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a) lead Agency: The O@part."ll@flt of Energy 

b)· Proposl!d Action: ()p@ration of PIJtEX and Urani.- <bide Plant Facilities. Hanford Site. 
Washington. 

c) For further infonnation contact: 

• Nr. Roger K. Heusser. Director. Division of N.lterials Processing. Office of 
Nuclear Materials Production. Mail Stop DP-73. Washington. DC 20545. ( 301)353-5496 

• Dr. Robert J. Stern. Director. Enviro.-ental C~ltar ! Division. EP-33 O.'fice of 
the Assistant Secretary for Environmental Protection. Safety and Eaergency 
11!-eparedness, 1000 Independence Avenue. s.w .• R0011 46--064. Washington. DC 20585. 
(202)252-4600 

To request copies of the DEIS contact: Nr. Roger K. Heusser at tlle address notl!d above. 

d) Designation: Draft EIS 

e) i:istract: The proposl!d action 1s the res111111tion of operations of the PIJtEll/U03 
facilities to produce plutoniua (and other special nuclear aateri1ls) for 
national defense nel!ds. The facilities will Include modifications to 
•itig1te environmental Impacts. rl!duce occu;,atlonal hazards. and t11111rove 
safety and security aeasures around the facilities. The sc011e of the EIS 
includes discussion of envlroraent1l il!p1cts associatl!d witll the resumption 
of operation of the PIJtEX/li03 facilities. Three alternatives and their 
envlronnental impacts are evalu1tl!d and COIIPlred wltll the proposl!d action. 
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FOSU:WORO 

This draft enviromental i~act stati!!lll!nt (DEIS) ~nalyzes the envlroraental eff,!CtS of 
the Department of EnenJy's (DOE) proposal to resume operation of the Plutoniia and UranilJII 
.Eztr!Ction (PUREX) and Uraniia 0zide (U03) che11ical processing facilities which a~ 
lcx:1ted on the Hanford Site near Richland, v1shington. The Pv1!EX and 003 facilities are 
us'!d to process irradiated fuels and separate plutonil.JI, uranium and neotunilJI for use in 
r'JE's defense and research and devel~t prograr;i. The PUREX and U03 plants were used 
fro:ii 1956 to 1972 to ;,rocess the irradiated fuels produced by up to nine production reactors 
located on the Hanford Site. 

After the PUREX and U03 facilities had processed the inventor, of irradiated fuels 
tvallable in 1972, their operation on I continuing basts to precess the fuel produced in 
i.-lluctnr (the only reactor continuing in operation at Hanford) was no longer eco11011ical and 
plans were 11111de to operate the facilities on I batch basts when sufficient quantities of 
trraailted fuel were available f:ir processing and plut011hA was required for deh-nse progra111 
and research and develoc,aent purposes~ Therefore, the Pl:REX and U03 facilities have been 
maintained in standby condition since 1972. During this standby period, IIIOdlfications have 
~ =•de to the facilities to mitigate the environmental i-.iact of their operation and 
maintain their operational viability. It has now~ aete!T.lined that processing of the 
irr.i:itated fuels is required to meet the nation's deiense needs and research and development 
needs. i"his DEIS analyzes the envir"Jrment1l ill!IPacts associated with resiaing operations of 
the PUREt/U03 factlttl~s. ana alternatives thereto. 

Thts DEIS wlS prepared In acconience with the ~uhtlons of tt,e Council on 
Envtroraental Quality (40 CfR Parts lS00-1508) 111<1 tlH! Deoartaent of Ene"J.Y Guidelines for 
Ias,leaentatton of the CEQ ~~lattons (45 FR '°694). A Notice 'lf Intent (NOi) to prepare an 
EIS ana?yzi, the res1J1Ptlon of operation of t:te P\it£1 &nd U03 factlttles was published in 
tile Federal eghter on January L2, 1981 (46 FR 70'9}, and •IS provided directly to the 
s:1te g,o~ts of Wasl'llngton, Oregon, and ld&M, lcx:11 govenwents in the Hanford region, 
and the local news aedh. A total of t~t,-cne c~nt letters were received in response 
to the !IOI. 11111 le aost of tlle letters only ~ested copies of the DUS when Issued, four 
letters ccnt11ned ca-aents regarding the p~1rat1on of the DEIS and those CCl!IDeflts were 
con~ldered in prep1r1tlo,-, of this dOCIPC!nt. 

This i>ElS ts i,etng iw~ 1v1ll&11le to 1;1orcortate Feder1l. State and ·1oc1l entities and 
lt9llbers of ttto;: gener.il public In order to prowlde tllose parties •Ith an oc,portunlty to 
~vleo, and COID!ftt 0,\ t.hc docuaent. Ttie CClmlllftts received on tlll s DE lS .111 be US:!SSed and 
consld~:S by DOE In Its pres,ar1tton of tl'Mt rln&I EIS 111d tlle content of tl'Mt doclll!ent •111 
be revised IS ll>ilr'09ri1te. TIie final EIS will ~ tr1115111ttted to c~ting agercles, 1uae 
awatl&ble to~" of tlle public aftd filed •ltll tlle Envlrol9et'IO.t Protection Agency (EPA). 
£PA .111 ~ltsll I notice in tlle fedenl a19tster !ndte1ttng t11at DOE hu riled the final 
EIS. 00( w~ll sue I decision on the praoo~ action not e&rller thin t"ltrty day, after EPA 
11as p.iOli~ tlle Federal Register notice. 00( • 111 record Its d_eclston in a publicly 
awallable Record of Oecl,ton. 
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1.0 EXECUTIVE Slt1HARY 

This i~ an environmentol impact statement (EIS) on the reSIJIIPtion of irradiated fuel 
processing at the PUREX/UC la) facilitiP.5 located at the Hanford Site, near the Tri-Cities 
(Richland, Kennewick and Pasr~~ in s~~,heastern Washington. This EIS describes: l) the 
proposed action (resumption of chemiral processing 1n the ~UREX/U03 .facilities in FY 1984) 
and the reasonable alternatives, and 2) the potential environmental consequences of the 
proposed action and the alternatives. In Table 1.1, the proposed action and Its 
alternatives are sunmarized. 

The PUREX/U03 facilities were operated for 17 years, from 1956 to 1972, and have been 
maintained in operational standby since 1972, Since about 1975, in accordance with 
in.,rovement needs identified in EROA-1538,(b, thes~ facilities have been substantially 
modifiedlC) to mitigate potential environmental consequences primarily by reducing the 
emi~sions to the environment and improving the safety and security of operations. 

1.1 PURPOSE AND NEED 

The purpose of this EIS is to examine and compare the environmental in.,acts of 
reactivating the PUREX/U03 fuel processing facilities at DOE's Hanford Site near Richland, 
Washington (the proposed action) and the envirorimental impacts of alternatives to _the 
proposed action. Pursuant, to its progranmath: responsibilities, one of which is to develop 
and mointain a capability to produce nuclear materials for the U.S. defense programs, 
ooe(dJ has determined that additional near-tenn chemical processing of Irradiated fuels is 
necessary to meet plutonium requirements including research and development programs. 
Further discussion of purpose and need is presented in Chapter 2.0. 

1.2 PROPOSED ACTION AND ALTERNATIVES 

Chapter 3.0 describes the proposed action and its alternatives in detail; a sunrnary 
comparison is presented in Table 1.1. 

1.2.1 Proposed Action 

The proposed ac~ion 1s defined as the resumptio!J Qf operation of the Hanford 
PUREX/U03 facilities to process irradiated N-ReactorleJ equivalent fuel including the 
N-Reactor fuel which has accumulated since 1972, plus that which will le produced during the 

(a) PUREX 1s an acronym for Plutonium URanium Extraction, and uo3 is the chemical formula 
for uranium trioxide. Both facilities are chemical processing facilities; no nuclear 
fission or ehergy generation is involved in these facilities. 

(b) The Final Environmental Statement on ~aste Management Operations, Hanford Reservation 
(ERDA-1538, Deceri>er 1975) and Supplement to ERDA-1538 on Storage of High-Level Waste in 
Double-Shell Tanks (DOE/EIS-0063, April 1980) discuss in detail the waste management 
aspects of the proposed action and the environmental consequences. 

(c) The cost of the modifications has been about S40 million during 1975-19?9. The 
estimated cost of the reactivating effort for the PUREX/U03 facilities during 
1980-1984 is approximately SllO million. This includes costs for plant modifications 
and staff training: it does not include costs for plant maintenance in operational 
standby. · 

(d) The Department of Energy has the statutory responsibility to produce the plutonium 
needed for national defense per the Atomic Energy Act of 1954 as amended. The 
determination of the need for plutonium is an action by the ?resident and the Congress 
which is beyond DOE's scope of authority. 

(e) This 1s a nuclear reactor which has operated since 1963 at Hanford; it has produced and 
is producing irradiated fuel containing plutonium for defense and research and 
development purposes and by-Product steam for generating electricity. 
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Altern•t he 

Proposed Act Ion 
(ResUlll)t Ion of 
PIJIEX/U03 Pl111t 
Oper.tlons). 

No Action 
( cont 1 nue the 
present action). 

Construct New 
Fuel Proces
sing Plant 1t 
H111ford. 

Process Fue 1 
Offs lte 

. ._ >.. ' ·~ '·,, 

TABLE 1.1. Comparison of Proposed Action and Alternatives 

Potential 
Adunt19es 

NCI chinge fro• 
historic site use. 
Meets n•t lon•I 
defense needs. 

Could reduce .aunts 
to be re !used 
~ndlng on future 
decisions. 

Reduced near-le,. 
releue of rldlonu
cllcles to envlr01aent. 

At SRP cladding 
hulls bee~ solid 
w•ste Ins lead of 
liquid waste. 

Potent 1•1 
Dludv•nh9es 

Re I ease of so• e gue-
ous fission products, 
oxides of nitrogen, 
111d trlt i •ted water 
to envlra-nt. 

Construction of 
1ddltion1l fuel 
storage facility. 
Does not • eel 
progrlliutlc needs. 

Major construct Ion 
effort. New t.cl llty 
deco• lsslonlng effort. 
Additional fuel 
stor1ge needed. 
Does not • eet progr
• at le needs prior 
to 1990. 

Personne I exposure 
fro• ex tr• fue I hind
! Ing. R lsk of 
tr111sporllt Ion 
accidents. No 
slgnlflc,nt reduction 
In reluses to 
env lron• ent. 
Addltlon1l fuel 
storage needed. 
Does not • eet 
progr-tlc 
needs prior to 1986. 

Potenthl Effects on 
Pr~r• Needs 

Earliest possible 
avall•blllty of 
plutonlu•• 

Indefinite del•y of 
plutonila avalllbtl-
lty. 

Delay In plutonlua 
avail ab I lily. 

Del1y In plutonlia 
1vallibl lily~ 

Potentl•I 
hdlo.ctlve 
E• lsslons 

~r l4i 111d 
~t•of ~gl td 

is gues; , 
fj~ltters, ind 

u u both 
g•ses 611d liquids. 

Deferred unt 11 liter 
dee Is 1 ans ire • Ide. 
So• e potential for 
release during fuel 
storage. 

Rfduced re I eue of 
B:>t(r and l4c. 
Possible reduction 
1 n other rout 1, .. re
leases. Addlt lon1l 
re leases fro• deco•-
• lss 1on1ng. 

Sl11ilar to proposed 
· 1ct Ion. Increased 

risk of releases 
during fuel 
transport Md 
hind I Ing. 

P.>tentl•I 
Construct Ion 
Aegulraents 

Minor ~ltlon•I 
aodlf1ut1ons. 

Construction of 
fuel stora,-
flC I II ties. 

Major construct Ion 
of proceulng 
pl111t. Coostru..-
t Ion for 11e11 fuel 
stor,ge f.ctlifles. 

Shipping f.clllties 
111d CIUS. llew 
shear- le.ch 
hcllitle~. 11ew 
fue I stor1911 
facilities. 

Potentl•I E.-.lr-t•l/ 
SocioecOfMalc Effects 

No perceptible adverse 
l• plCt. (No lncrened 
--.els for bouslng, 
schools, -lci~I 
services.) 

Unch~ fro• present 
stnus. 

lleed to dec«-is-
sion .anoUler f.ctlltr. 
lncreued I.and use. 

Exposure to public 
during tr111sport1t Ion 
of irrld11ted fuel. 
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f)roposed campaign. Tentatively, thts campaign would conmence In FY 1984 and extend to about 
the year WOO, 

For th• proposed action, the. basts used to analyze the effluent quantities and 
environmental consequences ts an assumed 16 years of PUREX/U03 operatl9n conmenclng 1n 
1984, processing up to 3000 MT of N-Reactor equfva1ent frradfated fuel\ 1 ) per year. The 
3000 MT/yr processing rate for 16 years represents the mufmum possible processing rate in 
the Hanford PUREX f1cflfty and ts Intended to provide the •worst case• impacts or the upper 
bound of the potential envfronmenta1 consequences. However, the actual level of operation 
may not reach that rate and fn the lnftfal years of operation of the PUREX facility the mora 
likely processing rate ts projected to be In the 1050 to 2100 MT/yr range. Impacts at-these 
lower pr·ocessfng r1t12s _are described fn Appendix o. 

The analysts ts based on processing 12 percent 240pu N-Reactor fuel as the reference 
·fuel; however, other fuels that are s1mflar to the ft-Reactor fuel and compatible wfth the 
exfstlng process may be processed at PUREX. For exM1ple, about 16 MT of PWR Core-II blanket 
assemblies from OOE's Shfppfngport Reactor are presently stored at Hanford and would be 
processed at PUREX. Thfs would be comparable to processing a maximum of 69 MT of !t-Reactor 
reference fuel. Additional fuel from the Shfppfngport Reactor, as well as sfmflar fuel may 
be processed In the future. The environmental impacts from PUREX/U03 whfn· processing 
other similar fuels would not be expected to exceed those described for processing 
3000 MT/yr of the reference N-Reactor fuel. 

The PUREX/U03 facflftfes consist of chemical processing facilities used during t!1e 
1956-1972 period. Modfffcatfons fdentfffed In ERDA-1538 have been incorporated fnto the 
facflftfes since 1975. Those of major sfgnfffcance wfth respect to mitigation of ro~tfne or 
potential envfrornnental and safety impacts include the following: 

• addftfonal gaseous and liquid effluent control improvements for reducing emfssfons_ 
to the environment 

• upgraded ventt.latfon systems at PUREX plant, including a third ventilation filter 
before the mafn stack whfch wfll remain fn standby '(backup) mode during operation 

• fncorporatfon of a plutonium oxide preparation system fn the PUREX building to 
produce a solfd product for offsfte shipment and elfmfnate the need to transport 
plutonium nitrate solutions to the previously used oxide conversion unit located 
8 km (5 mt) away 

• installation of additional security and safeguards procedures ·and systems for 
special nuclear m_aterials 

• a new crftfcalfty alann system to ,improve crfticality detection and permit more 
effective mftfgatfve steps 

• upgraded ventilation systems at the U03 plant product loadout station 

• ~pgraded fire protect.ton systems at both PUREX and uo3 plants_ 

• new waste transfer lines 

• seismic upgrades. 

These improvements wtll mftfgate (reduce to· lower levels than described In 
ERDA--1538) the environmental impacts and improve safety aspects as follows: 

(a) N-Reactor equivalent fuel ts defined as fuel 1) whose _fsotopfc r.ompositfon fs similar to 
that of N-Reactor irradiated fuel analyzed tn thfs EIS and 2) whose environmental · 
consequences for processing at the Hanford PUREX/U0J fac·iltties would not exceed the 
conseque_nces ~escrtbed fn thfs EIS. 
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• The radionuclides (major fission products except tritium)(a) In the process 
condensates discharged to the ground via cribs (see Table 0.8) will be reduced to less 
than 50 percent of the 1972 values. Similarly, plutonium contained in liquid effluents 
discharged to cribs will be reduced from about 4 Ci/yr (detection limit) to an 
estimated 0,4 Cf/yr. The radfonuclides contained in the anmonia scrubber wastes 
(previously sent directly to cribs) will be concentrated by distill&tion and stored in 
underground double-shell tanks. 

• The risk of theft or sabotage will be reduced by enhanced safeguards for special 
nuclear·materfals and improved plant protection measures. 

An additional modification considered but not included in the proposed action fs as follows 
(see details in Chapter 3.0)~ 

• Recovering 85Kr gas from fuel dissolver offgases prior to discharge to the 
environment v1~ the 61-m (200-ft) stack. The estimated capital cost would be 
S20 million for collection equipment, plus about Sl50 million for storage 
fac 111 t fes. 

PUREX operations without this mog1fication will result in discharges and doses below 
applicable guidelines (DOE 5480.lA). \ J Therefore, the Department of Energy does not 
consider this modification to be necessary. 

Waste Treatment and Management 

The proposed action will generate current acid waf~9 (hi~a-level liquid radioactive 
waste containing most of the fission products such as Cs, Sr, etc.) which will 
increase the amount of wa~te at the Hanford Site that must be managed. Two options for 
treating this waste are: 1) directly ny~~ralize ~ae waste for interim storage and 
2) process waste in B-Plar.t to recover Cs and Sr. Current plans call for direct 
neutralization of the waste; however, both these options have been employed at Hanford 
previously, as discussed in ERDA-1538 (USERDA 1975, pp II.1-31-36). The volume of 
high-level waste ~en~rated by

6
processing approximately 48,000 HT of fuel over 16 years would 

be about 3.4 x 10 m.l (8 x 10 gal) for either option. Adait1onally, high-level waste 
generated from the cladding removal step would •be 2.9 x 10 mJ (6.8 x 10 gal) and is 
common to both options. B-Plant operation would generate four low-level radioactive liquid 
effluents: 1) process condensates. 2) steam condensates, 3) chemical sewer, and 4) cooling 
water. The first two are discharged to cribs and the last two to a trench and pond, 
respectively. The annual average radioactivity level in all streams will be within the 
radiation protections standards outlined in DOE 5480.lA. The boiling waste resulting from 
either option would be stored in tanks designed for that purpose. Storage of wastes in 
double-shell tanks was discussed in det~il in EROA-1538 (USEROA 1975) and OOE/EIS-0063 
(USDOE 1980b). Vapors generated from the boiling waste are decontaminated and sent to a 
crib. If 48,000 MT of fuel is processed over 16 yrs (3000 MT/yr case), 25 nP.w double-shell 
tanks would be required to manage the neutralized high-level liquid waste that would be 
generated from the proposed action; ff only 10,000 MT of fuel were processed, about 6 new 
double-shell tanks would be required. Appropriate environmental review would be performed 
prior to construction of the waste tanks. 

(a) The estimated tritium discharge in the reference operating year (3000 MT/yr) is 
50,000 Ci/yr. This is approximately 7 times that of 1972 when 1013 MT of fuel were 
processed. This difference is due to the assumed higher burnup of the fuel and the 
higher processing rate assumed for the "worst case• analysis. Based on data from prior 
Hanford operations, the impact of the 3H would be within acceptable guidelines. See 
Section 5.1.1.2. 

(b) DOE Order 5480.lA, Chapter XI, establishes guidelines for acceptable levels of 
radioactive material in effluents from DOE and DOE-contractor facilities. Table I 
guidelines are for areas to which access is controlled for purposes of protection from 
radiation exposure, and Table II guidelines are for uncontrolled areas. See Chapter 6 
for further discussion of these standards and guidelines. 

1.4 
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l.2.2. Construct New Fuel Processing Plant at Hanford 

An alternative to the proposed action would be to construct a new PUREX plant at 
Hanford to process irradiated fuels based on currently dsnonstrated technology. 
Benefits of t~ts alternative as compared to the proposed action would be controlled by 
the design criteria which could include Sijver1l features for reduced environmental 
tmpacts: 1) O!iKr recovery, 2) recovery of 129J and l) further reduction tn 
occupational e•posure. Section 3,2 describes the features of a new plant, the 
construction costs, impacts, schedules and resources, projected effluents from the new 
plant, effects of lead ttme for the new plant on plutont1111 avatlabtltty, and the 
dec011111tsstontng of then• plant. 

For the new plant, operational requtre111ents and effluents would be stmtlar to the 
proposed action except: 1) B~r releases to the atmosphere could be reduced by 
90 percent over the releases froni the proposed action, and 2) a stmtlar reduction in 
1291 releases could be realized. However, B~r recovery plant operators would 
receive some occupational exposure and accidental release of the stored krypton would 
be a posstbtltty. Mellinger (1980) has evaluated B!JKr management tradeoffs with the 
conclustoo that tt makes little difference to the magnitude of world population dose 
whether B!JKr ts collectfid and stored, or routinely released to the atmosphere. 

The overall cost of construction and operation of a new plant would exceed 
11,5 billion (1981 dollars) and involve a major r.tte preparat1on and construction 
acttvtty. Such activity would have 1,,c:al socioeconomic impacts tn the areas of 
housing, health and public services, and traffic handling capabilities. Significant 
resource requirements for the new plant wuld include: 

.l:!!!!! 
For plant facilities 
For parking, storage, 

temporary facilities, etc. 

Construction Materials 

Concrete 
Steel 
Copper 
Water 

40 ha (100 acres) 
60 ha (150 M:res) 

1.4 x 105 ml (1.8 x 105 ydl) 
l.l x 104 MT (3.3 x 1o4 tons; 
180 MT (200 tons) 
2.2 x 105 m3 (5.8 x 107 gal) 

About 2.3 x 104 ml (6.1 x 106 gal) of petroleum products would also be needed in 
addition to a peak electricity demand of 3.7 MWe. A railroad spur and a 2-lane paved road 
would be needed on the job site. 

The new plant construction would require about 8 years from preliminary engineering to 
its operation. Including the time required for approprtatton of funds, the new plant 
startup could not occur before 1990, a delay of 6 years from the schedule for the proposed 
action. Thus, availability of plutonium would be delayed by about 6 years beyond 1984 when 
plutoni1111 would be available if the proposed action ts implemented. Also, if the processing 
of fuel were not to begin by mid-1985, additional fuel storage for N-Reactor would be needed. 

The new plant, tf built, would require eventual deconm1ss1on1ng with its associated 
solid waste generation and other impacts. The cost of dismantling the new PUREX plant' would 
be about SllO million (1981 dollars); this would be in add1t1011 to the cost of dismantling 
the existing PUREX plant. 

1.2.3 Process Fuel Offsite 

Another alternative to the proposed action would be to process the N-Reactor reference 
fuel at the Savannah River Plant (SRP) processing facility located near Aiken, South 
Carolina, a distance of 4800 km (3000 miles) from Hanford. This alternative would involve 
shipping about 10,000 MT of N-Reactor generated irradiated fuel by truck, ra11 or barge over 
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a 10-yr period. If ,plutonli,n needs were to continue beyond 1994, then shipping of the 
N-Reactor Irradiated fuel from Hanford to SRP would also continue beyond the 10-yr period. 
Major steps Involved tn processing the N-Reactor fuel offsite would be: 1) acquisition of 
su1table sh1pp1ng casks, 2) receiving and loading the casks at Hanford, 3) transportation of 
loaded casks, 4) receiving and unloading the Irradiated fuel casks at SRP 5) return of empty 
casks to.Hanford, 6) fuel storage at SRP, and 7) construction of a new shear-leach fac111ty 
at SRP. 

The currently available space tn the fuel storage basins at Hanford would be exhausted 
by mtd-1985, fhus, shipment of fuel would have to begin early tn 1985, otherwise the amount 
of N-ReM:tor fuel generated would exceed currently approved storage capacity and further 
storage would be required. 

Items discussed tn this EIS (Sl!Ctton 3,3) under the offslte processing alternative 
include: l) previous experience with shipping and processing N-Reactor fuel offsite, 
2) selection and avallablltty of casks for shipping by rail and truck, 3) feastblltty and 
rates of offstte transportation, 4) radiation doses from routine offslte transportation, 
S) transportation accidents, accident probabtltttes, and doses from accidents 6) fuel 
handltng,facilttles needed dur;ng 1oadlng and receiving of Irradiated fuel, 7) description 
of offs1te processing at SRP and Its impacts, and 8) estimation of overall costs .of 
processing 1rradlated f~el at either Hanford PUREX or SRP faci11tles. 

Adoption of this alternative would have the following results: 1) plutonium 
avaflab111ty would be delayed by at least 2 years beyond 1984 because of the lead t1mes 
necessary for cask procurement and at least 4 years to install shear-leach equipment to 
process N-Reactor fuel at SRP, 2) offslte transportation of fuel wi,uld cause about a 
~ mremfyr dose to the maximum 1nd1Ytdual by truck ttans11ortation without accidents and about 
800 mrem with an acclde~t, whose probability ts 5 x 10-5, 3) substantial amounts of fuel 
for transportation and construction materials for casks would be consumed, 4) substantial 
modifications would be needed at the SRP facility including construction of a fuel storage 
facility for u~ to 4 years storage, S) the SRP would have incremental environmental 
consequences of processing similar to those for the proposed action; these would be within 
acceptable limits, and 6) the SRP would have overall processing costs which would be about 
the same as at Hanford PUREX. Shipping would have to begin in 1985 and steps to procure 
suitable.'casks should begin inmedhtely or additional fuel storage basins would have to be 
constructed at Hanford to acconmodate N-Reactor fuel generated beyond 1985 • 

1.2.4 No Action (Continue Present Act1011} Alternative 

The no-action alternative is defined as the continued maintenance of PUREX/U03 
fac111t1es 111 the current operational standby mode, continued operation of the N-Reactor for 
plutonium production at its planned operating level (the N-Reactor also provides about 
4 billion kWh/yr of by-product electrical energy to the Pacific Northwest region) and not 
processing the N-Reactor irradiated fuel. The adoption of this alternative would lead to: 
1) nonfulf111ment of the need for plutonium, 2) continued storage of existing and 
to-be-gen~rated irradiated fuel in the Hanford Site basins, and 3) construction of 
additional storage basins to accarmodate Irradiated fuel to be generated beyond mid-1985 by 
the N-Reactor. Each of these Items ts discussed in detail in Section 3.4 of the EIS. 

Adoption of the no-acti~n alternative would have the following results: 

1. Plutonium from N-Reactor would not be a~ailable for·defense or research purposes. 

2. Res1J11Ptlon of the PUREX plant operation would become more expensive and difficult; 
significant expenses would be required to maintain PUREX in operational standby. 

3. Uranium contained in about 10,00J MT of N-Reactor irradiated fuel would not be 
available for reuse as fuel in production reactors. This would result in 
increased expenses for uranium. · 

4. New facilities for N-Reactor irradiated fuel storage would be needed. 

An estimated cost for constructing additional fllel storage facilities 1s 
1270 million (1981 dollars). 
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1.2.5 Overall Evaluation of Alternattves 

The proposed actton and the three alternatives are SUll'lllartzed tn Table 1.1. Any 
one of these four choices can be implemented such that tts envtrorvnental consequences 
are wtthtn applicable standards. The environmental consequences of each alternative 
,are compared tn Table 1.2. Radiological consequences from routine operations of 
fac11tttes are expected to be less than about 4.0 percent of the natural background 
radtatton dose (100 mrem/Jr) regardless of whtch alternative ts selected. Construction 
acttvtttes are least for the proposed action. Routine offstte transportation of 
trradtated fuel by truck for the offstte processing alternative would deltver 3 mrem/yr 
to the maxt1111111 tndivtdual. 

The proposed action to operate the existing PUREX/U03 factlittes at the Hanford 
Stte is the only alternative th~t would provide plutonium for national defense needs In 
a timely manner. 

1.3 DESCRIPTl~N OF THE AFFECTED ENV!ROl'i1ENT 

1.3.l The Hanford Stte 

The Hanford sue occupies approximately 1500 ftm2 (570 mi2) in the semiarid 
region of southeastern Washington. The PUREX factlittes are located tn the Hanford 
Site's 200 East Area; the U03 factltties are in the 200 West Area. These areas 
comprising a portion of the Hanford Site have been dedicated by the Federal goverrvnent 
stnce 1944 to fuels processing, waste fractionation, arid waste storage. In conrnon with 
the other developed areas of the Stte, the faciltties' locations have limited natural 
productivity. The Site has a n1J11ber of favorable attributes with respect to the actual 
and potential environmental consequences of resuming operation of the PUREX/U03 
facilities: 1) the 200 Areas are composed of up to several hundred meters (1000 ft) of 
sands, silts, and clays underlain by a basaltic lava acclJl'lulation estimated to be more 
than 3000 m (10,000 ft) thick, 2) annual precipitation (rain and snow) averages 16 cm 
(6,3 in); the upper sedimentary deposits are moisture-deficient, and have a high 
capacity to absorb liquids, 3) the water table is deep, ranging from 46 to 100 m 
(150 to 325 ft) beneath the ground surface, 4) the Site ts located in an area of 
historically low seisrnicity, 5) tornadoes rarely occur in the Hanford regi~n, tend to 
be small, and produce little damage, and 6) the nearest population center from the 
facilities' locations 1s 35 km (22 mt). 

The Hanford Site ecology ts chiefly influenced by the semi-arid environment of the 
region and by the Colt111bia River. Major facilities occupy about 6 percent of the Site 
land area and have little effect on the animal, plant, and aquatic life of the Site. 
The Hanford Stte hydrology ts also dominated by the Columbia River. The 200-Area 
plateau wher.e the PUREX/U03 factltttes are located ts 75-90 m (250-300 ft) above the 
river and 60-75 m (200-250 ft) above the floodplain of the maximum probable flood. The 
water table ranges from 46-100 m (150-325 ft) below the ground surface at the 
PUREX/U03 fact11ttes and slopes to the river. 

The regtonal construction labor force ts approximately 10,000 workers. About half 
of the 1,bor force is employed by contractors building three corrmerc1al nuclear power 
plants on the Hanford Site for the Washington Public. Power Supply System. Total S1te 
~loyment for the U.S. Department of Energy act1v1t1es 1s approximately 
12,000 workers, of which the proposed action would employ about 375 workers. The 1980 
population within an 80-km (50-ini) radius of the facilities is about 341,000. The 
growth rate of the area has been five times the national average. Regional conmunity 
planning and development incorporates the projected long-term growth of the area. 
Further details of th'l affected envirormen~ and soc loeconornics are presented in 
Chapter 4.0 of the E!S, 

1.3.2 The Savannah Rtver Plant Site 

The Savannah Rtver Plant, Aiken, South Carolina, ts located in the South Eastern 
Coastal Plain Region of the United States. Tho site can be characterized by the 
following: 1) the geology consists of flat, mostly unconsolidated sediment, 2) surface 
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TABLE 1.2. Comparison of the Environmental Consequences from the Proposed 
Action and Alternatives (3000 MT/yr Processing Rate) 

Pmo•ff ~t109°'~AJ m1rnatl!J i Altlrnath! i No Ac~1oi AJt1rndt1v1 
Envi l"Olllllnta 1 ~HIIIP on ol I 'Coii1truci Rew ~0•11 on lnut ( 

Constgvtnctl It• ~-3 Plant Optrat10111 Plant at Hanford Site Proc111 Futl Off11t1 Present Act1o'I 

NORMAL OPERATION 

Occ1111at iona 1 Nui- sun dote EQUal ta or 1111 than Esstnt1a11y equal to E111nt1111y ,,ro dost 
Exposure of 2.4 ta 4.5 ral proposed 11:tion. proposed action, lillCI ~UREX w111 not 

yr/worker and 1. 5 ta llCtpt 1 ncreaHd operate. 
2.4 ralyr/wortt.er transportatlOII re-
total body dose. quiratnu 1nvo hes 

exposure of a 
greater lllllller of 
people. 

Gtn:raJ Public 1800 un-ra das,(b) 11a ~an-n!II dost 4500 111111-l'fll dose 0.23 man-r!!III dost (borie) 
Dose 1 (thyl"Oid) frOII I (thyro~dl fl"OII a ithyroid) fl"OII a fr:1111 a 16-yr l'tl11s1 

16-yr 1'111a11 and 16-yr rel1111 and 6-yr 1'111111 Ind and 70-yr 1CCL111Ulation 
70-yr ICCllall1tio11. 70-yr ICCIIIIU11t1on. 70-yr ICCIIIUlltio~. (do,, from Irradiated 

fuel 1tor191 only). 

Dose to "'u 1- 20 1111'1!11 dose 1,3 - dost 46 111N11 dost 3.4 x 10-3 111rtn1 dose 
Individual (thyroid) froa (thyroid) froa (thyroid) fl'all (bona) f~0111 16-Jr releas 

16-yr 1'111111 16-yr rel1111 16-,:,r rtlHst and and 70-yr acc i,wu I at ion 
and 70-yr and 70-yr 70-yr acc11111lation, (dost fr011 Irradiated 
acciaahtion • acciaalation. fuel storage only). 

lmpact on Air Annual abient air Annual •bient air Sa! IS Essentially zero 
Quality quality standards qua 11 ty standards Alternative 1 m1ss1on since 

for all pollrtris for 111 pollutants PUREX/U03 will not 
will bl l!!lt. C w111 bl IDlt, operate. 

lmpct on Water llo direct discharges Essentially s- as Greater than PA No ln,;,act s Inca PUREX/ 
Quality to pur 11c water- PA, s I nee there 1s U03 will not operate. 

ways. d Water us• direct discharge to 
is less th•n 0.03 waterway but within 
percent of total guidelines. 
average Cohabia 
River flow. 

Transportation- Dnsite t"1nsport1- ~ Essentially s- as Sa111 as PA for on- No transport Impacts. 
Related, Exposure t1on wilr result in PA, site transportation. 

essentially zel"O Offs1te transporta-
public dose. Occu- t1on would result In 
pat1on IXPOS~re fro111 an annual 3300 111an-re11 
PuOJ sll1PN!lts 11111- oose for truck ship-
It to less than nrent and 4100 111n-renr 
5 -/hr by opera- for rai 1 ship1111nt. 
t1onal p~l!ldures. Annual dose to tlle 11ui-

individuals is 3 iara 
for truck shtp111nt 
and D.3 111re11 for 
train shiplllllt. 

(a) Dose·ts gt'lt1lfl for the trtttcal organ; doHs to other organs can be found in the tables in Sections 5.1.1,2, 
5.2.1'.l, 5.2.2.1, and 5.2.3. 

(b) This is the population dos1 ta an 1Sti111ated (1990) population of 417,000 persons. For can,parhon, these persons 
would receive about 2.9 x 106 aan-rer1 dost fro111 natural backgl"Ound radiation over 70 years. 

(t) Although 1111111ent atr quality standards will be met for NOx, 1101 1!1111ss1ons will be regulated under a 
Prevention of Significant Datarioration ('SD) peratt. SH Section s.1.2.1. 

(d) Triti1J1, 3H, has l'tlChed Collllbia River froa past operations, but concentrations in gl"Oundwater are about 
10 pen:ent of allowable 11111ts and undetectlbl1 above background in tlle r1ver. There 1s no d111110nstr1ted 
technology for trith11 c111tul't. 
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TABLE 1,2 (contd) 

Pmos" Action 'PA~ Alt11n,at1YJ 1 Alttn,atht ~ No Action Alten,attv! 
Envt roftllflta 1 RtSIIIIIP on of PU ti Construct AewUAEi Continue thi 

ConSl!l!!!IICI! ltM .!!!!J Plant !!l!!rattons Plant at Hanford Stt1 Proc1si Fuel Offsltt Present Action 

ABNOR~ 0~RATIQ!! 

Optrattonal Accl- A worst-can cl"ld- Salle as PA. Postulated worst- Not appltcablt. 
dents (short- lblt ICC1dtnt (as- CHI acctdl!llt 
cooled, 25 days, , .. tng &dltntstr .. IIOUld have less 
futl d1ssolu- ttve controls) 110Uld consequ111C1s than 
tlon) dtltv1r an estimated tht PA IIICIUSI the 

teutl doll (thyroid) fuel 11auld hl'fl 
of 1500 • l!M'III aged ·25 1110ro days 
to the 9111tra 1 po,- during transport. 
ulatton and 190 llll'flll 
to tlll IIIXIIIIUII Inell-
vldual. 

0nslt1 Transi,orta- Postulated worst- s- Ill PA. Offstu l111pacts Hot appl i~able. 
tlon Accident C ISi ICC t dent greater due to more 

( lrrldtattd fuel direct pathway and ,. shtpaent accident) larger popu18tlon. :;: 
would result tn • ' 2000 c:ra (lung)· dose 
to tllt 1111. 1-
lndlvtdual (offslte). 
Serlou1 consequence 
ons I tt but acc I dint ts 
not constdel'td 
credible with 
adltlnlstratlve controls. 

Offs1te Transpor- Not l!ll)pltcable. ffot applicable. If postulated accl- Not appltcable. 
tatlon Accident dent occurred In an 

urban area, the dost 
to the general popu-
latlon Is estimated 
to bl 1150 1111n-re111 
for truck shipment 
and 2300 man-1'911 for 

; rail shipment. The 
.J dost to the muimum 
·l ind1vidual ts estl-
l mated to bQ 0.76 NP.I 
i for truck shlp111ent 
j and 0.9 M!III for rail 
·l shlpeent, •j 

OTIIER IMPACTS 

Construction Almost none since Maj~r activity but s- as PA, plus s- as PA plus 
I111111ets then, ts no major acceptable 1,q,acts. shear-leech hciHty. additional storage 

1Ct1v1ty. b1111 ns as needed. 

Construction Costs About S40 for flc:11- >11500 for new PUREX About S400 for About S270 for expanded 
IS, 11illton) tty IIOdlflcattons hi:tllty. shear-leach facility, fue 1 storage. 

plus Sll0 for 
N..ct1vat1on. 

Soc I oec 011011ic Negl1glb11. Substant 1a liy more S- as PA, !JICl!Pt Negligible. 
·3 I1111>acts than PA during for tranS11ortation 

construct ton. lapBCts which are 
acceptable. 

Ri!Sourct A negligible frac- Substantially more More than PA due to Negligible fraction of c .. itatnts tton of national than the PA, but C fue 1 transi,ort, but national resource use fo, 
resource use. neg11g1ble l!IIIOUnt stl 11 a ~11g1ble new fuel storage basins. 

of natlontl resource fraction o national 
USI, resource use. 

DICIJllll1SS1ont,i Base Clst BISI casa. Sll0. Sa, H PA. s .. 11 PA. 
Costs (S, • 111 on) ( about Jll0). 
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waters provide a mechanism for trar.sporting unavoidable releases of chemicals and heat, 
3) sane severe weather conditions may be expected, 4) the site 1s located 1n an area of 
historically low seismicity, and S) production and support facl lities occupy only a 
small portion of the site and do not affect .the wildlih. Further details of the 
affected envirorment are presented In Sectl~n 4.5. 

1.4 ENVIRO,..ENTAL CONSEQUENCES 

The envirormental consequences of the propo~ed action and the three alternatives 
are described in detail in Chapter 5.0 of the EIS. The environmental effects discussed 
include: 1) nonnal operational impacts on workers, the general public, air quality, 
and water quality, 2) abnonnal operational impacts, 3) onsite and offsite 
transportation aspects of radiation exposure from normal conditions and iic.cidents, 
4) construction lmpatts, and 5) socioeconomic impacts from operational and construction 
activities. 

As described in Chapters 5.0 and 6.0 1.,1~ sunma, zed below for any of the 
processing rates which could occur under .~e proposeo action, the environmental 
consequences to the operating personnel ~r the genera. public would comply with 
applicable guid'!lines (DOE order 5480.lA) and standards (40 CFR 50). 

l. Based on historical data, potential radiation doses from normal operation of the 
PUREX/U03 facilities would be as follows: 

a) The highest occupational whole body dos.e to radiation zone workers would be 
about 2.4 rem/yr/worker and 0.3 rem/yr/worker for nonradiation zone workers. 
The maxim1111 allowable occupational whole body dose is 5 rem/yr per radiation 
zone worker (DOE 5480.lA). · 

b) The maximum individual (a member of the general public located at points of 
maximum(pfobable exposure to radiation) dose would be about 20 mrem to the 
thyroid aJ from a l~year release and 70-yea, accumulation. The natural 
background radiation In the Tri-Cities area is about 100 ·mrem/yr, 7000 mrem 
accumulated in 70 years. The radiation protection standard (for organs such 
as the thyroid) is 1500 mrem/yr to the maximum individual (DOE 5480.lA). 

2. The overall dose to the thyroid for the maximum individual was calculated to be 
0.16 mrem/yr from all Hanford Site operations in 1980 (Sula and Blumer 1981). 
This compares to 0.28 mrem/yr to the thyroid for the maximum individual cQ111Puted 
for only PUREX/U03 operations. The accu,uiated SO-year dose cC111nitment(bJ to 
the thyroid for the population was calculated to be approximately 2 man-rem for 
all Hanford Site operations in 198D (Sula and Blumer 1981). This compares to an 
accumulated 70-year dose commitment(ll) from 1 year of PUREX/U03 operation 
calculated to be 31 man-rem. The incremental difference resulting from 
PUREX/U03 operation results in approximately twice the dose t'o the maximum 
individual and about fifteen times the population dose. These values are small 
compared to the natural background radiation level of 100 mrf!!ll/yr for an 
individual or about 41,700 man-rem to the population per year and are not expected 
to cause any significant impac.t. 

3. The highest potential (70~year accumulated) thyroid dose to a member of the 
general public from ab1;onnal (potential credible accidents) operational events 
would be 190 mrf!!II. This assumes implementation of administrative controls (e.g., 
prevent local milk consumption for about 90 days) to mitigate the effect of the· 
accident. 

(a) 

(b) 

Dose Is given for the critical organ; doses to other organs can be found in the tables 
In Sections 5.1.1.2, 5.2.1.1, 5.2.2.1, and 5.2.3. 
Values using a 70-year accumulation base are not significantly different from those 
using a SO-year base. 
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4. A postulated worst-case onsite transportation accident (irradiated fuel shipment 
accident) could deliver a 70-year accumulated lung dose of 2000 mrem to the 
maximum indiv1dual. This would be approximately 3000 times greater than the 
70-year accumulated lung dose of 0.63 mrem from normal operation, and 0.65 times 
the maximum annual allowable occupational dose (DOE Order 5480.lA) of 15,000 mrem 
for routine operations, 

5. The principal ncnradiological emission from the PUREX/U03 facility would be 
NOx, primarily resulting from fuel dissolution (PUREX plant) and from UNH 
calcination (UOJ plant). After application of best available control 
technology, the NOx emissions from both plants amount to an estimated 435 ITT/yr 
fro,~ processing 3000 ITT/yr of foel and 151 t-ff/yr from processing 1050 t-ff/yr. The 
maxtmom allowable NOx emission is 474 M1/yr under a USEPA prevention of 
significant deterioration (PSD) permit. Neither facility produces sulfur oxides 
or photochemical oxidants. 

These findings and those for the alternatives, surrmarized briefly in Table 1,2, 
indicate that for all f.our alternatives: 1) for normal operations the radiation doses 
to workers and the public would be within allowable guidelines p~r DOE 5480,lA, 2) the 
abnormal events (credible potential accidents) during operation of the PUREX/U03 
process and during transportation would result in no adverse health effects to the 
public, 3) nonradiological and radiological emissions to air and water would be sucn 
that their onsite and offsite consequences would be within allowable guidelines 
(DOE 5480.lA) and standards, 4) the construction impacts and resource commitments would 
be lowest for the propo3ed action, and 5) the socioeconomic impacts of all the four 
choices should be minor. 

These findings would be valid whether the PUREX/U03 facilities process N-Reactor 
fuel at the rate of approximately 1050 MT/yr or at its maximum operational rate of 
3000 ITT/yr for 16 years. The overall environmental consequences of operating 
PUREX/U03 at up to 3000 ITT/yr throughput rate would be within prescribed guidelines 
(DOE 5480.lA and other applicable standards listed in Chapter 6.0) even though the 
actual doses and effluents from routine ope~ati~ns may increase up to thrr~ times the 
amount projected for the throughput rate of 105) t-ff/yr. 

From the environmental analysis performed for ti,e pr1Jposed action three pollutants 
(85Kr, NOx and 3H) were identified that would be released in substantially . 
greater quantities than other pollutants: · 

• projected 85Kr em1ssions from the proposed action would be 3.3 x 106 Ci/yr; 
control of 85Kr is not considered necP.ssary (see s~ction 3.1.7), 

• after application of the best available control tet:hnology, NOx emissions would 
amount to about 435 t-ff/yr; the National Ambient Air Quality Standards (40 CFR 50) 
for NOx would not be exceeded and 

• approximately 5 x lo4Ci/yr of tritium would be ~eleased to cribs and ponds; control 
of tritium is not considered necessary berause: 

a) the tritium-related radiation dose f~om 16 years of operation to maximu111 individual 
would be negligible at 5 x 10-2 mrem, 

b) based on data of prior Hanford oper~tions, the tritium concentration in groundwater 
would not exceed 10 percent of the allowed limit, 3 x 10-3 µCi/mt (DOE 5480.lA); 
the concentration in the river itself would be undetectable above background due to 
dilution by the Columbia River average annual flow rate of 3.4 x lo3 m3/sec. 

Consequences of Waste Treatment and Management 

Current plans call for the current acid waste (liquid high-•level radioactive waste) to 
be neutralized and stored in double-shell boiling waste tanks. The vapors from the tanks 
woulcl be condensed and recycled to the tank to maintain a constant waste concentration. Any 
unrecycled condensate would be treated (eYaporation and ion exchange) to m~et concentration 
guidelines (DOE 5480.lA) and pumped· to cribs. The gaseous releases would be maintained 
within release concentration guidelines (DOE 5480,lA) and below pre-1972 levels (ERDA-1538). 
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Alternatively, the current acid ~aste could be processed through the 8-Plant where the 
cesium and strontium would be recovered, encapsulated and stored in water basins. The 
liquid wastes would be stored in underground double-shell tanks in the 200 East Area. The 
environmental consequences of these operations have been within acceptable guidelines as 
described in ERDA-l 538 and DOE/EIS-0063, and would remain so for future operations. 
Radionuclide concentrations in all 8-Plant liquid effluents discharged to cribs and ponds 
would be at or belr)w 1972 levels identified in ERDA-1538. 

The environmental consequences of both management opti~ns, includiny the hypothetical 
3.0 x loJ. m3 (8 x 105 gal) and 3.8 x 103 m3 (1.0 x lo6 gal) tank leaks,(a) ;sre 
discusssed in more detail in Chapter 5.0 of this EIS. The highest dose to the maximum 
individual from a tank leak would be 1.1 mrem (~ee ·page 5.12). While the use of 
double-shell tanks ~akes any leak highly unlikely, analysis of a previous 3.8 x 102 m3 
(105 gal) leak from a single-shell tank of the 200 West Area indicated that because of the 
ion sorption character•stics of the soil C'llumn, cesium and strontium have not reached the 
groundwater table and will not reach the river. 

(a) These are hypothetical since they are not credible as explained in Chapter 5. They are 
included to provide t~e reader with a perspective of the relative s~fety associated with 
the use of double-shell tanks for interim storage of current acid waste. The engineered 
design barriers, leak detection and pumping system virtually eliminate the· possibility · 
for the accident to occ~r. 
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2.0 PURPOSE AND NEED 

The purpose of this document 1s to evaluate tt1e "'nYironmental Impacts of reactivating 
the PUREX/uo3 fuel proc'!ssing facilities (the pro11os1::~ ".i:t1on) at DOE's Hanford site near 
Richland, Washington and the environmental impact~ of alternatives to the proposed action • 

. The PUREX/U03 facilities are large capacity chemical processing fac11it1es whiL~ are 
used to recover plutonium and other special nuclear materials (SNH) from fuel that has been 
irradiated in nuclear reactors. These facilities operated from 1956 to 1972 to chemically 
process irradiated fuels produced by the plutonium production reactors then in operation at 
Hanford, as well as irradiated fuel produced by other reactors. By 1972, all of t~e 
production reactors at Hanford, except the N-Rcactor, had been shut down and the amount of 
irradiated fuel then available for pr·ocessing was not s:ifficient to allow for continuous 
operation of the PUREX/U03 facilitie•;. The fuel processing facilities were placed in a 
standby mode at t~at time, awaiting ~ufficient availability of irradiated fuel and the need 
for special nuclear materials in the nation's defense and research and development 
activities. 

DOE is now considering the resumption of the PUREX/U03 operations in order to meet 
projected needs for plutonium in the nation's nuclear defense and research and development 
programs. 

The Department of Energy's (DOE) responsibilities in the defense programs area stem 
fran the Atomic Energy Act of 1954, as amended. Included in the legislation is the 
Department's responsibility to develop and maintain a capability to design, test and 
manufacture all U.S. nuclear weapons and, more specifically, to develop and maintain a 
capability to produce all nuclear materials required for the U.S. weapons program. 

In undertaking these missions, the DOE works closely with the Department of Defense 
(DOD) in planning and implementing the steps necessary to achieve the defense progri!VIIS 
objectives. Annually, the DOD and the DOE jointly propose nuclear materials and weapons 
productior schedules, long lead procurements, and planning activities. The5e proposals are 
forwarded to the President through the National Security Council. In accordance with the 
Atomic Energy Act, approval of these proposals by the President constitutes the legal 
authority and mandate to the DOE for U.S. nuclear materials and weapons production. 

In addition to providing plutonium for other prograrrmatic needs, DOE Is responsible for 
providing special nuclear matertals for research and development programs. Significant 
quantities of plutonium may be needed in the national breeder reactor pr~gram during the 
late 1980's and l990's. The plutonium would be used prim~~ily to fuel DOE's Fast Flux Test 
Facility (FFTF) and Ciinch River Br~ed~r Keactor (CRBR). Adoption of the proposed action or 
the alternatives ther·~~o will provide processing capacity to help satisfy these research and 
development needs, as well as other program requirements for plutonium. 

Three alternatives to process irradiated fuel are examined in this document: 
(1) process irradiated fuel at DOE's Hanford Site PUREX/U03 facilities, near Richland, 
Washington (the proposed action); (2) construct a new PUREX processing facility at Hanford; 
and (3) process the fuels at DOE•~ Savannah River Plant, Aiken, South Carolina. The fourth 
alternative is a "No Actionn alternative which will not provide the needed plutonium. The 
first alternative, involving resumption of operation of the Hanford PUREX plant is DOE's 
preferred alternative since, as described in detail in this document, it would provide 
additional plutonium in the earliest possible time frame consistent .with projected 
requirements, at a cost equal to or less than any other alternative and would involve the 
1owest overall level of environmental impacts. 

In order to provide decision makers and the public ~it;, a comprehensive understanding 
of. the environmental impacts that may result from the pruposed action and other 
alternatives, this document analyzes the environmental ir:;:.ct~ of operating the PUREX plant 
at its maximum operating capacity of 3000 metric tons/ye r of N-Reactor reference fuel. 
Calculation of impacts Is based upon an assumed operati"iJ period of 16 years at the 3000 
metric ton/year rate for a total processing campaign of 45,DOO metric tons. The actual 
annual level of processing operations and the number of yedrs that the PUREX/uo3 facilities or an alternativ~ operates will depend upon future. needs for plutonium and other 
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special nuclear materials (Sit!), Annual processing· operations significantly below the 3000. 
metric tons/year processing rate are probable during the initial years of operation. By 
evaluating the environmental ,mpacts on a 3000 metric ton/.year processing rate, a 
conservative analysis is presented which should describe the highest levels of environmental 
impacts that may result from processing activities. Environmental impacts associated with 
lower processing rates are provided in Appendix D of the document. . 

Tht reference fuel used in the calculation of environmental impacts was 180-day cooled 
12 percent 240pu N-Reactor irradiated fuel. For purposes of analysis, this reference fuel 
will provide the 1110st conservative analysis.of environmental impacts. However, most of the 
N-Reactor fuel that will bt processed ~n the future will have lower concentrations of 
240pu such as 6 percent 240pu or will be cooled longer than 180 days and will contain 
relatively lower amounts of fission products which contribute to envirorwnental impact. 
Other fuels that are compatiille with the Hanford PUREX pl ant process, and have isotopic 
compositions similar to N-Reactor fuel may also be processed. The volume of other material 
processed would be limited such that the impacts resulting from processing would not be 
significantly different fr0111 those set forth in this document for processing N-Reactor 
reference fuel. Appropriate environmental review would be undertaken before fuels other 
than N-Reactor fuel or Sh1pp1ngport Reactor blanket fuel assemblies were processed. 

The PUREX/uo3 fac111t1es are only two of a nuri>er of nuclear mat@rials productinn Md 
ancillary facilities located at the Hanford S1te (see Figure 3.1, Section 3.0), The. other 
operating facilities include fuel fabrication facilities, the new production reactor 
(N-Reactor), and waste management fac11ities. The fuel fabrication facilities prepare 
z·lrconium clad uranium metal fuels for subsequent irradiation in N-:.teactor. N-Reactor is 
the only production reactor wh1ch remains in operation at Hanford. It ii-radiates uranium 
fuels to various levels of 240p" concentration in order to supply national defense and Rao 
needs for plutonium and produces by-Product steam used for the gen~ijtion of electricity. 

;np!~:e~;s}4op~e!~~o:i,~:~I~=~~f1~r;::~:~:d2'8;~s1!~e~sp:~~e~! exp:~ted to return to 
production of 6 percent Z""Pu fuels, The waste management facilities process, store, 
and/or dispose of the radioactive wastes resulting from DOE's special nuclear materials 
production and research and development activities. 

The scope of this document includes the discussion of the environmental consequences 
that could result 1ran the operation of the PUREX/U03 facilities for recovery of plutonium 
(the proposed action, Section 3.0) and reasonable alternatives to the proposed action as 
previously stated. · The other fac11ities located at Hanford are not within the scope of this 
doct.i~nt, but this document does update the waste management aspects of operating the 
PUREX/U03 facilities, including the need for construction of additional double-shell 
high-level waste storage tanks. Descriptions of other activities performed at Hanford and 
an evaluation of their waste management impacts, including those resulting from operation of 
the PUREX/U03 facil ties, can be found in previous environmental impact statements issued 
concerning Hanford operations. For example, the Final Environmental Statement (FEIS) on 
Waste Management Operations for the Hanford Reservation (ERDA-1538), issued in 1975, 
discussed the PUREX/U03 oi:,erations, as well as environmental releases from N Reactor, fuel 
fabrication activities, and waste storage facilities and methods. A supplementary FEIS on 
double-shell tanks waste storage at Hanford (DOE/EIS--0063, April 1980), expanded on the 
construction and safety features of double-shell tanks used for storage of high-level 
radioactive waste_s, 

;_ 



-
--

--
--

--
--

--
--

--
--
-
-
-
-

J.
,.•

, 

:4
· 

-
'• 

,.,
.,.

.,!
· 

-•
,.-

1 
• 

, 
'w

l¥
i'

-¼
•

'·-
+·

 ·
' 

&
rr

::e
r·S

11
w

 
2·

,..
«6

: 
o-.1 

.;
r3

•:
iJ

t•
ff

i 
:.

,:
•~

~
·:

;_
 

~.
 -

--
-z

-~
ry

~
~

~
-,

,.
,_

_
_

~
fy

~
~

l:
'-

-~
~

-¼
.~

~
;:

: .
.. ,

~
~

;-
-i

,~
-&

L
't

~
~

i¥
¥

P
A

.'
t~

•·:-
i,~·

-

• I. a .... ,
.
-
~


·~

 

r_ 

, _
_ ...

 

,•
f' 

.. 

• 
• 

•~
-~

 
• 
~ 

a 

-•
 ·1

 
-~

-.-
.::

-;~
~-

-
'~

 

.. 
,,\

. 

·_ •
•..

• 
?·

•r
 



3.0 ALTERNATIVES INCLUDING PROPOSED ACTIO~ 

This chapter describes reasonable alternatives for processing Irradiated fuel 
(N-Reactor or equivalent Irradiated fuel)la/ to recover plutonium. The neeo for plutonium 
to meet national defense and research purposes was described in Chapter 2. The reasonable 
alternatives discussed here are: 

• res1111Ption of operation of PUREX/U03 facilities at Hanford (proposed action} 
• construction of a new PUREX proce~sing .facility at Hanford 
• process Irradiated fuel offslte 
• no action (I.e., continue present action). 

Other alternatives considered but dismissed as nonresponslve to the need for plutonl1111 
are listed elsewhere in this chapter. Of the reasonable alternatives, only the no-action 
alternat1vt w111 not Involve the use of the PUREX process. PUREX (Plutonl1111 URanlum 
EXtractlon) Is a solvent extraction process that Individually separates the uranium and 
iiTutonlum from the accompanying fission products contained In Irradiated fuel. The solvent 
generally used Is trlbutyl phosphate (TBP), which has a high selectivity for uranlUffl and 
plutonium. TBP Is diluted with a refined hydrocarbon to favorably alter some of Its 
physical properties, e.g. Its viscosity and density are reduced. 

The process Is basically a straightforward chemical operation. The Irradiated fuel Is 
dissolved In ::ltrlc acid. The resultln7 nltr!!te so1•1tlon 1s conUcted with TBP to extract 
the uranl~n and plutonl1111 from the flss;on products (which are separately stored and 
managed), the uranium and pluton1wn are separated from each other by further extraction 
steps, a,,d then converted to the desired product fonn. However, since the pur1t1 of the 
~r&n~1111 a"d plutonl1111 products Is Important, the process also enploys many purifying steps 
that lnvoh~ scrubbing and Internal recycles of lnc~letely separated streams. Variations 
In the appro..:h to feed preparation, final product form, and to ancillary operations such as 
aclJ recovery and waste disposal are possible. Because the materlali being processed are 
radioactive, all of these operations must be performed by remote control In heavily shielded 
cells. A brief description of the steps In the generic PUREX process follows. 

The Irradiated fuel may be either metal or oxide and typically, will be clad with 
either zlrconl1111 alloy, stainless steel, or aluminum. In ~ach case, the fuel will be 
dissolved In nitric acid to obtain a nitrate solution for use In the solvent extraction 
step. Before dissolving the fuel, the cladding may first be dissolved chenlcally, or 
alternatively the fuel elements with their cladding may be mechanically sawed or sheared 
Into short pieces to permit direct dissolution of only the fuel (~he •shear-leach• 
process). The shear-leach.process produces a solid cladding waste; chemical dissolution 
produces cladding waste In the form of a solution. The nitrate solution (feed} Is contacted 
with TBP, generally 1n a vertical solvent extraction column. Here, the uranium and 
plutonium are partitioned from the bulk of the fission products. The feed Is Introduced to 
the column at about .Its midpoint, the TBP solvent 1s Introduced at the bottom._ The solvent 
extracts the uranium and plutonium as It rises to the top. A nitric acid scrub solution Is 
Introduced at the top of the collllln to scrub out the traces of fission prcducts extracted or 
entrained with the solvent stream containing the uranium and plutonium (extract). Out of 
the bottom of the column flows the aqueous waste stream (raffinate), carrying with it over 
99 percent of the fission products fed to the column. 

The uranium and plutonium In the extract are Individually separated from each other by 
a series of further '!Jttractlon steps Involving variation of~-~ valence state of the 
plutonl1111. The purified plutonium nitrate Is customarily converted to the oxide form before 
shipment. The pure uranium nitrate solution may be converted to either uranlllll oxide or 
uranium fluoride product. 

(a) About 2~ metric tons (HT} of Irradiated fuel elements generated at the N-P.eactor at 
Hanford are now available (as of Decanber 1981) for processing and recovery,of plutonium 
for defense and other purposes. By 1983, this amount will be approximately 3800 HT, and 
thereafter Irradiated fuel will be produced by N-Reactor at an annual rate of 
approximately 700 HT. The design features of the PUREX facility permit processing of 
othe~ types of Irradiated fuels. Fuels that are similar to N-Reactor fuel and 
coq,atible with the PUREX process could be processed at Hanford; for example, about 
16 HT of PWR Core-II blanket assemblies fr0111 the Department of Energy's Shippingport 
Reactor are presently stored at Hanford and could be processed In PUREX. 
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One .of the principal ancill,ry operations associated with the PUREX process is the 
management of the liquid radioactive waste containing the f1ss1on products (high-level 
radioactive waste). Pending their ultimate disposal, these wastes may be neutralized and 
placed in interim storage in underground ·tanks as per current practice. 

3.1 RESUM'TION OF PUREX{UOJ OPERATION AT HANFORD (PROPOSED ACTION) 

The:PUREX facility is a key element in the Hanford defense material processing complex 
of the Department of Energy. Its relationship to the other processing operations discussed 
in this document is shown schematically in Figure 3.1. The scope of this EIS is to discuss 
primarily the resumption of PUREX/U03 operations (see box in Figure 3,1). The PUREX 
process provides the means· to tnd1Yidua11y sepa.-ate the plutonium from irradiated fuel and 
to recycle unconverted (unfhsioned) uranium to the fuel cycle. The Hanford PUREX fac11 ity 
was constructed between April 1953 and October 1955, and operated from 1956 to 1972; it was 
placed in operational standby status in 1972, await1rig the availability of sufficient 
quantities of irradiated fuel and a need for additional plutoni1111. An aerial view of the 
facility is shown in Figure 3.2. The Uranium Oxide (U03) facilities are used to convert 
the uranyl nitrate hexahydrate {UNH) produced tn the PUREX Plant to U03. The UOJ 
faci11t1P.s are less complex than the PUREX faciltties. 

The proposed action ts to resume operations of the PUREX/U03 facilities after 
completion of modtftcattons, which include: 

• upgrading ca?abtltty for safeguarding special nuclear materials (SNM) 
• 1mprov1ng gaseous and ltqutd effluent red11ct1on and control 
• upgrading ventilation systems 
• incorporating a plutonium oxide product1on system within the PUREX 202-A Building 
• upgrading U03 loadout systems 
• installing a fire protection system 1n the U03 plant 
• seismic upgrades. 

The process and details of the plant mod1f1cat1ons are described in thfs section for both 
the PUREX and UOJ plants. A more detailed descr1pt1on ts given 1n Appendix A. 

The assumed processing rate for the Hanford PUREX/U03 fac111ty is 3000 MT/yr of 
N-Reactor fuel', and this was used as the base cao;e for the analysts and evaluation of 
environmental impacts. This is·the maximum rat~ at which the PUREX facility could operate 
if some relatively minor equipment alterations were made. The calcu'lat1on of environmental 
i~acts further assumed the processing of 180-day cooled fuel which contains the greatest 
amount of short-lived rad1onuclides that would be processed in PUREX. Therefore, the 
3000 MT/yr processing rate in combination with the 180-day cooled fuel establishes an upper 
boundary·of potential environmental effects· from the operation of the PUREX/U03 
fac111t1es. 

The environmental impacts of two lower processing rates, 1050 and 2100 MT of irradiated 
fuel per year, have also been evaluated for the Hanford PUREX/U03 faci11t1es. The range 
of 1050 to 2100 MT/yr would be the most probable processing rate, at least during in1t1al 
operations, and 2100 MT/yr ts the nominal upper limit processing rate of the PUREX facility 
without any mod1f1cat1ons. The impacts of these two processing rates are presented in 
Appendix O. 

The con.trolling parameter in determining plutonium output rate is the rate at which a 
PUREX plant can process irradiated fuel. Uranium constitutes the overwhelming bulk of the 
material. to be processed; the plutonium represents only a very small fraction of the uranium 
1n irradiated fuel. The capacity of a PUREX plant cannot ·be explicitly defined in terms of 
plutoniu~ production. The quantity of plutonium and its isotopic content are dependent 
prtmarly upon the irradiation (exposure) of the uranium. The PUREX fac111ty could also 
process other types of fuel in addition to N~eactor fuel if the following two crtterta were 
complied with: 1) the fuel must be compatible with the PUREX process at Hanford, e.g., 
Ztrcaloy or aluminum cladding, and 2) the fuel must have an equivalent (or lower) 
radtonucltde content when compared wtth N-Reactor fuel on an annual throughput basts. Thfs 
latter criteria could include fuel with a higher burnup than N-Reactor fuel, but which had 
been cooled a longer amount of time. Environmental impacts of processing fuels. meeting 
these criteria will be within the envelope of impacts described herein for the reference. 
case of 3000 MT/yr of N-Reactor fuel. For example, the 16 MT of Shtpptngport (PWR Core-II) 
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blanket assembltes currentl,v stored at Hanford would be processed if the proposed action is 
selected. These blanket asi.!lftblies have an average burnup of 15,236 MWd/MT; they have 
aged seven years (1981), Processing these 16 MT of PWR Core-II would be equivalent to 
proceuing 4 maxlffl\111 ~f 69 MT of N~eactor rehrence fuel. 

3.1.1 PUREX/U03 Process Description 

The PUREX/U03 process operation 1s similar to 'many chenic.al proces1ing plants; the 
~ajor difference fs that many materials in the PUREX process are radioactive and require 
special handling procedures. Figure 3,3 is a flow schene of the PUREX/U03 process at 
Hanford; a description is also given below along with a discussion of the U03 plant 
process. The process details for both PUREX and U03 plants are 1110re fully described in 
Appendices A and D. 

3.1.l,l. Decladding and Dissolution of Fuel Elements (Feed Preparation) 

The zircaloy cladding of the fuel elements 1s removed by dissolution in an anmonium 
fluoride solution. Hydrogen gas released by this dissolution could present an explosion 
h_azard; therefore, 1111110ni1111 nitrate 1s added to the mm,onium fluoride solution to suppress 
hydrogen formation. Chemical reactions involved in the dissolution process are described in 
Appendix A. 

The offgases from the dee ladding step ~re.scrubbed with water to remove the anmonia 
projuced during decladding, filtered to remove all fine particles, and dixharged to the 
atmosphere through the 61 m (ZOO ft) main ventilation stack. 

After the fuel elements are declad, they are treated with potassi1111 hydroxide to 
convert the remaining small quantity of fluorides to oxides and then dissolved In nitric 
acid to produce a feed solution of uranyl and plutonium nitrates for the solvent extraction 
step. Neptun11111·and the fission products also form soluble nitrate$ and are contained in 
the feed solution. The feed ~olution is then SM!pled for product accountability. 

The offgases from the dissolving step are heated and passed through a silver reactor (a 
col1111n packed with an inert support media coated with silver nitrate), which removes most of 
the radioiodines, and filtered before they are passed through two acid absorbers, which 
recover nitric acid. The gases ire then discharged to the atmosphere through the main 
ventilation stack. All of the 8!:>Kr, lH, and 14c contained in the offgases will be 
released to the

2
atmosphere (envirom,ental consequences are discussed in Chapter 5.0). Only 

traces of the l ~[ originally contained in the offgases will be released to the 
atmosphere. Most of the iodine is removed by the silver reactors and the acid absorbers. 

3.1.l.Z Solvent Extraction and Product Recovery 

The feed so.lution enters the solvent extraction col1J11n where, 1r: .tddition to the 
plutoni1111 and uranilJII normally extracted from irradiated fuel, neptunilJII may also be 
extracted at Hanford, In the partit1oning col1J11n (Figure 3.3), plutonium is separated from 
the neptunium and uraniun, in the first extraction cycle. The neptunium can be separated 
from the urani1111 in the second extraction cycle. The neptuni~ontaining aque.,us stream Is 
concentrated In the backcycle waste system (see Other Waste Treatment, p. 3.10), after which 
the stream undergoes solvent extraction, concentration, and Ion exchange to recover lJ7Np 
In a nitrate solui:ion. · 

The aqueous solution of uranyl nitrate hexahydrate (UNH) produced In the final uranium 
extraction cycle 1s concentrated through evaporation to about 60 percent UNH by weight, a11d 
shipped by tanker-trailer to the ZOO West Area of the Hanford Site as feed for the U03 
plant. After reduction to the +3 valence state and stripping into the aqyeous phase, the 
Pu(N03)3 1s oxidized back to the +4 valence state [Pu(N03)4] and evaporated to 
provide a concentrated_ solution for oxalate precipitation and calcination to PuOz. 

UOJ Process. In the UO~ plant the 60 percent UNH is further concentrated to about 
100 percent UNH, (Figure 3.4) and then calcined to convert the UNh to U03 powder by a 
thermal decomposition process. The U03 powder is loaded into steel contain~rs for 
shipment to offsih customers for reuse as reactor fuel. 
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The gases from the U03 calciners, mostly oxides of nitrogen, are treated in an acid 
absorber after they are scrubbed and cooled. The recovered nitric acid 1s recycled to the 
PUREX process • 

·3.1.1.3 Waste Treatment and Acid Recovery Processes 

The aqueous waste stream from the first solvent extraction col1J11n is the major source 
of the high-level liquid radioactive waste generated at Hanford. This waste stream, called 
the current acid waste (CAW) contains greater than 99 percent of the fission products (which 
include cesi1111 and stronti1J11), about 10 percent of the total nept1mi1111, and trace quantities 
of uranilJII and plutoni1111. The CAW stream also contains most of the nitric acid used in the 
solvent extraction system. Nitric acid is recovered from this waste stream for reuse in the 
PUREX process by a series of operations (evaporation, acid absorption, sugar denitration, 
etc.). 

Tr~atment of Current Acid Waste and Claddin~ Waste. This section discus~es past CAW 
management practices and current waste managemen plans and options. Also discussed tn this· 
section are the present plans for management of the cladding waste and solvent wash 
(solutions used to regenerate the TBP solvent) waste soluti~ns. Environmental consequences 
of CAW management are discussed tn Chapter 5.0. · 

· Current plans call for direct neutralization of the CAW and interim storage io~the 
event of resumption of PUREX/U03 operations. Operation of B-Plant which recovers 90Sr 
and 137cs from the CAW is an optional waste management plan. 

. Past PUREX operations have 10<:.luded both immediate and
0
deferred separation and recovery 

of strontium (90Sr) and cesi1111 ( 37Cs) from the CAW. The 9 Sr and 137cs are · 
relatively long half-lived (30 yr) fission products and are the major heat producers in the 
CAW.· Their remov~l ·eliminated long-term boiling of the·waste in storage tanks and permitted 
the evaporation of the liquid waste to salt cake(a) and slurry after approximately 5 years 
of liquid waste storage. 

(a) 'The-waste from future PUREX operations will be converted to double-shell slurry, a 
mixture of fine solids suspended in a viscous liquid medi1111. 
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The 90sr and lJi'cs war~ separated and recovered 1n B-Plant. The separation 
procedurl!I 1s descr1bed 1n [RDA-1538 (USERDA 1975, p, [1.1-31). From 1968 to 1972, B-Plant 
and PUREX operated 1n parallel. When PUREX was placed 1n operational standby, B-Plant 
continued to process stored wastes, from 1972 to_l978. In its 10 years of ooeration, 
e-Plant removed approximately 57 million Ci of 90Sr and 106 mi Ilion Ci of l37Cs from the 
CAW, Thesf• were stored u concentrated solutioos in B-Plant pending further processing. To 
tlaU, appr,,xfo1ately one-third of the 90sr and l37Cs has been encapsulated and stored 1n 
water basins In the Waste Encapsulation and. Storage Facility (WESF), These procedures are 
1110 described Ir ERDA-1538 (USE:RDA 1975, p. 11.1-31), 

Dir~t Neutralization and Interim Storage of CAW. Direct neutralization and Interim 
storage o the CAW generated_by PUREX would give greater flexibility to the waste management 
proqram. This option would also allow deferred recovery of strontium and cesium, Direct 
neutraltzatlon leaves the waste in a form ~hat 1s readily adaptable to many waste 
soltdlfication methods. · 

The maximum postulated processing rate
7
of 48,000 MT of N-Reactor fuel over a 16-year 

period would produce 4.4 x 104 ml (1.1 x 10 gal) of CAW. In this option, the CAW 
would(be neutralized without cesium and strontium removal and stored In the AY-AZ tank 
fann, a} B~ause this waste would still contain the strontium and cesium, the heat 
generation of the liquid would be sufficient to cause self-boiling. The con~ensate created 
by the self-boiling would be removed from the waste until the sodium concentration 1n the 
w11te solution reached approximately 5 molar·after which time the condensate would be 
returned to the tank to maintain the waste solution sodium concentration at that level. The 
condensate removed from the bolling waste would be discharged to a crib after 
decontamination by evaporation ~nd ion e~change. lhe total volume of radioactive liquids 
would be approximately 4.5 x 103 ml/yr (1.2 x 106 gal/yr), divided about equally 
between condensate and aging waste (Table 3.1). 

B-Plant Ooerations. B-Plant can be operated in either a sequential or parallel mode 
with PUREX. Aprocess\ng rate of either 3000 or 2100 MT of fuel per year would result in 

(a) 

TABLE 3.1. Radioactive Liquids From PUREX Waste Management, m3/yr(a) 

To Dis2osal To Double-Shell 
Source of Waste Crib Trench Pond[bJ Tank Storage 

CAW Treatment(c) 
103 Option l: Direct 2,4 X -0- -0- 2.1 X 103 

Neutralization 

Option 2: B-Plant 7.0-8,8 X 104 1.4 X 1Q6 1.2 X 107 2,1 X 1Q3 
. Operation 

Cladding Removal 
. Sulvent Wash\d) 

1.2 X 1Q4 -0- -0- 1,8 X 103 

(a) Based on a processing rate of 3000 MT of fuel per year in the PUREX plant. 
(b) Non-contact cooling water. 
(c) These are the volumes associated with the stored form of the HLW (either aging 

waste or double-shell slurry). There would be a time delay hetween when the fuel 
was processed and when these waste volumes were reached. 

(d) This waste would be generated .in PUREX.and does not depend on the waste management 
option chosen. 

SOURCE: Hawkins 1981c. 

These tanks were. built s~ecifically to stcre self-boiling waste. These tanks do not 
require cooling coils such as those used at the Savannah River Plant because the heat· 
generation rate wtil be within the design criteria of the tanks (USERDA 1975, 
p. 11,1-37). An overhea.t condenser cools t:1e vapors from these tanks and the condens-!te 
is either returned to tanks or seilt to crl bs. 
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the parallel operation of 8-Phnt and PUREX. However, a 1050 MT/yr processing rl'.te would 
allow a sequential mode of operation for the two facilities. This ls due tn the fact tllat 
the PUREX plant has a sufficiently high ~hroughput rate that continuous operation would not 
be necessary to process 1050 MT/ yr and the PUREX p I ant could temporarily rev·ert to 
operational standby while 8-Plant is In operation. The advantage of using this moce of 
operation Is that It. enables some of the same operating personnel to be use( In both PUREX 
and B-Plant. The procedures for operating B-Plant itself would remain the s&~e for both 
sequential and parallel modes. 8-Plant and WESF operating procedures are briefly sumnarlzed 
here from the discussion contained In ERDA-1538 (USERDA 1975). The CAW from PUREX is routed 
to 8-Plant via the 244-AR Vault. The solids are removed by centrifuging and are treated for 
strontium recovery, while the liquid ls trP.,ted with phosphotu~gstic acid to precipitate 
cesium. The liquid remaining after tne cesium precipitation is ro~ted through four solvent 
extraction columns for recovery and ~urification of any strontium present. The cesiUl!I is 

redissolved in sodium hydroxide and further purified by Ion exchanoe. In the WESF, the 
J7cs is encapsulated in the fonn of ceslym chloride salt and the 90Sr is encapsulated 

as strontium fluoride salt. The capsules\a) are placed in water l:asins for storage. 
After cesium-strontium removal, the CAW is neutralized with sodium hydroxide (NaOH), and 
sent to the AY-AZ underground tank fanns. 

The 4.4 x 104 m3 Cl.l x 107 gal) of CAW 0roduced b~ PUREX would contain 
approximately 4.5 x 108 Cl of 90sr and 5 x 108 Ci of 137Cs. B-Plant processing and 
the WESF would produce approximately 2550 cap~ules of 90sr and approximately· 3990 capsules 
of 137cs. 

Liquid waste streams from 8-Plant lncludP steam and process condensates, chanical 
sewer, cooling water, low-level liquid waste, and dilute neutralized CAW. The low-level 
liquid waste is concentrated through evaporation to yield decontaminated condensate and 
double-shell slurry, The neutralized CAW is stored in underground double-shell tanks for 
5,years prior to Its conversion to double-shell slurry. During this storage period, the CAW 
is concentrated in-tank by self-boiling or heating of the CAW solution, followed by removal 
of the condensate. The degree of concentration is such that the sod1um concentration of the 
CAW is maintained at approxim11tely 5 mol&r by returning the condensate to the solution if 
necessary. The removed condensate is decontaminated through ion e~change and sent to a 
crib. After 5 years, the aged and concentra~ed CAW is eventually removed f~om the tank and 
evaporated to generate decontaminated condensate and double-shell slurr), Annu~l volumes of 
radioactive liquid effluents that would be generated from B-Plant operatlvns are sunmarized 
in Table 3.1. 

Ad~if1onal Tanks for Stol"'age of Hi~h-Level Wastes. The ;eneration, treatment, and 
storage b of liquid h1gfi.-1eve1 waste ( Lw) from past PUREX operations at Hanford were 
discussed in d~tail in ERDA-1538 (USERDA 1975, pp, 11.1-29-44) and in the EIS on 
double-shell steel tanks for HLW storage (USDOE 1980b). These documents. also discussed in 
detail the envirormental consequences of HLW storage in double-shell steel tanks. As 
indicated in Table 3.2. 25 additional tanks would be needed to acconmodate the neutralized 
CAW which would result from processing 48,00? ~T of fuel. If less f•iel is processeci, 
prqportionately fewer tanks would be needed. c The tanks. each holding about 3.8·x 
103 m3 (onP. million gallons) of approximate specific gravity 2.0. would be constructed 
in the 200 East Area and would require about 18 ha (45 acres) of land. Fifteen of these 
tanks would cont4in aging waste and ten would contain cladding waste sludge. For the 
B-Plant processing option, 27 new tanks would be needed and \10Uld be used for cladding 
~aste. double-shell slurry. and aging waste. The tanks would be constructed in accordance 
with or better than the tank design and construction specifications described in 
DOE/EIS-0063 '"<;DOE 19800); appropriate envirormental review would be performed before 
construction. .he AY-AZ tank fanns (already in existence) would be u~ed to store the 

(a) 

(b) 

(c) 

These capsules are a~proximately 53 cm (21 in.) long and 8 cm (3 in.) in diameter. The 
90Sr capsules have an inner capsule of Hasteloy C-276 and an outer capsule of 
316 stainless steel. Both inner and outer capsules for the 137cs are of 316 stainless 
steel. 
Approximately 200,000 m3 of solid and liquid in-tank wastes from past Hanford 
operation are currently being stored (NAS 1978). 
For a total of 10.000 MT of fuel procP.ssed. 6 additional tanks would be r.~eded. 
Similarly, for 30,000 MT of fuel processed. approximately 17 additional tanks would be 
needed. 
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TABLE 3.2. Approximate Need Schedule for Additional 
Waste Storage Tanks for Hanford Waste 
Management, 48000 MT Fuel Processed 

Year 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
TOTAL 

New Tanks Needed(a) 
2 
3 
l 
0 
l 
l 
3 
l 
l 
2 
2 
2 
2 
2 
2 

"3 

(a) E·ach has a nominal capacity 
of 3~800 m3 (106 gal) • 

. boiling waste from either management option. Waste storage tank accidents have been 
discussed ~,; .C:RDA-1538 (USERDA 1975, p. II1.2-2) and DOE/EIS--0063 (1!180b). 

Cladding Removal and Solvent Wash Waste. The waste management program currently 
planned for the cladding remcval and solvent wash waste streilll is compatible with either CAW 
management option. This liquid waste stream contains extensive amounts of suspen1ed solids, 
which settle during storage in double-shell tanks. The liquid is the~ removed and 
concentrated through evaporation. The evaporator condenrate is further decontaminated by 
.ion exchange and di3charged to a crib and the evaporator bottoms are stored with existing 
waste slurry in double-shell tanks (see Table 3.1). 

Other Waste Treatment. A backcycle waste 3ystem (part of the PUREX process) collects 
and concentrates aqueous waste streams containing nitric acid, uranium, plutonium, 
neptunium, and fission products from various columns in the plant and condensates from some 
plant condensers. Streams entering the backcyc·le waste system are from the plutonium 
recovery cycle, the uranium recovery cycle, and the neptunium recovery system. The 
backcycle waste system consists of a concentrator ~nd condenser; the concentrated aqueous 
wastes are recycled to the first extraction co.lumn and to the .final ne,tunium cycle for 
neptunium recovery. The offgases from the condenser-are processed through the condenser 
vent system. 

Nitric acid is recovered from dissolver offgas with a downdraft condenser and two acid 
absorbers in series. Recovered nitric acid and the nitric acid recovered at the U03 plant 
are concentrated (in a vacuum fractionator) and reused in the PUREX plant. The distillate 
from the vacuum fractionator is recycled to the fractionator, used as absorber water in the 
acid absorbers, and routed to the backcycle waste system, as required. 

Allmonia scrubber waste collected during cladding dfssolution and cladding waste 
treatment is evaporated, driving off the ammonia, which is then absorbed and collected with 
the condensate fr0111 the evaporator. Because the radionuclides in the scrubber waste are not 
volatile, they remain in the evaporator in the concentrated bottoms liquor, which is 
periodically eq>tied from the evaporator and routed to underground storage tanks. The 
evaporator ccndensate is routed to a crib for di sposa 1. · 

Iodine (1291 and 1311) released in the dissolver and in the pr,cess vessels, is 
remcved from the gaseous effluent by silver reactors. The reaction of silver nitrate 
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(AgN03) with iodine fonns silver iodide (AgI), a solid which remains· in the reactor. When 
a reactor no longer efficiently removes iodine and cannot be effectively r~enerated, 1t is 
rep heed and sent to so 11 d waste bur1a 1. 

During continuous plant operation, process condensates from current acid walte 
concentration, backcycle waste concentration, acid fractionation, and Pu-U partition cycle 
concentration are used as scrub stremns to various columns instead of being discharged to 
cribs. However, condensate from the final uranium cycle is routinely discharged to a crib 
because of its very low fission product concentration (see Table 0.8). 

Solvent wash waste and wastes collected in the cell sumps are made alkaline, sent to 
holding tanks, conc.entrated in the waste evaporator, and stored in underground waste tanks. 

3.1.1.4.· Process Effluents 

Effluents from the operation of the Hanford PUREX/U03 facilities c·onsist principally 
of gases and liquids; solid wastes are quite minor. The effluents may contain radioactive 
and/or nonradioactive pollutants. Their environmental effects, described in detail in 
Chapter 5, are sU11111arized in this chapter in Section 3.1.8. Detailed effluent data are 
contained in Appendix D. 

All gaseous effluents that migbt contain radionuclides are treated and filtered through 
high effir.iency particulate filters\a) or deep fiberglass filters before discharge to the 
atmosphere • 

. Liquid radioact·ive wastes are concentrated by evaporation. Streams containing little 
or no. radioactivity, such as no~ontact cooling water and some condensate streams from the 
evaporator, are sent ti: ma~ade ponds and crit.-s (shown in Figure 3.1). 

The projected ~dlues of the process effluents and their environmental effects are based 
on processing 3000 MT/yr of 180-day cooled 12 percent 240Pu fuel. This assumed processing 
rate and fuel type 1s designated the •worst case0 because it would result in the greatest 
dose to the public. Processing of lower-exposure N-Reactor fuel, with less than 12 percent 
240pu would result in less-radioactive effluents and lower doses. 

As noted earlier (Section 3.1), the PUREX processing rate may be much lower than 
3000 MT irradiated fuel per year. At the rate of either 1050 or 2100 MT/yr, volumes of 
process effluents and radioactivity released would decrease, as would environmental effects 
in gereral (see Appendix D). 

