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'l'be protection of important life f'orma in the environment f'rom potential 
damBge trom ionizing radiation has been o:f' paramount concern ever since 
the processing ot irradiated nuclear fuels to recover plutonium vu 
initiated at B!t.nford on the 200 Area plateau 1n 1944. Since no tech­
nology or criteria then existed. for .the ultimate d.isposaLQf ;re1,1ci1A!ll 
radioactive mterials, process wastes ·containing nearly all the radio­
active :tiBBion products and transuranic elements were stored in under­
gro\.Uld tanks as alkaline slurries. ProceHing :facilities and operations 
currently be.ins started up are designed to remove the majority of the 
long-lived_ heet emitters, cesium-137 apd 11trollt1Wll-9Q, AM evapon.te t ~ 
residual salt wutes to salt cakes tor lons-term storage 1n the existing 
undergro \lld tanks. This waste management program is described in some 
detail 1n Reference l. The separated cesium and strontium are to be 
stored as solution vitb1n the ~oceesizig bull<li~ (B Pl.Ant) until 
facilities are provided tor high-integrity packaging tor long-term 
1tarage. A review of the foreseeable hazards associated Yith the 
proposed long-term. . storage o:f' highly radioactive salts in underground 
tanks was recently completed (Heterence 2). It was concluded that the 
rel.evant geological., geochemical and meteorological conditions are 
such tmt no natural force would create a hazard to life 1'01"1118 in the 
foreseeable future and that, assuming lllinimal. continuins administrative 
control.a and surveillance, the rel.at:i.ve isolation and elevation are 
1uch tlllt no potA!ntial mn-1n1t1ated chang@ short or an atom.1.e bemb 
would be likely to displace the stored materials • 

Although most or the proceBBed rissiai products and transuranic elements 
have been either ;rec~rec\ QI" rrtwed in tanks, a small traction of theae 
radioisotopes mve been rel.eased to the environment at lov concentrati ons 
under controlled conditions. In conducting these disposal operations, 
advantage has been taken o:r the favorable geochemical and meteorological 
conditions existing at the site. The chemical processing activities are 
located on a plateau in an area of lov seismic activity and population 
density. Richland, JOOI"e than 20 miles distant, ii the closest city and 
bas a population o:r 26,000. The separations plants and waste handling · 
facilities have been built on extensive alternating beds o:f' sands, clays, 
and gravel.a. For moet o:f' the 200 Area plateau these relatively uniform. 
and continuous earth deposits e.xist 1n depths ranging from 200 to 300 
f'eet above the e:id.sting ground water table. The soils beneath the 200 
Areas, under properly controlled waste discharge conditions, act as ion 
exchange beds t'or the long-lived radionuclldes cesium-137, strontium-90, 
and plutonium. These re.clionuclid.es are al.moat quantitatively held. on 
the soil as the low-level aqueous waste passes through. 

The ground water movement beneath the 200 Areas and to the COlumbia 
River, greater than l2 mil.ea diatant, is quite well known. Presently, · 
grotmd -water leaving the 200 Areas reaches t~ Columbia River in a 
minim1.ml. travel t:lllle o:r 10 to l2 . years. Consequently, those :f'ission 
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DECLASSIFIED 
products and salts which do get in the ground water at the 200 Areas 
travel slowly to the river. Short-lived fission products decay sig­
nificantly as they migrate toward the river in the gro\D'ld water. The 
canbined effects of decay, ion exchange and ground water dilution 
l)roduce radionuclide concentrations in ground water entering the river 
which are well below allowable drinking water concentrations before 
river dilution is considered. The area surrotmdillg Hanford is arid. 
Annual rainfall ranges from 5 to 10 inches per year. F.ssent1ally all 
precipitation on the 200 Area plateau is held in the top :few feet or 
soil and reevaporates rather than draining through the soil to the 
gro\D'ld water. ~ere:t'ore, barring a .major c~e in climate, :fissiai 
product inventories buried in the ground and isolated from man­
dependent forces, should remain essentially static for centuries. 
The 200 Prea plateau is 300 to 350 feet above the Columbia River and 
is not susceptible to major flooding even if upriver dams were to 
break~ 

Very large volumes of slightly radicactive liquid and gaseous wastes 
have been released to the gro,md water and atmosphere at designated · 
disposal Bites under caref'ul.ly controlled conditions designed ·to retain 
virtually all of the radioactive contaminants within the processing 
site. The low level aqueous wastes are routed to either above ground 
depressiom (locally called "swamps") or underground disposal areas 
("cribs") from which the solution drains into the gro\D'ld. SWamps 
primarily receive normally uncontaminated process cooling vater and 
1n a few instances extremely low-risk process condensate. The lllinute 
quantities af radioisotopes incl.uded in these streams are assumed to 
move directly to the ground. water; although some sorption and delay 
undoubtedly takes place, no reliance is placed 011 such a holdup, Cribs 
normally receive process coniensates and process solutions of low 
activity (less than 5 x 10-5 microcuries per milliliter of fixed 
fission products). The soils beneath the cribs sorb and retain 
v~w,.Uy all ot t he ~016otopes except ruthenium and tritium, more 
than 90 percent of the sorbed contaminants being held in th:! top 20-. 
foot soil level beneath the discharge. When soil sorption cannot be 
relied upon· to retain the radioisotopes of concern, "specific soil 
retention" cribs are used. In such cribs the volumetric discharge is 
limited. and the groi.md '~lotter effect" is \IOed. to hold the liquid 1n · 
the soil column above the vater table. Several thousand gallons of 
contaminated organic DBterials (kerosene, tributyl phosphate, lard oil), 
.have been stored in the soil. in this way. Gaseous wastes are treated 
to remove radioiodine, contaminated l)Brticlea and noxious chemicals and 
are released to the atmosphere at elevations 50 to 200 feet above 
working areas. No attempt has been made to control the release of 
tritium or the 'noble gases, s1.nce their concentrations 1n the environ­
ment are currently belov levels of concern. contaminated solid wastes 
have been packaged in caribcm-'1 or 'WOOden boxea and buried 10 to 20 
feet beneath the ground surface in ''burial gardens; " a small fraction 
of the more highly contam.1llAted materials have been JBCkaged in concrete 
boxes for b~~l. or ple.ced on old railroad can and atored 1n tunnels 
adjacent to the Purex processing pl.ant. 

In February, 1967, Isochem Inc. w.s requested by the Richland Operations 
Office of the AEC to reevaluate the waste uanagement progI'Blll 1n view of 

DECLASSIFIED 
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current needs and technologies and to recommend continuation or 
realignment ot the program. The ground rules tor the study as defined 

· jointly by RL-AEC and. Ieochem Inc. were as foUovs : 

I I 

l. Prmde aafe conrt~nt of :radiooctiV@ wastes for centlll'ies. 

· 2. Reduce the radioactivity disclarged. to the enviroment. 

3. Apply liceMi~ and restricted land use crit.eria. 

4. Do not provide for fission prod.~t recovery. 

5. use program costs as a guide - not as an overriding factor. 

6. Dupose _of all Chemical ProceHing Division wastes currently stored 
and to be ~enerated thr0tJ6b 1980. j\ssume 0111r tbl: ft Md K Reacton 
operate after FY 1974. · 

7 • . Dispose of all Ban:ford-generated wastes that can be shipped to the 
200 Areas. 

The requented reevaluation was divided into two sepll'ate studies. The 
first of these studies is concerned with the various alternatives 
avallable for the treatment of high level and intermediate level liquid 
vastes which have been routine~ stored 1n underground waste storage 
tanks. The results or that study have been included in IS0-981 (Ref­
erence 3). Thia report constitutes the second study which was completed 
by the .Atlantic IU.cbfiel.d. Hanf'ord. Company as the succeeaor to Isoc:'hem's 
operating soot:ract. It 111 coooerned with all other vutes d1aewged to 
the enviroment. Basically, this rep0rt has been divided into six 
general topic areas which have been developed in detail 1n the six 
attached appendixes. · These topic areas are: 

Appendix A - Low Level Aqueous Waste Disposal and Treatment 
Appendix B - Waste Organic Di.sposal and Treatment 
Appendix c - . Geseous we.ate Disposal and Treatment 
Appendix D - Solid Waste Disposal and Treatment 
APpendiX E - Site Cleanup Studiea 
Ap~oo1X F • Pot@nti&l E:t'f ects of Increased Gro\Dld water Ii!vel 

During the course of the study, it became necessary to make decisions 
concerning the breadth or scope or the study and the depth o~ treatment 
on the various alternatives explored. Major limitations and assumptions 
or the study include the :rollowing: 

1. Present and. future activities on the Washington State leased land 
vere not con.si~red in the report. nLacharges to the environment 
on the 200 Area plateau do not include amunts discharged on the 
leased land. Similarly, costs or cleaning up the 200 Area site 
(Appendix E) mke no allowance tor clean up of the leased land. 

2. Capital and operating cost estimates have been developed tor many 
different schemes. With the. limited engineering stat:f available 

DECLASSIFIED 
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ror the study, it vu possible to develop only "rough" estimates of 
eu:tticient reliability to permit comparison ot alternatives and to 
permit a tentative sel~ction or a pr~ warranting more detailed 
et~. The capital and operating cost estimate& far the program 
1~:remente 11boul.d be f1l"llle4 up by ldWitional 1tu4.Y betore their u&e 
u a firm boogeting and engineering commitment basis. 

3. Original ground rules for the study indicated that the chemical 
processing contractor 1hould aas1.1De responsibility for storage of 
all Hanford.generated vutes which can be tl'ILllSported to the 200 
.Areas. In thi• •tuey it has been aHtllled that this l'eepondb:llity 
is Hmi ted to liquid. and solid YUtes generated in the future. 
Wastes already stored in the 100 and 300 Areas or other outlyi?:6 
non--200 Area plateau burial locati01ll8 (tor elCBlllple, "Y" burial 
ground, P-10 Project) are considered outside the scope of this 
study. · 

4. Tritium removal fran discharged wastes (for example, condensates) 
is not covered in the report. Tritium discharged presently is 
dispensed in the "ground water reservoir" beneath the ai te and 
decays to innocuous concentrations prior to reaching potable water 
1uppl1ca ( Colvmbia R1 v,:r) , 

II. St»fARY AND CONCLU,IONS 

The character and magnitude ot a program designed tor pollution abate­
ment on the 200 Area plateau 1a largely dependent on the criteria 
established. for acceptability of Pl'oSl'Ul reaulta. Eat1ma.ted program 
c0tt1 rMBt f;rom a few m1l11on '1ollar1 to muce tht nc;11,r .. term 
potential for ground water contamination to a few billion dollars for 
site :restorat1oo. tor unrestricted use. 

The restoration of the 200 Area J>lateau to a state permitting unre­
stricted use ( except 'for areas containing proceBB buildings) would 
involve the expenditure of about 4 billion dol.lars and would requi~ 
several years to complete; some ot the required operations would have 
a significant potential tor the spread of contaminated :particles to 
the cnviroment. If the project were deterred until 198o, the esti­
mated cast would r1ae to the range of 5 to 6 billion (1967) doll.are, 
depending on the ll8Ste diaposal practices used in the interim. The 
restoration program u currently viau&lized would include the transfer 
to some undesignated "safe" site, assumed to be 1500 miles distant, of 
4. 7 million cubic feet of contamil'lated vastes and 1.5 billion .cubic 
1"eet or contaminated soil and incidental structures, containing about 
500 kilograms of t1lutoniUlll, 370,000 eU1'1u of mixed r1u1on products 
and 94,ooo curies or cesium-137 and 11trontium-90. These estimates do 
not include the high level salt vutes currently being immobilized in 
underground tanks; as indicated in IS0-981, about 500 million dollar11 
YOUld be required to tl'ILllSfer the contaminated salt cakes to the "safe" 
location. The contaminated process buildings were not included in 
either comid.erat ion • 

If one•11 objectives were to reduce the concentration or plant effluents 
at point ot discharge to levels specified by responsible governmental 
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agencies to be sate for unrestricted public access and to confine the 
potential contaminants in minimum volumes onsite, extensive moditi-

. catioo or rac111t1es and processes vould be required. Programs tor 
such control of the release of nitrogen oXides, organic materials and 
a1l. radioisotopes except tritium and tlle noble sues would · cout About 
26 million dollars funded over a period of 3 years or more, plus an 
annual increased operating coBt of about 6 million dollars. After 
completion ot thil program, the annual "release" of radioisotopes 1n · 
aqueous low level vaates wOlld be reduced from 84oo grams of plutonium 
and J.6,ooo curies or m:iXed fission products . to less than 10 grams 
plutoni\111 and 10 to 20 curies ot milted 1'1111on prod.uets. In making 
t~SI! eatimatH, !. t VU ._liumed. that· radioisotopes would be present in 
any potent1.ally co ntam.inated stream at no less than detectable levels, 
although many of the streams would, in fact, be free of ccntamination. 

Whil.e some of the withheld plutonium would be recovered and returned 
to proceBB inventories by the above modifications, some plutonium and 
all of the fission products would be stored in buried concrete 
structures, either with incinerated waste . in burial vaults or vith 
immobilized salt 'WUtes in underground tang. Since these structures 
would have finite lives, they could not be relied upon tor long-term 
collfinement ·al re.dioective material.a. M developed in reference 2, 
however, their location on the Hanford plateau would be sut't'1ciently 
isolated and stabl e that, .with surface stabilization to protect against 
erosion by the elements and m.iniiml site restrictim and surveillance 
to protect again8t human encroacbnent, the ea:tety of long-term confine­
ment could be assured tor the foreseeable :tuture. Ef'fecti vely, the · 

. increased capital and operating expenditurH would. 1~ffUe the measure­
ment reliability of plal'lt .. ettluents, decrease the rate of accumulation 
ot radioisotopes and. organic material.a stored in the soil outside tanks, 
decrease the currently near-innocuous quantities of radioisotopes and 

. noxious chemica1 entering the ground water and atmosphere, improve the 
locatability and retrievabillty of contaminated materials to be stored 
'in the future, and decreaee the cost of site restoration if and when 
effected. If, however, the basic safety of storing immobilized con­
taminated wastes in the Hanford plateau is accepted, an adeqmte degree 
of . protection or the atmosphere and the ground water could be obtained 
at much lower coat . 

The .current step-wise program to provide specific protective devices 
to prevent the largest continui~ and potential · discharges of contami­
nants should be extended. With a capital expenditure of about 6 milli on 
doll.are, and an additional annual operating expense o-r about one million 
dollars, the major potenti&li tor contaminating the atmosphere and 
ground vater could be eliminated. (the f!Nt 20 items of ir.ble !). 

:ror that exi>enditure the amount or radioactivity discbarg~ tc;> t~ grQ\m,;\ 
in aqueous streams would be reduced trom the 1967 rate of 16,000 curie s 
or fission products and 8400 grams of plutonium to annual rates o-r 
approximately 400 cm-1.es of mi.Xed f'1BSion products ancl. leH than 10 p-ams 
o-r plutonium.. These quantities would be 111111111 in comparison with the 
plutonium and fission products discharged to grcnmd in buried solid 
wastes (approximately lT kil.ograms o~ plutonium per year and 35,000 
curies of mixed f.i•don product•). For an additional investment of 
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approximately $3,500,000 and an additional annual expenditure of approXi­
nntely one million dollars, the radioactivity associated with solid wastes 
could be routed to either concrete burial vault storage (incinerator aah 
and decontaminated equipment) or to tank sto:re.ge ( solution :fran equipment 
decontamination), The above $3,500,000 incluAee coc.ta for l.oca.ting and 
marking burial sites according to the We.sing-ton State grid system {Um­
bert coordinates). The basic technology is currently available to 
support all of the proposed programs, although design verification 
testing will be required in many instances. In some cases, develop:nent 
work will be warranted to reduce capital cost if time pennits. The 
currently projected. research and develo]:llll!nt bmget is intended to 
aupporl these activities. 

In the absence of established criteria or safety hazard requiring a 
massive site restoration effort, a practical alternate would appear to 
be the declara.tion of the 200 Area plateau as a site requiring perpetual . 
governmental. ownership with miniJDal surveillance and restriction of 
access. Controlled industrial activities could continue with reasonable 
restriction. Some continuing limitatiollS would be required on irrigation 
or other activities that would raise the water table beneath the site; 
vhile currently pro~oeed irrigation activities could probably be allowed, 
additional zitudy is required betore a definitive anawer can be given, 

A continuation of the current step-Vise program to reduce the quantities 
of contaminants entering t re plant environment would appear to be prudent 
with priority items calling for the expenditure of 3 to 6 million dollars 
aB soon as funding can 'be obtained. The timing and justification for the 
expenditure of e.d.ditiOnAl funds is largely dependent on funding availa­
bility and policy decisions yet to be made. 

Ill. IJ:Jil LEVEL AQUIDOT.B 'WASTE DISPOOAL AND TREATMENT 

Since the beginning of the Hl!lnford proJect, large volwnes of low radio­
activity level aqueous wastes mve been discharged to the 200 .Area "cribs" 
and "sWBmps" under carefully controlled cond1 tions. AS a result of these 
activities, a tota.1 of approximm;ely 3 .million beta curies (at time of 
disclarge) of :re.d1oe.ct1v1ty have been discharged to the environment 
through 1966, as summarized in the table below: 

Specific SWamps 
son and 

Cribs :Retention Ditches Total 

Total Volt.1112e, 1o9 gallon 6.3 0.034 98 lo4 
Gross Beta. CUries * 2 126 000 920 000 113 000 3 159 000 
Strontium-90, curies 30 000 11 800 . 630 43 030 
Cesium-1371 curies 14 700 32 200 500 47 400 
P1uton1um, kilograms 197 4 9 210 
UraniUJ11, kilograms 59 000 51 000 6 000 116 000 

* CUries originally discharged, !nventory in ground. presently is 
significantly lower (about 10-fold) as a result of decay of short 
half-11ved fission products such as zirconium and ruthenium. 
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A detailed breakdown of the amounts charged to individual S\nUIIPS and 
cribs is indicated in Appendix A. The amounts discharged to cribs 
over the years lmve vnrl@d significantly, Olring the years 1951, to 
1958, the highest rate o'f discharge to th'! enviroillllent was noted, · 
reaching a peak discharge of approximately a megacurie of gross beta 
activity in 195~. Dlring this period, some Bismuth phosphate process 
"aged" :fission product wastes were discharged to the environment after 
treatment 1n t~ Uranium Recovery Plant ("scavenged") to remove 
essentially all of the long-lived cesium-137 and strontium-90. At 
the completion of the scavenging program in 19581 discharges or fission 
producta to the environment vere at low levela, e.vere.gi~ 30,000 beta 
euries per year for th! period 1959 through 1963. In 1964, diseharses 
to the environment 1ncreased to approximately 2501 000 beta curies with 
JnOdified. Purex vaste concentration techniques increasing the release 
of radioruthenium and coil 1"a1lures contributing to the total. 

In 1965, the Chemical Ptocessine; De~ment initiated a pr~:ram 
desfsned to reduce the discharges of radioactivity to the environment. 
Efforts to date have been quite successful, with t~ f'ollmring annual 
fission product discharge rates resulting in lov level aqueous streams: 

1964 
1965 
1966 
1967 (est.) 

2501 000 beta curies 
141,000 beta curies 
101,000 beta curies 

16,000 beta curies 

In this study, methods of further reducing discblrges to the environment 
have been explored. In AppendiX A; two llllJor schemes are developed. 

