and Lewis, 1992). Two possible toxicity values for estimating potential human life-threatening 

health effects are the LC50, defined above, and the human LC LO defined as the lowest reported 

concentration of gas or vapor that has caused death in humans. 

In this assessment, the lower of either (a) the lowest available human LCLo value divided by an 

uncertainty factor of 3 or (b) the LC50 value for the most sensitive tested mammalian species divided 

by an uncertainty factor of 10 was selected as the primary toxicity value for deriving PLCs. For 

substances with no available LC50 or human LCLo value, the lowest mammalian LC LO value was 

substituted for the LC50 value. In the absence of either value, a short-term exposure level (STEL) for 

occupational exposures was multiplied by 15 to derive the PLC value, based on methods similar to 

those used to derive "Level of Concern" values (EPA et al., 1987). The toxicity value selection was 

restricted to data with associated experimental exposure times between 5 minutes and 6 hours. 

Experimental data with exposure times less than 5 minutes are difficult to reproduce, and data with 

exposure times greater than 6 hours would be inappropriate for evaluating acute health effects. 

E.16.S.1.2 Uncertainty Factor Selection 

The EPA uses uncertainty factors to allow for imprecision in deriving reference doses (RfDs) for 

hazardous chemical substances (EPA, 1989a). For this assessment, an uncertainty factor of 3 

(approximate logarithmic mean of 1 and 10) was selected on the basis of limited EPA guidance (EPA, 

1980; 1989a). To correct for variations in susceptibility among individuals in the human population, 

LCw values were reduced by an uncertainty factor of 3. Values for LC50 or mammalian LCLo were 

reduced by an uncertainty factor of 10 (3 to correct for interspecies extrapolation and 3 to account for 

variations in human susceptibility-rounded from 9 to 10 for simplicity). 
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E.16.5.1.3 Exposure Duration Adjustment 

The ALOHA TM code used to estimate the PLC areas at risk for transportation accidents also computes 

estimates of release duration. These estimates range from 1 to 60 minutes. Longer duration releases 

are reported as "greater than 60 minutes." The ALOHA TM model limits the puff release (forcible 

emission) duration to periods of 1 hour or less. 

Reported LCLo and LC 50 values are associated with experimental exposure times . The estimated 

duration of releases computed with the ALOHA™ code are used to scale LCLo or LC50 values in the 

literature from experimental exposure times to the estimated duration of exposures. Either a linear or 

exponential function can be assumed in scaling literature-reported toxicity values to the appropriate 

exposure duration. The scaling assumption resulting in the lowest PLC value was used in this 

assessment. 

In calculating accident risks for the potential life-threatening endpoint, the assumption is that the entire 

population living within the PLC area at risk could experience life-threatening health effects from the 

exposure. This assumption is conservative because the PLC values have incorporated uncertainty 

factors to account for sensitive human subpopulations. Greater detail on the derivation of PLC values, 

the PLC values for all PIH substances contained in the HW shipping inventory, and comparisons with 

other available emergency planning criteria, are included in the technical support document (Lazaro 

et al., 1995b). Potential life-threatening concentration values and supporting information for some 

representative high-risk substances are presented in Table E-33. 

E.16.S.2 Potential Adverse Effect Concentration Values 

To estimate the occurrence probability of less severe effects, values were also developed to estimate 

air concentrations of HW components above which exposed persons are at risk of any adverse effect 

(PAEC values). Any-adverse-effect concentration values were derived for all PIH substances shipped 

by DOE waste generators in FY 1992 and for other substances (in either HW, LLMW, or TRUW 

shipment inventories) with inhalation RfDs available from the EPA (approximately 90 substances). As 

in the derivation of PLC values, the derivation of PAEC values requires selection of toxicity values, 

selection of uncertainty factors, and exposure duration adjustment, which are discussed below. 
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Table E-33. Values for PLC, PAEC, and ICRC for Representative Substances 

Health Health Health 
Risk Risk Risk 

Toxicity Inhalation Inhalation 
vsod 

Criterion Criterion Criterion 
Value Time/Species/ RID Unit Risk (ppm) (ppm) (ppm) 

Substance /nnm) Effect/Referencea (mJz/kJz/d)b (µ2/m3).J C (m2tm3l (15 min) (30 min) (60 min) 

PLC Values 

Arsinee l.3B+02 30 min/rat NA NA NA 1.9B+0l 1.3B+0l 6.6B+OO 

Chlorine l.4B+02 I hlmouse NA NA NA 2.7B+0l 1.9B+0l 1.4B+0l 

Hydrogen 5.0B+0l 30 min/human/ NA NA NA 2.4B+0! 1.7B+0l 8.3B+OO 
fluor!dee LCwfSax& 

Lewis 

Hydrogen 6.1B+OO I hlrat/LCw NA NA NA 1.2B+OO 8.6B-01 6. IE-01 
selenlde 

Nitrogen 3.0B+0l I hi guinea pig NA NA NA 6.0B+OO 4.2B+OO 3.0B+OO 
dioxide 

PAEC Values 

Acrolem& 8.7B-06 2 wk-7 yr/ 5.71E-06 NA NA UE-03 7.4B-04 3.7B-04 
human/Rf'C/IRIS or 

HBAST 

Hydrogen 4.7B-03 2 wk-7 yr/ 2.00B-03 NA NA 8.0E-01 4.0B-01 2.0B-01 
chlor!oo& human/Rf'C/IRIS or 

HEAST 

Hydrogen l.2E+02 I min/human NA NA NA 8.2B-01 4. IE-01 2.0B-01 
fluoride TCwfcough, 

Irritation 

Hydrogen 6.IE+OO I hlrat/LCw NA NA NA l.2E-02 9.0E-03 6.0B-03 
selenlde 

Phosgene 4.4E+02 IO min/mouse/ NA NA NA 3.0E-01 l.5E-01 7.0E-02 
LC50 

I, I, 1-Tr!chloroethane!l 1.8B-01 2 wk-7 yr/ NA NA NA 3.1B+0l 1.6B+0l 7.8E+OO 
human/Rfc/ lRIS 

or HBAST 

ICRC Valu~ 

Chloroform NA NA NA 2.3B-05 4.3E-05 NA NA 5.5B+OO 

Dichloroethylene NA NA NA 5.0B-05 2.0E-05 NA NA 3.IE+OO 

Dichloromethane NA NA NA 4.7B-07 2. IE-03 NA NA 3.8e+02 

Note: NA = not applicable. 
a For PLC derivation, toxicity value is LC50 unless otherwise noted. For PAEC derivation, toxicity value is RfC obtained from EPA's IRIS database (EPA, 
1993b) or EPA's HEAST (BPA, 1993a). Other toxicity values were obtained from the RTBCS database (NIOSH, 1992), except when Sax & Lewis (Sax and 
~wis, 1992) are listed. 

Inhalation RID (in milligrams per kilogram per day) = [(toxicity valuexmolecular weight) /24.5] x (20m3/d+70 kg). 
c (µgt m3}·1 = reciprocal micrograms per cubic meter. 
d VOS = vinually safe dose = 10'6 (inhalation unit risk x I ,000 µ g/mg). 
e Exponential scaling used for 15-min PAEC; linear scaling used for 60-min PAEC. 
g Indicates that chronic RfC was adopted as subchronic RfC; value may be conservative. 
h!CRC value= VSDX24 hid X365 d/yr x70 yrx24.5/molecular weight (per National Research Council, 1986; National Research Council, 1993) . 

E.16.5.2.1 Toxicity Value Selection 

Inhalation RfDs and reference concentrations (RfCs) developed by EPA were selected as the most 

applicable toxicity values for deriving PAEC values. An inhalation RID is an estimate (with uncertainty 

spanning perhaps an order of magnitude) of continuous exposure to the human population (including 
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sensitive subgroups) that is likely to be without appreciable risk of deleterious effects (EPA, 1989b). 

Subchronic RfC values, applicable to exposure durations of 2 weeks to 7 years, are used when 

available. Otherwise, chronic RfC values are used; these values are most likely conservative, tending 

to overestimate risk. The RID in milligrams per kilogram per day is derived from the RfC in milligrams 

per cubic meter. The EPA Integrated Risk Information System (IRIS) database and Health Effects 

Assessment Summary Tables (HEAST) have been used to obtain current RfC values (EPA, 1993a; 

EPA, 1993b). 

Many PIH substances did not have available RfC values. For these substances, toxicity data, such as 

values for the lowest toxic concentration (TCLo), were obtained from either NIOSH (1992) or Sax and 

Lewis (1992). Toxicity values were selected in a hierarchical fashion analogous to that used to estimate 

PLC values. In the absence of an RfC, the lowest human TCLo value, or the lowest concentration 

causing any adverse effect, was selected as the most appropriate toxicity value for PAEC derivation. 

When human TCLo values were unavailable, the following toxicity values from the literature were used 

(in decreasing order of preference): (1) lowest mammalian TCLo values, (2) lowest human LC LO 

values, (3) lowest LC50 values, (4) lowest mammalian LCLo values, and (5) the STEL value. As with 

the PLC data, the toxicity value selection for PAEC values was restricted to data with associated 

experimental exposure times of between 5 minutes and 6 hours. 

E.16.5.2.2 Uncertainty Factor Selection 

For substances with available RfC values, application of uncertainty factors was unnecessary because 

the appropriate factors are already incorporated into the RfC value (EPA, 1993a; EPA, 1993b). Where 

use of other toxicity values was necessary, uncertainty factors were selected following the rationale 

EPA used in deriving RfC values (EPA, 1989a): (1) human TCLo divided by 10 (for sensitive 

subpopulations); (2) mammalian TCLo divided by 100 (10 for sensitive subpopulations and 10 for 

extrapolation from animal data to humans); (3) human LCLo divided by 100 (10 for sensitive human 

subpopulations and 10 for extrapolation of lethality data to estimate sublethal effects); (4) LC50 or 

mammalian LCw divided by 1,000 (10 for sensitive human subpopulations, 10 for extrapolation from 

animal data to humans, and 10 for extrapolation of lethality data to estimate sublethal effects); and 

(5) the STEL value divided by 3 (for sensitive human subpopulations) . 

E-122 



Appendix E-Part II 

E.16.5.2.3 Exposure Duration Adjustments 

For substances for which RfC values are available, the equation used to estimate PAEC values was 

based on EPA methods for estimating inhalation exposures and acceptable air concentrations of 

noncarcinogenic contaminants (EPA, 1989a; EPA, 1991). Details about the parameter values chosen 

are given in supporting documentation (Lazaro et al., 1995a). 

For substances for which no RfC values are available, the exposure duration adjustment is identical to 

that used in generating PLC values: the exposure duration adjustment (linear or exponential) resulting 

in the lowest PAEC value was used in modifying toxicity values to derive PAECs. 

In calculating accident risks for the endpoint presented as any adverse effect, the assumption is that the 

entire population living within the PAEC area at risk would experience some adverse effect from the 

exposure. Again, this assumption is conservative because the PAEC values have incorporated 

uncertainty factors to account for sensitive human subpopulations. The equation used to estimate 

PAECs and the computed PAEC values, along with comparisons with other available emergency 

planning criteria, are discussed in the technical support document (Lazaro et al ., 1995b). The PAEC 

values and supporting information for some representative high-risk substances are presented in 

Table E-33. 

E.16.5.3 Increased Cancer Risk Concentration Values 

Hazardous chemical waste transported from DOE facilities may also be evaluated for possible increased 

cancer risk in exposed individuals. Values were developed to estimate the air concentrations of 

carcinogenic HW components above which exposed persons have an increased carcinogenic risk of one 

in one million or higher. These values were termed ICRC values. The risk level of one in one million 

was selected to represent the level below which increased risk is considered negligible. 

An ICRC value was derived for each HW, TRUW, LLMW substance that met the following criteria: 

(1) the substance is classified as a known, probable, or possible human carcinogen (EPA, 1993a; EPA, 

1993b); (2) the substance has an EPA inhalation unit-risk value; and (3) the substance is volatile enough 

to present significant potential for exposure of the public. Increased cancer risk concentration values 
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were derived for approximately 25 carcinogens. Several inorganic and organic substances were not 

evaluated because they are solids under ambient conditions or because the potential to volatize is 

minimal (for example, lindane, arsenic, beryllium, and cadmium). 

The method used to generate ICRC values is that recommended by the National Research Council 

(1986, 1993). Because the estimation of increased cancer risk for exposure periods of less than 1 hour 

is highly uncertain, ICRC values were generated only for an assumed 1-hour exposure. Exposures were 

averaged over a 70-year lifetime. In calculating risks for individual accidents, the assumption was made 

that the entire population living within the ICRC area at risk would experience an increased cancer risk 

of one in one million or higher. The equation used to estimate ICRCs and the computed ICRC values 

are discussed in the technical support documents (Lazaro et al., 1995b; Monette et al., 1995; Hong 

et al., 1995). Table E-33 presents increased cancer risk concentration values and supporting 

information for some representative high-risk substances. 

Population at Risk. The cargo-related population risk is calculated by estimating the minimum 

concentration level that could induce the adverse health effect of interest for each endpoint (potential 

life-threatening effects, any adverse effects , or increased cancer risk). This minimum level is used in 

the ALOHA™ model to estimate the plume area with an air concentration at that level or higher. The 

HIGHWAY 3 .1 and INTERLINE 5 .0 models then provides population density estimates for the plume 

areas in rural, suburban, or urban areas. Of the population at risk, those exposed to the highest 

concentrations would be most likely to experience the health effect, but the method does not 

differentiate the risk for individuals within the plume area. The evaluation of MEis is intended to 

address the question of what maximum exposure levels could be and what health effects could be 

associated with those levels . To evaluate the MEI for each health endpoint, the primary factors 

considered were a combination of chemical potency, quantity released, and dispersion, as reflected by 

the exposed areas output from the ALOHA™ model (Section E.17.3 provides details). The MEI was 

considered to be located at the point of highest chemical concentration accessible to the public. This 

location was modeled to be 30 m (100 ft) from the release point (the assumed closest distance of a 

residence from the middle of the roadway) . Although for each endpoint, many shipments of each 

chemical may be included in the database, only the shipment resulting in the highest chemical 

concentration is evaluated for the MEI. 
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E.17 Risk Assessment Results 

E.17 .1 HAZARDOUS W ASI'E 

E.17.1.1 Hazardous Waste Alternatives 

Transportation impacts associated with the four HW Alternatives are analyzed to provide input for 

decisions about the extent to which DOE should continue to rely on commercial facilities for treating 

and disposing of the nonaqueous part of the hazardous waste stream. The analyzed HW Alternatives 

are (1) No Action; (2) Decentralized (optimize commercial facility selection for 11 DOE Sites, and use 

the limited existing and approved treatment capacity at three to five Sites); (3) Regionalized 1 (five 

DOE TSD Sites, including three TSD hubs or host Sites); and (4) Regionalized 2 (two DOE TSD hubs 

or host Sites). Hazardous waste from 11 DOE Sites representing approximately 90 percent of the HW 

generation in the DOE complex was analyzed. The HW inventories and the HW Alternatives for these 

facilities are described further in Lazaro et al. (1995a). 

Hazardous waste management under the No Action Alternative (current baseline conditions) would 

continue to use existing and approved TSD facilities (for example, primarily wastewater treatment) at 

the DOE Sites, while most of the nonaqueous (nonwastewater) waste stream would be shipped offsite 

to permitted commercial facilities. 

Under the Decentralized Alternative (optimal conditions) the no action activities would continue with 

an "optimized" use of DOE facilities and commercial vendors. This optimization would occur through 

eliminating brokering (consolidating HW with a broker from more than one generator before shipment 

for TSD) and by strategically selecting commercial TSD facilities by waste treatment group capability 

and proximity to the largest generators. These actions would limit the number of commercial facilities 

storing, brokering, treating, and disposing DOE HW and would select commercial TSDs as close to 

the principal generators as practical. Hazardous waste brokering, sometimes at several broker locations, 

can significantly increase the transportation miles of the original HW, depending on when and where 

consolidation occurs. Figure E-8 illustrates shipment routes for the Decentralized Alternative. Except 

for wastes to be incinerated (approximately 15 percent of the total generated organic HW) and 

destroyed through use as a fuel-waste (approximately 20 percent of the total organic generated HW) 
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at Los Alamos National Laboratory (LANL), Oak Ridge Reservation (ORR), and the Savannah River 

Site (SRS), most of the HW generated by the other eight DOE Sites included in this analysis would be 

sent to commercial TSD facilities. 

The Regionalized 1 Alternative would continue no action, except that approximately 50 percent of 

nonaqueous HW generated by the core installations would be treated at five tr~atment hubs or home 

facilities-Hanford, Idaho National Engineering Laboratory (INEL), LAN~, ORR, and SRS. 

Hazardous waste not treated at these Installations and the residual treated waste from these Sites would 

be sent to commercially licensed facilities for treatment and disposal. Under this Alternative, HW 

shipments would occur as follows: Pantex and Sandia National Laboratories (SNL) to the LANL hub; . 

Lawrence Livermore National Laboratory (LLNL) to the Hanford Site hub; and the Kansas City Plant 

(KCP), Argonne National Laboratory-East (ANL-E), and Fermi National Accelerator Laboratory 

(FERMI) to the ORR hub . INEL and SRS would serve as home TSDs only for their own generated 

HW. The remaining smaller generators would ship to permitted commercial TSD facilities. Figure E-9 

shows the transportation routes computed for the Regionalized Alternative. 

The Regionalized 2 Alternative would continue no action, except that approximately 90 percent of the 

total nonwastewater HW generated by core Sites (including all organic HW) would be treated at two 

treatment hubs (INEL and ORR). All remaining HW would be packed and shipped to a limited number 

of permitted commercial TSD facilities. Under this Alternative, shipments of HW would be as follows: 

Hanford, LANL, Pantex, SNL, and LLNL to the INEL hub; and KCP, ANL-E, Fermi, and SRS to the 

ORR hub. Figure E-10 illustrates the transportation routes computed for the Regionalized 1 

Alternative. 

For each Alternative, vehicle-related and cargo-related risks are calculated for onsite and offsite 

transportation of HW. Cargo-related risks from accident conditions are computed for chemical 

exposure of onsite and offsite populations and for the MEI. Vehicle-related risks are quantified for 

death and injury from collisions and for latent cancer mortality caused by inhalation of vehicle 

exhausts. The collective risk for each Alternative is computed and reported below on an annual basis 

for the respective estimated HW shipment inventories. Shipments of HW to commercial and DOE hub 

TSD facilities are assumed to occur over 20 years. The average shipment period duration risk can 

therefore be calculated by dividing the results provided in the following tables by 20. 
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E.17.1.2 Cargo-Related Accident Transportation Risks (Chemical Dose Through 
Inhalation.) 

The assessment of transportation accident impacts associated with exposures to chemical releases are 

quantified in terms of risks to onsite and offsite populations for the three health endpoints described 

in Section E.16.5. Inhalation exposure risks from chemical releases in onsite and offsite HW 

transportation accidents are quantified for the four HW Alternatives. The risks are expressed as the 

potential number of expected adverse health effects (such as fatalities, reversible or irreversible organ 

or tissue damage, and individuals with an increased cancer risk of one in one million or higher) for 

each Alternative and as a relative risk as compared with the No Action Alternative . A detailed 

description of the HW shipment inventory for each Alternative is in Lazaro et al. (1995a). 

The collective annual population risks to the general public and onsite workers for onsite and offsite 

HW transportation, under each Alternative, are presented in Table E-34. The approximate shipping 

routes are shown in Figures E-8 through E-10. The technical support document (Lazaro et al., 1995a) 

should be consulted for more detailed information (such as risks by generator, by shipment, and by 

chemical). Under the current system (No Action Alternative), HW is often brokered. Brokering is not 

assumed to occur under any but the No Action Alternative. Data on final destination of brokered HW 

were generally unavailable for the assessment of shipments evaluated for the potential adverse effects 

and cancer endpoints. Brokering data were incorporated only for shipments evaluated for the potential 

lethality endpoint. 

E.17.1.2.1 Potential Life-Threatening Effects 

The data in Table E-34 show the relative risk of potential life-threatening effects among Alternatives 

from transporting HW involving a PIH chemical spill. This table indicates that, among the Alternatives 

evaluated, the No Action Alternative tends to indicate a higher risk of 45 to 50 percent. Risks under 

the Decentralized and Regionalized Alternatives are lowest, approximately 40 percent of those under 

the No Action Alternative. 

The risk of life-threatening effects from offsite HW shipments under the No Action Alternative is 

generally approximately two or more times greater than the risks for other Alternatives . The average 

shipment distances for containers with PIH chemicals for each Alternative are approximately 966 km 
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Table E-34. Populati.on Impacts Summary for Each HW Altemati.ve for a 20-Year Periotfl 

Shipment Data Alternatives 
and Population Risks No Action Decentralized Re1donallzed Resdonallzed 2 

Shipment Summary 
Number of shipments 

PIH cargo 63 67 79 60 

Carcinogenic waste 169 201 253 166 

Adverse effect waste 285 344 418 283 

Other wasteb 1,712 2,026 2,483 1,685 

All waste categoriesC 1,712 2,026 2,483 1,685 

Distance (km x 1 o6)d 

Other wasteb 31.54 28.68 55 .69 29.98 

PIH cargo 2.28 1.17 0.80 1.61 

Carcinogenic waste 6.29 3.49 7 .3 5.59 

Adverse effect waste 13.00 8.14 16.49 11.76 

All waste categoriesC 31.54 28.68 55.69 29.98 

Population Risk/! (number of 
individuals potentially affected) 

Cargo-relatectf 

Potential life-threatening health 0.146 0 .058 0.056 0.076 
effects 

Concerns for potential cancer 2 .2 1.2 2.5 2.1 
incidents 

Potential adverse health effects 78 48 86 60 

Vehicle-related 

Physical trauma impactsg 

Accident fatalities 0.302 0.274 0.533 0.287 

Accident injuries 1.972 1.793 3.480 1.874 

Vehicle exhaust-related fatalities11 0.117 0.102 0.180 0.102 

a Risks and travel distances are for the total shipment duration (20 years). To obtain the annual values, divide risks and 
distances by 20. . 
b Other waste is RCRA waste that did not meet the toxicity criteria for evaluation in this assessment (Section E.16.5). 
c Total shipments and distances are less than the sum of the shipments and distances by cargo type because several waste types 
fe generally shipped together. 

Distances reflect nonempty truck shipment distance multiplied by 2 to account for return of trucks with empty cargo. As 
a result, distance may be overestimated. 
e Cargo-related and vehicle-related risks cannot be added because of the disparity in calculation methods and meaning of 
yndpoints. 

Cargo-related risks refer to the number of people affected, computed from the product of the probability of accidental release 
times the number of people exposed to the health criteria concentration. 
g Physical trauma impacts are based on total distance traveled carrying DOE HW. 
h Vehicle exhaust impacts are based on total urban kilometers traveled by trucks carrying DOE HW in all four categories. 
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(600 mi) for No Action, 563 km (350 mi) for Decentralization, 418 km (260 mi) for Regionalized 1, 

and 708 km (440 mi) for Regionalized 2. More than 50 percent of the potential life-threatening effects 

risk under the No Action Alternative is contributed by about 8 percent of the HW shipments that 

contain PIH chemicals (5 of 63 PIH shipments). This same relationship is also true for the other three 

Alternatives. The reduced risk under these Alternatives is a direct result of shortening the shipment 

transportation distances. The specific chemicals in the five waste truckloads that contribute to most of 

the chemical inhalation risk are two shipments of arsine (0.03 m3 [8 gal]), two shipments of hydrogen 

fluoride (0.06 m3 [17 gal]), and one shipment of hydrogen selenide (3.8 L [1 gal]). The atmospheric 

transport and dispersion from the release of all five truckloads of these three chemicals was modeled 

as a negatively buoyant heavy or dense vapor plume. As the analysis indicates, these chemicals could 

present a significant but relatively small risk over the 20-year shipment duration. 

E.17 .1.2.2 Any Adverse Effects 

For the any-adverse-effects endpoint, risks are highest under the No Action and Regionalized 

Alternatives; these risks are about 60 to 80 percent greater than risks under the Decentralized and 

Regionalized 2 Alternatives (Table E-33). The average transportation distances for · shipments 

containing compounds with PAEC values are approximately 1,291 km (802 mi) for No Action, 974 km 

(605 mi) for the Decentralized Alternative, 1,555 km (966 mi) for Regionalized 1 and 1,236 km 

(768 mi) for Regionalized 2. More than 50 percent of the any-adverse-effects risk under the No Action 

Alternative is contributed by less than 13 percent of the shipments involving any-adverse-effect 

chemicals (36 of 285 shipments). This relationship also holds approximately true for the other three 

Alternatives. The specific chemicals in these waste shipments that contribute most of the any-adverse

effect risk are 26 shipments of hydrogen chloride (30 containers; 3.05 m3 [807 gal]), 8 shipments of 

hydrogen fluoride (9 containers; 0.81 m3 [215 gal]), 1 shipment of acrolein (1 container; 3.8 L [1 gal]), 

1 shipment of hydrogen selenide (1 container; 3 .8 L [1 gal]), and 1 shipment of phosgene (1 container; 

3.8 L [1 gal]). Atmospheric transport and dispersion were modeled as a negatively buoyant heavy or 

dense vapor plume for all but the acrolein shipment. The acrolein spill was modeled as a passive 

neutrally buoyant vapor plume. As the analysis indicates, these chemicals are substances that could 

present a significant risk of adverse effects if an accidental release occurred during truck transportation. 

E-132 



ApPendix E-Part II 

E.17.1.2.3 Increased Carcinogenic Risk 

The average distance of waste container shipments with carcinogenic chemicals ( or compounds with 

an ICRC value) for each Alternative is approximately 1,609 km (1,000 mi) for No Action, 888 km 

(552 mi) for the Decentralized Alternative, 1,954 km (1,214 mi) for Regionalized 1, and 1,390 km 

(864 mi) for Regionalized 2. More than 50 percent of the carcinogenic risk under the No Action 

Alternative is contributed by less than 7 percent of the shipments of HW containing carcinogenic 

chemicals (7 of the 169 shipments). This relationship also holds approximately for the other three 

Alternatives. The reduced cancer risk under the Decentralized Alternative is a direct result of lessening 

the shipment transportation distance. The specific chemicals in the seven waste shipments that 

contribute to most of the total risk are five shipments of dichloroethylene (six containers; 363 .4 L 

[96 gal]) and two tanker shipments of chloroform (27 .8 m3 [7,342 gal]) . The atmospheric transport and 

dispersion of these chemicals were modeled as passive, neutrally buoyant vapor plumes. As the analysis 

indicates, these chemicals could present an increased cancer risk of one in one million or higher to the 

general population if an accidental release occurred during truck transportation. 

E.17.1.2.4 Discussion 

As indicated in Table E-34, with respect to potential life-threatening health effects, the No Action 

Alternative results in the greatest number of kilometers traveled and, thus, the highest cargo-related 

population risk. For the other health endpoints, the No Action Alternative does not result in the highest 

number of miles traveled or the highest risks; however, the mileage estimates under the No Action 

Alternative for the increased-cancer-risk and any-adverse-effects endpoints may be underestimated, 

because information on brokering was unavailable for shipments evaluated for those endpoints. 

The Regionalized 2 Alternative results in higher potential life-threatening risks than the Regionalized 1 

Alternative; however, with respect to the increased-cancer-risk and any-adverse-health-effects 

endpoints, the Regionalized 1 Alternative has greater risk. In all cases, the higher risks are associated 

with a greater number of kilometers traveled. The Regionalized 1 Alternative has five DOE treatment 

Sites and nine supporting commercial sites (five west and four east of the Mississippi River) . The 

Regionalized 2 Alternative includes two DOE Sites and 21 commercial sites; however, the key factor 

here is that approximately 50 percent of the HW for the Regionalized 1 Alternative would be treated 
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at commercial sites and 50 percent at DOE Sites. For the Regionalized 2 Alternative, 90 percent of the 

waste is to go to only two Sites (the DOE locations); the remaining 10 percent of the waste is to be 

sent, as needed, to the commercial sites. 

The explanation for why risk is greater under the Regionalized 1 Alternative than under the 

Regionalized 2 Alternative (for carcinogenic and any-adverse-health-effects endpoints) lies in the 

distance trucks travel and how full they would be with DOE waste. In the analysis, more trucks are 

needed to ship HW under the Regionalized 1 Alternative because the waste typically must be split 

between commercial and DOE treatment. A shipment was considered a DOE shipment even if the truck 

was only partially loaded with DOE waste; however, for the Regionalized 2 Alternative, trucks can be 

loaded closer to capacity, reducing the number of shipments and transportation distance because so 

much of the waste is going to the same place (to either of the two DOE Regionalized 2 treatment hubs). 

The 90-day maximum on storage at DOE Sites is the reason that full truckloads of waste are unlikely 

to leave DOE Sites for treatment. Once the 90-day period is over, the waste must be moved offsite for 

treatment. Full trucks are more the exception than the rule, considering the various treatments possible 

for that waste. The exception is for the PIH chemicals. Although fewer shipments are required under 

the Regionalized 2 Alternative for PIH chemicals, the greater distance to centralized hubs is likely the 

cause of higher risks. 

Current practice is for a DOE Site to be one of a number of loading stops for a commercial transporter. 

The use of fully loaded, dedicated trucks going to a centralized location is an expensive Alternative not 

considered realistic. This usage is certainly not common practice for DOE at this time. In addition, the 

requirement that a waste container not be stored for more than 90 days also argues for the current 

commercial pickup procedure, which allows for a larger number of shipments spread out over the year 

and avoids waste accumulation. If DOE-dedicated trucks were used for the Regionalized 1 and 

Regionalized 2 Alternatives, the total truck distance traveled would likely be lower for the 

Regionalized 1 Alternative because travel distance would be less for most shipments. 

E-134 . 



E.17.1.3 Cargo-Related Accident Transportation Risks (Chemical Dose Through 
Inhalation) for the MEI 

E.17.1.3.1 Potential Life-Threatening Effects 

The ALOHA™-computed hazard zones for PIH chemicals are given in Table E-35. A hazard zone is 

the distance from the release point within which life-threatening health effects may occur. Hazard zones 

are presented for PIH chemicals shipped by DOE with ALOHA ™-modeled releases that would result 

in potentially lethal plumes. Poison inhalation hazard chemicals shipped in small quantities and for 

which spills would not result in a potentially lethal plume are not listed. 

E.17.1.3.2 Any Adverse Effects 

Poison inhalation hazard chemicals were not included in the exposure assessment of the MEI for the 

potential adverse effects endpoint because the appropriate endpoint for MEI receptors is potential 

lethality, which was addressed under Section E.17.3.1. ALOHA™ was used to estimate the chemical 

Table E-35. Hazard 7-ones for Potential Life-Threatening Risks to an MEI 

Number of Hazard Number of 
Hazard Zone8 Annual Zone8 Annual 

Chemical Name (m) Shipments Chemical Name (m) Shipments 

Ammonia 93 5 Nitric acid, fuming 67 2 

Arsine 719 4 Nitric oxide 137 1 

Boron trifluoride 238 1 Phosgene 39 2 

Bromine 39 2 Phosphine 203 2 

Carbon monoxide 76 4 Sulfur dioxide 122 1 

Chlorine 305 10 Titanium 40 1 
tetrachloride 

Hydrogen fluoride 626 5 Nickel carbonyl 227 2 

Hydrogen sulfide 207 8 

a Hazard rone indicates the distance from the release point within which life-threatening health effects may occur. 
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concentration and exposure duration for the MEI for the non-PIH chemicals. A standard risk equation 

was used (EPA, 1989b). Consistent with the chemical-specific accident risks for the public for this 

endpoint, parameters for a 6-year-old child were used: body weight of 21 kilograms (kg) (46.3 pounds 

[lb]) and moderate activity inhalation rate of 0.033 m3/min (EPA, 1989a). These values were compared 

with EPA RID values by generating a hazard quotient (HQ) (daily intake/RID) for each chemical. An 

HQ greater than 1 indicates that an adverse effect for the MEI is likely. Note that the level of concern 

associated with exposure to these compounds does not increase linearly as HQ values exceed 1. In other 

words, HQ values do not represent a probability or a percentage. One may conclude that, as the HQ 

value above 1 increases, greater concern exists about potential adverse effects; however, assuming that 

an HQ value of 10 indicates that adverse health effects are 10 times more likely to occur than for an 

HQ value of 1 is incorrect. 

Results are shown in Table E-36. Only the HQ for trichlorofluoromethane is less than 1. The other 

HQs range from 1.9 (for dichlorodifluoromethane) to about 29,000 (for mercury) . Thus, an accidental 

release of any of these substances would potentially result in adverse effects for receptors at the MEI 

location. Because of uncertainties and conservatism associated with using EPA RID values to evaluate 

single, brief exposures, the assumption may be made that the risk of adverse effects is minimal for 

substances with HQ values between 1 and 10. Therefore, the greatest potential for adverse effects tu 

the MEI is associated with accidental release of the following substances: 1, 1, !-trichloroethane, 

acrylonitrile, carbon disulfide, carbon tetrachloride, chloroform, epichlorohydrin, hexane, mercury, 

methylene chloride, methyl isobutyl ketone, propylene oxide, toluene, triethylamine, and vinyl acetate. 

E.17.1.3.3 Increased Carcinogenic Risk 

For the 10 carcinogens of greatest concern, risks to the MEI were calculated on the basis of potency, 

quantity released, and dispersivity, as reflected by exposed areas output from the ALOHA™ model. Of 

the carcinogens DOE shipped under the No Action Alternative, only two (benzene and vinyl chloride) 

are ranked in carcinogen Class A (known human carcinogens). These two chemicals were included in 

the MEI evaluation. 
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Table E-36. Any Adverse Effects Risk to an MEI 

Concentration 
at MEI Exposure 

Location Time Intake RID 
Chemical (nnm) (min) (mg/k2/d) ( m2/kg/ d) HQ 

Acetonitrile 300 25 1.4 X lOO 1.4 X 10-l 10 

Acrylonitrile 260 20 1.3 X lOO 5 .7 X 10-4 2,300 

Acrylic acid 0.25 60 5.0 X 10-3 8.6 X 10-4 5.8 

Aniline 0.9 60 2.3 X 10-2 2.9 X 10-3 7.9 

Carbon disulfide 250 10 8 .7 X 10-l 2.9 X 10-3 300 

Carbon tetrachloride 140 20 2.0 X lOO 1.7 X 10-2 120 

Chloroform 7,000 20 7.7 X 101 1.1 X 10-2 7,000 

Chloromethane 12,000 2 5 .3 X lOO 2.6 X lOO 2.0 

Dichlorodifluoro- 1,000 2 1.1 X lOO 5.7 X 10-l l.9 
methane 

Epichlorohydrin 8 60 2.0 X 10-l 2.9 X 10-3 69 

Hexane 180 10 6.9 X 10-l 5.7 X 10-2 12 

Mercury 45 60 2.5 X lOO 8.6 X 10-5 29,000 

Methylene chloride 20,000 10 7.8 X 101 8.6 X 10-l 91 

Methyl ethyl ketone 1,200 25 9.9 X lOO 2.9 X lOO 34 

Methyl isobutyl ketone 550 60 1.5 X 101 2.3 X 10-l 65 

Nitrobenzene 1.1 60 3.6 X 10-2 5.7 X 10-3 6.3 

Propylene oxide 310 2 1.7 X 10-l 8.6 X 10-3 20 

Toluene 650 55 1.5 X 101 1.1 X 10-l 140 

Trichlorofluoromethane 1,300 2 1.6 X lOO 2.0 X lOO 0 .80 

1, 1, I -Trichloroethane 10,000 20 1.2 X 102 2.9 X 10-l 410 

Triethylamine 15 15 1.0 X 10-l 2.0 X 10-3 50 

Vinyl acetate 140 20 1.1 X lOO 5.7 X 10-2 19 

ALOHA™ was used to estimate the carcinogen concentration and duration of exposure for the MEI. A 

standard risk equation and standard assumptions for inhalation rate (0.014 m3/min and body weight of 

70 kg [approximately 155 lb]) were used in calculating risks (EPA, 1989b). Risks ranged from 7 x 10-6 

to 2.1 x 10-4 and are presented in Table E-37. All except one are within a risk range generally 

considered acceptable for HW sites . The risk of 2.1 x 10-4 was for hydrazine, a chemical shipped 

12 times under the No Action Alternative; therefore, increased carcinogenic risk for the MEI is 

insignificant for all carcinogens except hydrazine; however, note that several of these carcinogens 
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Table E-37. Li.fedme Increased Carcinogenic Risk to an MEI 

Concentration Exposure Cancer 
at MEI Time Intake Slope Factor Incidence 

Chemical Location (oomi (min) (mg/kg/d)b (mg/kg/dr1 Risk to MEI 

1,2-Dibromoethane 10 60 3.6 X 10·5 7.7x101 2.8 X 10·5 

1,3-Butadiene 450 2 1.6 X 10·5 9.8 X 10-l 1.5 X 10·5 

Acrylonitrile 250 20 8.5 X 10·5 2.4X 10-l 2.0 X 10·6 

Benzene 600 20 3.0 X 10·4 2.9x 102 8.7 X 10·6 

Ethylene oxide 555 5 3.9 X 10·5 3.5 X 10_1 1.4 X 10·5 

Formaldehyde 8,150 2 1.6 X 10"4 4.6x 10·2 7.1 X 10·6 

Hydrazine 20 60 1.2 X 10·5 l.7X 101 2.1 X 10·4 

Tetrachloroethane 50 60 1.6 X 10"4 2.ox10·1 3.3 X 10·5 

Vinyl chloride 1,850 2 3.4 X 10·5 2.9x10·1 2.2 X 10·5 

Vinylidene chloride 1,250 2 7.7 X 10·5 1.8 X 10-l 1.4 X 10·5 

Notes: ppm = parts per million; mg/kg/d = milligram per kilogram per day. 
a MEI is assumed to be located 30 m ( 100 ft) from release point. 
b Adjusted to short-term exposures. 

(specifically, acrylonitrile, ethylene oxide, and formaldehyde) are severe irritants and would be 

expected to result in eye and respiratory irritation to the MEI at the modeled dose levels. 

E.17.1.3.4 Accident and Rouane Vehicle-Related Transportaaon Risks 

The risk of fatality and injury under each Alternative is directly proportional to the number of miles 

traveled. For this reason, risks of the Decentralized, Regionalized, and Regionalized 2 Alternatives are 

approximately one-half those of the No Action Alternative. These risks may be refined to reflect fatality 

and injury rates specific to urban, suburban, and rural roadways as these data become available. The 

risks of fatalities and injuries ·from collisions occurring during HW transport are reported in 

Table E-34 for each Alternative. 

The routine vehicle-related risks associated with truck emissions are directly proportional to the number 

of miles traveled in urban areas for each Alternative: the Alternative with the most miles through urban 

areas has the greatest risk. The collective annual population risks (to the public and workers) from 

onsite and offsite HW transportation under routine nonaccident conditions are reported for each 
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Alternative in Table E-34. The data clearly show that routine risk estimates are linearly dependent on 

only one variable, total HW transportation distance. Truck shipments of HW through urban areas are 

40 to 55 percent more frequent under the Regionalized 1 Alternative than under the other Alternatives. 

E.17 .2 TRANSURANIC WASTE 

E.17.2.1 TRUW Alternatives 

See Section E.2.2.3 for a detailed description of the six TRUW alternatives. 

E.17 .2.2 Cargo-Related Accident Transportation Risks (Chemical Dose Through 
Inhalation) 

Organic liquids constituted the TRUW waste stream class which would present the greatest risk to the 

public in terms of hazardous waste impacts if a transportation accident occurred. Therefore, this case 

was studied in detail for both truck and rail transportation modes . For truck mode, the results revealed 

that the footprint area for the work-case shipment was within 30 m (98 ft) of the roadway, where no 

residents were assumed to live. This was true for both the "any adverse effects" and "increased 

carcinogenic risk health" endpoints. Recall that no substance evaluated for the potentially-life 

threatening endpoint was included in the TRUW inventory. Since the worst-case shipment was 

assessed, all other shipments would also result in zero population risks. Similarly, the plume footprint 

area for the worst-case rail mode shipment was also within 30 m (98 ft) of the roadway, so the 

population risk was zero. Therefore, the population risk for both transportation modes under all 

alternatives was zero, primary due to TRUW transportation in TRUPACT-11 containers. 

E.17.2.3 Cargo-Related Accident Transportation Risks (Chemical Dose Through 
Inhalation) for the MEI 

Truck Mode. The impacts to the MEI are the same for all alternatives under the truck transport mode 

since each alternative involves transport of organic liquids via truck or rail, and the MEI for each 

alternative is assumed to be located 30 m (98 ft) from the roadway . The MEI calculations were 
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performed using assumptions and methods consistent with those presented above for hazardous waste. 

The carcinogenic risks and risks for any adverse effect are presented in Tables E-38 and E-39. The 

potential life-threatening effects endpoint was not assessed, because no PIH substances were included 

in the TRUW inventory. The risks to the MEI are very small but are non-zero. The risks shown are 

consistent with the result of zero population risks, because only carcinogenic risks of 10-6 or greater 

or hazard quotients of 1 or greater would result in a population risk that is reported in this assessment. 

Rail Mode. The railcar accident release rates are twice the truck accident rates, because the railcars 

have a TRUPACT-11 capacity of six (versus a truck capacity of 3). Therefore, the carcinogenic risks 

and risks for any adverse effects presented in Tables E-40 and E-41 are twice the risks presented for 

truck mode. The hazard quotient to the MEI from carbon tetrachloride is 1.06. This hazard quotient 

indicates a very borderline potential for any adverse effects (potential for effects is considered unlikely 

for hazard quotients less than 1) . As a general guideline, the assumption may be made that the risk of 

adverse effects in minimal for substances with HQ values between 1 and 10, due to the uncertainties 

and conservatism associated with the use of EPA RID values to evaluate single, brief exposures. 

Therefore, adverse effects due to carbon tetrachloride exposure would be unlikely unless the MEI 

receptor was extremely sensitive with respect to chemical exposures. 

Accident and routine vehicle-related risks from transportation of TRUW are presented in Part I. 

E.17.3 LOW-LEVELMIXEDWASTE 

E.17.3.1 LLMW Alternatives 

See Section E.2.2.4 for a detailed description of the six LLMW Alternatives. In summary, the 

Alternatives assessed for the HW component of LLMW consist of the following: 

Decentralized (49 sites treat contact-handled waste (CH); 16 sites dispose); 

Regionalized 1 (11 sites treat CH; 12 sites dispose); 

Regionalized 2 (7 sites treat CH; 6 sites dispose); 

Regionalized 3 (7 sites treat CH; 1 site disposes); 
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Table E-38. Lifetime MEI Carcinoge,nic Risks for Mixed TRUW - Truck Mode 

Concentration 
at MEI Exposure Inhalation Cardno-

Location Time Air Intake Slope Factor genie 
Chemical Name (ppm) (min/d) (mg/kg/d) (mg/kg/d)"1 MEI Risk 

Carbon tetrachloride 2.15E-01 60 6 .34E-07 5.25E-02 3.3E-08 

Table E-39. MEI Hazard Quotients for Adverse Effect Endpoint for 
Mixed TRUW - Truck Mode 

Concentration 
at MEI Exposure Inhalataion Inhalation Hazard 

Chemical Molecular Location Time Air Intake RFD Quotient 
Name Weight (ppm) (min/d) (mg/kg/d) (mg/kg/dt1 Risk 

1, 1, 1-trichloroethane 133.42 5.86E-01 60 2.lE-02 2.9E-01 7.52E-02 

Carbon tetrachloride 153.82 2. lSE-01 60 9.lE-03 1.7E-02 5.30E-01 

Freon 113 187.38 1.85E-01 60 9.SE-03 8.6E+OO 1.llE-03 

Table E-40. Lifetime MEI Carcinogenic Risks for Mixed TRUW - Rail Mode 

Concentration at 
MEI Location 

Chemical Name (ppm) 

Carbon tetrachloride 4.3E-01 

Exposure Time 
(min/d) 

60 

Inhalation Air 
Intake 

(mg/kg/d) 

6.34E-07 

Slope Factor 
(mg/kg/dt1 

5.25E-02 

Carcinogenic 
MEI Risk 

6.6E-08 

Table E-41. MEI Hazard Quotients for Adverse Effect Endpoint for Mixed TRUW - Rail Mode 

Concentration at Inhalation Air 
MEI Location Exposure Time Intake Inhalation RFD Hazard 

Chemical (ppm) (min/d) (mg/kg/d) (mg/kg/d) Quotient 

l, l, 1-trichloroethane 1.17E+OO 60 2.lE-02 2.9E-01 l.S0E-01 

Carbon tetrachloride 4.30E-01 60 9.lE-03 1.7E-02 1.06E+OO 

Freon 113 3.70E-01 60 9.SE-03 8.6E+OO 2.22E-03 
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Under all alternatives, remote-handled waste would be treated and disposed of at four sites . The 

No Action Alternative does not involve HW transportation risks, and thus is not discussed here. 

E.17.3.2 Cargo-Related Accident Transportation Risks (Chemical Dose Through 
Inhalation) 

The collective cargo-related population risks to the general public for 10 years of off-site WM 

transportation are summarized in Table E-42 for truck transport mode and in Table E-43 for rail 

transport mode. The potential life-threatening effects endpoint was not assessed, because no PIH 

substances were included in the LLMW inventory. Transportation accidents involving liquid waste 

shipments yield much higher population risks than those involving solid waste shipments (by at least 

4 orders of magnitude under the same LLMW treatment option). Due to the higher payload capacity 

of a railcar compared with that of a truck, the population risks are generally higher for railway than 

for highway transportation . 

The potential population risks involving liquid waste shipments by trucks and railcars are attributed to 

the direct release of aerosolized liquid droplets. Truck-accident increase cancer risk and any adverse 

effect risk from aerosolized liquid droplets are highest for highway shipments under the Centralized 

Alternative, severity Category IV. Railcar-accident risks from aerosolized liquid droplets are also 

highest for rail shipments under the centralized alternative and the same severity category. 

The potential population risks involving solid waste shipments by trucks and railcars are attributed to 

evaporative organic vapor emissions from a waste spoils-pile ground spill and to the direct release of 

respirable particulates from an overturned vehicle or a ruptured container (or both) . Truck accident 

risks from evaporative and from respirable particulate releases are found to be zero for all of the cases. 

For railcar shipments, population risks are identified for respirable particulate releases under the 

Regionalized 2, Regionalized 3, Regionalized 4, and Centralized Alternatives . The risks for the 

centralized alternative are the highest, but even these risks are quite low in comparison with the 

transportation risk of the purely HW shipments (i.e., those with no radiological component; see 

Section E.17.1 above). 

E-142 



---. ~ · ... · ..... ---. --

ApPendix E-Part II 

Table E-42. Summary of Cargo-Related Population Risks0 for WM (JO-Year Period/ 
LLMW Shipments by Highway 

LLMW Treatment Options 

Decen- Region- Region- Region- Region-
Population Risks tralized alized l alized 2 alized 3 alized 4 Centralized 

Shipment summary 
Number of shipments 4.90E +02 l.81E +03 5.56E+03 l.09E+04 4.25E+03 7.52E+03 
distance (kmf 3.75E+05 9.56E+05 4.14E+06 2.40E+07 4.34E+06 2.17E+07 

Liquid wastes 
Potential for increased 
cancer incidence 
Severity Categories I-ill 0.OOE +OO 0.OOE + OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 
Severity Category Ivd 1.68E-07 3.51E-07 0.68E-05 0.68E-05 1.08E-05 l .95E-04 
Severity Category V l.29E- 08 2.61E- 08 4.96E- 07 4.96E- 07 0.S0E- 06 l.88E- 05 
Severity Category VI 0.65E- 09 l.23E- 09 2.28E- 08 2.28E- 08 3.72E- 08 0.67E- 06 
Severity Category VII 2.03E- 10 4.06E- l0 0.73E- 08 0.73E- 08 l.l4E- 08 2.0SE- 07 
Severity Category vm 2.31E- ll 4.27E- l l 0.72E- 09 0.72E- 09 l.l3E- 09 2.0lE- 08 

Potential adverse health effects 
Severity Categories I-III 0.OOE + OO 0.OOE+OO 0.OOE + OO 0.OOE+OO 0.OOE +OO 0.OOE+OO 
Severity Category Ivd 1.04E-06 2.82E-06 2.84E-05 2.84E-05 4.36E-05 0.90E-03 
Severity Category V 0.80E- 07 2.04E- 07 2.0SE- 06 2.08E- 06 3.23E- 06 0.67E- 04 
Severity Category VI 2.02E- 09 0.99E- 08 0.96E- 07 0.96E- 07 l.51E- 07 3.13E- 06 
Severity Category VII l.21E- 09 3.llE- 09 3.09E- 08 3.09E- 08 4.66E- 08 0.95E- 06 
Severity Category vm l.33E- l0 3.26E- 10 3.0SE- 09 3.0SE- 09 4.62E- 09 0.93E- 07 

Solid wastes 
(volatile-organic-contaminated 
soil/debris evaporative releases) 
Potential for increased 0.OOE +OO 0.OOE + OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 
cancer incidence 
Potential adverse health effects 0.OOE +OO 0.OOE +OO 0.OOE+OO 0.OOE + OO 0.OOE+OO 0.OOE+OO 

Solid wastes 
(respirable contaminated 
aerosol releases) 
Potential for increased cancer O.OOE + OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 

incidence 
Potential adverse health effects 0.OOE + OO 0.OOE + OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 

a Cargo-related risks refer to the number of people affected and were computed from the product of the probability of 

6ccidental release times the number of people exposed to the health criteria concentration. 
Risks and travel distances are for the total shipping duration (10 years). To obtain the annual values, the risks and 

distances must be divided by 10. 
c Vehicle-related distances are the highway distances multiplied by 2 to account for the return of empty trucks with no 
~rgo. As a result, distances may be overestimated. 

Severity category presenting the highest risk. 

E.17.3.3 Cargo-Related Accident Transportation Risks (Chemical Dose Through 
Inhalation) for the MEI 

With regard to MEI risk evaluation, the increased cancer risk and any adverse effects endpoints are 

summarized in Tables E-44 and E-45. The methods used to estimate risks to the MEI were the same 

as those used for HW outlined in Sections E .17 .1. 3. 2 and E .17 .1. 3. 3 above. The risk calculations are 
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Table E-43. Summary of Cargo-Related Population Risksa for WM (JO-Year Periodl 
LLMW Shipments by Railway 

LLMW Treatment Options 

Population Risks Decentralized Reglonalized I Regionalized 2 Regionalized 3 Regionalized 4 Centralized 

Shipment summary 

Number of shipments 3.608+02 !.03E+03 2.498+03 4.548+03 2.058+03 3.348+03 

distance (kmf 3.44E+05 7.748+05 2.208+06 1.098+06 2.458+06 1.048+06 

Liquid wastes 

Potential for Increased cancer Incidence 

Severity Categories 1-11 0.008+00 0.008+00 0.008+00 0.008+00 0.008+00 0.008+00 

Severtry Ca1egory nP 4.888-08 1.168-07 2.128-06 2.12E-06 2.448-06 2.828-05 

Severity Category V 3.608-09 0.868-08 UIE-07 UIE-07 1.778-07 2.I0E-06 

Severity Category VI 1.688-10 3.848-10 0.668-08 0.668-08 0.798-08 0 .998-07 

Severity Category VII 0.588-10 1.348-10 2.468-09 2.468-09 2.968-09 3.588-08 

Severity Category VIII 0.628-11 1.328-11 2.448-10 2.448-10 3.078-10 3.888-09 

Total 5.338-08 l.25E-07 2.288-06 2.288-06 2.628-06 2.858-05 

Potential adverse health effects 

Severity Categories I-III 0.008+00 0.008+00 o.oor +oo 0.008+00 0.008+00 0.008+00 

Severity Ca1egory nP 2.708-07 0.848-06 0.87e-05 0.87e-05 1.018-05 1.108-04 

Severity Category V 2.00E-08 0.61E-07 0.67E-06 0.678-05 0.738-06 0.82E-05 

Severity Category VI 0.938-09 2.778-09 2.798-08 2.99E-08 3.3IE-08 3.89E-07 

Severity Category VI I 3.22E-10 0.99E-09 J.0lE-08 !.0IE-08 !.22E-08 1.39E-07 

Severity Category VIII 3.428-11 0.978-10 9.4E-06 !.0IE-09 !.37E-09 !.54E-08 

Total 2.9!E-07 9.048-07 9.4E-06 9.4E-06 l.09E-05 1.198-04 

Solid wastes 

(volatile-organic-contaminated aerosol 
releases) 

Potential for Increased cancer lncidenced 0.008+00 O.OOE+OO 0.00E+OO 0.00B+OO 0.00B+OO 0.00B+OO 

Potential adverse health effects 0.OOE+OO 0.008+00 0.008+00 0.00B+OO 0.008+00 0.00E+OO 

Solid Wastes (respirable contaminants 
aersol releases) 

Severity Category I-III 0.00B+OO 0.00B+OO 0.00E+OO 0.00B+OO 0.00B+OO 0.00E+OO 

Severlry Category nP 0.00B+OO 0.00B+OO 4.ZIE-11 4.2!E-ll 0.52B-!0 0.54B-09 

Severity Category V 0.00B+OO 0.00B+OO 3.128-12 3.12B-!2 4.08B-!2 3.98B-ll 

Severity Category VI 0.00B+OO 0.008+00 1.47B-!3 1.47B-!3 2.08B-13 I. 73B-12 

Severity Category VII 0.00B+OO 0.00B + OO 4.90E-!4 4.90E-13 0.70B-!3 0.65B-!2 

Severity Category VIII 0.008+00 0.00B+OO 0.55B-!4 0.55B-14 0.85B-!4 0.66B-!3 

Total 4.54B-11 4.54B-ll 5.63B-11 5.82B-!0 

a Cargo-related risks refer to the number of people affected and were computed from the product of the probability of accidental 
i;elease times the number of people exposed to the health criteria concentration. 

Risks and travel distances are for the total shipping duration (10 years). To obtain the annual values, the risks and distances must be 
divided by 10. 
c Vehicle-related distances are the highway distances multiplied by 2 to account for the return of empty trucks with no cargo. Asa 
result, distances may be overestimated. 
d Severity category presenting the highest risk. 
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Table E-44. Lifedme Increased Cancer Risk to an MEI for UMW Transportadon 

Concentration Exposure Inhalatlona Cancer 
Transportation Release at MEI Location Time Air Intake Slope Factor Incidence Risk 

Mode Mode Chemical Name (ppm) (min/d) (mg/kg/d) (mg/kg/d)"1 to MEI 

Highway Liquid Dichloromethane 6. 17B+0I 60 1.0IB- 04 1.65B- 02 1.7B-07 

aerosol Dlchloroethane 2.72B+0l 60 5. 16B- 05 9.!0B- 01 4.7B-06 

(direct) Tetrachloroelhene 1.91E+02 60 6.08E- 04 5.95E- 02 3.6B- 06 

Benzene 1.09E+04 60 1.63E- 02 2.9!E- 01 4.7B- 04 

Vapor Dlchloromethane 1.18B-02 60 1.92E- 08 1.65E- 02 3.2E- 11 

spoils pile Dlchloroethane 9.41B- 02 60 !.79B- 07 9. !0B- 01 1.6B- 08 

(SuperfUnd) Tetrachloroelhene 1.26B- 03 60 4.0!B- 09 5.95B- 02 2.4E- ll 

Benzene 1.80B- 02 60 2.69B- 08 2.91B- 0! 7.8B- 10 

Panlculate Dichloromethane 1.20B-02 60 1.96E- 08 1.65B- 02 3.2B- 11 
(severity Dichloroethane 6.978- 03 60 !.32E- 08 9. !0E- 01 1.2E- 09 

Category II) Tetraehloroelhene 2.28B- 02 60 7.26B- 08 5.95B- 02 4.3B- 10 

Benzene 1.05E+0l 60 !.57B- 07 2.91E- 01 4.6B- 09 

Panlculate Dichloromethane !.20B- 01 60 1.96B- 07 1.65B- 02 3.2B- 10 

(severity Dichloroethane 6.97B-02 60 !.32B- 07 9. !0B- 01 1.2E- 08 

Category III) Tetrachloroelhene 2.28B- 0! 60 7.26B- 07 5.95B- 02 4.3E- 09 

Benzene 1.05B+OO 60 !.57B- 06 2.9!E- 01 4.6B- 08 

Panlculate Dlchloromethane !.20E+OO 60 !.96B- 06 !.65B- 02 3.2E- 09 

(severity Dicbloroethane 6.97B- 01 60 !.32B- 06 9.!0E- 01 1.2B- 07 

Categories Tetracbloroelhene 2.28B+OO 60 7.26E- 06 5.95E- 02 4.3B- 08 

IV-VIII) Benzene 1.05E+0l 60 !.57B- 05 2.91E- 01 4.6E- 07 

Railroad Liquid Dichloromethane !.65B+02 60 2.69E- 04 1.65B- 02 4.4B- 07 

aerosol Dicbloroethane 5.85E+0l 60 1.IIE- 04 9. 10B- 01 1.0B- 05 

(direct) Tetrachloroelhene 9.24B+02 60 2.948- 03 5.95B- 02 I. 7E- 05 

Vapor Dichloromethane !.96E- 02 60 3. !9B- 08 1.65B- 02 5.3B- 11 

spoils pile Dicbloroethane !.57B- 02 60 2.98B- 08 9. !0B- 01 2.7B- 09 

(Superfund) Tetracbloroelhene 2.53B- 03 60 8.05B- 09 5.95B- 02 4.8B- 11 

Benzene 3.31E- 02 60 4.96B- 08 2.91E- 0l 1.4B- 09 

Panlculate Dicbloromethane 3.41E- 02 60 5.56B- 08 1.658- 02 9.1B- 11 

(severity Dlchloroethane !.98B- 02 60 3.76B- 08 9. 10B- 01 3.4B- 09 

Category II) Tetracbloroelhene 4.50B- 02 60 1.43B- 07 5.95B- 02 8.5B- 10 

Benzene 5.25B- 01 60 7.86B- 07 2.91B- 01 2.3B- 08 

Panlculate Dichloromethane 3.41B- 01 60 5.56B- 07 1.65B- 02 9.1B- 10 

(severity Dicbloroelhane 1.988- 01 60 3.768- 07 9.108- 01 3.48- 08 

Category III) Tetraehloroelhene 4.50B- 01 60 1.43B- 06 5.95B- 02 8.5B- 09 

Benzene 5.25B+OO 60 7.86B- 06 2.9!E- 0l 2.3B- 07 

Panlculate Dicbloromelhane 3.41B+OO 60 5.56B- 06 !.65B- 02 9. IB- 09 

(severity Dicbloroelhane 1.98B+OO 60 3.76B- 06 9.10B- 01 3.4B- 07 

Categories Tetracbloroelhene 4.50B+OO 60 !.43B- 05 5.95B- 02 8.5B- 08 

IV-VIII) Benzene 5.25B+0l 60 7.86E- 05 2.91E- 01 2.3B- 06 

Note: ppm = pans per million: mg/kg/d = milligram per kilogram per day. 
a Adjusted to short-term exposures . 
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Table E-45. Any Adverse Effects Risk to an MEI for LLMW Transportation 

Concentration Exposure Inhalation 
Rfdb Transportation Release at MEI Location Time Air Intake 

Mode Mode Chemical Name (ppm) (mln/d) (mg/kg/d) (mg/kg/d) HQ 

Highway Liquid spill Dichloromethane 6.17B+0l 60 1.4B + OO 8.6B + OO 1.68B+OO 
l, I, I-Trichloroethane 2.72B+0l 60 10.0B- 01 2.9B+OO 3.49B+OO 

Freon 113 l.91B+02 60 9.8B+OO 8.6B+0l 1.15B+OO 

Toluene l.09B+04 60 2.8B+02 1.1B+OO 2.42B+03 

Spoils pile Dichloromethane 1.18B-02 60 2.8B- 04 8.6B+OO 3.22B- 04 

vapor 1, 1, 1-Trichloroethane 9.41B-02 60 3.5B- 03 2.9B+OO 1.21B- 02 

(Superfund) Freon 113 l.26B- 03 60 6.5B- 05 8.6B+0l 7.56B- 06 

Toluene 1.80B- 02 60 4.6B- 04 1.18+00 3.998- 03 

Particulate Dichloromethane 1.208- 02 60 2.8B- 04 8.6B+OO 3.278- 04 
(severity 1, l , 1-Trichloroethane 6.97B- 03 60 2.6B- 04 2.98+00 8.95B- 04 

Category II) Freon 113 2.28B- 02 60 1.28- 03 8.68+01 1.378- 04 

Toluene 1.058- 01 60 2.78- 03 1.18 + 00 2.33B- 02 

Particulate Dichloromethane 1.20B- 01 60 2.88- 03 8.68+00 3.278- 03 
(severity l, l, 1-Trichloroethane 6.978- 02 60 2.6B- 03 2.98+00 8.95B- 03 
Category III) Freon 113 2.288- 01 60 1.28- 02 8.68+01 1.37B- 03 

Toluene 1.058+00 60 2.78- 02 1. lB+OO 2.338- 01 

Particulate Dichloromethane 1.208+00 60 2.8B- 02 8.6B+OO 3.278- 02 
(severity 1, 1, 1-Trichloroethane 6.978- 01 60 2.68- 02 2.98+00 8.958- 02 
Categories Freon 113 2.288+00 60 1. 28- 01 8.68+01 1.378- 02 
IV-VIII) Toluene 1.058+01 60 2.78- 01 1.18+00 2.338+00 

Railroad Liquid spill Dichloromethane 1.658+02 60 3.98+00 8.68+00 4.508+00 
I, 1, !-Trichloroethane 4.468+03 60 1.68+02 2.98+00 5.72B+02 
Freon 113 4.948+00 60 2.58- 01 8.68+01 2.968- 02 
Toluene l.21B+04 60 3.1B+02 1.lB+OO 2.688+03 

Spoils pile Dichloromethane 1.968- 02 60 4.68- 04 8.68+00 5.348- 04 
vapor 1, l, 1-Trichloroethane 1.788- 02 60 6.58- 04 2.98+00 2.288- 03 
(Superfund) Freon 113 1.87B- 04 60 9.6E- 06 8.68+01 1.128- 06 

Toluene l.18E- 02 60 3.0E- 04 l. lE + OO 2.62B- 03 

Paniculate Dichloromethane 3.41B- 02 60 8.0B- 04 8.6B+OO 9.30B- 04 
(severity l, 1, I-Trichloroethane 7.54B- 02 60 2.88- 03 2.98+00 9.68B- 03 
Category II) Freon 113 5.07B- 03 60 2.6E- 04 8.68+01 3.048- 05 

Toluene 2.768- 01 60 7.08- 03 1.18+00 6.128- 02 

Paniculate Dichloromethane 3.41B- 01 60 8.0B- 03 8.68+00 9.308- 03 
(severity 1, 1, 1-Trichloroethane 7.548- 01 60 2.88- 02 2.98+00 9.68B- 02 
Category Ill) Freon 113 5.07B- 02 60 2.68- 03 8.68+01 3.04B- 04 

Toluene 2.76B+OO 60 7.0E-02 1.1B+OO 6.12B- 0l 

Paniculate Dichloromethane 3.41B+OO 60 8.08- 02 8.68+00 9.30B- 02 
(severity 1, 1, 1-Trichloroethane 7.548+00 60 2.8B- 01 2.9B+OO 9.68B- 01 
Categories Freon 113 5.078- 01 60 2.6B-02 8.6B+0l 3.048- 03 
IV-VIII) Toluene 2.768+01 60 7.0E- 01 1.18+00 6.12B+OO 

Notes: RID+ inhalation reference dose. 
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based on the maximum ambient concentrations at 30 m (98 ft) from the release point for all shipments 

for a single truck or rail car accident predicted by the ALOHA TH model on a chemical-specific basis. As 

indicated in Table E-44, carcinogenic risks for all chemicals are between 3.2 x 10-11 and 4.7 x 10-4. 

All except one are lower than or within a risk range generally considered acceptable for HW sites 

(i.e., 10-6 to 10-4). The risk of 4.7 x 10 -4 was for LLMW classified as soluble hydrocarbon. As a 

conservative assumption and to facilitate calculations, soluble hydrocarbon waste was assumed to be 

the carcinogenic substance benzene. The risks presented for this waste category are probably 

overestimated, because it is highly unlikely that the soluble hydrocarbons are actually composed of pure 

benzene. However, more data on the composition of the material would be required to refine the risk 

estimate. Adverse effects are considered possible for substances with associated hazard quotient values 

greater than 1. As shown in Table E-45, HQs are greater than 1 for the liquid shipment assessed (both 

by truck and rail), and for solid-waste truck and rail shipments of toluene under accident severity 

categories IV through VIII. Thus, accidental release involving any of these shipments would have a 

potential to result in adverse effects for receptors at the MEI location. 

Increased cancer risks and any adverse effects risks are also presented in the technical support 

document by alternative (Monette et al., 1995). 

E.18 Uncertainty 

The consecution of analysis leading to estimates of transportation risk for HW and HW components 

ofTRUW and LLMW has the following major components: (1) computation of transportation routes; 

(2) development of health effects criteria; (3) selection of appropriate truck accident, toxic chemical 

release, and ruptured container probabilities; (4) quantitative estimation of source terms and 

atmospheric transport and dispersion; (5) calculation of exposure areas exceeding health endpoint 

specific chemical concentration levels; and (6) estimation of worker, general population, and MEI risks . 

Various levels of uncertainty are associated with each of these components. Uncertainties exist in the 

way the physical systems being analyzed are represented by the computational models , in the data 

required to exercise the models (due to measurement errors, sampling errors, natural variability, or 

unknowns simply due to the future nature of the actions being analyzed) , and in the calculations 

themselves (for example, empirical data inherent in the model structure and the theoretical assumptions 
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incorporated in the model). The errors in data used as input to the model or models applied to compute 

risk can be referred to as parameter uncertainty. Errors in the model algorithm or empirical data 

incorporated in the model can be referred to as model uncenainty. 

In principle, one can estimate the uncertainty associated with each model input data parameter, each 

model empirical parameter, and each model theoretical assumption, and predict the resultant uncertainty 

in each set of calculations. Thus, one can propagate the uncertainties from one set of calculations to 

the next and estimate the uncertainty in the final result (that is, human health risk); however, 

conducting such a full-scale quantitative uncertainty analysis is often impractical because of the lack 

of actual data (for example, field measurements), which does not permit development of the necessary 

probability distributions needed to quantify uncertainty in every parameter. This is especially true for 

actions to be taken in the future; however, one can typically assume that the accuracy of Gaussian 

model predictions of maximum ground level concentrations, such as those from ALOHA, are within 

a factor of 3 of corresponding field observations (Turner, 1994). The remainder of the error inherent 

in the risk calculations is in parameter uncertainty. Three main types of parameter uncertainty exist: 

random error resulting from data entry or reporting, systematic error induced from biases in data 

collection and analysis procedures, and errors resulting from variability over time and space (that is, 

meteorology or waste volumes). Certain key model input parameters can be identified for analysis that 

should capture the most significant contributors associated with parameter uncertainty and, when 

combined with model uncertainty, to the overall uncertainty in the risk assessment. These parameters 

come from the following six areas: 

• · Meteorowgic conditions (for example, windspeed and direction, atmospheric stability, relative 

humidity, and ambient temperature) at the time of the accident 

• Number of shipments of hazardous chemicals, which depends on the accuracy of the total 
annual shipment inventory and its variation from year to year 

• Release amounts from any given accident caused by impact physics (the vehicle's speed, 
collision type, and number of vehicles involved), the location of the container rupture, and the 
number and contents of ruptured containers 

• Hazardous material truck accident rates and the release probability, given an accident 

• Population density in the vicinity of the accident 

• Health criteria and extrapolation to humans, including the adjustment of each health criterion 
to the actual exposure time of the human to the vapor plume 
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Estimates of the potential range of uncertainty or variability in the absolute HW risk can be made by 

varying these parameters independently within probable parameter error bands or known variability 

bands. Although not a quantitative uncertainty analysis, this type of sensitivity analysis is useful in 

providing some semiquantitative estimate of potential absolute uncertainty in the risk estimates 

associated with each parameter. To do this, the data used to estimate the risk of potential 

life-threatening effects discussed in Section E.17 .2 .1 of this appendix were used to carry out a 

sensitivity analysis to estimate potential parameter error bands. Because the risk estimate results from 

these data show that more than 50 percent of the risk for potential life-threatening effects under the 

No Action Alternative is contributed by a small fraction of the total shipments (5 of 63 PIH shipments), 

a sensitivity analysis using these data should provide a reasonable estimate of the magnitude of 

parameter error bands. The specific chemicals in the five waste truckloads that contribute to most of 

the chemical-inhalation potential life-threatening risk are two shipments of arsine (0.03 m3 [8 gal]), two 

shipments of hydrogen fluoride (0.06 m3 [17 gal]), and one shipment of hydrogen selenide (3.8 L 

[1 gal]). The atmospheric transport and dispersion from the release of all five truckloads of these three 

chemicals were modeled as a negatively buoyant heavy or dense vapor plume. 

The first parameter examined was meteorologic conditions . Although random error (error of data 

collection and reporting) and systematic error (error of instrument calibration) are associated with this 

parameter, uncertainty associated with meteorologic variability should produce variability bands that 

overlap the smaller error bands associated with random and systematic error. Windspeed, atmospheric 

stability, and ambient temperature were varied to estimate the risk associated with meteorologic 

variability for the top six HW shipments contributing more than 50 percent of the risk. Windspeeds 

were varied from 1 to 20 m/s (2.2 to 45 mi/h) for conditions of daytime neutral stability (stability Class 

D) with 35 °C (95 °F) and 10 °C (50 °F) ambient temperatures and were varied from 2 to 5 mis (4.5 

to 11 mi/h) for nighttime stable (stability Classes E and F) conditions with 20 °C (70 °F) and -9 °C 

(15 °F) ambient temperatures. The PEIS risk assessment assumed 4-m/s (9 mph) winds, neutral 

stability, and an ambient temperature of 35 °C (95 °F). This parameter variability produces a risk 

uncertainty varying from approximately a factor of 3 smaller to approximately a factor of 11 larger. 

Risk standard deviations range from 4.3 x 10-4 (for the arsine shipment) to 2.0 x 10-2 (for the hydrogen 

selenide shipment). 

The uncertainty in the number of shipments per year depends on the accuracy of reported manifested 

waste volume inventory of PIH, ICRC, and PAEC chemicals and the year-to-year variability in 

E-149 



Appendix E-Part II 

shipping these chemicals. Although risk is linear with transportation miles, the number of shipments 

is not linear with manifested waste volumes. With the assumption that a fully implemented waste 

minimization program would offset any positive bias in the waste inventory, a 20-percent reduction in 

volume could lead to 5 percent fewer shipment miles. 

The release amount depends on many factors, such as the vehicle's speed at impact, the position and 

quantity of drums in the truck, and the truck type. Preliminary sensitivity analysis indicated that 

variations in these factors can lead up to a factor of 10 difference in risks for a single route. 

Release probabilities have an approximately linear relationship to risk. The same six routes and 

chemicals mentioned previously were analyzed for transportation risk by using 20 percent more or less 

than the probabilities used in actual risk analysis. Risk results appeared to be linearly related because 

20-percent higher probabilities led to an approximately 20-percent higher risk. 

Changing the health criteria (for lethality) to 0 .1 to 10 times the value used in the risk assessment led 

to dramatic changes in the risk . Typically, changes in the risk between 1 and 2 orders of magnitude 

resulted along any one route of the six tested. Errors of 0.1 to 10 are possible for the health criteria 

for different chemicals, but that range likely covers any reasonable error in estimation of that health 

criterion. Some cancellation of errors is likely as the risk from many routes and chemicals is summed 

to provide the total risk for a specific Alternative; however, the risk from the top 10 percent of the 

routes with the greatest risk likely dominates this summation process. 

The transportation risk assessment is designed to ensure-through uniform and judicious selection of 

scenarios, models, and input parameters-that relative comparisons of risk among the various 

Alternatives are meaningful because the errors in each Alternative evaluation repeat themselves in the 

same way. Because the uncertainty is in the absolute risk estimates; for example, the potential number 

of fatalities, relying on the relative risk comparisons among Alternatives normalizes this uncertainty 

and therefore reduces the level of uncertainty in the comparative results. In the transportation risk 

assessment, input parameters and assumptions are uniformly applied to all HW Alternatives. Therefore, 

although considerable uncertainty is inherent in the absolute magnitude of the transportation risk for 

each Alternative, much less uncertainty is associated with the relative differences among the 

Alternatives in a given measure of risk. 
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E.18.1 COUNTERPOSING OR REINFORCEMENT OF ERRORS (ABSOLUTE UNCERTAINTY) 

The previous discussion describes the major sources of parameter and model uncertainty in the HW 

risk analysis calculations and the ranges of \ikely uncertainty in those parameters and models used. For 

some parameters, an estimate of the possible risk value range for a 1.6-km (1-mi) segment due to the 

parameter range was given as well; however, the total risk calculated for a specific Alternative (and 

health endpoint) is actually the sum of the risk values computed for each of the many 1.6-km (1-mi) 

segments encompassing the many routes traveled by the many HW shipments for that Alternative 

(No Action, Decentralized, Regionalized 1 or 2). In this summation process for each mile, the 

interaction among all the previous uncertainties occurs, and errors can cancel out to some degree. One 

parameter that leads to a conservative estimate of risk can counterpose a second parameter value 

leading to an optimistic estimate of risk. Cancellation of errors occurs to some d:gree for only those 

parameters for which median-type values were chosen; for instance, if the health criteria numbers are 

generally conservative estimates, the effect of those parameters would generally be in the conservative 

direction, with error cancellation not occurring and with skewing of the total risk value to the 

conservative side. The interplay of uncertainties by parameter and assumption could be estimated only 

by using a detailed probabilistic risk assessment approach, which was not taken in this appendix. 