Gaseous Effluents. During 1972l(b) the last year of PUREX plant operation, the 
approximately 3.4 x 109 ml (1.2 x 10 1 ttl) of gaseous effluents discharged from the 
.PUREX.plant contained 0.6 Ci of particulate fission products and

5
transuranic nuclides, 

0.3 Ci of radioiodine isotopes, 0.7 Ci of J.4c, 4.1 x 105 Ci of 8 Kr, plus 
approximately 1000 Ci of lH. Estimated maximum annual discharges during PUREX plant 
operation at 3000 MT/yr would be approximately three times greater than those in 1972 
(Table D,l). All effluent streams nonnally containing radionuclide~ would be analyzed for 
radioactivity. Effluent samples from the main stack would' be analyzed for specific 
radionuclides. 

Radionuclides released in gaseous effluent streams from the PUREX plant during 
operations would result in concentrations at the Hanford Site boundary that would be within 
the levels permitted in unrestricted populated areas. Concentrations in occupied areas 
within the Site boundary will be within. the levels permitted in restricted areas (DOE 
Order,5480.lA Guidelines). 

Gaseous effluents from the U03 plant for 1972 were estimated to comprise 3.4 x 
107 ml (1.2 x 109 ftl). Effluents were estimated to contain less than 10-4 alpha 
Ci and less than 10-2 beta Ci (see Appendix D). Projected gaseous effluents following 

(a) These filters are capable of removing from an air stream at least 99.97 percent of the 
radioactive particulate material that is greater than 0.3 microns (0.01 mils) in 
diameter. 

(b) During 1972, 1013 MT of irradiated fuel were processed at PUREX; this is equivalent to 
approximately one-third the design year tonnage for the assumed maximum operation. 
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resumption of U03 operations will be further reduced through the addition of HEPA 
filtration1 concentrations are estimated to be well below permissible levels 1n unrestricted 
areas (Table 0.3). · 

The principal nonradiological gaseous emission from the PUREX/U03 facility would be 
NO:,c, resulting primarily from fuel dissolution (PUREX Plant) and from UNH calcination 
(V03 Plant), amounting to an estimated 435 MT/yr after application of the best available 
control technology (see Table 0.5). Neithar facility would produce sulfur oxides or 
photochemical oxidants. The rnvironnental consequences are discuued in Section 5.1.2.1. 

Li~uid Effluents. As indicated in Figure 3.5, liquid effluents from the PUREX/U03 
facilit es include process and scrubber waste, steam condensates, process cooling water from 
heat exchangers, chemical sewer waste and sanitary waste. Current acid waste, the other 
liquid stream leaving the PUREX facility, may be neutralized and sent to underground tank · 
storage or sent to B..Plant for further processing; it 1s not considered a liquid effluent in 
this section. 

Process and steam condensates generated during PUREX operation would be discharged to 
underground cribs as described in ERDA-1538 (USERDA 1975, p. Il.1-44). Modifications 1n 
plant design and operation procedures will reduce the liquid vol!Mlle discharged t~ cribs on a 
m3/MT .fuel processed basis; total liquid volume may increase due to the increased 
processing rate. After res~t1on of operations, 6.3 x 105 m3 (1.6 x 108 gal) liquid 
waste would be discharged to cribs, with steam condensates accounting for more than 
85 percent of the liquids discharged. 

More significantly, the combination of recycle and re-evaporation of condensates from 
th~ acid absorber, the backcycle waste concentrator, the first uranium cvcle cooc:entrator, 
and ihe evaporation of anmonia scrubber waste will measurably reduce thew90sr, !UOffu, 
and 37cs contents of the condensates discharged to cribs. These are expected to decrease 
fran hundreds of curies/yr to less than 15 Ci/yr (see Appendix D.1.2). 

Heat exchanger cooling water (2.6 x 107 m3/yr) and the chemical sewer (2.7 x 106 m3/yr) 
are also considered liquid effluents from the PUREX operation. Because the radioactive 
content of these liquids is very low, they would be discharged to man-made ponds. Exc1!9t 
for tritium, the annual totals discharged would amount to only a few curies. The 
radionuclide content of these discharges to the ponds Is shown in Table D.8. 

244-AR VAULT 

FIB.D I TO TILE 

CURRENT STEAM 
ACID 

WASTE 

SANITARY 
WASTE 

RAW SANITARY 
WATER WATER 

TO GABL£ MOUNTAIN POND 

CHEMICAL~ CO<l.lNG 
SEWER WATER 
WASTE 

..-------TO B·PlANT POND 

PU_REX PROCESS BLDG •. 

DIVERSION 
RECEIVER 
BASIN 

PROCESS 
CONDENSATE 

AMMONIA 
SCRUBBER 

WASTE 
,__.__...,COODENSATE 

CRll3 

STEAM 
CONDENSATE 

FIGURE 3.5. Liquid Streams Leaving the PUREX Facility 
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The onsite discharge of radioactive liquids to cribs and ponds would be controlle<J such 
that the resulting radiation dose to onsite personnel and offsite populations would be well 
below the amount allowable under DOE Order 5480.lA radiation protection- standards, In fact, 
while these liquids would be discharged to an onsi~e radioactive waste disposal site, the 
concentration of all radionuclides would be sufficiently low that the liquids could meet 
criteria for direct discharge to a public sanitary sewer systl!!ffl (see Section 6,1 and DOE 
Order 5480,lA Table l 1 Column 2), . 

Sanitary waste is a non-radiological liquid waste discharged at a rate of approximately 
l.S x 106 ml/yr. Ten percent of this waste 1s discharged to a septic tank-tile field 
disposal area, and the rest is routed to cribs vt1 tha process and arnnonia scrubber 
condensates and to a pond via the chemical sewer. 

Process condensate from the U03 plant 11110unting to approximately 1.8 x 103 ml/yr 
would be sent to a crib. Heat exchanger cooling water (1.7 x 105 m3/yr) aMd chemical 
sewer waste (1,1 x 1~4 m3/yr) would be sent to a pond. Total radioactivity content of 
all U03 plant ~treams (see Table 0.10) was. estimated at less than 5 Ci/yr from 1972 
operations, and future operations are projected to be comparable. As stated previously, 
these discharges would be controlled such that the resulting doses would be within the 
radiation protection standards of DOE Order 5480.lA. 

The total liquid effluents from the U03 plant would contain less than 10 percent of 
the actinides and less than 50 percent of the total I curies routinely discharged to the 
ponds/cribs in the 200 West Area. (Other liquid discharges are from waste management 
facilities.) 

Solid Wastes. Contaminated solid wastes from the PUREX plant are listed in Table 3.3 
as transuranic (rau) and non-TRU wastes and consist primarily of failed anti unusable 
production equipment, tools, laboratory equipment, and other contaminated solids. These 
wastes would be disposed of according to their radionuclhle content (see Appendix A.1.12). 

Solid waste generated by U03 plant oper~tion was approximately 21 ml (74C ft3) in 
1972. This was buried in the 200 West Area industrial burial ground as non-TRU waste as it 
~o~taioed only 0.95~g of uranium, 0.5 Ci of total I f:fflitters, and <0.03 Ci of combined 
90Sr, l37Cs, and lDVKu nuclides. Future U03 plant operation would also produce 
about 63 m3 of solid wastes annuallylaJ with similar composition and hence would also be 
buried in the industrial burial grounds. 

Past chemical processing operations have generated 1.56 x 105 m3 of contaminated 
solid waste which is buried in 19 sites in the 200-Area plateau using 63 ha of land (USEROA 
1975, p. II.1-19). Future 200 Area solid waste releases {of which the PUREX/U03 plants · 
are only a part) were projected in ERDA-1538 (USERDA 1975, p. V-41) to req:1ire approximately 
1 ha land use/year. 

Solid waste from the plutonium oxide production system in the PUREX 202-A Building 
would include HEPA filters, gloves, clothing, swipe samples, tools, and laboratory cleanup 
materials. These would be stored as TRU wastes and have a 20-year retrieval capability. 

Solid nonradioactive wastes, consisting of ordinary trash originating outside of 
contaminated areas, are collected in trash cans, plastic bags, cardboard boxes, etc. which 
are emptied into a dumpster. The waste is compacted to one-third volume and buried in the 
Hanford Site central sanitary landfill. The projected solid waste from PUREX/U03 
facilities, approximately 396 m3/yr (14,000 ft3/yr), ,tould be about four percent of the 
10,200 m3/yr (360,000 ft/yr), predicted for the entire Hanford Site (USERDA 1975). 

3.1.2 Description of PUREX/U03 Facilities 

The PUREX plant is located in the 200 East Area of the Hanford Site, the U03 plant is 
in the 200 West Area. · The process complexity and equipment d«.tails of the PUREX plant '!.re 

(a) The solid •aste volumes given above are based on processing about 3000 MT/yr of 
irradiated N-Reactor fuel. These volumes would decrease if the PUREX plant were to 
process 1050 or 2100 .HT of fue 1 per year. · 
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TABLE 3.3. Annual Radioactive Solid Waste Discharged From the PUREX Plant 

1972 l actua 1 l 
Curles 

Waste Type Vol. tm3l Total ll.fflSr 1 
137cs 1 

u,r;Rul Pu(gl 
TRu(a) 1.9 x lD~ 180 _(b) 43 
Non-TRU 4.5 X 10 31,000 2,500 <0.1(c) 

Future testimatel (d) 
~urtes 

waste Type/Source Vol. tm3l(d) Total l!RJSr 1 Il7cs 1 
IDriRul Pu{gl 

TRU 
PUREx(e) 1.0 X lQJ 540 135 
Pu~ Line 5.7 X lQl 2760 

Non-TR 1.2 X 1Q3 · 81,000 6,600 0.3 

(a) TRU waste is any waste measured or assumed to contain greater than 10 nanocuries 
of transuranic alpha activity per gram of waste. 

(b) Data not available. _ 
(c) Less than(<) values are derived from the lower limits of detection. 
(d) Based on processing 3000 MT of irradiated fuel ·per year. 
(e) This includes the PUREX canyon burial boxes which contribute 4.8 x 102 m3 and 

6 g Pu. 
SOURCES: Ha*ins 1980a, 1981b. 

more extensive than that of the U03 plant. The PUR~X plant operation as proposed will 
include facilities to convert plutonium nitrate to plutonium oxide; thus all 
plutonium-related processing would be conducted In the PUREX plant. 

3.1.2.1. PUREX Facilities 

The PUREX plant consists of a large processing building and associated support 
facilities (Figure 3.2). The processing building ls about 300 m (1000 ft) long, 35 m 
(120 ft) wide, and 30 m (100 ft) high. In the processing building are cells containing 
vessels, tanks, pipes, columns, and other proc~ssing equipment n2cessary for fuel 
processing. Heavy shielding provides radiation protection for plant operating personnel. 
Instrumentation for monitoring and rontrol of the process, as well as equipment for sampling 
of process streams Is provided. Fa, llitles for decontamination and repair of equipment are 
also provided. All liquid and gasecus effluents from the PUREX facility are monitored to 
assure compllanc~ with applicable release standards. Further details of the process are 
given in Appendix A. _ 

3.1.2.2 U03 Plant Facilities 

The U03 plant includes facilities for receiving and concentrating the uranyl nitrate· 
hexahydrate from the PUREX plant, six electrically-heated continuous calclners that convert 
Urtt to U03, acid recovery equipment, and facilities for packaging and shipping of uo3• 
Appendix A contains further details of the U03 plant. 

_Discussion of the U03 facility Is brief because these facllftles are much less 
complex in comparison with the PUREX facilities. Further, they process materials of v~ry 
low radl~actlvlty, not exceeding that of natural uranium, and do not require shielding or 
remote operations. Because of the relatively larger capacity of the U03 plant, It would 
operate for only about 105 days/yr for the asswned 3000 MT/yr of Irradiated fuel. The U03 
production facilities are located about 8 km (5 miles) west of the PURU plant. 
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3.1.3 PUREX Processing Capabilities 

Currently, the PUREX processing rate is limited by cladding waste handling operations 
to approximately 2300 KT/yr. Engineering studies indicate the cap•city could be incr1•sed 
to 3100 KT/yr 1f process modifications were successfully demonstr•ted after plant startup. 
These mod1f1cat1ons would eliminate some steps in the recovery of solids from the cladding 
waste, thereby lowering the volume of waste material which must be processed. The 
modifications would require changing a tank agitator anu p1p1ng jumpers at a cost of about 
130,000, These changes would bt made remotely and would not increase occupational dos• 
rates or 1ndustr1al accident frequencies, 

Alternatively using tht cuM'1nt process, a capacity of 3000 KT/yr could b1 achieved 
with extensive modifications ·to tht equ1P111tnt 1n the waste handling and adjacent cells. 
Pre11m1nary studies of this alternative place tht cost at about 17,000,000 requiring 
200 malMIIO!lths and four months PUREX Plant downtime for installation and testing. A project 
of this magnitude would require approximately three years to implement following recognitlon 
of -need. Again these changes would be madt rl!IIIOtely and would not increase occupatlonal 
dose rates·or industrial accident frequencies. For futher details of both alternatives see 
Apptnd1x A.2.1. 

3.1.4 PUREX/U03 Operational Requirements 

- The PUREX/U03 facilities would require a total staff of •pproximately 400 people. 
Tht ·annual operating costs are estimated at 140 million based on operating the facilities at 
2100 MT/yr throughput. Process needs for PUREX/U03 operations at a level of 3000 MT/yr 
would require steam generated.by the consumption of approximately 96,000 KT/yr of coal. 
Electrical requirements wguld be 27 million kWh/yr. The raw water requirement would be 
approximately 4.2 x 107 rr,J/yr. 

J.1.5 C0111pleted PUREX Facility Modifications 

ERDA-1538 (USERDA 1975, pp. 11.5-18,V-17) described the Federal government's plans to 
modify PUREX faci 11 ties to increase safety and reduce the enviromnenta I impacts of 
operation. To implement these, the PUREX plant and process have been continually upgraded 
to ·1mprove perforniance and add new capability. This progr1111 has continued since the pl,nt 
was placPd in operational standby condition in 1972. Some of the major modifications 
already made in response to changing envtronmr,tal ~nd safety requirements are described In 
this section. Many of these modifications have been completed and are briefly described in 
the following sections; additional details are contained In Appendix A.2.4. The current 
estimated cost of restart of the PUREX/U03 plants (covering the period FY1980-l984) is 
approximately 1150 million; this includes plant modifications, plant upkeep and plant staff 
training. 

3.1.5.1. Modifications in Liquid Effluent Control (Sl,460 1000) 

Improved liquid effluent contrcl for the PUREX facility, with consequent significant 
reductions in quantities of radioactivity discharged to cribs and ponds, has been achieved 
by the incorporation of re-evaporation steps to various process condensates and to the 
anmonia scrubber waste, with only the re-evaporated and decontaminated condensate being 
discharged, 

As a result of these changes, the quantities of radionuclides released to the cribs 
(per metric ton of fuel processed), except for tritium, are reduced by at least 50 percent 
below the 1972 operating levels. 

J.l.5.2 Modifications in Gaseous Effluent Control (S2 1800 1000) 

Additional HEPA filtration systems have been installed on a number ~f cells In the 
PUREX plant building, and are expected to reduce effluent concentrations to levels 
permissible in air in unrestricted areas. A second stage of HEPA filtration was added to 
cells involved with plutonium and neptunium processing. 

For improved effluent control for PUREX Building 202-A, a third filter has been 
installed on the main stack. This will serve as a standby backup to the two filters 
routinely used. 
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3.1.5.3 Improved Fire Protection (Sl,030 1000) 

Improvements were m~de for fire detection and suppression (foam generation) systems in 
a number of cells in Building 202-A, primarily in those cells with significant inventories 
of organic solvent. A sprinkler system was added to the main ventilation tunnel for 
improved protection of the main stack filters. 

J.1.5,4 New Criticality Alarm System (SJ00,000) 

New nuclear criticality incident alarms were installed in the PUREX plant that meet 
current cri,eria for Nuclear Criticality Safety (DOE Order 5480.lA). 

J.1.5.S Upgrading Accountability Measurement System (SJS0,000) 

The main accountability tnnk sampling system and the associated shielding were 
upgraded. Improvements have been made in the input measurement system particularly in 
analytical techniques and reprti?entative sampling procedures. This permits stricter control 
of plutonium inventories in the fa~~1ity. 

3.1.6 Planned Facility Mitigating ~asures (Modifications) 

Several additional modifications would be completed before the PUREX/U03 facilities 
bega~ operation. These '!10dif1cations will reduce environmental impacts from plant 
operation. A significant modification is the incorporation of the plutonium oxide 
conversion equipment within the PUREX plant, eliminating the former need to transport 
plutonium nitrate solutions 8 km for conversion. 

3.1.6.l Planned PUREX Liquid Effluent Control Modifications (S4 15501000) 

A rillli>er of improvements in sampling, 1110nitoring, and flow measurement of PUREX 
condensate, cooling water, and chemical Sl!ll!er streams would be installed prior to resumption 
of operations (see Appendix A.2.5.1). These modifications wnl improve control of liquid 
effluents from PUREX. 

3.1.6.2 Planned PUREX Gaseous Effluent Control Modifications (iJ,330 1000) 

Gaseous effluent controls are planned which will improve sampling, monitoring, and 
measurement of total flow through the main stack and through the product removal room stack, 
and provide additional HEPA filtration in key areas. One major mod~fication will be the 
reduction in PUREX NOx emissions. Application of the best available control technology 
will increase NOx removal from 46 percent to 80 percent (see Section A.2.5.2). 

3.1.6.J Planned PUREX Safeguards Modifications 

The PUREX plant will be protected in accordance ~ith the safeguards and security 
requirements of USDOE Orders of the 5630 series. 

3.1.6.4 Upgrading PUREX Ventilation System (S700 1000) 

The PUREX ventilation system will be upgraded to improve the ability of t11e control 
system to maintain a positive pressure zone in Building 202-A in areas occupied by 
personnel, and additional sensors and alarms will be installed in different control zones to 
improve the ability to detect and respond to the spread of contar.1iriation in the event of an 
accidental release. 

3.1.6.5_ Waste Transfer Facilities (S2,600
1
000). 

Three new encased waste transfer lines from PUREX 202-A Building to the AW tank farm 
will be installed. 

3.1.6.6 Planned Modifications for uo3 Plant (S2,620,000) 

Modifications are planned to upgrade load-out systems: improved monitoring, sampling 
capabiHty, and HEPA filtration to some exhaust stacks, to improve process dust control, and 
to improve·the fire protection system~ 
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.3.1.6.7 Planned PUREX PuOz System Add1t1on (U517001000) 

A plutonium oxide production system 1s being installed 1n the 202-A Bu11d1ng to convert 
the plutonium nitrate obtained fr0111 the PUREX process to pluton1u~ oxide. The eng1neer1ng 
design of the system 1s complete and construction has begun. Use of this new system will 
e11m1nate the nted to transport plutonium nitrate solution to the previously-used oxide 
conversion unit located 8 km away. lt w111 also reduce total radiation exposure of 
operating personnel. 

A more detailed description of the new Puo2 syste111 is contained 1n Appendix A.3. 

3.1.6.8 Upgrade Seismic Resistance (S8301000) 

The PUREX facility was constructed, 1n compliance with the Uniform Building Code 
applicable at the ti1111 of its constructior. 1n 1953, before the adoption of current 
earthquake resistance criteria. The DOE will incorporate structural upgrades consistent 
with current criteria into key areas before resumption of operation.· (Spec1f1c 
modif1cations are discussed in more detail 1n ~ppendtx A.2.5.7.) 

3.1.7 Other M1t1gat1on Measures Considered and Not Proposed· 

One ·mit1gat1on measure considered was additional gaseous waste treatment to remove 3H 
and 8:itcr from dissolver offg1s1s.

3 
Without tgts mod1fic1t1og the releaag: from the PUREX 

main stack will be about 3.0 x 10 Ct/yr of Hand 3.3 x 10 C1/yr of r. T"g~e 
ts no known technology for capture of trtti1111. lt would be possible to reduce Kr 
release, possibly by 90 percent. 

A 85Kr collection and storage fac111ty for the Hanford PUREX plant was estimated to 
have a cost of the order of Sl70 m1111on. No clear benefits have been 1dent1f1ed for 85Kr 
recovery from gaseous wastes since the envtromiental consequences of the PUREX operation . 

- even without the modif1cat1on are shown to be acceptably below allowable (DOE Order 5480.lA) 
levels. Additionally, recent research has indicated that this alternative could increase 
the occupational dose and possibly increase the dose to the general population in the event 
of an unplanned release (see Section 5.2.1.1). The adoption of this mod1f1cat1on 1s not 
planned for resumptton·of PUkEX plant operation. 

3.1.8 Safeguards and Security Features 

Although safeguards and security features are discussed here, under the heading of the 
proposed action, they w111 apply to all alternatives, and are not unique to a resumption of 
fuel procesl1ng operations at the existing PUREX/U03 plant at Hanford. The following 
conments can be applied generally to all act1v1tles dealing with Special Nuclear Material 
(Stf4). 

The objectives of special nuclear materials safeguards and secu;-1ty are to protect _the 
health and safety of the public and to assure progr1111 continuity. Protection Is afforded 
against 1ntent1onal threats or acts of theft of Stf4. 

The Hanford PUREX pl~nt is being protected in accordance with the safeguards and 
security requirements of USDOE O~ders 1n th& 5630 Series. Special nuclear material would be 
temporarily stored during plant operation w1th1n the PUREX Plant. This plant 1s a protected 
area and 1s appropriately fenced, guarded and secured. It 1s located inside the 200 East 
Area, a limited access area which 1s also appropriately fenced, guarded an-J secured. 

• I 

3.1.9 Natural Forces Resistance of the PUREX and uo3 Plants 

The original PUREX structural design was 1n conformity with the Uniform Building Code 
(UBC), 1952 Edition, according to the or1g1nal plant design criteria (General Electric 1952). 

The or1g1nal design criteria spec1f1ed that ~arthquake resistance be provided 1n 
accordance with Zone 2 regulations of the 1952 UBC. These criteria required that structures 
h4ve the lateral resistance to withstand a 0.10 g static force. 
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Recent seismic analyses (Blume and Associates 1976a,b; 1977, 1981a,b; Hawkins 1981a) 
have considered both 0.25 g Safe Shutdown Earthquake (SSE) ground motions (Hanford SOC 4.1 
1974) and 0.10 g Hanford Regional Historical Earthquake (HRHE) motions (Blume and Associates 
1961b), TheH 1.ndicated that the 202-A Bu11aing canyon would resist the HRHE, but would 
require upgrades to resist the SSE. Also, both the HRHE and SSE have the potential to 
disrupt utilities (water, electrical, steam, and telephone), plus major equipment and 
services • 

. The potential sources for major radionuclide releases from the PUREX Plant, without 
structural upgrading, in the event of a damaging earthquake were determined to be I uranium 
metal fire in a dissolver and a solvent fire In H-J Cells. Plans to upgrade the PUREX 
safety systems, components, and equipment to limit releases from the pl,ant due to seismic 
ground motions to within DOE Order 5481.lA guidelines have been developed, The Department 
of Energy will Incorporate these upgrades prior to operation of tht PUREX/U03 facilities. 

The probability of a 0.25 g earthquake (SSE) occurring cannot be defined because there 
is an· unlimited time span per occurence; the probability of a 0.10 g earthquake (HRHE) is 
8.6 x 10-3 for sixteen years of operation (USEROA 1975, Vol,l, p. 111-2-28). 

B~cause tornado design criteria were not specified in the 1952 Uniform Building Code, 
they were not included in the original design criteria. Recent tornado analyses of the 
PUREX facilities have been conducted to evaluate effects of credible tornado conditions for 
the Hanford Site (Hawkins 19811). These indicate that the 202-A Building canyon cou6d 
resist the 280 km/hr (175 mph) tornado, whose probability is estimated to be 6 x 10- /yr 
(USERDA 1975, p, 111,2-33). The coniequences of a tornado at the PUREX facility are given 
in Table 5.14. Also, the pro~ability of such a tornado is very low. Structural 
modifications for tornado resistance are not planned for resumption of PUREX operations 
(Hawkins 19811). 

The design criteria and 15sumptions (UBC 1952, Hanford SDC 1952) for the PU~EX facility 
which pertain to snow loadings, flooding, and subsurface hydrostatic loading ar~ still 
applicable. No upgrades to withstand these natural forces are considered nece~sary. 

In view of the very low radioactivity levels associated with recovered U03, equal or 
less than those for natu~al uranium, the radiological consequences caused by earthGuake or 
tornado damage to the uo3 facility would be insignificant. Data on resistance of the 
U03 plant to these same natural forces are not available. 

3!1.10 Reasonably Foreseeable Environmental Effects 

In the following discussion, the principal environmental consequences of the proposed 
actlo11 are summarized based on thu detailed discussion pres.., ... c!d in Chapter 5.0. 

During normal operations, the PUREX process generates gaseous and liquid. effluents and 
solid wastes. Projected auant1tlei of 9enP.ration for three processing rates (3000, 1050, 
and 2·100 HT of irradiated fuel per year) are tabulated in Appendix D, These effluents 
contain both radioactive and nosradioact1ve chem1cils. Rs1ncipal radioai!~ve isotopes 
pr~sent f~1the effluents are: H (gase~u~ and liquid), Kr (9aseaus), I (gaseous and 
f9.}id), I (gaseous), l C /gaseous), J Pu (liquid and solid), 9 Sr (liquid and solid), 

3 Cs (11qu1d and solid), l06Ru (liquid and solid), and 60co (liquid), 

These isotopes wouid be present In the effluents 1n such quantities that the rad1~tion 
dose to the public or to workers would be within DOE Order 5480.lA radiation protection 
~~andards and insignificant in terms of actual ~oses. For example, the radiation doses from 

Kr (the principal radionuclide to be emitted to ~~rat 3.3 x 105 Ci/yr) would be 
0.5 mrem from~ 16-year release and 70-year total ~ody accumulation to the maximum 
fndfvidual. Fo~ comparison, the natural background radiation dose to the individual would 
be 7000 mrem over 70 years. , !>rincipal nonradioactive chemicals emitter! to air would be 
NOx, 385 MT/yr from 'the PUREX process and 50 HT/yr from thil UOJ ~rocGss. Ambient air 
concentration of NOx from PUREX fs estimated to be 2 x 10-Z ~g/mJ, which is far below 
the Federal and State standards (see Table 5.6). 

Liquid effluents from PUREX include: 1) process and scrubber waste, 2) steam 
condensates, 3) non-contact cooling water from heat exchangers, 4) chemical sewer waste, and 
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S) sanitary waste. As described In Appendix D and Chapter 5,0, the concentration of all 
Isotopes and chemicals In these effluents would bi bel"" applicable DOE 5480.lA Guidelines. 
This ts also true for liquid effluents from U03. 

Solid wastes from both PUREX and U03 fac11ity operations would be 396 ~/yr, that 
is about 4 percent of the solid wastes to be generated per year for the entire Hanford Site, 

The worst case accidents analyzed in Chapter 5,0 show: 1) dissolution of 25-day cooled 
fuel in PUREX could deliver an acute dose (thyroid) of 190 nrt!III to the maxinun individual 
(the natural background rad1.ltion dose rate 1s 100 mrl!ll/yr), and 2) an onsite transportation 
accident could deliver 1 2000 ir1111 (lung) dost to the rnaxilllUII Individual, Neither of these 
·accidents could be expected to occur after lmp1ement1tion of 1cblnlstr1tive controls, but 
are analyzed to provide an upper bound for possible effects of accidents. 

There are no substantial construction-related impacts anticipated fr0111 the proposed 
action. No impacts on local soctoeconomtc needs such 1s housing, schools, and public 
services are expected. In sum111ry, reasonable forsee1ble environmental effects from the 
proposed action would be 1ns1gn1f1cant, 

3.2 CONSTRUCT HEW ·FUEL PROCESSING FACILITY AT HANFORD 

An alternative to the proposed action is to construct a new PUREX facility at Hanford 
for procHs1ng 1.rradtated fuels. Because of the short time before th• plutonium 1s needed, 
this plant would necessarily be basQd on currently demonstrated technology. The new PUREX 
facility could Include recently developed process reftnenwnts, but slgniftcant dollar costs 
~ould be ~ssoctated with th1111, A recent study (USDOE 1979a) descrtbea ~ reference fuel 
processing plant Including many process refinements that would meet 111 current requirements 
for resistance to natural forces (earthquakes and torn,does), and would further improve the 
control of radioactive emissions such as krypton and Iodine. This plant description w1P t:.e 
used as the bast, for evaluating the construction schedule and costs of a new fuel 
processing facility at Hanford. The new facility would Incorporate all of the process 
-functions of both the existing PUREX plant and the U03 plant. The operating phase 
evaluation w111 be based on the radioisotope Inventories contained 1n N-Reactor fuels and 
environmental emissions projections and standards for'the reference plant. 

'This section describes the features of a new fac111ty, requirements for the 
construction phase, effects of operating the facility, and consequences of the probable 
schedule for construction. 

3.2.1 General Description of the Fuel Processing Facility 

The Hanford PUREX facility was designed specifically for defense fuels, and a new PUREX 
facility at Hanford .ts assumed to have the same design objective. This section uses 
adjusted data for a reference plant to describe the construction and operating phases of a 
new PUREX facility at Hanford. The PUREX processing plant described in DOE/ET-0028 (USDOE 
1979a) ts used as the reference since it would be similar in size and complexity to a new 
Hanford PUREX facility. 

Data for the reference facility were adjusted so that the processing rate would be 
3D00 l'fT/yr of uranium. Releases to the environment ware calculated based on the radioactive 
content of irradiated ~Reactor fuel, and the fractional release values stated for the 
reference ·plant. Thus, the data as presented here closely approximate a plant designed 
specifically as a replacement for the H~nford PUREX plant, even _though no new design effort 
was undertaken. 

_Operational requtr~nts and effluents associated with a new PUREX plant at Hanford 
would be similar to the proposed action (Section 3.1) and are discussed further in 
Section 3.2.3. The most t1gnificant changes would be a potential tenfold reduction in 
~rypton and iodine releases over the releases from existing Hanford operations (USDOE 
1979a). However, an accidental release of the stored krypton could result in a higher 
airborne dose rate than would be possible if krypton were continually vented (see 
Section 5.2.1.1). 
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3.2.2 New Plant Construction Costs, Schedules lnd Resources 

The new PUREX plant would be comparable to the reference plant and would have similar 
construction costs and Impacts. ConstrJctlon cost estimates were adjusted to a throughput 
rate of 3000 MT/yr. 

Capital cost for the reference plant Including wute management facilities is estimated 
to be about Sl.5 b1111on In 1981 dollars. The main plant would cost Sl.2 billion, a:. 
estimated from the cost details given in DOE/ET-0028 (USDOE 19791), These costs do not 
Include costs for waste management systems which are already in place at Hanford. If such 
facilities wtre needed because of the specific location of the new processing plant, costs 

. for these additional facilities are expected to be less than the cost for the reference 
plant. The cost at Hanford fer integration with existing waste management systems would be 
S0.3 billion, for a total of Sl.5 billion. 

Many factors relating to site preparation and construction of a new plant would impact 
the environment, the local economy, and the surrounding area. The following lnfonnation is 
used to evaluate the impact of construction activities (see Sections 5.2.l and 5.3.2). The 
data are based on DOE/ET-0028, but are adjusted to a new ~UREX facility with the capacity of 
processing 3000 MT/yr of Irradiated If-Reactor fuel. 

Project Schedules and Construction Man~ower, The estimated schijdule for engineering, 
pror.urement, and construction of the plant s shown In Figure 3.6. The construction labor 
force size, c~osltlon, and schedule are shown In Figure 3.7. 

Sito Re~uirements. A new plant would require approximately 40 hectares (100 acres) for 
fac1ll'ty~1,,:a11at1ons. Approximately 60 additional ~ectares (150 acres) would be required 
for construc1;ion storage, work yards, temporary buildings, and labor parking. 

Construction Materials. Major matP.rial requirements for fac•lity construction would be: 

Concrete 
Steel 
Copper (mainly wire and cable) 
Zinc 
Al umi.,um 
Lumber 
Water 

-t\GI\EERl:-.G 

· >RELi ",11\ARY E\G 1:~EERI\G 

EWIRO.',".t\TAL REPORT 

SAFETY ANAL vs IS 

JETAILED DESIG:-. 
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Cu,',STRUCTIOII! 

PRE· STARiUP CHECKOl'T 

COLD CHECKOUT 

STARTUP AND OPERATION 

---

0 

140,000 m3 
31,000 MT 

180 MT 
11 MT 

270 MI 
S,600 mJ 
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4 

.. , 
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(12 tons) 
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FIGURE 3.6. Fuel Processing Plant Engineering, Procurement and 
Co;1structlon Schedule (USDOE 1979a) 
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FIGURE 3.7. Fuel Processing Plant Construction Labor Force 
Schedule. (US00E 1979a) 

Energy. Energy resources used during construction would be: 

Propane l,9oom3 (4~,000gal) 
Diesel fuel 9,100 m- (2,400,0CY.l gal) 
Gasoline 12,000 rnJ (3,200,000 gal) 
Electricity 

Peak demand 3,700 kW 
Total energy 9.1 x 105 kWh 

Trans§ortation Requirements. A railroad spur track, assumed to be about 5 km (3 miles) 
long, wou\ have to be brought to the construction site. This track ,iould have to be routed 
so that spent fuel casks mounted on rail cars could be brought to the processing facility. 
A two-lane paved road assumed to be 5 km (3 miles) long would also have to be constructed to 
the job site. This will be required for workers' traffic and for truck dtliveries of 
material and equipment. 

Fuel Stora~e Re~uirements. Additional capacity for storage of 1rrad1ated fuel would be 
required to 1mp emen this alternative since existing storage capacity would be exhausted 
before a new plant could be ready for- operation. This would consist of construction of an 
entirely_new facility (see Section 3.4.3) at a cost of 1270 million. 

Oth~r Requirements. A plant of this size operated independently is estimated to 
require a total staff of 1000 people (US00E 1979a), including administrative and service 
personnel. Since many of the required administrative and service personnel are already 
ava'ilable at Hanford, the incremental requir~nt would be about 500 people. Annual 
operating costs are estimated between 148 _and ISO million based on operating the plant at 
full capacity. Required utilities include fossil fuel to generate about 90 MW of heat and 
~bout 21 MW of electrical- power. 
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3.2.3 Effluents from New Plant Operation at Hanford 

Eff.luents discharged to the environment from the new fuel proceuing plant would be 
d.!tenn~ned by facility design. The .new facility would contain certain features for 
reductions in emissions to the environment although not required to meet applicable release 
li~its. Accordingly, the amounts of effluents released would be less than the amount of 
ef·fluents that would be discharged from the existing Hanford PUREX facility, but this 
rt',duction would require additional construction costs, materials, and addition~l manpower 
fr>r operations. The additional unit operations required to achieve lower releases would 
cr·eate additional solid wa,te as failed equipment. The operating design conditions for the 
ref~~ence plant (USDOE 197ga) are used to estimate the effects

1
of the operating phase of the 

new p,arit. Throughput is 3000 MT of irradiated fuel per year,.aJ and N-reactor fuel is 
used&$ a basis for the data presented in this report. 

The basic cheinical process of the new plant -ould be quite similar to the Hanford PUREX 
plant. Ho.ever, liquid discharge! would be reduced by extensive recycle of both process and 
cooling water and by vaporizing the excess process wate5 instead of d~scharging it as a 
liquid. 

5
Anoual total water use would be about 7.8 x 10 m3 (2.1 ~ 10 gal), of which 

7.0 x 10 mJ (1.8 x 106 gal) would be cooling water, and 1.2 x 104 mJ (3.2 x 
106 gal)'would be discharged as vaporized excess water. The balance of the water would be 
discharged as a nonradioactive liquid effluent. 

Annual releases of nonradioactive material as liquid would ·include 2.2 MT of sulfate 
salts, 2.2 MT of nitrate salts, 3.8 MT of chloride salts, and 7.5 MT of 1lkali metal ions. 
No radioactive materials would be released as liquids. 

Dissolver offgas would be treated differently in the new facility than in the present 
PUREX facility. The new facilitv would be designed to releast no more than 10 percent of 
the 85i(r, 0.1 percent of the 29i, and 1 percent of the • ·c " t:,e irradiated fuel 
(USDOE 1g7ga). It would also be designed to releue all ,, .i,e 3H tP the atmosphere, with 
none released In liquid effluents •. 

Recovery processes would use a silver-zeolite absorber for iodine removal, zeolite beds 
for carbon. removal, and crycgenk absorption for krypton removal (USDOE 1979a). The gas 
leaving the iodine recovery subsystem would contain carbon dioxide, oxides of nitrogen, 
water vapor (including tritium from the dissolver), and Inert gases including krypton. 
After r91'10val of CO2, NOx and water vapor, the stream to the krypton recovery subsystem 
primarily would consist of air with very small amounts of NOx and water. The oxygen would 
be removed as water by reacting it with hydrogen in a catalytic recombiner. Krypton gas 
would be recovered by cryogenic absorption, stripping, and distillation. The krypton gas 
would be placed in cylinders and se9~ to the krypton storage facility for extended storage 
to permit radioactive decay of the Kr. 

EstiNted radioactive gaseous effluents from the new PUREX far.ility are shown in 
Table 3.4 for operation with 180 day cooled N-Reactor irradiated fuel. Effluent releases 
for the 1050 MT/yr case are presented in Table D.20. These estimated releases were derived 
from the.fractional releases of radionuclides stated in the reference (USDOE 1979a), and the 
expected radionuclide content of irradiated fuel from N-Reactor. No radiPactive material 
would be released as a liquid. 

Mos~ of the releases occur with the treated dissolver offgas, which has a volume ~f 
2.2 x 10 mJ per year, while most of the ~ritium would be released with the vaporized 
excess water stream in a volume of 4 x 10 rriJ/yr. The concentration shown in Table 3.4 
is based on the treated dissolver offgas for all nuclides except tritium. In practice, the 
dissolver offgas would be diluted by a factor of over 2000 by mixing with other sources of 
air befo~e leaving the plant. 

Irradiated fuel elen.,ents would be treated by shearing and leaching rather than by 
dissolving the cladding, and then dis~olving the fuel. The cladding would be processed as 
solid waste, amounting to about 980 m /yr (35,000 ft3). 

(a) This 1throvghput rate (3000 MT/yr) is consistent with the maximum capability of the 
Hanford PUREX facility. 
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TABLE 3.4. Estimated Radioactive Gaseous Effluents from the New PUREX Fac1·11ty, 
3000 MT/yr Processing Rate 

Nuclide,. 
JH 
14c 

85Kr 
lO~Ru 
1291 
1311 

Other a 
Total 11 

Concentr4tion, 
Ci/nr' 

-3 1,2 X 10 
4,2 X 10-8 

-1 1,5 X 10 
' -7 4.1 I', 10 

-9 3,3 X 10 
2,Q X 10-ll 

3,4 X 10-l?. 

1.8 X l0-l7 

Annual Quantity, 
Curies 

4 6,9 X 10 
9,3 X 10-2 

3,3 X 105 

8,6 X 10-l 
-3 7,2 X 10 
-5 5,Q X 10 

1,0 x 10-5 

3.9 x 10-ll 

Other annual solid wa~te volumes would be agout 1900 ml ~67,000 ft3) of failed 
· equipment and other noncombuitible waste~ 5900 m (210

1
000 ft) of low-acti~ity level 

combustible waste, and 430 nr' (15,000 ft~) of sludges. a) 

3.2.4 Efft:<:ts of Schedule for Plant Construction 

The estimated time required for construction of the reference plant would be seven to 
eight years from beginning of preliminary engineering to plant startup and operation (USDOE 
1979a). An additional one or two years would be required to place the appropriation of 
funds for an item of this magnitude in the federal budget. Thus, plant startup probably 
would not occur before 1990, a delay of about 6 years from the schedule for the proposed 
action. Plutonium availablity would be delayed because of the delay in processing N-Reactor 

· fuel. 

. rt-Reactor 1s projected to operate into the 1990s, to satisfy national needs for 
plutonium but its operation cannot continue beyond mid-1985 at the projected rate of 
irradiated fuel production unless some new arrangements dre made for irradiated fuel storage 
or processing. Irradiated fuel sto~age is addressed in Section 3.3 for storage offsite and 
in Section! 3.4.2 and 3.4.3 for onsite storage. Offsite processing of fuel is discussed in 
Section 3,3,5 • 

. 3.2.5 Deconm1ssioning 

Although facility deconmissioning is outs,~e the scope of this EIS it is relevant to 
consider that additional deconmissioning costs w~uld be incurred by constructing and using a 
new processing facility at Hanford. Those costs would be in addition to the costs required 
to deconmission the present PUREX facility. A rr.-cent study (Schneider 1978) examined the 
deconmissioning of a plant that is comparable to the reference plant. Schneider's cost 
nu1olbers ar.t stated in 1975.dollars, but the costs cited below were adjusted to 1981 dollars 
by assuming a 10 percent per year cost increase. 

. lnmediate diranJlement would cost approximately S103 million, and would generate 
46go m3 (1.6 x 10· ft ) of waste for disposal in a repository and 3100 nr' (1.1 x 
10 ft3) of waste for shallow· land burial. Occupational radiation exposure would be 
510 man-rem. 

(a) T~e term sludges is used here to mean intermediate-level concentrated liquids, wet 
wastes, and particulate solids. It includes·certain concentrator bottoms, ion exchange 
resins, silica gel, filter precoats, solvent cleanup washes, and incinerator ashes. 
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Protective storage," surveillance for 10 ye11rs, and then dismantlement, wo•Jld increase 
decommissioning costs to Sll3 million but reduce the occupational radiation e:1posure to 
81 man-rem'. Overall waste generation would be comparable to the typl! and amount g2nerated 
by irrr !diate dismantlement, but most of the waste wo~1d not be generated until after the 
10-year surveillance period. 

In either case, the 70-year radiation dose conmitment to n,embers of the public frcm 
airborne releases would l)e less than 15 man-rem (Schne~der 1978). 

3.2.6 Reasonably Foreseeable Environmental Effects 

The principal envirorvnental effects from this alternative would be.due to: 
1) co"struction of a-major new processing facility at a cost of about Sl.5 billion, 
2) construction of additional irradiated fuel storage faci11ties at a cost of up to 
1270 million, 3) ultimate decommissioning of the processing fac11ity and the storage 
fac.111ty, 4) release of limited quantities of radionuc11des to the environment during plant 
operations, and 5) release of nonradioactive chemicals to tl>e envi:onment during plant 
operations. These effect~ are discussed in greater detail in Section 5.2.1. 

Quantities of radionuclides released to the environment would be low, in accordance 
with b~st available demonstrated technology. No liquid radioactive effluents are released. 
Any excess water above that which can be recycled in thP. plant is released by evaporation 
rather 'than by release as a liquid. 

The greatest expected environmental effects would be those related to construction and 
decommissioning. The environmental effects are compared to the other alternatives in 
Section 3.6. 

3.3 PROCESS FUEL OFFSITE 

I~ this alternative to the proposed action, irradiated fuel would be shipped offsite 
for processing and extraction of plutonium and uranium. Currently, the only other 
operational fuel processing facility 1n the United States capable of processing ff-Reactor 
fuel is· located at the DOE's Savannail River Plant (SRP), AH.en, Sout!! Carolina, about 
4170 km (2500 mi) from Hanford. !tis being operated at near capacity and would require 
substantial modifications to process N-Reactor fuel. 

The currently approved space 1n fuel storage basin~ at Hanford w111 be exhaustr.d by mid 
1985 (see Section 3.4). Therefore, the alternative of processing offsite would nQt be 
viable by itself unless shipments of irradiated N-Reactor fuel could begin by early 1985 ,~d 
continue at a rate at least equal to the rate of irradiated fuel discharge fror.i ff-Reactor, 
or unless additional fuel storage capacity were provided at Hanford. About 10,000 MT of 
irradiated fuel from N-Reactor will be available for processing before the year 2000, and 
this quantity is used as the basis for offsite shipment~. In order to allow a CO!!IParison of 
environmental impacts with those for the proposed action, an incremental processing rate of 
3000 MT/yr of irradiated N-Reactor reference fuel is assumed. 

Items discussed in this section include: 1) previous experience wjth shipping 3nd 
proce~sing rt-Reactor fuel offsite, 2) cask selection for shipment of irradiated fuel, 
3) offsite transportation, 4) irradiated fuel handling during loading and receiving, 
5) processing fuel offsite and 6) cost estimates for processing at Hanford and SRP. The 
overall processing costs at Hanford and at SRP are estirnated to be approximately equal. 

3.3.1 Previous Experience with Shipping and Processing N-Reactor Fuel Offsite 

Expedence with offsite shipment a:nd processing of N-Reactor fuel has been very 
limited. This experience Is discussed below to show that the few problems which occurred 
have been dealt with satisfactorily, and that the knowledge gained from this previous 
experience would be valuable in future processing. 

I 
During the late 1960s 352 MT (388 tons) of 1rr~diate1 N-Reactor fuel elements were 

shipped to.Nuclear Fuel Services (NFS) at West Valley, New York for processing. As a r~~··lt 
of these s~ipments, NFS received some fuel with defective cladding. One shipment to :'-I!., · 
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contai~ed about 15 percent of the outer elements and five percent of the inner elements with 
defective cladding from a tot.al of 435 assemblies (Duckworth 1970). The defect rate seemed 
to increase as the exposure time in the reactor increased (Schulz 1972). The fuel with 
defects was returned to Hanford since it was uneconomical to process it at West Valley, 
although no technical problems would have prevented processing the fuel. 

Even though some cladding became defective during shipment, no adverse environmental 
effects were observed. Future shipments would use this knowledge to further reduce the 
likelihood of cladding defects during shipment. Cask selection would be made to assure that 
the fuel would be contained during shipment even tf the cladding were defective. 

Most of the processing of irradiated K-Reactor fuel at NFS was satisfactory. 
Corrective actions were develcped to prevent recurrence of a few incidents. These incidents 
included: development of a positive pressure tn the dissolver (nonnally, the dissolver is 
under negative operating pressure to prevent leakage of gases), unexpected fires (zirconium 
burning) in stored cladding hulls and a fire that burned a hole in the dissolver tank 
(American Physical Society 1977). Because of conservative design of the processing plant, 
these incidents did not cause significant releases of radioactivity to the environment. 
Future offsite processing would provide: 1) corrective action to minimize the likelihood of 
recurrence of this. type of incident, and 2) adequate backup protection to mitigate the 
consequences even if such an unlikely event were to occur. 

Based on this past experience with offsite shipment and processing of N-Reactor fuel, 
future :shipments and processing could be conducted in an environmentally safe and acceptable 
manner. 

3.3.2 Cask Selection and Availability 

Shipments of N-Reactor irradiated fuel in specially designed casks could be made by 
either truck or rail. Many casks potentially suitable for shipment of N-Reactor fuel are 
described by Rollins (1976). Several of these are currently used for shipping commercial 
light water reactor (LWR) fuels. 

The act•Jal amount of fuel that could be transported by each cask depends on many 
factors, including cavity dimensions, criticality considerations, external dose rates, heat 
dissipation capability of the cask, and projected irradiated fuel temperatures. Since use 
of the candidate casks for transport of N-Reactor fuel would constitute a significant change 
from the use for which the casks are approved, any proposed transport plan would have to be 
analyzed and the cask would have to be approved for this new prop~sed use. Even though 
approval to use existing casks could probably be obtained, appreciaole time would be 
required for the analysis and approval process. 

Casks are ~sually limited by total fissile content, heat generation, and physical 
volume. N-Reactor fuel has a higher density, lower enrichment, and lower heat output than 
LWR fuel. Thus, casks could physically accommodate much more N-Reactor fuel than their 
design capacity for LWR fuel. The limit for allowable temperature in a cask is dependent on 
its proposed use, and the limit might be different for the irradiated N-Reactor uranium 
metal fuel than for a uranium.dioxide fuel. The metal reacts with water to fonn a hydride, 
melts at a lower temµerature than the oxide, and forms low-melting compounds (eutectics) 
with some metals. Since uranium metal is more subject to adverse chL'fflical reactions than is 
uranium dioxide, a .lowered limit for all~wable fuel temperature is likely if N-Reactor fuel 
is to be shipped. Analysis of the proposed shipping conditions would determine the 
allowable amount of fuel per cask so that an adequate margin of safety was assured. 

A UNI study estimated a_five-year lead time for cask approval and procurement (Curtiss 
1974). This estimate of elapsed time for cask design and procurement is supported by 
Macklin (1976). Both Macklin and Hanson (1979) also predicted serious problems in cask 
capacity availability in the 1980s. However, this schedule for cask construction could 
undoubtedly be shortened significantly, if the need were sufficiently urgent. If existing 
designs were used, the first new cask could probably be obtained in 1 to 2 years. Depending 
on the loverall size of the order, additional casks could probably be turned out at a rate of 
around three and perhaps as high as twelve pej,,year. The number of casks available in the 
United States is small and their comnitments to other transportation needs is not well 
defined; therefo~e, new casks would have to be constructed to assure that this alternative 
is v.iab.le. 
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3.3.3 .Offsite Transportation 

Irrad~ated N-Reactor fuel could be transported to South Carolina by truck or rail. 
Such tr.ansportation of irradiated fuel can be done in a manner that protects the environment 
from re.leases of radioact he materi a 1. For more than 30 years, nuc 1 ear materh Is have been 
transported in the United States, Including about 4000 shipments of mainly comnercial (not 
defense) irradiated fuel by rail or truck. These shipments have not resulted in accidents 
or Incidents that were accompanied by significant releases of radioact1ve material (ONWI 
1980). The Department of Energy maintains a Transportation Technology Center at Sandia 
Laboratories to conduct tests to demonstrate the integrity of container systems used to ship 
irradiated fuel and other radioactive_ materials. 

The basis used to estimate the number of Hanford-South Carolina trips and the number of 
necessary casks 1s that truck casks can carry 1 MT of N-Reactor fuel and. rai 1 casks can 
carry 10 MT of N-Reactor fuel. To transport 10,000 MT of fuel would require 10,000 round 
trips by truck or 1000 round trips by rail. Cask requirements were estimated on the basis 
of shipping 700 MT of fupl/yr compatible with N-Reactor production rate. At this shipping 
rate, the basins at Hanford for storage of irradiated N-Reactor fuel will have to continue 
operating for several years after N-Reactor shutdown so that all of the fuel can· be shipped 
offs1te. Also, shipping would have to be initiated several years before processing so that 
the.ra~e of ·processing at SRP would not be limited by lack of feed. 

Round trip truck shipments between Richland, Washington and Aiken, South Carolina using 
the NAC-1 or NLI-1/2 casks (Rollins 1976) would require about 25 casks. The construction of 
these casks would require 75 MT of steel and 500 MT of• lead (USDOE 1979a). 

Round trip shipment by rail using the IF-300 or NLI-10/24 casks (Rollins 1976) would 
take about 36 days, and turn-around would be about 4 days (USDOE 1979a). With allowance for 
per1od1.c maintenance and testing, each cask could make 8 trips/yr, so that 9 casks would be 
required to ship 700 MT of fuel/yr. An additional cask would be required for 
contingencies. Therefore, 10 casks would be required, and their construction would use 
260 ·MT of steel, 650 MT of lead, and 50 MT of depleted uranium. 

3.3.4 Fuel Handling Requirements 

Since the time of the shipments of N-Reactor fuel to NFS, shipments of irradiated fuel 
have become routine in this country, including regular shipments from research and test 
reactors to Savannah River. However, N-Reactor fuel is unique, and the experience gained 
with handling and transporting 011ide (commercial) fuel is not necessarily applicable to 
N-Reactor fuel (Lewis 1969). 

Because some N-Reactor fuel elements have become defective during cross-country rail 
transport, the fuel would probably be •canned" before loading it into casks for offsite 
shipment. This would provide an additional barrier to release of radioactive material in 
the event of fuel failure. 

A cask receiving and loading station would be required at one or more Hanford storage 
basins. A study was made by United Nuclear Industries in 1974 to provide data on shipment 
of N-Reactor fuel to Savannah River (Curtiss 1974). The study assumed that all fuel 
elements would be visually inspected, and that any element that was found to be damaged 
would be individually encapsulated. Undamaged elements were to be shipped in reusable 
aluminum tubes, four per tube. The fuel elements would also be in direct contact with water 
during shipping. 

No studies have been made that describe how N-Reactor irradiatea fuel would be received 
and stored at an offsite location using the proposed shipping mode. Experience at NFS is 
not applicable because the shipping mode to SRP would probably be appreciably different. 
However,· cost and lead time for offsite receiving an·d storage are expected to be 
significantly less than for the other major aspects of fuel shipping and processing. Fuel 
receiving and storage basins exist at the Savannah River Plant. 

About one percent of the stored irradiated fuel from N-Reactor is broken or cracked 
(Moffitt 1978), and during extended storage the damaged elements corrode and release 
appreciable amounts of uranium and plutonium oxides and fission products to the storage 
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lbasin water. Extensive handling or shipping of the irradiated fuel woulo result in 
iadditlonal damage to fuel elements. A deta11ed safety analysis .,'1uld be required to 
':determine whether shipment under water or In a dry Inert atmosphere would be preferred. 
'Adequate safety precautions would be provided by either selecting conditions to as~ure 
integrity of the fuel during shipment, or by providing suitable facilities for handling 
damaged fuftl at the receiving site. In neither case, however, would there be any release of 
'radioactivity to the environment in excess of applicable standards. 

3.3.5 Processing Fuel Offsite 

Processing offsite would be done at the ODE-operated Savannah River Plant (SRP), South 
Carolina (Sewell 1979). The basic PUREX process is also employed at SRP, although there are 
,some differences from the process as employed at Hanford. 

Fuel Dissolution 

The Irradiated fuel produced at SRP reactors is aluminum-clad and decladding at SRP Is 
accomplished by leaching with caustic. The Hanford PUREX plant uses ammonium fluoride 
dissolution of the zircaloy cladding of N-Reactor fuel, removal of residual fluoride by 
reaction with potassium hydroxide, and dissolution of uranium metal by nitric acid (see 
Appendix A). Adoption of this process at SRP would result in unacceptable corrosion rates 
to the SRP dissolvers. Thus, a shear-leach process would probably be used at SRP for 
processing If-Reactor fuel. As a result, cladding hulls would be treated as solid waste at 
SRP. 

Chemical dissolution of the cladding has the advantage of reduced potential for 
metallic fires, and. minimal handling of pyrophoric zirconium and uranium metals (Schulz 
1972). Also, the waste is more thermodynamically stable t~an the reactive metallic cladding 
hulls. The disadvantages of chemical dissolution are process time required, high volume of 
liquid waste, and introduction of corrosive fluoride into the process. Shear-leach 
dissolution has the advantage of low waste volumes, minimal liquid wastes, and no corrosive 
process chemicals. The disadvantages of shear-leach dissolution are the potential fires 
with metallic uranium and zirconium, chemically reactive waste, and equipment requiring 
appreciable m~intenance. Although each :ystem has both advantages and disadvantages, P.ither 
system can be operated in a safe and economical manner. 

There are other diffe~nces bei1;en the two plants; SRP does not have the equivalent of 
Hanford's B-plant so that Sr and Cs could not be removed from the high-level acid 
waste. The method employed at SRP to store the high-heat waste is to use cooled 
~ouble-shell tanks. 

Effluents Frcm Processing at SRP 

· Estimated releases of radioactivity from processing an increment~! 3000 MT of N-Reactor 
irradiated fuel per year at SRP are shown in Table 3.5 and Table·3.6,la) and compared with 
releases during processing of SRP fuels and with other releases at SRP. Data for SRP 
releases were derived frr~ data in USERDA 1977b because this reference is easily available 
to most readers,·and it ~escribes sources of all releases at SRP by individual plants. More 
recent data would reflect the c~ntinuing effort to reduce releases of radioactivity to the 
environment, so the SRP data cited are conservative. 

The higher releases while processing N-Reactor fuels as compared to SRP fuels are based 
on the higher exposure, and highsr fission product content of N-Reactor fuels. The basis 
used is 100 percent release of Kr at each site, and a constant fractional release of all 
other activities. Releases from the SRP PUREX plant used for recovery of plutonium from 
irradiated reactor fuel (the 200-F separations plant) are used for the comparison. Less 
tritilJII and plutonium arP. released as a liquid at SRP as compared to Hanford since water at 
SRP travels much more quickly to the site boundary. Tritium at SRP is released as water 
vapor and plutonium is routed to high level waste. Processing of N-Reactor irradiated fuels 
is assumed to be at the rate of 3000 HT/r., and to be in addition to processing SRP fuels at 
the rate (not specified) that was analyzed in USERDA 1977b. 

(a) Effluent releases for processing 1050 HT/yr of N-Reactor are presented 1n Tables 0.22 
and 0.23. 
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TABLE 3.5 Projected Gaseous Releases From Processing N-Reactor 
Irradiated Fuels at SRP, 3000 MT/yr Processing Rate 

Nuclide 
·3 

H 
14c 
as.Kr 
1291 
1311 

Other 1 

Total a 

Annual Release, Curies 

Processing 
N-Reactor Fuels 

6,9 X 10 4 

0 9,3 X 10 
3,3 X 106 

7.2 x 10-1 

-3 5,Q X 10 
-1 4,3 X 10 

. 10-2 J.,4 X 

Processing 
SRP Fuels 

6,5 X 103 

1.3 X 101 

2,6 X 105 

-2 7,Q X 10 
-2 1.4 X 10 

4,0 X 10-2 

4,8 X lQ-3 

Other 
SRP Re 1 eases 

4,8 X 105 

5,3 X 101 

2,6 X 105 

.. 1 -2 , ,Q X Q 

-1 1.1 X 10 
-1 

l.Q X 10 
2,4 X 10-3 

TABLE 3.6. Projected Liquid Releases From Processing N-Reactor Irradiated Fuels 
at SRP, 3000 MT/yr Processing Rate 

Annual Release, Curies 

Processing Processing Other 
Nuclide N-Reactor Fuels SRP Fuels SRP Releases 

3H . 1.7 X 103 1.6 X 10 2 9.2 X 10
4 

90Sr 1.3 1.2 x 10-l 1.9 
137 Cs 1,1 X 10 1 9.9 X 10 -1 7.1 
106Ru 4,3 X 101 4.0 2.4 
Other a 

. 1 
2,Q X 10 1.8 l.l x 10 1 

239Pu 6.0 X 10 -2 2.1 X 10 -2 . -2 
2,8 X 10 

z3au 3,4 X 10 -1 1.2 X 10 -1 4,6 X 10 -1 

3.3.6 Cost Estimates 

The cost difference b,tween the two sites is not considered significant. A significant 
factor in the choice of a p~oces~ing site is the ability to meet on-time national objectives 
for material production. Processing at SRP would delay the availability of plutonium by at 
least two years. Either site would require about the same expenditure with a variation 
range at each site of up.to 15 percent depending on specific assumptions made for the study. 

3.3.7 Reasonably Forseeable Environmental Effects 

The principal environmental effects from this alternative would be due to: 
1) transportation of 10,000 MT of irradiated N-Reactor fuel from Washington to South 
Carolina, 2) construction of a new shear-leach facility at S~P, 3) construction of 
additional fuel storage facilities at Hanford, and 4) releases of both radioactive and 
nonradioactive materials during fuel processing. The environmental consequences are 
discussed in some detail in Section s.2.2. 

The most significant environmental effects would be those related to transportation of 
irradiated N-Reactor fuel, followed by the effects related to construction at both SRP and 
Hanford, The environmental effects are compared to the other alternatives in Section 3.6. 
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Releases of radioactive materials to the env1ronment would be similar to releases from 
current operations at SRP. Some nuclldes may be released In larger amounts than occur from 
current operations since the fission product content of If-Reactor irradiated fuel Is greater 
than the fission product content of SRP irradiated fuel, Release of other nuclides (e.g., 
3H) would be a small fraction of the release from other operations at SRP that are not 
related to processing irradiated fuel. 

3.4 NO ACTION (Continue the Present Action) 

The no-action alternative would continue maintenance of the PUREX/U03 facilities In 
the current standby mode. If-Reactor Irradiated fuel would continue to be generated but 
would not be processed. T~e no-action alternative would: 1) not supply plutonium for 
national defense and other purposes, 2) continue the storage of irradiated fuel at the 
Hanford Site and 3) require the construction of additional storage basins. 

N-Reactor operates for the purpose of producing plutonium for use by the Feder~I 
government, and supplies by..product steam for the production of electricity. Since 1972, 
the irradiated fuel from N-Reactor has been stored for future processing to make the 
plutonium available at the appropriate time to satisfy governmental needs. If the PUREX 
facilities do not process the irradiated N-Reactor fuel, planned storage capacity would be 
fully used in mld-1985 and would require additional storage capacity at that time. This 
section describes the present action, potential facilities for storage of future irradiated 
fuel, and construction of a new storage facility, 

3.4.1 Present Action 

Since 1972 the Hanford PUREX plant has been in standby, while the N-Reactor has 
continu~d to operate. The discharged fuel has been stored in fuel storage basins, first at 
If-Reactor (UNI 1978), then at KE-Reactor (Moffitt 1978a), and most recently at KW-Reactor 
(Moffitt 1978b), 

At the end of the calendar year 1981, a total of about 2440 MT of uranium in discharged 
fuel was in storage. Recent provisions were made to increase the storage capacity of the 
KE and KW basins, bringing the ultimate capacity for storage of discharged fuel at Hanford 
to 4415 MT. 

The N-Reactor, in addition to 1ts primary role in defense production, produces 
by-product steam used to generate an electrical energy output of about 4.0 billion kW hours 
per year. 

If the Hanford PUREX/U03 facilities were not operated beginning in 1984 as proposed 
and if operation of N-Reactor were to be continued as currently planned, the following 
effects would occur: 

• Plutonium contained in about 2440 MT of presently accumulated irradiated fuel and 
in all future irradiated fuel would not be available for national needs. 

• Uranium usage of 700 MT/yr would continue for about 10 years, and the uranium 
content in about 2440 MT of presently accumulated irradiated fuel would not be 
available for refabrication into fuel or for other uses. A total of about 
10,000 MT of uranium would be accumulated by 1991 and would not be recycled to 
fuel for production reactors. 

• Construction of new fuel storage facilities would be needed. 

• Radioactive emissions during fuel storage would continue since radioactivity 
levels in stored irradiated fuel would decrease only slowly because of the 
radioactive decay. 

• Future restart of the Hanford PUREX plant would be more expensive. 

• Generation of processing plant wastes would be deferred. 
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The technical aspects of the first two items do not need further analysis, the next two 
items are discussed in separate subsections below, and the remaining items are minor with 
respect ~o the environment. 

3.4.2 Mod1f1cat1on of Existing ·storage Fac111t1es 

Presently, irradiated fuel 1s being stored at Hanfor~ in several storage basins (UNI 
1978, Moffitt 1978a, Moffitt-1978b). A recent small modification to these storage basins 
will provide an additional capacity of approximately 750 MT of uranium, which will cover the 
time to the proposed resumption of PUREX processing. Unless the Hanford PUREX plant ls 
.restarted by mid-1985 or alternative arrangements for processing are made by that time, 
additional 5torage space for irradiated fuel would be required. 

Options for additional storage in existing facilities include the following: 
1) reactivating the storage basins at one(or more of the old reactors at the Hanford Site; 
and 2) modifying the KW-Reactor clearwell aJ, The first option would use basins 
contiguous with reactors that are retired at this time. The fuel storage basins are 26 to 
37 years old, and were built in conformance to the Uniform Building Code applicable when 
they were constructed. The second option also uses an old facility, and one which was never 
designed·for fuel storage. Neither the cost nor the schedule appears attractive for 
converting these basins for near-term storage. They cou~d be restored to the condition they 
were in when last used, but they could not be upgraded to meet today's standards without 
exten:i;ive work. 

_3.4.3 Construct New Storage Facility 

The major option for additional storage at Hanford is the construction rf a new 
facility that would accornnodate 10,000 MT of irradiated fuel. This construction would 
permit N-Reactor operation into the 1990s and would provide a margin of excess storage 
capacity to permit relocation of irradiated fuel from other basins, if necessary. The 
facility would meet the DOE. requirements for a new plant, and could include heat recovery 
techniques and energy conservation methods as justified by life-cycle cost. 

The facility could be located on the 200-Area plateau within the boundaries of the 
Hanford_ Site. The facility would contain irradiated fuel receiving.and unloading equipment 
and a storage pool(s) with a total capacity of 10,000 MT of irradiated fuel from N-Reactor. 
The storage facility could be designed to allow for future expansion and would be adaptable 
for storage of other irradiated fuels (Cornnerce Business Daily 1980). 

Support facilities would include: 1) a radioactive liquid concentration and 
solidification facility, 2) a handling and shipping facility to accomodate solid radioactive 
waste, and 3) an administrative office, guardhouse building, and medical facilities. The 
alternative of incorporating some of these support facilities into other buildings would be 
investigated. Utilities and services wou.ld include equipment for steam generation, water 
treatment, heat dissipation, primary and emergency water supply, and normal and emergency 
electric power. 

No estimate of time or cost for this specific facility has been prepared. An estimate 
for an Away-From-Reactor (AFR) storage facility for 5000 MT of fuel from commercial power 
reactors showed that the· cost of construction by 1983 would not exceed S270 million (King 
1979). N-Reactor fuel is more dense than commercial power reactor fuel and contains a lower 
concentration of fissile material. Thus, both physical size and criticality control 
constraints on fuel spacing will permit storage of N-Reactor fuel with more material per 
unit volume of basin. Because of closer packing of the stored fuel, this cost estimate 
should provide a rough approximation of the cost for a new facility to store 10,000 MT of 
N-Reactor fuel. 

(a) A clearwell is a water basin which supplies auxiliary ~ater to the reactor. Since 
KW-Reactor is shut down, the clearwell is no longer needed for its original purpose and 
cou1j be used for storage of irradiated N-Reactor fuel. 
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A design and construction project of this magnitude usually requires several years 
after completion of detailed design, The operation of such a new facility by 1985 when it 
would be needed would be possible 1f a greatly accelerated construction schedule (not a 
business-as-usual schedule) is followed. 

J,4.4 Reasonably Forseeable Environmental Effects 

The principal environmtntal effects fr0111 this alternative would be due to: 
1) construction of new stor,.l)e facilities at Hanford, and 2) release of radioactive 
materials during continued storage of irradiated If-Reactor fuel. The environmental 
consequences are discussed in Section 5.2.3. 

The most significant environmental effects in the near term are those caused by 
construction. However, the environmental effects from processing are assumed to be added to 
these at some time in thG future. These future effects will be similar to one of the first 
three alternatives (i.e., operation of Hanford PUREX/U03, construct new processing plant, 
or process offsite). The environmental effects are compared to the other alternatives in 
Section 3.6. 

Release of radioactive materials during storage will depend on the design and operating 
constraints placed on the new storage facility to be constructed (Section 3,4.3). These 
constraints are expected to result 1n releases similar to those projected 1~ a recent study 
of away-from-reactor storage (USDOE 1979a). However, the f1ss1on product content of 
irradiated N-Reactor fijel is significantly less than the fission product content use~ in 
USDOE 1979a, so that an adjustment must be made for the fission product inventory. 
Table 3.7 shows the expected annual gaseous releases when receiving 700 HT of irradiated 
N-Reactor fuel per year and storing the fuel for an average of 5 years. This would result 
in an average inventory of 3500 MT of fuel. If more fuel were to be re<:eived annually, 
releases would increase approximately in direct proportion. If more fuel were to be held in 
storage, 3H releases would increase approximately in direct proportion but other releases 
would increase only slightly. No radioactive liquids will be discharged to the environment. 

TABLE 3.7. Projected Radioactive Gaseous Effluents from the No Action Alternative 

Nuclide 

3H 
14c 
85Kr 
1291 
1311 

Other a 
Total 11 

Annual Release, Curies 
-1 1,3 X 10 

6.7 X 10-6 
4.8 X 101 

-7 2,5 X 10 
-7 l.Q X 10 

1,9 X 10-4 
Negligible 

J.5 ALTERNATIVES ELIMINATED FROM DETAILED STUDY 

Other alternatives were considered but were eliminated from detailed study for the 
reasons provided below. A variation of the no-action alternative where the irradiated fuel 
is not processed at all is not considered a viable alternative because of its 
1ncompatibil1ty with the defense needs for plutonium. Two of the other alternatives are 
listed below: 

1. Construction of a new processing plarit offsite. 

2. Processing of If-Reactor fuel at an offsite facility other than Savannah River Plant. 

These alternatives were examined and eliminated from detailed study. The rationale for 
their elimination is discussed briefly below. 
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• Construction of a New Processing Pl~nt Offsite 

I 

Construction of a new processing plant offsite is not discus~ed since such a 
plant would be essentially the equivalent of a new plant constructed at 
Hanford as described In Section 3.2 together with fuel transportation and 
handling requirements described in Section 3.3, 

ere are no 
are or could 
required. 

3.6 OVERALL EVALUATION OF ALTERNATIVES 

Four alternatives (including the proposed action) were described and discussed in 
Sections 3.l to 3.4. Each alternative, except the no-action alternative, fulfills in 
some degree the national need for plutonium to be used in defense and research 
activities. However, only the proposed action would provide plutonium in a timely 
manner. Environmental consequences for each alternative are analyze~ in Chapter 5. 
The four alternatives are: 1) proposed action (restart and operation of the 
PUREX/uo3 facilities after incorporation of improvements), 2) constru~,ion of a new 
PUREX processing plant at Hanford, 3) processing fuel offsite, and 4) no action 
(continue the present action). These alternatives are compared in Tables 3.8 and 3.9. 

The no-action alternative cannot be continued indefinitely without so-ne other 
action being taken. This alternative does not prov·lde for irradiatea fuel processing, 
nor does it change the rate of generation of irradiated fuel. Therefore, the need for 
an action to be completed by mid-1985 would exist because the current fuel storage 
capacity at Hanford will be used up by then. The comparison in Table 3.8 shows the 
effects of providing aocltional fuel storage capacity as being associated with No 
Action. In addition, some processing alternative must be selected at some future time 
so that the plutonium needed for defense and research and development purposes will be 
available. The consequences of future processing would then be added to the 
environmental consequences of the no action alternative. 

Environmental consequences for each alternative are compared in Table 3.9. 
Radiological consequences to the public from normal operations are expected to be less 
than the natural background radiation, regardless of which alternative is selected. 
Construction activities are least with the proposed action. Transportation of 
irradiated N-Reactor fuel is similar for the proposed action, new PUREX plant at 
Hanford, and no-action alternatives. Appreciably more transportation will be required 
to process at SRP. 

If the alternative of constructing a new fuel processing plant at Hanford or of 
shipping f.iel offsite for processing were chosen, irradiated fuel storage would be 
required by mid-1985 so that some additional storage capacity would have to be provided 
as discussed above. 

If fuel were to be shipped offsite for processing, it would be shipped to the 
Savannah River Plant (SRP) of the DOE. Some new construction as addition, 
mod1f1cat1on, or improvement would be required at SRP. Since SRP is located in South 
Carolina, this alternative would require transportation of irradiated fuel from the 
Western U.S. to the East. Additional fuel storage at Hanford would also be required. 

The radiological consequences of each alternative would be small (see Table 3.9). 
Projected releases of radioactive effluents from each alternative are shown in 
Table 3.10 for gaseous effluents and Table 3.11 for liquid effluents. The only other 
s1gnificant radiological consequences are those related to transportation of irradiated 
N-Reactor fuel offsite, and to decorrmissioning of new facilities that are constructed 
for processing or storage of N-Reactor fuel. 
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A ltern1 t Ive 

Proposed Act I on 
(ResU11ptlon of 
PLIIEX/UOJ Pl&nt 
Operations). 

No Action 
(continue the 
present action). 

Construct New 
Fuel Proces
sing Pl&nt 1t 
Hanford. 

Process Fuel 
Offs Ile 

TABLE 3.8. COIJllartson of Alternatives to Proposed Res11q>tton of Operation of PlREX/003 Plants 

Fotentlll 
Advant1ges 

No change froa 
historic site use. 
Meets n1tlon1l 
defense needs. 

Could reduce a.iunts 
to be re I eased 
depending on future 
decisions. 

Reduced ne1r-tel'II 
releue of rldlOIIU
clldes to envlr01aent. 

At SRP cladding 
hulls becoae solid 
w1ste lnste1d of 
liquid wute. 

Potent Ill 
01 udv4ntlges 

Re lease of s.- gase
ous f lsslon products, 
01 Ides of nitrogen, · 
and trlt l1ted water 
to envlr~nt. 

Cons tructlon of 
1ddltlon1l fuel 
stor,ge- f ,ct l lty. 
Does not aeet 
progl"lautlc needs. 

Major construct Ion 
effort. New facility 
deccalsslonlng effort. 
Addltlnn1l fuel 
stor1ge needed. 
Does not aeet progr.,._ 
aat le needs prior 
to 1990. 

Personne I uposure 
froa utu fuel hand
ling. Risk of 
transportlt Ion 
accidents. No 
significant reduction 
In rele1ses to 
env I rocwen t • 
Addltlon1l fuel 
stor1ge needed. 
Does not meet 
progr..-.stlc 
needs prior to 1986. 

Potentl1l Effects on 
Progr• Needs 

Earliest possible 
1v1l1lblllty of 
plutonlua. 

Indefinite del1y of 
plutonlua av11llbll-
1ty. 

Oel1y In plutonlla 
1v11llblllty. 

Oelly In plutonlua 
1v11llblllty. 

Potential 
Radioactive 
Ealsslons 

85i(r 14c Ind 
111rt'.ot 1~91 tnd 
.Jtt 1s gues; "ti, 
1-:i:llltters, &nd 
Zl:,Pu IS both 
gases w liquids. 

Deferred unt II Iller 
decisions ire lllde. 
Sale poU:ntl1l for 
release during fuel 
storage. 

@i:duced r1?leue of 
IIDKr 111d 14c. 
Possible reduction 
In other rout lne re
l uses. Adllltlon1l 
releues froa dec-
• lsslonlng. 

Sl• lllr to proposed 
Kt Ion. lncrened 
risk of re IHSH 
during fuel 
tnnsport Ind 
hllldl Ing. 

Potentt1l 
Construct Ion 
RequlreRnts 

Minor ..idlt lon1l 
•odlflc1tlons. 

Construction of 
fuel stor&ge 
fKllltles. 

lujor coas true t I on 
of process l119 
pl111t. Construc
tion for - fuel 
stor,ge f,cll ltles. 

51111 ping facll It les 
&nd cuts. 11a, 
sllear- leacb 
hcl lilies. Ila, 
fuel storage 
f.x:llltles. 

PoteatlAI En1lrmaent1l/ 
*loecono• lc Effects 

111, percepttb le ldwerse 
lapact. (No lncrused 
cleMnds for hous Ing, 
Kboolt, -lclp1l 
services. I 

Unchanged fr~ present 
st•tus. 

lleed to decoa• l 5-
s loa -I.her flclllt:,. 
lncrHSed lllld uu. 

Exposure to pub lie 
during tnnsporlit Ion 
of lrrldl1ted tu.el. 

I 
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TABLE 3,9, Comparison of the En·~ironmental Consequences from the Proposed 
Action and Alternative,, 3000 MT/yr Processing Rate 

Enw1ro,..nt1l 
Con119utnc11 ltew 

NORMAi. OPERATION 

Occupat1ona1 
Exposure 

Gentr•J Pub lie 
Donl• 

Dost to Mui
lnc11vldua1 

l11P1Ct 011 Air 
Quality 

l1111act on Water 
Quality 

Transportation
Rt 1 ated Exposu1'11 

'4aa1- skin dolt 
of Z.4 to 4.5 ra/ 
yr/110rlltr and 1,5 to 
2,4 ra/yr/worlltr 
total body don, 

1800 ..,,.,_ 11o1tlb) 
(thyroid) fro• I 
16-yr rel1111 and 
70-yr acciaulat1on, 

20 - dost I thyroid I fro• 
16-yr 1'11 Hit 
and 70-yr 
1eciaalat1011, 

Annua I l• bltnt a1r 
quality standards 
for all pollijtlllU 
•111 be •• t,IC:I 

No d11'11Ct di sc:llarg11 
to pub1Jc: .,.t_ 
•ays. Id Water UH 
h lftll than 0,03 
percent of tota I 
IVtr&ge Collllbla 
River flo.. 

Cons tn.c i ...ti 
Plant at H1nford SIU 

Equa I to or less than 
propolGII 1et1on, 

110 •- dolt 
(thyroid) fro• a 
16-yr 1'111tllt ll'd 
7G-yr IICC181la~1c,'11, 

l,J - dOH 
( thyroid) fro• 
16-yr 1'111Hst 
and 70-yr 
acciaulation. 

Annual l• bi1111t 11r 
quality 1tlnclard1 
for all pollutants 
•111 be .. t. 

EHtnthlly •- 11 
PA. 

Onsite transporta- Essentially s- as 
t1on •111 mult In PA. 
e111nti11ly zero 
public: dose, Occu-
pation uposure fro• 
P"°2 shlpatt1tl 11at-
1teil to 1111 than 
5 -/hr by 0Ptrll
tion1l procedures. 

Alternathl Z 

Proctn Fut! Offsltl 

Essentially DQUll to 
proposed a,ct1on, 
ucept 1 nc re111d 
transportat I on rt
qu1-ts 1n¥Dlwts 
UPOIU1'11 of I 
yr11t1r nlllber of 
PIOIIII, 

~ 11111-,._ dOSI 
(tllyro1d) fro• I 
16-yr relust and 
7G-yr ac:ciailat1on. 

46 •ra dose 
(thyroid) fro• 
16-yr re 11111 and 
70-yr acc1111Ulat1on. 

s-u 
A 1 t1,:nat ht l 

Within guldel1n11, 
but greater than PA 
since there Is 
direct d1sch1rg1 to 
waterway. 

No Action Alt1rn1th9 
Continue £111 

Pre,ent Act Ion 

En1nthlly zaro dost 
s1nct PUREX wl 11 not 
op1r1tl, 

0,23 m111-r1• doll lbon1) 
fro• a 16-yr 1'1111111 
and 70-yr acc1111114t1on 
(dost fro• lrradhtld 
fuel storage only). 

3,4 x 10-3 • 1'1111 dose 
(bone) fro• 16-yr release 
Incl 70-yr ICCLIIIU 1 at 1 on 
(dose fr011 Irradiated 
fuel storage only). 

Essentially zero 
a1n1on since 
PUREX/U03 w111 not 
operate. 

No 1111111:t s1nct PUREX/ 
U03 11111 not operate. 

s- as PA for o:,- Ho transport in,pacts. 
site transportation. 
Offsite transporta-
tion .ould result In 
an annua 1 3300 ,nn-reni 
dost for truck ship.. 
1111nt and 4100 • an-re• 
for ral 1 sh1-nt. 
Annual dose to the • Ill i-
1 ncl1v 1 du1 ls 1s 3 ,arn 
for truck shipment 
and 0.J IIM!II for 
train shipaent. 

Jost is given for the cr1t1ca1 organ; doses to other organs can be found in the tables In Sections s.1.1.z, 
5.2.l,l, 5.2.2.l, and 5.2.3. 

(bl Th1s is the population dose to an estimated (1990) population of 417,000 parsons. For c~arison, these persons 
would rec1iv1 about 2.9 • 106 • 111-raa dose fro,o natural background radiation over 70 y11r1, 

(cl Although llllb1ent a1r quality standards •111 be •et for 1101 , NOx enhsions .. 111 be regulatftd under a 
Prevention of Significant Olttr1oration IPSO) p1m1t. Set Section 5,1.2.1. 
Trit11A, lH, has reached Coluaah Rhor fro• past operations, but concentrations tn groundwater are about 
10 percent of allowable l111tts and und1tectlbl1 above b&ekground In the river. Then Is no dl!fflDnstrated 
technology for tritium c111ture • 

(d) 

f, 



TABLE 3,9, 
.'~ 

,~std ~t1on~PAj Al hrnet ht 1 A1t1rn!th1 2 No Action A1t1rn1th1 
, Env1ro,...ntel Rts~llon of P tx Constn.ct New PlJAti Conti nut t ht 

.~ Con1!9utncu It!! ~ PhnS Q21r151on1 Plant •t Htm'!,!!j S1S! P!:2StH '!l.!1 Off alt! Prts!nt ~t1on 

ABNORMAL OPERA TIQN 

0perat1one1 Acc1- A ..ant-c11t creel- s- IS PA, Postuhttd worst- Not ll)p1lctb1t, 
dents ( shoi-t- 11111 ICC1d111t (H- C 111 ICC 1 dent 
cooltd, 25 deys, 11111119 1dlllnhtr• ..auld hav, less 
fuel dhso1ut1on) tht controls) 110111d consequenc:11 th&n 

dtlhlt' an 11t1 .. ttd tht PA btclUst tht 
IClltt doll (thyroid) fut! 110111d have at 1500 _,_ 19td -25 aore d1y1 
to tht gllltf'a I PGO- during transpoi-t. 
ulatlon 111d l!IO -
to tlll aul- lnd1-
v1dutl, 

Ons 1 ti Transpoi-t• Postu I atlcl wo"t- s- IS PA, Offsltt h1p1ets Not app1tc1111,. 
tton Accident CHI ICC ldtnt greater due to aore 

( 1rndlatlcl fuel d1rtet pathway and 
Sll1paent ICC1dtnt) larger population. 
110111d n1111tt In I 

·., 2000 - (lung) do11t 
' to tht au1-
&' 1nd1vidual (o1'fs1te). 

Str1ous consequence 
Ont1tl llut ICC1dtnt 1s 
not cons 1 dtrtd 
credible •1th 
-1n1strath1 controls, 

Offs1tt Transpor- Mat 11111llcabt1, Not app 11c&b 1,. If postu11ttd acct- Not 111pttca111,. 
tat 1 on Ace 1 dent dent occurnd 1 n 111 

Urblll area, tht dost 
to tht g-,a t popu-
1at1on ts ,st1 .. ttd 
to bt 1150 aan-1'11111 
for truck sh11)11111t 
and 2300 • 111-,... for 
rat I sh1s-nt. TIit 
dost to the mut-
1nd1v1duat h Ht1-
.. ttd to bt O. 76 ra 
for truck sh1Pllltnt 
and Q,g r111 for ra1 I 
shlpaent. 

OTltER IMPACTS 

Constn,c;t1on Alaost nont s1rw:t Hljor acth1ty but s- IS PA, plus s- 4S PA plus 
!~acts there 1s no major 11:Clll)tlll It i1q11Cts, shtar-leacll fac111ty. &dd1t1onel storage 

activity. buins IS nHdtd. 

Construction Costs About S40 for hc11- >11500 for new PUREX About~ for IU>out 1270 for expanded 
(J, • 111ion) ity IIOd1f1c,itions hc111ty. shtar-1,ach fllcillty. fut 1 storage. 

plus SllO for 
reactivation. 

Socioeco-ic Negl1gib11. Substant 1a lly 1110,e s- IS PA, ucept Hegl1g1b1t, 
I-.iacu than PA during for transportation 

construct 1 on. 11111111:ts which ,,. 
ac:c1111talll11, 

Resource A ntglig1blt frac- Substant 1a 11y 110,e Hort than PA due to Neg11gibla fraction of 
Coaitmants t1on of n1t1on1l than the PA, but a fuel transport, but national resource use for 

resource use. ntgllg1bl1 a.>unt st111 1 negl1g1ble new fuel storage basins, 
of n&t 1 ona 1 resource fr1Ct1on of n1t1on1l 
UH, resource us•, 

O.Coaiss1on1ng 
Costs (I, • 1111on) 

But case 
(IIIOut SllO). 