Scheme I: Scheme I, in a sense already in progress, employs a 
systematic approach to reducing discharges to ground. Those 
streams which are the major contributors to environmental 
pollution can be attacked first with subsequent attention 
given to streams of lesser importance. Gre.<iually, vith e. step­
wise expenditure 01" money for new facilities, discharges to the 
environment would be reduced to very small quantities. Scheme I 
stresses reduction in the radioactivity discmrged to the enViron­
ment .but does not necessarily result in discharges havins radio­
llW:l;td~ concent~tiops below drinking -.rater limits. 

Scheme II: Scheme II is developed on the premise that aqueous 
discharges to the environment at concentrations exceeding drinking 
water limits should be discontinued as soon as facilities can be 
provided. It would involve a major engineeri~ and construction 
program. 

Scheme I Summey 

Since Scheme I employs e. step-vise approach to reducing re.dioact1ve 
discharge to the environment, widely varying capital investment and 
operating costs can be developed. depending upon the reduction factor 
one wishes to achieve. Costs :for the individual plant and operating 
mode moditications required to implement the scheme are itemized in 
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Appendix A. In the table belov pertinent radionuclide discharge data 
and coat data are presented t'or Scheme I it carried through to completion. 

Overall Scheme I Sunmary .Iata 

Capital Cost 
AnnUal Incremental Operating Coat 

$5,200,000 
$1;200,000 

Annual Radionuclide Discharge Rates 

Est1mted 
1966 1967 

Beta curies 95 000 16 000 
Sr-90 curies 521. l.60 
Plutonium, grams 2 800 8 400 
cs-137 curies 850 250 

Predicted 
Arter Scheme I 

Comfletion 

400 to 500 
4 to 6 

,<lO 
4 to 6 

· In addition to providing facilities tor decreasi~ radioactive discharges, 
the $51200,000 capital investment provides equipment and instrumentation 
designed to canplete the monitoring of all re.diCBctive or potentially 
radioactive streams discbargillg to the environment. In addition, fac1li­
t1ea are provided to reduce the risk of aend.1t1g large discharges to the 
environment due to proceae am/or equipnent malfunction or failure. For 
example, normally "cold" B Plant cooling water would be autanatically 
routed to tank storage for return to proceas evaporators if coi1 :f'ai1ure 
occurred. 

The above table indicates that discharges to the environment are . signi­
ficantly reduced. However, some i'CiJ.ividual streams will still be above . 
drinking water limits. 

If one takes the total vol\lDe of aqueous wutes discharged to the 
environment am asstmeS the contained radi.01J11Cl1clea are tmiformly dis­
tributed in the 'IIBStea discharged; the follovi?lg concentrationu would 
result: 

Gross beta, 
picocuries/l 

5trmt1um .. 90, 
plcocuries/1 

0-,&,1'1.W•:l-37, 
p1cocuriee/l 

Total Discharge 
Distributed in 
Cribbed Waste 

Only 

250 

250 

Total Discharge 
Distributed in 
TOtal Aqueous 

waste · 

i 000 

15 

15 

Plutonium, 
picocw:iea/1 26 

*Varies, depends upon . 
. 1pec1t1c nuclii!es 1nvolve4, 

. . I. I ; I 
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With Scheme I provided, the &Mual d11charge rates for long-lived radio­
nuclide& would be extremely •mall in comparison vith the inventories 
al.ready present fo the ground a.a indicated below: 

Inventory in Ground Annual 
Previous !eaki From Discharge 
Cribbing Waste Storage Rate Arter 
Activities Tank• Total Scheme l 

Ca-137, curies 47 000 90 000 137 000 4 to 6 

sr-90, curies 43 000 Negl 4j 000 4 to~ 

Pu, kilograms 210 Nesl 210 <0.010 

;rn tact, the annual low level •iueous discharge rate• for ceaium-lJ7 and 
itrontium-90 would be approxim.tely 0.2 a.nd 0.7 percent, respectively, of 
the annual dee~ rate of the in.ground iaotope inventories acc\Jllulated 
trom previous aqueoua va1te diechargea. 

Scheme I is interrelated vith the ITS (in-ta.nk solidificatiai) program.. 
Scheme I uses tanks freed up by the ITS program as collection recei vens 
tor diverted ctr-standard YUtes and as pump tanks ror transterri:ng 
wastes from rac111ty to :racillty. Consequently, close tank farm and ITS 
echeduling would be required to free-up required tanks in e. sequence 
vhich vill permit early adoption of Scheme I. Funding, design, and 
construction vould require a minimum of tw yeara for many Scheme I · 
items. Consequently, required tanxaee ahould. 'be available as required 
to achieve most the indicated Scheme I radioactive discharge reduction . 
Aa more tankage (and excess ITS boilott capacity) becomes available, it 
vould be possible to achieve some e.dd1 tional reduction in radionuclide 
discharge by diverting vaates of lower radionuclide concentrattons to 
tMkAge, 

Scheme II Sumary 

.AIJ has been previously indicated, Scheme ll provide• all the 1'ac1lities 
:requi.Nd to reduce the radionuclide concentration• ( except tritium) i n 
all aqueous streams d11cbarged to tbe environment~ As developed. in 
detail in Appendix A., t-bese facilities vould coat an estilllated 22 million 
dollars capital investment and an · incremental operating cost of 
5 million doll.are per year. llUically,· the scheme would provide ':facili­
tiee for accomplishing the following: 

1. Monitoring (or bat.ch aampl:ing) all atreama <iiacbarged .to eu.aure 
they are belOW' allowable discha~e limits • 

2. Diverting off-standard streams resulting :from equipnent failure or 
accidental ml-operation to retention basins or storage tankage 
provided to receive the stream while the offending plant is shut.-
down or the failure corrected. · 

3. Either returning the nonstandard liquid to the originating plant 
tor retreatment or tranaterring it through the exieting underground 

I l• l . I i'. • j 1 1 
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4. Treati~ various solutions at U Plant by boiling to produce con­
densates which can be directly discharged. to the environment. The 
U Plant concentration facility would process a wide variety ot 
solutions including: a) solutions from other Jllnford contractors 
which cannot be directly discharged to the environment because of 
high radionuclide content or objectionable chemical· content, 
b) solutions trom the prc:duction facilities that require additional 
treatment, c) the nonstandard solut:k:>ns collected in the retention 
system discussed above. 

Comparison of Scheme I and Scheme n 
Scheme I and Scheme n both have the overall objective of reducing the 
amoimt of radioactivity discharged to the environment. Scheme I, as 
addit1oml :rcme41al steps are added, gradually approaches the radio­
nuclide discharge rates associated with Scheme II. With Scheme I in 
place, the annual discharge would be approximately 400 beta curies per 
year as compared with an estimated 5 to 10 beta curies per year dis­
charge rate for Scheme II. Although both of these discharge rates are . 
very low in COll1P6rison with present rates., the ass\ll'ance that !iUCh low 
level diachargea vill be attained. year after year is greater with 
Scheme II. This 18 due to the more comprehensive retention aystem 
included with Scheme II. Although annual discharges with Scheme I in 
place are higher than those of Scheme II, adoption of Scheme I would 
permit slightly quicker reduction in discharge rate. Some of the 
Scheme I atepe could be adopted within a year or two to achieve a 70 
percent reduction in ·discharge rate of fission products to approXi­
rnately 5000 beta curies per year and essentially eliminate the plutonium 
discharge, while Scheme II activation would require approximately 4 · 
years for achievement of its lower long-term discharge rates. 

IV. WASTE OOOAm:C DISPOOAL AND~ 

Currently, waste organic from the solvent extraction plants is dis­
charged to the environment in either of two ways. In aome instances, 
discrete batches of ''bad" organic are discharged to special "cribs" 
nth d111charge volume limited by the Sl)ecit'ic soil retention ca;pac1ty 
of the soil. In other cases organic increments as separate phases are 
included in aqueous wastes diacharged either to cribs (Z Plant) or to . 

· underground storage tanks (for example, in Purex organic wash 
aolutiODS). Such organic wastes introduce their contained radionuclide 
directly to the environment or canplicate subsequent cribbing or treat­
ment operations. The amounts dtscharged trom tre solvent extraction 
plants are sUIIIIIIBrized below: 
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B Plant (F.stinated) 

Z Pl.Ant ~clanation Fscillty 

Total Discarded 
"Bad" Batches 

(Volume, Oe.llons) 

4o ooo 
( 10 000 curies) 

10 000 gal/yr 

Entrained or 
Discarded 

with AqueoUl3 Volume 
(Oe.llons per Month) 

3 000 to I> 000 

400 to 8oo 

l 000 

In .Appemix B or this report, 111ethoda of reducing the discbt.rge of 
organic to the ground have been presented. lns1cally, the preferred 
method involves the following basic approaches: 

1. Provide mod1!1ed plant rac111t1es (for example, improved deeanters) 
and treatment processes which would minimize the amount of organic 
discarded fran the plants 1n the form · or either ''bad" batches or as 
entrained organic. 

2. Prc,vide sane surge storage te.rJka8e at each plant specifically for the 
"bad" batches ot organic vh:lcb occasionally result anc1 which do not 
respond :favorably to no:rntal plant organic treatment procedures • 

Organic collected in the suzge tankage which cannot be returned to 
process would eventually be bauled ·by trailer to the incineration 
facility d,iSC\lBted later , 

The capital. an4 incremental c08ts required. to prov1.c1e and. operate these 
organic mndllng facilities are s\ll!lllarlzed below: 

Purex: Deca.nter System 
Surge System 

Z Plant: Surge System 

B Pl.Ant: Decanter System 
Surge System 

Total 

o,.p1ta1 cost 

$110 000 
165 000 

170 000 

130 000 
165 000 

$74o 000 

Incremental 
Operating cost 

*10 ooohear 

V. GASIDU3 WASTE DISPOOAL 

I l 

Tbe review of the gaaeoUB treatment systems and disposal practices of the . 
Cbem1ca1 Processing Department indicates that the plants are in generally 
good control and, for the lllOSt part, discharge systems limit personnel 
and environmental contam1mit1on at accaptably low level•• In Appendix C 
the discussion centers largely abo\It the following limiting d.itJcharge 
aituationa encountered in the study: 
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! ! "\\ :: ,.1 I I · I 



Page 17 of 241 of D8637403 

I 
I 

-~··· - ·---- - --.. . ..... - - .--.. ~•·"'~•· ... ~--... - ·~ .. . ,~.-• ~ - · - - . - ___ ...,__~ ....... " _ _..~ ...... - ..,.._ ...... .. - ~. ,._..., ______________ .. __ ~- •--..--·- -----

.i 

1. Iodine-131 and krypton-85 discharge f'r<:m the Purex stack. 

2. Jfi'trogen d.10X1d.e (N~) diacllarge• trm the Purex atack, the 003 
Plant stack and (probably) the 24-4-AR Vault stack. 

Iodine-131 disc~s from CPD stacks, in 1967- lave averaged o.o6 curies 
per week as compared vith a control guide limit of 3 curies per week. 
The control llmit is calculated from allowable occUJ)8tioml breathillg 
concentration limitll ractoring 1n meteorological data to develop stack 
diecharge limits. Altho~h 1od1ne is currently no problem based upon 
euch limito, ·it could. becaae a problem if land imm,diately adjacent to 
the 200 Dut Area wre .releued !or ·mirestncted use. At such a t1111! 
the land coul.d be uaed tor grazing dairy cattle and a more restrictive 
diacharge limit (baaed upon iodine-131 limit in milk) would be required. 

~n..85 is not ot concern at the tuel 1rrediat1on levela and pro­
ceeaq; rates considered in this study. Calculations indicate that 
concentrations 10-fold above the recanmended "continuous breathing 
l1Jllit" can exist tor short periods ot adverse atmospheric dilution in 
locations near the Purex Plant. However, vhen integrated eXpOsure to · 
individuals is calculated, annual exposure resulting from :krypton-85 
is a small fraction of permitted annual limits. It should be noted, 
however, that krypton-85 nay become a 1ong-term problem of an inter­
national acale as ever larger amowita of krypton-85 are discharged to 
the at1110sphere f'ran the increasing process!~ of highly irradiated 
power reactor' fuels. 

Nit~n diaxide 1s presently the "air pollutant" of primary concern 
vlth n the c6eiiilcal ProceHi!lS Division. Although definiti've air 
sampling datA are not avail.Able, the limited dat.A which do exist 'tend 
to corroborate meteorological mtbematical models which indicate 
pote'ntial problema With the N02 concentrations in the atmosphere in 
the vicinity of the Purex and ~ Plant stacks. AB is indicated on 
Table I ot Append.ix c, calculations indicate that at one mile fran the 
Purex stack N°'2 concentrations could in:t'requently reach as high as 
100 PIC• Although auch concentre.tiom are experienced for shcrt time 
1nt.ervals1 they exceed the guides established by .American Conference 
of Government Industrial Hygienists. 

VI.· DISPOSAL OF RADIOACTIVE SOL!m 

Since the beginning ot the Hanford Project, appronmately 4.5 milllon 
cubic f'eet ot aolld radioactive vaates bave been buried in the 200 Area 
plateau in t'ifteen burial gardens ·totalling 130 acres • These wastes 
vuy Widely 1n composition from cardboard boxes of low rad1cact1vity to 
"hot" failed stainless eteel equipment. EstiDBtes indicate tbat the 
buried wastes contained 350,000 beta curies of' activity when buried 
(50.,000 currentiy atter al.1owi~ tor decay), and :350 kilograms of 
pluton!Ulll. Decently, AHHCO baa been directed by the AEC to store "dry" 
vaatea f'rcm all Hanford. contractor& in the 200 Area burial gardens. 
With the volume ot these wastes included, the rate ot burying aolld 
waste vill increase to 360,000 cubic feet per year and tbe rate of 
· land usage will incnaae f'rcm 6. 5 to l2 acna per year. .Aasuming that 

.... ... 
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VII. 

burial practices remain unchanged, approx:tmately 9 million cubic feet 
of solid waste vill be buried by 198o and 300 acre.e of land Will have 
been "conaumed" as bur1al gromida. 

studies, reported in detail in AppePUx D, have been m4e to explore 
alternative methocl8 of handling eol14'waates. i'he purpose of these 
studies was to develop cost data for concepte aimed at achieving one 
or more ot the tollowi~ objectives: l) reducing buried waste volume 
and land usage, 2) reducias radicmuclide content of buried waates, 
3) improviDg waste retrievability and locatabillty, and 4) improving 
i,r0tection of the gene1"1.1. ~ubllc fr'Clil such wastes • 

Incineration and cani-ction have been studied as :methoda for reducing 
lov level vute volme. Decontamimtion ot tailed equip11ent 1a developed 
as a method or reducing the amount ot radianuclides diecharged to ground. • 

. Burial of incinerator "aah" and clecontulimted proceas equipment in large 
concrete burial vaults would improve retrievabill.ty and locatability. 

Incineration at low level canbust1ble wute (approximately 220,000 cubic 
feet per year) would reduce the volume ot inc ine:rable waste by a !actor 
of about 20, reducing the total solid radioactive waete volume !ran 
36o,ooo cubic feet to 145,000 cubic reet (60 percent) and land consunp .. 
tion from 12 acres to 5 acres per year. Decontamination of failed 
equipnent would transfer 201 000 curies (Bo to 90 percent) of fission 
products and 0.5 to 2 kilograms of plutonium. from the burial gardens 
to tank sto?'88e. 

'l'he total coet of providing the ary vaate facilities is $2,700,000 and · 
the incremental opera.tin& coat ·associated vith the tacillties is $7751000 
per year. Theae totals are developed aa follows: 

Facilities 

Incinerator 
Decontamination Facilities 
Buz-ial Roi,t 1'9,.cility 
Concrete Burial Trench 
Bur1.al Garden Survey and Marking 

Total (Rounded) 

Ot.pital Cost 

$ 950 000 
l 400 000 

80 000 

325 000 ** 
l2 700 000 

Annual 
Inc.re1211:tnwl 

Operating Colt 

$ ti.25 ·ooo 
350 000 

?{Q lnCl'e8$e 
200 000 * 

No Increase 

i 975 O.Q;Q 

* Required each year for concrete burial vaults to handle waste 
developed. 

,.. A one-time ~nae cggt, Jot a nol'IIIAl capital coat, 

SI'l!: CLEANUP CONSIDERA!l'IOE 

OV'er the years, u a result of the proceHing activities in the 200 Are&a, 
portioms c:,t the area (:ror example, cribs, nampa, burial gardens, acci­
dental spill areas, \lllderground piping) lave been contaminated with 
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radionuclldes and are no longer suitable ror unrestricted wse. In their 
present loeation these radionucl1des do not constitute a hazard to the 
public and, barring an~orseeri. climate change, could be lett tm­
disturbed. However, aa a part or the low level waste reevaluation 
program, studies have been mad.e to d.etenrl.ne the · extent of . "environ­
mental involvement" and order-of-magnitude estimates have been made 
or the cost of digging up tbe contaminated areae and transporting them 
to a presently unknown "more optimum" burial site. (For study purposes 
the disposal a1 te is assumed to be a salt mine in Kansas.) As 
IWllllll,l"iZed below, tbcoe 1t\Kliei, 1M1CA'te that BPF.Oximately 4 billion 
doll.ans voula 'be required to di« Up caitlanune.ted &reu e.eeumulated 
since 1943. 

Type of 
Cont.amiMted .Area 

cr1bs 
l3WBmp8 
Spill Areas 
Burial Gardens 
Unde~rotmd Lines 

Total (Rounded) 

Millions of 
CUbic Yarcte Coat I Millions 01: 1967 Dollars 

Rellllved EXcavat1on Tran.8portat1on Total 

11 
31 
1 

l2 
O.o4 

48o 
140 
. 3 
8o 
2 

700 

l 300 
500 
100 

l 300 
---1 
3 200 

l 78o 
640 
103 

l 38o 
7 

~ 
Studies were also made to determine the additional environmental involve­
m=t wh1<:b would n1Ylt tr9m ~ie,tion between 1967 and 198o. · Studies 
'RR aade as11Ulllini either: l) treatment and disp09al practices remain 
quite similar to thoee employed today (:Basis I), or 2) total practices are 
modified to minimize tutm-e enviromental involvement (13asis JI). (For 
example, incinerator provided, cribbing reduced, concrete burial vaults 
provided.) As is indicated in the table below, incorporation of modified 
:practices would eut "removal'' costs 1n halt, reducing costs :for _the 1967. 
1980 contamination relll)V81 rran 2 billion to l billion dollars. 

Cfib!I 
Swamps 
Spills 
Burial Gardens 
Hot We.ate L1nel 

Total (ROUDled) 

Additional •Site Cleanup Coats 
(Opiirntfon trm 1967 to l$!0) 

I I ! I I I : ~ : 

Millions of 1967 Dolle.rs 
Baiis I Basis II 

Treatment and 
Disposal Practices 

Ess_entially Ulcbanged 

7 
0 

58 
l 870 
-2 
g 000 . 

Facilities Provided 
To Reduce 

Environmental 
contamination 

4 
0 

58 
945 

---1 
l 000 ·-
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The above estimates do not include costs for remving the high and 
intermediate level 8alt wute& trom te.nkl or costs ror dismantllll8 the 
separations pl.ants and caitaminated plant auxiliaries . Costs of . 
removing tanked wastes have bee~· previoualy developed in IS0-981 
(Rererence 3). 