Recognizing that some error cancellation and actually some error reinforcement do occur is key to 

understanding the uncertainty in the final or total risk numbers computed. The effect of the combined 

set of parameter and model errors is estimated to be within plus or minus 1 order of magnitude for the 

total risk numbers presented for a specific Alternative and endpoint. 

E.18.2 RELATIVE UNCERTAINTY 

Although the absolute uncertainty may seem large from the previous discussion, the relative uncertainty 

is most important, and that uncertainty is believed to be sufficiently small to allow reliance on the 

management conclusions that result from comparing differences in the risk predictions among the 

Alternatives. Relative uncertainty is the uncertainty in the difference between pairs of Alternatives . 

Because a risk value is computed for each of the four Alternatives (and same endpoint) by using exactly 

the same methods, models , and parameter values , differences in the results should be caused by 

meaningful differences in the structure of the Alternatives; for example, with one Alternative, more 

miles may be covered by HW shipments than another. This relative risk is believed to be smaller than 

the actual differences in risk values from the various Alternatives; for example, if the risk from the 
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Regionalized 2 Alternative is greater than the risk from the No Action Alternative, the behavior-of 

Regionalized 2 being larger than No Action-is believed to be accurate, although the actual risk 

numbers computed may each contain significant error. The accuracy of these statements about relative 

risk are critical to the meaning of the risk analyses in this PEIS. 

E.19 Mitigative Measures 

When transporting HW and LLMW, DOE follows all applicable regulations of DOT and EPA, such 

as using absorbent overpacking to prevent liquid releases, using placards, preparing manifests, and 

employing licensed transporters. For each named chemical, the CFR identifies permissible containers 

for transporting that chemical. The containers are ranked based on their sturdiness and the hazard class 

of the chemical to be transported. These regulations are designed to minimize the risks of transporting 

HW and to allow for rapid mitigative action in the event of an accidental release. 

The DOE may consider additional measures to further minimize risks associated with HW and LLMW 

transportation. Examples include rerouting shipments through low-population density areas, pretreating 

the more dangerous chemicals at DOE Sites, or substituting for the chemicals that lead to the greatest 

risk. Where possible, the potential decrease in risk that could be achieved throo~h using rail transport 

may also be investigated. 
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APPENDIX F 
Treatment and Storage Facility Accidents 

F .1 Introduction and Overview 

F .1.1 SUMMARY 

This appendix documents the methodology and computational framework for facility accident analyses 

performed for the U.S . Department of Energy (DOE) Waste Management Programmatic Environmental 

Impact Statement (WM PEIS). The methodology is in compliance with the most recent DOE guidance 

EIS (DOE, 1993a) in that it considers the spectrum of accident sequences that could occur in activities 

covered by the WM PEIS and uses a graded approach emphasizing the risk-dominant scenarios to 

facilitate discrimination among the various WM PEIS alternatives. Although it allows reasonable 

estimates of the risk impacts associated with each alternative, the main goal of the accident analysis 

methodology is to allow reliable estimates of the relative risks among the alternatives. Rather than 

developing all accident sequences in detail the accident models are systematically applied to 

approximate the key source term parameters as functions of (1) the phenomenology and severity of the 

accident, (2) the process parameters, (3) the characteristics of the facility, and ( 4) the properties of the 

waste types. This allows many of the uncertainties in the data that are reflected in estimates of absolute 

risk to be canceled in estimates of relative risk providing a sufficient and scrutable basis for 

discriminating among alternatives. 

The output of the facility accident analyses is a specification for each waste type of the accidents 

potentially important to human health risk, an assessment of the frequencies of these accidents, and an 

evaluation of the radiological and chemical source terms resulting from these accidents. A radiological 

source term is defined by specifying the amount (in curies) of each radionuclide released during an 

accident, where release is conservatively assumed to be instantaneous. A chemical source term is 

defined by specifying the rate and duration of release for each toxic chemical released during an 

accident. The frequencies of the accidents and the results of the source term evaluation are provided 

as input to the WM PEIS for calculations of the human health and risk impacts. 
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The accident sequences analyzed were selected for their potential importance to human health. In light 

of the lack of specific process and facility design information, (including intrasite locations and 

associated characteristics of these locations, the analyses focused on accidents with potential airborne 

releases to the atmosphere. Although disposal alternatives are included in the WM PEIS waste 

management options, the details of ultimate disposal are not addressed. Consequently, accidents were 

not developed for this phase of waste management. 

Numerous DOE waste management sites were analyzed in this study. However, generic DOE facility 

characteristics were assumed in developing the accident sequences for all sites. Facility waste 

inventories assumed for each DOE site were derived from the storage inventories, generation rates, and 

treatment throughputs developed in the WM PEIS. Site safety documentation was used to help identify 

the frequencies and potential risk importance of accident initiators affected by site characteristics such 

as seismic or tornadic vulnerability or proximity to airports. However, existing facility documentation 

and accident data were used only for general guidance in source term development; thus, the accident 

analyses herein may not necessarily duplicate the results produced in individual site environmental 

impact statements (EISs) or safety documents where specific facilities are assessed. 

F .1.2 SCOPE AND ORJECTIVES 

The requirements on the scope of the accident analysis are driven by the scope of the WM PEIS and 

by DOE guidance discussed subsequently. The WM PEIS addresses strategic alternatives for 

management of five different types of waste in the DOE complex: low-level waste (LLW), hazardous 

waste (HW), high-level waste (HLW), low-level mixed waste (LLMW), and transuranic waste 

(TRUW). For each waste type, four categorical strategies have been devised for the consolidation of 

wastes for treatment, storage and disposal (TSO): (1) no action, where existing sites will generally 

store and treat their own wastes consistent with currently approved plans; (2) centralization, where 

from one to a few DOE sites will be used to treat, store, and dispose of a given waste type from the 

entire DOE complex; (3) regionalization, where several sites distributed throughout the country will 

be used to treat, store, and dispose of that waste type for their geographic regions; and 

(4) decentralization, where regionalization is extended to include more sites. Alternatives for 

consolidation of waste involve both existing and conceptual-design facilities at DOE sites throughout 

the country. Moreover, a number of technologies for waste treatment and options for storage are to be 

assessed for each type of waste. 
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The most recent guidance (DOE, 1993a) from the Office of National Environmental Policy Act (NEPA) 

Oversight within the DOE calls for consideration of the spectrum of accident scenarios that could occur 

in activities encompassed by the actions evaluated in the WM PEIS. This guidance also calls for a 

graded approach emphasizing the risk-dominant scenarios . Determination of risk dominance requires 

assessment of both the likelihood and the severity of plausible accident scenarios that could present a 

significant health hazard to either the workforce or the public. The spectrum of accident scenarios 

includes all accidents important to risk, from low-frequency events with potentially high consequences 

(as typified by accident sequences associated with natural phenomena such as earthquakes) to relatively 

high-frequency events with very low consequences (as typified by routine industrial accidents) . 

The broad scope of the WM PEIS and the recent NEPA guidance result in a very large number of 

combinations of possible TSD options, existing or new facilities, and related possible accident scenarios 

to be evaluated for assessing management alternatives for each waste type. Accordingly, one obvious 

objective of the methodology for accident analysis was the development of a strategy that would enable 

focus on the risk-dominant sites and facilities for the storage and treatment operations and on the 

alternatives for waste consolidation under consideration in the WM PEIS for each waste type. 

A second objective was to develop a methodology for accident analysis that would allow sufficient 

discrimination of risk impacts among the various options and alternatives to support the WM PEIS 

decision-making process. Although the method must provide reasonable estimates of the risk impacts 

associated with each alternative, providing reliable estimates of the relative risks among the alternatives 

is more important. To accomplish these goals, the accident models must be adequate to approximate 

the key source term parameters as a function of the phenomenology and severity of the accident, the 

process parameters, the characteristics of the facility, and the properties of the waste types. Although 

developing all accidents in detail is not necessary, systematically applying the underlying approximate 

models is necessary. Many of the uncertainties in the data that are reflected in estimates of absolute risk 

tend to be canceled in estimates of relative risk. Thus, systematic application of the models is required 

to provide a sufficient and scrutable basis for estimating relative risk and discriminating among 

alternatives. 

A consistent database must also be applied. The WM PEIS includes options for consolidating waste 

from both new and existing sites and facilities. Current safety analyses, environmental assessments, and 

EISs provide much site-specific information, but they have been developed over many years as the 

underlying technology base and the related regulatory guidance have improved. The scope and 
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supporting levels of detail in site safety reports vary widely. Thus, a third objective was to support the 

data requirements for the implementation of the computational framework by appropria~ely combining 

existing documentation on the safety of facilities with the most recent guidance on accident modeling. 

The last objective was to provide an automated capability to facilitate the overwhelming number of 

calculations in the accident analysis that are required to provide and evaluate the relative risk of the 

many combinations of process technology, facility selection, and site consolidation strategies in the 

WM PEIS alternatives for each waste type. The purpose is not only to provide baseline accident 

frequency and source term estimates, as required for the WM PEIS, but also to provide a capability 

for sensitivity analysis that can be used in the review process. Accident frequencies, radiological and 

chemical release source terms, and health effects on various populations are all sensitive to waste 

throughput. To allow accident risk to be characterized as a function of the throughput of a given waste 

type at each facility, thereby facilitating comparative evaluations, the requirements included integrating 

the computational packages of the accident analysis with the databases storing the data on the waste 

inventory and interfacing with the computer codes for health effects . 

F .1.3 ANALYTIC APPROACH 

To meet these objectives, an integrated approach was developed, which included the following 

interrelated elements: (1) selection of operations and related facility configurations across the DOE 

complex that have large and potentially haz.ardous inventories of radioactive or chemically toxic wastes 

vis-a-vis the attendant vulnerabilities and demographics of the facilities; (2) development and 

probabilistic evaluation of a uniform set of the risk-dominant sequences of accidents; and 

(3) determination of the evolution and final compositions of radiologically or chemically hazardous 

material source terms predicted to be released from these sequences. A personal-computer-based 

computational framework and database have been developed to automate these elements and to provide 

source term input for the analyses of health effects . 

The source terms were subsequently used for assessment of the radiological or toxicological health 

effects and the risks of accidents to the general public and to the workforces. This assessment is 

discussed elsewhere (see WM PEIS Appendix D). In addition to source term development, the main 

elements in assessing risk include (1) development or integration of existing site-specific demographics 

and meteorologic data and calculation of attendant unit risk factors and (2) assessment of the 
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radiological or toxicological consequences of accident releases to the general public and to the 

occupational workforces by combining the source term and unit risk information. 

Figure F .1-1 illustrates the integration of these elements into a systematic programmatic approach for 

performing risk impact analysis for the WM PEIS. The waste management alternatives discussed in the 

WM PEIS include the identification of siting options for storing and treating each waste type before 

disposal. Storage inventories and treatment throughput for each site affected by a given alternative are 

then defined by the current inventories, existing and projected waste generation rates, and the 

disposition of the waste. The volume and radionuclide composition of each waste are tracked in a 

relational database as the waste is processed to final disposal. Details of the method and computational 

framework developed to implement or link these elements for the accident analysis are described in 

Section F .2, with the remainder of this appendix discussing the accident analyses through source term 

generation for each waste type. The source terms for all accidents analyzed are provided in the 

technical support document (Mueller et al ., 1995). 

F .1.4 ORGANIZATION OF APPENDIX 

Section F .2 describes the overall method and the integration of the computational components into a 

complete accident analysis framework. The section also describes the use and integration of generic and 

site-specific accident analysis data, with wastestream inventory data, storage and treatment process 

characterizations, and site and facility demographic information developed in the WM PEIS to provide 

a complete accident analysis data package. 

Calculations with currently projected waste generation rates, storage inventories, and treatment process 

throughputs have been performed. Specific results are presented in this report for each of the waste

streams in the WM PEIS. Sections F.3 through F.7 summarize the accident analyses and aggregate the 

key results for each of the waste-streams. Frequencies and source term parameters are presented for 

each of the major DOE sites and facilities by consolidation alternative for each wastestream. Key 

assumptions in the development of the source terms are identified. Compilations of the chemical and 

radiological source terms for all of the accidents are provided in the report by Mueller et al. (1995) . 

The listed references include DOE orders and standards, U.S. Nuclear Regulatory Commission (NRC) 

regulations, and NEPA documentation, as well as technical reports developed in support of this 

regulatory guidance. The reference section also includes site-specific safety analysis and environmental 
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Defmition of Waste Management Alternatives 

Specification of Waste Consolidation Strategies and Siting Options 

Specification of Treatment, Storage and Disposal Options 

Implications on Site Storage Inventories and Treatment Throughputs 

Facility Accident Analysis 

Risk-Dominant Accident Sequence 
and Source Term Development 

Prescreening for Risk-Dominant Sites 
Facilites and Process Options 

Development and Frequency Estimation of 
Accident Sequences 

Development of Source Term Information 
for Accident Sequences 

Health Effects and Risk 
Impact Calculations 

Development of Unit Risk 
Factors for DOE Sites 

and Facilities 

Calculation of Public and 
.-------4 Occupational Work Force Health 

Effects and Risks 

Evaluation of Waste Management Alternatives 

Risk Impacts of Site Consolidation Strategies 

Risk Impacts of Treatment, Storage and Disposal Options 

Comparative Competing Risk Evaluations 

Figure F.1-1. Overview of Facility Accident Analysis Interactions 
for the WM PEIS. 

ApPendix F 

impact documentation and related supporting technical reports that were used in support of the 

WM PEIS accident analysis. 
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F .2 Methodology and Computational Framework for Accident Analysis 

F.2.1 OVERVIEW 

This section describes the methodology and computational framework for the facility accident analysis 

for the WM PEIS. Figure F.2-1 illustrates the major components, related input and output of data from 

the facility accident analysis, and an overview of the interactions of the analysis with other elements 

of the WM PEIS project. Implementation of this analysis included selection and development of the 

accident sequences and associated informational output for the source terms. Unit risk factors 

developed as part of the WM PEIS effort were used to screen accident sequences for risk dominance. 

A unit risk factor is a consequence associated with a unit release of a radionuclide to the environment 

from a facility or a given site for a given receptor. 

This chapter is organized to reflect the integrated approach depicted in Figure F .2-1. Sections F .2.2 

through F .2.4 explain how the illustrated program elements are applied to the WM PEIS accident 

analysis. The general discussion in the sections is applicable to the overall WM PEIS accident analyses 

for all waste types. Sections F.2.5 and F.2.6 discuss the general modeling assumptions and the data 

used to evaluate the frequencies for the various accidents and to determine the appropriate source terms 

for specific accidents, facilities, and waste types. 

F.2.2 SELECTION OF RISK-DOMINANT OPERATIONS, FACILITIES, 
AND RELATED TYPES OF ACCIDENTS 

A review of the alternatives for WM was performed to focus the analysis of the large number of 

processes and facility configurations possible within the WM alternatives to address only those 

configurations with accidental radiological or chemical releases potentially important to overall risk and 

which may allow reasonable discrimination among alternatives. This section first describes the process 

of categorization and then describes the three classes of accidents selected: (1) general handling 

accidents, (2) accidents at storage facilities, and (3) accidents involving treatment processes and 

facilities. 
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Definition of Waste Management Alternatives 

Technology Waste Inventory Facility 
Characterization Characterization Definition 

Risk-Important Accident Sequence Definition and Source Term Development 
Prescreenlng ror Risk-Important 

Sites, FacllltJes and Process Options 

Storage Inventories and Treatment 
Process Throughputs 

Treatment Process and Waste 
Fonn Vulnerabilities 

Facility Containment Characteristics 

Occupational Work Force and 
General Public Demographics 

Unit Risk Factors 

Development and Frequency 
F..<itlmatlon or Accident Sequences 

From Operational Incidents through 
Severe External Facility Challenges 

Specification of Accident Sequences 
and Release Categories 

Assessment of Accident 
Sequence Frequencies 

Development or Source Tenn 
Information ror Accident Sequences 

Material at Risk and 
Damage Fractions 

Respirable Airborne 
Release Fractions 

Leak Path Factors 

Chemical Release Rates and Durations 

Source Terms 

Health Effects and Risk Impact Calculations 

Figure F.2-1. Major Components and Related Input and Output of Data 
for Facility Accident Analysis. 

F .2.2.1 Categorization and Screening 

Waste management activities were categorized as falling within three operational regimes: (1) current 

or pretreatment storage, which includes placement in and retrieval from storage and transfer to facilities 

for pretreatment or treatment; (2) processing, which includes pretreatment (which applies only to HL W) 

and treatment; and (3) interim or predisposal storage. Because of the more stable nature of wastes in 

their final forms before disposal, the last operational regime was judged to pose a much smaller risk 

than current storage and processing. As a result, among the waste types, accidents affecting storage 

before final disposal were analyzed only for HL W. 

Facilities considered in the WM PEIS also include operating and preoperational facilities and 

conceptual designs for facilities. The inventories in storage, the throughputs for treatment, and the 

sizing of the facility are all functions of the alternatives being investigated by the WM PEIS. Criteria 

were developed to help identify and classify potentially risk-dominant facilities and operations for each 

waste stream by their characteristics with respect to accidental radiological or chemical releases. These 

criteria included the amount and composition of the material at risk (MAR); the vulnerability of this 
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material to airborne releases; the containment characteristics of the facility; and the demographics of 

the operation, facility, site, and general population. 

Only airborne releases were considered based on evidence in existing DOE safety analyses that airborne 

pathways dominate the accident consequences and drive the facility risks. Releases via surface runoff 

or to the ground cause longer term effects that are not a strong indicator of risk and would not be a 

strong discriminator for WM PEIS alternatives. The only reasonable threats that could cause immediate 

and appreciable effects via nonairborne pathways are large, stored volumes of HLW (tank farms). 

However, DOE has removed storage of HL W from consideration in the analysis, and releases via 

nonairborne pathways are not considered. 

Amount and Composition of MAR. Each alternative for waste consolidation discussed in the 

WM PEIS implicitly defines unique pretreatment and posttreatment inventories and throughputs for 

treatment of each waste type at each DOE site. Specification of the storage inventories and treatment 

throughputs by volume, by physical and chemical form, and by radionuclide or chemical composition 

of the wastes was obtained from the WM database (Kotek et al., 1995). Accordingly, for each 

alte~ative for each waste type, the DOE sites were ranked by the curie and radiation hazard content 

of treatability categories for that waste type to determine those sites with the largest curie inventories 

of potentially risk-dominant waste. A similar review of ranking was done to determine sites with the 

greatest chemical inventories within the waste type (process chemical accidents that could not be 

strongly correlated with waste inventories or throughputs were not analyzed) . These rankings led to 

the restriction of analyses for any given waste type to those sites with sufficient inventories to justify 

development of distinct source terms . 

Vulnerability of MAR. A major focus of the screening was the vulnerability of the MAR to potential 

fire or explosion accident sequences. The physical and chemical stability of the waste was reviewed to 

preclude unnecessary analysis of storage or process operations involving highly stable wastes that 

would require extremely severe and improbable conditions to attain significant airborne releases. The 

packaging of the wastes and the overall configuration of the containment facility were also reviewed. 

As a result, only selected WM operations and treatment technologies were analyzed for source term 

development. 

Characteristics of Facility Containment. Facilities considered in the WM PEIS range from outdoor 

storage pads with no capability for containment to facilities that have the structural capability to 
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withstand the forces from significant natural phenomena. The containment characteristics of the existing 

or proposed facilities were judged by their hazard category or natural phenomena hazards (NPH) 

performance category (PC) and the corresponding structural capabilities. This process led to the 

restriction of analyses herein to generic facilities with characteristics defined by their DOE Hazard 

Category. (Hazard category and NPH PC are discussed and defined in Section F.2.5.1). 

Demographics. The hazard to the workforce is directly related to the radiological or chemical 

inventory involved in the accident, the number of workers affected, and the proximity of these workers 

to the point of release. Estimates of the population of workers for each treatment technology and facility 

were developed in the WM PEIS as a function of the throughput of the waste inventory to be processed. 

Consideration of these populations and their proximity to the point of release vis-a-vis the appropriate 

radiological or hazardous material inventories of the MAR provided an initial identification of those 

processes and facilities potentially dominating the risk to the worker population. The demographics for 

the general public were included as an input to the development of the health effects and risk impact 

analysis but were not specifically used to select accidents. 

Review of the operations and facilities against these criteria led to the establishment of three broad 

classes of accidents as determined by their release characteristics and the facilities and populations 

affected. These classes include (1) general handling accidents involving a breach of the waste 

packaging, (2) accidents at storage facilities, and (3) accidents involving treatment (or pretreatment) 

processes and facilities. Within these classes, individual operations or facilities were then reviewed to 

better define potentially risk-dominant operations or facility configurations . 

F .2.2.2 General Handling Accidents 

General handling accidents were selected as a distinct class because hands-on operational accidents are 

expected to dominate the radiological and chemical risks to workers due to the relatively high frequency 

of such accidents and the proximity of the workers to any release. Such operations include handling 

in storage and staging areas, packaging and unpackaging, movement of waste within treatment 

facilities, and some treatment operations. These operations are prone to mechanical stresses in 

industrial accidents such as drops and spills of a container or punctures by a forklift, but the resulting 

breaches in a container can be shown to lead to insignificant airborne releases relative to those releases 

involving fires or explosions. As a result, these handling accidents usually constitute little hazard to 

the general public. 
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F.2.2.3 Storage Facility Accidents 

Accidents at storage facilities were singled out as a separate class because they potentially involve large 

quantities of MAR. Moreover, because many storage facilities provide little or no formal containment 

or containment that would likely be breached in the event of severe thermal or structural challenges, 

severe accidents (such as fires) in a storage area may dominate the risk of releases to onsite personnel 

and the general population for many DOE sites. 

Besides potential importance to risk two other criteria were used to determine which storage facilities 

and related accidents should be analyzed or reviewed: (1) potential for discrimination among PEIS 

alternatives and (2) quantity and quality of information available for guidance or input to analysis. As 

a result current storage (i.e. storage prior to treatment) of LLMW, LLW, and TRUW were not 

analyzed because the results will not help to discriminate among alternatives. This results from the 

underlying assumption used in the PEIS analyses that all sites will accumulate or at least not reduce 

these waste inventories for roughly ten years at which time complex-wide treatment will begin. Thus 

all sites will achieve their maximum inventories (leading to maximum potential releases), independent 

of alternative. Nevertheless, because recent DOE safety or NEPA information on storage facility 

accidents provides guidance on the potential risk impacts applicable to LL W, LLMW, and TRUW 

storage, this information will be discussed in the sections for these waste steams. 

Calculation of the cost and risk impacts of current storage of HL W is not within the scope of the PEIS 

and as a result no analyses have been performed. However, the storage of vitrified HLW was analyzed 

because it could be a factor in discriminating among alternatives for HL W management. For the other 

waste streams, accidents were not analyzed for storage facilities housing solidified, vitrified, or 

otherwise highly stable wastes prior to disposal because of their low potential for risk-significant 

releases. 

Finally, the characteristics of current or pretreatment storage for hazardous wastes do vary by 

alternative and accordingly, HW storage accidents have been analyzed and will be discussed. 

F .2.2.4 Accidents Involving Treatment Processes and Facilities 

Accidents involving treatment processes and facilities were identified as a separate class of accidents. 

Unlike storage accidents, where the overriding concern relates to the large amount of MAR, treatment 
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introduces different safety considerations such as the joint presence of high temperatures and pressures, 

combustible materials, and feed lines of natural gas or fuel. Moreover, the MAR may not only involve 

substantial inventories but may also have physical or chemical or highly concentrated toxicological or 

radiological characteristics that pose a threat to both the immediate workforce of the facility and the 

populations surrounding the facility. As a result, the facilities for treatment typically have containment 

structural design and filtration capabilities commensurate with these hazards. 

Treatment operations were reviewed, and many were excluded from detailed investigation on the basis 

of the absence of a sufficient radiological and hazardous concentration or mechanistic stresses and 

energies capable of creating an airborne release likely to dominate the risk to either the work force or 

the public. These operations included evaporative processes and solidifying operations such as grouting 

and cementation (EG&G, 1992a,b). In general, benign operations, such as packaging and nonthermal 

size-reduction activities (including shredding, compaction, and supercompaction), were excluded from 

consideration as large-scale accidents. Technologies for mercury (Hg) separation were excluded 

because of their relatively low-energy operating characteristics. Thermal desorption of residues, 

sludges, and resins or of debris wastes involves combustible material; however, the process was 

excluded because it operates at lower temperatures and pressures than incineration, and the output 

product is much less dispersible than the ash from incineration. 

Other high temperature or pressure processes were more closely reviewed in light of the potential 

energy source for dispersing airborne radioactive or toxic material and for challenging a facility's 

integrity and capability for filtration. Similarly, operations involving or being performed in the 

presence of combustible materials or involving feed lines of natural gas or fuel were reviewed in light 

of the potential for ignition and subsequent fire or explosions . Thus, thermal or heat-accumulating 

processes (such as fractionation by using ion-exchange columns, metal melting, incineration, wet-air 

oxidation, and vitrification) were identified for their potential for major airborne release. These 

processes are discussed subsequently. 

Ion Exchange. Ion exchange is a standard technology for removing dissolved ionic solids, 

radionuclides, and toxic pollutants. Ions in an aqueous phase displace complementary ions from ion

exchange sites on the surface of an insoluble support material. Depleted resins are removed, replaced, 

or regenerated. Regeneration involves displacing contaminant ions with fresh complementary ions by 

washing with solutions of sulfuric acid or sodium hydroxide. The dominant accident considered in the 

literature is an explosion of the ion-exchange column, where self-heating of the ion-exchange resin 
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results in fire or explosion, with attendant discharge of the radionuclide-loaded resin to the 

surroundings as a radioactive and chemically toxic aerosol. Abnormal conditions causing self-heating 

of the resin include introduction of a solution with a high concentration of nitric acid (which would 

result in a highly exothermic reaction), column overloading, presence of dry resin in the column, and 

high column temperatures (leading to ignition) (Ayer et al., 1988). This accident was predicted to have 

no impact on the operation of the ventilation system of the facility (Mishima et al., 1986). 

Metal Melting. Metal melting is used to prepare, melt, and cast incoming scrap ferrous and nonferrous 

bulk metals. The incoming metal is shredded and transported to a furnace where it is melted and casted 

as ingots. Any combustible material in the incoming feed is thermally destroyed in a secondary 

combustion chamber. Highly radioactive materials tend to collect in the slag, which is skimmed from 

the top of the melt and casted into crucible molds. The cast slag is stored before final disposal , and the 

cast metal is sent to a fabrication plant for reuse into overpack containers and shielded caskets . The 

accident of concern is overpressuriz.ation and rupture of the combustion chamber with dispersal of the 

contents, particularly the radioactive slag . 

Incineration. Incineration is a means of reducing the volume of combustible solid waste and destroying 

organic waste. Key characteristics of the incineration process with implications for potential airborne 

release include high temperature, the presence of combustible materials, the potential for rupture of the 

vessel, elevated concentrations of radioactivity in the ash byproduct, and the high dispersibility of the 

ash. Because incineration often results in a volume reduction factor of roughly 100, the ash byproduct 

could have a concentration of heavy-metal radionuclides r_oughly 2 orders of magnitude greater than 

the input feed waste. Accidents of concern for an incineration facility include explosions of the 

incinerator or fires involving the feedstock, ash residue, or residues in the filtration system. Feedstock 

fires may pose a toxicological risk for mixed wastes because of the relatively high concentrations of 

organics. 

Wet-Air Oxidation. Wet-air oxidation is the aqueous-phase oxidation of suspended organic substances 

using elevated temperatures and pressures . Water (H2O) catalyzes oxidation so that reactions proceed 

at much lower temperatures (175- 340 degrees Celsius [0 C] [347-644 degrees Fahrenheit(° F)]) than 

are required for oxidation in open-flame combustion such as incineration. Although the pressures 

(2-20 megapascals [MPa] [20-200 atmospheres (atm)]) are higher than those in other thermal treatment 

processes, the MAR is more dilute and is in an aqueous noncombustible liquid form . As a result, 

rupture of the oxidation vessel followed by a pressurized release is considered plausible but was judged 
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to be relatively insignificant in terms of radiological risk to the public or to occupational workforces 

and to be generally enveloped by incineration, a competing technology. 

Vitrification. In vitrification, prepared wastes are mixed with glass-forming materials and transferred 

to the melter that converts the concentrated frit slurry feed into a molten liquid at a nominal temperature 

of 1,150 ° C (2, 100 ° F). The final product of vitrification is a molten borosilicate glass. The key 

accident in vitrification is rupture of a vessel from a steam explosion due to the interaction of molten 

glass with water. This accident could affect the integrity of the cell in which the equipment is located 

(for example, shrapnel formation from the ruptured vessel) and damage to the off-gas filtration units 

and adjacent areas of the facility. 

A comparative review of the characteristics of the identified treatment processes led to the selection of 

incineration as the technology most likely to dominate risk to the staff of the facility and the site, as 

well as to the surrounding general populations, for LLW, LLMW, TRUW, and HW. As discussed 

previously, the characteristics of radioactive release from wet-air oxidation are clearly enveloped by 

those for incineration, a competing technology. Nevertheless, because some of the treatment trains for 

LLMW sites have greater volumes of waste to be treated by wet-air oxidation than by incineration, 

source terms were developed as appropriate for tank ruptures with pressurized releases. 

Although accidents with fractionation and with vitrification may be important in assessing pretreatment 

or treatment operations for HL W, these accidents do not affect WM PEIS decisions with respect to 

HLW alternatives. Vitrification of LLW incineration ash, of sludges and resins, or of wastes resulting 

from HL W partitioning is a process comparable to incineration in terms of temperature, potential for 

pressurization, and the combustible-material hazards. However, dispersibility of the feedstock would 

be equivalent to dispersal of the feedstock for incineration, and the forms of the vitrification material 

(molten and solidified borosilicate glass) would be less dispersible by several orders of magnitude than 

ash from a kiln or from a secondary combustion chamber (SCC). Similarly, the dispersibility of the 

contents of the radioactive slag in metal melting is also very low relative to the ashes in the incineration 

process. 

In summary, source term analyses for treatment operations were generally restricted to incineration 

accidents, with a limited set of analyses performed for wet-air oxidation. Accidents associated with 

other types of treatment were generally not considered because of the arguments presented previously 
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and because the throughputs for other treatment processes are generally low compared with 

incineration. 

F .2.3 DEVELOPMENT OF RISK-DOMINANf ACCIDENT SEQUENCES 

This part of the analysis involved the development of a framework that would accommodate the 

spectrum of accidents possible over the range of DOE facilities managing the different waste types. 

Orders, standards, and other regulatory guidance from the DOE, the NRC, and the U.S. Environmental 

Protection Agency (EPA), as well as key supporting documents, were reviewed to identify the spectrum 

of accidents, accident initiators, and potential releases routinely evaluated in safety analyses. The DOE 

Defense Programs Safety Survey Report (Pinkston, 1993) and other internal DOE reports related to the 

Idaho National Engineering Laboratory (INEL) and spent fuel EIS were also reviewed to provide 

guidance for the selection and evaluation of accidents. Finally, recent safety analysis reports (SARs) 

and other facility-specific analyses were reviewed for applicability to both specific facilities and related 

generic facilities. 

Probabilistic risk assessment techniques were used to structure the computational framework for 

operational events and to track the progression of accidents for external events. Potential accident 

initiators were first reviewed and grouped into categories for analysis of subsequent accident 

progression (see Section F.2.3.1). A generic set of accident sequences was then developed to follow 

the progression of accidents into various source term categories organized by release characteristics 

and severity levels (see Section F.2.3.2). Nuclear criticality events were considered independently (see 

Section F.2 .3.3) . 

F .2.3.1 Selection and Categorization of Accident Initiators 

The selection of accident initiators was based primarily on the expected importance to human health 

risk of the potential radiological or chemical releases . Populations at risk include the workforce in the 

facility where the accident occurs, the population onsite, and the general population surrounding the 

site. In general, operational safeguards and equipment are in place to ensure that the impacts on the 

public health of all events are extremely limited, except in the most severe (and unlikely) accident 

situations. Higher frequency operational events, such as spills or drops, are expected to dominate the 

risks to workers; but the limited amount of material generally ensures that such events contribute little 
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risk to public health. The less-frequent severe accidents have large inventories at risk, and the potential 

exists for breaching multiple containment barriers and filtering systems and disrupting standard 

emergency procedures. As a result, the low frequency of such accidents is offset by their larger 

consequences; and, typically, severe accidents are predicted to dominate overall risks to public health. 

With different populations at risk, a spectrum of accidents covering a wide range of frequencies and 

expected consequences must be considered. The accidents considered meet the "reasonably 

foreseeable" criteria recommended by DOE (DOE 1993a). 

To facilitate subsequent analyses, all generic accident initiators were first categorized on the basis of 

the nature of the initiator and the potential magnitude of releases. These categories included 

(1) operational events initiated from within the facility (internal events) and (2) external challenges to 

the facility. Internal events were subdivided to account for mechanically induced breaches of waste 

containers, fires, and explosions-all resulting from human errors, equipment failures, or industrial 

accidents internal to the facility. The external events were subdivided to consider accidents from 

(1) generally man-made events, such as aircraft crashes and fires and explosions onsite or at adjacent 

facilities, and (2) potentially catastrophic natural phenomena (for example, earthquakes, extreme winds 

or tornadoes, floods, and volcanoes) with likely implications for other facilities at the site. 

These accident initiator categories were then mapped into the risk-dominant WM operations or facility 

configurations identified in Section F.2.2. The screening process used to intercompare the process and 

facility characteristics with generic accident consideration is illustrated in Figure F .2-2. Table F .2-1 

shows the matrix of accident categories analyzed. 

Finally, the accident sequences emerging from the initiators were categorized by the frequency classes 

traditionally considered in safety documentation (Table F.2-2). Risk-dominant accident sequences from 

each of the frequency ranges shown were assessed in a manner consistent with the recent NEPA (DOE, 

1993a) guidance, in light of their potential for affecting different populations; however, accident 

initiators leading to sequences with nominal frequencies less than lE-6/year (yr) were generally 

ignored unless (1) the predicted consequences were so high that the risk (product of frequency and 

consequence) was likely to be dominant or (2) the uncertainty in the estimated frequency of the 

sequence was so large that a significant chance existed that the true frequency was greater than 

lE-6/yr. 
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Criteria 

Amount of 
Inventory 

Challenged 

Fire and 
Explosion 
Potential 

9513387 .. Zll78 

Impact on 
Confinement 

Frequency 

Risk-Important 
Operational Events 

Mechanical 
Breaching of 

Contact-Handled 
Waste Containers 

Facility Fires 

Risk-Important 
External Events 

Aircraft Crashes 

Natural Phenomena 

Figure F.2-2. Screening of Risk-Important Accident Sequences. 

Table F.2-1. Risk-Dominant Accident Initiator Categories 
for WM Operations and Facilities 

Function or 
0 don 

Containment 
Characteristics 

ofF 

General waste-handling Not relevant 
operations 

Large~ storage 

Treatment or 
retreatment 

~ tban Hazard 
Caregory zc 

Hazard 
Care o 2 

a X = risk-dominant accident initiator. 
b Not applicable. 

Internal Operational Accidents 
Operational Operatiog 

Branches 
ofWasteP 

Included above 

Included above 

X 

X 

c See Figure F.2-4 for definitions of hazard categories. 

External Challenges 
toF 

Natural 
Man-Made PhenomEllll 

_b 

X X 

X X 

Qualitative descriptions of the types of events comprising the accident initiator categories are found in 

Table F.2-3. Surrogate accident initiators were defined for the aforementioned subcategories of internal 

accidents on the basis of their expected frequency, dominant accident stress mechanisms, and potential 
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Table F.2-2. Frequency Classes Traditionally Considered 
in Safety Documentation 

Froouencv Class 

Likely 

Unlikely 

Extremely unlikely 

Not credible 

>IE-2 

IE- 4 to lE- 2 

IE- 6 to lE- 4 

<IE- 6 

Definition 

May be expected to occur once or more during the 
lifetime of the facility. 

Not expected but may occur during the lifetime of 
the facility. 

Will probably not occur during the lifetime of the 
facility. 

Has extremely low probability of occurring. 

consequences. Accident initiators were assigned frequencies appropriate to the process and facility 

configuration being evaluated, as reflected in the most recent safety documentation for DOE facilities 

managing nuclear waste and HW. 

External event initiators for man-made challenges include impacts of aircraft and fires or explosions 

in adjoining or nearby facilities that would challenge the primary facility. Although the expected 

frequency of an aircraft impact is intuitively very low for most DOE facilities, certain facilities are 

located relatively close to airports or are in or near flight patterns for commercial, regional, or military 

airports . For these sites, aircraft crashes with attendant fires or explosions involving aviation fuel could 

dominate public risk . Impacts from small and large aircraft will have different frequencies and 

consequences and are considered independently. Frequencies for air crashes were derived (Appendix F 

of Mueller et al. [1995]) for each site from either site-specific documentation or generic guidance, 

depending on the proximity to airports and the exposure to flight patterns. Frequencies for fires and 

explosions were generally derived from generic data. Appendix C of Mueller et al. (1995) summarizes 

fire and explosion information used for guidance. Natural phenomena considered as external accident 

initiators included earthquakes, floods, extreme winds or tornadoes, and volcanic activity; however, 

source terms were not developed for catastrophic flooding accidents because subsequent significant 

airborne releases are both implausible and enveloped in magnitude by airborne releases resulting from 

other catastrophic natural phenomena in the same frequency range. This is especially true since liquid 

HLW storage is not included in the analysis. 

Source terms were also not developed for volcanic activity because such activity is believed to pose a 

credible threat to WM facilities at only three major sites, the Hanford Site (Hanford), Los Alamos 
I 

National Laboratory (LANL), and INEL. Eruption of the active volcanoes near Hanford or LANL 
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Table F.2-3. Descriptions of Accident Initiators 

Internal OperatioMl Events (Generally with No Public Health Consequences) 

Representative Industrial Accidents 
Breach of primary containment of waste by an operational event, such as a handling accident, vehicular impact, improper system 
operation, system malfunction, or component failure, or evenruating from failure of a suppon system such as a loss of power. Breach 
of containment by a small fire or process explosions originating inside the facility are included. Large-scale fires from industrial 
accidents are also considered, independent of large-scale fires and explosions that challenge the facility from outside and which are 
treated separately. To the extent possible, initiation frequencies are taken or derived from infonnation in the SARs or supponing 
documentation. Frequencies of fires and explosions accompanying or subsequent to the breach are based on the combustibility of 
involved materials or the presence of combustible materials within the facility and are conditioned on the frequencies of events 
precipitating the accident sequence. 

Severe External Challenges to the Facility (Other Than Catastrophic Natural Phenomena) 

Fire or Explosion 
A fire or explosion originating outside the facility challenges the facility . Examples of initiators include explosions of fuel or volatile 
chemical tanks or trucks and fires impacting nearby facilities, fires in adjoining facilities, explosions of natural gas or process 
chemical lines or tanks, and naturally caused fires, such as prairie fires . If the facility is breached, concurrent (common cause) or 
subsequent accident events challenge the primary waste-containment barriers within the facility . 

Impact of Aircraft 
An aircraft or major aircraft component (engine) impacts the facility. If the facility is breached, concurrent (common cause) or 
subsequent accident events challenge the primary waste-containment barriers within the facility . The initiating frequency of impact 
reflects missiles posing a credible threat to secondary confinement and primary containment. Impacts from small and large aircraft 
will have different frequencies and consequences and are considered independently. 

Catastrophic Challenges to the Site and Facility from Natural PhenomeM 

Eanhquake 
An eanhquake exceeding the design basis for the facility occurs . Concurrent (common cause) or subsequent accident events 
challenge the primary waste-containment barriers within the facility . 

Flood 
A flood exceeding the design basis for the facility occurs . Concurrent ( common cause) or subsequent accident events challenge the 
primary waste-containment barriers within the facility. Because subsequent significant airborne releases are both implausible and 
enveloped in magnitude by airborne releases resulting from other natural phenomena in the same frequency range, airborne source 
terms for flooding are not developed in this repon. Dominance by airborne releases is especially true since liquid HL W storage is not 
included in the analysis. 

Extreme Winds or Tornado 
Extreme winds or tornadoes exceeding the design basis for the facility occur. Concurrent (common cause) or subsequent accident 
events challenge the waste-containment barriers within the facility . 

Volcanic Activity 
A volcanic eruption occurs , with ashfall or lava flow (or both). Breach of primary containment may be caused by an operational 
accident or malfunction due to loss of power or by impacts of structural failure due to heavy ashfall or lava flow. Concurrent 
( common cause) or subsequent accident events challenge the primary waste-containment barriers within the facility . Because volcanic 
activity is of concern at very few sites and because potential subsequent source term releases are either enveloped by analogous 
releases following other natural phenomena in the same frequency range or by the effects of the eruption itself, source terms from 
volcanic activity are not developed in this repon. 

Criticality 

Nuclear Criticality 
A nuclear criticality occurs within a storage facility or process vessel. Concurrent ( common cause) or subsequent accident events 
challenge the primary waste-containment barriers within the facility . 

would only result in ashfall, the potential effects of which are overwhelmed by analogous effects for 

earthquakes in the same frequency category. Although INEL is considered vulnerable to lava flow, the 
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airborne releases of radiological waste are expected to be comparable to those from large-scale facility 

fires. Thus, for the analyses herein, seismic events are analyzed as an enveloping scenario for floods 

and most volcanic activities, and large-scale facility fires envelop the lava flow accidents at INEL. 

Seismic events are also used as the surrogate initiator for extreme winds or tornadoes, with the 

overriding reason being that standard atmospheric dispersion modeling would predict much greater 

dispersion (and hence greatly reduced airborne concentrations) for high wind conditions than for the 

stable wind conditions assumed to be present during earthquakes. Existing analyses in DOE SARs and 

in the DOE Defense Programs Safety Survey Repon (Pinkston, 1993) show that seismic events 

generally bound the risks of winds or tornadoes, including the risks from wind-driven projectiles. With 

respect to such projectiles, unpublished preliminary analyses for TRUW drums stored on outdoor pads 

at the Savannah River Site (SRS) suggest that damage from projectiles could exceed damage caused by 

seismic events, primarily because of the stability of the drum-stacking arrangement and the lack of 

protection against projectiles. To appropriately bound potential damage by projectiles to unprotected 

outdoor storage areas, the damage for seismic events in the WM PEIS analysis is conservatively defined 

to have higher damage ratios than those used in the aforementioned SRS report in order to envelop the 

damage caused by high winds or wind-driven projectiles. 

Frequencies of occurrence for natural phenomena were generally taken from DOE design and 

evaluation guidance regarding natural phenomena (see Appendix E of Mueller et al. [1995]); however, 

the frequencies of loss of integrity of a facility from the challenges of natural phenomena were 

determined in accordance with DOE facility NPH design performance goals, as discussed in 

Section F.2.5.1. 

F.2.3.2 Specification and Evaluation of Accident Sequences 

For the internal accident initiators defined in Table F .2-3, the plausible accident scenarios and the 

associated frequencies were based on existing accident analyses in SARs and EISs for DOE facilities. 

These existing analyses for DOE facilities with WM activities constitute a significant resource of 

information on accident assessment, and many of the analyses have been reviewed by peers and 

approved by the DOE. These analyses included scenarios that are very similar to those needed for the 

WM PEIS and that could be used to estimate accident frequencies. In many cases , the existing analyses 

included probabilities for failure that were based on experience or on data on plant failures. The use 
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of existing scenario frequencies precluded the need to estimate numerous event tree conditional 

probabilities for equipment failures and human errors that constitute the accident sequences. 

High and low frequency estimates were taken from existing analyses for accidents with accident 

phenomenologies, facility types, hazardous material types, and circumstances similar to accidents 

considered in the WM PEIS evaluation. The frequency selected for the WM PEIS evaluation was based 

on the overall similarity of the existing analysis to the analysis in question. In some cases, adjustments 

were made to include or remove frequency contributions from preventive and mitigative features that 

may or may not be included in the WM PEIS alternative. In most cases, the frequencies used in the 

WM PEIS were toward the high end of the frequencies reported in existing analyses, as discussed in 

Section F .2.6. 

For the external initiators, the analyses from existing SARs and EISs were sparse and often outdated. 

Because external events are rare, the facilities have no experience with direct impact of external forces 

or experience such as that of the nuclear Utility Seismic Qualification User's Group (SQUG); and 

analysis on the basis of experimental data could not be achieved. Event trees were developed to project 

the progression of the accidents associated with external initiators through plausible generic sequences. 

The extent of any release is a function of (1) the accident-related stresses affecting and rendering 

airborne the material involved in the accident and (2) the response of the containment barriers and 

filtration systems (if any). Accident stress mechanisms can be categorized as mechanical, fire-driven, 

or explosion-driven mechanisms; and branches of event trees were specifically defined to delineate fire 

and explosion categories for which experimental information is available to support the associated 

estimates of the release fraction. 

The containment response is a function of the structural strength and operational status and efficiency 

of the buildings, equipment, and materials providing containment or filtering (or both), as well as the 

emergency response capabilities of the mitigative systems and relevant personnel. Accordingly, event 

tree branches were similarly defined to incorporate the key containment responses rf'~~cting the amount 

of airborne activity released to the atmosphere. This structuring of the event trees to incorporate 

stresses and responses of containment allowed a step-by-step characterization of the likelihood of the 

sequence and the magnitude of the release as the accident sequence progressed. 

The accident sequences were developed and analyzed for categorical classes of facilities to (1) provide 

a uniform treatment of accident analysis to a wide range of facilities with similar design characteristics 

across the DOE complex and (2) reduce the number of actual analyses performed to a manageable 
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level. To implement this approach, existing facilities were generally mapped into a DOE-STD-1027-92 

hazard category (DOE, 1992b) (see Section 2 .5 .1) and into DOE-STD-1021-93 facility NPH PCS 

(DOE, 1993b). In general, conceptual treatment process facilities were assumed to be hazard 

category 2. A no-confinement category was assigned to concrete pads used for packaged storage, 

weather protection sheds, Butler buildings, and facilities providing no real barriers to release, up to 

and including general-use buildings . This treatment is appropriate for catastrophic releases and 

conservative for more benign sequences. 

A generic matrix of release characteristics was then developed as a function of the event tree branches 

to facilitate the tracking of potential source terms through the accident sequences. This approach 

enabled the determination of the fractional amount of each radionuclide or toxic chemical in the original 

inventory available for release (the airborne release fraction [ARP]) at each point in the progression 

of the accident. Each accident sequence is then terminated in a generic release category. This approach 

adapts the source term treatment used in the DOE Defense Programs Safety Survey Report (DOE, 

1993t) to accident progression analysis (see Section F.2.4). The approach also allows the evaluation 

of contributions from both the accident initiation and the subsequent accident sequence to the damage 

and ARFs. 

The final step in evaluation involved the integration of the radionuclide or chemical compositions of 

the waste process inventories of MARs in the accidents with the accident data to derive the source 

terms. Preliminary estimates of the effects on health were obtained by combining the information on 

source term with the unit risk factors for each site. With this information, a reduced set of 

risk-dominant source terms covering the plausible frequency spectrum was developed for final 

calculations on health effects and risk. 

F .2.3.3 Nuclear Criticality 

On the basis of existing safety analyses, criticalities are judged to be incredible for LLW and LLMW 

storage, treatment, and post-treatment storage. The safety analysis of the consolidated incineration 

facility (CIF) at the SRS (Du Pont, 1987) considered nuclear criticality as implausible on the basis of 

design basis feedstocks and as incredible on the basis of the large number of independent operator 

errors and other failures necessary to introduce an unsafe quantity of fissile material into the incinerator 

and processes. The numerous combinations of failures in the waste packaging, classification, and 

handling processes required to both introduce sufficient fissile material into an LL W or LLMW storage 
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or process facility and create a critical geometry or arrangement of the waste storage arrays simply rule 

out a credible criticality before or after treatment for these waste types. 

Because the WM PEIS addresses only the shipping and interim storage options related to canisters of 

vitrified HL W, for which no plausible mechanisms exist to achieve criticality, source term analysis for 

HL W criticality is unwarranted. 

A nuclear criticality in a TRUW solid-waste storage-and-handling facility (for example, Waste 

Receiving and Processing Facility [WRAP] Module 2 and the Radioactive Waste Management Complex 

[RWMC] [EG&G, 1993b]) is also judged to be incredible because of the low density and inventory of 

fissile material in the solid wastes, coupled with the dispersed geometry. Nuclear criticality can be 

conceived in some aqueous processing alternatives, depending on the dissolution of fissile material in 

the throughput of the process, the design of the vessel, and the flowsheet parameters (see Appendix C 

of Mueller et al. [1995]); however, this criticality would require numerous breakdowns of 

administrative and accountability controls or unforeseen design deficiencies in the processing system 

(or both). 

The DOE requires specific analyses to estimate the frequency of criticality for such processes . If the 

analysis indicates credibility ( > lE-6/yr), the DOE then requires specific design provisions to preclude 

or mitigate the effects. With these safeguards in place, accidents of nuclear criticality have been ruled 

out as not being sufficiently important to risk to justify source term analysis for TRUW and are not 

discussed further in this chapter. 

F .2.4 DEVEWPMENT OF SOURCE TERMS FOR ACCIDENT SEQUENCES 

F .2.4.1 Radiological Source Terms 

The method used to estimate radiological source terms is similar to that used in the DOE Defense 

Programs Safety Survey Report (Pinkston, 1993). The source term associated with each accident is the 

product of four factors that vary for each radionuclide within the inventory affected by the accident: 

source term = MAR X DF x RARF x LPF , (F.2-1) 
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where 

MAR = material at risk, 

DF = damage fraction, 

RARF = respirable airborne release fraction, and 

LPF = leak path factor. 

Appendix F 

Figure F.2-3 illustrates the evolution and development of the source term components from accident 

initiation through delivery to the atmosphere. While the disaggregation of the source term into these 

components broadly follows the treatment used in the DOE Defense Programs Safety Survey Repon 

(Pinkston, 1993), the treatment of the components has been extended as discussed in Section F .2.3.2 

to allow the tracking of these parameters at each point in the accident sequence. 
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All accident sequences culminated in fractional release categories defined to accommodate the various 

combinations of generic sets of DF, RARF, and LPF. The source term release fraction (STRF) is 

defined as 

STRF = DF x RARF x LPF (F.2-2) 

and provides the fraction of each radionuclide or toxic material in the MAR that escapes the 

confinement and is available for atmospheric transport. This term, multiplied by the MAR, provides 

the source term used in the calculations of health effects and risk (see Section F .2.2). 

F.2.4.1.1 Material at Risk and Damage Fracti.on 

The MAR is the total inventory of waste in a facility or particular operation with the potential of being 

impacted. The MAR is a function not only of the configurations of the process and facility but also of 

the severity of the accidents challenging the process or facility; for example, catastrophic accident 

initiators such as earthquakes clearly have the potential to affect greater inventories of waste than do 

industrial accidents and thus have greater MARs. 

The DF refers to the fraction of MAR involved in the accident sequence and actually susceptible to 

airborne release. The DF is a function of the severity of the initiator and is generally small for 

operational events if the MAR is large and larger for more severe events, such as external challenges 

to a facility from natural phenomena. The DF is also a function of the process and facility 

characteristics and of the subsequent phenomena encountered in the accident sequence, such as fires 

or explosions that have the capability of challenging or propagating to additional inventories of the 

MAR. More benign sequences without such mechanisms have sequence DPs that are zero or very 

small. Damage fractions were assigned as a function of the severity of the accident sequence, the 

physical and chemical forms of the MAR, and the vulnerability of the containment of the MAR. 

F.2.4.1.2 Respirable Airborne Release Fracnon 

The ARF is the fraction of the potentially available inventory of the radionuclides rendered airborne 

at the point of the accident. The ARF is a joint function of the original physical form of the waste and 
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the accident mechanisms and concomitant stresses acting to create airborne materials. The airborne 

release of radioactive materials depends on the ability of an accident sequence to overcome the barriers 

between the radioactive material and the ambient environment and to subdivide and suspend the 

radioactive material. Liquids or solids must be either fragmented or deagglomerated and suspended. 

All materials in the gaseous state (noncondensable gases and vapors under ambient conditions) were 

assumed to be transportable and respirable. The ARF is also a function of the physical or chemical 

properties of the individual radionuclides or chemical species . The respirable fraction (RF) for 

particulates is conservatively defined as the fraction of particulates with aerodynamic equivalent 

diameters below 10 micrometers (µm). The aerodynamic equivalent diameter is the sphere of material 

with a density of 1 gram per cubic centimeter (g/cm3) that has the same terminal velocity as the 

particle. 

Many experiments and analyses have been conducted to provide both bounding ranges and best 

estimates of the release fractions of various radionuclides as a function of their chemical and physical 

form under a variety of accident stresses. The RARFs used in the accident sequences herein were 

derived by multiplying the ARF and RF for the applicable stress provided in DOE-HDBK-3010-94 

(DOE 1994), which examines experimental data for the airborne release of materials under five types 

of stress: (1) explosions (shock and blast effects), (2) fires, (3) venting of pressurized liquids and 

powders (or venting of pressurized volume above solids), (4) crush-impact (either fragmentation by the 

impact of a falling hard unyielding object or the impact of a falling material on a hard unyielding 

surface), and (5) aerodynamic entrainment or resuspension. Where ARFs and RFs were unavailable 

for the type of material or the level of stress, values were derived by assessing the effect of some 

characteristic of the initiator or materials involved (for example, the effect of viscosity on the 

fragmentation and suspension of liquids in free-fall spill or pressurized release). 

Matrices were developed for each waste type to account for the physical and chemical characteristics 

of the MAR by mapping the treatability categories into the physical forms for which airborne release 

data were developed. These matrices and results for the RARFs developed for the various physical 

forms of waste encountered in DOE waste management as a function of the stresses encountered in the 

potential accident sequences are shown in Mueller et al. (1995). This treatment allows the analyses of 

the stresses encountered in the initiating events and the accident sequences to be evaluated 

independently, which, in turn, allows the step-by-step buildup of the source term to be tracked and 

integrated with the response of the protection systems to facilitate calculations of health effects for both 

the occupational workforce and the public. 
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F.2.4.1.3 Leak Path Factor 

The LPF is the fraction of the airborne inventory that passes through the containment barriers and 

filters to escape to the atmosphere. The LPF is a function of the physical form of the nuclide being 

released, the susceptibility of the nuclide to removal or reduction phenomena (such as precipitation or 

agglomeration) and to subsequent capture within the containment walls or filtering systems, and the 

effectiveness of the filtration systems in place. In-containment transport and filter effectiveness can be 

heavily dependent on the accident sequence, as well as on the structural characteristics and physical 

design of the facility . The LPFs were assigned on the basis of the integrity of the containment (if any) 

and the functionality of filtration systems in the facilities for the accident sequences . The more severe 

accident sequences generally involved breach of confinement, for which a conservative LPF of unity 

was assigned. Appendix D of Mueller et al. (1995) provides LPFs as a function of the effectiveness of 

the filters used in DOE facilities and the intracontainrnent transport properties of gases and particulates. 

F .2.4.2 Chemically Hazardous Source Terms 

Chemical source terms were specifically developed for two waste types : HW and LLMW. All 

accidents were divided into three general categories, each having subcategories and including sublethal 

and lethal end points: 

• Spills resulting in partial vaporization of the waste ("spill only") 

• Spills followed by ignition of the waste ("spill plus fire") 

• "Other event combinations" 

Spills followed by ignition of the waste and an induced explosion in a waste container ("spill 
plus fire plus explosion") 

Facility fires resulting in a waste container breach ("fire only") 

Mechanical failure of a compressed gas container resulting in an explosion ("spill and 
explosion") 

Explosion from exposure of reactive material to air followed by fire ("fire and explosion"). 

The MAR and DF for the various chemical accident sequences were based on the same considerations 

as discussed for the radiological accidents . 

In general, these accidents involve chemical or physical change in materials affected by the initial 

incident. The chemical and physical properties of the MAR were reviewed, and toxic gaseous products 
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were identified for the accident sequences. The masses of these products were estimated from the mass 

of the reactants and the stoichiometry of the reactions . Rates of releases were generally estimated by 

assuming exponential decay with time. Obviously, the exact course of an accident is shaped by a 

multitude of factors, including (but not limited to) temperature, humidity, pooling versus spreading of 

spills, the exact composition or concentration of reactive materials (often unknown), and the proximity 

and nature of nearby reactive materials (including packaging, shelving, and flooring). The details on 

the selection of the accident scenarios, on the chemistry involved in their progress, and on the 

estimation of the rates of release of the toxic gases are provided in the sections for HW and LLMW. 

F .2.5 GENERAL FACILITY MODELING AND INVENTORY ASSUMPTIONS 

As discussed in Section F.2.2.1, the accidents considered in the WM PEIS accident analysis include 

general handling accidents, storage facility accidents, and accidents involving treatment processes or 

facilities. To appropriately evaluate these accidents, descriptions and assumptions concerning the design 

and configuration of facilities must be established. This section discusses the generic DOE design and 

performance criteria and the design aspects and associated modeling assumptions that are the basis for 

the accident evaluation. 

F.2.5.1 DOE Design and Performance Criteria 

To understand how the facilities for TSD operations are affected by the various accident initiators 

discussed in Section F.2.3.1, an understanding of how DOE facilities are designed and evaluated is 

necessary. The DOE has established general design criteria (GDCs) for all types of facilities in DOE 

Order 6430.lA (DOE, 1989). The GDCs in DOE Order 6430.lA provide the minimum requirements 

for the design, construction, and maintenance of facilities; and these GDCs must be followed for all 

new construction, including modifications of facilities . For facilities constructed before 1989 (the year 

when the order was approved), similar predecessor GDCs were used, but compliance was less strictly 

enforced and the GDC were somewhat less stringent and specific. However, in the last few years, great 

emphasis has been placed on achieving compliance through facility upgrades or demonstrating that 

noncompliance with a particular GDC does not cause undue risk. An implied assumption exists 

throughout the WM PEIS accident analysis that WM facilities involved in all of the alternatives 

conform to DOE Order 6430.lA, including the requirements for a higher design pedigree (such as 
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control system redundancy or natural phenomena resistant design) for structures, systems, and 

components that perform a safety function. 

The "graded approach" for facility design, as applied by DOE Order 6430. lA and other DOE orders 

and standards, is a particularly important design concept that affects the results and assumptions in the 

WM PEIS accident analysis . The graded approach is a common sense concept that the design pedigree, 

as well as the operational maintenance and surveillance, for structures, systems, and components should 

be commensurate with the importance that the structures, systems and components have with respect 

to the protection of the onsite workers, the public, and the environment. To achieve the appropriate 

design pedigree and to select appropriately stringent criteria from DOE Order 6430.lA, the DOE 

classifies facilities by using criteria in DOE Standard DOE-STD-1027-92 (DOE, 1992b). This standard 

categorizes nuclear facilities into hazard categories 1, 2, or 3 on the basis of the effects of unmitigated 

releases of hazardous materials. Category 1 facilities are the most hazardous and are considered to have 

the potential to cause significant offsite effects. Category 3 facilities are the least hazardous and do not 

have the potential to cause off site effects or more than minor onsite effects. Analogous categories for 

nonnuclear facilities (no radiological hazards) are also established and are referred to as high- , 

moderate-, or low-hazard facilities. 

It is reasonable to assume that the safety significant aspects of the facility design (i.e., those that may 

affect the PEIS analysis) comply with the GDC since compliance must be demonstrated as part of the 

authorization basis for facility operations. As such, noncompliant features that may threaten the safety 

envelope documented in the authorization basis are reviewed for their safety impact and modifications 

and retrofits are made as necessary. The GDC are also considered in the safety review of design 

changes to ensure that compliance is achieved, and the authorization basis is maintained. Facility 

compliance to the GDC ensures the facility safety envelope is maintained and assuming GDC 

compliance for the PEIS accident analysis is reasonable and justified. 

An assumption or assertion that a facility is in a particular hazard category implies that the facility has 

a design pedigree commensurate with the level of risk posed by the facility . However, the assumption 

of a higher design pedigree does not in itself ensure that risks to the public and workers are 

appropriately controlled. The assumption of a design pedigree simply implies that structures, systems, 

and components are designed to prevent accidents or to mitigate the consequences accidents . The 

assessment that risks are adequately controlled is documented in safety analysis documentation that uses 
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risk-based methods to demonstrate that appropriate programmatic functions and controls are used in 

concert with the facility design to achieve acceptable risk performance. 

To achieve a performance goal of not exceeding a certain annual probability of loss of function in a 

facility, the facility (and related structures, systems, and components) must be designed to withstand 

a certain magnitude of hazard (the design basis natural phenomena event). Report UCRL-15910 

(Kennedy and Short, 1990) provides guidelines for selecting the natural phenomena design basis and 

the maximum acceptable annual probability of exceedance of the hazard to achieve a predetermined 

performance goal for a facility. In the WM PEIS, a facility of a particular hazard category is assigned 

a performance goal as defined in DOE-STD-1021-93 (DOE, 1993b). The design basis hazard 

magnitude for earthquakes and winds corresponding to the hazard annual probability of exceedar1ce 

(listed in UCRL-15910) is obtained from site-specific hazard curves reported in the Natural Phenomena 

Hazards Modeling Project (Coats and Murray 1984). For example, for a Hazard Category 2 facility, 

the performance goal is l.0E-04; and based on UCRL-15910, the recommended maximum annual 

probability of exceedance of a seismic hazard to meet such a performance goal is l .0E-03. Thus, for 

a given site such as ANL-E, the peak ground acceleration corresponding to an annual probability of 

exceedance of l.0E-03 is 0.12 g (Coats and Murray, 1984), where g is the gravity acceleration. 

Therefore, a Hazard Category 2 facility at ANL-E with a 0.12 g seismic design basis has an annual 

probability of exceedance (beyond seismic design basis) of 1.0E-03 and an annual probability of loss 

of function of l .OE-04 (beyond performance goal). 

Figure F.2-4, abstracted from DOE-STD-1021-93 (DOE, 1993b), depicts the performance goals of 

lE-5, lE-4, and 5E- 4 assumed herein to represent frequencies of facility containment failure under 

challenge from natural phenomena for Hazard Category 1, 2, and 3 buildings, respectively. This figure 

also shows the relationship between the criteria of resistance to natural phenomena and the PCS and 

performance goals. The DOE orders and standards to implement. the use of these criteria, including 

DOE Orders 5480.23 (DOE, 1993e), 5481.lB (DOE, 1987), 6430.lA (DOE, 1989) and 5480.28 

(DOE, 1993c; formerly 5480.NPH), are also shown. The primary DOE standards for performing 

structural design and evaluation with respect to natural phenomena resistance are DOE-STD-1021-93 

(DOE, 1993b) and DOE-STD-1020-92 (DOE, 1993d), formerly UCRL-15910 (Kennedy and Sport, 

1990). Although some of the concepts in these standards are still in draft form and have not been 

approved for use by the DOE, the approval process is well along; and no changes large enough to 

affect the results of the WM PEIS accident analysis are anticipated. 
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ApPendix F 

In general, the facility categories referenced in the WM PEIS analysis refer to the hazard category that 

is established by using criteria from DOE-STD-1027-92 (DOE, 1992b). Most of the facilities 

considered in the WM PEIS alternatives are Hazard Category 2 or 3 or general-use facilities. Treatment 

facilities were assumed to be Hazard Category 2 for accident analyses. Storage facilities were 

conservatively assumed to have no containment. 

F .2.5.2 Storage Facility Accidents 

LLW, LLMW, and TRUW. The underlying assumption used in the PEIS is that all sites will 

accumulate or at least not reduce these waste inventories for roughly ten years at which time complex

wide treatment will begin. Thus all sites will achieve their maximum inventories (leading to maximum 

potential releases), independent of alternative. As a result of not discriminating among alternatives, 

accidents for current storage of LLMW, LL W, and TRUW were not analyzed. However, to provide 1 

guidance on the likely impacts of storage facility accidents, a review of recent DOE NEPA guidance 

or safety documentation is provided in the individual sections for LLMW, LL W, and TRUW. Although 

not relevant in the discrimination of PEIS alternatives, this guidance facilitates qualitative comparisons 

of the relative impacts of storing wastes in their current form versus treating these wastes prior to 

disposal. 

Current storage for these waste streams is accomplished in a variety of ways. Low-level waste is 

generally packaged in drums or containers and stored on outdoor concrete or asphalt pads or in 

weather-protective sheds pending treatment or shallow land disposal. Low-level mixed waste is 

generally packaged in drums or containers and stored in Resource Conservation and Recovery Act 

(RCRA)-compliant weather-protective sheds pending treatment. Transuranic waste is generally 

packaged in drums or containers and stored in concrete structures, in weather-protective sheds, in 

earthen berms, or in below-grade caissons (remote-handled [RH] TRUW). Most contact-handled (CH) 

TRUW, which dominates the total TRUW inventories, is stored in facilities with minimal containment, 

although DOE sites are moving toward qualified TRUW storage. 

High Level Waste. Most DOE HLW is stored in large underground tanks at Hanford and Savannah 

River with much smaller amounts stored at INEL and West Valley. Because calculation of the cost and 

risk impacts of current storage of HLW is not within the scope of the PEIS, no analyses of these 

storage facilities were performed. However, the storage of vitrified HLW was analyzed because it could 
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be a factor in discriminating among alternatives for HL W management. These analyses are described 

in the section on HL W. 

Hazardous Waste. Hazardous waste is generally packaged in 208-L (55-gal) drums and stored in 

RCRA-compliant staging areas or weather protection sheds before offsite shipment for commercial 

treatment and disposal. A HW storage facility (HWSF) typically has over 100 different chemicals, 

which may include chlorinated solvents, acids, bases, photographic chemicals, ignitable solids and 

liquids, compressed gases, metallic salts, lab-packed wastes, polychlorinated biphenyls, asbestos, and 

other regulated wastes. With explosives generally prohibited, the potential hazardous characteristics 

include volatility, flammability, dispersibility, and toxicity; and the HW is characterized and segregated 

on the basis of toxicity, corrosivity, reactivity, and ignitability. Most HWSFs have containment berm 

areas and individual storage cells that permit waste segregation according to RCRA and EPA criteria; 

some HWSFs have the capability of fire detection and suppression, and some have forced ventilation. 

Because of the great diversity of storage facility designs among the DOE sites, a generic facility 

configuration with design characteristics such as storage arrays and segregation (as illustrated in 

Figure F.2-5) was assumed in the analyses. No credit was taken for containment or filtration. 

F .2.5.3 Treatment Facility Accidents 

The configuration of the generic treatment facility for the WM PEIS accident analysis consists of a 

series of linked process modules, each providing a specific treatment process . Modules providing 

common service to the process modules consist of (1) front-end support, providing waste r~ceipt and 

lag storage; (2) treatment receiving and inspection; (3) container open, dump, and sort; (4) cerjtification 

and shipping; and (5) back-end interim storage before disposal. Process modules consist of specific 

treatment operations and process support services. The treatment facility is assumed to consist of 

process trains for both RH and CH operations, with similar unit operations, differing only in the degree 

of shielding and the degree of contact operations and maintenance. The RCRA contaminant removal 

technologies entail modules for (1) sorting and segregation (for example, before incineration); 

(2) removal or destruction of aqueous organics before evaporation; (3) metal removal; (4) metal 

recovery; (5) Hg removal and recovery; and (6) stabilization of various waste constituents by 

immobilization, conversion to stable forms, or removal. 
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As discussed in Section F.2.2.4, a generic incineration facility was selected for the evaluation of LLW, 

LLMW, and TRUW accidents. The RH and CH incineration portions of the facility shown in 

Figure F .2-6 have the following general functional areas: a receiving , storage, and feed area; the 

incinerator area, housing the rotary kiln and an off-gas secondary combustion chamber; an incinerator 

off-gas treatment area; a liquid treatment area; a solidification area (when cement solidification is 

applied to the ash); and facility and process exhaust air treatment, including the high-efficiency 

particulate air (HEP A) filtration systems. The receiving and storage area contains waste in various (but 

mostly solid) physical forms. Waste is fed to the incinerator after preparation (sorting or shredding, 

or both, as required). All combustible materials are destroyed, leaving a solid (ash) residue. The ash 

is generally solidified or packaged (or both) before transportation and disposal. 

Incineration off-gas treatment includes a condenser and fume scrubber and generates a liquid 

wastestrearn of condensate and spent gaseous scrubber solution. In the liquid treatment area, dissolved 

and suspended solids are removed, liquid residue is prepared for immobilization, and treated 

wastewater is recycled to the system. In the solidification system, the sludge from the liquid residue 
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I Waste Transfer Bin 26 Drum Staging Conveyor (Powered Roll) 
2 Incoming Waste Bin 27 Receiving Tank 
3 Skip 28 Pump 
4 Shredder 2 With Feed Hopper, Dust Hood, and Hydraulic Ram 29 Filter 
5 Auger Feeder 30 Ion Exchange 
6 HEPA Filter and Fan 31 Treated Waste Tank 
7 Underhung Crane in Enclosed Process Area 32 Pump 
8 Feed Bin 33 Sludge Tank 
9 Incinerator 34 Pump 
10 Underhung Crane in Enclosed Maintenance Area 35 Storage Bin 
11 Stack 36 Bin Hoist 
12 Afterburner 37 Conveyor 
13 Cooler 38 Day Bin 
14 Double Venturi 39 Drum Staging Conveyor (Gravity) 
15 Condenser 40 Lime Silo 
16 Mist Eliminator 41 Screw Conveyor 
17 Reheater 42 Mixing Tank With Mixer 
18 Double HEPA Filters 43 Feed Pump 
19 Final HEPA filter 44 Chiller 
20 Interior Decontamination Fan 45 Circulation Pump 
21 Ceramic Bag Filter 46 Drum Staging Conveyor (Powered Roll) 
22 Drum Staging Conveyer (Powered Roll) 47 Drag Conveyor 
23 Solidification System 48 Drum Staging Conveyor (Powered Roll) 
24 Drum Capping and Washing System 49 Capping Device 
25 Dust Collector, Fan, and HEPA Filter 50 Washing Device 
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and the ash resulting from the incineration are mixed with concrete and immobilized. Waste in the other 

areas is in the form of ash. In the CIF at the SRS, wet ash is found in all ash areas except the two 

combustion chambers (Du Pont, 1987). Dry ash is generated in other DOE incinerators and, because 

of its greater dispersibility, is assumed here for source term development. 

The incineration facility also produces a residual gaseous wastestream. The incinerator off-gas 

treatment unit is designed to remove particulates, sulfur dioxide (SO2), hydrogen chloride (HCl) , and 

nitrogen oxides (NOx). The off-gas from incineration contains carbon monoxide (CO), SO2, and NOx. 

Acid gases are typically removed by scrubbing. Radioactivity and some toxic metals are released 

directly in off-gas as volatilized compounds and radionuclides (iodine, ruthenium, and cesium) or 

radioactive gases (carbon dioxide [CO2], H2o, and SO2 formed with carbon 14, tritium [3H] , and 

sulfur 35, respectively). Some fission products are also released indirectly in combination with 

particulates that are removed by off-gas scrubbing and filtering. 

Detailed modeling of facilities was beyond the scope of the WM PEIS. Accordingly, a treatment facility 

with generic confinement characteristics defined previously was used to assess accidents to envelop the 

releases from accidents in the treatment process . A DOE Hazard Category of 2 and the associated 

performance requirements on its systems were assumed. Double-HEPA-filtration structures, systems, 

and components were assumed to be in place. The waste inventory at the time of the accident was based 

on the facility throughput at each site and included unique volumetric inventories and physical , 

chemical, and radiological compositions for each site for each alternative. 

F .2.6 EVALUATION OF SOURCE TERM PARAMETERS AND FREQUENCIES 

This section discusses the development of the frequency and source term data generally used across the 

waste types. The evaluation of the frequencies and source term parameters required not only generic 

data applicable to broad classes of accidents but also data specific to the various waste types to account 

for differences in the physical and chemical forms, the packaging used as primary containment, and 

the facilities used to store or treat that waste type. The final selection of data used for facility accidents 

for each waste type is discussed in further detail in the chapters describing the ana!yses for that waste 

type. 

Following the generation of these data, a number of new or previously unavailable accident analyses 

addressing facility accidents have been obtained that were performed in support of recently published 
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DOE Safety Analysis Reports (SARs) and EISs. Another new document of particular relevance that has 

just been published is the new DOE Standard (DOE-HDBK-3010-94, December 94) on respirable 

airborne release fractions, (RARFs), which provides the latest RARF values published by DOE for use 

in accident analysis. These latest values supercede some of the RARF values used herein. At the time 

of this writing, these reports were being reviewed to determine whether they would significantly affect 

the source term calculations or frequency assignments developed herein. Review to date suggests that 

the assumptions used for the PEIS accident calculations tend to lead to somewhat more conservative 

releases than would be calculated using the most recent DOE guidance as a guide. 

F.2.6.1 General Handling Accidents 

The dominant contributor to worker risk from radiological or chemically hazardous releases is expected 

to result from mechanical breaches of waste containers in handling accidents. This expectation stems 

from the relatively high frequency of such occurrences and the proximity of the worker to the point of 

release in such operational incidents. Handling accidents include container breaches caused by package 

drops, by forklift or other vehicular impacts, by crane drops or crushing, and by overpressurization. 