8111 CISt • 1110, S- H PA, S- IS PA, 
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TABLE 3.10, Comparison of Gaseous Radioactive Effluents From Each 
0

Alternative • 

Annual Release 1 Curies 
Proposed ~ 1 Eer1f U ve ~H~f~fE~ve No 

Nuclide Action Action 
3H 3,0 X 103 6,9 X 104 6.9 X 10 4 1.3 X 10 -1 

14c 9.0 9.3 X 10-2 9,3 6.7 X 10-6 

85Kr 3.3 X 106 3,3 X 105 3.3 X 10 6 4,8 X 101 

1291 -1 X lQ-3 -1 -7 5.1 X 10 7.2 7 .2 X 10 2.5 X 10 
1311 -1 10-5 5 X 10-3 -7 

3.0 X 10 5 X 1.0 X 10 
Other 11 l.2 l x 10-5 4.3 X 10 -1 1.9 X lQ -4 

Total 11 9 X 10-3 3,9 X 10-ll l.4 X 10 -2 Negligible 

(a) Under these alternatives 3H is released to the 
atmosphere by evaporation of the liquid effluents. 

TABLE 3.11. Comparison of Liquid Radioactive Effluents From Each Alternative 

·Annual Release 1 Curies 
Proposed A1ter1fijve A1ternat1 ve 

Nuclide Action 2 
3H 5.0 X 10 4 

0 1.7 X 10 3 

60Co l.3 0 NA 
90Sr 5.1 0 l.3 
l06Ru l.9 X 101 0 4.3 X 101 

137Cs 5., 0 1.1 X 101 

Other 8 NA 0 2.0 X 101 
239Pu 7.9 X 10 -1 0 6.0 X 10-2 

23au 3.2 X 10 -l 0 3.4 X 10-1 

(a) No liquid radioacti'Je effluents are released to the 
environment. 

NA No data available. 

No 
Action(a) 

0 
0 
0 
0 
0 
0 
0 
0 

Environmental consequences of a release of radioactive materials is dependent on both 
the quantity of material released and the environment affected by the release. Because of 
its remoteness from public population and its favorable hydrology, Hanford can release 
radioactive materials as liquids with less environmental consequence than would be possible 
at a less favorably situated plant. Thus, most of the triti~w wo~ld be released~~ Hanford 
as a liquid, and at other plants as a gas. Also, 5.1 Ci of Sr and 0.79 Ci of 2 Pu 
would be released annually as liquids by the Hanford PUREX plant and the release _would be 
greater than by the other alternatives, but the annual dose conmitment to the maximum 
individual is still only a small fraction of that received from natural background 
radiation. Lower releases from a new PUREX plant or the no-action alternative would reduce 
the incremental dose conmitment to the ~aximum individual for the critical organ (thyroid) 
based on a 16-year release, 70-year accumulation from 20 mrl!li'I for the proposed action to 
less than 2 mrem for the new plant or the no-action alternative. There is essentially no 
difference of any consequence in these numbers when compared to the 70-year natural dose 
accumulation of 7000 mrem. Even though the incremental dose above natural background might 
change by an order of magnitude or more, there is less than a 0,3 percent change in the 
total amount of ionizing radiation received by the maximum individual. 
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Transportation of irradiated N-Reactor fuel 1s similar for each of the options except 
for the offs1te transportation if processing ts to be d~ne at SRP. During offsite 
transportation there is a potential for exposur~ of the public during both normal shipment 
and accident situations. Normal shipments wtll contribute a dos, to the-maxll!MII individual 
of about J rrrrem/yr for truck shipments and 0.3 mrem/yr for rail shipments. These doses are 
about 20 and 2 times greater than the do~e to the maxifflUIII individual of the public during 
processing, but are still only a small fraction of the dost to the maximum individual from 
natural bac~ground. Design and construction of casks is such that even a severe accident 
and fire wc,uld not breach the cask and release part of the irradiated fuel. However. for 
purposes of analysts, an accident involving partial loss of shielding and partial release of 
the contents (release fraction) ts assumed. Under this severe accident scenario, the dose 
to the maxt11111111 individual is expected to be 760 nrem for truck shipments, or 900 mrem for 
rail shipments. These doses are significant compared to natural background rad~ation, but 
the probab11 ity of an acct dent of this severity ts quite low ( less than 2 x Hi for 
shipment of the entire 10,000 MT of irradiated fuel). 

Construction requirements are greatest for a new PUREX plant (about Sl~ million), 
followed by processing at SRP (about 1400 million total for a new shear-leach facility at 
SRP and a new storage facility at Hanford), and the no-action alternative (1270 million for 
additional capacity for storage of irradiated fuel). The least amount of construction will 
be required for the proposed action. Dec0mil1sstontng requirements will be greatest for 
facilities that Involve breaching the cladding of the fuel elements (i.e., a new processing 
plant or a shear-leach facility), and w111 be least for facilities in which the fuel remains 
intact (i.e., a fuel storage basin). Existing processing facilities at both Hanford and SRP 
are alreaJy contaminated, and no new dec0111111$S1ontng r!\juirements will be imposed if either 
of these f~ilittes is used. Oec011111tsstontng of a new PUREX plant, as described tn 
Section 3.2.5, would be c~rable to the dose to the public received during normal 
operation of the existing Hanfo~d PUREX plant for one year, which is a small fraction of 
natural background radiation. 

Selection among the alternatives was based on a comb1nat1on of environmental 
cons1derat1ons and the requirement to·sat1sfy nuclear material needs in a timely manner. 
The &ddi.tional ionizing radiation received by the maximum ind1v1dual of the public will be 
less than that received fr0111 natural background radiation during normal operation of any of 
the three processing plants that were considered. Releases during a muimum credible 
accident at the three plar.ts would be similar to each other, and result in an acute dose 
1.9 times greater than natural background radiation levels. Construction of a new 
processing plant was not selected because the construction impacts are avoided by oper~tfng 
the Hanford PUR~X/U03 Plant. The ·no-action alternative was not selected because ft does 
not satisfy prograirmatfc requirements for plutonium. Thus, the preferred alternatfv~ of 
operating the Hanford PUREX/U03 factlftfes !t the Hanford Site ts an environmentally 
acceptable alternative; it ts also the only alternative that would provide plutonium in a 
timely manner. 
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4.0 AFFECTED ENVIROttlENT 

This chapter provides a general background of the Hanford Site-specific environmental 
char!cteristics that would be directly affected by the PUREX/U03 facility operations.la) 
Detailed Stte and process infonnation is presented in ERDA-1538, 1n Rockwell and Atlantic 
R1chf1eld Hanford C~any (ARHCO) operating documents (Moor~ and Walser 1980, Raab and 
Sclln1dt 1978). A brief s111111ary of the affected environment at Savannah River Plant 1s 
included to address the alternative of shipping fuel offsite for processing. 

4.1 HANFORD SITE LOCATION AND LOCATION OF ?UREX/U03 PLANT 

The Hanford Site (Figures 4.1 and 4.2)_occupies approximately 1500 1un2 (570 m11e2) 
of a sem1-ar1d region in the southttastern part of the state of Washirigton. The Site's 
greatest d1stt:ice north to south 1s approximately 52 km (32 miles). and 42 km (26 miles) 
east to west. The nearest population center, Richland, Washington, 1980 population 33,578 
(Bureau of Census 1981), 1s approximately 5 km (3 miles) south of the southernmost Site 
boundary and about 35 km (22 miles) southeast of the PUREX/U03 process fac111t1es. The 
1980 population within an 80 km (50 m11e) radius was estimated to be 417,000 (Soomer et al. 
1981). This 1s an estimate from the actual 1980 U.S. Census data. 

In 1943, the U.S. Anny Corps of Engineers selected the Hanford S1te as the location for 
nuclear reactor and chemical separation fac111ties for the production and pur1ficat1on of 

FIGURE 4.1 Location of the Hanford Site 

(a) The material in th1s chapter updates and sunmarizes the descriptions of the Hanford Site 
environment that were published in the Finell'" Environmental Statement, Waste Management 
Operations, Hanford Reser~atinn, (ERDA-1538 1975). 
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FIGURE 4.2. Hanford Site 

plutonium for possible use in nuclear weapons (Manhattan Project). A total of eight 
graphite-moderated reactors using the Columbia River water for once-through cooling, ~~d a 
dual-purpose reactor (N-Reactor) using recirculating water coolant, were built along the 
river. Currently, N-Reactor, which began operation in 1963 and is located in the lOON Area 
(see Figure 4.2), is the only plutonium production reactor in operation at Hanford and is 

4.2 



the source of irradiated fuel for the PUREX/U03 facilitiej. During fuel irradiation in 
the N-Reactor the by-product steam is sold to the Washington Public Power Supply System 
(WPPSS) to generate electricity. 

The PUREX plant, located in the 200 East Area approximately 11 km (7 miles) south of 
the N-Reactor is designed to separate, recover, and purify plutoni.im, uranium, and neptunium 
from N-Reactor irradiated fuel. The PUREX plant last operated in 1972 and has been 
maintained in a standby condition since then. 

The Uranium Oxide plant, located in the 200 West Area approximately 8 km (5 miles) west 
of the ?UREX plant, is used to convert the PUREX ur~nium nitrate product solution to uranium 
trioxide.(U03) powder. 

4.2 LOCAL INDUSTRIAL, TRANSPORTATION, FEDEAAL AND SITE-SPECIFIC ACTIVITIES 

The region surrounding the Hanford Site has been developing and expanding with 
increased industrial and agricultural activities. Non-n~clear industrial facilities located 
in the region include a meat packing plant, food processing faciliti~s, fertilizer plants, a 
pulp and paper mill, a chemical plant, ano several small manufacturing plants. A wide 
variety of support and supply facilities .serve this Industrial base. Agriculture in the 
region includes a ~ide variety of dryland and irrigated crop~ and plays a major role in the 
local economy. 

Major roads in the region are State Highways 14, 24, and 240; and U.S. Highways 12 
and 395. lnterstat.e Highways 1-82 and 1-182 are scheduled to be completed in the 
mid-1980s. Rail service includes.the Burlington Northern and Union Pacific Railroads. Air 
transportation is available through three local airports including two (Pasco and Yakima) 
suitable for small corrmercial jet aircraft. In addition, conmercial traffic on the Columbia 
River may travel to the North Richland dock area nearest the southern Hanford Site boundary. 

Several regional power dams are located on the Columbia River including the Priest 
Rapids, Wanapum, and McNary dams. Another power dam (tentatively named Ben Franklin) has 
been studied. It would be located about 16 km (10 miles) upstream from Richland (Harty 
1979, Corps of Engineers 1981); however, no action to construct the dam is considered likely. 

The U.S. Army Yakima Firing Range used for training Army Reserves is located in an 
undeveloped area beginning approximately 16 km (10 miles) west of the Hanford Site boundary. 

A number of government-owned and co!llllercial nuclear facilities are located on tne 
Hanford Site. Government installations include production and waste management facilities, 
research laboratories, and nuclear material storage areas. Government reactor facilities on 
the Site include the dual-purpose N-Reactor and the Fast Flux Test Facility (FFTF), a test 
reactor which is owned by DOE and which began operation in 1980. Eight other 
government-owned reactors, formerly used for production of nuclear materials, are now 
retired and shut down. Co!llllercial nuclear facilities onsite include a low-level waste 
burial area, and two c011111ercial nuclear power stations that are presently under construction 
by WPPSS. Construction on a third co1T111ercial nuclear power station has been discontinued. 
The Exxon Nuclear Corporation fuel fabrication plant is located just south of and adjacent 
to thP Site boundary, Plans are under consideration for construction of additional 
CO!llllercial reactors on the Hanford Site. Research and development studies for isolation of 
radioactive waste in basalt formations on the Hanford Site are under way. 

4.3 Sl.MMARY OF ENVIRONMENTAL CHARACTERISTICS 

The following sections su!llllarize the Hanford Sites physical and biological 
environmental characteristics. More extensive and detailed technical information about the 
Site and the surrounding region is available in ERDA-1538 (USERDA 1975). 

4.3.1 Geology-Topography 

The Hanford Site is located in southeastern Washington State in the Pasco Basin (a 
portion of the Columbia Plateau), which is composed of large quantities of basalt overlain 
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by thick laysrs of sedimentary material, The Hanford Site overlies the structural low point 
of the Pasco Basin and is bounded to the southwest, west and north by large ridges that 
trend eastward and southe~sterly from the Cascade Range, enter the Pasco Basin and die out 
within its confines. The Site is bounded to the east by the Columbia River and the steep 
White Bluffs of the Ringold Formation. To the southeast the Site is bounded by the 
confluence of the Yakima and Columbia Rivers and by the City of Richland. 

The earth materials beneath the Site consist of a thin mantle of wind-blown silts and 
sands which cover layers of coarse sands and gravels of the Hanford Formation, The Hanford 
Formation ts up to 61 m (ZOO ft) thick and resulted from Pleistocene catastrophic floods 
(Tallman et al, 1979) that occurred during the last ice age, Sands, silts, and gravels of 
the Ringold Formation lying beneath the Hanford Fonnatton gravels were deposited up to 305 m 
(1000 ft) thick during the Pliocene. Accumulation of basaltic lava of the Columbia River 
basalt group extruded over periods extending from 6 to 16 million years ago lies beneath the 
younger sediments. The total basaltic lAva accumulation beneath the Hanford Stte ts known 
to be greater than 3650 m (12,000 ft) thick from borehole measurements. The water table tn 
the PUREX/U03 processt~ areas ltes tn the Ringold Formation 46 to 91 m (150 to 300 ft) 
below the land surface \Tallman et al. 1979), 

The Pleistocene deposits described above are moisture de·ficient and have a high 
capacity to sorb and retain cations from waste streams and from accidental spills, or 
leaks, Precipitation penetrates the ground to a maxim1111 of approximitely 4 m (13 ft) and is 
lost to the atmosphere by evaporation during the dry summers. The combination of these 
characteristics acts to prevent significant quantities of radionuclides that have leaked or 
spilled fr011 reaching the water table (USERDA 1977a). 

Detailed stratigraphic and geologic data are available to characterize the Hanford Site 
environnent (Tallman et al~ 1979, Atlantic Richfield Hanford Company 1976, Myers ·and Price 
et al. 1979) and have allowed subdivision of the basalts into a number of formations, 
members, and flows. Details concerning these flows can be found in the following 
references: Jcnes and Landon (1978) Reidel (1978), Fecht (1978), Geosctence Researc:, 
Consultants (1978), _Swanson et al. (i977), and Goff (1977). Details of the sedimentary 
layers and soils at the Hanford Site can be found in the following references: USERDA 
(1975, p 11.3-B-1), Tallman et al. (1979), Routson and Fecht (1979), Baker (1973), Hajek 
(1966), and Routson (1973). 

4.3.Z Setsmtcity 

Hanford is located in an area of historically ·1ow seismic activity (Algermissen 1969, 
Algermissen and Perkins 1976). The U.S. Coast and Geodetic Survey (1969) has placed this 
region tn the Zone Z category of seismicity, which implies the potential for moderate damage 
from earthquakes, The United States Geologic Survey and the University of Washington have 
monitored earthquake activity in this region since 1969. Earthquakes recorded generally 
have magnitudes less than four on the Richter Scale (Wallace et al. 1980). 

The largest local earthquake historically registered in the Pasco Basin was of Modified 
Merca111 (t44) magnitude of V or VI (approximately Richter magnitude 4.5 to 5.0) that 
occurred November 1, 191~, near Corfu 35 km (ZZ miles) north of the center of the Site 
(Coffman and Von Hake 1973). Ground motion felt at Hanford was estimated at approximately 
three percent of gravity acceleration (0.03 g), which ts well within the range associated 
with a Zone Z designation. Several earthquakes measuring MM-VII to -VIII have occurred tn 
the surrounding region, but the magnitude had decreased to less tnan MM-IV by the time the 
Hanford Site was reached. The largest event to occur within the Columbia Bas1n, the 193G 
Milton-Freewater earthquake, had a magnit~de of MH-VII. Because this earthquake cannot 
definitely be linked to a geologic structure, it ts assllffled that a similar event could occur 
again anywhere in the Columbia Basin. This event has been designated the Hanford regional 
historical earthquake and has a peak horizontal ground acceleration at PUREX of 0.10 g 
(Blume and Associates 1981b). The largest potential fault near Hanford is the postulated 
Rattlesnake-Wallula lineament which ts located at th~ southeast end of the Rattlesnake Hills 
and 17 to ZO km (10 to 12 miles) from the PUREX/U03 facilities. 

4.3.3 Climatology 

For general climatological 9urposes, meteorological data from the Hanford 
Meteorological Station (HMS) are representative of the Hanford Sita,. The HMS tower ts 
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loca~ed between 200E and 200W Areas (Figure 4.2) and has continuously gathered data since 
1944, Detailed climatological data are found in Stone et al. (1972). The Cascade Mountain 
R~nge to the West (Figure 4,1) greatly affects the climate of the Hanford area and forms a 
barrier to eastward-moving Pactftc Ocean storm fronts, The mountains form a rain shadow 
producing mtld t~eratures and arid climatic conditions throughout the Pasco Basin region, 

Average maximum and minimu11 tlll!_!Veratures recordfd at Hanford for the month 
of January (the coldest month) ary 3 C ,37°F) and -6 C ,22°F) 1 and those for July (the 
wannest month of the year) are 33 C (92 F) and l6°C (61 F), Average annual precipitatton ts 
16 cm (6.3 tn,), The estimated average annual evaporation rate is 134 cm (53 in.) which 
ess~ntially eliminate1 deep infiltration in the soil. Projections fr0111 available 
prectpttatiun data indicate that a maximum accumulated annual rainfall of approximately 
46 cm (18 in.)can be expected to have a recurrence interval of 1000 years (USERDA 1977a) 
wtth a maxim1111 soil penetration of 4 m (13 ft). 

Tornadoes rarely occur tn the Ha,1ford regton, tend to be small, and produce little 
d¥iage, Only one tornado has been observed on the Stte tn the last 29 years of 
observation, Existing data Indicate that the probability of a tornado hitting a particular 
structure onstte during any one year is an estimated six chances in a mi111on (USERDA 1975, 
p. ll,3-E-23). Rockwell has eva,uated the PUREX plant structure for 280 km/hr (175 mph) 
tornado conditions (Chapter 3.0). 

4.3.4 Hydrology 

The Colwnbia River ts the dominating factor 1n the nanford Site hydrology, and flows 
through the northern part 11nd along the eastern boundary. The Yakima River fs situated 
along part of the southern bound~ry. Qroundwater exists beneath the Site 1n an unconfined 
aquifer, and tn confined aquifers composed of tnterbeds and 1nterflow zones within the 
underlying basalt flows. 

. The Colwnbta River ts non11ally about 75 to 90 m {250 to 300 ft) below the plateau where 
the PUREX/U03 fac111t1es are located. Under maximum probable flood conditions for the 
Columbia River Basin, the U.S. Army Corps of Engineers (1969) has estimated that PUREX/U03 
facilities would still be 60 to 75 m (200 to 250 ft) above the highest probable water 
alevation. The 100-year and 500-y~ar floods are not discussed because the probable maximwn 
flood- fs more severe than the 500-year flood. Submersion of the Columbia River wetlands as 
a result of such flood conditions would have no direct effects on the facilities. Studies 
of a hypothetical 50 percent breach of the upstream Grand Coulee Dam, which would result in 
the devastation uf downstream cities including Pasco, Richland, Kennewick, and Portland, 
show a flood elevation at 45 to 60 in (150 to 200 ft) below both the PUREX and U03 
facilit~es (USERDA 1976b). 

The water tablq, representing the upper limit of the unconfined aquifer, ranges from 
46 to 100 m (150 to 328 ft) beneath the ground surfc:ce at the PUREX/U03 facilities and 
slopes toward the river. Near the Colwnbia River the water table fluctuates in response to 
river level changes and, in general, Is within a few meters of the ground surface. Studies 
at Hanford indicate that preciDitation does not directly reach the water table from the f~at 
desert plains surrounding the PUREX facilities (USERDA 1975 p. 11.3-0-22). 

The unconfined aquifer occurs within the sedimentary deposits referred to as the 
Hanford and Ringold Formations. The aquifer receives natural recharge from the Cold Creek 
and Dry Creek Valleys west of the Hanford Site and from runoff along the Rattlesnake Hills. 
Artificial recharge enters the aquifer·from two groundwater 111Qunds created by waste 
processing and disposal activities in the 200E and 200W Areas. Groundwater flows in a 
general west to east dir'ection from the recharge areas and discharg6s into the Colwnb1a 
River (USERDA 1975, pp, 11.3-0-22-27). 

Gro~ndwater also exists in the jnterflow zones of the basalt flows and in sedimentary 
interbeds referred to as the Rattlesnake Ridge, Selah, Cold Creek and Mabton zones of the 
Saddle Mountains and the Wanapwr. Basalt Formations. Recharge to these upper confined flow 
systems results from precipitation and stream flow 1n the mountains wist of Hanford. 
Hydrologic data acquired from wells penetrating these aqu~fers indicate the same general 
west to east groundwater movement toward the Columbia River. · 
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Extensive details of the subsurface hydro logy are presen.ted 1 n three reports ( USERDA 
1975, p. 11.30-1; Atlantic Richfield Hanford Company 1976; Gephart et al. 1979). 

4.3.5 Ecology 

The Hanford Site contains large relatively undisturbed expanses that contain numerous 
plant and animal species suited to the semi-arid envirorwnent of the region. The Col1J11bta 
River also provides a habitat for aquatic species. The major facilities and acttvities 
occupy only about 6 percent of the total available land area and the surrounding wtldltfe ts 
little affected by these facilities. A very extensive discussion of the Site ecology, 
including detailed descriptions of the aquatic ecology, Col1J11bla River biota, terrestrial 
ecology, plal'lt species, animal ·species, insects, and rare or endangered species 1s presented 
in USEROA (1975, pp. 11.3-F-3, 11.4-G-l). A brief SU!ffl1ary of some of this infonnation ls 
presented below: 

4.3.5.1 Vegetation 

The Hanford Stte is within the boundaries of the sagebrush vegatation zone as it occurs 
in the State of Washington (Oauberwnire 1970). Approximately 40 percent of the ground area 
is occupied by plants at the peak of the spring growing season. Some of the Site vegetation 
is not indigenous. For example cheatgrass and Russian thistle (tumbleweed), both dominant 
plant species, were introduced with the advent of agriculture. 

Sagebrush/cheatgrass vegetation is the prevalent vegetation type in the 200-Area 
plateau (Figure 4.3). Typically, cheatgrass provides half of the total plant cover. 
Sagebrush is conspicuous because of the plant's relatively large size, with its combined 
plant canopies covering an estimated 18 percent of the ground (Cline et al. 1977). 
Tumbleweeds are of interest because they are an early invader of any cleared surface areas 
and continue in abundance until c~etition from other plants reduces their number. 

Over 100 species of plants have been collected and identified for the 200-Area plateau 
(USEROA 1975, p. II.3-G-39, 44). Mosses and lichens appear abundantly on the soil surface; 
lichens c0111110nly grow on shrub stems. 

Since there are now no grazing livestock onsite, the amount of vegetation eaten by 
animals is small. Jackrabbits, pocket mice and birds probably consume less than the insect 
species. The decomposer organisms, bacteria and fungi, consume most of the primary 
production after the plant parts dia. 

4.3.5.2 Mammals 

Over JO mammal species have been observed on the Hanford Site. Most of these are small 
and nocturnal (USEROA 1975,. ll.3-G-15,49). 

The mule deer is the only big game mammal present in significant numbers and, while not 
abundant, it uses some of the pond areas for watering and feeding. Deer tagged near the 
Columbia River have been observed as far as 48 km from the Site {Fitzner and Price 1973). 

The cottontail rabbit is scattered throughout the Site. The jackrabbit is also widely 
distributed and is an important food item for coyotes and birds of prey. Ponds and ditches 
support muskrat and beaver; porcupine and raccoon are also observed while badgers occur in 
low num!>ers. The dominant small mainnal is the Great Basin pocket mouse. 

Coyotes are the most important maJ1111alian predator and roam over large areas, consuming 
a variety of prey. 

4.3.5.J .!li!!!l 

Over 125 species of birds have been observed at the Hanford Site (USERDA 1975, 
p. II.3-G-17,46). The chukar partridge is the most important upland game bird and is 
concentrated primarily in the Arid Lands Ecology (ALE) Reserve portions of the Site and the 
Rattlesnake Hills. Local populations exist in the Gable Mountain and White Bluffs area. 
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FIGURE 4.3. Sagebrush and Cheatgrass, Typical Vegetation in the Central Part 
of the Hanford Reservation (the "200 Area Plateau") 

The Canada goose is probably the most important of the nesting waterfowl. Its 11esting 
habitat is confined to the islands in the Columbia River. The river also provides a resting 
sanctuary for migratory duc~s and geese (Fitzner and Price 1973). 

Birds associated with water ponds on the 200-Area plateau have been studied (Fitzner 
and Price 1973, Fitzner and RickarG 1975). Small perching birds and others are attracted to 
the ponds with tree-shrub communities. Shore birds frequent all ponds and the major 
migrating birds stop at the ponds for rest and forage. 

Birds of prey use the Site as a refuge from human intrusions, and the golden eagle and 
bald eagle are both winter visitors (Fitzner and Rickard 1975). 

4.3.5.4 Insects 

Almost 300 sptcies of insects have been identified at the Hanford Site (USEROA 1975, 
p. II.3-G-21,51). Of the insects, the darkling ground beetle and the grasshopper are 
probably the mos~ important and prevalent. Dramatic natural fluctuation of these species 
has been noted over the observation years. 

4.3.5.5 Reptiles and Amphibians 

Approximately 16 species of amphibians ano reptiles have been observed at the Hanford 
Site (USERDA 1975, p. II.3-G-20,46). When compared with the southwesttrn United States 
desert area!', the occurrence of these species is infrequent. Among reptiles, t'ie 
side-blotched lizard is the most abundant and can be found throughout the Site. Horned and 
sagebrush lizards are also found but not co111110nly seen. The most common snake is the gopher 
snake; the yellow--bellied racer and the Pacific rattlesnake are also common. Striped 
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whipsnakes and desert night snakes appear occasionally and are an important food itesn for 
birds of prey. Some toads and frogs are observed near the 200-Area ponds and ditches. 

4.3,5.6 Aquatic Ecology 

The Colwnbia River supports the dominant aquatic ecosystem and presents a very complex 
set of trophic relationships which are discussed extensively tn ERDA-1538 (1975. 
p. 11.3-F-3). Several small ponds result from effluent discharg2 on the 200-Area plateau. 
The largest of thpse, Gable Mountain Pond. support~ a simple food web based mainly on 
sedimented organic matter. This pond and "U" Pond both support introduced populations of 
goldfish. 

4.3.5,7 Rare or Endangered Species. 

No species of plant or animal registered as rare, threatened or endangered ts known to 
exist or depend on the habitats unique to the 200-Area plateau. However, the presence of 
open water on the Site attracts and supports many species of plants and animals nonnally 
rare or unknown in the•general plateau area. The prairie falcon nests in several regions on 
the Site, and long-billed curlews nest in cheatgrass fields and are relatively aoundant. 

4.3.6 Background Radiation and Environmental Monitoring Program 

Natural background radiation Includes both cosmic and terrestrial sourcP.s which vary 
sltghtly wt.th loc-1tion and o!titude (United Nations 1962). The calculated annual background 
rad~atton dose•recehed by the average person living in the vicinity of the Hanford Site is 
approximately 100 mrem per year: 75 mrem from cosmic and natural radiation sources (gilllllla 
69 mrem~ neutron 5·''mrem) and 25 mrem from internally deposited naturally occurring 
radionuclides. More details on natural background radiation in the Hanford vicinity may be 
found in Speer et al. (1976), Houstor. and Blumer (1978; l979a,b; 1980a,b) and National 
Academy of Science (1978). The dose to the average individual from the entire Hanford Site 
o~erations· in 1979 was estimated to be <0.5 mrem/yr to any organ (Houston and 
Blumer 1gaoa,b). (The prime contributor to the baseline radiation dose at present Is the 
N-Reactor. These dose contributions are imperceptible when compared to the nonnal 10 to 
15 percent fluctuations which occur annually in the natural background radiation level of 
-lOCl mrem/yr). 

Radiological surveillance of the Hanford ·site began before the first reactor startup in 
1944 and has played a significant role, not only in the evaluation of the various Hanford 
operations, but also in providing significant scientific data not otherwise available. Many 
of the details have been published in the op~n literature as well as in topical reports or 
in annual reports to th2 Department of Energy. In recent years, the routine surveil'.ance 
program results have br.en documented and published in a series of annual reports of 
radiological conditioris rn the Site environment (Houston and Blumer 1980a) and of the 
radiological status of the Hanford Site (Houston and Blumer 1980b). Becker (1973) has 
published a Biblio9rapry of Aquatic Bioenvironmental Studies in the Columbia River which 
includes abstracts of major radiological analysis of biota at the Hanford Site. 

An additional radiological surveillance program arcund the Hanford Site was initiated 
in .1979. This program includes spe<;ial sampling to: 1) measure 85Kr and 1291 in the 
background environment, 2) measure 14c in the Site vegetation, and 3) measure tritium as 
gas 1n the ambient air. This sai!',pling is part of the PUREX pre-operational p;·ogram and is 
in dddition to the routine surveillance program described above (Houston ar.d Blumer 
1980a,b). This sampling program would continue after the resumption of operations of th~ 
PUREX/U03 facililies. · 

4.4 SOCIOECONOMICS 

Socioeconomic parameters of concern include employment, personal income, -population, 
demogri'phic characteristics, housing, recreati'ln, health care, public finance, and 
relationship of the proi)osed action tn other major construction activities which niay occur 
concurrently. 
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The extensive nuclear-related development work which was initiated by -the U.S. 
Goverrvnent in 1943 has been a major factor influencing the socioeconomic growth of the 
region surrounding the Hanford Site. Construction activity has been significant for many 
years and the influx of t~orary and pennanent personnel has already had major effects on 
the rate of community growth, patterns of indirect business development, and community 
social structure, The Tri-Cities have community development plans in place that will ease 
the impacts caused.by the influx of ·new project workers associated with construction of new 
facilities, and will ease the transition to the operation of those.facilities. 

Approximately 12,000 personnel work on DOE-related programs dt the Hanford Site 
(August 1979), of which about 3700 are employed by Rockwell, which has the r~sponsibility 
for. upgrading and operating the PUREX/U03 facilities. 

4.4.l Population 

The pre-1980 census population e~timate given for the Tri-Cities Standard Metropolitan 
Statistical Area (Benton and Franklin Counties) shows a 54.7 percent increase over the 1970 
bicounty census figure, up from 93,366 to approximately 144,500. The area rate of growth 
for th1~ period is almost five times that experienced by the nation as a whole and more than 
twice that of tha Pacific Northweit. This growth in population has taken place primarily in 
the YeGrs since 1973: 78 percent of the change in population in Benton County and 
,tj percent hi Franklin County is attributable to inmigration (WSESD 1980a). State, city and 
~rivate population projections for the Tri-City area all predict continued high rates of 
growth (a 10-year increase of around 20 percent by 1990, dropping to around 10 percent 
between 1990 and the year 2000). The past pattern of population expansion through 
inmigrat1on is net expected to change in the near future. 

The present 1990 estimate of the population w1thin an 80 km (50 mile) radius of the 
Hanford Meteorological Station (HMS) is 417,00o.(a The HHS is located directly between 
the 200E and 200W Areas near the PUREX/U03 facilities, Local population centers are shown 
in Figure 4.4. Details of population distribution and the projection methodology will be 
found in Vandon (1976) and S011111er et al. (1981). 

4.4.2 Labor Force 

_$tatistics on bicounty employment show an increase of 90 percent over the last decade. 
This compares with a 13.2 percent national increase and a 34,6 percent gain in the Pacific 
Northwest. Employment, like population, has registered its most marked expansion in the 
years since 1973. Contract construction accounts for a large proportion of the growth in 
total employment, and Hanford project activities account for a large proportion of this 
growth. Contract construction as a share of non-agricultural wage and salary employment has 
increased from 5.9 percent 1n 1970 to 17.5 percent in 1979 (WSESD 1980a). Contract 
construction has a major impact on local employment, and consequently directly affects the 
stability and growth of the Tri-Cities. Of an area construction labor force of over 10,000 
about half are employed by the Washington Public Power Supply System (WPPSS) in the 
construction of three Hanford conmercial nuclear power plants. A strike in June 1980 idled 
more thllfl 6000 construction workers at Hanford before it was resolved in November 1980. The 
strike was larsely responsible for a major economic slowdown and the doubling of the local 
unemp~oyment rate from 6 percent in May to 12 percent in July, and it illustrates the 
potential impacts that Hanford activities can have on the Tri-City region. Despite a low of 
6 percent unemployment registered in Hay, the unemployment rate in the Tri-City area 
historically has been high in comparison to rates experienced in Washington State and in the 
nation. The continued existence of high relative rates of unemployment in the face of rapid 
expansion in employment indicates that many new positions have been filled by inmigrating 
workers equipped with specialized skills (WSESD 1980b). 

The local supply of labor has outpaced the growth 1n population, expanding by 
81 percent compared to an increase of 48 percent in population, This indicates that more 
women and youth are entering the labor force. In the last decade the percentage of 
population under the age of 19 has declint-d and the percentag~ of the population ~n the 
years between 19 and 45 has increased (WSESD 1980a). This has had a positive impact on the 
relative size of the area labor force. Because of the local labor force's higher than usual 

(a) The 1980 census data show a population of 341,000 over the same area. 
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FIGURE 4.4. Conmunities in an 80 km (SO Mile) Radius o~ t~e Hanford Site 

level of skills, its scientific and educational background, and the relatively high wage and 
salary structure of the labor market. the Tri-Cities are in a position to attract and supply 
the manpower required to meet current needs of the Hanford Site activities. The proposed· 
action will not require addit~onal workers from outside the region. 

4.4.3 Housing 

Indicators of a conmunity's ability to provide housing for a growing population 
include: 1) consideration of the availab1,, housing stock. 2) cost of available hcusing. and 
3) housing construction. · 

The Tri-Cities area has experienced r~id population growth in the last decade. The 
amount of housing has also 9rown rapidly. As reported in the Tri-Cities Real Estate 
Research Report (FHLBS 1980). the number of housing units has increased by 56 percent since 
1975. The greatest amount of growth has been in Kennewick, where the number of units 
increased by 78 percent. Richland and Pasco have experienced an expansion of about 
40 percent. 
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Several factors influenced the rapid growth in Kennewick: corrrnunity growth policies, 
accessibility c,f the 1tanford Site to the labor force; and the price of the available 
housing. The local_ c01rmunity and government of Kennewick have adopted an aggressive 
annexation, economic, and coomunity development policy. Also, residents of the region are 
not accustomed !.o long c011111uting distances and find the distance from Kennewick to Haniord, 
which employs approximately 20 percent of the regional labor force, an acceptable drive 
while the c011111uting distance of 56 km (35 miles) from Pasco is generally considered too 
great. And finally, the bulk of the local housing stock that middle income families can 
afford Is located in Kennewick. 

Ownership and rental patterns in the Tri-Cities region follow c011111unity growth 
patterns. The percentage of single family housing has been declining while the percentage 
of apartment units and mobile homes has been increasing (FHLBS 1980). However, while mobile 
home ownership is becoming more popular, its current relative market share is considerably 
less tha11 apartments and homes. The overall increase of apartments and mobile home units 
since 1976 is 11 percent and 4 percent respectively. The growth in the available housing 
stock by city indicates: 

- Kennewick--major percentage growth in apartments (10 percent) 
- Rlchland--major percentage growth in apartments (17 percent) 
- Pasco-major percentage growth In mobile homes (S percent) 

The number of completed new homes for the Tri-Cities was 85 for the first quarter of 
1981. Th1s-n1111ber is down from previous years, and 1s attributed la,·gely to difficulty in 
obtaining home financing. The stock of unsold new homes is primarily located In Kennewick 
(55), with Richland at 14, and Pasco with 16 new homes remaining unsold. 

The unsold inventory of previously occupied homes has a similar pattern to the stock of 
new homes; of the 602 available, 299 are In Kennewick, 160 are in Richland, and 119 are in 
Pasco (FHLBS 1980). 

Table 4.1 indicates the housing vacancy rates in the Tri-Cities area. The Federal Home 
Loan Bank of Seattle surveyed the area In April 1980 and found a vacancy r4te of 2.8 percent 
(131b units). This rate is up 0.8 percent from October 1979. 

A typic.al new single-family dwelling costs S80,700 in Richland S71,900 in Pasco and 
S72,400 in Kennewir.k. Part of the variation in cost is due to an aver~ge of 6 percent 
higher cost for a lot in Richland. · Thil higher cost of housing is expected because Richland 
is closer to the Hanford Site than Kennewick or Pasco. 

Under these con~itlons, marginal increases of the regional labor force working at 
Hanford on construction ac~ivities would not significantly affect housing availability in 
the region. However, a high level of inmigration into the Tri-City region in the absence of 
adequate lead times could cause a substantial tightening in the available supply. 

4.4.4 Education 

The Tri-Cities have a number of educational institutions which include: 
• Joint Center for Graduate Study 
• Columbia Basin College 

TABLE 4.1. Tri-Cities Housing Vacancies, April 1980 

Total Units Residences Jeartments . Mobile Homes 
Number Percent Number Percent ~ Percent Number Percent 

Kennewick 522 2.5 151 1.2 311 5.5 60 2.2 
Richland 579 3.7 143 1.4 422 9.7 14 1.5 

Pasco 215 1.9 73 1.1 122 5.5 20 1.0 
Area Total 1316 2.8 367 1.2 885 7.0 94 1.6 

SOURCE: FHLBS 1980. 
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• Modern Business College 
• School districts In Kennewick, Pasco, and Richland 
• Five private elementary schools. 

Growth Is particularly noticeable in the public school system, Data available from the 
local Chamber of Conmerce Indicates that 30 percent of the population is enrolled In 
elementary and secondary schools. Kennewick has 14 elementary and secondary schools, 
Richland has 14, and Pasco has 10, One of Richland's schools Is a K- through 12th grade 
c~lex. 

Student teacher ratios are within acceptable limits (TSA 1980): 

Kennewick - Kindergarten through 3rd Grade 
Middle School 
High School 

Richland - Elementary 

Pasco 

Junior High School 
Senior High School 

- Elementary 
Junior High SchoQl 
Senior High School 

25:1 
25:l 
25:1 

23:l 
24:1 
25:1 

24:l 
17:1 
19:l 

Most facilities within all school systems are filled to capacity. Kennewick, which has 
the greatest problem with crowded facilities, plans to construct 3 elementary schools (2 to 
open in the fall of 1982 and 1 in the fall of 1983), and has just completed facility 
expansions in both high schools. School administrators In Richland are considering the 
need, within 5 years, for an additional elementary school. Pasco is in the process of 
replacing one of the junior high schools (TSA 1980) to open in the fall of 1983. 

School enrollment in the Tri-Cities area was about 400 less than was projected for the 
fall of 1980. Administrators for the three school systems indicate that this was primarily 
a direct result of the labor-management dispute at Hanford, which caused part of the . 
construction labor force to leave the area. Enrollment is expected to incre1se moderately 
in the future. The public and private school systems have some additional capacity to 
handle future increases in enrollment that might be associated with additional construction 
activities at the Hanford Site and have programs underway to meet future anticipated 
population growth. 

4.4.5 Community Services 

Health services in the Tri-Lities area are adequate to serve the communities' need and 
have some additional capacity as ~ell. Cost for services are comparable to the Washington 
State average. 

Three hospit~ls serve the area: 
• Kadlec Hospital (Richland) 
• Kennewick General llospital 
• Our Lady of Lourdes (Pasco). 

The total number of hospital beds is 277. Local health planning officials report that the 
hospital facilities are small, but the occupancy levels are low in Kennewick and Pasco. Our 
Lady of Lourdes Hospital in Pasco and Kadlec Hospital in Richland are undertaking an 
expansion of bed capacity so that total capacity would rise to 340-360. Although a shortage 
of nurses is apparent in the Tri-Cities (similar to national patterns), sufficient numbers 
of physicians serve the region, · 

I 
I 

Annual reports for Richland, Kennewick, and P)lsco indicate a steady expansion of 
social, recreational, and safety services. Public works projects are planned in all three 
cities to acc0111nOdate the expected growth in the area. Several projects are underway to 
·facilitate the flow of traffic into the Hanford Sit~, however it is generally agreed that 
traffic is a major c011111unity problem. Stevens Drive, one of the two main arterials to the 
Site, has recently been widened. Construction of Interstate 182 is underway. Once 
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constructed, I-182 would improve the transportation patterns In the area. A new bridge 
crossing the Columbia at North Richland 1s also planned and will further reduce traffic 
congestion. 

4,4,6 Land Use 

Land uses in the surrounding area include urban and Industrial development, and 
lrrigat, . .:'. and dry-land fanning. 01 the irrigated crops, alfalfa hay uses 34 percent of the 
total ~rea, wheat 15 percent, and potatoes about 20 perce~t. And in recent years grapes 
have also gained in importance. Fruit and hop growin~ is also important in the Yakima 
regioa. Water remova11_from the Columbia River other than Hanford's, amounts to about 
2.& x 108 m3/yr (200,0uu acre-feet/yr) withln r, km (50 miles) of the N-Reactor, from an 
annual average river flow of about 3.4 x 10 m /sec (120,000 ft3/sec) or about · 
l,07 x 1011 m3/yr (87 million acre-feet/yr).(a) 

4.4.7 Historical Sites and National Lqndmarks 

The U.S. Def,artment of the Interior (1979) lists 20 historic sites for Benton, Grant, 
and Franklin Counties. Among these, the Ryegrass Archeological District Is listed as being 
in the MHanford Works ReservationM (since 1978 designated as •Hanford SiteM) along the 
Columbia River. Other historic sites listed are: Paris Archeological Site, Hanford Island 
Archeological Site, Hanford North Archeological District, Locke Island Archeological 
District, Rattlesnake Springs· Sites, Snively Canyon Archeological District, Wooded Island 
Archl!Ological District, and Savage Island Archeological District, A number of archeological 
sites within the Site boundaries have _been identified (Rice l968a,b) and are described In 
detail in USERDA (1975, p, II.3-A-14). 

The Arid Lands Er.ology ,ALE) Reserve with the rest of the Hanford Site, exclusive of 
the operating areas (approximately 6 percent) was recently designated as a National 
Enviromiental Research Park (NERP), Areas of prime scientific interest- include the 
Rattlesnake Hills and the Columbia R11er shoreline. Nuclear materials production and 
related activities are compatible with thf' NERP designation. 

4.~ BRIEF CHARACTERIZATION OF SAVANNAH RIVER PLANT 

If the alternative of shipping fuel offsite for processing were adopted, the major 
affected environment would shift to the Savannah River Plant (SRP), Aiken, South Carolina. 
The SRP environment is discussed in detail in two recent documents: The Final Environmental 
Statement on Waste Management Operations, Savannah River Plant (USERDA 19776) and the Final 
Environmental Im act Statement on Lan -Tenn Mana ement of Defense Hi h-Level Radioacti~ 
astes1 avanna ver ant 9 • gni icant differences between the Hanford and 

Savannah River site are highlighted in the following discussion. 

4.5.l Site Location 

The Savannah River Plant (SRP) occupies an approximately ·ircular area of 777 ha 
(300 sq miles) in Sou!~ Carolina, 40 km (25 miles) southeast of Augusta, Georgia. The site 
borders the Savannah River for approximately 27 km (17 miles) (USOOE 1979c, pg. 111-1). 

4.5.2 Geology-Hydrology 

The plant site is located in the South Eastern Coastal Plain Rt9ion of the United 
States and the geology is characterized by flat, mostly unconsolidated sediments. The 
bedrock under the plant site 1s approximately 300 m (1000 ft) below the surface. In 
contrast to the Hanfo~d Site, these bedrock formations are overlain with a sand and clay 
layer containing several 1H·o11"1c water-bearing beds, that supply over 3.B m3/min 
(1000 gal/min) of water frlJIII each of several individual wells on the plant site. 

At SRP, surface waters provide a mechanism for transporting unavoidable releases of 
radioactive elements, stable elements, and heat offsite. The majority of the onsite streams 

(a) Updated from.USERDA 1975 based on infonnation from the Pasco Fann Center. 
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drain to the Savannah River and no location at SRP Is very far from a ~ontinuously flowing 
stream. In contrast, the Hanford Site has no such onsite free flowing streams and has 
limited groundwater flow. 

The source of most of the water at SRP is either well water or water pumped from the 
Savannah River for various plant processes. The water is cischarg!d to onsite streams or to 
onsite ponds. The major water source at Hanford is the Columoia River, the only fresh water 
source. At Hanford, no direct discharge is made to _streams or the Columbia River from the 
PUREX/U03 process. 

4,5.3 Climatology 

The climate at SRP is characterized by mild winters and long sunmers. Temperatures 
average a.a•c (48°F) in the winter, 29.4°C (B5°F) in summer, an~ 1B.3°C (65°F) annually. 
The average annual rainfall at SRP is 119 cm (47 in.); at Hanford it is 16 cm (6.3 in.). 

The SRP is in an area where some severe weather conditions may be expected. Hurricanes 
along the coastal region have some influence on the SRP although the high winds associated 
with coastal hurricanes are greatly diminished by the t1me they reach the plant site which 
is 161 km (100 miles) inland. Occasional tornadoes are to be expected in the SRP region but 
major _damage on the plant site is not anticipated (USERDA 1977b, pg. 11-59). The Hanford 
Site is not char-acterized by severe weather conditions. 

4.5.4 Seismicity 

The SRP is located in an area where moderate damage might occur from earthquakes. On 
the basis of three centuries of recorded history of earthquakes, an earthquake a~ove an 
intensity of VII on the Modified Mercalli (MM) scale would not be expected at the SRP. The 
SRP and Hanford $ites are both located in Zone 2 of the U.S. Seismic Risk Areas as defined 
by the U.S. Coast and Geodetic Survey (USERDA 1977b, pg Il-160). 

4.5.5 Ecology 

The biological productivity of the SRP environment is much greater than at Hanford, 
primarily because of the greater water availability and the favorable climate. The SRP site 
contains a wide variety of protected habitats; hence, the species' diversity and population 
are both much larger than at Hanford. A majority of the plant site is a natural preserve 
for biota typical of the Southeastern Coastal Plain; as at Hanford the production and 
support faciliti~s occupy only a small portion of the plant site and wildlife is little 
affected at both sites. · 

There are extensive areas of scrub oak and longleaf pine forests and much of the are~ 
consists of managed pine forests. A wide variety of other vegetation is present (see USERDA 
19770, pg. II-166-172). 

4.S.6 Rare or Endangered Species 

Four species listed as endangered or threatened by the U.S. ana Wildlife Service have 
been identified on the SRP site: bald eagle, red-cockaded woodpecker, Kirtland's warbler, 
and the American alligator. Only the red-cockaded woodpecker possibly could find suitable 
habit~t in any of the areas affected by fuel processing. The S-area was sur~eyed in May 
1979, and evider~e of this species was not found. 

4.5.i Background Radiation 

T~e calculated background radiation dose received by the average person living in the 
vicinity of the SRP is approximately 120 mrem/yr from natural sources (USERDA 1977b,' 
pg. II-173), which is comparable to the natural background radiation at Hanford 
(approximately 100 mrem/yr). 

4.5.8 Environmental Park 

The SRP plant was designated as a National Environmental Research Park in June 1972, 
and extensive areas of land are protected from heavy traffic, casual visitors, real estate 
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development, and other disruptive influences. Similar large areas at Hanford are also 
designated_as a National Environmental Research Park. 

4.5.9 Po£ulation 

Dose calculation at SRP are based on a population of 668,000 (1970 census) within BO km 
{50 mile) of the geographical center of the site (USERDA 1977b, pg. III-JO). Jhis compares 
to approximately 417,000 (1990 estimate) popul&tion within the 80 km radius surrounding 
Hanford. 

4.5.10 Historic and Nat1ona1 Landmar~s 

°No known historic or national landmarks are on the SRP site. Historical and 
archeological int~7ests are protected by a site use permit procedure. 

4.15 
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5.0 C~~IRONMENTAL CONSEQUENCES 

The envirornental consequences presented 1n this chapter would potentially result from 
the operation of the PUREX/U03 fac111t1es (proposed action), and the alternatives to the 
proposed action described 111 Chapter 3.0. The enviro1111ental consequences described are 
those·associated with nonnal and abnonnal operations, transportation of nuclear material and 
construction att1vities. These consequences are related, where appropriate, to the Hanford· 
Site and surrounding envirornent or the Savannah River Plant enviro1111ent (described in 
Chapter 4.0) to indicate the relative impacts of the proposed action and alternatives. 

The potential enviro1111ental consequences from the operation of tha PUREX/U03 process 
are discussed 1n detail. Also discussed ~re the enviro1111ental consequences of the three 
alt~rnat1ves to the proposed action: 1) construct a new PUREX plant at Hanford, 2) process 
fuel offs1te, and 3) no action (continue present action). 

In discussing the environmental consequences, the following items are considered: 

• exposure of the general public and operating personnel to radiation from emissions 
during nonnal and abnormal operation 

• exposure of the gener41 public and operating personnel to nonradioactive 
pollutants emitted during nonnal operation 

• changes in air and water quality as a result of PUREX/U03 operations. 

• radiation exposure to the general public and operating personnel ·from 
transportation of nuclear material 

o construction-related impacts 

• change5 in short-term and long-tenn land use 

•· socioeconomic impacts on surrounding coomunities 

• irretrievable and irreversible conmitment of resources. 

The data presented in this chapter are based on: 1) an estimation of the actual 
consequences or effects associated with the proposed action and alternatives, which can 
reasonably be quantitatively detennined, and 2) use of state-of-the-art techniques for dose 
calculation (discussed in Appendix C). · 

Envirorvnental measurement and surveillance programs have been in place at the Hanford 
Site from the beginning of the project in 1944. -Programs (described in detail in USERDA 
1975) in radiation biology, E:Cology, surface water hydrology, meteorology, and groundwater 
monitoring have been maintained to quantitatively measure the environmental consequences of 
operations at the Hanford Site. An additional radiological surveillance program aro~nd the 

·, Hanford Site was initiated in 1979. Thls prr.gram includes sampling to: 1) measure B5Kr 
a~d ll9I in the background, 2) measure 4C in the Site vegetation. and 3) measure 
tritium in the ambient air, This sampling ls part of the PUREX pre-operational program and 
is fn addition to the routine surveillance program described above (Houston and Blumer 
l98la,b). This samplf ng would be continued after the resumption of PUREX_/U03 operations. 

Data accumulated during-17 years (1956-72) of PUREX/U03 operation and during the 
B years (1973-Sl) of standby indicated that 1) the PUREX/U03 plants and associated 
facilities have been operated without adversely affecting the health and safety of both the 
operating personnel and offsite populations, 2) the environmental impacts are generally 
insignificant and within a range of acceptability. Recent plant modifications and improved 
administrative controls would further reduce impacts and reduce the radionuclide releases 
and ·nonradiological effluents to levels as low as reasonably achievable (ALARA). Table 5,1 
sunmarizes the enviror.mental consequences of the ·proposed action and of past operation of 
the PUREX plant. Table 5.2 provides a comparison of the enviro1111ental consequences from the 
proposed action and from the alternatives. Calculated·doses from the proposed action are 
presented 1n Tables 5.4 and S.S. Based on these tabulated data and details-·presented later 
in this chapter the following brief sunmar~ is provided, . · 

5.1 . · 



TABLE 5.1. Comparison of the Proposed Action and Past Operation of the PUREX Plant 

Envirornenlll Conngu,nc1 

RADMTION DOSE 

Occupat Iona 1 Eapasul'9 

Dase ta Genera 1 
Public 

D011 ta Mui
lnd1vidua1 

ANNUAi. WASTE VOLUMES 

Liquid Waste ta Cribs 

L 1qu1d Waste ta ?ands 

Solid Waste 

RADIOACTIVITY DISCHAR6ED 

Liquids Discharg~ to 
Cribs 

Lt qui gs Discharged to 
Ponds IC) 

Gaseous Di sch1rges 

NONRADIOLOGIC EMISSIONS 

Gaseous Eatsslons 

Solid Wastes 

Propostd Action( •I Put Optr1t ton 

2.4 to 4.5 l'Ul/yrfworker i.ktn 0.9 to 1.9 r111tyrfworker skin 
dose Ind 1.5 to 2.4 re• fyrf dose and 0.4 to 1.7 rwAl1rl 
worker totl I body dose worker tota I body dose 

3.7 •-re• total body dose 2.5 r1an-r•fyr total body dose 
fr011 I l•yllr release Ind 1-year resulting fr011 Hanford aper1t1ons 
ICCIIIU I at ton 1n 1972. Data for PUREX/~ 

aper1tion1 alone not av111 le 

3.3 x 10-S re• total body dose 
fr011 a 1-year 1'911111 and 1-year 

5. 8 x lo-4 re•/ year tota I-body 
dos• fr011 11 I effluents 1'9leued 

acc.-ilat1on at Hanford 1n 1972. Data for 
PUREXIU03 operations 110111 not 
IV111&b1e. 

5.4 x 105 r,,3 of ste111 condensate 
Ind 2. 7 x lo4 • 3 of process 

1.8 x 105 nl of stu111 condensate 
and 2. 9 x 104 nl of process 

condensate condensate 

2.6 x 107 r,,3 of coaling water 
and 2.7 x 106 • 3 of ch•1ca1 

9.8 x 106 • 3 of cooling water and 
2.4 x 105 • 3 of cheni1c11 sewer 

sewer liquid 11qu1d 

1.1 X 103 • 3 of TRU waste and 
1.2 X 103 r,,3 of 1 ow-1 eve 1 wastes 

1.9 x 102 ::1 of TRU wastT and 
4.5 x 102 of 1ow-1eve wastes 

3H 5.0 x 1D4 Cl fyr(b) 3H 7.0 x 103 C1fyr 

1r:~~ 
4.8 C11yr 90sr 1.5 x 102 Cl /yr 
3.3 C11yr 137cs 1.7 x 102 Cl/yr 

239pu 0.4 Cl /yr 239pu 4.3 C11yr 
l06flu 1.3 x 101 C1/yr l06flu 8.1 x 102 C11yr &Dea 1.8 x 10-1 C1/yr 60co 1.9 x 101 Cl /yr 

3H 8.D x 101 C1/yr 3H Not Analyzed 
90sr 3.3 x 10-l C1/yr 90sr 0.3 Cl /yr 

137cs 1.8 C11yr l37cs 1.8 Cl /yr 
239pu 4.0 x 10-l Ct /yr 239pu 4.4 a 10-1 C11 yr 
1D6flu 6.0 Ct/yr 1D6Ru 4.9 Cl /yr 
60co 1.1 C11yr 60to l C1/yr 

Total " (as 239pul Total ca (as 239P~) 
9.0 x 10- C1/yr 4.3 xJO- C11yr 

Total 1 (IS 90sr) Total 1 (as Srl 

ih, 
1.2 C1!yr 

3H 
5.9 x 10- C11yr 

3.0 x 10 Cl /yr l.D x 103 C1/yr 
2. 9 x 106 C11yr B5i<r 4.1 x 105 Cl/yr 
3.D x 1D-1 C11yr 1311 Z.l x 10-l C1/yr 

385 MT/yr of NOx fro111 PUREX Not av11lable prior to 1972 
and SO MT/yr fraa U03. 
NOx e• issians per MT of fuel 
processed reduced fr011 1972 levels 
by installation of hydrogen peroxide 
absorption system 

396 riJtyr of ~olid waste fr011 
the con:111 ned PUREX and U03 
hc111ty operation 

10,200 riJtyr est1mattd for the 
entire Hanford Site 

(1) Process effluents and doses fraa na,.11 operation nf PUREX are based on processing 
3000 MT/year of 12 percent 240Pu, um day coaled fuel, 20 percent of which Is spike 
fuel. This 1s the worst case processing schedule for 3000 MT fuelfyr. The actual near
tena processing rate Is expected to be 1n the range of 1050 to 2100 MT/year which is 
siil111r to past operations. Sn Appendix D for detailed 1nfomat1on on these lower 
processing rates. 

lb). Due to high fuel expasur9 rates, I.e., 12 percent 240pu. 
c) For PISt operations, values 11'9 basad on detection ll• 1ts for the respective nuclldes In 

solution; actual effluent values • ay have been less than the detection 11• 1t. 
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TABLE 5.2. Coir.parison of the Environmental Consequences from the Proposed Action 
and Alternatives, JOCO MT/yr Processing Rate. 

Pro2osed Action !PA) Alternat1vo l Alhrnathe Z No Action Alternative 
Env1 rorir.tntl 1 A:m111pt ion of PU EX Construct New POAEi Cont I nu1 th1 

Conngu,nc:H ltet uo~ Plant !ll!•rat1on1 Plant at Hanford Slt9 Process Fuel Offs1t! Pr!i•nt Action 

NORMAL OPERAl :ON 

Occupat Iona 1 Mutmm skin dose Equal to or l•u than Eu•nt1a11y equal to Ess1nt I a 111 z• ra doll 
Eaposure of 2.4 to 4,5 rm/ proposed action. proposad action, s 1 nca PUREX wl 11 not 

yr/worker and 1.5 to lllCIPt Increased op1rat1. 
2.4 rwa/yr/worter transport at Ion re-
total body da11. qu1,...nts Involves 

exposure of a 
great1r number of 
paople. 

General Public 1800 11an-re11 dose( b) 110 1111n-ret11 dose 4600 mn-rl!fll dOSI 0. 23 man-rt!III dose ( bonci) 
Dose a (thyroid) fl"Jfl a (thyroid) from a ( thyroid) fr011 i from a 16-yr re lHSI 

16-yr rel1u1 and 15-yr relu11 and li-yr r1leas1 and and 70-yr ICCIDUht1on 
70-yr acciailatlon. 70-yr acc111111at1on. . 70-yr acc111111at1on. (dose frOB lrnd1ated 

fuel storage only). 

Dost to Hu 11:1111 ZO 111N11 dost 1,3 mra dos• 46 mrm dose 3.4 a 10-J mrenr dos• 
lnd1v1dua1 (thyro1dl froa (thyroid) fnllll (thyroid) from (bone) from 16-yr release 

16-yr re HSI 16-yr raluse 16-yr release and and 70-yr accU111Ulation 
and 70-yr and 70-yr 70-yr acc111111l1tion, (dose froa irradi1ted 
acc umu 1 at 1 on. ICCiaiht Ion. fu1l storage only), 

I11pact on A1r Annual ab11nt a1r Annual 1mbl1nt air s- &ll Euenthlly z• ro 
Quality qualltf standards quality standards Alternative 1 emission since 

for al po11rcf"ts for all pollutants PUIIEX/U03 wl 11 no': 
will be met. C 11111 b1 111et. operate. 

ll!lp&et on Water No direct discharges Essentially s- IS 111th1n guidelines, Na Impact stnc1 PUIIEX/ 
Quality to puf 1 Jc water- PA. but greater than PA U03 wl 11 not operate. 

Wil)'S. d llat1r UII stnc1 there h 
1s less than 0.03 direct discharge to 
percent of total waterway. 
av1ra91 Columbia 
River flow. 

Transportation- Ons1U transporta- Essentially s- as Sa111 as PA for on- Ho transport Impacts. 
Related Exposure t1on will result In PA. site transportation. 

assent 1a 11)' zaro Ofh1te transport11-
public do11. Occu- tton wouM result In 
p11tion exposure froe an annua 1 3300 11an-rl!fll 
PuOJ shli-ants 11111-
It to lass than 

dose for truck shlP-
ment and 4100 man-r• 

5 rareai/hr by oper11- for rail shipment. 
t iona 1 procedures. Annua 1 dost to the • ax 1111111 

1nd1Yidua1s fs 3 111re11 
for truck shipment 
and O.J rares for 
train shll)llllnt. 

(1) Dos• Is given for the cr1t1ca1 organ; doses to other organs can be found in the tables In Sections 5.1.1.2, 
s.z.1.1, s.2.2.1. and 5.2.3. 

(b) This Is the population dose to an estimated (1990) population of 417,000 persons. For cOl!lparhon, thes1 persons 
would rec11Y1 about 2.9 a 106 11&11-rea; dose from nati,ral background radiation over 70 years. 

(c) Altha~h !lllbtent air qualfty standards will b1 met far IIOa, IIOa emlutons wt 11 be regulated under 1 
Prevention of Significant Oetarloratlon (PSD) permit. Sea Section 5.1.2.l. 

(d) Tritium, lH, has reached Columbia River fr0111 put op1ratlons, but concentrations In groundwater are about 
10 perc1nt of 11lowabl1 1111lts and und11tectlbl1 lbtlve b&ckground tn th1 river, There Is no demonstrated 
technology for tritium capture. 



TABLE 5,2, (contd,). 

Proeosld Action 'PAJ Aft1rn1th1 1 Alttrn•Sh! ! No Act1!!" Alt1rnn1t1v1 
Enwlm,-nt• l K,1111111£,on of PD Ei Con1£ruci Rew PDKEI Con£lnu1 £ 

Con119utncH Jtp U01 P lint 9R1rat t on1 Pl 1"t 1t Hanford ! It~ Pryc:tu ,utl O,hlt1 Pre1tnt Action 

ABNORMAL 0P§RATl0N 

Op1nt1on1l Acc1- A wont-cue cred- s- 11 PA. ',atulatld wont• Not •ppllc&11l1. 
dents ( 1110rt• 1b11 ICCident (11- c Ill ICC 1 dent 
cooled, 25 d1y1, 1ia1ng 1dll1n11tr1- would hlYI 1111 
fuel dtuolutton) t1Y1 controls) would con111111enc11 th111 

d1lt¥1r 111 11tt11&tld tlll PA bec1u11 the 
ICUtl doll (thyroid) fuel would hlYI 
of 1500~- 191d •25 IIOl"'J d1y1 
to tlli gtnll'I 1 pop-
ul1tton 111d 1110 .,.. 

dur1 ng tr111sport. 

to the 11&11_ tndt-
wtd111l. 

0n11t1 Tnnsport1- ·Po1t11l1tld worst- s- 11 PA. Offllt1 1-.,1Cts Not •ppllcallle. 
t1on Acc1d1nt CIII ICC1dent gre1ter due to 110re 

(tl'l'adht1:I fu11 direct p1thway Uld 
1hi11111nt ICCtdent) l1rg1r popul1tion. 
woul~ res11lt tn 1 
2000 .,._ (l11ng) doll 
to the IIU1-
1nd1vtdu1l (off11te), 
Serious con1111119nc1 
on11 t11 but ICC t dent 11 
not cons 1 dered 
credibl1 w1th 
ldlllnt 1tr1t1v1 control I, 

Offs1t1 Tr1nspor- Not •pp11clllle. Not appl1c1111t. lf postul1tld ICC1- Not •ppllc&11l1. 
tltion Accident dint OCCUl'l'ld in an 

urb111 ir11, the ~011 
to the , •n1r11 popu-
lltion I esti .. tld 
to bl 1150 _,.... 
for truck sh1P1111nt 
and 2300 • 111-rea for 
r11l sh1p111nt. The 
doll to th• m111n:UII 
lndlwldu1l is est1-
mated •o bl 0. 76 rl!III 
for truck sh1p111nt 
and 0.9 rl!III for ratl 
Shipment. 

OTHER IMPACTS 

Construct Ion Almost none s1nc1 Major acth1ty but S111111 11 PA, plus S11111 as PA plus 
Impacts there 1s no 111J or acceptllll1 111111acts. sh11r-leac11 facility. 1ddition1l St0l'lgt 

activ1ty. basins II n1101d. 

Construction Costs About S40 for f IC 11- >11500 for new PURO About 1400 for About 1270 for 0XPlnded 
(S, • 1 llton) 1ty 11X1dific1t1on1 facility. shur-luch fac1lity. fue 1 storage. 

plus Sll0 for 
1'111Ct1 v1tlo11. 

i. Soc 1 oec on011i c N19l1gibl1. Substant I a 1 ly more S&111 IS PA, except ~ltg1blt. 

' 
\: lq,acts thin PA dur1 ng for transportation 

\ construct 1 on. 1111P1Ctl which 1r1 
I acceptllllt. 

( Rtsourct A neg11giblt frac- SubsUnt1&11y mort More than PA dUI to Neg11g1blt frecticin of 

1 
I. C0111111tmtnts tion of national than. the PA, but I futl transport, but national rtsourc1 use for 

I rtsoun:1 u11. neg'. 'g1b11 amount st111 I n:,ilglblt new fu11 stor1g1 bas hts. 

i of national resourc1 · fraction n1t1on11 

i 
Ult, r•SOUl'CI USI, 

Decmnlss1on1jt BUIC&St Bost cast • Sll0. s- as PA • s- as PA. 
. Costs (I, 111111 on) (&bout Sll0). 
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The alternative of construction of a new PUREX plant for fuel processing at the Hanford 
Site would have more ~ignificant impacts (primarily from construction) than the adoption of 
the proposed action. The benefits to be derived frt'm th!:; alternative are increased 
structural integrity and greater erwironmental emission c,Jntrols, which would not 
significantly alter the environmental impact of the processing facility. Dose to the 
maximum individual or general public would not be significantly different than for the 
proposed action (coq,are Tables 5;4· and, 5.15). 

The alternative of shipping the irradiated fuel offsite for processing will transfer 
the environmental consequences to another site and introduce additional consequences cf 
ra,11, or truck transport of fuel to the pro.::essing site (i.e., South Carolina's Savannah 
River Plant). Present data indicate that the environmental ~onsequences of the shipping 
action would be within acceptable parameters; however, the occupational and public doses 
from shipment would increase. Dose to the maximum individual from processing fuel at SRP is 
slightly greater than that obtained from processing at Hanford because of more direct 
pathways for radionuclide transport. Dose to the general public would increase principally 
because of larger population surrounding the Savannah River Plant Site (compare Tables 5.4 
and 5.16). No major environmental benefit can be identified for adopting this alternative. 

No major environmental consequences are associated with the no-action alternative 
(continue present action) which is to maintain PUREX/U03 in standby, but it does not 

. resolve the problem of supplying defense material, Adoption of this alternative would 
require the constructjon of er.;;,;nded storage faci 1 ities for irradiated fuel. 

5.1 PROPOSED ACTION 

This section di~cusses the·environmental c~:1sequences from adopting the proposed action 
defined as the operation of the PUREX/U03 plants after incorporating modifications as 
described in Chapter -J.C. Particular attention is given to detailed analysis of abnormal 
events and credible accidents (see Appendix B) as well as to the impacts from normal· 
operation of the PUREX/U03 facilities. The details of the proposed action were described 
in Section 3.1 and further ~xpanded in Appendix A. · 

5.1.1 Radiological Impacts, Normal Operation 

This section describes occupational and general population.exposure based on past 
operating experience, and on the projected dose after adoption of mitigative measures to 
minimize environmental consequences. Normal operation of the Hanford PUREX/U03 facilities 
would lead to releases of small quantities of gaseous and liquid radioac.tive effluents to 
the environment and would expose the operating staff to low levels of radiation. 
Environmental impacts will be negligible and the exposure of operating staff will be 
maintained within Federal guidelines set forth in DOE Order 5480.lA and controlled to levels 
that are as low as reasonably achievable (ALARA). 

The dose values for normal operation of the PUREX plant are based on processing 3000 MT 
per year of 12 percent 240Pu 180-day cooled fuel, 20 percent of which is spiked fuel. 
This operating scheme was designated the "worst caseu because it would result in the 
greatest dose to the public under the maximum possible processing rate. More likely 
near-term processing rates for PUREX are projected to be in the range of 1050 to 2100 MT per 
yea~. Dose comnitments have been calculated for PUREX and the U03 plant operations for a 
projected 16-year operating period assuming a processing rate of 3000 MT/yr. For a 
perspective on current processing plans, doses for the processing rates of 1050 and 
2100 MT/yr are included in Appendix D. Dose models and the general calculation methods used 
are described in Appendix C. 

5.1.1.1 Occupational Exposure 

A radiation exposure data base from radiation records is maintained at DOE's Pacific 
Northwest Laboratory. This data base con ta ins routine occupati_ona l exposure records for 

l __ , 



the PUREX/U03 and the fonner plutonium oxide facilities (Z-Plant)(a) for operating and 
radiation monitoring personnel from 1967 to 1972. 

From nistoricai occupational exposure data, the mean skin dose calculated for PUREX 
personnel ranged from 0.9 to 1.4 rem/yr in the PUREX/U03 facilities. Similarly, the mean 
whole-body dose ranged from 0.4 to 1.0 rem/yr. For the Z-Plant the historical data show 
that the mean skin dose ranged from 1.6 to 1.9 rem/yr and the whole-body dose from 1.4 to 
1.7 ren/yr. In comparison with the allowable whole-body dose rates of 5 rem/year, the 
average annual doses were well within Federal guidelines, even though the historical data 
include occupational doses received during any abnonnal operation~. 

Several new fealures will be incorporated into PUREX/U03 operations to further 
mitigate occupational d~~es. A new system using gloveboxes of improved design will be 
installed for plutonium oxide conversion operations to reduce chemical operator doses. The 
new plutonium oxide system will reduce total radiation exposure to operating personnel and 
eliminate the transportation of the plutonium nitrate. 

Estimates of average annual dose for future PUREX/U03 employees are presented in 
Table 5.3 (Hawkins 1980c), These projected doses are within the Federal guidelines 
(OOE 5480.1). 

5.1.1.2 Population Exposure 

Although mfasurable quantities of radioactivity would be released to the environment 
during nonnal operation of the PUREX/U03 facility, the resulting radiation dose to the 
public would be insignificant. Historical dose data indicate that the average dose to a 
member of tbe)general public from other Hanford Site operations is between 0.01 mrem/yr and 
0.5 mrem/yrlb total body dose (USERDA 1975, p. III.1-14; Houston and Blumer 1980a,b). 
These dose contributions are insignificant when compared to the natural background radiation 
level of approximately 100 mrem/yr (see Section 4.3.6). From Table 5.4, operation of PUREX 
would result in a thyroid dose to the maximum individual (1-yr release, 70-yr accumulation) 
of approximately 0.4 mrem/yr. The U03 plant doses are much_ lower in magnitude. Doses for 
the more likely processing rate of 1050 to 2100 MT/yr are given in Appendix D for comparison. 

The overall dose to the thyroid (critical organ) for the maximum offsite individual in 
1980 was calculated (without PUREX) to be 0.16 mrem/yr from all Hanford Site operations 
(Sula 1981). With PUREX/U03 operation the calcul~t~d annual dose would increase to 
0.28 mrem/yr. Similarly, the accumulated 50-yearlCJ dose comnitment to the thyroid for 
the general population for all Hanford Site operations in 1980 was about 2 man-rem (Sula 
1981). One ye~r of PUREX/U03 operation is calculated to result in a 70-yr dose commitment 
to the thyroidlc) for the population of 45 man-rem. These values are small compared to 
the natural background rac;ation level of 100 mrem/yr and would cause no significant impact. 

Historically, 1311 has been the principal nuclide contributing to the public radiation 
dose via the =onsumption of local milk. In the early 1960s, 1311 released from both PUR£X 
an~ REDOX (no longer operating) was limited to 1 Cildf!t to meet the lower range of the 
Federal Radiftlon Council's guidelines for intake of I by the genera·1 public, i.e., 
Oto 10 pCi _3 I/day (FRC 1961). The actual release rate was reduced to <0,1 Ci/day by 
1968. A combined release rate of l Ci/day of 1311 from the 61-m stack was found to-result 
in L maximum annual average concentration of J pCi/t of milk at the nearest fann. 
Therefore, the dose to a child's-thyroid during the decade begfoning 1960 ('during which 
PUREX operated) should not have ell.ceeded 20 mrem/yr fro'.il the consumption of fresh m"ilk. 
Federal guidelines existing then allowed a thyroid dose of 1500 mrem/yr to the maximum 
individual and 500 mrem/yr to the average individual. The maximum individual's dose from 
the proposed resumption of PUREX (Table 5.4, and discussed elsewt,ere in this EIS) would be 
20 mrem to the thyroid for a 16-yr release and 70-year accumulati.on. This dose is small 

(a) In past operations, plutonium nitrate was shipped to Z-Plant from PUREX for conversion 
to Pu02, · Th~ distance between the facilities is 8 km. In future operations, 
conversion to Pu02 would be done at- the PUREX facility, with a system that is now 
under construction within the PUREX build.ing (see Section 3.1.5.7 and Appendix A.3). 
Excludes dose contributions from PUREX. 
Values u~ing a 70-yr accunmulation dose are not significantly different for those using 
a 50-yr dose. 
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TABLE 5,3. Average Annual Occupational Doses Per Worker, 3000 MT/yr 
Processing Rate (from nonnal operations) 

Total Body 
N1J11ber Skin Dose, Ganma 

of Workers rem/tr remlir 

For PUREX (excluding Pu02 workers) 
190 Radiation Zone Workers 3.6 2.4 

Non-radiation Zone Workers ~ 0.6 0.3 

For PUREX Pu02 Workers 
Radiation Zone Workers(a) 30 4.5 0.7 
Non-radiation Zone Workers 20 0.6 0.3 

For U03 Facilities 
2B 2.4 1.5 Radiatioo Zone Workers 

Non-radiation Zone Workers 16 0.6 0.3 

Standards (5480.l) 
Radiation Zone Workers 15 5.0 
Non-radiation Zone Workers 1.5 0.5 

(a) These radiation zone workers could receive dose up to 0.4 rem/yr from neutrons 
from plutonium. 

when compared to a 70-yr accwnulated dose of 7000 mrem from natural background radiation and 
is within the nonnal statistical variation in natural background measurements. 

~UREX Gaseous Emission~ The principal radionuclides released to the atmosphere in 
gaseous form are krypton (8 r) and tritium (3H). Table D.l (Appendix D) SU111Rarizes the 
quantities of radionuc11des released to the atmosphere in gaseous effluents from the PUREX 
plant in calendar year 1972. This table also shows the estimated maximum annual releases 
after resuming PUREX plant operation for t~e 3000 MT/yr processing rate. Gaseous effluents 
for the more likely initial processing rates of 1050 and 2100 MT/yr are sun111arized in 
Table D.2. 

The release rates of all the radionuclides (including 85Kr) in the gaseous effluents 
from PUREX (Table D.l) will be low enough so that their concentrations in air at the Hanford 
Site boundary will be at or below the guidelines for offsite air concentrations set forth in 
DOE Order 5480.lA. Radioactive releases from PUREX operations dominate releases from other 
site activities. 

PUREX Liquid Emissions. Liquid and solid wastes cont~ln a broad spectrum of 
radionuclides, but concentrations vary depending on the age and type of irradiated fuel. 
The base case examined in this EIS is for 180-day cooled 12 percent 240pu irradiated fuel 
or equivalent which is a worst case. 

The amounts of low-level radioactive liquids released to the environment (cribs and 
µonds) in 1972, the most recent year of PUREX plant operation, are sun111arized in Table 0.8. 
The table also includes estimated maximum annual releases from a 3000 MT/yr PUREX 
operation. Changes in process flowsheet and improved radionuclide controls since the 1972 
shutdown have been used in the estimates. The releases for the more likely processing rates 
of 1050 and 2100 MT/yr are swrmarized in Table 0.9. 

During previous PUREX operation sorption of radionuclides in the soil colwnns beneath 
certain cribs was relied upon to reduce the concentration released into the groundwater 
aquifer. In the future, less reliance oo this_mech~nism w111 be required, because the 
concentration of major radionuclides (239Pu, 90Sr, l37cs, 06Ru, 60Co) in the effluents will 
be reduced by at least 98 percent from the pre-1972 values. Since the effluents wil; be chemically 
similar to ;he pre-1972 effluents but contain a much lower concentration of radionuclides, the. 
migration of radionuclides through the soil col1111n would be expected to be similar to or less than that 
described in ERDA-1538 as causing no measurable environmental impact. 
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TABLE 5.4. Potential Radiation Doses to Members of the General Public from Routine Releases from the 
PUREX Plant, 3000 MT/yr Processing Rate 

Pathway, lloalnant 
Nuclide and Organ 

-yr e ease (a) 
I-yr AccU111Ulat Ion 

Air Submersion (85Kr)(e) 

All Organs 

lnh1htlon (90sr 1 
239pu 1 

Tot1l Body 

Bone 

lungs 

Thyroid 

GI-Llllfl 

2.9 1 10-5 

129
11 

l3lq(e) 

3,2 I 10-7 

l,4 I 10-6 

J.2 I J0-6 

?.O I 10-6 

1.9 I 10-8 

Ground Deposition (129q(e) 

All Organs 4.6 I 10-8 

90sr) (el (fruit Ingestion .( 3H, 12911 
131 11 

Tolll Body 

Bone 

lungs 

Thyroid 

61-LLI 

Tota ls fr0111 a 11 Pathways 

Tolil Body 

Bont= 

Lungs 

Thyroid 

61-LLI 

3.7 I 10--6 

4.5 • 10-6 

3.0 I 10-6 

2,5 I 10-4 

3.7 I 10-6 

3.3 I 10-5 

3,5 I 10-S 

3.3 I 10-S 

2.8 1 10-4 

J.3 1 10-5 

2.7 I 10-6 

3.9 1 10-5 

4.7 I 10-6 

2.9 • 10-6 

1.9 I 10-8 

4.6 I 10-8 

and vegetables) 

1.2 X 

3.6 I 

3.1 • 
3.8 x 

3.8 I 

4.4 1 10-5 

1.0 I 10-4 

3.7 1 10-S 

4.1 I 10-4 

3.3 I 10-S 

4.6 I 10-4 

4.3 1 10-S 

6.2 I 10-4 

7.6 I 10-5 

4.6 x 10-5 

3.1 a 10-1 

4.6 a 10-5 

1.7 a 10-3 

6.3 a 10-3 

5.0 a 10-S 

1.9 a 10-2 

1,9 I 10-4 

2.2 a 10-3 

7.4 x 10-3 

6.3 a 10-4 

2.0 a 10-2 

7.0 a 10-4 

Population ll(,,e (aan-rm)(d) 
I-yr Release/ I yr Release/ 16-yr Release/ 

1-yr AccU11Ulatlon 70-yr Accua,htlon 70-yr Accua,lallon 

5.1 • 10-2 

2.2 a 10-l 

1.9 a 10-l 

3.2 a 10-l 

3.0 a 10-3 

4.9 a 10-3 

2.8 x 10-I 

3.4 a 10-I 

2.2 1 10-1 

2.7 a 101 

2.7 a 10-I 

3.7 I lQO 

4.0 • 10° 
3.8 I IOO 

3.1 x 101 

3.7 x 10° 

4.4 1 10-l 

6.3 a 10° 
7.6 1 10-1 

4.6 • 10-l 

3.1 a 10-3 

4.9 1 10-3 

8.8 • 10-l 

2.5 • 10° 
2.3 a 10-l 

4.1 x 101 

2.8 1 10-1 

4. 7 a 10° 

1.2 a 101 

4.4 a 10° 

4.5 • 10
1 

3.7 a 10° 

5.4 I 10: 

6.9 • 10° 

9.9 • 101 

1.2 I 101 

7.3 • 10° 
4,9 I 10-2 

I.I 1 102 

l.8· x 102 

3.6 I IOO 

1.7 I 103 

1.2 • 101 

l.8. l02 

5.4 I 102 

7.4 • 101 

1.8 • 103 

7.1 • 101 

(a) A I-yr Release/I-yr Accumulat ton ts the dose received In the first year fr011 exposure In that ~ar. 
(b) A I-yr Release/70-yr Accimilatlon Is the dose received over a 70-year lifetime fr011 exposure In the first ye1r. For eatern1l exposure, It Is equal 

to the I-yr ReJe,se/1-yr Accwaulation dose. 
(c) A 16-year Release/70-yr AccU61Ulatlon Is the total dose accrued over a llfetlE of continuous exposure to residual radt1tton both during and after 

the 16 years of Pl.REX plant operation. 
(d) The population dose Is for an esthaated 1990 population of 417,000. All local population doses In this EIS are based on this popul1lion 

distribution within a 80-k11 (50-atle) radius fr011 the Hanford Meteorological Station located at about the center of the Hanford Site. 

le) Primary r1dtonuclldes contrlbutlong to dose. 
f) Gastro-lntest lnal tract--lower hrge Intestine. 
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Based on the data in Table 0.8, 3H is a radionuclide of concern when considering 
potential envircrvnental consequences from the PUREX operation. About 95 percent of the 
tritium is discharged to cribs as tritiated water, a small fraction of which will eventually 
reach the Columbia River. The hydrology of the area has been described in Section 4.3.4. -
The addition of large volumes of sanitary, process, cooling, and steam condensate water to 
the ground has been practiced at Hanford since 1945 and has altered the hydrology 
significantly. This large volume of water is delivered to the 200-Area plateau from the 
Columbia River. This addition has created two groundwater mounds, one under the 200 West 
Area with a rise of about 26 m (85 ft) and, one under the 200 East Area with a rise of 8.5 m 
(28 ft) above pre-operation conditions._ These mounds, combined with the geologic 
characteristics of the region detennine the direction and rate of groundwater movement. 
Details of the geology and-a discussion of the unconfined aqu1fer hydrology can be found in 
EROA-1538 (USEROA 1975, Vol. 2, 11.3~8). 

The projected disposal of water to cribs and ponds from PUREX/U03 operotions on the 
200-Area plateau will have a small effect on the paths and travel times of 3H from the 
site to the river. One way to estimate the impact of 3H is to compare it with the impact 
experienced from historical disposal. The mounds created by water addition from early 
operations of the entire Hanford facility (including PUREX/U03) and by pumping during 
operational standby have stabilized at about 67 m (220 ft) below the 200 West Area and 86 m 
(282 ft) below B-Pond. Thus, without significant long-tenn changes in water disposal to the 
ground, streamlines of flow and travel times to the river will remain about the same. 
Projected increases of water addition if PUREX were operated would cause the mounds to 
slowly increase in heighl, increasing the gra~ient and slightly decreasing the travel time 
to the river. -

The travel time of 3H, from the process condensate crib (the most significant source) 
to the river-would be about equal to the travel time of the water. The Site monitoring 
program has shown that the leading edge of the 3H front has reached the river. The 
concentration of 3H present in the groundwater where the plume enters the river is between 
30 and 300 pCi/mi. Assuming the source of 3H to be primarily the PUREX plant cribs that 
received waste in 1957, the measured travel time is about 2~ years(a) (Eddy and Wilbur 
1980). The travel time is equivalent to two half-lives of H decay. Since the 
groundwater concentrations are further diluted by a factor of about 1000 when they enter the 
river, the actual river concentration measurements show that there is no apparent, 
stat i st ica lly signif leant difference between upstream and downstream concentrations of 3H 
at the Hanford Site (Eddy and Wilbur 1980, Sula and Blumer 1981). 