In developing the preceding figures it vu assmed that contaminated 
areas would be excavated such that the rema1n1z,g contamination would 
cODBtitute only "nuisance contamination" 1t people were to dig 1n the 
excavated lll'CG81 It &ltcnat1ve u1~ions vere made1 site restora- · 
tion coats vOUld be 1ignifieantly reduced. For emmple, if 90 pcn:el:lt 
:removal ot plutonium and riss ion product growld inventories was the 
goal rather than the more canplete removal or the previous etudy case, 
the 4 billion dollar estimte could be cut eHentiall.y in halt. · 
Similarly, excavation and re11DVal of major plutonium and fission 
product inventories vi.thin 30 feet or the grotmd surface could be 
accomplished for roughly 2 billion dollars. 

Order or magnitude estimates have also been made or th! cost of digging 
large caverns in the basalt ben~ath the 1)1'0Ject area am burying the 
excavated soil and. materials 1n the cavern rather than transporting 
to a 1500 Jllile distant disposal area. These estimates inillcate digg~ 
a 55 million cubic yard cavern at depth 1n the baaalt would cost l.5 t o 
2 billion doll.an and the overall cost voul.d be comparable to the 4 
b1111on dollars required for excavating the wstes and transporting 
them to a 1500 mile distance site. 

VIII, En'EC'l'S OF INCRF.ASED W.A1'E.R TABLE EIEVATIOE 

COnsideration is occ:aaionall.y given to conducting activities in the 
Hanford general area (for example, land irrigation, l3en Franklin DBm 
constr'IX:tion) wich would result in ra1s1~ the level of the ground 
vater beneath the 200 Areas. Such increases in groWld water level 
would disturb the present ground water :flov i-ttems · and would intm­
date contaminated soil areas (tor example, lower portions or crib · 
sites). As a part or the low level waste reevaluatit11 etudy (Appen­
<liJc r), atudiea were made to determine the effects an increased water 
table would have on radionuclide · inventories in the grotmd. 

Initial efforts were expended in determining radionuc11de distribution 
1n the soil fran the present water table to elevations 100 feet above 
the present level. As 18 indicated 1n detail in Appendix F, the 
amounts of long-lived radionucll~s in the soil layer la quite low. 
Drilling at inactivated 11te1 and well lCJS&illg atudiea have shown 
that long-lived radionuclldes such as cesium-137, strontium-90 and 
plutonium arc hel4 up al=oet quantitative~ (more than 99 percent) i n 
the upper 30 feet or a crib disposal site. The studies indicated 
that approXiJllately 60 curies or cesium-137, 70 curies of cobalt-60 
and 130 curiee of etrontium-90 are · present in the 100-foot ground 
layer e.bove the present water table . 

The second plase of this study vas concerned •Vith predicting vater 
table increases and clanges in !low patterns for an assumed 1rrli;at1on 
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· study case. For the ass\llled study case (55-square miles irrigated, 
Ben Franklin DBm reoervoir at 400-foot level, no discharge of reacto~ 
water inland -- see Append.ix F for details) increases of 8o 1'eet and . 
40 feet 1n water table under the 200 West and 200 East Areas, 
respectively, were predicted. The study also indicated. the d.irectiet1 
of main ground vater now would be cmnged from the currently pre- · 
dominant southeast pattern to a northeasterly pattern. Ground water 
travel time to the river for the new flow pattern 1s predicted to be 
approximately the same ( about 12 years) as the present main flow 
p.ttern. However, a possibility exists that a 1'raction of the flow 
could get to the river in ai, little .u 2 ye&l.t'B, 

Since the loDg-lived fiHion product inventory 1n the 100-f'oot soil 
layer above the water table is low and since the rate at which the 
inventory would be intmdated and leached would be slow (at least 5 
years), cesium, strontium and cobalt concentrations 1n the river 
would be several orders-of-magnitude bel011 drinking water limits, even 
11' one assunes no reabsorption as the long-lived radionuclide travels 
toward the river. 

The major impact ot increaaiDg the ground water level 8o :feet would 
be ·associated. with the lew f'ran "high" level vut~ tllkl. Pff1ently, 
some tank bottCIIIS are 150 feet !'ran the water table and leaks have 
penetrated as f'ar as 20 feet beneath the tanks. · If the water table 
raised 80 :feet 1t would be 70 feet fran the tank bottan and only 50 
feet from highly contamined "leak" areas. 

IX. ACTION PLAN 

I ' 

In the preceding diacwssians variOWJ wan ::of reducing environmental 
involvement in the 200 Areas have been presented. The associated costs 
are sanewbat related to the reduction in involvement achieved. For 
example, for an estimated capital expenditure ot $5,200,000 for Scheme 
I low level aqueous facilities, annual aqueous radioactive discharges 
to the cribs and swamps would be reduced from the present 16,000 beta 
curies and 10 kilograms of plutonium rate to a 400 beta curies and less 
than 0.010 kilograms of plutonium rate. With tbe appreciably larger 
expenditure of 22 million dollars (Scheme !I) i\trther reductions to 
10 beta curies and · leBS than 0.01 kilograms or plutonium per year could 
be achieved. Although the ulti.mte decision on the facilities to be 
prOY'ided. rests with the AEC, Atlantic Richfield Hantord Compe.ny has 
developed the f'ollOlfins action plal:i f'or AEC review and coneideration. 
Thu · action plan ms been developed after c:onaideration of tlE 
followiDg interrelated factors: 

l. The capital and operatirg costs of the alternatives and the 
red.uction in environmental involvement likely to be achieved.. 

2. National desire to reduce "pollution." 

3. Comparing the environmental involvement af'ter incorporating modi­
fications with the overall environmental involvement resulting 
from operations to date. 

DECLASSIFIED 
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It-. Short-term and long-tem a&t'ety. 

5. Availability of :tunds. 

Overall, the action plan involves a steP-viae progrem which wou14 be 
gradually put in place over a 3-year ·period. In total it would ·1nvolve 
a capital. expenditure or appraximately 9 JD1ll1on dolla.ra and increaaed 
annual operating coats of approximately 2 million dollars. Major items 
contributi~ to the 9 million dol.lAr prosram are as ·itemized 'belav: 

Scheme I -:- tow level Aqueous Waste 

Organic Waste Facilities 

· Gueoue Waite Faeilitiee 

Solid Waste Facilities: 

Incinera.tor 

Capital 
Coat 

Annual 
Incremental 
Operating 

Coat 

$1,m,000 

~ 10,000 

540,000 Credit 46,000 

Equipment Decontamination Facilities 
_1,000,000 
l,'400,000 

200, OO()ll-

430,000 
:,50,000 

Concrete Burial Vaults 
Survoring mi ~ 

TOTAL $9,M0,000 

Plus 200,000 
per ;rear 

TOTAL (rounded) $9,000,000 

C 325.000 )ff 

$1,9U,OOO 

:,25,000 once 

$:.!,000,000 

* Not a normal operating cost, rather a recurring capital 
expense. -

ff A one time expense item. 

In the above table, $540,000 ia indicated tor gaseous waete treatoent 
facilities. 'nib tigure &allUlllee that t~e Na, enviro:rnental monitoring 
program presently under way will contim ·that the predicted ?-n.i treat ment 
equipment is required to meet specified ?Ila breathing limits. 

Although the total program is outlined tor early action, funding limi­
tations mq dictate delq or elimination of portione or the overall 
program. Coneequontly, a priority Hating ha11 bnn developed for the 
various iteme c·ontributing to the $9,000,000 total' program and le 
attached as table 1. · 
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As has been previously indicated, irrigation of large areas in the vicinity 
of the Hanf'ord plants can produce large 1ncrea,ee in ground water levels 
(as much as 80 feet for the case studied), and the 11 dry ground distance" 
beneath high level waste tanks could be reduced approximately 50 percent 
to 70 feet. Thie would reduce the margin of saf'et.y f'or high level waste 
tank leakage. Therefore, it is recommended that extensive irrigation in 
the Hanford area be approached cautiously. If land is released for 
irrigation, it should be done in increments, and only after careful 
assessnent of the overall ground water situation. Irrigation should not 
be permitted in an unreetricted or irreversible maMer. Should predicted 
water table increases be exceeded, it should be possible to discontinue 
irrigation. · 

X. RESEARCH AND DEVELOPMENT 

: I I ' i 

The research Md development programs conducted in recent years have 
provided the technical base required for moving immediately into the 
design and construction or facilities for pollution abatement. The 
proposed low -level aqueous treatment echemee rely largely on ion exchange, 
eolution recycling, and solution evaporation as treatr.l.ent methods. 

Some proof testing wou1d be required to demonstrate that ion exchange 
technology is . applicable to the epecific atreruns to be treated. Ion 
exchange technology is already being tested on a plant prototype scale 
(ITS #1 condensate), with positive results to date. Effects of recycling 
streams within the Purex Plant are already being studied in the labora­
toriee, and the first sta~ o! plant testing b contemplated soon • 
t·lhere evaporation proceaaing is employed, review of the stream composition 
involved indicates striking similarity with streams previously success­
fully evaporated and de-entrained. 

The main organic treatment scheme presented in the study employs decanting 
to _reduce organic diaeharge, storage of "ba.d'' batches of organic, and 
incineration of the "bad11 eolvent as a method of .final disposal. Devel­
opment and demonstration 'hQuld be required to provide decanters suitable 
.for plant use. Corrosion testing would be required to determine the 
corrosion resistance of storage tanks considered ,for storing CC~ from 
234-5 Building operations. Organic incineration studies wou1d be con­
ducted as a part of the solids incineration development program die­
cussed below. 

for tho ;,olid we,1to treatment qtt$1l!e, the main research and develop~ent 
ef!ort would be aeeociated with development of an adequate off-gas 
treatment chain !or the incinerator off-gases. Although of!-gas treat­
ment work .has been performed in many locations, and incinerators are in 
use by the French and others, prototype testing would probably prove 
desirable to minimize start-up problems and assure total system 
adequaey during initial operations. Ruearch and development would be 
required to identify corrosion-resistant materials for use in the off­
gas train. 

DECLASSIFIED 
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Some instrument development work would be required to develop instruments 
of improved sensitivity for monitoring NC\i and the low rad1eaet1v:1ty 
levels present in efnuent streams. Work would also be required to 
·develop an instrument system capable of mea1!!Uring the radionuclide con-
tent of solid wastes discharged or buried. -

In addition to the above items which would receive major emphasis, sone 
efforts would be directed toward the development of attractive alterna­
tives to currently identified solutions to specific problem areas. The 
alternative= woul'1 'bo implemento4 11' evaluation ahowa thoy arc l'Jufficil!lntly 
attractive (e.g., significantly reduced capital or operating costs, more 
effective stream clean-up), provided the required research and development 
can be completed in time to permit ndoption. 

In recent budget planninB, the following research and development funds 
have been requested for low level waste activities! 

Fiscal Year 1968 

tiscal Year 1969 

Fiscal Year 1970 

$Zl5,000 

$,375,000 

$400,"ooo 

This expenditure pattern auumee that the bulk of capital funds will not 
be provided before fiscal year 1970. It 18 expected that- the above 
listed research and development items associated with "proving out'' the 
reconmended action plan could bo incorporated within the above funding , 
Rooriontation ot ot'torta D.nd changoa in program emphHia MY be required 
to match the construction schedule that is finally adopted. 

XI. JIAZARDS 

The aehemea considered for adoption do not contain a~ major ha!ards that 
have not been previoualy encountered in Hanford operations. Ion exchange 
azx1 evaporation have been routinely employed on "hotter" streams than 
those to be treated. Incineration of combustible wastes containing 
flnnion productn in Addition to plutonium wuld bg a n@w opgratlon for 
Chemical Proceseing Division. However, 11¥)st or the hazards have been 
faced in the operation of the 2,4-5 Building plutonium incinerator and 
its associated orr-gae train. As individual processing additions are 
made, hazards reviews would be made to assure operational safety. 

By reducing the amount or activity discharged directly to ground, and 
by routing increaaed ariounts of fia •ion products ard plutonium to 
storage (e.g., tanks or concrete burial vaults), environmental involve­
!!ll!flt H!ulting from futUN! P.Ctiv1ti.u would he redue@d. 
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ARHOO mrrATIVE PRIORITY LISTING 

Item (Ex:t>ected. Reauital Ca~ital. Cost 
{See Note l.} 

Route all ARHOO Special Services waste, $ None 
BNW waste, 00N waste to Redox for 
concontret1on, (Red\&Ce <l11cbarge to 
ground. 2700 curies per year. ) 

Z Plant high salt wastes routed to storage 540 000(5) 
instead of Z-lA tile field. (Reduce 
plutonium discharge to cribs approximately 
7000 gNJU pel" year.) 

Z Plant .organic surge tank. (Reduces tank 170 000 
canplications it Z Plant high salt waste is 
routed to storage.) (See Note 3.) 

Diversion of B Plant cooling water and steam 125 000 
condensate to tank if' high in activity. 
(Eliminate risk of a large discharge to 
ground.) 

D1ven1on or 2l+l•AR Vault cooling water to 11+5 000 
tank. (Essential~ eliminate risk or a 
large radioactive discharge to swamps.) 

PUrex steam· condensate. · Dlvert small portion 16o 000 
of stream to tank for later bo1lof1'. 

M:>n1 toring and alarm equipnent on Purex 35 000 
cooling water. (Permits :f'ast focusing on problem 

· before 1 t becomes a serious swamp · problem.) 

z l'~'t F-QQ~H QQ~~~~ ~'tecl to ~e 
instead of Z-12 crib. (Deduce plutonium 

l90 QQQ(5) 

discharge to ground approximately 1200 grems 
per year.) 

Purex ammonia scrubber vaate to Redox ror 435 000 
concentration (aee note 4). (Reduee radio-
activity discharged. to ground approximately 
6000 curies i,er year. ) 

Facill ties for recycling Purex process condensates · $ 440 000 
in Purex. (Reduce curies cribbed appro:x:l.mately 
2200 per year.) 

ARH-231 
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Incremental 
~rati!!f:5 coat 
See Note 1} 

$ 173 000 

83 000 

Negligible 

Low. Depends 
upon frequency 
of diveraion. 

Low, Jl!pend!I upo 
frequen~j" of 
diversion. 

63 000 

3 000 

67 000 

99 000 

155 000 
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TABLE I 
ARHOO Tm.rATIVE PRIORITY LISTING 

0 
DECLASSIFIED 

Item (Elcpected Results) 

ll. Provide facilities for treatment ot 241-A and 
·AX tank farm condensate, :B Plant proceBS 
condensate and rrs No. 2 condenaate. ·. (Beduce 
discharge o~ ·cesium and strontium 75 curiea 
per year.) (See Note 2.) . 

.12. Segregate Purex lab waste and send curies 
fracti00 to concentration facilities :1n Purex. 
(Reduce curie discharge 150 curies per year_.) 

13, i3 Plant decanter (Reduce organic going to b:1gh 
level w.ste tanks. ) 

14. B Plant organic surge tank. (Provide roan for 
storing "bad" organic and eliminate · ground 
discharge.) · (See Note 3.) 

15. Purex decanter. (Reduce organic going to high 
level waste tanks • ) 

~16. Purex organic surge tank. (Provide r0a11 tor 
\ .. , storil:Jg ''bad" organic and eliminate g:i;ound 

disposal.) ( See Note 3.) 

17. Ion exchange facilities for 242-T process 
condensate. · (Reduce cesium-137 disch~e to 
ground approximate~ 4 curies per year.) 

18. Purex N02 treatment, 293-A system and sugar 
denitration system. (Beduce N°'2 out Purex 
stack.) 

19. ~ Plant stack mod1!1cat1ons. (Eliminate 
N~ problem. ) 

20. 244-AR stack replacement. (Elim1nate ~ 
problem.) · _ 

2l, Frovi<ie equ11)111ent decontamimt1on tac1l1t1ea 
at T Plant and tank :re.rm. (Remove 8000 curies 
per . year from equipment buried. ) 

capital Cost 

$ 2 500 000 

16 000 

110 000 

165 000 

110 000 

165 000 

242 000 

455 000 

35 000 

30 000 

88o 000 

ARH-231 
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Incremental 
Opere.t~ cost 

$ 435 000 

·' C :: 

18 ooo 

Negligible 

Negligible 

Negligible 

Negl1gible 

48 000 

Credit 46 000 

225 000 

22. Incinerator. (Beduce ground consumption fran 
12 acres to 5 acres per year; make waste more 
compact and or low enough volume to · pemi t 
concrete vault storage at "reasonable cost;" 
provide organic burning.) . (See Note 3.) 

$ l 000 000(5) $ 430 000 

0 
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ARHCO TENTATIVE PRIORITY LISTillG DECLASSIFIED 
Item {Expected Aesultsl 

Plutonium decontamination facilities. 
(El.1minate burial of 2000 grama plutonium 
per year. ) · 

Provide monitoring measurement capability 
and 1n ,oiiie cMeD vol\l!!C holdup on low 
potential discharge streams 

a) 234-5 and 231-Z Ditch $120 000 
b} 224-u Swamp discharge 35 000 
c) Purex chemical 35 000 
d) lmJ)l'Oved stack monitors 20 ·000 
e) Purex crane maintenance 

facility waste 44 000 
1') Radiation probes on Purex 

French drains 16 000 
g) Purex 203-A French drains ~~ 000 

Provide diversion capability on 231.z 
hood sink and floor drain waste. 
(Ellminate ten grams plutonium per 
year to cribs. ) 

Surveying site (!Ambert coordinates) 
and marking sites (Improved · 
locatabili ty. ) 

concrete burial vault for storage of 
bUl'ied vaste - costs assume incinei-ator 
facility is provided. 

TOTAL 

NC1.l'E3: 

capital Cost 

4So 000 

325 000 

95 000 

$9 173 000 

ARH-231 
~ 27 

Incremental 
Operating Cost 

$ 125 000 

60 000 

15 000 

200 000/yr 
(a recurring 

capital expense: 

$1 766 000 

l, The costs in the above table have been developed on the assumption that each 
problem area would be resolved indi vid.ually. They represent initial study 
costs of sufficient reliability· to be uaed u discussion bases. · Once ARHCO­

RL-AEC e.greement h88 been reached on the -overall approach to the pollution 
abatement problem, additional · study would be required to determine possible 
wya of conBolidating 1 telll8 to produce an optimum "design basis system. " 

2. Costs for Item 11 have been developed using ion exchange treatement for each 
of the itemized streams. Alternative approaches (i.e., a consolidated 
f'ad.lity) might prove more attractive and leas costly (perhaps cost reduced 
fran $2,500,000 to $2,000,000). 

DECLASSIFIED · __. 
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TABLE I 
ARHOO TENTATIVE PRIORITY LISTING 

3. .J"inal diaposition or ''bad" organic collected in the various aurge tanks is 
Mf\l!l~ 'thNl,16Q the tnci~~tof provided as item 22. If that incinerator 
were not provided an incinerator specitically !or organic would be required 
at a cost of $1001 000 to $2001 000. 

4. 'l'O minim1.ze capital inveatment requirements Red.ox evaporation is aBSumed for 
various streams. If Bed.ox vere not available, _alternative evaporation 
e&IJ&eity eoul.4 be provided to m.ndle the streams (e.g., add1t1onal ITS 
units at a coat or roughly ~,000,000). 

5. These items have been 1:DCluded u separate items 1n Iaocbem's FY 1969 
Plant and ~uipaent Budget · (Reference 4) under Program 39-02, Waste 
Management !'lex:1.bili ty. In that document, 1 tem ent1 tled "Miscellaneous 
Waste :i-nnagement Facilities~ ! was included at an estimated cost of 
$1,100,000. · That sum could cover numerous !acilities on tl2 above 
liating. 