The use of heavy equipment poses a potential for damage to waste packages either because of package 

handling or inadvertent collisions. For many facilities, such as WRAP (DOE, 1991b) at Hanford and 

the RWMC (EG&G, 1993b) at INEL, cranes are used to move drums and boxes, with the height of 

movement generally exceeding the nominal 1.2-meter (m) (4-feet [ft]) height design specification for 

drum drop (Type A package; Code of Federal Regulations [ 49 CFR Part 173]) integrity . In all 

facilities, crushing of drums or boxes caused by impact with trucks, forklifts, and other equipment is 

possible. Although one waste container would generally be breached in an accident, rupture of multiple 

containers could occur in instances when several containers are handled at a time. 

Treatment processes entail minor hazards to the operating staff, including puncture wounds during 

waste sorting, minor contamination from glove failures, and minor spreads of contamination from the 

events of treatment equipment pressurization and from off-gas treatment confinement failures 

(corrosion, gasket failures, etc.). The risk from exposure to radiation from these operational incidents 

is judged to be enveloped by the analysis for general handling accidents herein. 

The frequencies for chemical spills involving HW or LLMW are derived by using site-specific 

inventories of individual representative chemicals, along with the assumptions identified previously on 
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the frequencies of breach per operation. Conditional probabilities of fire or explosion of chemically 

reactive or combustible chemicals are also developed. These discussions are included in the sections 

on HW and LLMW accident analyses. 

Evaluation of Source Term Parameters. For fall or crush damage scenarios in operations with 

stacked arrays, the MAR will generally vary from one to four packages, depending on the method of 

stacking and the arrangement of the array . Storage packages are typically (1) Type A (49 CFR 

Part 173) plastic-lined, carbon steel 208-L (55-gal) drums; (2) plastic-lined wooden boxes 

(120 centimeters [cm] x 120 cm x 210 cm [4 ft x 4 ft x 7 ft] or 60 cm x 120 cm x 210 cm 

[2 ft x 4 ft x 7 ft]) ; (3) TRUPACT-11 standard waste boxes (metal boxes measuring 

120 cm x 120 cm x 210 cm [4 ft x 4 ft x 7 ft] ; or (4) ST-5 metal boxes 

(120 cm X 120 cm x 180 cm [4 ft x 4 ft x 6 ft]) . The Waste Isolation Pilot Plant (WIPP) final SAR 

(DOE, 1990b) assumes that 25 percent of the package contents are spilled (that is, a DF of 2.5E- 01) 

for events dislodging the drum lid and that 10 percent of the waste package(s) are inadvertently 

punctured with forklift tines. 

In the majority of handling accidents or hands-on processing incidents , the MAR would be limited to 

a single package. For more severe sequences involving an array of several containers being dropped 

or impacted in a single accident, the MAR would depend on the configuration but would be limited to 

the maximum number of packages in the array . Because the accident releases of greatest overall risk 

to the workforce involve single-drum handling operations where the worker is in contact with or very 

near to a breached pfickage, a MAR of one drum is specified to calculate source terms for general 

handling accidents for all waste types . 

The DF of the MAR subjected to spill, crush-impact, or overpressurization would depend on the 

location of the breach, the physical form of the MAR, and the severity of the accident stress. Liquids 

and volatiles would be free to flow out of a breached container, whereas most solid material would 

remain inside. Breached containers of LLW, LLMW, and TRUW are assumed to hold solid wastes, 

with a single-container DF of 2 .5E-01. Breached containers of HW are assumed to hold liquid, with 

a single-container DF of lE+OO for the representative handling accidents analyzed herein. The physical 

and chemical composition of the MAR in storage was defined by weighting the relative treatability 

category inventories at each site. 
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Evaluation of Frequencies. Numerous frequency estimates for waste package breaches in a facility 

are reported, although facility inventories are generally not reported in existing safety analyses. The 

SAR for the RWMC (EG&G, 1993b) estimates an annual frequency of external drum breach of 

1.4E+OO/yr per facility. The EIS for new production reactor capacity (DOE, 1991a) estimates a total 

annual frequency of externally induced drum breaches of 2E-02/yr and a rate of vehicular crashes of 

1.8E-02/yr. Published joint probabilities for a drop from a crane and for the drum or container to 

breach range from 1.2E-01 to 8E-02/yr per facility. The various WRAP studies (DOE, 1991b,c; 

WHC, 199la,b) assume that 10 percent of dropped containers are breached. A low value (8E-02/yr) 

has been estimated for damaging packages during loading drums into TRUPACT containers, which is 

similar to an estimate for breaching drums during ATMX railcar loading (1.lE-01/yr). A higher value 

of i .2E-01/yr was estimated for damage during the retrieval and re-storage of buried TRUW drums 

and boxes at INEL (DOE, 1992a). This value is assumed to be more applicable to TRUW because of 

the large number of package movements required in the operations of the storage facilities. A frequency 

of 7.5E-02/yr has been estimated for puncturing up to two packages with forklift tines or, in some 

fashion, damaging one or more waste packages during heavy equipment operation (for example, 

dislodging the top tiers of a four-package-high array). 

The approach used herein was to develop an estimate of the frequency of mechanical breaches for 

general handling operations on a per-operation basis, with an operation defined as picking up, moving, 

and setting down a container. The SAR for the HWSF (EG&G, 1990) uses an estimated frequency of 

one drum breached per 10,000 operations, on the basis of analyses at the Rocky Flats Environmental 

Technology Site (RFETS). A fault tree analysis of container rupture at the HWSF resulted in a 

probability of 3E-03 of an operation error, with a conditional probability between 2E- 03 and lE- 02 

for drum breach after an impact, depending on the type of container, or lE-01 for drum piercing. 

Although several handling errors are considered, this analysis leads to a frequency of rupture between 

6E-01 and 3E+OO for every 10,000 operations. The WIPP fire hazards analysis (Westinghouse 

Electric Corp., 1991) used a frequency of 5E-05 failures per forklift operation when a crew of two is 

performing the handling operations. A value of 1.5E-04 accidents per forklift operation, with a 

conditional probability of 2.5E-01 for drum rupture, leading to a breach frequency of 0.4E-04, was 

used in a probabilistic safety analysis of a LANL facility (Sasser, 1992). The LLMW systems analysis 

(EG&G, 1992c, 1993a) used a value of lE-03 drum breaches per operation but included very minor 

breaches and spills. Finally, analysis of actual event data at the SRS resulted in a forklift drum drop 

probability of 5.0E-5 per operation and a drum piercing probability of 3.0E-5 per operation (WSRC, 

1994). 
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On the basis of all of these studies, a probability of lE-04 per operation for significant drum breaches 

consistent with the aforementioned estimates of source term parameters was used in the analysis herein. 

To apply this operational failure probability to storage area facilities, residency times in the interim 

storage area, which vary greatly, must be considered. Most areas are simply staging areas for treatment 

or disposal operations. Generally, for such staging areas, two handling operations would exist, one for 

receiving and one for removal . Thus, the expected annual frequency ifmb) of a container breach for 

waste product x caused by a handling accident is 

fmb = 0.0002 X nx , (F.2-3) 

where nx is the number of waste containers of waste product x received annually. To convert this value 

to a throughput number, a conservative assumption was made that the complete inventory turns over 

each year. Then the expected annual frequency of significant mechanical breaches is given by 

fmb = 0.0002 X N , (F .2- 4) 

where N is the capacity of the facility in number of drums . 

The previous frequency estimate should envelop frequencies of breach of postprocessing storage 

containers that contain immobilized residues from treatment. With the exception of potential gas 

generation and pressure buildup, no significant breach mechanisms are present. For miscellaneous 

TRUW solids, the SAR for the RWMC (EG&G, 1993b) includes a facility frequency estimate of 

2 . lE-02 events per year for severe internal stresses, such as a hydrogen pressure buildup from 

radiolysis of cellulose material or other gas-generating mechanisms. Thus the operational estimate of 

Equation F .2- 4 envelops this facility estimate. 

The frequencies for container damage internal to a treatment facility would also be expected to be lower 

than those for lag storage because of the significantly lower inventory of drums and reduced drum 

vulnerability during handling. The estimate for metal-box drop and breach was lE-02/yr for WRAP 

Module 2 (DOE, 1991c). A value of 3.8E- 02/yr is estimated for the crane-drop scenario for the 

WRAP Module 1 facility (WHC, 1991a). For processing facilities, fewer drums and other packages 

are handled per year than would be the case for the range of potential operations of the lag storage 

areas (for example, consolidation of the contents of a number of waste pads onto a new pad) . 

Furthermore, the operating conditions internal to a processing facility are superior to outside pads in 

terms of equipment reliability and working environment. 
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An approach similar to that discussed previously is used for estimating container breaches from 

operational events involving canisters of vitrified HL W. The glass product is noncombustible, and the 

stainless steel canister used as a container for the glass offers a high degree of protection from external 

incidents (for example, the HL W canisters are designed to be dropped from a height of 9 m [30 ft] 

without loss of integrity). Beyond 9 m (30 ft) , the integrity of the canisters is uncertain (for example, 

the maximum height that a Hanford canister can drop in a storage facility is 13 m [42 ft]). Canisters 

are probably most vulnerable to damage during transfer from the onsite canister transporter into the 

vault tube (Braun et al., 1993). On the basis of this observation, the only accident analyzed for the glass 

storage facility is an operational event involving the crush-impact of a glass canister. Given that a 

simple drop of a canister (from a height less than 9 m [30 ft]) would not result in a breach, canister 

rupture would require the drop of a heavy structure (for example, a crane or concrete cover) on top 

of a canister during handling. 

The estimated frequency for a canister breach for the Hanford glass storage facility, which would 

handle approximately 370 canisters, is 4E- 03/yr (Braun et al., 1993). By assuming that the annual 

frequency of a canister breach depends on the number of canisters, which is taken to be equal to the 

annual rate of canister production, the frequency for an HL W breach if nL w) is 

fnLw = 0.004/370 = 0.00001/canister . (F.2-5) 

Thus the frequency for canister break at SRS is approximately 4E-03/yr on the basis of an annual 

production rate of 410 canisters per year. The West Valley Demonstration Project (WVDP) will handle 

approximately 100 canisters per year, and the annual frequency for canister break is therefore 

lE-03/yr. The preliminary design at Hanford assumes a production rate of 890 canisters per year, 

leading to a frequency of 9E-03/yr. 

The frequencies for chemical spills involving HW or LLMW are derived by using site-specific 

inventories of individual representative chemicals, along with the previously identified assumptions on 

frequencies of breach per operation. Conditional probabilities of fire or explosion of chemically 

reactive or combustible chemicals are also developed. These discussions are included in the sections 

on HW and LLMW accident analyses. 
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F .2.6.2 Storage or Staging Area Accidents 

The major concern with storage and some staging facilities is the large inventory of waste in a 

centralized area and releases involving fires or explosions. The sections that follow summarize the 

accident types considered that would affect either dedicated storage areas or areas for staging waste 

prior to treatment. The discussion is generic in that it is not tied to a specific treatment process or waste 

type. The final determination of source term parameters for HW storage accidents is dicussed in the 

section addressing that waste type .. Both internally initiated accident sequences and external events 

were taken into account. 

F.2.6.2.1 Internally Initiated Fires 

Internally generated facility fires generally occur because of ignition of fuel sources, combustion of 

rubbish, or spontaneous combustion of the contents of a waste package. Combustible or flammable fuel 

sources include diesel fuel or gasoline for tractors, trucks, or other vehicles and natural gas or fuel 

supplies. Combustible rubbish fires generally result from poor housekeeping and are probably the 

principal cause of minor facility fires. Spontaneous combustion of the contents of a waste package has 

been reported (DOE, 1990a) but is considered unlikely . 

Design and operational safeguards are in place to prevent propagation from a localized source (such 

as a single package or drum or a rubbish pile) to a much larger inventory. Packages for combustible 

materials are either steel drums, fire-resistant boxes, or fire-protected shipping containers . Moreover, 

sites are generally bound by the RCRA to segregate storage by waste form compatibility and RCRA 

category; therefore, combustibles are segregated. Finally, most facilities have fire detection and 

suppression capabilities from fire-watch or operator surveillance, automatic sprinkler systems, fire 

barriers, or onsite fire department response (or some combination of these types of protection). As a 

result, fires can be categorized as either local fires involving very limited inventories of wastes or, at 

the other end of the spectrum, as major facility fires induced by forces that provide a source of fuel 

(such as gasoline) and that also disable or overwhelm any available safeguards. Accidents affecting 

staging-area waste packages can generally be enveloped by those affecting storage areas because of the 

similarity of the primary containment (packaging) and are included herein. 

Evaluation of Source Tenn Parameters. The MAR in all fire scenarios is limited to the waste exposed 

to the fire, which depends on the facility configuration and the detection of and response to the fires. 
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The DF is a strong function of the packaging and the physical form (and combustibility) of the MAR. 

Two categories of fires were considered: waste-container fires and facility fires. The former category 

was assumed to have a MAR equivalent to the contents of a single 208-L (55-gal) drum and to have 

a DF of lE+OO. The representative fire in a storage facility was assumed to encompass the spectrum 

of undetected or unsuppressed fires, and the entire facility's inventory of waste was assumed to 

constitute the MAR. A DF of lE-01 was assumed as a generic value to account for segregation and 

separation of waste packages in the facility and for the nature of the waste packaging as described 

previously. 

Evaluation of Frequencies. Reported fire-initiator frequencies for drum storage (DOE, 1990b; Salazar 

and Lane, 1992; EG&G, 1993b) for operationally related events range from lE-03/yr to 2E-04/yr. 

The higher value is estimated for general miscellaneous combustibles. The lower value is also fairly 

typical of estimates for scenarios involving ignition of leaking fuel or natural gas. Because some 

references distinguish between operationally generated waste and the packaged waste being stored, the 

upper value is probably associated with poor housekeeping. For fire initiating in a waste package, 

frequencies on the order of 9.2E-04/yr have been reported for the RWMC (EG&G, 1993b). This range 

of values is inferred to apply to storage situations involving minimal intervention by operators. Fire 

frequencies associated with fuel from transport vehicles, cranes, and forklifts range from 3.3E-03/yr 

to 8.3E-04/yr for initiation (Davis and Satterwhite, 1989; EG&G, 1993b). Fires resulting from 

subsequent ignition upon violent breach of TRUW drums can be envisioned because of hydrogen 

buildup from alpha activity in contact with cellulose material (DOE, 1990a). Although frequencies for 

waste-package damage scenarios have been estimated, conditional probabilities for ignition and fire 

following package breach have not been reported, but would be higher for TRUW than for LLW and 

LLMW, for which hydrogen buildup is much less likely. 

Because of the relative infrequency of a single-container fire and the much greater consequences of 

fully developed facility fires, only the latter were analyzed for source term development for the 

WM PEIS. The estimated annual frequency is lE-4/yr for a fully developed facility fire in the absence 

of treatment process operations. (See also section on treatment facility fires.) This frequency is the 

product of a generic facility fire frequency of lE-2/yr and a fire suppression system failure probability 

of lE-2 (DOE, 1982). This value is consistent with existing documentation and is judged to be 

reasonable in light of the existing preventive and mitigative safeguards discussed previously. 
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F.2.6.2.2 Internally Initiated Explosions 

Explosion scenarios for packaged wastes can be postulated for LLMW, TRUW, and HW. Most LLMW 

accident analyses focus on storage of miscellaneous organic liquid waste (for example, benzene at the 

SRS [WSRC, 1994]), where blankets of inert gas serve to preclude ignition and detonation. Most 

TRUW analyses focus on the accumulation of hydrogen or methane from radiolysis of organics, with 

subsequent ignition and detonation. Inadvertent chemical reactions are considered for HW but should 

be unlikely because waste sorting and segregation at the point of generation act to preclude combining 

reactive materials and oxidants. Storage activities are generally not climate controlled, but heating gas 

is a candidate source for explosion where some control is maintained. Postprocessing storage is less 

of a problem than pretreatment storage because of the greater stability of the final forms (for example, 

grout). 

Damage to packages from an explosion is governed by projectile behavior and the location and 

configuration of the package. One type of array is a four-tier-high stack of two pallets, each holding 

a two-drum-high, tightly packed array of four drums (Salazar and Lane, 1992). Here, the number of 

drums that could be directly affected by projectile impact would be five, although the array could be 

toppled, or other ancillary damage (for example, to adjacent arrays) could be envisioned. A similar 

rationale applied to waste boxes would indicate two affected adjacent boxes. 

Evaluation of Source Term Parameters. The MAR for an explosion would generally be limited to 

a single package because very little explosive energy is typically associated with currently generated 

wastes, and extrapolation of scenarios to include high-energy projectiles is difficult. The DF for 

explosions internal to a container would be lE+OO (that is, the entire contents of the package are 

assumed to be affected). This damage is judged to conservatively envelop any projectile damage to 

nearby packages. For external explosions, projectile damage to a waste package is similar to puncture 

of a package; and a damage ratio of 2.5E-01 or lE+OO would be expected, depending on whether the 

contents are solid or liquid. 

Evaluation of Frequencies. The WRAP Module 1 at Hanford (WHC, 1991b) considered various 

potential explosions for CH TRUW and LLW operations and assigned a frequency range of lE- 06/yr 

to lE-04/yr for a drum exploding because of hydrogen buildup during storage in the shipping and 

receiving area (after receipt). Presumably, the hydrogen resulted from radiolytic decomposition of H20 

or hydrocarbons, which is plausible for TRUW but unlikely for LLMW. A glove box (sorting area) 
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explosion frequency of 6.3E-05/yr was estimated for opening a RH TRUW drum containing a 

hydrogen-air mixture with failure to vent, failure to detect, and ignition. 

Because of the relative infrequency of single-container explosions, and the lack of any known large

scale explosions, radiological source terms for explosions in storage and staging areas for other than 

hazardous waste were not judged sufficiently important to risk to justify source term development. 

Process explosions, however, were analyzed as discussed in the section on treatment facility accidents. 

F.2.6.2.3 External Event Accident Sequences 

External event challenges are important to the human health risk from radiological releases insofar as 

these challenges have the potential to create fires or explosions that can disperse and render airborne 

radioactive waste materials. As discussed in Section F.2.3.1, plausible external accident initiators 

leading to direct fire and explosion scenarios include impacts from military, general aviation, or 

commercial aircraft; impacts from large trucks carrying fuel or chemicals; and fuel or process chemical 

fires and explosions in nearby facilities or storage tanks . Natural phenomena such as earthquakes can 

cause natural gas, fuel, or process chemical fires and explosions in nearby facilities. The severity of 

such phenomena makes mitigation by onsite fire brigades very unlikely. 

Event trees described by Mueller et al . (1995) are used to model the accidents caused by external events 

and to project the progression of the accidents through plausible generic sequences. The event tree 

methods are based on accepted probabilistic risk assessment methods and are consistent with methods 

prescribed by the NRC, the American Institute of Chemical Engineers (1989), and the DOE .. Accident 

sequences are developed for aircraft impacts (small aircraft and large aircraft are considered separately) 

and seismic events. As discussed in Section F .2.3 .1, the safety impacts of aircraft accidents envelop 

impacts for other man-made severe external challenges, and the damage and safety impacts from 

seismic events generally envelop effects from other natural phenomena. These accident initiators and 

the associated accident sequences are developed for the designs for the generic facilities described in 

section F.2.5. The results are covered in the chapters on specific waste types. 
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F .2.6.3 Treatment Facility Accidents 

The major concern with treatment facilities is fire- or explosion-driven releases of process inventories 

that are often much more concentrated than the inventories of waste in r.arrent storage or in staging 

areas. This section primarily summarizes internal event-initiated treatment process accident types and 

discusses the associated source term and frequency data used for the analyses. However, external event 

sequences were also analyzed using event trees in Mueller et al. (1995) to structure and facilitate the 

evaluation. Results for both internal and external events are shown in the individual sections for each 

waste type. 

F.2.6.3.1 Treatment Process Incidents 

In general, the processes of the generic treatment facility described in Section F .2. 5 .1. 3 entail minor 

hazards to the operating staff, including puncture wounds during waste sorting, minor contamination 

from glove failures, and minor spread of contamination from the events of treatment equipment 

pressuriz.ation, from spills, and from off-gas treatment confinement failures (corrosion, gasket failures, 

etc.). Such minor operational incidents in treatment have been ·folded into general handling accidents 

and, as a result, are not discussed further. 

F.2.6.3.2 Off-Gas System Failures 

Potential onsite and offsite effects may result from failure of the off-gas treatment system to perform 

as designed or from introduction, into the off-gas treatment, of species for which the treatment steps 

are ineffective (for example, noble gases, volatile radionuclides such as 3H, or high-temperature 

conversion of dichlorodifluoromethane [HALON] to phosgene); but off-gas events tend to be minor 

because of the high gas sweep rate and the inertness of the off-gas constituents relative to the 

chemically reactive radionuclides and hazardous materials given off during facility fires and explosions. 

The onsite and offsite risks from such accidents are enveloped by potential facility fires or explosions 

that involve chemically reactive releases of nuclides and chemicals that have extended residence times 

in the body. Thus, these events are not considered further. 
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F.2.6.3.3 Treatment Process Vessel Releases 

Aqueous processes to remove RCRA contaminants entail short term storage in tanks, transfer pumps, 

vessels, pipelines, and reaction vessels. Because most sites have some capability to reduce volume and 

to immobilize or to dispose of low-activity liquid wastes, long-term storage of these liquid wastes is 

limited to specific situations, such as the LLMW stored in tanks at Hanford. Nevertheless, rupture or 

failure of these tanks could arise from corrosion, internal stress, or external impact. More severe events 

can also be conceived, such as hoop stress failure from severe overpressurization (for example, 

vapor-space gas detonation from ignition of radiolytically generated hydrogen or benzene vapor), with 

subsequent fires or explosions; however, both frequencies and cons~quences for such severe events 

should be extremely low for all radioactive waste types except possibly HL W. Because tank storage 

of HLW is not included in the evaluation of the WM PEIS alternatives, such accidents are not 

addressed here. 

On the basis of inventories of the various waste types and identified treatment technologies, wet-air 

oxidation of LLMW was selected as a potentially risk-dominant process with vessel breach the accident 

of concern. However, details of the process and related system descriptions were inadequately specified 

in the WM PEIS to allow detailed accident analyses . As a result, source terms for wet-air oxidation 

were analyzed by using MAR and facility containment parameters consistent with those used to analyze 

accidents involving incineration facilities (discussed subsequently). This approach allows an order of 

magnitude scoping of the risks of wet-air oxidation process accidents and provides a reasonable relative 

risk comparison with incineration accidents. The MAR was assumed to be the entire contents of the 

vessel (DF = lE+OO), which was assumed to hold 1 percent of the annual wet-air oxidation throughput 

at the site. The radiological composition at each site for each alternative was obtained from the WM 

database (Avci et al., 1994). An earthquake was the only plausible accident capable of rupturing the 

process vessel and at the same time def eating the facility containment integrity and filtration systems. 

For conservatism, the airborne release was assumed to be pressurized, with RARFs chosen 

accordingly. 

F.2.6.3.4 Treatment Facility Fi.res 

Two categories of fires at treatment facilities have been considered· (1) operation-specific fires 

developed from consideration of the characteristics of a particular treatment technology or the related 
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process and facility characteristics, and (2) generic fires. Existing onsite safety documentation has been 

reviewed to develop the source terms and frequencies associated with plausible accident sequences for 

the first category, which includes fires in incinerator facilities . The CIF analysis (Du Pont, 1989) treats 

the fire initiator potential of the incinerator system as governed by the nature of the feedstocks and 

attributes the initiation of fire to (1) spontaneous combustion of solid waste in lag storage or (2) ignition 

of contaminated organic liquids in storage. The Waste Experimental Reduction Facility (WERF) 

(EG&G, 1993b) analysis considered a fire in the baghouse of the filtration system. Both analyses were 

used to define a reference scenario, as discussed subsequently. 

Facility or facility operations characteristics other than those associated with the treatment process can 

clearly be correlated with the occurrence of fire . These characteristics include the presence of highly 

combustible materials (or materials that can undergo spontaneous combustion, such as dried 

tetraphenylborate salts), the existence of activities involving these materials (such as machining of 

pyrophorics), maintenance activities (such as welding) that involve fuel and ignition sources, and 

building characteristics such as the heating and electrical distribution systems (especially switchgear). 

The assumption is that these characteristics are reflected in the generic database used to establish the 

generic data on fire frequency discussed subsequently. Site-specific analyses include ignition of the 

contents of a breached drum and general room fires (Salazar and Lane, 1992). In general, existing 

LL W and TRUW safety analyses seem to focus less on facility fires than on other accidents; for 

example, analyses for the various Hanford WRAP modules mention but do not analyze fires . 

Engineering judgment, which is based, in part, on the information developed herein and largely 

presented in Appendix C of Mueller et al. (1995) , has been used to assign reasonable source term and 

frequency parameters to generic facility fires . 

Evaluation of Source Tenn Parameters. The representative incineration facility fire used to envelop 

radioactive releases is based largely on information for the WERF (EG&G, 1993b). The assumption 

that a fire starts in the baghouse of the filtration system and propagates to the HEPA filters is plausible 

because of the high temperatures of the material entering the baghouse. The fire causes the housing 

seals to fail on the baghouse and the filters , yielding a direct release of fly ash to the atmosphere. The 

total ash inventory accumulated in the baghouse and the HEPA filters is assumed to constitute the 

MAR. It has been assumed that the ash fed to the baghouse during the fire , if the facility has not 

shutdown, is a small fraction of the ash accumulated in the baghouse, and it is therefore neglected in 

the calculations. The MAR was estimated by averaging the fractions of the total facility ash inventories 

in the CIF and the Process Experimental Pilot Plant (PREPP) actually present in the baghouse and 
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HEPA filters, a value of roughly 3E-02 (Du Pont, 1989). All of the baghouse and HEPA filter ash was 

assumed to be affected by the fire, resulting in a OF of lE+00. Any subsequent explosions of 

accumulated waste ready to be incinerated were judged to be enveloped by the dispersion of ash. A 

more detailed description of the external events analyses can be found in the report by Mueller et al. 

(1995). 

The representative incineration facility fire for HW used to envelop hazardous releases assumes that 

the fire engulfs the feedstock . For further information, refer to the HW analysis. 

Evaluation of Frequencies. Fire frequencies for production operations are based on occurrences in 

the SRS data bank for the operations in the SRS 200 Area and on other industrial experience. The 

frequency of spontaneous ignition of accumulated combustibles (poor housekeeping) is 5E-01/yr if 

(1) pyrophorics or (2) nitric acid and cellulose are available. The CIF analysis (Du Pont, 1989) 

assigned a value of 2.6E- 02/yr for fire initiation in the lag storage area for cardboard boxes, on the 

basis of general experience with spontaneous combustion for F and H Canyon operations . The SAR 

for the CIF also addressed the possibility of a fire involving waste organic feedstock (5E- 03 per tank 

per year, with three tanks) . Maintenance activities, depending on the circumstances (confined space 

welding, use of greenhouses, etc.), initiate fires with a frequency of 3E-01/yr to 2E- 01/yr. Fires from 

electrical shorts have similar frequencies. The expected frequency for a process-related fire in a canyon 

facility has been estimated to be l.5E-02/yr on the basis of experience in the SRS's F and H Canyons 

(WSRC, 1994). 

Analysis of actual event data at the SRS indicates a failure probability for manual fire suppression of 

lE- 01 to 5E- 01 per demand, assuming the fire is detected (Benhardt and Held, 1994). Most SARs use 

a reasonably conservative value of lE- 02 per demand for failure of automatic fire suppression systems 

on the basis of the DOE study (DOE, 1982). More recent analyses of Hazard Category 2 facilities 

indicate a greater reliability for wet pipe sprinkler systems. Typical site-specific values range from 

5E- 02 to lE- 03 per demand for a fire department to fail to respond. Also, the SRS data indicate a 

probability range of 3E- 02 to 3E- 01 for the fire department to successfully put out the fire. Because 

this analysis presumes either automatic or manual fire detection and notification, either or both are 

required for any credit to be taken. 

The EIS for the WIPP (DOE, 1990a) applies a frequency of lE- 03/yr for a fully developed fire in an 

operating area, as derived from the RWMC documentation. The previously cited study by the Electric 

F-50 



ApPendix F 
9513387 i>, l9~i 

Power Research Institute (EPRI, 1979) estimates lE-02/yr for a fully developed fire (on the basis of 

a generalized fire initiator of lE-01/yr), and general estimates of fire initiator frequencies (for TRUW 

processing and handling activities) for the RFETS range from 5E-02/yr to 5E-01/yr on the basis of 

facility-specific experience (for example, Building 910 [EG&G, 1992a]). The RWMC analyses (EG&G, 

1993b) are predominantly focused on fires initiated by helicopter crashes (in various locations), 

typically with a frequency of 1.2E-05/yr to 5.4E-05/yr. Other sites are more concerned with external 

challenges from aircraft crashes and earthquakes. Aircraft fuel, ruptures of natural gas pipelines, and 

spilled organic liquids in storage facilities constitute the combustible or ignitable source for these 

challenges. 

The estimated frequency for a fully developed facility fire used herein is lE-03, consistent with WIPP 

estimates. This estimate includes a generic fire frequency of lE-01/yr and a fire suppression system 

failure probability of lE-02. In light of safeguards associated with hazard category 2 facilities, this 

estimate is judged to be conservative. For the HW feedstock fire, refer to the HW analysis section. 

F.2.6.3.5 Treatment Facility Incinerator Explosions 

Except for incineration and wet-air oxidation (of mainly aqueous wastes, with less severe 

consequences), no significant explosion initiators were identified for processing. Failure of a 

wet-oxidation unit would result in a pressurized spray release. Nitrated organic reactions at high 

temperatures in evaporators and driers were discounted in the SARs for RFETS Building 910 and 

Building 374 (EG&G, 1992a,b) because (1) alkaline solutions do not react significantly, (2) heavy 

metals are absent, and (3) processes are at low pressure. In general, the accident literature for 

evaporation focuses primarily on accidents involving loss of filtration; however, unlike many 

processing activities, incineration has a potential for accumulations and leaks of combustible gas, with 

a possibility for explosions. 

Evaluation of Source Tenn Parameters. The assumption is that the explosion (which could potentially 

occur because of the existence of fuel, oxygen, and high temperatures) takes place inside the rotary kiln 

incinerator. The MAR was derived by averaging the ash inventory at the CIF and PREPP in the kiln 

incinerator and was determined to be 12 percent of the total ash inventory existing in the facility. All 

of the waste present in the rotary kiln incinerator was conservatively assumed to be affected by the 

explosion, for a DF of lE+OO. 
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Evaluation of Frequencies. The safety analysis for the CIF, which is designed to accommodate LL W 

but includes various RCRA wastes as candidate feedstocks, estimates an annual frequency of 

l.5E-02/yr for explosions in the rotary kiln assembly and in the secondary combustion chamber. 

Because it envelops the other estimates, the CIF estimated frequency of 1.5E-02/yr is used herein. A 

frequency of 2.9E-04/yr for an explosion during RWMC processing activities was estimated (no unit 

operation is specified), with a frequency for a facility room fuel-air explosion estimated at 2.0E-04/yr 

(previously reported values were as low as 5E-07 /yr). A more refined and detailed analysis estimated 

that conditions conducive to an explosive event exceeding the 100-kilopascal (kPa) (15 pounds per 

square inch gauge [psig]) capability of the vessels could occur at a frequency approaching 3E-02/yr. 

Such overpressures could potentially rupture the vessels and release the contents. Various INEL studies 

cite an explosion frequency of lE-04/yr derived primarily from earlier analyses to support operations 

of the RWMC/Solid Waste Experimental Pilot Plant (SWEPP) with TRUW solid feedstock (EG&G, 

1993b). 

The posttreatment stored waste may be presumed to be more stable (depending on the method of 

immobilization) and more robustly packaged. The only qualitatively defined scenario entails a propane 

gas leak with ignition. The SAR for RFETS Building 910 assigned a conservative value of 4.4E-02/yr 

for a heating gas line rupture and ignition to impact postprocessing material stored in the processing 

facility. Because the source term for this accident is much smaller than that for the rotary kiln 

explosion, this sequence was not developed further. 

F .2.6.4 Summary of Data Used 

A summary of the key generic source term and frequency parameters discussed in the preceding 

sections is presented in Table F .2-5. Although the values actually applied for the accidents for the 

individual waste types are summarized in the chapters on specific-waste-type accident analysis, these 

values are largely based on this table. The MAR units of volume were converted to Ci for each waste 

type and DOE site with the information provided in the PEIS waste characterization database. Although 

the total Ci value is given in the table, the activity was distributed into the corresponding radionuclides 

in the source term files used for consequence calculations. 
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Table F.2-5. Frequency and Source Tenn Parameters 
for General Handling and Internal Facility Accidents 

Reported Annual 
WMPEIS 

Reported or Representative 
Frequencies Source Term Parameters 

Frequency 
Estimate MAR 

Event Low mgh oer Year MAR Units DF 

General Handling Accidents 

Packaged Wastes 

Crane drop with impact and breach BE- 02 l.2E-01 -a lE+OO Packageb 2.5E- 01 or 
1.0E+OOC 

Forklift puncture with impact, breach, and 7.SE- 02 2E+OO Package lE-01 or 
spill l.OE+OOC 

Internal overpressurization and breach 2.lE- 02 lE+OO Package 

Toppled stacked array 7.5E-02 4E+OO Drum 2.5E- 01 or 
l.OE+OOc 

Representative breach and rupture 2.5E- 04d lE+OO Drum 2.SE- 01 or 
l.OE+OOc 

Fires In Storageor Staging Areas 

Spontaneous-combustion fire 2.6E- 02 SE- 01 f lE+OO Drum lE+OO 

Small fuel or chemical fire 8.3E- 04 3.3E- 03 f 2E+OO Drum lE+OO 

Facility fire 2E-04 lE- 03 -f g Drum lE+OO 

Local manual-suppression failure lE- 01/d 5E- 01 

Automatic-suppression failure lE- 02/d 

Fire brigade response failure 3E- 02/d 3E- 01/d 

Representative facility fire 
without mitigation IE- 04 g Drum lE- 01 

Explosions in Storage or Staging Areas 

Packaged Waste (ILMW and TRUW Only) 

Spontaneous combustion or explosion l.0E- 06 l.0E- 04 lE+OO Drum lE+OO 

Representative explosion -f 

Fires In Treatment Facilities 

Facility fire 

Local manual-suppression failure IE- 01/d 5E- 0l/d 

Automatic-suppression failure IE- 02/d 

Fire brigade response failure 3E- 02/d 3E- 0l/d 

Representative facility fire 

without mitigation lE- 03 lE+OO Baghouse and lE+OO 
HEPA ash 
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Table F.2-5. Frequency and Source Term Parameters 
for General Handling and Internal Facility Accidents-Continued 

Reported Annual 
WMPEIS 

Reported or Representative 
Frequencies Source Term Parameters 

Frequency 
Estimate MAR 

Event Low High oer Year MAR Units DF 

Explosions In Treatment Facllltles 

Spontaneous combustion or explosion lE- 04 l.SE-02 IE+OO Incinerator kiln IE+OO 
ash inventory 

Representative explosion l.SE- 02 lE+OO Incinerator kiln IE+OO 
ash inventory 

a Not available. 
b A Type A 208-L (55-gal) plastic-lined carbon steel drum was chosen as the representative waste package for MAR calculations in 
detennining source terms for all packaged waste breach or rupture events. 
c Waste packages containing liquids were assigned a DF of 1.0E+OO. 
d Per operation 
e Because of the focus of the WM PEIS alternatives and the low overall risk relative to drum or canister storage accidents in the 
~ PEIS program, source tenn analyses were not perfonned for tank storage. 

Because of the combined relative infrequency and low health impact of individual container fires and explosions, only facility fires 
were analyzed in the WM PEIS. 
g Total number of waste drums in facility . 
h Per demand. 

F .2. 7 SELECTION AND CALCULATION OF FINAL SOURCE TERMs 

Preliminary combination of the source term information discussed previously with selected so called 

unit risk factors (actually unit dose conversion factor) was performed to develop preliminary screening 

estimates of the impacts of the accident sequences to determine the risk-dominant scenarios . Unit risk 

factors were developed to estimate the health effects on the exposed populations from releases of unit 

amounts of radionuclides or hazardous chemicals (see WM PEIS Appendix D). This involved (1) the 

development of or integration of existing information on the site-, facility-, and treatment-specific 

demographics to characterize the workforce and general population potentially exposed to hazardous 

material and (2) the development of the meteorologic and release dynamics and characterization data 

necessary for calculating the transport of radioactive or toxicological plumes to the exposed population . 

Final source terms for the scenarios most important to public risk were then developed on the basis of 

the importance to risk to the maximally exposed individual (MEI) at the site boundary. 

The calculation of the source terms merged the frequencies and source term parameters for the accident 

sequences with the inventory characterization for the MAR. The computational framework and 

interaction of the code packages are illustrated in Figure F .2-7. Preliminary results of the operational 

and external event accident sequences described previously were screened for each waste type for the 
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Argonne ERWM Argonne ERWM Argonne 
Facility Accident Facility Accident WASTE_MGMT 
Progression Code Computational Computational Model 

Database and Database 

Catalogs of Event Trees Source Terms by Site and Inventories-at-Risk by 

Calculation of Accident ~ 
Facility, Consolidation 

V1'--
Site, Consolidation 

Alternative, Waste Stream Alternative, Waste Stream 
Sequence Frequencies and Treatability Category, and Treatability Category r/ and Accident Sequence ~ Mapping of Sequences Includes Current 
into Release Fraction Source Terms Normalized Storage and Projected 

Categories by Throughput Generation Rates 

Source Term and Risk Site Volumetric and 
Rollups as Required Radionuclide 

Composition 
Characterization 

Figure F.2-7. Computational Framework for Facility Accident Analysis Source Terms. 
(ERWM = environmental restoration and waste management) 

sites defined in the various alternatives for WM. Ranking of the accident sequences for risk dominance 

at each site was performed by using the frequency-weighted dose to the MEI as the screening criterion. 

Source terms were also selected from risk-dominant sequences in the following annual frequency 

categories: greater than lE-02, between lE- 02 and lE-04, between lE-04 and lE-06, and less than 

1 E-06. The selected source terms were then used to perform the health effects calculations for 

radiological and chemical releases from facility accidents. The complete set of sequences, with 

classification of their frequency categories, is shown in the chapters describing the results for each 

waste type. A representative list of sequences is presented in Table F .2-6. The final calculation of the 

health effects for both general and occupational workforce populations by using the source terms 

described herein is reported in WM PEIS Appendix D. 

F.2.8 UNCERTAINTY IN FACILITY ACCIDENT ANALYSIS 

Considerable uncertainties exist in various aspects of the facility accident analysis . The uncertainties 

range from issues pertaining to completeness of the analysis to numerical uncertainties in the 

parameters used in estimating the accident sequence frequency and the airborne release source terms. 

Uncertainties in the representativeness and completeness of the accident analysis arise from inherent 

limitations of the accident sequence modeling and the incomplete knowledge of the facilities and 

operations involved. Representativeness was addressed by reviewing existing safety analysis 
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Table F.2-6. Representative Accidents Analyzed for Source Term Development 

Type of Facility 
and Accident Freauency MAR x DF Notes 

Operational Handling 

Drum breach 2.0E-04/drum/yr 25% of drum (100% for liquid waste) 

Storage or Staging Areaa 

Facility fire 1.0E-4/yr I 0% of combustible drums in facility Not applied to drums with 
vitrified, solidified, or 
otherwise highly stable 
waste or to noncombustible 
liquid waste 

External Events 

Small- or large- Site, aircraft, and Aircraft and accident sequence specific Event tree sequences for 
aircraft impact accident sequence both small and large aircraft 

specific screened on risk to identify 
single sequence 

Earthquakeb or Sitec and accident Accident sequence specific Event tree sequences 
tornado sequence specific screened on risk to identify 

single sequence 
Treatment Facilityd 

Operational Events 

Facility fire l.0E-3/yr Ash in baghouse and HEPA filters (3% Not for HW stream 
of facility waste inventory or 0.03 % of 
incinerable throughput) 

Facility explosion 1.SE-2/yr Ash in kiln ( 12 % of facility waste inventory Not for HW stream 
or 0.12 % of incinerable throughput) 

External Events 

Small- or large- Site, aircraft, and Aircraft and accident sequence specific Event tree sequences for 
aircraft impact accident sequence both small and large aircraft 

specific screened on risk to identify 
single sequence 

Earthquake Accident sequence Accident sequence specific Event tree sequences 
specific screened on risk to identify 

single seauence 

a Used for screening only . 
b Earthquake used to upper-bound consequences of tornado . , 
c Frequency was assigned as the larger of those for a 0.15-g earthquake or a I 13-kilometer per hour (km/h) (70-miles [mi]/h) 
wind. 
d Applied only to incinerators at each DOE site. Vitrification accidents were screened out for LLW, and wet-air oxidation 
accidents were screened out for LLMW. 

documentation and selecting accidents that were similar to or which bounded those found in the 

literature for the relevant operations, processes, and facilities. The issue of completeness was addressed 

by selecting surrogate accidents representative of classes of accidents and bounding the product of the 

frequency and the severity of the surrogates so that the risk from each class of accidents was enveloped. 

The numerical estimates of the frequency of the different accident sequences analyzed are also 

uncertain. There exist uncertainties in both the frequency of the initiating events and in the conditional 
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probabilities of the accident progression path. The numerical estimates were generally conservatively 

obtained using accepted DOE or NRC safety guidance or site-specific safety documentation. Event trees 

were used to help organize the information, structure the sequences, and automate the calculations . 

Uncertainties in the frequencies of the sequences are expected to range from factors of from 3 to 10 

for anticipated accident sequences (i.e., those with annual frequencies greater than lE-02 per year) to 

from 2 to 3 orders of magnitude for accident sequences with frequencies near or less than lE-05 such 

as those initiated by beyond design basis earthquakes . 

The uncertainties in the source term calculations affect both the radiological and the chemical releases . 

The radiological source terms were calculated as the product of four contributing factors, namely 

MAR, DF, RARF, and LPF, all of which are affected by uncertainties. Uncertainties in the MAR and 

DF arise from lack of precise knowledge of waste stream inventory amounts, physical characteristics, 

radiological profiles, and operational and containment configurations of the treatment and storage of 

waste streams under potential accident environments. Estimates of the current inventory radioactivity 

contents (i.e. , reflecting both amount and composition) are probably uncertain by factors of from 2 to 

100, depending on the type of waste, where it was generated, and its current disposition. No 

conservatisms were assumed in developing the MAR. Damage fractions were chosen using generally 

conservative assumptions based on existing safety guidance and general knowledge of the physical 

characteristics of the MAR and the likely configurations and containment properties of the relevant 

storage and treatment facilities. 

The RARF was conservatively adapted to the waste streams subjected to the dominant accidert stresses 

encountered during the postulated sequences by assigning high or bounding values from the RARFs 

compiled in DOE-HDBK-3010-95 (DOE, 1994). The uncertainties caused by imprecise knowledge of 

accident stresses and imprecise extrapolation of experimental values , which themselves are uncertain, 

suggest uncertainty ranges from factors of 3 to 10 for high RARF values (say greater than lE-02) to 

orders of magnitude for RARF values of less than lE-04. Uncertainties in the physical compositions 

and containment configurations of the MAR suggest an additional order of magnitude in the 

RARF uncertainty. 

The LPF uncertainties for sequences with full or partial filtration exist due to incomplete 

knowledge of leak paths and filtration efficiency during accident conditions. For sequences in 

which the containment structure is damaged, a LPF of unity is conservatively assumed. 
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The chemical release source term uncertainties in the MAR and DF parallel those for the 

radiological release source terms. Uncertainties due to the completeness of the HW database, 

which was developed from actual shipping manifests, are expected to be small, roughly a factor 

of two. For the hazardous component of mixed waste the chemical breakdown was more generic 

and was not available on a drum by drum basis as it was for HW, suggesting an order of 

magnitude uncertainty. Also, only a small number of accident release types were identified due 

to the generic nature of the chemical profile available for those mixed waste types. The 

uncertainty there is expected to add another order of magnitude. Uncertainties in the estimated 

chemical source terms are expected to have a variability of about one order of magnitude because 

chemical reactions can take place in different ways depending upon temperatures, the presence 

ofcatalysts, and the precise chemical concentrations of constituents, parameters for which there 

is very limited information only. 

Recognizing that the uncertainties in the various source term factors are often interdependent, 

the uncertainty in source term estimates covers several orders of magnitude. Reasonable 

predictions of the distribution of source terms can not be quantitatively established without a 

much greater level of knowledge of the waste stream inventories, the future generation of wastes 

within each category, and the actual characterization of the operations, processes, facility 

configurations, operating and safety procedures invoked. Developing this level of knowledge is 

beyond the scope of the WM PEIS. 

Although the absolute values of the source term estimates range in uncertainty to several orders 

of magnitude, the comparisons among the source terms are much less uncertain. Considerable 

effort was expended to assure that the accident analysis approach and underlying assumptions 

were consistently applied for all waste streams, types of accidents considered, and operations, 

processes and facilities evaluated. Thus the relative health and risk impacts, to the extent that 

they depend on relative source terms, that are ultimately derived from and calculated for different 

facility accident sequences are judged to provide useful information in discriminating among 

strategic alternatives. 
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F .3 High-Level Waste 

F .3.1 ALTERNATIVES AND SITES ANAL\'ZED 

Management of HLW follows six implementation phases: current storage, retrieval, pretreatment, 

treatment, interim canister storage, and geologic repository disposal. Current storage, retrieval , 

pretreatment, treatment, and geologic repository disposal are outside the scope of the WM PEIS; and 

accidents during these implementation phases are not considered. The required WM facilities include 

expanded interim storage facilities under the various alternatives at Hanford, SRS, and WVDP. 

Canisters of vitrified HLW from Hanford, SRS, and WVDP are to be placed in an interim onsite 

storage facility awaiting transport to a geologic repository. Comparison of the interim storage facilities 

at the three sites is given in Table F.3-1. Canisters produced at WVDP will be placed in storage racks 

that hold four canisters each and then will be transported in these racks to the onsite Waste Canister 

Storage Facility (WCSF). The immobilized HLW will be temporarily stored in a previously 

decontaminated and refurnished process cell known as the Chemical Process Cell (CPC), which has 

been modified for HL W interim storage. The racks will be stored on two levels to provide a storage 

area for failed equipment. The storage area has a capacity for 344 canisters and will be equipped with 

two coolers to remove the decay heat. 

The interim canister storage facility at SRS is designed to hold canisters in vertically sealed cavities 

within a concrete structure forming the storage vault (that is, a concrete modular vault). The Glass 

Waste Storage Building (GWSB) at SRS will be an air-cooled dry storage vault. It consists of rows of 

tubes or vaults placed below grade into which the canisters are lowered. No stacking of canisters occurs 

within the storage tubes. Concrete plugs provide a cover for the tubes. Storage capacity is currently 

provided for 2,286 canisters, the output from approximately five years of vitrification operations at the 

Defense Waste Processing Facility (DWPF). The storage capacity of the existing facility was predicated 

on the assumption that a geologic repository would b~ available by the time when 1992 fresh waste 

would be processed. Additional storage capacity for 2,286 HL W canisters are required to assure 

interim storage of the total 4,572 canisters at SRS. 
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Table F.3-1. Interim Storage Facilities for BL W Canisters 

Variable WVDP SRS Hanford 

Facility name WCSF GWSB TBDa 

Storage capacity 344 2,565b 15,000 
(HLW canisters) 

Storage method Process cell Modular concrete Modular concrete 
vault vault 

Footprint (m2) 190 4,343 12,200 

Vault volume (m3) 2,490 63,404 141,000 

Coolin~ method Air cooler Exhaust fans Natural convection 

a Conceptual facility under design. 
b Additional storage capacity of 2,286 canisters will also be required. 

The previous design for the Hanford Waste Vitrification Plant (HWVP), was estimated to produce 

about 2,000 canisters of glass from high-activity waste from the Hanford double-shell tanks (DSTs). 

The number of glass canisters from single-shell tank wastes depends on the pretreatment process to be 

selected, with a maximum of 60,000 canisters having been projected for minimal pretreatment 

(U.S. General Accounting Office, 1993). This analysis assumes that a total estimated 15,000 canisters 

will be produced from all the HL W at Hanford. The vitrified waste canisters are to be placed in interim 

storage onsite. This storage is similar to storage at SRS, except that three canisters are stacked per 

storage tube and a thermosiphon ventilation system would be used to remove decay heat in the Hanford 

design. As currently designed, the conceptual facility at Hanford would be able to store 15,000 

canisters containing vitrified HL W. Detailed descriptions of HL W treatment processes and facilities 

can be found in the report by Folga et al. (1995). 

The HLW alternatives in the WM PEIS are shown in Table F.3-2. The decentralized alternative would 

provide onsite interim storage for all treated HL W awaiting shipment to a geologic repository for 

permanent disposal. The regional consolidation alternatives call for the vitrified-HL W canisters 

produced at one site (or sites) to be transported for interim storage at another site. Centralization at one 

site (Hanford) is also considered. 
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Table F.3-2. Programmatic Alternatives for HL W 

No Action Alternative 

• Store HLW canisters at Hanford, SRS, INEL, and WVDP in existing and 
approved storage facilities; 

• Continue current treatment approaches at each site. 

• Continue interim storage of liquid and calcine HL W at INEL; and 

• Continue activities necessary for ultimate disposal of HL W in a geologic 
repository. 

Decentralized Alternative 

• Continue storage of HLW at Hanford, SRS, INEL, and WVDP; 

• Continue current treatment approaches at each site; 

• Continue interim storage of stabilized (vitrified or glass-ceramic) HLW at each 
site; and 

• Continue activities necessary for ultimate disposal of HL W in a geologic 
repository. 

Regionalized 1 Alternative 

• Same as Decentralized Alternative, except provide interim storage 
facilities at SRS for WVDP vitrified HL W canisters. 

Regionalized 2 Alternative 

• Same as Decentralized Alternative, except provide interim storage facilities at 
Hanford for WVDP vitrified HL W canisters. 

Centralized Alternative 

• Same as Regionalized 1, except provide interim storage facilities at Hanford for 
WVDP, INEL, and SRS HLW canisters. 

F .3.2 RlsK-DOMINANT ACCIDENTS AND MODELING ASSUMYTIONS 

F .3.2.1 Selection of Accidents 

Accidents with the potential to produce significant offsite consequences were identified by using 

available safety documentation. Although HL W contains various hazardous components, the primary 

risk is from radiological hazards. Because of the stable nature of vitrified waste, chemical releases do 

not occur in interim storage, the only WM phase of relevance to the WM PEIS. 
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Nuclear criticality was discounted due to the low concentration of fissionable material in the canister 

and due te the absence of a mechanism of accumulating a critical mass. This assumption was supported 

by safety documentation. The effective multiplication factor for criticality in an interim storage facility 

is required by 10 CFR 60.131(b)(7) (1993) to be at least 5 percent below unity. Reported values for 

SRS canisters show a large margin of subcriticality (McDonell and Jantzen, 1986). Because the 

inventories of fissionable radionuclides at Hanford and WVDP are lower than at SRS, an even greater 

margin would be expected. 

Radiological releases from severe fires and explosions were considered first. DOE Order 5480.7A 

(DOE 1993g) establishes requirements for an improved level of risk for fire protection for all facilities 

for which either loss of value or risk to health and safety would be of concern. The SARs for the 

various HLW interim storage facilities (Herborn and Smith, 1990; WSRC, 1990; West Valley Nuclear 

Services Co., Inc., 1994) do not consider the risk of fire within an interim storage facility, generally 

because no significant accumulation of combustibles occurs in the vicinity to support significant fire 

propagation. Thus, a major destructive fire was judged to be unimportant to risk. Similarly, because 

a large source of combustible material would not be available for ignition or chemical reaction (or 

both), the possibility of a catastrophic operational explosion was discounted. An aircraft crash with a 

resulting aviation fuel fire was also discounted because it would have a frequency of less than lE- 06/yr 

and limited radiological consequences, given the containment of the encapsulated radioactive materials 

(Mishima et al., 1986). 

Natural phenomena were also considered, with the limiting accident being an earthquake. Braun et al. 

(1993) estimated an annual frequency of 3.37E-08/yr for an earthquake-induced canister drop with 

subsequent airborne release for interim storage at Hanford (this scenario assumed full filtration; loss 

of filtration would result in an even lower frequency estimate). In general, natural phenomena-induced 

events, such as tornadoes and earthquakes, were discounted as important contributors to the overall risk 

of HLW interim storage operations (Braun et al., 1993) due to the high integrity of the HLW canisters, 

as well as the low probability of occurrence. 

Review of the available safety documentation (DOE, 1982; Idaho Operations Office, 1982; Machida 

et al., 1989; Mishima et al., 1986; WSRC, 1990) suggests that the risk-dominant accident during 

interim glass canister storage is the breaching of an immobilized canister during handling operations, 

including a canister drop from the shielded canister transporter (SCT) into the vault tube during 

transfer, and canister damage during transfer because of movement of the SCT cask relative to the vault 
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tube opening (Braun et al., 1993). A rupture could also occur from a cell cover dropping on an 

encapsulated canister. (Because a cell cover weighs approximately 27,216 kilograms [kg] [30 short tons 

(tons)], canister rupture is expected following a direct hit.) The initiating event is attributable to 

operator error in handling or to handling_ equipment failure (NRC, 1988). Particulates would then be 

generated that are small enough to be suspended and hence could be exhausted to the atmosphere. The 

energetics of the accident would not be expected to severely degrade the facility filtration. At the time 

of rupture, each canister is assumed to be full . 

The estimated frequency for a HL W canister drop with subsequent release at the Hanford glass storage 

facility, which would handle approximately 370 canisters per year, is 4E-03/yr (Braun et al., 1993). 

The frequency of a canister breach depends on the number of handling operations, which is taken to 

be equal to the annual canister production rate: 

frequency (y,-1) = (0.004/yr) x canister production rate/370 (F.3-1) 

This analysis assumes a canister loading rate of 790 canisters per year for Hanford; therefore the 

initiating frequency for a canister drop at Hanford is estimated to be about 8E-03/yr. Given the 

previous information, the initiating frequency for a canister drop accident at SRS is estimated to be 

4E- 03/yr, on the basis of an annual production rate of 410 canisters per year. (The frequency of a 

canister rupture at SRS is estimated [WSRC, 1990] to be 2E-03/yr; the value used in this analysis can 

therefore be considered to be conservative.) The WVDP facility will only handle approximately 

100 canisters per year, and the annual frequency is therefore reduced to lE-03/yr. 

F .3.2.2 Source Term Modeling Assumptions 

Site-specific compositions were assumed for the MAR (taken to be the contents of one canister). A full 

canister of glass generally contains between 1,650 and 1,900 kg (3,638-4,189 lb) of glass (see 

Table F.3-3) . This analysis also assumes that the mechanical impact from the canister drop accident 

results in fracturing the vitrified HL W and breaking the canister. The glass particles are released from 

the damaged canister (DF of unity) and are dispersed into the vault. The majority of the glass fragments 

are too heavy to remain airborne, with a fraction (1.5E-04) of the glass lying within the respirable 

range ( < 10 µm). The RARF for vitrified glass that has been subjected to a crush/impact accident stress 

is shown in Table F .3-4 as a function of filtration. 
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Table F.3-3. Dimensions, Weights, and Radioactivity of BL W Canisters 

Variable WVDP SRS Hanford 

Outer diameter (cm) 61 61 61 

Overall height (cm) 300 300 300 

Material of construction ss· 304 La , SS; 304 L SS; 304 L 

Nominal wall thickness (cm) 0 .34 0.95 0.95 

Weight (kg) 
Canister 252 500 500 
Glass or ceramic 1,900 1,682 1,650 
Total 2,152 2,182 2,150 

Radioactivity per canister (Ci)b 104,300 234,400 137,000 

(January 1990) 

Decay heat per canister (Wf 311 709 389 

(Januarv 1990) 

a SS = single shell. 
b Ci = curie(s). 
c W = watt(s) . 

The analysis of emissions from the Interim Fuel Storage Facility (IFSF) at assumes that all emissions 

are ground releases because the release point is not greater than 2.5 times the associated building height 

(Pinkston, 1993). Because stack locations and heights cannot be defined until a conceptual design has 

been completed, ground releases were assumed here with both full filtration and loss of filtration. 

While these two sequences are to be applied for public risk estimation, worker risk is based on 

unfiltered releases . 

F .3.3 RESULTS 

Preliminary results of the accident sequences described previously were reviewed for importance to risk 

to the public by using the frequency-weighted dose to the MEI and then were grouped into the four 

annual frequency categories (Table F.2-2). Representative source terms for the important sequences 

were then selected as the bases for calculations of human health effects. The source term parameters 

and frequency groups for HLW accidents for all WM PEIS alternatives are shown in Table F .3-5 . 

Detailed radionuclide releases are provided in the report by Mueller et al. (1995). 
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WMPEIS 
Alternative Site 

All Hanford 

All Hanford 

All SRS 

All SRS 

All WVDP 

All WVDP 

9513387 .. ZSOZ 

Table F.3-4. RARF as a Function of Filtration 
for BL W Storage Facility Accidents a 

Variable 

RARF 

Loss of 
Filtradon 

1.5E-04 

Partial 
Filtradon 

1.5E-07 

Full 
Filtradon 

3E-10 

a Double banks of HEPA filtration are assumed; efficiency of 
first bank is 99.9%; efficiency of second bank is 99.8%. 

Table F.3-5. Frequencies and Source Tenn Parameters 
for WM BL W Accidents Analyzed 

Freguensi: Bin {~r ;i:ear) Source Term Parameters 

lE- 4 to lE-6 to VMAR11 MAR 
Accident >lE- 2 lE- 2 lE- 4 <lE- 6 (m3l (Cl) DF 

Glass canister crush, b X 6.2E- 01 1.4E+-05 l .0E+OO 
fully filtered release 

Glass canister crush, X 6.2E- 01 1.4E+05 1.0E+OO 
unfiltered release 

Glass canister crush, X 6.2E- 01 2.3E+05 1.0E+OO 
fully filtered release 

Glass canister crush, X 6.2E- 01 2.3E+05 t.0E+OO 
unfiltered release 

Glass canister crush, X 6.2E- 01 l.lE+05 1.0E+OO 
fully filtered release 

Glass canister crush, X 6.2E- 01 l.lE+05 1.0E+OO 
unfiltered release 

a VMAR = volume of MAR. 
b Not applicable. 

Total 
Release 

(Cll 

4.IE- 05 

2.IE+Ol 

7.0E- 05 

3.51E+O! 

3.3E- 05 

1.7E+Ol 
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F.4 Transuranic Waste 

Following the generation of preliminary source terms, a number of new or previously unavailable 

accident analyses addressing storage facility accidents have been obtained that were performed in 

support of recently published DOE Safety Analysis Reports (SAR's) and EIS's. Another new document 

of particular relevance that has just been published is the new DOE Standard (DOE-HDBK-3010-94, 

December 94) on respirable airborne release fractions, (RARF's), which provides the latest RARF 

values published by DOE for use in accident analysis. A RARF is defined as the fraction of material 

exposed to accident stresses that become airborne as a result of the accident. These latest values 

supersede the RARF values used in the screening studies cited above. At the time of this writing, these 

reports were being reviewed to provide additional insights into the development of the postulated 

WM PEIS facility accidents and the development of the final values of the associated source terms. The 

analyses for accidents that will be published in the final draft of the WM PEIS will reflect the 

information in these reports. 

Accidents for current storage were not analyzed because the results will not help to discriminate among 

alternatives. This results from the underlying assumption used in the PEIS analyses that all sites will 

accumulate or at least not reduce these waste inventories for roughly ten years at which time complex

wide treatment will begin. Thus all sites will achieve their maximum inventories (leading to maximum 

potential releases), independent of alternative. However, because recent DOE safety or NEPA 

information on storage facility accidents provides guidance on the potential risk impacts applicable to 

storage, this information is discussed herewith. 

Current SAR's and DOE site EIS's predict consequences for a range of selected waste storage accidents 

of varying frequency. A brief summary of some of these accidents, assumptions used by the sites in 

preparing the analyses, and release or health effects-related results are shown in Table F.4-1 and 

discussed below. 

Table F .4-1 includes accident results from recent analyses such as the LANL Preliminary Safety 

Analysis Report for the Retrieval of Transuranic Waste (PSAR) (Benchmark, 1994) and the INEL SAR 

for the Waste Storage Facility (EG&G, 1994b). The LANL PSAR analyzed three credible accidents, 

including drum spill due to failure during handling, puncture of a crate by a forklift, and breaching of 

multiple drums in storage due to earthquake-caused toppling from storage arrays. In addition, LANL 

analyzed one beyond-design-basis accident defined as a single drum fire in the retrieval dome. LANL 

estimates that only about 0.4 percent of the drums contain a potential source of hydrogen that could 
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Table F.4-1 Representative Accidents and Source Term Parameters from Recent 
DOE Safety Analysis Documents Relevant to TRUW Storage 

Safety Document Scenario oo8 ARForRARF0 Release Comequenc1 

lANL PSAR for 1. Drum spill at retrieval 5.0E-01 l.OE-03 to 8.7E-04 l.7E~ rem 
Retrieval of TRUW oorre 5.0E-05 PE-Cic (MEI) 
(Benchmark, 1994) 

2. Forklift puncture 5.0E-02 1.0E-03 to 2.9E-04 6.8E-03 rem 
of crate in storage dome 5.0E-05 PE-Ci (MEI) 
(4 drums) 

3. Design-basis earthquake 5.0E-01 l.OE-03 to 1.2E-02 2.9E-02 rem 
in the storage dome with 5.0E-05 PE-Ci (MEI) 
multiple drum spill (3 % 
of 16,655 drums in the 
facility spilled) 

4. Drum fire in the retrieval 1.0 5.0E-04 l.5E-01 l.4rem 
dome (beyond-design- PE-Ci (MEI) 
basis accident) 

INELSARfor 1. Drum fire/explosion 1.0 l.OE-03 1.2E-03 Ci 5.0E-02 rem 
Waste Storage (maximum credible (MEI) 
Facility (EG&G, design basis accident) 
1994b) 

2. Box spill 1.0E-01 l.OE-04 l.8E-03 Ci 4.2 rem 
(1 box = 15 drums) (worker) 

3. Beyond design basis 1.0E-01 (drums) LOE~ 1.2 Ci 9.7E-02 rem 
tornado with breach 1.0 (boxes) (MEI) 
of 1,440 drums and 
576 boxes 

SRS Draft EIS 1. Drum rupture Not available Not available Not 7.2E-04 rem 
(DOE, 1995) and fire available (MEI) 

2. Drum fire in culvert Not available Not available Not 2.4E-01 rem 
available (MEI) 

3. Fire caused by Not available Not available Not 4.4E-02 rem 
vehicle crash available (MEI) 
(28 drums) 

4. Drum deflagration in Not available Not available Not 5.7E-02 rem 
culvert during drum available (MEI) 
retrieval 

ORNLSARfor 1. Earthquake with spill of 25% (10% of inner 8.8E-07 to Not 5.0E-01 rem 
Waste Storage drums (67% of 1,200 packages, if doubly 1.0E-03 available (MEI) 

Facility, Bldg. 7574 drums breached) packaged) 
(ORNL, 1994) 

2. Fire (12 drums) 1.0 (liquid) l . lE-01 (liquid) Not 1.0E-01 rem 
0.5 (solid) to 5.3E-04 (solid) available (MEI) 

F-67 



ApPendix F 

Table F.4-1 Representative Accidents and Source Term Parameters from Recent 
DOE Safety Analysis Documents Relevant to TRUW Storage-Continued 

Safety Document Scenario i:wa ARForRARFb Release Co 

Haz.ard Seismic impacts with fire in 1.0 5.3E-04 2.lE-01 3.0E-01 rem 
C~ification and incoming storage area PE-Ci (MEI) 
Preliminary (sil.e reduction) 
Safety Evaluation 
(PSE) for WRAP 
Module 2 (WHC, 
19<Jla) 

WRAPPSE 1. Seismic impacts with fire 1.9E-01 5.3E-04 5.9E-01 Not available 
(WHC, 19<Jlb) in shipping and receiving PE-Ci 

area (19% of 100 drums 
and 4 boxes) 0.5 (1st drum) 1.0E-04 3.7E-06 6.0E-03 rem 

0.25 (2nd drum) (1.0E-07 iffiltered) PE-Ci (MEI) 
2. Drum/package spill 

(2 drums) 

INELEIS 1. Lava flow in TSA e 0.25 to 0.75 1.0E-04to 2.7Ci Not available 
(EG&G, 19<J4a) (52,000 stored drums and 

5.5E+04 m3 soil 
1.0E-07 

covered) 

2. Aircra~ crash into 5.0E-01 2.5E-04 1.4E-02Ci Not available 
HFEF WIPP waste 
(46drums) 

RWMCSAR 1. Earthquake-initiated 1.0E-02 1.0E-03 7.4E-01 Ci 1.8E+OO re11 
(EG&G, 19<J3b) breach at TSA (65,443 (MEI) 

drums) 

2. Fuel air explosion and fire 2.0lE-01 (explosion) 1.0E-03 (explosion) 1.3E+0l 3.2E+0l re11 
atTSA 5.0E-02 (fire) 5.0E-04 a (MEI) 

( combustibles) 
1.0E-05 
(noncombustibles) 

3. Medium fire at ASB ns 1.0E-02 5.0E-04 2.0E-02 Ci 4.8E-02 rem 
caused by propane pipe (combustibles) (MEI) 
leak (9,455 drums) 1.0E-05 

(noncombusttbles) 

4. Helicopter crash causing a 5.0E-02 5.0E-04 9.7E-02 Ci 2.3E-01 rem 
large fire at ASB II (combustibles) (MEI) 
(9,455 drums) 1.0E-05 

(noncombustibles) 

a DF = damage fraction. 
b ARF = airborne release fraction; RARF = respirable airborne release fraction. 
c PE-Ci= Pu-239~uivalent curies. 
d Maximally exposed individual off site. 
e TSA = TRUW Storage Area. 
f HFBF = Hot Fuel Examination Facility at ANL-W. 
g ASB II = Air Suppon Building II . 

lead to a fire or explosion. LANL neither analyzed a fire in the storage dome nor provided a rationale 

for not doing so. The source terms for accidents involving multiple containers are evaluated, assuming 

that the contents of the containers are distributed the same as those of the entire population of 

containers (average drums). The toppling accident due to an earthquake is assumed to only involve 
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drums stacked on the third level. Furthermore, to determine the number of drums at risk, the number 

of containers stacked at the third level is reduced by almost 90 percent due to interferences in the 

storage dome. Throughout the PSAR, inventories are expressed in terms of Pu-239-equivalent curies 

(PE-Ci). Consequences to the MEI at the site boundary were as follows: 1.7E-02, 6.8E-03, 2.9E-02, 

and 1.4 rem for drum spill, forklift puncture in crate, multiple drum spill caused by earthquake, and 

drum fire, respectively. The drum spill and forklift puncture in the crate were considered to be 

anticipated accidents with frequencies greater than l .0E-02/yr. The earthquake accident was considered 

to be unlikely, with a frequency range between 1.0E-02 and 1.0E-04/yr. The beyond-design-bas'is drum 

fire was not considered credible, with a frequency of less than 1.0E-06/yr. 

The INEL SAR for the Waste Storage Facility identifies three bounding accidents, including a drum 

fire and explosion, a box spill, and a tornado causing the breach of a large number of waste containers . 

An earthquake accident is identified but judged to be bounded by the tornado accident. The 

concentration of the drum content was averaged to be 0 .16 Ci/cubic feet (ft3) for a total drum activity 

of 1.17 6 Ci. However, for the box spill accident, the content is taken to be 10 times higher in 

concentration. It is estimated that 99 percent of the boxes at INEL are below this value (a box is 

equivalent to 15 drums in volume) . A box spill accident is estimated to have a frequency of 1.2E-01/yr. 

The drum fire and explosion accident is considered to be the maximum bounding accident within design 

basis and is estimated to have a frequency of 2 .0E-06/yr. The tornado accident is considered to be a 

beyond-design-basis accident with a frequency of 1.0E-07 /yr . The consequence to the MEI at the site 

boundary for a tornado accident is estimated to be 9.7E-02 rem. 

The accidents considered in the DOE Programmatic Spent Nuclear Fuel and INEL Environmental 

Restoration Waste Management EIS (EG&G 1994a) involving TRUW are a lava flow over the entire 

RWMC and an aircraft crash. The molten lava flow caused by a volcanic eruption was determined to 

be a reasonable foreseeable bounding accident with an estimated frequency of 2.0E-05/yr. Although 

the RWMC includes waste management operations involving LLMW, LLW, and TRUW, the results 

shown in Table F.4-1 are for CH-TRUW stored in the Transuranic Storage Area (TSA) inside the 

inflated Air Support Weather Shield buildings. TRUW at TSA consists of approximately 10,400 m3 

stored in drums (52,000 drums) and 55,000 m3 of soil covered waste. The waste is assumed to come 

into direct contact with the lava. A two-phased release is assumed to take place. In the first phase, the 

combustible fraction of the waste is assumed to bum with a release fraction similar to a sustained fire. 

In the second phase, the remaining waste (noncombustible) is assumed to be mixed with the molten lava 

resulting in a release similar to off-gassing from a vitrification process . The aircraft accident in the 
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INEL EIS assumes that a large commercial jet crashes into the Hot Fuel Examination Facility (HFEF) 

at ANL-W. This accident is considered to be the bounding externally initiated event because it could 

cause a major breach of barriers, involve a large MAR, and have a high-energy stress of impact 

followed by fire. The frequency of this accident is estimated to be in the range of l .0E-06 to 1.0E-08 

per year. The waste present in the HFEF includes 20 fresh fuel assemblies, 50 stored subassemblies, 

and 46 drums of WIPP TRUW. However, the results presented in Table F .4-1 are pertinent to WIPP 

TRUW only. The number of drums affected by the crash is assumed to be 23 with an ARF of 5.0E-04 

and RF of 5.0E-01. 

The SRS EIS (DOE, 1995) identifies four representative bounding accidents associated with 

management of TRUW. These accidents include an internally induced drum rupture and fire, a drum 

fire in the culvert, a vehicle crash causing a drum fire , and a deflagration event in the culvert during 

TRUW retrieval activities involving a single drum. The SRS EIS reports consequence results for these 

accidents but does not include releases and source term parameters such as DFs, ARF, and RARF. All 

these accidents except the vehicle crash involve a single drum on the basis of the assumption that the 

other drums are sealed with a gasket and the lids are secured with metal ring clamps, and, therefore, 

the fire would not propagate to these drums. The internally induced drum rupture and fire is assumed 

to occur because of overpressurization due to gas buildup from radiolytic decomposition of cellulosic 

waste and the ignition of the generated hydrogen. The frequency of such an accident is estimated to be 

2. lE-02/yr. The drum fire in the culvert is also assumed to be caused by hydrogen gas generated 

through radiolytic decomposition of organic waste and is estimated to have a frequency of 8 .1 E-04/yr. 

The vehicle crash with resulting fire at the TRUW storage pads is assumed to involve 28 drums with 

an estimated frequency of 6.5E-05/yr. The drum deflagration in the culvert is assumed to be caused 

by a flammable gas mixture of hydrogen and air that could exist inside a drum as the result of radiolysis 

of polyethylene wrappings. This accident is estimated to have a frequency of l.0E-02/yr. 

The ORNL SAR for the Waste Storage Facility, Building 7574 (ORNL, 1994) identifies two events as 

the worst-case bounding accidents: spill of drums caused by earthquake and fire inside the building 

affecting a stack of drums. Building 7574 at ORNL is used to store TRUW and solid LLW. The waste 

may contain liquids and powders. Some of the waste may be placed in plastic liners inside the drums. 

The maximum number of drums that can be stored in the building is 1,200. These drums are stored in 

four drums per pallet and stacked three pallets high. In the earthquake accident, only 67 percent of the 

total number of drums is assumed to be breached (the second and third levels). Twenty-five percent of 

the drum content is assumed to be spilled. If the waste is placed in a plastic liner, then only 10 percent 
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is assumed to be spilled. The frequency of an earthquake causing waste containers to fall is considered 

to be in the range of l.0E-02 to l.0E-04 per year. The consequence to an individual at the boundary 

of the site is estimated to be less than 0.5 rem for this accident. The fire accident inside the building 

is assumed to affect up to one stack of 12 drums. Liquid waste is considered to be flammable and to 

bum completely. The remainder of the waste is assumed to be 50 percent combustible. The frequency 

of a fire accident is considered to be unlikely in the range of l.0E-02 to l.0E-04/yr. The consequence 

from such an accident to the individual at the boundary of the site is estimated to be less than 0.1 rem. 

Release in terms of curies is not reported in this SAR. 

The Waste Receiving and Packaging (WRAP), as originally configured, was designed to be constructed 

as a series of modules including units to process contact handled (Module 1) and remote handled 

(Module 2) TRU waste. A subsequent project reconfiguration resulted in redefinition of the module 

missions such that module 2 would have been intended to handle and treat radioactive mixed waste (as 

discussed below). A Hazard Classification and Preliminary Safety Evaluation (WHC, 1991a) identified 

and analyzed a set of accident scenarios to characterize the range of potential hazards attendant upon 

WRAP Module 1 operation. Consistent with DOE guidance on hazard class determination, the range 

of accidents analyzed included worst case scenarios resulting in completely unmitigated releases. The 

accident scenarios addressed both waste treatment and packaged waste lag storage and included drum 

spill, metal box drop and breach, liquid spill from waste pump, drop of a failed HWVP melter, and 

the most applicable one to the Waste EIS, a design basis earthquake (DBE). The applicable portion of 

the WRAP 2 scenario is the earthquake-initiated fire in the size reduction area (the Incoming Storage 

area). A release fraction of 5.3E-4 is assumed for the fire affecting 30 drums in the lag storage area. 