Discharges of water from resumed PUREX/U03 operations at 3000 MT/yr would be about 
3 times those of the pre-1972 operation. The ~aximum quantity of 3H to be discharged may 
be up to 7 times that of previous operation.lb) The impact of JH in groundwater would 
exceed chat already identified from the former operation of PUREX but would still be within 
acceptable guidelines. Differences in 3H conc~ntrations upriver and downriver from the . 
Hanford Site would still show no significant statistical difference by direct measurement.-

PUREX Solid Waste. Based on data presented earlier in Table 3.3, the impacts of solid 
waste storage and disposal would be greater for storage of future PUREX transuranic wastes 
than from previous operating c.~aigns. This increase would be due to the incorporation of 
the plutonium oxide ?reduction system in the PUREX plant; and to the inclusion of the PUREX 
buri a.I boxes with the TRU waste data. Impacts from future non-transuranic wastes would be 
approximately the same as those from previous operating cc1111paigns, which are insignificant. 

(a) Travel times from 200 East boundary to the river by the shortest path (east-northeast 
toward Hanford townsite) is predicted to be 27 years (Friedrichs et al. 1977). The _ 
difference between this travel time for the water and the observed value is within the 
uncertainties of modeling accuracy. 

(o) Table 0.8 shows the estimated tritium discharge in a typir.al operating year as 
approximately 7 times that of 1972 (last year of PUREX operation). This difference is 
due to projecting the maximum probable amount for the operating year and the assumed 
higher burnup of the fuel as opposed to calculated average values from actual data for 
1972. Hore typical expected values are given in Appendix D (Table 0.9) for processing 
rates of 1050 and 2100 MT/yr. 



U03 Envfrorvnental Emissions. The capacity-of the Uranium Oxide plant (36 MT/day) ls 
large enough that it can process an entire year's PUREX plant output (assumed maximum of 
3000 MT/yr) in a 14-week operating period. 

Liquid effluents from U03 plant operations are cooling water, steam condensate, and 
chenical sewer waste sent to the pond and process condensate sent to the crib. Effluent 
compositions during 1972 and projected subsequent annual compositions are given in 
Tables D.10 and D.11. Radioactive gaseous effluents during 1972 and the projected annual 
effluents are given in Tables D.3 and 0.4 along with corresponding onslte and offsite 
release guide limits. Projected solid waste generation from U03 facilities was listed as 
63 m3/yr in Chapter 3.0. The environmental impacts of these projected gaseous and liquid 
effluents and of solid waste will be within acceptable guidelines (DOE 5480.1) at the Site 
boundary. 

Table 5.5 presents the estimated dose commitments(a) from proposed U03 plant 
operation. The doses from the U03 facility are so low that they do not contribute 
significantly to the totai dose to the maximum indfvfdual·or the general public. 

5.Ll.3 Radiological Impacts of PUREX Current Acid Waste Treatment 

The operation of the PUREX/U03 plants will generate current acid waste(b) (CAW) 
that needs to be treated. Two options for the treatment of CAW are described in 
Chapter 3.0: 1) direct neutralization and 2) process through B-Plant. The waste managenent 
consequences of these two options have been previously evaluated in ERDA-153B. This section 
provides a sW1111ary descriptfon of the environmental consequences for each option. 

Direct Neutralization of CAW 

In this waste management option, the CAW would be neutralized and piped directly to the 
tank fanns,· specific facilities del!igned for storage of boiling waste. B-Plant came into 
use for cesium and strontium remova 1 in 196B. Prior to that time, PUREX CAW was neutra 1 i zed 
and stored in the tank fann•as boiling waste. The envfrorvnental impacts described for this 
option are based on past operation of the tank fann, which was addressed in ERDA-153B. 

Gaseous emissions from the 200 Areas in 1972, frt,r,'l 5oof vents and stacks, released 
1.0 Ci of 90Sr to the atmosphere (USERDA 1975). Total 9 Sr release in 1972 from the 
tank fanns (including boiling waste tank) was 3.0 x 10-4 Ci (USERDA 1975, Il.l-C-72). 
Although the concentrations of stront•ium and cesium are greater in the directly neutralized 
waste than the waste processed through B-Plant, the atmospheric emissions will not be 
increased because the offgases from these tanks are condensed and filtered. 

Accidents were postulated for failure of double-shell tanks in both ERDA-1538 (ERDA 
1975) and in DOE/EIS-0063 (DOE 1980b). The worst case accident postulated was the failure 
of the tank ventilation exhaust filters with the conclusion that the resulting 70-yr 
accumulated total body and bone doses to the maximum individua1lc) would be about 0.7 mrem 
(USDOE 1980b). A 3000 m3 tank leak.similar to that for waste processed through B-Plant 
was postulated in ERDA-1538. (USERDA 1975 III.2-3) with a cu_rrent acid waste inventory that 
included cesium and strontium present in the dir-~tly neutralized CAW. The analysis 
indicated that because of the high sorptfve ca!=acfty of the soil, the cesium and strontfom 
would remain in the soil column close to the source of the leak and would not contribute 
significantly to the dose to the maximum inr,ividual or the general public. The resulting 
dose to the maximum individual from this hy~othetical event would be expected to be similar 
to that pQstulated for this event in ERDA-l538. The estimated total body dose was 
1.4 x 10;.JJ rem and the dose to the critical organ (G.I. tract) 4.0 x 10-~ rem. The 
accident itself is not considered credible and is included to provide the reader with a 
perspective of the relative safety associated with the use? of do•Jble-shell tanks for storage 
of CAW. The engineered design, barriers, leak detection and pumping system virtually make 
ft impossible for such an accident to occur~ 

(a) 

(b) 

(c) 

Dose carmitments (population exposure) were calculated on the basis of an esti~ated 
1990 population of 417,000 wf~hin an BO-km radius of the Hanford Meteorological Station. 
Defined !s Jaste generated in the first solvent ~l\traction CY<:le (Figure 3.3), 
2.5 x 10 m /yr and containing. about 30 megacurfc>s each of lJ7Cs and 90Sr. 

Refer to Appendix C for definition of the maximum frdfvidual. 
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TABLE 5.5. Potential Radi&,ion Doses to Members of the General Public fr0111 Routine Releases from the 
U0J Plant, 3000 HT/yr Processing Rate 

P1th111y, Dominant 
Nuclide and Organ 

A Ir Subaers ton ( l06Ru) 

All 

lnh1lat Ion (238u) 
Total Body 

Bone 

Lungs 

Thyroid 

GI-LLI 

Ground Depos It ton ( 106Ru) 

All 

Ingestion c106nu) 

Tolll Body 

Bone 
Lungs 

Thyroid 

Gl-UI 

Total from All P;:thways 

Tolll body 

Bone 

Lungs 

Thyroid 

GI-LLI 

HaxtllJQ Individual Dose (real 
1-yr Release/la) 1-yr Release/lb) 16-yr ilele1se/!c) 

1-yr Accu111Jlatlon 70-yr Accumulation 70-yr Acc11A1latlon 

4.2 x 10-14 

4.8 x 10-ll 

3.7 • 10-12 

1.5 x 10-ll 
(el 

2. 7 x 10-12 

1.9 x 10-12 

1.2 x 10-ll 

9.1 x 10-ll 

5.9 x 10-ll 

2.5 x 10-12 

6.6 x 10-12 

1.8 • 10-ll 

1.9 • 10-12 

6.4 x 10-ll 

4.2 x 10-14 

5.l • 10-! 3 

4.5 • 10-12 

6.4 • 10-ll 

2.7 x 10-12 

1.9 • 10-12 

1.3 x 10-ll 

1.3 • 10-12 

5.9 x 10-11 

2.6 x 10-12 

7.7 • 10-12 

6.1 • 10-II 
1.9 • 10-12 

ii.4 • 10-11 

6.7 x 10-!3 

8.5 • 10-12 

7 .2 • 10-II 

1.0 • 10-9 

6.2 • 10-II 

2.3 • 10-12 

2.4 • 10-II 

9.7 • 10-IO 

7.4 • 10-II 
1.6 x 10-IO 

I.I• 10-9 

6.3 • 10-II 

I.I • 10-9 

1-yr Re le.Se/ 
1-yr Accuail:.tlon 

4.8 • 10-9 

7.8 • 10-8 

5.9 • 10-1 

2.4 • 10-6 

2.1 X 10-7 

7.3 • 10-9 

5.7 X 10-8 

3.0 X 10-7 

8.6 X 10-7 

2.6 X 10-6 

2.2 • 10-7 

4.3 • 10-6 

Popuhtlon Dose! (Nn-reio)(d) 

1 yr Release/ 
70-yr Acclllllll•tlon 

4.8 • .\0-Y 

8.5 • 10-8 

7.2 • 10-1 

1.0 • 10-5 

4.4 • 10-1 

2.1 • 10-1 

8.2 • 10-9 

8.o • 10-8 

3.6 • 10-6 

3.1 • 10-1 

1.0 • 10-6 

1.() • 10-5 

2.2 • 10-1 

4.3 • 10-6 

16-yr Release/ 
70-yr Accua.olatlon 

7.7 • 10-8 

I.~ x 10-6 

1.2 • 10-5 

1.6 a 10-4 

7.0 • 10-6 

6.6 X 10-6 

5.9 • 10-5 

8.2 • 10-6 

2.0 • 10-5 

1.7 • 10-4 

6.7 • 10-6 

7.3 • 10-5 

(1) A I-yr Releue/1-yr AccU111Uhtt.:in Is !he dose received In the first year froa exposure 1n that year. 
(b) A 1-yr Releue/70-yr Acc11111Ul1tton Is the dose received over a 70-yur 1 tfetllllll! from exposure In the first year. for external exposure, It 

Is equ1l to the I-yr Release/I-yr Acc1a1latlon dose. 
(c) A 16-year Releue/70-yr AccW11Jlatlon ts the total dose accrued over a lifetime of continuous exposure to restdu1l radlllloo both during and 

1fter the 16 years of PUREX pl111t oper1tton. 
(d) lhe popul1tton dose ts for 1n estimated 1990 population of 417,000. All local population doses In this EIS are based on this po!)Ul•tlon 

distribution within a 80-ko, (50-<llle) ra~lus frc.-:, the Hanford Heteorologlcal Station located 1t ~ut th( center of the H111ford Site. 
(el Duh (--) Indicates nuclldes do not contribute slgnlflcantly to this organ. 



Process CAW through B-Plant 

The environmental impacts of processing CAW through B-Plant were described and 
evaluated in ERDA-1538. Impacts associated with the use of double-shell tanks which 
the HLW resulting from the separat1cn of l37cs and 90sr froJ11 the current acid waste, 
were addressed in ERDA-1538 and DOE,EIS-0063. Both of these documents indicate that 
impacts from this waste management option are within acceptable limits as elaborated 

store 

the 
below. 

B-Plant processing operations for CAW would generate the volumes of liquid wastes 
identified in Table 3.1. Of these ~astes, the steam and process connensate streams are sent 
t: cribs, the chemical sewer and cooling water are sent to a trench and pond respectively. 
Ons1te discharges of radiodCtive liquids to liquid disposal sites are controlled such that 
the resulting dose to onsite personnel and offsite populations are well below the amsunt 
~~:owable under DOE Order 5~80.lA, Radiation Protection Standards. Except for the 9 3r 
and 137cs contained in the process condensate stream, the concentration of radionur.lides 
in these liquids would be sufficiently low that they could meet criteria for direct 
dis:harge to a public sanitary sewer system (see Section 61 1 and DOE 5480.lA, Table I, 
Column 2). The 0rocess condensate would contain 3.6 x 10-'+ µCi/ml of gosr and 1.3 x 
10-3 µCi/~1 of l37Cs. Ba~ed on the maximum projected volume of a-Plant process 
conden~ate (3.8 x 105 m3 over 16 years), the amount of 90Sr discharged will be 129 Ci 
and l37Cs 499 Ci. fhese amounts represent about 2 percent of the 90sr and 10 percent 
of the 13,cs i!:-11entory tt,at were projected to be disposed of in al 1 the cribs in the 
200 Are?.~ in 1!172 (USERDA 1975, µ. 11.1-67). This addition to the existing inventory is not 
expecte~ to contribute to the radiation exposure to the general public. All other waste 
streams from 3-Plant will be stored in und~rground double-shell tanks. [As detailed in 
Section 3.1.!.3 (Table 3.2), if fuel is processed at a maximum rate of 3000 MT/yr for 
16 years, 27 new double-shell storage ta~ks for high level waste would be required. At 
lower processing rates, fewer tanks would be necessary]. The environmental consequences cf 
double-shell tank storage were addressed in ERDA-1538 and DOE/EIS-0063 (USDOE 1980b)·. 

Approximately 170 m3/yr (220 yd3/yr) of low-level solid waste would be generated. 
This would be equivalent to about 6 percent of the solid waste volume disposed of in 1974 or 
less than l percent of the cumulative solid waste disposed of in the 200 Areas from all 
Hanford operations up to 1974. · 

Radioactive gaseous emissions from operation of B-Plant in 1972 were approx.imately 
0.16 Ci (USEROA 1975). Total emissions from the tank farms, which stored the HLw generated 
from B-Plant processing from 1968 to 1972, were 0.0021 Ci in-1972 (USEROA 1~75, 
p. 11.1-35): Annualjas~ous emi~sions from fut~re_operation of _th~ boi)in~ waste tanks 
would conta1n 1 x 10 C1 total a and 5.4 x 10- C1 total a. L1qu1d em1ss1ons 
(condensates) from the boiling waste tanks would contain 5.5 Ci total B (Hawkins 1981d). 
These radioactive releases are ex~ecteo to have no measurable impact on the environment. 

Accidents postulated for B-Plant operations were treated in EROA-1538. Accidents 
postulated for double-shell tank operations were discussed in ERDA-1538 and DOE/EIS--0063. 
The accident postulated to have the most. signHicant impact for B-Plant (worst case) was a 
fire in the ventilation filter which would yield a total body dose (first year dose) to the 
maximum iodividual of 2.5 x 10-3 rem and a dose to the lung (critical organ) of 
4.3 x 10-2 rem (USERDA 1975, 111.2-16). The dose calculated to the maximum individual 
from a hypothetica1 3000 m3 (800,000 gal) tank leak was 8.5 x 10-6 rem to. the total body 
and 1.1 x 10-J rem to the thyroid (critical organ) (USDOE 1980b). All of the calculated 
doses are substantially below the guidelines for population exposures. None of the 
acr.idents µostulated was estimated to have significant effects on the public. Both of those 
accidents are consider~d to be highly unlikely. 

5.1.2 Nonradiological Impacts, Normal Operation 

The operation of the PUREX/U03 faci1'ities would result in d'1scharges of 
nonradiological pollutan~s as gaseous, liquid, and soi id effluents. However, the impact of 
these em1s~ions on either the population or the environment is negligible because of the 
relatively low rates of· release and the long distance to population centers. The 
concentration of materials released with gaseous emissions is diluted and dispersed before 
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reaching the nearest point of public access.(a) A detailed discus~ioc of potential 
impacts from gaseous effluents follows in Section ~.l.2.1. Liquid effluents are discharged 
to the g~ound only and never directly into the Columbia River from eit~1er the PUKEX or U03 
processes. The volume, composition, and potential impact of liquid ~ischarges is discussed 
in Section 5.1.2.2. Nonradiologkal sol id i,:astes (Section 5.1.2.3) from the processes are 
insignificant in quantity and composition, and require only a small area of land for 
disposal. The raw water requirement for the PUREX/U03 operations at the maximum 
processing rate of 3000 l'J/yr is approximately 4.2 x 101, m3/year. This water is 
withdrawn from the Columbia River and represents approximately 0.03 percent of the 
1.07 x 1011 m3/yr average annual flow of the Columbia River at Hanford (USERDA 1975, 
pp. 11.3-13). At the more l~kely processing rate in the range of 1050 to 2100 r-fT/yr, water 
withdrawal would be approximately 0.01 percent of the average annual flow of the Columbia 
River. No impacts from water withdrawal have been observed from past operations and none 
are anticipated for future operations. 

5.1.2.1 Nonradiological Gaseous Emissions 

The estimated vol~'lll!S of total gase9us emissions from the operation of the PUREX and 
UOJ plant~ are 3.4 x 109 m3/yr (1.2 x loll ft3/yr) and 1.7 x loB m3/yr 
(6.0 x 109 ft3/yr), respectively. Ambient air concentrations at the Site bounoary were 
calculated (Table 5.6) ass1111ing a processing rote of 3000 r-fT/yr. These calculations 
indicate that the ambient air concentrations of gaseous emissons will be within permissible 
limits at the Site boundary. 

Ground-level gaseous pollutant concentrations re~ulting from operation of the 
PUREX/Uu3 plants were estimated using the EPA Climatologica: Dispersion Model (USEPA 
1973), under conservative modeling assumptions including neutral and unstable atmospheric 
conditions. Based on this model, the maximum groun~-level concentration of NOx from all 
major sources in the plant would be about 15 ug/m3.(b) The mean annual NOx 
concentration, including a mean natural background NOx level of approximately 20 u~/m3, 
will be approximately 35 ug/m3 (USEPA 1980b). The maximum ground-level concentrat1on of 
15 ug/m,3, at a distance o·f about 600 m (2000 ft) southeast of the plant, is expected to 
decrease rapidly to less thin 2 ug/m3 at the nearest point of public access 
(USEPA 1980b). The maximum average annual ambient air concentration is estimated to be 
0.3 ug/m3 at a distance of about 600 m (2000 ft)·southeast of the PUREX plant and is 
expected to be below 0.02 ug/m3 at the nearest point of public access. The maximum 
average annual ambient air concentration from the U03 plant is estimated at about 
0.04 ug/m3 about 600 m ~2000 ft) southeast of the plant and is expected to be below 
0.005 ug/m3 at the nearest point of public access. Therefore, the ambient air 
concentrations o~ the only nonradiological gaseous pollutant cf significance, oxides of 
nitrogen (NOx), will be less than the permissible ambient air concentration limit of 
100 ug/m3 (Table 5.6) according to the Washington Air Polution Control Regulations (WAPCR 
1980), at the Si'~e boundary.· · 

Occupational exposure levels to NOx are less than the t:1reshold limit value (TLV) of 
5 ppm/8 hr. The U03 facility, which emits NOx in the highest concentrations at Hanford, 
would not exceed the TLV in a 24-hour period. 

The emission of NOx has also been evaluated for its effect on air quality. The DOE 
ar.d EPA have reviewed the problem and have established a total annual emission limit of 
424 MT of NOi for PUREX and 50 l'J for the U03 facility 9perating under a Prevention of 
Significant Deterioration (PSD) Permit (USEPA l980a).lCJ The Benton-Franklin-Wall~ Walla 
County Air Pollution Control Authority (APCA) has adopted the EPA limits as an alternative 
~o the 20 percent opacity standard. The annual operating emissions, 385 MT for PUREX and 
50 MT for U03, estimated for an assumed 3000 MT/yr processing rate would not exceed the 
ErA tonnage limits established under the PSD permit approved by EPA in 1980 (see 
Appendix D). · 

(a) The. nearest point of public access is Highway 240, approximately 8 km (5 m1les) 
southwest of the 200 Areas. 

(b) In comparison, the largest measured ground-level-concentration of NOx above the 
natural background was 14 ug/m3 (USEPA 1980b). 

(c) Part C, Title 1 of the Clean Air Act, Prevention of Significant Deterioration of Air 
Quality (PSO), limits emissions in clean air areas to certain increments even though the 
·amb.ient air quality standards are not being exceeded. 
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TABLE 5.6. Nonradiological Pollutant Air Concentrations fr011 PUREX/U03 Operations. 3000,HT/yr Processing Rate 

Pollutant 

Nttrogen Oxides 

Hydrocarbons 

· Particulates 

Carbon Honoxide{c). 

Averaging Period 

Annual aritblletic mean. 

Haxi1111111 3-hr concentration. 
not to be exceeded more 

Annual ge0111etric raean: 
Haxt111U11 24-hr concentra~ 
tion not to be exceeded 
more than once per year. 

Maximum 8-hr concentra
tion not to be exceeded 
more than once per year. 

Washingtori(a) 
State Standard. 

100 1J9/• 3 

160 1Jg/113 

60 1Jg/,a3 

1 X lf6 
150 1Jg/m 
(24· hr cone.) 

10 mg/m3 

Ambient Air Concentrat!on(b) 
At Site Boundary (~g6o) 

PUA£i ----=~ 
2 .X 10 -Z 

6 X 10-4 

1 X 10-:3 

1.6 X 10-7 

5 X 10-:-3 

4-x 10-5 

0 

0 

(a) Equal to or more restrictive than U.S. Standards. - · 
(b) Concentrations assU111e continuous release over an entire year and arc based on the EPA C1i11atologtcal 

Dispersion Model (USEPA 1973). Dispersion values are for the nearest point of public access which is 
approximately 5 miles southwest of the 200 Areas on Highway 240. 

(c). Aalllonia Threshold Limiting Value (TLV) ,is 25 pp,a/8 hr. Carbon Monollide TLV is 50 pp,a/8 hr. 
SoJrces: (40CFR50i WAPCR-l980i ACGIH l979i Hawkins l980d,e, 1981c). 



At the levels listed In Table 5.6 for NOx, the National Ambient Air Quality Standards 
(NAAQS) will not be exceeded. The use of hydrogen peroxide absorption system In the PUREX 
process (see Chapter 3.0) represents the best available control technology for nOx (USEPA 
1980b). 

5.1.2.2 Nonradiological Liquid Effluents 

Operation of the PUREX/U03 facilities for the assumed maximlJII processing rate of 
3000 MT of jrradiaterl fuel/yr would result in the discharge of approximately 
2.9 x 107 mJ/year (7.6 x 109 gal/yr) of 11qu1d effluents (Hawkins 1981b). The 
nonradiological composition and annual vol1J11es of liquid discharges are given in Table 0.12. 

The largest contribution to the total liquid effluent discharge is the cooling water. 
Under normal operations this cooling water is free of any radioactive contamination. 
Additionally, about 4.9 x 104 m3/yr (1.3 x 107 gal/yr) of sanitary wastes are 
discharged to a septic tank disposal area. 

No liquid effluent stream from the PUREX/U03 facilities is directly discharged to the 
Columbia Rher, which 1s approximately 10 km from the 200 East Area at the closest point 
( USEROA 1975). 

lnvesttgattons of the effects of PUREX/U03 nonradiological ltquid discharges during 
past operations show that except for nitrates, no significant migration occurred from the 
discharge of industrial chemicals to the ground via cribs, pon)ds and sanitary ttle fteld 
(USEROA 1975). A detectable grouno~ater plume of nitrates,la described tn EROA-1538, was 
attributed ta past operations of PUREX/U03 and other fac11ities and resulted tn the 
contamination of groundwater in some areas on the Hanford Site to levels in excess of 
permissible drinking water standards. Current groundwater monitoring has not detected 
nitrate concentrations from 200 Area discharges in excess of background at the Site 
boundaries (Sula 1975). The same paths would be expected to be followed by future 
discharges, with insignificant effects offsite. 

Discharges into ponds represent a potential source of i"'l)act to biota from contaminated 
liquid effluents. Studies of biota using these ponds, whir~ ~re also fed by other effluent 
streams, have not revealed any radiological or nonradiol~ical effects attributable to these 
ponds (USERDA 1975 p. 111.1-30). 

5.1.2.3 Nonradtoloqical Solid Wastes 

Nonradiological solid wastes consist of trash and normal industrial solid wastes. It 
is compacted by a factor of three and disposed of in a central sanitary idndfill. The 
combined solid waste of PUREX/U03, approximately 396 ml/yr (14,000 ft3/yr), is about 
four. percent of the 10,200 ml/yr (360,000 ft3/yr), predicted for the entire Hanford Site 
(USERDA 1975). These materials are generally nontoxic and, other than land committed for 
burial, present no environmental effects. 

5.1.3 ln]>acts of Routin_e Transportation of Nuclear Materials 

This section analyzes the l~acts from the four major material shipments associated 
with the operation of the PUREX/U03 facilities. These shipment:. include: 1) irradiated 
fuel from N-Reactor to PUREX, 2) uranyl nitrate hexahydrate (LINH) from the PUREX plant to 
the U03 Plant for proc~ssing. 3) plutonium dioxide (Pu02) from PUREX to Z Plant for 
storage, and 4) uranilJII oxide (U03) from the U03 Plant to Fernald, Ohio. Table 5.7 
sunmarizes these shipments. Traffic, fuel consu~tion, non-radiological effects, and 
radiological effects are analyzed for the shipping operations. The s~ipment of Pu02 
offsite 1s not analyzed. Puu2 shipments to offsite locations are pre!.ently being made and 
will continue independent of PUREX operations. While these shipments are not considered a 
part of the proposed-action, a general discussion of such shipments ts given in 
Section 5.1.4.6. 

(a) Another feature shown by the contamination plumes ts that residual nitrate contamination 
renatns froril pre-Hanford agriculture operations north of Gable Mountain (USERDA 1975). 
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TABLE 5,7. Shipments of Nuclear Material Associated with Operation of the PUREX Facility. at a 
3000 MT/yr Processing Rate. 

No, of Ship- Transport· Total Dis-
Material Fonn ments/iear Mode Origin Destination tance/ir< a)_ 

Irradiated Solid 1125 Railtar N-Reactor PUREX 21.600 kll 
Fuel (13.400 • i) 

u, Uranyl Nitrate Liquid 630 Truck PUREX U03 Plant 5.040 kill 
•· ' · Hexahydrate Tank (3.130 • i) ... 
°' Trailers 

Plutoni1111 Solid 360 Diesel PUREX Z Plant 3.331 km 
Dioxide Powder Truck Storage (2.070 Iii) 

Uranium Solid 60 Railcar U03 Plant Fernald. OH 230.400 kll 
Oxide Powder (143.000 • i) 

( a) A 11 distances are one-way. 



5.1.3.1 Nonradiological Effects of Transportation 

Gaseous effluents will result from the transportation of nuclear materials associated 
with the operation of PUREX/U03 facilities at Hanford. Detailed calculations of fJel 
cons~tion and resultant gaseous pollutant emissions, not repeated here, were made for the 
3000 MT/yr case, assuming the•nl.Wbir of trips estimated in Table 5.7. Estimated annual 
diesel fuel cons~tion is 189,0001 onsite and 1,290,QOO t·offsite. Estimated emissions 
from this fuel cons~tion tota.led about 5.4 MT/yr for particulates, and 11 to 16 MT/yr each 
for S02, CO, hydrocarbons, and NOx, Th.e environmental consequences of these are 
insignfficant. 

5.1.3.2 Radiological Effects of Transportation 

Two sources of radiation exposure from transportation of radio«tive materials are 
associated with operation of the PUREX/U03 plants: the exposure from the external 
penetrating radiation as a result of proximity to normally operating transportation systems, 
and potential exposure resulting from radionuclide releases caused by transportation 
accidents (transportation accidents are considered in Section 5.1.4.5). Because of the 
physical characteristics of UNH and U03, no appreciable external dose would be caused by 
their shipment. Shipments of Pu02 associated with the PUREX operation are made under 
Hanford operational procedures that limit external radiation at the surface of the shipping 
container to 5 mrem/hr. Under normal operating conditions, none of these shipments would 
create any identified occupational or public radiation hazard. 

5.1.4 Potential Accident Impacts 

. This section presents the radiological effects from potential accidents (abnormal 
operating conditions) whose occurrence is considered credible in the operation of the 
PUREX/U03 facilities. Also, in.,acts from potential transportation accidents for onsite 
(Section 5.1.4.5) and offsite (Section 5.1.4.6) events ar& discussed. Phy~ical events of a 
highly· disruptive nature such as meteor in.,act, volcanic action, catastrophic floods, etc. 
are not considered si11<:e the effects of the events themselves would be far worse than the 
possible radionuclide release. In additio11, the probability (10-9 to 10- 3/yr) of any 
of these events occurring in the time span of PUREX/U03 operation is so low that detailed 
analysis is not considered. Other less catastrophic natural force accidents such as 
earthquakes, wind.and tornados, minor floods, and snow. loads are briefly discussed in 
Section 5.1.4.4. 

The accidents considered in this section are believed to represent the worst 
consequences that would result from accidents that could occur in the PUREX/U03 
facilities. The accident scenarios are based on the best available projections arid 
estimations. These scenarios are not predictions that any one or more of these accidents 
will occur in the future. The accidents, rather, represent credible system accidents 
projected from the en.,irical data set from 17 years of previous PUREX/U03 experience and 
engineering predictions. Based on these data, the worst accidents (in terms of 
consequences) that could be reasonably postulated are analyzed. 

The approach used to develop the accident analysis and subsequent dose evaluation was: 
1) to identify potential accidents and release mechanisms, ·2) to determine accidents that 
could breach the radionuclide containment systems and could provide a radionuclide pathway 
to the biosphere, 3) to estimate the fraction of radionuclides that would be released, (the 
source term), 4) to calculate doses (consequences) resulting from the estimated release 
using established conservative models as described in this section, and 5) to consider 
significant mitigating factors. 

The analyses in tlie following sections are believed to provide reasonable and credible 
estimates of the maximum radion~lide release that could occur at the PUREX/U03 fac111tfes 
. ff these accidents were to occur. · 

5.1.4.1 Potential Cr'edible·Accidents 

Five accidents have been selected as having potential to result in relati(aly . 
sigriiftcint populattcin doses. Because of .aoninistrattve and operitional controls designed 
to prevent their occurrence, the probability that these radiological accidents would cause 



significant consequence to the public or the operating staff Is small. Nevertheless, the 
effects of potentially significant radiological accidents must be estimated. No accidents 
of significance were Identified for the U03 facility. A description of the dose model 
used and the dose estimates for each accident follow in Sections 5.1.4.2 and 5.1.4.3, 
respectively. The five radiological accidents evaluated for offslte acute and chronic doses 
are: 

1. Dissolution of Short-Cooled Fuel iworst case accl1ent)--The PUREX dissolver offgas 
system Is not designed to retain short-lived Flss on product gases. Therefore, 
the accidental dissolution of short-cooled (25 days) fuel elements would result in 
the discharge of tnese gases ~1th consequent release of radioactivity to the 
enviro1111ent. This accident was selected based or. historic records slore this type 
of accident actually occurred in 1963 while PUREX was operating. Details oi the 
accident asswnptlons and potential accident emissions are presente~ in 
Appendix 8. Appendix B also provides additionsl lnfonnation on the derivation of 
the source term and Isotopes contri~utlng to dose. A single batch of accidentally 
dissolved short-cooled fuel would ·discharge about 1.9 x 10 Ci of radioactivity 
to the atmtisphere (1.0 x 104 Ci are 133xe which does not significantly 
contribute to the dose). Mitigating measures have been put in place to prevent 
this accident from occ11rring and to lessen Its consequences if It could uecur. 
These measur,!s Include aoninistrative controls at the N-Reactor basin and 
radiation and heat monitoring to detect short-cooled fuel. 

2. Uran11111 Metal Fire in Dissolver-Uranium metal fuel 1s assumed to become uncovered 
in the dissolver. The uncovered uranium metal spontaneously Ignites resulting In 
the release of radionuclides ',:-m the fuel Itself and from the remaining dissolver 
solution which is boiled off. Details of the accident and accident source terms 
are provided in Appendix B. One ura3!um metal fire incident would release about 
800 Cl of radioactivity (?40 Ci are Kr which could be released during normal 
fuel dissolution). 

J. Solvent Fire in H Cell--The PUREX process uses a solution of trlbutyl phosphate in 
a normal paraffin hydrocarbon diluent (similar to kerosene) as the organic 
extra.:tant. A fire in H cell could occur as a result of a postulated leak from 
the extraction column to the H cell sump. A percentage of the rad1onuc11des 
vaporized by the fire would escape t.hrough the exhaust filter and the stack to the 
envlro1111ent. Details of the accident assumptions and accident source terms are 
provided in Appendix B. A single incident could release about 11 Ci of 
radioactiv"ty to the environment. 

4. Explosion in F Cell-The waste solution containing fission products and actinides 
undergoes concentration and volume reduction in F cell. Two events can be 
postulated which would involve explosions in F cell: 1) a red oil explosion in 
the waste concentrator, and 2) a hydrogen explos)on in one of the tanks. The red 
oil explosion provides a greater energy source term than the hydrogen ·explosion, 
thereby causing greater consequences. · 

The source tenns (the release of radioactivity) for this accident result: 1) from 
the explosion, 2) from spilled liquid, and 3) from entrainment in circulating 
air, Details of the accident and the accident source terms are provided in 
Appendix B. An explosion in F Cell could release about 6 Ci of radioactivity. 

5. Criticality Accident in lBX Column in J Cell-Several precautions are used to 
monitor plutoni1111 concentration in the lBX column. The assumption used for this 
accident description is that the plutcnium concentration increases by 
approximately a factor of nine resulting in a criticality event. The criticality 
event 1s assumed to consist of three 0.5 second bursts of 1018 fissions each, 
occurring within a J<Hninute period. Additional information on the accident 
ass11mtions and accident source terms are provided in l\ppendir. e. A criticality 
~cident could release 2.7 x 104 Ci of radioactivity (primarily xenon isotopes, 
137Xe and 138Xe, which do nat contribute appreciably to the dose). 

Because of operational cont.rols and administrative control procedures that would be in 
ploce, the simultaneous occurrence of ar.y of these acc1dt~t.s is not considered credible. 
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5.1.4.2 Dose Model Description 

Comput?rized mathematical models for simulating the behavior of radionuclidcs in the 
environment and for estimating dose consequences to humans have been developed at Hanford 
over a periort of years. The underlying assumptions, methodologies, and descriptions of the 
rn.,dels used for dose consequence calculations for this EIS are described in Appendix·c. 

5.1.4.3 Dose Consequences 

Doses were est1mated from each of the five accidents described in Section 5.1.4.l. For 
each accident, an estimate of the dose attributabl! to air submersion, inhalation, 
ingestion, and ground deposition/ground shine(hJs been calculated. Tables 5.8 through 5.13 
present the results of the dose calculations. aJ Both 1-year and 70-year doses are shown 

·for the maximum inoividual and the general population. 

Of the five acc1dents, the most severe is dissolution of shortcooled fuel. This acci
dent has the potential of resulting in the highest dose to both the maximum individual and 
the genera1

1
~ypulation (Table 5.8). Enforcing administrative controls on consumption of 

regionally I-contaminated milk and vegetables for a period of about 3 months after the 
accident (Table 5.9) would redu~e the 70-year maximum individual thyroid dose to 0.19 rem 
compared to the 10 rem valueslbJ computed in Table 5.8 without such controls. The 
0.19 rem dose is a more realistic estimate !1rice such controls would immediately be 
imp1emented if an accident of this magnitude occurred. In the computation of the dose, 
credit for 1311 decrease in the PUREX backup acid absorption tower and the silve~ reactors 
was taken. The calculations shQW that the population dose (1 yr release, 70 yr 
accumulation) would be reduced from 40,000 man-rem to 1500 man-rem by using administrative 
controls. In comparison, population dose from the average background radiation rate of 
100 mrem/yr, would be aboilt 41,700 man-rem/yr; the 70-yr dose for an ·individual would be 

:about 7 rem. With administrative controls the fir~t-year critical organ dose to the maximum 
individual (1.9 x 10-l rem--thyroid) would be approximately 700 times higher than the dose 
from normal PUREX/U03 operations (2.8 x 10-4 re!IL-thyroid). 

One principal reason for selecting this example as a probable accident is that this 
type of ::accident actually occurred at the PUREX facility in 1963. The historical accident 
involved a charge of approximately 2.7 tons of irradiated fuel cooled for only 25 days 
rather than the usual 135 days (usual coolin9 period employed in 1963) and resulted t~ a 
release of 62 Ci of 3 I (half-life• 8 days) versus the postulated release of 84 Ci of 
3 I for a charge of 318 kg (700 lb.) of 25~day cooled fuel. Thus the conservatism in the 

dose calculations is valid. 

The following new factors would lower sigi!ificantly the probability •or recurrence of 
this type of accident: 

• The fuel ts retained under administrative control in the N-Reactor basin for a 
minimum of 150 days before shipment to PUREX. 

• N-Reactor is now the only potential source of short-cooled fuel at Hanf~rd, as 
compared to 8 operating reactors fn 1963. 

• The reactor fue·l shipment rate wfl 1 be reduced from that of H63. 

• Monitors to detect the higher radiation levels from short-cooled fuels have been 
installed at both N-Reactor and PUREX. 

• Cask car thennometers have been installed and are monitored to indicate any 
'temperature increase caused by short-cooled fuel. 

(a) 

(b) 

Dose co:miitments were calculated on the basis of an estimated 1990 population of 417,000 
within a 80-kl'I radius of _the Hanford Meteorological Station. 
This is dose to adults. Infants (0-1 years old) would receive seven times, children· 
(1-11 years old) 3 tinies, f~i teenagers (11-17 years old) 1,2 times as much dose to the 
thyroid from radioiodine ( I). 
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TABLE 5.8. Potential Radiation Doses(a) to Members of the Ge11eral Public, Dissolving Short-Cooled Fuel 
(P-:ci~ent 1,,-no mitigation) 

Mui- lndhldu1I jrea) P!!1!ul1tlon jun-real 

P6th111y, lloaln,nt 1-yr Dose/ ( l 70-yr Dose/ I 70-yr Dose/ ( l 1-yr Dose/ 70-yr. Dose/ 70-yr Dose/ 

Nuc llde and 0!:llan 1-xr Acc1JDUlatlon b · 1-xr Acc1JDUlatlon1c 70-l'.!: Acci.ul1tlon d 1-tr Acc..-l1tlon 1-xr Acc.-l1tlon 70-l'.!: Acci.ul1tlon 

Air Sutaerslon l~rl(e) 

All: 3.8 II 10-4 3.8-11 10-4 3.8 x 10-4 3.0 x 10° 3.0 II 10° 3.0 II lOO 

lnh1l~tton j3tt1
1291)(e) 

Tot1l: Body 3.2· II 10-4 3.2 II 10-4 3.2 II 10--4 2.6 II lOO 2.6 x 10° . 2.6 II !OO 

· Bone 3.5 x 10:-'4 
' --4 3.5 x 10--4' 2.8 x 10° ·2.8 • 10° 2;B 11 10° 3.5 x 10 

Lungs 3.7 x 10-3 3.7 x 10-3 3.1 x 10-:-3 3.0 x 101 3.0 x 101 3.0 II 101 

Thyroid - l.B x 10-l l.B x 10-l 1.8 x 10-l 1.4 x 103 1.4 x 103 1.4 x 103 

61-LLI 9.1 x 10-5 9.1 11 10-5 9.1 x 10-5 7.3 x 10-l 7.3 x 10-1 7.3 • 10-l 

&round Deposition 1129q(e) 
1.4 x 10-8 10-8 10-1 7.8 • 10-5 1 ;9, II 10-5 10-3 

All- 1.4 II 9.8 x 5.4 11 

l!!!lestion j 3H1
131rjCe) !v!!!letables and milk) 

Tot1I Body 2.3 • 10-2 · 2.4 II 10-2 2.4 x 10-2 8.8 x 101 9.1 x 101 9.) II 101 

B0111 2.1 x 10-2 2.2 x 10-2 2.2 x 10-2 8.1 x 101 8.3 x 101 8.3 • 101 

Lungs 5.6 x 10-3 5.9 x 10-3 5.9 x 10-3 2.2 x 101 2.3 x 101 2.3 •. 101 

Thyroid 9.8 • 10° 1.0 x 101 1.0 • 101 3.8 x 104 3.9 x 104 3.9 • 104 

61-LLI 1.5 x 10-2 1.5 ii 10-2 1.5 x 10-2 - 5.1 • 101 5.7 11 101 5.7 II 10) 

Totals. froa al I Pathwaxs 
. -2 2.5 x 10-2 2.5 x 10-2 9.4 .- 101 . 9.7 11 101 9. 7 • 101 

Total Body 2.4 • 10 

Bone 2.2 -. 10-2 :?.3 x 10-2 2.3 x 10-2 8.1 11 iOl 8.9 II 101 8.9 II 101 

' -3 1.0 II 10-2 ·1.0 II 10-2 -5.s • 101 5.6 11- 101 5.6 I 101 
Lungs 9.7 x 10 

Thyroid. 1.0 x 101 1.0 II 101 1.0 x 101 3.9 x 10• 4.0 x 1J4 4.0 x 104 

61-LLI 1.5 • 10-2 - 1.5 x 10-2 1.5 • 10-2 6.1 x 101 6.1 11 101 6.1 II 101 

(a) All doses are cllculated fr011 an acute release. 
(b) Dose received In one year fr011 an acute rel.:iase In that year. 
(cl Dose received.over a 70-yr llfetl11e fr011 an acute exposure in the first ye1r. 

!
d) Acc11111l1ted 70-yr dose froa an acute releue in the first year, ind 70 yurs' eaposure to restdu1l r1dl1tton In the envlroment. 
e) Prlury rldlonuclldes contributing to dose. 
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TABLE 5.9. Potential Radiation Doses to Members of the General Public Dissolving Short-Cooled Fuel Accident 1-
with Mitigation 

Maxi- liidiv iiial (re11) Po 1tlon (INll-real 
l-yr Dose/ ,U:yr Mse/ 70-yr Dose/ - -yr Dow Pjf~ Dose/ Path"Y, lloalnant 

Nuc II de and Organ I-yr AccUE1Ul11tlon 1-yr Acc1a1l11tlon 70-yr Acc1a1latlon 1-xr: Acc1a1l1tlon 1-YI' Acc1a1l1tlon 

Mr_S!e!ri 1 on j llSitr J ( b) 

All 3.8 x 10-4 3.8 x 10-4 3.8 J1 10-4 3.0 JI• 10° 3.0 X 100 

lnh!l!tlon 13H, 129q(b) 

Total Body 3.2 J1 10-4 3.2 x 10-4 3.2 x 10-4 2.6 JI 10° 2.6 K 10° 

Bone 3.5 x 10-4 3.5 a 10-4 3.5 x 10·4 2.8 II 100 2.8 x 10° 

lungs 3.7 11 10-3 3.7 x 10-3 3.7 X 10•3 3.0 X 101 3.0 • 101 

Thyroid 1.8 x 10-1 1.8 ll 10-l 1.8 X 10-l 1.4 J1 103 1.4 II 103 

61-lll 9.1 11 10"5 9.1 II 10•5 9.1 X 10"5 7 .3 X 10•l 7 .3 a 10·1 

Ground !!§!osltlon 112911(b) 

All 1.4 11 10-8 1.4 II 10-8 9.8 X 10•7 7.8 x 10-5 7.8 x 10-5 

ln~stl011 j3H, 131 q(b) jv~etables and • llkl(c) 

Total Body 5.6 J1 10·3 5.8·• 10-3 5.8 x 10-3 2.2 ll 101 Z.2 x 101 

Bone 1.1 J1 10-5 1.1. 10-5 1.1 a 10-5 6.0 X 10-2 6.1 x 10-2 

lungs 5.6 X 10"3 5.8 x 10-3 5.8 x 10·3 2.2 • 101 2.2 • 101 

Thyroid 1.1 • 10-2 1.1 X 10-2 1.1 X 10"2 5.0 X 101 5.2 • 101 

61-Lll 5.6 X 10"3 5.8 x 10-3 5.8 x 10-3 2.2 X 101 2.2 x 101 

Totals fro• all Pathvays 
Total Body 6.3 x 10·3 6.5 x 10·3 6.5 11 10-3 2.8 J1 101 2.8 JI 101 

Bone 7 .4 JI 10·4 7 .4 x 10·4 7.4 x 10-4 5.9 x 10° 5.9 x 100 

Lungs 9.7 x 10·3 9.9 ll 10·3 9.9 ll 10-3 5.5 X 101 5.5 x 10• 

Thyroid l.9 X 10-l 1.9 x 10-l 1.9 X 10-l 1.4 x 103 1.5 x 103 

61-Lll 6.1 X 10"3 6.3 ll 10-3 6.3 X 10·3 2.6 x 101 2.6 X 101 

!aj Doses are given for acute releases; see footnotes Table 5.8 for definitions. . 

70:yr Dose/ 
70-YI' llccta1l1tlon 

2.6 x 10° 
2.e. uP 
3.0 x 101 

1.4 x 103 

7.3 x 10-1 

5.4 11 10-3 

2.2 • 101 

6.2 x 10-1 

2.2 X 101 

5.3 X 101 

2.2 x 101 

2.8 J1 101 

6,4 JI 10° 

5.5 • 101 

1.5 • 103 

2.6 ll 101 

b Prl111ary radlonuclldes co11trlbutlng to dose. 
(cl Ingestion doses calculated assu• lng J-111u11th lnterdlctlc.., (enforcing proper administrative controls on cons111111tl011 of regional 

conta• lnated • Ilk and vegetables for a period of 3 • onths) of _loca Hy produced vegetable and • Ilk prodlr.t Ion. 
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TABLE 5.10. Potential Radiation Dose to Members of the General_ Public, U Fire _in Dissolver (Accident 2) 

. P1thw1y, Doalnant 
Hue 11 de and Organ 

Doses from haedl1te ind Long-Ten Exposure<•) 
-----~w-ax~1---T1rid~lv~,c1u-a..;;1""1;.::rc:.e•..;I,.:.-= Population _{• an-re• J 

l-yr Dose/ 70-yr Dose/ 70-yr Dose/ l-yr Dose/ 70-yr Dose/ 
1-yr AccU11Ulat1on . 1-yr Accta.11at1on 70-Yr Acc..ul1tlon 1-xr Acc..ul1tlon 1-yr Acc..ulat1on 

~-!lion 185Kr1(b) 

All 

Jnh1lat1on 1106R11, 144cel (b) 

Tot1I Body 

Bone 
Lungs 

Thyroid 

61-LLI· 

Ground Deposition 1137csl(b) 

3.4 X 10"3 

1.5 X 10"2 

e.o x 10·2 

9.0 X 10"5 

3.8 X 10"3 

6,7 X 10"3 

7.6 X 10"2 

1.1 x 10·1 

9.1 X 10"5 

3.8 x 10·3 

All 4 .0 x 10·3 4.0 X 10"3 

Ingestion 1137cs. 50sr)(b) 

Total Body 

Bone 

Lungs 

Tllyro1d. 

61-LLI 

Totals fro• all Pathways 
Totll Body 

Bone 

Lungs 

Thyroid 

61-LLI 

(vegetables and 111lk)(c) 

3.4 x 10·2 5.2 x 10·2 

2.5 X 10"2 5.4 X 10"2 

1.5 X 10"2 1.9 X 10"2 

1.7 X 10"2 1,8 X 10"2 

3.1 X 10"2 3,1 X 10"2 

4.1 X 10"2 

4.4 x 10·2 

9.9 x 10·2 

2.1 x 10·2 

3.9 X 10"2 

6.3 X 10"2 

1,3 X 10"1 

1.3 x 10·1 

2.2 x 10·2 

3,9 X 10"2 

6.7 X 10"3 

7.6 x 10·2 

1.1. x 10·1 

9.1 x 10·5 

3.8 x 10·3 

1.2 x 10·1 

8.6 x 10·2 

1.7 X 10"1 

1,9 x 10·2 

2.0 X 10"2 

3,4 X 10"2 

2.1 X 10"1 

3.7 X 10"1 

2.5 x 10·1 · 

1.4 x 10·1 

1,6 X 10"1 

!al Doses are given ro, an acute release; see footnotes Table 5,8 for definitions. 
b Prl• ary radlonuclldes contributing to dose. 

. l 
3.2 X 10". 

2.6 X 101 

1.2 x 102 

6.3 x 102 

6.9 X 10"1 

2.9 x 101 

2.1 x 101 

1.5 X 102 

1.2 X 102 

6,0 X 101 

6.2 x 101 

1.1 X 102 

2.0 x 102 

2.6 X 102 

7.1 x 102 

8.4 X 101 

1.6 X 102 

5.2 x 101 

6.0 X 102 

9.0 ~ 102 

6.9 X 10"1 

3,0 X 101 

2.1 X 101 

2.4 X 102 

2.5 x 102 

7.6 X 101 

6.6 X 101 

1.1 x 102 

3.1 x 102 

8.7 X 102 

1.0 x 103 

8.8 x 101 

1.6 x 102 

70-yr Dose/ 
70-yr Accu• ulatlon 

5.2 X 101 

6.0 x 1a2 
9.0 X la2 
6.9 X 10"1 

3.0 x J.o1 

6.2 X 102 

3.4 x 1a2 
5.9 X 102 

7.9 X 101 

7.3 x 101 

1.2 x 102 

1.0 X 103 

1.8 X 103 

1.6 x 103 

6.9 x 1a2 
7.7 x 1a2 

(cl lr.g,!st Ion doses are provided assu• lng no ailll1nlstratlve controls on loc&l food products, 
er ell• lnated through proper controls on fan1 products. 

The dose fro• this pathw1y CQUld be reduced 



!1Yl'.~ 5.11. Potential Radiation Dose to Members of the General Public, H-Cell Solvent Fire (Accident 3) 

.Pathway, Oolllnant 
Nuclide and Or9an 

· A Ir Subaers 1on ( 15Nbl 95zr) (b) 
All 2,5 X 10-6 2,5 X 10-6 2.5, 10-6 

lnholat1on {106Ru1
141ce)(b) 

T ,~J. Body 1,9 X 10-4 7.3 X 10-4 7 ,'3 X 10-4 

Bone 2.0 X 10-3 1.2 X 10-2 1.2 X 10-2 

Lungs 1.2 X 10-2 1,7 X 10-2 1,7 X 10-2 

Thyroid 2,2 X 10-5 2.2 X 10-5 2.2 X 10-5 

61-LLI 5,5 X 10-4 5,5 X 10-4 5.5 X 10-4 

Ground Deeos1t1on {137Cs, 106Ru)(b) 

All 1,5 X 10-4 1.5x 10-4 1.9 X 10-3 

ln9est1on {90Sr)(b) (ve9etables and 111lk)(c) 

Total Borly 2,2 X 10-J 3.4 X 10-3 1,2 X 10-2 

Bone 8.i' X 10-4 4,2 X 10-3 3.7 X 10-Z 

Lungs 1.8 X 10-3 1.9 X 10-3 1.9 X 10-3 

Thyroid 2.8 X 10-l 2,9 X 10-3 2.9 X 10-3 

61-LLI 4.4 X 10-3 4,5 ll 10-3 5,2 X 10-3 

Totals from all Pathwar:s 
Total Body 2,5 X 10-3 4,3 X 10-3 1,5 X 10-Z 

10-3 10-2 ' Bone 3.0 X 1.6 X 5.1 X 10-· 

Lungs 1.4 X 10-2 1.9 X 10-2 2.1 X 10-2 

Thyroid 3.o x w-3 3,1 X 10-l 4,8 X 10-l 

61-LLI 5.1 x 10-3 5.2 X 10-3 7 .6 x 10-3 

(a) Doses are given for an acute release; see footnotes Table 5.8 for liefinitions. 
(bl Primary radionucl Ides contt·ibut1ng to dose. 

2.4 X !"-2 2.4 11 10-2 2,4 X 

1.8 X lOO 7,0 X lOO 7,0 X 

1,9 X 101 1.2 X u:2 l.2x 
l.lx 102 1,6 X 102 1.6 X 

2.0 x 10-1 2.0 X 10-l 2.0 X 

5.3 X lOO 5.3 X 100 5,3 X 

9.3 X 10-l 9.3 X 10-l 1.2 X 

1.1 X 101 1,6 X 101 4.7 X 

4.4 X 100 2,1 X 101 1,3 X 

8.0 X 10° 8.6 X 100 8,6 X 

1.3 X 101 },3 X 101 1.3 X 

1,8 X 101 1.9 X 101 2.1 X 

1,4 X 101 2.4 X 101 6.6 x 
2,4 X 10• 1.4 X 102 2.E x 
1.2 X 102 1.7 i: 102 1.8 x 
1.4 X 101 1.4 X 101 2.5 X 

2,4 X 101 2.5 X 101 3.8 X 

10-2 

!00 
102 
102 
10-l 

10° 

101 

101 

102 · 
100 

101 

101 

101 

102 

102 

lCJl 

101 

(c) Ingestion doses are provided ass;Jm1ng no acillinistrat1ve controls on local food products. The dose fr0111 this pathway could be reduced 
or eliminated thro~gh proper controls on farm products. 
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TABLE 5.12. Potential Radiation Dose to Members of the General Public, F-Cell Explosion (Accident 4) 

P1thway, Dolltnant 
Nuc It de and Organ 

Doses frott laedtlte ~nd loog-Tera Exposure(•) 
Muliiiua1iid1vti~1l {real · ·-=--=po-pu--.-1-aL~i~o;-~ l~ .... ---r-ee_,.l ________ _ 

-,:-yr Dose/ 70-yr Dose/ 70-yr"llou,-- l-/r Dose/ 70-yr Dose/ 70-yr Dose! 
I-yr AccU111Ulatton _I-yr Acc111111latlon 7G-yr AccurA.1l1tlon !.:l'.!__Acc1a1latlon 1-yr Acc1a1htlon 70-yr- Acc1a1l1tl~ 

A fr Stpers I on ( 106Ru 1 
95~b l I b) 

fl)I, 1,5 I 10-6 

Total Body 

Bone 
Lungs 
Thyroid 
GI-LLI 

7,5 I 10-5 

7 ,3 I 10-4 

1.3 I 10-2 

5,9 I 10-6 

6,3 I 10-4 

Ground Deposttton 

All 

( l06Ru. 137cs I (b) 

Total Body 

Bone 

Lungs 

Thyroid 

GI-LLI 

Totals froa all Pathways 

Total Body 

Bone 
Lungs 
Thyroid 

Gl-LLI 

B.2 1 10-5 

(vegetables 
2.3 I 10-z 
2, 1 I 10-4 

2,3 I 10-2 

2,3 I 10-2 

2.B I 10-2 

2,3 I 10-2 

1.0 x 10·3 

3.6 ll 10·2 

2,3 I 10-2 

2.9 I 10·2 

1.3 I 10-4 

1.5 I 10-3 

1,9· I 10-2 

5,9 I 10-6 

6,3 I 10-4 

B.l 1 10-5 

and 1111k)(c) 

2.5 I 10"2 

7,9 I 10"4 

2,4 I \0"2 

2,4 X 10"2 

2,9 X 10-c 

2,5 I '10•2 

7..4 X 10-3 

4,3 X 10-2 

2.4 x 10-2 

3.0 x 10·2 

1.5 ii 10·6 

1,3 X 10~4 

1,5 I 10"3 

1,9 X 10"2 

5,9 X 10"6 

6,3 I 10"4 

2.2 • 10•4 

2.0 JI 10·2 

6,6 JI 10·3 

2.4 • 10·2 

2.4 X 10·2 

2.9 • 10-2 

2.6 I 10"2 

8,3 ll 10"3 

4,3 ll 10·2 

2.4 ll 10"2 

3.0 x 10-2 

1.3 " 10·2 

6.5 a 10·1 

6.4 a 10° 

1.2 JI !.~'-

5.2 • 10-2 

5.5 • 10° 

4.B • 10-l 

9.5 JI 101 

B.4 x \o•l 

9.5 x 101 

9,5 X 101 

1.1. 102 

9.6 I 101 

7,7 X lOO 

2.2 • 102 

9,6 ll .101 

1.2 x 102 

1.3 a 10-2 

1.1 X lOO 

1.3 a 101 

1.7 x 102 

5.2 x 10-2 

5.5 I 10° 

4.B JI 10-l 

1.0 JI 102 

. 3.3 110° 

9.9 x 101 

9.9 x 101 

1.1 X 102 

l.O x 102 

l. 7 • 101 

2,7 X 102 

1.0 a 102 

1.2. 102 

1.3 a 10-2 

1.1 X 10° 

1.3 x 101 

1.7 x 1oZ 
5,;? X 10·1 

5.!I • 10° 

1.3 • 1aO 

1.1 x 102 

2.2 X 101 

9.9 X 101 

9.9 x 101 

1.1 X loZ 

1.1 • 102 

3.6 x 101 

2.7 J1 102 

1.0 x 102 

1.2. 102 

(a) Doses are given for an aclALe release; see fuolnotes Table ,5.8 for deftnttlons. 
lb) Pri• uy radtonucltdes contributing to dose. 
(c) Ingest Inn doses are p;-ovided ass111tng no a,IIP,tn lsLrat t. ~ contro Is on local food products. Tiie .Jose fro• thts pathol1y could be reduced or 

eli• inated through proper controls on far• prO<lucts. . 



.u, . 
N 
u, 

·-~-, ("i.,..," •.• , - •• ,,, ' ~,,,: •• ·., ... .,.~ •••• ,.- -. ":,i·"-".' · ... . ~ ," _., ,,-

TABLE 5.13. Potential Radiation Dose to Members of the General Public, Criticality in Process Cell (Accident 5) 

P1th111y, Jloat nant. 
Nuclide and Organ 

----~~,-.;Mi=•.;;;I-= indlvliiia\ (rl!II) Population l • 111-re11) 
I-yr Dose/ 71J.:-yr Dose/ 70-yr Dose/ I-yr Dose/ 70-yr Dose/ 

Doses frm laedlate and Long-Ter• Exposure(•) 

I-yr AcctaUhtlon I-yr AcctaUlatlon 10-yr AcctaUlatlon 1-yr AcctaUhtlon 1-yr Acc11a1lttlon 

Atr Subaerslon ( 137cs fl'OII 137xe)(b) 

All 8.1 x 10·4 

lnh1l1tlon 1137cs fraa 137xe)(b) 

Tota 1 Body 1.0 I 10"4 

Bone 2.1 x 10·3 

Lungs. 2.1 x 10·3 

· Thyroid 1.4 x 10·2 

GI-LLI 1.5 x 10·4 

~ J)eposltlon 11341, 133l)(b) 

All 2.3 x 10·4 

Total llody 

Bone 
Lungs 

Thyroid 

GI-LLI 

Totals froa 111 Pathways 

Totil Body 

Bone 

Lungs 

Thyroid 

GI-LLI 

(vegetables and 1111k)(c) 

3. 7 I 10"4 

2.1 x 10·3 

5.3 I 10"7 

1.7 x 10·1 

9.9 x 10·4 

1.5 x 10·3 

5,2 x 10•l 

3.1 x 10"3 

1.9 x 10·1 

2.2 x 10·3 

8.1 x 10·4 

1.0 x 10·4 

2.1 x 10"3 

2 .l x 10·3 

1.4 x 10·2 

1.5 x 10·4 

2,3 x 10·4 

3.9 x 

2,6 x 

9.9 x 

1. 7 x 

9.9 x 

1.5 x 10·3 

5.1 x 10·l 

l.l x 10·3 

t.9 X 10· 1 

2,2 X 10•) 

1.0 x 10·4 

2.1 x 10·3 

2 .1 x 10·3 . 

1.4 x 10·2 

1.5 x 10·4 

2.5 x 10·4 

3.9 x 

2.6 x 

1.1 • 

1.7 x 

9,9 x 

1.6 x 10·3 

5.8 x 10·3 

3.2 x 10·3 

1.9 • !D" 1 

2,2 K 10·3 

4.8 x 10·1 

].] x 10·1 

8.4 x 10° 

6.4 x 10° 

3.8 x 101 

5.3 x 10·1 

6.3 x 10·1 

5.5 x 

3.9 x 

1.4 I 

2.5 x 

1.3 • 

2.D x lOO 

1.3 x 101 

1.5 x 10° 

2.9 x 102 

2.9 x 10° 

4.8 x 10·1 

3.3 x 10·1 

8.4 x 10° 

6.4 x 10° 

3,8 x 101 

5.3 x 10·1 

6.3 x 10·1 

6.0 x 

4.7 x 

2.5 • 

2.6 x 

1.3 x 

2.0 x 10° 

1.4 x 101 

1.5 x 10° 

3.0 I 102 

2.9 I IOO 

70-yr Dose/ 
70-Yf' Acciaul1tlon 

4.8 I 10"1 

l.3 • 10·1 

8.4 x 1r/J 

6.4. • 10° 

l.8 x 101 

5.3 x 10·1 

6.8 • 10·1 

6.0 • 
4.7 • 
2.7 x 

1.6 • 

1.l • 

2.1 x 10° 

1.4 I 101 

7.6 I 1r/J 

2.0 I llf 
l.0 x lOO 

hj Omies ire given for Ml acule release; see footnotes Table 5.8 for deflnlt.loos. 
(b Prl• ary. radlonuclldes contrlbu~lng to dose. 
(c) Ingestion doses are provided assialng no ad• lnlstratlve controls on local fond products. The dose froa this p1U-,1y could he reduced or elt• lnated 

through proper controls on fana products. 
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Dose consequences from a potential uranium fire in a dissolver (Table 5.11) generally 
rank second in severity. For purposes of co111>arison, the dose to the offsite maximum 
individual is less than the permissible quarterly dose for persons routinely employea in 
radiation-related work. The first-year critical organ dose to the maximum 1nd1v1dual (2.1 x 
JD-2 rem-thyroid) would be approximately 1D0 times higher than the dose from normal 
PU~X/U03 operations (2.8 x li:t-4 rem--thyroid). 

The other three ~ccidents result in minor offsite doses to the maximum Individual and 
the g~neral pubHc (Tab,'?s 5.11, 5.12, and 5.13). 

T'1e radiation dose to man from inge~tion, inhalation, or external exposure to specified 
quantities of radionuclides were calculated using standard procedures designed to assure 
that dose is not underestimated (see Appendix C). The relationship of dose to •health 
effects• is not well defined. Although the dose rate is low, the population exposed is 
large and the resulting population dose is large. The uncertainties involved in using 
health effects data frorn high dose and high dose rate exposures to estimate the effects for 
low doses and.low dose rates are discussed in Appendix C. Because of these uncertainties, 
the relationship between low radiation exposures and health effects is. estimated and 1s 
expressed as a range of values. The lower end of the range may be considered more 
appropriate for comparison with the estimated risks from other industrial t~hnologies. The 
upper range may be more appropriate for radiation protection considerations.la) The · 
estimated health effects from routine operation of the PUREX/U03 plants, from the 
potential worst case operating accident at the PUREX plant and from natural background are 
compared in Table 5.14. The radiological health effects data incluoe the estimated present 
generation fatal cancers.and genetic effect~ in future generations (see Table C.2, 
Append ix C) • 

TABLE 5.14. Comparison of Health Effects from Routine Op~r~tion and Potential 
Operating Accidents for PUREX/U03 OperationslaJ 

Background Radiation 

Routine PUREX/UOJ · 
Operations(c) 

Worst. Case Operating Accident 
(no mitigation) 
(with mitigation) 

Total Body Dose 
4.2 x lo4 man-rem/yr(b) 

1.8 x 102 man-rem(d) 

9.7 x 101 man-rem(e) 
2.0· x 101 man-rem(e) 

Health Effects 
4--33 

<l 

d 
essentially zero 

(a) The range of 100-800 health effects per 1 x 106 man-rem for total-body exposure (see 
Appendix C) was used to estimate health effects. 

(b) Assumes a 1990 population of 417,000 and an annual background radiation rate of 100 
mrem/yr. 

(c) For the alternatives of either constructing a new fuel processing plant at Hanford or 
process,fng fuel at SRP, the health effects from routine operations are. estimated to be 
less than one. It is estimated that between O and 3 health effects would result from 
the doseto the general public and crew from routine transport of N-Reactor fuel to SRP. 

(d) T.his dose assumes a 16-yr release and 70-yr accumulation. 
(e) Thh dose assumes a 70-yr accumu1ation. 

5. 1.4.4. Impacts of Natural Force Accidents 

. · Recent studies, have been performed to evalu~te· the resistance of the ~•UREX plant to 
earthquake, wind and tornado, floods, snow loads, and stresses to foundations. These 
studies show that of the natural forces evaluated, only a seismic event or a tornado has the 
potential to disrupt operation. · 

(a) The lower end of the range is more representative of actual risks. The upp,er end of the 
range is more a conservative estimate of risk, and therefore suitable for radiation 
protect.ion standards and guidelines. 
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Se,smic ·analyses evaluated the potentfal effects on the PUREX- plant for both the 0.10 g 
Hanfor·J Regional Historical Earthquake and the 0.25 g Safe Shutdown Earthquake. These 
analyses indicate that the PUREX faci11ty would be damaged by ground accelerations of 0.10 g 
or greater (Bl1111e et al, 1g16a,b; 1977; 198la,b). [twas determined that in the event of a 
damaging earthquake, the potential sourc!S for major radionuclide releases would be from a 
urani1111 metal fire in .a dissolver or a solvent fire in the cells. As indicated in 
Table 5.15 upgrading seismic resistance of the fire iu~pression system, and the drown ta~ks 
to ensure that the system is accessible and functional in the event of a damaging earthquake 
would significantly reduce the potential dose to the muim1111 individual. Based on the 
results of the seismic analysis, the Department of Energy has determined that these upgrades 
would be made prior to operation of the PUREX facilities. 

The potential dose to the mui1111111 individual resulting from tornado damage is shown in 
Table 5.15. Since the potential dose is small and the probability- of a damaging tornado is 
extremely low (six chances in a million for any given year, USERDA 1975, p. ll.J-E-23), no 
upgrades to mitigate tornado danage at the PUREX facility A~e considered necessary. 

5.L4.5 Postulated Transportation Accidents 

Ons1te transportation of irradiated It-Reactor fuel, pluton11111 dioxide, and uranyl 
nitrate hexahydrate is required for PUREX/U03 operations. The urani1111 oxide (U03) 
product is shipped offsite. Even though accidents involving these onsite shipments are 
highly unlikely, an estimate has been made of what is considered to be the worst accident 
that could occur. 

Onsite Irradiated Fuel Shi~t Accident. This postulated accident ass1111es that a 
loaded N-Reactor fuel cask car snvolved in a collision with a petroleum fuel transport 
truck at the rail crossing near the northwest corner of the 200 East Area. The total weight 
of car, cask, irradiated fuel, and water is approximately 182,000 kg (400,000 lb) making it 
unlikely that a broadside impact by the truck would o~ertum the rail car, but the impact 
could cause derailment which could then be followed by overturning of the cask. Forces 
resulting from the cask overturning, plus the weight of the lid, and the weight of fuel 
(2,700.kg or 6,000 lb) in the cask were estimated to be great enough to cause at least one 
of the lid hasps to fail, with the r~sult that the lid would open and some of the fuel 
elements spill to the ground (RHO 1979). 

For the purpose of this accide~t analysis, the assumption 1s made that some of the fuel 
elements would burn as the result of loss of water from the car well and cask followed by 
immersiou in buming gasoline or diesel fuel from the truck. Also, 90 kg (0.1 ton) of the 
fuel is ass1111ed to burn in 1 hour before the fire is extinguished. Radionuclides would be 
released directly into the enviro1111ent at the scene of the collision. 

Baser. on assuq,tions of radionuclide source tenn, particle sizes of the radionuclide 
oxide: ,onned in the fire, rates of suspension and dispersion of the particles in the 
thermal plume, meteorological conditions and other variables, estimates of radiation doses 
were made (RHO 1979). The dose to the maxi1111111 individual (offsite) is approximately 2 rem 
(lungs) which is less than the 5 rem designated as limits set by the Federal government for 
radiation workers (DOE 5480.lA). An accident of this magnitude would have serious 
consequence~ onsite including higher doses to onsite personnel and significant land 
contamination. Source terms for this accident are presented in Appendix 8, Section 8.2.6. 

Administrative controls make the occurrence of this accident extremely unlikely. 
Present controls regulate train speeds at rail crossings, .and require fuel transport trucks 
to stop at all rail crossings. Also traffic is stopped at all rail crossings during rail 
transport of N-Reactor fuel. A collision with a truck not carrying petroleum fuels has a 
far less chance of causing the fuel elenents to burn and would cause an appreciably smaller 
release (RHO 1979, p III-54). With enforcement of controls, this accident is not credible. 
Even ~itho~t administrative controls the probability of any accident involving the 
transpor'cation of irradiated N-Reactor fuel-to PUREX is·low. The probability of occurrence 
of an accident of the type described above 1s even lower. The probability that this 
accident will occur is estimated by multiplying the probability that the cask car will be 
involved in an accident (8 x 10-S per shipment) by the probability that the accident will 
involve fire (0.016 per shipment) (Dennis 1978) and the probability that the fire will last 
one hour (0.2 per shigment) (Dennis 1978). This yields a maximum frequency for this 
accident of 2.6 x 10-7 per shipment or one 4Ccident in ·about 4.million shipments. 

5.27 



J 
:'f --

TABLE 5.15. Lifetime Dose to the Maximum Individual Due to Postulated Natural 
Forces Accidents Compared to Dose from Normal Operations 

Resulting from Normal 
Seismic Dana'e Resulting PUREJI/U03 

Without w th from Tornado Operations 
~grades Up~rades Dnage, Without 16-yr Release 

Affected 0!:!lan !rem! rem! u2grades I rem! 70-~r Acc1111ulation 

Total Body 36 5.0 1 2,2 X 10-3 

Bone 190 55 4 7,4 X 10-3 

Lung 65 17 l 6,3 X 10-4 

Ons1te Pu02 Shi~nt Accident. Plutonium oxide shipments onsite are conducted with 
great care. Ifie proa1l1ty of an accident 1s very low. Double-canned plutoni1111 d1ox1de is 
shipped ons1te by truck in a Department of Transportation approved container, This shipping 
is conducted under controlled conditions with extensivf supervision and security 
precautions. Nuclear criticality safety is maintained by safe geometry of the containers. 

A plutonium oxide shipment is very unlikely to be involved in an accident of the 
magnitude described for N-Reactor fuel. Convoy transport minimizes the chance of 
interl~rence of other vehicles. In the analysis presented in DOE/EIS-0046 (USDOE 1980a, 
Section 7.4.1), it was determined that no credible Pu02 release from this type of accident 
could occur; therefore, there would be no consequences. 

Onsite UNH Shillfflt!nt Accident. UMH has been shipped at the rate of about 133 shipments 
per year for seventeen years (2261 shipments). Only one minor accident with a small spill 
of UNH has occurred during these shipments. The upper bound on the probability of an 
accident 1s 5.2 x 10-4 per shipment, or one accident in 1740 shipments. Radioactivity 
levels of UNH are very low. Large quantities of UNH would have to enter the body and be 
retained there to result in an appreciable radiation exposure. No accident mechanisms can 
be foreseen that would produce the conditions that would be required for these large 
accumulations of UNH to occur. 

Offsite U03 Sh1Jllllent Accident. Uranium oxide powder is loaded into hoppers at the 
U03 Plant. Ten hoppers are secured on a flatbed railcar, which 1s then transported 
offsit~. The railcar becOfflfls part of a freight train and is delivered to National Lead, 
Fernald, Ohio. 

Sandia (1978) has estimated freight train accident rates. •Accident~ as used in their 
analysis includes events associated with the operation or movement of trains, locomotives, 
or cars that result in railroad equipment, track, or roadbed damage in excess of S750. 
Using this definiticn of accident, the freight train accident rate is 1 x 10-5 accident 
per mile. 

Uranium oxide would be shipped a total of 230,400 km/yr (143,000 mi/yr in 60 separate 
shipments). The accident rate for freight trains traveling this distance fs 1.4/yr. 
About 12 cars on the average are involved in any derailment. Derailments account for over 
80 percent of the accidents and this proportion can be used to estimate the accident rate of 
the railcar carryir19 the U03. This rate is 0.07/yr, 3.0 x 10-3 per shipment or one 
accident in 335 shipments. Less than 10 percent of these accidents would be expected to 
release any U03 from the hoppers. Even ff an accident to the raflcar did occur and the 
U03 were spilled, no radiological consequences are expected. A recent study of the risks 
of transporting uranium ore concentrates {which are primarily U03) found that no public 
consequences would result in a severe accident that released several thousand pounds of· 
U03 (Geffen 1981). 

5.1.4.6 Inpacts of Trans2ort1ng S2ecial Nuclear Materials Offsite 

The special nuclear materials extracted fr0111 processing of irradiated fuels.are shipped 
to various locations in the country to be used for national defense and·research purposes. 
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The environmental consequences from transportation of plutonium oxide resulting from the 
operation of the PUREX plant would be bracketed by thoso addressed fn the U.S. Nuclear 
Regulatorv Conmfssion Final Environnental Statenent on the Trans~ort of Radioactive Material 
by Air anii Other Modes (OSNRC mi) and in a DoE report, The Env ronnenhl Aspects of 
Coomerc1a1 R!1'ioact1ve Waste Management (USOOE 1980a). Transport of plutonium is an ongoing 
operation, independent of the operation of the PUREX plant. Plutonium oxide from previous 
production c•atgns is presently stored in the Z-Plant and ts shipped offstte as needed. 
Therefore the consequences will not be re-examined fn detail here. 

In the analysis perfonned by NRC, several serious accidents were postulated and the 
release of radioactive m1terfal was ~ssumed. However, the consequences of most ,vents w,,re 
determined to be not severe. The most serious postulated accident rtsults tn on~ early 
fatality and exposure of 60 persons to Jfgntffcant levels of radiation. The probability of 
such an event was estimated to be less t~an 3 x 10-9/yr for shipping rates fn 1975 and ts 
e,cpected to decrease further due to more itrfngent shipping requirements which have been 
tnittated or are planned (see USNRC 1977 l'or detailed discussion). 

5.1.4.7 Historical Accidents 

Accidents, or abnormal operations, ar1J defined as events which result from the 
malfunction of systems, improper operating conditions or operator error. A variety of 
accidents have occurred during the 17 operational years of the PUREX plant, U03 plant, and 
Z-Plantla) which have resulted in radiological and nonradiologfcal impacts both onsite and 
offsfte. As described fn Section 5.1.4, the worst case potential accident was modeled after 
an accident which actually occurred at the PUREX plant when ft ~as operating in 1963. The 
radiological impacts of these accidents to the general public have been insignificant; the 
exposure of PUREX plant workers has been low as described below. 

Accidents or abnormal operations which have occurred at Hanford can be grouped into six 
categories (defined in Appendix B): 

• breach of containment 
• confinement barrier failure, coq,romise or circwnvention 
• uncontrolled chemical reactions 
• nuclear safety compromise 
• extrinsic occurrences affecting plant operation 
e industrial hazards. 

A number of fuel processing accidents involving workers and nuclear radiation have been 
historically recordl!d at the Hanford Site (Hawkins 1980a). No major accidents have occurred 
in the PURE~ facility and the historical data are mentioned only as examples of past 
accidents. 

In over 30 years of Hanford fuel processing operations (REOOX, PUREX, etc.), only four 
fuel processing emp·loyees have received more than the maximum penntssible body burden of 
plutont1111, primarily from inhalatfon. Of these four employees, two received between 1 and 
2 body burdens, one received between 2 and 3 body burdens, and one received between 10 and 
15 body burdens of plutoniwn. There have been no clinically diagnosed effects from these 
exposures. 

During the early years of fu~l processing at Hanford in the period spanning the REDOX 
process and the early years of the PUREX process, occasional problems were encountered with 
release of radioactive particulate matter from th_e tall (61 m) stacks. These were overcome 
by design and operational procedure modifications. Sand or deepbed fiberglass filters were 
installed in the exhaust systems (see Section 3.1.2.1) to remove small radioactive 
particles. Silver reactors (see Section A111s.4} were installed and fuels were cooled for a 
longer period before processing to reduce 3 I releases. Anmonia-bearing streams were 
rerouted to minimize the fonnation of 1111110nium nitrate deposits on the wall of the main 
stack, which.scavenged radioactive materials from the gas streams, and lead to subsequent 
release of the contaminated anmoniwil nitrate. Equipment to wash down the interior stack 
wall ~ere installed, and routine flushing prevented accumulation of anmon1wn nitrate 
deposits. 

(a) Z".'l'lant is rio ·longer operating and will not be operated to convert plutoniwn nitrate to 
plutonit111 oxide, because the plutonium oxide conversion system will be included in the 
PUREX Plant~ ., 

5.29 

/•: 
t, 



5.1.4.8 Other Postulated Accidents 

In determini119 the accidents chosen as most likely accidents, a variety of situations 
was postulated. Personnel exposures and envirorvnental impacts were then estimated based on 
past experience of similar events arid the overall understanding of PUREX-related operations. 

Postulated accidents were put into the same sb categories as in Sec.tion 5.1.4.7, 
n1M11ely: breach of coritai11111nt; confinement barrier failure, compromise or circ1111vention; 
uncontrolled che11ical reactions; nuclear safety compromise; extrinsic occurrences; and 
industrial hazards. Tables 8.1-B,3 in Appendix B present the accidents, or abnormal 
operations, considered (Hawkins 1980a). 

5.1.4.9 Nonradtological Accidents 

Normal operation of the PUREX and U03 facilities may result in lost work 
days, injuries, and fatalities fr0111 accidents. Statistical data compiled by the National 
Safety Council for similar fac11ities project- approximately 4 cases per year involving lost 
work-days from accidents for the combined PUREX/U03 work force ,f 382 (National Safety · 
Counct 1 1980a). The projected death rate for tht s SIMIie type work forte, based on chemical 
and allied industry statistics, would be 0.019 deaths per year (National Safety Council 
1900b), These adverse impacts may be reduced somewhat because historically, accidents, 
injuries, and fatalities in the nuclear industry have been below national averages for 
industry fn general. 

Since the PUREX process uses substantial quantities of industrial chemicals (see 
Section 5,7) the potential exists for those chemicals to be involved in a transportation 
accident either onsite or offsite. The risk to the public is no greater than from any. 
significant industrial chemical user. No accidents could be identified which would provide 
any significant nonradiologtcal consequences to the general public. 

5.1.4.10 Safeguards and- Security 

The Safeguards and Securi·.y program for the PUREX plant is specifically designed to 
prevent the loss, theft or.dtverston of nuclear materials; to protect classified information· 
and to protect against damage, theft, loss or other harm to goverrment property. The 
Safeguards and Security function includes: physical security, nuclear material control and 
accountability, and emergency·preparedness. 

The Safeguards and Security program ts an integrated plan intended to prevent a breach 
of security. Furthermore, the program is designed such that the consequences of a security 
breach would be minimized. · 

5.1.5 Unavoidable Adverse Ig,acts. 

The PUREX proposed operations would expose workers to nonnal industrial accidents, to 
radiation doses comparable to previous experience, and possibly some of them to exposure to 
hazardous chemicals. These unavoidable impacts, though adverse, are all within accepted 
industrial operation limits, and are comparable to normal industrial accident experience. 

Operation of PUREX would require the moderate cons~tion of some nonrenewable 
resources, none of which are considered scarce, and would also result in the generation of 
high-level waste which must be properly manuged. The adverse impacts of storage of 
high-level waste were earlier shown to be acceptable (USDOE 1980b). 

Finally, a small increase in radiation exposure of the general population would be 
assxiated with ongoing PUREX operation. In general,.the·unavoidable adverse impacts would 
be few in n1111ber and limited in extent. · 
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5,2 ALTERNATIVES TO PROPOSED ACTION 

Environmental consequences from adoption of three reasonable alternatives to tie 
proposed action. operation of the PUREX/U03 fac111t1es at the Hanford S1te. are·descr1bed 
1n this section. As described 1n Chapter 3.o. the alternatives are: 1) construct a new 
PUREX plant at Hanford, 2) ship 1rrad1ated fuel offs1te for processing. and 3) no action. 
defined as the cont1nuat1on of present action, 

5,2,1 Construct a New Fuel Processing Plant at Hanfor~ 

This section discusses the environmental consequences that can be expected 1f the 
alternative of constructing a new PUREX fuel processing plant at Hanford using current 
technology were adopted (see Section 3,2), Since the new plant i~ conceptual. no detailed 
design or details of operation are currently available, The following 1s a discussion of 
the environmental consequences of this alternative and a comparison of the consequences with 
those of the proposed action. 

5,2,1.l Potential Reduction of Environmental Consequences 

Constructing a new processing plant at the Hanford Site (described earlier 1n 
Section 3,2) could reduce certain kinds of environmental Impacts. primarily by reducing the 
effluents. The potential reductions are. however. not large and would not sign1f1cantly 
reduce the already 10>' impacts resulting from a resumption of PUREX/U03 operations as 
described in Section 5,1. Radiological impacts from accidents at a new fuel proc~ssing 
plant are expected to be essentially Identical to those analyzed for the ~roposed action 
(Section 5.1.4,3). 

Extensive research and development efforts could reduce SSKr. 14c. ;,311 and 3H 
emissions to lower levels. It has been shown (Mellinger 1980) that the ~ractice of 
collection of 85 Kr could lead to increased occupational doses as well as the poss1b111ty 
of accidental release from stored inventories. A conclusion of this stu~J is that ft ~akes 
little difference to the magnitude of the world population dose whethe• Kr 1s captured 
and stored or routinely released to the atmosphere. 

If the 85Kr from a ~ew plant were captured and stored and th11 14c, 1291, and 
1311 emissions to air were reduced to technically achievable levels, the dose to the 
maximum individual and the general public would be as shown in Table 5.16. These v~lues 
should be compar~d to the values 91xen 12

9
Table S~f for the proposed action. The reduction 

in dose from the capture of 85Kr, C, I and 1 I is approximately one order of 
magnitude for most cases; however, the dose from either alternative is not significant when 
compared to the natural background dose cf approximately 100 mrem. The dose to the maximum 
individual for the critical organ (thyroid) based on a 16-year r2lease, 70-year accumulation 
is 20 mrem for the proposed action and 1.3 mrem for the new plant. There is essentially no 
difference of any consequence in these numbers when compared to the 70 year natural dose 
accumulation of 7000 mrem. The population dose shows similar results for the 16-year 
release, 70-year accumulation case. Dose for the critical organ (thyroid) for the proposed 
action is 1800 man-rem and 110 man-rem for the new plant. Although the dose to the critical 
organ (thyroid) decreases, the dose to the lung and GI tract for the maxina.im individual will 
increase slightly since, in the new plant design. the 3H is discharged to the atmosphere 
rather than to the cribs as is the present praclice (compare Tables 5.4 and 5.16). At 
present there is no known technology to reduce H levels • 

. A new plant could be designed to withst~nd the higher seismic stresses specified in 
current standards (0.25 g maximum horizontal ground acceleration versu3 the estimated 
ability of the ex;sting PUREX plant to withstand 0.10 g). The potential for an earthquake 
of this magnitude (i,e, 0,25 g) at the H~nford Site is extremely low. 

5.2.1.2 Occupational Accident Impacts 

Construction of a new fuel processing plant would be expected to result in 
approximately 135 lost ~orkdays per year from industrial type accidents and injuries during 
the peak construction years, in line with construction experience (National Safety Council 
1980a). This type of accident is essentially absent from the proposed PUREX/U03 
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TABLE 5.16. Potential Radiation Dose to Members of the General Public fr011 Routine Releases froa a 
New PUREX Plant at the Hanford Site. 3000 MT/yr Processing Rate 

Alternative l - Construct a New PUREX Plant at Hanford Site 

Doses fl'OII 1-dt1te UICI L11119-Tel'II Exposure1•> 
Pathway, llolltnant 
lllcltde 1111d Organ 

Maxi- lndtvtdual (rea) Po;latton (11UM'e8)(c) 
I-yr Release/ I-yr Release/ lli=yr ReleiSe/ I-yr Reie1Se/-yr ReieHe/ lli=yr Reluse/ 

1-yr Accuailatton 70-yr k:cLDUlation 70-yr Acc1a111tton 1-yr Accuailatton . 70-yr Acc1a1l1tt09 70-yr Acc1a1lation 

Air Subllersion (85kr)(b) 

All 

Inhalation (90Sr, 239Pu)(b) 

Total Body 

Bone 
Lung 

Tltyroid 

GJ-LLI · 

. 3,3 II 10-6 

5,0 II 10-6 

3.7 II 10--8 

5,0 II 10-6 

5,1 I 10-6 

2,7 I 10--8 

Ground Deposition ( 1291jbl 

All 2.0 x 10--8 

Ingestion (905r,12911lb) 

Total Body 

Bone 
Lung 

Thyroid 

GI-LLI 

Totals Froa All Pathways 

Tot•l Body 

Bone 
l.ung. 