DECLASSIFIED ..... 
I ' I · I . 
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Disposal. of low and intermediate level radioactive liquid wastes to the· 
ground has provided aafe and economic disposal. of l.&rge volumes of such 
wastes since tbe beginning of operat1ona at Hani'ord. 0ver ·100 billion 
gallon1 of liquid wutes containing approximately 3 million curies of 
total beta emitters have been disposed to the grmmd through 1967. 
Informtion regarding the types of wastes discharged, the volume dis­
charged, the total activity discharged to sites is presented in several 
tables ot Append.ix A. Such information pemits identification of waste 
ailPOHl problem ueu And provide& a bU1& f g,: tbr: planned pr~l'l!l,lll6 
for reduction of radioactivity 1n the waate stream being discharged. 
TVo basic schemes tar reduction of radioactivity in the waste streams 
discharged are presented in Appendix. A. 

Scheme I would provide treatment of those liquid waste streams which 
contribute s1gnit1eantly to tl2 eU!'!'el'lt total :radioactivity discharged. 
(1967 eetimated at 16,000 curies total beta emitters). Various treat­
ment methods are used for the involved streams. Treatment methods 
include 1) decontam1nat1cn by evaporation, 2) ion exchange for removal 
of long-lived radioisotopes (for example, cesium-137 and atront1U111-90) 
from selected vaste • tree.ms, and. 3) recycling of waste streams. In 
addition, taciliti.es are provided on some streams to 1) improve 
radiation monitoring of the streams being discharged, and. 2) divert, 
collect, and retain saae streams for subsequent treatment. Reduction 
of radiOBCtivity in the streams discharged to ground to MPC,, would not 
be achieved on all streams. Following installation and su.cceeaf'ul 
Qpen.t on ot all of tho pz-opoeo4 f1,cilitic1 cma. t:rcatme11ta, the a.nnwu. 
radioactive discharge to the ground would be reduced to approx1mate}¥ 
4-00 curies~ total beta emitters. Reduction of radioactivity di1-
charges to the ground wuld proceed on an order}¥ basis. Those streams 
contributinS the most radioactivitr to the gro\Dld would bet~ t.'1~~ 
treated. 

Scheme n would provide collection, retention and decontamination of 
all vaate streams currently above MPCw• Large vol'l.llle streams, such as 
coolillg wters and steam condensates vou1d be monitored and diverted 
for retention and decontamination whenever radioactivity above MPOw 
waa detected.. Decontamination ~ the waste streams by evaporation and 
condensation is aHtm1ed.. Pacilitiea tor implementation ot Scheme II 
w2Yl!l ~coo. on an oxpo!l1tc4 bu1a to rcli\\Ce the tot&l vol\lllC of 
liquid wute discharged to tbe environs to MPCv, or lese, as soon as 
possible. 

:Neither Scheme I nor Scheme II would provide MPCy tor tritium. 
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Wute diapoeal practices toll.owed by the du.Pont Ccmpany, the General 
EJ.ectric ecapany, Ieocbem :r:nc,, and Jll08t recently by the Atlantic 
Richfield Han:tord Oompe.ny bave all utilized the favorable climtic and 
soil oharacteristica of the eite for di11po11&1 of lov (5 x 10-5 micro­
curies mixed tieaion products per m1111l1ter) and intermediate (5 x 10-5-
100 microcuriee mixed tiaaion products per milliliter) level radioactive 
liquid. vaates. 1'be11e vutea, consisting ot proce1111 condensates, steam 
eond.enaate1, proce•1 eoolllg vatera, &tid other miicellaneoua wastes, 
resulting fran operation of the separations plants and associated 
tacilitiee, have been diecharged to the ground in specific retention 
trenches, draina, drywella, sumps, underground cribs, ditches, and 
surface ponds or namps on the 200 Area plateau a~nce .1945. 

Lev level radioactive liquid wastes, consisting mainly of proceaa 
cooling waters from low risk service, are routinely dischaziged to above 
ground ditches and proceaa swamps. Routine sampling and anal.yais of the 
streams discharged is used to determine the radioactivity input to the 
site. ~ation surveys or the 8Y8DlP shoreline and sempllng and analyses 
ot grOWld water 1ample1 t:ran wells 1n the vicinity aaaurca eite control • 

. When an above ground dieposal site 1s taken out of service, it is back-
filled to prevent the spread Of contamimtion by wind. 

Intermediate level radioactive liquid waste,, consisting of proceH 
cooling waters from high risk service areas, proce1111 and steam conden-
1ate1, and otber mi1eellaneOU1 vutH art 4!1ehe.l'«ed. to underground 
~:rib1, Slmpl113S &Dd. amlyd1 ot tho 1trc11111 41-cbl.r~ 11 UDcd to 
determine radioactivity input to these sites. The ion exchange capa­
bility ot the underlying soil column is used to remove and. retain long­
lived tiaaicm products discharged to the site. Sampling and e.nalyaia 
ot ground waters from veils in the vicinity of each such d11poeal ai te 
monitor the pertormance of the site, Cribs are abandoned. 'When the 
percolation rate decreases to the point tmt the normal. :tl.ow cannot b e 
handled or When long-lived fiHiCXl products, .aucb as cesium-137 or 
strontium-90, approach 0.1 MPCy (O.l drinking water permieaible con;. 
centrationa) 1n the ground w.ter samples, Sampling and aml.ysi1 of 
tbe ground waters :trom 1110nita:r1~ wella ccntinuc to indicate that this 
1a a safe method of vaate disposal. 

Intermediate level radioactive liq ul.d waates are also discharged to below 
ground lites which are operated on a "specific retention basil." The 
volme of vute discharged is limited to approximately 15 percent of the 
10U column volume between the ai 1:e a!ld. grcund. water. .All 01'«WC 
wastes are diapoeed to apecitic retention eitea (see Appendix ~). 

~ volume aid type ot liquid wste dispoaed to all 1itea through 1966, 
illcluding curies of atrontium-90, ceaium-137 a.ad total beta emitters, 
1• aU11111Brized in Table 1. Table ll summarizes the radioactive wastes 
diacharged·to each of the surface avanips and ditches. Table III and IV 
s\llllll&rize radioactive waatea discharged to each or the bel.av ground cribs 
and • pecitic retention e1tea during the same period. The volume and amount 

I I l '' • I ! : 
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of radioactivity discharged each year is presented in Table v. 

It should be noted that a significant portion ot the increased radio­
activity discharged during the period 1953 through ·1958 vaa contributed 
by cribbirig of Redox cell clre.inage wastes and proceB& condenaate. At 
startup in 1952, Bed.ox process condensates received doUble evaporation. 
When the secord stage evaporator coil failed on November 16, 1952, · it 
vas not re:Placed and the radioactivity of :Redox process condensate 
increased significantly. Additional radioactivity was discharged to 
the ground · in scavenged was~~ 4w1ng 1954 tb:'CNgb 1958, SAlt waotes 
were chemically scavenged to precipitate cesium and strontium and the 
waste supernatants diacha.rged to specUic retention trenches. First 
cycle bismuth phosphate plant proceBB vastes were also scavenged and 
the • upernatant discharged to the ground. This planned scavenging 
pr~ram wu used to provide tank ,sto~ tor otber more radi011.ctive 
salt wastes. The major porti011 of the total radioactivity discharged 
to cribs in 1964 was 1n a small volume discharge of organic waste 
which contained 95,000 curies of ruthenium-106 . Failure of a cooling 
coil in 1964 $lso resulted 1n the discharge of 96,000 curies of mixed 
fission product activity to the Gable Mountain swamp. 

The me.jor activity discharged to groimd 1n 1965 and 1966 was present 
in amonia scrubber waste :from the first multipurpose ann11lar Purex 
dissolver. J.k>c1.U'1cat1ons made on the second and third dissolvers 
greatly reduced the radioactivity in this waste stream; however, this 
stream still contributes significantly to the total radioactive dis­
charge to the environs. Discharges · to each s 1 te and the source of the 
YDlt@ 1tr@nam during 1965 and 1966 and the expected di11ehargea during 
1967 are presented in Table VI, VII, and VIII, respectively. 

III. SClmm I • REJXr.l'ION OF RADIOACTIVE DISCHARGE IN AQUEX>TE 'WASTE 

A. Purpose and Scheme I Definition 

In February, 1967, the Richland Operations Office of the Atomic 
Energy Coumiasion requested that the Waste Management Program be 
reevaluated and that 1) licens~ and restricted land. use criteria, 
as it 18 exp@cted to be applied to Nuclear Chemical Separations 
Plants, be considered, and 2) radioactive material discharged to 
the environment be reduced to the lowest practical minimum, MPCw 
for liquid waste d.iscmrges if poasible. It was al.ao requested 
that a preferred method for this radioactivity reduction be 
determined. It is the pu:rpoee of Scheme I to present a progrem 
for an orderly rectuction ot rad.ioe.ctivity discharged 1n the aqueous 
waste atreems. 

Treatment methods were investigated for removal of radioactivity 
rran each low and intermediate level waste stream. discharged to 
the environment on the 200 Area plateau. These waste include 
wastes generated by the ARHCO separation plant and associated 
facilities and wastes of l3attelle, 11'.r and 00N which are discharged 
in ARHCO controlled areas. The preferred treatment method was 
selected for .each of these streams. 
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These methods include evaporation and ion exchange treatment for 
reduction ot activity 1n the discharged streams and recycle of 
comensate streams for reuse in the process. In some instances 
lmproved monitoring ts recanmended to permit early detection and 
correction of the problem generating abnormal stream activity. 
Also, tar sane streams improved sampling, analysis, and volume 
meuurement capability · is recamaended to provide more reliable 
data on volume and activity of the waste streams discharged. 
Those streams contributing the largest total activity to the 
environs would be treated initiall¥ witli" emphe.sis · eventuallf 
shifted to treatment of streams of lesser activity. Proposed 
treatment methods for each of · the individual. streams, together 
with activity reductions expected and cost data, are discussed 
in Section C below. 

B. L1.mitations and Assumed Conditions 

1. It is assumed that the Semiworks would not operate. 

2. It is assumed that the Redox Plant would be available for 
evaporat :1Dn of intermediate level wstes. {Two ~dox con­
centrators are presently being used for this service.) 

3. Treatment to reduce the amount of tritium discharged in the 
variows waste streams is not considered in the study. 

C. Proposed. Treatment .. Individual. Waste Streams 

l. NH3 Scrubber Wastes - Purex Plant 

I t · 1 : I ' I! 

Ammonia scrubber wastes resulting from operation of the Purex 
pot type 41Holven contributed approximately 500 curies per 
year of spectrum activity (fission products in ratioo present 
in fuel elements proceaaed in separations facilities) to the 
ground prior to 1965. Replacement · of the A cell pot type 
dissolver with the first annular multipurpose dissolver, in 
September, 1965, re,ulted in a dramatic 1n<:reue 1n i11dio .. 
activity in the scrubber waste stream (Bo,ooo curiea in 
October, 1965). Revised opere.ting procedures and modifications 
to the ammonia scrubber piping on the A cell dissolver, design 
~odificationa of the ottgas train on the B cell dissolver, 
installed 1n February, 1966, and additional modifications to 
the C cell dissolver, installed in September, 19661 have been 
effective in reducing the radioactivity content of this stream. 
However, an estimated 6000 curies of total beta radioactivity 
will probably be di&charged to gro\Dld 1n 1967 ~ Replacement of 
the A disaolver tower with a unit modified to apprOXimate the 
flow pattern of the C cell equipnent was c0111pleted in october , 
1967, at a coet of $50,000, 'l'h11 equipment change may decrease 
the radioactivity in the amnonia scrubber effluent by a !'actor 
of 2 to 3 {6ooo to 3000 curies per year) assuming equal use of 
the three dissolvers. Ad.di tional proposed equi:piient changes 
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( that is, ~placemont ot the A <U11solTI!r an<l ~pJ.acement of 
the l3 dissolver tower) vould possibly reduce the radioactivity 

· by another :ractor ot 2. However, the additional load of Zircaloy 
clad. :tuel IIBY' produce a negative eftect and increase the radio­
activity in this stream 80 that the total. radioactivity dis­
charged would remain approximately 3000 beta curies per year. 
~her reduction of radioactivity discharged to ground in this 
stream would be accomplished by routing to the Hedox Plant for 
dece>ntaininaticm b;y \W&pol;'Btion, ~ 2 olume of MUDOn1e. Jcrubber 
note to be treAto~ 1& llbO'lrt· 3,2 x J.vv p.Ugna pu Yeo.I", 

a. Facilities Description 

1) General 

The ammonia scrubber waste solution would be routed to 
Redox far evaporation prior to disposal. Facilities 
at Redox would be unchanged. .Eld.sting transfer lines 
between 200-Eaat and 200-West Areas wuld be used. New 
transfer routings between Purex and C Tank Farm, and 
between U PlJmt and U Tank Farm would be installed to 
canplete the transfer routing between Purex and Red.ox. 

2) Routing from 202-A Buildillg to 202-S Building 
(Purex to R9dox} 

CUrrentl.y, this wate stream 18 rCA1ted to the 2l6-A-36B 
crib. As shown on Figure l (Drawing SK-2-218ll) it 
would be diverted to the C Tank Fa:nn. Appro.ximately 
4000 feet of 4-inch line vould. be installed in a new 
encasement along vi th a second line for Purex process 
cond.ena&te divel'lion (aee Section III-c.3). 

The existing crib line to the 216-A-36B crib south of the 
202-A Buil.ding would be blanked off end the crib abandoned. 
The new line would commence at tmt point and would be 
routed vest or the 202-A Build1ng to the c Tank Fe.rm. A 
new diversion box would be provided in C Tank Farm for 
the two lines. Dirpty wute tanks in C Tank Farm wou1d be 
made available tor solution storage. . !IVo encased lines 
1'rau. this diversion box would be installed to the tvo 
empty tanks. . 'Die ammonia scrubber waste solution would 
be tram:terreil to 200-weat Area via the mut111g EaBt-
west transfer system. As shown on ll'igu.re 2 (Drawing 
SK-2-21820) a new three-line encasement would be installed 
betveen the 241-UX-154 4ivel'lion box and. the 241-U-152 
diversion box. 

The ammonia scl'Ubber waste solution would be collected 1n 
an empty U 1'al'll1 Tank, IIB4e available through the imple­
mentation of the in-tank solidification program, and 
pumped directly 1'rcm U Farm. to D:-D-13 1n Red.ox through 
ex:isting routings~ 
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Low level wastes are currently being processed in Redox. 
It is proix,sed that the existing equipment be utili~ed to 
proce88 the Purex ammonia scrubber wast~ solution. The 
waste would be pumped from U Farm to the D-13 waste 
receiver, then to concentrators D-1~ and D-14, which have 
a combined boil-otr capacity or 20 - 25 gp111. The D-ll 
condenser services both evaporators. Condensate from D-11 
condenser would be routed to 'llC-D~, sampled, and then 
jetted to crib :a.6-S9 for disposal. The concentrator bot toms 
would be routed to undergroum storage. 

Other wastes would also be processed in Redox, such as: 
fac1!1c Northw~nt I.aboratorr waatee, Douglas United Nuclear 
and T Plant Special Services wastes. 

4) Redox Additions 

As shown on figure .3 (drawing SC-~-:c!l81~), detail II, a:-id 
figure ~ (drawing SK-2-:c?l820), two new proportional sar.tple 
stations wuld be installed at Red.ox, One ,,iould be 
installed in the steam condensate line discharging to the 
:U6-S-5 and 216-S-6 cribs, ·and one wuld be installed in 
the cooling water disposal line to the 8Warnp. Each of these 
would be equipped with now intew-atore, radiation monit ore, 
and alanns. 

Re aul tp Expected 

Evaporation of this lolaete stream in the existing Redox facil ­
ities should provide a decontamination factor of 100. The 
radioactivity diacharged to the ground in the condensate str eam 
from 8Jllllonia scrubber waste concentration is eJCPected to total 
30 to 60 curies/year. 

c. ya.pital Co§!, 

Installation 

Engineering 

~70,000 

68,000 

Contingency and Escalation 

TOTAL (Rounded) 

d, Increa88d Annual Operating Costa 

Manpower 

)faintenance Supplies 

Steam, Water, Zlectricity 

TOTAL 

• . I ! I ' ' I ·~ . ' ' I I \ I 

95.000 

$435,000 

$60,000 

7,000 

J:.!,000 

$99,000 
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e. Schedule 

(1-Ionthe Arter Authorization) 

Design Conetruction 
start Finish Start Finish 

1 4 8 

t. Alternatives 

Two alternative approaches were considered for resolving the 
SJ!IIllOnia scrubber solution problem. These included: 

_l) Provil11ng A routing tor the off,..gueu from alumirrum am/or 
zircaloy dissolution to the filter and stack, bypasaing the 
heater-ailver reactor. Potential ammonium nitrate fornia­
tion in the stack plenum, as -well as gross discharge of 
ammonia to the atmosphere, made this solution undesirable. 

i) Replacing the ammonia scrubber with a catalytic reactor to 
oxidize ammonia to nitrogen oxides. This solution was 
considered undesirable because the ammonia problem was 
replaced -with a nitrogen oxide problem of comparable com­
plexity and cost. 

3) Providing alternative evaporation facilitiee as discussed 
in section D. 

i. Battelle Northwest Laboratory, Douglas United nuclear., and 
Atlantic Richfield Hanford Company - Special Services Waetes 

Intermediate level -wastes from the operation of Battelle northwest 
Laboratory facilities in the 300 Area are transported to disposal 
sites located in the Atlantic Richfield Hanford Company controlled 
areas. Prior to 1967, these wastes contributed approximately 
15,000 curiea per year of total beta radioactivity to the ground. 
Speeifie&tiona iinposed by Iaoehem Inc. for wastes discharged to 
the new 216-T-35 crib have dictated storage and/or de contamination 
by evaporation of 50 percent of this waste stream. This reduced 
the radioactive discharge to the ground by a factor of 10. Waste 
evaporation capability installed at Redox is currently used, Tc 
further reduce radioactive discharge, the entire volume of inter­
mediate level -waste (- 4 x ld' gallons/year) could be decontami­
nated by evaporation in the Redox facilities. 

Periodic decontamination of the N Reactor and steam generator 
loops -will generate an e·sti.mated 500,000 gallons per y-ear of 
waste tor diaponal to Atlantic Richfield Hanford Company con­
trolled areae. It is proposed that this waste, containing 
cobalt-60 as its major radioactive constituent, be decontaminated 
by evaporation in the Redox facilities. 

UNCLASSIFIED 
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Intermediate level waetee from the operation of the Atlantic 
Richfield Hanford Company special services equipment decontami­
nation facility were routinely disposed to cribs prior to 1967. 
Specificatione imposed on this stream for discharge to a new cri b, 
:.!16-T-'.36, have dictated tank storage of npproxima.tel1 SO to 7~ 
percent of the waste generated, thereby significantly reducing t he 
radioactivity discharged to the ground. Since this stream varies 
widely in radioactivity content, depending upon the equipment being 
cleaned, it is proposed that this stream, approximately l x 1<1 
gallons/year., be decontaminated by evaporation in the Redox 
facilitioa, 

a. Facilitiee Deecription 

Waste solutions from Douglas United nuclear and Battelle 
Uorthweat Laboratory wuld be transported to ~i-s Building 

· waste receiving station by rail tank cu• or tt'Utk tanker. 
Atlantic Richfield Hanford Company apecial •services wastes 
would be routed to the 202-S Building via ex:leting underground 
tranefer lines. Theee three waste etreams will be decontar.u­
nated by evaporation in the ~O~-S Building using the existing 
D-12 and D-14 evaporators. 

b. Rnulte Expected 

c. 

d. 

e, 

Evaporation o! these waste streams in the existing Redox 
facilities can be expected to provide a decontamination factor 
or lOO. The r{!.ciloact1vity 111achargel1 to the ground in the 
condensate stream is expected to be :.!SO curies/year. 