A maximally exposed offsite individual is estimated to receive a dose of 0.3 rem with an accident 

frequency of 1.0E-03/yr. No credit is taken in for HEPA filtration. 

In a precursor report (WHC, 1991b), the prototype concept of a WRAP facility was analyzed for the 

effects of a BOBE. In the preconceptual design phase, the WRAP I module was scoped to handle and 

process contact-handled TRU. The Shipping and Receiving area was scoped to provide lag storage for 

100 drums and 4 boxes. The waste packages are damaged by falling girders and portions of the roof. 

Based on estimates of debris and geometry of the storage array, 19 % of the waste packages are 

estimated to be breached. The resulting fire is assumed to result in a release fraction of 5.3E-04. 

Aggregate dose consequences were estimated for the total facility release, but no estimates were 

provided for the contribution from Lag Storage. 
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In reviewing the cited analyses, it can be observed that there is considerable variation in the 

assumptions used by the various DOE sites to develop accidents and associated source term parameters. 

However, it appears from the analyses that overall, the risks to the public health resulting from storage 

facility accidents would be small, although the predicted releases are greater than those from LLMW 

accidents (see Section 6). 

The final draft of the WM PEIS will use a systematic and internally consistent set of assumptions for 

analysis of facility accidents at all sites. However, the latest information from the aforementioned 

references will be used to guide the development of the a~idents and the calculations of the appropriate 

source terms. The WM PEIS analyses for TRUW treatment facilities will be similar to those discussed 

in the chapters for LLW and LLMW accidents. Finally, the handling accidents affecting CH-TRUW 

will be analyred in a manner similar to that for analyzing CH-LLW and CH-LLMW. Treatment facility 

and handling accidents will all be included in the final draft of the WM PEIS. 
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F.5 Low-Level Waste 

F.5.1 ALTERNATIVES AND SITES ANALY2ED 

The LL W WM alternatives in the WM PEIS are summarized in Table F .5-1. Calculational source term 

results for all of these alternatives are discussed herein. 

Specifically excluded is evaluation of Greater-Than-Class-C (GTCC) LL W. The DOE program for 

GTCC LLW consists of three phases: (1) continuation of limited interim storage of (primarily) sealed 

sources, (2) providing a centralized dedicated storage facility until an NRC-licensed facility is available, 

and (3) disposal in either a HL W repository or a separate NRC-licensed facility. Because the DOE has 

not yet initiated efforts on an NRC-licensed facility, the current program assumes disposal in the HL W 

repository. Nuclear utility volumes will be needed to define phase 2 centralized storage requirements, 

potential packaging and treatment requirements, and fee specifications. The dedicated and interim 

storage phases could be merged, depending on commercial reactor decommissioning decisions. The 

WM PEIS only considers alternatives for current interim storage of sealed sources, namely: 

• No Action. Continue to store limited quantities of commercial GTCC at Hanford, Fernald 
Environmental Management Project (FEMP), INEL, LANL, Oak Ridge Reservation (ORR), and 
SRS in existing and approved storage facilities . 

• Decentralization. Continue the No Action alternative, and either expand existing or establish new 
interim storage facilities at DOE sites as may be required for additional limited commercial 
quantities (for example, in response to an emergency request by the NRC). 

• Regionalization. Same as decentralization, except ship and store at a limited number of DOE sites 
(probably between two and five) until an appropriate disposal facility is available. 

• Centralization. Same as decentralization, except ship and store at one DOE site until an appropriate 
disposal facility is available. 

Current projected volumes of sealed sources (on the order of a few cubic meters) are uncertain with 

regard to the mix of compositions that will be received but are expected to be a minimal fraction of the 

total volume provided by utility waste. Independent of the mix of sealed sources received, the facility 

accident potential will be small because the source material form is physically and chemically stable, 

most sources are doubly encapsulated in stainless steel, quantities are relatively small, and the sources 

will probably be stored in their shipping packages. Because these packages will meet U.S. Department 
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Table F.5-1. Programmatic Alternatives for UW Management-

WM PEIS Alternatlveb Action Hanford LLNL NTS INEL RFETS LANL Pantex PGDP FEMP PORTS SRS ORR Other 

No action: all sites treat using existing Treat at all r T T T T T T T T T T T T 
capabilities; disposal at 6 sites Dispose at 6 Dd _e D D D D D 

Decentralized treatment: stabilization at Treat at all T T T T T T T T T T T T T 
all sites 

Decentralized Dispose at 16 D D D D D D D D D D D D T 
Regionalized I Dispose at 12 D D D D D D D D D D D D D 
Regionalized 3 Dispose at 6 D D D D D D D 
Regionalized 6 Dispose at 2 D D 
Regionalized 7 Dispose at 2 D D 
Centralized 1 Dispose at 1 D 

. Centralized 2 •..............••.••..•.•.........•••••• Dispose at 1 ••••.•••••••••• -·······-······· •·······-···· D ····-······· ······-········ - ·······-······· •·······-········ - ·······-····· •·····-······· •·······-········· - ·················------·············· 
Decentralized treatment: stabilization at 
all sites 
Volume reduction at 11 sites 
Regionalized 2 

Regionalized treatment: stabilization at 
all sites 

Treat at 11 
Dispose at 12 

T 
D 

T 
D D 

T 
D 

T 
0 

Volume reduction at 7 sites Treat at 7 T T T 

T 
D 

Regionalized 4 Dispose at 6 D D D D 
Centralized 3 Dispose at 1 D 

T 
D 

T 
D 

T 
D 

T 
D 

T 
D 

T 
D 

T 
D 

T 
D 

• Centralized 4 •••.•......•••.••••••.•••.•••••••••••••• Dispose at 1 ••••••••••••••• -·······-······· ········-···· D ····-······ -······-········ - ·······-······· · ·······-········ - ·······-····· ···-----·-···························----···-·············· 
Volume reduction at 4 sites 
Regionalized 5 

Treat at 4 
Dispose at 6 

T 
D 

Centralized treatment and disposal : Treat at I T 

D 
T 
D D 

T 
D 

T 
D 

.S.~.t.~!~!:~.~ •••............••.............•••••...•. Dispose at I .......•..•.... '?. ..... ·-···············-···········-·············-·················-···············-·················-···········-···············-·································----
Sensitivity analyse/ 

: PGDP = Paducah Gaseous Diffusion Plant; and PORTS = Porismouth Gaseous Diffusion Plant. 
The WM PEIS considers four alternatives : no action, decentralized, regionalized, and centralized. This table provides an abbreviated ease description and treatment (T) and disposal (D) codes for each of the 12 

highest volume sites. The no action alternative is based on all sites using existing and planned and approved treatment facilities and disposing at the 6 disposal sites in accordance with current arrangements. The 
remainder of the table illustrates the variations of the decentralized, regionalized, and centralized alternatives for both treatment and disposal . Wastewater treatment and stabilization are assumed to take place at all sites. 
Volume reduction treatment techniques. such as incineration, compaction, and supercompaction, are coupled with stabilization for decentralized, regionalized. and centralized alternatives . Disposal is then considered at 

2, 2, 6, 12, or 16 sites. Analysis of all of the alternative combinations of treatment and disposal provides the basis for the comparison of the WM PEIS alternatives . 
d T = treatment. 

D = disposal . 
e Not applicable. 
f Sensitivity analyses considered three treatment variations, including vitrification, simple compaction (versus supereompaction), and volume reduction without incineration, and varied engineered disposal options (near
surfaee burial versus aboveground vaults). 
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of Transportation (DOT) and NRC requirements, the packages will already be designed to withstand 

severe accidents. 

Because of (1) the overall programmatic uncertainties, (2) the fact that utility waste inventories will 

undoubtedly dictate future facility accident impacts, and (3) the relatively small contribution of sealed 

source storage accidents to risk, accident source terms for current DOE interim storage of sealed 

sources were not developed. 

F .5.2 RISK-DOMINANT ACCIDENTS AND MODELING CONSIDERATIONS 

Accident selection has been based on importance to risk, with the general modeling assumptions and 

related source term parameters described in Section F.2.2. LLW is generally rags, papers, filters, 

discharged protective clothing, and other materials contaminated with small amounts of radioactivity 

that are susceptible to fire-initiated events. The general modeling assumptions and related parameters 

for radiological source terms are detailed in Section F.2. 

F .5.2.1 Handling Accidents 

Storage or staging operations and related handling accidents were investigated because they are 

expected to dominate the exposure risk to workers due to their frequency and to the proximity of the 

workers to waste in hands-on operations. Representative handling accidents involve a single drum and 

assume that 25 % of the drum inventory is affected and subject to stresses capable of rendering the 

contents airborne. 

Although the inventories, physical forms, and radiological compositions of waste stored at each site 

were characterized in the WM PEIS and stored in a database, compilation of detailed information for 

individual operations and facilities on each site was beyond the scope of the WM PEIS. Accordingly, 

handling accidents assume a single site-dependent radiological and physical composition derived by 

volume-weighting the inventories of the treatability categories within each waste type, based on waste 

generation and inventory data at each site. Since each site is assumed to store only its own waste, the 

source terms associated with these handling accidents will not change from one alternative to another. 
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F .5.2.2 Storage Facility Accidents 

Accidents and source terms for current storage were not analyzed because the results will not help to 

discriminate among alternatives . This results from the underlying assumption used in the PEIS analyses 

that all sites will accumulate or at least not reduce these inventories for roughly ten years at which time 

complex-wide treatment will begin. Thus all sites will achieve their maximum inventories (leading to 

maximum poential releases during a storage facility accident), independent of alternative. However, 

recent DOE safety reports and NEPA information are cited in Section 6 to provide guidance on the 

potential risk impacts applicable to LLMW storage facility accidents . This same information can be 

used to evaluate the anticipated risks of LL W storage facility accidents . Based on the available 

information, this risk for LL W storage accidents should be very low. 

F .5.2.3 Treatment Facility Accidents 

Incineration has been assessed as the treatment technology most likely to dominate risk to facility and 

site staff, as well as to the surrounding general populations . Severe radiological accidents investigated 

here are focused on sequences involving fire and explosions capable of producing large airborne 

releases of the highly dispersible ash present in storage or in the filtration systems of incinerators . 

A generic treatment facility , consisting of a series of linked process modules, each providing a specific 

treatment process , was defined to assess accidents to envelop the releases from treatment process 

accidents (see Section 2). A DOE Hazard Category of 2 and concomitant structural performance 

requirements on its systems were assumed. Double HEPA filtration systems were assumed to be in 

place. The inventory was based on the facility throughput at each site . Volumetric inventories and 

physical, chemical, and radiological compositions for each waste treatability category were considered 

at each site for each alternative. 

Accidents investigated included operation-induced facility fires and external-event-induced fires and 

explosions. Treatment facility accident sequences analyzed include: 

• A fire in the baghouse area of the incineration facility causing a complete failure of the filtration 
systems (LPF = 1) with a fraction of 3.0E- 02 of the total amount of ash existing in the facility 
(OF = 3.0E- 02); 
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• A rotary kiln explosion caused by combustible gas buildup that affects the ash existing in the rotary 
kiln (a fraction of l.2E-01 of the total in the facility ; DF = l.2E- 01) and partially degrades the 
filtration system of the facility (LPF = 1.0E-03); and 

• External events leading to a fire. All external-event source term parameters vary according to the 
particular sequence. 

All accidents are assumed to be ground releases without filtration with the exception of the rotary kiln 

explosion accident where a stack emission and partial HEPA filtration is assumed with a remaining 

efficiency of 99.9% (LPF = l.0E- 03); therefore, the intrafacility source term used to determine 

worker risk is 1,000 times the atmospheric source term. 

F.5.3 REslJLTS 

Preliminary results of the accident sequences described above for various site consolidation cases within 

each WM PEIS alternative were reviewed for risk dominance using the frequency-weighted dose to 

the MEI. The results were then grouped into four annual frequency categories : likely(> 1.0E- 02), 

unlikely (between l.0E-02 and l.0E- 04), extremely unlikely (between 1.0E- 04 and 1.0E- 06), and 

not credible ( < 1.0E-06). Representative source terms for the important sequences were then selected 

as the bases for health effects calculations . Of the treatment technologies, only source terms for 

incineration facility accidents are provided because they were found to bound other treatment accidents, 

including vitrification, which resulted in atmospheric releases much lower than analogous incineration 

accidents . 

The WM LLW accidents analyzed here are listed in Table F.5.2. Fourteen cases are considered for 

WM LLW alternatives , including Cases 1-9, 12, 14, 14a, 19, and 21. Only cases that included 

incineration for treatment were analyzed; therefore, no treatment process or facility was analyzed for 

Cases 2-8 in which all sites perform minimum treatment. Cases 12 (Regionalized 5), 14 

(Centralized 3), and 14a (Centralized 4) involve treatment at seven sites with various disposal sites . 

These cases are equivalent with respect to the risk-dominant treatment technologies and amount of 
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Function 

General Handling c 

Incineration 

«-Incineration e 
Incineration 

« -Incineratione 
Incineration 

« -lncineratione 
Incineration 
,,. _ ,, • ..! e 

Table F.5-2. Summary of WM U W Accidents Analyzetl' 

WM PEISb 
Alternative 

Case Site 

All Hanford 
All INEL 
All LANL 
All LLNL 
All ORR 
All PGDP 
All Pantex 
All PORTS 
All RFETS 
All SRS 
1 INEL 
1 SRS 
9 FEMP 
9 Hanford 
9 INEL 
9 LANL 
9 LLNL 
9 ORR 
9 Pantex 
9 PORTS 
9 PGDP 
9 SRS 
9 RFETS 
12 Hanford 
12 INEL 
12 LANL 
12 ORR 
12 PORTS 
12 RFETS 
12 SRS 
12 RFETS 
19 Hanford 
19 INEL 
19 ORR 
19 SRS 
19 INEL 
21 Hanford 

" U, ., 

Operational Events 

Handling Facility 
Breaches Fire 

X d 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
V 

Facility 
Explosion 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
V 

Seismic 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
V 
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External Event., 

Large 
Aircraft 

X 
X 

X 
X 

X 

X 
X 

X 

X 
X 

X 
X 
X 
){ 

Small Aircraft 

X 

X 

X 
X 

X 

8 Only one source term, generally corresponding to the risk-dominant sequence for each accident initiator, was considered. 
b Fourteen cases are considered for WM LLW alternatives, including Cases 1-9, 12 , 14, 14a, 19, and 21. Only cases that included incineration for treatment were 
analyzed; therefore, no treatment process or facility was analyzed for Cases 2-8 in which all sites perform minimum treatments . Cases 12 (Regionalized S), 14 
(Centralized 3), and 14a (Centrolized 4) involve regionalized treatment at seven sites with various disposal sites. These cases are equivolent with respect to the 
risk- dominant treatment technologies and amount of waste throughput at each site; therefore, only Case 12 was analyzed . The WM PEIS cases analyzed are 
described as follows: 

• Case 1 (No Action). All sites treat LLW by using existing, planned, and approved treatment facilities and dispose of LLW at the 6 current disposal sites in 
accordance with current arrangements . Two sites (INEL and SRS) incinerate . 

• Case 9 (Regionauted 2). Eleven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Pantex , and RFETS) incinerate, 
supercompact, reduce the size of, and grout volume-reducible waste; all sites minimolly treat other waste; disposal is at 12 sites (Hanford, INEL, NTS, 
LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Pantex, and RFETS) . 

• Case 12 (Regionaliud 4) . Seven sites (Hanford, INEL, LANL, ORR, PORTS, RFETS, and SRS) incinerate, supercompact, reduce the size of, and grout 
volume-reducible waste; all sites minimally treat other waste; disposal is at 6 sites (Hanford, INEL, NTS, LANL, ORR, and SRS) . 

• Case 19 (Regionauied 5). Four sites (Hanford, INEL, ORR, and SRS) incinerate, supercompact, reduce the size of, and grout volume-reducible waste ; all 
sites minimally treat other waste; disposal is at 6 sites (Hanford, INEL, NTS, LANL, ORR, and SRS) . 

• Cau 21 (Centralited 5). One site (Hanford) incinerates, supercompact.,, reduces the size of, and grouts volume-reducible waste; all sites minimally treat 
other waste; disposal is at 1 site (Hanford). 

c The 10 major storage sites were selected for handling accidents; FEMP is not included here because it is an ER site. 
d ' - ' - not applicable. 
e ex-Incineration refers to incineration of waste categorued as alpha-emitting . 
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waste throughput at each site; therefore, only Case 12 was analyzed. The WM PEIS cases analyzed 

are described as follows: 

• Case 1 (No Action). All sites treat LLW by using existing, planned, and approved treatment 
facilities and dispose of LL W at the 6 current disposal sites in accordance with current 
arrangements. Two sites (INEL and SRS) incinerate. 

• Case 9 (Regionalized 2). Eleven sites (Hanford, INEL, LANL, Oak Ridge Reservation [ORR], 
SRS, PORTS, Paducah Gaseous Diffusion Plant [PGDP], Fernald Environmental Management 
Project [FEMP], Lawrence Livermore National Laboratory [LLNL], Pantex Plant [Pantex], and 
RFETS) incinerate, supercompact, reduce the size of, and grout volume-reducible waste; all sites 
minimally treat other waste; disposal is at 12 sites (Hanford, INEL, Nevada Test Site [NTS], LANL, 
ORR, SRS, PORTS, PGDP, FEMP, LLNL, Pantex, and RFETS). 

• Case 12 (Regionalized 4). Seven sites (Hanford, INEL, LANL, ORR, PORTS, RFETS, and SRS) 
incinerate, supercompact, reduce the size of, and grout volume-reducible waste; all sites minimally 
treat other waste; disposal is at 6 sites (Hanford, INEL, NTS, LANL, ORR, and SRS). 

• Case 19 (Regionalized 5). Four sites (Hanford, INEL, ORR, and SRS) incinerate, supercompact, 
reduce the size of, and grout volume-reducible waste; all sites minimally treat other waste; disposal 
is at 6 sites (Hanford, INEL, NTS, LANL, ORR, and SRS). 

• Case 21 (Centralized 5). One site (Hanford) incinerates, supercompacts, reduces the size of, and 
grouts volume-reducible waste; all sites minimally treat other waste; disposal is at 1 site (Hanford) . 

Tables F.5.3 and F.5.4 summarize the radiological source term parameters and frequency groups for 

the accidents . Separate incineration facilities were assumed for treating alpha- and nonalpha

contaminated waste. Detailed radionuclide releases are provided in Mueller (1995). 
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Table F.5-3 Frequencies and Source Tenn Parameters for WM LL W Drum Handling Accidents 

Freguencr Bin (l'f!) 
WMPEIS VMAR MAR 
Alternative Site Accident >IE-2 lE-4-lE-2 lE-6-lE-4 <lE-6 (m3) (Ci) 

All Hanford Drum handling breach X _b 2.0E-01 3.0E-01 
All INEL Drum handling breach X 2.0E-01 2.IE-01 
All LANL Drum handling breach X 2.0E-01 l.5E+Ol 
All LLNL Drum handling breach X 2.0E-01 2.IE+Ol 
All ORR Drum handling breach X 2.0E-01 l.4E-01 
All PGDP Drum handling breach X 2.0E-01 6.0E-05 
All Pantex Drum handling breach X 2.0E-01 l.2E-02 
All PORTS Drum handling breach X 2.0E-01 2.SE-06 
All RFP Drum handling breach X 2.0E-01 1.lE-03 
All SRS Drum handling breach X 2.0E-01 6. IE-01 

a= mainly H-3 released. 
b "- " = not applicable 

Total 
DF Releasea 

(Ci) 

0.25 4.3E-04 
0.25 5.3E-05 
0.25 2.IE+OO* 
0.25 5.2E+OO* 
0.25 6.7E-05 
0.25 l.SE-08 
0.25 3.0E-03* 
0.25 6.4E-()() 
0.25 l.2E-06 
0.25 4.SE-02* 



"I1 
I 

00 ...... 

WMPEIS 
Alternative• 

9 
9 
9 

9 
9 
9 

9 

9 
9 
9 

9 

9 
9 
9 

9 
9 
9 

9 
9 
9 

9 
9 
9 

Site 

INEL 
INEL 
INEL 

INEL 

SRS 
SRS 
SRS 

SRS 

FEMP 
FEMP 
FEMP 

Hanford 
Hanford 
Hanford 

Hanford 

INEL 
INEL 
INEL 

INEL 

UNL 
UNL 
UNL 

LLNL 
LLNL 
LLNL 

ORR 
ORR 
ORR 

PORTS 
PORTS 
PORTS 

Table F.5.4 Frequencies and Source Tenn Parameters for WM U W Incineration Facility Accidents 

Frequency Bin (/yr) Soun:e Term Panmcten 

1.0E- 04 • 1.0E- 06 - Waste Form of VMAR MAR 
Accident Sequence > l.OE- 02 1.0E- 02 1.0E- 04 <l.OE- 06 MAR (m') (Ci) DF !!ARP 

Explosion· in the rotary kiln X -. Combustible 4 .3E- 01 UE- 01 l.2E-01 l.OE- 01 
Fire in the baghouse area X Combustible 4 .3E- 01 UE- 01 3.0E- 02 l.OE- 02 
Earthquake followed by fire X Combustible 4.3E- Ol UE- 01 2 .0E- 01 l.OE- 01 
and explosion 
Large aircraft impact with X Combustible 4.3E- Ol UE- 01 3.0E- 01 l.OE- 01 
fire and explosion 
Explosion in the rotary kiln X Combustible 3.6E- Ol l.lE+OO l.2E- 01 l.OE- 01 
Fire in the baghousc area X Combustible 3.6E- 01 l.lE+OO 3.0E- 02 l.OE- 02 
Earthquake followed by fire X Combustible 3.6E- 01 1.IE+OO 2.0E- 01 l.OE- 01 
and explosion 
Large aircraft impact with X Combustible 3.6E- 01 1.IE+OO 3.0E- 01 l.OE- 01 
fire and explosion 
Explosion in the rotary kiln X Combustible 1.9E- Ol 2.8E- 05 t.2E- 01 l.OE- 01 
Fire in the baghousc area X Combustible l.9E- 01 2.8E- 05 3.0E- 02 l.OE- 02 
Earthquake followed by fire X Combustible l.9E- 01 2.8E- 05 2 .0E- 01 l.OE- 01 
and explosion 
Explosion in the rotary kiln X Combustible 9.7E- 04 5.3E- 02 t.2E- 01 l.OE- 01 
FtrC in the baghouse area X Comb1151ible 9.7E- 04 5.3E- 02 3.0E- 02 1.0E- 02 
Earthquake followed by fire X Combustible 9.7E- 04 5.3E- 02 2 .0E- 01 l.OE- 01 
and explosion 
Large aircraft impact with X Comb1151ible 9.7E- 04 5.3E- 02 3.0E- 01 l.OE- 01 
tire and explosion 
Explosion in the rotary kiln X Combustible 4 .3E- Ol UE- 01 1.2E- 01 l.OE- 01 
F1fC in the baghouse area X Combustible 4 .3E- 01 UE- 01 3 .0E- 02 1.0E- 02 
Earthquake followed by fire X Combustible 4 .3E- 01 UE- 01 2 .0E- 01 l.OE- 01 
and e:tplosion 
Large aircraft impact with X Combustible 4.3E- Ol UE- 01 3.0E- 01 1.0E- 01 
fire and explosion 
Explosion in the rotary kiln X Combustible l.4E+OO 9.6E+OO 1.2E- 01 l.OE- 01 
Fire in the baghousc area X Comb1151ible 1.4E+OO 9.6E+OO 3.0E- 02 l.OE- 02 
Earthquake followed by fire X Combustible l.4E+OO 9.6E+OO 2.0E- 01 l.OE- 01 
and explosion 
Explosion in the rotary kilo X Combustible 6.9E- 03 9.8E- Ol l.2E- Ol l.OE- 01 
Fire in the baghousc area X Combustible 6.9E- 03 9.8E- 01 3.0E- 02 l.OE- 02 
Earthquake followed by fire X Combustible 6.9E- 03 9.SE- 01 2 .0E- 01 l.OE- 01 
and explosio n 
Explosion in the rotary kiln X Combustible 6.IE- 02 2.0E- 02 l.2E- 01 l.OE- 01 
Fire in the baghouse area X Combustible 6. IE- 02 2 .0E- 02 3.0E- 02 l.OE- 02 
Earthquake followed by fire X Combustible 6.IE- 02 2.0E- 02 2 .0E- 01 l.OE- 01 
and explosion 
Explosio n in the rotary kiln X Combustible 3.5E- 01 l.8E- 04 t.2E- 01 l.OE- 01 
Fire in the baghouse area X Combustible 3.5E- Ol l.8E- 04 3.0E- 02 t.OE- 02 
Earthquake followed by fire X Combustible 3.SE- 01 l.8E- 04 2.0E- 01 l.OE- 01 
and explosion 

::i,... 

~ 
~ 

To<al ~ 
Releue 

LPF' (Ci) 

l .OE- 03 l.8E- 06 
l .OE- 00 4.6E- 05 
l .OE- 00 3. IE- 03 

l.OE- 00 4.6E- 03 '--..D 
t.OE- 03 l .3E- 05 U"1 
l.OE- 00 3.3E- 04 -1.0E- 00 2.2E- 02 {._\N 

.t,.J 
l .OE- 00 3.3E- 02 CD 

""'"'J 
t.OE- 03 3.3E- 10 'ii 
l .OE-00 8.3E-09 f"'-.J 
l .OE- 00 5.6E- 07 U7 -1.0E- 03 6.3E- 07 

'c=l l.OE- 00 l.6E- 05 
t.OE- 00 l.lE- 03 

1.0E- 00 1.6E- 03 

l.OE- 03 l.8E- 06 
l.OE- 00 4 .6E- 05 
l .OE- 00 3.IE- 03 

l.OE- 00 4.6E- 05 

t.OE- 03 l.2E- 04 
l.OE- 00 2.9E- 03 
l.OE- 00 l.9E- 01 

l.OE- 03 t.2E- 05 
l .OE- 00 2.9E- 04 
l.OE- 00 2.0E- 02 

l.OE-03 2 .4E- 07 
l.OE- 00 5.9E- 06 
l.OE- 00 3.9E- 04 

l .OE- 03 2. IE- 09 
l.OE- 00 5.3E- 08 
l.OE- 00 3.5E- 06 



'T1 Table F.5.4 Frequencies and Source Tenn Parameters for WM LL W Incineration Facility Acddents-Continued I 
00 
N 

Frequency Bin (/yr) Source Term Parametcn 

To<al 
WMPEIS l.OE- 04 - l.OE- 06 - Waste Form of VMAR MAR Releaac: 

Alternative• Site Accident Sequence > l.OE- 02 l.OE- 02 l.OE- 04 <I.OE- 06 MAR (m') (Ci) OF RARf" LPF' (Ci) 

9 PGDP Explosion in the rotary kiln X Combustible l.3E- Ol I.SE- OJ l.2E- 01 1.0E- 01 I.OE- OJ l.SE- 08 
9 PGDP Fire in the baghouse area X Combustible l.3E- 01 I.SE- OJ J.OE- 02 l.OE- 02 l.OE- 00 4.6E- 07 
9 PGDP Earthquake followed by fire X Combustible 1.JE- 01 I.SE- OJ 2 .0E- 01 l.OE- 01 l.OE- 00 J.OE- 05 

and explosion 
9 PGDP Small aircra ft impact with X Combustible 1.JE- 01 I.SE- OJ 5.0E- 02 l.OE- 01 l.OE- 00 7.6E- 06 

fire and explosion 
9 RFETS Explosion in the rotary kiln X cx- Combustiblc11 7.0E- 01 I.SE- 01 l.2E- 01 l.OE- 01 I.OE- OJ l.SE- 06 
9 RFETS Fire in the baghouse area X a-Combustible 7.0E- 01 I.SE- 01 J .OE- 02 l.OE- 02 l.OE- 00 4 .6E- 05 
9 RFETS Earthquake followed by lire X a- Combustible 7.0E- 01 I.SE- 01 2 .0E- 01 l.OE- 01 l.OE- 00 J . IE- OJ 

and explosion 
9 RFETS Small aircraft impact with X a-Combustible 7.0E- 01 I.SE- 01 5 .0E- 02 l.OE- 01 l.OE- 00 7.7E- 04 

fire and explosion 
9 SRS Explosion in the rotary kiln X Combustible J.6E- 01 l.lE+OO l.2E- 01 l.OE- 01 I.OE- OJ I.J E- 05 
9 SRS Fire in the baghouse area X Combustible J .6E- 01 l.lE+OO J.OE- 02 l.OE- 02 l .OE- 00 J .JE- 04 
9 SRS Earthquake followed by lire X Combustible J .6E- 01 l.lE+OO 2.0E-01 l.OE- 01 l.OE- 00 2 .2E- 02 

and explosion 
9 SRS Large aircraft impact with X Combustible J.6E- 01 l.lE+OO J .OE- 01 l.OE- 01 l.OE- 00 J .JE- 02 

fire and explosion 
12 Hanford Explosion in the rotary kiln X Combustible 7.8E- OJ l.OE+OO l.2E- 01 l.OE- 01 I.OE-OJ l.2E- 05 
12 Hanford Fire in the baghouse area X Combustible 7.8E- OJ l.OE+OO J.OE- 02 l.OE- 02 l.OE+OO J.IE- 04 
12 Hanford Earthquake followed by lire X Combustible 7.8E- OJ l.OE+OO 2 .0E- 01 l.OE- 0 1 l .OE+OO 2 . IE- 02 

and explosion 
12 Hanford Large aircraft impact with X Combustible 7 .8E- OJ l.OE+OO J.OE- 01 l.OE- 01 1.0E+OO J . I E- 02 

fire and explosion 
12 lNEL Explosion in the rotary kiln X Combustible 4 .JE- 01 I.SE- 01 I.2E- 01 l.OE- 01 I.OE- OJ l.SE- 06 
12 lNEL Fire in the baghouse area X Combustible 4.JE- 01 I.SE- 01 J .OE- 02 l.OE- 02 l.OE+OO 4.6E- 05 
12 lNEL Earthquake followed by lire X Combustible 4.JE- 01 I.SE- 01 2 .0E- 01 l.OE- 01 l.OE+OO J . IE- OJ 

and explosion 
12 INEL Large aircraft impact with X Combustible 4.JE- 01 I.SE- 01 J.OE- 01 1.0E- 01 I.OE+OO 4.6E- OJ 

fire and explosion 
12 LANL Explosion in the rotary kiln X Combustible 1.4E+OO 9.6E+OO 1.2E- 0 1 1.0E- 01 I.OE- OJ 1.2E- 04 
12 l.ANL Fire in the baghouse area X Combustible 1.4E+OO 9.6E+OO J .OE- 02 1.0E- 02 l.OE+OO 2.9E- OJ 
12 LANL Earthquake followed by lire X Combustible 1.4E+OO 9.6E+OO 2.0E- 0 1 l.OE- 01 l.0E+OO 1.9E- 01 

and explosion 
12 ORR Exploaion in the ro<ary ki ln X Combustible 5.0E- 01 2. IE- 02 l.2E- 01 l.OE- 01 I.OE- OJ 2.6E- 07 
12 ORR Fire in the baghouse area X Combustible 5.0E- 01 2 . IE- 02 J .OE- 02 I.OE- 02 1.0E+OO 6.4E- 06 
12 ORR Earthquake followed by fire X Combustible 5.0E- 01 2. IE- 02 2 .0E- 01 l.OE- 0 1 1.0E+OO 4 .JE- 04 

and explosion 
12 PORTS Explosion in the rotary kiln X Combustible 2 .JE- 01 J.2E- 05 1.2E- 0 1 1.0E- 0 1 I.OE- OJ J.9E- IO 
12 PORTS Fire in the baghouse area X Combustible 2 .J E- 01 J .2E- 05 J .OE- 02 1.0E- 02 1.0E+OO 9.6E- 09 
12 PORTS Earthquake followed by lire X Combustible 2 .3E- 01 J .2E- 05 2.0E- 01 1.0E- 01 1.0E+OO 6 .4E- 07 

and explosion 
12 PORTS Small aircraft impact with X Combustible 2 .JE- 01 J .2E- 05 5.0E- 02 1.0E- 01 1.0E+OO 1.6E- 07 

fire and explosion 
12 RFETS Explosion in the rotary kiln X Organic I.OE- OJ 2.2E- 04 l.2E- 01 l.OE- 01 I.OE- OJ 2.6E- 09 
12 RFETS Fire in the baghouse area X Organic I.OE- OJ 2.2E- 04 J .OE- 02 l.OE- 02 l .OE+OO 6.6E- 08 
12 RFETS Earthquake followed by fire X Organic I.OE- OJ 2.2E- 04 2 .0E- 0 1 l.OE- 01 1.0E+OO 4 .4E- 06 

and explosion 
12 RFETS Small aircraft impact with X Organic I.OE- OJ 2 .2E- 04 5.0E- 02 I.OE- OJ 1.0E+OO l.lE- 06 

fire and explosion 
12 SRS Explosion in the rotary kiln X Combustible J .6E- Ol 1.IE+OO 1.2E- Ol 1.0E- 01 I.OE- OJ l.JE- 05 

:i:... 12 SRS Fire in the baghouse area X Combustible 3.6E- 01 1.IE+OO J.OE- 02 1.0E- 02 1.0E+OO J.JE- 04 
12 SRS Earthquake followed by lire X Combustible J.6E- 01 I.IE+OO 2.0E- 01 l.OE- 01 l.OE + OO 2.2E- 02 

and explosion 
~ 12 SRS Large aircraft impact with X Combustible J .6E- 01 l.lE+OO J.OE- 0 1 I.OE- OJ l.OE+OO J.JE- 02 

fire and explosion ~ 
l=<" 
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12 
12 
12 

12 

19 
19 
19 

19 

19 
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19 

19 
19 
19 

19 

19 
19 
19 

19 
19 
19 

19 

21 
21 

21 

21 
21 
21 

21 

Table F.5.4 Frequencies and Source Tenn Parameters for WM U W Incineration Facility Accidents-Continued 

Frequency Bin (/yr) Source Term Panmcten 

l.0E- 04 • l.0E- 06 - Waste Fonn of VMAR MAR 
Site Accident Sequence > l.0E- 02 t .0E- 02 l.0E- 04 <t.0E- 06 MAR (m') (Ci) OF RARF" LPF' 

RFETS Explosion in the rotary kiln X a-Combustible 7.0E- 01 I.SE- 01 t.2E- 01 t.0E- 01 t.0E- 03 
RFETS Fire in the baghousc area X a-Combustible 7 .0E- 01 I.SE- 01 3.0E- 02 I.0E- 02 t.0E- 00 
RFETS Earthquake followed by fire X a-Combustible 7.0E- 01 t.SE- 01 2.0E- 01 I.OE- OJ I.0E- 00 

and explosion 
RFETS Small aircraft impact with X ex-Combustible 7.0E- 01 t.SE- 01 5.0E- 02 t.0E- 01 t.0E+OO 

fire and explosion 
Hanford Explosion in the rotary kiln X Combustible 7 .SE- 03 I.0E+OO t.2E- 01 t.0E- 01 l.0E- 03 
Hanford Fire in the baghouse area X Combustible 7.SE- 03 t.0E+OO 3.0E- 02 I.0E- 02 l.0E- 00 
Hanford Earthquake followed by lire X Combustible 7.SE- 03 I .0E+OO 2.0E- 01 t.0E- 01 t.0E- 00 

and explosion 
Hanford Large aircraft impact with X Combustible 7 .SE- 03 t.0E+OO 3.0E- 01 t.0E- 01 I.0E- 00 

fire and explosion 
INEL Explosion in the rotary kiln X Combustible l.8E+OO 9.8E+OO t.2E- 01 t.0E- 01 t.OE- 03 
INEL Fire in the baghouse area X Combustible l.8E+OO 9.8E+OO 3.0E- 02 I.0E- 02 t.0E- 00 
INEL Earthquake followed by lire X Combustible l .8E+OO 9.8E+OO 2 .0E- 01 t.0E- 01 t.0E- 00 

and explosion 
INEL Large aircraft impact with X Combustible t.8E+OO 9.8E+OO 3.0E- 01 t.0E- 01 1.0E- 00 

fire and explosion 
INEL Explosion in the rotary kiln X a-Combustible 7.0E- 01 UE- 01 t.2E- 01 1.0E- 01 1.013- 03 
INEL Fire in the baghousc area X a-Combustible 7.0E- 01 I.SE- 01 3.0E- 02 I .0E- 02 t.0E- 00 
INEL Earthquake followed by fire X a-Combustible 7 .0E- 01 t.SE- 01 2.0E- 01 t.0E- 01 l.0E- 00 

and explosion 
INEL Large aircraft impact with X a-Combustible 7.0E-01 I.SE- 01 3.0E- 01 l.0E- 01 I.0E- 00 

fire and explosion 
ORR Explosion in the rotary kiln X Combustible 7.JE- 01 2.IE- 02 t.2E- 01 t.0E- 01 t.0E- 03 
ORR Fire in the baghouse area X Combustible 7.JE- 01 2 . IE- 02 3.0E- 02 t.0E- 02 t.0E- 00 
ORR Earthquake followed by lire X Combustible 7.JE- 01 2. IE- 02 2.0E- 01 t .0E- 0 1 I.0E- 00 

and explosion 
SRS Explosion in the ro<ary kiln X Combustible 3 .6E- 01 1.IE+OO t.2E- 01 t.0E- 01 l.0E- 03 
SRS Fire in the baghouse area X Combustible 3.6E- 01 t.lE+OO 3.0E- 02 t.0E- 02 l.0E- 00 
SRS Earthquake followed by fire X Combustible 3.6E- 01 1.IE+OO 2.0E- 01 t.0E- 0 1 l.0E- 00 

and explosion 
SRS Large aircraft impact with X Combustible 3.6E- 01 1.IE+OO 3.0E- 0 1 I.OE- OJ I .0E- 00 

fire and explosion 
Hanford Fire in the baghousc area X Combustible 2.9E+OO l .2E+0I 3.0E- 02 l.0E- 02 l.0E- 00 
Hanford Earthquake followed by fire X Combustible 2.9E+OO 1.2E+0l 2 .0E- 01 t.0E- 01 l.0E- 00 

and explosion 
Hanford Large aircraft impact with X cornbuitib!r. 2.9E+OO l.2E+0I 3.0E- 01 l.0E- 0 1 l.0E- 00 

fire and explosion 
Hanford Explosion in the rotary kiln X a-Combustible 7 .0E- 01 1.SE- 01 l.2E- 01 l.0E- 01 l.0E- 03 
Hanford Fire in the baghousc area X a-Combustible 7.0E- 01 I.SE- 01 3.0E- 02 t.0E- 02 l.0E- 00 
Hanford Earthquake followed by lire X a-Combustible 7.0E- 01 1.SE- 01 2.0E- 01 l.0E- 01 l.0E- 00 

and explosion 
Hanford Large aircraft impact with X a-Combustible 7.0E- 01 1.SE- 01 3.0E- 01 t.0E- 01 l.0E- 00 

fire and explosion 

::i... 

Total 
i 
><" 

R.eleuc "tj 
(Ci) 

t.8E- 06 
4 .6E- 05 
3.IE- 03 

7.7E- 04 

t.2E- 05 '-.._,D 
3.IE- 04 U7 2 . IE- 02 -3.IE- 02 <...N 

t..N 
l .2E- 04 CD 
2 .9E- 01 ~ 
2.0E- 01 ... 

"f"',-.,) 
2.9E- 01 i::.n 
l .SE- 06 
4 .6E- 05 
3.IE- 03 

4.6E- 05 

2.6E- 07 
6.4E- 06 
4.JE- 04 

t.3E- 05 
3.JE- 04 
2.2E- 02 

3.JE- 02 

3.6E- 03 
2 .4E- 0 1 

3.6E- 0 1 

l.SE- 06 
4 .6E- 05 
3. l E- 03 

4.6E- 03 
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00 .,. Table F.5.4 Frequencies and Source Tenn Paramete-rs for WM LLW Incineration Facility Accidents-Continued 

• 1be WM PEIS case• analyzed are deacribed H followa : 

• Gas, 1 (No Action). All &ilea trut LLW by u&ing exiating, planned, and approved trutmeot facilities and dispose of LLW at the 6 cum:DI diapoaal &ilea in acconlancc with cum:ot arnngemeota. Two &itea (INEL and SRS) incinerate. 
• Gas• 9 (R,giona/k,d 2). FJcven 1i1ea (Haofonl, INEL, LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Paotex, and RFETS) incinerate, aupen:ompact, reduce the &ize of, and grout volumo-reducible waote; all &ilea minimally trut 

other waote; disp06&1 is at 12 sites (Haofonl, INEL, NTS, LANL, ORR, SRS, PORTS, PGDP, FEMP, LLNL, Paotex, and RFETS). 
• Gas, 12 (R<gionolk,d 4). Seven 1ite1 (Haofonl, INEL, LANL, ORR, PORTS, RFETS, and SRS) iocioc"'tc , aupen:ompact, reduce the &ize of, and grout volume-reducible waote; all aitea minimally !rut other WIIIIC; diapoaal ii 11 6 

&ilea (Haofonl, INEL, NTS, LANL, ORR, and SRS). 
• Gas, 19 (R•giono/k,d S). Four &ilea (Haofonl , INEL, ORR, and SRS) ur•.>ente, aupen:ompact, reduce the 1ize of, and grout volume-reducible waote; all &ite1 minimally trut other waote; disp06&1 i1 at 6 1i1ea (Haofonl, INEL, NTS, 

LANL, ORR, and SRS) . 
• Case 21 (Centralhed 5). One site (Hanford) incineralel, supercompacta, reduces the size of, and grouts volume-reducible waste; all sites minimally treat other waste; dispoul is at I aite (Hanford). 

• Values 1bown are for particulate (nonvolatile) 10lid1 auch a1 U-235 or Pu-238; see Appendix D. 

• - = not applicable. 

d a refers to treatment of waste categorized as alpha-emitting . 
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F.6 Low-Level Mixed Waste 

F.6.1 ALTERNATIVES AND SITES ANALyzED 

The LLMW WM alternatives in the WM PEIS are summarized in Table F .6-1. Calculational source 

term results are discussed herein for the identified sites . 

F .6.2 RisK-DOMINANf ACCIDENTS AND MODELING CONSIDERATIONS 

The selection of accidents considers the importance to risk of both radiological and chemical hazards . 

The general modeling assumptions and related parameters for radiological source terms are detailed 

in Section F .2. Review of the hazardous contents of the wastes and their concentrations suggests that 

spills of organic liquids (WM PEIS treatment codes [TCs] 3 through 6), followed by evaporation or 

combustion reactions (or both), are the events most likely to lead to the airborne release of chemically 

hazardous substances. The possibility of fires is strongest in the wastestreams containing combustible 

organic substances in large proportions. Table F.6-2 summarizes the chemical release characteristics 

developed for the accidents (Mueller et al. , 1995). 

F .6.2.1 Handling Accidents 

Handling accidents during the staging and storage of CH waste are expected to ominate the risk of 

exposure for workers because of the high frequency of such accidents and the proximity of the workers 

during hands-on operations. The frequencies of accidents at a given site would be a strong function of 

waste throughput at that site. The assumption used (see Section F.2.6.1) is that two severe breaches 

of containment occur per year for each inventory of 10,000 drums handled. It is assumed for the results 

herein that handling breaches fall in the > 0 .01 /yr frequency category. 

Representative radiological accident scenarios assume that a single drum is affected, such that 

25 percent of its contents are rendered airborne (DF = 2.5E- 01) . The composition of the 
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WM PEIS Alternatlveb 

No action: LOR treatment at 3 sites . 
All sites store 

Decentralized: LOR treatment at 
49 sites 
Disposal at 16 sites 

Regionalized I: LOR treatment at 
11 sites 

Action 

Treat at all 
Store at all 

Treat at all 

Dispose at 16 

Treat at II + 2 

Table F.6-1. 

.., .. 
,g ...i 
,: z .. ...i = ...i 

;d s 
T T 

De D 

T T 

Specification of UMW Alternatives3 

"' :1 u ...i .. ~ l>il "' l>il l>il ij .. ~ [;! < 
l>il :5 ...i "" 

r 
s s s s s s 
T T T T T T 

. f D D D D D 

T,.g T T T T 

t; j 
"" "" .., 

Q :;J ~ .., 
I,:, l>il ~ i "" r,;. 0 

T 
s s s s s 
T T T T T 

D D D D D 

T T T T T* 

..• Dis_posal. at. I 2 sites ·································-···Dispose at I 2·······-···· D ···-······· D ··•····••······· . ..•....•.... . ····-······· D ......•••.• .0 ···-······· D ·······-····· D .•..••...•.. D •..•.••••••• D •••••••..•.• D •..•..•...• D ···-······· D ·······-·· 
Regionalized 2: LOR Treat at 7 T T T T T T 
treatment at 7 sites 

.. 
~ 

.. ,s 
"' 0 

T 
s s 
T T 

D 

T 

D 

T 

•.. Dis_posal at 6 sites ··································-···Dispose at 6 ········-···-° ............ D·······-········· ·······-···-° ···-·······D·······-···· ·····-········· ·······-····· • .•••..••..•.. · .•.....•••••• · ••••••••..•• ············-° ···-········· ·······-···-° ···-·····-· · ....... . 
Regionalized 3: LOR Treat at 7 T T T T T T T 
treatment at 7 sites D 

... Dis_posal at .1 ............................•..•......... ·-··· Dispose at 1·········-··········-··············································-····························-·················-··············································-····-················-··············----·········-···· 
Regionalized 4: LOR treatment at 4 Treat at 4 T T T T 
sites 

Disposal at 6 sites Dispose at 6 D D D D D D 

Centralized: LOR treatment at I site Treat at I T 

D~Jal at I site _______________ Di~_se_a_t _I _______ D __ ·-·--·---------·-··-·------------~- -----·---·-------------·-·-
Sensilivily anal ysesh 

a ETEC = Energy Technology Engineering Center; Middlesex = Middlesex Sampling Plant; NTS = Nevada Test Site. 
b Toe EM PEIS considers four alternatives: no action, decentralized, regionalized, and centralized. This table provides an abbreviated case description and treatment (I) and disposal (D) codes for each of the 14 
highest volume sites. Toe no action alternative is based on all sites using existing treatment facilities and placing the treated waste in monitored, aboveground storage facilities at all DOE sites . The decentralized 
treatment alternative analyzes LOR treatment at 49 sites disposal at 16 sites. Several regionalizcd treatment alternatives are considered, which include LOR treatment at 11, 7, or 4 sites, with disposal at either 12, 6, or I 
site(s). Toe centralized alternative analyzes treatment and disposal at only I site. Toe remote•handled alternative involves treatment and disposal at 4 sites . 
~ T = treatment. 

S = storage. 
e D = disposal . 
f Not applicable. 
g T* = specialized treatment. 
h Sensitivity analyses include examination of vitrification and nonthermal treatment options, engineered disposal options, the use of alternative characterization methods, and the consolidation of special wastestreams. 
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Table F.6-2. Chemical Releases Analyzed for LLMW 

Scenario Toxic Gases Released8 Mass of Waste 

Spill of aqueous nonhalogenated Acetone; butanone; methanol 160 lb/drum 
organic liquids (TC 4) 

Spill of aqueous halogenated Trichloroethanes; other 6 lb/drum 
organic liquid (TC 3) chlorohydrocarbons 

Spill of "pure" halogenated organic Tijchloroethanes 50 lb/drum 
liquids (TC 5) Tetrachloroethanes 10 lb/drum 

Spill of "pure" nonhalogenated Acetone; butanone; methanol 60 lb/drum 
organic liquids (TC 6) BTX 200 lb/drum 

Spill of "pure" nonhalogenated BTX 10 lb/drum 
organic liquids (TC 6) followed by co 200 lb/drum 
fire Cd fumes 0.5 lb/drum 

Cr compounds 0.5-1.0 lb/drum 
Soot 80 lb/drum 

Incinerator staging area fire co 40-50% of mass of drum 
involvement of TC 12 (organic HCl 60% of mass of 
sludges), 19 (combustible debris), Cl-containing compounds in 
organic liquid (intermediate), and the stream 
organic particulates (intermediate) BTX fumes 5 % of mass of BTX present 

40% of mass of BTX plus 
Soot 10% of total mass 

100% of mass of Cd present 
Cd fumes ( condensing 250% of mass of Cr present 
to very small particles) 
Cr compounds 

a BTX = benzene, toluene, and xylene; Cd = cadmium; and Cr = chromium. 
b An approximation to this release rate can be estimated from Salazar and Lane (1992): 

where 

QR= 0.106 0.78 (MW)0.667 (A) VP , 

R (t + 273) 

QR release rate pounds per minute (lb/min), 
MW molecular weight (g/mole [moll), 

A surface area (square foot) (ft2), 
VP effective vapor pressure (millimeter [mm] Hg), 
R 82.05 attn cm3/mol K, 
t temperature (°C), and 

µ wind speed (m/second [s]). 

Release Rate 

2-3 lb/minb 

0.1 lb/min 

0.5 lb/min 
0.1 lb/min 

l lb/minb 
2 lb/minb 

0.3 lb/min 
7 lb/min 
0.02 lb/min 
0.02 lb/min 
2.7 lb/min 

7 lb/min/drum 
2 lb/min/drum 

0.3 lb/min/drum 

3 lb/min/drum 

0.02 lb/min/drum 

0.02 lb/min/drum 

The assumed options are that t = 30 °c, A = 220 ft2, and wind speed = 2 mis. For acetone in TC 4, MW= 58 g/mol, and 
VP = 0.36 x 285 mm Hg. For acetone in TC 6, VP = 0. 14 x 285 mm Hg. For benzene in TC 6, MW= 78 g/mol, and 
VP = 0.44 x 120 mm Hg. 

F-87 



ApPendix F 

representative drum is taken as a volume-weighted average of the treatability category compositions 

(excluding aqueous streams) at each site. 

Representative chemical releases assume a single drum with 100 percent (OF = l .0E+00) of its 

contents spilled. The release characteristics for spills are described in the report by Mueller et al. 

(1995). 

F .6.2.2 Storage Facility Accidents 

Accidents for current storage were not analyzed because the results will not help to discriminate among 

alternatives. This results from the underlying assumption used in the PEIS analyses that all sites will 

accumulate or at least not reduce these waste inventories for roughly 10 years, at which time complex

wide treatment will begin. Thus, all sites will achieve their maximum inventories (leading to maximum 

potential releases), independent of alternative. However, because recent DOE safety or NEPA 

information on storage facility accidents provides guidance on the potential risk impacts applicable to 

storage, this information is discussed herewith. 

Current SARs predict consequences for a range of selected waste storage accidents of varying 

frequency. Sometimes these accidents involve facilities which store primarily LLMW. A brief 

summary of some of these accidents involving LLMW, assumptions used by the sites in preparing the 

analyses, and release or health effect results are shown in Table F .6 .3. 

The INEL SAR for the Radioactive Waste Management Complex (RWMC) identifies three bounding 

accidents involving LLMW. All of these accidents occur at or involve in some manner the Air Support 

Building II (ASB-11), the facility which stores most of the LLMW at INEL. An accident with fire was 

identified as occurring at ASB-11 and caused by a propane leak in the fuel line supplying the heat and 

inflation unit within the facility. This accident would involve only the waste stored at ASB-11 resulting 

in an exposure of 2.0E-02 rem (MEI). A second accident was identified as initiated by an earthquake, 

sufficiently severe to damage all of the buildings (ASB-11 included) at the RWMC. The radiological 

release and consequences listed in Table 6.5 for this accident (i.e., 0.041 Ci and 0.75 rem) is due 

primarily to wastes stored in buildings other than ASB-11. The third accident, a fuel-air explosion 

originating in ASB-11 has the potential to release hazardous materials due primarily to the explosion 

and subsequent fire. However, a similar fuel-air explosion originating in the Certified and Segregated 

(C&S) Facility with the subsequent fire impacting all TSA facilities at the RWMC will bound the 
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consequences of the fuel-air explosion originating at ASB-11. Because of this bounding condition the 

consequence analysis for the ASB-11 accident was not performed. Table F .6.3 lists the parameters and 

results for the similar C&S bounding accident. 

The RFETS SAR for the Central Waste Storage Facility (Building 906) identifies 3 accident.s associated 

with LLMW. Each of these accidents assumes 8,300 drums of waste as the material at risk with each 

drum filled with waste to 50% of total volume. The void space is assumed to contain dust (at 

100 mg/m3) which is vented to the air upon breaching of the drum. Other variables of each accident 

type are given in Table F.6.3. 

APSE conducted for WRAP (Module 2) at Hanford identifies an accident scenario. An earthquake, 

including waste spills and fire, leads to a release of 0.041 Ci with a consequence of 3.9E-05 rem (MEI) 

with an accident frequency of 1.0E-03/yr (see Table F.6.3). 

The International Technology Corporation (IT) has calculated the risks associated with the treatment, 

storage, and disposal of many types of LLMW. They have looked at many kinds of accidents related 

to the treatment, storage, and handling of these wastes. An example of a storage accident scenario is 

a fire within a container in the storage facility that might cause particulates in the waste to resuspend 

and be inhaled by workers. Members of the public might also be exposed to airborne effluents if 

building ventilation fails. IT Corporation has used a system analysis methodology to accumulate risk 

across different management options rather than breaking out the consequences and contaminant 

releases associated with a particular accident as the SARs usually do. This different approach to the 

problem has made comparison difficult with the more conventional approach of calculating the 

consequences of each separate accident. In general, IT has tended to look at sets of accidents of 

relatively high frequency with low consequences rather than the more standard approach of surveying 

accidents of very low frequency but with very high consequences . 

In reviewing the cited analyses it was observed that there is considerable variation in the assumptions 

used by the various DOE sites to develop accidents and estimate associated source term parameters. 

However, it appears from the analyses that overall, the risks to the public health resulting from storage 

facility accidents would be small. 
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Table F. 6-3 Representative Accidents and Source Term Parameters from Recent 
DOE Safety Analysis Documents Relevant to LLMW 

Safety Document Scenario DF8 ARForRARFb Release (Ci) 

RWMCSAR 1. Propane Line Leak at l.0E-02 5.0E-04 2.0E-02 
(EG&G, 1993b) ASB II Medium Fire (combustible) 

l.0E-02 
(noncombustible) 

2. Earthquake initiating l.0E-03 l.0E-03 4.lE-02 
breach in CH LL W Pit and 
involving ASB II 

3. Fuel Air Explosion in 2.0E-01 l.0E-03 1.3E+0l 
ASB II, bounded by same 
type event in C&S Facilit/ (numbers for a C&S event) 

Building 906 SAR 
Central Waste 
Storage Facility 

(RFETS, 1994) 1. Earthquake and Spill 1.0 1.0 3.37E-5 gr Pu 
(Collapsed building) 
void space voulme of 
8,300 drums (MAR) 
(assume drum½ full) 

2. Spill from Impacts 1.0 1.0 100mg/m3 

100% void space vented particulate 
(8,300 drums) loading in void 

space 

3. Fire 100% burn of 5. 0E-4 particulate varies with 
ruptures all exposed combustibles l.0E-5 metals assumptioms 
containers 18 % ablation of 1.0 liquids about fire 

noncombustibles 

Hazard 1. Earthquake and spill of dry 1.0 5.3E-04 4.lE-02 
Classification and waste and fire 
Preliminary 
Safety Evaluation 
(PSE) for WRAP 
Module 2 (WHC, 
1991a) 

a DF = damage fraction. 
b ARF = airborne release fraction; RARF = respirable airborne release fraction. 
~ C&S = Certified and Segregated Facility 

NA = not available. 
e MEI = Maximally exposed individual off site. 

F .6.2.3 Treatment Facility Accidents 

Comequence 
(MEie-rem) 

2.0E-02 

7.5E-01 

3.2 

2E-06 

NAd 

NAd 

3.9E-05 

Incineration was assessed as the treatment technology most likely to be important to risk to facility 

employees and the public. Radiological accident sequences involve severe fires and explosions that 

produce large airborne releases of the ash present in the incinerator area or in the filtration systems . 
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A generic treatment facility, consisting of a series of linked treatment process modules, is described 

in Section 2. A DOE Hazard Category of 2, concomitant system performance requirements, and 

double HEPA filtration systems were assumed. For each alternative, each waste treatability category 

at each site has a unique volumetric inventory and physical, chemical and radiological composition. 

Each incineration facility was assumed to have 1 % of its annual incinerable LLMW throughput on-site 

at the time of the accident. 

Accidents investigated included operation-induced facility fires and explosions, and external

event-induced fires and explosions. Treatment facility accident sequences analyzed include: 

• A fire in the baghouse area of the incineration facility dispersing the dry ash in the filters (3 % 
of the facility inventory; DF = 3.0E- 02) and failing the filtration systems completely 
(LPF = 1), 

• An incinerator explosion resulting from combustible gas buildup that disperses the ash in the 
rotary kiln (12 % of facility inventory; DF = 1.2E-01) and partially degrades the filtration 
system (LPF = l .0E- 03), and 

• External events leading to a fire . 

All accidents are assumed to be ground releases without filtration, with the exception of the incinerator 

explosion where partial HEPA filtration and a stack emission are assumed. The LPF of 1.0E- 03 

results in the intrafacility source term used to determine worker risk equaling 1,000 times the 

atmospheric source term for this accident. 

Wet-air oxidation was also analyzed because of the high treatment volumes at some of the sites. A 

rupture with a subsequent violent pressurized and unfiltered release to the atmosphere of the entire 

vessel contents was postulated as the only plausible sequence capable of producing any measurable 

consequences to site staff or the public. An earthquake that simultaneously breached the containment 

building was defined as the most likely initiator. Calculations were specifically performed for a limited 

set of alternatives and the resulting risk was found to be significantly lower than that for the 

incineration accidents . As a result, source terms for wet-air oxidation accidents were not used for 

health effects calculations. 

Frequencies of accidents are consistent with those for the LLW analysis. The frequency of l.5E-02/yr 

for explosions in the rotary kiln assembly and the secondary combustion chamber, respectively, provide 

the basis for the internal fire frequencies. The frequencies of aircraft-initiated accidents depend on the 

site . The annual frequency of a seismic event exceeding the design basis for a Hazard Category 2 
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facility is 1.0E-03/yr with the conditional probability of rupturing containment and initiating a fire 

estimated to equal 5.0E-02. Screening calculations of airplane accidents for the LLMW treatment 

facilities were performed and the risks were found to be much lower than the risk of an earthquake, 

or negligible. As a result, source terms for airplane accidents were not provided for health effects 

calculations. 

The limiting chemical accident is assumed to be an operational fire in the feedstock staging area, which 

includes waste in processing and lag storage. The MAR was assumed to be 1 % of annual throughput 

of the incineration facility as established by the WM PEIS alternative. A DF of l.0E-01 was assumed 

to account for the presence of noncombustible material and the distribution of the combustible materials 

in areas other than the feedstock area. Because of the high frequency of internal fires compared with 

those caused by external events, only the operational fire was analyzed. 

F .6.3 RESULTS 

Preliminary results of the radiological accident sequences described above for various site consolidation 

cases within each WM PEIS alternative were reviewed for risk dominance using the frequency

weighted dose to the MEI, and then grouped into four annual frequency categories: likely 

( > 1.0E-02), unlikely (between l .0E-02 and 1.0E-04), extremely unlikely (between 1.0E-04 and 

l .0E-06), and not credible ( < l .0E-06). Representative source terms for the risk-dominant sequences 

were then selected as the bases for health effects calculations. Of the treatment technologies, only 

source terms for incineration facility accidents are provided because they were found to bound other 

treatment accidents, including wet-air oxidation, which resulted in atmospheric releases much lower 

than analogous incineration accidents. Chemical accident releases were also calculated. 

No radiological source terms were estimated for the representative treatment facility chemical accident 

because they were determined to be unimportant to risk compared with radiological source terms for 

the reference radiological accident. Specifically, the radionuclide concentrations and dispersibility of 

the ash in the filter fire are much greater than for the feedstock fire and precludes the need for 

radiological source term calculations for the latter. 

Similarly, no chemical source terms have been produced for the reference radiological accident because 

of their insignificance compared with the reference chemical accidents. Specifically, the toxic chemical 

concentrations in the incinerator feedstock fire are much higher than in the ash dispersed in the 
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reference radiological accidents, precluding the need to calculate chemical source terms for the latter 

accident. 

The waste management LLMW facility accidents analyzed here are summarized in Table F.6.4 . Eight 

cases are considered for the WM LLMW alternatives: Cases 1, 2, 4, 7, 10, 15, 17, and 26. Cases 7 

(Regionalized 2: seven sites treat, six sites dispose) and 10 (Regionalized 3: seven sites treat, one site 

disposes) are equivalent with respect to the risk-dominant treatment technologies and the amount of 

waste throughput at each site; therefore, only Case 7 was analyzed. Eight cases are considered for WM 

LLMW alternatives, including Cases 1, 2, 4, 7, 10, 15, 17 and 26. Case 7 (Regionalized 2: 7 sites 

treat, 6 sites dispose) and 10 (Regionalized 3: 7 sites treat, 1 site disposes) are equivalent with respect 

to the risk-dominant treatment technologies and the amount of waste at each site; therefore, only Case 7 

was analyzed. The WM PEIS cases analyzed are described as follows: 

• Case 1 (No Action). Three sites (INEL, ORR, and SRS) treat and store, all remaining sites store. 

• Case 2 (Decentralized) . Forty-nine sites treat, and 16 sites dispose. 

• Case 4 (Regionalized 1). Eleven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, PGDP, 
FEMP, LLNL, Pantex, and RFETS) treat, and 12 sites dispose. 

• Case 7 (R.egionalized 2). Seven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, and RFETS) 
treat, and 6 sites dispose. 

• Case 15 (R.egionalized 4). Four sites (Hanford, INEL, ORR, and SRS) treat, and 6 sites dispose. 

• Case 17 (Centralized). One site treats (Hanford), and 1 site disposes. 

• Case 26 (R.emote-handled). Four sites (Hanford, INEL, ORR, and SRS) treat and dispose (RH) 
and dispose. 

Tables F .6 .5-F.6.7 summarize the radiological source term parameters and frequency groups for the 

accidents . Separate incineration facilities were assumed for treating alpha and non-alpha contaminated 

waste. Detailed radionuclide releases and chemical source terms for accidents are provided Mueller 

(1995). 
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Table F. 6. 4 Summary of WM UMW Radiological Accidents Analyzed a 

OJ?!:.rational Events External Events 

WM PEIS Handling Facility Facility Large Small 
Function Altemativeb Site< Breaches Fire Explosion Seismic Aircraft Aircraft 

Handling All Ames X -d 

All ANL-E X 

All ANL-W X 

All Benis X 

All BCL X 

All BNL X 

All Charleston X 

All Colonie X 

All ETEC X 

All FEMP X 

All GA X 

All GJPO X 

All Hanford X 

All INEL X 

All ITRI X 

All KAPL-S X 

All KCP X 

All KAPL-K X 

All KAPL-W X 

All LANL X 

All LBL X 

All LEHR X 

All LLNL X 

All Mare Is X 

All Mound X 

All Norfolk X 

All NTS X 

All ORR X 

All POOP X 

All Pantex X 

All Pearl H X 

All Ports Nav X 

All PORTS X 

All PPPL X 

All Puget So X 

All RFETS X 

All RMI X 

All SNL-NM X 

All SNL-CA X 

All SRS X 

All UofMo X 

All WYDP X 

Incineration 1 INEL - X X X 

1 ORR - X X X 

1 SRS - X X X 

2 Ames - X X X 

2 ANL-E - X X X 

2 Bettis - X X X 

2 BCL - X X X 

2 BNL - X X X 

2 Charleston - X X X 

2 Colonie - X X X 

2 ETEC - X X X 

2 FEMP - X X X 

2 GA - X X X 

2 GJPO - X X X 

2 Hanford - X X X 

2 INEL - X X X 

2 ITRI - X X X 

2 KAPL-S - X X X 

2 KCP - X X X 

2 KAPL-K - X X X 
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Table F.6.4 Summary of WM LLMW Radiological Accidents Analyzed 0 -Continued 

O.1!!:.rational Events External Events 

WM PBIS Handling Facility Facility Large Small 

Function Altemativeb Site0 Breaches Fire Exelosion Seismic Aircraft Aircraft 

2 KAPL-W - X X X 

2 LANL - X X X 

2 LBL X X X 

2 LEHR - X X X 

2 LLNL - X X X 

2 Mare Is - X X X 

2 Norfolk - X X X 

2 ORR - X X X 

2 PGDP - X X X 

2 Pantex - X X X 

2 Pearl H - X X X 

2 Pons Nav X X X 

2 PORTS - X X X 

2 PPPL - X X X 

2 Puget So - X X X 

2 RMI - X X X 

2 SNL-NM - X X X 

2 SRS - X X X 

4 ETEC - X X X 

4 FEMP - X X X 

4 Hanford X X X 

4 INEL - X X X 

4 LANL - X X X 

4 LLNL - X X X 

4 ORNL - X X X 

4 PGDP X x, X 

4 Pantex X X X 

4 PORTS - X X X 

4 RFETS X X X 

4 SRS - X X X 

7 Hanford - X X X 

7 INEL - X X X 

7 LANL - X X X 

7 ORNL - X X X 

7 PORTS - X X X 

7 RFETS - X X X 

7 SRS - X X X 

15 Hanford - X X X 

15 INEL X X X 

15 ORR X X X 

15 SRS X X X 

17 Hanford - X X X 

26 Hanford - X X X 

26 INEL - X X X 

26 ORR - X X X 

26 SRS - X X X 

a -Incineration• 2 INEL X X X 

2 LANL - X X X 

2 LLNL - X X X 

2 RFETS - X X X 

2 SRS - X X X 

4 INEL - X X X 

4 LANL - X X X 

4 LLNL - X X X 

4 RFETS - X X X 

4 SRS - X X X 

7 INEL - X X X 

7 LANL - X X X 

7 RFETS - X X X 

7 SRS - X X X 

15 INEL - X X X 

15 SRS - X X X 

17 Hanford - X X X 

26 INEL X X X 

Footnotes on next page 
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Table F. 6.4 Summary of WM UMW Radiological Accidents Analyzed 0 -Condnued 

1 Only one source term, generally corresponding to the risk-dominant sequence for each accident Initiator, was selected for transmittal to ORR. 

b Bight cases are considered for WM LLMW alternatives, Including Cases 1, 2 , 4, 7, 10, 15, 17 and 26. Case 7 (Reglonallzed 2: 7 sites treat, 6 sites 
dispose) and 10 (Reglonallzed 3: 7 sites treat, 1 site disposes) are equivalent with respect to the risk-dominant treatment technologies and the amount 
of waste at each site; therefore, only Case 7 was analyzed. All WM PBIS cases are defined In Chapter 2 of the WM PBIS. The WM PBIS cases 
analyzed are described as follows : 

• Case 1 (No Action) . Three sites (INBL, ORR, and SRS) treat and store, all remaining sites store . 
• Case 2 (Decensrallzed) . Pony-nine sites treat, and 16 sites dispose. 
• Case 4 (Regtonol/zed 1) . Eleven sites (Hanford, INBL, LANL, ORR, SRS, PORTS, PGDP, FBMP, LLNL, Pantex, and RFBTS) treat, and 12 

sites dispose. 
• Case 7 (Regtonoltzed 2) . Seven sites (Hanford, INBL, LANL, ORR, SRS, PORTS, and RFBTS) treat, and 6 sites dispose. 
• Case 15 (Regtonoltzed 4) . Four sites (Hanford, INBL, ORR, and SRS) treat, and 6 sites dispose. 
• Case 17 (Censral/zed) . One site treats (Hanford), and 1 site disposes . 
• Case 26 (Ref1IO/e-handled) . Four sites (Hanford, INBL, ORR, and SRS) treat and dispose (RH) and dispose. 

0 Abbreviations : Ames = Ames Laboratory; Bettis = Bettis Atomic Power Plant; BCL = Battelle Columbus Laboratories; BNL = Brookhaven 
National Laboratory; Charleston = Charleston Naval Shipyard; GA = General Atomics; GJPO = Grand Junctions Project Office; ITRI = 
Inhalations Toxicology Research Instlrute; KAPL-K = Knolls Atomic Power Laboratory (Kesselring); KAPL-S = Knolls Atomic Power 
Laboratory (Schenectady) ; KAPL-W = Knolls Atomic Power Laboratory (Windsor) ; KCP = Kansas City Ph,nt; LBL = Lawrence Berkeley 
National Laboratory; LBHR = Laboratory for Energy-Related Health Research; Mare Is· = Mare Island Naval Shipyard; Mound = Mound Plant ; 
Norfolk = Norfolk Naval Shipyard; Pearl H = Pearl Harbor Naval Shipyard; Pons Nav = Ponsmouth Naval Shipyard; PPPL = Princeton Plasma 
Physics Laboratory; Puget So = Puget Sound Naval Shipyard; RMI = Reactive Metals , Inc .; SNL-NM = Sandia National Laboratories (New 
Mexico); SNL-CA = Sandia National Laboratories (California) ; and UofMo = University of Missouri . 

d - = not applicable. 

c a -Incineration refers lQ Incineration of waste categorized as alpha-emitting. 



Table F.6.5 Frequendes and Radiological Source Term Parameters for WM UMW Drum Handling Acddents 

Frequency Bin (/yr) Total 
WMPEIS VMAR MAR Release 
Alternative Site Accident >JE-2 IE-4- JE-2 IE-6-IE-4 <JE-6 (m3) (Ci) DF (Ci) 

All Ames Drum handling breach X -a - - 2.0E-01 1.lE-03 0.25 2.4E-07 
All ANL-E Drum handling breach X - - - 2.0E-01 l .5E-Ol 0.25 3.5E-04 
All ANL-W Drum handling breach X - - - 2.0E-OJ 7.3E+OO . 0.25 l.6E-Ol 
All BAPL Drum handling breach X - - - 2.0E-01 6. JE-01 0.25 3.5E-03 
All Battelle Drum handling breach X - - - 2.0E-OJ 1.lE-03 0.25 5.4E-08 
All BNL Drum handling breach X - - - 2.0E-01 I .SE-OJ 0.25 2.SE-04 
All CNS Drum handling breach X - - - 2.0E-01 7.3E+OO 0.25 I.SE-OJ 
All Colonie Drum handling breach X - - - 2.0E-01 1.lE-03 0.25 5.0E-08 
All ETEC Drum handling breach X - - - 2.0E-OJ I.SE-OJ 0.25 3.7E-04 
All FMEP Drum handling breach X - - - 2.0E-OJ 1.IE-03 0.25 4.5E-07 
All GATOMIC Drum handling breach X - - - 2.0E-OJ 1.lE-03 0.25 2.6E-07 
All GJCT Drum handling breach X - - - 2.0E-01 1.lE-03 0.25 I.SE-06 
All HANF Druin handling breach X - - - 2.0E-01 6.JE-01 0.25 3.IE-03 
All INEL Drum handling breach X - - - 2.0E-01 3.5E+OO 0.25 2.9E-02 
All ITRI Drum handling breach X - - - 2.0E-01 5.5E-Ol 0.25 l.3E-Ol 
All KAPL Drum handling breach X - - - 2.0E-01 7.0E+OO 0.25 8.2E-02 
All KCP Drum handling breach X - - - 2.0E-01 7.3E+OO 0.25 l.6E-OI 
All KKS Drum handling breach X - - - 2.0E-01 7.0E+OO 0 .25 7.3E-02 
All KWS Drum handling breach X - - - 2.0E-01 7. IE+OO 0.25 1.IE-01 
All LANL Drum handling breach X - - - 2.0E-01 5.4E-Ol 0.25 1.3E-0I 
All LBL Drum handling breach X - - - 2.0E-01 l.3E+0I 0.25 3.IE+OO 
All LERHR Drum handling breach X - - - 2.0E-01 l .5E-0l 0.25 3.2E-04 
All LLNL Drum handling breach X - - - 2.0E-01 1.2E+0I 0.25 3.IE+OO 
All MINS Drum handling breach X - - - 2.0E-01 7.IE+OO 0.25 9.4E-02 
All Mound Drum handling breach X - - - 2.0E-01 l.3E+0I 0.25 3.JE+OO .. 
All NNS Drum handling breach X - - - 2.0E-01 7.3E+OO 0.25 l.6E-Ol 
All NTS Drum handling breach X - - - 2.0E-01 l.3E + 0I 0.25 3.IE+OO 
All ORNL Drum handling breach X - - - 2.0E-01 l.5E-0l 0.25 3.0E-04 
All Paducah Drum handling breach X - - - 2.0E-01 3.SE-01 0.25 2.5E-05 
All PANT Drum handling breach X - - - 2.0E-01 5.3E-Ol 0.25 l.3E-Ol 
All PHNS Drum handling breach X - - - 2.0E-01 7.3E+OO 0.25 l.6E-Ol 
All PNS Drum handling breach X - - - 2.0E-01 7.3E+OO 0.25 l .6E-Ol 
All PORTS Drum handling breach X - - - 2.0E-01 2.SE-04 0.25 6.IE-08 
All PPPL Drum handling breach X - - - 2.0E-01 l .3E+Ol 0.25 3. IE+OO 
All PSNS Drum handling breach X - - - 2.0E-01 7.3E+OO 0.25 l .6E-Ol 
All RFP Drum handling breach X - - - 2.0E-01 5.2E-03 0.25 I.SE-06 
All RMI Drum handling breach X - - - 2.0E-01 1.lE-03 0.25 3.0E-07 
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Table F.6.5 Frequencies and Radiological Source Term Parameters for WM UMW Drum Handling 
Accidents-Continued 

F~ue!9'. Bin (/'I}) 
VMAR MAR 

Site Accident >lE-2 lE-4-lE-2 lE-6-lE-4 <lE-6 (m3) (Ci) DF 

SNIA Drum handling breach X 2.0E-01 9.6E-01 0.25 
SNLL Drum handling breach X 2.0E-01 1.3E+Ol 0.25 
SRS Drum handling breach X 2.0E-01 9.2E-01 0.25 
UMC Drum handling breach X 2.0E-01 5.2E-03 0.25 
WVDP Drum handling bn:ach X 2.0E-01 6.lE-01 0.25 

a - = not applicable. 