Thyroid 

GI-LLI 

5.3 I 10-5 

3.7 X 10--8 

5.3 II 10-5 

5,6 II 10-5 

5.4 I 10-5 

6.1 I 10-!i. 

3.4 II 10-6 
6.1 I 10-!i 

6.4 I 10-!i 

5.7 I 10-!i 

3.3 x 10-6 

5.Z x 10-6 

4.0 II 10--8 

5.3 II 10-6 

5.l 11 10-6 

Z.7 11 10--8 

2,0 II 10--8 

5.5 II 10-!i 

4.l x 10--8 

5.5 I 10-5 

6.0 II 10-5 

5,6 I 10-5 

6.4 I 10-5 

3.4 I 10-6 

6.4 I 10-5 

6.9 I 10-5 

5.9 I 10-5 

5.l x 10-5 

8.4 1! 10~5 

6.4 I 10-7 

8.4 II 10-5 

8.4 X 10-!i 

4.4 I 10-7 

8.8 I 10-4 

8.l x 10-1 

8.8 I 10-4 
1.2 x 10-l 

8.9 II 10-4 

1.0 x 10-l 

5.6 II 10-!i 

1.0 x 10-3 

1.3 11 10-3 

9.4 X 10-4 

3.8 x 10-1 

8.l x 10-1 

!i.9 x 10-3 

8.1 11 10-1 

8.1 x 10-1 

4.4 x 10-3 

2.1 x 10-3 

l.8 11 10° 
2.8 x 10-3 

3.8 II lOO 
4.2 I lOO 
3.9 I lOO 

5.0 II lOO 
3.9 x 10-1 

5.0 I lOO 
5.4 I lOO 
4.3 X lOO 

3.8 x 10-1 

8.4 x 10-1 

6.4 x 10-3 

8.4 x 10-1 

8.4 a 10-l 

4.4 x 10-3 

Z.l a 10-3 

4.0 I lOO 
3.3 a 10-3 

4.0 X lOO 
4.5 X lOO 
4,0 II lOO 

5.Z a lOO 
3.9 a 10-l 

5.2 X lOO 
5.7 X lOO 
4.4 I 100 

1,3 X 101 

t.o ~ 10-l 

1.3 a 101 

1.4 II 101 

7.0 II 10-Z 

1.4 a 10-l 

6.4 X 101 

6.2 X 10-2 

6.4 a 101 

8.7 a 101 

6.4 I 101 

8.3 a 101 

6.4 X lOO 
8.3 X 101 

1.2 X 102 

7,0 I 101 

(1) All dose~ are given for chronic releases; see footnotes Ta:ile 5.4 for definitions. 
(bJ Priury radionucltdes contributing to dose. 
(c The po1111J1tton dose ts for 11.'1 estt .. t11d 1990 population of 417,000. All local population does In this EIS are based on this 

population distribution within an 80-ka (50-llltle) radius froa the Hanford Meteorological Statton located at ab9ut the center o, the 
Hanford St te. 
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facilities operation. In addition, the projected death rate from this same type of work 
would be 1.4 deaths per year during peak construction years (National Safety Council 1980b). 

The design of a totally new plant would Incorporate the experience of 17 years of 
operation of the PUREX plant and this could be anticipated to minimize accident-susceptible 
design features. In addition, Incorporation of current safety standards and Improved safety 
and processing equipment should reduce the n1111ber and severity of occupational accidents. 

5.2.1.3 Unavoidable Adverse Impacts 

The building of a new plant would be accompanied by impacts fr0111 noise, fugitive dust, 
accidents and Injuries, etc. and, depend1ng on when this and other construction in the area 
takes place, socioeconomic lq,acts upon the surrounding COfflfflunities (see Section 5.3.2). An 
additional conmltment of natural resources Including concrete, steel, copper, zinc, 
al1111inwn, lllllber and water (see Section 3.2.2) would be required, Energy in the form of 
propane, diesel fuel, gasoline and electricity would also be required. A new plant would 
require approximately 40 ha (100 ac~es) for the facilities and an additional 60 ha 
(150 acres) for support facilities. The new plant would most likely be located in an area 
already CIJTlllitted to processing activities, and no major site-related impacts are judged 
likely. These items are quantified In Section 3.2.2. These resources required are only a 
small fraction of current national supply for these materials and would have little effect 
on the national level. None of the materials are considered critical or In soort supply at 
the present time. Water and chemical resource requirements for operatir,g the new plant 
wou_ld be essentially identical to the pr~posed action case (see Section 5.7). A rather 
significant unavoidable adverse impact would be the eventual need to decontaminate and 
decannission both the existing PUREX/U03 facilities and the new processing facilities, if 
constructed. 

The capital costs to i~lement this alternatiie would be high; as indicated in 
S!Ction 3.2.2, the estimated cost for construction of a new PUREX plant employing existing 
state-of-the-a~ technology would be about Sl.5 billion (1981 dollars) plus 1270 million for 
construction of new storage facilties, with little significant benefit to be obtained in 
reducing environmental Impact or in overall improvement fn the process operations. 

5.2.2 Processing Fuel Offsite 

The candidate site for offsite processing Is ass1J11ed to be the DOE Savannah River Plart 
(SRP) near Aiken, South Carolina. Significant plant modifications would be required at SRP 
to process N-Reactor fuel as discussed in Section 3.3. The PUREX process is also used at SRP 
and the environmental Impacts from processing would be s1m11ar to those incurred from proces
sing at Hanford. The greater population surrounding the SRP Increases the expected popula
tion dose. The biological and r&diological transport paths at SRP are more direct than at 
Hanford due to the presence of surface water and the greater biological productivity of the 
area. 

Adoption of this alternative would change the environmental consequences in the follow
ing ways: 

• Any environmental impacts of fuel processing would be transferred from the Hanford 
Site to the alter~ative site. These impacts are essentially the same as those that 
would be expected at Hanford. 

• This alternative introduces impacts associated with conventional traffic accidents, 
cons1J11Ption of fuels and associated materials, and increased transportation. 

• The waste products from fuel processing would be disposed of at SRP (essentially 
the same quantity as at Hanford). 

• fission products that would have been released at Hanford during processing would 
be released at SRP. 

• There would· be some :=:!1 construction impacts and resource c011111ttments from tha 
fabrication of suitable shipping casks. 
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• Construction and modtftcatton of the SRP facility and associated upgrades would be 
required (see Section 3.3). 

• R•diation dose to the population would be increased bECause of exposure along the 
shipping route, 

• New waste storage tanks would be required at SRP (similar tanks would be required 
for processing at Hanford). 

The estimated consequences (dose) of shipping Irradiated fuel to SRP for processing are 
discu~sed in the next two sections, 

s.2.2.1 Processing Impacts at SRP 

Using methods similar to those utilized for the dose calculation at Hanford (Appendix C 
and Napier 1981), certain critlcal parameters were modified to better reflect the physical 
situation at SRP. Annual average untt concentration (x/Q') and· maximum tndtvtdual deftnt
ttons were obtained from USERDA 1977b and the population estimates were obtained from USOOE 
1978b. 

SRP has a direct release to local surfa.:e waters as outlined tn USOOE 1979b. Thts 
reference was used to estimate aveti:Je d11ution factors, decay time to maximum individual, 
and travel time for exposure to the general public. USDOE 1979b also provided the necessary 
infonnation for estimates of the local crops and ingestion characteristic!, Values for 
liquid pathway were applied only to a limited downstrellffl population of 50,000 persons. Since 
source tenn tnfonnation was not readily available at SRP, source terms equivalent to those 
at Hanford were used (Hawkins 1980a), based on the similarittes of processes. 

Doses calculated from the above assuq,ticns are presented tn Table 5.17. In comparison 
to the Hanford results, the population doses from air submersion and Inhalation at SRP, while 
still insignificant, are about two to sixty t1~e$ higher. This is due to the higher 
projected population (660,000 versus 417,000),laJ more direct pathway, and to the 
distribution of people closer to SRP than to the Hanford site. Doses from crop ingestion 
are also greater and the addition of fish and drinking water pathways increases the dose to 
both the maximum individual and the general population. 

The dose to the critical organ (thyroid) of the maximum individual for a 16-year 
rr,ease, 70-year accumulation ts 20 mrem for processing at Hanford and 46 mrem at SRP. 
Although the dose at SRP 1s projected to be higher, the numbers ,,rl! small when compcred to 
the 7000 mrem dose acc1J11ulation (70 years) from natural background sources. 

The population dose shows similar results for the 16 y~ar release, 70-year accumulation 
case. Dose for the critical organ (thyroid) for Hanford Is l.S x 103 man-rem and 
4.6 x 103 man-rem (thyroid) for processing at SRP. 

s.2.2.2 Transportation l115Jacts 

Transportation of irradiated N-Reactor fuel to an offsite processing plant would 
introduce an additional environmental impact which onsite processing (proposed action) does 
not introduce. The question of domestic transportation of spent fuel ts considered at some 
length in a report by USOOE (1979a). Spent fuel has been shipped in the United States for 
over 30 years. Massive, heavily-shielded shipping casks have been employed for both truck 
and rail transport of high-burnup (long exposure in the nuclear reactor) fuel from current 
generation reactors. (Most of this commercial reactor fuel has burnups vastly greater than 
short-time exposure N-!Jeactor fuel, and radiation and heat-removal problems are accordingly 
much more severe.) These shipments have not resulted 1n accidents or incidents that ~ere 
accompanied by significant releases of radioactiv! material (ONWI 1980). 

(a) SRP population figures were only available for 1980, Hanford's population ts· based on a 
1990 projection, Population doses are expected to increase slightly for SRP 1990 
population. 
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TABLE 5.17.· Potential Radiation Doses to Members of the General Public from Routine·Releases 
from Processing 3000 MT/yr of ....«eactor fuel at SRP 

Alternative 2 - Precessing Irradiated fuel at SRP 

llosn ,,_ 1-.dlate _, !:!!!!1-T.,_ ~..,_(a) 

~lall•l-l[cJ Nui- lndlwlclual l,_1 
·PaU..y, lloala•t I-yr Iii lease/ I-yr Ii IHse/ l'-.rr lileiiiJ . I-yr iiileaseJ 
lucll~, Md~• l•f!: Acc1&1latlon 10-f!: Acc1&1latlo. 70-l!: Acc1&1latl• 1-l!: Acc1a1latl• 

Air s...rs1,_ IIDi,,111>1 

7.J • 10-5 Al.I 1.J a 10-5 1.2 •· 10-l 1.4 • 101 

lnllalatlon 190Sr1 Zllp,,llbl 
Total llody l.l • 10-I ·l.5 a 10-5 2.J • 10 ... 2.11 • 10° .... l.l a 10-6 5.1 • 10-5 1.11 • ,o_. J,o • 10~1 

LUDg 1.5 • 10·5 2.1 • 10-5 4.4 •. 10 ... J.a a 10° 
Thyroid 1., a 10·5 l.9 a 10-5 J.0 110-4 4.l·a lOO 
'1-UI 2.0 • 10-I 2.0 a 10-8 l.2 a 10-1 5.1 a 10-l 

lrowllll !l!l!!!•lll• 11291 llbl 

All 2.0 a 10-1 2.0 a 10·7 . 2.0 a 10 ... J.1 a 10-Z 

l!!9!stlma of F- !:!!I!! l!IIISr, 1291 l(bl 
Tot.I lody 5.0 a 10~ 5.i a ·10·5 l.J a 10-l 5.6 a 10° ... 5.4 • 10"' 1,1 I 10"5 1.1 a 10-l i.l a 10-l 

LUDg· 4,!I I 10-5 5,1 I 10"5 11.1 a 10 ... 5.5 a 10° 
Thyroid 1;1 a 10-4 I.I • 1o•l J.1 a 10-Z 1.5 • 101 

51-UI 4.1 a 10-5 I.I • 10·5 11.5 a 10-4 5.5 a 10° 

. htem,I hl!!!sure to Coat•lnated Water 11141 Sed;_,t I 137st0co, 11?6au1lbf 
All l.l • 10-!i J.I a 10· 1.2 • 10-J 1.5 a 10-Z 

l!!9!!tlon or Fish Ind Orlnill!!!I lllter 13n, 137c,ilbJ 
Total lody 1.2 • ,o-3 2.1 a 10·3 J.J a 10-Z 6.J • 10° 
!lone 1,2 • 10•l 2.5 • 1o•l 4.0 • 10-Z 6.5 ~ 10° 
Lung 2.0 a 10-4 J.6 • io-4 5,0 a 10-l 1.2 • 10° 
Thyroid 4.7 a 10"' 4.9 • 10"' 1.~ a 10-5 2.J • 10-1 

61-UI 5.2 • 10-4 5.2 a 10-4 8.4 a 10"3 1.6 • 101 

Totals fn,a All PilhNl'.! 
Total llody 1.4 • IIJ-l 2,J • 1o·l 4,J • 10·2 2.9 a 101 

!lone l.l • 10·3 2.7 • 1o•l 5.l a 10-Z 2.1 • lu1 

L11119 J,7 I 10~4 5.4 a 10-4 1.6 a 10-Z 2;5 a 101 

· Thyroid 8.] a 10-4 1.2 a 10·3 4.6 • 10·2 9.] a 101 

61-LLI 6.7 • 10-4 6.8 • 10~ 1,8 I 111-2 J,6 I 101 

lal All do1es an given for chronic roleuH; see footnotes Table 5.4 for deflnltloas. 
b Prlury r1dlonuclldes contrlbutl09 to dose. 

(cl The population dost Is for III estl .. ted 1980 popul1tton of 660,000. 

--.rr lileeseJ 1hr liluieJ 
70-:E Acc1a1lat10. 70-!!: iu-latlca 

1.4 a 101 2.2 a W 

J.a • 10° ,.o • 101 

l.l • 101 2.0. ul 
1.1 • 10° 1.1. 111 
4.1. 100 1.,. 101• 
5.2 a 10-l 1,l a 10..Z 

l.1 a 10..z J.1 a 101 

6.2 • 10° 1.4 • 1rl-
2.1 a 10° 1.1 a 1rl 
5.1 a 10° . ,.1 a 101 

1.2 a 102 4,J a 103 

5.1 a 10° . !1.5 a 101 

1.5 • 10·2 l.i a ioO 

I.I • 101 1.8 • 1rl-
1.5 • 101 2.4 a 1rl-

2.0 • 10° J,2 • 101 

2,4 I 10"1 J.9 a 1r/J 
.1.6 • 101 2.5 a 1rl-

J.5 • 101 6.4 • 102 

4,4 I 101 8.7 • 1rl-
2,9 I 101 4,9 I 102 

1.4 • 102 •• , a 103 

J.6 • 101 •• , • 1a2 
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Shipments of spent fuel are subject to radiation dose rate limitations set by the U.S. 
Department of Transportation; in closed vehicles the maximum allowable radiation level at 
the external surface of tt•c! vehicle 1s 200 mr/hr, ·and 2 mr/hr at any nonnally occupied 
position in the vehicle. In actual experience, the corresponding radiation levels of 
transported fuel have rarely exceeded 60 mr/hr and 0.2 mr/hr, respectively (USDOE 1979a). 
N-Reactor fuel would be expected to produce only a fraction of these high-burnup fuel 
radiation levels, with negligible environmental consequences. 

Estimated annual radiation doses to members of the general public and crew from routine 
transport of N-Reactor fuel to the SRP are presented in Table 5.18, based on assumed 
shipment of about 700 MT/year. If the shipping rate were to be increased, the resulting 
dose i~acts would be essentially linear with the shipping rate; i.e., doubling the shipping 
rate would double the dose values given in Table 5.18. Additional casks (and associated 
materials) would be required as discussed in Section 3.3.3. If a higher shipping rate were 
to be adapted, the DOE would perform an appropriate environmental review. Cask types and 
other parameters are discussed in Section 3.3.2. Doses are presented for 3hipment of 
irradiated fuel either by rail or by truck. If the irradiated fuel were shipped by both 
modes, radiation doses would be proportional to the ~uantity shipped in each. In Table 5.18 
doses are given for shipping crew members (e.g., truck drivers or brakemen); for persons on 
the shipping line, either highway travelers or train passengers;(a) for p~r$ons residing 
near the shipping line, along either the highway or railroad right-of-way\bJ, and for 
persons in truck stops or rail switch yards (stops), An additional category, the maximum 
individual, is defined as a person -,ho is regularly ·exposed to every shipment. This could 
be someone living within 15 m of the main shipping line from Hanford. 

Casks for both rail and truck transport of spent fuol are designed and constructed to 
retain shielding and containment integrity in virtually all transport accident iituations. 
Several transportati~n accidents have been reported in which Type B truck casks\C) have 
been subjected to sl!vere physical conditions, including fire. None of these accidents have 
resulted in a release of package contents or in excessive external radiation levels (USDOE 
1979a). 

An accident assuming a severe 1~act followed by fire has been analyzed for truck and 
rail casks carrying N-Reactor fuel offsite. This differs greatly from the onsite 
transportation lccident (5.l.4.5) since totally different cask concepts are used for the two 
different types of transportation. (Onsite transportation is controlled administratively to 
a degree that is not possible for offsite transportation, and is restricted to locations 
that are well isolated from the general public. Use of offsite shipping casks for onsite 
transportation is not practical since it would reauire significant construction at the fuel 
storage basins for cask loadout facilities, and a1so at PUREX for cask receiving and 
unloading.) 

An individual in the vicinity of such an accident could be exposed to escaping 
radioactive gases and volatile fission products as well as to direct radiation. Since 
accidents can happen in cities, suburbs, or open country, population doses 
were analyzed in each of these possibilities. Potential radiation doses to individuals and 
population groups from a severe transport accident are given in Table 5.19 for both truck 
and rail options. Doses are given for radionuclide inventories derived for relativel) high 
burnup N-Reactor Mark lA fuel. Doses would be slightly smaller for casks containing lower 
burnup Mark IV fuel. Doses are higher for rail accidents because of the larger fuel 
inventory per cask and the increased forces that cou:d potentially be involved. 

In s1.11111ary, since the same mode of transport and level of technology applied to 
shipment of conmercial reactor oxide fuels would be applicable to N-Reactor fuels, the 
probability of this type of accident would be cormarable. The calculated probability (based 
on number of sh·'pments-10,000 for truck and 1000 for train-and 4,800 km traveled per 
shipment) of an accident which would result lo the consequences describ~d above is 
1.5 x 10-s for a truck accident and 8.2 x 10-6 for a rail accident. 

(a) 

~~! 
On-line population. 
Off-line papulation. 
Casks capable of withstanding the hypothetical accident conditions specified in 
Appendix B, 10 CFR Part 71, Packaging of Radioactive Material for Transport a:1d 
Transportation Under Certain Conditions (10 CFR 1980J. 
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TABLE 5.18. Estimated Radiation Doses to the General P•Jb11c and Crew From 
Routine Offsite Transport of N-Reactor Fuel 

Exposed Group 

Crew 
On-line Population 
Off-line Population 
During Stops · 

Totals 
Maximum Individual 

Annual Radiation-Dose 
Truck shipments Rail Shipment 

2.3 x 102 man-rem Nc(a) 
1.8 x 102 man-rem 2.6 x 10-l man-rem 
4.0 x 102 man-rem 6.9 x 10° man-rem 
2.5 x 103 man-rem 4.1 x 103 man-rem 

3.3 x 103 man-reni 
3.0 x 10~3 rem 

4 .1 x 103 man-rem 
3.0 X 10-4 f~ 

(a) Not calculated, essentiali,>' zero due to isolation of crew 
from casks. 

TABLE 5.19. Potential Radiation Doses from a Severe 
Accident in Transporting N-Reactor Fuel 

Exposed Group 

Urban Population 
Suburban Populations 
Rural Population 
Maximum Individual 

Annual Radiation Dose 
Truck Shipments Rail Shipment 

1150 man-rem 
150 man-rem 
1.2 man-rem 
0.76 rem 

2300 man-rem 
350 man-re,11 
2.9 man-rem 
0.9 rem 

5.2.3 No.Action (Continue Present Action) 

If enviro11111ental impacts are defined as changes from the baseline, i.e., fr~n the·· 
existing situation, then by definition the no-action alternative has no incremental 
environnental impacts. However, to continue the present action indefinitely without change 
is iq,ractical; with time, certain subalternatives must be adopted. 

. . For ex~le, the continued maintenance of the PUREX plant in standby wouid necessitate 
the storage of all irradiated fuel discharged from N-Reactor. Currently, existing storage 
basins are being employed, but if this alternative is adopted, additional storage capacity 
must be provided. This would require significant capital investment in additional storage 
capacity, and postpone the til'le of decision for the proposed action or one of the other 
alternatives. Under this alternative,. the total dose to the public would r'311ain at 
essential~y the 0.01 to 0.5 mrem/year currently rr.:garded as the average dose to a member of 
the general public (USERDA 1975, p. III.1-14; Hcmston and Blumer l980a,b). The dose from 
continued storage of irradiated fuel has been calculated and shown to be insignificant 
(Table 5.20). . . 

5.3 SOCIOECONOMIC EFFECTS 

This section discusses the availability of labor and the effects on the conmunity 
brought about by the project·development, the indirect effects of se.:ondary employment in 
surrounding conmunities, and the physical and institutionaJ requirements to supply the needs 

· of. ad~ttional wor«ers coming tnto tile region. Indirect effects are generally proportional 
to tho dir:ct effects unless the influx of manpower puts significant stress uron local 

. support "'9sou.rces and_ institutions. Increases of less than 5 percent of the present work 
force have_ b1.!en detennined to have little effect.on an existing conmunity (USDHUD 1976). No 
significant inntgration is expected as a result of resumption of the PUREX/U03 operattons. 
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TABLE 5.20. Potential Doses to Members of the General Public from the No-Action Option at Hanford 

Alternative 3 - Contin~e Present Action 

Doses from llllill!dtate and Long-Tena Exposure(a) 

Pathway, Do;alnant 
Nuclide and Organ 

-yr e ease 
.!=l'.!" Acc111UU1at1on 

Population (11an-n!lll)(c) 
1-yr Release/ I-yr Release/ 16-yr Release/ 

I-yr AccUA11111tlon 70-yr Acc11111111tton 70-yr Acciaulalton 

At~ .su~rston (85Kr)(b) 
' All 

lnh11atton (!l()Sr
1 
3H)(b) 

Total Body 
•Bone 
Lung 
_Thyroid 
G.-LLI 

4.1 • 10-IO 

4.9 x 10-11 

6.8 ll 10-lO 
1.0 • 10-H 
J.7 • 10-12 
7.8 X J0-12 

Ground Deposition (12911lb) 

All 1.5 x 10-14 

Ingestion (!l()Sr)(b) 
Tot1l Body_ 
Bone 
lung 
Thyroid 
GI-LLI 

Totals Fr011 All Pathways 
1ota1 Sady 
Bone 
Lung 
Thyroid 
GJ-LLI 

2,2 X 10-lO 
6.9 X 10-lO 
3.3 ll 10-11 

1.2 X 10-lO 
J.5 X 10-lO 

6.8 X 10-10 

1.8 II 10-9 

4,5 II 10-10 

~.3 X 10-10 

7,7 II 10-10 

4.1 X 10-lO 

1.1 X 10-9 

1.6 X 10-8 
1.0 x 10-11 

4.1 X l0-12 

7~8 X 10-12 

1.5 X l0-l4 

4.4 X 10-9 

1.6 11 10-8 

3.4 x 10-11 

1.6 X 10-lO 

3.6 X 10-10 

5.9 X 10-9 

3,2 II 10-8 

4.5 X 10-10 

5.7 x 10-10 

7,8 X 10-10 

1.7 X 10-S 
2.5 X 10-7 

1.7 X 10-lO 
6.5 x 10-11 

1.3 X 10-lO 

1.5 x 10-11 

8,4 X 10-7 

J.l x 10-6 
5.5 X 10-IO 
6.9 X 10-9 

7.0 II 10-8 

8.6 X 10-7 

3.4 X 10-6 
7,3 X 10-9 

1.4 X 10-8 
7,7 X 10-8 

4.6 X 10-5 

1.8 • · i3-6 
1.1 II 10-4 
1.6 X 10-6 
5.9 i. 10-1 

1,2 X 10-6 

1.6 X 10-9 

1,5 II 10-S 

4.8 II 10-5 

2.4 X 10-6 
I.I x 10-5 

2.5 II 10-5 

6.9 X 10-5 

2.0 X 10-4 
5.0 X 10-5 

5.8 X 10-5 

7.2 X 10-5 

4.6 X 10-5 

1,7 X 10-4 
2.6 x 10-3 

1.7 X 10-6 
6,5 X 10-7 

1.2 £ 10-6 

3.0 X 10-4 
I.I • 10-J 
2.5 X 10-6 

1.6 X 10-5 

2.5 X 10-5 

5.2 X 10-4 
3.7 x 10-l 
5.0 X 10-5 

6.3 X 10-5 

7.2 X 10-5 

7.4 X 10-4 

2,7 ll 10-J 
4,1 X 10-2 

2.7 X 10-5 

1.0 X l0-5 

l.O x 10-S 

5.0 II 10-2 

1.9 • 10-l 
3.9 X I0-5 

5.9 X 10-4 

4,1 X 10-3 

5.J II 10-2 

2.3 II 10-l 

8.1 X 10-4 

1.3 X 10-3 

4,9 X 10"'3 

(al All doses given are for chronic releases; se~ footnotes Table 5,4 for definitions, 
(Ii Prliury radlonuclldes contributing to dose. 
(c ·Jhe popul1tlon dose Is for an .estimated 1~90 population of 417,000. A11 local population doses In lh1s EIS are based on this populattun 

dlstrtbutlo~-wtUiln an 80-km (50-alle) radius frO&l the Hanford Meteorological Station located at about the center uf the Hanford Sile. 



5.3.1 Socioeconomic Effects of the Proposed Action 

Activities to maintain the facility in a safe standby condition and to maintain 
operational viability have been underway since the plants were placed in standby in 1972. 
Upgrading continues at an increasing rate. Changes to the effluent systems and other safety 
and security modifications will ha~e required approximately 400 to 500 man-years of effort 
by 1984. Work being done at the facilities is contracted to a local construction company 
which provides the necessary manpower. This effort, spread over 12 years has required a 
small influx of temporary workers; however, theh' number ts n->t or such a magnitude as to 
cause socioeconomic concern. Essentially no increase in the total number cf workers would 
occur because of resumption of operation of the PUREX/U03 facilities. 

PUREX startup is proposed for fiscal 1984. Work force requirements for operation of 
PUREX/UOJ facilities are given in Table 5.21. These may be compared to the no-action 
alternative requirements also listed in Table 5.21. Training of PUREX operators has been in 
progress and would intensify 1 year prior to hot startup. Sequential operation of the PUREX 
and U03 plants would permit drawing upon this same pool of trained and experienced 
manpower. 

The manpower levels identified for this ac~ion and the proportion of construction and 
technical personnel brought into the area for project purposes are not of sufficient 
magnitude to measurably affect the surrounding clllllllUnity. The permanent workforce required 
for operation of plant facilities constitutes less than l percent of the area's total 
employment, and less than 3 percent of those employed at the Hanford Site. I~lementatlon 
of the proposed action does not involve the dedication of additional land or facilities and 
has no effect on conmunity land use phns. 

5.3.2 Socioeconomic Effects of the Alternatives to the Proposed Action 

Three alternatives to the proposed action (construct a new fuel processino plant, 
offsite processing, and no action) have been examined. These alternatives a;·t! discusst?d 
below •. 

5.3.2.1 Construction of a New Fuel Processing Plant 

In contrast to t~e other alternatives under consideration, a decision to construct a 
new fuel processing plant at Hanford could have a significant ef~e-::t on the local economy, 
housing availability, the provision of health and public ,ser·,;cc.;, and the ability of 
primary Hanford feeder roads to hand1e incr~~s~ ~~affic t. and from-the Hanford Site. 
Determination of the 1eve1 of ~o,;'c;€i.onCJ111ic costs and benef-its of the project construction 
is lar~':!ly depM~erai: upon the degree to which manpower requirements conflict with other 
major construction projects on and off the Hanford Site. The ability of the surrounding 
cornnunities to absorb the extra labor force of a still uncertain magnitude is discussed as 
follows. Based on an early date of 1990 set for a new plant startup, the construction 
schedule, depicted in Figure 3.9, and the manpower schedule, given in Figure 3.10, establish 
mid-1984 or 1985 as an early date to begin construction. Under this timetable a conflict 
could occur with the manpower requirements for other major Hanford projects, most notably 
the proposed Puget Power Consortium construction of two nuclear power plants at Hanford. 
{Construction on the first of two nuclear power plants could begin as early as 1983, the 
second 1 year later.) The So!Quencing of Fuget Power's escalating labor demands with that of 
the new fuel processing plant (reaching a peak labor force of 2700 for the new processing 
plant by 1987 or 1988) would in large part determine demands on the locally available labor 
supply ind the size of the influx of temporary and permanent construction laborers into the 
area. Under certain conditions, the employment impact of· construction of a new fuel 
processing plant may be significant and beneficial. 

5.3~2.2 Processing Fuel Offsite 

Shipping fuel offsite for processing r~~ires a Hanford work force of approximately 
10 to 15 operators to prepare and ship the fuel. This work force can easily be met out of 
the· area's existing litbor pool. The length of employment would extend 8 to 12 months beyond 
shutdown of N-Reactor. No moc•~tcation to the existing Hanford road pattern is envisioned. 
Any o':her potential modificatio11s of Hanford Site facilities related to implementation of 
this alternative would not involv~ a major construction effort and would not significantly 
affect the local comnunities. 

5_3g 



TABLE 5.21. Estimated Manpower Requirements 

Radiation Zone Workers 
Nonradiation Zone Workers 
Transportation/Shipping Workers 
TOTAL 

SOURCE: Hawkins 1981c. 

5.3.2.3 No Action 

Proposed Action 
~ MQ3 

220 
100 

~ 
330 

36 

12 
4 

52 

No Action 
PUREX 003 

80 

100 

Not Required 
180 

0 

4 

Not Required 
4 

Implementation of the no-action alternative (continuation of present action) would 
entail maintenance of the PUREX/U03 plant faci11tfes in standby. Manpower requirements 
(Table 5.17) would not involve any char.ge from present levels. Continuation of the no
action alternative would require eventual dedication of additional land and facilittes at 
Hanford for irradiated fuel storage. Any soc1oeconomic effects of this alternative would 
arise out of the impact that a dec1s1on not to operate PUREX would ~ave on storage 
facilities for N-Re!!Ctor fuel. Minor construction tmpac.ts would occur related to the 
storage basin construction. No major socioeconomic effect is expected. 

5.4 CUMULATIVE EFFECTS 

A review l':as m.sde of t'.1e l!Xisting and planned future factlities at the Hanford Site to 
determine any cumulative or synergistic effects resulting from the proposed resumption of 
operation of the PUREX/U03 facilities at Hanford. or from the other alternatives. The most 
significant potential for cilnu1ative effect would result in the socioeconomic area tf the 
alternative of construction of a new fuel processing facility were to be adopt~. As 
detailed tn this EIS (Sections 4.4 and 5.3) the socioeconomic impacts are expected to be 
small and within the ability of the community to absorb the Impact. The actual impact is 
highly dependent on the s:hedule and the magnitude of other construction projects planned at 
or near the Hanford Site for the next decade. The present uncertain status of nuclear power 
development at the Hanford sfte is likely to be the l!'OSt important factor in determining the 
magnitude of any potential impact. 

Radiological impacts for current and planned nuclear facilities are also small and well 
within applicable standards (Sula 1981). PUREX/U03 operatio~ will cause an incremental 
change in the levels of radfonuclides and radiation at~~·ioutat>le to Hanford operations as 
detailed below (Section 5.4.2); however, this incr'i:.1tent is small and the total cumulative 
effect is not significant when compared to natural background radiation and is well within 
all applicable standards. 

Nonradiological releases will also be witt.m applicable standards and due to the 
isolation of the area and the large distance t,:, the site boundary, the incremental impacts 
on air quality from PUREX/U03 will be well within ambient air quality standards fa.
Washington State. 

5.4.l Description of Nearby F1tilities 

As discussed in Chapter 4, the Hanford Site ts a DOE facility originally selected as a 
site for nuclear reactor and·chen1cal separation activities for the production and 
purification of plutont1111 for use in· nuclear weapons. A total of eight graphtt~derated 
reactors· as well as a more recent dual-purpose reactor (N-reactor) were constructed on the 
site along the Col1J11bia River. Currently, N-Reactor ts the only plutoni1111 production 
reactor tn operation at Hanford and ts the source of irradiated fuel for the PUREX/U03 
factlities. 

5.40 



:· • • ' • .' : • • • • •• ·:: : • • • •••• ; -~ • • ·._' _· '.'' < ·... •• : •• - _ _. • • • •• •• •• ~ • • • • • • • : ' ••• • :.;: 

... -------··------ ----------------·--·--···-

A number of government-o'lffled and cornnercial nuclear facilities are located on the 
Hanford Site. Government installations include production and waste management facilities, 
research laboratories, and nuclear material storage areas. In addition to the N-reactor, 
there is presently a fast flux test facility (FFTF) which began operation in 1980. The 
eight original graphite-moderated reactors, formerly used for production of nuclear• 
materials, are now retired and shut down. C011111ercial nuclear facilities onsite include a 
low-level waste burial area, and two cornnercial nuclear power stations that are presently 
under construction by WPPSS. Constr.ic:tion on a third station has been discontinued, Only 
one of these reactors 1.s presently planned to be operational within the near future. An 
Exxon Nuclear Corporation fuel fabrication plant fs located near the Sfte boundary. 
Research and development studies for isolation of radiom:tive waste fn basalt formation on 
the Hanford Site are underway. 

5.4.2 Cumulative Effects of Proposed Action and Altem&tives 

_ The total cumulative potential radiological effects from the proposed(ooerat1on of the 
PUREX/U03 facilities at Hanford and from the other considered alternatives ai are 
presented in Table 5.22 for the maximum individual and fn Table 5.23 for population 
exposure. These exposures are imperceptible against the background radiation dose. 

· The values for the existing Hanford Site ~ere taken from Sula (1981) and include all 
the facilities as described in Section 5.4.1. The doses to the maxim1111 individual are small 
for all alternatives when compared to the 100 mrem/year background radiation levels from 
natural background and would cause no significant impact. The population doses are also 
small when compared to the approximate 2.9 x 106 man-rem dose from natural radiation over 
70 years. 

The principally known potentially significant cumulative impact is in the socioeconomic 
area ff a new fuel processing plant were to, be constructed as outlined in Section 5.3.2.1. 

The major impacts for this alternative will result from competition for very similar 
labor skills if all planned projects fn the region peak during the same period as projected 
for a new fuel processing facility. The sequencing of nuclear power plant construction in 
the area could very well overlap the new processing facility construction schedule and would 
result in large demands on the local labor-supply and could result in an influx of temporary 
and permanent construction laborers into this area. The socioeconomic impact of the 
proposed action or the other alternatives would have little or no c1111ulative impact on the 
community. 

5.5 DECONTAMINATION AND DECOMMISSIONING 

The eventual decontamination and decommissioning of the existing PUREX/U03 facilities 
may require an appropriate specific environmental assessment or impact statement when that 
decision point is rea1;hed, However, that decision is Independent of a resumption of 
PUREX/U03 operations.lb) The assessment of the environmental impacts associated with 
decohtamination and decommissioning i~ not further addressed In this EIS. The current 
status of decontamination and decommissioning Is discussed In ANSI (1975) and Cohen et al. 
(1977). The alternative of building a new plant at Hanford would compound the 
decontamination and decornnissioning problem by eventually requiring two contaminated 
facilities to be decontaminated and decornnissioned. 

5.6 RELATIONSHIP BETWEEN SHORT-TERM USE OF THE ENVIRO,..ENT AND ENHANCEMENT OF LONG-TERM 
PRODUCTI V lTY 

The short-term use of the environment for the past operation of the PUREX/U03 
facflftfes has already c01111ftted an area of the Hanford Site to long-term use. This 

(a) The alternatives of proceSsfng at SRP and no action are riot included sfoc:e ff either of 
ttiese alternatives were adopted, there would be no incrl!lllental impact at Hanford. 

(b) The decontmninatfon and decoanissfonfng ts·tndependent of·a res1111Ptfon of PUREX/U03 
cperatfon because regardless of whether the proposed ~tfon fs adopted, the present 
facflftfes would still require sor.ie degree of dcc:cntninatfon and then decornnissioning. 
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TABLE 5.22. Total Cumulative Radiological Impacts to the Maxi11111111 Individual Fro11 the 
Res1111ed PUREX/U03 Operation and Alternatives 

Total Froa All 
Pathw1ys 

. Total Body 
lone 
Lungs 

· ni~old 
GI-Lll 

Existing Hanford Sltel•l 
I-Yr Release/ ( I i-Yr Release/ ( I 

1-Yr AccU111Ulatlon b 50-Yr Accumulation c 

1.0 X 10-5 1.0 X 10-4 
4.0 1 10-5 l.9 x 10-4 

d.0 l 10"'.5 d.0 x 10-5 

l. 6 1 10-4 l • 7 x 10-4 
2,0 l 10-5 2.0 X 10-5 

ToUI (hht1n,(ltld Resaaed 
PURU(UOJ di . 

1-Yr Release/ i-Yr Release ( ) 
1-Yr Acciaiht1on 70-Yr Acciaildlon 1 

i-Yr Release/ 1-Yr Release/ 
1-Yr Acciailatton 70-Yr k:c.aul1t1on 

4.3 X 10-5 1.4 X 10-4 7,1 X 10-5 1.6 l 10-4 

9.5 x 10-5 4,0 x 10-4 
4.3 x 10-5 4.7 a 10-5 

4,4 l 10-4 5,8 l 10-4 
5.3 X 10-5 5.3 l 10-5 

4.3 l 10-~ 4.2 X 10-4 
7.1 l 10-5 7.1 l 10-5 

2.0 l 10-4 2.4 l 10-4 
7.7 l 10-5 7.9 l 10-5 

l~e
ad Sula 1981 • . A 1-yr release/1-yr accUA.1latlon Is the dose received In the first year froa exposure In that year. 

A 1-yr release/50-vr acc1a1latton Is the dose received over 1 50 year llfetl• froa exposure tn the first year. 
Res111ed PIIREX/U03 values froa Table 5,4, 
Values using a 70-yr accuaulatlon base are not stgnlflcantly different froa ustng 1 50-yr base, 

(f Nell fuel reprocessh1g plant values froa Table 5.16. 
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TABLE ~~23. Total CU111UJative Radiological lq,acts to the Population Fro111 the 
Resumed PUREX/U03 Operation and A lternat tves · 

Popul1U011 Dose ,_real 
Totah froa 
A)J Petta,1n 

btstlng H&nfonl Site!•) 
1-~, Reluse/!50-Yr Acciail1tlon 

Total (£aisling 111d ReMaed P&afl/U03)(b) 
1-Yr Releise/10-Yr Acc1a11l1tlonlCJ 

Total (Existing •Rd· Ila, fuel Processing Pl111t)(d) 
1-Y, llelene/10-Yr Acc1a11l1tton 

Total Body 

lolle 

L~s 
Thyroid 
&I-I.LI 

1.2 
0.!I 

2.6 
0.1 
l.8 

5.!I 
12.!I 

7.0 
45.7 

1.5 

6.4 
l.l 

7.8 
6.4 

a.2 

(I) Value froa Sula (1981) idjusted to popul1tton used In this EIS for 1990 (258.000 vs 411.000). 
(b) Ri:siaed PUICU/U03 v.lues froa Tible 5.4 (popul1tlon dose, 1:..Yr Relene/10-Yr Acc1a11latton_coh-) .ere idded to Ule extstt1111 lluford Site 

Hlua to obtain the total ciaullt1ve dose. . 
(c) Values using a 10-yr 11:ciaulatlon base are not sl~nlflc111tly different froa u\lng a 50-yr base. 
(d) llew fuel processing plant valuu froa Table 5.16 (popul1tlon dose. I-Yr Release/10-Yr Accaulattoa coh-) wen ..sded to the utsth111 twatonl 

Site walues tu OIIUtn the total ciaulat1ve dose. · 

,_ ,.•··-· ·>c·.:,,...,. ·-·r,··.· 
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conmitment effectively removed this land from contributing to the very limited natural 
productivity of the region and has precluded its use for non-nuclear related activities. 
However, the loss of this land should be put into the proper context. The Savannah River 
Site has also conmitted an area to long-term use for nuclear activities. 

The Hanford Site cor,tains 148,000 ha (570 mi2 or 365,000 acres) in the Pasco Basin (a 
portion of the Col1111bia Plateau) which is composed of large quantities of basalt overlain by 
thick layers of sedimentary material. While numerous plant and animal species suited to the 
san1-ar1d environment have been noted ( see Chapter 4), t_he productivity. of 
naturally-occurring biota ts relatively low (USEROA 1975), All of the major facilities 
occupy only about 6 percent of the Site; the surrounding env1rorrnent ts relatively 
unaffected by these facilities. The Savannah River site has similar land coomitments, 
although the surrounding env1rorrnent is considerably different. 

The PUREX/U03 facilities and waste storage areas in the 200 Areas occupy on.ly about 
1.4 percent or 2,065 ha (5,100 acres) of the Site. As stated previously, past operations 
have removed this area from non-nuclear related use for the long-term. Current plans for 
operation of the PUREX/U03 facilities will not significantly add to this coomitment of 
resources. 

The restoration of this land to its .natural or origi"al state would be impractical and 
ts not co~t-effective from the point of view of other potential land-uses. ~hile the 
continued operation of the 200 Areas, containing PUREX/U03 and related facilities, for 
was~e management conmits this area for a long-term use and thus eliminates it from 
agricultural production, the value of the facility to the national nuclear programs and the 
socioeconomic benefits to the region far outweigh the relatively insignificant loss from 
tack of biological productivity. 

Future plans for the Hanford and Savannah River Sites call for ~heir continued use as 
areas dedicated primarily to energy and defense activities. Thus, the use of man's 
environment at these sites is planned to be long-term. Nuclear-related activities wili 
continue at these sites for the foreseeable future. Over the long-term, additional Site 
land may ,be dedicated to other nuclear or other energy facilities or activities. To 
partially balance this usage, some current activities will cease, possibly releasing some 
areas for future use. The direct net effect will probably be a slightly increased 
encroachment upon the environment over the long-term. 

5.7 RELATIONSHIP OF PROPOSED ACTION TO LAND-USE PLANS, POLICIES, AND CONTROLS 

The continued operation of the Hanford facilities, including the operation of the PUREX/ 
U03 facilities discussed in this EIS, wili not conflict with national, state, or local 
prograns. Implementation of the plans set forth in this EIS will not significantly alter 
the lands which have already been conmitted by past PUREX/U03 operation. All of this land 
is currently dedicated to this use. All land is and will continue to be managed in 
conformance with appropriate federal regulations to assure the safety and well-being of the 
public. 

The establishment of the National Environmental Research Park (NERP) at the Hanford 
Site has made available most of th~ land for research. Consistent with DOE's nuclear energy 
and research and development activities, the oper·ating and waste managanent -areas on the 
Site are specifically excluded from the NERP areas. · 

Archeological sites at Hanford have been discussed in Section 4.4.7. Additional 
information is in USERDA 1975 (p. 111.~8 and p. ll.3-A-14). No archaeological sites would 
be affected by the proposed action or any of the alternatives. 

5.8 IRREVERSIBLE AND IRRETRIEVABLE CQKltlTMENTS OF RESOURCES 

The irreversible and irretrievable conmitment of resources to the res1111ption of 
operation of the PUREX/U03 and associated facilities (proposed action) are: 1) land and 
materials for containing or storing waste products and 2) production materials such as 
fuels, water, and chanicals. No additional land conmitments are needed for the facilities 
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exce?t for additional underground double-sh,·1 tanks for interim storage of high-level 
liquid radioactivt waste (fl'OIII 6 to 27 tanks). Construction of 27 tanks would require 
approximately 18 ha (45 acres) of land within the 200 areas, which are already dedicated to 
waste managenent and other n11Clear-related activittes. No upanston of tht 200 Areas would 
be necessary for tank construction. 

Process needs for PUREX/U03 operations at a level of 3000 MT/yr would require steam 
generated by the conslllll)tion of approximately 96,000 MT/yr (105,000 tons/yr) of coal. 
Electrical requirements would be 27 million kWh/yr. A list of chea1icals cons1.111ed by the 
processeJ ii given in Table 5.24. Tht raw water require1111nt would bt

1
N>J>roximate1y 

4.2 x 10 mJJyr. which is approx1111tely 0,03 percent of the 1.07 x 10 1·~/yr 
average annual flow of tht Colllllbi& River at Hanford (USERDA 1975, p. 11.3-13). A small 
vot111111 1155 ,i3/yr of petrole\111 distillates (mostly gaso11ne and diesel) would also be 
required. Small quantities of concrete and steel would also be required to maintain and 
upgrade the facility. 

Constructing a new fuel processing plant at Hanford would require large quantities of 
construction materials and energy as described in Section 3.2.2. Land requirenents for the 
nei,, plant would be similar to those of the existing plant [approximately 40 ha (100 acres) 
for the facilities and an addftfonal 60 ha (150 acres) for support facilities]. The new 
plant could be located fn the ~reas already connftted to processing/storage activfties. 
Although a detailed study has not been conducted, the COlffllftllltnt of resources for operating 
ft would be similar to those of the existing plant. • 

If the alternative of shipping the irradiated fuel offsite were adopted, conSllllPtion of 
resources onsite would continue at present levels until a decision to completely phase out 
the existing facility was made. Conslllll)tion of resources equivalent to those for operating 
PUREX l'OUld occur at the offsite location (Savannah River). In additiDn, gasoline or diesel 
fuel would be consUllled to transport the irradiated fuel to the offsite location, and 
additional materials for the construction of the transportation casks would be required as 
detatled in Section.3.3.3. Cons11111>tion of resources at the present level would continue if 
the no-action alternative were selected. 

TABLE 5.24. Chemical Consumption fn PUREX/U03 Facilities, 
3000 MT/yr Processing Rate 

Chemical Used 

Al1111fnum Nitrate 
Anllloni11r1 Fluoride-Alllnonium Nitrate 
Caani1111 Nitrate 
Ferrous Sulfamate 
Hydrazine 
Hydroxylltfflfne Nitrate 
Nitric Acid 
Normal Paraffin Hydrocarbon 
Oxalic Acid 
PotassiUIII Hydroxide 
Potass11111 Permanganate 
Sf her Nitrate 
Sodf11111 Carbonate 
Sod1111 Hydroxide 
Sodi1n Nitrite 
Sugar (Sucrose) 
Sulf1aic Acid 
Sulfuric Acfd 
T.i;«tarfc Acid 
Tributyl Pho:sphate 

soOAct: (Hawkins 1g91c). 

Amount, MT/yr 

625 
875 

5 
41 
4 
9 

1000 
22 
14 

340 
4 
l 

26 
940 

25 
170 

53 
6 
3 
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6.0 DESCRIPTION OF APPLICABLE REGULATIONS ANO GUIDELINES 

This chapter provides a short discussion of the guidelines and regulations that govern 
emissions from the PUREX/U03 facilities. 

6.1 DOE ORDER 5480.lA, CHAPTER XI 

This cha~rter establishes radiation protection standards and requirements for DOE and 
DOE cont~:::tor operations. It establishes radiation protection standards for occupattonally 
related external and internal exposure (Table 6.1) and standards for exposure to members of 
the public in unco~trolled areas (Table 6.2). The chapter provides guidance on matntaining 
exposures to radiation at levels as low as reasonably achievable. 

Concentration Guide~ 

Concentration g~ides (CG's) have been devel•.iped by various national and international 
o~;•nizations to e~tablhh allowable upper limits of radioisotope! concentrations in air and 
,,ater. above natural background levels. (These are sometimes also known as Maxim1111 
Penntssible Concer.,,·!tions rHPC's].) These organizations have included the International 
C011111isston on Radiological P1-otectton (ICRP), the U.S. National Council on Radiation 
Pn,tectton (NCRP), and the f,!deral Radiation Council (FRC). The CG's were der1ved for the 
mrst part fr011 the standar<!s shown tn Tables 6.1 and 6.2. 

DOE's predecessor agency, ERDA!_adopted these CG's as Manual Chapter XI (0524), which 
subsequently beca11e OOE Order 54ll0 • .1A. 

The CG's (MPC's) are divided into two main categories, (Table I and Table 11), the· 
first of which for ,~ontrolled areas (Table 1) ts applicable to radtatton worlterSi it assumes 
exposure during a 4<.'-hr work week. The second category, for uncontrolled areas (Table 11), 
which has IIUCh lower values, ts applicable to th, general public, and ass1111es continuous 
exposure (168-hr week). Column l in each table applies to concentrations in air, while 
col111111 2 applies to water. There are different values for each radioisotope, depending on 
whether tt is in a soluble or insoluble form. The CG's for selected radioisotopes are given 
in Table 6.J. 

The values in Table I, CollJDn l should be used tn evaluating the adequacy of health 
pr·otection measures against airborne radioactivity in occupied areas exposed to radiation. 

The values tn Table I, CollJDn 2 are applicable to the discharge of liquid effluents to 
sanitary sewage systems. Drinking water concentrations in controlled areas shall be 
maintained within the concentration guides specified in Table 11, Col1111n 2. 

The Table 1, Col1.111n 2, concentration guide for discharge of liquid effluents to sani
tary sewage systems are sometimes used as a si111>le tool to comparatively analyze the level 
of radioactive liquid effluents discharged to chemical sewers and other liquid waste dis
posal facilities 1n controlled areas, ~ince effluents within the concer.trati~n guides 
est~~lished for sanitary s.?Wer systems result in radiation exposu,e levels well below the 
~tandards set forth -in the chapter. However, the chapter does not require that such dis
charges be within the concentration guides but rather that the radiation protection stan
d3rds be met even when levels above the Table 1, Col1111n 2, levels are discharged to waste 
management facilities. 
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.TABLE 6,1, Radiation Protection Standards for Occupationally-Related 
External and Internal Exposure 

Dose Equivalent (Dose or 
T,me of Exeosure Exeosure Period Dose C011111itment)la)(rem) 

Whole body, head(ayd tru~k, gonads, Year 5(c) 
lens of the eye, b red bone marrow, Calendar Quarter 3 
active blood-foming organs. 

15 Unlimited areas ~f the skin (except Year 
hands and foreams). ·0ther organs, Calendar Quarter 5 
tissues, and :rqan systems (except 
bone). 

Bone. Year 30 
Calendar Quart_er 10 

F urearms .l d) Year 30 
·calendar Quarter 10 

Hands(d) and feet, Year 75 
Calendar Quarter 25 

(ai · To meet the above dose connitment standards, operations must be conducted in 
such a ~ner that it would bt unlikely that an individual would assimilate 
in a critical organ, by inhalation, ingestion, or absorption, a quantity of a 
,radionuclide or mixture ~f rad1onuclides that would cannit the individual to 
an organ dose that-exceeds tht 1111its specified in the above_ table. 

(b) A.beta exposure below a maxilll\ll energy of 700-KeV will not penetrate the lens 
of the eyei therefore, the applicable limit for these energies would be that 
for the skin (15 f'flfl/yr). 

(c) In special cases, with the approval of the Director, DOE Division of Operational 
and Enviro1111er1tal Safety, a worker may exceed 5 rem/yr, provided his or her 
average exposure per year since age 18 will not exceed 5 rem/yr. This 
does not apply to emergency situations. · 

(d) All reasonable effort shall be made to keep exposures of forearms and handt to 
_ the general l111it, for the skin. 

TABLE 6,2, Radiation Protection Standards for External and Internal 
Exposure to Members of the Public 

Type of Exposure 

Whole body, gonads, 
or bone marrow 

Other organs 

Annual Dose Equivalent or Dose Conmitment 1 {.rem)(a) 
Based on Dose to Based qn Aver~ge Dose 

Individuals at· to a Suitable Sample 
Points of Maxim1111 of the exp9sed 

Probable Exposure, (rem) Population,lbl(rem) 

0.5 0.17 

1.5 0.5' 

{a) In keeping with Department of Energy policy on lowest practicable 
exposures, exposures to the public shall be. limited to as small a 
fraction of the respective annual dose limits as is reasonably 
achievable. - - , 

(b) See Paragraph, 5.4, Federal Radiation Council Report No. 1, for dis-
cussi_on on concept of suitable sample of exposed population. _ 
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TABLE 6.3. Concentrations fn Afr and Water Above Natural Background. 

Element 
(atanfc nllllber) 

Carbon (6) 

Ces11111 (55) 

Cobalt (37) 

Hydrogen (1) 

Iodine (53) 

Krypton (36) 

P 1uton11111 ( 94) 

Ruthen1111 (44) 

Strontflll'l (38) 

Uran11111 (92) 

Excerpts from DOE Order 5480. lA 

Table I 
Controlled Area 

Isotope. Col1111n 1 col1111n 2 
Soluble (S)i 
Insoluble (1) 

Afr Water 
(~c/ml) (ec/ml) 

C 14 S 4 X 10-6 2 X 10-2 

Cs 137 S 6 x 10-8 

Co 60 I 9 x 10-9 

H 3 S 5 X 10-6 

I 129 S 8 X 10-lQ 

I 131 S 4 x 10-9 

Kr $5 Sub(a) 1 x 10-5 

Pu 239 S 2 x 10-l2 

Ru 106 6 x 10-9 

Sr 90 S 1 x 10-9 

U 238 S 7 x 10-11 

4 X 10-4 

1 X 10-3 

1 X 10-l 

5 X lQ-5 

3 X 10-5 

1 X 10-4 

3 X 10-4 

1 X lQ-5 

1 X lQ-3 

Table 11 
Uncontrolled Area 

col1111n 1 Column 2 
Afr Water 

(ec(ml) Cec/ml) 

1 X 10-7 8 X 10-4 

2 X 10-9 

3 X 10-lQ 

2 X lQ-7 

2 X 10-ll 

1 X 10-lQ 

3 X lQ-7 

6 X 10-14 

2 X 10-lQ 

3 X 10-ll 

J X 10-12 

2 X 10-5 

-5 
~ X 10 

3 X 10-3 

6 X lQ-8 

3 X 10-7 

5 X 10-6 

1 X 10-5 

3 X 10-7 

4 X 10-S 

(a) •sub• means that values given are for submersion 1n a sem1spher1cal infinite cloud of 
airborne materials. 

6.2 40 CFR 50 (NATIONAL PRIMARY ANO.SECONDARY AMBIENT AIR QUALITY STANDARDS) 

This regulation contains the national primary and secondary ambient air quality stan
dards. National primary ambient air quality standards define levels of air quality judged 
by the EPA to be necessary to protect the public health. 

National secondary ambient air quality standards define levels of afr quality judged by 
the EPA to be necessary to protect the public welfare from any ~nown or antfcfpated adverse 
effects of a pollutant. 

Standards are for: sulfur oxides. particulates. carbon monoxide. photochemical oxi~ 
dants. hydrocarbon. and nitrogen oxides. 

States may establish air quality standards which are more stringent than the national 
standards. · · 

6.3 40 CFR 52 (PREVENTION OF SIGNIFICANT DETERIORATION OF AIR QUALITY) 

EPA regulations for the Prevention of Significant Deterioration of Afr Quality (PSD) 
are set forth in Title 40. Code of Federal Regulations. Part 52. 

These regulations require that any operation that has the potential to emit more than 
250 tons/year of nitrogen oxides (NOx) 1s subject to review for this pollutant. This 
policy was incorporated into the Clean Afr Act to limit increases fn clean air areas to 
specific increments even though.the ambient air standards are being met. The PSD permit · 
assures that the air.quality will not deterforat~ and that the best a~ailable control tech
nology is being applied and that the smallest 1ncremenc of pollutant 1s released •. 
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The Department of Energy, Richland Operations Office, has received a PSD permit 
(PSD-XB0-14, September 24, 1980) to operate the PUREX/U03 facilities. The limitations 
applying to PUREX are listed 1n Table 6.4. 

TABLE 6.4. NOx Emission Limitations 

Concentration 

Source 

,:uREX P 1 ant 
wjx Absorber Exit 
~'ain Stack 

Urani~,n Oxide Plant 
Exit of final con
denser (upstream 
of dilution air 
addition) 

Volume Percent, 
dry bash 

2.0 

4.0 

1160 
2250 

858 

Mass Emission 
Rate, metric 

tons/year 

424 

50 

6.4 WASHINGTON ADMINISTRATIVE CODE, TITLE 18 AND TITLE 173 (Washington State Air Pollution 
Control Regulations) 

The Washington Air Pollution Control Regulations contain the air quality 
standards established to obtain and maintain the cleanest air possible, consistent with the 
highest and best practicable control technology. 

Standards are for: suspended particulates, fluorides, sulfur oxides, carbon 
monoxide, ozone, and nitrogen dioxide. 

6.4 
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S. L. Stein PNL 5.0, 6.0 

L.A. Stout PNL 3.1. 6.0, A, B, D 

H. H. Van Tuyl PM!. 3.2, 3.3, 3.4, 3.5, 3.6 

M. J. Zamorsi.:i OOE-RL 2.0 

Technical Assistance Af'f11 i at ion Chaeter/Aii2endix 
T. L. Anderson BCL 4.0, 5.0 

J. J. Dorian UNC(a) 3.2, 3.3~ 3.4 

A. R. Hawkins RHQ(a) 3.1, A, B 

w. M. Hayward RHO 3.1, A, B 

L. L. Morgan !'-CL 4.0 

B. A. Napier PNL 3.0, 5.!!. c. E 

R. C. Stupka RHO 3.1, A, B 

R. L. Walser RHO 3.1, A, B 

K. R. Yates BCL 5.0 

(a) BCL-Battelle Columbus Laboratory. Columbus, OH 43201 
DOE-Rl--Department of Energy. Richland Operations Office, 
Richland, WA 99352 . 
PNL-Pacific Northwst laboratory; Richland, WA 99352 
RHO-:-Rockwell Hanford·Operat1ons, Richland, WA 99352 
UNC-UNC Nucl.ear Industries, Richland, WA 99352 
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Educational backgrounds of the major contributors (preparers) and technical staff 
:Dellbers follow in this section. 

7.1 PAC!FIC IOtntiEST LABIRATORY 

KESH S. IIIJRTHY Research Leader·, Environmental Evaluation and Risk Assessment Section, 
Radiological Sciences Department, 

B.S., Physics, Chemistry and Mathematics, University of Mysore, India, 1958. 
B.S.Ch.E., Indian Institute of Chemical Engineers, Calcutta. lndfa, 1966. 
M.S., Envfro1111ental Engfneerfng, University of Cincinnati, 1~74. 

BRUCE A. NAPIER Research Scientist, Envfron11ental Analysts Section, Ecological Sciences 
Department 

e.s •• ltlclear Engtneet"fng, Kansas State University, 1975 
M.S., Nuclear Engineering, Kansas State University, 1977 

JOSEPH K. SO.DAT Staff Enviromiental Scientist, Environmental Analysis Section, 
Ecological Sciences Department 

B.S., Chellfcal Engineering, University of Colorado, 1948. 
Postgradu~te courses in Radiological Sciences, University of Washington. 

STEVEN L. STEIN Research Scientist, Environmental and Risk Assessment Section, 
Radfologfeal Sciences Department 

B.s~. Geology, washington State University, 1978 

LESLIE A. STOUT Research Scientist, Environmental and Risk Assessment Section, 
Radiological Sciences Department 

8.A., Chemistry, Oregon State University 
M.s •• Chemical Engi~eering, Oregon State University 

HAROLD H. VANTUYL Manager, Nuclear Fuel Cycle Chemistry Section 
Chemical Technology Department 

B.S., Cllellistry, Texas AM, 1948 
Several graduate courses, University of Washington Center for Graduate Stu1ies, 
Richland, WA, 1948-1960 

7 .2 BAmLLE. COLUMBUS LABIRATORIES 

TIDIAS L. ANDERSON Researcher, Bio--Environmental Sciences Section 

B.S., Botany. The !Jlfo State University 
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D. KARL l.ANilSTRCM Principal Research Scientist, Energy and Thermal Technology Section 

B.S., Physics. Massachusetts Institute of Technology 
Graduate Studies at The Ohio State lkliversfty, Franklin University 

LAURAL. MORGAN Researcher, Econ0111ics, Planning and Policy Analysis Section 

B.A., Political Science, cum laude, The Ohio State University 
M.A., Economics, Indiana University 

KENNETH R. Yt1TES Principal Research Scientist, ll.lclear Materials Technology Section 

B.S., Physics, Westminster College 
M.S., Chemical Engineering, Ohio lkliversfty 
Presently pursuing Doctoral Studies,. Nuclear Engineering, The Ohfo State University 

7.3 ROCKWELL HANFORD OPERATIONS 

ALBERT R. HAWKINS Manager, Environmental Reports Group 

B.S., Chemical Engineering, lk!;versity of Washington, 1970 
M.B.A., Washington State lkliversity, 1975 

RICHARD C. STUPKA Senior Engineer, Environmental Reports Group 

B.S., Biology, Northern Illinois University, 1971 
M.S., Vertebrate Ecology, Northern Illinois University, 1975 

RONALD L. WALSER Staff Engineer, Separations Process Technology 

B.S., Chemical Engineering, Oregon State University, 1961 
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6.0 GLOSSARY 

Abbreviations, terms, deftntttons, and symbols directly related to PUREX/U03 
operations are defined and explained in this section. The section is divided into two parts 
with the first part containing abbreviations and symbols, and the second part containing 
terms and definitions (including those used in special context for thts study). C0111110n 
terms covered adequately in standard dictionaries are not included. 

8.1 ABBREYlATlONS AND SYMBIJ.S 

Abbrevfatfons 

AEC 
AFR 
ALARA 
ANSI 
ASHRAE 

CAW 
CFR 
Ci 
DF 
DOE 
DOT 
ECM> 
EPA 
FSAR 
HEPA 
HLLW 
HLW 
HRHE 
HVf\C 
ICRP 
(t) 
LLW 
LWR 
MCi 
MPC 
"1 
MW 
NCRP 
NFS 
NO~ 
NRC 
P&O Gallery 
PUREX 
SNH 
SRP 
SSE 
TBP 
TLD 
TLV 
TRU 
UBC 
LINH 
WESF 

Atomic Energy.Comnission 
Away From Reactor 
As Low As Reasonably Achievable(a) 
Ameriean National Standards Institute 
AmP.rican Society of Heating, Refrigerating and Air-Conditioning 

Engineers 
Current Acid Waste 
Code 9f Federal Regulations· 
Curiel a) 
Decontamination Factorla) 
Department of Energy 
Department of Transportation 
East Crane Maintenance Platfon11 
Environmental Protection Agency 
Final Safety Analysts Report 
High Efficiency Particulate Air (filters)(a) 
High-level Liquid Waste 
High-level Waste 
Hanford Regional Historical Earthquake 
Heating, Ventilation, and Air Conditioning System 
International Comnission on Radiological Protection 
Liquid (when used in a chemical equation) 
Low-Level Waste 
Light Water Reactor 
Hegacuries (million curies) 
Max~mum Permissible Concentrationla) 
Metric Tonla) 
Megawatts 
Natton~l Council on Radiation Protection and Measurement 
Nuclear Fuel Services 
Nitrogen Oxides 
Nuclear Regulatory C011111tssion 
Pipe and Operating Gallery 
Plutonium Uranium ExtractiQn 
Special Nuclear Material(aJ 
Savannah River Plant 
Safe Shutdown Earthquake 
Tributyl Phosphate 
Thermoluminescent Dosimeter 
Threshold Limit Valve 
Transurani cl a) 
Uniform Building Cod~ 
Uranyl Nitrate Hexahydrate 
Waste Encapsulation Storage Facility 

(a) Also included in Section 8.2. 
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8.2 GLOSSARY DEFINITIONS 

Absorption: 

Acc1PUlated Dose: 

Actinides: 

Activity: 

Adsorption: 

Airborne Radioactive 
Material: 

ALARA: 

Alpha Decay: 

Alpha Particle: 

Aqueous Phase: 

Aquifer: 

Atmic Nmber: 

Atmic Wei,....,! 

Alpha Radiatio~(a) 
Beta Radiationla()) . 
G_. Radiation a 
Release Rate of Radioactive Material, Ci/sec 

A process in which a gas mixture is contacted with a liquid 
for the purpose of pmerentially dissolving one or more of 
the gaseous ccq,onents and to provide a solution of these in 
the liquid. 

The total radiation dose acc1111Ulated over a stated periOd by 
individuals or populations as a result of continued exposure 
to radioactive materials in the enviro1111ent. For example, a 
70-year acciaulated dose 1s the siaaation of radiation doses 
rece1vea fna radionuc11des present in the enviroment and in 
the body in each of 70 years. It represents the total dose 
that would be recorded by a dosimeter if one could be 
iaplanted 1n the body for 70 years. (See also dose 
c~iblent.) 

A series of heavy radioactive aetallic elements of increasing 
atmic number (ZJ begiMing with actiniua (89) or th.>ri1J11 (90) 
through elment hahniua of atmic nllllber 105. 

A measure of the rate at which radioactive material is 
eaitting radtationi usually given in terms of the nllllber of 
nuclear disintegrations occurring in a given quantity of 
~aterial over a unit of time. The special unit of activity ts 
the curie (C1). 

Adhesion of tons or molecules to the surface of liquids or 
solid bodies with which they caae in contact, adhering to a 
surface. 

Radioactive particulates, mists, f1111es 1 and/or gases in air. 

A philosophy to maintain exposure to radiation As Low As 
!,easonably ~hievable. - - -

Radioactive decay in which an alpha particle ts emitted from 
the nucleus of an atm. 

A positively charged particle made up ~f two neutrons and two 
protons mitted by certain radionuclides. 

In solvent extraction, the water containing layer, as 
differentiated froa the organic phase. (Also called the 
Aqueous Fr act ion or Aqueous Stream.) 

A subsurface formation containing sufficient saturated 
penneable material to yield significant quantities of water. 

The number of protons within an atcmic nucleus. 

The mass of an atm relative to other atoms. 

(a) A154 included :~ :«tion 8.2. 
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Background Radiation: 

Beta Decay: 

Beta Particle: 

Biosphere: 

Blanket Assemblies: 

Bottcns: 

Caq,aign: 

Cask: 

Cladding Hulls: 

Clear-well: 

Concentration Gulde: 

Contact Maintenance: 

Corrosion Allowance: 

Crib: 

Critical: 

Critical Mass: 

Criticality: 

The radiation in man's natural and undisturbed enviro1111tnt. 
~t results fr011 cosmic rays and fron1 the naturally radioactive 
elements of the earth, including those frm within the hiinan 
body. 

Radioactive decay in which a beta particle is emitted from the 
nucleus of an at0111. 

An electron or positron that has been emitted by an atomic 
nucleus during radioactive decay. 

The life zone of the earth, including the lolH!r part of the 
atmosphere, the hydrosphere. soi 1, and the 1 t tho sphere to a 
depth of about 2 ktlmeters. 

Natural urani111 fuel assemblies which are arranged around a 
reactor core for the purpose of absorbing excess neutrons 
escaping from the core. 

The concentrated liquid which remains after evaporation (also 
called Bott011s Liquor). 

The time frame and series of events associated with a period 
of active or continuous operation of a facility. 

A heavily shielded shipping container for radioactive 
iuterials. 

That part of the Ztrcaloy fuel cladding which ts not destroyed 
through either the dissolution process or the shear-leach 
process. It is a solid, radioactive waste. 

An underground concrete reservoir used for the storage of 
filtered water. 

The average concentration of a radionuclide tn air or water to 
which a worker or menber of the general pu~llc may be 
continuously exposed without exceeding radiation dose 
standards. 

•Hands-on• maintenance perfonned by direct contact of 
personnel with the equipment. It includes maintenance with 
protective equipment or clothing. such as through gloves in 
gloveboxes. Most nonradioactive maintenance ts contact 
mat ntenance. 

The additional thickness of steel plate or piping, above the 
thickness needed for structural integrity, which takes into 
account the metal losses caused by corrosion over the lifetime 
of the equipment. 

A porous underground structure for disposal of low-level 
liquid wastes. 

A condition wherein a medi1111 is capable of sustaining a 
nuclear chain reaction. 

The mass of fissionable material that will support a 
self-sustaining nuclear chain reaction. 

State of being criticali a self-sustaining neutron chain 
reaction (where the rates of production and loss of neutrons 
are ·exactly equal and there ts no other neutron source.) 
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Curit (Ci): 

Deccaisstoning: 

Decont•ination: 

-- ------------ ----

A unit of radioactivity defined 11 that quantity of any 
radioactive nuclide which has 3.7 x 1010 disintegrations pe~ 
second. · 

Preparations taken for retireaent frOII active senice of 
nuclear-facilities, 1CC011Panitd by the execution of progrmns 
to reduct or stabiltze radioactive cont•tnation. The 
objective of decaatssiontng ts to placa the factlity in such 
a condition that future risk to public safety frm the 
facility ts wtthin acc•tablt bounds. 

The selective naoval of radioactive •aterial frm a surface 
or froa within another •terial. 

Decont•ination Factor (Df): The ratio of the initi1l concentration of an undesired 
•at1ri1l to the ftnal concentration resulting fl"OIII a treatment 
process. The tem mQ also be used as a ratio of quantities. 

Denttration: 

Design Basts Accident: 

DiSllantling: 

Dispersion: 

Dtsposal (radtoactive 
waste): 

Dose: 

Dose Conaitment: 

Dose Rate: 

Double-Shell Slurry: 

Erirtctllint: 

The naoval of nitric acid, nitro groups, or nitrogen oxides. 

A postulated accident believed to have the most severe 
expected i11pacts on a hci 11ty. It ts used as the basts for 
safety analysts and ·structural destgn. 

As a • int111111, all radioactive c011ponents and materials which 
exceed the criteria for unrestricted release are rdllOved from 
the stte. In addition, nonradioactive components may be 
reaoved, structures dismantled, and the area prepared for 
alternative use. 

A process of mtxing one material within a larger quantity of 
another. For example, the •ixing of material released to the 
ablosphere with air causes a reduction in concentration with 
distance from the source. 

The disposition of materials with the intent that they will not 
enter man's envtronnent in sufficient c11110unts to cause a 
signtftcant health hazard. 

Also referred to as dose equivalent. Expressed in units of 
rm, iq,lies a consistent basis for estimates of consequential 
health risk, regardless of rate, quantity, source, or quality 
of the radiation exposure. 

The dose connit:llent nonaally refers to the radiation dose 
received during some period of exposure (nonnally either the 
duration of an acute, accidental release of radionuc11des to 
the envirornent, or for one year of a chronic release) plus 
the dose resulting froa radionucltdes deposited within the 
body during the exposure period. It does not include dose 
received because of continuing exposure to environmental 
cont•ination present after the stated exposure period ends. 

The radiation dose delivered per unit time and measured, for 
instance, in rems per hour. 

A thixotroptc mixture of fine solids suspended in a viscous 
liquid mec:111111. The suspended solids, primarily sodium 
nitrate, experience extremely long settling times, and are 
al110st totally soluble upon dissolution. 

The ratio (usually expressed as a percentage) of fissile 
isotaoe to the total -,unt of the elenent (e.g., the percent 
of z~u in uraniu•) 
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Entrainaent: 

Enviroraental Surveillance: 

Eval)otranspiration: 

Exposure: 

Feed Solution: 

Fission: 

Fissionable Material: 

Fission Product: 

Fuel Burnup: 

Fuel ~leinent: 

Fuel, Harle I-A: 

Fuel, Hark IV: 

Fuel Processing Plant: 

Ganma Ray: 

Geometry: 

Groundwater: 

Half-life: 

Half-life·Effective: 

The carrying of liquid droplets, gas bubbles, or fine solid 
particles by liquid or gaseous streaias. 

A prograa to monitor changes in a surrounding region. 

-------~--

The loss of water froa the ground ~Y both evaporation fr011 the 
soil and fr011 the surfaces of vegetation. 

A 11111,ure of the ioniz1tion produced in air by x-ray or 911111111 
radiation. It is the s .. of the electrical charges on all 
ions of one sign produced in air when all electrons liberated 
by photons in I vol1111 el-•nt of air are coq,letely stopped 
in air, divided by the .. ss of air in the vol1111e element. The 
special unit of exposure ts the roentgen. 

A solution produced tn tht dtssolution step and containing 
uranyl, plutoni1a, and n111tuni1a nitrates. The f'eed solution 
1s the input stre• to solvent extraction in PUREX. 

The splitting of an atoaic nucleus resulting in the release of 
large amounts of ef\lrgy. 

Actinides capable of undergoing fission by interaction with 
neutrons of all energies. 

Any radioactive or stable nuclide resulting fr0111 nuclear 
fission, including both prt .. ry ftsson fragments and their 
radioactive decay products. 

In a fuel el1Pent, that fraction of the fissionable uran1U111 
that has been transforaed during the nuclear reaction. 

A rod, tube, or other fora into which nuclear fuel ts 
fabricated for use in a reactor. 

A t11>e of ff-Reactor fuel with an enrtcl'lnent of l.2SS. 

A t11>e of II-Reactor fuel with an enricllllent of 0.95S 23Su. 

Plant where irradiated fuel eleaents are dissolved, waste 
materials removed, and reusable materials are segregated·for 
reuse. 

Electrmagnetic radiation, similar 1rl nature to x-rays. 
emitted by the nuclei of s011111 radioactive substances during 
radioactive decay. 

Dimensions and shape of a system as they effect criticality; 
favorable ge0111etry indicates the shape and size of the system 
ts such that neutrons readily escape. i""roving nuclear safety. 

Water that exists or flows below the earth's surface (within 
the zone of saturation). 

·The time required for one-half of a given material to undergo 
physical or chmtcal change. The time tnterv&l required for 
one-half of any quantity of identical radioactive atoms to· 
undergo radioactive decay. Also known as radioactive 
half-life, half-time. 

The time required for a radionuclide contained tn a biological 
systm, such as a un or an anf• al. to reduce its . 
radioactivity by half as a coabfned result of radioactive 
decay and biological e11• inat1on. 
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Heel: 

Htgh-l1v1l Liquid Waste 
(11.LW): 

Htgh-l1vel Waste (HJ..W): 

HHYY Mita 1 : 

Htgh Efftctency Parttculot1 
Atr (lf£JIA) Filt1r1 

Hydrology: 

Intrusion Alana: 

Ion Exchange: 

Isotope: 

Man-rem: 

Maxt!MII Indtvtdual: 

Mutmua Penatssible 
Concentration (MPC): 

Metathesis: 

Metric Ton (MT): 

Moles/Liti,r: 

Monitoring: 

Non-Contact Cooling Water! 

The 11110unt lift in a vessel or container after the bulk. of the 
contents has bNn reaovld. 

The aqueous waste resultht9 fl'OII operation of the first cycle 
solvent 1Atractton syst• (or its equivalent) in a faci11ty 
for processing irrf.diatld reactor fuels as well as 
concentrated wastes fl'OII subsequent cycles. 

In thts doclAlnt thts t1n1 refers to high-level ltquid waste, 
cladding .. ,te, solvent .ash waste, and concentrated bottoas 
liquor. 

Netals with atc:atc nlllbtrs of 90 and greater. 

A filter capable of remvtng fl'OII an air strea111 af least 
99.97 percent of the radioactive particulate material that ts 
greater than 0.3 • icrons tn dt .. ter. 

The science d1&ltng with the waters of the earth, their 
dtstribution on the surface and underground, and tne cycle 
involvt~ p.-ecipitatton, tiow to the seas, evaporation, etc. 

A •ans of detecting intrusions of individuals into a 
protected area using an electro•echanical, electro-optical, 
electronic, achanical or si• i1ar device with a visible or 
audible alar• signal. 

A che• ical process invoh.,"'.l the selective absorption or 
desorption of various ch•ical tons tn a solution onto a solid 
material, usually a plastic or resin. The process ts used to 
separate and purify ch•icals, such as fission products from 
plutoni111. 

One of t.o or more atoas having the same atomic n\Dl>A" but 
different aass number. 

A measure of collective radiation dose (see Population Dose). 

The hypothetical individual whose location and habits tend to 
mu~• ize hts radiation dose, resulting tn a dose high!r than 
that received by other 110re typical 1r,d1viduals in the general 

. population. In this doc111e11t the mu.11111111 individual ts 
located offsite. 

An accepted upper limit for the concentration of a specific 
radionuclide in air or water, such that occupational exposure 
for the working lifetime of an individual to the MPC values 
.ould not result in radiation doses exceeding the standards 
recoaaended by cQ111Petent authorities. 

Reaction of two co• pounds involving the displacanent and. 
replacement.of tlllO el.ants, iilolecules, or radicals, and 
resulting in the for•ation of tlllO new compounds. 

1000 kilograms, or 2205 poundi. 

&ram molecular weight of a substance contained in one liter of 
solution. 

Making·nieasurements or observations for recognizing the status 
or adequacy of, or·significant changes in, conditions or 
perfor• ance of a facility Qr area. 

Cooling water which does not c0111 in contact wtth radioactive 
111aterial under nor• al operating conditions. 
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Nonnal Operating Condtttons: Operation (tncludtng startup, shutdown, and maintenance of 
systus) wtthtn the nonul range of facility operating 
p1r1111eters. · 

Nuclear Reaction: 

Offstte: 

Operational Standby: 

Organic: 

Organic Phase: 

Parent Nuclide: 

?artttiontng: 

Population Dose: 

Process Cells: 

Process Equipment: 

Protective Storage: 

PUREX Process: 

Quality Assurance: 

Qua 1t ty Contra 1 : 

Rad: 

A reaction tnvolvtng a change tn an at011tc nucleus, such as 
ftsston, fusion, particle capture, or radioactive decay. 

The area surrounding thl H4ffford Site. 

The condition where a hc11ity ts placed tn a non-operating 
condition, but ts •aintained 1n readiness for subsequ,nt 
operations. 

The tenn generally refers to the solvent and hydl"OCarbon 
diluent used in solvent extraction, t.e., 30 weight percent 
TSP in nonnal paraffin hydrocarbon. 

In solvent extraction, the solvent (organic) containing layer, 
as differentiated from the aqueous phase. (Also called the 
Organic Fract1on or Org.:111tc Stre••) 

A radtonucltde that upon dtstntegration yields .a spectfted 
nuclide, either directly or as a later menber of a radioactive 
decay series. 

The separation of one elenent fraa othersi e.g., in processing 
operations, the separation of plutontwa fraa uraniun. 

(Often referred to as collective dose or collective dose 
equivalent.) The s1.11matton of the radiation dose (tn rem) 
received by all individuals in a population group. Its use ts 
principally for total body dose where tt has units of man-rem 
(or person-rem). When the technique ts extended for other 
organs, for example the thyroid, tt ts often given tn units of 
man-thyroid-rem (person-thyroid-rem) to dtsttngutsh it from 
the collective total body dose. 

Shielded ro~s h~~sing (radioactive) processing systems. 

The functional equipment items or systems associated directly 
wtth the operation of a chentcal or mechanical operation. 

The facility ts prepared to be left tn place safely for an 
extended period which might range from decades to centuries. 
Often this mode will require engineered improvements to 
augment the contatrment of contamination for the duration of 
protective storage. 

A solvent extraction process that has been demonstrated to 
individually separate the uranium and plutonium fr0111 the 
acc0111)anying fission products contained in the irradiated fuel. 

The systematic procedures necessary to adequately doc1J11ent how 
a particular product, process, or data were generated. 

The quality assurance actions that control the attributes of 
the material, process, component, system, or facility in 
accordance with predetermined quality requirements. 

A unit of absorbed dose. The energy imparted to matter by 
ioniz1ng radiation per unit mass of irradiated mate.,•ial at the 
plate of interest. One rad equals 0.01 Joule/kilogram 
(100 ergs/gram) of absorbing material. 
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Radiation: 

Radioactive Material: 

· Radioactivity: 

Rldioacttvtty. Natural: 

Radtologtcal Protection: 

Red 011: 

Re111: 

Repository: 

Remote Maintenance: 

Restricted Area: 

Re'IIIOrk Materials: 

Roentgen: 

Salt Cake: 

Scenario: 

St her Reactor: 

1) The e11tsston and propagation of radiant energy: for 
instance. the •tsston and propagation or electl'Olllgnettc 
waves. or of sound and elutic w.ves. 
2) The energy propagated through space or through a material 
11edt1a: for u~le. energy in the form of alpha. beta, and 
g .. a •1ss1ons froa radtoacttve nuclei. 

Any matcr11l or comlltnatton of materials which spontaneously 
e111ts 1ontztng rad1a~1on and which has a spectftc 
radioactivity in excess of 2 nanocuries per gr• of material 
{SH 40 CFR 173.389(e)). 

The property of certain nuclides of spontaneously eattttng 
particltts or electl'Cll&gftetic radiation or of undergoing 
spontueous fission. 'the quantity of radtoacttvit/, usually 
shortenened to •activity,• is the nllllber of nuclear 
transfonaattons occurring tn a given quantity of material per 
unit ti• (see also Curie). • 

The property of radioactivity exhibited by 1110re than fifty 
naturally occurring rad1onuclides. · 

Protection against the effects of internal and external 
exposure to radiation and radioactive materials. 

Collbination of metal (usually uranium) with the degradation 
products froa a TBP-organtc syste111 in sane form of an organic 
CQIIPlex; the material ts a heavy, oily substance which is 
explosive at tmperatures above 130"c. · · 

A unit of dose equivalent. The dose equivalent in rem ts 
niaerically equal to the absorbed dose in rad multiplied by 
the Quality Factor. (Q) which varies wtth the type and energy 
of the radiation. 

A facility designed to isolate or dispose of radioactive 
wastes. 

Maintenance by remote 111eans1 i.e •• the operator is separated 
by a shielding wall from the itea be~ng maintained. 

Any area to which access is controlled for protection of 
individuals from exposure to radiation and radioactive 
materials. 

Materials that wtll be processed again. 

A unit of air exposure to electranagnet1~ radiation (g~a or 
x-rays). One roentgen equals Z.58 x lo-4 coulanbs per 
kilogrn of air (also see Exposure). 

The damp solid fonned when the liquid fraction of the 
high-level waste is re110ved through the use of an evaporation 
crystal Hzer. 

· A sequence of events. asslllled to otcur. which fona the basis 
for the given result, calculation. etc. 

Equip111ent used for removal of the radioactive iodinei a vessel 
packed with an inert substrate co~.ted with silver nitrate. 
through •hich offgases·conta1ning radioiodine must pass. 

a.a. 
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Solid Radtoac:ttve Waste: 

Sorption: 

Source Teras: 

Sparger: 

Special Nuclear Material 
(SNM): 

Spike Fuel: 

Stripping: 

Surveillance: 

Material that is essentially solid and dry, but 11ay contain 
sorbed radioactive fluids tn sufficiently small-i:IIOUnts is to 
be i111110bi le. 

_A general ten11 used to entQlll)ass the processes of absor,,tion. 
~sorptton, ton excnange, ton retardation, cheatsorption. and 
dialysis. 

The quantity of radtoacttve aaterta1· (or.other pollutant) 
released to the envtroment at tts point of release (souru). 

Perforated ptpe or rt, at the bott011 of a tank through which 
atr1 ste•, or gas ts ntroduced so that the bubbling ac:tion 
of the fluid cmtng frm the sparger agitates the solution in 
the tank. 