Capital Coste 

·None. 

Incr1Ae2~ AnnY&l ~rating ~21t1 

Manpower $104,500 

Maintenance Supplies 12,500 

Steam, Water, Electricity ~6.ooo 
TOTAL $1.7.3.,000 

ScheQ\U.I 

Evaporation or the total volumo of theee waete etream6 at the 
Redox Plant could begin inmediately if desired. 

UNCLASSIFIED 
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f. Alternatives 

1) S~Avefaging teats for removal or long-lived radioisotopes 
(e.g., cesium-137 and strontiwn-90) f'rom Battelle Northwest 
Laboratory wastes have ehown that eigniticant reductions 
are possible; However, treatment wuld be required after 
scavenging to meet J.!PCw discharge. 

~) Douglas United Nuclear 100-N Reactor decontamination wastee 
contain relative~ high concentrations of chemical salts. 
Evaporation appears to be the best ehoiee at present • 

.3) Provide alternative concentration facilities ( see section 
D). 

) • Procec,o Condensate - Purex Plant 

Condensates from the first cycle uranium concentrator (E-,78), second 
cycle urani'Wll concentrator (E-K4) • backcfcle waste concentrator 
(E-H4), and from the acid absorber (T-:FS) make up the Purex process 
condensate stream (~ 85 x ld' gallons/year}. Process improvements 
and the change to normal paraffin hydrocarbon diluent have consider­
ably reduced the radioactivity discharged (:c.>0,600 Ci in 1964; 
estimated 2000 Ci 1n 1967) in this stream. Approxi.J:lately 95 percent 
of the radioactivity and 15 percent of the condensate volume are 
contributed by the acid absorber 1n the AAD stream. Recycle of the 
AAD stream and other process condensates, as possible, is the 
Scheme I preferred Alternative for reducing the radioactivity 
diochargod to the ground from thio i,ourco. 

a. Facilities Description 

1) General -
The process condensate streame wuld be recycled internally 
for uee aa water addition · etreams. The excees process 
condensate would be sampled and routed to crib. If th9 
@XGOH oondoriMt@ ntrOMl ill aboffl cribable limit§, it 
would be diverted to an empty tank in the C tank fllnn for 
storage. Ultimately, it would be pumped to existing 
evaporation racilities for decontamination. 

~} lUD, 6UD, and 3UP Process Condensate 

The process condensates from the firbt and second urani\Jt!\ 
cycle condensers, the backcycle condenser, and the excess 
AFD from the aeid !ractionator recycle system w::>uld be · 
rerouted to tank UJ, located in the Purex 'Plant U-vault, 
for collection and recycle. Al!I shown on figure 4 (drawing 
SC-l-21814) 1 the process condensate .from the E-H4 concen­
trator syetem (backc7cle), the E-J8 concentrator system 
(first uranium. cycle) and the E-K4 concentrator system 
(9econd uranium cycle) w::>uld be routed to 'IK-UJ via a new 
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6-inch header installed in the storage gallery. Core 
drilling .through the 6-foot thick wall between the 
gallery and the cell wuld be required at three locatione. 
New 4-inch wall nozzle• wot\ld bo installed in each location 
to transfer the condensates from the cells to the new 
header. New jumpers would be installed in the cells from 
the process condensate outlet nozzles of the condenser · to 
the new wall nozzles. 

A ilOO-gpm pump wuld be installed in 'IK-U3 for reeyele of 
the precess condensate. A new 6-inch header would be 
routed from 'llC-U.3 to the cells via the storage gallery. 
Recycle lines would be installed into the cells through 
the same holes core-drilled for the routing of the process 
condensates to 'llC-UJ. New wall nozzles would be installed 
for these lines also. Recycle streams would be the HSS­
water, lCX-water, and 2EX-water. New flow control instru­
ments would be installed in jumpers in the cells for each 
of these etreams. New jumpers would also be installed to 
provide the HSS-HNO:t , lCX-HOO., , arrl the 2EX-HNO.,, as 
shown on figure 4 (drawing SK-i-;a.814). The excess procsss 
condensate from the system would be routed t.o the process 
condensate header in the hot pipe trench via the H-cell 
opening. A new 4-inch nozzle and jumper would be provided 
in the cell. I£ the stream composition is within cribable 
limits, it would be routed to the :.ll6-A-10 crib. Ir not, 
it would be diverted to the C tank farm as sho\om on f i gure 1 
(drawing SK-2-21811). A proportional sampler, diversi on 
eta.tion, radiation monitor, and pump pit t.ould be inst illed 
to control the now. Total flow would be measured, r adiation 
levels -.«>uld be detected, and proportional &amples would be 
taken. Diversion to the pump pit t.ould be automatically 
controlled. A new 4-inch, encased line would be installed 
from the pump pit to the C tank .farm. Pwnping to th-e er.ipty 
tank in C tank fann wuld be initiated simultaneously wi th 
c11version. The 4-inch line installed to the tank fann ~10uld 
be in the 88me encasement provided for the ammonia scr ubber 
waate routing previously discusi,ed, The noncribbable procestJ 
condensate waste would be transferred to existing evaporation 
facilities for decontamination arrl disposal on a campaign 

.basis (:CO~-S Building, 24:l-T evaporator, ITS units, or 
B Plant). Existing transfer lines would be used. 

Since personnel access to the stora.gA ealle~ is :t"Out.inely 
necessary, a rx>minal amount or shielding would be ·required 
on the process condensate lines installed in the gallery • 

.'.3) AAD Proceee Condensate 

A prototype installation is now in operation to evaluate the 
feasibility of recycling the process condensate from 3-F5 to 
T-F5, On the basic assumption that feasibility will be 

UNCLASSIFIED 
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proven, equipm•.mt wuld be required !or converting the 
prototype to a production unit. A small canyon ta.nk, a 
vertical pump and the· neceHary jumpers would be provided 
for installation in F-cell. 

b. Resulh Expected 

Recycle of the AAD stream _ahould reduce the radioactivity dis­
charged in the process condensate stream to approximately 100 
curies per year. Recycle of condensates from the first cycle 
Ui'anium concentrator (E-JB) 1.nd the HOond cycle Urahium con­
centrator (E~4) as lCX and m is being investigated in the 
laboratory. If oo adverse process effects are noted, the · 
install&tion of the recycle scheme shown on figure 4 (drawing 
SK-2-:.U.814) can be expected to further reduce the radioactivity 

· discharged in process condensates to approximately ~ curies 
per yea:r. 

c. Capital Coete 

The capital coats for implementing the recycle scheme in 
sc-2-:n.814 are aa !ollowe: 

Installation 

Engineering 

Continsencr & Escalation 

'roTAL (rounded) 

d. Increased Aooual Operating Coste 

$i68,000 

67,0CO 

94,000 

$4J0,OCC 

Y..anpower (Mai~tenance) $ 18,000 

Maintenance (supplies) 8, 500 

Steam (at Purex) . 62,700 

Special Equipment Replacell\ent 9,500 

Evaporaf:ion (steam and 
el.ectricit;y) 50.000 

TOTAL (rounded) $1.50,000 

e. Schedyle 

(Monthe·atter Authorization) 
De sign · Construction 
~ finish ~ Finish 

l l.:t 

I· i'"I 1-: ' I 
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Various alternativea could be employed for boiling off the 
excess which cannot be recycled or cribbed. Such alternatives 
are discussed in eection D. 

4. Steam Condensate - Purex Plant 

Steam condensates from the process VeHel coils are presently routed 
to th~ :n.6-A-6 and :n6-A-30 cribs. Small volumes or liquid ~etu 
from noor drains in the equipment disposal tunnel, from the water 
filled shielding door in the tUMel, from the slug storage basin, and 
from hosing down of cask cars in the tunnel are also routed to . theee 
cribs. In addition, raw water, at a rate of approximately 40 gallons 
per- minute, is . added to pr-event nuh point temperatures of Purex 
organic solvent, if present in the steam condensate header. An 
estimated 100 x l<:f gallons containing 450 curies or total beta 
emitters will be discharged via this stream in 1967. A proportional 
sampler on this stream was recently returned to service; however, there 
are no radiation monitoring or diversion facilities associated with 
this stream. Although the radioactivity level in this stream is 
normally low, coil leaks could allow uranium or plutonium product or 
highly radioactive process solutions to be discharged to the cribs. 
Continuous radiation monitoring with the capability for diversion 
of the stream to an existing tank would be installed to minimize 
cribbing of high -wastes. Radioactivity in the stream above the pre­
set allowable limit would sound an alarm and divert the stream from 
the crib to a tank, pennitting an orderly shut-down of building 
concentrators, detection of the source of the contamination, and 
repair prior to resumption of operations, Continuous proportional . 
sampling capability and improved flow measuring capability would 
also be installed to provide more accurate measurement of radio• 
activity discharged to the ground. 

a. Facilities Description 

As shown on figure 1 (drawing S<-2-21.Bll) and ·figure .3 (drawill8 
SK-2-21a12), detail II, a new steam condensate sampling pH and 
a new steam condensate diversion station would be installed , 
The aampling pit would be located close to the building, while 
the diversion station wuld be located near the cribs to allow 
eome lag ti.Jlle for diversion or a detected contaminated stream. 

Flow through the eampllfl8 pit would be recorded, totallzed, 
proportionally sMl.,led, and radiAtion reeerd@d. UneentM\in.ated 
steam condensates ~uld tlow to the 216-A-JO or 21.6-A-6 cribs. 
At a preset radiation level, the radiation recorder controller · 
would automatically divert the stream to a new 16-inch line 
lee.ding to &n empty tank in the ~4l-C tank tann. Ultimately, 
the · contaminated steam condensate "WOuld be transferred to 
existing facilities (ITS #1, ITS #l, or B Plant) for decon­
tamination by evaporation. 

UNGLA&SIFIED 
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b. R!RYltp Expected 

Successful operation ot thie monitor-diverter system could be 
e.xpected to reduce the radioactivity in this stream to lees 
than 10 curies/year. 

c. Capital Copt 

Installation 

Engineering 

Contingency & Escalation 

TOTAL (rounded) 

d. Increased Operating Costa 

Manpower (Maintenance) 

Maintenance (supplies) 

Evaporation 
(steam a~ 
electricity) 

TOTAL , (roumed) 

e. Schedyl.e 

$98,000 

:i!5,000 

38.000_. 

$160,000 

$ 8,500 

4,000 

50.000 

$63,000 

(Months after Authorization) 
Design Construction 

Start Fin:1.ah Start Finieh 

l 6 .3 6 

5. Laboraton: and )(iecellaneouo Wastes - Purex Plant 

. Laborato17 wastes arn miecellaneous waetes consisting of stack 
drainage, stack liner drainage, stack liner fiushes, 291-A Building 
filter sump •, 293-A Building fioor drains, and 216-A fioor drains 

. are discharged to the 216-A-:c!? crib. It is estimated that · a volume 
or 1 x l<' gallons, containing 150 curies of beta emitters, will be 
discharged to this crib in 1967. At present, approximately 90 per 
cent or the volume and activity are contributed by the laboratory 
wastes. It is proposed that noncontaminated laboratory wastes be 
segregated and routed to the 216-B-) swamp via the chemical aewer. 
The remaining contaminated laboratory wastes a.nd the miscellaneous 
waetee ~ 200,000 gall.one/rear) wuld be collected and routed to 
concentration equipment within the Purex Plant. 
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0 a. Facilities Description 

0 

0 

1) General 

The 216-A-27 crib, which receives laboratory wastes and 
miscellaneous wastes i'rom 216-A tank 2, would be abandoned. 
Honcontaminated wastes fron the laboratories 'WOuld be routed 
to the chemical sewer and contaminated laboratory wastes, 
along with thg minGellane0u3 waetee from .n.~-A tank i, would 
be routed to 'llC-FlS for processing in the canyon waste ssJ stem. 

2) Laboratory Wastes 

Within fiscal year 1968, the noncontaminated wastes from the 
Pu?'l!x laboratorr will be rerouted tc- the ehemiea.l eewer. 
Since 'llC-UJ WJuld be used exclusively for process condensate 
recycle, 'l'K-U4 -would be used to collect the contaminated lab­
oratory wastes. These would be routed to nc-Fl8 in the canyon 
for processing in the waste system. As shown on figure 3 
(drawing SK-2-i1s12), detail IV, a new jumper is required in 
the 241-A-151 diversion box and one in the cacyon to pennit 
'this routing. The existing 'llC-UL. jet-out piping will 't:e used • 

.3) f,iscellaneous Waste 

Tho miocollaneouo "otoe collecto~ in the ~l6-A-'1K-~-catch 
tank CQ..ll3iot of ~l--A ·otack ~r~nage, i9l--A ~t~CK liner 
drainage, 291-A stack liner water flushes, 291-A filter 
sumps, 293-A Building noor drains, and 21.6-A Building floor 
drains. As shown on figure l (drawing SK-2-21811) and 
.figure .'.3 (drawing SC-2-21812), detail IV, these wastes 'lo.ould 
be routed to 'llC-F-18 in the canyon for \nlste processing. 
The existing pump-out jet and piping in 216-A "'°uld be used 
to pump to '11C-Fl8 via a new tie-in with the presently used 
laboratory waste bypass (or 216-A-'lX-2) line. It w\ll.d be 
U!@d for routing between 216-A•'llC•l ll1ld th@ l4l•A•l51 · 
diversion box. The vent and discharge line to crib 216-A-27 
would be blanked. A new diversion box and jumper and an 
in-cell jumper and piping would be installed for routing i'rom 
the 'flail nozzle at '.lle-Fl6 to nc-18. 

b. Repulta ix:Pected 

Routing of the noncontaminated laboratory waste waters to the swamp, 
tnd concent.ra.tion A.ftd etonge of the contamina.bd la.bora.toey and 
miscellaneous waetee would reduce the radioactivity to the ground 
by 1.50 curies per year. The existing 216-A-:a crib would be 
abandoned. 
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c, Ce.pital Cot!,11 

Installation 

Engineering 

Contingency _& Escalation 

TOTAL 

d. Increased Operating Coste · 

Maintenance (manpower) 

Haintonanco {aYppl1ce) 

Evaporation 

e. Schedule 

(Steam and 
Electricity) 

TOTAL 

$10,000 

J, 5QC 

$16,000 

$ s. 500 

i,100 

10,000 

$ 18,~ 

(Months arter Authorization) 
Design Construction 
~ t:Weh Start Finish 

1 6 

6. ~41-A and AX Tank Fann Condensate 

During i967, approximately 7 x lei gallons of tank farm condensate 
· containing 50 curios or beta elllitters, including 35 curies of· 
cesium-U?, will be discharged to the 216-A-8 and 216-A-24 cribs. 
The volume discharsed during 1967 haa increased bl a !actor of two 
over previous years due to the operation of a stea111. coil for con­
centration of .organic wash waste (OWW) in the 101-AX tank. The 
steam condensate is discharged to the above cribs at an average 
rate of 4 to 5 gallone/minute. The addition of water in place of 
condensate recycle to the 105-A tank also contributed to the 
increased volume to the cribs. 

It is proposed that ion exchange tacilitiea be installed to remove 
OU1Wll-lJ7, ot"1nUYm-99i (;§r1Ym-l~, a.nd IU'CQ!l1Ym-n1ob1Y1ll-9} 
lrom thi1 wa,te stream. The e.xpected volume of tank !arm condensate 
requiring treatment l«>uld be in the range of i to :, x lrf gallons 
per year. Present plan, call for routing the CMW stream from the 
self-concentrating tanks to nonboiling waste storage. However, the 
addition or B Plant IOW, and its trace organic content, will require 
steam stripping or the process condensate for organic removal prior 
to ion exchange. 

I ·I · r • •I ,:, ·'. I 
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The Purex tank fann condensate would be treated by steam 
~ stripping and by two stages or ion exchange for removal of 

cesium, strontium, cerium, and zirconium. The steam 
stripping operation would remove organic which hinders t he 
efficiency or the ion exchange operation. The first ion 
exchange colwnn woul.a remove the ceaiw;i1 ana the other 
contaminants 1'/0uld be removed in the second column. These 
fission products -would be eluted from the ion exchange 
resins in the col'lll:U'ls, and the re,ult.ing waste solutions 
"wOuld be routed to underground storage. The treated 
effluent wouJ.a be routea to the i16-A~ crib for a1:sposaJ.. 
A new facility would be installed to provide these con­
densate treatment processing operations, as shown on 
figure 5 (drawing SK-2-21815). 

0 

0 

. ,: I • l i 

2) Equipment Description 

Condensate would be pumped from 'IK-417 to a new 5000-gallon 
underground tank, which would serve ae the feed tank fo r 
the steam stripper. A new 4-inch line llOuld be in,talled 
from the 'IK-417 pump pit to the new tank for this routing. 
As shown on figure 5 (drawing SC-:CH!l815), the feed t ank 
l«luld be equipped with normal tank type instrumentation, 
together with M a.gita.tor And 11 nampler. The eonden!:i.h 
would be pumped through a now controller to the top of 
the packed section of the stripper. 

The stripper would consiat of tw secti ons, a stri ppine 
column a.nd a thermosyphon reboiler. The stripping secti on 
would be 33 inches diameter, 10 feet high, packed colur.in. 
The feed for the colwnn would enter above the packed 
section and now downward through the packinG• Steam 
generated in the reboiler would pass up through the r,acking 
AM remove the organic from the feed in countereurrent 
contacting. 

The reboiler section wou1d be a thermoayphon type unit with 
a heat transfer .capacity or 5.75 x 108 ·Btu/hour. Stean 
would be flow-controlled, and the condensate would be 
routed to swamp via a new proportional sar:ipler pit in t he 
cooling water disposal header. Flow integration and 
radiation monitoring would also be provided at the sampler 
pit, as shown on figure J (drawing SC-2-2181.l), detail II. · 

The steam from the stripper would be routed to a condenser, 
rated at 5 x l<f Btu/hour. Condensate from the condenser 
would be collected in a 30-gallon decanter. The nqusous 
etream. from the decanter would be sent to the :.n.6-A-24 crib 
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for disposal. Both it and the condensate from the vessel 
vent conden8er would be routed to the crib vi.a a new propor­
tional sampler pit, which would also include now inte­
gration and radiation ronitoring instrumentation. The 
organic stream from the decanter would be collected in a 
lCOO-gallon organic waste storage tank. This tank would 
be located above ground, and may .require eome ehielding. 
Normal storage tank inetrumentation would be provided 
along with a vertical pump. The organic waste would be 
tram,tern!~ tram t.hh t ank tQ the new Qrga.nlc waste g,b­
posal facility by tank truck, A new truck loading station 
would be provided at the facility. 