Total 
Release 

(Ci) 

1.lE-01 
3.lE+OO 
1.0E-01 
1.3E-06 
3.7E-03 
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Table F.6.6 Frequencies and Radiological Source Term Parameters for WM UMW Non-Alpha Incineration ::i.... 

Facility Accidents 0:, 
;:s 
~ 
$:;" 

F=iuency Bin (/yr) Source Tenn Parametcn "tj 

WMPEIS l.OE- 04 - l.OE- 06 - Waste Form VMAR MAR Total Release 
Alternative• Site Accident > l.OE- 02 l.OE- 02 l.OE- 04 < l.OE- 06 of MAR (m') (Ci) DF RARP LPF' (Ci) 

INEL Explosion in the rotary kiln X -. Inorganic particulates l.2E- OI 4.2E+OO l.2E- 01 l.OE- 01 1.0E- 03 5.IE- 05 
INEL Fire in lhe bagbouse area X Inorganic particulates l.2E- 01 4 .2E+OO 3.0E- 02 l.OE- 02 l.OE+OO J.3E- 03 
INEL Earthquake followed by X Inorganic particulates l.2E- 01 4 .2E+OO 2.0E- 01 l.OE- 01 l.OE+OO 8 .5E- 2 

fire and explosion ..... .0 
ORR Explosion in the rotary kiln X Inorganic sludge 2 .2E+OO 4.3E+OO l.2E- 01 I.OE- OJ l.OE- 03 5 . IE- 05 i:..n 
ORR Fire in the baghouse area X Inorganic sludge 2.2E+OO 4.3E+OO 3.0E- 02 l.OE- 02 l.OE+OO !.3E- 03 
ORR Earthquake followed by X Inorganic aludgc 2.2E- 01 4.3E+OO 2.0E- 01 I.OE- OJ l.OE+OO 8.6E- 02 U,.j 

fire and explosion u-..i 
SRS Incineration ash explosion X Halogenated organic liquid 2.5E- 01 5 .9E+OO l.2E- 01 I.OE- OJ l.OE- 03 7. IE- 05 co SRS Fire in the baghouse area X Halogenated organic liquid 2.5E- 01 S.9E+OO 3.0E- 02 l.OE- 02 J.OE+OO l.8E- 03 
SRS Earthquake followed by Halogenated organic liquid 2.SE- 01 S.9E+OO 2 .0E- 01 l.OE- 01 l.OE+OO l.2E- 01 ---.J 

fire and explosion • 
2 Ames Explosion in the rotary kiln X Solid Jab packs 3.3E- 05 3 .SE- 07 l.2E- Ol I.OE- OJ l.OE- 03 4 .2E- 12 r-,._'l 
2 Ames Fire in the baghouse area X Solid lab packs 3.3E- 05 3.SE- 07 3.0E- 02 l.OE- 02 !.OE+OO l.OE- 10 u-, 
2 Ames Earthquake followed by X Solid Jab packs 3.3E- 05 3.SE- 07 2.0E- 01 I.OE- OJ l.OE+OO 7.0E- 09 

fire and explosion '-n 
2 ANL-E Explosion in the rotary kiln X Contaminated soil 8.IE- 01 6 .2E- 01 l.2E- 01 l.OE- 01 l.OE- 03 7.4E- 06 
2 ANL-E Fire in the baghouse area X Contaminated soil 8. IE- 01 6 .2E- 01 3.0E- 02 l.OE- 02 I.OE+OO !.9E- 04 
2 ANL-E Earthquake followed by X Contaminated soil 8.IE- 01 6 .2E- 01 2 .0E- 01 I.OE- 01 I.OE+OO l.2E- 02 

fire and explosion 
2 Bettis Explosion in the rotary kiln X Organic particulates 2.SE- 04 7.SE- 03 l.2E- 01 I.OE- 01 I.OE- 03 8.9E- 08 
2 Bettis Fire in the baghouse area X Organic particulates 2.SE- 04 7.SE- 03 3.0E- 02 1.0E- 02 l.OE+OO 2.2E- 06 
2 Bettis Earthquake followed by X Organic particulates 2.SE- 04 7 .SE- 03 2.0E- 01 l.OE- 01 l .OE+OO I.SE- 04 

fire and explosion 
2 BCL Explosion in the rotary kiln X Organic lab packs 6.3E- 06 6 .4E- 08 1.2E- 01 I.OE- 01 I.OE- 03 7.7E- 13 
2 BCL Fire in the baghouse area X Organic lab packs 6.3E- 06 6 .4E- 08 3.0E- 02 t.OE- 02 I.OE+OO l.9E- 11 
2 BCL Earthquake followed by X Organic lab packs 6.3E- 06 6.4E- 08 2.0E- 01 I.OE- 01 I.OE+OO J.3E-09 

fire and explosion 
2 BNL Explosion in the rotary kiln X Inorganic sludge J.7E- 02 3.3E- 02 l.2E- 01 I.OE- OJ t.OE- 03 3.9E- 07 
2 BNL Fire in the baghouse area X Inorganic sludge J.7E- 02 3.3E- 02 3.0E- 02 t.OE- 02 I .OE+OO 9.7E- 06 
2 BNL Earthquake followed by X Inorganic sludge t.7E- 02 3.3E- 02 2.0E- 01 1.0E- 01 l.OE+OO 6.SE- 04 

fire and explosion 
2 Charleston Explosion in the rotary kiln X Halogenated organic liquid 2.IE- 04 6 .8E- 02 l.2E- Ot I.OE- 01 I.OE- 03 8.2E- 07 
2 Charleston Fire in the baghouse area X Halogenated organic liquid 2.IE- 04 6 .8E- 02 3.0E- 02 I.OE- 02 I.OE+OO 2.0E- OS 
2 Charleston Earthquake followed by X Halogenated organic liquid 2.IE- 04 6.8E- 02 2.0E- 01 l.OE- 01 I.OE+OO l.4E- 03 

fire and explosion 
2 Colo nic Explosion in the rotary kiln X Aqucous/nonhalogen 2.4E- 04 I.SE- OS l.2E- 01 I.OE- OJ I.OE- 03 J.7E- 10 

organic liquid 
2 Colonie Fire in the baghouse area X Aqucous/nonhalogen 2.4E- 04 I .SE- OS 3.0E- 02 l.OE- 02 I.OE+OO 4.4E- 09 

orga.oic liquid 
2 Colonic Earthquake followed by X Aqucous/nonhalogen 2.4E- 04 I.SE- OS 2.0E- 01 l.OE- 01 I.OE+OO 2 .9E- 07 

fire and explosion organic liquid 
2 ETEC Explosion in the rotary kiln X Contaminated 10il l.6E- 01 l.2E- Ol t.2E- 01 I.OE- OJ I.OE- 03 I.SE- 06 
2 ETEC Fire in the baghouse area X Contaminated 10il l.6E- 01 l.2E- Ol 3 .0E- 02 I.OE- 02 l.OE+OO 3.6E- OS 
2 ETEC Earthquake followed by X Contaminated soil l.6E- 01 J .2E- 01 2.0E- 01 I.OE- OJ l.OE+OO 2.4E- 03 

fire and explosion 
2 FEMP Explosion in the rotary kiln X Inorganic particulates l.6E- 01 8.SE- 04 I .2E- OI I.OE-OJ I .OE-03 l.OE- 08 
2 FEMP Fire in the baghousc area X Inorganic particulates l.6E- 01 8 .SE- 04 3.0E- 02 I.OE- 02 I.OE+OO 2 .6E- 07 
2 FEMP Earthquake followed by X Inorganic particulates l.6E- 01 8 .SE- 04 2 .0E- 01 l.OE- 01 l.OE+OO J.7E- OS 

fire and explosion 
2 GA Explosion in the rotary kiln X Inorganic particulates l.OE- 03 S.7E- 06 l.2E- 01 I.OE- 01 I.OE- 03 6.SE- 11 
2 GA Fire in the baghouse area X Inorganic partict1late11 l.OE- 03 S.7E- 06 3.0E- 02 J.OE- 02 J.OE+OO J.7E- 09 

r1 2 GA Earthquake followed by X Inorganic particulates l.OE- 03 S.7E- 06 2.0E- 01 I.OE- 01 I.OE+OO I.IE- 07 

'° 
fire and explosion 

'° 



71 Table F.6.6 Frequencies and Radiological Source Tenn Parameters for WM UMW Non-Alpha Incineration ..... 
Facility Accidents-Continued 0 

0 

F!!9ue!!!:.l'. Bin \llr) Source Tenn Parameten 

WMPEIS I.OE- 04 - l.OE- 06 - Waste Form VMAR MAR Total R<:leaae 
Alternative' Site Accident > I.OE- 02 I.OE-02 I.OE- 04 < I.OE- 06 of MAR (m') (Ci) DF RA!W LPF' (Ci) 

2 GJPO Explosion in the rotary kiln X Coniamina~ aoil < 50% 6.8E- 05 3.3E- 07 l.2E- 01 l.OE- 01 l.OE- 03 4.0E- 12 
debris 

2 GJPO Fire in the baghouae area X Conlamina~ ,oil < 50% 6.8E- 05 3.3E- 07 3.0E- 02 l.OE- 02 l .OE+OO l.OE- 10 
dcbri1 

2 GJPO Earthquake followed by X Conlamina~ ooil < 50% 6.8E- 05 3.3E- 07 2.0E- 01 I.OE- 01 l.OE+OO 6.7E- 09 
fire and explosion debria 

2 Hanford Explosion in the rotary kiln X Conlamina~ ooil < 50 Ii l.6E+OO 4.3E+OO l.2E- Ol I.OE- 01 l.OE- 03 5.2E- 05 
debris 

2 Hanford Fire in the baghouae area X Coniamina~ aoil < 50% 1.6E+OO 4.3E+OO 3.0E- 02 I.OE- 02 I.OE+OO l.3E- 03 
dcbri• 

2 Hanford Earthquake followed by X Coniamina~ ooil <50% 1.6E+OO 4 .3E+OO 2.0E- 01 l.OE- 01 l .OE+OO 8.6E- 02 
fire and exploaion debri• 

2 INEL Explosion in the rotary kiln X Inorganic particulates 1.3E- 01 4 .3E+OO l.2E- Ol I.OE- 01 l.OE- 03 5. IE- 05 
2 INEL Fire in the baghouse area X Inorganic particulates 1.3E- 01 4 .3E+OO 3.0E- 02 I.OE- 02 I.OE+OO l.3E- 03 
2 INEL Earthquake followed by X Inoraanic particulates l.3E- 01 4.3E+OO 2.0E- 01 l.OE- 01 I.OE+OO 8.6E- 02 

fire and explosion 
2 ITRJ Explo• ion in the rotary kiln X Aqueoo&lnonhalogeo 8.5E- 05 6.5E- 05 l.2E- 01 I.OE- 01 I.OE- 03 7.9E- 10 

2 ITRJ Fire in the baghouse area 
organic liquid 

X Aqueoo&lnonhalogen 8.5E- 05 6.5E- 05 3.0E- 02 l.OE- 02 l.OE+OO 2.0E- 08 
organic liquid 

2 ITRJ Earthquake followed by X Aqueoo&lnonhalogen 8.5E- 05 6.5E- 05 2.0E- 01 l.OE- 01 l.OE+OO l.3E- 06 
fire and explosion organic liquid 

2 KAPL- S Explosion in the rotary kiln X Combulllible debri• 2.3E- 03 3. IE- 01 l.2E- Ol l.OE- 01 l.OE- 03 3.7E- 06 
2 KAPL- S Fire in the baghouae area X Combuat.iblc debris 2.3E- 03 3.IE- 01 3.0E- 02 l.OE- 02 I.OE+OO 9.2E- 05 
2 KAPL- S Earthquake followed by X Combulllible debri• 2.3E- 03 3. IE- 01 2.0E- 01 l.OE- 01 I.OE+OO 6.IE- 03 

fire and explosion 
2 KCP Explosion in the rotary kilo X Combustible debris 9.0E- 05 l.2E- 02 l.2E- Ol l.OE- 01 l.OE- 03 1.4E- 07 
2 KCP Fire in the baghouse area X Combustible debris 9.0E- 05 l.2E- 02 3.0E- 02 1.0E- 02 I.OE+OO 3.6E- 06 
2 KCP Earthquake followed by X Combustible dcbria 9.0E- 05 l.2E- 02 2.0E- 01 I.OE- 01 I.OE+OO 2.4E- 04 

fire and explosion 
2 KAPL- K Explosion in the rotary kiln X Coniamina~ aoil < 50% 6.6E- 03 2.0E- 01 l.2E- 01 I.OE- 01 l.OE- 03 2.4E- 06 

debris 
2 KAPL- K Fire in the baghouse area X Conlamina~ •oil <50% 6.6E- 03 2.0E- 01 3.0E- 02 l.OE- 02 l.OE+OO 6.0E- 05 

debris 
2 KAPL- K Earthquake followed by X Conlaminaled ,oil <50% 6.6E- 03 2 .0E- 01 2 .0E- 01 l.OE- 01 I.OE+OO 4 .0E- 03 

fire and explosion debris 
2 KAPL- W Exploaion in the rotary kilo X Combulllible debri• l.OE- 03 l.3E- 01 l.2E- 01 l.OE- 01 I.OE- 03 l .6E- 06 
2 KAPL- W Fire in the bagbouae area X Combulllible debris 1.0E- 03 1.3E- Ol 3.0E- 02 l.OE-02 l.OE+OO 4 .0E- 05 
2 KAPL- W Earthquake followed by X Combulltible debris 1.0E- 03 l.3E- 01 2 .0E- 01 l.OE- 01 l.OE+OO 2.7E- 03 

fire and explosion 
2 LANL Explo•ion in the rotary kilo X Aqueous/oonhalogeo 5.9E- 03 4.5E- 03 l.2E- 01 I.OE- 01 l.OE- 03 5.4E- 08 

2 LANL Fire in the baghouse area 
organic liquid 

X Aqueoo&loonhalogen 5.9E- 03 4 .5E- 03 3.0E- 02 l.OE- 02 l.OE+OO 1.4E- 06 

2 LANL Earthquake followed by 
organic liquid 

X Combulllible debris 4.5E- 03 4.6E- 02 2 .0E- 01 l.OE- 01 l.OE+OO 9. IE- 04 
fire and explosion 

4 LLNL Explosion in the rotary kiln X Combustible debri• 4.IE- 03 4.7E-Ol l.2E- Ol l.OE- 01 l.OE- 03 5.7E- 06 
4 LLNL Fire in the baghouse area X Combustible debri• 4. lE- 03 4.7E- 01 3.0E- 02 l.OE- 02 I.OE+OO l.4E- 04 
4 LLNL Earthquake followed by X Combustible debris 4.IE- 03 4 .7E- 01 2.0E- 01 l.OE- 01 I.OE+OO 9.5E- 03 

~ fire and explosion 
4 ORR Explosion in the rotary kiln X Inorganic sludge 2.2E+OO 4.3E+OO l.2E- Ol l.OE- 01 l.OE- 03 5.IE- 05 
4 ORR Fire in the baghouae area X Inorganic sludge 2 .2E+OO 4 .3E+OO 3.0E- 02 l.OE- 02 l.OE+OO l.3E- 03 

~ 4 ORR Earthquake followed by X Inorganic sludge 2.2E+OO 4.3E+OO 2.0E- 01 l.OE- 01 l.OE+OO 8.6E- 02 

~ 
fire and explosion 

~ 



Table F.6.6 Frequencies and Radiological Source Tenn Parameters for WM UMW Non-Alpha Incineration ~ 

Facility Accidents-Continued 
I~ 

F'!'Jueocy Bin (/yr) Soun:c Tenn Panunc<eB 

To<al R,lease II 
~-
I "?j 

WMPEIS 1.0E- 04 - l.OE- 06 - Waste Form VMAR MAR 
Alternative" Site Accident > l.OE- 02 l.OE- 02 1.0E- 04 <l.OE- 06 ofMAR (m' ) (Ci) DF RARF" LPF" (Ci) 

4 PGDP Explosion in the rotary kilo X - Halogenated organic liquid l.3E- 02 2.3E- 01 l.2E- 01 1.0E- 01 1.0E- 03 2.7E- 06 
4 PGDP Fm, in the bagbouse area X - Halogenated organic liquid l.3E- 02 2.3E- 01 3.0E- 02 l.OE- 02 1.0E+OO 6.9E- 05 
4 PGDP Earthquake followed by X Halogenated organic liquid l.3E- 02 2.3E- 01 2.0E- 01 l.OE- 01 1.0E+OO 4.6E- 03 

fire and explosion 
4 Panlex Explosion in the rotary kiln X - Combustible debris 8 .3E- 02 3.4E- 02 1.2E- Ol l.OE- 01 l.OE- 03 4. IE- 07 
4 Panlex Fire in the bagbousc area X - Combustible debris 8 .3E- 02 3.4E- 02 3.0E- 02 1.0E- 02 l.OE+OO 1.0E- 05 "-..0 
4 Pantcx Earthquake followed by - X Combustible debris 8.3E- 02 3.4E- 02 2 .0E- 01 l.OE- 01 1.0E+OO 6 .9E- 04 en 

fire and explosion -4 PORTS Explosion in the rotary kiln X - Combustible debris 7 .3E- 02 4 .9E- 01 l.2E- 01 l.OE- 01 l.OE- 03 5.SE- 06 t..>-.1 
4 PORTS Fire in the baghouae area X - Combustible debris 7.3E- 02 4 .9E- 01 3.0E- 02 l.OE- 02 l .OE+OO l.5E- 04 t.>J 
4 PORTS Earthquake followed by X Combustible debris 7 .3E- 02 4.9E- 01 2.0E- 01 l.OE- 01 I.OE+OO 9.7E- 03 CD fire and explosion 
4 RFETS Explosion in the rotary kiln X Conc.minated soil <50% 6 .SE- 05 3.3E- 07 l.2E- 01 l.OE- 01 1.0E- 03 4.0E- 12 --J 

dcbria • 
4 RFETS Fire in the baghouse area X Conlaminated soil <50% 6 .SE- 05 3.3E- 07 3.0E- 02 1.0E- 02 1.0E+OO l.OE- 10 ~"' d ..,; 

debris LJi 
4 RFETS Earthquake followed by X Contaminated soil <50% 6 .SE- 05 3.3E- 07 2.0E- 01 l.OE- 01 l.OE+OO 6 .7E- 09 r,-. .) 

tire and explosion debris ,=:::i 
4 SRS Explosion in the roc.,y kiln X - Halogenated organic liquid 2.5E- 01 6 .0E+OO l.2E- 01 1.0E- 01 1.0E- 03 7.2E- 05 
4 SRS Fire in the baghousc area X Halogenated organic liquid 2.5E- Ol 6.0E+OO 3.0E- 02 1.0E- 02 l.OE+OO l.SE- 03 
4 SRS Earthquake followed by X Halogenated organic liquid 2 .5E- 01 6 .0E+OO 2.0E- 01 l.OE- 01 1.0E+OO 1.2E- 01 

fire and explosion 
7 Hanford Explosion in the rotary Din X Contaminated soil < 50 % l.6E +OO 4.3E+OO 1.2E- 01 l.OE- 01 1.0E- 03 5 .2E- 05 

debris 
7 Hanford Fire in the baghouse area X Contaminated soil < 50% 1.6E+OO 4.3E+OO 3.0E- 02 1.0E- 02 l.OE+OO 1.3E- 03 

debris 
7 Hanford Earthquake followed by X Conlaminated soil <50% 1.6E+OO 4.3E+OO 2.0E- 01 l.OE- 01 l.OE+OO 8.6E- 02 

fire and explosion debris 
7 INEL Explosion in the rotary kiln X Inorganic particulates l.3E- 01 4 .3E+OO l .2E- 01 l.OE- 01 l.OE- 03 5.IE- 05 
7 INEL Fire in the baghouse area X Inorganic particulates 1.3E- 01 4.3E+OO 3.0E- 02 l.OE- 02 l.OE+OO 1.3E- 03 
7 INEL Earthquake followed by X Inorganic particulates 1.3E- 01 4 .3E+OO 2 .0E- 01 1.0E- 01 1.0E+OO 8 .6E- 02 

fire and explosion 
7 LANL Explosion in the rotary kiln X Combustible debris 8.7E- 02 8 .0E- 02 1.2E- 01 l.OE- 01 1.0E- 03 9 .6E- 07 
7 l.ANL Fire in the baghouse area X Combustible debris 8.7E- 02 8 .0E- 02 3.0E- 02 l.OE- 02 1.0E+OO 2 .4E- 05 
7 LANL Earthquake followed by X Co mbustible debris 8.7E- 02 8 .0E- 02 2.0E- 01 l.OE- 01 l.OE+OO 1.6E- 03 

fire and explosion 
7 ORR Explosion in the rotary kiln X Halogenated organic liquid 3 .4E- 01 2.SE+OO l.2E- Ol l.OE- 01 l.OE- 03 3.0E- 05 
7 ORR Fire in the baghouse area X Halogenated organic liquid 3.4E- 01 2 .5E+OO 3.0E- 02 l.OE- 02 l.OE+OO 7.4E- 04 
7 ORR Earthquake followed by X Halogenated organic liquid 3.4E- 01 2 .SE+OO 2 .0E- 01 l.OE- 01 1.0E+OO 4 .9E- 02 

fire and explosion 
7 PORTS Explosion in the rotary kiln X - Co ntaminated soil 8.2E- Ol 8 .6E- 01 l.2E- 01 l.OE- 01 l.OE- 03 l.OE- 05 
7 PORTS Fire in the baghouse area X Contaminated soil 8.2E- 01 8 .6E- 01 3.0E- 02 l.OE- 02 l.OE+OO 2.6E- 04 
7 PORTS Earthquake followed by X Co ntaminated soil 8.2E- 01 8 .6E- 01 2 .0E- 01 l.OE- 01 l.OE+OO l.7E- 02 

fire and explosion 
7 RFETS Explosion in the rotary kiln X Combustible debris 9.0E- 05 l.2E- 02 l.2E- 01 l.OE- 01 l.OE- 03 1.4E- 07 
7 RFETS Fire in the baghouse area - X Combustible debris 9.0E- 05 l.2E- 02 3.0E- 02 l.OE- 02 l.OE+OO 3.6E- 06 
7 RFETS Earthquake followed by - X Combustible debris 9 .0E- 05 l.2E- 02 2.0E- 01 l.OE- 01 l.OE+OO 2 .4E- 04 

fire and explo sion 
7 SRS Explosion in the rotary kiln X - - Halogenated organic liquid 2 .5E- 01 6.0E+OO l.2E- 01 l.OE- 01 l.OE- 03 7 .2E- 05 
7 SRS Fire in the baghouse area X Halogenated organic liquid 2 .5E- 01 6 .0E+OO 3.0E- 02 l.OE- 02 l.OE+OO 1.SE- 03 
7 SRS Earthquake followed by X Halogenated organic liquid 2.5E- 01 6.0E+OO 2.0E- 01 l.OE- 01 l.OE+OO 1.2E- 01 

fire and explo sio n 

r -0 -
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Table F. 6. 6 Frequencies and Radiological Source Term Parameters for WM LLMW Non-Alpha Incineration 
Facility Accidents- Continued 

F~uencl Bin (/lr) Source Term Panmeten 

WMPEIS l.OE- 04 - 1.0E- 06 - Waste Form VMAR MAR 
Alternative• Site Accident > 1.0E- 02 1.0E- 02 1.0E- 04 < 1.0E- 06 of MAR (m') (Ci) DF RARF" LPF' 

15 Hanford Explosion in the rotary kiln X Contaminated aoil <50% 1.6E+OO 4.3E+OO l .2E- 01 1.0E- 01 1.0E- 03 
debris 

15 Hanford Fire in the bagbouse area X Contaminated aoil < 50% 1.6E+OO 4 .3E+OO 3.0E- 02 1.0E- 02 l .OE+OO 
debris 

15 Hanford Earthquake followed by X Contaminated soil < 50 % 1.6E+OO 4 .3E+OO 2.0E- 01 1.0E- 01 1.0E+OO 
fire and explosion debris 

15 INEL Explosion in the rotary kiln X Inorganic particulates 1.4E- Ol 4 .3E+OO 1.2E- 01 l.OE- 01 1.0E- 03 
15 INEL Fire in the baghouse area X Inorganic particulates 1.4E- 01 4.3E+OO 3.0E- 02 l.OE- 02 l.OE+OO 
15 INEL Earthquake followed by X Inorganic particulates 1.4E- Ol 4.3E+OO 2.0E- 01 1.0E- 01 1.0E+OO 

fire and explosion 
15 ORR Explosion in the rotary kiln X Inorganic sludge 2.7E+OO 4.7E+OO 1.2E- Ol 1.0E- 01 1.0E- 03 
15 ORR Fire in the baghouse area X Inorganic sludge 2.7E+OO 4 .7E+OO 3.0E- 02 1.0E- 02 1.0E+OO 
15 ORR Earthquake followed by X Inorganic sludge 2.7E+OO 4.7E+OO 2.0E- 01 1.0E- 01 l .OE+OO 

fire and explosion 
15 SRS Explosion in the rotary kiln X Halogenated organic liquid 2.5E- 01 6.0E+OO 1.2E- Ol 1.0E- 01 1.0E- 03 
15 SRS Fire in the baghouse area X Halogenated organic liquid 2 .5E- Ol 6 .0E+OO 3.0E- 02 1.0E- 02 1.0E+OO 
15 SRS Earthquake followed by X Halogeoated organic liquid 2 .5E- Ol 6 .0E+OO 2.0E- 01 1.0E- 01 l.OE+OO 

fire and explosion 
17 Hanford Explosion in the rotary kiln X Inorganic sludge 3.5E+OO 1.0E+Ol l.2E- 01 1.0E- 01 1.0E- 03 
17 Hanford Fire in the bagbousc area X Inorganic sludge 3.5E+OO 1.0E+OI 3.0E- 02 1.0E- 02 1.0E+ OO 
17 Hanford Earthquake followed by X Inorganic sludge 3.5E+OO 1.0E+Ol 2 .0E- 01 1.0E- 01 l .OE+OO 

fire and explosion 
26 Hanford Explosion in the rotary kiln X Inorganic particulates 6 .5E- 05 9.9E- 03 1.2E- Ol l.OE- 01 1.0E- 03 
26 Hanford Fire in the baghousc area X Inorganic particulates 6 .5E- 05 9.9E- 03 3.0E- 02 l.OE- 02 1.0E+OO 
26 Hanford Earthquake followed by X Inorganic particulates 6.5E- 05 9.9E- 03 2.0E- 01 l.OE- 01 1.0E+OO 

fire and explosion 
26 INEL Explosion in the rotary kiln X Heterogeneous debris l.9E- 01 l .8E+Ol 1.2E- 01 1.0E- 01 l.OE- 03 
26 INEL Fue in the baghouse area X Heterogeneous debris l.9E- Ol 1.8E+Ol 3.0E- 02 l.OE- 02 l.OE +OO 
26 INEL Earthquake followed by X Heterogeneous debris l.9E- 01 l.8E+Ol 2.0E- 01 l.OE- 01 l.OE+OO 

fire and explosion 
26 ORR Explosion in the rotary kiln X Aqueous liquid l.lE- 02 3.0E+OO l.2E- 01 l.OE- 01 l.OE- 03 
26 ORR Fire in the baghouse area X Aqueous liquid l.lE- 02 3.0E+OO 3.0E- 02 1.0E- 02 l.OE+OO 
26 ORR Earthquake followed by X Aqueous liquid l.lE- 02 3.0E+OO 2.0E- 01 l.OE- 01 l.OE +OO 

fire and explosion 
26 SRS Explosion in the rotary kiln X Inorganic particulates 7.8E- 04 8.3E- 02 l.2E- 01 1.0E- 01 3.0E- 03 
26 SRS Fue in the baghouse area X Inorganic particulates 7.8E- 04 8.3E- 02 3.0E- 02 1.0E- 02 1.0E+OO 
26 SRS Earthquake followed by X Inorganic particulates 7.8E- 04 8.3E- 02 2.0E- 01 l.OE- 01 l .OE+OO 

fire and explosion 

The WM PEIS cases analyzed are described aa follows: 

• Ou, I (No Action). Three sites (INEL, ORR. and SRS) ueat and store , aU remaining sites store. 
• Case 2 (Decentmliit!d). Forty-nine sites treat, and 16 sites dispose . 
• Ou, 4 (R, gionaliud I ). Eleven sites (Hanford, INEL, l.ANL, ORR. SRS, PORTS, PGDP, FEMP, LLNL, Pantex, and RFETS) ueat, and 12 sites dispoae. 
• Ou, 7 (R, gionaliud 2) . Seven sites (Hanford, INEL, LANL, ORR. SRS, PORTS, and RFETS) trest , and 6 sites dispooe . 
• Ou, I 5 (R,gionali,,d 4). Four sites (Hanford, INEL, ORR. and SRS) treat, and 6 sites dispose. 
• Ou, I 7 (C...tra/iz,d). One site treats (Hanford), and 1 site disposes. 
• Ou, 26 (R,mot,-handl,d) . Four sites (Hanford, INEL, ORR. and SRS) treat and dispose (RH) and dispose. 

Values shown are for (nonvolati le) solids such a, U- 235 or Pu- 238; see Appendi~ D. 

•-•=not applicable. 

Total Releue 
(Ci) 

5.2E- 05 

1.3E- 03 

8.6E- 02 

5. lE- 05 
1.2E- 03 
8.6E- 02 

5.7E- 05 
1.4E- 03 
9.5E- 02 

7.2E- 05 
1.8E- 03 
1.2E- Ol 

1.2E- 04 
3. IE- 03 
2.IE- 01 

1.2E- 07 
3.0E- 06 
2 .0E- 04 

2.2E- 04 
5 .5E- 03 
3.7E- 01 

3.6E- 05 
9.lE- 04 
6 . IE- 02 

l.OE- 06 
2.5E- 05 
l.7E- 03 



Table F.6.7 Frequendes and Radiological Source Term Parameters for WM UMW Alpha l nd neration Fadlity Acddents ::i:... 

~ 

Froquency Bin (/yr) Source Term Parameters 
;::s 
~ 

><" 
WM PEIS l.OE- 04 - l.OE- 06 - Waste Form VMAR MAR Total Relcal!C "?j 

Alternative• Site Accident Sequence > l.OE- 02 l.OE-02 l.OE- 04 < l.OE-06 of MAR (m') (Ci) DF RARF' LPP (Ci) 

2 INEL Explosion in the rotary kiln X -. Combustible debris 1.5E- 01 9.3E+OO l.2E- 01 l.OE- 01 l.OE- 03 1.I E- 04 
2 INEL Fire in the baghousc area X Combustible debris UE- 01 9.3E+OO 3.0E- 02 l.OE- 02 l.OE +OO 2.8E- 03 
2 INEL Earthquake followed by fire X Combustible debris UE- 01 9.3E+OO 2 .0E- 01 l.OE- 01 l.OE+OO l.9E- 01 

and explosion 
2 l.ANL Explosion in the rotary kiln X Aqueous/halogen organic 2.9E- 02 4 .0E- 02 l.2E- 01 l.OE- 01 l.OE- 03 4 .8E- 07 

liquid ,..o 2 l.ANL Fire in the baghouse area X Aqueous/halogen organic 2 .9E- 02 4.0E- 02 3.0E- 02 l.OE- 02 l.OE+OO l.2E- 05 
liquid c..n 

2 l.ANL Earthquake followed by fire X Aqueous/halogen organic 2.9E- 02 4.0E- 02 2 .0E- 01 I.OE- 01 l.OE+OO 8. IE- 04 
and explosion liquid t..,..j 

2 LLNL Explosion in the rotary kiln X Aqueous/noobologen 2.0E- 02 1.7E- 02 1.2E- 01 l.OE- 01 l.OE- 03 2 .0E- 07 LN 
organic liquid CD 

2 LLNL Fire in the baghouse area X Aqueous/nonbalogen 2.0E- 02 1.7E- 02 3.0E- 02 l.OE- 02 l.OE+OO 5 .0E-06 -.....i 
organic liquid , 

2 LLNL Earthquake followed by fire X Aqueous/nonbalogen 2.0E- 02 1.7E- 02 2 .0E- 01 l.OE- 01 I.OE+OO 3.4E- 04 f""--... 1 
and explosion organic liquid (.j') 

2 RFETS Explosion in the rotary kiln X Aqueous liquid l.6E- 01 1.4E- 02 1.2E- 01 l .OE- 01 l.OE- 03 l.7E- 07 
2 RFETS Fire in the baghouse area X Aqueous liquid I.6E- 01 l.4E- 02 3.0E- 02 l .OE- 02 l.OE+OO 4 .2E- 06 f"'--,..) 

2 RFETS Earthquake followed by fire X Aqueous liquid l.6E- 01 l.4E- 02 2.0E- 01 l.OE- 01 l.OE+OO 2.8E- 04 -· and explosion 
2 SRS Explosion in the rotary kiln X Inorganic particulates 2. IE- 01 4.8E- 01 l.2E- 01 l.OE- 01 1.0E- 03 5 .7E- 06 
2 SRS Fire in the baghouse area X loorganic particulates 2 .IE- 01 4 .8E- 01 3.0E- 02 l.OE- 02 l .OE+ OO l.4E- 04 
2 SRS Earthquake followed by lire X Inorganic particulates 2 . IE- 01 4 .8E- 01 2 .0E- 01 l.OE- 01 l.OE+OO 9.5E- 03 

and explosion 
4 INEL Explosion in the rotary kiln X Combustible debris U E- 01 9 .3E+OO l.2E- 01 l.OE- 01 l.OE- 03 1.IE- 04 
4 INEL Fire in the baghouse area X Combustible debris l.5E- 01 9.3E+OO 3.0E- 02 1.0E- 02 l.OE+ OO 2 .SE- 03 
4 INEL Earthquake followed by fire X Combustible debris U E- 01 9.3E+OO 2.0E- 01 l.OE- 01 l.OE+ OO l.9E- 01 

and explosion 
4 l.ANL Explosion in the rotary kiln X Aqueous/halogen organic 2.9E- 02 4 .0E- 02 l.2E- 01 l.OE- 01 l.OE- 03 4.SE- 07 

liquid 
4 l.ANL Fire in the baghouse area X Aqueous/halogen organic 2 .9E- 02 4.0E- 02 3.0E- 02 l.OE- 02 l.OE+OO l.2E- 05 

liquid 
4 l.ANL Earthquake followed by fire X Aqueous/halogen organic 2.9E- 02 4.0E- 02 2 .0E- 01 l.OE- 01 l.OE + OO 8. IE- 04 

and explosion liquid 
4 LLNL Explosion in the rotary kiln X Aqueous/nonbalogen 2.0E- 02 1.7E- 02 l.2E- 01 l .OE- 01 l.OE- 03 2.0E- 07 

organic liquid 
4 LLNL Fire in the baghouse area X Aqueous/nonhalogen 2.0E- 02 1.7E- 02 3.0E- 02 l.OE- 02 l.OE+OO 5 .0E- 06 

organic liquid 
4 LLNL Earthquake followed by fire X Aqueous/noohalogen 2.0E- 02 l.7E- 02 2 .0E- 01 l.OE- 01 l.OE+OO 3.4E- 04 

and explosion organic liquid 
4 RFETS Explosion in the rotary kiln X Aqueous liquid l.6E- 01 l.4E- 02 l.2E- 01 l.OE- 01 l.OE- 03 1.7E- 07 
4 RFETS Fire in the baghouse area X Aqueous ljquid l.6E- 01 l.4E- 02 3.0E- 02 l.OE- 02 l.OE+OO 4 .2E- 06 
4 RFETS Earthquake followed by fire X Aqueous liquid l.6E- 01 1.4E- 02 2.0E- 01 l.OE- 01 l.OE+OO 2 .SE- 04 

and explosion 
4 SRS Incineration ash explosion X Inorganic particulates 2 . IE- 01 4.SE- 01 1.2E- Ol I.OE- 01 l.OE- 03 5 .7E- 06 
4 SRS Fire in the baghouse area X Inorganic particulates 2. IE- 01 4.8E- 01 3.0E- 02 l.OE- 02 l.OE+OO l.4E- 04 
4 SRS Earthquake followed by lire X Inorganic particulates 2. IE- 01 4.8E- 01 2 .0E- 01 l.OE- 01 l.OE+OO 9.5E- 03 

and explosion 
7 INEL Explosion in the rotary kiln X Combustible debris UE- 01 9.3E+OO l.2E - 01 l.OE- 01 l.OE- 03 1.I E- 04 
7 INEL Fire in the baghouse area X Combustible debris 1.5E- 01 9.3E+OO 3.0E- 02 l.OE- 02 l.OE+OO 2 .SE- 03 
7 INEL Earthquake followed by fire X Combuiiible debris UE- 01 9.3E+OO 2 .0E- 01 l.OE- 01 l.OE+OO l.9E- 01 

and explosion 

'P ...... 
0 
w 



Table F. 6. 7 Frequencies and Radiological Source Term Parameters for WM UMW Alpha Incineration Facility 
Accidents-Continued 

Froquency Bin (/yr) Soun:e Term Parame1en 

WMPEIS l.OE-04 - l.OE- 06 - Walle Form VMAR MAR Total Releaae 
Alternative• Site Accident Sequence > l.OE- 02 I.Ol'r02 I.OE- 04 < l.OE-06 of MAR (m') (Ci) DF RARF' LPF (Ci) 

7 LANL Explosion in the rocaiy kiln X Aqueous/halogen organic 2.9E- 02 4 .0E- 02 l.2E- 01 I.OE- 01 I.OE- 03 4.8E- 07 
liquid 

7 LANL Fire in the baghousc area X Aqueoua/halogen organic 2.9E- 02 4.0E- 02 3.0E- 02 I.OE- 02 l .OE+OO l.2E- OS 
Jjquid 

7 LANL Earthquake followed by fire X Aqueous/halogen organic 2.9E- 02 4.0E- 02 2 .0E- 01 I.OE- 01 I.OE+OO 8.IE- 04 
and explosion liquid 

7 RFETS Fire in the baghouse area X Aqueous liquid l.6E- 01 1.4E- 02 3.0E- 02 I.OE- 02 1.0E+OO 4 .2E- 06 
7 RFETS Earthquake followed by fin: X Aqueous liquid l.6E- 01 l.4E- 02 2.0E- 01 1.0E- 01 l.OE+OO 2 .8E- 04 

and explosion 
7 SRS Explosion in the rotary kiln X Inorganic particulates 2. IE- 01 4.8E- 0I l.2E- 01 I.OE- OJ I.OE- 03 S.7E- 06 
7 SRS Fm: in the baghou,e an:a X Inorganic particulatea 2. IE- 01 4.8E- 01 3.0E- 02 1.0E- 02 I .OE+OO 1.4E- 04 
7 SRS Earthquake followed by fin: X Inorganic particulates 2. IE- 01 4 .8E- 01 2.0E- 01 I.OE- 01 1.0E+OO 9 .SE- 03 

and explosion 
IS INEL Explosion in the rotary Din X Combustible debris I.SE- OJ 9.3E+OO 1.2E- 01 I.OE- 01 I.OE- 03 1.IE- 04 
IS INEL Fire in the baghouse area X Combustible debris I.SE- OJ 9.3E+OO 3.0E- 02 I.OE- 02 I .OE+OO 2 .8E- 03 
IS INEL Earthquake followed by fin: X Combustible debris I.SE- OJ 9.3E+OO 2.0E- 01 I.OE- 01 I.OE+OO l.9E-01 

and explosion 
IS SRS Explosion in the rocaiy kiln X Inorganic particulatea 2. IE- 01 4 .8E- 01 1.2E- 01 I.OE- 01 I.OE- 03 S.7E- 06 
IS SRS Fire in the baghouse area X Inorganic particulates 2.IE- 01 4.8E- 01 3.0E- 02 I.OE- 02 I.OE+OO l.4E- 04 
IS SRS Earthquake followed by fin: X Inorganic particulates 2. IE- 01 4 .8E- 0I 2.0E- 01 I.OE-01 1.0E+OO 9.SE- 03 

and explosion 
17 1-!anfor Explosion in the rocary kiln X Aqueous liquid l.6E- 01 1.4E- 02 l.2E-01 I.OE- 01 1.0E- 03 1.7E- 07 

d 
17 Hanfor Fm: in the baghouse area X Aqueous liquid l.6E- 0I 1.4E- 02 3.0E- 02 1.0E- 02 I.OE+OO 4 .JE- 06 

d 
17 Hanfor Earthquake followed by fire X Aqueous liquid l.6E- 01 1.4E- 02 2.0E- 01 I.OE- 01 I.OE+OO 2.8E- 04 

d and explosion 
26 INEL Explosion in the rocaiy kiln X Heterogeneous debris 1.4E- 04 I.SE- 02 l.2E- 01 I.OE- 01 I.OE- 03 l.8E- 07 
26 INEL Fm: in the bagbouse area X Heterogeneous debris l.4E- 04 I.SE- 02 3.0E- 02 I.OE- 02 1.0E+OO 4 .4E- 06 
26 INEL Earthquake followed by fin: X Heterogeneous debris l.4E- 04 I.SE- 02 2 .0E- 01 I.OE- 01 I .OE+OO 2 .9E- 04 

and explosion 

1ne WM PEJS cases analyzed are described as follows: 

• ea.,, J (No Action). Thn:e sitea (INEL. ORR, and SRS) treat and store, all remaining sitea ll!ore. 
• ea.,, 2 (D,cmJra/h;ed) . Forty-nine sites treat, and 16 sites dispoae. 
• ea.,, 4 (R,giona/h;,d 1). FJeven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, !'GDP, FEMP, LLNL, Pantex, and RFETS) treat, and 12 sites dispoae . 
• o,,. 7 (R,giona/iz,d 2). Seven sites (Hanford, INEL, LANL, ORR, SRS, PORTS, and RFETS) treat, and 6 sites dispoae. 
• ea.,, JS (R•gionalh;,d 4). Four sitea (Hanford, INEL, ORR, and SRS) treat, and 6 sites dispoae. 
• ea.,, 17 (Qn1rolh;,d) . One site trealll (Hanford), and I site dispol<S, 
• ea.,, 26 (R,mot,-handl,d). Four sites (Hanford, INEL, ORR, and SRS) treat and dispoae (RH) and dispose 

Values shown are for particulate (nonvolatile) solids such as U-23.5 or Pu-238; see Appendix D . 

• -• = not applicable. 
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F. 7 Hazardous Waste 

F. 7 .1 ALTERNATIVES AND SITES ANAL ¥ZED 

The WM alternatives in the WM PEIS are summarized in Table F. 7-1, with the associated waste 

treatment categories described in Table F.7-2. Calculational source term results for these alternatives 

are discussed herein. 

F. 7 .2 RISK-DOMINANT ACCIDENTS AND MODELING ASSUMPTIONS 

The analysis herein develops distinct risk-dominant accident sequences and associated source terms for 

handling accidents, storage facility accidents, and treatment facility accidents. Accident scenarios 

involving chemical wastes representative of (a) potentially life-threatening health effects and (b) the 

potential for any adverse health effects were selected. Potential for any adverse effects excluded 

carcinogenesis. Developing a category for carcinogenic effects alone would lead to accidents of 

negligible consequences, considering the specific chemicals present in the storage facilities. 

Consequently, only two categories of accidents were determined. The HW constituents of concern were 

chosen from the DOT list of poison inhalation hazards (PIHs) and from toxicological analyses 

(Hartmann et al., 1994). Eleven installations that accept over 90 percent of the HW from the DOE 

complex were selected as representative of the DOE sites. Inventory data for the selected installations 

were taken from 1992 DOE HW shipment records. Because information on chemical concentrations 

is usually not given in HW inventory data, concentrations in industrial-grade products were assumed 

when modeling the source term from a release. 

All accidents were divided into three general categories, each having subcategories and including 

potentially life-threatening and any-adverse-effects end points: 

• Spills resulting in partial vaporization of the waste ("spill only") 

• Spills followed by ignition of the waste ("spill plus fire") 

• "Other event combinations" 
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Table F. 7-1. Specification of HW Altematives8 

Commercial 

11 ______ ..;A..cl..cte;.;.rn.:.:.::.•t:.;:.lv..;e:.._ _______ .:.:A:.::ct;.;.lon::::.. __ __;H.::.an=ror:::.;:d:..__;.;.IN.:.:E:::L:;:__..::L:.::L:.:.N:..:L:.__.::L.:.:A:.:.N:.::L:._....:::S:.:N.::L..:-NM..:.::.::_..:P:.:ant=e>:=---K=C.::.P _ __;A.::NL-:=..::E:.___;F..::e.::.nn::::.:.l _ __;O;.;RR=--..::S.::.RS;;;;... __ __.;TS;.;; Ds 

No Action/Decemralizedb 
10% treated onsite at 2 DOE siteS Treat at 2 _c T T T 

ll·-'90=%::....etrea=te=dc..:co=mm=e:::,rc=ial=lv'---------'D=is=oo:s~e'--------=-----.:......----=----......;;----.:......---...:;_---......;;----;_---.:......-------------=Dd 

Regionalized 1: 
50% treated onsite at 5 DOE sites 

50% treated/disposed commercially 

Regionalized 2: 

Treat at 5 

DiSPOSe 

T T T T T T 

D 

90% treated onsite al 2 DOE sites Treat at 2 T T T 

l!:::l::::0=%=1rea==1e=d/=di=·==spo!:::s:e::::d:::c=o=mm=e=rc=ial=l~y=====D=is:!:::PO:'se=======================================================D===:!I 

a The WM PEIS considers the potential consequences of increased use of onsite facilities for treaunent versus reliance on commercial facilities. The existing program (no action alternative) relies heavily on commercial 
vendors for treaunent and disposal of those wasteS with organic constiruenis. This table presents a breakdown of activities al 11 siteS for these 3 alternatives. The WM PEIS focuses on waste with organics, and the sites 
denoted by a single "T" in the table conduct organic destruction; however, these sites are also assumed to conduct any additional treatment necessary to meet LDRs. In addition, although organic destruction is assumed to 
be a pan of the existing program at only 3 locations (LANL, ORR, and SRS) , most sites perform some very limited degree of treatment onsite by using 1 or more of 1he following treatment technologies: fuel blending, fuel 
trning, solvent recycling, stabilization, deactivation, melal removal and recovery, Hg removal and recovery, aqueous treatment, or recycling. 

Most sites conduct (1) onsite treatment or (2) neulralization or deactivation of selected wastestreams (or both) . 
~ Not applicable. 

D = disposal. 
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Table F. 7-2. Generic HW Treatment Categories and Descriptions 

Treatment Capabilltv 

Organic destruction 

Aqueous liquids 
(wastewater treatment 
for organics) 

Metal removal 

Stabilization 

Metal recovery 

Mercury separation 

Decontamination 

Neutralization 

Deactivation 

Abbreviation Description 

ORDST Destruction of organic liquids and solids by a broad spectrum of 
thermal and nonthermal technologies. Examples include 
incineration, vitrification, plasma hearth, molten metal, chemical 
oxidation, electron beam, and silent discharge plasma. Some of 
these technologies also apply to the ST ABL and METRC 
categories. 

WWTOR Treatment technologies for oxidation of organics contained in 
predominantly aqueous media. Examples include wet oxidation, 
catalyzed wet oxidation, and supercritical water oxidation. 

METRM Metal ion and particulate removal from liquids by settling, 
filtration, precipitation, ion exchange, carbon adsorption, etc . 

ST ABL All immobilization and microencapsulation technologies (for 
example, cementation, vitrification, polymer encapsulation) . 

METRC Methods for separation and collection of metals from 
wastestreams for reuse. Examples include sorting, melting, and 
decontamination. 

HGSEP All Hg separation, collection, and immobilization methods. 
Examples include gravitational, thermal, and chemical 
techniques to separate Hg for recycling or for immobilization by 
amalgamation. 

DECON Extractive, mechanical', hydraulic, thermal, and electrochemical 
techniques used to remove contaminants from substrate 
materials. 

NEUTR Acid or base additions to neutralize wastestreams. 

DEACT Appropriate technologies to deactivate reactive materials (such as 
sodium or uranium metal) or cyanides before disposal. 

- Spills followed by ignition of the waste and an induced explosion in a waste container ("spill 
plus fire plus explosion") 

- Facility fires resulting in a waste container breach ("fire only") 

- Mechanical failure of a compressed gas container resulting in an explosion ("spill and 
explosion") 

- Explosion from exposure of reactive material to air followed by fire ("fire and explosion"). 
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Table F.7-3 lists the representative accidents chosen to serve as surrogates for all risk-dominant 

sequences. Thirteen accidents involve the release of potentially life-threatening toxic gases. Five 

accidents (le through lg and 2e through 2f) involve the release of materials not considered potentially 

life-threatening but analyzed for any adverse effects. The development of these accidents took into 

account the following: 

• The proximity of classes of chemicals to each other in the storage facilities 

• The typical designs of the storage facilities and the required separation of such groups of chemicals 
as flammable liquids, acids, caustics, combustibles, oxidizers , etc. 

• The 90-day residence limit for RCRA HW in a storage facility. 

The accident scenarios include a range of high-probability low-consequence accidents and 

high-consequence low-probability accidents. In general, the scenarios involve chemical or physical 

change in stored materials subsequent to an initial incident. Equations were written to represent the 

changes anticipated to occur during the accidents . Toxic gaseous products were identified and their 

masses estimated from the mass of the reactants and the stoichiometry of the reactions . The annual 

frequency of accidents includes both the spill frequency and, where appropriate, the probability that 

all of the agents are present at the same time. Rates of releases were estimated on the basis of 

engineering judgment and the recognition that such rates often decay exponentially with time. 

Obviously, the exact course of an accident is shaped by a multitude of factors , including (but not 

limited to) temperature, humidity, pooling versus spreading of spills , the exact composition and 

concentration of reactive materials (often unknown) , and the proximity and nature of nearby reactive 

materials (including packaging, shelving, and flooring) . Appendix H in Mueller et al. (1995) provides 

details on the selection of the accident scenarios, on the chemistry involved in their progress, and on 

the estimation of the rates of release of the toxic gases. 

The probability of an accident depends on the throughput of the waste type or types involved. The 

subsequent progression of some accident scenarios requires specific additional waste types to be in 

proximity to the initiating container; for instance, accident subcategory 2d is dependent on the 

probability that flammable liquids, accelerants, and Hg cells are being stored at the same time. 

A release is defined as some form of airborne release in terms of vapor, gas, aerosol, or particulates 

from the original chemical or the reaction product. Recall that all hazardous chemical releases were 

placed into one of 18 subcategories, depending on the category of accident (for example, spill or spill 

plus fire), the range of accidents within the category, and the particular health end point. Many 
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Table F.7-3. Airborne Release Assumptions for Representative HW Accidents8 

Annual Frequency 
Release Rate (per Container-

Toxic Gas Mass or Waste Functional Form Handlingb 
Scenario Released Spilled Ob) Ob/min) Operation) 

Spill 
(la) Alkaline waste spill (i.e . , NH4OH) releasing NH3 210 lb of28% 0-10 min: 3 lb/min; 2E- 04 

moderately toxic byproducts NH4OH (59 lb) 10-150 min: 3e\<t-lO), d 

(lb) Acid waste spill (i.e., HCI) releasing moderately Hcl 450 lb of 37% HCI 0-10 min: 2 lb/min; 2E- 04 
toxic vapor (166 lb) 10-600 min: 2e-k/-lO) 

(le) Acid waste spill (i .e., HF) releasing highly toxic HF 30 lb of 50% HF 0-10 min: 2 lb/min; 2E- 04 
vapor (15 lb) 10-600 min: 2e-k3(t-lO) 

(Id) Fuming acid waste spill (i.e ., HNO3) releasing NOX 30 lb of 70% HNO3 0-10 min: I lb/min; 2E- 04 
moderately toxic byproducts (21 lb) 10-100 min: le-k/-10> 

(le) Acid waste spill (i.e. , CiH4O:z) releasing mildly CiH4O2 30 lb of 100% 0-10 min: 0.3 lb/min; 2E- 04 
toxic vapor C2H4O2 10-900 min: 0 .3e-k/-10> 

(If) Volatile liquid spill (i .e ., CSi) releasing toxic c5i 18 lb of 100% CS2 0-3 min: 0.5 lb/min; 2E- 04 
vapor 3--60 min: 0.5e-k/t-10> 

(lg) Liquid spill (i.e., 1, 1, I-trichloroethane) releasing l, l , 1-trichloroethane 100 lb of 100% 0-10 min: 40 lb/min 2E- 04 
mildly toxic vapor 

Spill Plus Fir/ 
1, 1, 1-trichloroethane 

(2a) Spill of aromatic hydrocarbon (i .e . , BTX) results P AH soot and unburnt 250 lb of benzene 0-120 min: 2 .1 lb/min 2E- 05 
in burning pool; polyaromatic hydrocarbon (PAH) HC (12% raw, 40% soot, 
soot and unburnt hydrocarbon (HC) become and 48% Cox) 
airborne 

(2b) Spill of flammable liquid (e.g. , toluene/acetone), HF 10 lb of 50% HF 0-1 min: 5 lb/min (puff) 2E- 05 probability of 
which ignites (with help of CaC12O:z), and fire (5 lb) HF present 
spreads to HF container 

(2c) Spills and ignition of flammable liquid, engulfing HCN 40 lb of organic 0-1 min: 40 lb/min (puff) 2E- 05 probability of 
nearby H2SO4, KCN , and NaCN containers, solvents; 20 lb of KCN present 
releasing only toxic HCN fumes H2SO4; 40 lb of KCN 

and NaCN 
(2d) Spills and ignition of flammable liquid, accelerated Hg vapor 2,000 lb of naphtha; 0-180 min: 2.8 lb/min 2E- 05 probability of 

by Na2S2O8 and NH4NO3, releasing Hg vapor from 630 lb of oxidizing Hg present 
discarded Hg cells agent; 50 lb of Hg 

cells 

::i... 

~ 

~ 
Concentration Llmlf "?j 

PAEC PLC 
Value Value 

24.5 560 
"-..0 

0.8 100 
t.n 

L>,j 

24 t..>J 
:CD 
~ 

0 .41 350 • '.f"'-..) 
t..n · 

15 NAe f"-...:1 
. ....c:. 

0.55 NA 

31.2 NA 

18.0 3,000 

24 

l mglm3 5 mgtm3 

0.01 
mg/m3 

0.1 mglm3 

J 
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Table F. 7-3. Airborne Release Assumptions for Representative HW Acddents8 -Continued 

Annual Frequency Concentration Limltc 

Release Rate (per Container-
Toxic Gas Mass of Waste Functloual Form Handlingb PAEC PLC 

Scenario Released Spilled Ob) Ob/min) Operation) Value Value 

(2e) Spills and ignition of flammable liquid, breaching Cd fumes 300 lb ofCdO 0-30 min: 10 lb/min 2E- 05 probability of 0 .075 ppm NA 
nearby containers with Cd-containing compounds {17.5 lb of Cd fumes) (for fires of 950 °C} Cd present 
(i.e ., Cd salts or Ni:Cd batteries) 

(2t) Spills and ignition of flammable liquid, breaching Dust from burnt and 30 lb of dichromate 1-5 min: 6 lb/min 2E-05 x 1.2E- 01 0.1 mg/m3 NA 
nearby containers with dichromate salts (i.e., unburnt dichromate dust probability of 
Na2Cr2O7 or K2Cr2O7) salts dichromate salt 

present 
Other 
(3a) Spills and ignition of flammable liquids; heat from NH3 Flammable liquid, 0-5 min: 12 lb/min 2E- 05 x lE- 02 24.5 560 

fire causes explosion in compressed gas cylinder, 30.5 lb; compressed (puff) probability of NH3 
venting NH3 NH3 present 

(3b) Accidental confinement of oxidizing and reducing NH3 or contents NH3 (60 lb) 0-5 min: 12 lb/min 3E- 03 X probability 24.5 560 
agents; reaction generates heat, igniting packaging of any other nearby of both agents 
and breaching nearby container gas cylinder present& 

(3c) Accidental confinement of water with alkali-metal NH3 or any other NH3 (60 lb) 0-5 min: 12 lb/min 3E- 03 x probability 24.5 560 
bases or alkali-earth oxides (i.e., Na2O, K2O, nearby gas cylinder of both agents 
CaO); reaction generates heat, igniting packaging presentg 
and breaching nearby containers 

(3d) Accidental rupture of compressed gas (NOx; NH3 Compressed gas 0-5 min: 100 lb/min 2E- 05h 24.5 560 
flammable) cylinder due to valve failure, releasing ( I 00 lb/container) 
toxic gas 

(3e) Accidental explosion (without previous spill) of NH3 or contents of Diethyl ether, 2 lb; 0-5 min: 12 lb/min 3E- 03i 24.5 560 
diethyl ether peroxides formed by exposure to air; any other nearby gas 210 lb of NH4OH 
remaining diethyl ether ignites, spreading to cylinder (60 lb) 
nearby container 

a CaC12 = calcium hypochlorite; Cao = calcium oxide; CdO = cadmium oxide; C2Hp2 = acetic acid; CS2 = carbon disulfide; HCN = hydrogen cyanide; HF = hydrogen fluoride; 
HNO3 = nitric acid; H2SO4 = sulfuric acid; KCN = potassium cyanide; Na2Crp7 = sodium dichromate; Na2O = sodium oxide; Na25io8 = sodium persulfate; NH3 = ammonia; 
~H4NO3 = ammonium nitrate; NH4OH = ammonium hydroxide; and Ni = nickel. 

Number of containers at each site varies . 
c Limits apply for a 15-minute exposure and are in parts per million (ppm) unless otherwise specified. PAEC = potential adverse effect concentration; and PLC = potential life-threatening 
concentration. 
d Read as 3 x exp [-k (t-10)]; k 1 = 0.0145, k2 = 0.0043, k3 = 0.20, k4 = 0.0494, ki; = 0 .0111, and k7 = 0.2131; t = time (min). 
e NA = not available. 
f The assumption is that I in 10 spills will be ignited by a nearby spark (a conserv~tive value) for an outdoor storage facility. When an accident scenario requires a number of initiating 
steps, involving more than one type of waste, the probability that all of the necessary constituents would be present at the same time must be included. 
: The frequency of improper mixing of stored HW containers is approximately 3E- 03 (according to Sasser [1992]). 
. The value for the probability of compressed gas container breach is l E- 04 per container-handling operation; the value for breaching secondary containment is I E- 0 I. 
1 The frequency of improperly loading a container containing diethyl ether (allowing air to enter the container) is 3E- 03 (according to Sasser [1992]). 
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chemicals in the inventory of each site pose no risk from release and therefore did not need to be 

considered further. The HW inventories for FY 1992 for 12 DOE sites (the 11 referred to earlier and 

NTS) were studied to determine the most representative set. Detailed chemical knowledge and 

engineering judgment were used to assign chemicals to categories. Accident risk during storage is 

dependent on the number of drums and the average masses of the chemicals placed in each category . 

Once each accident category was defined, the mass of a released chemical, the elapsed time for release, 

and the release rates were determined by the use of mass balance equations and consideration of vapor 

pressure and heat of vaporization at room temperature (Mueller et al. 1995). 

F.7.2.1 Packaged Waste Storage and Handling Operations 

Hazardous wastes are first accumulated in drums or laboratory packs at the source (laboratory or shop) 

and then are shipped to a centralized storage facility . Handling accidents during storage or staging 

operations are expected to dominate the risk of chemical releases to workers because of the frequency 

of handling and the proximity of the workers. Ignition or explosion of containers due to chemical 

reactions originating from container-loading errors have also been considered in handling accidents for 

HW. 

F.7.2.1.1 Material at Risk and Damage Fraction 

Because storage packages are typically plastic-lined, carbon steel 208-L (55-gal) drums , the MAR for 

handling-accident scenarios is assumed to be one drum. Double containment with an intervening 

packing of absorbent material is typical of packaged chemically hazardous liquids; however, consistent 

with previous analyses , the assumption is made that the liquid is completely spilled (that is , 

OF = lE+00) upon breach of the waste package (Salazar and Lane, 1992; ORNL, 1993). 

F.7.2.1.2 Spill Scenario Frequencies 

The frequency of container breaches is on the order of lE-04 per handling operation (see Section F .2). 

Because HW storage facilities are allowed to hold materials for 90 days as a maximum, all of the 

containers that arrive at a facility are assumed to be shipped out within 90 days . Two handling 

operations per container of waste stored at the facility (one loading and one unloading) were assumed. 
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Consistent with the discussion in Section F .2, the annual frequency for a spill from a container breach 

for chemical x due to a handling accident can then be given by 

fsx = 0.0002 nx , (F.7-1) 

where nx is the number of waste containers of chemical x received annually at the facility. 

F.7.2.1.3 Spill Plus Fire Scenario Frequencies 

The frequency of occurrence for subcategory 3a (the spill, ignition, and atmospheric release of 

chemical x) is given by 

(F.7-2) 

where P1 is the conditional probability of ignition (lE-01 for outdoor storage pads and 2E-01 for 

enclosed facilities) (section F.2). The frequency of occurrence in accident subcategories 2b through 2f 

(the spill and ignition of a flammable chemical, followed by fire propagation and release of chemical y) 

depends on the concurrent presence of the flammable initiator and the container with the toxic chemical 

contents: 

(F.7-3) 

where n1 is the number of flammable chemical containers, and PIY is the conditional probability that 

fires involving the flammable chemicals propagate to and ignite the contents of drums containing 

chemical y. The expression P IY is approximated by the ratio of the number of drums of chemical y to 

the total number of containers. The second term in the expression is added only if chemical y is also 

flammable. 

F.7.2.1.4 Frequencies of Other Event Combinations 

Accident subcategory 3a involves a spill and subsequent fire, which then induces an explosion. One 

SAR (EG&G, 1990) lists a value of 2E-02 for the annual probability of a fire-induced explosion 
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sufficient to rupture the end walls of a facility. The reference scenario herein assumes the explosion 

of a compressed gas cylinder engulfed in fire. The frequency is given by 

(F.7-4) 

where the probability PIY of a drum or cylinders being engulfed is estimated as the approximate fraction 

of drums containing compressed gas cylinders and where Pe, the conditional probability that the 

engulfed gas canister will explode, is assumed conservatively to be lE+00. 

Fire-only scenarios 3b and 3c involve the inadvertent mixing of incompatible wastes. Human error 

probabilities between lE-03 and 3E-03 are reported (Trusty et al., 1989; Sasser, 1992) for loading 

or sorting a chemical in the wrong place. Subsequent chemical reactions then generate enough heat to 

ignite the packaging material with a frequency estimated by 

Jjrc = 0.003 nrc , (F.7-5) 

where nrc is the number of containers containing potentially reactive chemical re (or its equivalent) that 

are received annually at the facility. The surrogate toxic gas assumed to be released during the accident 

is ammonia (NH3) . 

The fire may then spread to other containers and result in a release of toxic chemicals; however, the 

probability that a reaction among incompatible wastes will generate enough heat to ignite nearby 

combustible material (that is, paper or cardboard) is expected to be relatively small. The combustible 

material closest to the containers is usually a cardboard pallet, which requires temperatures of over 

232 °C (450 °F) to ignite. Furthermore, the frequency with which containers of toxic waste are stored 

in proximity to the potential fire needs to be considered. Given the combination of events needed to 

result in other toxic gas releases, only the NH3 release is treated herein. 

Accident subcategory 3d involves a mechanical breach and subsequent explosion of cylinders of 

compressed gases. Such cylinders are expected to be stored inside drums, thus providing double-walled 

storage of the compressed gas . The annual frequency of double-walled container breach per unit 

handling operation is estimated as lE- 05, implying an order of magnitude credit for the second 

containment, which is probably conservative, given that conditional breach probabilities after a drop 
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are estimated at lE-02. Thus the frequency of a handling accident resulting in an explosion of 

compressed gas cylinder xis conservatively estimated as 

fseeg = 0. 00002 neg , (F.7-6) 

where neg is the number of drums with compressed gas containers received annually at the facility. 

The spontaneous fire and explosion scenario 3e corresponds to a waste fire and explosion induced by 

an error in the loading of the waste containers. Some chemicals react violently on contact and must be 

segregated. The gases produced by such reactions may produce enough pressure inside containers to 

cause explosions, with resulting container failure. The frequency of this scenario is 

Jje,x = 0. 003 n,x , (F.7-7) 

where nrx is the number of containers containing potentially reactive chemical rx (or its equivalent) that 

are received annually at the facility. The spontaneous formation of peroxides upon exposure of ether 

to air (and the later ignition of those peroxides) is considered here to be an error in loading. In reality, 

ether should never be stored for extended periods because of this very problem. 

F. 7 .2.2 Storage Facility Accidents 

Hazardous wastes are generally packaged in 208-L (55-gal) drums and stored in RCRA-compliant 

staging areas or weather protection sheds before offsite shipment for commercial treatment and 

disposal. A HWSF typically houses over 100 different chemicals, which may include chlorinated 

solvents, acids, bases, photographic chemicals, ignitable solids and liquids, compressed gases, metal 

salts, polychlorinated biphenyls, asbestos, and other regulated wastes. Because explosives are generally 

prohibited, the important hazard characteristics include volatility, flammability, dispersibility, and 

toxicity. The HW is characterized and segregated on the basis of toxicity, corrosivity, reactivity, and 

ignitability. Most HWSFs have containment berm areas and individual storage cells that permit waste 

segregation per RCRA and EPA criteria; some HWSFs have fire detection and suppression capability, 

and some have forced ventilation. Because of the great diversity of storage facility designs among the 

DOE sites, a generic facility with segregated storage (Figure F.2-5) was assumed in the analyses. 
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A facility-wide fire has been chosen as the representative internal accident. This fire is the type of 

accident scenario considered as the maximum reasonably foreseeable accident in the INEL HWSF SAR 

(EG&G, 1990). The fire would engulf a large fraction of the facility, could include secondary 

explosions and fire propagation from one area to another, and would consume numerous chemicals that 

vent hazardous substances on combustion or heating. 

External events have also been evaluated. The relevant chemicals identified in the operational accidents 

are assumed to be involved in the facility accident, with the amount of each chemical in facility 

sequences assumed to be proportional to the numbers of drums that, on average, are present at the 

facility. A facility fire is the dominant sequence for aircraft impacts; a large spill resulting from 

numerous breached containers is the dominant sequence for earthquakes. 

The chemicals in the facility fire source term are those identifie~ as particularly hazardous in spills with 

fire (Table F.7-3). The sum of the amounts of these particularly hazardous chemicals defines the MAR, 

with the release rate and duration for each chemical the same as those for the individual drum fires. The 

DF is assumed to be 1.0E+00 because the accident scenario assumes no mitigation. In the 

representative seismic event, the assumption is that 1 percent of the containers fall and break (DF of 

lE-02), leading to a large spill of varied chemicals. The externally induced fires (large- and 

small-aircraft impacts) result in a combined MAR that includes the hazardous releases in a facility-wide 

fire plus the hazardous releases due to explosions caused by fires or impacts. The representative 

chemicals in these accidents are shown in Table F .7-3. As in the case of facility fires, the DF for 

aircraft-induced accidents is taken as 1.0E+00 due to the 90-day limit on storage of RCRA waste. 

Conditional probabilities for ignition and fire attendant upon violent breach of packages of flammable 

liquid are estimated to lie between lE-01 and 1.0E+00 (ORNL, 1993). An initiating event frequency 

of lE-02/yr for a fire involving local propagation is assumed here. A frequency of lE-02 for failure 

of the segregation design, the fire suppression systems, or manual procedures is assumed, yielding a 

resulting facility-wide fire frequency of lE-04/yr. 

The frequencies of the external initiators are dependent on the site, as discussed in Section F .2.6. A 

conditional probability of container breach of 1.0E+00 has been used for large-airplane impacts and 

9E-01 for small-airplane impacts, consistent with the LLW storage facility analysis (LLW and HW are 

both generally packaged in DOT 208-L [55-gal] drums). For earthquakes, the best estimate (Kennedy 

and Short, 1990) of the annual frequency of events with a peak ground acceleration exceeding 0 .15 g 
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at the different sites is taken as the frequency of seismic initiation. A ground acceleration of 0.15 g is 

assumed to be the minimum acceleration required to topple drums in the upper rows of a storage array. 

A conditional probability of 2E-01 for subsequent drum breach and spill, consistent with the LLW 

event tree analysis, has been used. 

F. 7 .2.3 Treatment Facility Accidents 

Incineration was selected as the most risk-dominant treatment technology for HW. Because SARs for 

both radioactive waste incinerators and commercial HW incinerators assign a high frequency to kiln 

explosions, the representative accident is taken to be an explosion that initiates a fire in the waste in 

the feedstock area. Three externally initiated events (large- and small-aircraft impacts and seismic 

events) that ignite a feedstock fire are also analyzed. A generic treatment facility, consisting of a series 

of linked treatment process modules, was described in Section F.2.5.3. A DOE Hazard Category of 2, 

concomitant performance of its systems, and double HEPA filtration systems were assumed. 

The representative source term chemicals are those that were identified as particularly hazardous in case 

of a fire. The MAR is a fraction of the annual throughput of the incineration facility as established by 

the WM PEIS alternative. Information from commercial facilities indicates that only a few containers 

(a few hours' worth of throughput) are kept in the feedstock area. Therefore, 1 percent of the annual 

throughput was assumed to be in the staging area. This fraction represents the amount of waste in 

processing and lag storage. The DF depends on the magnitude of the initiator and is assumed to be 

lE-01 for internal explosions, 2E-01 for seismic events and small-airplane crashes, and 3E-01 for 

large-airplane impacts. This accounts for the scattered physical locations of the waste in the treatment 

facility and the fact that only some of the chemicals in the feedstock area are identified as airborne 

release hazards in Table F.7-3. 

Estimates (discussed in Section F.2.6.3.4) of an annual frequency of l.SE- 02/yr for explosions in the 

rotary kiln assembly and in the SCC agree with the experience of commercial incineration operators 

and provide the basis for the internal fire frequencies used herein. The frequencies of aircraft-initiated 

accidents are dependent on the site. The frequencies were obtained in the same manner as those for the 

storage facilities . The conditional probabilities of containment and confinement rupture and fire 

initiation are consistent with those in the LLW accident analysis: 4.SE-01 and lE-02 for large- and 

small-airplane crashes, respectively . The annual frequency of a seismic event exceeding the design basis 
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for a Category 2 facility is lE-03/yr. As in the LLW facility accident analysis, the conditional 

probability of rupturing containment and initiating a fire is estimated at 5E-02. 

F.7.3 RESULTS 

The airborne release parameters for all accident types were shown in Table F.7-3. Table F.7-4 

summarizes the estimated frequencies for the different handling accidents in the decentralized, 

regionalized, and centralized alternatives for each DOE site on the basis of the appropriate surrogate 

chemical inventories. Single-drum inventories are assumed for the handling accidents. 