Plutoni1a11 233u, urani .. coptaining more than the natural 
abundance of thl' tsotope Zl:,u or any material artificially 
enriched with the foregoing substances. SNM does not include 
source aaterial. 

A fuel eleaent
3
1hose outer cylinder 1s enriched to 

1.25 percent 2 :>t.11 whose inner cylinder 1s enriched to 
0.947 percent 23Su, yielding an average enricllnent of 
1.15 percent 23SU~ The function of the enriched uranium is 
to increase the neutron flux of the systm. -

In the PUREX solvent extraction process. the transfer of 
product f1'0!11 the organic phase bac:k into the aqueous phase. 

Those activities necessary to ensure that the Site remains in 
a safe condition (including inspection and monitoring of the 
Site. maintenance.of ac:cess barriers to radioactive materials 
left on the Site, and prevention of activities on the Site 
that might impair these barriers). 

Transuranic (TRU) Elements: Elements with at011ic number greater than 92. They include, 
among others, neptunium, plutonium, americi11111 and curi1111. 

Trench:· A ditch used f6r the disposal of solid radtoac:tive waste or 
low-level liquid waste. 

Two Person Rule: 

Waste l111110biltzatton: 

Waste, Lo~evel Solid: 

Waste Manageiient: 

·wastes,. Radtoac:tive: 

Procedures to assure the observation of an area containing SNM 
by at least two securit~leared and authorized persons who 
may be doing other work, but who can give an alar11 in t1me to 
prevent the unauthorized reaoval of SfiM. 

. :~·•·,: 

Process of converting waste to a stable, solid and relatively 
insoluble fona. 

Solid waste generated in contact areas which contains small 
amounts of radioac:tivtty. These wastes are placed in 
cardboard cartons or druns for shallow-land ·burial· They have 
greater than 200 clpaa--,,contamination per 100 cm and less 
than 20 1 000 di,m ca/ 100 cir. · 

The planning, execution an!! surveillance of essential 
functions related.to the control of radioactive (and 
nonradioactive) waste, including tr-:1tment 1 transportation. 
storage, surveillance, ·and isolation. 

Equipment and-• atertils (from nuclear operations) that are 
radioactive: and have no further known use. 
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Wute. Pri1Qry: 

Waste. Secondary: 

Waste. Solvent Wuh: 

waste. Tran,uranic: 

Water Table: 

. . 
Wastes that are generated as a part of the principal operation 
of a facility. Secondary wastei are generated froa supporting 
operations. such u waste tnataent. · . 

·Fonis and quantities of all wastes that result fraa treatment 
of pri111ry wast• or effluents. 

The depleted solution of sodh• carbonate and pc,tassi111 
penianganate used to wash (regenerate) the orgMic used 1n the 
solvent extraction process. 

Any waste material 11easured or assllled to cont1in 110re than a 
specified concentration of transuranic elements. Fresently 
this.concentration is. 10 nanocur1es of transurai,ics alpha 
activity per gr• of waste. · 

The upper boundary of an unconfined aquifer below which 
saturated groundwater occurs. !lefined by the.levels at which 
water. stands in wells that barely ;-enetrate the aquifer. 

Worst Case Processing Rate: The processing rate which would result in the greatest dose to 
the public. The .ont case processing rate_ 1s processing 
3000 tfr/yr of 18'kl-, cooled. 12 percent Z40Pu irradiated 
N-aeactor fue 1. 
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9.0 LIST OF AGENCIES AND INDIVIDUALS TO WHOM COPIES OF THE DAAFT 
ERV iRORiIDiTAL biPAtf sTATEMENT WERE SENT 

FEDERAL AGENCIES 
Environmental Protection Agency (5) 
Environnental Protection Agency, Se4ttle Regional Office (5) 
Department of Conmerce 
Department of Defense 
Department of Health and Human Services (3) 
Department of Interior (18) 
Department of Interior, Sea~tle Regional Office 
Department of Transportatio~ 
National Science Foundation (2) 
National Academy of Sciences 
Nuclear Regulatory Comnission (3) 
Office of Management and Budget 

CONGRESS 
Conmittee on Appropriations, United States Senate 
COlllllfttee on Armed Services, United States Senate 
Conmitteeon Conierce,Science and Transportation, United States Senate 
Ene"9y and Natural Resources C011111ittee1 United States Senate 
Conmfttee on Appropriations, House of Representatives 
C011111fttee on Armed Services, House of Representatives 
Energy and Coamerce Connfttee, United States House of Representatives 
Honorable Henry H. Jackson 
Honorable Slade Gorton 
Honorable Sid Morrison 
Honorable Tom Foley 

STATES 
~tate of Washfiton (A-95 Clearinghouse) (10) 

State of Idaho A~95 Clearinghouse) (5) 
State of Oregon (A-95 Clearinghouse) (10) 
State of Washington Governor's Office 
State of Idaho Governor's Office 
State of Oregon Governor's Office 

ENVIRONMENTAL AND C.JNSIJHER GROlJIS 
Natural Resources Defense Council, Inc. 
Friends of the Earth 
Sierra Club 
lnvironmentalfsts, Inc. 
Nation4l Wildlife Federation 
People Against Nuclear Power 
Public Interest Law Center of Philadelphia 
Fellowship of Reconciltatton Program 
American Friends Service Corrmittee 
Jesuit Centre. Toronto. Canada 
Nuclear Issues C011111ittee 

RICHLAND1 WASHINGTON LOCAL AGENICES AND ORGANIZATIONS 
Yak1ma Indian Nation 
Benton County Planning Department 
Trf City Nuclear Industrial Council 
Ctth of Kennewick 
Ctty of Richland' 

. City of Pase~ . 
. · .\ City_of,llest Richland .. · 

.\~ ::/(~.Fr·an,1tnr Courtty: PlanrB .. 
· · : · Grant· county · · · · · / .·.• . -.•c 

· Adams County 

· · _9.1 



,---

I 

I 
l 
! 

, l 

·--· ---------------

Kathryn M. Studwell 
City of Kennewick 
Civic Center 
210 West 6th 
P.O. Box 6108 
Kennewick. WA 99336 

Elaine Douglass 
29 Hancock StTeet 
Sanerville. MA 02144 

Friends of the Earth 
P.O. Box A474 
Sydney South 
AustTalia 

Idaho State Clearinghouse 
DiYfsion of Economic and 

C011111Unfty Affairs 
State Capital Building 
Boise. ID 83720 

Mike JendrzeJczyk 
.Fellowship of Reconcilation Program 

Box 271 
Nyack. NY 10960 

Rosalie Bertell. Ph.D., G.N.S.H. 
Jesuit CentTe 
947 Queen Street East 
Toronto. Canada 
M4MlJ9 

Howard Morland 
3240 Fessenden N.W. 
Washington. DC 20008 

Luke J. Danielson 
National Wildlife Federation 
National Resource Clfnfc 
Fleming Law Building 
Boulder, CO 80309 

M.A. Meter 
Reference Librarian 
Richland Public Library 
Swift and Northgate 
Rfchland 0 WA 99352 

Patrick T. Glennon 
200 Marietta AYenue 
Passaic, NJ 07055 

Doreen Nep0111 
2B52 S.E. Sherrett 
Milwaukie. OR 97222 
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Bruce W. von Zellen. Ph.D. 
Northern Illinois UniYersity 
Department of Biological Sciences 
DeKalb. IL 60155 

Oregon State Clearinghouse 
lntergovernnental Relations Division 
155 Cottage Street S.E. 
Salem. OR 97310 

People Against Nuclear Power 
944 Market Street 80H 
San Francisco. CA 94102 

Jean Tonkinson 
PILCII' 
1315 Walnut Street 
15th Floor 
Philadelphia, PA 19107 

Steven Rubin 
13612 N.E. 80th Street 
Remand, WA 98052 

Janes Sanchez 
P.O. Box 1431 
Tucson. AZ 85702 

Pa111 Solo 
American Friends Service 

Co1111ittee Program Director 
1660 Lafayette. Suite D 
Denver. CO 80218 

United States Department of 
the Interior 

Northwest Region 
915 Second Avenue 
Room 990 
Seattle. WA 98174 

Marvin Lewis 
6504 Bradford Te 
Philadelphia. PA 19149 

Norman Solomon 
P.O. Box 42384 
Portland. OR 97242 

Eileen Buller 
1703 w. 15th Street 
Kenne-wick. WA 99336 
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APPENDIX A 

DETAILED DESCRIPTION OF PROPOSED ACTION 

The proposed action is to operate the PUREX/U03 facilities after completion of 
modifications. The proposed action is discussed in Section 3.1 of the text and is de~cribed 
in detail in this Appendix. Also included are descriptions of the existing fac11ities and 
the planned modifications. 

A.l PROCESS DESCRIPllON 

Descriptions of th~ PUREX and U03 processes including fuel dissolution, solvent 
extraction and separations, product c~ncentration, waste treatment and disposal, solvent and 
acid recovery. and urani1111 oxide preparation are given. Schem1tic diagrams of the processes 
are given fn Figures 3.2 and 3.3 of the EIS. 

A.1.1 Transport of Fuel Elements 

The irradiated fuel elements from the It-Reactor, after cooling for at least 180 days in 
reactor basin storage. are placed in canisters which are inserted into casks and delivered 
to the PUREX plant fn water-filled tanks on special, heavily shielded railroad cars. 
Shipments, made on a regular schedule during operating periods, may contain up to six cars, 
but generally include only enough fuel for one dissolver charge (three cars). 

In this transaction between two Hanford contractors (UNC Nuclear Industries and 
Rockwell), the responsibilities are clearly defined to achieve safe handling and positive 
identification of the fuel being transferred. Positive identification contributes to the 
safe and efficient operation of the PUREX plant; it helps in planning the dissolver charge 
sizes and other operating criteria. The infomation describing the fuels in reactor basin 
storage is required in advance of any shipment to Rockwell, and includes the following: 

• 235u enrichment level 

• date of dfsch!rge from the reactor (180 days of cooling time are required prior to 
PUREX processing to allow for decay of short-lived fission products) 

• basin storage position 

• number of pieces per canister 

• urani11111 content of each piece 

• net weight of each canister 

• total exposure of the fuels. 

Plant input accountability is provided by this information and is used as a check 
against the dissolver solution analysis. 

A.1.2 Dissolver Charging 

Preli~inary checks are rude to verify that process steps in the previous fuel 
dissolut~on cycle have been clllll1)1eted and to verify that the status of routings, equipment, 
and chemical makeups are correct. 
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The solution volume in the dissolver is adjusted to 5,540 1(3,1401 for spike fuel) by 
adding water or by evaporation with the tower condensate b!ing routed to the anmonia 
scrubber catch tank. The liquid in the dissolver is then cooled. An equal volume (5,540 1) 
of 11.2M anmonium fluoride--1.0H anmonium nitrate (AFAN) decladding solution is added to the 
dissolver in several steps with-the air spargers on. 

The dispatcher coordinates charging activities between the crane operator, 
process operator, and supervisor to assure the outside tunnel door is closed, the correct 
dissolver is prepared, the lid is removed; and the opening of the overhead ventilation cover 
door to the tunnel is approved by the superv~sor. During charging, the dissolver is cooled 
as much as possible with maxillllm water flow to the cooling coil and the spargers are turned 
off. 

The·crane operator unloads anit charges canisters to one of the three dissolvers as 
directed by the shift supervisor. The charge size is limited to comply with applicable 
criticality prevention specifications. (For criticality prevention, processing of the 
higher enriched spike fuel requires II dissolver charge of approximately half that of the 
regular fuel.) During removal from the casks, the canisters are monitored by a radiation 
detection chamber that activates an alarm if the radiation level exceeds that of fuel cooled 
for 180 days. This operating procedure, plus use of a similar detector in the reactor 
storage basin, should preclude inadvertent processing of inadequately aged fuel. Following· 
the charging operation, the eq,ty canisters are returned to the casks; the tank.covers are 
closed; and the cars are inspected for contamination, cleaned if necessary, and released to 
the train crew. 

If any metal is visible above the solution level, the dissolver operator is instructed 
to add water until the metal is covered, to prevent the possibility of a zirconium metal 
fire. The dissolver lfd and cell cover block are replaced. Water is added to the dissolver 
lid seal as needed to adjust the dissolver vacuum. If decladding is not scheduled to start 
iamediately, the dissolver is cooled and held at about 2s·c. 
A.1.3 Cladding Removal and UF4 Metathesis 

A flow diagram of the cladding removal process and equipment is given in Figure A.I. 
The figure shows process routes and the major pieces of equipment, including the offgas 
treatment systPms. The dissolving equipment consists of three independent systems, each 
containing an annular dissolver and an offgas syste~ which includes a downdraft condenser 
(dissolver tower), an amnonia scrubber, steam and electric heaters, a silver reactor, ana 
two offgas filters in series. 

Cladding waste is discharged from the dissolvers to a c0111110n 19 ,n3 (5000-gal) 
receiver tank, from which the solution can be transferred to a centrifuge feed tank, two 
parallel centrifuges, a cladding waste catch tank, and the recovered Zirflex proauct tank. 
The centrifuges overflo~ to the cladding waste catch tank during operation. 

Metathesis solution is stored in a 19 rn3 tank with routes available to the cladding 
waste receiver and the dissolvers. 

A.1.3.1 Fuel Element Decladd1ng 

Dissolution of the fuel element cladding is started by slowly bringing the dissolver 
solution to boiling while controlling the offgas evolution rates. Sparging with both air 
and steam is used for agitation, however the air sparge is stopped when boiling occurs to 
avoid oxidizing the uranium. · 

In the dissolver, the zirconi1111 cladding reacts with anmonium fluoride of the AFAN(a) -
solution: 

(a) Alllllon11111 fluoride-mnonium nitrate. 
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·OFFGAS 

DOWNDRAFT 
COODENSER 

TOWER· 

DURING 

AMMOOIA. 
SCRUBBER HEATERS 

· IRRADIATED . DISSOLUTIOO ·...-------
. FUB; -· - DEClADDING .,._ __ DURING TO AMMOOIA 
:CHARGE AND 1--- DECLADDING SCRUB WASTE . 

DISSOI.UTIOO DISSOLVED COOCENTRATOR 
RIEL 

SILVER 
REACTOR 

. METATl£SIS 
. SWITIOO 

SPENT 
METAMSIS· 
sownoo · 

METAL 
~OUJTIOO 

DTANKS 

1--- TO SOLVENT . 
EXTRACJIOO FEED-MAKEUP 

METATt£S·I 
· .SOUJTIOO · · 

STORAGE 

CLADDING 
WASTE · RECOVERED 

· URANIUM 

DOING -CENTRIFUGE WASTE L..-___. 
RECEIVER SYSTEM 

CLADDING WASTE SWRRY 
TO l»JDERGROUND STORAGE 

TO MAIN STACK 
· DURING DECLADDING 

~ 

TO BACKUP FACILITY 
DURING DISSOUJTION 

FIGURE A.l. Cladding Removal and Uranium Dissolution Process Flow Diagram 
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The hydrogen and a111110nfa evolved during decladding present a potential combustion and 
E!Jlplosion hazard. Therefore, hydrogen ts conv£rted to anmonia by reaction with anmonium 
nitrate pre!.ent in the AFAN solution: 

Also. an air bleed is used to dilute the dissolver atmosphere, thereby maintaining a 
hydrogen concentration of <2 volume percent. The dissolver ts also steam sparged to remove 
the amnonia generated, as Tts presence would decrease the reaction rate. 

The cladding waste solution is transferred to the waste receiver tank and the dissolver 
is rinsed with water which is also sent to the waste receiver tank. The dissolver now 
contains the unclad fuel and a small amount (approximately 1 percent) of uranium 
tetrafluoride (Uf4) formed through reaction of the fuel with the amnonium fluoride. 

A.l.3.2 Metathesis of UF4 

The UF4 solids in the dissolver are metathesized to hydrous uranium dioxide 
(Wz•2Hz0) by the addition of 7N potassiua hydroxide (KOH). The metathesis process also 
produces potassium fluoride (KFT which is soluble. Trace amounts of plutonium. which also 
fomed fluorides, undergo similar cheaical reactions and are recovered with the uranium. 

The u2d 11etathesis solution is returned to the metathesis storage tank without agitating 
the dissolver, which leaves aost of the UOz•2"2() solids behind in the dissolver. To 
prepare the now-declad fuel eleaents and these UOz•2H2') solids for nitric acid 
dfssolutfon, the dissolver ts rinsed and the residual fluoride ion complexed with a 1.6M 
al1111in1111 nitrate nonahydrate (ANN) solution to reduce corrosion of the dissolver. -
Sufftctent MIi ts added so that the overall alumtnu.to-fluortde mole ratio ts greater than 
thrH. 

A.1.3.3 UranfUII Recovery 

B@cause of the signtftcant urani• content of the cladding waste solution. in the form 
of entrained Uf4 solids, thts solution is processed for uranfUII recovery. The solution is 
centrifuged to separate the Uf4 solids which are then metathesized as above to 
UOz•ZHzO. Centrifuging removes the metathesis solution froa the uranium solids which 
are transferred to a storage tank for future dissolution. 

The spent metathesis solution ts saq,led for accountability purposes and then sent to 
an underground storage tank. Fresh KOH ts added to the •tathesis storage tank in 
preparation for treating the nut cladding waste heel. 

Follo.tng the centrifugation of the U02•2H2'). the solids are slurried in an 
aluainua nitrate solution and tronferred to the recovereil Zirflex product tanks. There they 
are dissolved in 12.2!! nitric acid (HN03) according to a callbinatfon of the two reactions: 

3102(s) + 811103(1) • JU02'N03}2(l) + 2NO(g) + 4Hz0(1) 

U02(s) + 411103(1) • U02(N03)z(l) + 2NOz(g) + ~0(1) 

The solution ts also sa111pled to assure the correct aluain~to-fluoride mole ratio of 3:1 
before transfer to the urani• aetal solution feed tants. Coq,lexing of the residual 
fluoride ions with aluatnua ts very fs:portant at this point in order to minimize corrosion 
and to avoid flooride CQIIPlexing of plutoni111111 in the first solvent extraction column, which 
would result in high plutoniu losses to the aqueous waste streaa. 
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A.l.3.4 Cladding Waste Treatment and Disposal 

Cladd!ng waste and cladding waste dissolver rinse solutions are reacted with caustic in 
the waste receiver tank. This reaction generates a111110nia which 1s handled by an independent 
systea consisting of an a111110nia scrubber and a scrub w.ste catch tank (A.1.5.2). The 
cladding waste-caustic reaction also generates a slurry containing up to 50 vol111e percent 
solids (priaarily hydrated zirconi111 oxide), and requires agitation for solid suspension in 
order to transfer the slurry to underground storage tanks. 

A.1.4 Urant111 Dissolution and Feed Preparation 

Dissolution of the urant111 metal and feed preparation for solvent extraction is 
described in this section. Figure A.l gives the process flow diagr• of the urant111 
dissolution systm which includes three independent annular dissolvers with parallel offgas 
systeas (also used for cladding re110val), a feed makeup tank, and three storage tanks. The 
offgas systeas tncluda the downdraft condensers (dissolver towers), steam and electric 
heaters, silver reactors, and two offgas filters per system. 

A.1.4.l Urani111 Dissolution 

The declad fuel eleaents are d1ssolved in nitric acid to produce uranyl and 
plutont .. (IV) nitrates. The equation for urant111 indicates the coq,etttive reactions 
occu""9'ing when concentrated acid (>8!! HH03) 1s used, while that for plutonia is a 
simplified statelll!nt of the reaction: · 

U(s) + 4.SHN03(l) ~ UOz(N03)z(l) + l.SSHO(g) + 0.85N02(g) + 0.0SNz(g) + 2.ZSHz0(t) 

Pu(s) + 8HN03(l) • Pu(N03)4(l) + 4NOz(g) + 4Hz0(1). 

Dissolution is started wtth addition of 10.4M nitric acid to the dissolver and sl0111ly 
raising the teaperature using the ste• cot ls. ATter 30 • inutes, the steaa 1s shut off to 
110nitor the rate of initial reaction. An excessive reaction rate (inability to •intain at 
least 0.98 kPa (4 in. HzO) vacu111 in the dissolver) is controlled by lowering the solution 
teq,erature with the cooling coil. When the reaction rate is acceptable, the steaa flow is 
gradually increased again to bring the soluticn to boiling. After about 2 hours of 
digestion, additional nttrtc acid ts added at a controlled rate to maintain the desired 
nitric acid concentration and an effective dissolution rate. 

As the aetal dissolution progresses, the specific gravity of the solution increases. 
The first cut is terminated ~hen the specific gravity reaches 1.66, or when the spectftc 
gravity fails to rise 0.02 unit in 1 hour. The dissolution reaction is stopped by cooling 
the solution to 60•c, and then transferring it to the metal solution feed storage tanks. 

·This first cut generally contains about 60 percent of the uraniu• charged to the dissolver. 

Nitric actd and MN are again added to the dissolver ana the reaction continues as 
befcre. The second cut is ter• inated at a specific gravity of 1.72. This solution, which 
has a slightly higher concentration of UNH and nitric acid than the first cut, is 
transferred to the • etal solution feed storage tanks. The dissolver is rinsed to reaove any 
urani111 metal COllpQUndS adhering to the walls, and the rinse water is also transferred to 
the feed storage tanks. 

Urani111 dissolution of spike fuel ts conpleted 1n a single step. Because of the 
smaller batch, less ANN is needed to complex the residual fluoride ions in the dissolver. 

A.1.4.2 Metal Storage and Feed Preparation 

Urani111 recovered fl'OII the cladding waste·solution (Section A.1.3.3) is blended with 
the feed metal solution in the storage tank. This feed solution is then SIIIPled for input 
accountabil tty before it is pumped to th1 feed • ueup tank. 
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If necessuy. final feed &djustaents are Ude depending on the ac:count&bility saniple 
1Mlyses. Adjustaents are ll&de by adding re.on 11&terials. dmineraltzed 1Ater. and/or 
nitric .:td. v. the solution has the desired concentration. tt is transferred to the feed 
t&llk for the HA solvent ut:r&etion eolian. 

A.1.5 Offgu Treataent 

As aentimed previously. potentially hazardous gases. '-Jdrogen and aaonta. are evolved 
tn the ~lidding ~rocess along •1th s0111e volatile fission products and nitrogen oxides 
released dilr1fti urant111 dissolution. The •tbods and equipaent for treat1::g these and other 
gases an descrtlbed tn thts section. 

A.i.s.l Dissolver Offgu Spt....Claddtng Reaoval 

Durtng cladding rmovli1. the dollndr~t dissolver to.en function as first-stage offgas 
scnbbers. rmoving soae -,.,1a and fission products •1th the condensate. The condensate 
stre• 1s routed to the -,nt.\ scrubber catch tank to be caabtned •1th aaonia scrubber 
.ute. 

An _,..1a scrubber. locatec: dollnstn• froa the dissolver to.er. N110ves ..onia froa 
the offgu strua to I aut- •aon11 content of 0.06 .t percent. Aa.onh scrut>ber _,.ste 
(ASII) ts routed to an tndtvtdull catch tank for Heh scrubber. then to the ASW concentrator 
feed tm. Alalllt1 scrubber offgu fraa e&eh dissolver 1s routed to the utn stKk via the 
heaters. the stlver reactor used for 10Cline nmHl, and the t110 filters tn series. 

A.l.5.2 Offgues fraa Cladding Waste Treataent 

-.11 Is 11so generated clurtng the treataent of Ztrflea cladding waste •itll sodiia 
hydroalde (IIOH). Tbi cell In lllllch thts operation occurs. E cell. his an offgas syst• 
conststtng of I stngle -,nt1 scrubber and scrub •aste catch tank. The catch tank 1 iqutd 
ts routed dtnctly to the ASII concentrator feed tank. Offgu froa this scrubber ts routed 
to the -t• stltk. 

A.1.5.3 a.o,.11 Scrubber waste Concentration Sntm 

The ASII concW1tr1t1on syst• tv1POrates -,nla scrubber .. ste froa the three dissolver 
aaont1 scrubbers 11111 the E cell scrubber. The specific gravity of the amonll scrubber 
.. ste concentrator bottcas Is aonltored and allo.ect to lncreue to I pndeten1lned level 
before s!IUtdcMI. cooling. and transfer to the •1st• receiver. A r&dtoacthlty (95zr, 
9Sta,1 l!JfiRu) concentratton llatt for the bottcas ts also I criterion for 11111tying the 
concatt .. ~tor. Fraa the .ute receiver. the concentrated bottoas solution ts sent to 
underil'Olald stor199 tanks. 

A condellMr ltqulftes the vapor froa the concentr1tor and subcools the condens.\te 
produced. IS«a,se of Its affinity for cool .. ter, nearly 111 of the 1mORla is absort>ed In 
the subcooled CondlllSlte lllltch Is thlll PUIIPed to a crib. 

A.1.5.t Dissolver Off9u Srstca-Uranh,a Dlssolllttan 

As described ta S.:t1oa A.l.ti HCII dtssoher off~u syst• Includes a dissolver toi.er. 
gu IIHtert. stlftf' ructor. and f lters. 11 sllcMI 111 Figure A.l. The cbtndraft dissolver 
t011VS1 lllltch an actally .. ter-cooled condensen. ue pri .. r11y designed for nitric acid. 
rteonry during urant• dhsolution. Condensate fra• the towers contatni soae 
rldtonuclldlS. and ts routed b&Ck to tbl dhsolwer M"ing dissolution. The tcwer gueous 
effluent ts routld to the off1u heaters 1.,ct silver reactor wla tile -,,.11 scrubber, 
although the scrubber ttself snot functtonl119 sl..:e no -,nia Is evolved during 
dtssoluttoa. 

Offgua gaerued dlirtag urant• dtssolutton an ricll tn nitrogen oxides. dlch are 

i tally raDftd ucl ncovend II nttrtc 1eto :l the condensen and thl btckup facility 
see A.l~S.s)1291111iJl11tp• ftsston products N eutd during uranhil dissolution are 

r Wz.. •• •• ~. and 1 111111 aount of Jtt. The krypton. xenon. and 
trttiill. an qu.antitathely discharged to the outside ataosphere wi1 the qin st1ek. 
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The silver reactors remove the radio1od1ne ( 1311 and 1291) from the off gas thro•igh 
reaction of the iodine with the silver nitrate (AgN03) coating on the reactor packin5. 
Solid silver iodide (Agl) is formed tnd reaains in the silver reactor. Overall iodine 
decont111tnation factors, based on 13II release and nie&sured from the dissolver through the 
backup facility decrease from 1000 to 100, as the reactors lose their efficiency after 
extended use. The silver reactors are regenerated periodically with fresh AgN03, but the 
reactors are not flushed (i.e., dissolution of the AgI coating and disposal to underground 
storage), to ensure that the iodine remains on the reactor bed. When a reactor can no 
longer be effectively regenerated, tt ts replaced and sent to solid waste burial. 

A.l.5.5 Backup Facility 

The backup facility, consisting of t'IIIO acid absorber towers in series, removes most of 
the reaaining nitrogen oxides that were not absorbed in the downdraft condensers. Nitrogen 
oxides in the offg1ses are absorbid into the to..er scrub water foming nitric acid, which is 
routed to the acid recovory systea and ts eventually returned to the PUREX process. The 
facility also reaoves radioiodine, contributing a decont111tnatton factor of ten. 

Preli• tnary tests 1ndtcate the acid recovery can be increased to above ~ percent by 
adding a controllPd 11110Unt of hydrogen peroxide to the top tray of each tower. The 
equtp• ent necessary to iaiple• ent this systea will be installed prior to_ startup. 

A.1.6 Solvent Extraction 

After adjustaent of the c~ncentration and acidity of the uranyl nitrate solution fl"(lll 
the fuel element dissolution, the solution proceeds to the solvent extraction step, which ts 
the key operation of the PUREX process. It separates the uraniu•, plutoni•, and neptunium 
fro• associate~ fissio.~ products and fro• each other, and produces purified nitrate 
solutions of these products. A series of extraction-stripping sequences accomplishes the 
separation and purification. Tha process ts characterized by numerous recycle stre111S as 
less pure stream are recycled to the process • 

The organic solvent used in the solvent extraction process ts a 30 volume percent 
solution of trtbutyl phosph1te (TBP) in a nonaal paraffin hydrocarbon diluent. All solvent 
extraction operations are conducted tn pulse coluans containing perforated plates. 

The following three llljor process systems make up the solvent extraction process: 
• first decont•tnatton and partition cycle 
• final urani• cycle 
• final plutoniua cycles. 

These three syste• s are discussed in this section. The second neptuntua cycle solvent 
extraction process is described in Section A.1.8. 

A.1.6.1 First Deconta• inatton and Partition Cycle 

Figure A.2 is a process flow dt&gra• of the first decontamination and partition cycle, 
showing the • ajor equip• ent pieces and the nonaal process routes. 

The purpose of the fint decontuination cycle ts to separate the bulk of the fission 
products fro• the uran1•• pluton1ua, and neptuni•. This is acc0111plished in the lower 
section of the HA (first extraction) colu• 11 where the urant1111 pluton1•, and neptuniWII are 
extracted fro• the aqueous fnd into an organic streaa of trfbutyl phosphate and paraffin 
hydrocarbons. A sodfua nitrite stre1111 ts added to the collllll'I to oxidize the neptunfWI to an 
extractable ionic state. In the top of the HA colua.-1 1 the pr~duct-bearing organic stream ts 
scrubbed with I nitric acid solution to re• ove any fission products extracted by the organic 
stre•. 

The aqueous waste stre•, containing greater than 99 percent of the fission products 
fed to the col1a111 flows to the waste concentration-acid recovery ,quip• ent (A.1.11). The 
org1nic stre• 1s routed to the partition cycl1. 
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In the partitioning cycle, plutonium is separated from uranium and neptunium. The 
partition process equipment includ~s three solvent extraction columns (lBX, lBS. and lC) and 
the uranium-neptunium intercycle concentrator. 

The organic stream from the HA colum is mixed with four organic r'1!cycle streams. and 
this solution is then fed to the lBX colwn. The aqueous lBX extraction solution is dilute 
nitric acid with ferrous sulfamate. The ferrous ion reduces the plutonium which causes it 
to be partitioned from the organic stream into the aqueous stream. Although it has not been 
reduced, 4 to 5 percent of the uraniUll is renewed along with the plutonium. The 
plutoniU!!l-bearing aqueous streu flows to the 18S col1.11111 1 and the organic strea111 containing 
most of the urani1.1111 and neptunium, and a small amount of plutoniue11 flows to the lC column. 

In the 18S colum, the uranium 1s removed from the plutonium containing aqueous stream 
with organic solvent. The organic stream, bi!aring the uranium and about 6 to 10 percent of 
the plutonium. is recycled to the lBX colU!IWI. The aqueous plutonium-bearing stream is 
routed to a feed tank for chemical adjustment before entering the final plutonium cycle. 

In the lC colUlll'I, the uranium, neptunillftl, and plutonium are removed fro111 the organic 
strea111 by a dilute nitric acid solution. The organic waste stream is sent to the Solvent 
Treauient System No. l feed tank (see Section A.l.10). The uranium containing aqueous 
strem is transferred to the uranium-neptunium intercycle concentrator. There the aqueous 
solution is concentrated by a factor of seven before it is transferred to the final uranium 
cycle feed tank. 

A.1..- ? Final Uranium Cycle 

In the fin~l uranium cycle, uranium is separated from the neptunium, plutonium, and 
residual fission products and then concentrated to meet product specifications. This 
requires t.o extraction columns (20 and 2E shown in Figure A.3} and a concentration system. 

Before it ts ff:d to the 20 colUllll'I, the nitric acid concentration of the 
uraniia-neptuniua solution is increased to l.SM. A solution of hydrazine is also added to 
react with any nitrite ion present in the feed-tanlt. 

Extraction of the uraniua occurs in the lower half of the 20 colunn through the use of 
organic solvent. In ti..: upl)'tr half of the colWll'I, the uranium-saturated orgar.ic stream 
contacts tvo scrub solutions. One, containing hydroxylamine nitrate reduces the plutonium 
and removes it, and the other, dellineralized water. removes any nitric acid present. 

The aqueous stream, containing 5 to 7 percent of the uranium and essentially all of the 
neptuni1111, plutonium, and fission products, ts routed to the backcycle waste tank for 
concentration and recycle to the solvent extraction coluim. The organic stream containing 
the purified uranium flows to the 2E column. 

The 2E colua, 1s ~dentical to the lC colUlll'I and removes the uraniUlll from the organic 
stream with a dilute nitric acid solution. The organic waste stream is sent to the receiver 
tank for Solvent Treatment System No. 2. The aqueous product stream, containing all but 
0.0009 percent of the entering uranium, is routed to the uranium concentrator. 

The aqueous product strea111 is concentrated by a factor of about 7 to give a solution of 
2.12M uraniua. After sampling, analysis, ,ind vo111118 measurement, the uranium product, 
uranyl nitrat~ hexahydrate (UNH), is transferred to storage tanks. These tanks have a 
capacity of 390 ml (100,000 gal) and are e1'Closed by concrete dikes. From storage. the 
UNH is pumped into tanker-trailers for shipa.,.ont to the U03 plant. 

A.l.6.3 Final Plutonium Cycles 

The final plutoniU11 cycles consist of the second and third plutoni1,111 solvent extraction 
cycles plus plutonium product concentration. Ttle second cycle uses two extraction columns 
(2A and 28) as does the third cycle (JA and 38). The flow diagram for the final plutonium 
cycles is shown in Figure A.4. 
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SooiUII nitrite is aOCJed to the plutonium-bearing aqueous stream (from the lBS colum.i} 
before it 1s fed to ~he 2A col1111n. This is to oxidize the ,1utonium back to a state where 
it can be extracted b) the organic solvent. The extraction occurs in the lower half of the 
2A col1a11 while in the upper half the plutoni~earing organic stream is scrubbed with 
dilute nitric acid to remove IIIOSt of the fission products. The organic stream then flows to 
the ZB col:an. The aqueous waste stream containing about 0.7 percent of the er.tering 
plutoniu• plus most of the fission products is routed to the backcycle waste feed tank for 
recycle to the process. 

The aqueous strip solution tn the 28 colum:,, contains hydroxylamine nitrate. This again 
reduces the plutoniu• to r810Ye it froa the organic streu into the aqueous stream. As the 
plutont~earir.g aqueous stre• flows down the lower portion of the coh;mn. it is scrubbed 
with organic solvent to rel!IOve any uraniUII which uy be present. The aqueous stream then 
flOIIS to the feed tank for the third plutoniUII cycle. The organic stream, containing 
urani:a, fission products and 0.04 percent of the entering plutonium. ts recycled to the 
181 colu• n fP.eO tank. 

The nitric acid added to the ac,Jeous plutonium stream in the 3A feed tank is sufficient 
to oxidize the plutonfu• to the state where it is again extracted into the organic solvent 
in the 3A colun,. In the sr.rub section of the coluai, dilute nitric acid removes most of 
the IM!lllining traces of fission proauc~s from the organic stream. -The aqueous waste strea~. 
containing about 0.3 percent of the entering plutonillill, is routed to the backcycle ~aste 
tank·for recycle to the 9rocess. The organic stream containing the purified plutonium flows 
to tt-e 38 column. 

The 38 coluan uses a dilute nitric acid streaa to remove the plutonium frOCI the organic 
streaa. The orguic waste stre•, containing about 0.1 percent of the entering plutonium, 
is recycled to the 181 feed tank. The plutonim product stre• is routed to the plutonium 
stripper, where any traces of solvent are removed and the plutoniua solution is 
concentrated by a factor of five. To prevent plutoniu,i polymer fon11ation during 
concentration, concentrated nitric acid is added to the feed stream of the stripper. The 
stripper product flows to another concentrator for further concentration by an additional 
factor of two. The concentrator product flows into the receiver tank, from which the 
proc!uct ts periodically vacu..-transferred to the product receiver room sample tank. Final 
processing of the plutoniUJD nitrate to plutonium oxide is described later in Section A.3. 

A.1.7 Backcrcle Waste Systm 

The aaueous waste streams from the second plutonium cycle. the final uranium cycle. and 
the neptunium recovery system plus excess acid recovery condensates and the vent system 
conoensates from L altd Q cells are all c~ncentrated and recycled via the backcycle waste 
system. This syste• consists of a concentrator and condenser along with a feed tank and 
ccncentrateo waste receiver. The waste is concentrated by a factor of acout five before 
flowing to the waste receiver. The aqueous waste from the third plutonium cycle is routec 
ofrectl) to the waste receiver. From the waste receiver. about 60 p2rcent of the soiution 
is puziped to the HA colum,, and about 40 percent is puq,ed to the neptunium recovery cycle 
whel' it i: in Phase I operation. The concentrated was!2 is routed exclusively to tne 
HA col.-n during Phases II and Ill of neptunium recovery. 

A.l.a Neptuni11111 Recovery anc:1 narification 

The operation of the neptuntU111 recovery cyr.le is a three-part sequential process. The 
cycle serves to acc111:Ulate neptunium from the bAckcycle waste streams during Phase I 
ooeration. Neptuniu• Is separated from fission products, uranium. and plutonium during 
Phase II operations, and a feed streu is provided for the neptunium Ion exchange 
purification process conducttd in Phase III. All three of these phases use the same 
equf~t, two solvent extraction col111111s (ZN and 2P), shown in Figure A.S. 

~' ' 

- - O,.,r1ng Phue I, 1bout 40 percent of the backcycle waste strei!ID ts routed tu the 
211 col..n. There the neptuntua and uraniu• are extracted froa the aqueous stream into the 
organic stre• which fs then routed to the ZP column. The plutonium remains in the aquaous 
streaa due to tile presMCe of ferrous sulfamate and hydrazine which reduce the plutonium to 
an inextractable state. The aoueous waste streaa fs routed to the backcycle waste feed 
t!t-,kS. 
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In colia1 2P, the neptunium is stripped into a dilute nitric acid aqueous stream, 
leaving most of the uranium in the organic phase llllich is recycled to the 181 column feed 
tank. The aqueous stream containing the neptuntua ts routed back to the 2N collSl'I feed tank 
lllhere it 111:les with the tnccming backcycle waste stre•. 

During Phase I operstion, plut.lniua eaits the syste11 in the 2N Maste stre• and urani1.111 
eaits in the 2P nste stre•, while the neptuniua accu.ilates and recycles throu~ the 
system. This procedure continues until a specified uount of neptunh• is acOA.1lated in 
the systell; ~ a final decont111ination process. Phase II, 1s tnttillted. 

Phase II operation is similar to Phase I, ucept the backcycle waste stre• to the 
2N colWll'I feed tai.t 1s discontinued and replaced by a nitric acid streaa. This allows the 
aiount of plutonium, uranium, and fission products in the systea to gradually decrease. 
When the uraniua c.>ncentration 1s less than 6 g/t (0.05 lb/gal) and plutoniua ~oncentration 
is less than 1 gr• plutoniua per 1000 gras neptuniua, Phase II neptuniua decont•ination 
is CIJIIPlete and Phase III operation begins. 

During Phase III, the neptuniua product stre• ff'OII colua, 2P is transferred to the 
concentrator feed tank instead of being recycled to coluai ZN. A~ wt percent nitric acid 
stream is fed to col111111 ZN as a rinse soluticn. This continues until the neptunium 
concentration of the streui leaving the colWll'I 1s less than 0.26 g/t. 

Neptuni~ purification consists of concentrating the solution froa the neptunium 
recovery systell and ion exchange to reaove the residual 1mpurtt1es. The equipment for this 
process ts sholm 1n F1gt.re A.6. 

' ' 
The solution froa the neptuntua recovery systell 1s concentrated by a factor of about 

4.5. The concentrated neptur:iua solution flows to the ton exchange col...,. feed tank where 
cheatcal adjustllents are !Ude. The acid conc,ntratton 1s adjusted to 6.3M by addition of 
nitric acid, and the neptuni1111 tonic state ts opt111tzed by addition of hyarutne. 

The resin (Mberlfte IRA-97) tn the ton exchange colua1 ts pretreated by passing ~ 
nitric acid containing 0.lM hydruine through the coluan to prep11re the resin for adsorption 
of the nut neptuniua batcli. hae.tiately before the neptuniua 1s loaded, the resin bed 1s 
degassed to elt11tnate air pockets. As tlle feed solution ts l)Ulll)ed cbfflward through the 
colWll'I, the resin retains the neptunt-.a through the ton eachange mechant"s11. 

Ally plutoniua retained by the resin ts re110ved by a scrub solution which contains 
ferrous sulf1a&te and hydruine in a 6.7M nitric acid solution. lile strong acid is 
necessary to prevent neptunium elution losses during the plutoni1111 scrub. Si• ilarly, any 
fission products absorbed by the resin are removed by a scrub solution which ts 7M nitric 
acid. and also contains rluoride. Again the high acid content prevents neptuniua Tosses. 
This fission product scn.b leaves fluoride residue on the ton eachange cohmi, and this Is 
scrubbed with an 811 nitric acid solution containing hydrutne. The pretreatment, loading, 
plutoniua scrub, fTssion product scrub, and fluoride scrub wastes containing neptunium lost 
during purification u-e returned to the backcycle waste systa for recycling through the 
solvent ea~r1et1on systell. 

Product neptuniua is removed from the resin bed wit.ti a 0.391 nitric acid solution. 
Neptunh• concentration ts controlled by adjusting the product eTuent vo'li.e to the quantity 
of neptuniua on the resin, and no further product concentrat;u."! stet, ts required. The 
initial and final portions of the eluted solution are too dtlute in neptuntua to be used in 
the final product and are, therefore, recycled to the concentrator feed tlllks. 

!leptunh• purification process safety is an il!IX)rtant constdention due to its 
potential for an ton C!llchange resin explosion, which eaists under certain conditions of 
te111>erature. pressure. 111d acidity. To • inimtze or elt• inate these cor.ditions, significant 
process p&rae~rs an carefully controlled and care ts taken to preclude the standing of 
loaded resin et•luans for prolonged periods of tt•. 
A.l.9 Suplingand Rhorit of Nitrate Product Solutions 

Uranyl nitrate hulhydrate (Ul8t) vute solution or out~f-specificat1Gn solution from 
the 1J03 plant ts concentr1tec1 to a specific gravity of 1.54 for recycle w the PUREX 
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process. The tank used for this concentration is equipped with an offgas treatment system 
consis~ing of a condenser, de-entrainer, filter. and steam ejector. The condensate is 
routed to the waste tank during concentration, and is returned to the concentration tanlt 
when wastes suspected of containing solvent are boiled under reflux to eliminate organics. 
Reworked UNH may be transferred to the extraction process from the concentration tank or any 
of the product storage tanks. Transfers to process are frequently made to provide cold 
(unirradiated) feed for plant shutdown or startup, and scmetimes for plutoni1.11 dilution. 

Concentrated plutonf11111 nitrate products fr:llll the third plutonium cycle is handled in 
the product removal (PR) r001111 which contains specially designed vessels for nuclear 
safety. There the plutonha nitrate is saq,led to assQ the solution before further 
processing or to reroute plutonillD-bearing liquids for rework through solvent extraction. 
Along with liquids fr-a. the PR rooa, other plutonim rework solutions include those from 
process cell s~s. out-of-specification products, and flushes from the plutonium recovery 
equf::aent. These solutions are routed to the HA col11111 feed makeup tank for re.on. 

The neptunf111 product receiver tank is equipped with a teqierature control system plus 
weight factor and specific gravity instnaentation. The neptuniUIII product solution is 
saq,led for neptuni1111 plutoni1111 urani1.111 and nitric acid content, and is then transferred 
to storage. Alternatively, the neptunfta oxidation state is adjusted and the product is 
transferred to containers for shipment. The oxidation state must be adjusted to preclude 
fonaation of any gases which would subsequently pressurize the product containers. 

A • .1.10 Solvent Treatment 

With continued use, the organic solvent used in PUREX solvent extraction (30 vol1111e 
percent trfbutyl phosphate in a nonnal paraffin hydrocarbon diluent) becomes contaminated 
with fission products and chemically degrades, decreasing the efficiency of chenical 
separations. Before reuse, the solvent fs treated as described in this section. 

Regeneration of all the organics used in the PUREX solvent extraction process, except 
that fr-a. the second uranium cycle, is accoqilfshed fn Solvent Treatment System 1. Solvent 
used in the final uranita cycle has a separate treatment systm (System 2) to minimize the 
cont111fnatfon of the urani11111 product by iq,urities in the solvent. The treatment process 
consists of an alkaline-permanganate wash followed by a nftrfc acid wash. Figure A.7 
schmatfcally shows the equipment Mad streams c~rfsfng SystBDS 1 and 2. 

The sodf111 caroonate;>otassf111 permanganate wash takes place in a seni-batch washing 
tank where most of the contaminants fn the organic stream are remov~. The wash solution, 
which fs continuously recycled, acc1111Ulates fission products. plutonillil, uranium, and 
dissolved organic fl2')urftfes and must be replaced periodically. The depleted wash solution 
froc System 1 is sent to an underground waste storage tank, while that from System 2 can 
also be sent to underground storage or ft can be used as rep1acement wash solution in 
System 1. 

After thf! organic stre• fs contacted with thf! alkaline-permanganate wash solution ft 
flows to the scrub eolian. The dilute nitric acid solution removes entrained carbonate and 
• ar,ganese dioxide froa the organic. This wash solution is also recirculated through the 
coluan until it becoaes contaminated. The nitric acid waste solution 1s made basic and also 
sent to underground storage, or that from Systm 2 can be reused in System l. 

A.1.11 Actd Reco~e,y ind Liquid Waste Disposal 
In the PUREX facility, treatment of high-level radioactive liquid waste is part of the 

nitric acid recovery process. Highly radioactive waste sc,lutfons are treated before being 
sent to storage in underground tanks. In addition to acid recovery, the waste treatment 
process l"educes the volaae of material which must be processed through the waste management 
facilities and eventnlly stored. A flow dfagru of the waste concentration and denitration 
equipment is shown tn Figure A.a. · 

In the acid fractfonator, dilute waste nftrfc acid streams are concentrated to a 
untfor11 product suitable for reuse fn the plant. 
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Liquid wastes containing radioactive concentratioos within allowable n!lease limits 
(e.g., condensates) are routed to surface ponds or cribs, where the liquia aisperses into 
the soil. 

A.1.11.1 Acid Recovery 

The PUREX facility is provided with equipment for the recovery of the nitric acid used 
in the solvent extraction operations. Hore than 80 percent of the nitric acid prese~t in 
tre aqueous waste streams from the solvent extraction batteries is reclaimed in reusable 
form. This is accomplished through concentration and sugar denitration of the hfgh-level 
liquid waste. 

The aqueous acidic waste from the HA column contains nearly all of the fission 
products, about 0.002 percent of the uranillll, and about 0.02 percent of the plutoniua, f-rom 
the fuel dissolution process. This waste is evaporated in the waste concentrator to red~:~ 
the voltae of liquid which .._.st be processed through the waste management facilities and 
store a. 

The vapors (water and nitric acid) from the boiling waste in the concentrator pass 
upward through a series of two mist eliminators before going on to the nitric acid recovery 
equipment. These two mist eliminators effectively decontaminate the offgas stream from 
fission products. The condensate formed in the upper mist eliminator is returned to the 
solution section of the concentrator. 

The concentrated high-level waste flows to a waste receiver tank where it fs cooled 
before it is moved batchwfse to the sample and denitration tank. There sugar denitration of 
the waste is carried out to increase the acid recovery. 

A 22 percent sugar solution is added to the heated waste until sufficient sugar has 
been added to decrease the nitric acid concentration to less than one molar. The sugar ana 
nitric acid in the waste react through a chemical digestion process to fora carbon and 
nitrogen oxides, which are exhausted through the waste concentrator tower to the a~id 
absorber. The denitrated high-level waste is cooled and transferred to another tank for 
acid analysis. From there the waste (called current acid waste) is routed to the 244-AR 
Vault, with subsequent transfer to the waste managf'lllent facilities. 

The acid and water vapor exiting the waste concentrator are routed to the acid absorber 
where nitric acid is recovered as an 18 wt percent product. The offgas from the absorber, 
depleted of nitric acid, passes through a condenser where the water vapor is conjensed and 
recycled to various locations or sent to a crib. 

Th£ procuct acid from the abso~,er is routed to the absorber receiver tank. There it 
is mixed with nitric acid from the dissolver backup facility absorbers (about 
12 wt percent). This solution is fed to the vacuum fractionator -hfch concentrates the 
solution to give a SO wt percent nitric acia stream for reuse in the PUREX facility. The 
condensed overhead vapors, consisting of 99.5 wt percent steam, are returned to the 
fractfonator or routed to the backup facility for use in the absorbers. 

A.1.11.2 Waste Treatment ana Disposal 

Th~re are three distinct groups of liquid process wastes from the PUREX facility, and 
special waste handling and disposal procedures are employed for each of these waste groups. 
The high-level waste handling has been described in the preceding section. Other liquid 
wastes include various low-level process wastes, including SOlllf! which may require rework for 
product recovery, and very lo• actfvity aqueous wastes. such as condenser and vessel jacket 
coo 1 i ng water. 

Treatment and Dis osal of Lo• Level Process Wastes. Liquids from the 291 Area (stack 
condensa e, man er ra nage, coo er wa er, sump accumulations fr0111 the 293-A Building) 
along with miscellaneous laboratory wastes and 206-A sump wastes are routed to collecting 
tanks. When a batch is accumulated, it is sampled for uranium. plutoni111111 and acid 
content. The batch is made basic with caustic and transferred to underground storage tanks. 
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A SUl!ll waste receiver tank ts used for accumulation of head-end and central canyons~ 
waste plus drainage fl'OII various sources such as the condenser vent, vessel vent, s~ler 
drain headers. and anmonta scrubber waste. When a waste batch ts accumulated, it is s~led 
and the contents are either made baste and sent to underground storage, or transferred to 
the waste rework tank, depending on the amount of product tn the liquid and the waste sourc,,. 

Light Water used in the fire prevention system h&s beiln sholiln to be detrimental to tlv4 
PUREX process. and causes extreaely excessive foaatng during concentration unless previ~~~ly 
diluted with a large volume of other solution. The Light Water collected tn the suq, waste 
receiver tank as a result of the f~re prevention system being activated is made basic and 
sent to underground storage. 

Ayueous Effluents Disposal. Aqueous dhcharges fro111 the PUREX facility include the 
follow ng six categories: cooling water, chemical s1nier, steam condensate, process 
condensate, aamnfa scrubber waste condensate. and 203-A Area discharge. Table A.l 
sumaarizes the type of flow measurement, saq,ltng, and radiation monitoring for each 
discharge stre•- Each of these streams ts saq,led and 1110nttored for radionuclide content. 
If the content ts too htgh based on the OOE 5400.lA guidelines, the strea111 ts either 
diverted to a lined retention bast~ or held in the accumulation tank where it is saqiled and 
analyzed. Then the liquid ts either puq,ed back to the building for further processing or 
to the appropriate disposal area. which mQ be a pond, crib, or underground storage tank. 
Further detail is included tn Section A.2.2. 

Mocliftcattons tn this area include recycling of three process condensate streams which 
were formerly sent to a crib. Also, the !IIIIIDnia scrubber waste (ASW) is now concentrated 
with only the condensate ro~ted to the crib rather than the waste itself as was formerly. 
done. As a result, the quantities of radfonuclides released to the cribs are, except for 
triti~ reduced by at least 50 percent (on a per metric ton of fuel basis) • The 
concentrated ASW ts sent to underground storage. 

A.1.12 Solid Waste Disposal 

Solid wastes generated at the PUREX plant are divided into the three categories: 
nonradioactive wastes, low-level wastes, and transuranic (TRU) wastes. Solid waste 
effluents (ucluding those handled remotely) are monitored by beta-gamna and alpha 
instruments to deteratne radiation levels. A neutron 1110nitor ts used to measu~ the 
plutonium content of dry waste containers. Collection and packaging of the three types of 
wastes for disposal to various burial sites is described below. 

Solid nonradioactive wastes, consisting of ordinary trash originating outside of 
contaminated areas, are collected tn trash cans, plastic bags. cardboard boxes. etc. which 
are eq,tfed into a dllll1)ster. The waste is coqiacted to approximately one-third volume and 
buried tn the Hanford Site central sanitary landfill. Uncontaminated asbestos waste is 
double-bagged, wetted and labeled before being placed tn a separate d~ster designated 
•Asbestos Only.• 

Solid low-level radioactive wastes of small bulk are collected and placed in cardboard 
cartons or drums for shallow-land burial tn a designated area. In 1972, approximately 
450 ml (16,000 ft3) of low-level waste from PUREX was buried in the 200 Eait Area 
industrial burial ground. The annual volume is expected to be 1.2 x 103 mJ 
(42,000 ft3) following startup. 

Transuranic wutes of small bulk and r-:lattvely low levels of activity are placed in 
55-gallon drums of distinctive colors to identify the type and amount of waste COiltained. 
These drums are placed in 20-year retrievable storage fn the 200 West Area. In 1972, 
approximately !90 ml (6700 ftl) of transuranic ·taste was transferred from PUREX to 
retrievable storage. Futuri TRU waste yolumes 1 including drums and burial boxes, are 
projected to be 1.1 x 103 mJ (39,000 ftl). 

Large waste items froa the_canyon suitable for iauedtate disposal are placed in wood, 
concrete, or metal boxes and buried in a 200 East Area burial ground. Those items too 
radioactive for illllledtate burial are put on railroad flatcars and moved into the PUREX 
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Discharge Flow 
Stream Measurement 

Cooling Water ll Wetr (Gable Mountain 2 Dip Tube 
Pond) 3 Flow 

lnteyrator/ 
Tota tzer 

Chemical Sewer 1) Parshall 
(to Pond 216-8-3) Flume 

2) Flow 
Integrator/ 
Totalizer 

Steam Condensate 1) Magne~tc 
(to Crtb 216-A-30) FlOilllll!ter 

2) lnte,rator/ 
Tota izer 

Process Condensate 1) Magnetic 
(to Crib 216-A-10) Flowmeter 

2) Integrator/ 
Totalizer 

Aamonia Scrubber 1) Magnetic 
Waste Condensate Flowmeter 
(to Crib 216-A-368) 2) Integrator/ 

Totalizer 

203A Collection 
Discharge Tank Volwne 
(to Pond Measurements 
216-8-3) 

---- ----· ------

TABLE A.l. PUREX Plant Aqueous Effluents 

Radtatton Emergency 
Sa!!!l!ling Dtverston Honitortng SUlpltng 

~I EMV Sampler Retention Bastn Single Probe None 
Tank Drain (Automatic) fnon-redundant) 
Sample non-fa 11 safe) 

Proportional Retention Basin Stngle Probe liutomattc 
(Aut0111attc) (Validated Verification 

per1odtcally by Sa1111>le 
autollat i ca 1 ly 
actuated chect 

I source) 

ll EMV Sampler Retention Basin Stngle Pr-obe Autoaattc 
2 Jug Pour (Automatic) fnon-rc!dundant) Verification I 

Sample n,;;1-fatlsafe) Saq,le i 
I 

Proportional None Sin,le Probe Automatic ! 
(Va tdated Verificat ton I periodically by Sa1111>le 
autOlllltically I 

! 
actuated check I 

'· 
source) { 

Proport i ona 1 None Stngle Probe Automatic 
(Validated Vertftcatton 
periodically by Sample 
automatically 
actuated check 
source) 

1) P-Tank Conden- Capability for Not Required Not Required 
sate Line Recycle to 202A Tanks (Collection 
Sample in E or K Cells Tank Sample 

2) Sump Sample Depending on U Cone. Analysis) 
3) Waste Pump and Purity. or to 

Tank (TK-P5) TK-Fl8 for Disposal 
Sample to Underground 

Storage 
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equipment Burial Tunnel 2 for storage. Failed equipment pieces are thoroughly flushed to 
reduce the plutonium content prior to removal froai the canyon process area. 

A.l.13 Process Chemicals 

The processing of 10 MT of uranium fuel per day through the PUREX Facility requires the 
handling of over 760 m3 (200,000 gal) of aqueous chemical solutions each day. 
Approximately one-half of this volume now consists of recycled process condensate which 
replaces deaineralized water in several streaas. 

In the aqueous makeup area, over 20 •standard• chemical process streams and, 
occasionaliJ, a few additional solutions for decontaaination flushes or special processing 
operations are prepared and distributed. The neptuni111 purification cell has its own 
aqueous makeup facility which is intended to make the cell independent of the reillaining 
PUREX facility. 

Solutions used in large volwne, including 57 percent nitric acid, SO percent sodium 
hydroxide, aluainuai nitrate, potassium hydroxide, amnoniwn fluoride-anmonium nitrate, and 
demineraHzed water, are puq,ed directly from the 211-A tank farm. 

water for process use is obtained frm the 200 East Area filtered water supply. The 
water mist be delilineralized in ion-exchange columns before it is suitable for use in the 
Pl.REX facility. High purity water required for plutoniua product purification is obtained 
by distillation of demineralized water. 

A.l.14 Process Ventilation Systems 

The PUREX process ventilation systems exhaust gaseous wastes fr011 the process vessels, 
remove condensible vapors, and filter out radioactive particulate matter entrained in the 
exhaust air. In addition, these systems maintain a slightly negative pressure in all 
process vessels, as compared to the cells and canyon, to minimize the spread of 
contaain~t1on. The canyon process vent system is supplied by three header subsystems which 
vent various process vessel~ itlld condensers. The offgases fr011 these three headers enter a 
COIIJilOfl aanifold and pass through a condenser, steam heater, silver reactor, and offgas 
filter before entering the building ventilation air tunnel which leads to the main stack. 
The purposes of this vent system are to remove corrosiv3 and radioactive vapors from the 
canyon vessels, reaove radioactive iodine, and return process condensate to the process. 

Radio1odine ts removed from the heated offgas in the silver reactor by the combination 
of the iodine with silver nttr4te coating on a heated bed of packing. These reactors lose 
their efficiency after extended ust and must be regenerated with silver nitrate. Chloride, 
introduced to the system as an impurity in process chemicals, also reacts with the silver 
nitrate and speeds up the loss of efficienci of the silver reactors. 

All gueous wastes froa contaminated areas within the PUREX facility are filtered to 
remove radioactive particulate matter. Most are discharged to the 61-m (200-ft) main stack 
which contains an internal free-standing stainless steel liner. The stack ts periodically 
flushed to remove any particulate matter or other solids that may have accUlll.llated on the 
walls of the stack liner. 

As the neptuntwa purification cell ts isolated from the rest of PUREX, it has a 
separate process vent system which provides a source of vacuum for the process vessels to 
prevent contaaination spread, and to remove any vapors from tanks and concentrators. 
Contamination of the cell is .prevented by maintaining the vessels internal pressure lower 
than the pressure in the surrounding cell. 

A separate exhaust system for the amnonia removal equipment and the amnonia waste 
concentrator ts provided to eliminate the possibility of anmonium salt depositing on the 
building ventilation exhaust filter. Offgas froa this equipment ts routed through a steam 
heater follcwd by pref11ters and HEPA filters before exiting through a 24-m (80-ft) stack. 
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A.1.15 U03 Process Description 

Conversion cf purified uranyl nitrate solution to U03 is performed at the Uranium 
Oxide Plant, locatt~ in the·200 West Area, approximately 8 km (5 miles) west of the PUREX 
plant. 

The urantWI product fr011 the PUREX facility, an· aqueous solution of approximately 
60 wt percent uranyl nitrate hexahydrate (UNH), is transported to the U03 plant in 
tanker-trailers. This material is sufficiently free of both radioactive and nonradioactive 
conUminants to require no further purification before concentration and calctnation to 
urantua oxide, U03. Thts ts the final ur111i1111 ~roduct that is loaded tnto containers for 
offsite shipment. 

The UNH solution is concentrated in evaporators from the 60 wt percent solution to 
approximately 100 wt oercent UNH. The overhead vapors are collected, condensed, analyzed, 
and either discarded :o crib, or diverted to the waste concentrator or to the 100 wt percent 
UNH storage tanks de~ding on the uraniU!D content. A portion of this condensate ts used 
for nitric acid absorber water. 

The concentrated product solution flows fr011 the concentrator to a holding tank from 
which tt is fed to the calctners located tn the 224-UA Building. Conversion of UNH solution 
into U03 is a thermal decomposition process. As the UNH ts decomposed by the heat, oxides 
of nitrogen are driven off and are drawn through the vent piping to the actd recovery tJWer 
for recovery of nitric acid. 

The U03 powder, as it ts formed, overflows the weir in the calctner ill'ld flows to a 
pickup btn fro11 which tt ts routed through a cyclone separator. The air leaving the cyclone 
separator flOllfs through two sets of filter bags in a series, then through a glass fiber 
filter and out to the atmosphere. The U03 powder, produced in the form of small spherical 
pellets, is loaded into steel containers for shipment. 

A.l.15.l Acid Recovery. During calctnation of UNH to U03 powder, large quantities 
of nitrogen oxides are released. These are carried from the calciner to an acid rucovery 
system consisting of wet scrubbers to remove entrained U03 1 a vapor cooler. an absorber 
tcn,er. and a system of reflux water addition. The recovered nitric acid, at approximately 
50 wt percent concentration, is sent to storage for reuse in the PUREX process. 

A.l.15.2 Waste Handling. Uranium solutions and solids that escape from the process 
equipment (e.g. floor flush1ngs 1 equipment flushes. dissolved scrap powder, dust from 
filters) are retrieved and returned for decontamination and salvage. They are concentrated 
through evaporation until the solution reaches 480 grams of uranium per liter. The 
concentrated solution ts filt~red through a diatomaceous earth bed and then transferred to a 
holding tank for storage and subsequent return to the PUREX plant for cleanup and recovery. 

The cooling water, steam condensate, and chemical sewer waste streams are collected in 
a detention basin for saq,11ng. Then they are sent to a pond or crib depending on the 
radionuclide content. Process condensate ts sent to the crib. 

Approximately 1.4 x 108 m3 (4.9 x 109 ftl) of gases are discharged to the 
atmosphere fro11 the U03 plant 1nnually1 containing an average (total) of 9 x 10-5 Ci of 
fission products and 1.4 x 10-7 Ci of alpha-emitting radionuclides. The radionucltdes are 
essentially all 106Ru and uranium. respectively. 

Gaseous process effluents from the UNH concentrators. concentrated fee~ receiver tanks, 
and certain process vessels are routed through a condenser. then vented to the ~tmosphere 
through a 24-111 stack. The acid recovery unit and the six calciners are also vented through 
this stack. 

In calendar year 1972, approximately 21 ~ (740 ftl) of solid waste contaminated· 
with traces of mixed fission products (<1 Ci total) from the Uranium Oxide Plant was buried 
in the 200 Wut Area industrial burial ground. Future plant operations will produce ttie 
same type of solid waste with amounts in proportion to production. 
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A.2 DESCRIPTION OF EXISTING FACILITIES 

A.2.1 PUREX Plant Facilities 

The PUREX Building (202-A) and supporting facilities are briefly described in 
Section 3.1.2.1 of the text. Additional detail is provided here with emphasis on utility 
services and other areas not previously covered. 

The processing area is a canyon containing a single row of 12 process cells. Running 
nearly the full length of the canyon building is a crane..ay for three gantry-type 
maintenance cranes that are used to: 1) handle cell cover blocks, 2) remove and replace 
process cell equipment remotely. and 3) charge irradiated fuel into the dissolvers. 

For shielding purposes, a thick concrete wall separates the cells from the galleries. 
The cabvay for the two master cranes ts also shielded by this wall. The third crane. is a 
slave crane. which may be operated either directly or remotely from the master crane 
controls. 

Casks containing the fuel are brought into the canyon through a railroad tunnel near 
the storage b~sin. The tunnel. which is also the route for removing and delivering process 
equipment. connects to a railroad spur outside the 202-A Building. 

A •hot• oi;,e trench contains an array o.f pipe headers connecting the cells. This 
permits inte,cell solution transfers. and also provides piping for transfers to and from 
cells to facilities external to the 202-A Building. 

Through an air tunnel. air froa the cells is drawn to the ventilation exhaust filters 
and the 61-a main stack. 

A.2.1.1. PUREX Processing Cap~ilities 

Based on a 7Z percent time oper~•ing efficiency and a fuel mix of 83 percent Hark IV 
(0.947 percent 23::Ju) and 17 percent Mark I-A (spike) fuel, the PUREX processing rate ts 
currently limited by E Cell waste handling operations to approximately 2300 HT/yr. 
Engineering studies indicate the maximum capacity might be increased to approximately 
3100 KT/yr if proposed modifications were made in the current flowsheet. In the proposed 
flowsheet, solids recovered 1rom the cladding waste and spent metathesis solutions are 
combined, slurried to the receiver tank. routed to the metathesis feed tank, and then to a 
dissolver during the next metathesis operation. Most of these solids are retained tn the 
dissolver following metathesis and are dissolved during the following uranium dissolution. 
This scheme eliminates a metathesis operation, centrifugation of the metathesized solids, 
transfer of the solids slurry, and solids dissolution from the current flowsheet for the 
centrifuge system. The proposed flowsheet modifications would require changing a tank 
agitator and piping j~ers. These changes could be made remotely using the canyon crane 
and would not increase occupational dose rates or industrial accident frequencies. 

Alternatively, using the current flowsheet. the processing capacity could be increased 
to approximately 2600 MT/yr ~Y restoring the seccnd centrifuge in E Cell to operation at a 
cost of about :200.000. The 2600 KT/yr limitation ts due to a lack of space to install the 
destr~d additional centrifuge feed and receiver tanks in E Cell. Further increasing the 
capacity to 3000 KT/yr may be possible by extensively relocating equipment in E Cell or by 
placing some of the needed new equipment in F Cell at a total cost of about 17,000,000. 
Again these changes would be made using the canyon crane and would' not increase occupat~onal 
dose rates or industrial accident frequencies; however, this alternative has not been 
studied in detai 1. · 

In both cases. achieving the maximum rate would require strict adherence to processing 
time schedules. 
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A.2.1.2 Remote Process Cells 

The function _and contents of the 12 pro~ess cells (Cells A, B, c. D, E. F. 6. H. 
J, K. L, and M) _located in the canyon and four other cells (Cells N, Q, R. and U), not 
in the canyon, are briefly ,escribed as follows: -

• Cells A. e. and Care used to declad and dissolve irradiated fuel. Each cell 
contains essentially identical equipment for dissolution, off9as treatment, 
aa.,nia scrubbers and ab~orber, steam and electric heaters, silver reactor for 
iodine removal. and filters. -

• Cells D and E are used to prepare metal solution feed for solvent extraction 
col1m1s. Also, E Cell co.~tains a centrifuge and raustic reactor, annonia 
scrubber, a.,d centrifuge c:ae me~athesis reactor. 

• F Cell is used to recover nitric acid, treat -tqueous high-heat waste~ and 
concentrate anmor.ia scrubber wastes. 

• 6 Cell is used f~r washing spent TBP solver.t so that it can be reused. 

• H, J, K, L Cells contain tanks, pulse colums, concentrators. and auxi~iaries for 
continuous countercurrent solvent i!xtract·ion. 

• M Cell is used for equipment decontamination. A portion will be partitioned off 
for use in a plutoni• oxide conversion S)~te11. 

• N Cell is being modified for use as a calr.ina~!~n facility for preparing Pu02 
from Pu(N03)4. . 

• Q Cell is the neptuni:.11 purification facility and contains a control room; 
shielded hot cell, a maintenance rOOIP. •1th shielded access glove1>0xes, a product 
loadout room and aqueous makeup area. 

• R Cell contains Solvent Treatment Syste111 No. 2. The solvent in R Cell contains 
very low levels o~ radioactivity. Therefore, R Cell is called the •cold• solvent 
building. 

• U Cell has four large tanks, two for collecting and sampling low-activity 
laboratory waste, and two for storage of recovered nitric ac.id. 

A.2.1.3 Canyon Piping 

Short intracall transfers between adjacent pieces of equipment are made by direct 
jumper piping connections ,·•thin the cell. Longer transfers require jumpers to the pipe 
trench wall. The pipe trench also contains •hot• process and servicing headers.for the 
equipment in the cells. The pipe trench contains spare piping systems in addition to the 
spare process line intended for occasional use. · 

A.2.1.4 Cell Washdown Nozzles 

Washdown nozzles are installed in the cells for decontamination of the eel I interior. 
Equipment with relatively high potentials for contamination have sep_arate. specially located 
nozzles for specific use with that equipment. Flows fr011 these special n,,zzles are 
controlled- separately from those of the main washdown no~zles. 

A.2.1.S · Vessel and Condenser Vent Systems 

Canyon vessels not used for boiling or denitrat.ion are vented to the vessel vent header 
which runs the length of the pipe trench. Boilup and denitration tanks for acid recovery 
and waste treatment inf Cell- are exhausted through a condenser to a process vent system. 
All other tanks used for boiling solutions-in the canyon are vented through condensers to 
the _condenser v_ent header in the pipe trench. The jets on all three vent systams discharge 
to a condenser-in.F C~ll where.condensate is -removed fr0111 the vent.stream~ __ · 
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A.2.1.6 G~lleries 

The storage. sample. pipe and operating. and crane cab galleries are located at 
different levels. one above the other. The storage gallery area is used primarily for 
storage of dry chemicals and spare eq~ipment. · 

The saq,le gallery contains remote equipment for taking process solution samples from 
the cell equipment. Samples are sent to the sample receiving room in the analytical 
laboratory. A shfeided pipe chase located in the sample gallery contains headers for 
recovered nitr~c acid. organic solvent, SBl!IDler drains, and sampler lines to :lfld from cell 
equipment. Spares for the acid and solvent headers are also installed in the p~pe chase. 
Unshielded lbes bearing recovered solvent and process condensate are located on the wall 
abo'ie the pipe chase. 

The pipe and operating gallery (P and O gallery) provides space for the electrical 
switchgear. instnment racks. nonradioactive piping. and associated gang valves which serve 
the in-cell equipment. A few batch chemical addition tanks are located in this gallery. 

The crane cab gallery fs the corridor of travel for the two master crane cabs. The 
wall of the craneway shields the cabs and cab operators from canyon radiation. Crane 
maintenance platforms are located at both ends of the gallery. 

A.2.1.7 Laboratory 

The PUREX analytical and control laboratory is located in the east service annex. The 
first floor contains the laboratory work area and change rooms and the second floor houses. 
the ~entflation equipment ai1d service piping. 

Packaged solid waste from the laboratory fs stored in a small rectangular vault from 
which ft ts transferred to a vehicle for transportation to the waste burial grounds. 
Laboratory sfnk drainage fs collected in stainless steel tanks. The tank solution is 
s-.,·1ed 0 made alkaline. and sent to underground tank storage for ultimate evaporation in the 
242-A Waste Concentrator. •Hot• liquid wastes are routed to the acid waste accumulation 
tank 1n the backcycle waste system. 

A.2.1.8 Utilities 

Utilities available to the PUREX facilities including steam. compressed air, raw water,· 
filtered water, and power supply are discussed in this section. 

Steam. Steam ~s supplied to the PUREX exclusion area ti,rou~1h overhead lines at various 
line pressures, depending on the service. An er.iergency exhaust turbine-driven fan is 
supplied by high pressure steam. The steam turDine and offgas he,,ters have first priority 
on high-pressure stec111. . 

While the p:ant is operating. about 85 percent of the PUREX st!am consumption is 
directly related to processing activities and is discharged as cond,r1sate to the crib via a 
radiation-monitored tank. The rPmaining 15 percent is consumed in 1pace and water heating 
with condensate dischargi:d to the chemical sew!r. 

Compress!!d Air. Process air is used for purging jet transfer lines. operating vent 
jets, p~rging tanKjactets, coils, and steam sparge lines, and operating sampler jets. 
Process air fs provided by three afr compressors •. While two of th~ c~ressors are 
operated, the third is maintained in standby in case of malfunction of one of the others. 

Instrument air is provided by a w~ter-sealed compressor. A second compressor is 
maintained 1n standby. The air flows from the compressors through water separators into a 

. receiver and then passes through one oft~ regenerative-type air dryers containing 
." _activated !llur;fna absorberlt~· Froot the ct.-yer; th~ air flows to a header in the P&O gallery. 
-· Subheaders fllffltsh ·iristrument air to the aqueous makeup area and to facilities outside the 
:·~1}~tn~:::=:·;>},\:t'.:?\)i·:.\·:i',:::_ :•:, : ,:: · .. c; .. :· _· • . _... . . . . 

·air 'for mask use t_s provided by a water::--sealed rotary coq>ressor •. The 
p~ses ~ugh. !1 water separator tn~,~ a receiver tank and then ttirougt! a 
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filter to service headers. Outlets and branch lines from these headers provide breathing· 
air.at atmospheric pressure to various_ locations throughout the PUREX· -ant. 

Raw Water. Raw ~ater is used at PUREX for process cooling, process air and compressor 
cooling fire fog supply, and cell washdown. Water for the PUREX plant is drawn from the 
Colunmi; River and puq,ed to the 282-E Building in 200 East Area. Dual supply mains are 
also available on this system, which.supplies both the 200 East Area and the-200 West Area. 

Raw water requirements for the PUREX plant are about 91,000 nr3 (240 million gal) per 
month. Essentially all raw water used at PUREX is discarded to the Gable Mountain Pond 
(Disposal Site 216-A-25), and to B-Pond (216-8-~}. 

Filtered Water. Filtered, sanitary, chlorinated water is used at the PUREX plant for 
safety showers, fire protection, drin~ing and toilet facili_ties, operating area washdown, 
and for m.\king demineralized.water. 

Since this water is the source of. domestic supply to the area, care nust be taken to 
avoid :::.,tamination of the system by backup flow from a·raw water system or introduction of 
harmful chemicals. The major headers are equipped with antfsiphon valves, and connections· 
to process systems or potentially contaminated services are avoided. 

An·elevated tank, 2901-A, provides an emergency supply of filtered water in the ev~nt 
of a filter plant failure or a rupture in the distribution system. · 

Seven fire hydrants are loca~ed on ~h~ filtered water line around the PUREX building. 

Power Supply. Electric power is supplied via a Substation, located about 8 km 
(5 miles) northwest of the PUREX an,a. Incoming power to the substation is supplied by the 
Bonneville Power Administration. At the substation, the power fs reduced and sent in two 
overhead lines to a switching station where ft is reduced again. Current is delivered to 
substations where transformers convert the voltage supply to 480 volts. Emergency power is 
available frm the 284-E powerhouse steam turbine generator. 

A.2.1.9 Fire Protection System 

In the PUREX building, most o'f the· canyon cells, especially those containing large 
inventories of organic solvent (i.e •• 61 R, H, J, and K Cells}, are equipped with a 
temperature-activated aut0111atic sprinkler foam system using the Light Water Aqueous Film 
Forming Foani system which sinultaneously applies foam to the adjoining ventil~tion tunnel. 
Detection of fire in these cells is by rate-coq,ensated thermal detectors that sound alarms 
locally and at the Hanford Site central fire station located between 200- East and 200 West 
Areas. 

Ffre protection in the-other canyon process cells is provided by a system of 
peri~herally mounted spray nozzles controlled_by manual gate valves. 

Manual activation of the system is dependent upon the detection of abnormal c~~~~tfons 
by •fireye• photoelectric flame detectors ~hich activate alarms in the central control room 
and in the dispatcher's office. These detectors are also tested and will ~e replaced, ff 
they·fa~1 1 with Fenwal •Detect-a~fire• elemenis, which activate al\nM. when the elements 
reach 135 C. · · 

Fire detectors are also installed in the canyon cranes. The detectors sound an alarm 
in the central control ream and 1n the central fire station. The crane electrkal panels 

- are ~nclcsed and are provided with a Halon-1301 extinguishing system connected to the fire 
alarm system. 

·Automat~c sprfnkler protection on standard wet and dry pipe systems is Installed in the 
hQt shop and the storage port10f! of t~e stor~ge g~llery 1n the canyon huild1ng. In · 

·_addit.ie>f!•._N_c,n. Q_Ce_ll,.and ~e pl~toni~--~tor.~ge_- area have automatic.wet-pipe sprinklers 
with .both local a,.id -~ Area centr~l fire station alarms. All.sprinkler installations are . 

.'. ,: c ,~~~~r,~~~~: ~11)~~~~;,~ri!~,t~;_:}:'.J'. .. , . . . . , , . .; ··. '•'• :,~~ '" ' .. : . ~.,-.'., . 
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t.utomatic sprinkler protection, using standard wet and dry pipe systems, is also 
in,talled in the 202-A annex, including the laboratories, laboratory storage area, aqueous 
~dkeup ·area, offices, and shops. 

A.2.1.10 Ventilation 

The ventilation system in the 202-A Building is designed and operated to keep normal 
won areu free of radioactive contamination by maintaining airflow from zones with no 
radionuclide content into zones of progressively greater contamination ~otential. The 
ventilation air is supplied by four systems: canyon, sample gallery, service area, and 
1 ai>oratory. 

Ventilation System 1. This system serves thelareas of greatest radioactivity (the 
canyon and process cells), including all process vessel vents except the metal dissolvers, 
the anmonia scrubber waste concentratGr, and all E Cell vessels except the HA column feed 
makeup tank. 

Air which has been filtered, washed, humidified, and temperature-adJusted is supplied 
into the canyon at ceiling level. The air then flows down to the canyon jeck where ft is 
drawn down through the cell cover blocks into each of the cells. From the cells, the air is 
exhausted through ports into th~ air tunnel, then through the 291-A Filter to t~e main 
ventilating stack. 

. The exhaust side of the system from the canyon air tunnel consists of two fiberglass 
filters and one standby high efficiency particulate air (HEPA) filter in parallel, three 
electric exhaust fans illd a steam turbine fan for emergency standby, which exhaust to the 
main ventilating stack. In addition, the vent flow fr0111 the dissolver offgas treatment 
facilities fs discharged to the stack, 

The vent system 1s designed to maintain safe differential pressures between the process 
area and the peno,-.,;.:.1 -entry portions of the building, even in the event of a power failure 
or loss of instrument air. 

Ventilation System 2. This system services the areas of the building which are 
routinely occup1ed or entered by the work force, but are regulated because of a potential 
for contamination. The areas se~vfced by this system include the sample gallery, regulated 
shop, canyon lobby, PR room and corridor, N Cell, R Cell (276-A vault), Q Cell, and U Cell. 

The supply air is filtered, water-washed, and teq,erature-adjusted, before delivery to 
the sample gallery. This system is exhausted through HEPA filters in five streams. From 
the fans, the streams are vented to the atmosphere through 21-m stacks outside the 
building. Radiation monftorin~ capability will be installed in the PR· room, the east sample 
gallery hood, and the west sanr~le gallery hood exhausts. 

Ventilation System 3. "(his system services the areas considered to be uncontaminated 
and to have the least potential for becoming contaminated. These areas include the pipe and 
operating gallery, the storage gallery, the pulser motor-generator room (PIV room), the 
aqueous makeup levels, and the service areas (shops, offices, lunchroom. etc.) except for 
the analytical laboratory. 

The supply air is filtered, water-washed, hU111idft~adjusted1 and delivered by two 
air-handling systems. The exhaust side of the system contains stveral ind~vidual fa~s. All 
exhaust streams are presently unfiltered. However. a single stage of HEPA filters will be 
installed fn the White Room exhaust air duct from a portion of the P&O gallery prior to 
plant·startup. Radiation detl!Ction devices, which will automatically close the air vents if 
radioactive matertal is entrained in the exhaust air, will also be installed along the wall 
near the other exhausts of the P&O gallery. 

Ventilation Syste111 4. System 4 services the PUREX laboratory and is largely 
independent of other butldf.ng ventilation systems. The supply air is filtered, 
water-washed. humidified, and delivered by two air-handling system!. A portion of this air 
is used for makeup of constarit~humidity air to replenish losses from the sur~ly (furnished 
by t~ refrigeration air ccv,:ditfoPers) to the laboratory counting room and instrument shop. 

! ''•·. • • ' ' ' ., "_., ' • 
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The exhaust side of the system consists of two parts. The air from all offices and 
shops is exhausted·into the corridor which_ in turn is exhausted through the rooms with 

. open-faced hoods. The decontamination room, laboratory hood rooms, and sample storage room 
are exhausted· through high-efficiency filters by two fans to a separate 21-m stack. These 

. fans are operated together, and are both connected to the emergency power supply. If the 
normal power supply is interrupted, one of the fans will be automatically switched to 
emergency power. 

A.2.1.11 Vacuum Air Sampling System 

The vacu1111 system supplies the vacuum for a network of 150 air samplers positioned 
through the canyon proper, the sample and operating galleries, unregulated service areas, 
laboratories, and the 202-A Building vent stacks (excluding the main ventilation exhaust 
stack)~ Because the air samplers monitor the air for radiom:clide content, the vacuum pumps 
are connecto!d to the emergency electrical supply. 

A.2.2 Auxiliary Facilities 

In the vicinity of the 202-A Building are facilities for air filtration, chemical 
storage, solid and liquid waste disposal, cask loading, acfd recovery, uranium product 
storage and shipping, and·office space. Adjacent buildings which have important functions. 
are discussed ·below: · 

• Building. 291-A houses the main ventilation exhaust facility for the PUREX Building 
and contains air tun~els, glass fiber filters, fans, and the base of the 61-m 
stac.\. Tllis i>uilding is discussed in detail in the following S_ubsection, A.2.2.1 • 

.; 292-A Building houses stack sampling equipment. 

• 293-A auilding houses two absorption towers.to remove oxides of nitrogen from 
dissolver offgases. The building also ccntains two storage/recycle pumps and 
equipment for nitric acid recovery. 

• 2~A Building houses filters to provide secondary filtration and cleanup of 
dissolver offgases. 

• 203-A Tank Farm is used for storage and shipping of uranyl nitrate hexahydrate 
(UNH) product from PUREX. 

• 2~A Building houses the vacuum fractionator and associated equipment to 
concentrate nitric acid recovered froca PUREX and U03 plants. 

• 211-A Tank Farm is used for storage of bulk liquid chemicals to be transferred to 
the PUREX aqueous area via pumps located in the adjacent 211-A Building. 

• 2714-A Building contains some chemicals used in PUREX. 

A.2.2.1 Air Ventilation System. 291-A 

The 291-A facility discharges filtered process ventilation air and gases from PUREX to 
the atmosphere. The equipment includes the ventilation air filters, fans, stack, and stack 

• sample house.· · · · 

Ventilation Air Filters. Three ventilation air filters (two in-line and one standby) 
remove solids.from PUREX process air before it is discharged to the ati110sphere. A sprinkler 
systea is provided in. the main ventilation tunnel for fire protection of t~e filters. 

In recen~ tests, these filters were found to have·efficiencies greater than 
99.9 percent for removal of particles with mean aerodynamic diameters ranging from 0.3- to 
0.7-111icron •. Similar tests will be conducted annually. The two in-line filters, operated in 

• parallel, are similar in design but have significant differe"ces. ·Eac~·nas two·fiberglas 
. bed sec~ions~~e.prefilter and the cleanup filter. In FHter 1, the pref11ter is packed 
with 11~ Fiberglas ·(Owens-corning Fiberglas Company, Inc.), while in Filter 2

1 
the 

,preftl_~e1;.~on~is~s of five separate layers, each p~cked wtth a different density of 
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Fiberglas. The airfla.i direction is da.inward through Filter 1 and upward through Filter 2. 
The cleanup filter in each unit consists of 132 American Air Filter Company •Deep Bed 
Filter• units. 