The stripped condensate would be routed to a 5000-gallon 
undergroum tank which wulcl serve as the !1rst ion exchange 
column feed tank. The feed tank would be equipped with 
normal tank instrumentation, together with an agitator and a 
sampler. The feed stream to the column would be filtered and 
ncw~ontrolled. The rnulting e!nuent from the first 
column loading step would be collected in a second SOOO­
gallon underground tank, which would serve as the feed tank 
for the second. column. The second feed tank would be 
equipped Bimilarly to the first feed tank. In addition, a 
pH indicator w:>uld be installed to permit chemical adjustment 
o! the solution prior to loading the second column. A 1000-
gallon nitric acid tank wuld be installed to provide the 
acid for this step, 

The ion oxchange columns would 'be 2 feet in diameter and 
10 feet high. Temperature and preseure measurements would 
be recorded at both the top and bottom of the columns. 
Liquid level and resin level inilcators would be installed 
on both columns. 

The ernuent from the second colwnn would be routed to a 
new sampler pit, · from which it "WOul.d now to the 216-A-24 
crib. The sampler pit woUld includf! a JlroporUoMl $alllpler, 
a now integrator, and a radiation recorder a.lam, u snewn 
on figure :3 (drawing .SK-2-21812), detail II. 

Two 1000-gallon eluant tanks would be installed, each 
equipped with a pump, a now recorder controller, an 
agitator, and normal tank instrumentation, These tanks 
llOuld provide eluant to each of the columns for eluting 
of! the contaminants from the resin. The eluant !or the 
first column woul.a be sodium nitrate. The eluted cesium 
woul.d be routed to underground storage via a new J-inch 
line to the :.!41-A-1.52 diversion box. The eluant tor the 
second column would be 4 li. ~ • The eluted fission 
products trom the second column would be routed to a 1000-
gallon neutralization tank located in the underground vault 
along_with the three teed tanks, A 1000-gallon caustic 
tank would also be installed to provide caustic for 
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noutralization o! the acidic ot:rea111, Attor neutralization, 
the waste would be transferred to underground storage via 
the new J-inch line. The caustic tank would be equipped 
Id.th norms.1 Uhk instrumentation and an agitator. A steam 
coil would also be provided for tank heating. The neutra­
lization tank would aleo be equipped with normal tank 
instrumentation, a vertical pump, and an agitator. A coil 
would be installed for tank cooling. · 

A V651el wnt syate!!i. -would be iftstalled for venting the 
!eed tanks, the stripper-conienaer, the neutralization 
tank, and the ion exchange columns. The vent of!~gases 
would be heated in a steam heater, and then passed through 
two stages or filtration. A steam jet 'WOuld provide the 
system vacuum. A condenser would be instilled to condense 
the motive steam. The noncondensiblee would be discharged 
from the condenser to atmosphere via a snail stack. 

3) Building Description 

The new facility required to house this equipment would 
cover an area 33 feet x 58 feet. The three feed tanks 
am. the neutralba.tion ta.nk \tlOul.d be installed in a 
concrete vault, enclosed at the top with cover blocks. 

The ion exchange columns and the stripper-condenser equip­
ment would be installed in a lightl1-ehielded enclosure 
located above ground. PeraoMel accese would be provided 
for maintenance and resin removal operations. 

The vauel vent equipment and the feed pumps would also be · 
looa~d above grouoo 1n a lightly-shielded enclosure, 
mainly for contamination control. Per80Mel access would 
be provided. 

Tho oluant te.nka, -the n1tr1c ac1~ tMK, tM 9rgw~ lm§t~ 
tank, and the __ pumps associated with these tanks would be 
installed above ground, open to the atmosphere. A control 
room and a piping gallery to service the underground tanks 
would be located above ground, adjacent to the shielded 
enclosures. All instrument read-outs for the facility 
would be located in the control room. 

4) Resin Re~val and Disposal 

Contaminated ·resin would be remved from the ion exchange 
columns and packaged in a dry .fo:nn in metal containers. 
These containers would be transferred to permanent storage 
vault&, 
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b. ~ected Re~h 

Zeolite ion exchange should provide a decontamination factor or 
100 for ceisitm1-137. An ion exchange Golumn of polyatyrene 
resin, such as IR-"°o, should provide a decontamination factor 
of 1000 for strontium-90. Successful operation or the proposed 
ion exchange treatment facility should provide the capability 
for MPCw discharge of this waste stream. 

Installation 

Engineering 

Contingency & Escalation 

'roTAL 

d. increaeed Annual Operating Costs 

Manpower 

Maintenance Supplies 

Steam and Electricity 

Essential Mat.eriah 

TOTAL 

$550,000 

1.38,000 

192,00C 

$880,000 

$101,400 

15,600 

¼,400 

,.100 

$164,500 

(Months after Authoriution) 
Design Construs;tion 

film Fini sh Start Fini sh 

l _ 

f. Alternative 

J 

Re-evaporation would also provide decontamination to permit 
MPCw discharge. 

7. Proceee and Steam Condensatee - B Plant _ 

The operation or B Plant for fission product removal and waste con­
centration will generate 4 to 8 x lff gallons of process condensate 
per year. SucceHful operation or de-entrainment capability 
installed on the cell ;o waste concentrator could reduce the radio-
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activity discharged to the :n.6-B-12 crib to< 100 curies of beta 
emitters per year. Steam cofidenMtes, dischArged to the :.!l.6-B-55 
crib, are estimated at 10 to 15 x lrf gallons/year, containing 
< lO curies o! beta emitters, However, !a\1lty operation or the 
waete concentrator or eteam coil leaks could result in discharges 
of multi-curie quantitiee of cesium-1.37 and strontium-90 to either . 
of these streams. Radiation monitoring., diversion and collection 
of abnormal. radioactive discharges from either stream for decon­
tamination through ion exchange columns is proposed. 

a. tacilitieo bepcription 

1) General 

Prooe:,a condenisate e.nd steam condensate from the z.!l-B 
Building evaporators would be diverted for clean-up in 
a new facility when contamination is detected in the stream. 
Nonnal.ly, each l«>uld be cribbed, and only the contaminated 
stream would be diverted 'tlhen necessary. Two stages of 
ion exchange wuld be provided to remove ce siwn and 
strontiwn, The treatea effluent woula be diechargea to t he 
216-B-55 crib, which is normally used for disposal of the 
high-risk steam condensate. Th.e new facility is shown on 
figures 6 and 7 {drawings SC-2-21816 and SC-2-21817). 

2} Equipment Description 

A now di vrnion plt. acmta1n1ng cgntrol val vu wow.a bo 
installed in the proceu condensate line which is routed 
to the 216-B-12 crib. A similar pit \r!Ould be installed 
in the steam condensate line which ia routed to the i16-
B-55 crib. These pits would be located west of the 2:a-B 
Building. Each line would be diverted to a new 50,000-
gallon storage tank located in an underground vau1t near 
the new pits. Also located in the underground vault would 
be two 1000-gallon column feed tanks and a ,5000-gallon 
waste tank, Each or theoe ta.nko would be equipped with normal 
tank 1n1tnwontat1on, including R,mpl~r,, excopt f9r the c9n­
densate storage tank, which would be equipped with a 
radiation recorder. The condensate solution would be pumped 
to the #1 column reed tank, from which it woul._d be pumped · 
to the #1 column £or removal ot cesium. The effluent from 
the #1 column would be collected in the Hi column feed tank., 
from 'Which it would. be pumped to the #2 column for !tronti\111\ 
removal. Flow recorder controllers would be installed i n 
the feed lines to the columns. '!he effluent from the #'J. 
column would be pumped to a new proportional sampler pit 
ae shown on figure 3 (drawing SC-2-21812), detail II. 
now integration and radiation recording would also be 
perf'onned at this point. The solution ',IC)uld then be 
routed to the :.n.6-A-55 crib for disposal. 
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Tne ion exchange columns would be 2 feet in diameter and 10 
feet high. Temperature and pressure measurements would be 
taken at the top and at the bottom or ea.ch column. Each 
would also have a liquid level indicator and a resin level 
indicator. 

Cesium and strontium would be periodically eluted from the 
columns and stored in the waste tank. Two 1000-gallon eluant 
tanks would be provided. Each wuld be equipped with normal 
tank instrumentation, agitators, and pumps . The eluant for 
the first column 'WOUid be sodium nitrate, and the eluant for 
the second column would be 4 M. HOO:, • A 1000-gallon caustic 
tank would also be installed to provide for neutralizing the 

· acidic eluant from the second column. This ·would be per­
!ofl!lec1 in the waste tank, which would be equipped with an 
agitator and a cooling coil. The caustic tank would be 
equipped with normal tank instrtn':lentation, an agitator, pump, 
and a heating coil. After neutralization, the waste would be 
transferred to undergroun'1 storage by truck , A. new truck 
loading station ~uld be provided at the facility for this 
use. 

A vessel vent eyatem would be installed to vent the columns. 
A de• ntrainer, an electric heater, and a high efficiency 
filter would be provided in the system for ventilation off­
gas treatment. An air ejector would provide vacuum and 
discharge would be to atmosphere. 

:; ) Building De ecdption 
\ 

As mentioned above, there would be one large and three small 
tanks loc~tec1 in s.n underground vault. All of th~ instru­
ments for these tanks would be read out in the control room. 
The ventilation equipment and the ion exchange columns would 
be located in a nominally-shielded enclosure which wuld have 
personnel access :for maintenance. Read--<>ut !or this equip­
ment would also be loea.ted in the eontrol room. The two 
eluant tanks would be located outside, with rea.d-outs located 
in the control room. The control room wuld be located 
adjacent to the shielded enclosure and. equipped with an air 
lock for·entry. The cold side piping gallery for all of the 
process equipment would also ·be located in the control room. 

b. Results Expected 

I I • ! 

Ptoceseih8 of off - etandai"d proeue condensate and/or steam con­
densate through the ion exchange facilities will provide a decon­
tamination factor of 100 for cesium-137 and 1000 for strontiur.i-90. 
Since the ion exchange facilities are not sized to process the 
entire volwne of process and steam condensates, the discharges to 
the ground may be expected to be a .factor of 5 to 10. above }:?Cw• 
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c. Capital Cost 

Installation 

Engineering 

Contingency & Escalation 

TOTAL (rounded) 

d. Increased Annual Operating Coste 

Manpower 

Maintenance Supplies 

Essential Materials 

TOTAL 

e. Schedule 

$478,000 

122,000 

169.000 

$770,000 

$85,200 

7,~ 

5.700 

(Months after Authorization) 
Design Conetruction 

Start Fini ah ~ Fini sh 

1 12 3 

t. Alternatives 

1) Ion exchange facilities sized to process the total proce ss 
condensate and up to 20 percent or the steam condeneate 
should provide MPCw discharge. 

2) Collection and evaporation ot nonstandard streams as 
proposed in scheme II will also provide MPCw discharge 
or these waste streams. 

8. Steam and Process Condensates - 242-T Building 

• • I 

Process condensates from waste concentration in the 21.2-T Building 
are batch collected, 11&111Pled, and analyzed prior to dbcharge to 
the 216-T-19 crib. During 1967, an estimated .3 x 1a8 gallons of 
waste, containing 10 curies of beta emitters, including 4 curies 
of ceeium-l.37, will be diischarged to this crib. An additional 
4 x 1~ gallons of ateam. condensate will alao be diecharsed to 
thia crib in 1967. Design modif'icatione, wen installed, will 
increase the process and steam comensatee to 5 .x: la8 gallons and 
6.5 x lcf gallons per year, respectively. It ie proposed that 
ion exchange be installed for cesium-1.37 removal from the proceu 
condensate stream, and that radiation ·monitoring be installed on 
the steam condenea,te stream. Continuous proportional sampling, 
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radiation detection, and volume measurement capability for the 
combined atreBm& discharged to the crib wuld aleo be provided. 

a, Facilities Description 

l) General 

The proceee condensate f:rom the 24i-T Building evaporator 
would be treated with a single stage of ion exchange to 
remove tieslon product contaminants i'rom the stream. '!'he 
treated condensate would be routed to crib after being 
sampled. The facilities are l!lhown on figures 8 and 3 
(drawings SC-2-21819 and SC-2-21820). 

2) fSH1pment Description 

The process condensate is presently- collected in two catch 
tanks prior to disposal. These catch tanks would be 
equip~d with agitators e.nd would 1Serve a.s the reed tanks 
for the ion exchange column. A pump would be installed to 
pump the condensate to the top of the ion exchange column. 
A radiation recorder will be installed in the effluent 
line from the bottom of the ion exchange column, which will 
be routed to the 216-T-19 crib via a new proportional 
sampler pit. Separate monitoring is provided for the 
ernuent stream, as both steam condensate from the evaporator 
and the motive water trom the vent jet can also be routed to 
crib vie. the umpler pit. Flow integration and radiation 
monitoring will also be provided in the sampler pit, as shown 
on drawing S<.-2-21812, detail II. A radiation recorder 
alarm will be installed on the evaporator steam condensate 
discharge line, aleo. 

The ion exchange column would be .2 feet in diameter and 
10 feet high. Ten;ierature and preesure meaeurement would 
be provided at the top and bottom of the colmnn. A liquid 
level and resin level Wicator would also be installed on 
the column. 

A 1000-gallon eluant tank and an .eluant pump wuld be 
installed to handle the eodiuni nitrate, the eluant. A 
now recorder controller would regulate the flow of 
eluant to the column. Eluted wastes would be routed to 
Undergrourrl storage, together with the concentrate from 
the evaporator. A new hot tie-in would be provided to 
connect these two streams. Normal tank instrumentation 
'WOuld be instilled on the eluant tank. 

An air ejector -woulct be inetalle<l to provide vacuum for 
the ion exchange column. The discharge from the jet 
would be filtered and routed to the at.mosphere. 
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3) Build.!t)g Deecription 

As shown on figure 8 (drawing ~-~-:n.819), the ion exchange 
column and the pumpzs w\U.d l;,e im1talled ·w:1 thin a nominally­
shielded enclosure installed in one section of the catch 
tank cell of the 242-T Building. Pereonnel access wuld be 
provided !or maintenance and for resin removal operations. 
The eluant tank would be located just outside of the 
building. I 

The new proportional sampling pit would be installed in the 
waste line, M1ich passes just southeast of the 242-T 
Building. Read-out of all instruments would be made in the 
242-T Building, where a new panel board would be installed. 

b • . Expected Reeulh 

•C • 

d. 

e. 

r. 

Successful operation of the proposed ion exchange and monitoring 
facilities will provide MPC'W discharge of these waste streams. 

C~12iteJ. Coet.1 

Installation $150,000 

Engineering 38,000 

Contingency & Escalation 52,000 

'IDTAL (rounded) $240,000 

In~aaa~d Annual Oper1t!Dg Co~t§ 

Manpower $ 34,000 

Maintenance Supplies 7.,800 

Essential. Materials 6.000 

TOTAL $47,800 

Schedule 
~ 

(Months after Authorization) 
De~im Conittuetion 

Start Fini.ah Start Finish 

1 8 3 16 

A}ternatives 

Continue to crib without treatment. 
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9. Process Condensate - In-Tank Solidification Unit Number 5 

In-tank solidification unit number 2 will begin operation in 
Dacombor, 1967, The expecte'1 7 to 8 x lrf gallona per yoe.r or 
process condensate will contain 50 to 75 curies of beta emitters, 
including 25 to J..D curies of cesiUlll-137. It is proposed that ion 
exchange facilities be installed for removal of cesium-1'7. Since 
the Purex organic waeh wastes will be routed to nonboiling waste 
storage !or subsequent concentration by ITS number 2, pretreatment 
or the proc'ess conden5&.te for organic removal is required prior to 
ion exchange proceasing. - -

a. Facilities Deacription 

. 1) 

. 2) 

General 

The proceas condensate from the #2 in-tank solidification 
unit (ITS #2) 'lrould be treated for the . removal of contami­
nants in a !!imilar manner as the condensate of ITS ,fl. 
This would require the installation of a catch tank, k 
Brink type de-entrainer, a stripper, and an ion exchenge 
column. The stripper would remove organic from the con­
densate stream, ·as it hinders the removal of cesium in 
the ion exchange column. Hew facilities would be required 
for the installation of thie equipment, and these would be 
located near the existing facilities, adjacent to the 
2/J.-M-112 tank. The new fa.cilities a.re shown on figures 
6 &nd 9 (draw:lngt! SK .. l =£1816 and EK=l-£1818), 

Equipment Deecription - Off-Gas Treatment 

The existing condenser serving tank FY-ll2 would be removed 
from its present location and re-installed downstrean or a . 
new Brink ·type de-entrainer. The off-gas would be routed 
to the Brink unit, which would drain to the catch tank. 
After this treatment, the off-gas would be routed to the 
condenser, where the condensate wul.d drop out and eollect 
in the 5000-gallon stripper ptunp tank. The noncondensed 
gases would then be routed through the existing heater and 
filter e.nd be sent to the stack via the existing fan. The 
catch tank would be emptied periodically by discharging the 
waste to underground storage. 

'.3) Equipment Description - Condensate Treatment. 

The .5000-gallon ,tripper pump tank would be equipped with 
normal tank instrumentation, agitation, and a sampler. 
The condensate would be pumped through a. now controller 
to the top o! the stripper. · 
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The stripper would consist. of two sections, a stripping 
column and a thermosyphon reboiler. ·The stripping section 
would be a .3.3-inch diameter, 10-i'oot high, packed column. 
At the top of the packed aection1 a wire mesh de-entrainment 
pad wuld be installed. Differential pressure readings 
woul.d be taken aoroea the packed ·aection and the wire mesh 
pad. Feed to the column -would be pumped to the top of t he 
packed section. Steam generated in the reboiler would pass 
up through the column and remove the organic from the feed 
in countercurrent contact. 

The reboiler section would be a thermoeyphon type unit 
with a heat transfer capacity of 5.75 x lei Btu/hour. 
Steam would be flow-coritrolled and the condensate routed 
to swamp via a new proportional sampler pit and a purap 
pit. The cooling water from the two condeneere would Bl.so. 
be discharged to swamp through the same sampler and pump 
pits. Flow integration and radiation monitoring will be 
provided aleo, as ahown on figure ) (drawing SK-2-21812), 
detail II. · 

The ateam from the stripper 'i«>uld be routed to a. condenser, 
rated at 5 x 108 Btu/hour. Condensate t'rom the condenser 
-would be collected in a JO-gallon decanter. The aqueous • 
etream !rom the dec&nter )fOuld be sent to the 216-B-57 crib 
for disposal. The stream would be monitored in a new 
sampling pit which would provide proportional sampling, 
now 1nugrat1on, and radiation monitoring. The organic 
stream from the decanter wou1d be collected in a 1000-
gallon organic waste storage tank. Noroal storage tank 
instrumentation would be provided along with a vertical 
pump. The organic 'fl&ste would be tranaterred f'rom this 
tank to the new organic waste dispoeal facility by tank 
truck. A new truck loading etation would be provided at 
the facility. 

The stripped condensate wuld be routed to a 2500-gallon 
tank, which would aerve a.s the ion exchange column pmp 
tank. The tank ll'Ould be equipped with normal tank instru­
mentation, agitation, and a sampler. Feed to the ion 
ftXCh&nge column 'WOuld be now-controlled from the pump 
tank. . 

The ion exchange column "WOul..d be 2 reet in diameter and 
10 feet high. Temperature and pressure measurements 
would be provided at the top and bottom of the colwnn. 
A liquid level and a resin level indicator -would be 
installed on the column, Effiuent from the column would 
be discharged to the 216-B-57 crib via a new proportional 
sampler pit. Flow integration and radiation monitoring 
would be provided aleo> as shown on figure J (drawing 
SK-2_.21812), detail II. Contaminants would be eluted 
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from the resin column using sodium nitrate as eluant. A 
l(X)()-gallon eluant t.ank would be installed for eluant 
etorage. Elution would be now-controlled, s.nd eluant 
would be routed from the column to underground l!ltorage. 
A new tie-in to one or the BY tanks would be provided 
tor collection of this stream and the contaminated scrub 
water mentioned above. 