Tables F.7-5 and F.7-6 summarize the results for the storage and treatment facility accidents by site 

and alternative. The column labeled "Total Number of Containers" represents the MAR (that is, the 

total number of containers with the relevant chemicals for each accident that are estimated to be 

involved in accidents at the facility) . The "Number of Containers Breached" is the product of the 

containers at risk and the DF. The remaining columns in the tables provide the breakdown of the total 

number of containers involved in the accident for each of the various relevant surrogate chemicals . 
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Table F.7-4. Site-Dependent Annual Frequencies of Representative HW Handling Accidents 

Site Decentralized Alternative 

Spil'fi (la) (lb) (le) (ld) (le) (lf) (lg) 

ANL-E l .OOE-03 3.00E-03 8.00E-04 6.80E-03 4.00E-04 2.00E-04 l.20E-03 

Fermi 0.OOE+OO 0.OOE+OO 0.OOE+OO 8.00E-04 0.OOE+OO 0.OOE+OO 2.00E-04 
Hanford l.80E-03 l.OOE-03 4.00E-04 7.20E-03 4.00E-04 0.OOE+OO 3.20E-03 
INEL 2.60E-03 5.40E-03 6.00E-04 6.00E-03 0.OOE+OO 0.OOE+OO 3.60E-03 
KCP l.60E-03 0.OOE+OO 0.OOE+OO 2.00E-04 0.OOE+OO 0.OOE+OO 0.OOE+OO 
LLNL 6.40E-03 3.08E-02 4.40E-03 5.84E-02 7.60E-03 4.00E-04 2.26E-02 
LANL 3.60E-03 6.20E-03 3.60E-03 4.22E-02 3.60E-03 0.OOE+OO 7.60E-03 
ORR 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 1.00E-03 
Pantex 0.OOE+OO 2.20E-03 4.00E-04 l.22E-02 2.00E-04 0.OOE+OO 0.OOE+OO 
SNL-NM 4.20E-03 0.OOE+OO 8.20E-03 2.96E-02 8.00E-04 0.OOE+OO 6.40E-03 

SRS 2.00E-04 0.OOE+OO 0.OOE+OO 1.50E-02 1.56E-02 0.OOE+OO 4.00E-04 

Spill Plus Firea (2a) (2b) (2c) (2d) (2e) (2f) 

ANL-E 8.00E-05 7.29E-04 3.19E-04 1.00E-03 1.82E-04 l.37E-04 
Fermi 0.OOE+OO 6.67E-05 6.67E-05 1.78E-04 0.OOE+OO 0.OOE+OO 
Hanford 4.00E-05 7.58E-04 9.48E-05 2.13E-04 1.90E-04 7.llE-05 
INEL 6.00E-05 l.34E-03 7.17E-05 2.15E-04 7.89E-04 2.63E-04 
KCP 0.OOE+OO 1.80E-03 2.95E-05 5.60E-04 1.18E-04 0.OOE+OO 
LLNL 4.40E-04 8.09E-03 5.04E-04 1.20E-03 8.16E-04 3.12E-04 
LANL 3.60E-04 3.20E-03 3.45E-04 0.OOE+OO 5.98E-04 4.37E-04 
ORR 0.OOE+OO 2.51E-03 0.OOE+OO 3.81E-05 3.81E-05 0.OOE+OO 
Pantex 4.00E-05 2.48E-03 5.52E-05 5.52E-04 3.31E-04 0.OOE+OO 
SNL-NM 8.20E-04 2.74E-03 3.62E-04 3.28E-03 2.31E-03 3.85E-04 
SRS 0.OOE+OO 7.24E-03 2.78E-05 2.31E-03 2.37E-03 0.OOE+OO 

Other Even/i (3a) (3b) (3c) (3d) (3e) 

ANL-E l.39E-05 3.00E-03 9.30E-02 2.S0E-04 1.20E-02 
Fermi 0.OOE+OO 0.OOE+OO 3.00E-03 1.40E-04 0.OOE+OO 
Hanford 3.33E-05 3.00E-03 6.60E-02 1.40E-04 1.20E-02 
INEL 5.09E-05 3.00E-03 l.47E-01 l.60E-04 2.70E-02 
KCP 7.57E-05 3.00E-03 9.00E-03 4.40E-04 3.00E- 03 
LLNL 1.28E-04 1.20E-02 5.04E-01 6.40E-03 1.02E-01 
LANL 5.39E-05 l.80E-02 8.16E-01 1.48E-03 2.40E-02 

ORR 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 0.OOE+OO 
Pantex 0.OOE+OO 3.00E-03 l.02E-01 0.00E+OO 3.00E-03 
SNL-NM 5.57E-05 8.40E-02 2.67E-01 l.26E-03 6.90E-02 

SRS 7.84E-06 0.OOE+OO 2. lOE-01 0.OOE+OO 2.lOE-02 
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Site 

Spilf 

Hanford 

INEL 

LANL 
ORR 
SRS 

Spill Plus Firi 

Hanford 

INEL 
LANL 
ORR 
SRS 

Other Even/l 

Hanford 

INEL 
LANL 
ORR 
SRS 

Site 

Spilf 

East 

West 

Spill Plus Firea 

East 

West 

Other Even/l 

East 

West 

Table F. 7-4. Site-Dependent Annual Frequencies 
of Representative HW Handling Accidents-Continued 

Recionalized Alternative 

(la) (lb) (le) (ld) (le) (1 t) 

8.20E-03 3.22E-02 4.80E-03 6.56E-02 8.00E-03 4.00E-04 

2.60E- 03 5.40E-03 6.00E-04 6.00E-03 0.OOE+OO 0.OOE+OO 

7.80E-03 8.40E-03 1.22E-02 8.40E- 02 4.60E-03 0.OOE+OO 

2.60E-03 3.00E-:-03 8.00E-04 7.80E- 03 . 4.00E- 04 2.00E-04 

2.00E- 04 0.OOE+OO 0.OOE+OO l.50E- 02 l.56E- 02 0.00E+OO 

(2a) (2b) (2c) (2d) (2e) (2t) 

4.80E-04 7.38E-03 5.00E- 04 l.18E-03 8.40E-04 3.20E-04 

6.00E-05 l.12E-03 6.00E-05 1.S0E-04 6.60E- 04 2.20E-04 
' 1.22E- 03 7.00E-03 6.60E-04 3.30E- 03 2.S0E-03 7.20E- 04 

8.00E-05 3.24E-03 3.60E- 04 1.44E- 03 2.60E-04 1.20E-04 

0.OOE+OO 5.20E-03 2.00E-05 1.66E- 03 1.70E- 03 0.OOE+OO 

(3a) (3b) (3c) (3d) (3e) 

7.85E-09 1.50E- 02 5.70E- 01 6.54E-03 l.14E- 01 

0.OOE+OO 3.00E-03 1.47E- 01 1.60E-04 2.70E- 02 

0.OOE+OO 1.05E- 01 l.19E+OO 2.74E- 03 9.60E-02 

7.28E-09 6.00E- 03 l.05E-01 8.60E- 04 1.50E- 02 

0.00E+OO 0.OOE+OO 2. lOE-01 0.00E+OO 2. l0E- 02 

Centralized Alternative 

(la) (lb) (le) (ld) (le) (lt) 

2.S0E- 03 3.00E- 03 8.00E-04 2.28E- 02 1.60E-02 2.00E- 04 

1.86E-02 4.60E-02 1.76E- 02 1.56E- 01 1.26E- 02 4.00E- 04 

(2a) (2b) (2c) (2d) (2e) (2t) 

8.00E-05 8.44E-03 3.S0E-04 3. lOE-03 1.96E- 03 l.20E- 04 

1.76E-03 1.55E-02 1.22E- 03 4.66E- 03 4.31E- 03 1.26E-03 

(3a) (3b) (3c) (3d) (3e) 

7.41E-09 6.00E-03 3.15E- 01 8.60E-04 3.60E- 02 

3.76E- 09 1.23E-01 1.90E+OO 9.44E-03 2.37E-01 

a Refer to Table F. 7-3 for definitions of accidents and released chemicals. 

(lg) 

2.58E-02 

3.60E-03 

l.40E-02 

2.40E- 03 

4.00E-04 

(lg) 

2.S0E-03 

4.34E-02 

F-119 



'Tl 
I ...... 

N 
0 

Table F. 7-5. Frequencies and Source Term Parameters for WM HW Storage Facility Accidents 

Total 
Accident Total Number of 

WM PEIS Frequency Number of Containers 
Alternative8 Site (per year) Containers DF Breached Representative Subcategory Chemical Containers Involvedb 

Representative Fire (2a) (2b) (2c) (2d) (2e) (2f) 
I INEL 1.0E- 04 29 1.0E+OO 29 14 l l 2 8 3 

KCP I.OE- 04 21 1.0E+ OO 21 15 0 0 5 l 0 
LLNL I.OE- 04 ll9 1.0E+ OO 119 84 6 5 13 8 3 
LANL I.OE- 04 56 I .OE + OO 56 35 5 4 0 7 5 
ORR I.OE- 04 17 1.0E+OO 17 17 0 0 0 0 0 
Pantex I.OE- 04 33 l.OE + OO 33 23 l l 5 3 0 
Hanford l .OE- 04 15 1.0E+ OO 15 8 l l 2 2 l 
SNL-NM 1.0E- 04 109 l .OE + OO 109 30 IO 4 36 25 4 
SRS 1.0E- 04 107 1.0E+OO 107 65 0 0 21 21 0 
ANL-E 1.0E- 04 28 1.0E + OO 28 8 l 4 ll 2 2 
Fenni I.OE- 04 4 l .OE + OO 4 l 0 l 2 0 0 

2 INEL l .OE- 04 29 1.0E + OO 29 14 l l 2 8 3 
Hanford 1.0E- 04 94 1.0E + OO 94 64 5 4 ll 7 3 
LANL I.OE- 04 151 1.0E + OO 151 69 12 7 27 26 8 
ORR 1.0E- 04 52 1.0E + OO 52 33 l 3 12 2 l 
SRS 1.0E- 04 107 l.OE + OO 107 65 0 0 21 21 0 

3 INEL I.OE- 04 361 1.0E + OO 361 194 24 16 58 53 16 
ORR I.OE- 04 177 1.0E + OO 177 106 l 5 39 24 2 

Seismic Events (la) (lb) (le) (Id) (le) (If) 0&) 
l INEL 1.SE- 04 24 IE--02 0 0 0 0 0 0 0 0 

KCP 6.0E- 05 2 IE--02 0 0 0 0 0 0 0 0 
LLNL I.OE- 03 165 IE--02 2 0 l 0 l 0 0 0 
LANL 6.0E- 04 86 IE--02 l 0 0 0 l 0 0 0 
ORR 4.0E- 04 l IE--02 0 0 0 0 0 0 0 0 
Pantex 6.0E- 05 19 IE--02 0 0 0 0 0 0 0 0 
Hanford 6.0E- 05 19 IE--02 0 0 0 0 0 0 0 0 
SNL-NM 6.0E- 04 61 IE--02 l 0 0 0 l 0 0 0 

~ 
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Table F. 7-5. Frequencies and Source Tenn Parameters for WM HW Storage Facility Accidents-Continued 

Total 
Accident Total Number of 

WM PEIS Frequency Number of Containers 
Alternative8 Site (per year) Containers DF Breached Representative Subcategory Chemical Containers Involvedb 

Seismic Events (Cont.) (la) (lb) (le) (Id) (le) (It) (lg) 

SRS 8.0E- 05 40 IE- 02 0 0 0 0 0 0 0 0 

ANL-E 1.0E- 04 17 IE- 02 0 0 0 0 0 0 0 0 

Fermi l.OE- 04 1 IE- 02 0 0 0 0 0 0 0 0 

2 INEL l.8E- 04 24 IE- 02 0 0 0 0 0 0 0 0 

Hanford 6.0E- 05 129 lE- 02 1 0 0 0 1 0 0 0 

LANL 6.0E- 04 139 lE- 02 1 0 0 0 1 0 0 0 

ORR 4.0E- 04 14 lE- 02 0 0 0 0 0 0 0 0 

SRS 8.0E- 05 40 lE- 02 0 0 0 0 0 0 0 0 

3 INEL l.8E- 04 374 lE- 02 4 0 1 0 2 0 0 1 

ORR 4.0E- 04 61 IE- 02 1 0 0 0 1 0 0 0 

Large-Aircraft Impacts (2a) (2b) (2c) (2d) (2e) (2t) (3a) (3d) 

1 INEL 2.0E- 09 34 1.0E + OO 34 14 1 1 2 8 3 3 2 

KCP -C 29 - - - - - - - - --
LLNL - 207 - - - - - - - - - -
LANL - 80 - - - - - - - - - -
ORR - 17 - - - - - - - - - -
Pantex 2.3E- 07 33 I.OE+OO 33 23 I I 5 3 0 0 0 
Hanford 8.5E- 09 19 1.0E+OO 19 8 1 1 2 2 1 2 2 

SNL-NM 2.IE- 05 130 l.OE+OO 130 30 10 4 36 25 4 5 16 

SRS 8.2E- 09 107 1.0E + OO 107 65 0 0 21 21 0 0 0 
ANL-E - 33 - - - - - - - - - -
Fermi - 6 - - - - - - - - - -

2 INEL 2.0E- 09 34 I.OE + OO 34 14 1 1 2 8 3 3 2 

Hanford 8.5E- 09 157 1.0E+OO 157 64 5 4 11 7 3 7 3 
LANL - 189 - - - - - - - - - -
ORR - 62 - - - - - - - - - -
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'Tl Table F.7-5. Frequencies and Source Tenn Parameters for WM HW Storage Facility Accidents-Continued I ...... 
N 
N 

Total 
Accident Total Number of 

WM PEIS Frequency Number of Containers 
Alternatlve8 Site (per year) Containers DF Breached Representative Subcate20ry Chemical Containers Involvedb 

Large-Aircraft Impacts (ConJ.) (2a) (2b) (2c) (2d) (2e) (2f) (3a) (3d) 

SRS 8.2E- 09 107 I .OE+OO 107 65 0 0 21 21 0 0 0 
3 INEL 2.0E- 09 503 1.0E+OO 503 194 24 16 58 53 16 23 119 

ORR 192 
Small-Aircraft Impacts 

1 INEL 34 
KCP 2.70E- 07 29 IE+OO 29 15 0 0 5 I 0 2 6 
LLNL 2.70E- 07 207 IE+OO 207 84 6 5 13 8 3 8 80 
LANL 2.70E- 07 80 lE+OO 80 35 5 4 0 7 5 5 19 
ORR 2.70E- 07 17 IE+OO 17 17 0 0 0 0 0 0 0 
Pantex 33 
Hanford 19 
SNL-NM 130 

SRS 107 
ANL-E 2.70E- 07 33 IE+OO 33 8 I 4 11 2 2 4 
Fermi 2 .70E- 07 6 IE+OO 6 0 2 0 0 0 2 

2 INEL 34 

Hanford 157 
LANL 2.70E- 07 189 lE+OO 189 71 12 7 27 26 8 8 30 
ORR 2.70E- 07 62 IE+OO 62 33 I 3 12 2 2 8 
SRS 107 

3 INEL 503 
ORR 2.70E- 07 192 IE+OO 192 106 5 39 24 2 3 12 

a Case I is the No Action/Decentralized alternative with two treatment sites . Case 2 is the Regionalized I alternative with five treatment sites . Case 3 is the 
~egionalized 2 alternative with two treatment sites. 

Refer to Table F. 7-3 for definitions of released chemicals. 
c Not applicable. 
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Table F.7-6. Frequencies and Source Tenn Parameters 
for WM HW Incineration Facility Accidents 

Representative Subcategory 

Accident Number 
Chemical 

Containers Involvedb 

WMPEIS Frequency Total Number of Containers 
Alternative a Site (ner vear) of Containers DF Breached 2a 2b 2c 2d 2e 2f 

Representative Fire 

2 INEL l.5E- 02 20 lE-01 2 1 0 0 0 0 

LANL l.5E- 02 50 lE- 01 5 3 0 0 0 

ORR l.5E- 02 50 lE- 01 5 2 1 0 1 0 

Hanford l.5E- 02 30 lE- 01 3 2 0 0 0 0 

SRS l.5E-02 20 lE- 01 2 1 0 0 0 0 

3 INEL l.5E- 02 80 lE- 01 8 5 1 0 1 0 

ORR l.5E- 02 80 lE- 01 8 5 0 0 2 0 

Seismic Events 

2 INEL 5.0E-05 20 2E- 01 4 2 0 0 0 1 

LANL 5.0E- 05 50 2E- 01 10 7 0 0 

ORR 5.0E- 05 50 2E- 01 10 5 1 0 2 2 0 

Hanford 5.0E- 05 30 2E- 01 6 4 0 1 0 0 

SRS 5.0E-05 20 2E- 01 4 2 0 0 1 1 0 

3 INEL 5.0E- 05 80 2E- 01 16 9 1 3 2 0 

ORR 5.0E- 05 80 2E- 01 16 10 0 3 2 0 

Large-Aircraft Impacts 

2 INEL 1.2E- 09 20 3E- 01 6 3 0 0 0 2 

LANL -C 

ORR 
Hanford 5.4E- 09 30 3E- 01 9 6 0 1 2 0 0 

SRS 5.0E- 09 20 3E-01 6 4 0 0 0 

3 INEL 2.7E- 09 80 3E- 01 24 12 2 4 4 

ORR 

Small-Aircraft Impacts 

2 INEL 

LANL 7.0E- 09 50 2E- 01 10 6 1 1 0 

ORR 7.0E- 09 50 2E-01 10 5 0 2 2 0 

Hanford 

SRS 

3 INEL 

ORR 7.0E- 09 80 2E- 01 16 10 0 3 2 0 

a Case 1 is the No Action/Decentralized Alternative with two treatment sites. Case 2 is the Regionalized I Alternative 
with five treatment sites. Case 3 is the Regionalized 2 Alternative with two treatment sites. 
b Refer to Table F.7-3 for definitions of released chemicals. 
C Not applicable. 
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Appendix G 
Waste Minimization 

G.1 DOE's Waste Minimization and Pollution Prevention Program 

The U.S. Department of Energy (DOE) has a Waste Reduction Policy, consistent with Executive Order 

12856, that requires DOE installations to engage in waste minimization and pollution prevention 

(WMin/PP) and to have an established program for implementing this policy. The Office of Waste 

Management is responsible for coordinating and consolidating the Waste Reduction Policy (DOE, 1994a). 

The purpose of this appendix is to discuss how DOE's WMin/PP programs and practices may affect the 

waste loads that waste management (WM) facilities receive, and consequently the need for the facilities . 

It contains estimates of reductions in waste loads, risks associated with waste management activities, and 

waste management costs resulting from WMin/PP practices. 

The approach used reflects one method of estimating waste minimization impacts in the absence of 

installation-specific goals for the reduction of wastes and pollution. A 50 % reduction in the future 

generation of waste to be handled in waste management treatment, storage, and disposal (TSD) facilities 

has been assumed. Cost and risk reductions for the operation of waste management TSD facilities have 

been calculated based on this assumption . The other factor in cost calculations not yet available is the 

probable cost of achieving this 50% level of waste generation in the operating facilities that generate the 

waste. In some instances, such as revamping operations to meet the goal, the cost could be substantial and 

the net dollar gain through waste minimization would be lower than projected. Since these latter costs 

cannot yet be calculated, they are considered beyond the scope of this Waste Management Programmatic 

Environmental Impact Statement (WM PEIS). 

Within DOE, WM in/PP are those activities that involve source reduction and recycling of all waste and 

pollutants, and includes those practices that reduce or eliminate pollutants through increased efficiency in 

the use of raw materials, energy, water, or other resources, or the protection of natural resources by 

conservation. Source reduction means any practice that reduces the amount of any hazardous substance, 

pollutant, or contaminant entering any waste stream or otherwise released into the environment prior to 

recycling, treatment, or disposal; and any practice that reduces the hazards to public health and the 

environment associated with the release of such substance, pollutants, or contaminants (DOE, 1994b). 
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WMin/PP programs derive from the Pollution Prevention Act of 1990 (Public Law 101-508, November 5, 

1990), which established a national strategy for waste management and pollution control. This strategy 

places primary reliance on source reduction, followed by environmentally safe recycling, treatment, and 

disposal. DOE Order 5400.1, "General Environmental Protection Program" (DOE, 1988), requires that 

DOE facilities develop a WMin/PP plan as part of an environmental protection plan. 

On August 3, 1993, President Clinton issued Executive Order (EO) 12856, "Federal Compliance with 

Right-to-Know Laws and Pollution Prevention Requirements" (EO, 1993). To help ensure that Federal 

agencies manage their facilities so that the objectives of the Pollution Prevention Act are met to the 

maximum extent practicable, EO 12856 requires agencies to develop voluntary goals to reduce their total 

releases of toxic chemicals or toxic pollutants to the environment and offsite transfers of such toxic 

chemicals or toxic pollutants by 50 % by December 31, 1999. 

Subsequent to the issuance of EO 12856, the Secretary of Energy on December 28, 1993, directed that 

DOE's policy shall be to embrace pollution prevention as the DOE's strategy to reduce the generation of 

all waste streams and thus minimize the impact of DOE operations on the environment, as well as 

improving safety of operations and energy efficiencies. The Secretary further directed cognizant Secretarial 

Offices in DOE to identify, plan, and allocate funds for field implementation of waste minimization and 

pollution prevention activities during the Departmental budget and review process to provide an identified 

budget each year dedicated to pollution prevention activities. 

On December 27, 1994, the Secretary of Energy approved a Departmental strategy for compliance with 

EO 12856. In approving the Departmental strategy, the Secretary directed that information on progress 

made toward meeting the milestones and achieving the goals set forth in strategy are to be included in site 

pollution prevention awareness plans and in Annual Reports to the Secretary on Waste Generation and 

Waste Minimization Progress. Specific milestones and goals contained in the approved strategy include: 

• By December 31, 1999, achieve a Department-wide 50% reduction of total releases of toxic chemicals 

to the environment and off-site transfers of such toxic chemicals from the baseline year. 

• Establish a Department-wide plan, with goals, to eliminate or reduce unnecessary acquisitions of 

hazardous substances or toxic chemicals. 
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• Establish a Department-wide plan, with goals, to reduce DOE manufacture, process, and use of 

extremely hazardous substances and toxic chemicals. 

• By August 31, 1995, review DOE standards and specifications to identify opportunities to eliminate or 

reduce unnecessary acquisitions of hazardous or toxic substances, and complete all necessary revisions 

by December 31, 1998. 

In accordance with DOE's policy on pollution prevention, DOE issued the 1994 Waste Minimization/ 

Pollution Prevention Crosscut Plan (DOE 1994b), which established Department-wide goals to meet the 

targets of EO 12856. The 1994 crosscut plan, as well as the approved DOE strategy for compliance with 

EO 12856, calls for each DOE installation to establish installation-specific goals to reduce the generation 

and use of radioactive materials and other hazardous materials to the extent practicable. The 1994 crosscut 

plan focuses on wastes and pollutants generated within DOE, and includes an activity plan. The outline of 

the activity plan, as presented in Table G-1, attempts to fully integrate WMin/PP practices in DOE 

operations. 

DOE's WMin/PP practices in 1991 and 1992 are described in the WMin/PP annual report (DOE, 1993b). 

Some examples of WM in/PP practices are: 

• Substitution of nonhazardous (or less haz.ardous) for more hazardous solvents . For example, substitution 

reduced the use of naphtha-based solvents by 90 % at the Pantex Plant. Several installations substituted 

a less harmful material for 1, 1, I-trichloroethane. 

• Resale to outside manufaL-11.lrers of virgin chemicals that have exceeded stringent shelf life requirements 

of the weapons programs. 

• Offsite reclamation of lead batteries (lead acid, gel-cells, and nickel-cadmium), waste oil, and photo 

fixer for silver reclamation. 

• Onsite reclamation and recycling of antifreeze, freon, and waste oil. 

• Implementation of a chemical exchange program whereby chemicals no longer needed were made 

available for use by other scientists, who would otherwise buy additional chemicals. 

G-3 



Waste Minimization Appendix G 

Table G-1. Outline of the WMin!PP Activity Plan 

1. WMin/PP Policy Direction Activities 

1.1 Establish Goals to Minimize Each DOE site will set quantitative WMin/PP goals and 
Waste Generation implement plans for achieving these goals. 

1.2 Establish Senior Management All DOE and contractor organizations will translate the 
Commitment and Follow-Through Secretarial WMin/PP policy into policies specific to their sites or 
for DOE WMin/PP Activities programs and be accountable for incorporating WMin/PP into 

routine operations. 

1.3 Distinguish WMin/PP Budget Specific WMin/PP budgets will be established through 
Allocations through Activity Data preparation of separate Activity Data Sheets . 
Sheets 

1.4 Promote Regulatory Review and The Department will work with regulators and stakeholders to 
Reform ensure that the best waste management practices are evaluated 

and incorporated into Federal and State regulations and laws. 

1.5 Update DOE Policies, Orders, and DOE policies, orders, and procedures will be updated to reflect 
Procedures to Integrate WMin/PP the Department's focus on integrating WMin/PP objectives into 

all activities. 

2. WMin/PP Infrastructure Development 

2.1 Standardize Material and Tracking The Department will develop standards and criteria to measure 
Systems materials and wastes and provide performance requirements for 

materials and waste tracking systems. 

2.2 Estimate Waste Management Costs The Department will develop standards for estimating the costs 
for Use in Decision Making and benefits of introducing WMin/PP changes into its operations. 

2.3 Facilitate WMin/PP Technology The Department will enhance existing systems to optimize 
Transfer and Information Exchange WMin/PP technology transfer and information exchange within 

the DOE complex. 

2.4 Develop a DOE Wmin/PP Incentives The Department will acknowledge and reward reductions in 
Program waste generation and environmental releases. 

2.5 Develop and Conduct WMin/PP The Department will operate a comprehensive WMin/PP training 
Employee Training and Awareness program that considers all applicable job-specific situations. 
Programs 

2.6 Develop and Implement a Wmin/PP The Department will inform government agencies and local 
Outreach and Public Relations communities of WMin/PP accomplishments and invite them to 
Program participate in environmental activities and initiatives. 

3.1 Develop and Maintain Consistent The Department will provide core sitewide WMin/PP activities 
Sitewide WMin/PP Programs at All and services at every site. It will clarify its organizational roles 
Sites and responsibilities to ensure stable funding and consistent 

management of its sitewide WMin/PP programs. 
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Table G-1. Outline of the WMin!PP Activity Plan-Continued 

3. WMin/PP Program Implementation 

3.2 Develop and Maintain Consistent The Department will require that waste generating organizations 
Generator-Specific Programs include appropriate WMin/PP concepts and techniques into their 

program operations and other activities such as weapons 
disassembly, decontamination and decommissioning, and 
environmental restoration. 

3.3 Perform Opportunity Assessment The Department, acting to minimize total costs, will perform 
and Identify WMin/PP Projects opportunity assessments and identify and implement WMin/PP 

projects that show a rapid (within 36 months) return on 
investment. 

3.4 Design WMin/PP into New Products, The Department will integrate WMin/PP into all new design 
Processes , and Facilities criteria. 

3.5 Integrate WMin/PP into Research, The Department will couple waste generation and R&D 
Development, and Demonstration communities to ensure that WMin/PP R&D projects offering the 
Programs greatest technical benefit are available to generator organizations. 

3.6 Modify Procurement Practices to The Department will promote the purchase of less toxic, more 
Promote WMin/PP durable, more energy efficient materials. 

3.7 Develop Multimedia WMin/PP The Department will require that all operations develop and 
Strategies implement engineering design-based pollution and waste 

prevention strategies, process chemistry and technology 
strategies, operations-based WMin/PP strategies, and 
maintenance-based proactive strategies . 

Source: Appendix C of DOE (1994b) . 

• Offsite recycle of freon and methylene chloride resulting in recovery for reuse of approximately 80 % 

of the solvent. 

• Replacement of flammable scintillation cocktails with a nonhazardous, biodegradable material that 

eliminated a mixed waste stream at Brookhaven National Laboratory . 

A procedure that may identify WMin/PP opportunities and be a component of a facility's WMin/PP 

program is the process waste assessment (PW A), also known as a pollution prevention opportunity 

assessment (PPOA). A PPOA is an analysis of a process or activity to identify opportunities to eliminate 

or reduce generation of waste or consumption of raw materials, water or energy. Once identified, 

opportunities are evaluated and compared to determine the most efficient and cost effective option. 
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G .2 Effect of WMin/PP on Waste Management Activities 

Executive Order 12856 requires the Secretary of Energy and the heads of other Federal agencies to ensure 

that the agency develop voluntary goals to either: reduce the agency 's total release of toxic chemicals to 

the environment and offsite transfers of such toxic chemicals for treatment and disposal by 50 % ; or to plan 

for a 50 % reduction in the release or offsite transfer of toxic pollutants. The Executive Order defines toxic 

chemicals to be those chemicals for which toxic chemical release forms shall be completed pursuant to 

section 313 of the Emergency Planning and Community Right-To-Know Act of 1986 (EPCRA) . Toxic 

pollutants include toxic chemicals . Federal agencies may choose to include other substances such as 

extremely hazardous chemicals as defined by EPCRA or hazardous wastes as defined under the Resource 

Conservation and Recovery Act as toxic pollutants . 

The 1994 WMin/PP crosscut plan states that installation-specific goals for reduction of wastes and pollution 

will be set. The Executive Order does not expressly refer to the various waste types; rather , it refers to and 

defines toxic chemicals and toxic pollutants. The DOE's interpretation of the Executive Order, whether 

ultimately strict or broad, will influence installation-specific goals. It can be expected that these goals will 

call for source reductions of at least 50 % in the aggregate. Source reduction would be greater than 50 % 

for some waste streams and less than 50% for other waste streams. However, as installation-specific waste 

minimization plans have not been approved, a simple assumption is made that source reduction will result 

in a 50 % reduction in the annual generation of each waste stream for each year of the time spans 

considered in the WM PEIS . This is an arbitrary assumption and does not represent the flexibility allowed 

by DOE policy; however, more precise estimates require the definition of installation-specific goals . 

G.2.1 WASTE TYPES ADDRESSED 

DOE's WMin/PP program applies to all DOE activities and all types of waste that these activities generate. 

This appendix emphasizes WMin/PP as it relates to four waste types: (1) low-level radioactive waste 

(LLW), (2) low-level mixed waste (LLMW), (3) hazardous waste (HW), and (4) transuranic waste 

(TRUW) . 

Much of DOE's WMin/PP policy is directed toward source reduction, which affects waste management 

by reducing the quantity of waste that is transferred to its facilities . Source reduction by generators in 

Defense Programs, Energy Research, and other DOE offices will affect waste management operations 
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significantly by reducing the amount and radioactivity level of waste that waste management handles. This 

could result in fewer shipments of waste and in either TSD facilities with smaller capacities or fewer TSD 

facilities. 

The following sections contain estimates of reductions in the waste loads to TSD facilities, the cost of 

constructing and operating these facilities, and the human health risks to the public and workers from a 

50 % reduction in the annual generation of the four waste types. The impact of a given percentage reduction 

in general depends on the size of the inventory of waste, which cannot be reduced by WM in/PP practices 

because it already exists. If the inventory is large compared with annual generation, then a reduction in 

annual generation will have little effect, because most of the waste processed will be from the inventory. 

On the other hand, if the inventory is small compared with annual generation, a reduction in annual 

generation will have a greater effect. For the four waste types considered, existing inventories are most 

significant for TRUW and least significant for HW. 

G.2.2 Low-LEVEL WASTE 

Estimates of the effect of source reduction on LL W facilities are based on information in the LL W 

technical report (Goyette, 1995), the waste management facility human health risk appendix (Appendix D), 

and the waste management costs technical report (Sherick and Shropshire, 1995). LLW is divided into 10 

waste categories (for example, combustible, surface-contaminated bulk metals and equipment) that define 

how the waste is treated. Two alternatives with volume reduction treatment (incineration, supercompaction, 

size reduction, and grout stabilization) are considered here. Regionalized Alternative 2 (Case 9) has volume 

reduction treatment at 11 installations and disposal at 12 installations; Regionalized Alternative 5 (Case 19) 

has such treatment at 4 installations and disposal at 6 installations. The waste inventory and annual 

generation information does not include waste transferred to waste management from environmental 

restoration (ER) operations . 

G.2.2.1 Waste Load Reductions 

Estimates of the effect of source reduction are given in Table G- 2 for treatment waste loads and in Table 

G- 3 for disposal waste loads. These tables contain waste loads based on current annual generation and 

waste loads when a 50% decrease in annual generation is assumed. The waste loads are based on the waste 
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inventory and 20 years of annual generation being treated and disposed of in 10 years. It is assumed, in 

effect, that the inventory and waste generated for 10 years are stored until the treatment facilities become 

available during a second 10-year period. This assumption does not apply to aqueous waste and saltstone 

waste at SRS, which will be treated and disposed of over 20)years. Thus, the treatment and disposal waste 

loads in Tables G-2 and G-3 are for the second 10-year period. The effect of the first 10 years of operation 

(for aqueous waste and saltstone at SRS) is mainly on the need for disposal capacity . Existing capacity by 

technology is also given in these tables so that the effect of WMin/PP practices on the need for new 

capacity can be assessed . 

The waste loads for the WMin/PP cases with a 50% reduction in annual generation are more than 50% of 

the base cases, that is, a 50 % reduction in annual generation rate results in less than a 50 % reduction in 

waste load. This is because the waste loads include existing inventories of waste that are treated along with 

the new waste. The ratio of inventory to annual generation is dependent on waste category and installation. 

For simplicity, complex-averaged ratios are used for each waste category. These complexwide waste load 

reductions are: 42.5 % for incineration; 43.4 % for solidification; 49 .6 % for supercompaction; and 37 .5 % 

for size reduction. For the four technologies considered, source reduction is estimated to be most effective 

in reducing waste loads for supercompaction and least effective in reducing waste loads for size reduction. 

Overall, the total waste load reduction for the four volume reduction technologies is estimated to be 

approximately 43 % . The waste categories contributing to each volume reduction treatment are taken from 

Goyette ( 1995). 

As Table G-2 shows, a majority of the 11 installations have no existing capacity for volume reduction 

treatments listed in the table. Except for the Idaho National Engineering Laboratory (INEL), the other 

DOE installations do not have existing capacities for all the volume reduction technologies considered. 

Source reduction would reduce the capacities required of new facilities. For the alternatives considered, 

a source reduction of 50 % is estimated to eliminate the need for additional supercompaction capacity at 

the Hanford Site; for the cases with four regional treatment centers, this source reduction also would 

eliminate the need for new supercompaction and size reduction capacity at the INEL. 
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Table G-2. Effect of WMin!PP Source Reduction on Waste Management LL W Treatment 
Waste Loads (Second 10 Years of Treatment) 

Treatment Treatment 
Existing 11 Sites (m3 /yr) 4 Sites (m3 /yr) 

Site Technology 
Capacity 

WMin/PJ>8 WMin/Pp8 (m3/yr) Current Current 

FEMP Incinerate --- 7.7E +02 4.4E+02 

Solidify --- 3.SE+0l 2 .0E+0l Not Applicable Not Applicable 

Supercompact --- NIA NIA 

Size Reduce --- l.0E+02 6.4E+0l 

Hanford Incinerate --- 5 .3 3.0 3.SE+0l 2.0E+0l 

Solidify --- 5.3E+0l 3.0E+0l 5.SE+0l 3.lE+0l 

Supercompact 4.0E+03 4.8E+03 2.4E+03 5.0E+03 2 .5E+03 

Size Reduce --- 3.1E+03 2.0E+03 3.2E+03 2.0E+03 

INEL Incinerate 2.2E+03 l.7E+03 l.0E+02 l.0E+04 5.8E+03 

Solidify 2.8E+03 l.0E+03 5.8E+02 l .3E+03 7.4E+02 

Supercompact 5 .7E+03 6.8E+02 3.3E+02 5.7E+03 2.9E+03 

Size Reduce 5.0E+03 2.1E+03 l .3E+03 7.1E+03 4.5E+03 

LANL Incinerate --- 5.6E+03 3.2E+03 

Solidify --- 2.6E+02 l.3E+02 Not Applicable Not Applicable 

Supercompact -- 4.8E+03 2.7E+03 

Size Reduce --- l.1E+03 6.9E+02 

LLNL Incinerate --- 2.9E+0l l.7E+0l 

Solidify --- 2.1E+02 l.2E+02 Not Applicable Not Applicable 

Supercompact 1.5E+03 l .2E+02 5.9E+0l 

Size Reduce l.2E+0l 7 .SE+0l 4 .8E+0l 

ORR Incinerate --- 2.4E+02 l.4E+02 3.1E+03 l .8E+03 

Solidify --- 7.9E+02 4.4E+02 9.3E+02 5.3E+02 

Supercompact l.4E+03 4.4E+03 2.2E+02 5.0E+03 2.5E+03 

Size Reduce --- l.6E+04 l.0E+04 2.7E+04 l.7E+04 

Pantex Incineraµon --- NIA NIA 
Solidify --- 1.0 5 .7E-01 Not Applicable Not Applicable 

Supercompact --- 2.6E+02 l.5E+02 

Size Reduce --- 3.5E+03 2.3E+03 

PORTS Incineration --- 1.5E+03 8.8E+02 

Solidify --- l.3E+02 7.2E+0l Not Applicable Not Applicable 

Supercompact --- 6.9E+0l 3.5E+0l 

Size Reduce --- l.1E+04 6 .9E+03 

PGDP Incineration --- 5.4E+02 3.1E+02 

Solidify --- 5.4E+0l 3. lE+0l Not Applicable Not Applicable 

Supercompact --- 5.8E+02 2.9E+02 

Size Reduce --- 9.4E+0l 5.9E+0l 
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Table G-2. Effect of WMin!PP Source Reduction on Waste Management LL W Treatment 
Waste Loads (Second JO Years of Treatment)-Continued 

Treatment Treatment 
Existing 11 Sites (m3 /yr) 4 Sites (m3/yr) 

Site Technology 
Capacity 

WMin/PF8 WMin/PF8 (m3/yr) Current Current 

RFETS Incineration --- 2.8E+03 l.6E+03 

Solidify --- 2.6E+02 1.5E+02 Not Applicable Not Applicable 

Supercompact -- 5.9 3.0 

Size Reduce - 4.2E+02 2.7E+02 

SRS Incineration 7.95 X 103 l.5E+03 8.3E+02 l .5E+03 8.3E+02 

Solidify --- 2.0E+03 l.1E+03 2.0E+03 l.1E+03 

Supercompact 2.00 X 104 9.4E+03 4.7E+03 9.4E+03 4.7E+03 

Size Reduce --- 9.2E+02 5.8E+02 9 .2E+02 5.8E+02 

a The WMin/PP source reduction case assumes a 50% reduction in annual generation. When account is taken of the waste inventory to be worked 
off over 10 years, the waste loads are 57 .5 %, 56 .6%, 50 .4 %, and 62.5 % of the no reduction waste loads for incineration, solidification, 
iupercompaction, and size reduction, respectively. 

For ORR and PGDP, the existing solidification cap~cities are assumed to be adequate to meet the no action waste loads 
c There are incineration facilities at INEL, ORR, and SRS; these are assumed to be d~dicated to treating LLMW and unavailable for LLW. 

Table G-3. Effect of WMin/PP Source Reductions on Waste Management LL W Disposal 
Waste Loads (Second 10 Years of Disposal) 

Disposal Site Existing Dis~osal 12 Disposal Sites (m3 /yr) 6 Disposal Sites (m3 /yr) 

Capacity (m /yr) Current WMin/PF8 Current WMin/PP 

Hanford 8.5E+03 2.1E+03 l.1E+03 2.1E+03 l.1E+03 

INEL 3.9E+03 3.9E+03 2.0E+03 4.7E+03 2.6E+03 

NTS 4.5E+04 
___ b _b 6.2E+02 3.2E+02 

LANL l.3E+03 5.1E+03 2.7E+03 6.4E+03 3.5E+03 

ORR 6.00 4.9E+03 3.1E+03 2.1E+04 l.2E+04 

SRS 5.4E+03 4.5E+04 2.3E+04 4.6E+04 2.3E+04 

PORTS -- l.2E+04 6.3E+03 NA NA 

PGDP - 4.2E+03 2.1E+03 NA NA 

LLNL --- 6.2E+02 3.1E+02 NA NA 

Pantex --- 7.9E+09 4.9E+02 NA NA 

RFETS --- l.2E+03 6.3E+02 NA NA 

NA = not a disposal site for this case. 
8 

The WMin/PP results are based on a 50% reduction in annual generation. However, the volumes disposed of decreases by less than 50 % because 
bhe category-dependent inventory is also being disposed of. 

In Regionalized Alternative 2, NTS only disposes of its own waste; however, LLW is not generated at NTS . 
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As indicated in Table G-3, the assumed source reduction from WMin/PP practices affects the adequacy 

of the existing disposal capacity at INEL. Without the reduction in annual generation, the capacity is 

inadequate; with an assumed 50 % reduction in annual generation, it is adequate. For new disposal sites 

and some existing disposal sites (Los Alamos National Laboratory [LANL], Oak Ridge Reservation [ORR] , 

and SRS), source reduction would reduce the amount of new capacity needed. For the Hanford Site and 

the Nevada Test Site (NTS), the existing disposal capacities are adequate regardless of source reduction. 

Overall, a 50 % source is estimated to result in approximately a 48.% reduction in disposal waste loads. 

G.2.2.2 Cost Savings 

Cost savings from \1/Min/PP source reduction are estimated for treatment, disposal , and transportation. 

Because installation-specific WMin/PP goals are as yet unavailable, it is assumed that WMin/PP practices 

reduce new source generation by the same percentage (50 % ) throughout the DOE complex. There may be 

additional costs to waste generators to effect such source reductions; however, the costs of making source 

reductions are beyond the scope of this WM PEIS. The savings from source reduction considered here are 

the waste management cost savings, which may be higher than the net savings. 

Waste management cost savings associated with treatment, disposal, and transportation are considered. 

These are based on planning-level life-cycle costs for 10 years of operations (see Sherick and Shropshire, 

1995). Facility costs for treatment and disposal can be considered to consist of costs related to operations 

and costs related to construction. Operations costs are assumed to be proportional to throughput (waste 

load). Cost savings for construction depends on whether there are existing facilities for the type of 

treatment at an installation. If there are no existing facilities, then costs for construction are assumed to be 

proportional to waste load. If there are existing facilities, then costs for construction are assumed to be 

proportional to the difference between the existing capacity and the capacity needed to process ( or dispose 

of) the waste load. A given percentage reduction in waste load results in a greater percentage decrease in 

capacity needed when there is existing capacity. For example, if existing capacity is half the capacity 

needed to treat a given waste load, a reduction of 40 % in waste load will result in an 80 % reduction in the 

need for new capacity. In general, if the existing waste load is equivalent to E; the fractional decrease in 

waste loads with waste minimization is equivalent to F; the additional capacity needed without waste 
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minimization is equivalent to /l.; and /l.WMin is the additional capacity needed with waste minimization, then 

the fractional new capacity needed is: . 

/l.WMin//l. = (1 -F) - F XE/ /l. (1) 

Cost savings have been estimated for the two volume reduction cases considered above . Estimates of cost 
' 

savings for treatment at the installations with volume reduction facilities are presented in Table G-4. The 

treatment costs considered are for incineration, grout stabilization, supercompaction, size reduction (that 

is, shredding and compacting) , packaging, and certification and shipping. More detailed tables showing 

costs for operations and constructions separately, by treatment module and installation, are given in the 

attachment to this appendix. The tables in the attachment are for disposal as well as for treatment. The 

same percentage decreases in costs (F) for incineration, grout stabilization, size reduction, and 

supercornpaction are used as percentage decreases in waste load (see Table G-2) . The percentage decreases 

in costs for packaging and certification and shipping are taken to be the cost-weighted average for 

incineration, grout stabilization, supercompaction, and size reduction. When there is an existing facility , 

the complement of /l.WMin/ t:,. from equation (1) is used for the fractional decrease in construction costs . If 

equation (1) is negative, then the existing capacity is adequate for the assumed decrease in annual 

generation rate. 

The tables in the attachment of this appendix show the minimum percentage reduction in annual generation 

at which existing capacity becomes inadequate when existing capacity is adequate for a 50 % source 

reduction. For example, for a source reduction of less than 26 % , existing supercompaction capacity at the 

Hanford Site becomes inadequate; for a source reduction of less than 10 % , the existing supercompaction 

capacity at INEL becomes inadequate; and for a source reduction of less than 37%, the existing size 

reduction capacity at INEL becomes inadequate . From Table G-4, overall, a 50 % source reduction is 

estimated to result in approximately a 40 % reduction in costs for treatment. 
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Table G-4. Effect of WMin/PP Source Reductions on Costs of Waste Management LL W 
Treatment for Two Volume Reduction Alternatives (in dollars) 

11 Treatment Sites 4 Treatment Sites 
Installation 

WMin/PPb 100% 100% WMin/PP 

FEMP 2.57E+08 l.51E+08 --- ---

Hanford 8.48E+08 5.19E+08 8.58E+08 5 .25E+08 

INEL 4.88E+08 2.79E+08 1.48E+09 8.43E+08 

LANL 5.50E+08 3.26E+08 --- ---

LLNL l.01E+08 5 .75E+07 --- ---

ORR 2.39E + 09 l.51E+09 2.85E+09 l.78E+09 

PGDP 3.74E+08 2.22E+08 --- ---

Pantex 5.86E+08 3.68E + 08 --- --

PORTS 4.57E+08 2.85E+08 --- ---

RFETS 4.90E+08 2.90E+ 08 -- ---
SRS 9.60E+08 5.42E+08 l.26E+09 7.42E + 08 

Total 7.50E+09 4.55E+09 6.45E+09 3.89E+09 

a Treatments considered are: incineration, grout stabilization, supercompaction, size reduction (i.e., shredding and compaction), packaging, and 
gertification and shipment. 

A 50 % reduction annual generation rate is assumed. Costs for operations are assumed to be proportional to throughput. Cost reductions fo r 
construction depends on whether there are existing facilities or not. If there are no existing facilities, costs fo r construction are assumed to be 
proportional to throughput. If there are existing facilities, cost fo r construction are proportional to the capacity of new construction needed. 

Estimates of cost savings for disposal for an assumed 50 % reduction in annual generation of LL W are 

given in Table G-5 for the alternatives being considered. Percentage cost reductions for disposal are 

assumed to be equal to percentage waste load reductions for disposal for operations and for construction 

when there is no existing disposal facility. When there is an existing facility , then the complement of 

equation (1) is used. Overall, a 50 % source reduction is estimated to result in approximately a 48 % 

reduction in disposal costs . 

The waste management costs technical report (Sherick and Shropshire, 1995) also contains estimates of 

transportation costs of LLW for the two volume reduction cases being considered. From the volume 

information in (Goyette, 1995), percentage waste load reductions by generating installation for a 50% 

reduction in annual LLW generation were calculated by volume-averaging over waste categories . These 

generating-site percentage load reductions were multiplied by the transportation costs from each site to 

yield an estimate of the reduction in transportation costs from a 50 % reduction in annual generation. Thus, 

this estimate is based on the assumption that the cost of transporting waste is proportional to the volume 

of waste moved and that all transport is from the generation site. Table G- 6 contains the estimate of the 
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total savings in transportation and the total savings for treatment and disposal from the information in 

Tables G-4 and G-5 , respectively. Overall cost reductions for treatment, disposal, and transportation are 

estimated to be approximately 45 % for a 50 % source reduction. 

The total savings are in the range of $8 to $9 billion for 10 years of operations. These values are for a 20-

year interval (inventory and 20 years of waste generation are treated and disposed of in 10 years) and are 

approximately $400 million per year. This estimate of savings is consistent with a recent estimate of 

avoidable DOE waste management costs (Teclaw et al. , 1993), which estimated avoidable annual costs for 

LLW of between $10 million and $10 billion. 

Table G-5. Effect of WMin!PP Source Reductions on Costs for Waste Management LL W 
Disposal in Two Volume Reduction Alternatives (in dollars) 

Installation 
12 Disposal Sites 6 Disposal Sites 

Current WMin/PP Current WMin/PP 

Hanford 3.6E+09 1.9E+09 3.6E+09 2.0E+09 

INEL 4.2E+08 2.2E+08 , 6.2E+08 3.1E+08 

LANL 6.0E+08 3.1E+08 5.5E+08 3.0E+08 

LLNL 3.1E+08 1.6E+08 NA NA 

NTS 
a 

2.1E+08 1.1E+08 --- ---

ORR 3.3E+08 2.1E+08 8.0E+08 4.3E+08 

PGDP 3.1E+08 1.6E + 08 NA NA 

Pantex 2.2E+08 1.4E+08 NA NA 

PORTS 5.2E+08 2.7E+08 NA NA 

RFETS 3.5E+08 1.8E+08 NA NA 

SRS 3.4E+09 1.6E+09 3.4E+09 3.4E+09 

Total 1.0E+lO 5.2E+09 9.2E+09 4.8E+09 

NA = not a disposal site in this case. 
8 

In Regionalized Alternative 2 , NTS only disposes of its own waste; however , LLW is not generated at NTS. 
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Table G-6. Summary of Effect of WMin/PP Source Reduction on Costs for Waste Management 
LL W Waste Management in Two Volume Reduction Alternatives (in dolla-rs) 

11 Treatment, 12 Disposal Sites 4 Treatment, 6 Disposal Sites 

Current WMin/PP Current WMin/PP 

Treatment 7.5E+09 4.6E+09 6.4E+09 3.9E+09 

Disposal I.OE+ 10 5.2E+09 9.2E+09 4.8E+09 

Transportation 6.4E+07 3.3E+07 3.3E+08 2.1E+08 

a Costs are life cycle costs for treatment at regional treatment facilities, disposal, and all transportation. 

G.2.2.3 Human Health Risk Reduction 

For the volume reduction cases considered above, reductions in human health risk from source reduction 

are estimated for routine operations at the volume-reduction treatment centers and disposal sites. Incidence 

of cancer is taken as the measure of human risk because it applies to the four waste types considered in this 

appendix (person-rem would apply to LLW, LLMW, and TRUW, but not to HW). Cancer incidence based 

on the risk from the second 10 years of treatment and storage, not risks per year of operations, were 

obtained from tables in the human health risk appendix (Appendix D) . 

Table G-7 contains estimates of the effect of a 50 % across-the-board source reduction on cancer incidence 

among the offsite population and TSD facility workers at installations with volume-reduction facilities . The 

alternatives considered have either 11 or 4 installations with volume reduction facilities. The radiological 

risk to the offsite population at the installations with volume reduction facilities arises mainly from releases 

from incineration facilities. Thus, the effect of source reduction is estimated on the basis of inventory and 

annual generation (with and without source reduction) of waste in the two LLW categories (combustible, 

compactable solids; organic liquids) that feed a specific incineration facility. There is an exception for the 

Pantex Plant volume reduction center, which does not treat the waste categories undergoing incineration. 

At the Pantex Plant, the health risk to the offsite population is assumed to arise from size-reduction 

treatment. The human health risk to workers is more evenly distributed among treatment facilities, with 

the risk being greatest at handling facilities where all waste categories are handled. Therefore, the effect 

of source reduction is estimated on the basis of the ratio of inventory to annual generation for all waste 

categories for the LLW treated at a volume-reduction installation. From Table G-7, a 50 % source 
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reduction is estimated to result in approximately a 46 % reduction in cancer incidence to both the general 

public and workers at treatment facilities. 

Table G- 8 contains estimates of the effects of a 50 % across-the-board source reduction on human health 

risk at disposal facilities . Here, the assumed population consists of farm families that are at risk through 

the groundwater pathway. (The primary contributor to this risk is carbon- 14 because of its long half-life 

and its leachability characteristics.) The percentage reduction in risk at an installation from source 

reduction to these farm families is taken to be the same as the reduction in disposal waste load in Table 

G-3 . Overall, a 50% source reduction is estimated to result in a 49% human health risk reduction to farm 

families . 

Table G-7. Effect of WMin!PP Source Reduction On Health Risks from Waste Management 
LL W Treatment (Cancer Incidence Among the Offsite Population and 

TSD Workers for Second IO Years of Treatment) 

11 Treatment Sites3 4 Treatment Sitesb 
Site Receptor 

Current WMin/PP Current WMin/PP 

Fernald Populationc 7.9E-01 4.3E-0l NA NA 

Workerd 2.3E-02 1.2E-02 

Hanford Population 1.2E-05 6.0E-06 1.6E-01 8.6E-02 

Worker 6.9E-01 3.5E-0l 7.2E-01 3.6E-01 

INEL Population 4.6E-06 2.5E-06 1.4E-03 7.6E-04 

Worker 5.8E-01 3.0E-01 1.9 1.2 

LANL Population 2.7E-02 1.4E-02 NA NA 

Worker 6.5E-01 3.4E-01 

LLNL Population 1.3 7.0E-01 NA NA 

Worker 1.7E-01 1.2E-01 

ORR Population 5. lE-05 4.6E-05 l .6E-01 9.5E-02 

Worker 4.6E-01 2.8E-01 5.6E-01 l.6E-0l 

PGDP Population 6.4E-06 4.2E-06 NA NA 

Worker 5.BE-03 3.2E-03 

Pantex Population 3.7E-07 3.5E-07 NA NA 

Worker 9.5E-03 8.8E-03 
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Table G-7. Effect of WMin/PP Source Reduction On Health Risks from Waste Management 
LL W Treatment (Cancer Incidence Among the Offsite Population and 

TSD Workers for Second 10 Years of Treatment)-Continued 

11 Treatment Sites3 4 Treatment Sitesb 
Site Receptor 

Current WMin/PP Current WMin/PP 

PORTS Population 1. 8E-04 9.8E-05 NA NA 

Worker 9.6E-02 4.9E-02 

RFETS Population 6.3E-04 3.3E-04 NA NA 

Worker 4 .0E-03 2. lE-03 

SRS Population 2. lE-03 1.8E-03 2. lE-03 1.8E-03 

Worker 9.6E-0l 4. 8E-0l 9.6E-0l 4.8E-0l 

NA ea not a volume-reduction treatment center fo r this case. 
8 

For Regionalized Alternative 2, a volume-reduction case with 12 disposal sites . 
b For Regionalized Alternative 5, a volume-reduction case with 6 disposal sites . 
c Risk to the offsite population is assumed to arise predominantly from releases from incineration . The reduction in risk from a 
50 % source reduction is estimated on the basis on site-specific inventories and annual generation rates fo r the waste categories 
that are treated by incineration (Categories 1 and 9). At the Pantex Plant, which does not have incineration, reduction in risk is 
~ased on size reduction treatment of waste categories 3 and 4. 

Risk to workers is relatively evenly distributed among treatments ; site-specific inventories and annual generation averaged over 
all waste categories for the sites of origin are used to estimate the reduction in r isk to workers from a 50 % source reduction. 

Table G- 8. Effect of WM in/PP Source Reduction on Health Risk from Waste Management LL W 
Disposal (Cancer Incidence among All Fann Family Generations For Second 10 Years of Disposal) 

Disposal Site 
12 Disposal Sites8 Six Disposal Sitesb 

Current WMin/PP Current WMin/PP 

Hanford 5.6E-01 3. l E-01 1.2 6.6E-01 

INEL 3.0E-06 1.5E-06 2.2E-05 1.lE-05 

NTS ___ d d 2.9E-03 l .5E-03 

LANL 6.SE-03 3.4E-03 5.4E-03 3.0E-03 

ORR 2.4E-05 l.5E-05 5.6E-05 3.5E-05 

SRS 6.8E-01 3.4E-01 6.8E-01 3.4E-01 

PORTS 1.0E-03 5.lE-04 NA NA 

PGDP 1.lE-03 5.6E-04 NA NA 

LLNL 2.5E-03 l .3E-03 NA NA 

Pantex 0 0 NA NA 

RPP 4.5E-02 2 .3E-02 NA NA 

NA = not a disposal site. 
: Regionalized Alternative 2 has 12 disposal sites. 

Regionalized Alternative 5 has 6 disposal sites. 
c The WMin/PP results are based on a 50 % reduction in annual generation. However, the volumes disposed of decreases by less 
rJ:ian 50 % because the category-dependent inventory is also being disposed of. 

In Regionalized Alternative 2 , NTS only disposes of its own waste; however , LLW is not generated at NTS. 

G- 17 

__J 



Waste Minimization Appendix G 

G.2.3 Low-LEVEL MlxED WASTE 

LLMW is waste that contains both radioactive material and hazardous material. Thus LLMW should be 

processed so that the hazardous constituents can be treated in accordance with the requirements of the 

Resource Conservation and Recovery Act (RCRA) and the radioactive components are treated for safe 

disposal. LLMW may be classified as either contact-handled (CH: dose at waste surface < 200 mrem/hr) 

or remote-handled (RH: dose at waste surface > 200 mrem/hr); and also as either alpha LLMW (combined 

activity of transuranic radionuclides between 10 and 100 nCi/g), or non-alpha LLMW (combined activity 

of transuranic radionuclides < 10 nCi/g). The technologies appropriate for treatment of LLW depend on 

the physical and chemical properties of the waste. In contrast, technologies appropriate for treatment of 

LLMW depend on both the physical and chemical properties of the waste, and on the RCRA contaminant 

category of the hazardous constituents. Only general categories of RCRA contaminants frequent in DOE 

waste have been considered. These are toxic organics, toxic metals, mercury, ignitables, corrosives, 

reactives, and combinations thereof. LLMW may require treatment by several technologies in series. 

Estimates of the effect of a 50 % source reduction have been made for three diverse alternatives for LLMW 

generated from waste management operations (WM LLMW). These are the Decentralized Alternative with 

disposal of CH LLMW at 16 sites (Case 2a), Regionalized Alternative 2 with treatment of CH non-alpha 

LLMW at 7 sites and disposal at 6 sites (Case 7) , and the Centralized Alternative with all CH treatment 

and disposal at one site, the Hanford Site (Case 17). Estimates of the effect of this source reduction are 

based on information in the LLMW technical report (Wilkins et al., 1995); Appendix D, Waste 

Management Facility Human Health Risk; and the waste management costs technical report (Sherick and 

Shropshire, 1995). 

G.2.3.1 Waste Load Reductions 

Estimates on annual treatment waste load of the effect of a 50 % step decrease in generation of WM LLMW 

are given in Tables G-9 and G-10 for CH non-alpha LLMW and CH alpha LLMW, respectively. The 

waste loads without the WMin/PP source reduction (the columns labeled "Current") are from Wilkins et 

al. (1995). The effect of waste minimization was obtained from the site-totaled inventories and annual 

generation rates and the assumption that inventory and 20 years of generation will be treated and disposed 

of in a 10-year period. With the assumed 50 % source reduction, in effect 20 years of generation is reduced 

to 10 years of generation. The ratio of inventory plus 10 years of generation to inventory plus 20 years of 
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generation gives the impact of waste minimization. This ratio is applied to the contribution to the waste 

load at a treatment site from a generation site. From these tables it is seen that waste minimization is more 

effective in reducing the CH non-alpha waste load than the CH alpha waste loads. For CH non-alpha 

LLMW, the assumed 50% source reduction is estimated to reduce the overall waste load by approximately 

36 % , while the same percentage decrease in annual generation of CH alpha LLMW is estimated to 

decrease CH alpha waste load by only approximately 9 % . Table G-11 gives the estimated percentage 

decreases from a 50% source reduction for RH non-alpha LLMW. 

Site 

ANL-E 

ANL-W 

Ames 

BCL 

BNL 

Bettis 

Colonie 

Charleston 

ETEC 

FEMP 

GA 

GJPO 

Hanford 

INEL 

ITRI 

KAPL-S 

KAPL-K 

KAPL-W 

KCP 

LANL 

LBL 

LEHR 

Table G-9. Percentage Reduction in Annual Treatment Throughput of 
Waste Management CH Non-Alpha LLMW 

Case 2a3 Case 7a Case 173 

Currentb % Reduct Current % Reduct Current % Reduct 

8.4E + 02 49 ---C --- --- ---
2.0 21 --- --- --- ---

5.6E-02 12 --- --- --- ---

l.8E+02 50 --- --- --- ---

l.9E+0l 28 --- --- --- ---

2.9 23 --- --- --- ---

1.1 0 --- --- --- ---

1.5 46 --- --- --- ---

l.2E+02 24 --- --- --- ---

2.6E+02 1 --- --- --- ---

4.3 1 --- --- --- ---

l.8E-01 29 --- --- --- ---
3.5E+03 45 3.5E+03 46 l.5E+04 36 

1.8E+02 30 l.8E+02 27 --- ---

3.5 46 --- --- --- ---
8.3 49 --- --- --- ---

l.0E+0l 49 --- --- --- ---
4.0 50 --- --- --- ---

8. lE-02 0 --- --- --- ---

6.5E+0l 25 6.5E+0l 32 --- ---

2.8E+0l 46 --- --- --- ---
8.5E-01 17 --- --- --- ---
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Table G-9. Percentage Reduction in Annual Treatment Throughput of 
Waste Management CH Non-Alpha LLMW 

Appendix G 

Case 2a3 Case, .. Case 173 

Site 
Currentb %Reducf Current % Reduct Current % Reduct 

LLNL 1.9E+02 47 --- --- --- ---

Mound 2.2E-03 25 --- --- --- ---

Mare Is 5.2 41 --- --- --- ---

Norfolk 6.0E-01 50 --- --- --- ---

NTS 5.8E-02 12 --- --- --- ---

K-25 9.6E+02 30 --- --- --- ---

Y-12 4.4E+0l 19 --- --- --- ---

ORR 3.0E+0l 36 6.3E+03 25 --- ---

PGDP 5.8E+0l 0 --- --- --- ---
Pearl H 5.6E-01 32 --- --- --- ---

Ports Nav 1.2E-01 33 --- --- --- ---
PORTS 2.8E+03 42 2.8E+03 41 --- ---
PPPL 1.6E-03 25 --- --- --- ---

Puget So 1.7E+0l 33 --- --- --- ---

Pantex 6.9E+0l 40 --- --- --- ---
RFETSd 0 NA 1.9E-01 20 --- ---

RMI 2.9 12 --- --- --- ---
SNL-NM 6.6 0 --- --- --- ---
SNL-CA 1.lE+0l 45 --- --- --- ---

SRS 9.8E+02 38 9.8E+02 38 --- ---

a Case 2a is the Decentralized Alternative; Case 7 is Regionalized Alternative 2 with CH non-alpha treatment at 7 sites and 
gisposal at 6 sites; Case 17 is the Centralized Alternative with all CH non-alpha treatment and disposal at Hanford. 

Annual throughput in m3
. 

~ Percentage reduction annual throughout from a 50% reduction in annual generation. 
Not a regional treatment site. 

The percentage reductions in the waste loads from a 50 % source reduction for disposal of waste 

management CH non-alpha LLMW and waste management CH alpha LLMW are given in Tables G-12 

and G-13, respectively. As can be shown from these tables, the impact of the assumed source reduction 

on disposal waste loads is similar to the impact on treatment waste loads, namely, approximately a 35 % 

reduction for non-alpha waste and a 9 % reduction for alpha waste. 
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Some existing facilities in the DOE complex were assumed to be used for treatment of LLMW. 

Conversely, because disposal facilities for LLMW would have to be permitted pursuant to RCRA and 

existing DOE disposal facilities do not have such permits, it was assumed that there are no existing disposal 

facilities for LLMW. Table G-14 gives the capacities of existing treatment facilities, except for aqueous 

treatment, the capacities required without source reduction, and the capacities required with the assumed 

source reduction. From the table it is seen that the existing capacities are adequate; therefore, waste 

minimization would not reduce the need for new facilities for treatment of WM LLMW. 

Table G-10. Reduction in Annual Treatment Throughput of Waste Management CH Alpha LLMW 

Case 2a3 Case 73 Case 173 

Site 
100% % Reduct 100% % Reduct 100% % Reduct 

Hanford b --- --- --- 1.0E+0 9 

INEL 2.5E+03 0 2.5E+03 4 --- ---

LANL 2.1E+02 42 2.1E+02 42 --- ---

LLNL 2.0E+02 48 --- --- --- ---

RFETS 6.9E+03 10 6.9E+03 10 --- ---

SRS 4.1E+02 14 4.2E+02 14 --- ---

8 
Case 2a is the Decentralized Alternative; Case 7 is Regionalized Alternative 2 with CH non-alpha treatment at 7 sites and 

gisposal at 6 sites; Case 17 is the Centralized Alternative with all CH non-alpha treatment and disposal at Hanford. 
Not a regional treatment site. 

Hanford 

INEL 

ORR 

SRS 

Table G-11. Percentage Reduction in Annual Treatment and Disposal 
Throughput of Waste Management RH Non-Alpha LLMW 

Site 
Treatment Disposal Reduction 

(m3/yr) (m3/yr) (%) 

7.4E-02 1.2E-02 0 

8.6E+02 1.5E+02 49 

3.5E+02 7.0E+02 17 

2.8 8.8E-01 47 

G-21 



Waste Minimization Appendix G 

G.2.3.2 Cost Savings 

Cost savings associated with the treatment, disposal, and transportation of CH waste management LLMW 

are considered. These are based on planning-level life-cycle costs for 10 years of operations (see Sherick 

and Shropshire, 1995). As with LLW, treatment and disposal costs are divided into operations costs and 

construction (or capital) costs. Operations costs are assumed to be proportional to throughput and (waste 

load). Capital costs are assumed to be proportional to throughput also , except when there is existing 

capacity for a specific treatment step that is inadequate for the waste load. However, as shown in Table 

G-14, the existing capacity is adequate for the waste load. Therefore, capital costs are also assumed to be 

proportional to waste load, because no new capacity is needed when there is existing capacity. 

Table G-12. Percentage Reduction in Annual Disposal Throughput for Waste Management 
CH Non-Alpha LLMW 

Case 2aa Case 7a Case 17a 
Disposal Site 

100%b % Reduct 100% % Reduct 100% % Reduct 

ANL-E 5.8E+02 49 --- --- --- ---
BNL 8.4E+0l 28 --- --- --- ---
FEMP 1.1E+02 1 --- --- --- ---
Hanford 1.3E+03 46 1.3E+03 46 5.3E+03 35 

INEL 4.3E+0l 30 1.4E+02 26 --- ---
LANL 1.lE+0l 25 3.3E+02 33 --- ---
LLNL 1.9E+02 34 --- --- --- ---
ORR 1.5E+03 25 1.1E+04 32 --- ---
Pantex 2.0E+0l 40 --- --- --- ---
PGDP 2.2E+0l 0 --- --- --- ---

PORTS 5.8E+02 42 --- --- --- ---

RFETS 5.7E-01 29 --- --- --- ---
SNL-NM 1.4 1 --- --- --- ---
SRS 4.4E+02 38 4.5E+02 38 --- ---
WVDP 1.0E+0l 46 --- --- --- ---

8 
Case 2a is the Decentralized Alternative with 16 disposal sites; Case 7 is Regionalized Alternative 2 with CH non-alpha treatment 

~t 7 sites and disposal at 6 sites ; Case 17 is the Centralized Alternative with all CH non-alpha treatment and disposal at Hanford. 
Annual throughput in m3

. 

c Percentage reduction annual throughput from a 50 % reduction in annual generation. 
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Table G-13. Percentage Reduction in Annual Disposal Throughput for Waste Management 
CH Alpha LLMW 

Case 2aa Case 7a Case 17a 
Disposal Site 

100%b % Reductc 100% % Reduct 100% % Reduct 

Hanford --- --- --- --- 3.2E+03 9 

INEL 6.1E+02 0 7.0E+02 6 --- ---
LANL 5.6E+0l 21 2.4E+03 10 --- ---
LLNL 8.lE+0l 48 --- --- --- ---
RFETS 2.3E+03 10 --- --- --- ---
SRS 1.1E+02 14 1.1E+02 14 --- ---

8 
Case 2a is the Decentralized Alternative with 16 disposal sites; Case 7 is Regionalized Alternative 2 with CH non-alpha treatment 

~t 7 sites and disposal at 6 sites; Case 17 is the Centralized Alternative with all CH non-alpha treatment and disposal at Hanford. 
Annual throughput in m3

• 
0 Percentage reduction annual throughout from a 50% reduction in annual generation . 

Estimates of the impact of a 50 % source reduction for the three alternatives being considered are given in 

Table G-15 for CH waste management LLMW, both non-alpha and alpha. The transportation, operations, 

and capital costs without waste minimization are from Sherick and Shropshire (1995) . The table indicates 

that for the assumed source reduction and lineality between waste load and cost, substantial savings may 

result from waste minimization. These savings range from over $3 billion for the Decentralized Alternative 

to nearly $2 billion for the Centralized Alternative. 

G.2.3.3 Human Health Risk Reduction 

Reductions in human health risk for a 50 % source reduction are estimated for routine operations of 

treatment facilities and from long-term releases from disposal facilities . As before, cancer incidence is 

taken as the measure of human health risk. For treatment facilities, cancer incidence among two 

populations are considered, the offsite population and occupational workers. For disposal facilities, the risk 

to all nearby farm family generations is considered. For LLMW, cancer incidence arises from exposure 

to chemical carcinogens as well as from radiological doses . The estimated reductions in cancer incidence 

among the offsite population near treatment site, among occupational workers at treatment sites, and among 

farm family generations near disposal sites are given in Tables G-16 through G-18, respectively. As before, 

it is assumed that health risk decreases linearly with waste load. 
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Table G-14. Effect of WMin!PP Source Reduction on the Need for New Facilities 
to Meet Waste Management CH Non-Alpha LLMW Treatment Needs 

Existing Capacity Current Capacity Required (kg/h) 
Site/Facility (kg/h) WMin/PP Case 2a3 Case 73 Case 173 

ANL-E 
b 

DEACT 5.4 Current --- --- ---
WMin/PP 

ETEC 
RMERC 5.0E-02 Current --- --- ---

WMin/PP --- --- ---
Hanford 

DEACT 9.5E+0l Current --- --- ---
WMin/PP --- --- ---

GROUT 2.1E+03 Current 3.1E+02 3.3E+02 l.1E+03 
WMin/PP l.6E+02 l.8E+02 6.8E+02 

INEL 
INCIN 3.2E+02 Current 7.3 l.5E+0l ---

WMin/PP 5.0 l. lE+0l ---
GROUT 3.8E+02 Current 8.6 4.lE+0l 1.0E-02 

WMin/PP 5.9 3.0E+0l 7.E-03 

LANL 
PBRCR l.4E+0l Current --·- --- ---

WMin/PP --- --- ---
LBL 

GROUT 2.1E+02 Current 2.3E-01 --- ---
WMin/PP l.3E-01 --- ---

ORR 
INCIN l.9E+03 Current 5.9E+02 6.4E+02 ---

WMin/PP 3.8E+02 5.0E+02 ---
GROUT 6.8E+02 Current 4.1E+02 4.2E+02 8.2E-01 

WMin/PP 2.6E+02 3.1E+02 6.4E-01 

Pantex 
GROUT 2.5E+0l Current 3.8 7.3E-02 · 7.3E-02 

WMin/PP 2.3 4.4E-02 4.4E-02 

RFETS 
GROUT 3.8E+03 Current --- 1.5E-02 ---

WMin/PP --- l.2E-02 ---
SRS 

INCIN l.1E+03 Current l.7E+02 l.7E+02 ---
WMin/PP l.0E+02 l.1E+02 ---

GROUT 5.9E+03 Current 5.0E+l 5.0E+0l 1.0E-02 
WMin/PP 3.lE+0l 3.lE+0l 6.8E-03 

I 

a Case 2a is the Decentralized Alternative with 16 disposal sites; Case 7 is Regionalized Alternative 2 with CH non-alpha treatment 
at 7 sites and disposal at 6 sites; Case 17 is the Centralized Alternative with all CH non-alpha treatment and disposal at Hanford . 
INCIN = incineration; DEACT = deactivation; RMERC = mercury removal; PBRCR = lead recovery; GROUT = grout 
~tabilization. 

No throughput for this process for this alternative. 
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Table G-15. Effect of Waste Minimization on Cost of Treatment, Disposal, and 
Transportation of CH Waste Management LLMW (in dollars) 

Case/Operation 
Non-Alpha Alphab 

Current WMin/PP Current WMin/PP 

Case 2Aa 
Treao:nent 

Operations & Maintenance 4.0E+09 2.6E+09 2.2E+09 1.8E+09 
Capital 2.0E+09 1.4E+09 1.5E+09 1.3E+09 

Disposal 
Operations & Maintenance 1.1E+09 6.6E+08 7.6E+08 7.0E+08 
Capital 2.7E+08 1.7E+08 3.0E+08 3.0E+08 

Transportation 4.8E+05 3.5E+05 l.7E+05 l.4E+05 
TOTAL 7.4E+09 4.8E+09 4.8E+09 4.1E+09 

Case 7a 
Treattnent 

Operations & Maintenance 2.4E+09 1.6E+09 2.2E+09 1.9E+09 
Capital 9.1E+08 6.0E+08 1.6E+09 1.4E+09 

Disposal 
Operations & Maintenance 8.1E+08 4.9E+08 6.4E+08 5.8E+08 
Capital l.8E+08 l.0E+08 9.1E+07 8.2E+07 

Transportation 3.8E+06 2.4E+06 2.1E+06 l.8E+06 
TOTAL 4.3E+09 2.8E+09 4.5E+09 4.0E+09 

Case 17a 
Treattnent 

Operations & Maintenance 2.3E+09 l.6E+09 1.6E+09 1.5E+09 
Capital 7.6E+08 5.2E+08 1.2E+09 l.0E+09 

Disposal 
Operations & Maintenance 6.3E+08 3.4E+08 4.1E+08 3.8E+08 
Capital 5.4E+07 2.9E+07 4.3E+07 3.9E+07 

Transportation 9.7E+06 6.7E+06 3.9E+06 3.4E+06 
TOTAL 3.8E+09 2.5E+09 3.3E+09 2.9E+09 

a Case 2a is the Decentralized Alternative with 16 disposal sites ; Case 7 is Regionalized Alternative 2 with CH non-alpha treatment 
~t 7 sites and disposal at 6 sites ; Case 17 is the Centralized Alternative with all CH non-alpha treatment and disposal at Hanford. 

CH non-alpha waste generated at INEL and LANL are treated at INEL and LANL CH alpha facilities . 

From Table G-16, it is seen that the effectiveness of waste minimization in reducing health risk to the 

offsite population near treatment sites varies significantly with alternative. For the Decentralized 

Alternative, this risk is dominated by the risk at LLNL and the health risk reduction is 47 % . In contrast, 

the health risk for treatment at Hanford dominates for the Centralized Alternative 17 (Case 17) and is 

reduced by only 36 % . From Table G-17 , the aggregate reduction in occupational worker health risk at 

treatment sites is not as strongly dependent on alternative and is approximately 35 % for all three 

alternatives . From Table G-18 , the aggregate reduction in health risk from the assumed source reduction 
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from waste minimization varies from 42 % for Regionalized Alternative 2 (Case 7) to 35 % for the 

Centralized Alternative (Case 17). 