A third filter (Filter 3), which could operate in parallel with the other two filters, 
will be put into standby service. The filter cell, which is below grade, is equipped with 
two banks of 85 percent ASHRAE bag-type prefilters and three banks of HEPA filters, all in 
series. The two prefilter banks and the first bank of HEPA filters are designed to permit 
the upper quarter of the banks to be ler.,ered while the remaining three-quarters of the canks 
stay in place. This feature permits bypassing of a bank or banks of filters in case an 
excessive pressure drop from particulate loading occurs across one.or more of the filter 
banks. 

Fire screens are installed in the inlet duct to the new filter cell and in front of all 
the filters except the final HEPA bank. A water seal, which when filled with water will 
stop airflow, is in the exit air duct. The seal is automatically filled by gravity 
dis.chug~ from a water storage tank when fire is detected by a sensing element located fo 
the filter cell inlet duct, or by a manually operated switch. • 

Instrumentation is provided to monitor di*ferential pressure across the filter, the 
individual filter banks, and the fire screen in the filter inlet duct. Differential 
pressures in excess of established limits are Indicated in the control roan. 

Process Stack 291-A-l. Located illlllediately south of the southeast corner of the 
202-A Building is the main process ventilation stack. The exhaust air rises through a 
free-standing stafnles! steel liner. The top of the stack is capped to cover the annulus 
between the st~k and the liner. The butt011 of the liner has a dished head which drains to 
a collection tank. The inlet breeching for the ventilation air is baffled and is welded to 
the liner at an angle of 45• upward. . 

Six 20-cll (8-in.) diameter nozzles enter the liner below the ventilation air breeching; 
three are for routing dissolver offgas to the stack, while the other three are spares. 

Stade gas sampling points are located approximately at the 20-, 23-, 27-, and 60-m 
lev~ls of the stack. Radiological sampling and monitoring equipment is located in the 
adjar.ent sample house. The stack is also equipped with flow rate and totalizing 
instrumentat1on. A wash system including a booster pump is installed to flush the inside 
wall of the liner. 

With the exception of 85icr, the radionuclide concentrations in this main exhaust 
stream discharged through the existing main filters, are routinely at or below the levels 
permitted in restricted areas· but above the levels permitted In offsite populated areas. 
However, the radionuclide concentrations at the Site boundary resulting from this main 
exhaust stream are routinely below the level permissible in air In offsite populated areas. 

A.2.2.2 ~ 

Cooling water and chemical sewer liquids are usually uncontaminated and are discharged 
~o surface ponds. Cooling water .Is routed thr<mgh a diversion station with capability for 
emergency discharge to a covered, lined trench in case the liquid is radioactively 
contaminated. Nor'll'lal flow goes to a second diversion box where flow can be directed to the 
Gable Mountain Pond, 216-A-25, or to the 216-8-3 Pond. Gable Mountain Pond is a man-made 
lake occupying about 29 ha (71 acres) and located 4 km north of the PUREX facilities. The 
216-8-3 Pond, which also receives chemical sewer waste. is a man-made lake covering several 
hectares about 1.6 km northeast of the PUREX facilit~es. Chemical sewer waste is routed 
through a diversion station with capability for proportional sampling, radiation monitoring, 
and emergency routing to a lined trench for further treatment. 

A.2.2.3 ~ 

Steam and process condens_ates and a111110nia scrubber waste condensate, which are 
low-activity liquids, are sent to rock-filled dr~lls located in various sites in the 
vicinity of the PUREX fattltties. Typically. a crib consists of a perforated pipe laid at a 
slight s,lope qn a bed of coarse Nck covered with layers of gravel and sand. This bed is 
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covered with paper or plastic sheeting to prevent silt from seeping into and plugging the 
gravel bed. The upper portion of the crib is backfilled to grade with dirt. The 
distr1butor p.ipe is vented to the surface through a r., ... pipe in the end of the 
distributor. Liquid waste entering the distributor pii · ·,••~-: out through

7
the perforations 

and disperses throughout the porous bed. A percohtion · c of 8 rrr'/day~ 
(200 gal/day-ft2) of crib is estimated for this disposal mt.nod. 

Process condensate from the final uraniU111 cycle is sampled, monitored for radioactivity 
(alarm sounds if preset limits are exceeded) and discharged through a 20-cm (8-in.) diameter 
stainless steel pipe to the 216-A-10 Crib. The distributor pipe is 68 m (222 ft) long and 
is buried gm (30 ft) below grade. 

Steam condensate from PUREX is continuously checked for radioactivity with an in-line 
monitor and is automatically diverted to a covered. lined retention trench (216-A-42) if 
radioactivity is detected. Crib 216-A-30, used for disposal of steam condensate, cont&ins 
two distributor pip~s arranged so that either or both ends of the crib can be used. One 
pipe made of 38-cm (15-in) diameter, perforated, corrugated, galvanized steel extends for 
213 m (700 ft) along the center of the crib. Another 41 cm (16-in.) steel pipe parallels 
the first pipe for 210 m, then angles across to th£ centerline of the crib and extends 
another 210 m down the center of the crib. For the final 210 m. this pipe is made'of 
corrugated, 38 cm diameter steel, and is perforated for water drainage. Because of the 
uneven surface of the crib, the pipes are buried beneath 1.2 to 5.5 m of fill. 

Anlllonia scrubber waste condensate is sent to a crib (216-A-368). In this routing.there 
is a sampling station with a radioactivity !'IOnftor which alarms when preset limits are 
exceeded. The active portion of this crib .s 150-m (500 ft) long. The front 30-m portion 
of the crib was deactivated soon after initial operation when ft became too radioactively 
contaminated for further use. (The radionuclide content of this waste stream was 
significantly reduced after the location of the offgas discharge from the then-new annular 
dissolvers was changed.) Liquid is discharged through a perforated 10-cm (4-in.) stainless 
steel distributor pipe which is inserted into the ~riglnal 15-cm (6-in.) pipe used for 
distribution prior to deactivation of the front section of the crib. In the deactivated 
section, no holes exist in the Inner piper thus preventing liquid leakage to this portion of 
the crib. The pipe lies about 7 m (23.ftJ below grade. 

A.2.3 Uranium Oxide Plant Facilities 

The uranium oxide.plant facilities are briefly ~escribed in Section 3.1.2.2 of the 
text. Additional detail is provided here with emphasis on facilities and utility services 
not previously covered. 

A.2.3.1 Facilities 

The function and content of buildings adjacent to the Uranium Oxide Plant are discussed 
briefly below: · 

• 203-U facility receives and stores uranyl nitrate hexahydrate. 

• 272-U facility contains service and repair shops for equipment. 

• 224-UA Building holds six calciners and contains powder handling equipment and 
weighing facilities. 

• 224-U Building contains offices, service areas, chemical makeup tanks, utility 
supply piping, process operation control centers, and Cells A through F. Cell A 
is for nitric acid recovery; B for equipment decontamination facilities and f~ed 
pumps; C for recovered acid_ receiving and distribution, waste UNH evaporator and 
process condensate collection; D for UNH concentrationi E is a spare cell not 
normally used, and F for recovery of uo3 digest bag fi1ters. · 

• 211-U Tank Farm receives, stores and disburses bulk process cher"icals. It also 
contains tanks for Uorage of recovered nitric acid. 
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• 275-UR Building is used for U03 product storage. 

• 207-U basin retains process cooling water for analysis before water is discarded to a 
surface pond. 

• uo3 storage consists of a series of fenced concretP !'ads used to. store U03 
containers awaiting shipment. 

A.2.3.2 Utilities 

Utilities available to the U03 plant including water, power supply, compressed air, 
and ste111 are discussed in this section. 

Water. Raw water is supplied to the Uranium Oxide Plant directly from the 282-W Water 
Reservoir Building and also by a line extending fr011 the REDOX Plant main water line. This 
water is used as cooling water in the process condensers, the acid absorber tower and gas 
cooler; for reflux water in the absorber tower ff needed to supplement the process 
condensate; deluge water for the three UNH concentrators and other miscellaneous services. 
Average use during normal plant operations 1s 950 t/mfn. (250 gpm). 

Potable water is supplied from the 283-W Water Treatment Building for safety showers, 
drinking fountains, toilets and fire hydrants. Average demand for sanitary water during 
normal plant operations is 190 t/min. (50 gpm). 

Power Su~ply. Electric power sufficient to operate all the equipment in the UNH 
(224-0) Build ns is supplied through a transformer in the substation west of the building. 
Emergency power supplied by the 284-W Powerhouse steam turb 4ne-operated generator starts 
automatically if the n:Jtn incoming power ts lost. Emergency batteries are in place to 
maintain emergency switching capability. 

The electrical power for the U03 (224-UA) Building ts supplied through two 
transfoniers. The system ts designed c;o that either side will carry the load through an 
automatic bus tie that switches power from the remaining incom~ng line to pick up the load. 

There are two main switch gear rooms in the 224-U Building, and one switch gear room in 
the 224-UA Building which ts the largest and most complex as its transformers are needed for 
the calcfner furnaces. There are 54 transformers serving the heating elements in the 
calcfners plus regulators for these circuits which are neP.ded for precise control of the 
electric.al current to obtain the required calcfner heating patterns. 

c;sressed Air. Coq,ressed air is supplied to the 224-U Building and to the 
224-uAuilding where it is used to keep the U03 powder out of the calciner agitator shaft 
packing glands and to clear the calctner feed points after. process shutdown. 

Instrwnent air is supplied from the main air supply through a separate line. The 
breathing air system has a separate air pump and storage tank that meet Mine Safety 
Appliance specifications. The principal uses for fresh air masks are to protect personnel· 
in areas contairing uranium oxide dust or near welding being done in potentially 
contaminated areas. 

An emergency diesel engine-driven compressor is available to supply process and 
instrument air if the building cornpressor·fafls. 

Steam. Sl~am ts delf~ered from the 284-W Powerhouse as superheated steam. A second 
line from the powerhouse can furnish steam to the 224-U Area if required. 

Steam is used at different pressures in the plant, ranging from 1550 kPa (225 psi) for 
the vacuum jets, to 862 kPa (125 psi) for the UNH concentrators, to 100 kPa (15 ~si) used 
primarily as a heating agent to prevent solutions frail freezing in jacketed tanks and in 
jacketed feed lines, and c.alciner feed points. Du.-ing normal operations, total steam use 
averages about 4500 kg (10,000 lb) per 1:our. · 
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A.2.3.3 Fire Protection Systems 

The Uranium Oxide Plant is served by three fire hydrants, two on the sanitary water 
line and one on the raw water line. The various buildings in the plant complex are not 
equipped with automatic ffre extinguishing equipment, but hoses and manual fire 
extinguishers are available. The 224-UA Building and some of thd auxiliary buildings are 
covered by fixed-temperature automatic ffre detection systems, with alanns in the buildings 
dnd in the 200 Area central fire station. These systems will be upgraded prior to startup 
to provide automatic sprinkler protection as listed fn Section 3.1.5.6. 

A.2.3.4 Ventilation 

The 224-U Building ventflatfon afr supply is r~uted to A, B, C and D Process Cells and 
to the nonradioactive zones of the building. The afr flowing into the cells is then 
exhausted unfiltered to the atmosphere by roof fans. The flow of air is controlled by 
maintaining static pressure slightly above atmospheric pressure in the occupied areas and 
under a slight vacuum fn the process cells. · 

Exhaust gases and vapors fr0111 the UNH concentrators, concentrated feed receiver tanks, 
and all C Cell vessels are vented via steam jet through a condenser and to the atmosphere 
through the 24-m stack on the roof of the bufldfng. The acfd recovery unit and the six 
calciners ~re also vented to the atmosghere through this same stacki total effluent flow 
from this release point is about 110 ir/mfn (4000 cfm). . 

The 224-UA Bufldfng fs supplied by a blower unft. Afr is fed to all parts of the 
building and is exhausted by seven roof vent fans. The nonradioactive zone of the building 
is slightly pressurized to mafntafn direction of air flow and prevent contamination of the 
radionuclide-free areas. Above the second level, all the floors in the five-story UA tower 
are made of grating which allows a free flo~ of air up the entire tower to the top floor 
from which the air fs exhausted to the atmosphere through HEPA filters along with the 
calciner cell ex~aust. 

Parallel equipment is provided fn the 224-UA Bufldfng powder handling system to allow 
flexibflfty for maintenance, cleaning, or replacement.- The operating system consists of a 
cyclone separator, primary bag filter, two of the three primary exhausters, secondary bag 
filter, fiberglass filter, HEPA filter, and secondary exhauster. The cyclone separators and 
primary bag filters discharge U03 solids to a single storage hopper for subsequent loading 
into containers. The secondary exhausters discharge air to the atmosphere via a vent stack 
located on the lower 224-UA Building roof. The pofnt of discharge is about 12 m (40 ft) 
above ground level. 

Effluents are sampled Dy an inventory method, with sampling time intervals determined 
by the specific location and the potential for air contamination in the part of the process 
opera~fons area. 

A.2.3.5 Liquid Effluent Disposal Facilities 

Cooling water, stea111 condensates, and chemical sewer wastes are collected in the 207-U 
Retention Basin, sampled, analyzed, and routed to the 216-U-10 Pond. Process condensates 
are sampled prior to transfer to the 216-U-12 Crib. 

The 216-U-10 Pond is a man-made lake covering about 8.9 ha (22 acres) of the southwest 
corner of the 200 West Area. This pond also receives cooling water and steam condensates 
from other 200 West Area facilities. 

The 216-U-12 Crib is a rock filled dry-well similar in construction to the one shown in 
Figure A.9. Thfs crfb is located about 460 m (1500 ft) south of the plant and used 
exclusively for process condensate disposal. The bottom area of the crib is about 90 ml-
(1000 ftZ). · 
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A.2.4 COll!)leted Facility Modifications 

A.2.4.1 Modifications in Liquid Effluent Control (Sl,460,000) 

A system wa~ installed to routinely recycle and re-evaporate the process condensates 
fr0111 the acid absorber, the acid fra~tionator, the backcycle waste concentrator, and the 
first uranium cycle concentrator. This leaves r.nly the condensate.from the final uranium 
cycle that is discharged to a crib. 

The aamonia scrubber waste was rerouted to an evaporator rather than to a crib. The 
concentrated waste fr0111 the evaporator goes to an underground storage tanki the condensate 
(lower in radionuclide content than the former waste) goes to a crib. The offgases from the 
evapO!'ator and conden~er will go through a newly installed HEPA filter and a new exhaust 
stack to the atmosphere. 

The condensate discharged fr011 the acid frar.tionator has been rerouted for recycle to 
the fr~ctionator and as absorber water in the backup facility. The excess condensate is 
routed to the backcycle waste system. Fonnerly. this condensate was discharged to the 
chemic:al sewer. 

A.2.4.2 Gaseous Effluent Control Modifications (52,800,000) 

To protect against accidental releases of radioactive particulate materials to th~ 
environment caused by abnormal events, a single-stage HEPA filtration system was installed 
on the exhaust air frm ll. C~ll, U Cell, and the sample gallery of the 202-A Building. 
Effluents from these areas are now expected to meet the levels permissible in air in 
unrestricted areas. 

A second stage of HEPA filtration was added to the filter effluent from the product 
removai ro0111. This will.reduce further the routine radionuclide releases, to levels 
permissible in air in unrestdcted areas, and provide protection against accidental 
releases. The new filter also provides a third stage of HEPA filtration for the N and 
Q Cell exhaust streams. N Cell is being modified as part of the PuOz production system, 
and Q Cell contains the neptµniua purification system. 

A new offgas· handl1ng system was provided for the cladding waste treatment cell anmonia 
scrubber. This a:odification reduces both the radionuclide content of the effluent and the 
amount of a111110nia entering the main ventilation exhaust filters. 

A third filter 0'l the main stack has been installed and will be put in standby (backup) 
mode shortly before plant operation is reswned (see iigure 0.1). 

A.2.4.3 Improved Fire Protection (51,030,000) 

Three systems were installed to improve fire protection: 

• independent detectors and Light water(a) fom generation systems for the cells 
111hich contain the principal inventories of organic solvent 

• a fire protection system (that includes Light Yater foam systems) in three other 
process cells containing lesser amounts of organic sol~ent, an organic solvent 
storage t~nk 1n th~ pipe and operating gallery, and wet pipe sprinkler systems in 
other process and service areas in the 202-A Building 

• a sprinkler system in the main ventilation tunnel to protect the main filters, 
fire doors and dampers, electrical system fire detectors, fire protection screens 
for hoods and glovebox exhaust filters, ,and fire protection between transformer 
banks. 

(a) The Lig~t Water system uses~ synthetic foam-forming liquid and ts designed for use with 
sea ~ater, br~c~i!~ ~ater;or fresh water. When proportioned •1th 111ater1 it may be used 
to control and E .ting~ish Class 'a flanmable fuel fires. · 
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A.2.4.4 New Criticality Alarm System (1300 1 000) 

Nl!'f nuc,~ar criticality incident alanns were installed in the PUREX plant that meet 
current criteria for Nuclear Criticality Safety (DOE Order 5480.1). Installation was 
completed in May 1979. 

A.2.4.5 Upgrading Accountability Measurement System ( 1350,000) 

The main accountability tank sampling system and the associated shielding 111ere 
upgraded. Improvements have been made in the input measurement system particularly in 
analytical techniques and representative sampling procedures. This permits stricter cor.trol 
of plutonium inventories in the facility. 

A.2.5 Planned Facility Modifications 

In addition to the mitigative measures provided by plant modifications already 
completed, additional ones are planned to further reduce emissions from routine operations, 
r"'?duce the possibility and/or consequences of abnormal operation, and to improve 
saft!guards. These modifications will reduce environmental impacts from plant operations and 
from onsite transportation of intermediate products. 

A.2.5.1 Planned PUREX Liquid Effluent Control Modifications ($4,550,000) 

The following liquid effluent controls are planned for the PUREX plant prior to the 
resumption of operation: 

• s1q1ling 1 1110nitoring, flow totalizing, and automatic diversion for the steam 
condensate and· cooling water streams 

• sampling, monitoring, and flow totalizing for the PUREX plant airmonia scrubber 
waste condensate effluent 

•· sampling, monitoring, flow totalizing, and•diversion capability for the PUREX 
plant chemical sewer line discharge 

• sampling. monitoring, and flow totalizing for the process condensate discharge 

• modifications to the effluent discharge system of the UNH storage area that will 
provide the capability to process contaminated wast~ 

• encased waste transfer lines from PUREX to the AW tank farm. 

A.2.5.2 Planned PUREX Gaseous Effluent Control Modifications (13,330,000) 

Gaseous effluent controls are planned: 

• upgrading the presen~ main stack sampling system and adding stack ilow totalizing 
!rid monitoring 

• upgrading the record sampler, monitor sampling, and adding a new stack flow 
totalizing sntem on the PUREX product removal room stack 

• providing HEPA filtration for exhaust air from the white room(a) of the pipe and 
operating (P&O) gallery 

• providing the cap41)ility to divert gaseous effluents from the P&O gallery to a 
filte~ ex!laust 

(a) ~~e~~~fro011 is ! co~tamin~ted area of ~he P~O g~ll~ry where protective clotllin~ ~ust 
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• providing a system for reducing the NOx concentration leaving the PUREX stack. 
The planned system will use hydrogen peroxide (H202) to scrub the NOx fr0111 
the stack emissions and will result in a 63 percent decrease in the amount of 
NOx released to the atoosphere. 

A.2.5.3 Upgrading PUREX Ventilation S:(!telll (S700,000) 

The ventilation systems will be upgraded with the following modifications: 

• i111>roved control systems to maintain a positive pressure zone in those 
uncont•1nated areas of the 202-A Building that are constantly occupied by 
persOMel, and in three control zones with decreasing pressure as the potential 
for conta11ination increases 

• additional local and power control r0011 sensors with alarms to warn of pressure 
changes in the different control zones so that appropriate corrective actions can 
be taken to prevent the spread of radioactive contamination in the event of an 
accidental release. 

A.2.5.4 Waste Transfer Facilities (S2.6CO,OOO) 

Install thr~ new encased watte transfer lines from 202-A Building to the AW tank 
fam. 

A.2.5.5 Planned Modifications for U9J Plant (S2,620,000) 

T:lree specific modifications are planned: 

• Gaseous effluent in.,rovements to provide HEPA filtration and in.,roved monitoring 
and sampling capability for certain ventilation exhaust streanis in the 
224-UA Building. 

• uo3 plant fire protection systena that will include an aut0111atic sprinkler system 
with appropriate tie-ins to alarms in most areas of the U03 plant. 

• better U03 loadout room dust control that will be achieved by upgrading the 
operability of the U03 loadout system and by CGntrolling U03 powder 
contamination to operating personnel. 

A.2.5.6 Upgrading of the PUREX Plant for Natural Forces Resistance (S830,000) 

The original PUREX structural design was in conformity with the Uniform Building 
Code (UBC). 1952 Edition, according to the original plant design criteria (General 
Electric 1952). 

In preparation for the proposed 1984 resuq,tion of PUREX operations, recent 
evaluations of the natural forces resistance for PUREX structures. safety systems, and 
vital equipment were conducted. The facilities which were evaluated included: 

• The 202-A Su11d1ng (main.PUREX processing building) c~yon. 

• The 202-A Building east crane maintenance platform (ECHP). 

• The 202--A Building R-Cell for final solvent cleanup and storage. 

• The 202-A Building service annex, or non-canyon portion. 

• The 291-A exhaust ventilation system for the 202-A canyon including the filter 
cells, air tuMels, plenum, exposed fans, motors and metal ducts, and ·stack. 

' . " . . . ' . . 

• P~EX vital equiPll!?flt, components. utilities and services which present potential 
natl!r,J- fc,~es. h~ards to the Silfe confinement of radionuclides. 
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Seismic Resistance 

The original design criteria specified that earthquake resistance be provided in 
accordance with Zone 2 regulations of the 1952 USC. These criteria required that structures 
have the lateral resistance to withstand a 0.10 g static force. 

The recent seismic analyses (Blume and Associates l976a,b; 1977, 198la,b; Hawkins 
1ga1a) considered both 0.25 g Safe Shutdown Earthquake (SSE) ground motions (Hanford SOC 4.1 
1974) and 0.10 g Hanford Regional Historical Earthquake (HRHE) motions (Blume and Associates 
1981b}. The work included the development of structural upgrades. with cost estimates. that 
would be required to withstand both earthquakes. The SU11111ary of these PUREX seismic studies 
results are: 

• The 202-A Building canyon, service annex. and R-Cell have sufficient elastic 
strength to resist the HRHE. 

• The 291-A ventilation system, including the concrete stack. are able to withstand 
the HRt:E. 

• The 202-A Building ECHP would requi~e upgrades to resist the HRHE; the upgrades 
would have to be more extensive for SSE resistance. 

• Structural upgrades for the 291-A ventilation system stack would be required for 
SSE resistance. Also, to preclude any ingestion of soil into the 2g1-A 
ventilation ·system in the event of the SSE. lead sheet barriers would be installed 
around the air tunnels at bends and junctions, plus over the filter cell cover 
blocks. 

• The 202-A Building canyon and service anne~ would require upgrades to resist the 
SSE. 

o The HRHE and SSE have the potential to disrupt utilities (water, electrical, 
steam, and telephone), plus major equipment and services. 

The potential sources for major radionuclide releases from the PUREX plant. without 
structural up3rading, in the event of a damaging earthq~ake were determined to be a uranium 
metal fire in a dissolver and a solvent fire in H-J Cells. Plans to upgrade PUREX safety 
systems, components, and equipment in order to limit releases from the plant due to seismic 
ground motions to within Hanford operational guidelines implementing DOE Order 5481.lA have· 
been developed. Trade-offs between the costs for such upgrading to enhance the seismic 
resistance and the risks encountered without the modifications were utilized for determining 
the upgrades to be required for resumption of PUREX plant operation. The study indicated 
that the consequences of an HRHE or SSE could be mini~ized by ensuring that the dissolver 
drown tanks and the Light Witer fire supression system to H-J Cell are undamaged and 
functional. Because both of these systems are located in the Pipe and Operating (P&O) 
Gallery, a recoomendation has been made that the gallery and associated equipment be 
modified to ensure operability of the equipment after an earthquake. These required P&O 
Ga112ry upgrades for seismic resistance enhancement would include the following major items 
(Hawkins 1981a): 

• protection of the three dissolver dro~n tanks and t~eir discharge p~ping to the 
canyon. providing water until a recovery plan is implemented; 

• providing a dedicated seismic resistant light-ater fire ~~otection system tank, 
its water supply, and its discharge piping to the canyon for H-J Cell. 

The Department of Energy will incorporate these two upgrades to the P&O Gallery prior to 
operation of the PUREX/UOJ facilities. 

The probability of a 0.25 g earthquake {SSE) occurring cannot be defined because there 
is an unllmited time span per occurrence; the probability of a 0.10 g earthquake (HRHE) is 
8.6 x 10- for sixteen years of operation (USERDA-1975). · · 
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Wind and Tornado Resistance 

Because tornado design criteria were not specified in the 1952 Uniform Building Code, 
they were not included in the original design criteria. Therefore, recent tornado analyses 
of the PUREX facilities have been conducted. The studies analyzed th~ effects of credible 
tornado conditions for the Hanford Site (Ha~kins 1981a) and the results of their evaluations 
are listed below: 

• The 2O2-A Building canyon and R Cell could r~sist the 280 km/hr (175 q,h) tornado, 
whose probability is estimated to be 6 x 10-0/year (USERDA 1975. p. 111.2-33) 

• Tha 202-A Building east crane maintenance platform and service annex would require 
structural upgrades to resist the 280 km/hr tornado. 

• The 291-A reinforced concrete stack would require structural upgrades to withstand 
the 280 km/hr tornado; also, the exposed 291-A ventilation system fans. motors, 

· and metal ducts would require tornado protection. 

• The 280 km/hr tornado could disrupt utilities and some services. 

The consequences of a tornado at the PUREX facility are presented in Table 5.15. Also. 
the probability of such a tornado is very low. Therefore. structural modifications for 
tornado resistance are not considered necessary for resUlll)tion of PUREX oper~tions (Hawkins 
1981a). 

Other Natural Forces 

The design criteria and assumptions (USC 1952. Hanford SOC 1952) for the PUREX facility 
whic~ pertain to snow loadings. flooding. and subsurface hydrostatic loading are still 
appl ''-able. No upgrades to withstand these natur,11 forces are conshiered necessary. 

A.3 PLUTONIIJIJ OXIDE CONVERSION SYSTEM 

The PUREX plutonium oxide conversion system. currently under constr~ction, is located 
within the PUREX facility near the final p_lutoniWII nitrate 1>:.irificatfon pr-:.;;essing area. 
The plutoni1111 is thus removed from the PUREX facility as an oxide. 

A.3.1 Process Description 

The plutoniUII oxide conversion system •~•!!d ~e operated using the oxalate precipitation 
process. The process flow diagram is shown in Figure A.9. 

A.3.1.1 Feed Preparation 

Feed is transferred by vacu1111 from·the product receiver tank to one of the M Cell 
storage vessels. Acid mola.·•ty and batch size are recorded for the feed transferred, and 
from these numbers the requi,-ed acid addition is calculated to bring the solution to the 
7!!_ HN03 feed specification. Either 1~ or 1.2! HN03 is added as required to the vessel 
and the solution is thoroughly mixed before sampling. After feed sp~iffcatfons are met, 
the feed is stored in H Cell until needed. · 

.,.3.1.2 Oxalate Precipitation 

The batch portion of the process is started by transferring 12 liters of solution from 
any one of the storage vessels through an interinediate tank to the pre-reduction vessel 
where ~ydrogen peroxide is added to reduce any Pu+ti to Pu•4. 

After the reduction step is complete. feed flows by gravity to the feed tank from which 
ft is continuously p~ed to the precipitator at a controlled flow. setting the product 
production rate. Oxalic acid is simultaneously pumped to the precipftator at a rate 
designed to maintain a constant plutonfU111 to oxalic acid 111(\le ratio in the precipitator. 
The correct mole ratio is critical to minfmfze waste lo,ses and produce a precipitate that 
is easily filtered out of the slurry. · .· 
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FIGllRE A.9. Plutonlwa Oxide Conversion Process flow Diagram 



' \ 
----------- - -----,-----------

The plutonium oxalate slurry formed in the precfpitator continuously overflows 
into the vacullli drum filter pan. The vacuum filter drum rotating in the slurry 
separates the pluton11111 oxalate solid from the filtrate liquid by building up a filter 
cake on the drum surface. Plutonium oxalate is continuously shaved off of the rotating 
dr1111 by the doctor blade and the filter cake drops down a chute into the first stage 
calcfner. 

A.3.1.3 Calcfnatfon and Powder Handling 

In the first stage calcfner, solid feed from the oxalate precipitation process is 
converted to partially dry powder which drops by gravity into the second stage 
calcfner. The second stage calciner com;,letes the calcfnation if plut~nium ~o 
plutonhn dioxide and drys the powder to mHt process speciffca1~fons. The powder drops 
out of the second stage calcfner directly onto a vibrating sere-in whe.re prodL-ct powder 
passes through tM screen directly into a double cone blender.. Oversize material 
bounces down the inclined screen and collects in a transpar-~nt sleeve ~here it is 
manually removed for recycle. 

After powder is collected in the blender, valves are closed to isolate the blender 
frm the screen powder chute and seal the blender. The blender is theri lowered and 
transported on a dolly to a position adjacent to the rotation stand. A second eirpty 
blender fs moved ~nto position and attached to the screen powder chute and valve! 
opened to ~llow processing to continue without interruption. 

An overhead hoist is used to lift the loaded blender fnto the rotation stand after 
which the blender ts rotated to achieve a h01110geneous powder. After blending, the 
blender 1s lifted by hoist out of the rotatirig stand and fs placed fn position on top 
of the can filling machine. The blender fs fastened in pltce, valves are opened and 
powder can loading is ready to begin. 

Slip lfd powder cans and tape are pltced fn the glovebox, tare weighed and passed 
one-at-a-tint to the can filling machine where the can fs filled with PuOz powder. 
The lfd fs taped in place on the filled can which is returned to the scale for 
weighing. Tare weight, filled can weight and powder weight are all printed out for 
p~rmanent record. The filled can fs next placed into the bagging tube and then bagged 
out of the product loadout glovebox. There the bag ts •smeared for contamination• 
(wiped wfth a tissue which ts then held near the probe of an alpha detecting 
tnstninent) and cleaned as needed prior to placing it into the outer can. The outer 
can fs sealed, Sll!eared for contamfnatfon, and cleaned as needed. The safeguards seal 
ts then applied and the can is weighed. The c~leted container ts placed in.a 
shipping container to await shipment from the PUREX plant. 

A.3.1.4 Filtrate Processing 

Filtrate fs vacUUII transferred from the filter drum to the filtrate receiver and 
is continuously pumped to the concentrator. The filtrate is concentrated to 9M HN03 
and continuously owerflows to two tanlts where ft ts held at near the boiling point to 
complete the nitric acid destruction of oxalate. The concentrated filtrate is 
thoroughly mixed by the recirculation pump and sampled to confirm complete oxalate 
destruction before ft is pumped to the HA coluim feed tank for recycle into the PUREX 
process. 

Vapors from the concentrator overhead are routed to the scrubber/condenser where 
they are.condensed and continuously overflow to two receiving tanks. The condensate is 
mixed and sampled prior to routing to the backcycle waste system for recycle back into 
the PUREX process. 

A.3.1.5 Lfquid·Eff1uerits 

No lfqufd effluents are discharged frO'II the process. Concentrated filtrate. 
process tondensate and ste11111 condensate are all recycled back into the PUREX process. 
The cooling systm 1s a closed loop with .circulating 1.2M HNOJ as the ~rimary 
coolii'it. This primary coolant wfll be recycled back to the PUREX process ff the system 
becomes radioactively contaminated and needs to be emptied. The primary coolant fs 
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cooled fn heat exchangers by raw water that f! discharged into the PUREX cooling water 
drain header. Seal water for the vacuum pump ,s circulated through a closed loop 
system and will be recycled back to PUREX when .,ecessary. The seal water ts cooled in 
a heat exchanger by raw water. The raw water ts discharged into the PUREX cooling 
water drain header. 

A.3.1.6 Gaseous Effluents 

Afr fr011 the vessel vent system and from the vacuum system passes through steam 
heaters and two stages of HEPA filtration r,rior to discharge to the PUREX air tunnel 
upstream of the PUREX fiberglass filter. 1\fr fr0111 the ro:JIII surrounding the storage 
vessel! fs also routed to the PUREX air tunnel. 

All glovebox afr exhausts through one stage of HEPA filtration at the glovebox~s 
and discharges through the PR room exhaust system to the PUREX ventilation system. 

ROCffl air -'!Xhausts through one stage of HEPA filtration just outside N Cell and 
discharges throu?h the West Sample Gallery exhaust system to the PUREX ventilation 
system for fi 1 tratfon and discharge through the maf n venti 1 atfon stack. 

A.3.2 Crftfc&lfty Prevent:,n 

. All vessels and equipment within the gloveboxes are designed to be geometrically 
favor~le (wet or dry) _by fndfvidual dimensions and spacing between otMr vessels and 
equipment except the vessel vent and vacuum vent systm filters. These filters are 
geanetrfcally favorable for dry plutonium oxide powder loading and devices are 
installed to prevent liquid entry. 

Ali wet gloveboxes are provided with overflow piping to the L Cell floor which is 
geometrically favorable. The H Cell and pipe chase floors lre also geometrically safe 
in case a vessel should empty to the floor. However, interlock systems are provided to 
contain solutions within the vessels by stopping solution transfers before vessels are 
6verf111ed_and starting standby pumps and vent blowers when on-line equipment fails to 
perform satisfactorily. 
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APPENDIX B 

ACCIDENT SAFETY ANALYSIS 

The acddent safety analysts includes descrtptioris of abnormal operations, worst case 
accidents, a.·d events that have occurred at processing plants. The abnormal operations are 
grouped into six categories based on the type of potential hazards. Postulated abnormal 
operations are p~sented for PUREX, the UO3 plant, and the appropriate plutonium 
conversion system. The ftve accidents judged to have the greatest potential for offsite 
dose delivery have been outlined tn the worst case accident section. Also included tn this 
section ts an outline of the worst case onstte and offstte transportation accident. The 
barriers or procedures which na.ist be circumvented in order for the accident to occur are 
detafled al>ng with the resultant radioactivity wh1ch would be released to the environs. 
Finally, events which have occurred at processing plants are briefly described and the 
ra~ i oact tvr1 consequences stated. 

The i111plicatton of this analysts ts that abnormal operations and/or accidents will 
occur at a processing factltty. However, only a minor portion of these occurrences rP.sult 
in ~:-so:mel exposure beyond the allowable working ltmits, and even fewer have the potential 
for ex~~.,ure to the general public. 

B.l DESCRIPTION OF.ABNORMAL OPERATIONS 

Abnormal operations are defined as events which result from malfunctions of systems, 
improper operating conditions, or o,erator error. These events tn turn result tn injury to 
operat1ng personnel, abnormal radiat~on exposure of operating personnel, contamination 
spreads within the facility proper, or the interruption of continuity of operations. Though 
minor releases to the inmediate plant environs may be associated with the occurrences, no 
incremental risk ts entailed to the offsite populati~n over and above normal plant 
releases. 

In this report, abnorma_l operations are grouped trito sh. categories, which are defined 
below. Postulated abnormal operations for PUREX, the plutonium oxide production system, and 
the U03 plant are presented. 

B.1.1 Breach of Containment 

Contatranent ts taken to mean an absolute bar:-ier which prevents escape of 
contamination. Containment in a fuels processing facility differs from containment tn a 
nuc_lear power plant where a physical structure ts often tmplted. At PUREX, contatrment 
cornnonly ts not absolute due to vents.and sampling penetrations. Examples of containment 
barriers are the facility structural _shell, tanks, piping, tube bundles, and product 
containers. Breach of c~ntainment is defined as transport of radioactive contamination 
through a containment barrier. Barrier fat.lure may occur as the result of age, 
deterioration. design flaws. corrosion. or mechanical disruption. · 

B.1.2 Loss of Confinement Barriers 

. Confinement barriers are those barriers which are less than absolute. Exan.,les include 
offgas filter systems, liquid waste monitori11g and diversion systems, and pressure 
differentials such as those maintained in ventilation systems to control the direction in 
w~ich radioactive contaminants may travel; U~ing an offgas filter as an example, fat lure 
would consist of disruption of the filter media with resultant loss of efficiency. 

B.1.3 Uncontrolled Chemical.Reactions 

The PUREX process requires that a nllllber of r>oterittally violent chemical reactions 
occur under controlled condi.tions. Furtheri large inventories of chemicals wtth high energy 
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potentials, such as solvent and nitric acid, ire necessary for plant and process operation. 
Certain chemical reaction byproducts (such as hydrogen) may be fonned and controls must be 
in place either to preclude formation or to preclude violent stde reactions. Finally, a 
variety of combustible materials (e.g., protective clothing) exist In the plant, as well as 
tnc~at1ble chemicals such as oxidants and reductants. Controls are in place to assure 
segregation and isolation to preclude rtres. 

Lapse of control consists of both loss of control of nonnal process chemical reactions 
and the occurrence of unwanted chemical reactions (including fires). 

B.1.4 Nuclear Safety Cog,r011ised 

Although the presence of fissile plutoniua provides a potential for a nuclear chain 
reaction, nuclear criticality has not occurred in the PUREX plant. Prevention of 
criticality ts based on the philosophy that at least two unlikely, independent and 
concurrent equipment failures or changes in operating conditions must occur before a 
crittca11ty accident ts possible. These conditions would have to occur in those parts of 
the plant where heavy shielding is provided to mitigate the personn~l dose from a 
criticality event to an acceptable level. In the absence of such shielding, at least three 
failures or changes must occur before a criticality accident is possible. Violations of 
this polfcy, which a11011f one of the independent failures or changes to occur, are considered 
to be abnonnal occurrences. 

B.1.5 Extrinsic occurrences Affecting Plant Operation 

ThMe are defined as those event sequences initiated external to the plant and 
processes but affecting plant containment and confinement barriers, and plant continuity of 
operations. Two classes of occurrences are considered; loss or impatrment of utilities and 
services and natural forces events. In general, interruption of utilities and services is 
considered to be one consequence of severe n~tural forces events. 

B.1.6 Industrial Hazards 

Industrial hazards are those which are inh~rent to storing, handling and use of 
chemicals and othe~ process materia1s; from operating and maintenance of electrical, 
Instrumentation, ventilation, wat~r. steam, and compressed gar systems; and from equipment 
operation and repair, and other similar operations. 

B.1.7 Postulated Abnormal Operations 

Tables B.l, B.2, and 8.3 present postulated abnormal operations in the PUREX plant, the 
new plutoni111 oxide production system, and the U03 plant, respC!Ctively. The tables 
indicate the type of hazard as defined in Sections B.1.1 through B.1.6; description of the 
occurrence; possible causes of the occurrence; and the consequences including contamination 
of the facilities, personnel exposure, and discharge to the environment. Personnel exposure 
resulting front releases within the plant have been estimated using past experience of the 
same type or of similar ev~ts that have occurred at PUREX or at Hanford. 

8.2 WORST CASE ACCIDEIITS 

An accident is defined as a credible situation which creates delllli:1ds on the system 
beyond the possible capability of the process, equipment, or confinement features, whether 
or not mitigated by operation of standby or engineered protection features. This section 
describes those accfdents which have been judged to have the greatest potential for offsfte 
dose delivery. The description includes a statement of the cause of the accident and a 
calculation of the radioactive source tem. 

B.2.1 Dissolving of Short-Cooled Fuel 

In thfs accident, it fs ass1111ed that Mark IY (0.947 percent 235u) fuel, cooled only 
25 diys after discharge, is shipped to the PUREX plant fn a caskload of properly cooled 

8.2 



.Tffl of H1urd 

BrHCh of 
Cont•t-nt 

TABLE B.l. Postulated Abnormal Operations for PUREX Plant 

Occurrence 

Proceu 11ene I over.fl OlilS sp 1111 ng 
solution on the cell flo.. Possible 
suspension or •v.apor1tlon uy rele1se 
,erosol through c1nyon·eah,ust 

Cont.-lndlon 
of f,c II tty 

10~ Ct • laed fission pro
ducts and 1cttnldes spilled 
to ce II floor 

Con1e9uences 
Exposure 

of Personnel 

None 

Process I lne le1ks spll I 1119 so lut Ion 
on the cell floor. Possible suspen
sion or ev111or1tton .,Y rele1se 
1•"':'lsol through c1nyon eahaust 

10~ Cl •l••d fission pro- None 
ducts and actinides spilled 
to er. II floor 

Process so lut Inn leaked' to the ce II 
floor • 1y. leak throu9h eap1nslon Joint 
to the soil or to the stor19e 9,llery 

ContM1tnallon confined to Hone 
contro I led area 

Tube bundle or vP.ssel coll. failure · Contaatnatlon diverted to 
along with loss of hackpressur• causes retention basin 
cont•ln1tton discharge to dlspos1l 
header 

Retention basin leaks solution to soil Ol~charoe of abnormally 
contaalnated solution to 
diversion hHln 

w,ste disposal line leaks ln a direct Hone 
burled line. Cooling water, stea• 
condensate or process•condens,te le,ks 
lo ground 

Hone 

None 

Hone 

wute dtspos,I line leaks in line 
routlng.w,ste to underground storage 

. So lutlon re leased to encase- Hone 
lhl'nt. Collected In d1verter 

:ank · 

Encasl!llll!nt around ~aste dlspos,I lines 
leaks solution to the ground 

Plutonlua product container spl lls 
plutonlUII nltra•~ solution (100-
400 g/l Pu) i,1to jacket fro• which it 
also leaks 

catch tank 

Nom, 

ContM11nat Ion of controlled· 
zonp with up to 40 g 
pluloniua (100 • I of solu
tion) 

None 

Conta• in,t Ion 
,nd/or radia
tion exposure 
,.,,, r,ccur 

Dlsch1rge to 
Envlroment 

Release of sull 
a• ounts through c1nyon 
exhaun 

Re lease of sa, 11 
a• ount s through c·1nyon 
exhaust 

Conta• tnatlon confined 
to soil bfonealh 
but Id Ing 

None 

Heiease to o~ound of 
up to 1000 Cl mixed 
f In Ion products 

Subsurface fractional 
,·eluse. Ldrge l••k 
• ay result tn surface 
conU11fn,t ton 

None 

!)ubsurf dCP ground · 
release up to 1000 Cl 
• laed 'lsslon products, 
Massive leak • ay result 
In surface conta• lnatton. 

-None 

Cause 

Procedural error, 
tnstr.-nt1tlon fail
ure, equts-nt failure 

o,..~ed Juaper, gasket 
flllure 

Protective curb around 
exp1nston Joint.was 
reaoved to 111.1ke spACe 
for ,nother vessel 

Vessel or bundle fail
ure plus Ion of 
utility b,ckpressure 

Faulty sea• or 
pEnetratlon In basin 
liner 

line failure due to 
corrosion, the,..,I, or 
• ech,nical stress 

Line failure due to 
corrosion, t~,..,,. or 
• ech,nlcal stress 

tracks In encn-nt 
or plugged dr1lns 

ProcPdur1I error, 
fcl I lur~ of transport 
carrier 



Tp· of, Huard 

Lou.of· 
Coaftnaut 
llrrt1r1. 

Uncontro 11 eel, 
CilMlcaJ•. 
Reect1on· 

Occurrence 

W1111l pr111urt1atlm .. , product a 
1ur91. o,. c011t•l111ted; I lquicl, or gas 
lnto.Plpe.1.~•attng,(P&O,.gallery 
piping 

Suctbadl of COlltatnlted. liquid-Into 
P&O·gallery.plplng,c11111d:by. steaa 
colllpse in tll• trM'~• ltna 

In-cell tr..-sfer could,ba,• lsrouted, 
111IUI• rnultant:. trMtport· of COlltMl
nated: ,11Jutlon lnto.,P&O: 911111')', 
piping· 

Contaalnatecl•solutlons. In PIO gallery 
piping 11411. Into Uie,gallery 

TABLE 8.1. (Contd) 

ConF=es Coiit•tnalt•• 
___ ... of.._F ... 1e_1_1_1t_.Y._·_~_ of ersonnel 

Hlgll dose rates in vicinity 
· of pipe 

Hlgb dose rata1 In vicinity Nolle 
cf pipe 

Hlgb clo11-ral11 In vicinity 11cM11 
In pipe · 

Locallzed-cont•lnat.lOII In 
area of leak 

Transfer Jet foru cont•lnated urosol None 
In canyon 

None 

Built-up radioactive 111terlal on stack 
liner spalls off Uld Is released to 
envlro..ent 

PersOMel enter rallro.d tUMCI during None 
fuel charging, or fall t11 detect fuel 
el-.ints dropped, In the tUMel 

Cont•lnated 1ndtv.lclual leaves rid!&- Cont.-lnatlon spread along 
tlon controllfld.uoa,trusportlng route of Individual 
cont•lnot Ion- to uncGl'ltro lled arc<&5 

Podtaged solid IIIIIUI uy. Ignite froa 
spontlnCIOuS cOllbusloo-or external 
sources 

Contaalnlllon confined to 
control zones 

Potential 
lllp05Yrl 
approach! ng or 
uc:eed Ing 00£ 
oc:cupatl ona I 
guidelines 

Potential for 
cont•inatlng 
others 

None 

Sohc11t Illa)' be Inadvertently tr1111s
ferred to c1 concentrator lllhere condi
tions r~sult In the degradation of the 
solvent 

Poulbtllty of out-of-specification 
product and/or •red oil• ealst 

bbc:harge to. 
Envlrocaent 

Slight increase In 
stack rAdloactlvlty -
11e9llglbl1_rel1a11 

Local cont•lnat.1011 
around stack up.lg 
10,000 cp• /100 c:111' of 
• i&ld flsston products 

lolll 

110111 

None 

.... ~·•,· .....,~·•••••,.__.,..,_n•,.,;,•~_,_ • 

CIUSI 

Procedural error, 
press..,,. relief systea 
failure 

Fallure of preventSOII 
equlp• eat 

Procedural enw 

611k1t or piping 
f11lure 0 opea _ltne 

Truster Jet 91111 
out or II not Mlllt 
off 

Procedtr1I l!l'ror, 
fllpl"Clptr. 1N6lltMMtl 

Procec!ural emir. lldl 
of c-.ilc:atl011 

Procedural error 

Procedural error or 
spontaneous cOIIDus t I oo 

Pulse col.- upset or 
•gltatlon of a solvent 
containing feed tw 



m, .. 
u,, 

Type- of· Haurd 

UAcoatro J led, 
Cbmlcal: 
llui:tton. 

llui:lur. 
Safety, . 
Calprcatsed, 

Occurrence 

llydrogenexplosloa In feed or wute 
processing, vessel 

Excessive rite-of uranlaa,dtssolutlon 
C4115eS pre:r.surtutton of. dissolver, 
fo•lng,. llld, spl 11191 of- di no Iver 
solulton, to cell; floor 

TABLE 8.1. (Contd) 

Contdlllin,[lo,a 
of Fact ltty 

Solution uy spill to cell 
floor 

Solution 1111y spill to cell 
floor . 

Conscgul!lltes 
Exposure 

of Personnel 

Uncontrolled,re.ctlOII durlng,sug•r 
deattr,tton, results tn, tm 
pressurlult.lon: · · 

IIHLC spilled to cell floor None 

Excess.ftsslle.uterl&I h.cbuged to 
dissolver 

Tank c011t41nlng ftsslle utert1l over- Ftsslle uterl•I spilled to 
f.lows to eel I, floor. Sttu.Uon Is not eel I floor 
detected uattl -380 1 hua beell 
sptlled, 

Durtng,plut011tia11rodllct container Leu than 40 g Pu releued 
hlllldltng,_ plulolillaa, nitrate. solution to control led area 
ts spilled: Into. tha curter 11111Ul11s And 
soue&I. up by, the v.,.tcultte packh19 

Nona 

Loss,of. Lou. of electrical powu Hlntul contaaln1t1on spread Mone 
within co,1trol led zones Utt IIUes. and 

s.n,tces, 

Loss of ste!lll, 

Loss of c111y011 ventt htlon 

Hlnlul contaln1tlon spread Nena 
within controlled zones 

None 

Minor loss of cont•tuttoa 
control In control led. accen 
zones 

... ·--·--·•»•-----·-·-·--·· ----·- ---- --------~-

None 

None 

None 

Dhch,rge lo 
Envlro..ent 

Potwitt&I for r111le1se 
to envlronli t·t suck
backs Into Ptr,e • 
Operating 
g1I lery occur 

None 

hone 

f1tlure uf ve~~el 
venting. lgnlt IOII 
source 

Procec.:,r,I error or 
f&llure or taiper1ture 
control syst• 

F1ilure of teaper•lure 
control or 4ditlt1011 of 
eaceH sug,r solut11111 

Procedur1I error 

PIIICI failure, tnstru
aent1tlon hi lure 

Procedunl error 

Sub5t•tlon oul4ge, 
disruption of supply 
lines. •rel-illldegrid 
disruption 

P0111er pl•nt
0

111,t~e. 
line failure 

Arec1-111lde l)Oloer hi l
ure plus los5 of 
diesel PUIIP5, line 
hiluH 

Loss of elettric•I 
poioer plus lo5s of 
ste.w. Water leolk 
lntu wter se•I of 3rd 
uln filter when other 
two fillers In byp1ss 
COlidll ions. 



Type· of Huard 

Loss of, 
Utfltties and 
Services 

Occurrence 

Loss of c0111pressed olr 

TABLE B.l. (Contd) 

Contaaln.tlon 
of Faci 11ty 

Hinor spread of cont•ina
tion within controlled 
zones 

N1tur1l, Forces Winds with peak gusts to 115 km/hr 
lapac t on PUREX f ac i Ii ty 

None 

lndustr1ol 
H1nrd1 

Lightning.strike shuts down 200 East None 
electrical p01o1er 

Severe cold NY affect outside None 
facilities; ~Y be coupled with freez-
ing rain 

H1jor leak of nitric acid occurs In 
Pipe 1·. Oper11t Ing gallery. Spray 
and f111111s attack ruk supports, 
lnstr-nt. 11nu, and concrete 

Personnel Injury 

C,w,pressed gas cylinder dropped, valve 
sts broken off · 

Acid attack of lnstr.-nt.t
tlon and equlpaent 

Hone 

No11e. 

Steaa or air line ruptures with high None 
pressure gas release and potential 
pipe whip 

Che11ical fire or solid waste fire None 
while in storage 

Consequences 
Exposure 

of Personnel 

None 

Inhalation 
hu,rd, cor
roshe hH
ard to sk!n, 
1 generol 
lrrltar,t 

Potential for 
radloact Ive 
deposit ton In 
wound if 1t 
occurs In a 
cont•lnated 
zone 

Cylinder 
b1:h1ves I Ike 
• I ss 11e with 
potential for 
personnel 
l11jury 

Potential 
injury to 
personnel In 
vicinity 

None 

Nor.e 

None 

None 

None 

None 

None 

None 

None 

None 

blscho1rge to 
Envlro,-nt 

A JI three ca.prenors 
shut ckMI. sl1111lt1-
neously 

Piping hilure 

P;.xedunl error 

Line failure, possible 
I Kk of Ni nten1nce 

Procedur1 I error 



TABLI: e.z. Postulated AunonnaJ Operations for PuOz Production System 

Cunserences 
Ohch1rge to Contaain1tlon xposure 

Tl]!! of. H1urd Occurrence of f•cllttt of Personne I Envlronaer.t CIUSII 

SreicJr; of• C1lclner liner or fl111g1 failure None Addltlonal None Liner or fl&llgc 
. ConUIIWlnt could result In I loss of Plli>2 radiation expo- fltlure 
larrlr sure due to high 

Pu In Inventory 

Due to I eat Ing 111111, pw1ps. Solution spl I ls to overflow. None None Lelk In systea 
vessels or flanges, plutonl111 t1nk 
nitrite solution could &ecuailate 

LHk&ga frlMI soltd WIile packlge Potential for plutonlua Potential for Potential for plutonlua Procedural error 
caused by, da11111e durlng.tandli119 contaalnatlon of Pl/llEX plutonlua expo- NIHH to envlrollS 
or transport Building sure of personnel 

Pressurliatlc;111 of plutonl .. oxide Cont11111tn1tlon spread In None Noni F1llure of dry 1lr 
container causes.rupt11re In storage storage null systa or lncorpora-

tlon of overly aolst 
oaldl powd1r 

m,• LOH, of. V,cuua dr111 fl lter overflows to Cont•ln1t Ion of hood area None failure of filter or 
•· ..., Confinment overflow tank, Ulen to floor of Ion of vacuua 

Barriers hood. 

Hood glove d-.:aged.or ripped froa P:uto.'1111.• c:ont•lnat1on of Cont•ln&tlon Noni Glove d..aged, e.g., 
gloveport sea; roo• VII dlUilff by entangl-t In 

glove or lost i:Jlender 
HII 

fire In glovebox destroys or plugs None Nolle LOlf-level 1taospherlc Filter failure 
HEPA filter discharge 

Acc1a1l1ted partlculates.dlschorge None Noni LOlf-ievel &taospherlc Procedural error 
froa stack llfhen new filters net discharge 
properly. Sblled In holders 

Contaalniled Individual leaves Contaalnatlon spread along PotenU1l for None Procedural.error 
r11dl11tlon control1ed· area tr11111;- route of lndlvldu1I contaln1ttng 
porting contuln1tton to. uncon- othen 
trolled· llf'e11 

Uncontro1led Nitric acid sJated p~ or rags Potent I Ill for contMln1tton None Procedural error 
Chealcal 1n glovebox uy sp,.-,1t.tneously spread 
React-~oo Ignite . 

Cod>usttbie~ left on or near the Potential for contaatn~tlon None None Procedural error 
calciner could. Ignite spread 



Type of·Haurd 

Uncontrn I led 
· ChelllCII' 
Atactt011 

Nuc I ear 
. Safttty 

CoqirOllilil!d 

Industrial 
Hazards 

OccurrPnce 

Nitric so•hd.•• ilerhl In IIIHte 
druas can spont1neot11ly, Ignite 

TABLE 8.2. (Contd) 

Conta11ln1t Ion 
of Facility 

PotP.ntlal for·cont111ln1tlon 
SPl'Hd 

Cons,uences 
xposure 

of Personnel 

None 

blschar9e to 
Envlroraent Cause 

Pctentlal envtrora1ntal Procedur1l error 
re I ease tf drUIIS 
stored outside 

Plutonlua pol)lllllr fonas and pl•tes ICDne 
out In piping 

Abnorul radla- None Procedura I error 

Pu(VI) ox1J4te routed to calclner 
where It decoaposes exploslvel_y 

Packaged solid waste 11ay .. lgnlte 
fro1rspontaneous co• bustlon or 
extern• I sourct 

Hydrogen formed In plutonlWII pro
duct container Ignites/explodes 
during preparation for unloading 
of product 

Contents·of blender, -10 kg of 
plutonlu• oxide, spill Into the 
glovebox 

Contamlnatlo~ spread 

Contulnatlon confined to 
controlled access zone 

Potential for gross con
tamination of equlplll4'-· and 
fac II tty 

Glovebox highly cont!lll
nated, may require replace
amt 

tton fields cause 
additional Ol)era-
tor exposure 

None 

None 

PoLJntl a I for 
gross contaml
nat 11,1 of 
perso,mel 

i:xposure during 
cleanup opera
t Ions 

Inlet to flrsl stagP calclner plugs Above noniial contamination None 
and plutonium o~alate builds up on of the hood 
hood floor 

Glovebox operator punctures a glove None 
and contaminates woun~ 

Failure of s~le containment, 
failure of protective clothing 

Major leak. of nitric acid occurs 
In mak~-up area or In transfer 
piping 

None 

Acid attac~ of lines In 
vicinity 

Hydrogen peroxide spills from drum None 
or leaks from transfer plph;g 

Per\onnel con
tainlnat Ion 

Personnel con
tamination 

Person~ I s,:b
ject to lnha I a
t Ion haurds 
and burn!i 

rersonnel sub
ject to extreme 
Irritation of 
nose and throat 
and/or severe 
burns 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Procedura I error 

Procedural error 

Procedura I error 

Failure of ltd iell or 
valve llll!Chanls• 

Plug In piping 

Procedura 1 error 

failure of prote.: ti ve 
equipment 

Piping f.illure 

Piping fat lure, 
proceJura I error 

· .. I 



m . 
IO" -

Type of H•urd 

lndustrtlll 
Haz•rds 

Occurrence 

Personnel eaposed to oaallc acid 

Ste,1111 or atr line ruptures with 
high pressure gas rele~s• and 
potential pipe whip 

TABLE B.2. (Contd) 

None 

Hone 

Contamlnat Ion 
of Facility 

Conse~uences 
aposure 

of Personnel 

Personnel sub- Hone 
Ject to lrrlti-
t1on of nual 
p11uages. pro-
longed exposure 
causes gangrene 
of the skin 

Potential Injury None 
to personnt'l 1n 
vicinity 

Discharge to 
EnvlrolWM!nt Cause 

Procedura I trrc:.r 

Line failure. possible 
lack of m,tntenence 
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TABLE B.3. Postulated Abnormal Operations for U03 Plant 

Coaseuences 
Conl•lnatlon posure bilcliirgi to 

TrJ!! of Hazard Ot;urrence of Flct11ll of, Personne 1 Envlronaent Cause 

Breach of Leu of 1.1r1nha solution Cont•tnatton confined to None Ntnor leakage to the f111lt1 valves or 
Cont1traent froa storage tlllks enclosure sotl connections. corro-

or transfer ltne ston failure 

Loss of ; allure; of·• prtury, l.dlluster None Nolle Release of a·few pounds Split teas ln·lhe bag 
. Conftna.nt bag ftUer In tile 003 l)ONder of finely dlwtded 003: or 1DOSMll'it' :,f' · 

111rrlen handltnt sysua . · dust to the atm1pllete aountlng 

M11operat1on of nitric acid Ilene 6rouncl 1 eve 1 1111a . Teafold, lncreue In'' : Lt111~fl111t;of cooling: 
absorber concentrations above . ~ lo ,ataospllen water or tbsorber 

IIOrklng, lt• lts for I lbort period ta.r·water 

Uncontrolled •R1d;ol1•· explosion, In, 1001 Cont•lnatton of cell to Potentt1l for eapo- Relem of' up' to 45 kg·. · f11hire of procedurai · 
Chelltcal uranyl nitrite conc111trator grHter than nonu 1 1 eve II sure tf ur.nlu• 11 of uranha• to the controls 
lleactlon. resu ts In ejection, of, released through at• ospllere. Little. 

entire wol11• 1 of uranyl personne 1 access sprea1i'blyoad plant 
rlUrate door to the ce 11 environs 



elements (minimum 180 days) and partially dissolved. As the PUREX dissolver offgas system 
is not designed to retain short-lived fission product gases, the dissolving of tnese 
short-cooled fuel elements would result in the release of gaseous radioactivity to the 
environment. 

B.2.1.1 Cause of. Accident 

The follcn,ing barriers which prevent the accident must fail: 

• administrative procedural controls which prevent the shipment of short-cooled fuel to 
the PUREX plant; 

• heat sensor fn the railcar carrier which would register the higher t~ratures 
associated with short-cooled fuel; 

• radiation monitor verification of fuel age (before shipment from loadout basin and 
after arrival at PUREX). 

B.2.1.2 Source Tenn of Accident 

It is assumed that 320 kg of 25-day cooled fuel fs·mfxed •1th 9900 kg of at least 
180-day cooled fuel and charged to the dissolver. In the three hours rf!qUired to detect and 
stop the dissolution, 210 kg of the short-cooled fuel and 5600 kg of the aged fuel are 
dissolved. 

Colllffl'I 2 of Table B.4 presents conservative values of the radionuclide inventory In the 
dissolved fuel. It is estimated that SO percent of the total iodine content of the fuel 
would remain fn the dissolver solution that 40 percent would be retained in the plant 
off gas system including the bictup facility, and that 10 percent would be released to the 
environs ff the silver reactors were not in use. Howe~er, this ts a pessi• istic ass11111>tfon, 
and ff the silver reactors were tn use, they would contribute a decont1111inatton factor 
between 100 and 10 (see Section A.1.5.4). It fs also estimated that 100 percent of the 
noble gases and 5 percent of the tritium in the dissolved metal would be released. The 
source term for the accident is presented in Table B.4. 

8.2.2 Uranium Metal Ffre in the Dissolver 

In this accident, ft ts assumed that uranium metal in the dissolver becomes uncovered 
and the overheating of the uncovered uranium is not corrected allowing the metal to 
spontaneously ignite and burn for 2 hours. 

B.2.2.1 Cause of Accident 

Normally, the metal is kept completely illllll!rsed fn either water or one of the process 
solutions. However, the metal can become uncove~ed when emptying the tank after decladdfng 
or between the first and second dissolving cuts. 

Since the dissolving process is under surveillance, poor attention and failure to carry 
out procedures 1«>uld be the most important causes for the occurrence of the accident. The 
following equipment failures could also be important contributors: 

• solution supply system. due to the clogging of distribution piping or valve failure, 
resulting tn an fnabflity to cover the uranium metal fn the dissolvers; 

• temperature sensor tn the dissolver which would indicate overheating; 

• drown tank for the dissolver, due to a valve failure or a shortage of fluid, resulting 
in an inabtlit-, to extinguish the fire promptly. 

s.2.2.2. Source Tena of Accident 

It fs assumed that the fuel charged to the dissolver is Mark IV (0.947 percent 235u) 
fuel which has been cooled 180 days after discharge from the reactor. It is 
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TABLE B.4. Source Term for Dissolvi119 of Short-Coole~ Fuel at PUREX(&) 

Nuc11de(b) 
Total Quantit{c) Fraction Released Quantity Releastd 
Di sso 1ved1 C 1 from Plant to Environs 1 C1 

131"le 8.9 x lDZ z 
1 8.9 X 10 

133Xe 4 1 
4 

1.0 X 10 1.0 X 10 
133"le 1 1 1. 7 x 101 

1.7 X 10 
1291 -2 1.3 X 10 o.01ld) -4 1.3 X 10 
1311 8.4 X i03 o.otldJ 8.4 x 10 l 

85Kr 7.5 X 103 1 7.5 X 103 

3H 2.0 ll ia2 0.05 1.0 X 101 

(a) Mark IV fuel (0.947 percent Z35u 1nitial enrichment) irradiated at 
11 .Mlld/t to 2435 MIid/ti cooled ZS days after discharge. 

(b) All other radionuclides are nonvolatile under dissolving conditions 
and remain in dissolver. 

(c) Esti111ated two-thirds of 320 kg charge dissolved in 3 hr. 
(d) Asstne, the silver reactors are in use and contribute a 

decont•inatfon factor of 10. 

further asswned that the ffre burns uniformly for 2 hours before being ext1119u1shed, 
and consumes uranf1111 metal fuel at a rate of 270 kg/hr (0.3 ton/hr). Therefore, the 
fire burns 540 kg of uranimi metal and the associated f1ss1o~ products contained fn the 
fuel. An add1tfone1 185 kg of fuel fs also dispersed when the dissolver heel from the 
previous dissolution cycle ev&J»Orates, releasing the radfonuclides contained fn ft. 
Consequ~tly, a total of 725 kg of fuel is available for release from the dissolver. 
The quantity of rad1onucltdes associated wfth this amount of fuel 1s listed in Column Z 
of Table a.s. 

Release factors from the dissolver at the estimated maximum temperature range of 
1300-1400•c are estimated to be 1.0 for the noble gases, tritium, and iodine; O.l for 
the isotopes t~llurim, cesf11111 and rutheniumi and 0.01 for all others. Table 8.5 
lists the release factors, the fractions of the radtonuclfdes released from the plant 
after havi119 passed through the dissolver offgas system, and the total quaritfty of 
radioactivity released to the environs. 

8.2.3 Solvent Fire fn Solvent Extraction Cell 

In this accfdent1 ft fs ass11111ed that 6580 of solution (4880 organic, 1700 
aqueous) from the first extraction column leak into the cell sump, ignite, and burn 
until all the solvent is consumed (maximum of about 5 hr). 

B.2.3.l Cause of.Accident 

In order for this accident to occur, a source of ignition such as sparking or 
solvent overheating 1s necessary. Also. the following barriers against the fire must 
fa11: 

·• actn1nistrat1ve controls over the amount of material fn the sump which is 
determined from a weight factor recorder equipped with a high-level alann; 

• ffre suppression system due to sensor failur~. valve failure, or loss of water 
supply. 
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TABLE 8.5. Source Terms for PUREX Dissolver Uranium Firela) 

DissolYer Fraction Quantity 
Total Quantitfb) Release Released from Released to 

,!r-Hde Ava11able1 Ci Factor Plant Environs1 Ci 

95Nb 1.04 X 105 0.01 0,005 5.2 
l«ce 1,04 X 105 0.01 0,005 5.2 
95zr 6,16 X 104 0.01 o.oos 3.1 
9ly 4,16 X 104 0.01 0.005 2.1 
89sr 2,40 X 104 0.01 0,005 1.2 
103Ru 1,20 X 10~ 0.1 0.005 6.0 
147Pm 1.76 X 104 0.01 0.005 8.8 x 10-1 
106rtu 2,24 X 104 0.1 0.005 1,1 X 101 
14lce 9.60 X 103 0.01 0.005 4.8 x 10-1 
137cs 6.40 X 103 0.1 0.005 3.2 X 101 
90y 5.52 X 103· 0.01 0.005 2.8 ). 10-l 
90sr 5.52 X 103 0.01 0,005 2.8 x 10-1 
134cs 1.92 X 103 0.1 0.005 9.6 x 10-1 
127mye 8,00 X lo2 0.1 0.005 4.0 x 10-1 
1291tr9 7.20 X la2 0.1 0.005 3.6 x 10-1 
85Kr 7.44 X 102 1.0 1 7,4 X 102 
1311 6.40 X 10-2 1.0 0,5 3.2 X 10-2 
1291 1.60 X 10-3 1.0 0.5 8,0 X 10-4 
3H 2.00 X 101 1.0 1 2,0 X 101 
238pu 2.72 X 101 0.01 0.005 1.4 X 10-3 
239pu 8.8() X lol· 0.01 o.oos 4,4 X 10-3 
240pu 5.12 X 101 0.01 0.005 2,6 X 10-3 
24lpu 5.76 X 103 0.01 0.005 2.9 x 10-1 
241AIII 1.04 X 101 0.01 o.oos 5.2 X 10-4 

(a) Man IV fuel (0.947 percent 235u initial enrichnent) irradiated at 
11 llld/t to 2435 MWd/t, cooltd 180 days after discharge from reactor. 

(b) Estimated 725 kg (0.8 ton) uranilD metal fuel burned or dispersed in 
2 hr. . 

B.2.3.2 ~urce Term of Accident 

UndB normal operating conditions. the inventory of radionuclides contained in the 
~~!:!~:~i~l~~;sM~6:fkaa~a~~(O.~~ :e~:~n1rsu)~!e~~ percent of the fission products· 

The heat of the burning solvent will evaporate the 1700 1 of aqueous solution very 
quickly. It can therefore be isslliied that•in a fire the entire inventory of radioactivity 
fs available for dispersal.· This quantity of radfonuclfdes fs listed in Collllltl 2 of 
Table B.6. . 

· The fire release factors.· the aliiount of radioactivity airborne by fire. are estfmited 
to be 1.0 for the iodine isotopes·and tritiunt and 0.005 for all other radionuclides. These 
release factorsi the fractio~ of radionuclides·released from the plant. and the total 
quantity of radioactivity released to the envi~ns are listed in Table B.6. 



TABLE B.6. Source Term for Solvent Fire in Solvent Extraction ce11(a) 

Ftre Fraction Quantity 
Total Quantit{b) Release Released from Released to 

fl,c11de Avail ab le1 .Cf Factor Plant Envfrons1 Ci 
9511, 1.8 JI 104 0.01 0.005 9.1 J1 10-l 
144ce 1.8 JI 104 0.01 0.005 9.1 x 10-1 
95zr 1.1 X 104 0.01 0.005 5.4 x 10-1 
89sr 4.2,x 103 0.01 0.005 2.1 x 10-1 
103Ru 2.1 X 103 0.1 0.005 1.0 
9ly 7.3 X 103 0.01 0.005 3.6 x 10-1 
147Pa 3.1 JI 103 0.01 0.005 1.5 x 10-1 
l~u 3.9 X 103 0.1 0.005 2.0 
14lee 1.7 X 103 0.01 0.005 8.4 X 10-2 
137cs 1.1 X 103 0.1 0.005 5.6 x 10-1 
90y 1.9 X 103 0.01 0.005 9.7 X 10-2 
90sr 1.9 X 103 0.01 0.005 9.7 X 10-2 
134cs 3.4 X 102 0.01 0.005 1.7 x 10-1 
12Slare 1.3 X 102 0.1 0.005 6.3 X 10-2 
127"re 1.4 X 102 0.1 0.005 7.0 X 10-2 
3H 3.5 1.0 1.0 3.5 
1311 1.1 X 10-z 1.0 1.0 1.1 X 10-2 
2~ 4.8 0.01 0.005 2.4 X 10-4 
239Pu 15.0 0.01 0.005 7.7 ll 10-4 
240Pu 9.0 0.01 0.005 4.5 X 10-4 
241Pu 1 X 103 0.01 0.005 5.0 X 10-2 
2411m 1.8 0.01 0.005 9.1 x 10-5 

(a) Mark IV fuel (0.947 percent 235u initial enrichment) irradiated at 
11 MWd/t to 2435 r4fd/t, cooled 180 days after discharge from reactor. 

(b) Estimated inventory of 296 kg ura.~ium, 531 g plutonium, and 14 percent 
of the fission products contained in 0.9 MT. 

B.2.4 Uncontrolled High-Level Waste Release to Volwne Reduction Cell 

Nearly all of the fission products from the fuel dissolution process are separated from 
the plutontUll and ur.sntum tn the first extraction col1m1. The solution containing the 
fission products ts then transferred to vessels tn another cell for volume reduction. In 
this accident, ft is assll!l!d that an explosion occurs spilling 83301 of liquid into the 
cell and forming an aerosol containing radioactive material. The quantity of radioactivity 
available for release is listed in Col1111r1 2 of Table B.7. 

B.2.4.l Cause of Accident 

Two types of explosions are possible, a red 011 explosion in th~ waste concentrator and 
a hydrogtm explosion in the waste denftration tank. The following barriers against a red 
oil explosion would have to fail: 

• acbinistrattve controls for operation of the first extraction col111111 to allow the 
dlJ!IPfng of solvent. into the aqueous fission product waste strenm; 

e.i4 



TABLE 15.7. Source Tem for lklcontrolled High-Level Waste Release to Ce11(a) 

Initial Dtlute Entrairaent Quantity Released 
Total QufCJity Release Factor(c) Release Factor Fraction Released to Environs. Ct 

Nuclide Available I Ct 0-4.0 hr 4.0-8.0 hr Fr011 Plant 0-4.0 hr 4.0-8.0 hr 

95Mb 1~4 X 106 4.3 X 10-5 7.7 X 10-7 0.005 3.0 x 10-1 5.4 x 10-3 

144 Ce 1.4 X 106 4.3 X 10-5 7.7 X 10-7 0.005 3.0 x 10-1 5.4 X 10-3 

95zr 8.4 X 105 4.3 X 10-5 7.7 X 10-7 0.005 1.8 x 10-1 3.2 x 10-3 

91y, 5.7 X 105 4.3 X 10-5 7.7 X 10-7 0~005 1.2 x 10-1 2.2 x 10-3 

, 895r 3.3 X 105 4.3 x 10-5 7.7 X 10-7 0.005 7.1 X 10-2 1.3 x 10-3 

10; 1.6 X 105 1.9 X 10-3 7.7 X 10-7 0.005 1.5 6.2 X 10-2 
U, 

· 141~, 1.3 x 105 4.3 X 10-5 7.7 lC 10-7 0.005 2.8 X 10-2 5.0 X 10-4 

1471'11 2.4 X 105 4.3 X 10-5 7.7 X 10-7 0.005 5.2 X 10-2 9.2 X !0-4 

106Ru 3.1 X 105 1.9 X 10-3 7.7 X 10-5 0.005 3.0 1.2 x 10-1 

3H 2.J. X 102 1.9 x 10-1 7.7 X 10-J 1.0 4.4 X 101 1.8 
·137cs 4 4.3 X 10-5 7.7 X 10-7 0.005 1.9 X 10-2 3.3 X 10-4 

8.7 X 10. 
90y 7.5 X 104 4.3 X 10-5 7.7 X 10-7 0.005 1.6 X 10-2 2.9 X 10-4 

905r 7.5 X 104 4.J X 10-5 7.7 X 10-7 0.005 1.6 X 10-2 Z.9 x 10-4 

12!ay-e 9.8 X 103 4.3 X 10-5 7.7 X 10-7 0.005 2.1 x 10-J 3.8 X 10-5 

. 134cs 2.f; X 104 4.3 X 10-5 7 .7 X 10-7 0.005 5.6 x 10-3 1.0 X 10-4 

127"fe, 1.1 X 104 4.3 X 10-5 7.7 X 10-7 0.005 2.4 x 10-3 4.2 X 10-5 

.2l9i>u 2.8 x 10-1 4.3 X 10-5 7.7 X 10-7 0.005 4.3 X 10-8 . 7.7 X 10-lO 
241 '4.1 X 101 4.3 X 10-5 7.7 X 10-7 0.005 ·8.8 X 10-6 1.6 X 10-7 ,. ' 

242 , . 
3.6 :g 101 4.3 x 10-5 7.7 X 10-7 0.005 7.7 X 10-6 1.4 lC 10-7 

. ,Ca: 

('al Mark IV' fuel (0.947 percent 235u initial enrichllent) irradiated at 11 ,..d/t to 2435 ,..d/t, cooled 180 days after 
· discharge· frc.a reactor. 

fb\ Inventory of radtonuc11des tn 8330 t of htgh.,-level aqueous waste fr011 the first extraction colUISI. 
c ·. Sta of the explosion, evaporation. and entrairaent release factors for the 0 to 4.0 hour tille span. 
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• 51>eciffc gravity controls, which would allOlf the evaj)Orator bottoms product to become 
substantially over concentrated; 

• stecm pressure and temperature interlocks, causing the evaporation level to exceed 
135•c ar.d enabling an explosive reaction to occur. 

The following barriers against a hydrogen explosion would have to faf1: 

• adnlinfstrative controls to provide afr dflutfon to the tank atmosphere, which 
would 111011 the hydrogen concentration to re•ch an explosive level; 

• measures to prevent sparking of eq1.tipment, whfch would provide a source of 
fgnftton. 

B.2.4.2 Source Tem of Accident 

The source teMII fs postulated to have three ccq,onents: 1) release of 
radfoactfvfty resulting fro111 the explosion, 2) release of radioactivity resulting from 
evaporation of the spilled lfqufd, 3) release of radioactivity resulting from 
entrainment fn the circulating afr. 

The explosion release factor fs defined as the fraction of r1dioactivity in the 
aerosol resulting fl"OIII the explosion and has a value of Z.4 x 10-s for all 
radfonuclides. 

It fs assumed that the spilled lfqufd fs initially at 1oo•c and cools down to 2s•c 
during the ·ffrst hour. The evliJ(>ration release factor fs estimated to be 1.34 x 10-S 
for nonvolatile radfonuclides, 1.34 x 10-3 for ruthenium, and 1.34 x 10-1 for 
trftfU!II. · 

The entrainment release factor applies betifeen 1 and 4 hours after the accident 
when cleaning without dflutfon fs used by first vacuuming up most of the solution. 
Thfs actfvfty causes small droplets of solution to be entrained in the cell air. The 
release factors per hour tre estimated to be 1.92 x lo-6 for nonvolatile 
radionuclfdes, 1.92 x 10-" for ruthenium, and 1.92 x 10-Z for tritium. The 
entrainment release factors for cleaning durfng 4 to 8 hours after the accident assume 
a 10:l dilution of the solution remaining in the cell. 

The initial release factors listed in Table B.7 ~re the sum of the explosion, 
evaporation, and el1trainment release factors for the Oto 4-hour time span. The 
diluted entrainment release factors for the 4 to a hour time span are also listed along 
with the fraction released fr011 the plant and the total quantity of radioactivity 
released durfng the two time spans. 

e.2.s Criticality Accidents 

In thfs accident, ft fs assined that a crfticality occurs within a process 
vessel. 

e.2.s.1 Cause of Accident 

Criticality accidents could occur fn several process vessels; these have been 
listed fn Table B.8 along with the cause of the accident and the barriers against such 
an accident occurring. 

e.2.s.2 Source Term.for Crftfcalfty 

The entire critfcalfty event ts assumed to consist of three 0.5 sec bursts of 
1018 fissions each, occurring within a J(Hftinute period •. Ir. a criticalfty accident, 
the rad1oittfwi nuc11des of flilportance are the noble gases and the iodines. The 
imounts of these nuclfdes change rapidly during the first half-hour after fission, 
growing fn some ca~es and deciying 1n others. The quantities which would be reieased 
during this interval ari estfiilited to be so percent of the iodines and 100 percent of 
the noble gases calculited to be present at 15-mtnutes decay tfme. Of the iodine, 

il.i6 
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TABLE a.a. Significant Postulated Criticality Accidents 

Criticality Location 
Accident 
Plutont1111 
Column Extra::tion 

Fuel Dissolvers 

Declad Fuel 
Storage Tank 

Metal Solution 
Feed Makeup Tank 

Waste Receiver Tank 

Cause of Accident 

Plutoni1111 concentration 
has to increase acciden
tally by a factor of 9 
above normal flow sheet 
concentration. 

Criticality is postu
lated to occur in these 
tanks via precipitation 
of plutoni1111. The pre
cfpttated plutonf1111 is 
not transferred to other 
tanks. Eventually, 
enough plutoniUII ICCIIIIU
lates to fom a critical 
mass. 

Same as for dissolvers. 

Same as for dissolvers. 

Waste receiver tank col
lects t~quid waste from 
various SllnpS. If there 
is a.significant aiDount 
of plutonium leakage into 
these SIIIIPS coui,led with 
excessive sodfUII hydrox
ide tn the receiver tank. 
precipitation and s~bse
qu!rit crititility of .the 
plutontillii could occur. 

Barrier Against 

1. Pl"Otess str@ma flow rates and 
plutonium concentration are 
continuously adjusted and 
controlled. 

z. Chemical solution preparations are 
under administrative and labora
tory controls. 

3. Three external, vertically 
arranged neutron monitors are in 
place to survey lBX col1111n. 

1. Administrative and laboratory 
controls are in place. 

z. Double lock and key system in 
place for potassium hydroxide 
add1tion to dissolver. 

1. Administrative and laboratory 
controls are in place. 

Z. Double lock and key syste111 in 
place for addition of solution. 

1. Procedures limit transfers of Pu 
rework solutions to feed makeup 
tank plus a laboratory analysts 
ts required. 

z. Criticality limits for tanks 
require at least double batching 
to create a crtttcalfty. · 

3. Cadmtin nitrate is required for 
transfer of concentrated pluto
ni1111 solution fnn Pu rework tank 
to feed makeup tank. 

1. Control leaks tn the sample piP
ing by maintenarice. 

z. Caustic addition to the waste 
receiver tank is prohibited 
until laboratory analyses 
are known •. 



SO percent 110uld be deitosited oli surfaces contacted and in the exhaust and vent filters. 
Thus; only 25 percent ~f the fodfnes formed fn t~ three bursts would be released to the 
l'!nvfromient. 

The source teril for thfs accfd~nt was derived by s\llllii, the quantftfes released for 
the three o.5 sec bursts. The resulting anounts ire listed n Table B.9. 

TABLE 8.9. Source Terms for Postulated Nuclear Crftfcalfty 

Ridionuc 1 ides 
·- Released 

8lliitr 
8~r 
8\r 
87itr 

~ .. 
89Kr 
129i 
i3i1 
1321 
1331 
1341 
1351 
131mxe 
13l!ixe 
133xe 
13!imxe 
13Sxe 
i37xe 
138xe 

Quantity Released) 
to Environs; .Ci(a 

1.1 ll 101 

4.8 ll 101 

4.6 ll 10-4 
3.0 ll 102 

1.9 ll 102 

1.2 ll 104 

1.7 X 10-lO 
s.s x 10-1 

2.0 
1.1 X 101 

1.4 ll 102 

3.7 X 101 

1.2 x 10-3 

1.6 x 10-1 

3.9 
3.3 X 101 

4.7 X 101 

1.1 ll 104 

3.6 X 103 

(a) Tota1
1
from three, 0.5 sec bursts 

of 10 8 fissions each occurring 
fn.30 mfn; ass1111ing 100 percent 
release of noble gases and 25 per
cent release of iodines from the 
plant. 

B.2.6 0nsi~e.TranSportation Accjdent 

Iii tNis accident, i loaded N-Aeactor fuel cask car is hit broadside by a petrole1111 fuel 
transport truck it the ratl crossing near the northwest corner :if the 200 East Area. 

8.2.6.1 Cause of Olisite .transportation Accident 

For this _accident to occur; administrative controls wuld ·have to be either consciously 
contravened• ignored. or •isinterpreted. Controls are such that this accident is extremely 
unlikely. 

the ass.-.,tion is made that the broadside impact of the truck would derail the cask 
··car, causing the ~ast·to owertum. Resultant forces have been estimated to be great enough 

8.18 
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to c~use at least one of the ltd hasps on the cask to fat 1. The ltd would be lost and fuel 
elements w:;uld be spilled to the ground. All of the fuel elements spille~ to the ground 
would contribute to a direct radiation dose to onsite personnel in the inmediate vicinity of 
the accident. SDllle of the fuel elements are assllll!d to burn as a result of loss of the 
water from the car l'!ll and cask, followed by i111111rsion in burntng gasoline or diesel fuel 
from the truck. 

B.2.6.2 Source Tenn.for the Onsite Transportation Acctdent 

The assa,nption is made that during the accident, 0.09 MT (0.1 ton) of Mark I-A 150-day 
cooled fuel would be conslllltd during the one hour burn before the ftre would be 
extinguished. The source terill for the radtonuclides released ts g1ven tn Table e.10. 