Vacuum requirements for the stripper, condenser, and the 
ion exchange column WQula be providea by a now 50 crm 
fan which would diecharge to the existing stack at nc-BY-
112. The aystem would be equipped with normal vent system 
instrumentation. 

Tho oolleot10n o! the !:iisa1on pro'1uct c0nt.aminate'1 waate 
stream in underground tanks in the BY !'arm asSUllles the 
availability of such tanks, With the implementation of 
the ITS #:l. program and the continuance of the ITS #1 
program; such tank storage capacity will eventually be 
available for this use. 

4) Building De~cription 

As ehown on figure 9 ( drawing SIC-2-21818), the new equip­
ment would be installed adjacent to the existing ITS #i 
facilities, The three new proportional sampler pits 
-would be located near 'lK-B!-112, and an addition to the 
control room ~uld be made. A :.!4-foot by :36-root area 
would be provided for the installation of the equipment. 
Except for the ion exchange column, all the equipment 
-would be located out in the open, A nominall;r-shielded 
enclosure l«luld be provided for the ion exchange column. 
PersoMel access to the shielded enclosure would be 
provided for maintenance. Light shielding may- also be 
needed for the feed tanks, organic waste storage tank, 
and the scrubber recirculation tank, which are all 
located above ground, 

b, Expecteg Repultp 

Organic waetee will be removad from the condensate stream and 
stored tor disposal by combustion or other acceptable methods. 
The zeolite ion exchange treatment is expected to provide MPCW 
discharge for the aqueous waste stream. 
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c • . Capital Coat 

Installation 

Engineering 

Contingency & Escalation 

TOTAL {rounded) 

d. Increaeed Annual Operating CoJrt. 

Manpower 

Maintenance Supplies 

Steam and Electricity 

Es~ential Materials 

WTAL 

e. Schedule 

$510,000 

128,000 

182,000 

$820,000 

$ 85 ,:c!OO 

1.soo 
67,900 

10,000 

$170,900 

(Months after Authorization) 
Design Construction 
~ Fini eh Start Finish 

1 

!. Alternative 

15 J 

Continue to crib without treatment. 

Cooling Water Disposal - Purex 

,30 

. I 

Cooling water from the coils and condensers at the Purex Plant is 
rouhd to the 216-A-25 (Ge.ble Mountain) ~- A. l'()rUon of t he 
!low leaving the Purex Plant is pumped to the 241-A-201 tank f or 
reuse as cooling water in the 241-A and U tank farms. A sampl er 
is l.ocated in the 241-A-~l. pump pit. The major now or cooling 
water is combined 'With that diverted tor use at the ta.nk !arms 
at a diversion box west or the 216-B-J swamp, and the total flow 
rate is measured and totaled. Existing valving, upstream of t he 
216-A-25 now totali~er, can be used to divert a portion of the 
stream to the 216-B-.3 swamp. 'nle !low to the 216-B-J swamp is 
measured and totalized. It is expected that J x lr! gallons of 
cooling water containing 300 curies or beta emitters, including 
100 curiu o! rutheni\lJll.-106, will be diecha.rged. to the ewsmpe i n 
1967-
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It is proposed that radiation monitoring, continuous proportional 
sampling, and volume measurement capability be installed on .this 
stream. Radioactivity in the stream above the preset allowable 
limit would 30und an alann and alert Purex Plant persoM@l, per.., 
mitting an orderly shut-down of the plant, detection of the source 
of the comtamination, and repair prior to reeumption of operations. 

a. Facilitieo Description 

As ehown on figures land 3 (drawinee ~-2-21.a11 and SK-2-2181~), 
detail II, a new BAmpling pit "WOuld be installed on the Purex 
cooling l'/flter disposal line which discharges to the ~16-A-25 
swamp. Flow would be recorded and totalized. A proportional 
sampler would be installed to furnish a pennanent record of 
~ activity that misht be present. A radiation recorder alarm 
would also be installed to record and sound the alarm for any 
unusual situation. The sampler pit would be located out near 
the ~41-AX tank farm to also monitor the now of cooling water 
.trom the ~-A and AX tan){ fanns. 

b. Expected Results 

The radioactivity discharged to this stream is generally below 
the MPCw· The proposed facility will provide early detection 
of radioactivity and more ·accurate measurement of the volume 
and radioactivity discharged to the swamp. 

c. Capital Coats 

Installation 

Engineering 

Contingency & Escalation 

TOTAL · (rounded) 

d. Increased Annual Operating Costs 

Manpower 

Maintenance Supplies 

'fOTAL 

· e. Schedule 

$ .z.!,000 

5,000 

7.500 

$ J5,000 

i 2,100 

1,000 

$ 3,100 

(Months after Authorization) 
Deeign Construction 

Start Finieh Start Fini.ab 

l 6 2 
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ll. Acid Fractionator Process Condensate - Purex Plant · 
™ 

The con:iensate from the acid fractions.tor (T-U6) is now condensed 
in a barometric condenser; and th~ total atrelU!lt approximataly 
420 gpm, is discharged · to the 216:-B-J swamp via the 216-A-29 ditch. 
This stream is the primary source or radioactivity, easentially all 
ruthenium and iodine, discharged to these sites. An estimated 1 50 
curies or beta emitters, including .50 curies of ruthenium-106, will 
be discharged to these open disposal sites in 1967. 

Rf.placement of the barometric condenser on the acid fractionato r 
with a surface condenser has been authorized at a cost or $90,000. 
Installation should be completed by September, 1968. The process 
condensate stream, about 20 gpm, will be discharged to a crib, · 
possibly ~6-A-9. 

It is proposed that the acid fractionator condensate stream be 
recycled, as renux water, to the vacuum acid fractionator. 
Excess corrlensates wul.d be added to the previously diseuued 
Purex process condensate recycle system. · 

a. · Facilities Description 

The proceee condensate l«>uld be collected in tank U7, in Purex 
U-vault, ae shown on figure 4 (drawing S<-2-as14). A new 
recirculation pump will be installed to recycle process con­
<itnoa.to to the top of the aeid fraetionator. It would also 
pl'Qv1Qo rcGyGle ,water to the IA-water and Xl3-water systems in 
~93 Building, the dissolver--off-gas recovery facility. hcess 
AFD from '1K-U7 ""°uld be transferred to 'IK-UJ for blending wit h 
the canyon process comensates. 

A new 2-inch line would be routed from 'IK-U7 to the east end 
or the 20~-A Building, where it wou1d be tied into an existing 
2-inch line to the 29.3-A Building. The new line would be 
routed out or the east end or Purex U-vault underground. It 
wuld then b@ reuted up along lhe aide of the 202:A Building 
high enough to clear the ra:Uro~tl tunnel and around the and 
ot the building, where the tie-in would be made. Nominal 
shielding wuld be provided as required. 

b. Expected Repulta 

· I.I '.I i 11 : 

lnot~llation of the surface eondens6r would reduce the. radio ­
active discharges to the 216-A-29 and :46-e-J DUrfAQ6 di!posal 

. sites to MPCw or less. Installation or the recycle system 
would reduce the radioactivity discharged to the cribs by 
150 curiee/7ear. 
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c. 9a~ital Costs 

Installation 

Engineering 

Contingency & Escalation 

TOTAL ( rounded) 

d. Increa,ed Annual Operating Costs 

Manpower 

Maintenance - Supplies 
Equipment 

TOTAL 

e • . Schedule 

$ B,000 

2,000 

$ lJ,000 

1,900 

900 
2,000 

$ 4,800 

(Months after Authorization) 
Design Construction 

Start Finish Start Finish 

1 3 6 

AnH-2Jl 

Page A,'1 

1~. Coolw Water and SteAm Condenut! -- B Plant 

Two cooling water headers are used at the ~1-B Building. One can 
be classified as a low-risk strea.r:i; the other is classified as a 
mediwn-risk stream, and con15i15te of cooling water and steam con­
densates. Both streams are collected in the retention basin and 
sampled prior to discharge to the 216-B-J swamp via the 216-B-2 
ditch. Both headers are provided with radiation monitoring instru­
mentation and alarms. In addition, the medium-risk header has 
diversion valving which automatically diverts the stream to the 
216-B-59 ti-ench on detection of radioactivity above the preset 
radiation limit. 

It i8 proposed to route the diverted stream to an empty tank in 
the 241-B tank !arm inetead or the open trench. The waste collected 
vould be processed in the ITS #2. facility. 

a. Facilities Description 

As shown on figure 6 (drawing SC.-2-21816), a new 16-inch 
eneased line, approximately 2400 feet long, would be installed 
from the diver1i0n point to tho 216-B-~9 ditch to an empty 
tank in the B tank farm. Existing instrument:i would be U:Jed 
to detect the contamination and generate the signal. New 
valves would be installed at the point of diversion to provide 
automatic operation. 
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b. Expected Results 

c. 

d. 

In the event or coil !allure and resultant radioactivit7 dis­
charge to the cooling 1o1&ter stream, the radioactivity would be 
contained rather than discharged to the growld. 

Ca:g!tal ~ona 

Inetallation ~ 79,000 

Engineering ~,000 

Contingency & Escalation .a.ooo 
TOTAL (rounded) $12.5,000 

Inc!l!a~~ AD:!lYal. Ooerat!n,g Cona 
Increased operating coats or the diversion system modification 
would be nil. Evaporation of the stored waste resulting from 
diversion would be approximately 10 cents per gallon. 

e. Schedule 

(Months after Authorization) 
!?oR1sn Conptrq9t1on 

Start Fini eh Start Fini ah 

1 4 9 

13. Chemical Sewer - Pµrex Plant 

Removal .or the acid !ractionator condensate strear.t !rom the wastes · 
discharged to the 216-Z-29 ditch would eliminate the major ·source 
of radioactivity discharges to this eite. It 11 proposed to install · · 
radiation monitoring, continuous proportional sampling, a.nd volume 
measurement capability on the chemical sewer ernuent stream dia- · 
charged to the 216-A-29 ditch. These facilities would 'detect 
abnorma.l radioactivity in the stream and a:lert operations pereonnel 
so that the 1ource of the radioactivity could be determined and 
repairs quickly made. The sampling and volume measurement capa­
bility would provide a JnOre accurate record of volume and radi o­
activity discharged to the aite, 

a. Facilities Deecription 

Aa ahown on figures l ani J (drawings SC-2-21.Bll and SC-2-21812), 
detail II, a new eampling pit would be inatal.led on the Purex 
chemical sewer line 1fhieh discharges to the 216-A.•29 swamp. 
Flow would be recorded and totalized. A proportional sampler 
would be installed to turnieh a permanent record ot any activity 
that might be pre eent. A radiation recorder alarm would also be 
installed to record and aound the alarm !or any urru.aual situation. 

UNCLASSIFIED 
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A more accurate record of volume and radioactivity discharged 
to the 216-A-~9 ditch would.be provided, Radiation detection • 
and alarm would also pennit quick recognition arxt correction 
of conditions lfflich could result in radioactivity release. 

c. Capital Coste 

Instill&.tion 

Engineering 

Contingency & Escalation 

TOTAL ( rounded) 

d. Increased Annual Operating Coste 

Manpower 

Maintenance Supplies 

TOTAL 

e. Schedule 

$22,000 

5,000 

7.500 

$ 35,000 

$ 2,100 

1.000 

$ 3,100 

· (Monthn attor Aut.horizati9n) 
Depign · Conetruction 

llitl. Finieh Start Finish 

1 · 6 12 

14. Cooling Water am Steam· Condensates - 241-AR Vault 

Cooling water and steam condeneatee from the 241-AR vault are dis­
charged to the :ll.6-A-25 (Gable Mountain) swamp. The four proces-
11ng tanke are all equipped with coilts. However, only two of the 
tanks · are ueed alternately for heating and cooling. No radiation 
monitoring, volume measurement, or proportional sampling capa­
bility is presently installed on this waste water stream • . 
Although the poseibillty- of a coil leak appears to be snail, the 
t.anks will contain high-level waste solutions. 1berefore, con­
tinuous radiation monitoring of this M-ream should be installed. 
Radioactivity in the waste water above the preset allowable limit 
would eound an alann and automatiea.lly divert the stream from .the 
swamp to an existing 241..C waste storage tank until the source of 
the radioactivity- could be found and emergency remedial action 
taken. In addition, continuous proportional sampling and volume 
meaeurement capability would be install.ed. 
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As ehown on figures 1 and .3 (drawings ac-:.:!-21811 and SC-2-21812), 
detail II, a new sampling and diversion pit l«>uld be installed on 
the AR vault waste cooling water line which discharges to the 
Gable Mountain swamp. Flow would be recorded and totalized. A 
proportional sampler would be installed to furnish a pennanent 
record or any activity that might be discharged to the swamp. A 
radiation recorder-controller alarm would be inetalled to record 
and to divert the atroam.to the C tank tarm &hould activity be 
detected. Approximately 1300 feet of 12-inch pipe would be 
installed from the diversion etation to C tank farm. 

b. Expected Re;,ult s 

· Detection of radioactivity leakage into this stream would alert 
operations pereonnel, who would shut down the ·operation, 
detennine the source of the radioactivity, and schedule neces­
sary repairs. Early detection of radioactivity should prevent 
large discharges of radioactivity to the enviroment in this 
stream. The sampling an:1 volume measureoent capability would 
provide more accurate records for inventory purposes, 

c. Capital Costs 

Installation 

Engineering 

Contingency & Escalation 

TOTAL 

d. Increased Annual_Qperating Costs 

Manpower 

Maintenance Supplies 

TOTAL 

$ 90,000 . 

23,000 

32.000 

$145,000 

$ 2,,100 

1,000 

$ J,100 

UOTE: In the event of radioactivity in-leakage 
to this stream, additional costs for · · 
de~ontamina.tion by evaporation would be 
incurred. 

e. Schedule 

(Months after Authorization) 
Design Construction 
~ Finish ~ Finish 

1 6 2 12 
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() f. Alternative 

0 

r\ 
\. . ;J 

I • 

Continue swamp discharge as is presently done. 

15. Crane lla.intenance Fa.cllity Wnste -- Purex Plant 

Wastes fror:1 the decontanination sink, the deconta.'lination shower, 
and two floor drains in the east crane maintenance facility are 
routed to the 216-A-3:c! crib for disposal. There are no existing 
facilities for collection or -~ling of these ~-astes, It ia -
proposed that collection and sampling facilities be provided. 

a. Facilities Description 

. As shown on figures l ancl J (drawings ~-:c!-~811 and SK-£•218li!), 
. detail II, a new 1000-gallon underground catch tank would be 

installed. All waste to the crib would be intercepted and 
sampled prior to disposal. Cribable material would be pumped 
to the 416-A-Ji crib, and noncribable material would be trucked 
to the 202~ Building. A new truck loading station located 

. near the crib would be insb.lled. The contaminated ·waste -would 
be handled in the Redox waste evaporators for clean-up prior to 
disposal. 

b. lw;lected Results 

The radioactivity and volume of this -waste stream are not 
i,resently known. 1 The instAlled facilities t-rotil.d provide 
retention and/or discharge of a known volume and radioactivity 
to the existing 216-A-32 crib. 

c. Capital Costs 

Installation 

Engineering 

Conting&ney ~ Esca.latioh 

TOTAL 

d. Increased Annual Operating Costs 

Manpower 

Maintenance Supplies 

TOTAL 

~ 29,000 

7,300 

7,700 

$ 44,0CO 

$ 2,soo 

1,300 

$ . 4,100 

Additional costs tor transportation and evaporation or these 
we.ates will be dependent on the volume to be handled. This 
volume · is not known. · 
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. c. Schedule 

(Months after Authorization} 
'De~ign Congtruction 

Start Finish Start Finiph 

1 6 12 . 

16. French Drains -- Purex Plant 

Although the radioactivity content of liquid wastes discharged t o 
French drains at the Purex Plant is · expected to be low, liquid 
volumes and radionuclide concentrations are not preaently known . 
It is proposed that radiation detection probes and alarms be 
installed in the French draine used by the Purex Plant. If it is 
determined that significant radioactivity is being discharged t o 
these sites, collection, sampling, and volume measuring facilities 
would be installed at a later date. 

I , ' .. , 

a. Facilities Description 

As 'shown on figures 1 and 3 (drawings S{-2-21811 and S{-:,Hd812}, 
radiation indicator al.anns would be installed on the inlet lines 
to some French drains. The following listed French drains wuld 
be retained in service, as the possibility of discharging si g­
nificant amounts of contaminated waste to these French drains · is 
!IMll: 216-A-ll, 216-A-12, 216-A-14, and 216-A-26-A. These 
French dr&ine would be equipped with the radiation indicator 
alanns, which will announce an unusual discharge situation. 

b. Expected Re§U].ts 

Installation of the radiation monitoring probes and alarms wuld 
determine whether unknown radioactive waste streams are being 
discharged to the ground. · 

c. Cap:H.ai Costs 

Installation 

Engineering 

Contingency & Escalation 

TOTAL 

d. Increased Annu,al Operating Costs 

Manpower 

i,;aintenance Supplies 

TOTAL 

I -· ! :1 ,1 , . I • 

- $10,000 

i,500 

3.500 

$ 1,900 

90~ 

$ 2,800 
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0 e. Schedule · 

0 

0 

(Months After Authorization) 
Design Construction 
~ Finish Start Fini ah 

l 2 10 

17. French Dre.ina - 203-A Facility - Purex Plant 

Volumes and radioactivity of liquid wastes from the UNH loading and 
HN<)., unloading areas to French drains and the 216-A-3 crib are not 
routinely measured. It is proposed that these wastes be collected, 
sampled, and evaluated prior to dispoeal to the 2.16-A-J crib or 
tran,rcrred to the ~i-s Bu11a1ng ror accontam1nat1on by evaporat1on, 

a • . Facilities Description 

As shown on figures 1 and 10 (drawing8 ai;-i-21811 and SK-2-2181J), 
French drains 21.6-A-22 and 21.6-A-28 would be abandoned. The lines 
entering these French drains would be rerouted to the 216-A3 crib 
line. A new 1000-gallon ur¥lerground catch tank would be installed 
to intercept all flow to the AJ crib. Arter sampling, the tank 
would be pumped out, either to the AJ crib or to the existing 
truck pad for loading and ehipment to the waete concentration 
system in 20:c!-S Building. A new )-inch line would be installed 
from the new tank to the truck loading pad. The contaminated 
waste would be trucked to the !200-W .Area and transterred to the 
Redox Plant for concentration and clean-up prior to disposal. 

b. Expected Reeulta 

Urnonitored discharges to . the French drains would be discontinued, 
and volume and radioactivity inputs to the existing :U6-A-3 crib 
would be accurately measured. Evaporation of nonstandard wastes 
would also reduce the radioactivity input to the ground. 

c. Capital Costs 

Installation 

'Engineering 

Contingency & Escalation 

TOTAL (rounded) 

$ .35,000 

9,000 

1:.!.000 

$ 55,000 
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18. 