Table G-16. Percentage Reduction in Risk to the Offsite Population° for 
Treatment of CH Waste Management LLMW 

Case 2ab Case 7b Case 17b 
Site 

100%b % Reducf 100% % Reduct 100% % Reduct 

ANL-E 4.5E-03 49 2.lE-05 49 2.lE-05 49 

BNL 4. lE-05 28 1.9E-07 28 1.9E-07 28 

ETEC 6.5E-04 24 3. lE-06 24 3.lE-06 24 

FEMP 9.lE-05 1 6.3E-07 1 6.3E-07 1 

Hanford 5.0E-03 45 4.5E-02 45 8.5E-02 36 

INEL 1.8E-04 30 2. lE-03 26 1.7E-05 30 

KAPL-K 1.0E-03 49 8.9E-07 49 8.9E-07 49 

KCP 1.3E-05 0 8.4E-09 0 8.4E-09 0 

LANL 2.0E-03 25 2.9E-03 32 1.3E-04 25 

LBL 3.5E-02 46 5.3E-08 46 5.3E-08 46 

LLNL 5.2E-01 47 2.2E-06 47 2.2E-06 47 

Mound 4.3E-04 25 1. lE-07 25 1.2E-07 25 

NTS 1.8E-09 12 3.3E-14 12 3.3E-14 12 

ORR 3.7E-03 25 4.lE-03 25 2.5E-05 25 

Pantex l.2E-05 40 8.0E-06 40 8.0E-06 40 

PGDP 4.lE-04 0 2.8E-06 0 2.8E-06 0 

PORTS 1.2E-05 42 3.6E-04 42 1.3E-07 42 

RFETS 3.5E-04 20 3.3E-04 20 2.4E-05 20 

SNL-NM 4.7E-04 0 6.lE-08 0 6.lE-08 0 

SRS 5.9E-03 38 6.0E-03 38 4.7E-06 38 

WVDP 8.7E-07 50 5.9E-07 50 6.0E-07 50 

Total 5.8E-01 47 6. lE-02 42 8.5E-02 36 

3 
Case 2a is the Decentralized Alternative; Case 7 is Regionalized Alternative 2 with CH non-alpha treatment at 7 sites and 

gisposal at 6 sites; Case 17 is the Centralized Alternative with all CH non-alpha treatment and disposal at Hanford. 
Cancer incidence among the offsite population from radiation and chemical carcinogens. 

c Percentage reduction in risk based on a 50 % reduction in annual generation of CH non-alpha LLMW. 
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Table G-17. Percentage Reduction in Risk to Workers0 for Treatment of 
CH Waste Management LLMW 

Case 2ab Case 7b Case 17b 
Site 

100% % Reducf 100% % Reduct 100% % Reduct 

ANL-E 6.7E-02 49 3.6E-02 49 3.6E-0l 49 

BNL 4.3E-04 28 2.0E-04 28 2.0E-04 28 

ETEC 3.8E-03 24 2.2E-03 24 2.2E-03 24 

FEMP l. lE-03 1 8.8E-04 1 8.8E-04 1 

Hanford 3.6E-0l 45 5.0E-01 45 l.8E+OO 36 

INEL 3.6E-0l 30 3.9E-0l 26 l.8E-0l 30 

KAPL-K 6.2E-03 49 2.2E-02 49 2.2E-03 49 

KCP l.2E-04 0 2.8E-06 0 2.8E-06 0 

LANL 5.5E-03 25 8.2E-03 32 2.4E-03 25 

LBL l.3E-04 46 7.4E-05 46 7.4E-05 46 

LLNL 2.8E-02 47 2.2E-03 47 2.2E-03 47 

Mound 4.7E-05 25 4.3E-05 25 4.6E-05 25 

NTS 9.lE-07 12 9. lE-07 12 9. lE-07 12 

ORR 6.2E-0l 25 4.2E-0l 25 8.4E-02 25 

Pantex l. lE-01 40 5.8E-04 40 5.8E-04 40 

PGDP 8.5E-04 0 5.2E-04 0 5.2E-04 0 

PORTS 5.6E-03 42 2.7E-0l 42 2.9E-03 42 

RFETS 4.lE-03 20 4.6E-03 20 3.5E-03 20 

SNL-NM 1.2E-03 0 6.lE-05 0 6.lE-05 0 

SRS 3.7E-01 38 3.8E-0l 38 l. lE-01 38 

WVDP 1.0E-04 50 9.7E-05 50 1.0E-04 50 

Total 1.9E+O0 34 2.0E+OO 36 2.5E+OO 37 

: Cancer incidence among the workers onsite from radiation and chemical carcinogens. 
Case 2a is the Decentralized Alternative; Case 7 is Regionalized Alternative 2 with CH non-alpha treatment at 7 sites and 

disposal at 6 sites; Case 17 is the Centralized Alternative with all CH non-alpha treatment and disposal at Hanford . 
c Percentage reduction in risk based on a 50 % reduction in annual generation of CH non-alpha LLMW. 

G.2.4 HAZARDOUS WASTE 

Hazardous waste contains materials that are hazardous under RCRA and other Federal environmental 

statutes (such as the Toxic Substances Control Act). but does not contain radioactive materials. As with 
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LLMW, HW is treated primarily to meet statutory requirements. Estimates of the effect of source reduction 

on HW facilities are based on information in the hazardous waste technical report (Lazaro et al., 1995); 

Appendix D, Waste Management Facility Human Health Risk; and the waste management costs technical 

report (Sherick and Shropshire, 1995). 

Table G-18. Percentage Reduction in RisK' from Disposal of CH Waste Management LLMW 

Case 2ab Case 7b Case 17b 
Disposal Site 

100% % Reductc 100% % Reduct 100% % Reduct 

ANL-E l.0E-01 49 --- --- --- ---

BNL 3.4E-03 28 --- --- --- ---

FEMP 1.2E-03 1 --- --- --- ---

Hanford 5.6E-01 46 5.5E-01 46 2.0E+00 35 

INEL 5.9E-05 30 l.3E-04 26 ---

LANL 0 25 0 33 --- ---

LLNL 1.6E-06 34 --- --- --- ---

ORR l.9E-04 25 5.0E-04 32 --- ---

Pantex 1.2E-05 40 --- --- --- ---

PGDP 2.0E-07 0 --- --- --- ---

PORTS 3.4E-03 42 --- --- --- ----
RFETS l.6E-01 29 --- --- --- ---

SNL-NM 3.0E-03 1 --- --- --- ---

SRS 4.5E-01 .38 4.5E-0l 38 --- ---
WVDP 5. lE-03 46 --- --- --- ---
Total l.29E+OO 41 1.0E+00 42 2.0E+OO 35 

: Cancer incidence among all farm family generations from radiation and chemical carcinogens . 
Case 2a is the Decentralized Alternative with 16 disposal sites; Case 7 is Regionalized Alternative 2 with CH non-alpha treatment 

at 7 sites and disposal at 6 sites ; Case 17 is the Centralized Alternative with all CH non-alpha treatment and disposal at Hanford . 
c Percentage reduction in risk based on a 50% reduction in annual generation of CH non-alpha LLMW. 

The vast majority of HW is contaminated wastewater and is always treated onsite in wastewater treatment 

facilities. This appendix addresses HW other than contaminated wastewater, that is, HW that is transferred 

for treatment at specialized facilities, either onsite or offsite. Most, approximately three- quarters, of the 

HW generated in the DOE complex is generated at 11 installations. This appendix considers only HW 

generated at these 11 installations. 
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G.2.4.1 Waste Load Reductions 

Table G-19 contains quantities of HW transferred for treatment by type of treatment for 1992 for the 11 

top HW-generating installations. Storage of HW is limited by RCRA to 90 days at unpermitted facilities. 

Therefore, unlike the other waste types, there is no year-to-year storage of HW and no inventories to be 

worked off with the HW generated annually. Also, because there is no long-term storage, waste loads for 

HW generated by waste management operations are based on 20 years of generation being treated and 

disposed of in 20 years. Thus, a given percentage reduction in annual production is estimated to result in 

the same percentage reduction in treatment waste loads. For a 50 % across-the board reduction in annual 

generation, the values in Table G-19 would be cut in half. 

Table G-19. Technologies Used to Treat Hazardous Waste Transfers (1992) 

Treatment Technology 
Quantity3 

Comments 
(kg) 

Incineration l.6E+06 This is the principal form of treatment for a wide range of 
organic wastes. 

Organic 9.4E+05 This treatment technology is primarily fuel burning or blending, 
Removal/Recovery and solvent recycling or distillation. 

Stabiliz.ation 3.8E+05 This treatment technology is most commonly used for inorganic 
waste. The waste is mixed with solidification agents, such as 
Portland cement, to meet disposal facility waste acceptance 
criteria. 

Deactivation 1.7E+05 Treatment technologies that are so classified include 
neutraliz.ation of corrosive waste; and controlled detonation, 
reaction, or deactivation of explosives. 

Metal Removal/Recovery l.2E+05 This technology involves precipitation of heavy metals from 
aqueous solutions . The resulting precipitate may be further 
treated to recover metals or be stabilized prior to land disposal. 

Mercury l.1E+05 This is a specialized treatment (e.g., mercury roasting or 
Recovery /Treatment retorting, amalgamation, or incineration of organic wastes 

containing mercury) that is offered only by a few commercial 
facilities in the country. 

Aqueous Treatment 4.9E+04 This type of treatment includes a range of technologies including 
biological treatment, wet air oxidation, and chemical 
oxidation/reduction. 

Recycling l.3E+03 Most DOE "recycled" wastes are lead acid storage batteries and 
scrap metals . 

8 
Quantities are based on offsite transfers from the eleven top HW generators . 
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G.2.4.2 Cost Savings 

Two of the alternatives considered in the WM PEIS are elaborated here. The first is Regionalized 

Alternative 2 in which there are two DOE treatment hubs : one in the east at ORR and the second in the 

west at INEL. In this alternative, all HW is shipped to the DOE hubs where approximately 90% of 

treatment is performed. Three treatments (stabilization, battery recycling, and mercury removal) take place 

at commercial facilities after shipment from DOE hubs. The second case is Regional Alternative 1 in which 

HW is shipped to five DOE hubs. The DOE hubs perform roughly half of the organic removal and 

recovery treatment and ship treated HW to commercial facilities for other treatment. 

Table G-20 shows the cost savings for a 50 % across-the-board reduction in annual generation based on 

cost information in the waste management costs technical repon (Sherick and Shropshire, 1995). The table 

breaks out costs according to treatment, disposal, and transportation; or the cost of treatment at commercial 

facilities. In l..a.zaro et al. (1995), existing facilities for treatment of HW are identified. However, the cost 

estimates in Sherick and Shropshire (1995) are based on the assumption that these existing facilities are 

dedicated to treatment of LLMW and that all HW treatment facilities at DOE installations are new 

facilities. Therefore, the values in Table G-20 are based on the assumption that both operations and 

construction cost savings are proponional to source reduction. 

G.2.4.3 Human Health Risk Reductions 

Reduction in human health risk for a 50 % across-the-board reduction in annual generation of HW from 

routine operations of hazardous waste facilities were estimated for the same two alternatives (regionalized 

2 and regionalized 1) considered above. The human health risk considered cancer incidence for three types 

of receptors: the onsite population of noninvolved workers, the offsite population, and workers at TSO 

facilities. Risks to the onsite and offsite population are proponional to throughput. Aggregate risks to TSO 

workers are proponional to the number of such workers, which will be assumed to be proponional to 

throughput. The estimated reduction for 20 years of operations is tabulated by DOE site and case in Table 

G-21 . With these assumptions, the reductions in human health risks are 50 % of the human health risks 

given in Appendix D. 
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G.2.5 TRANSURANIC WASTE 

TRUW is defined as radioactive waste contaminated with alpha-particle-emitting transuranic radionuclides 

with half-lives greater than 20 years and concentrations greater than 100 nCi/g gram at the time of assay. 

The DOE distinguishes between CH TRUW (packaged waste with an external surface dose rate not 

exceeding 200 mrern/hr) and RH TRUW (packaged waste with an external surface dose rate exceeding 200 

mrem/hr) . TR UW generated prior to 1970 is buried in shallow landfill-type disposal grounds and is 

considered as an ER waste . TRUW waste generated since 1970 is considered a waste management waste. 

Some TRUW wastes are contaminated with hazardous materials. Such material can be treated using the 

same processes as for LLMW, with additional precautions appropriate for the radioactive component being 

TRUW rather than LLW. 

Table G-20. Cost Savings at HW Treatment Hubs and from WMin!PP Source Reduction 
($1,000) 

Site Regionalized 23 Regionalized 1 b 

ANL-E 
Transportation 2.25E+0l 1.95E+0l 
Commercial --- ---

Fermi 
Transportation 8.5 9 
Commercial --- ---

Hanford 
Treatment --- 3.00E+04 
Disposal --- 6.98E+02 
Transportation 1 1.40E+0l 
Commercial --- 4.16E+03 

INEL 
Treatment 6.39E+04 1.l3E+04 
Disposal 1.69E+03 3.24E+02 
Transportation 2.65E+0l 4 
Commercial 2.73E+03 9.98E+02 

KCP 
Transportation 5.80E+0l 4.7E+0l 
Commercial --- ---

LANL 
Treatment --- 2.81E+04 
Disposal --- 6.98E+02 
Transportation 1.95E+0l 7 
Commercial --- 4.02+03 
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Table G-20. Cost Savings at HW Treatment Hubs and from WMin/PP Source Reduction 
($1, 000)-Continued 

Site Regionalized 23 Regionalized 1 b 

LLNL 
Transportation l.04E+02 9.60E+0l 
Commercial --- ---

ORR 
Treatment 5.49E+04 3.30E+04 
Disposal 1.32E+03 7.92E+02 
Transportation 1 8.50 
Commercial 1.11E+04 1.46E+04 

Pantex 
Transportation 2.75E+0l 1. lOE +0l · 
Commercial --- ---

SNLA 
Transportation 6.5E+0l 2.90E+0l 
Commercial --- ---

SRS 
Treatment --- 1.39E+04 
Disposal --- 3.74E+02 
Transportation l.95E+0l 1.30E+0l 
Commercial --- 1.49E+03 

Total 
Treatment l.19E+05 l.16E+05 
Disposal 3.0IE+03 2.89E+03 
Transportation 3.53E+02 2.57E+02 
Commercial l.38E+04 2.53E+04 
Total l.36E+05 l.44E+05 

a 
b This case has two DOE treatment hubs, one in the east and one in the west; only hubs ship to commercial facilities. 

This case has five DOE treatment hubs; only hubs ship to commercial facilities. 

Estimates of the effect of source reduction on TRUW facilities are based on information in the transuranic 

waste technical report (Hong et al., 1995); Appendix D, Waste Management Facility Human Health Risk 

Estimates; and the waste management costs technical report (Sherick and Shropshire, 1995). 
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Table G-21. Reduction in Cancer lncidence0 at DOE HW Treatment Hubs from 
WMin/PP Source Reduction 

Hub/Receptor Regionalized 1 Regionalized 2 

Hanford 
Noninvolved worker population --- l.3E-03 

Offsite population --- 2. lE-03 
TSD workers --- 1.4E-0l 

INEL 
Noninvolved worker population 6.5E-04 7.0E-05 

Offsite population 4.8E-04 5.0E-05 
TSD workers 3. 7E-0l 3.8E-02 

LANL 
Noninvolved worker population --- 4.7E-03 

Offsite population --- l.0E-02 
TSD workers --- 1.SE-01 

ORR 
Noninvolved worker population 1.6E-02 5.SE-03 

Offsite population 4.7E-02 1.8E-02 
TSD workers 5.5E-0l 2. lE-01 

SRS 
Noninvolved worker population --- 3.0E-04 

Offsite population --- 6.0E-04 
TSD workers --- 4.6E-02 

Total 
Noninvolved worker population l.7E-02 1.2E-02 

Offsite population 4.8E-02 3.lE-02 
TSD workers 9.2E-0l 5.8E-0l 

a Cancer incidence arising from 20 years of treatment. 

G.2.5.1 Waste Load Reduction 

Tables G-22 and G-23 contain estimates of the effect on generating site waste loads of an across-the-board 

50% source reduction of CH TRUW and RH TRUW, respectfully. Inventory and generation rates for an 

installation are obtained from volume-weighted averages over treatment classes. The waste loads are based 

on inventory and 20 years of generation being treated in 10 years . The inventories and waste loads include 

the following waste stream categories from the DOE 1994 Mixed Waste Inventory Repon: 1000 (aqueous 

liquids); 2000 (organic liquids); 3000 (solid process wastes); 4000 (soils); and 5000 (debris). Waste 

categories 6000 (special : lab packs with and without reactive metals) and 7000 (inherently hazardous; for 

example, reactive metals, mercury, and cadmium batteries) are not included because impacts of their 
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treatment, storage, and transportation were not considered elsewhere in the WM PEIS . The percentage 

differences in waste load attributed to source reduction are smaller than for the other waste types 

considered because the inventories are larger relative to annual generation. Thus, changes in annual 

generation rates have relatively smaller effects on waste loads. Averaged over the DOE complex, a 50 % 

reduction in annual generation of CH TRUW is estimated to reduce CH ,TRUW waste loads by 15 % , and 

a 50% reduction in annual generation of RH TRUW is estimated to reduce RH TRUW waste loads by 

27% . 

Table G-22. Effect of WMin/PP Source Reduction on CH-TRUW Generating Site Waste Loads 

TRUW 
Inventory (m3

) 
Generation Rate Waste Loads3 (m3/yr) Percentage 

Site (m3/yr) Current WMin/PP Difference 

ANL-E 1.SE+0l 4.7E+0l 9.SE+0l 4.8E+0l 49% 

Hanford 8.2E+03 2.8E+02 6.8E + 02 4.0E+02 41% 

INEL 3.8E+04 l.4E+0l 3.8E+03 3.8E+03 1% 

LANL 8.1E+03 1.3E+02 1.1E+03 9.3E+02 12% 

LBL 8.0E-01 1.0E-02 1.0E-01 9.0E-03 10% 

LLNL 4.0E+02 7.4E+0l 1.7E+02 1.1E+02 33% 

Mound 1.6E+02 0 l.6E+0l 1.6E-01 0% 

Nevada 6.1E+02 0 6.IE+0l 6.IE+0l 0% 

PGDP 1.4E+0l 0 1.4 1.4 0% 

RFP 1.3E+03 2.4E+02 6.0E+02 3.7E+02 39% 

SNLA 1.0 0 1.0E-01 1.0E-01 0% 

SRS 5.4E+03 6.1E+02 1.7E+03 1. 1E+03 35% 

UMC 1.0E-01 2.0 4.0 2.0 50% 

Total 6.2E+04 1.4E+03 8.9E+03 7.6E+03 15% 

8 
Assumes inventory and 20 years of generation are treated in 10 years ; for the WMin/PP case, the annual generation rate is half 

the current generation rate. Includes waste stream categories: aqueous liquids (1000); organic liquids (2000); solid process residues 
(3000); soils (4000); and debris (5000) . 
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Table G-23. Effect of WMin!PP Source Reduction on RH TRUW Generating Site Waste Loads 

TRUW 
Inventory (m3

) 
Generation Waste Loads3 (m3/yr) Percentage 

Site Rate (m3 /yr) Current WMin/PP Differences 

ANL-E 0.00 1.7E+0l 3.4E+0l 1.7E+0l 50 % 

Hanford 2.8E+03 1.8E+02 6.3E+02 4.5E+02 28 % 

INEL 1.1E+02 2.3E+0l 5.7E+0l 3.4E+0l 40 % 

LANL 7.9E+0l 5.0E-01 8.9 8.4 6% 

ORR 1.1E+03 1.4E+0l 1.4E+02 1.3E+02 11% 

Total 4.1E+03 2.3E+02 8.7E+02 6.4E+02 27% 

a Assumes invent.ory and 20 years of generation are treated in 10 years; for the WMin/PP case, the annual generation rate is half 
the current generation rate. Includes waste stream categories : aqueous liquids (1000) ; organic liquids (2000); solid process residues 
(3000); soils (4000); and debris (5000) . 

The effect of a 50% across-the-board source reduction is considered for four representative CH TRUW 

alternatives and one RH TRUW alternative. The four CH TRUW cases are: Regionalized Alternative 3, 

3 regional sites with treatment to RCRA compliance (Case 8); Regionalized Alternative 2, 5 regional sites 

with treatment to RCRA compliance (Case 6); Regionalized Alternative 1, 5 regional sites with stabilization 

treatment (Case 5); and the Decentralized Alternative, 16 sites treating to the Waste Isolation Plant Project 

(WIPP) waste acceptance criteria (WAC) (Case 4). These four cases provide diversity in the number of 

treatment sites and the level of treatment. The RH alternative has two sites with RCRA treatment (Case 

15). The effect of this source reduction on the waste loads at the regional treatment facilities for the three 

regional site and five regional site CH TRUW cases and for the two regional site RH TRUW cases is given 

in Table G-24. For the Decentralized Alternative, with 16 sites treating to the WIPP WAC, the treatment 

takes place where the waste originates so that the percentage waste load reductions in Table G- 22 apply . 
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Table G-24. Effect of WMin/PP Source Reduction on Regional Treatment Site TRUW Waste Loads 

Regional Treatment Percentage Decrease in Waste Load3 

Site CH 3 Regional Sites CH 5 Regional Sites RH 2 Regional Sites 

Hanford 41 41 29 

INEL 7 1 NA 

SRS 35 12 NA 

LANL NAb 35 NA 

RFETS NA 39 NA 

ORR NA NA 18 

8 
Assumes inventory and 20 years of generation are treated in 10 years; for the WMin/PP case, the annual generation rate is half 

gie current generation rate. 
NA = not a regional treatment site. 

G.2.5.2 Cost Savings 

Cost savings from WMin/PP are considered for the four CH TRUW alternatives and for one RH TRUW 

alternative . Since disposal at WIPP is common to all alternatives, costs of disposal are considered to be 

beyond the scope of this appendix. The estimates of the effects of a 50 % source reduction on costs used 

the effects of that source reduction on waste loads in Tables G-22 through G-24. Table G-24 was used 

for the effects on treatment at and transportation from regional treatment facilities. Tables G- 22 (for CH 

waste) and Table G- 23 (for RH waste) were used for the effects on treatment at and transportation from 

other installations. 

Reductions in costs of treatment storage, and transportation were assumed to be proportional to reduction 

in waste load. In estimating the effect of source reduction on the facilities cost, the same distinction was 

made between situations where there are existing facilities and when there are no existing facilities, as in 

section G.2.2.2. Using information on existing facilities from Sherick and Shropshire (1995), Table G-25 

summarizes the effect of a 50 % source reduction on the need for new capacity. For the cases considered, 

the existing facilities at the Rocky Flats Environmental Technology Site (RFETS) are estimated to have 

adequate capacity regardless of source reduction. On the other hand, the facilities at INEL and SRS would 

not have sufficient capacity even with a 50% source reduction . At the Hanford Site, the existing waste 

characterization facility would have sufficient capacity for source reductions in excess of 14%. 
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Table G-25. Effect of WMin!PP Source Reductiona on the Need for New CH TRUW Facilities 

Site/Facilityb 
Existing 

Current/ Total Capacity Required by Case (kg/h) 
Capacity 

WMin/PP Case 4c Case Sc Case 6c Case Sc (kg/h) 

Hanford 
WCHAR 8.lE+0l Current 8.9E+0l 8.9E+0l 8.9E+0l 8.9E+0l 

WMin/PP S.2E+Old S.2E+Old 5.2E+Old 5.2E+Old 
OSORT 8.lE+0l Current --- l.4E+0ls l.4E+0ls l.4E+0ls 

WMin/PP --- 8.4' 8.4' 8.4' 

INEL 
RETRV l.2E+02 Current S.4E+02 S.4E+02 5.4E+02 5.4E+02 

WMin/PP S.4E+02 5.4E+02 5.4E+02 5. 1E+02 
WCHAR 6.9E+0l Current l.7E+02 l.7E+02 l.7E+02 1.7E+02 

WMin/PP l.7E+02 1.7E+02 1.7E+02 l.7E+02 

LANL 
AQWTR 2.0E+0l Current --- --- 9.Ss ---

WMin/PP --- --- 8.4S ---
INCIN 6.4E+0l Current --- --- 5.SE+0ls ---

WMin/PP --- --- 4.8E+0ls ---
GROUT 4.SE-01 Current 2.3E+0l l.9E+0l 2. IE+0l ---

WMin/PP 2.0E+0l l.7E+0l l.8E+0l ---

RFETS 
AQWTR l.5E+04 Current --- --- 6.08 8.6E-0l 5 

WMin/PP --- --- 3.78 5.4E-0l5 

CMPCT 7.7E+0l Current --- S.2E+0l5 5.5E+0l5 ---
WMin/PP --- 3.2E+0ls 3.4E+0l5 ---

GROUT 2.9E+0l Current 1.SE+0ls 1.3E+0ls l.2E+0l 8 8.6E-0l5 

WMin/PP 9s 7.6' 7. ls 8.6E-0ls 

SRS 
WCHAR l.2E+0l Current 2.2E+0l 2.2E+0l 2.2E+0l 2.2E+0l 

WMin/PP l.4E+0l l.4E+0l l.4E+0l 1.4E+0l 
OSORT l.2E+0l Current --- 1.1E+02 1.1E+02 1. 1E+02 

WMin/PP --- 7.3E+0l 7.3E+0l 7.3E+0l 

a The required capacities for WMin/PP are based on an assumed 50% across-the-board source reduction . 
b WCHAR = waste characterization; OSORT = open, dump, and sort; RETRY = retrieval; AQWTR = aqueous water 
treatment; INCIN = incineration; CMPCT = shredding and compaction; and GROUT = grout stabilization. 
c Case 4: process and package CH TRUW to WIPP WAC at 16 sites (Decentralized Alternative); Case 5: treat CH TRUW at 5 
sites to an intermediate level greater than that needed to meet current WIPP WAC (Regionalized l); treat CH TRUW at 5 sites 
rf RCRA land disposal requirements (LOR) (Regionalized 2); Case 8: treat at three sites to RCRA LOR (Regionalized 3). 

The existing capacity is estimated to be sufficient for a source reduction in excess of 14%. 
s The existing capacity is sufficient regardless of source reduction . 

The effects of the assumed source reduction on the planning level life-cycle costs of operations and 

maintenance, construction, and transportation are given in Tables G-26 and G-27 for the CH TRUW 
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alternatives and the RH TRUW alternative, respectively. For the CH TRUW alternatives, the assumed 

source reduction is estimated to result in a 22 % reduction in costs, while the cost reduction for RH TRUW 

is estimated to be 26 % . 

G.2.5.3 Human Health Risk Reduction 

Reductions in human health risk from a 50% across-the-board reduction in the annual generation of TRUW 

were estimated for the same four CH TRUW alternatives and RH TRUW alternative considered above. 

The human health risk considered was cancer incidence among the offsite population and among workers 

at TSO facilities. Risk reduction is assumed to be proportional to throughput reduction. With this 

assumption, the estimated reductions in risk for 10 years of operation of treatment facilities are given in 

Table G-28. The table shows that source reduction of CH TRUW is estimated to have a larger impact on 

human health risk to the public (approximately 30 % reduction) than to TSO workers (approximately 18 % 

reduction). This is because human health risks are estimated to be greater at SRS than at other installations. 

Because SRS has a relatively small ratio of inventory to annual generation, reductions in annual generation 

are relatively effective in reducing human health risk. 

In contrast, health risks to TSO workers are more evenly spread among installations, with TSO workers 

at INEL having the greatest cancer incidence. At INEL, inventory of CH TRUW far exceeds annual 

generation. Thus, source reduction has a smaller impact on estimated cancer incidence among TSO 

workers. 

Table G-26. Effect of WMin/PP on Costs for Four CH TRUW Alternativesa (in dollars) 

Caseh 
O&M Construction Transportation 

Current WMin/PP Current WMin/PP Current WMin/PP 

Case 4 4.0E+09 3.1E+09 1.4E+09 1.1E+09 2.0E+07 1.7E+07 

Case 5 4.3E+09 3.3E+09 l.5E+09 1.2E+09 1.5E+07 1.3E+07 

Case 6 4.8E+09 3.7E+09 2.0E+09 l.5E+09 l.2E+07 l.0E+07 

Case 8 4.3E+09 3.3E+09 l.9E+09 l.4E+09 l.6E+07 l.3E+07 

: Based on a 50 % across-the-board source reduction 
Case 4: process and package CH TRUW to WIPP WAC at 10 larger sites (Decentralized Alternative) ; Case 5: treat CH TRUW 

at 5 sites to an intermediate level greater than that needed to meet current WIPP WAC (Regionalized 1); Case 6: treat CH TRUW 
at 5 sites to RCRA land disposal requirements (LDR) (Regionalized 2); Case 8: treat at 3 sites to RCRA LDR (Regionalized 3). 
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Table G-27. Effect of WMin!PP Source Reduction on Costs for an RH TRUW Alternative° 

O&M Construction Transportation 
Site 

Current WMin/PP Current WMin/PP Current WMin/PP 

ANL-E 3.4E+06 l.7E+06 --- - 2.1E+05 l.0E+05 

Hanford 7.7E+08 5.6E+08 4.2E+08 3.0E+08 1.3E+07 9.4E+06 

INEL 3.9E + 07 2.3E+07 l.0E+07 6.0E+06 3.5E+05 2. 1E+ 05 

LANL l.2E+07 l.1 E+07 3.3E+06 3.1E+06 l.0E+05 9.5E+04 

ORR 3.6E+08 3.0E+08 2.6E+08 2.1E+ 08 5.5E+05 4.5E+05 

Total 1.2E+ 09 9.0E+08 6.9E+08 5.2E + 08 1.4E+07 l.0E+07 

a This is for treatment to RCRA standards at two installations (Hanford and Oak Ridge); ANL-E ships to ORR; INEL and LANL ship to Hanfo rd . 
It is assumed that there is a 50 % across-the-board source reduction. 

G .3 WMin/PP Practices Applied to Environmental Restoration and 
Decontamination and Decommissioning Activities 

Environmental restoration activities are directed toward removal and treatment of legacy waste and 

pollutants. Waste and pollution may be generated during restoration activities just as they may be generated 

by decontamination and decommissioning (D&D) of plants and equipment and by dismantlement of 

weapons systems. Appendix B of the 1994 crosscut plan (DOE, 1994b) states that WMin/PP is applicable 

to the processes and techniques used to perform ER and D&D activities. In this section, application of 

WMin/PP practices to ER and D&D activities is discussed in view of the Office of Technology 

Development's Research, Development, Demonstration, Testing, and Evaluation (RDDT&E) program. 

Table G-28. Effect of WMin!PP Source Reduction on Cancer Incidence for TRUW Alternatives 

Offsite Population TSD Workers 
Case• 

WMin/PPb Current Current WMin/PP 

Case 4 4.2E-04 3.lE-04 2.1 1.8 

Case 5 5.9E-04 4.3E-03 2.2 1.8 

Case 6 l.lE+0l 7.9 2.2 1.8 

Case 8 9.0 5.9 2.3 1.8 

Case 15 l .8E-01 1.5E-01 3.3E-01 2.7E-01 

a Case 4 (Decentralized Alternative): process and package CH TRUW to WIPP WAC at 16 sites; Case 5 (Regionalized Alternative): treat CH 
TRUW at 5 sites to an intermediate level greater than that needed to meet current WIPP WAC; Case 6 (Regionalized Alternative 2) treat CH 
TRUW at 5 sites to RCRA land disposal requirements (LDR); Case 8: treat at 3 sites to RCRA LDR; Case 15: treat RH TRUW at 2 sites to RCRA 
Ji-DR. 

50 % across-the-board reduction in annual generation. 
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G.3.1 GROUNDWATER AND SOILS CLEANUP 

Some of DOE's most pressing ER needs are for cleanup or containment of radioactive and hazardous 

contaminants in soils and groundwater. DOE is responsible for waste management and cleanup of more 

than 100 contaminated installations (containing approximately 3,700 contaminated sites) in 36 states (DOE, 

1993a). These sites have over 26,000 acres with hazardous and radiologically contaminated surface water, 

groundwater, and soil that are in need of some measure of remediation . The following are a few examples 

of the extent of the contamination. At SRS and the Hanford Site, for example, soils and groundwater are 

contaminated with volatile organic compounds (VOCs). At the Nevada Test Site, more than 13 km2 of soil 

are contaminated with plutonium, and a large quantity of soil is contaminated with uranium at the Fernald 

Environmental Management Project (FEMP) Site. 

Toe DOE Office of Technology RDDT&E efforts include several programs directed for groundwater and 

soils cleanup. One concept being explored that is in conformity with WM in/PP principles is the Minimum 

Additive Waste Stabilization (MAWS) concept for stabilization of LL W and LLMW (DOE, 1994d). This 

new approach to vitrification uses multiple waste streams as substitutes for additives otherwise needed to 

be purchased. Toe MAWS concept integrates vitrification with other treatment technologies as appropriate, 

increasing waste loadings and reducing costs. The minimum additive waste stabilization technology is being 

demonstrated at FEMP. Applicable waste streams appear to be soils, sludges, groundwater, and ash and 

debris from burn pits. 

Most of the RDDT&E programs in the ER area are integrated programs or demonstrations. In an integrated 

program, multiple technologies are assembled and evaluated as a cradle-to-grave solution to a 

representative generic environmental problem (DOE, 1993a). Some current RDDT &E integrated 

demonstrations are for VOCs in non-arid soils, VOCs in arid soils, cleanup of mixed waste landfills, 

uranium in soils, and in-situ remediation. Some of the technologies in the integrated demonstrations can 

be considered source reduction technologies . One such technology is methane-enhanced bioremediation, 

in which methane is injected via horizontal wells to become a food source for indigenous microorganisms 

known to be capable of degrading trichloroethylene (DOE, 1994e). By destroying contamination rather 

than transferring it from one medium to another, methane-enhanced bioremediation can be considered a 

source reduction technique (DOE, 1994e). 
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G.3.2 DECONTAMINATION, DECOMMISSIONING, AND RECYCLE 

Because many facilities in the DOE complex are aging or changing their missions, there is a need to 

deactivate and decommission a large number of surplus buildings that currently contain radiological , 

hazardous, mixed, and special (such as asbestos) contaminants . Facilities in the DOE complex are assumed 

to contain substantial quantities of scrap steel , nickel , aluminum, and copper, which if decontaminated 

could be recycled and reused. The Office of Technology Development's RDDT&E program has a 

component concerned with reuse and recycle of both metal and concrete from decommissioned facilities 

(DOE, 1993a). Technologies being considered for the removal of both surface and volume contamination 

because they appear to have no technological barriers, worker safety problem, or public health limitations 

are: 

• Surface decontamination of concrete using a microwave process 

• Surface decontamination of metals using a laser process 

• Volumetric decontamination of concrete using an electrostatic process 

• Volumetric decontamination of stainless steel and of mild steel using a refining process 

• Surface decontamination (internal) of equipment using a gas-phase process 

• Volumetric decontamination of transite/asbestos using a melting process 

This component includes developing industrial capacity to reuse and recycle the contaminated material . 
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Table G.A-1. Effect of WMin!PP on LL W Treatment and Disposal at 
Regional Sites-Regionalized Alternative 2 

No WMin/PP ($) WMin/PP ($) 
Installation/Process 

Operations Construction Operations Construction 

FEMP 
Incinerate 1.93E+07 2.89E+07 1.11E+07 1.66E+07 
Stabilire 6.97E+06 7.17E+07 3.94E+06 4.06E+07 
Supercompact 1.01E+07 1.26E+06 5.07E+06 6.33E+05 
Size Reduce 5.19E+07 2.08E+07 3.29E+07 1.32E+07 
Package --- --- --- ---
Ship 3.27E+07 1.34E+07 1.96E+07 8.04E+06 
Dispose --- --- --- ---

Hanford 
Incinerate 3.33E+06 2.01E+07 1.91E+06 1.15E+07 
Stabilire 4.47E+06 3.53E+06 2.53E+06 1.20E+06 
Supercompact 4.33E+07 6.49E+06 2.18E+07 24%· 
Size Reduce 2.70E+08 7.44E+07 1.72E+08 4.72E+07 
Package 5.41E+07 2.03E+07 3.33E+07 1.25E+07 
Ship 2.61E+08 8.67E+07 1.61E+08 5.34E+07 
Dispose 2.03E+09 1.52E+09 1.11E+08 8.33E+08 

INEL 
Incinerate 2.90E+07 3.58E+07 1.67E+07 2.06E+07 
Stabilire 1.13E+07 1.29E+07 6.38E+06 7.28E+06 
Supercompact 1.00E+07 --- 5.05E+06 ---
Size Reduce 1.68E+08 --- 1.06E+08 ---
.Package 7.91E+07 2.46E+07 4.88E+07 1.52E+07 
Ship 9.04E+07 2.79E+07 5.58E+07 1.72E+07 
Dispose 3.84E+08 3.58E+07 1.96E+08 l.83E+07 

LANL 
Incinerate 3.62E+07 4.32E+06 2.08E+07 2.48E+06 
Stabilire 2.32E+07 2.04E+07 1.31E+07 1.15E+07 
Supercompact 4.56E+07 1.38E+07 2.30E+07 6.97E+06 
Size Reduce l.13E+08 3.48E+07 7.21E+07 2.21E+07 
Package l.08E+08 3.20E+07 6.42E+07 l.90E+07 
Ship 9.10E+07 2.80E+07 5.40E+07 1.66E+07 
Dispose 5.46E+08 5.61E+07 2.86E+08 2.28E+07 

LLNL 
Incinerate 4.16E+06 2.02E+07 2.39E+06 1.16E+07 
Stabilire 8.62E+06 9.04E+06 4.88E+06 5.12E+06 
Supercompact 4.64E+06 --- 2.34E+06 ---
Size Reduce 3.92E+06 --- 2.49E+06 ---
Package 4.26E+06 --- 2.42E+06 ---
Ship 3.28E+07 l.34E+07 l.86E+07 7.60E+06 
Dispose 2.19E+08 9.22E+07 l.11E+08 4.66E+07 
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Table G.A-1. Effect of WMin!PP on LL W Treatment and Disposal 
at Regional Sites-Regionalized Alternative 2-Continued 

No WMin/PP ($) 
Installation/Process 

WMin/PP ($) 

Operations Construction Operations Construction 

ORR 
Incinerate 7.93E+06 2.10E+07 4.56E+06 1.21E+07 
Stabilize 2.10E+07 1.95E+07 1.19E+07 1.11E+07 
Supercompact 4.33E+07 l.21E+07 2.18E+07 3.61E+06 
Size Reduce l.48E+09 3.06E+08 9.38E+08 l.94E --l- 08 
Package 4.83E+07 1.93E+07 3.04E+07 1.61E+07 
Ship 3.17E+08 l.05E+08 l.20E+08 6.60E+07 
Dispose 2.64E+08 6.99E+07 1.65E+08 4.37E+07 

PGDP 
Incinerate 1.80E+07 2.89E+07 1.04E+07 1.66E+07 
Stabilize 7.34E+06 7.17E+06 4.15E+06 4.06E+06 
Supercompact 1.66E+07 3.83E+06 8.36E+06 1.93E+06 
Size Reduce 5.14E+07 2.08E+07 3.26E+07 1.32E+07 
Package 1.07E+08 3.14E+07 6.36E+07 1.87E+07 

, Ship 6.12E+07 2.05E+07 3.64E+07 1.22E+07 
Dispose 2.47E+08 6.44E+07 1.27E+08 3.30E+07 

Pantex 
Incinerate --- --- --- ---
Stabilize 2.95E + 06 1.75E+06 1.67E+06 9.90E+05 
Supercompact 1.31E+07 2.53E+06 6.62E+06 2.08E+05 
Size Reduce 3.08E+08 8.16E + 07 1.96E+08 5.18E+07 
Package 2.53E+07 l.53E + 07 1.59E+07 9.61E+06 
Ship l.04E+08 3.13E+07 6.54E+07 1.97E+07 
Dispose 1.98E+08 2.08E+07 1.23E+08 1.30E+07 

PORTS 
Incinerate 1.50E+07 2.59E+07 8.65E+06 1.49E+07 
Stabilize 5.95E+06 5.34E+06 3.37E+06 3.02E+06 
Supercompact 1.08E+07 1.26E+06 5.43E+06 6.33E+05 
Size Reduce 2.22E+08 6.39E+07 1.41E+08 4.06E+07 
Package --- --- --- ---
Ship 8.16E+07 2.57E+07 5.09E+07 1.60E+07 
Dispose 4.02E+08 1.21E+08 2.08E+08 6.24E+07 

RFETS 
Incinerate 7.15E+07 7.07E+07 4.11E+07 4.06E+07 
Stabilize 3.42E+07 4.86E+07 1.93E+07 2.75E+07 
Supercompact 1.09E+07 2.83E+06 5.50E+06 l.42E+06 
Size Reduce 7.41E+07 4.48E+07 4.71E+07 2.84E+07 
Package 4.62E+07 1.89E+07 2.74E+07 1.12E+07 
Ship 4.97E+07 1.76E+07 2.94E+07 1.05E+07 
Dispose 3.19E+08 3.57E+07 1.64E+08 1.84E+07 
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Table G.A-1. Effect of WMin!PP on LL W Treatment and Disposal 
at Regional Sites-Regionalized Alternative 2-Continued 

No WMin/PP ($) WMin/PP ($) 
Installation/Process 

Operations Construction Operations Construction 

SRS 
Incinerate 2.86E+07 3.54E+07 1.64E+07 2.03E+07 
Stabilize 3.37E+07 2.44E+07 1.91E+07 1.38E+07 
Supercompact 4.50E+07 --- 2.27E+07 ---
Size Reduce 2.86E+07 3.18E+07 1.81E+07 2.02E+07 
Package 2.37E+08 8.28E+07 1.33E+08 4.65E+07 
Ship 3.12E+08 1.00E+08 1.75E+08 5.63E+07 
Dispose 1.95E+09 1.46E+09 9.84E+08 6.53E+08 

8 
If a percentage is given, that is the percentage source reduction above which an existing facility has sufficient capacity . 

Table G.A-2. Effect of WMin!PP on LL W Treatment and Disposal at 
Regional Sites-Regionalized Alternative 5 

No WMin/PP ($) WMin/PP ($) 
Installation/Process 

Operations Construction Operations Construction 

Hanford 
Incinerate 4.47E+06 2.04E+07 2.57E+06 1.17E+07 
Stabilize 4.68E+06 3.53E+06 2.65E+06 2.00E+06 
Supercompact 4.38E+07 6.49E+06 2.21E+07 26% 
Size Reduce 2.76E+08 7.44E+07 1.75E+08 4.72E+07 
Package 5.41E+07 2.03E+07 3.33E+07 1.25E+07 
Ship 2.63E+08 8.67E+07 1.62E+08 5.34E+07 
Dispose 2.07E+09 1.52E+09 1.13E+09 8.32E+08 

INEL 
Incinerate 1.11E+08 1.16E+08 6.38E+06 6.65E+07 
Stabilize 5.34E+07 6.29E+07 3.02E+07 3.56E+07 
Supercompact 5.62E+07 4.11E+06 2.83E+07 10% 
Size Reduce 6.28E+08 9.40E+07 3.99E+08 37% 
Package 7.91E+07 2.46E+07 4.86E+07 1.51E+07 
Ship 1.93E+08 6.14E+07 l.18E+08 3.77E+07 
Dispose 5.62E+08 5.67E+07 2.87E+08 1.97E+07 

LANL 
Disposal 4.98E+08 5.09E+07 2.75E+08 2.08E+07 

NTS 
Disposal 1.95E+08 1.47E+07 9.96E+07 7.49E+06 
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Table G.A-2. Effect of WMin!PP on LL W Treatment and Disposal 
at Regional Sites-Regionalized Alternative 5-Continued 

No WMin/PP ($) WMin/PP ($) 
Installation/ Process 

Operations Construction Operations Constructiona 

ORR 
Incinerate 3.02E+07 3.68E+07 1.74E+07 2.12E+07 
Stabilize 2.46E+07 2.09E+07 1.39E+07 1.18E+07 
Supercompact 4.59E+07 1.35E+07 2.31E+07 4.55E+06 
Siz.e Reduce 1.77E+09 3.59E+08 1.12E+09 2.28E+08 
Package 4.83E+07 1.93E+07 3.04E+07 1.21E+07 
Ship 3.62E+08 1.19E+08 2.28E+08 7.48E+07 
Dispose 6.11E+08 1.91E+08 3.28E+08 1.03E+08 

SRS 
Incinerate 6.72E+07 6.73E+07 3.87E+06 3.87E+07 
Stabilize 5.01E+07 5.66E+07 2.83E+06 3.20E+07 
Supercompact 4.37E+07 --- 2.31E+07 ---
Siz.e Reduce 1.06E+08 6.43E+07 6.73E+07 4.08E+07 
Package 2.60E+08 1.32E+08 1.52E+08 7.71E+07 
Ship 3.13E+08 1.05E+08 1.83E+08 6.12E+07 
Dispose 1.98E+09 1.46E+09 1.00E+09 6.53E+08 

a If a percentage is given, that is the percentage source reduction above which an existing facility has sufficient capacity . 
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APPENDIXH 

Technology Development 

This appendix addresses the potential impact of technology development on the Waste Management 

Alternatives described in Chapter 3 of the Waste Management Programmatic Environmental Impact 

Statement (WM PEIS). This discussion outlines the approach taken by the Department of Energy 's (DOE's) 

Office of Environmental Management (EM) through its Office of Technology Development and discusses 

selected examples of emerging technologies that may influence the WM PEIS Alternatives or mitigate the 

impact of EM activities. 

The Office of Technology Development is responsible for managing an aggressive national program of 

applied research, development, demonstration, testing, and evaluation for environmental cleanup, waste 

management, and related technologies. This Technology Development (TD) Program undertakes a focused 

problem-oriented approach to have technologies available for use to support the DOE's environmental 

management needs in a manner that also supports the DOE's industrial competitiveness goals . The TD 

Program is designed to resolve major technical issues, to rapidly advance beyond current technologies for 

waste management operations, and to expedite compliance with applicable environmental laws and 

regulations. The underlying strategy is to identify and develop high-payoff waste management technologies 

that can: (1) cleanup the inventory of DOE nuclear component manufacturing sites and (2) better manage 

DOE-generated waste than is possible with existing environmental cleanup technologies . In many cases, 

the development of new technologies presents the best hope for ensuring a substantial reduction in risk to 

the environment and improved safety for workers and the public within realistic financial constraints . 

The availability, and the projected availability, of appropriate technologies govern what can be cleaned up , 

how, and how soon. DOE's objective is to manage its waste with the greatest effectiveness, efficiency, and 

lowest tolerable risks to people (health, safety, jobs) and the environment. Although emerging technologies 

are discussed in the context of the WM PEIS, they will likely play their most prominent role in the 

National Environmental Policy Act (NEPA) process during remediation at individual sites or during the 

decision-making process of facility design and selection. This is the point at which candidate technologies 

would receive specific consideration. To date, thirty-nine technologies developed and demonstrated by the 
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Office of Technology Development have been either implemented or selected for implementation by DOE 

sites. Many of these technologies have been transferred to industry and are commercially available. Many 

more are in various stages of demonstration needed to become viable candidates for implementation. Past 

accomplishments in technology development are detailed in a series of Annual Reports to Congress 

required under Public Law 101-189. 

The technologies postulated by DOE for use in waste management applications for the purpose of 

estimating attributes associated with the various WM PEIS Alternatives are ones which have already been 

widely approved by regulators. On the other hand, the technologies discussed in this Appendix, while 

believed to be sound in theory, require significant development before they would be considered proven, 

demonstrated, and generally acceptable to regulators. Emerging technologies must meet at least one, and 

preferably all , criteria for being "better, faster, safer, cheaper" than the current baseline technologies that 

they may supplant. Representative emerging technologies, if available for wide application, are considered 

in this appendix to help determine whether they might alter the selection of WM PEIS Alternatives. 

Consideration is also given to the potential ability of technology development to mitigate the environmental 

and economic costs of the EM program. 

H.2 Focus Areas and Cross-Cutting Activities 

The EM Office of Technology Development is organized on the basis of focus areas and cross-cutting 

activities. Five major remediation and waste management focus areas have been identified and targeted for 

action on the basis of risk, prevalence, or need for technology development to meet environmental 

requirements and regulations: contaminant plume containment and remediation; mixed waste 

characterization, treatment, and disposal; high-level waste tank remediation; landfill stabilization; and 

facility transitioning, decommissioning, and final disposition. 

Contaminant Plume Containment and Remediation . This focus area deals with uncontained hazardous 

and radioactive contaminants in soil and groundwater. At most sites, information about contaminant 

distribution and concentration is insufficient. Moreover, many characterization, containment, and treatment 

technologies are ineffective or too costly to use. Improvements are being sought in characterization and 

data interpretation methods, containment systems, and in situ treatment. 
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Mixed Waste Characterization, Treatment, and Disposal. This focus area addresses major technical 

challenges to managing low-level mixed waste. Disposal capacity for mixed waste is expensive and 

severely limited; DOE now spends millions of dollars each year to store mixed waste because of the 

unavailability of accepted treatment technology and disposal capacity. Currently available waste 

management practices require extensive, and therefore expensive, waste characterization before disposal. 

Consequently, DOE must pursue technology that leads to better and less expensive characterization, 

retrieval, handling, and treatment and disposal of mixed waste. 

High-Level Waste Tank Remediation. This focus area is primarily concerned with deteriorating tank 

structures and consequent leakage of their contents . Research and technology development activities must 

concentrate on safe, reliable, cost-effective methods for characterization, retrieval, treatment, and final 

disposal of high-level tank wastes. 

Landfill Stabilization. This focus area addresses the significant remediation challenges posed by numerous 

DOE landfills. Some existing landfills have contaminants that are migrating, thus requiring interim 

containment before final remediation. Materials buried in "retrievable" storage pose another 

problem-retrieval systems that reduce worker exposure and reduce the quantity of secondary waste must 

be developed. Development of in situ methods for containment and treatment is also a high- priority need. 

Facility Transitioning, Decommissioning, and Final Disposition. This focus area addresses the 

technological problems associated with the numerous weapons complex facilities no longer needed because 

of age or changing national security requirements . While the building and scrap materials at the facilities 

are a potential resource with significant economic value, current regulations lack clear release standards. 

The recovery, recycling, or reuse of these resources can be encouraged by enhanced technological 

developments for their decontamination. In addition, material removal, handling, and processing 

technologies must be improved to enhance worker safety and to reduce cost. 

In addition to these five focus areas, the Office of Technology Development is concerned with three 

cross-cutting activities: characterization , efficient separations, and robotics. The objective of these 

cross-cutting activities is to provide needed technologies, in a timely, cost-effective manner, to support 

waste management, environmental restoration, and facility transition and management missions. 
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The remainder of this appendix contains a discussion of several emerging technologies . Section H.3 

discusses emerging treatment and airborne monitoring technologies for waste management, with example 

technologies for managing low-level mixed waste, particularly the organic components of such waste. 

Section H.4 is an analogous discussion of emerging technologies particularly relevant to characterization 

and environmental remediation issues, with emphasis on their impacts on groundwater and soil 

contamination. The technology discussed in Section H.4 is relevant to this PEIS to the extent to which it 

increases (that is, by making remediation technically and economically feasible at additional DOE sites) 

or decreases (that is, by enabling in situ cleanup of soil and groundwater sites) the volume of waste to be 

transferred to the EM Office of Waste Management for treatment and disposal. Section H.5 discusses 

technologies that relate to transportation risks associated with most WM PEIS Alternatives. While 

technologies are discussed under particular categories for convenience, the reader should note that many 

technologies overlap both site remediation and waste management categories . 

H.3 Waste Management Technologies in Development 

DOE has identified nearly 2,000 different stored mixed, high-level, transuranic, or low-level waste streams 

at more than 50 of its sites. The Office of Technology Development has undertaken a systematic approach 

to solving key problems in waste management (and environmental restoration) by conducting technology 

development in the categories of characterization and monitoring, retrieval, treatment, and stabilization 

in a form suitable for final disposal . During FY 1996, the Office has planned to support the work packages 

shown in the Attachment to this Appendix. Waste management (as opposed to environmental restoration) 

efforts are being conducted most extensively in the Mixed Waste Characterization, Treatment, and Disposal 

Focus Area and in the crosscutting areas of characterization, robotics, and efficient separations; some other 

efforts (for example, pollution prevention) are also being conducted. 

In this section, the technical capabilities and limitations of emerging technologies are compared with the 

baseline technology (usually incineration) for organic destruction in low-level mixed waste. This discussion 

will concentrate on the treatment of low-level mixed waste (LLMW) for several reasons: this type of waste 

is most broadly distributed throughout the DOE complex, at large and small sites; past practices for the 

storage and treatment of these wastes have led to public concerns about possible safety and health impacts; 

few treatment technologies have been proven for LLMW; and these are not acceptable for most of the 

LLMW streams. Thus, new technological advances for mixed waste treatment are widely sought. 
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The organic destruction step is particularly suited for illustration because it clearly offers the potential for 

advances in an overall system integrating treatment, monitoring, and improved final waste forms . 

Technology for each of these areas is included in this discussion. The choice of organic destruction 

technology is also important within the framework of the WM PEIS because of the potential impacts at sites 

of all sizes within the DOE complex. Thus, this issue relates directly to the degree of centralization and 

the choice among the Alternatives analyzed in this PEIS. 

H.3.1 DEFINITION OF THE ISSUE 

Most of the approximately 50 DOE sites where LLMW now exists, has existed, or is expected to exist, 

generate and store small volumes of LLMW. More than 99% of DOE LLMWexists at just 13 of them. 

Of the 50 sites, about half would require treatment of 10 cubic meters or less of LLMW per year, and 

several would require treatment of less than 1 cubic meter . Although much LLMW would not be suitable 

for incineration (for example, bulk wastes contaminated with heavy metals) the baseline technology for 

dealing with the organic components of these wastes is assumed for discussion purposes to be treatment 

using a thermal technology, such as incineration. Specific treatment categories and volumes for DOE sites 

are provided elsewhere in the WM PEIS. 

Land disposal restrictions specifically prohibit the disposal of a wide range of waste categories into the 

earth (40 CFR Part 268). Prominent on the list of prohibited waste categories are organic compounds 

regulated under the Resource Conservation and Recovery Act (RCRA). The inventory of DOE-generated 

LLMW contains the regulated organics as well as substances, such as inorganics, metals, and low-level 

radioactive constituents. 

Use of emerging technologies in treating organic mixed wastes could change the number of treatment 

facilities, as well as respond to concerns about the social equity of treating waste at one site shipped from 

elsewhere-particularly from other States or regions. Alternate thermal or nonthermal approaches to 

organic destruction that would make onsite treatment of small volumes more feasible could minimize these 

concerns and reduce the importance of organic LLMW components in decisions between centralized and 

decentralized treatment configurations . The degree of centralization may also be affected if similar 

emerging technologies, applicable at larger scales, alter the balance of costs, risks, or public acceptance 

of currently available technologies for treating wastes at the larger volume sites . 
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H.3.2 BASELINE TECHNOWGY 

According to 40 CFR 268.42, the U.S. Environmental Protection Agency (EPA)-approved 

technology-based standard treatment for organic destruction is incineration; a technology that has attained 

this status is commonly referred to as best demonstrated available technology, or BOAT. 

The schedule for availability for incineration is not a problem; the technology has been applied to the 

treatment of both hazardous and mixed waste. Although improvements in technique are still being made, 

no further development is required for using the technology at conventional fixed facilities. 

The cost of incinerators is a concern. Incinerators have a relatively high initial capital cost, especially when 

used to treat small volumes of mixed waste. An incinerator must be designed and sized to maintain a 

sufficient residence time at an elevated temperature to ensure the high level of destruction necessary to 

meet regulatory requirements. In addition, current units are larger than the size required to treat the low 

volumes of waste at smaller sites. The size of the treatment unit cannot simply be reduced proportionally 

for smaller waste volumes; therefore, the cost per unit volume would increase as less material is treated. 

Because of the high capital costs for constructing fixed facilities, industry has developed mobile 

incinerators for hazardous waste treatment. However, no mobile systems are yet commercially available 

to treat DOE's mixed wastes. 

Technical limitations are also a concern when applied to the DOE complex. Treatment units must be 

designed to accommodate a wide range of wastes with different compositions and physical characteristics. 

Some degree of overdesign will be necessary, resulting in a larger, more costly, and more complex system. 

Difficulties with segregating secondary wastes (for example, ash) may also require additional treatment and 

incur additional costs . Incinerators require a complex off-gas treatment system to ensure that the release 

of hazardous compounds will be reduced below specified or permitted levels. This problem is compounded 

for many DOE wastes by the presence of radionuclides. These may contaminate the off-gas stream as 

entrained particulates, or through volatilization resulting from the elevated temperatures required for 

complete combustion. The off-gas treatment system needs redundancy in design to insure appropriate levels 

of safety under all conditions. 

Public acceptability issues are complicated by the interplay between onsite treatment and transportation. 

(Public acceptance i_s explicitly or implicitly considered by regulators under RCRA and the Comprehensive 
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Environmental Response, Compensation, and Liability Act (CERCLA); therefore, public acceptance 

strongly affects the timing for new technologies to become widely accepted and the willingness of the 

private sector to invest in these technologies. Consequently, judgments about acceptability are necessarily 

a part of an emerging technologies evaluation.) Public and stakeholder concerns about the potential for 

release of hazardous materials during treatment have affected the application of incineration at existing 

public sites and may similarly affect DOE sites . On the other hand, construction of treatment units at a site 

would eliminate the costs and risks associated with transportation of the wastes to other locations for 

treatment. These decentralized, onsite options should be favored by those stakeholders along the 

transportation routes, and those near the sites that would otherwise have been receivers of shipped wastes . 

H.3.3 EMERGING TREATMENT TECHNOWGIES (MixED WASTE CHARACTERIZATION, 

TREATMENT' AND DISPOSAL Focus AREA) 

H.3.3.1 Introduction 

This section contains a general discussion of some alternative technologies and addresses several in greater 

detail. Many alternative treatment technologies are being developed or demonstrated within DOE or the 

private sector. These include thermal treatments that destroy organic components at high temperatures and 

nonthermal treatments that destroy organic components at lower temperatures. Table H-1 lists specific 

technologies applicable to the destruction of small volumes of LLMW that were examined during 

preparation of this document. The list of technologies applicable to larger sites would be similar. 

H.3.3.2 General 

The potential advantages of the emerging technologies are compared to the baseline (incineration) using 

similar criteria. 
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Table H-1. Emerging Technologies Evaluated for Organic Destruction of LLMW 
at Small-Volume Sites0 

Thermal Treatment 

Plasma hearth (fixed hearth and centrifugal hearth units are commercially available) 

Steam reforming 

Mobile incinerators 

Molten salt oxidation (MSO) 

Catalytic extraction (e.g., molten metal technologies) 

Reverse burn gasification (e.g., ChemChar) 

Thermal reductive (e.g. , ECO-Logic) 

Pyrolysis 

Vitrification 

Nonthermal Treatments 

Chemical oxidation 

Acid digestion 

Wet oxidation 

Wet air oxidation 

Wet chemical oxidation 

Supercritical water oxidation 

Catalyzed wet chemical oxidation 

Catalyzed acid oxidation 

Chemical and biological treatment 

Biological treatment (both oxidative and anaerobic) 

Photolytic oxidation 

Ultraviolet oxidation (UV), including UV-hydrogen peroxide and UV - ozone 

Catalyzed UV oxidation 

Laser-induced oxidation 

Photothermal detoxification unit 

Electrochemical oxidation 

Direct (electron beam) 

Indirect (catalyzed electrochemical oxidation-CEO, mediated electrochemical oxidation-MEO) 

Dehalogenation (e.g., potassium ethylene glycolate KPEG process) 

8 
Technologies tabulated are being evaluated by either private industry or the Federal Government. 
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The schedule for availability for these emerging technologies is an issue. The alternative technologies are 

not developed to the point where application is guaranteed, especially within the timeframe important to 

selecting a programmatic Alternative. Thus, the capability of a new technology , or combination of 

technologies, to treat all incinerable wastes is not certain. 

While some pilot-scale testing has been completed for many emerging technologies, some technologies are 

still being evaluated at the bench scale. Because of the limited amount of data available from the testing 

that has been completed, considerable technical testing is necessary before full -scale demonstrations are 

justified. For example, because of the difficulties and costs of handling radioactive materials, only a few 

tests have been carried out so far with actual mixed wastes. Most developmental efforts have used 

surrogates (nonradioactive materials with similar chemical or physical properties to the radioactive 

contaminants). 

The capital cost of many of these technologies, both thermal and nonthermal, may be lower than an 

incinerator with similar capacity. However, because of the early stage of development, only rough cost 

estimates have been completed for most emerging technologies. Emerging technologies may also offer 

advantages in simplicity and may be more readily transported from site to site. A portable system would 

reduce the capital costs by avoiding the construction of multiple facilities. Another potential cost saving 

occurs with the reduction in characterization required for those technologies that are more "robust" than 

incinerators. For these cases, a wide variety of wastes can be processed without the need for extensive 

characterization before treatment. This would also reduce the cost for constructing complex 

characterization facilities at the small-volume sites and thus cut total system costs . 

Technical limitations may be fewer than for incineration in the case of some of these emerging 

technologies; however, others may have additional limitations. Nonthermal technologies do not involve 

high temperature, reducing the potential for volatilization of metals and radionuclides. In addition, many 

of these approaches generate much lower volumes of off-gas compared to incineration. Similarly, some 

thermal treatment technologies under development would generate lower volumes of off-gas. Thus, a less 

complex off-gas treatment system may be possible. However, for some nonthermal systems, other 

components (such as NO,J and secondary waste streams (such as spent reaction solutions) may also require 

treatment. The complexity of the total system, including secondary treatment, must be considered wµen 

comparing to the baseline. As with the baseline treatment, many emerging technologies may be designed 

for application in mobile units. 
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Public acceptability may be higher for nonthermal treatment technologies than for incineration, inasmuch 

as they do not bear the incineration label and may be viewed as alternatives . 

The situation is further complicated by private sector market considerations. Because incineration is 

controversial, but is nonetheless BDAT for organic destruction of hazardous wastes, private industry is 

developing many alternatives to incineration to capture non-Federal markets . Much of the technology 

development effort has been directed toward specific waste streams found in large volume within the 

private sector. Only a limited amount of testing has been done to learn the range of waste types that can 

be treated efficiently with any particular technology. A significant amount of additional work will have to 

be done to show applicability, and to find acceptable processing conditions for a broader variety of waste 

streams, before wide market acceptance of an emerging technology is likely. Further, the emergence of 

a technology capable of capturing a significant share of the private sector market could lead to a sharp 

decline in the willingness of industry to act in partnership with DOE to continue to address DOE waste 

streams for which the new technology is not applicable-with adverse implications for the development of 

technology useful to DOE. 

H.3.3.3 Specific Example: Plasma Hearth Process 

The plasma hearth process (PHP) is a robust process that can treat a wide variety of wastes through 

exposure to plasma at temperatures greater than 3000 °C. The fixed-hearth plasma process has the potential 

to treat nearly all mixed waste streams present in the DOE complex, including solid combustibles, 

heterogeneous debris, and chemical containers. The process burns off organic components of the waste 

stream. The inorganic components are melted to form a glassy slag and a metal phase that can be separated 

and potentially recycled . Radionuclides and heavy metal contaminants are bound in the slag, which has 

been shown to have sufficiently low leachability to pass the EPA toxicity characteristics leach procedure 

(TCLP). The process includes a secondary destruction unit to ensure high organic destruction efficiency 

regardless of the properties of the incoming waste. Additional treatment of this secondary waste may be 

necessary to render the final form compliant with land disposal restriction (LDR) regulations. 

The PHP can treat multiple mixed waste types contained in drums without opening them. This would 

greatly reduce the need for characterization of the waste before treatment and may result in a large saving 

in the total system cost compared with that for a less robust technology. 
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Schedule for availability: The plasma hearth process may be usable at one or more small-volume sites 

within a few years. Scaleup to larger volume applications would follow. Development of the plasma hearth 

process is still at the pilot scale. Tests have been carried out with several surrogate low-level mixed and 

TRU waste streams. An integrated nonradioactive pilot-scale demonstration system was constructed at 

Argonne National Laboratory-West in FY 1994, with bench-scale radioactive testing scheduled for FY 

1995. The results of the demonstration on actual mixed wastes will allow a more reliable estimate of the 

availability of the PHP for treatment of LLMW. An integrated field-scale plasma hearth test system will 

be ready for operation in FY 1997. This system is expected to be similar in capacity to that required to 

provide treatment at the smaller DOE sites. Thus, a significant amount of information on the capabilities 

and any limitations of this technology will be available at the time NEPA and other regulatory decisions 

are made about application of technologies for treating DOE's wastes at specific sites. 

Cost: Savings could occur with use of the plasma hearth process. (Estimated cost savings will be a product 

of the Office of Technology Development Cost/Benefit Project, an ongoing activity to establish economic 

parameters for technologies as a guide to setting priorities in the program and a support for technology 

transfer.) Baseline incineration and cementation technology requires detailed characterization and 

segregation of containerized heterogeneous mixed waste, followed by high-temperature incineration and 

cementation of the ash byproduct. PHP technology has an economic advantage over the baseline 

technology, with the major differences being driven by the costs of process equipment and operation, 

annual maintenance, and disposal. The reduced cost of process equipment is the principal factor accounting 

for a large cost difference over the 20-year life cycle. In PHP, pretreatment characterization requirements 

are reduced and the final waste form usually passes leachability requirements for final disposal. 

Technical limitations: Two problem areas exist for the plasma hearth process: off-gas and materials 

(drum) handling . Only 1 % of the air for fossil fuel burners is required for operation of the plasma torch; 

therefore, the volume of off-gas is much lower. The lower volume of gas is easier to monitor and control, 

and increases the potential for operation with a closed off-gas system, in which the release of contaminants 

to the atmosphere is eliminated by recycle of the off-gas. However, test results to date have shown the 

possibility of high levels of NOx formation . 

The plasma hearth process can be designed with a primary destruction chamber that is relatively small 

(e.g., contains a single 55-gallon drum of waste at a time) or scalable to accommodate multiple drums. 

Thus, it is applicable to small-volume DOE sites, either as fixed or mobile units. However, design issues 
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do arise in handling drums of waste with the plasma torch before and after treatment. For example, the 

inorganic slag produced will initially be at a high temperature. The temperature complicates the process 

of moving the slag into waste drums for disposal without compromising the integrity of the drums. 

Public acceptability: The public acceptability of this process is unknown. Although the plasma hearth 

process involves high temperatures, the low volume of off-gas may minimize fears about the release of 

hazardous substances. In addition, the low thermal mass of the system would allow rapid shutdown in case 

of a process upset. This attribute should also be viewed favorably . 

H.3.3.4 Specific Example: Catalytic Wet Chemical Oxidation 

Wet chemical oxidation systems use the reaction of oxygen, or an alternative oxidizing agent, to destroy 

the organic constituents of a waste in an aqueous solution. In catalytic wet chemical oxidation, one or more 

chemical species are added to increase the rate at which the oxidation reactions progress . The example 

catalytic wet chemical oxidation system being developed by Delphi Research , Inc . (DETOX), uses an iron 

catalyst and a co-catalyst to degrade the organic contaminants in a strong acid solution. The system 

operates at temperatures much below those used in incineration and at moderate pressures . The expected 

operating conditions are approximately 150 °F and 70 psi. 

Schedule for availability: The DETOX system is at an early stage of development, with testing still at the 

bench scale. Because design of a portable system is under way, application to wastes at small sites may be 

possible within 3 to 5 years. However, because of the early stage of development, a high degree of 

uncertainty remains about issues associated with the technology . 

Cost: Catalytic wet chemical oxidation uses equipment typical of that used in chemical processing 

operations. A system could be constructed at a scale appropriate for treatment of the wastes at the small

volume sites or scaled up . Because the equipment is readily available, development costs should not be an 

impediment to commercialization. However, because development is still in the early stages, equipment 

and treatment costs have not yet been determined. The processing required for spent reaction acid solutions 

and for stabilization and disposal would add to the cost. 
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Technical limitations: The DETOX technology has been demonstrated at bench scale, with destruction 

efficiencies of 99.9999% achieved for liquid hydrocarbons, including some chlorinated organics. 

Successful treatment has also been demonstrated for solid combustibles and for contaminated soils. 

However, only a limited amount of data is available. Treatment of materials that volatilize from the reactor 

will require further study even though off-gas volume will be small. Because of the strongly acidic nature 

of the reaction mixture, engineering development is focused on construction materials, along with scale-up 

problems. Other technical problems include treatment of the spent reaction solutions and system 

integration. 

A potentially mobile DETOX system is being developed by Delphi Research, Inc. , along with the Los 

Alamos National Laboratory. Decontamination and permitting considerations will have to be addressed. 

Public acceptability: As stated above, catalytic wet chemical oxidation is a nonthermal technology that 

operates at moderate temperature and slightly elevated pressure. Although the technology should not suffer 

from the incineration stigma, achieving public acceptability will likely require educating the public. 

H.3.3.5 Specific Example: Vitrification 

Vitrification of wastes into glass is an alternative to incineration, as well as a stabilization technology for 

incinerator secondary waste. Wastes and glass additives are combined and melted in a refractory furnace 

at approximately 1100 °C. Organic components and liquids are destroyed while radionuclides and metals 

are entrapped in a glass final waste form. 

A broad range of waste, such as organic liquids, wet solids, dry solids, and heterogeneous ~olids, can be 

processed in a glass melter. Contaminants are chemically bound into the glass rather than simply 

encapsulated in the material. This will lead to improved leachability resistance over grout. Long-term 

stability is being evaluated as part of the technology development efforts . The stability of glass waste forms 

is higher than that for cement-based waste forms. Initial studies show the leachability results of low-level 

waste vitrification to be comparable to high-level waste glass standards. The glass reduces waste volume 

by at least 30% and meets land disposal restrictions. Minimal volatilization of most metals occurs because 

of the oxidizing atmosphere that allows wastes to form oxides and stay in the glass phase. Employing 
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appropriate melter technology, such as a cold top unit, will minimize volatilization of other metals, such 

as mercury, by causing condensation on the cap . 

Schedule for availability: Waste vitrification is the selected waste form process for high-level waste at 

DOE's Savannah River Site near Aiken, South Carolina. The Defense Waste Processing Facility is in the 

final testing stage in preparation for radioactive operation in FY 1996. Vitrification of mixed waste 

inorganic sludge has been demonstrated at the Rocky Flats Environmental Technology Site (RFETS) using 

microwave energy. Further technology development of low-level waste vitrification for higher waste 

loading and for organic destruction will incorporate experience gained from high-level waste solidification. 

Cost: Oxide raw materials for glass are inexpensive. However, melting equipment, energy required for 

melting, and off-gas requirements may be more expensive than incineration. The volume reduction of at 

least 30 % for waste vitrification translates into a large cost savings in disposal. The Minimum Additive 

Waste Stabilization (MAWS) concept of combining waste streams and using waste materials as the glass 

additive is also being developed by DOE. This would decrease costs in two ways-by further reducing 

volume and by decreasing the cost of additives. 

Technical limitations: One important concern remaining to be addressed for organic destruction 

application is a potential problem with glass integrity because of concentration sensitivity for carbon, some 

radionculides (e.g., uranium), and some hazardous metals. This integrity concern may prove to be a 

stumbling block for this application. Vitrification is expected to have other important applications in DOE 

remediation and waste management where these materials are not present in the streams. Applications may 

include environmental restoration wastes, decontamination and decommissioning wastes, and incinerator 

ash . 

Public acceptability: Public confidence should be high considering that high-level waste vitrification will 

be established and accepted because of success at the Savannah River facility. 

H.3.4 EMERGING AIR MONITORING TECHNOWGIES 

Progressive monitoring technologies are not treatment technologies like those listed in Table H-1, but may 

be a key factor in enhancing public acceptance of currently available and advanced waste treatment and 
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organic destruction technologies. The baseline monitoring methodology involves periodic sample collection 

of process emissions, transferring samples to a laboratory instrument, and analysis. Advanced air 

monitoring technologies would allow improved and real-time evaluation of the effectiveness of toxic 

compound destruction during treatment of mixed waste, thereby contributing to the safety and acceptability 

of current and advanced treatment technologies . 

The primary technical limitation of current methods is the inability to conduct real-time monitoring of 

certain species. Online analysis of the incinerator effluent would satisfy the requirements of the Clean Air 

Act (CAA) while simultaneously addressing public concern over waste incineration. Public acceptance of 

any waste treatment depends heavily on the ability of sensors to monitor the effectiveness of the treatment 

and to demonstrate that effluent streams do not contribute to worker and public risk exposure. The sensors 

need to be integrated with control systems and safety procedures to ensure that, if effluent 'levels exceed 

their limits, contaminants are controlled in a manner that prevents their entry into the environment. 

Several technologies are emerging with the potential to effectively monitor important waste treatment 

parameters, such as those that measure incinerator performance. These new, real-time, continuous emission 

monitoring (CEM) technologies would be significantly cheaper than currently required monitoring 

techniques. Real-time monitoring makes it possible to perform diagnostic control of feed materials to help 

maintain necessary incinerator operating parameters and to allow process control of gaseous effluents 

containing unacceptably high levels of contaminants before release. Continuous monitoring will directly 

address issues of environmental safety, and the technology can be used to identify and quantify organic 

chemicals in the air. Thus, a continuous monitor directly addresses some public concerns about thermal 

treatment systems. 

Typical examples of these new technologies should be available for demonstration in 1 to 5 years. The 

schedule is controlled by technical and regulatory acceptance concerns that can only be satisfied by testing. 

Fourier transform infrared (FTIR) monitoring is one emerging technology that has already undergone 

testing on the Toxic Substances Control Act (TSCA) incinerator at Oak Ridge. FTIR is a mathematical 

method that allows for spectroscopic signal averaging to significantly improve signal-to-noise ratios and 

improve levels of detection of organic and selected inorganic molecular stack emissions. FTIR is not a new 

technique, but advances in instrument design allow its use in association with in situ devices. FTIR is thus 
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beneficial for generating rapid results while dramatically reducing the problem of spectral interference, or 

failure to differentiate between different chemical species . 

In an indication of potential regulatory acceptance, EPA has facilitated these tests by issuing a protocol for 

an FTIR continuous emission monitor to ensure that the data that the technology can obtain will be 

compliant. The method can readily be extended to cover thermal treatment, stack, and ambient air 

monitoring. 