TABLE B.10. Source Ten11 for Onsite Transportation Accident 

Total QuantifI Release Quantity Released 
· Nuclide Avatlabla1 Ct ) Factor to Environs1 Ct 

95Nb 2.8 ll 104 0.01 2.8 ll 102 
144p,. 1.9 ll 104 0.01 1.9 ll 102 
144ee 1.9 ll 104 0.01 1.9 ll 102 
95zr 1.5 ll 104 0.01 1.5 X 102 
9ly 1.1 JI 104 0.01 1.1 X 102 
89sr 7.2" 103 0.01 7.2 JI 101 
lO~h 3.9 J1 103 0.01 3.9 J1 101 
103Ru 3.9 JI 103 0.1 3.9 X 102 
147Pm 3.4 ll 103 0.01 3.4 JI 101 
l05Rh 3.3 JI 103 0.01 3.3 J1 101 
l37cs 1.1 .11 103 0.1 1.1 J1 102 
137"'ea 9.9 X 102 0.01 9,9 X lOO 
90sr 9.4 X 102 0.01 9.4 X lOO 
95llr.b 1.9 X 102 0.01 1.9 X lOO 
134cs 1.6 X 102 0.1 1.6 ll 101 
129fflre 1.3 JI 102 0.1 1.3 JI 101 
121mr, 1.3 X 102 0.1 1.3 X 101 
121r, 1.2 JI 102 0.1 1.2 X 101 
85Kr 1.1 JI 102 1.0 1,1 X 102 
148np.. 1.1 X 102 0.01 1.1 X lOO 
238pu 3.4 X lOO 0.01 3.4 JI 10-2 
239Pu 1.1 JI 101 0.01 1.1J110-l 
240Pu 6,4 X lOO 0.01 6.4 X 10-2 
241Pu 7.2 JI 102 0.01 7.2 JI 10° 
242Pu 2.5 X 101 0.01 2,5 J1 10-l 
241AIII 1.3 JI 10° 0.01 1.3 X 10-2 
242a. 1.5 J1 101 0.01 1.5 J1 10-l 

(a) Mark I-A fuel. trradfated at 11 MN/M':' to 3,000 MIid/MT 
cooled 150 days after discharge; 0.09 MT of fuel ts 
asslllltd to be burned tn one hour. 
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Releise facto~s from the burning irradiated fuel are estimated to be 1.0 for the noble 
gases, iodine, and tritium; 0.1 for tsotapes of ruthen11111, ces11111, and telluri1111; and 0.01 
for all others. The isotopes are released directly to the atmosphere in the plume caused by 
the burning fuel, and contribute to an inhalation dose. 

B.2.7 Offsite Transportation Accident 

In this accident a truck or railcar transporting a cask of Mark 1-A, 150-day cooled 
N-Reactor fuel is involved in a severe accident, and the cask is involved in e,itreme thermal 
conditions caused by burning petroleUIII fuel. However, the N-Reactor fuel does not ignite 
and burn. 

B.2.7.l Cause of Offs1te Transportation Accident 

Because shipments of fuels offs1te cannot be aan1n1str~i1~~11 controlled to the same 
degree a~ onsite·shiPffll!nts, cask designs are more stringent. Even in e,itremely severe 
accident conditions, the cask would not sustain a major breach that would pennit fuel rods 
to spill to the ground. The asslllll)tion is made for this accident that a valve or 
penetration to the cask interior fails during the accident. The cask seal also fails, and a 
sieell breach occurs. A severe breach 1s not credible. Some of the fuel rods would rupture 
from iq,act. Because of thermal conditions, sane of the fuel cladding would balloon and 
rupture. These ruptures would pennit diffusion of noble gases into the cask interior and to 
the environnerit through the cask breach. Water, used to cool the cask, would also leak and 
leach some radionuclides from the ru:,tured fuel rods. Some of this cont..iinated water would 
leak throbgh the cask breach into the envirornent. No oxidation of the fuel would occur. 

e.2.1.2 Soun:e Tenn for the Offsite Transportation Accident 

The assi:q,tion is made that truck casks can transport 1 MT of M-Reactor fuel and that 
rail casks can transport 10 MT of fuel. The source term for the radionuclides released is 
given in Table B.11. All noble gases are asslllied to be released from the fuel, and o.f of 
their inventory is released to the environnent. Release factors are also listed in 
Table B.11. 

TABLE e.u. Source Term for Offsite Transportation Accident 

Total QuantitI Quantity Released to 
Ava11.:.ble1 Ci ) Release the Enviroment 1 Ci 

Nuclide Truck Trai_n_ Factor Truck Train 

85Kr l.2 X 103 1.2 X 104 1.0 x 10-1 1.2 X 102 1.2 X 103 
134c5 1.8 X 103 1.8 X 104 3.0 X 10-4 5.4 x 10-l 5.4 X 100 
137c5 1.2 X 104 1.2 X 105 3~0 X lo-4 3 .• 6 X loO 3.6 X 101 
1291 2.8 X 10-3 2.8 lt 10-Z 4.0 X lo-4 1.1 X 10-6 l.l x 10-5 
90sr 1.0 lt 104 1.0 X 105 4.0 X lo-6 4.0 X 10-2 4.0 • 10-l 
Ru and 2.0 X 106 2.0 X 107 1.0 X 10-6 2.0 ll 100 2.0 X 101 

other f.p. 
Actinides 8.6 • 103 8.6 X 104 3.0 lt 10-6 2.6 X 10-2 2.6 x 10-l 

(a) Mark ·I-A fuel, irradiated at 11 MWd/~T to 3,000 MWd/MT cooled 150 days after 
discharge. 

B.20 
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APPENDIX C 

METHOD FOR CALCULATING RADIATION OOSE AND CONVERTING TO HEALTH EFFECTS 

The computer programs and input data used in calculating potential radiation doses to 
melli>ers of the general public from startup and operation of the PUREX faciiity are discussed· 
below. All of these programs have bi!t!n separately documented and only a brief sW1111ary will 
be presented here. No direct releases of radioactive liquid effluents from P~EX to 
accessible surface water are planned. Therefore, the following discussion will address only 
release of gaseous effluents to the atmosphere. 

Releases of radionuclides to the atmosphere from the PUREX facility can be either 
low-level releases that continue for a relatively ·long period of time, as occur during 
normal operations, or as abrupt, usually accidental, releases. In addition to direct 
exposure to airborne material and to foods contaminated during the period of release, 
exposure will result from residual soil contamination. 

Information is also providtid in this appendix to enable the reader to convert 
calculated dose to health effects in the population surrounding Hanford. 

CIJl1PUTER PROGRN4S 

The coq,ut~r programs .used to calculate potential radiation doses from atmospheric 
releases at PUREX are suninarized In Table C.l; their interrelation is illustrated In 
Figur~s C.l and C.2. 

Coff4)Uter progr!IIIS used to calculate dose to a maxlmally-e,posed individual and to the 
regional population from a chronic atmospheric release are shown in Figure C.l. The 
programs !CRONIC (Strenge and Watson 1973) and DACRIN (Houston et al. 1974, Strenge 1975) 
take Information about meteorology and population distribution and calculate air submersion 
and inhalat'ion doses, respectively, for a g.iven release term. A population weighted value 
of the annual average air-concentration per unit release of radlonuclides (x/Q') calculateu 
as a byproduct of !CRONIC is used by the program PABLM (Napier et al. 1980) along with 
information on crops grown locally to calculate an accumulated dose from terrestrial 
pathways. 

Figure C.2 ill~strates the programs used to calculate doses from acute atmospheric 
reltases of radionuc11des. The program HADOC (Strenge and Peloqu~n 1980) uses meteorology 

TABLE C.l •. Computer Programs_ Used to Calculate Potential Radiation 
Doses from Effluents Released at PUREX 

Progr'i!!! Type of Dose 
KRONIC One-year air submersion dose fro111 chronic releases, individual 

and collective 

Reference 
Strenge and 
Watson 1973 

HADOC One-year individual and collective air submersion and inhalation Strenge and 
dose c011111itments from acute releases (semi-infinite cloud model Peloquin 1980 
for external doses) · 

Dr..CRIN Individual li'ld collective inhalation doses from chronfc·or acute 
releases, one-year doses, dose c01111itments 1 and accumulated 
doses 

PABLM Individual and collective doses from contaminated fanil.products, 
from either air deposition c~ irrigation, one-year dose, dose 
cOl!liiftment, and accumulated dose· 
Individual ~ci colledfve doses froai contalirlnated water and 
aquatic. foods and aquatic recreation, one-year dose, dose 

· c:Oliiilitment. and accunulated dose ·_ 

C.l 

Houston et al. 1974 
Strenge 1975 

Napier et al. 1980 



J 

! " 

---·-· ··-----·--... ----~--· .,.... ___ ,,•~--····•<> .... 

llAONIC 
AIR 

SUBNERSION 

ACCUMJlATED 
~ DOSE TO 

DACRIN - MAXIMJM 
INHALATION ~ INDIVIDUAL 

AND/OR 
P!JPUlATION 

X~1FROM PAiiw , 
KRa.lC 1-1 DEPOSITION ON 

OR GROOND AND CROPS 
DACRIH 

FIGURE c.1. Coq,uter Progrillis for Calculating Public Doses from 
Routine Afrbo!"ile Releases of Radionuclides 
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FIGURE C.2. C~uter Programs for Calculati.ng Public Doses from 
Accidental Airborne Releases of Radionuclides 

and pop~latiori data to calculate air submersion and fnhabtfon doses. The inhalation doses 
are based on dose c01111ftment factors precalculated· using DACRIN. The program PABLM 
calculates the accumulated doses resultf~ from an acute deposition on crops and from 
residual envfroraental contaiiinitfon. 

STANDARD HMFORD 1£TEORDLOSICAL. PARAMETERS' 

Meteorological data have been- collected at th~ Hanford Meteorological Station. near 
200 West Area, for the past 30 years. Values _of XiQ• iri set/mJ are available in Hanford 
Annual Reports for the 61 m release height. Population distributions around the Hanford 
meteorological tcner are available in the 1979 Hanford Annual Report (Houston and Blllller 
l9~a) and in Samner et al. (1981)~ . . . . • 

' ' 

.·. Because the PUREX/U03 facilities are·locited-a sfgnUicarit distant~ from the nearest· 
residence, a special set :of,_ ass~tions. is usually used_ to :letennine the location of the · 

. mufmally-exposed individual -for accidental releases. ·,.For pu11>oses of inhalation and 
submersion calculations, ttie mu1111111. f~chvfdual 1s ~sslllied· to .be traveling on Highway 240, 

. 8.8 km (5.5 _miles) southwest· of the· 200 ,Areas·; but for ingestfori dose calculatfont,. he is 
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assl.llled to fann at Ringold, 24 km (1~.5 miles) downwind in the east-southeast direction to 
the 200 Areas. For chronic releases, the maximum individual 1s ass1J11ed to live continuously 
on the fann at Ringold for all pathway calculations. 

For ~ute ground-level releases, the E/Q at the Hanford Highway 240 1s-
3.0 x 10-5 sec/~, and at Ringold it is 7.6 x 10-6 sec;m3. For acute elevated 
releases the E/Q is 1.6 x 10-S and 6.1 x 10-6 sec/m3 at the highway and Ringold, 
respectively. The l/Q' values at Ringold from chronic releases are 7.4 x 1~ sec/m3 
for ground level and 4.5 x 10-9 sec/~ for elevated releases. 

STANDARD KANFORD EXPOSURE PARAMETERS 

Data required for the dose programs includes dietary and recreational preferences and 
habits in the general population, as ~11 as agricultural practices in the general region. 
The standard Hanford terrestrial pathway data are given in Houston and Blumer 1980a. The 
growing period, yield, and irrigation rate reflect agricultural practices in the Columbia 
River Basin. Tne parameters for the average member of the population, reflect the dietary 
~abits of Tri-Cities' residents. Values used for the maximally-exposed indi~idual were 
s~lected to represent a worst-case individual supporting himself and his family with a large 
ga~den and fann animals. Standardized input for Hanford Environmental Impact Statements is 
s•srmarized in a recent publication (Napier 1981). 

RADIOLOGICALLY RELATED HEALTH EFFECTS 

The potential radiological impact on persons residing fn the environs of the Hanford 
Reservation from the operation of the PUREX/U03 facilities is given in this statement as 
radiation dose to individual and population groups. These ca1culated doses were converted 
to health effects for routine operations, the worst case operating accident for the 
PUREX/U03 plants and for background are provided in Table 5.14. The following infonnation 
is provided if the reader desires to make additional conversions. Most of thls discussion 
is taken from the detailed discussion of radiologically related health effects found in 
Appendix E of the Final Environmental l act Statement on Mana ement of Coomerciall 
Generated Radioact ve Waste, a • 

The radiation dose to man from ingestion, inh&lation, or external exposure to specified 
quant1tie$ of radionuclides can be calculated with reasonable confidence. The relationship 
of dose to so-called •health effectsn is less well defined. 

The usual prac-iice in malting these estimates is that if an error is to be made, it will 
be made in a way that ~ill over-estimate the number of Health Effects that might occur. 

Because e~oected r~leases of r3dioactive materials are small, and the radiation dose to 
a~J indiv!~~cl 1s small. the effects considered are long-delayed S(ifflatic and genetic 
effects, these will occur, 1f at all. in a very small fraction of the persons exposed. 
Except as a consequence of the unusually severe accident involving larger doses, no 
possibility exists for an acute radiation effect. The effects that must be considered are 
l) cance~s that ~ay result from whole-body exposures, and more specifically, from 
radioactive materials depo~ited in lung. bone. and thyroid, and 2) genetic effects that are 
reflected in future generations because of exposure of the germ cells. 

Knowledge of these delayed effects of low doses of radiation is necessarily indirect. 
This is because their incidence is too low to be observed against the much higher background 
·Incidence of similar.effects from other causes. Thus, for example. it is not possible to 
attribute any.specific n~er of human cancers to the radionuclides present in everyone's 
body from weapons-test fallout, because such cancers are known to be caused by other 
materials present tn much more hazardous concentrations, and because cancers occurred before 
there were any man-made radionuclides. Even in controlled studies with experimental 
animals, one reaches a low incidence of effect that cannot be distinguished from the levP.1 
of effect in unexposed animals, at exposure levels far higher than those predicted to result 
from PUREX/U03 activities. Hence, one can only estimate a relationship between health 

· effect and radiation dose, basing this estimate upon observations made at very much higher 
exposure levels, where effects have been observed in man, and carefully studied animal 



j 

I -•· 

. --· ··--·-----------··----~ 

experiments. In this context the National Council on Radiation Protection and Measurements 
has said •The NCRP wishes to caution governmental policy-making agencies of the 
unreasonableness of interpreting or assuining 'upper limit' estimates of carcinogenic risks 
at low radiation levels der1vl!!d by lfnear extrapolation from data obtained ,.thigh doses and 
dose rates, as actual risks, and of basing unduly restrictive policies on such 
interpretation or ass1111Ptfon• (NCRP 1975, p. 4). 

A rar.ge encompassing colirnonly used cancer risk factors is given in Table C.2. At the 
same time the possibility of zero risk at very tow exposure levels is not excluded by the 
available data. The tower range of risk estimates in Table C.2 may b~ considered more 
appropriate for comparison with other risks. The upper part of the range may be more 
appropriate for radiation protection considerations. 

A range of SO to 300 specific genetic ~ffects to all generations per million man-rem is 
also listed in the table. As in the case of the somatic (principally cancer) risk 
estimates, the lower end of the range may be considered more appropriate for comparative 
risk evaluations, while the upper end of the ran~e may be appropriate to radiation 
protection considerations. · 

TABLE C.2. Health E~fects Risk Factors Recomnenrled in DOE/E1S-0046F (US DOE 1980a) 

TYJJe of Risk 
Fatal cancers from: 

Total body exposure 
Lung exposure (5 to 50) 
Bone exposure (2 to 10) 
Thyroid exposure (3 to 15) 

Specific genetic effects 
to all generations from 
total body exposure 
Total 

Predicted Incidence 
per lo6 man-rem 

50 to 500 

50 to 300 
100 to 800 

The range of 10~00 health effects per 106 man-rem for total-body exposure from 
Table C.2 was used to estimate potential health efiects from the proposed action and 
alternatives (Table 5.14). The conversion factor was applied to collective (worker and 
public) total-body doses from routine operation and accident situations discussed in 
Chapter 5. Other conversion factors may be found in the literature. Some would indicate 
more effects and others less. not excluding zero health effects. ·· 

" -
~{ •• '~ • ~. :. .,.•" ~, ~ ; • ~ J :'t:·~~f~~ f~. --~,.-;-:~:·~~-·~/ .. f~~~: .. ~·L~-~~ .. -~:.>c.:_~:/~.t~•·~-\:.A~-~~.:''~; .. ~"~:;:·~-·~~; .... {' 8.:!:~-.~!· ,:~~/"t~.:._~.,__: .. 4~ .. ?.£!~~~. 



.,, l 

"-,~J:?)Y: 
t.• i ·~~ ' 

- "I" - ' 
~ l ' ' 

~ --~,)-
. -· __ - •••••• "'I .~~ ' ,,., 



I 
l 
i 

APPENDIX D 

COMPARISON OF PROCESS EFFLUENTS AND CONSEQUENCES AT VARYING PROCESSING RATES 

In this EIS the envirorinental consequences of processing irradiated reactor fuel in the 
PUREX/U03 facilities at Hanford at three different processing rates are considered. The 
low rate, 1050 MT/yr, is regarded as the lowest probable near-tenn rate, and, in fact 
approximates the rate at which the facility last operated in 1972 (1013 MT). This rate can 
be considered to bound the potential environmental effects on the low side. 

An intermediate rate twice this, 2100 MT/yr, approaches the n;)lllinal design capacity of 
the existing PUREX plant without modification, and 1s a second possible operating rate. 

With some equipment modifications (see Section 3.1.3), the Hanford PUREX plant could 
process fuel at a maximum rate of up to 3000 MT/yr, and this rate has also been evaluated in 
order to establish the upper boundary of potential environmental effects. These 
calculations ass1111e the processing of 3000 MT/yr of irradiated N-R~!fitor fuel, cooled 
180 days, and with a plutonium isotopic composition of 12 perc!nt Pu. Conservative 
estimates of potential radiation doses result from asslfflling t~at this rate is continued 
throughout a 16-yr processing period, mid-1984 to 2000. This case is extremely 
conservative, and does not necessarily r·ep-esent actual or probable operating conditions, as 
do the 1050 and 2100 MT/yr cases. However, this case is broad enough to include the 
potential envirormental impacts of processing (at the Hanford Site) other alternative fuels 
of comparable characteristics. 

Comparative data for the 2100 MT/yr case are available for the existing PUREX plant 
(proposed action) and are presented, but for the alternative acticns, only tne upper and 
lower limiting rates, 1050 and 3000 MT/yr, have been evaluated. 

The Sce!'!a!"io for the 1050 MT/yr case ass11nes that the 1050 MT are comprised of 350 MT 
each of 1/2-year, 1-1/2 year, and 3-year cooled, 12 percent 240pu irradiated fuel. For 
the 2100 MT/yr case, the feed is comprised of 350 MT each of 1/2, 2, 3, 4-1/2, 6, and 
7-1/2 year cooled fuel. 

0.1 RESUMPTION Of PUREX/U03 OPERATIONS AT HANFORD (PROPOSED ACTION) 

In the operation of a complex chemical process plant such as PUREX, there are 
inevitably process effluents. These may be totally nonradioactive, or they may vary from 
slightly to highly radioactive. Discharges above permissible levels, which could endanger 
offsite populations, are not permitted; radioactivity levels of effluents are redv~ed to 
practical minimums before discharge. 

0.1.1 Gaseous Effluents 

The PUREX process ventilation systems exhaust gaseous wastes from process vessels, 
remove condensible vapors, and filter out radioactive particulate matter entrained in the 
exhaust air. As described elsewhere (see Section A.l.14), iodine radioisotopes are removed 
by passage through silver reactors. These gases, after treatment, are discharged to the 
atmosphere through a 61-m (200-ft) main ventilation stack located adjacent to the PUREX 
p1-ocess building. The principal gaseous discharge points from the PUREX facility are 
illustrated in Figure D.l. All effluent strei.ns ·normally contafnfng radionuclides are 
analyzed for radioactivity. Effluent samples from the main stack are analyzed for specific 
radionuclides. 

Duriog 1972, the last year of plant operation, approxfmat~ly 3.4 x 109 ml 
(1.2 x 1011 ft3) of gaseous effluents were discharged from the PUREX plant and contained 
0.6 Ci of particulateA!ission products and transuranic nuc~ides1 0.3 Cf of radioiodine 
isotopes. Q.7 Ci of l'T\.• 4.1 x 105 Ci of BStcr, plus appro~fmate1y 1000 Ci of 3H. 

0.1 
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These discharges were i,um pro~es~ing 1013 MT of irradiated fuel, of which 
approximately one-half contained only 3.5 percent 240pu, hence radionuclide content was 
lower than that called for by the present scenario. Estimated maximum annual gaseous 
discharges for the 3000 MT/yr case are presented in Table D,l; comparable estimates for the 
1050 MT/yr and 2100 MT/yr cases are given in Table 0.2. 

Gaseous effluents from the U03 plant for 1972 were estimated to be 3.6 x 107 mJ 
(1.2 x 109 ft3), They had ttv.- radionuclide content shown 1n Table D,J, Estimated 
mutn:um annual discharges for the 3000 MT/yr case (Table D.3) indicate that average 
concentrations will be well below the level permissible 1n air for offsite populated areas 
at Hanford Site boundary (DOE 5480,l~ Guidelines), Estimated discharges for 1050 and 
2100 MT/yr are shown in Table D,4, 

Chem1cal pollutants eJttpected 1n gaseous effluents for the 3000 MT/yr case are 11$ted tn 
Table D.5; analogous estimates for the 1050 and 2100 MT/yr cases are shown 1n Table D.6. It 
will be noted that max11111111 estimated concentrations are the same for all three cases, for 
both the PUREX and U03 plants. Muim1111 emission concentrations for PUREX are based on 
maxilllllll daily throughput of 9 MT/day; at a lower processing rate, concentrations will b~ 
below these. Similarly, increased U03 output ts attained by longer operating cl!fflpa1gns 
r1ther than by increasing throughput, so that effluent concentrat;ons remain constant. 

~either facility produces sulfur oxides or photochemical oxidants. The gaseous 
chl!l!lical pollutant of principal concern ts NOx, generated during PUREX fuel dissolution, 
and from UNH den1trat1on at the U03 plant. A significant reduct1on,1n NOx snissions 
fl"Olll PUREX .ould be achieved 1n future operations by the addition of hydrogen peroxide, 
With this t~rovement an NOx concentration at the stack of approximately 200 ppm would be 
achieved. 

Ther~ would also be gaseous effluents from the transportation associated with the 
operation of the Hanford PUREX/U03 fac111t1es. Shipments associated with a processing 
rate of 3000 MT/yr were SUlllllarized fn Table 5.7. Using these estimates, fuel cons1111Pt1on 
and atr pollutant e111tsstons have been estimated, 

Onsite transportation .ould include rail movement of irradiated fuel and truck movement 
of UNH. Diesel fuel cons1111Ption from these totals 180,000 t/yr (rail) and 9,300 l/yr 
(truck). 

Offsite shipments of U03 .ould consist of 60 ratlcar shipments per year traveling a 
total of 230,400 km, These shipment-kilometers would be insignificant when compared with 
the total rail traffic throughout the nation. If the U03 shipment comprises one-eightieth 
of an ent.tre freight train (freight trains average 80 cars one of which would carry the 
U03). one-eightieth of the die~el fuel used to pull the train can be attributed to the 
U03. A survey of operating railroads provided data from which the fuel consumption 
attributed to shipment of U03 is 1,290,000 t/yr, which would be an tnsignificant fraction 
of the 1 x 1010 t of fuel conslllled.moving freight tn the country in 1980, 

The chemical effluents that would result from burning the total amount of truck fuel 
(9280 t), all of the onsite train fuel (180,000 t) and the fuel offstte for train shipments 
(1,290,000 t) are given in Table 0.7. These effluents are based on data given 1n ERDA-1541 
(1976). 

The environnental consequences of nonradtological pollutants, addressed tn Chapter 5.0, 
are shown to be insignificant. 

D.1.2 Liquid Effluents. 

Liquid effluents from PUREX/UOJ operation include the following categories: 
• process and scrubber waste 
• ste1111 condensates 
• cooling water frm heat exchangers (non-contact) 
• chenical sewer waste. 

D.3 
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TABLE 0.1. Radionuclide Content of Annual Gaseous Effluents froa the PUREX Plant. 3000 NT/yr Processing Rate 

DOE Order 5480.1A1 Ch~ter XI 1972 Actu• 1 ( a) 3000 NT/~rocess1!!9 Rate(b) 
AverAge Con- Average Concentration 

Offsite Onsite centr.\tton ft) centratton tt)( ) at tbe 
Concentration Concentration the Source. c AMual the Source. C f Annual Stte Boundary 

Radionuc ltdes Guide 1 l!Cil• & 6uide 1 l!Cil• t l!Cil• t Curies iitilru Curles l!Cil• t 

Total a (as 239Pu) 6 X 10-14 2 JI 10-12 l.l x l0-12 4.3 x 10-3 2.6 x 10-12<9> 9.0 • 10-3 1.3 x lO-l8 

Total i (as 90sr)(d) 3 X 10-ll 1 X 10-9 1.7 x 10-10 5.9 x 10-1 3.5 • 10-10 1.2 • 10° 1.7 X 10-l& 
1291 2 X 10-ll 8 X 10-lO 7.8 x 10-ll 1.4 x 10-l 1.5 • 10-10 5.1 • 10-l 7.] X 10-!7 
1311 1 X 10-10 4 • 10-9 1.2 x 10-10 2.1 X 10-l 8.8 • 10-ll 

9. 7 • 10-4 (g) 
3.0 • 10-l 4.3 X 

85Kr ] IC 10-1 1 • 10-5 2.3 x 10-4 4.1 X 105(e) 3.3 • 106 4.8 • 
lH 2 IC 10-7 5 X 10-6 5.6 x 10-1 1 • l03(e) 8.8 • 10-1 3.0 • 103 4.3. 

14c l X 10-7 4 • 10-6 3.9. 10-10 7 • 10-l(e) 2.6 11 10-9 9.0 11 10° 1.4 • 

(a) 

(b) 

(c) 

1:1 (f 

(g) 

1~72 emissions are based on processing a total of 1013 NT of fuel includtng ilbout 525 NT of 3.5 percent 240pu weapons 
grade irradiated fuel. -
Estimated projected emissions are based on processing 3000 NT of 1110-day cooled 12 percent 240Pu irradiated fuel. 
20 percent of which is spike fuel. 
These values IIM!re determined by divtdtng the annual curies by the total effluent voluae (3.4 x 109 al/yr). These 
nUlllbers are statistically derived and are given for CQIIIPartson purposes only. 
As particulate material. 
Calculated values; gas stre•s were not saapled and analyzed for these eleaents. 
Source concentration is the concentration at the st.?Ck exit point which ts 61 • (200 ft) above ground level. To 
coapare these source concentration value~ with the concentration guide values. the effect of dtlytion by at• ospheric 
dispersion should be considered. The average annual d ,sperston factor. X/Q. ts 4.5 x 10-9 sec/-3 and ts calculated 
fl"OIII meteorological data collected at Hanford froa 1955 to 1970. 
As indicated tn footnote (f). these are the concentrations at the stack exit. When the plu• e reaches an •oc;cupted 
area• such as the base of the stack. the concentrations will have decreased through dilution and dispersion. The 
onsite concentration guides are concerned with those concentrations which reach the occupied 11reas (see Section 6.1) • 

10-17 
10-10 

10-ll 
10-15 



TABLE 0.2. Radionuclide Content of Annual Gaseous Effluents from the PUREX Plant, 
1050 and 2100 HT/yr Processing Rates 

Radionuc11des 
1050 MT/yr Processing Rate(a) 

Total Annual Curies 
2100 HT/yr Processing Rate(b) 

Total Annual Curies 

Total m (as 239Pu) 
Total 1 (as 90sr)(c) 
1291 

3.1 X 10-3 

2.7 x 10-1 

2.0 X 10-2 

2.9 x 10-1 

1.0 X 106 

1.3 X 103 

6.3 X 10-3 

4,6 x 10-l 

4,0 X 10-2 

2.9 x 10-1 

1.3 X 106 

2.2 X 103 

1311 

85Kr 
3H 
14c 3.5 6.9 

(a) 

(b) 

(c) 

Based on processing 1050 MT.of 12 percent 240pu irradiat~d fuel, 20 percent of 
which is spike fuel. The 1050 MT of fuel is the sum of 150 MT of 180-day cooled 
fuel, 350 MT of 1-1/2-year cooled fuel, and 350 MT of 3-J•ear cooled fuel. 
Based on processing 2100 MT of 12 percent 240pu irradiatod fuel, 20 percent of 
which is spike fuel. The 2100 MT of fuel is the sum of six equal port~~ns 
•eighlng 350 MT each with cooling times of 1/2, 2, 3, 1,-1/2, 6, and 7-1/2 years. 
As particulate material. 

TABLE 0.3. Radionuclide Content of Annual Gaseous Effluents from the U03 Plant, 
3000 MT/yr Processing Rate 

DO[ Order 548U.1A1 Ch. ll 11172 Actual 
l000 JfT/yr 

Process1!!!11 Aat1 

Ofh1te Dfts1te 
A,erage Con- A,er19e con-
Cllfltrd10fl n centr1t 1011 r& 

Co111:entr1t 11111 COl!Centrat 11111 the Source, b) Allftu1l the Sourc •• l Almu1l 
R Id I onuc 11 des Gulde1 l!!;lllll Sulcle1 !Cll• t l!!:ll• t ..£!!£!.!!.. !Ct/• t Curles( •) 

Total• (1s uran1ia 
l a 10-12 7 a 10-ll 2.6 a 10-12 9 a 10-S B.2 ll 10-Ui 1.4 • 10-1 part l::ulates) 

Total 1 (11 1°'Au 
l a 10-9 8 X 10--3 1.8 a 10-10 6 a 10-l 5.3 a 10-ll 9.o a 10-5 p1rtlcul1tes) 

(1) These HlllU IIINI c1lcul1ted based OIi 1972 d1t1 111d 1ft HSlald efflclem:y of 99.95 percl!llt for pllMld 
filter lddttt1111s. They represent the probable IMUll -1- 1ssial119 lOOO MT fuel processed per _yetr, 

(bl These walues llffl deter• 1necl by dlw1dlng tlll annual curies by the total effluent voliae, 1.7 a 100 aJ 
for 105 operating days. These IIUllbc!rs •rt st1ttstlc11ly dffhed 111d are ghen for c«-111rlson Pllf'P1ISII only. 

,) 

TABLE 0.4. Radionuclide Content of Annua1-6aseous Effluents from the U03 Plant, 
1050 and 2100 MT/yr Processing Rates 

Radionuclides(a) 

Total alpha (as 
uranium particles) 

Total beta (as 
Ru-106 particles) 

1050 MT/yr Processing Rate 
Total Annual Curies 

4.5 x lo-8 

3 x 10-5 

2100 MT/yr Processing Rate 
Total Annual Curies 

9.0 x lo-S 

6 x 10-5 

(a) These values were calculated based on 1972 data and an assumed efficiency of 
99.95 percent for planned filter additions. 
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TABLE D.S. Estimated Annual Nonradioactive Gaseous Effluents from PUREX/U03 Plants, 
3000 Kr/yr Processing Rate 

Washington 
State Annual 

Standarc! Quantity Concentration Annual 

Source(a) 
(Offs!!e) Limit at Site Quantity 

Pollutant (11gl l (MT) Boundary ( 1!9lm3 J (HT) 

Nitrogen Oxides PUREX 100 424 2 X 10-2 385 
UO:J 50 5 X 10-3 50 

Hydrocarbons PUREX 160 f, X lo-4 12 
UO:J 4 ,c 10-S 0.4 

Car-bon Monoxide PUREX 10 mg/m3 1 "' lo-4 2 

Alllllonia PURE>! 60 1 X !0-3 18 

Total Suspended PUREX 150 1 .t lo-6 0.02 
Particulates UO] 6 X lQ-7 0,006 

(a) Discharged from 61-m main ventilation and 26-m amnonia stacks at PUREX; from 26-m main 
stack at 00] plant. 

TABLE D.6. Estimated Annual Nonradioactive Gaseous Effluents from PUREX/U03 Plants, 
1050 and 2100 MT/yr Processing Rate 

1050 MT/yr 2100 MT/yr 
Processing Rate Processing Rate 

Source(a) 
Annua 1 Quantity Annual Quantity 

Po'ilutant (MT} (HT) 
Nitrogen Oxides PUREX 135 270 

UOJ 16 30 

· Hydrocarbons PUREX 4 8 
UOJ 0.1 0.2 

Carbofl Monoxide PUREX 0.6 1 

Anlllonia PUREX 6 12 

Total SusP9flded PUREX 0.006 0.01 
Particulates U03 0.002 0.004 

(a) Discharged from 61-m main vent11at1on and 26-m llll!IOn1a stacks at 
PUREX; froa 26-m main stack at UOJ plant. 

TABLE D.7. Gaseous Effluents fT'Olll Transportation of Major PUREX 
Materials, 3000 MT/yr Processing R6te 

Pollutant 
Particulates 

s~ 
co 
Hydrocarbons 
Nitrogen Oxides 

Ra11 
Annual Quantity Released (HT) 

(l.4 x io8 ltyrJ !ruck (9.3 xlo~ i]yrJ 
5,4 1,8 X 10-

13,9 3.8 X 10~2 

15,0 3,1 x 10-l 
10,7 5.3 X 10-2 

16,1 5,3 X 10-2 
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Current acid waste (CAW) would b3 directly neutralized before going to interim storage 
in underground tanks. and 1s not cons_1dered an effluent. 

Table 0.8 lfsts the radionuclide content of the liquid effluents generated in 1972 and 
estimated muim1111 annual discharges for the 3000 MT/yr case: analogous estimates for the 
1050 and 2100 Pff/yr case, are presented 1n Table 0.9. 

It should l>t noted that e'len though the scenarios used are based on hi_gher bumup of 
the fuel tt:an t: ... t processed in 19721 modifications which ha'lt been incorporated into the 
PURE• plant&..redUC1!.l!I tht radionuclidt content of condensates, will measurably reduce the 
M!Ounu of ws.-. lOllflu, and l3lcs .discharged to the cribs. 

Heat uchangtr cooling water and the chemical sewr are also considered 11quid 
effluents from the PUREl operation. Because the radionuclide content of these liquids 1s 
very low, they art discharged to ma~ade ponds. The radionuclide content of these 
discharges to the ponds is also listed in Tables 0.8 and 0.9. 

Liquids discharged front the U03 plant include cooling water, stesa condensate, 
chemical sewer waste (cc,apressor cooling water, spilled chmicals 1 etc.), and process 
condensate. Thi first three effluent stremu are sent to a pond while the last is sent to a 
cr',b. Radionucltdt contents of these discharges are shown in Table D.10; estiqtes for the 
lO!iO and 2100 Pff/yr cases are shown in Table D.11. The total liquid effluents fr0111 the 
UOj plant contain less than 10 percent of tht actinides and less than SO percent of the 
total I curies routinely'dischargea to the ponds/cribs in the 200 West Area. (Other liquid 
ditchnrges are fT'CII waste manogement faci1ties.) These contribute essentially zero 
radiation dose to tlM! general public (RttO 1979), 

Table 0.12 lists tl'te c...,osition of all liquid effluents from the PUREX/~3 
facilities contafning nonradiological pollutants for the 3000 rtfT/yr case. The 
proportionally smaller quantities for 1050 and 2100 flfT/yr processing rat,s are SIJllllarized fn 
Table 0,13. The chemical content of sewer effluent fs based on an estimated loss of one 
percent of the chewicals used in the PUREX/U03 facilttfes. 

D.1.3 Radiation Dose Cog,arison 

Estimated average annual occupational dose rates for employees for an asslllll!d 
processing rate of 3000 MT/yr aTe shown in Table D,14. These are pr-oport1onally lower for 
1050 and 2100 rtrr/yr processing rates, assin1ng the s1111e size labor forte, as s111111arized in 
Table D.15. As the table indicates, these doses would be within DOE Order 5480.lA 
Guidelines. 

Estimated ~~n~al average radiation aoses for the maxiffl\111 indiyidual and for the general 
public ror an assuned 3000 141/yr processing rate were presented in Section 5.1.1.2 . 
(Tables 5.4 and 5.5) for the PUREX and U03 plants. Corresponding estimatds for 1050 and 
2100 flfT/yr processing rates are shown for PUREX 1n Tables D.16 and D.17 1 and for the U03 
plant in Tables D.18 and D.19, 

The doses which l'IOUld ~ rec.• hed fr0111 potential accidents would be unchanged becaus@ 
the 11110unt of radioactive mater111 ,vailable for release from the fac11ities at any one t1me 
would not change. The possibility of an onsite transportation accident occurring would 
remain very small. Non-radiological occupational hazards for the PUREX/U03 facilities 
would be similar to other chemical and allied industries. 

D.i 
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'TABLE D.8. R&dionuc 11de Content of Annua 1 L tquid Discharges fraa the Pu;:fX Pl Mt 
to Cribs and Ponds, 3000 MT/yr Processing Rate 

DOE Order 
5480.lA 
C~ter II 

T I• l· 1972 Actua1(a) 3000 lfflYr Protnlll!!I Rate(b~ Coh- 2 c) x-:rl:oii- Awerege~ 
Oollte c•tr IDA fl> c111tratlC111(2! ) 

Concwratl• the ScMarc•• A.Nial tlw ScMarc•. • Anaall 
illdlonuc I Idea Gulde1 ~•l .. l!f I l•• Curln ettaa ~rla 

Dhclw'9es to Crlbl 
2J9Pu 1 • 10-4 1.9 a 10-5 4.l(f) 6.3 a 10-1 l.9 a 10-l 
2lllg l • 10-l 6.1 • w-9 1.4 • 10-l(f) 1.2 a 10-t 2.0 a 10-1 

lit 1 • 10-l 1.4 a 10-l 7.iJ • 101(11) 1.1 a 10-Z 5.0 a 104(1!) 
!IUs, l 1 10-5 6.5 1 10-4 1.5 • w2 1.1 a 10-' 4.8 

ll7c1 4 a 10-4 7.4 1 10-4 1.7 ll w2 5.1, 10-" 31.1 
106au l 1 10-4 l.5 1 10-l 8.1 1 w2 2.1 • 10-5 1.1 II 101 

60eol'I 1 • lQ'."l 8.J I 10-S 1.11 • 10Uf) 2.9 1 10-1 1.111 10-l 

Dlscl!JrgH to POlldl 
2l9Pu I • lo-4 2.6 1 10-a 4.4 • ur1'f) 1.4 • 10-8 4.0 a io-1 

2J8u 1 • 10-l 1.1 x 10-II 1.9 1 10-Z(f) 1.1 1 10-lll 1.0 • 10-Z 
3tt 1 a 10-l Not Analyzed Not Aulynd 2,9 • 10"" 11.0 I 101 

IIDsr l • 10-fl 1.8 • 10-a D.l(f) 1.21 u,-8 1.l 1 10-1 
lllc1 4. 10-4 1.1 • w-1 ulf) 4.9 I 10-8 1., 
l06au J. 10-4 2.9 x 10-l 4_9lf) 7.2 I 10-8 2.• 
6()Co l 1 10-l 5.9 • 10-a 1.0lf) 4.3 x 1041 1.2 

I•> 1972 ealHIOIII IN based 1111 procaulng I tot1l of 1013 NT of fuel lacludtng ll!Gut 525 NT ot ll,5 percut 240pu 
w..,ans grllde l"ldllted fuel. 

(b) ProJ11:ted callsle1111 ue based oa proceulng DIii NT of 12 percent 240p11 lrrldlated fuel. 20 pcrcat ol lllllc:111 Is 
spike fuel; the fllel t1 111u• ed to be cooled oaly 180 days. 

(c) TMile 1. Col- 2 COIICentratlOII guldH IN set forth 11are for Clllljl61'150ll purposes GIiiy. TIiey ut fortll 
concentratloo1 of ridlOBUC llde1 lllllcb • ay be dhcbuged directly to I publtc 11Dlt1ry - syst• (su SectlCNI 6.1 
wt 1111£ Dreier 5480. lA) • 

(d) Tbese values 1lle[e deter• lned by dlwldhig the amual Clll'IH by the total afflUNt vol- ,.2 • 105 al/yr to crlbl 
illd 2.8 a io7 r/yr to poads.. r11ese 1111111en .,.. st•thttully derived Md .,.. 11••• for caparllca purpo1e1 
only. 

(e) The PUIIU effl-t t, dhclw,Jed to III on,.lte rldi1tlon dl14>GS1I hclltty. but the c111111arlso• wlUI Tlllle I. Col- 2 
values shows tl!At tbe concealr1tl0111 of 111 lbe r1dlOGUCltde'I would -t crtterl1 for direct discharge to I publk 
ualtuy ,_, systm. 

(fl V.lues ara tlle WI of 12 co-.,oslte SIIIPIH. The detection ll• lt varied depeadlng OB lbe sapla size 111d c-ttag 
tl• e. 

(g) C•l~ul•ted fn,a prevlou, s-.1• rasults. 
(b) ht1 .. trs lllgber tbM Hn datl are bl~• lliyber ~ riles. 1 •••• 12 percent 2.a.u. MIi c~iagly 

hlgber Jff coateut. 
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TABlE D.9. Radionuclide Content of Annual Ltquid Discharges from the PUREX Plant 
to Cribs and Ponds, 1050 and 2100 MT/yr Processing Rates 

1050 ,m,,. h'oc:1t1tng late<•> 2100 MT/yr Processing Rattlb) 
Rldlonucltdu Total Annual Curtn T~1l Annual Curtn 

D1SCb!t91S to Crtb! 
239iiu 1.3 a ur1 2.1 a 10-l 
238u 6.8 a icr-4 1.4 JI 10-3 

lit 1.9 JI 104 3.4 a 104 

90sr 2.1 6.0 
137cs 1~0 1.8 
l!Mlitu 1.7 2.4 

60co 5.5 JI 10-2 8.4 JI 10-2 

~hargn to Pond! 
239pu 1.4 JI 10-l 2 .7 J1 10-l 
2311u 1.0 J1 ur2 2.0 JI 10-2 

lit 3.4 JI io1 6.1J1101 

90sr 2.0 J1 10-1 •-3 J1 10-l 
137cs 5.4 J1 10-l 1.0 
106itu 8.0 a 10-l 1.1 
meo 3.7 J1 111"'1 5.7 JI 10-1 

(1) lasld on procnstng 1050 MT of 12 ~ent•240pu trrldteted fuel, 20 percent of 
lllltcb ts sptlte fuel, TIit 1050 MT of fuel ts tbt s .. of 350 MT of 180-day coolea 
fuel, 350 MT of 1-1/2 year cooled fuel, and.350 MT of 3-year cooled t'uel. 

(b) Based on procnstng 2100 MT rA 12 percent 2'10pg trrldtated fuel, 20 percent of 
lllltcb ts sptlte fuel. TIie 2100 MT of fuel ts·tbt s .. of sill equal portions 
.. tgbtng 350 MT each wttb cooltng ttlllS of 1/2, 2, 3, 4-1/2, 6, and 7-1/2 years. 

TABLE 0.10, Radionuclide Content of Annual Liquid Discharges from the U03 Plant, 
3000°MT/yr Pl".()Cessing Rate 

hdtonucltdts 

Total uranh• 
Total 1 

DD£ Order 
5480,lA 
Cllaptar 11 
Table fl) 

Cohan 2 

Onstte 
Concentration 
Guide. pCt{• t 

5 11 10-' 
1 JI io-5 

. 1972 Act111I 
lver~e con! 

·centratton rt) 
tbt Source, b 

pCt/• t 

4,8 JI 10-9 

3.5 JI 10-6 

Total 
Anlr1al 
Curies 

3000 MT/yr Processtng Rate 
Average Con
centratton( ai 

tbt Source, b J 
pCt(lit 

2.5 JI 10-8 
2. 6 JI 10-S( d) 

Total 
Annual 
curies _ 

4.2 JI 10-3 

4.5 

(1) Table 11 Cohan 2 concentrattoli gutdes are set fcrth llere for COlll).::lson purposes only. They 
sat forth concentrations of rld1onuc11dts lllltcll • ay b-1 dtscbarged directly to I public sanitary 
seier syst• (IN Section 6.1 and.DOE order 5480.lA). 

(b) TJltst values wert_ dtter• tntd by dhtdtng tllt annual cur"ies by the total effluent vol.-e, 1.9 JI 
10, -3/Jf', TIits• IIIIIINn are stattsttcally_ derived and ._,.. ghen for cmpartson purposes 

· only. . 
(c) TIits HIN ts tbt SIii of 12 COIIPQSite SIIIPIH. TIit detection i1• tt varied depending on the 

S111Ple stzt and cOUttttng ttN. . . 
(d) TIits concentration wtll not acNd the rldtaUon protection standards of 00£ Order 5-480.lA, see 

dtscusston tn Sectt• 6,1 



TABLE D.11. Radionuclide Content of Annual Liquid Discharges from the U03 Plant, 
1050 and 2100 l'fT/yr Processing Rates 

RadionLoc: 1 ides 

Total uranh111 
Total 11 

. Total Annual Curies 
1050 MT/yr 2100 MT/yr 

Processing Rate ProcesSing Rate 
1.4 X 10-J 2.8 X 10-3 

1.5 3.0 

TABLE D.12. Nonradior.tive Chemicals in Liquid Effluynts from PUREX and 
U03 Plants, 3000 l'if/yr Processing Rate a 

Effl11111t St,._ Anllall Concllltr1t Ion ~-1 
iallrt! 101-1-11 l'ollutlllt l•lutltterj !l!!111ttt1 111r1 Dltcllarn Site 

PUIIU Plgt 
P'rac111 r.Glldlnlatc 2.7 a 10• lltrlc 11:ld 0.i>l 1.1 a 101 :rtll 
st .. clllldeltl1te 5.4 a 1o5 IIHrtloffl cllalcal 10-15 Pia 6.9 i:rtll 

5-..-Fl1-14 
(Octyldacylllittne! 

~f• cclidlMlte I.I a 104 ... ,.~t•.te 0.l 6.9 a 101 Crtll 

Coolfni. ,__. 2.7 a 107 ... S.le lbaltatn Pand 

a.k•·l -lb) 
IIIIIWllllt P01111 

2.7 a 1ol -..,. fl-9del l,1 a 1r 7.1 ,_, llllt l'ond 
--., .. 11ttr1te 

l'ot111t• ~,- 1.,. 1r' 3.0 Ul•POM 
lltrlc 11:ld S.l a 10-S 9.3 Ulml'ond 
FPnlllS 111lfate Ila lr6 4.2 a 10-l Ulan l'ond 
S.lfalc ICld 2. 1r s.4 • ur1 Ulatl'Olld 
Sugar I sucrose) 1.6 • ur5 l.S Wllllt Pond 
Sodta IIJdnla 1 de 1 • 10-5 1.7 UlllltPOIIII 
Sod1• cll'flonllte 9.4. ur5 2.7 • 10-l Ullllt Pond 
Al181- •ttr1te 1.0 • ur5 5.7 Ullnt l'olld 

!!!!:t,!.l.!!!1 
P'rac111,.candellsate 1.1 • 103 llltrlc 11:ld 0.077 8.7 Crib 

C~11lt111J •.il!P 1.7 • 1o5 1111"9 
Cha'1c~i Wllir 1.1 • 104 lltrtc ICld -0.00111 7.2 • 10-l u Pond 

Sulfuric 11:fd -1.0 a 10'"' 7.8 • 10-l U Pond 

l•I Under .,,..., ai,enttnt CCll!fitt-. 
~Ila~ OIi nttaatd IOII of - pen:nt of cllalc1l1 used ta tJ1e NIU plant. 

IS. Hllllt1111 19I010 e0 1'8111. 



TABLE 0.13. Nonradioactive Chemicals in Liquid Effluents from PUREX 
1050 and 2100 MT/yr Processing Rates(a) 

and U03 Plants, 

1050 "'!e: l'rocnsl!!51 l!l! 2100 IITfe; l'nlcnsl!!I hte x • .,.. x • .,.. 
Conc111tratt• a-11 Conc111tr1t 11111 ....... 

It So.let Qlllllttt, It Souftt 0.,aattt, 
~llut111t Saoifoce 11111 Int llt!!:I 11'1'1 j1111lntltterj IIITI 

PWI PIii!' 

llb le 111:ld ,,._n, CoftdtMatt 0.01 5.t 0.01 u., 
llt&nal'IIC.tc•I 

5-ar rt1-ltt 14 
Sttaea.....tt 10-lS llll9 Z.3 10-15 1119 ••• 

"--"• llydroatfe .. ,. Conanutt D.l ZJ O.l 41 

..... ,.,1-1c11, Cllatcal s.-,-(1) J.I a J.o-t Z.I J.i • 1~ 5,2 
._.,,.11trllt 

Pot111tua Hydroaldt Chaicel s..,-(1) 1.t • to-5 1.0 ••' I t0-5 z.o 
lltrtc Acid Cllatc1 I s.arl •I 5.3 I t0-5 J.1 5.) I 10-5 6.2 
FIM\III\ Sulf-tt Cllatcal s..rt• 5 I lo-t 0.14 6 • lo-' o.ze 
Sulfate Acid 

Cllatc• l ~f z I lo-& 0.11 z I lo-I 0.Jt ;:ar (IIICl"DSII) Clla1c1l I 1.1 a 10-S 0.51 1.6 , 10-5 I.OZ 
h• ll)odroa tell Chalc• l I a. io-5 z., a. 10-5 5.8 

Sodtua tarlNNtt a-tc1l S..,- I 9.4 a 10-5 0.ot 9.4 a 10-S 0.18 
Al,at- llt~•tt Cllatc1l I 1.0 a io-S 1.1 1.0 a 10-S 3.9 

.!!!!l.!!!!!!. 
lllf1c Acid l'Nlcess Colldlnsat1 0.077 Z.9 0.077 5.e 
llltrtc Ac:td a.tc•IS.- 7o;CX:~ 0.24 0.001 0.49 
Sulfirlc Acid Cllatcal s..er 0.OOl 7 a lo-6 !1.005 

(I) Based OOI ntl•t• loss of - !Hftllll ot c,_tc1l1 uMCI I• ti• NtEI pllllt. 

:ABLE D.14. Average Annual Occupational Doses For Employees in the PUREX and 
U03 Plants. 3000 MT/yr Processing ~ate 

Skin Dose Total Body Ganma 
Nlnber of Workers (rem/yr) ( rem/yr) 

For PUREX (exclu~ing PuOz Workers) 

Radiation Zone Workers !:IC 3.6 2.4 
Non-radiation Zone Workers 90 0.6 0.3 

For P~X Pu02 Workers 

Radiation Zone Workers(a) 30 4.5 0.7 
Non-radiation Zone Workers 20 

'l 
0.6 0.3 

' For 003 iactltties ·~ 

J Radiation Zone Workers 28 2.4 1.5 I I 
j Non-rad1at1Gn Zon-. lilr7~ers 16 0.6 0.3 
i Standards (5480. lAj 1 
i Radiation Zone Workers 15 5.0 

1 Members of the General Public 1.5 0.5 

(a) These radiation zone workers could 
plutoni111. 

receive a Jose up to 0.4 rem/yr from neutrons from 
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·''1Aill"oa's.~'AfM-"age Annual Occupational Doses for Employf:J 1n the PUREX and U03 
... , ... -· Plants, 1050 and 2100 KT/yr Processing Rates a 

, .. , ~-,:~.~:j ~ I ..-:;·.~-~r.~ . .. ~. 

For P'IIIU lexc ludl119 PuOz IIOrbrtl 
·-• "-

11.;taiton Zane 11orbn 
... .....,111,u1ca1.2one 11onm 

~,, ... ''Fe.;· MEfhio,"~ers 

~ .. ..-.;W •• II~ l- •"' ,,., ,.r,•••,,_.,.,~• 

For UO, ,1111t 

ltadlatton Zone llortert 
llon-radl It Ion Zone llortert 

DO( Order 5'm.1Ah~II 
Sitn Dose • 

(real (real 

15.0 5.0 
1.5 0.5 

15.0 5.0 
1.5· · 0.5 

15.0 5.0 
l.S 0.5 

1050 fl(f/yr 2100 f/lf/yr 
,roc,ssl!!f Rate Procnsl"a Rate 

$iitn Dose 7iole 6ociy $1iln Doseliole Body· 
Crea) !real (rea) (real 

1.2 0.8 z.• 1.1 
0.2 0.1 o.• 0.2 

_ .. 1;5- o.z ·l.O o.5 
0.2 0.1 o.• . o.z. 

o.a Q.5 1.1 1.0 
0.2 0.1 o.• 0.2 

(a) TIie doMS .,. bHed °" tfll UIMCted ratio of I percent ZCO,u to 12 perc111t 240pu processed by PIREl. 
. TIie doses sllcMI an per 1111ner and ass-e" tncntase In IIOrll force. 

(bl Tllne radiation zone wrtars could ntetlff a dose of up to 0.4 re,/yr ,,,. neutrons ,,,. plutont111 • 



Pathway and 
Organ 

Atr Subllersion 

All ~gans 

lnh1l1tton 

Total Body 
Bone 
Lung 
Thyroid 
61-LLI 

Ground Deeosition 

All ~gins 

Ingestion 

Tota) Body 
Bone 
Lung 
Thyroid 
61-LLI 

Total froa all Pathwl,l'.! 

Total Body 
Bone 
Lung 
Thyroid· 
61-LLI 

TABLE D.16. Radtatton Doses to ·Hf:mbers of the General Public from Routine Releases 
fr0111 the PUREX Plant,. 1050 tfl/yr Processing Rate 

I-yr Rele1se/ 
P!!i!ulation Dose fun--N:11i(d) 

I-yr Release/ 16-yr Release/ 
1-lr Acciaulation, 70-lr Accu111l1tion 70-l!: Accuaulation 

1.0 x 10-5 1.0 x l0-5 1.6 X 10-4 1.2 X lo0 1.2 X lo0 1.9 ll 101 

1.0 11 10-7 6.9 X l0-7 1.1 x l0-5 1.6 X l0-2 1.1 x l0-1 1.7 X lo0 
3.2 X lQ-7 9.7 X 10-6 1.5 X 10-4 5.0 11 10-2 1.6 X lo0 2.4 x 101 
4.2 X lQ-7 l.6 X 10-6 2.6 x l0-5 6.7 X l0-2 2.6 x l0-1 4.2 X }o() 
4.6 X 10-7 5.1 X lQ-7 8.1 X 10-6 7,4 X lQ-2 8,1 X lQ-2 1.3 x lo0 
4;7 X l0-9 4.8 X 10-9 7.6 X 10-8 7.6 .x lo-4 7.6 x lo-4 1.2 II 10-2 

1.8 X lQ-9 1.8 X l0-9 1.8 x 10-6 1.9 X 10-4 1.9 X l0-4 1.9 x 10-l 

1.2 X lQ-6 3.1 a 10-6 4.0 JI 10-4 8.9 a 10-2 2.2 x 10-l 2.4 JI 101 
1,4 X 10-6 8.5 JI 1o;6 1.4 a 10-3 1.0 x l0-1 6.0 J1 10-l 8.5 X 101 
l, l x 10-6 l;l X 10~ 1.8 J1 10-S 7.9 X l0-2 8.2 X 10-2 1.3 X lCJO 
2.8 JI 10-S 3.4 JI 10-5 1.1 JI 10-J 2.5 JI lo0 3.1 x loO 9.0 X 101 
1.2 X 10-6 1.3 JI 10-6 4.9 ,: 10-5 9.1 X l0-2 9.4 x 10-2 3.2 II 1()0 

1,1 x l0-5 1.4 JI 10-5 5.7 J1 10-4 1. 3 x lo0 1.5 JI 1oO 4.5 II 101 
1.2 x lo-5 2.8 JI 10-5 1.7 JI 10-J 1.4 x lo0 3.4 x lo0 1.3 X 102 
1.2 X l!)-5 \.3 11 l0-5 2.1 X 10-4 1.3 x lo0 1.5 x loO 2.5 X 101 
3.8 J1 10-S 4,5 11 lQ-5 1.3 X 10-3 3.8 x lo0 4.4 x lo0 1.1 ll 102 
1.1 x 10-5 1.1J110-5 2.1 x lo-4 1.3 JI loO 1.3 x lo0 2.2 II 101 

(a) A 1-yr Release/1-yr. Accumhtton is the dose received in th• f~nt year froa exposure in that year. 
(b) A 1-yr Release/70-yr. Accuatl&UOfl ts the dose received over 1 /0-~ar 1tfcd• froa exposure In the first ye.r. For e11tem11 

exposure. it ts equal to-th• 1-yr Release/1-yr Acc1&1l1tlon dose. 
(c) A 16-year Release/70..yr Acciaulatton ts.the total dose accrued over a lifeti• of continuous e11posure to residual radiation hoth 

during and after the• 16 years of PUREX plant oper1tton. 
(d) The population dose ts for an estiuted popul1tlo,1 (1990) of 417 1 000. All local population doses in this EIS ire b~sed on this 

population dhtributton wtthin a 80-u (5<kltle) radius froa the Hanford Meteorologtcal Statton lo.:ated at about the center of the 
Hanford Site. 

I 
t 
'J 
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TABLE D.17. Potential Radiation Doses to Mellbers of the Genera! Public fr011 Routine Releases froa the 
PlllEX Plant, 2100 MT/yr Processing Rate 

AirSubaersion 

A11 Orgus 

lnh1ht1on 

Total Body 
Bone 
lung 
Thyroid 
61-tll 

&round Deposition 

All Org111s 

Jnpstton 

Tot11 Body 
Bone 
lung 
Thyroid , 
61-tll 

Tot11 froa 111 P1t111Mys 

1,3 x 10-S 

2,0 X 10-7 
5,4 X l0-7 
8,5 X 10-7 
&,Ox 10-7 
8.3 x 10-9 

3.& x 10-9 

2.4 x 1~ 
2,6 X 10-6 
2.2 x 10-6 
3.9 x 10-S 
2,4 X 10-6 

Total Body 1.6 i 10-S 
Bone 1.6 x l0-5 
lung l.&.x 10-S 
Thyroid 5.3. x 10-S 
61-tll l.5 x 10-5 

1,3 X 10,-5 

l,2 X 10-6 
1.7 • 1g=: 
3,3 X 1 
6,8 X 10-7 
8,4 X I0-9 

3,6 X }0-9 

5.6 x l~ 
1,5 x 10-5 . 
2.2 X 1~ 
5.0 x 10-S 
2.5 x l~ 

2.0 X l0-5 
4.5 x 10-S 
1,9 X 10-5 
6,4 x 10-5 

. 1,6 X 10-5 

2,1 X 10-4 1,5 X lo0 1,5 X loO 

1.9 x 10-5 3.2 x 10-2 2,0 x 10-l 
2.7 x lo-4 8,6 X 10-2 2.8 x 1oO 
5,3 X 10-5 1.4 x 10-l 5,3 x 10-1 
1,1 X 10-5 9.6 x l0-2 1,1 x 10-1 
1,3 X 10-7 1,3 x 10-3 1.3 x 10-3 

3.6 X 1~ 3.8 x l<r4 3.8 x lo-4 

6.8 x lo-4 1.7 x 10-1 4.0 x 10-l 
2.4 x 10-3 2,0 X 10-) 1,0'X lo0 
3.6 x 10-5 1.6 x. 10-l 1.6 x 10-l 
1.8 x 10-3 3.6 x loO 4.8 x loO 
8.9 x 10-5 1.8 x 10-1 1.8 x 10-l 

9.1 X lo-4 1,7 x lo0 2,1 X lo0 
2.9 • 10-3 1,8 X lo0 5.3 x loO 
3.0 x lo-4 1.8 x 1oO 2.2 x 1oO 
2,0 I 10-3 5.2 x 1gg 6,4 X lo0 
3.0 x lo-4 1,7 X 1 1.7 x 1oO 

(a) A 1-yr Re1ease/l-yr Accuaa1attor: is the duse N:Ceived tn the first year fr• exposure tn that ye1r. 
(b) A 1-yr ReJease/70-yr Acc1a1htton ts the dose received over a 70-year 11fet1• froa exposure in the first year. For 

external exposure, tt ts eq&g) to the 1-yr Release/I-yr Accuaal1t1on doH. 
(c) A l6-ye1r Release/70-yr Accuailat1on ts the totll doso 1C.Crued· over I Ufeti• of continuous exposure to residual 

2,4 X lQl 

l.O x lo0 
'4,3 X 101 
8,5 X lo0 
1.7 X lo0 
2.1 x 10-2 

3,8 x l0-1 

4,1 X 101 
1.5 x lo2 
2.6 X lo0 
1.5 x lo2 
5.8 x loO 

6,8 X lQl 
2,L X 102 
3,5 X 101 
1.8 x 1o2 
3.0 x 101 

r1d11tton both during and after the 16 ye1rs ~, PUREX pl111t oper1tton, · 
(d) The popu11t1on dose is for 611 esttated popu11tton (1990) of 417,000. A11 loe11 popul1tton doses in thh EIS are b11ed 

on tMs population distribution 111tthtn • 80-ka (5'Hl11e) radtus froa the Hanford Meteoro1og1c1l Stltion loc1ted 1t 
About the center of the HHford Site. 
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TABLE 0,18. Potential Radiation Doses to Members of the General Public fr0111 Routine Releases from the 
U03 Plant, 1050 MT/yr Processing Rate 

I-yr Release/ 
Poeulatlon Dose ,111n-re11J(d) 

I-yr Release/ l&:yr ~elease/ PaU.Jy and 
Organ 1-l!: Accua.ilatlon 70-tr Accua.ilatton 70-tr Acci.:..1a~lon 

Atr Subaerslon 

. All Organs 1,4 X l0-14 1,4 X l0-14 2,2 X 10-13 1,6 X 10-9 1,6 X 10-9 2.6 x lo-8 

Inhalation 

Total Body 1,6 X !0-13 1,8 X 10-13 2,8 X l0-12 2.6 x lo-8 2,8 X 10-8 4,5 X 10-7 
Bone 1,2 X l0-12 1,5 X 10-12 2,4 x 10-11 2,0 X l0-7 2,4 X 10-7 3,9 X lo-6 

· lung 5,0 X to-12 2.2 x 10-ll 3.5 x 10-lO 8,1 X 10-7 3,5 X 10-6 5,6 II 10-5 
Thyroid _ e) 
Gl-lll 9.1 x l0-13 9.1 11 10-ll 1,5 X l0-12 1,5 X l0-7 1,5 X l0-7 2,3 X 10-6 

Ground De~sitlon 

All Organs 6,4 X l0-13 6,4 X l0-13 2,1 x l0-1! 6.9 x lo-8 6,9 X 10-8 2.2 JI 10-6 

Ingestion 

Total Body 3.9 X l0-14 4.4 X i0-14 7,8 X l0-13 2,7 X lo-9 2,7 X 10-!I 4,9 X 10-8 
Bone 3,1 x 10-ll 4.2 X l0-13 8,0 X l0-12 l,!I x 10-8 2,7 X 10-8 5,0 X l0-7 
lung 
Thyroid 

2,0 x 10-11 2.0 x 10-ll 3.2 x 10-lO 1.2 x lo-6 1,2 X 10-6 2.0 x 10-S Gl-lll 

Total fro11 111 P1thw1is 

Total Body 8.5 x 10-ll 8.8 x lo-13 2,5 x 10-11 !1,9 x lo-8 1,0 X 10-7 2.7 J1 10-6 
Bone 2,2 X 10-12 2,6 X l0-12 5.3 x 10-ll 2,!I X 10-7 3.4 X 10-7 6,6 X 10-6 
lung 5,7 x lo-lZ 2.3 x 10-ll 3,7 X J0-10 8,8 X 10-7 3.6 X lo-6 5,8 X 10-S 
Thyroid 6,5 x l0-13 6,5 X l0-13 2.1 x 10-11 7,1 x lo-8 7.1 x 10-B 2.2 X 10-6 
Gl-lll 2,2 X 10•11 2.2 x 10-ll 3,4 x 10-lO 1,4 x lo-6 1.4 x lo-6 2,5 X 10-5 

(1) A 1-yr Release/I-yr Acc..ul1tlon ts the dose received int._ first year froa exposure In that year, 
(b) A 1-yr Release/70-yr Acc1a11lat1on h the dose received over 1 70-year llfett• fl'OIII exposure In the first year. For 

. external exposure, it ts equal to the 1-yr Release/1-,r Acc..,latton dose. 
(c) A 16-year Release/70-yr Acc1a1l1tion ts the total dose accrued over a ltfethl'II of conttrwou·, u.posure to residual 

radiation both during and after t~z 16 years of PUREX plant operation. 
(d) The population dose is for an estl .. ted populition (1990) of 417,000. AJI local population doses In this EIS are based 

on this population distribution within a 80-t• (50-aile) radius fro• the Hanford Heteorologlcal Statton located 1t 
about the center of the Hanford Stte. 

(e) Dash(-) Indicates nuclldas do not contribute significantly to thts organ, 
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TABLE D.19. Potential Radiation Doses to Mellbers of the Gener1l Public froa Routine Relc~ses froa the 
U03 Plant. 2100 MT/yr Processing Rite 

Patblilay ad 
Maxi- Individual Dose (r,! 

t-yr Rileue/(1) 1-yr lleit1se/(b) I yr lli1eue/(c) I-yr lli1eue/ 
Popu11tt1111 Dose !aian-ra!(d) 

I-yr Reieue/ 16-yr ilelHH/ 
2!:91n .!:lr..l!!:r.uai11ttcn 70-yr Acc1a1J1tton 70-yr Accua,Jction 1-l!: Acc11a1l1tton 70-yr Acaau11ti0fl 70-yr Acc1a.1l1tton 

Atr Subaersion 

All Org1ns 2,11 X l0-14 2,8 II li)-!4 4.5 x l0-13 3.2 X 10-9 .3.2 X 10-9 

lnh1l11tton 

Tot1I Body 3,2 X l0-13 3.5 x 10-ll 5.7 X lQ-12 5.2 X 1'1 5.7 JI 1o-B 
Bone 2,5 X lo-12 3,0 X 10-12 4.8 J1 10-ll 4.0 X 10- 4.8 X 10-7 
Lung 9,5 X tQ-12 4.1 x 10-ll 6.6 x l0-10 1.5 X 10-6 6.6 X lo-6 
Thyroid _e) 
61-Lll 1,8 X l0-12 1.8 X lo-12 2-9 ..11 10-ll 2.9 X 10-7 2.9 X 10-7 

&round llee!!S it ion 

All Cr9111s 1.3 x 10-12 l.l x 10-12 4.1 x 10-U 1,4 X 10-7 1.4 X 10-7 

Ingest ii!!_ 

Tot11 llody 7.8 X l0-14 8.6 X lQ-14 1.5 X lQ-12 40 8 X 10-9 5.4 X 10-9 
Bona 6.0 x l0-ll 8.3 x 10-ll 1.6 x 10-ll 3.7 X lo-8 5.3 X 10-8 
Lung 
Thyroid 

3.9 x l0-11 3.!I x l0-11 6.5 a 10-10 2.4 x lo-6 2.4 x lo-6 61-LLI 

Total froa 111 P1thw11s 

Tot1I Body 1.7 X l0-12 1,8 X l0-12 4.9 x 10-11 2.0 X lQ-7 2.1 X l0-7 
Bone 4.4 X l0-12 5,2 X l0-12 1.1 X lQ-10 5,8 X lo-7 6.8 X l0-7 
Lung l.l x lo-11 4,2 X lQ-11 7.0 x 10-l0 1.6 x lo-6 6.7 X 10-6 
Thyroid l.J X lQ-12 1.3 X l0-12 4.1 x 10-11 1.4 X 10-7 1.4 X l0-7 
61-LLI 4.2 x 10-ll 4.2 x 10-ll 7.2 X !0-10 2.8 II lo-6 2.8 X 10-6 

(1) A 1-yr Jlele1se/l-yr Accuailation ts the dose received 1n the first ye1r froa exposure 1n that ye1r. 
(b) A 1-yr Releue/70-yr Accua.t11tton ts the dose received over 1 70-ye1r ltfett• froa exposure 1n the ftrst ye&r. for 

utern1I exposure. tt ts equ11 to the 1-yr Release/I-yr Acc ... 11tton dose. 

5.l x lo-B 

9.1 X 10-7 
7.7 X 1()-6 
1.1 X !o-4 

4.7 x lo-6 

4.4 x lo-6 

9.5 X 1'1 
9.8 X 10-

3.9 X 10-5 

5.5 x lo-6 
1.3 X 10-5 
1.1 ,. lo-4 
4.5 x lo-6 
4.8 x lo-5 

(c) A 16-year Release/70-yr Acc1a1l1tton ts the tohl dose 1eerued over I ltfelt• of continuous exposure to residual 
r1dtat1on both during and 1fter the 16 years of PUREX phnt oper1Uon. 

(d) The population dose ts for 1111 esttuted popul1t1on (19!10) of 417 0 000. All local population doses 1n thh EIS 1re bHed 
on thts populltlon dtstrtbution within a 80-ta (SO..tle) rldtus f.-aa the Hanford Meteorologie1l Statton loc1ted 1t 
lbout the center of the Hanford Stte. 

(e) Dish (-) tndtc1tes nuclides do not contribute significantly to this org111. 
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0.2 CONSTRUCT NEW FUEL PROCESSING PLANT AT HANFORD 

Effluents from a new PUREX plant would be considerably different than those from the 
existing plant. as indicated by the following discussion. 

D.2.1 Gaseous Effluents 

Incorporation of 85tcr recovery into the process flowsheet would muce 85tcr 
. emissions dra111tically. Estimated concentrations and quantities for both a 3000 and 

1050 KT/yr prcc:ess1ng rate an s111111arized in Table D.20. Calculations of site boundary 
concentrations would require identification of a definite site; ass111111ng a site located 
similarly to the existing plant. site boundary concentrations can be ts1Proxi111ated from those 
in Table D.l by a ratioing process. after correction for the muced ~:>tcr content. 

The only significantly large nonradioactive gaseous pollutaot eaitted fro111 the PUREX 
process. NOx. would be essentially eliNinated as a byproduct of B5Kr recovery, since 
this has to be removed fro111 the dissolver gas effluent stre.1 befon the B:>tcr can be 
recovend. Other nonradioactive PUREX emissions would be expected to be much the same as 
indicated by Tables D.5 and 0.6. 

D.2.2 Liquid Effluents 

Ho liquid pro:ess effluents lfOUld be released fro111 a new plant. Any excess water above 
that which can be recycled in the plant 1s released by evaporation (see Section 3.2.6). It 
1, asslllled.that there would be the same nominal releases to a tile field of {no11-11rocess) 
sanitary wastes, as in the present plant. 

D.2.3 Radiation Dose Cogtarison 

No esti11ates of occupational dose are available for a new PUREX plant at Hanford; as an 
approximation tt can be assmed that they would not exceed those given in Tables D.14 and 
D.15, and would probably be slightly lower. 

Esti1111ted annual radiation doses for the maxil!UI individual and for the general public 
fro111 a new PUREX plant are presented in Table 5.16 for an asslilled 3000 MT/yr processing 
rate; analogous doses for a 1050 MT/yr processing rate are given in Table D.21. 

TABLE D.20. Estimated Radionuclide Content of Annual Gaseous 
Releases from a New PUREX Plant. 3000 and 1050 MT/yr 
Processing Rates 

Nuclide 
jH 
14c 

85Kr 
l~u 
1291 

Other• 
Total ca 

Concentrat1on,(a) 
Ci/ml 

1.2 X 10".°J 
4.2 X 10-8 
1.5 x 10-1 

4,1 X 10-7 

3,3 X 10_g 

3.4 X 10-12 

1.8 X 10-17 

Annual Quantit~ Ci 
30oo Mt/yr 50 MfJyr 

Processi;l Rate Processi;.l Rate 
6.9 X 10 2.4 X 10 
9.3 X 10-2 3.5 X 10-2 

3.3 X 105 1.0 l 105 

8.6 x 10-1 3.0 x 10-1 

7.2 X 10-3 2,6 X 10-3 

1.0 X 10-5 5,0 X 10-6 
3.9 x 10-11 1.3 x 10-11 

(a) This concentration does not take into account any dilution by 
the ventilation air. 
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TABLE D.21. Potential Radiation Doses to Mellbers of the General Public froil Routine Releases froa a 
New PUREX Plant. 1050 MT/yr Processing Rate 

Patt..ly ~ 
MAxt- Individual Dose l'"g! 

I-yr Aelease/(a) I-yr Aelease/(b) I yr Releue/(c) I-yr Release/ 
Po2ulation Dose l!Wl-n!lll(d) 

I-yr Releue/ 16-yr Release/ 
!!!]lfl 1-lr Acc1a1latton 73-yr Acc1a1lation 70-,e: Acc&a.1latton 1-,e: Acc&a.11atton 70-,e: Accaaulotton 70-yr .llccua,Jstton 

Atr Subaerston 

All C.,us 1.0 JI 10-6 1.0 JI 10-6 1.6 JI 10-5 1.2 J1 10-l 1.2 J1 10-l 

lnhalatton 

Total Body 1.8 JI 10-6 1.8 J1 lo-6 2.9 .. 10-5 2.8 JI 10-l 2.9 J1 10-l 
lone 1.2 JI 10-8 1.3 JI 10-8 2.1 J1 10-7 2.0 • 10-3 2.1 • 10-: 
Lung 1.8 • 10-6 1.8 x lo-6 2.9 x 10-5 2.8 11 10-1 2.9 X 10-
Thyroid 1.8 x lo-6 1.8 X 10-6 2.9 x 10-5 2.8 x 10-l 2.9 x l0-1 
61-l.LI 9.1 X 10-9 9.1 X 10-9 1.5 x 10-7 1.5 X 10-l 1.5 11 10-3 

&round De!!!sttlon 

All C.-gan1 6.7 X l0-9 6.7 • 10-9 4,4 X 10-7 7.1 x lo--4 7.1 • lo--4 

Ingestion 

1.8 x l0-5 1.9 11 10-S 3.1 x lo-4 1.3 x lo0 1.4 x lo0 Total Body 
Bone 1.4 IC 10-8 1.6 X 10-8 2.9 X 10-7 1.1 x 10-3 1.2 x l0-3 
Lung 1.8 JI 10-S 1.9 X l0-5 3.1 IC lo--4 1.3 x loO 1.4 x loO 
Thyroid 2.0 x 10-5 2.1 x l0-5 4.0 x lo--4 1.5 • loO 1.6 x loO 
61-l.LI l.!1 x 10-S 1.9 x 10-5 3.1 x lo-4 1.3 x lo0 1.4 x loO 

Total fn,a all Pathw1ls 

Total Body 2.1 X l0-5 2.2 X l0-5 3.6 x lo--4 1.7 x loO 1.8 x 1oO 
Bone 1.0 x 10-6 1.0 X 10-6 1.7 x 10-5 1.2 x 10-l 1.2 x 10-l 
lung 2.1 x 10-5 2.2 x 10-5 3.6 • lo--4 1.7 x loO 1.8 x loO 
Thyroid 2.3 x 10-S 2.~ X l0-5 4.5 x lo--4 l.fi x lo0 2.0 x loO 
Gl-l.LI 2.0 X 10-5 2.0 X 10-5 3.3 x lo-4 1,4 x lo0 1.5 x loO 

(a) A 1-yr Release/1-yr Accuaulatlon ts the dose received tn the first year fr .. exposure In that year. 
(b) A 1-yr Release/70-yr AcclMl.llatlon 1s the dose received over a 70-yell' 11fett• froa exposure tn the first ye1r. For 

external e:c1>0sure, tt h equal to the 1-yr Release/1-yr Accua,Jatton dose. 

1.9 J1 1oO 

4.7 • loO 
3.4 • 10-2 
4.7 • loO 
4.7 • loO 
2.3 x 10-2 

4.7 • 10-2 

2.2 IC 101 
2.2 • 10-2 
2.2 x 101 
3.0 x 101 
2.2 x 101 

2.9 x 101 
2.0 x loO 
2.9 x 101 
3.1 x 101 
2.4 x 101 

(c) A 16-year Release/70-yr AccUMUlatton Is the total dose acr:rued over a ltfetl• of continuous exposure to residual 
radtatton both during and after the 16 years of PUREX plant operation. 

(d) The population dose is for an estl111ted population (1990) of 417,000. All local population doses In this EIS are based 
on this population distribution within a 80-ltm (50-alle) radius froa the Hanford Meteorological Station located at 
about the center of the Hanford Site. 



D.3 SHIP FUEL OFFSITE FOR PROCESSING 

The estimates of gaseous and liquid effluents and the concomitant radtatt{Jn doses for 
the alternative involving shipment of fuel to SRP for processing are considerably more 
speculative. The estimation ts complicated by the fact that oLner processing operations, as 
large or larger are carried on at SRP, and characterization of irradiated fuel processtng's 
contribution to the total impact ts difficult 1n the absence of specific data. However, 
since the PUREX process ts also employed at SRP tt can be assumed, as an approximation, that 
emissions would be reasonably comparable, for a given processing rate. 

D.3.1 Gaseous Effluents 

Estimated radionuclide emissions in gas streams are shown in Table D.22, for 3000 and 
1050 MT/yr processing rates. 

D.3.2 Liquid Effiuents 

Estimated radionuclide content of liquid discharges resulting from the processing of 
N-Reactor fuel at SRP at processing rates of 3000 and 1050 MT/yr are presented tn Table D.23. 

D.3.3 Radiation Dose Cog,arison 

No esttma~es of occupational dose are available for fuel processing at SRP, but, as in 
the new PUREX plant alternative, these •ould be expected to be comparable to those 
associated •1th processing in the eatsttng Hanford PUREX/U03 facility (see Ta~le D.14). 

Estimated incremental annual radiation doses for the maxinum tndtvidual and for the 
general public fr011 the processing of N-Reactor fuel at SRP (1050 MT/yr) ~re presented in 
Table D.24. As indicated in Section 5.2.2.1 1 these are comparatively some.hat greater than 
those for processing at Hanford due to the fact that there ts a direct liquid discharge to 
local surface •aters and the larger total population affected. 

Other 1 

Total 11 

TABLE D.22. EstiMted Radionuclide Content of Annual Gaseous 
Releases fro11 Processing If-Reactor Fuels at SRP, 
3000 and 1050 MT/yr Processing Rates 

Processing Reactor Fuels 
Annual Release, 

3000 MT/yr 1050 MT/yr 
Processing Rate Processing Rate 

6.9 X 104 2,4 X 104 

9,3 X lOQ 3,5 X 10Q 
3,J X 106 1,0 X 106 

7.2 x 10-1 2. 7 ,. 10-1 

5,0 x 10-3 5,4·x 10-2 

4.3 x 10-1 1.5 x 10-1 

1.4 x 10-2 4.8 x 10-3 

Curies 

Processing 
Sl:r Fuels 
6,5 X 103 

1.3 X 101 

2,6 X 105 

7,Q X 10-2 

1.4 X 10-2 

4,0 X 10-2 

4,8 X 10-3 

Other 
SRP Rt 1 eases 
4.Sx~ 

5,3 X 101 

2,f X 105 

7.0 X 10-2 

1.1 x 10-l 
1.0 x 10-1 

· 2.4 X 10-J 
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Nuclide 
3H 
90sr 
ll7cs 
106itu 

Other- a 
239Pu 

238u 

TABLE 0.23. Estimated Radicnuclide Content of Liquid Discharges 
from Processing It-Reactor Fuels at SRP, 3000 and 
1050 MT/yr.Processing Rates 

Annual Release, Curie _______ _ 
--P""ro"""c ... e"'"s~s""1 ng....,...,N-k,...e ... a .. c-rt""or,,....F""'!ue~I s...,._....__....__ 

Jbbb Mt/yr 1050 MT/yr Process1.ng 
Processing Rate Processing Rate SRP Fuels 

1.7 X 10) 6.1 X 102 1.6 X 102 
1.3 4.6 x 10-1 1.2 x 10-1 

11 101 3 ° 9.9 x 10-1 
• X •" 

4.3 X 101 1.5 X 101 4.0 
2.0 X 101 6.9 1.8 
6.0 X 10-2 2.1 X 10-2 2.1 X 10-2 

3.4 x 10-1 1.2 x 10-1 1.2 x 10·1 

Other 
SRP Releases 
9.2 X 104 

1.9 
7.1 
,.4 

1.1 X 101 

2,8 X 10-2 

4.6 x 10-1 

TABLE 0.24. Potential Radiation Doses to Members of the General Public from Processing 
1050 MT/yr of Meactor Fuel at SRP 

, ....... Dllltaat 

•"•P9!:W 
IIP M!P!lp ,,11•) 
·an z,z • 10-S 

••If!'- ,11sr.m,,,1•1 
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lel 1.0 a 111-1 

L.. 9.0 a IO-e 

"'"'· 9.7 • 111"" 
:J-UI 7.1 • 111-I 

.,__ ,-.11._ ,ma il•I 
All 1.1 a I0-1 

Z.Z I 10-5 

9.1 a 10 ... 

1.1 a 10-9 

•••• 111"" 
•••• 10"" 

1.z • u-' 

1.1 I 10-1 

,., • 10 ... 

LO • 10-S 
Z.7 1 10_. 

1.1 a 10 ... 

I.I a 10_. 

1.1 I 10-l 

7.1 I 10•9 

1_,ttp _, ,_ e, talsr, IZlul•I 
raut ..., 1.1 a 111=- z.o • 10-9 •• 9 • Ill ... 

lel Ua~ LI •~ U • ~ 
~ u.~ u.~ u~~ 
111Jftt• Z.1 i 10-4 l,Z • ID-4 I.I 1 111"'

0 

11-UI l.1 a 111-9 I.I • ID-9 J.D • Ill_. 

.. .,..., .__, • c,r-:p•IIIN -•!! • s,,,-. ,ms Ille., u...,111 · 
· an 1.1 • 111 · 1.1 • 10-1 z.9 • 111-l 

J•!S!•"' Ftpe .,._,_ !!!F g,mgtl•I _. 
T-1 ..., I.I I Ill 7.Z • 10 
... 1,l a 10·,. 1.1 • 10_. 

~ U•~ Ua~ 
lllJftl• 1,7 S 10... I.I I 10-1 
11-UI I.I • 111-4 I.I • 10_. 

rcu1,, ... 11..,..... 
Tetll INy .... 
Wit 

1.7 • ID .. 
I.I I 10-4 

1.z • 10_. 
J.I a IO_. 

Z.l • r' 

7.1 I 10 ... 

I.J I 10-4 

I.I I 10 ... 
•••• 10 ... 
Z,J 1 ~ 

l.Z 1 10-z 
l.1 I ID_z 
Z.0 I 10-J 

z.1 • 10-S 

Z.I I 10-J 

1.1 I lO_z 
I.I 1 10-Z 
, •• • 10-l 

1,1 I 10-Z 
I.I I ao-3 

1.0 I ID' 
l.D 1 10-l 

1.J l ID' 
1.1 I ID' 
1.1 I 10-l 

I.I I lO_z 

I.I I ID' 
z.• I 111-I 
1.9 I ID' 
Z.t I Jlll 

1.1 • ID' 

z.z • 10° 
·u • ID' 

1.1 I 10-l 
I.J I 10-z 
9.5 I lOO 

, •• 1 ioD 
. I.I I lDD 

7.11 10D 

J.S 1 101 

1.Z I W 

l,l I lgD 
I.I I loD 
Z,I I 10° 
I.I I IOO 

I.I 1 10-J 

I.I 1 10-Z 

Z,Z I IOO 

7.9 I 10-I 

Z,0 I •IOO 

' ••• I li,' 

Z,0 I IOO 

9.J 1 10-J . 

J.I • IOO 

5.Z I toD 
l.t I l0I 
1.7 I 10-Z 
S.S I IOO 

I.Z I IOI 

I.S I IOI 

I.I I IOO 

S.0 I 101 

J.Z I 101 

.., • 101 

Z,1 1 101 

1.0 I 101 

J.I • IOI 

Z.t I IOI 

J.O .• 10-Z 

J.t I Jo' 

J.I I IOI 

Z.J I IOI 

l.Z I IOI 

I.I I Jal 
J.Z I IOI 

I.I • IOI 

e.z • 101 

1.1 I 101 

I.I • IOO 

1,7 I 101 

I.I • 1a1 
Z.S I !al 
J,S I Jal 
,.1 • 1a1 

I.I I loZ 
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