Techniques for continuous emission monitoring of elements (for example, heavy metals and radionuclides) 

has not yet gone through a similar protocol/data verification process. Laser-induced breakdown 

spectroscopy (LIBS) is one such technology. In LIBS, laser light is focused on a specific region to vaporize 

a small amount of material. The vaporized material forms a short-lived plasma, which emits light that is 

collected, dispersed, and analyzed. Elements targeted specifically are among those of primary concern at 

many DOE and industrial waste sites-chromium, lead, arsenic, selenium, antimony, cadmium, zirconium, 

uranium, beryllium, and thorium. Technical issues that must still be addressed include: (1) determining 

possible spectral interferences; and (2) understanding detection limits, sensitivities, and precisions of the 

best spectral line or lines to be analyzed. Both issues must be resolved before LIBS can achieve regulatory 

acceptance. 

FTIR development will soon be completed and the LIBS system is scheduled to be demonstrated in FY 

1995. Other developmental technologies, such as a real-time monitor for airborne alpha emissions, a 

continuous monitor for total, elemental and speciated mercury, and a dual mass spectrometer for 

simultaneous gaseous and particulate characterization and monitoring are progressing through prototype 

development, demonstration, and testing, with completion by the end of FY 1995 . 

These monitoring technology advances are not expected, by themselves, to alter the ranking of the WM 

PEIS waste management configuration Alternatives, but they may mitigate public concerns about air quality 

for whichever configuration is adopted. 
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H.3.5 CONCLUSIONS ABOUT EMERGING TECHNOWGIES FOR WASTE MANAGEMENT 

Emerging technologies exist that should enhance waste treatment at many small sites. Some of these 

emerging technologies offer the potential to be: 

• Less costly than those using fixed incineration 

• Technically suited for the treatment of small volumes of waste 

• Transportable, if permitting and decontamination requirements are resolved 

• Ready for application in a timeframe compatible with the requirements for key policy decisions at 

individual sites 

• More readily acceptable to the public and other stakeholders 

The plasma hearth process, catalytic chemical oxidation, and vitrification appear to have the potential to 

treat mixed waste streams at many of the smaller sites; however, neither the successful development of the 

necessary technologies nor their application to all waste streams at DOE's smaller sites are certain within 

the timeframe for formulating policy decisions . The difficulty of organic destruction argues against 

treatment of all DOE mixed wastes at all small-volume sites . 

The emerging technologies discussed in this section may also be suitable for large-scale applications and 

may affect decisions on the overall waste treatment configuration. Private sector development directed 

toward larger scale organic destruction applications is also active because of non-DOE markets. Although 

not directed toward small DOE sites, the pilot-scale versions of private sector technologies might be 

adaptable at such sites on a case-by-case basis , if the developers see such adaptation as closely tied to 

eventual commercialization at larger scales. 

Emerging air monitoring technologies will also enhance the acceptance of current and advanced treatment 

technologies; this may have the greatest impact at large-volume treatment sites, but should be viewed 

primarily as a mitigation measure rather than one that affects configuration selection. 

H-17 



Appendix H Technology Development 

H.4 Restoration Technologies in Development 

The environmental restoration of DOE sites and facilities will likely affect groundwater and soil. The 

restoration waste loads identified as part of the sensitivity analysis in this PEIS assume reliance on land use 

restrictions rather than remediation to handle certain exposure pathways. A rationale for such restrictions 

is that applying currently available (baseline) technology to the treatment of large volumes of soil or 

groundwater imposes excessive time, cost, and risk (to workers and transportation) penalties. This section 

describes several emerging characterization and treatment technologies, and addresses their potential 

impacts. Their potential to mitigate the cost of implementing baseline Environmental Restoration Program 

technologies is also discussed. Emerging technologies could also have a significant impact on other 

restoration problems not specifically addressed here. 

Groundwater remediation is particularly important because due to relative volumes involved, it is more 

costly than soil remediation and would allow greater potential for cost savings from the application of new 

and emerging technology. However, as discussed below, new approaches to groundwater remediation 

increasingly recognize that the behavior of the solid matrix above and surrounding the groundwater is 

critical to a technology's success or failure. 

The Office of Technology Development's efforts affecting soil and groundwater are conducted principally 

in two focus areas (Landfill Stabilization Focus Area and Contaminant Plume Containment and 

Remediation Focus Area), as well as in two cross-cutting areas-characterization and robotics. 

H.4.1 DEFINITION OF KEY ANALYSIS ISSUES 

H.4.1.1 Contaminated Groundwater 

Conventional technology cannot successfully treat the groundwater contamination occurring at some DOE 

sites to levels that would allow unrestricted access after remediation-particularly where the contaminant 

plume is large. Any emerging technology that radically increases the feasibility of treating groundwater 

to acceptable levels would lessen the need to restrict land use. Furthermore, even if cleanup levels 

consistent with such restrictions were adopted, but not envisioned as necessarily permanent (in effect, 
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adopting a policy of taking interim actions and delaying cleanup while awaiting a new technology), the 

timing of technology emergence would determine when the restrictions would ultimately be lifted . 

Groundwater contaminant plumes at DOE sites include volatile organic compounds (VOCs) , such as carbon 

tetrachloride, trichloroethylene, and tetrachloroethylene; semivolatile organics, such as petroleum oil and 

polynuclear aromatics (PNAs), pesticides, and polychlorinated biphenyls (PCBs); heavy metals, such as 

chromium, lead, and mercury; toxic inorganic salts, such as nitrates; and radionuclides, such as uranium, 

transuranics, and tritium. Although most radioactive substances are inorganics and often can be treated 

similarly to other heavy metal extraction processes (with regard for the special problems of radioactivity), 

unique treatments are sometimes required for the lower molecular weight species of cesium, strontium, and 

tritium. 

In addition to the contaminants in the plume, contaminants are adsorbed onto the aquifer matrix material 

and referred to as "secondary contamination."' Low water solubility organics adsorb to natural organic 

matter in the aquifer matrix, and positively charged ions (cations) of inorganic contaminants (for example, 

heavy metal and radionuclide cations) adsorb by ion exchange to the surface of clays or natural organic 

matter. When the plume is remediated and replaced by clean groundwater, the secondary contamination 

recontaminates the plume; this source may continue to release contaminants long after the primary source 

and the original plume have been remediated, thereby extending the life of the contamination plume. A 

means is needed to destroy secondary contamination in place, or to accelerate the desorption/exchange of 

the contaminants back into the groundwater. Thus, full cleanup of contaminated groundwater requires 

removal of the primary source (if it has not been completely depleted in generating the plume), removal 

of the plume itself, and removal of the secondary contamination. 

Dense, nonaqueous phase liquids (DNAPLs) are contamination sources that are difficult to locate or 

remove. DNAPLs flow downward through the surface soil and vadose zone to the water table; because 

they are denser than water, they can continue to sink into the aquifer until they reach an impermeable zone. 

Many DOE groundwater contaminants are potential DNAPLs, including PCBs, mercury, trichloroethylene, 

and tetrachloroethylene. 

Small volumes of DNAPLs can give rise to large groundwater plumes having concentrations far above 

acceptable health-based levels . DNAPL pools. which may be hidden in weathered bedrock layers or 

dead-end fractures in bedrock, can continue to diffuse back into the aquifer gradually over prolonged 
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periods. They may take 50 to 100 years or more to disappear through natural dissolution in groundwater. 

Because locating DNAPLs is so difficult, attempting to use conventional excavation methods for DNAPL 

removal may result in disturbance rather than recovery and can cause DNAPL migration to deeper 

positions in the subsurface. 

Water-insoluble liquids that are less dense than water are called "light non-aqueous phase liquids" or 

LNAPLs . Refined petroleum fuels and oils can be LNAPLs, which are another source of contaminant 

plumes. LNAPLs tend to be more easily detected than DNAPLs and are thus more easily remediated. They 

tend to float on the water table and spread within the vadose zone. If present, LNAPLs tend to be readily 

collected with groundwater samples and during pumping of groundwater, and are seen as a separate phase 

floating on top of the water samples. Thus, LNAPLs are not nearly the special detection and removal 

problem that DNAPLs are, and will not be considered in detail in this discussion. 

H.4.1.2 Contaminated Soils 

A wide variety of soil types are present at DOE sites, including desert and humid climate soils, shallow 

and deep soils, permeable (sandy) and impermeable (clayey) soils, homogeneous and heterogeneous size 

mixes, and true soils and weathered bedrock (pre-soils). In general, common usage of the term "soil" (the 

correct geologic term is "overburden") includes all of the non-coherent subsurface matrix above the water 

table. The large volumes of soil requiring remediation at DOE sites imply that the risk to the public and 

to workers from handling so much soil, treating it, and transporting it to treatment facilities would be 

substantial. Emerging soil remediation technologies that would radically alter the need for handling and 

transport would also radically alter these estimated risks and capacity of required WM facilities. 

The soil contaminants at DOE sites include the same VOCs, semivolatile organics, inorganics, and 

radionuclides found in groundwater (which is usually contaminated by soil-borne contamination). Because 

of the inherent affinity of many inorganic contaminants to adsorb on soil and subsurface minerals, and the 

low solubility and resultant accumulation of organics in the subsurface (which is enhanced immensely if 

the soil contains any natural organic matter), the solid matrix of the saturated and unsaturated zones can 

contain far more contamination than the water. Remediation attempts that approach the water alone are 

either destined for failure or extremely long-term programs. 
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The type of soil remediation technology that can greatly reduce the risks of excavation and treatment on 

the surface (or disposal in an engineered and approved facility) is remediation in the actual zone of 

contamination, that is, in situ remediation. In situ biological treatment is an available technology in need 

of significant refinement. In situ chemical , thermal, and electrokinetic treatment technologies are being 

developed. Depending on the extent to which these technologies can be developed and implemented, future 

soil remediation should become considerably safer and more effective than existing approaches . 

H.4.1.3 The Role of Characterization 

The ability to remediate all DOE facilities to current Applicable, Relevant, and Appropriate Requirements 

(ARARs), and to remediate many contamination sites to ARARs in a timely and cost-effective manner, is 

partly limited by the inability to characterize wastes effectively; that is , to identify locations and boundaries 

of the contaminated region and to identify the level and kind of contaminants present at the start and the 

conclusion of cleanup . 

Inefficient characterization also increases worker risk, because of exposures during the characterization 

process and during actual remediation. Within the Office of Technology Development, characterization 

programs are given specialized, cross-cutting, technology development emphasis. Consideration involves 

not only environmental restoration needs, but also those associated with waste management and facility 

transition; the former will be emphasized in this section. Analogous "monitoring" technologies directly 

relevant to waste management are discussed in Section H.3.4 of this appendix . 

The scope of characterization, monitoring, and sensor technology consideration includes: 

• Initial location and characterization of wastes and waste environments (for example, transport and fate) 

before treatment · 

• Monitoring of waste retrieval, remediation, and treatment processes 

• Characterization of the composition of final waste treatment forms to evaluate the performance of waste 

treatment processes 
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• Site closure and compliance monitoring 

H.4.2 BASELINE REMEDIATION TECHNOLOGIES 

H.4.2.1 Baseline Groundwater Remediation 

The most commonly used baseline technology for plume remediation is pumping the groundwater to the 

surface through an extraction well, followed by treatment above ground. For organics, treatment might 

involve air stripping, biological treatment, or oxidation; for inorganics, treatments might involve ion 

exchange, oxidation, or precipitation. If the groundwater were accompanied by a LNAPL phase, an 

oil/water separation would be performed before further conventional treatment. 

In general, ex situ groundwater treatment technologies exist for almost any conceivable situation. 

Remediating contaminated groundwater with these technologies, however, often provides inadequate 

removal of secondary adsorbed organic or inorganic contaminants (both hazardous and radioactive) from 

the aquifer matrix during extraction pumping. Furthermore, if the source was a DNAPL, then remediation 

of groundwater by conventional pump-and-treat methods is usually effective only for remediating the 

existing plume, not for removing the contamination source or the secondary contamination. 

The common t~chnology now used to remove secondary heavy metals or inorganic radionuclides 

contamination is pumping and treating . The rate of desorption of secondary metal contaminants depends 

on the aquifer matrix material's ion exchange capacity (which depends on organic matter and 

mineral-especially clay-content), the pH and redox potential of the groundwater, and the specific metal 

species. Desorption may be extremely slow if conditions are not optimal, but no technology to create 

optimal conditions for metal desorption is now widely accepted by regulators as effective. 

Although pumping and treating groundwater is often proposed for cleaning up plumes, in relatively few 

cases can this be expected to achieve acceptable levels of cleanup in a reasonable period (for example, 5 

to 10 years) because of inadequate solubilization of secondary contamination. Pumping and treating for 50 

to 100 years may often be required to desorb secondary contaminants adequately . In situ bioremediation 

of organics and certain inorganics in groundwater is another currently available technology and, under 

appropriate conditions, it has the advantage of simultaneously treating the secondary adsorbed 
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contamination in the aquifer. It can be effective for volatile, semivolatile, and relatively nonvolatile organic 

compounds. It is not considered effective for DNAPLs still in "pool" form . Also, inadequate in situ 

treatment of secondary contaminants is likely to occur if: 

• The organic material is only slightly water soluble (groundwater concentration would be too low to 

support biological activity); this tends to include many DNAPLs and most high molecular weight 

organics. 

• The hydraulic conductivity of the aquifer is too low; in this case, the flow rate of nutrients or gases 

would be too low to support increased biological activity . 

• The aquifer temperature is too low; here biological activity would be too weak to accomplish cleanup 

with microbes. 

• The total amount of dissolved organics or toxic metals in the groundwater is high enough to poison the 

microbes. 

• The destruction efficiency of the microbes for the contaminants is too low (refractory chemicals); then 

the contamination would remain untreated. 

When in situ bioremediation is adequate for cleaning up a plume and any secondary contamination of the 

aquifer, it should be possible to complete the cleanup in 1 to 5 years. 

A currently available groundwater remediation technology for voes is in situ air sparging, which will strip 

voes from the groundwater and will accelerate the removal of voes from the aquifer matrix as well. In 

situ air sparging will also strip volatile LNAPLs and DNAPLs from the subsurface. This technique is 

discussed further in the following section because it also applies to soils . 

H.4.2.2 Baseline Soil Remediation 

The most commonly used baseline technology for soil remediation is excavation followed by transport to 

an acceptable disposal facility. Other available technologies involve excavation and surface processing. Ex 
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situ soil treatment methods (specifically, waste volume reduction methods) such as separation of the 

contaminated soil fraction and soil washing are being used more often to reduce the volume of waste 

requiring land disposal. A primary baseline technology for contaminant removal applicable to oxidizable 

substances is incineration. Other thermal processes induce volatilization and then capture the contaminants 

for further treatment or disposal . 

In situ treatment technologies are focusing on either immobilizing the contamination in an artificially 

generated rock matrix, or extracting the contamination by soil-washing. The primary immobilization 

technology involves solidification by chemical cementation. Depths are limited by the availability of the 

deep-soil mixing equipment needed. Soil washing is applicable to greater depths, but does require that the 

contaminant be readily mobilized by the wash fluid . Injection of solubilizing agents such as oxidants, 

reductants, acids, bases, or complexing substances is still an emerging technology. 

In situ bioremediation can be effective for many organic compounds. However, inadequate in situ treatment 

of soil contaminants will occur under the same conditions described above for groundwater (insoluble 

contaminants, low temperatures, excessively high levels of contaminants, low hydraulic conductivity, 

inadequate destruction efficiency of the microbes). When in situ bioremediation is appropriate for a site, 

it is possible to complete the remediation in 1 to 5 years . 

In situ air sparging is another currently available soil remediation technology, applicable to VOCs. This 

technique involves pumping air into the subsurface and sweeping out the more volatile substances. To some 

extent, this flushing can also enhance the volatilization of these compounds from an underlying aquifer 

matrix. In situ air sparging will strip volatile separated phases-LNAPLs and DNAPLs-from the 

subsurface. Air sparging is inefficient for semivolatile organics such as most pesticides, polychlorinated 

biphenyls (PCBs), and polynuclear aromatics (PNAs) . 

H.4.2.3 Baseline Site Characterization 

Today, the general method for characterizing a site entails drilling wells or clusters of wells, based on a 

grid outline of the site. Samples are taken from these wells to determine the geology , hydrology, and 

aquifer contaminant levels. When drilling a well, a split spoon auger may be used to sequentially collect 

soil samples until the aquifer is reached. Then, the well is cased and a section (approximately 10 feet) is 
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screened to monitor the aquifer over a period of time. This procedure, when done for a specific grid 

pattern across the site, provides a horizontal mapping of aquifer contaminants. If a vertical profile is 

desired, a cluster of wells is installed at a specified point to monitor discreet levels of contaminants in the 

aquifer. For example, if the depth of an aquifer at a certain grid point is 50 feet, and 10-foot screens are 

called for by the regulators for well monitoring, then 5 wells must be drilled to analytically profile the 

aquifer at one grid point. Certain volatile contaminants and radioactive particles, such as gamma rays, are 

detectable at the surface, and certain information about the nature of the subsurface contaminants and 

potential exposures may be inferred. However, it is not generally possible to use that information to 

provide much more than guidance in planning the more detailed subsurface sampling. 

The primary objective of site characterization is to map the contours of a contaminated area or contaminant 

plume; this mapping may be difficult if grid sample points are not well positioned along the plume 

contours, or if many data points indicate nondetectable contaminant levels . Further, the geological, 

hydrological, and chemical data are generally analyzed separately, not integrated. Thus, migration 

pathways and contaminant plume contours may not easily be determined. 

Regulators establish protocols for the characterization program at each site, based upon data quality 

requirements, pre-existing knowledge of the site contaminants, hazards of known contaminants, and the 

particular statutes and regulations applicable to the program (for example, sites regulated under CERCLA 

and under RCRA within the same State may be responding to different regulators). Thus, instrumentation 

to be used, sampling frequency, and sample handling will not necessarily be identical across the entire 

DOE complex. 

Samples are normally sent to an analytical laboratory where standard chemical and radiological 

instrumentation is used to measure contaminant identities and levels. Except under special circumstances, 

these laboratories typically are not on the site itself. The laboratories may be government operated, 

depending on the source site of the sample and suspected contaminants, but are often commercial 

enterprises, approved by the EPA through the Certified Laboratory Program. 

Current characterization methods are expensive, time-consuming, intrusive, may give rise to new 

contaminant migration pathways, and can produce large quantities of secondary wastes. People collecting 

samples and those performing the analysis often do not communicate directly . Therefore, not all aspects 
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of the data may be fully understood during analysis. Furthermore, appropriate modifications in the protocol 

based on past analyses may be slow to reach the field . 

H.4.3 EMERGING REMEDIATION TECHNOWGIES (LANDFILL STABILIZATION Focus AREA 

AND CONT AMIN ANT PLUME CONTAINMENT AND REMEDIATION Focus AREA 

A number of strategies and technologies for contaminated groundwater and soil characterization and 

remediation are emerging. These technologies promise improvements in the scope of applicability , cost 

effectiveness, and completion times for future cleanups that would significantly reduce environmental 

hazards and risk. They include technologies for better field detection and pinpointing of groundwater and 

soil contamination, as well as chemical and thermal technologies for improved mobilization of contaminants 

for extraction and treating. 

H.4.3.1 Improved Techniques to Detect, Remove, and Contain Primary Groundwater 
Contamination Sources 

The detection of concentrated primary sources of contamination, especially DNAPLs, is difficult with 

conventional technologies . The existence and location of DNAPLs at DOE sites may often be 

undetermined. The cone penetrometer, a vehicle-mounted punch-like device used for many years to 

characterize the engineering properties of the subsurface, has recently been adapted for sensing subsurface 

contamination using optic fiber sensors, and for continuous sampling of liquids or vapors without requiring 

removal of the penetrometer. Many punches of a cone penetrometer can be accomplished in the time and 

for the cost of installing a single groundwater monitoring well. The penetrometer should eventually permit 

detection of small pockets (0.5 cubic meters or less) of DNAPLs in situations where installing a well would 

likely disturb, or spread them, but not accurately determine their location. 

Recent improvements in the design and use of the cone penetrometer include the ability to penetrate rocky 

soils-through the use of higher drive weights and stronger, larger diameter penetrometer rods-and the 

ability to emplace well points and tubing, which can be used for soil gas measurements . The emplacement 

of well points may ultimately be modified to allow vapor or groundwater recovery without the necessity 

of installing a well. 
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Improved nonintrusive detection methods are being developed that may be expected to detect shallow 

pockets of DNAPLs. These detection technologies include seismic, passive and active magnetic, 

ground-penetrating radar, and induced resistivity/polarization methods. Current development is focused 

on improving their sensitivities at greater depths . Ground-penetrating radar shows the most promise. At 

present, none of these technologies is sensitive enough to be used alone or on all sites for DNAPL 

characterization, but when used in combination with other techniques such as the cone penetrometer, they 

can result in excellent delineation of DNAPLs. 

Methods for adsorbing or siphoning pockets of DNAPLs are also needed to exploit these detection 

advances. A continuous sampling cone penetrometer may be adapted to pump DNAPLs to the surface, but 

such development has not yet begun. Conventional _excavation methods may be adaptable for DNAPL 

removal without causing deeper migration, if conducted in conjunction with precise locating of DNAPLs 

with a cone penetrometer or other sensing device. 

Emplacing conventional slurry walls or sheet piling, or hydraulic control using dowi. -gradient extraction 

wells, are methods for containing a DNAPL source that can be used once DNAPL detection technologies 

emerge. These temporary containment technologies would allow time for source study while DNAPL 

removal methods are being considered or tested, without delaying initiation of other plume remediation 

activities. 

Development of equipment capable of locating DNAPLs accurately enough for containment will likely 

occur in the next 3 to 5 years, but pinpointing individual DNAPL pools precisely enough for removal may 

be 5 to 10 years in the future. Because DNAPLs are one of the most common sources of groundwater 

contamination, these advances can be expected to save decades in remediation times, and hundreds of 

millions of dollars as compared with the alternative of simply attempting to pump and treat as long as 

necessary to exhaust the DNAPL source. 

H.4.3.2 Improved Techniques to Detect Soil Contaminants 

Detection and characterization of contamination using conventional technology involves the use of either 

fixed monitoring wells or shallow soil-gas surveys. Although improvements have occurred in location, 

sampling, and analysis speed, significant limitations of these methods make them expensive and somewhat 

H- 27 



Appendix H Technology Development 

unreliable. Improved techniques are under development to reduce cost and improve accuracy . These 

include the SEAMIST"" system and the previously discussed cone penetrometer. SEAMIST"" is an add-on 

to well technology that improves measurements of soil or water-borne contamination in both vertical and 

horizontal boreholes. The system facilitates chemical characterization and is a platform for geophysical 

sensors and video devices. Installation can be either temporary or permanent. 

The technology uses an airtight membrane to line a conventional well or borehole . The membrane is forced 

into a drilled or punched well pneumatically. After emplacement, the entire hole wall is sealed, preventing 

ventilation of the pore space or circulation of pore water in the well . Once monitoring instruments are 

placed on the outer surface of the membrane, in contact with the hole wall, the membrane isolates each 

measurement location. High spatial resolution of the contaminant distribution is thereby possible. 

Nonintrusive detection methods for contamination in groundwater are also applicable to characterization 

of soils. A suite of improved techniques for locating soil contamination probably will be in place in the next 

3 to 5 years. 

The same set of containment technologies already described for groundwater can usually be applied to soils 

once contaminants have been accurately located. 

H.4.3.3 Improved General Site Characterization 

In addition to purely "hardware" solutions, innovations that involve methodology may also be a key to 

characterization advances. The expedited site characterization met.4od (ESC) is one method for rapid, less 

expensive, and technically superior characterization of a site 's groundwater and soil. ESC, as initially 

conceived, deploys a highly technical , multidisciplinary team: to the field. The team collects data daily, 

discusses and integrates the results , and then formulates a strategy for sampling and analysis for the 

following day's activities . While field chemical instrumentation analysis costs vary, they are generally 

more than five times lower than offsite laboratory costs. For example, costs associated with sample 

transportation are eliminated. One typically exploits this cost savings potential , and the associated time 

savings from field analysis, to take more field samples. In addition, field testing is facilitated by being able 

to relocate sampling locations rapidly, if analytical results suggest that this is desirable. The resulting 

improvement in resolution of the plume allows for sampling many fewer monitoring wells and more than 
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compensates for any differences in the quality of analyses that might occur between field and centralized 

laboratory settings. This dynamic approach to characterization saves time by reducing data integration and 

analysis turnaround times and saves money by minimizing well drilling and laboratory sample analyses. 

The net result is a faster and cheaper process that is arguably more accurate than conventional site 

characterization techniques . 

The ESC has been successfully demonstrated at several U.S. Department of Agriculture sites in Nebraska 

and Kansas and at Bureau of Land Management landfill sites in New Mexico. Near-term tests will 

demonstrate the functionality and benefits of the process compared to conventional characterization 

methodologies and will characterize smaller sites focusing on organics, heavy metals, and radiological 

contaminants . 

H.4.3.4 Improved Techniques to Mobilize and Remove Secondary Sources From 
Groundwater 

In situ air sparging can remediate a plume and its secondary contamination simultaneously if the 

contaminants are water insoluble VOCs, such as trichloroethylene and carbon tetrachloride. If semivolatile 

or nonvolatile organics are present that are also water insoluble, heat can be added to enhance volatility 

or water solubility . The aquifer matrix can be heated with steam, as has been shown in the Office of 

Technology Development's Dynamic Underground Stripping Project. There, steam was used to remove 

spilled gasoline by a combination of heating and gas stripping in the vadose zone and in the aquifer itself. 

If this technique were applied to nonvolatile, slightly soluble, secondary contamination, including 

inorganics or organics, solubilization in the groundwater could be enhanced. 

Methods for heating the vadose zone also are being tested, including radio frequency or microwave heating 

and multiphase joule (conductive) heating of the subsurface. The solubility of contaminants in water, and 

the volatility of organics, can be enhanced by such heating. These techniques may also be applicable to 

aquifer matrices that have been pumped down temporarily. 

Solubility enhancement for secondary contaminants is more developed than heating techniques. Organic 

secondary contaminants may be solubilized by flushing with appropriate ionic or nonionic surfactants or 

with enzymes. Aqueous surfactant solutions have been effective in removing water insoluble organics from 

soils, and would be expected to be as effective with aquifer matrices. Various surfactants are already 
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approved for use on cropland as soil penetrants; inasmuch as they are also biodegradable, their use in 

aquifers should be considered acceptable by regulators. Enzymes are used in a variety of domestic cleaning 

and clothes washing materials because of their ability to degrade large organic molecules. 

A wide variety of organic chelating agents (organic compounds that form soluble complexes with metal 

cations) can be used to solubilize heavy metals. These agents include ethylenediamine tetraacetic acid 

(EDT A) and citric acid. Some inorganics can be solubilized by acidic or basic buffers, or with oxidizing 

or reducing agents, allowing extraction. Electrokinetic techniques are being developed that would be 

applicable to shallow aquifers for mobilization of ionic contaminants. They would not require injection of 

reactive substances to promote mobility, but would use electrical fields to induce movement toward an 

extraction point. 

The laboratory development of in situ solubilization methods, including chelation, oxidation, and reduction, 

is in progress. Successful application in the field will depend on general improvements that must include 

treatment-chemical introduction and monitoring techniques, control and mass balance of contaminants and 

treatment reagents in the subsurface, and obtaining and maintaining sufficient permeability of the treatment 

zones. These developments can probably be expected in the next 3 to 10 years and will be widely 

applicable for groundwater remediation. The eventual savings in remediation times and costs will likely 

be a full order of magnitude. 

H.4.3.5 hnproved Techniques to Mobilize and Remove Soil Contamination 

Many of the same technologies discussed above in connection with mobilization of contamination in 

groundwater are also applicable to soil remediation, particularly for soils where the groundwater table 

extends upward to shallow depths. Successful application of these technologies will require major 

improvements in general subsurface operations methods, including: 

• Techniques for the injection of treatment solutions 

• Techniques for monitoring reactions and movement 

• Techniques for subsurface hydraulic control 

• Techniques to enhance and maintain adequate subsurface permeability 
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As in the case with groundwater, these developments can probably be expected in the next 3 to 10 years 

and will be widely applicable for subsurface remediation. The eventual savings in remediation times and 

costs will probably be a full order of magnitude . 

H.4.3.6 Improved In Situ Treatment Technologies for Plumes and Secondary Sources in 
Groundwater 

In situ treatment of a groundwater plume tends to be cheaper than pumping and treating because less 

groundwater must be pumped, secondary sources can be treated simultaneously, and secondary waste 

streams are minimized. Both in situ chemical and in situ biological remediation technologies are under 

development. 

In situ chemical oxidation can destroy toxic organics or oxidize secondary organic contamination to the 

point that solubility increases and the oxidized products desorb and can be pumped to the surface for more 

complete ex situ treatment. The candidate oxidants are those that degrade spontaneously to nontoxic 

products in the environment, such as ozone and hydrogen peroxide. 

In situ biodegradation recently became an available technology . Even so, technology development 

continues to address the significant limitations previously mentioned. Some examples are: 

• For organics that are too water insoluble to desorb significantly, solubilization can be increased with 

surfactants or enzymes that do not harm the microbes . The desorbed contaminants can then be 

biodegraded in situ. 

• In areas where low aquifer temperature makes the rate of biodegradation very slow, in situ heating will 

accelerate these rates so that bioremediation becomes practical. 

• At sites where high levels of dissolved organics or toxic metals are present in the groundwater, or where 

the contaminants to be treated are refractory to biodegradation, microbes that can tolerate these 

conditions need to be developed and introduced into the subsurface. These goals are quite difficult, 

especially spreading microbes through the subsurface (which essentially behaves like a filter). 
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• In situ biodegradation may be expected to tie up nonbiodegradable contaminants only temporarily , such 

as heavy metals and nonmetal radionuclides. Biomass decay may also produce byproducts capable of 

chelating and mobilizing toxic heavy metals. Methods must be developed for assessing this problem 

beforehand and fqr controlling it. 

H.4.3. 7 Improved In Situ Treatment Technologies and Stabilization Technologies for 
Soil 

In situ treatment of soil contamination, by reducing the generation of secondary waste streams, tends to 

be cheaper than excavation and treating. In addition to in situ immobilization technology, chemical and 

biological remediation technologies are under development. Many of the emerging technologies described 

above for groundwater and aquifer remediation may be applicable to soil and the vadose zone as well. 

In situ vitrification (ISV) is one emerging treatment technology for soils. Melting of the soil minerals and 

subsequent cooling to an impermeable glass-like mass will immobilize many soil contaminants. During the 

heating process some organics will volatize; others will degrade . Any that escape the glass must be 

captured for treatment. The technology shows great promise for immobilization of radionuclides and for 

treatment of mixed wastes. 

Minimum additive waste stabilization (MAWS) is a related process in which several waste streams with 

complementary characteristics are combined in order to take advantage of their separate characteristics. 

Doing so minimizes the need to add uncontaminated materials . In some cases, two merged streams can be 

vitrified when it would be impractical to vitrify one of the two alone. The benefit of this approach is that 

the final waste volume (for example, the wash residues from soil washing) is minimized because few or 

no additives are used and vitrification itself results in volume reduction. 

In situ biodegradation technology has advanced rapidly. Development continues to address the significant 

limitations previously mentioned in connection with groundwater. In addition, accessibility of microbes 

and nutrients to the contaminants sorbed in the soil interstices needs to be improved. General techniques 

such as soil-fracturing may be inadequate to improve the rate of degradation through access to the soil 

micro-structure. 
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H.4.4 CONCLUSIONS ABOUT EMERGING ENVIRONMENT AL RESTORATION TECHNOWGIES 

The conventional approach to groundwater contaminant extraction (pump and treat) is suitable for only a 

few sites and contaminants. The regions associated with many contaminated DOE sites: 

• Are in the vadose zone without water 

• Have such low permeabilities that pumping cannot extract the contaminated water 

• Have contaminants with low solubilities or volatility, and high soil affinities, and are difficult to 

mobilize 

The ability to locate primary sources of contaminants effectively, especially before they move into 

groundwater, and to contain them at those locations is a significant part of any strategy to avoid increasing 

costs and risks in the future. Emerging characterization technologies can reduce the cost, time, and worker 

risk associated with restoring sites by minimizing sampling and well costs, by reducing the number of trips 

and time in the field to collect potentially unnecessary samples, and by precisely locating contaminated 

region boundaries to minimize the handling of uncontaminated so:i or groundwater . 

The potential for significant cost reductions because of the availability of these or other advanced 

technologies could result in regulatory decisions to undertake more extensive remediation at particular 

DOE sites than would otherwise be the case. These decisions could result in increasing the waste loads 

being delivered from environmental restoration activities to waste management. However, this waste load 

effect is unlikely to be important at a programmatic level for at least two decades because in situ 

technologies (which reduce waste loads) have greater potential for emergence and impact between now and 

that time. For unremediated sites, advanced characterization technologies can make it possible to monitor 

contaminant transport and provide confidence of the immobility of many contaminants and, therefore, 

minimal risk to public health. 

Development of characterization and in situ treatment technologies-reducing the need to excavate material 

for processing onsite or for transport elsewhere for disposal- will achieve the greatest improvement in safe, 

cost-effective soil remediation and minimization of waste management loading. Exposure risk, remediation 

cost, and danger to the population, from both contaminant contact and transport hazards, are substantially 
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reduced through applying in situ technologies. In situ technologies are being developed and demonstrated 

for applications in the next 5 to 10 years. Some sites will still be recalcitrant, including those: 

• With such poor hydraulic conductivity that most remediation methods would have difficult access 

• Where the mix of contaminant chemistry (and subsurface interferences) limit the technology 

• For which the extent of contamination, even with the best of innovative technology, would overwhelm 

financial resources 

Although extremely difficult to remediate, situations of the first type (or others where the soil affinity 

makes the contaminant immobile) may pose less immediate risk. In other words, the same factors that 

inhibit remediant access may inhibit movement by the contaminants themselves. However, such inhibition 

is not reliable because of differing physical and chemical characteristics among the contaminants and 

remediants. Further, almost all sites will have soils that vary significantly in quality and characteristics. 

Accessibility to remediation injection or extraction will be patchy, and thus long-term "bleeding" of 

contaminants from isolated pockets of contamination will be a common problem. 

These factors stress the importance of continuing research that enhances formation accessibility . This 

includes work to increase formation hydraulic conductivity and the ability to target, or pinpoint, the 

insertion of reagents and extraction of fluids. At present, the ability to manipulate groundwater flow is 

rudimentary. Plans for the application of any in situ technologies will hinge on significant improvements 

in subsurface control. Because many technologies will involve powerful reagents and microbes and their 

nutrients, regulatory approval will depend on presentation of proof that the remediation can be controlled 

and will not worsen the environmental hazard by replacing one contaminant with another . 

With regard to schedule, technologies adequate for soil remediation are expected to be successfully 

developed during the next 5 to 10 years. Their implementation should be widespread in another 5 to 10 

years as they become generally accepted by remediation managers, regulators, and other stakeholders. The 

large number of possible approaches provides a basis for confidence that one or more approaches will 

prove successful despite uncertainties that may exist about any particular approach. The extent of soil 

contamination problems at DOE sites and non-DOE sites also provides confidence of continued private 

sector interest in commercialization. 
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On shorter time scales, there is little indication that all or most sites that cannot be remediated by available 

technologies could be remediated with emerging technologies. Formation accessibility is too difficult and 

hydraulic control in the subsurface is insufficient to ensure the success of in situ methods. Short-term 

control until usable technologies are sufficiently mature, or long-term control and isolation, will be 

necessary to minimize risk where remediation is currently impossible. 

Emerging technologies could mitigate the costs of remediation significantly. In the WM PEIS, DOE 

assumed a generic process that used new supplies of commercially available equipment and materials. Cost 

saving could result from the application of technologies discussed in this section. For example, the MAWS 

vitrification process could be less expensive than the generic vitrification process for certain applications, 

if on-site waste could be substituted for commercial oxide new material. Similarly, the use of the 

SEAMISJ"'M technology would provide better control of test wells, reducing the cost of characterization, 

and ultimately reducing the cost of pump and treat operations. These technologies are only a small fraction 

of the remediation technologies now under development within DOE, and many technologies should have 

numerous applications outside the DOE complex. 

H.5 Transportation Technologies 

Some of the waste management alternatives considered in the WM PEIS may require extensive transport 

of radioactive or hazardous materials on or between DOE sites. DOE's Transportation Management 

Division, with the EM Office of Compliance and Program Coordination, is sponsoring packaging research 

and development, packaging engineering and analysis, and packaging operations studies to produce a new 

generation of hazardous materials packaging. 

H.5.1 PACKAGING RESEARCH AND DEVEWPMENT 

Packaging research and development includes several related areas of development: development of 

analytical design codes, evaluation of packaging components, materials characterization, and packaging 

concepts. 
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Development of analytical methodologies design codes is the first such area. Structural analysis techniques 

are developed to predict packaging response accurately. Activities in this area emphasize establishing 

nonlinear dynamic analysis as an alternative for use in package certification. Specific activities will include 

investigation of acceptance criteria for inelastic analysis and benchmarking of these analysis codes. 

Thermal computational techniques are being improved. A better engineering description of hypothetical 

accident environments through use of new and existing analysis techniques and additional instrumentation 

is under development. 

Development of analytical methodologies and design codes also includes activities to automate the 

analytical process. Transportation packagings are the final product of an iterative process of design, 

analysis, interpretation, modification, and redesign. This inherently inefficient design process can be vastly 

improved by automating evaluation of the structural, thermal, and shielding constraints to produce a more 

uniform factor of safety and thus more efficient design. 

Evaluation of packaging components has already provided data on impact-limiting material and screening 

methods. A new constitutive plasticity model for wood stress through the crush range is being developed. 

Verification and refinement of a proposed crush failure theory for general triaxial stress states will be 

undertaken. A research and testing program for seal materials, begun in 1988, is characterizing the 

behavior of seal materials commonly used in radioactive material packages under normal and accident 

conditions, performance of the seals in non-deformed closures at both high and low temperatures, and 

response of seals to deformations in the closure region. A topic of particular interest to package designers 

is short-term closure movements that return to their initial configuration after a few milliseconds, resulting 

in the so-called "burp" release. Also of interest for many package types is the release of particulate 

materials instead of gaseous materials. 

DOE currently is sponsoring work to establish the fracture mechanics methodology for ferritic materials, 

thereby extending the range of structural materials potentially usable for package construction. 

One new concept is design of "Type B" transport packaging for plutonium and uranium that meets future 

regulatory requirements. The new package design uses nested cylindrical containment vessels with threaded 

closures and elastometic seals and a composite material overpack of metallic wire mesh and ceramic or 

quartz cloth insulation material. 
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H.5.2 PACKAGING ENGINEERING AND ANALYSIS 

The packaging engineering and analysis programs involve engineering, design, analysis, and testing for 

packaging development. New packaging concepts emerge to meet specific programmatic requirements. 

Innovative packaging designs for transporting high activity liquid waste and environmental samples that 

need cooling during transport are under development. The Beneficial Uses Shipping System (BUSS) cask 

has been developed for transporting special-form cesium chloride and strontium fluoride capsules and 

conceptual designs have been completed for packages for offsite shipment of Hanford tank waste liquid 

samples, Hanford tank waste core samples, and onsite shipment of large volume wastes . 

I 
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Office of Technology Development 

FY 1996 Budget Request Work Packages 

for the Focus Areas and Crosscutting Programs (excluding Program 

Support, Program Direction, and Technology Integration) 

Information from the Back-up to the Budget Submission 

to the Office of Management and Budget, 10-10-94 

Mixed Waste Focus Area 

Plasma 

• Prepare and conduct pilot scale demonstration of the plasma arc treatment process (including off-gas 

system) using non-radioactive surrogates. Determine partitioning of surrogate radionuclides . 

• Conduct bench-scale testing of the plasma arc treatment process with actual radioactive mixed waste. 

Develop and demonstrate waste materials handling capabilities, both on the front and back ends of the 

treatment processes, in preparation for the field demonstration of the plasma hearth process (PHP). 

• In preparation for the field-scale demonstration of the PHP system on mixed low level waste (MLL W), 

test a closed-loop off-gas system with appropriate process monitoring and control (continuous emission 

monitors and control loop electronics) hardware. Complete pilot-scale demonstration of the plasma arc 

process with actual radioactive mixed waste. 

• Facilitate the early field implementation of the plasma hearth process. 
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Vitrification 

• Complete compact vitrification system demonstration integrating melter, off-gas systems, etc. Evaluate 

and implement closed-loop off-gas systems with complete process monitoring and control systems on 

the compact vitrification units. 

• Modify high level waste vitrification technology for the treatment of low level waste. Complete 

demonstration of polymer solidification for quality assurance and process control of final forms 

production. Perform field scale demonstrations on MLL W employing low temperature waste 

stabilization processes such as polymer encapsulation and phosphate-based ceramics. 

Rocky Flats Compliance 

• Design non-radioactive demonstration unit for catalytic wet chemical oxidation (CWCO) system. Begin 

fabrication of demonstration unit for CWCO process . Test new materials for reactor vessel of CWCO 

process. Test waste blending to improve process parameters. 

• Test more complex waste forms with supercritical carbon dioxide extraction (SCDE) system. Evaluate 

enhancements for the SCDE system. Conduct cold demonstration of SCDE. Begin design of 

volatilization, Low Temperature Thermal Desorption, full-scale system. 

• Continue development of microwave system. Test pelletizing process and select a drying technology. 

Demonstrate off-gas treatment and monitoring system. Design, fabricate and install upgraded bagless 

posting system. Design, fabricate and test components of break-open system. Perform non-radioactive 

bench-scale tests on surrogates of additional wastes. Perform tests on currently generated by-pass 

sludge. Perform full-scale tests on spiked surrogate wastes. 

• Begin demonstration of macroencapsulation of miscellaneous waste . Conduct polymer 

microencapsulation demonstration on radioactive nitrate salt waste. Conduct lab-scale testing of thermal 

treatment process waste. Gear-up for radioactive lab-scale tests on surrogate waste of backlog sludge 

microencapsulation. Conduct non-radioactive demonstration on new sludges. Conduct non-radioactive 

bench scale tests on non-thermal treatment waste. 
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Supercritical Water Oxidation 

• Complete non-radioactive testing and demonstration of the supercritical water oxidation (SCWO) pilot 

plant with DOE hazardous and surrogate mixed wastes. 

• Prepare Environmental Impact Statement (EIS) and Preliminary Safety Analysis Report (PSAR) for the 

radioactive demonstration of the SCWO pilot plant. 

• Complete conceptual design of the SCWO pilot plant for the radioactive demonstration . 

Complete radioactive demonstration of the Delphi DETOX process to catalytically oxidize the organic 

constituents of waste streams in a contained reactor. 

Develop advanced effluent control systems, continuous emission monitors, cleanable HEPA filters, and 

other off-gas treatment and monitoring systems. 

Develop alternative low temperature treatment technologies for mixed waste, specifically for combustible 

contaminants. 

Develop intelligent remote sensing systems and survey robots for radioactive storage areas . 

Develop alternative low temperature final forms for mixed waste. 

Develop processes to refine and/or enhance basic knowledge solutions for the removal of heavy metals and 

mixed hazardous wastes from soils; use of metal oxide particles as reagents for destruction and 

immobilization of hazardous substances. 

Radioactive Tank Waste Remediation Focus Area 

Demonstration of real-time tank integrity inspection and waste mapping technologies with the Light-Duty 

Utility Arm (LDUA) . 

• Camera Systems, Laser Range Finder, Structured Light Hardware. 
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• Tanlc Riser Interface and Confinement (TRIC) System. 

• Light Duty Utility Arm Decontamination System. 

• Acoustic Emission System for detection of pipeline leaks. 

• Supervisory control and data acquisition system for LDUA. 

Integrated testing and development of waste dislodging and conveyance tools for retrieval of multiple waste 

types . 

• Waste Dislodging and Conveyance Hydraulic Test Bed. 

• High Pressure Water Jet Scarifier. 

• Medium Pressure Water Jet Scarifier. 

• Further waste dislodging and conveyance work to plan retrieval operations and meet 99 % retrieval 

minimum from TP A. 

Hot cell demonstration of characterization of waste which includes the Raman spectroscopy system. 

• Raman spectroscopy system. 

• Further development for a higher resolution scanning Raman spectroscopy system. 

• In-situ characterization, on-line monitoring of waste and data analysis methods . 

Perform radioactive testing of an out-of-tank mobile evaporator 

• Fabrication and radioactive testing of evaporator/concentrator Compact Processing Unit (CPU). 

Conduct radioactive demonstration of a mobile, field maintainable, CPU for cesium removal. 
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• Complete resin and skid testing, and CPU design. 

• CPU Test Unit. 

• Cs extraction resin. 

Demonstrate sample retrieval and on-line, in-situ waste analysis with the LDUA System in Idaho. 

• LDUA adaptation for Idaho tanks and sample retrieval. 

• Waste dislodging and conveyance tools adaptation for LDUA and Idaho tanks. 

Hot demonstration of solid/liquid separation using cross flow filtration system. 

Demonstrate low pressure waterjet tools for waste removal from tanks, leading to a radioactive retrieval 

demonstration at Oak Ridge/Idaho; adaption of the waste dislodging and conveyance scarifiers for Oak 

Ridge Gunnite tanks. 

Using actual waste from the Melton Valley Storage Tank Farm, demonstrate sludge and supernatant 

processing of this waste. 

• Demonstration of sludge dissolution and TRUEX solvent extraction for partitioning of TRU 

components. 

• Demonstrate sorbent removal of Cs, Sr, and Tc from supernate. 

• . Complete sorbent testing for removal of Sr and Tc. 

• Continue development of general site-specific waste processing flowsheets. 

• Adaption of sludge/supernate processing system for demonstration on Hanford tank waste. 

• Continue development of waste processing flowsheets . 
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Demonstrate in-tank equipment designed to remove scrapped hardware from waste tanks. 

Analysis techniques and sensors to characterize and monitor chemical and physical conditions within tanks. 

Work includes spectroscopic techniques and LDUA development. 

Develop end-effectors for waste dislodging and conveyance. 

Develop solutions for tank waste using compact processing units. 

Develop waste disposal technologies. 

Refine and enhance basic knowledge solutions in the development of in-situ measurement of fissile, 

moisture, thermal properties, fission products, and head space gases; wide dynamic range tank hot spot 

identification. 

Landfill Stabilization Focus Area 

Containment 

• Demonstrate physical barriers formed from viscous liquids (polybutene and colloidal silica) emplaced 

under controlled viscosity conditions. 

• Evaluate two new flowable grout bentonite-mineral-water-inorganic grout techniques to reduce the cost 

of barrier emplacement. 

• Demonstrate hydraulic and diffusion barriers in the vadose zone surrounding buried waste. 

• Demonstrate surface controlled emplacement horizontal planar barriers beneath waste sites using tilt 

meters and models to predict effectiveness. 

• Assessment of polymer cement, ion exchange cement, cemem glass and latex cement grouts for vertical 

subsurface barrier long term effectiveness 
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• Demonstrate four innovative advanced landfill cover designs and compare with existing EPA designs 

• Demonstrate dry barriers by using active/passive ventilation of coarse barrier layer to remove water. 

• Demonstrate migration barrier covers using locally available soils/rocks and synthetic barriers. 

• Demonstrate a prototype model for the selection of barrier cover systems using a decision analysis tool 

that analyzes tradeoffs to compare landfill cover technologies on effectiveness, risk, and cost. 

Stabilization 

• Perform field-scale testing of buried waste encapsulation techniques at arid site burial grounds by 

injecting naturally occurring cementing solutions to form soil/waste monoliths that are impervious to 

water migration and immobilize contaminants . 

• Initiate in-situ treatment techniques for buried waste (through field testing at a full-scale cold test pit 

location) that establishes a vitrified glass matrix while destroying volatile organics . 

• Develop other stabilization technologies (in association with industrial programs) . 

• Demonstrate long-term monitoring techniques and in-situ monitoring to predict failures, and assess the 

effectiveness of the stabilization technology using time domain reflectometry/in-situ moisture 

monitoring, leachate collection systems, directional well holes, plant and intruder analysis, and 

subsurface geophysical evaluations. 

Containment and Stabilization 

• Demonstrate active/passive acoustic system for the placement and monitoring of barrier technologies. 

• Demonstrate electromagnetic measurement techniques for the monitoring of containment and 

stabilization activities. 
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• Demonstrate specialized borehole deployed geophysical instrumentation for the monitoring of 

containment and stabilization activities. 

Treatment 

• Conduct hot bench-scale thermal treatment tests using DC Graphite plasma furnace which can operate 

in the submerged or transfer arc mode. 

• Conduct hot bench-scale thermal treatment test using millimeter wave radiometer to determine spatial 

resolution of the temperature measurements. 

• Conduct hot bench-scale thermal treatment tests using microwave plasma analyzer in the offgas flow 

from a high temperature furnace that allows real-time assay of offgases for metals and organics. 

• Conduct hot bench-scale offgas treatment tests using non-thermal electrical discharge plasma for the 

destruction of hazardous chemicals. 

• Demonstrate batch/continuous leach technology for uranium-containing soils at Fernald. 

• Demonstrate by laboratory simulation performance and economics of uranium heap leaching for 

comparison with batch-reactor method using transparent leaching columns. 

• Demonstrate minimum additive waste stabilization at Pantex by further developing the concept of 

blending waste in an integrated system centered on vitrification, using the Duramelter, and also 

including soil washing. 

• Demonstrate magnetic techniques on uranium-contaminated soils at Fernald. 

• Demonstrate biphasic separation techniques on uranium-contaminated soils at Fernald. 

• Demonstrate ex-situ treatment technologies for the removal of mercury from Oak Ridge Reservation. 
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Removal 

• Initiate hot demonstration for INEL TRU waste pits using dual arm cooperative retrieval system that 

delivers dual manipulator capability to the dig-face and deploys various retrieval support tools. 

• Initiate hot demonstration for INEL TRU waste pits using innovative end-effectors and conveyance 

system that achieves dust-free dumping and uses a self-guided vehicle to convey retrieved waste to a 

treatment facility. 

• Initiate hot demonstration using dig-face characterization that uses multiple sensor data integration and 

interpretation for real time characterization data in support of retrieval operations. 

• Initiate hot demonstration of TRU dust monitoring using laser optical scattering techniques for dust 

assessment and laser-induced breakdown spectroscopy for real time composition determination. 

• Initiate hot demonstration of retrieval integration using a "rad hardened" teleoperated 60,000 pound 

class excavator with supervisory control for data transfer and collision avoidance for the integrated 

system. 

• Demonstrate buried waste contamination control in "hot" environment using dust generation 

minimization hardware/procedures and implement dust/contamination control measures (misting, wetting 

agents, forms, vacuum). 

Assessment 

• Conduct hot demonstrations of Radiological Hazardous Materials Measurement System that consists of 

multiple measurement cells and integrates individual measurements to improve quantitative assay 

capability. 

• Demonstrate Combined Thermal Epithermal Neutron system which uses thermal neutrons to interrogate 

for fissile isotopes in waste drums. 
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• Demonstrate Active Passive Computed Tomography which uses a high purity germanium detector ~or 

non-destructive assay of gamma-emitting nuclides in sludge, combustibles, and metal matrices with a 

55-gallon drum. 

• Demonstrate Digital Radiography using a high energy x-ray source installed in a commercial scanner 

to measure density and non-destructively view the contents of high density drums 

• Conduct Glass/Ceramic Performance Assessment to provide the necessary database and the 

thermodynamic/kinetic modeling capabilities to make reasonable long-term predictions regarding the 

performance and durability of LLW/LLMW vitreous waste forms under potential disposal site 

conditions. 

• Conduct Glass/Ceramic Composition Envelope Study to provide a database of vitreous waste form 

compositions and properties plus an easy to use modelling tool using actual wastes, where available from 

three DOE sites, or reasonable surrogates to develop vitreous waste forms that are then tested for 

processability as well as durability characteristics. 

• Demonstrate technologies for waste assay during waste handling operations. 

Other 

• R&D of advanced monitoring technologies for remediated landfills. 

• Refine and enhance basic knowledge solutions in the development of methods and processes for non

intrusive and intrusive site characterization and waste assay . 

• Refine and enhance basic knowledge solutions in the development of verification technologies for the 

emplaced barrier continuity with reduced site disruption; hot spot and full-scale retrieval of untreated 

waste. 

• Refine and enhance basic knowledge solutions in the development of pre-, primary, and secondary ex

situ treatment and recycling secondary waste streams; subsurface contaminant technologies. 
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Contaminant Plume Containment and Remediation Focus Area 

Reactive barriers and deep subsurface barriers. 

• Demonstrate a reactive barrier for 90Sr and 137Cs at arid site. 

• Demonstrate a reactive barrier for 99Tc and TCE at humid site. 

• Field-scale testing of permeable barriers at humid site. 

• Develop methods to emplace reactive barrier materials at depths up to 50 ft 

• Develop methods to extract or rejuvenate reactive materials to prolong barrier life. 

• Develop performance monitoring techniques for reactive barriers and subsurface impermeable barriers. 

• Demonstrate barrier emplacement tools to create an integrated barrier/floor wall. 

Develop and field test technologies for detecting/immobilizing/removing metals and radionuclides in 

ground water. 

• Develop in-situ redox manipulation for immobilization of uranium in ground water at Hanford. 

• Field test the MAG*SEP process for removal of radionuclides from ground water at Savannah River. 

• Demonstrate the ex-situ biosorption of uranium process on Fernald ground water. 

• Develop new methods for the removal of 99Tc from ground water. 

• Demonstrate electrokinetic removal of uranium from Oak Ridge ground water at the pilot-scale. 

• Demonstrate electro kinetic methods for migration and removal of heavy metals in groundwater . 
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• Develop in-well removal methods (recirculating wells) for various metals. 

• Field test mobile lab-based characterization methods for metals in ground water, such as laser-based 

spectroscopy methods. 

• Demonstrate electrokinetic methods for removal of Chromium at Sandia. 

Develop and field test detection, extraction, and treatment systems for DNAPLs in ground water. 

• Develop and field test advanced extraction systems for DNAPLs using foam/surfactant mixtures at 

Paducah or Oak Ridge 

• Further develop and field test extraction systems for DNAPLs, using heating methods (e.g. radio 

frequency heating, steam injection, ohmic heating) . 

• Develop and field test DNAPL degradation using aerobic/anaerobic bioremediation at Hanford. 

• Develop and field test advanced DNAPL detection systems. 

In-situ ground water treatment technologies for heavy metals, radionuclides and DNAPLs. 

• Develop contaminant-specific ionic complexant soil flushing solutions. 

• Demonstrate in-well removal methods (recirculating wells) for various metals at the Pinellas Plant. 

• Demonstrate mobile lab-based characterization methods for metals in ground water, such as laser-based 

spectroscopy methods. 

• Evaluate and demonstrate biological systems that concentrate tritium from ground water. 

• Demonstrate DNAPL degradation using staged aerobic/anaerobic bioremediation at Hanford. 
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• Develop methods to reduce chemical contaminants (e.g . uranium and chromium) to an insoluble form 

using bioremediation or chemical addition to soil . 

• Develop molecular diffusion and diffusion-related chemical reactions to concentrate tritium from ground 

water. 

• Demonstrate advanced extraction systems from DNAPLs using foam/surfactant mixtures at Paducah or 

Oak Ridge. 

Advanced remediation systems at arid sites (includes biologic and chemical treatment and characterization 

and sensor systems). 

• Complete demonstration of Measurement-While-Drilling technology at Savannah River restoration site. 

Technology for heavy metals and radionuclides to minimize secondary waste treatment and reuse treatment 

fluids. 

• Develop chromatography columns to selectively adsorb contaminant species. 

• Demonstrate MAG*SEP technology on radionuclide and heavy metal contaminated ground water at the 

Savannah River site. 

Technology to immobilize or remove heavy metals, radionuclides and DNAPLs in soil. 

• Demonstrate Chromium (VI) immobilization . using gas phase reducing agents at Savannah River 

restoration site. 

• Perform pilot-scale test of DNAPL destruction using in-situ chemical oxidation with peroxide or 

permanganate at Portsmouth. 

• Perform pilot-scale test of electrokinetic removal of radionuclides from arid soil. 

• Perform pilot-scale test of staged anaerobic/aerobic biodegradation of DNAPLs in soil. 
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• Test an ex-situ process of plant uptake and concentration at the pilot-scale for radionuclide removal from 

ground water. 

Improved subsurface access technology for difficult soil conditions. 

• Enhancements of cone penetrometer technology as an assay tool for subsurface characterization. 

• Develop horizontal drilling methods that can utilize existing well holes as points of origin. 

• Adapt and demonstrate existing remote sensing techniques for the characterization of contaminant 

plumes. 

Demonstrate temporary barrier systems for use with in-situ treatment systems. 

In situ treatment technology for non-volatile organic compounds (PCBs, PAHs). 

• Develop and demonstrate bioremediation techniques for degrading polyaromatics. 

• Demonstrate methods to destroy PCBs using chemical oxidation. 

In-situ remediation (stabilization, biological treatment, electrokinetic treatment, surfactant flushing, etc.), 

containment technologies (diffusion barriers, reactive barriers, etc.), and barrier technologies for site 

remediation. Contaminants of special interest are DNAPLs and chlorinated organics. 

Develop characterization instruments for pre-, post-, and on-line analysis to determine type, concentration, 

and location of contaminants to assist site remediation activities. 

• Demonstrate mobile lab-based characterization methods for metals in ground water, such as laser-based 

spectroscopy methods 

• Demonstrate advanced extraction systems from DNAPLs using foam/surfactant mixtures at Paducah or 

Oak Ridge. 
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• Demonstrate MAG*SEP technology on radionuclide and heavy metal contaminated ground water at the 

Savannah River site. 

On-line process control for in-situ treatment and mobile labs or on-site testing, and secondary waste 

minimization and recycling. 

• Demonstrate mobile lab-based characterization methods for metals in ground water, such as laser-based 

spectroscopy methods. 

• Complete demonstration of advanced VOC remediation system at Hanford, including in-situ air 

stripping, in-situ chemical oxidation, and/or staged aerobic/anaerobic destruction of VOCs. 

Treatment of tritium in groundwater and aqueous waste streams and process data for fate and transport 

modeling. 

Refine and enhance basic knowledge solutions in the development of characterization of subsurface 

contamination, modeling of contaminants under heterogenous conditions; identifying and quantifying 

residual NAPLs contamination in the subsurface and heavy metals in groundwater; lab to field 

experimentation on micro bio-organisms to analyze survivability and longevity. 

Develop refinements and enhancements in basic knowledge solutions for groundwater and soils remediation 

of halogenated hydrocarbons; monitoring technologies for post-closure of the vadose zone; bioremediation 

technologies of DNAPLs. 

Refine and enhance basic knowledge solutions in the development for the destruction and removal of VOCs 

using naturally occurring phenomena; competitive and mass transfer effects on the sorption and desorption 

of contaminants in soils. 

• Perform pilot-scale test of staged anaerobic/aerobic biodegradation of DNAPLs in soil. 

Refine and enhance basic knowledge solutions in the development of pre-, primary, and secondary ex-situ 

treatment and recycling secondary waste streams; subsurface contaminant technologies. 
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Facility Transitioning, Decommissioning and Final Disposition Focus Area 

Concrete Decontamination: demonstrate improved processes for the decontamination of surface and 

volumetric contaminated concrete (field pilot-scale electrokinetic process, field pilot-scale wall process, 

field pilot-scale coating process) . 

Metal Decontamination: demonstrate improved processes for the decontamination of surface and volumetric 

contaminated metal (field pilot-scale flushing process, field pilot-scale carbon dioxide process, field pilot

scale ultrasonic process, field pilot-scale mechanical process, field pilot-scale chemical process). 

Concrete and Metal Structure Dismantlement: demonstrate improved processes for size reduction, 

dismantlement and containment of concrete and metal structures (field pilot-scale telescopic boom process, 

field pilot-scale overhead platform delivery system, field pilot-scale mobile platform delivery system, field 

pilot-scale size reduction end effectors, field pilot-scale dismantlement end effectors). 

Metal Recycling: demonstrate improved processes for the conversion of metal with residual contamination 

into useful products (field pilot-scale stainless steel into waste drums and boxes, field pilot-scale slab 

casting process, field pilot-scale nickel into stainless steel, field pilot-scale plasma melting process). 

Material Stabilization: demonstrate improved process for the stabilization of asbestos in place. 

Facility Stabilization: demonstrate improved processes for the stabilization of facilities (field pilot-scale 

fuel pool treatment processes, field pilot-scale fuel pool characterization processes, field pilot-scale 

plutonium glovebox size reduction process, field pilot-scale glovebox disposition process, field pilot-scale 

plutonium residue handling process). 

Facility Stabilization: demonstrate improved processes for the stabilization of facilities (field pilot-scale 

equipment disposition process, field pilot-scale equipment size reduction process, field pilot-scale 

equipment decontamination process, field pilot-scale equipment in process monitoring process, field pilot

scale glovebox in process monitoring system) . 

Material Disposition: demonstrate improved process for the disposition of depleted uranium (field pilot

scale non-metallic applications, field pilot-scale shielding application). 
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Develop advanced worker systems. 

Develop systems for the removal of contaminated paint and other contaminants, such as grease, oil and 

PCBs from concrete and metal surfaces. 

Develop mobile workstations for decontamination and decommissioning. 

Develop recycling of radioactive contaminated scrap metal. 

Develop decontamination and dismantling end effectors and plasma arc development 

Sampling, imaging, and characterization systems for pre-, post-, and on-line analysis during 

decontamination and decommissioning. 

Develop robotics for decontamination and decommissioning. 

Refine and enhance basic knowledge solutions in the development of solvent and material substitution and 

cryogenic decontamination and cutting. 

Crosscutting Programs-Characterization 

Process monitors and controls for three candidate mixed waste treatment systems. 

Continuous real-time air monitors. 

Non-destructive remote techniques to characterize unopened waste containers and final waste forms. 

Process monitors and controls for treatment techniques other than three candidate mixed waste treatment 

systems, (e.g. supercritical oxidation). 

Detect tank leaks, head space gases (volatile and poisonous), and water content of waste tank matrices (for 

safety and public health issues). 
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Testing of tank imaging technology for retrieval operations in a radioactive environment. 

Methods for less expensive and faster hot cell analysis and in-situ tank waste analysis (chemical analysis) . 

In-situ testing of physical properties of tank waste. 

On-line process monitoring and control for tank waste retrieval, transfer , and treatment operations. 

Field-deployable, real-time chemical and geophysical sensors and in-situ surface-based deployment systems 

to identify subsurface contaminants (DNAPLs) in support of the Expedited Site Characterization Process. 

• Performance monitoring techniques for reactive barriers 

• Field test mobile lab-based characterization methods for metals in ground water, such as laser-based 

spectroscopy methods. 

• Develop and field test advanced DNAPL detection systems. 

• Modify and adapt high resolution geophysical technologies to better identify contaminant plumes (e.g . 

DNAPLs) 

• Enhance decision support and data fusion of optimal sampling. Develop additional capabilities to map 

subsurface contaminant plumes. 

Develop large area scanning and mapping systems for detection of U and other contaminants on facility 

and land surfaces. 

Develop non-destructive assay techniques to assay contaminants in constrained areas such as inside pipes 

and equipment. 

Transfer airborne deployment sensors from the classified community and configure for environment 

applications. 
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Develop real-time sensor systems for decontamination of concrete surfaces to identify PCBs, uranium, 

plutonium, tritium, fission products, and mercury in the near-surface layer of concrete. 

Develop real-time sensor systems to characterize metal scrap contaminated with 99Tc and activation 

products such as 60Co. 

Develop continuous real-time monitors for radioactivity in liquid streams. 

Crosscutting Programs-Efficient Separations 

Develop/adapt radionuclide separations technologies for application to liquid mixed wastes. 

Develop technologies to remove volatile species (e.g. mercury, chlorides, organics), and therefore simplify 

treatment of mixed wastes. 

Complete development and demonstration of Cs/Sr removal technologies to meet milestones for LL W 

pretreatment facilities. Evaluate and integrate separations pretreatment processing schemes to meet LLW 

glass performance specifications. 

• Develop baseline sludge treatment to determine feasibility of meeting milestones at Richland. Develop 

alternative sludge pretreatment technologies to ensure minimization of HLW volume. 

• Accelerate sludge treatment efforts to meet FY98 Tri Party Agreement milestone at Hanford. Emphasis 

on hot testing of actual tank wastes to evaluate behavior and HL W volume reduction under both alkaline 

(baseline) and acid conditions. 

• Develop technologies to remove Tc and TRU from tank waste to improve waste form performance and 

to meet requirements for vitrification. 

Develop and adapt separations agents for cleanup of soils containing contaminants other than Pu, U (e.g. 

Tc, heavy metals) 
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Provide sorbents for incorporation into reactive barriers used for plume mitigation. 

Evaluate feasibility/cost of tritium removal technology (D&D) for cleanup of groundwater. 

• Perform pilot-scale test of electrokinetic removal of radionuclides from arid soil . 

Demonstrate tritium removal technologies from waste storage basins. 

Demonstrate improved residue treatment technology to meet Rocky Flats schedule. 

Expand and adapt sludge leaching technologies to D&D of solids. 

Evaluate separation need for recycle of wash liquids (D&D, soil) and process chemicals. 

Crosscutting Programs-Robotics 

Develop systems to automatically handle drums of mixed waste on front-end of mixed waste treatment 

process. 

Develop robotic systems to automatically inspect stored drums of mixed waste. 

Develop and demonstrate back-end materials handling system at waste treatment facility. 

Develop fully functional robotic system on full scale test bed. 

Develop automated analytical chemistry modules for radionuclides, metals, organics and inorganics. 

Develop cooperating manipulators (dual-arm) system for D&D and Tank Waste applications. 

Develop automated analytical chemistry modules for radionuclides, metals, organics and inorganics. 
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Develop mobile system to automatically measure and record chemical and radiological contamination on 

internal surfaces (e.g., walls, hot cells) of buildings. 
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APPENDIX I 
Distribution of Minority and Low-Income Populations 

at the 17 Major Waste Management Sites 

In accordance with the requirements of Executive Order 12898, DOE evaluated the potential for the WM 

PEIS program alternatives to cause disproportionately high and adverse human health or environmental 

effects to minority and low-income populations. DOE identified and mapped the distribution of minority 

and low-income populations at the 17 major sites then reviewed the human health effects and environmental 

impacts associated with alternatives for the five waste types at those sites. This appendix presents the maps 

showing the distribution of minority and low-income populations at the 17 sites. Appendix C provides a 

description of the methods used to evaluate environmental justice impacts. Those impacts are described in 

the main text of the Waste Management Programmatic Environmental Impact Statement. 

Demographic information obtained from the U.S. Bureau of Census was used to identify minority and low

income populations in the zone of potential impact surrounding each of the sites under consideration. This 

zone is defined as a circle with origin at the site center and an 80-kilometer (50-mile) radius. This 80-

kilometer (50-mile) radius was selected because it was judged to encompass virtually all of the human 

health risks and environmental impacts that may occur. It was used to specify the offsite population at risk 

in the human health risk assessment of airborne dispersion of waste management facility emissions. It also 

encompasses the majority of communities that would be affected socioeconomically by waste management 

program actions. Transportation impacts are assessed within 800 meters (0.5 miles) of transportation routes 

for incident-free transportation because impacts beyond this distance are expected to be negligible. For 

transportation accidents, an 80-kilometer (50-mile) radius was used. 

Deimitions 

Definitions used to develop and map the community characteristics data are as follows: 

A census tract is an area defined for the purpose of monitoring census data that is usually comprised of 

between 2,500 and 8,000 persons, with 4,000 persons being ideal. When first delineated, census tracts are 

designed to be homogenous with respect to population chara~teristics, economic status, and living 
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conditions. Census tracts do not cross county boundaries. The spatial size of census tracts varies widely 

depending on the density of settlement. Census tract boundaries are delineated with the intention of being 

maintained over a long period of time so that statistical comparisons can be made from census to census. 

A minority population is a group of people and/or community experiencing common conditions of exposure 

or impact that consists of persons classified by the U.S. Bureau of the Census as Negro/Black/ African

American, Hispanic, Asian and Pacific Islander, American Indian, Eskimo, Aleut, or other nonwhite, 

based on self-classification by the people according to the race with which they most closely identify. For 

the purposes of this analysis, a minority populations was defined as any census tract within the 80 kilometer 

(50-mile) zone of impact where minority individuals comprise 50 % or more of the population. 

A low-income population was defined as a census tract with a median income to a family of four equal to 

or below the national poverty level of $12,674 (rounded to $12,700 for this analysis). Census tracts were 

included in the analysis if 50% of the area of the tract fell within the 80-kilometer (50-mile) radius. 

Mapping Procedures 

For each of the 17 major WM sites, demographic maps were prepared using 1990 census data available 

from the U.S . Bureau of the Census. Maps of the minority and low-income populations are shown in 

Appendix I. Figures 1-1 through 1-17 and Figures 1-18 through 1-34 illustrate census tract distributions 

for minority populations and low-income populations respectively for areas surrounding the 17 DOE sites 

being considered for the management of the five waste types. These maps are based on an analysis of 1990 

United States Bureau of the Census Tiger Line files, which contain political boundaries and geographical 

features, and Summary Tape Files 3A (as processed by the U.S. Environmental Protection Agency), which 

contain demographic information (US DOC 1992a, b, c). Data were resolved to the census tract group 

level. Native American tribal lands within 80 kilometers (50 miles) of each site were also identified and 

mapped and are included in Appendix I, where applicable, with the minority distribution maps 1-1 through 

1-17 
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Figure 1-1. Distribution of minority populations aJ Argonne National. Laboratory-East. 
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Figure 1-2a. Distribution of minority populations at Brookhaven National Laboratory. 
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Figure l-2b. Location of Tribal Lands at Brookhaven National Laboratory. 
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Figure 1-3. Distribution ofminoriJy populations at Fernald Environmental Management Project. 
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Figure 1-4a. Distribution of minority popuJations at the Hanford Sue. 
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Figure 1-4b. Location of Tribal Lands at the Hanford Site. 
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figure I-Sa. Distribution of minority populations at the Idaho National Engineering Laboratory. 
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Figure I-Sb. Location of Tribal Lands at the Idaho National Engineering Laboratory. 
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Figure 1-:--6, Distribution of minority populations at Lawrence Livennore National Laboratory. 
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Figure I-7a. Distribution of minority populations at Los Alamos National Laboratory. 
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Figure 1-7b. Location of Tribal Lands at Los Alamos National Laboratory. 
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Figure 1-8. Distribution of minority populations aJ the Nevada Test Site. 
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Figure 1-9. Distribution of minority populations at the Oak Ridge Reservation. 

I-15 



Appendix I 

0 

Distribution of Minority and Low-Income Populations 

i 
N 

0 10 20 
Approx. Scale in Miles I ___ I ___ I 

Minority Populations • 
Census Tracts within 50 miles of the site center with 

Minorities comprising 50% or more of the Population 

Figure 1-10. Distribution of minority populations at the Paducah Gaseous Diffusion Plant. 
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Figure 1-11. Distribution of minority populations at the Pantex Plant. 
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Figure 1-12. Distribution of minority populations at the Portsmouth Gaseous Di.ffusion Plant. 
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Figure 1-13. Distribution of minoriJy populations at Rocky Flats Environmental Technology Site. 
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Figure l-14a. Distribution of minority populations at Sandia National Laboratory-New Meri.co. 
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Figure 1-14b. Location of Tribal, Lands at Sandia National, Laboratory-New Mexico. 
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Figure 1-15. Distribution of minority populations at the Savannah River SiJe. 
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Figure 1-16. Distribution of minority populati.ons at the Waste Isolation Pilot Plant. 
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Figure I-17a Distribution of minority popu/.ations aJ the West Valley Demonstration Project. 
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Figure 1-17b. Location of Tribal Lands at the West Valley Demonstration Project. 
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Figure 1-18. Distribution of low-income populations aJ Argonne National LaboraJory-East. 
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Figure 1-19. Distribution of low-income populations at Brookhaven National Laboratory. 
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Figure 1-20 Distribution of low-income populations aJ Fernald Environmental Management Project 

1-28 



951338i .. Z61 
Distribution of Minority and Low-Income opulations 

OR 

0 

Approx. Scale in Miles I 

Low-Income Populations • 
Census Tracts within 50 miles of the site center with 

Median Income of $12 ,674 or less 

Figure 1-21. Distribution of low-income populations aJ the Hanford Site. 
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Figure 1-22. Distribution of low-income populations at Idaho National Engineering Laboratory. 
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Figure 1-23. Distribution of low-income populations aJ Lawrence Livermore National Laborotory. 
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Figure 1-24. Distribution of low-income populations at Los Alamos National Laboratory. 
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Figure 1-25. Distribution of low-income populaJions at the Nevada Test SiJe. 
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Figure 1-26. Distribution of low-income populations at the Oak Ridge Reservation. 
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Figure 1-27. Distribution of low-income populations at the Paducah Gaseous Diffusion PlanJ. 
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Figure 1-28. Distribution of low-income populations aJ the Pantex Plant. 
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Figure 1-29. Distribution of low-income populations at Portsmouth Gaseous Diffusion Plant. 
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Figure 1-30. Distribution of low-income populations at Rocky Flats Environmental Technology Sue. 
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Figure 1-31. Distribution of low-income popul,ations at Sandia National Laboratory-New Mexico. 
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Figure 1-32. Distribution of low-income populations at the Savannah River Sile. 
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Figure 1-33. Distribution of low-income populations aJ the Waste Isolation Pilot Plant. 
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Figure 1-34. Distribution of low-income populations aJ the West Valley Demonstration Project. 
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