I 1 , • 

d. IncreaBed Annual Operating Costs 

Manpower 

Maintenance SupplieB 

Essential Materials 

TOTAL 

$ i,soo 

1,:,00 

$ 4,500 

Additional costs tor transportation and evaporation of these 
wastes would be dependent on the volume to be handled. This 
volume is not presently known. · 

e. Schedule 

(Months after Authorization) 
Design Construction 

Start Fini eh ~ Finish 

l 6 12 

Laboratory Wotes -- 2:l~-S Laboratory 

Approximately 100,000 gallons of liquid wastes, containing J curies 
of beta emitters, will be discharged to the il6-S~~ crib by the 
2:l~-S Labouto1" during 1967. With th@ Redox Pla.nt in uee for 
c0nc~ntrati0n of norno wa~te§, th11 1tr~M1 ·1M3 b~ ~imply r9~te4 tQ 
the R~dox Plant tor decontamination by evaporation. 

a. Fe.cilitieo Description 

1) Goneral 

The 216-S-20 crib is presently used for disposal of low 
level wastes frorn the laboratories in 222-S Building. 
This crib would be abandoned. The low level waste would 
be tran5ferred to the Redox D-12 concentrator !or pro­
cessing along with other wastes. 

2) Routings 

Ae shown on figure 2 (drawing S<-2-218~), piping modifi­
cations would be reqU!Nd in Building 219-S to ·route t he 
low level waste .from 'llC-102 to the Redox canyon, near 
tAnk D-8. An existing spare line ft'Offl 219-S to thg D-8 
position would be used. Installatiom1 of two new jumpers 
1o10u.ld route the waste .from the D-8 position to 'lX-Dl. 
Existing routings are presently installed for jetting 
D-1 to D-lJ, the waste receiver for the D-~ concentrator. 
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b. Expected Re~ults 

Decontamination of this stream by evaporation in the Redox 
Plant lolOuld reduce the radioactivity to the 81'0und by.) curies 
per year. The 216-S-20 crib would no longer be required and 
could be abandoned. 

c. Capital Coats 

Installation 

Engineering 

Contingency & Escalation 

TOT.\L (rounded) 

d. Increased Operating Coats 

Evaporation 
{S~g apd, iJ,.ect~qitf) 

e. Schedule 

$ 7;000 

1,000 

2,500 

~ 11,000 

$ ~,ooo 

(Months after Authorization) 
Design Construction 

Start Finish Start Finish 

1 2 

!. Alternative 

Continue to discharge to the 21.6-S-20 crib. 

19. Cooling Water Di1P9sal - U Plant 

; I I . I r I I 

Approximately :tlS x lo' gallons of 224-U BuilcUflg cool~ wn.ter, · 
containing an eot1Jn&tect J curies of total beta emitters, will be 
discharged to the 216-U-10 swamp in 1967. It is proposed that · 
radiation moni taring, continuous proportional eampling, and volume 
measurement capability be installed on this stream. 

a. Facilitie~ Description 

Ae shown on figure· :, (drawi~ S<-2-:.U812), detail II, arxl. 
figure 2 (drawing S<-2-:tl8:c!O), a new sampling pit would be 
installed on the U4>la.nt cooling water diepoaal line \<dlich 
discharges_ to the 216-U-10 ewe.mp. 'lbe cooling water is 
?!ll.m1y from Zl4-U Building operations, but connections to the 
header are: still 1n place .t'roin 221.-U Building. Flow would be 
recorded and totalized. A proportional sampler would be 
installed to furnish• permanent record of arr:, activity that 
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() night be present. A radiation recorder alarm would also be 
inetalled to record and sound the alarm for any unu8Ual · 
situation. 

0 

b. Expected Results 

This stream has an average radioactivity content of 0.1 MPCw. 
The main function of this inetalla tion 'WOuld be to warn of 
abnormal radioactivity content and to provide. more accurate 
mea.suremants of th~ volume di!lehM"ged. , 

c. Capital Coots 

Installation 

Engineering 

Contingency & Escalation 

TOTAL ( rounded) 

d. Increaped Annual Operating Costs 

Manpower 

Maintenance Supplies 

TOTAL 

e. Schedule 

$22,000 

5,000 

7. 500 

$ 35,000 

$ 2,100 

1,000 

$ 3,100 

(l{onths after Authorization) 
I>eeign Construction 

Start Finish ~ Finish 

1 

r, Alt.vrnat.1 ve 

6 2 · l.! 

Utilize existing sampling facilities and volume calculations. 

20. Plutonium Reclamation Salt Waptes - ;!36-Z and ;,ua-z Bulldi.nge 

An estimated 500,000 gallons of high salt waste, containing '/(X/j 
grams of plutonium, will be discharged to the 2l6-Z-1A crib in 
1967. Facilities will be provided to collect and transfer this 
waste stream to underground storage for subsequent concentration 
by in-tank i,olidification or the 242-T evaporator. Until the 
proposed facilities can be provided, operation will continue as 
at present. A hew crib will be constructed to replace crib 

,-... 21Th6-Z-1A · an
1

bd 216-Z-lA will
1
be abiand?,~e

6
dzas

8
a ~

11
achbarge si~e. 

1, : I e new er , proposed dee gnat on :.0... - -1 , w.1. e coneidered 
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as an interim .facility, pending adoption of the proposed in-tank 
retention scheme presented here. Independent ot the above 
approaches, it ·1a intended to pursue process and equipment improve- · 
mentB for reducing the plutonium loBBeB to this waete strel:Ull, 

a • . Facilities Description 

As shown on figure 2 {drawing SK-2-21820), a new J-inch line 
would be installed from near 241-Z to the 244-TXR vault to 
intercept the high salt plutonium-bearing aqueous waste etream 
and route the stream to the TX tank farm. The existing line 
to 216-Z-lA crib would be blanked. The waste would be · 
received in a decanter tank 'Where aey organics would be drawn 
off for neutralization and subsequent treatment (e.g., 
incinoration aftor cci. removal). The rel!\a~.lng a~o~o waote 
would be transferred to another tank for neutralization, and 
then pumped to a tank in the TX tank !ann for storage. 
Ultimately, the aqueous wastes would be concentrated by in-tank 

' solidification facilities or the 242-T waste evaporator. 

b. Rerute Expected 

c. 

d. 

Operation of the proposed retention facilities would eliminate 
the plutonium discharge to the ground from this source. It 
would also eliminate the discharge of high salt waste and 
organic wastes to the ground. · 

CM!ital Co~ts 

Installation $JJ9,000 

Ensineerins 84,000 

Contingency & Escalation 120.000 

TOTAL (rounded) $540,000 

!DQr!IBed Annual Ooeratiruz Costs 
' 

The increase,f annual cost for operating these facilities will 
8J!lount to $83,000. Theee coets inclUde direct labor plus 
pertinent addere and coste of material. 

e. Schedule 

(Months after Authorization) 
Deeign Construction 

Start Finieh Start Fini eh 

1 12 24 
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.a. 

r. Alternativee 

1) Continue to construct new cribs for this stream and die­
charge to ground on a 8J)ecific retention baai:,, 

2) Tank truck this stream to the '11{ tank i'arm after the 
organic has been decanted and both portions neutralized. 

J) Investigate methods for reducing plutonium losses from 
the procea1ing operationo ~ thio otream, Thie h an 
area receiving continuing attention, and allied programs 
ot investigation are under way by Research and Engineering 
persoMel. The costs and time intervals for reducing the 
plutonium loeses are indefinite at this time. The actual 
reduction of plutonium in this streS1:1 from these means 
must also be concluded as indefinite at this time. 

Wa,te Waters - ;Q4-5 Building 

An estimated 4 x lr:f gallons of pro~el!ll!I condensates, cooling waters, 
and vacuum jet water, containing 1200 gram, of plutoniUl'!l., will be 
discharged to the 216-Z-12 crib in 1967. It is proposed that this 
waate stream be routed to an existing underground storage tank for 
sub~equent decontamination by evaporation in the Redox Plant, 
242-T waate evaporator, or other installed waste evaporation 
facilities. 

Pending adopt.ion of thia proposal, contaminated waate water will 
continue to be discharged to this crib. The plu~nium concen­
tration a.nd volume of water will continue to be measured in this 
stream, a.nd regardless of the final action with regard to this 
atrce.m, it iD ;!,nt~nq~~ to pursue process improvements and equipment 
for reducing the plutonium losses. 

a • . Facilities Description 

As shown on figure 2 (drawing SC-2-218~), a new .)-inch line 
would be installed from near :l41-Z to the TX tank fann to 
intercept the plutonium-bearing waste water stream and route· 
the streMl to an underground waate storage tank. Ultimately, 
the tank contents -would be routed to the 242-T waste evaporator 
or to Redox facilitiee for decontamination by evaporation. 

b. keeuiie Expected 

Decontamination or this stream by evaporation should eliminate 
the &Mual discharge ot 1200 grams of plutonium to the ground. 

UNCLASSIFIED 
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c. Capital Costs 

lnBtalla tion 

Engineering 

Contingency & Escalation 

TOTAL (rounded) 

d. lncreae~d Annual Operating Cost 

$1a>,OOO 

J0,000 

M,ooo 

$190,000 

ARH-;..(31 

Page A.4J 

The increased annual cost for operating theee facilities 
would amount to $67,000. This cost includes direct labor, 
plus pertinent adders and costs of material. 

e. Schedule 

(Months after Authorization) 
Design Construction 
~ Finish Start Fini§h 

l 4 6 

f. Alternatives 

1) Continue cribbing of this etrearn. 

2) Tank truck this stream to the TX tank farm or eome other 
suitable facility. 

;} In~tall an evaporator at Z Plant for this stream. 

4) Investigate methods for reducing plutonium losses from 
the processing operations to this stream. This is an 
area receiving continuing attention, an:l allied prograr.11s 
of investigation are under way by Research and Engineeril'l8 
personnel . The costB and time 1ntervalo for reduc1ns the 
plutonium losses are indefinite at this time, The actual 
reduction of plutonium in this stream from these means 
must also be concluded as indefinite at this tir.J.e. 

Zc!. Cooling Waters - 231-Z and 234-5-Z Building§ 

The volume and plutonium content of these waste waters, routed to 
the 216-U-10 swamp via the 216-Z-ll ditch, is not accurately known. 
Instrumentation for alpha monitoring, continuous proportional 
sampling and volume measurement would be installed. 
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a. Facilities Description 

As shown on figures :l and J (drawings S(-2-21820 and St-:.!-:a.8~), 
detail II, a new sampling pit would be inetallod on the <J4-5-Z 

. cooling water line, and a new 15SI11pling pit would be installed on 
the 231-Z cooling water line, both of which discharge to the 
216-U-ll ditch. Flows would be recorded and totalized. Pro­
portional samplers would be insatlled to turniah permanent 
records or any activity that might be present. Radiation 
recorder alarms \\'Ould al~ be installed for each facility to 
sound an audible alarm for any unusual situation. Tentatively, 
the 234-5-Z sampler pit would be installed southeast of the . 
<34-5-Z Building, and the 2Jl-Z sampler pit "°uld be installed 
northeast or the 234-Z Building. 

b. · Results E,g,ecteg 

Q, 

This scheme would provide facilities for monitoring streams 
with a low potential for containing radioactive contamination, 
and would also l!IOUnd an alann for any unusual condition detected. 
The alann would initiate an investigation of the waste water 
streams for appropriate action. 

The installation of the proposed facilities would establish a 
reliable record of the status of waste water discharges in . 
these two streams to the 216-U-ll ditch. 

Installation 

Ensin1tering 

Contingency & Escalation 

TOTAL (rounded) 

$ 38,000 

10,000 

13.000 

$ 60.,000 

Since two instillatione are propo5ed, the total capital cost 
"WOuld be $1~,000 • . 

d. Increased ANlUAl Operating Cost 

The increased annual operating cost for the two facllitiee 
would be $17,000. 

e. Schedule 

(Months after Authorization) 
Design Construction 

§lli:i Finish ~ Finish 

1 6 2 
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l) Provide no facilities for meaeuring and recording these 
nows. 

2) Discharge unmeasured water to cribs. 

J) Install an ion exchange facility for this stream at 
Z Plant. 

23 • . Hood. Sink. and Floor Drain Waste Water -- 231-Z Building 

Hood, sink, and floor drain waste waters are presently discharged 
to the 216-Z-16 trench. A new crib, 216-Z-16, is being constructed 
for disposal or these waetee. It is estimated that 10 x 1~ 
gallons of waste, containing 10 grams of plutonium, was discharged 
to the ground in this waste stream during 1967. It is proposed . 
that alpha radiation monitoring, continuous proportional sampling, 
and volume meaDurement capability be installed on this stream. In 
addition,·. alpha radioactivity above a present limit would auto­
matically sound an ala.nn, to alert building personnel of abnormal 
waste stream activity, and to divert the waste stream to an 
existing underground waste storage tank for retention and sub­
sequent decontamination by evaporation. The source of radioactivity 
leakage to the waste stream would be determined and repairs made 
prior to returning the stream to the 216-Z-16 crib. 

a. Faoilitie! Deecription 

As shown on figures 2 and 3 (drawings SK-.!-218'° and SK-2-.!1812), 
detail Il, a new, potentially contaminated, waste water sampling 
pit ~M {I, rww t;U.~r~ion station would be installed. · The sampling 
pit would be located close to the 231-Z Building, while the 
diversion station would be located out near the crib to allow 
eome lag time for diversion of a detected contaminated stream, 
The diverted stream would be routed to TX tank fann via the . 
new line from 241-Z !or similar wal!te water. Uncontaminated 
waste water would continue to now to the ll6-Z-16 crib. 

now through the Mlllpling pit would be recorded, totalized, a 
proportional sample taken, and contamination level recorded. 
At a specified radiation limit, the radiation recorder­
controller would automatically divert the stream to a new 
=,-inch line, which -would be routed to the TX tank f'ann. Ulti­
mately, the contaminated waste water would be transferred to 
the 242-T .waste evaporator or Redox for decontamination by 
evaporation, 
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b. Results Expected 

c. 

d. 

Installation and successful operation of the proposed monitori ng 
and di version facilities would reduce the risk of accidental 
discharge of gross quantities of plutonium to the ground. It 
should also provide a substantial reduction in the present 
annual plutonium discharge to ground in -this waste st ream 
C~ 10 grams plutonium) • 

Ca;ital Costs 

Installation $ 60,ooo 

Engineering 15,000 

Contingency & Escalation 21.000 

TOTAL (rounded) $ 95,000 

Incre&Hd Annual QR§rating Co~ 

The increased annual cost for operation of these facilities 
would be $15,000. 

e. Schedule 

(Months after Authorization) 
Design Gonptruction 

fil:!tl. ' Fini.eh Start Finish 

1 8 2 16 

t. Alternativee 

_l) Continue to construct new cribs for this stream, and dis­
charge to ground on a ·specific retention basis. 

2) Install an ion exchange fac1lit7 at 231-Z Building. 

D. Alternative Concentration Methodp 

I I · : . : 

In the preceding section C, it has been assumed that the concentrat ion 
equipment in the RedoxPlant would be used for reducing radioactivity 
in eome streams presently o! concern. Thirs arseumption hae been made, 
since it proc1ucea minimum capital costs. Ir the Redox Plant should be 
required for other programs (e.g., reopened for Ml processing}, t he 
concentration capability of the Redox Plant could be provided in a 
number o! "'678 at increased costs. Additional in-tank solidificati on 
units could be provided at costs expected to range from $1,000,000 to 
$2,000,000. Higher co&ts would be associated with treatment of the · 
1110re chemically complex streams, l!lllch as the Purex ammonia scrubber waste. 
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Concentration capability could '81.so be installed in U Plant. Room is 
available in U Plant for installing several concentrators. $tudies 
indicate that installation of a single evaporator (:«.>a gallons/minute 
boll-off) system in U Plant would cost $3,500,000 to $4,000,000, 
Additional evaporator systems could be added for an estimated additional 
cost of approximately $,,000,000 each. 

E. SJllNIIBeJ'Y of Scheme I 

F. 

A :swmiary of acheme I, ohowing the w~,t~ ~tr~ams involved; the proposed 
facilities and/or treatment for the streams; the associated capital 
costs; the increased annual operating costs of the treatment; and the 
estimated radioactivity relea:sed to the ground following utilization 
of scheme I facilities, is presented in table 9. Construction of the 
propoBed fac111t1ocs woul.'1 procee'1 as rap1(1ly aD pgoo1'ble fQUowing 
funding and detailed design. Facilities for reducing the radioactivity 
in the low volume, high curie discharge or high plutonium discharge 
streams would be provided first. Utilization of existing Redox 
evaporation capability (8 to 10 million gallons per year) would provide 
a decontamination factor of approximately 100 on those waste water 
stream& scheduled for eva.poration there. 

The extent of reduction of radioactive discharges to the ground 
achieved by diversion of streams to a collection facility would 
depend on available storage epace and installed evaporation capability 
available (e·fi·t ITS 1 versus ITS 2, 242-T and BPla.nt). Reduction of 
chemical discharges to the ground (e.g., NQi -) would be a secondary 
result or the radionctivity Nduetion iNatments C@.g., reeyele of 
Purex process condensate, storage of 2:34-5 Sl!-lt wastes, etc.). 

Scheme I Hazards 

1. Normal Operational Hazarde 

Operation of the existing and proposed facilities for treatment of 
the waste streams in scheme I should present no hazards that are 
not now encountered in the normal day-to~ay operation of Atlantic 
Richfield Hanford Company facilities. Evaporation, concentratiott, 
transfer, and storage of radioactive waste streams; steam stripping 
for removal of trace organic solvents, operation of ion exchange 
columns are routine Chemical Processing Division processing 
operations. Evaporation of an ammoniacal waste stream (e.g., Purex 
~ ecrubbttr waste) is not currently done. However, this has been 
done in the Redox Plant previously. Operational hazards, inclu::.l.ing 
chemical Da!ety and critical mass hazard considerations, are 
normally recognized and factored into the design of new facilities. 

A formal hazards review is made to assure that significant hazards 
are reeognized and operating safety ie assured if operations are 
per!omed according to specifications, standardis, and operating · 
procedures. 
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. G. 

I I 

2. Accidental Discharge Risks and Poesibilitiep 

It should be recognized that accidental discharges of radioactive 
waetes to the environs could still occur, even though the equip­
ment proposed for scheme I was all in place. Failure of a radi­
ation detection instrument to respond to increased radioactivity, 
or failure of the diversion system to operate, could result in 
abnonnal discharges to the environs. Routine maintenance of the 
systems should provide reasonable assurance of operability. 
Should a radioactive solution be diverted and retnined, ca~aeity 
for retention of additional or subsequent diversions oust be 
re-eetablished, on a priority basis, to prevent radioactive dis­
charge to the environs. 

3. Long-Term Risks 

The soils underlying a nurlber of disposal sites contain a rela­
tively large curie inventory of radioisotopes. The long-lived 
radioisotopes (cesi'llr.l-137, strontium-90) are fiIT.Uy held on the 
soil as a re6Ult of ion exchange. Continued dischar~e of the 
wa5te Btreams resulti~ fro~ ocheme I to these sites should h~ve 
no significant adverse effect on the retention of these radio­
isotopes by tha soil, provided the composition of the influent 
waste stream 1s not significantly changed. Discharges of wastes 
capable of leaching these radioisotopes fron the soil will b~ 
avoided. The reduction of radioactivity in the waste streams 
discharged should provide A gradual reduction of r~dio~etivity 
pru1mt in tho ground aml in the gr,rund water beneath the 6i te • 

Scheme I Research and Development 

1. Scheme I Technology 

The treatments planned for reduction of radioactivity in the waste 
streams discharged are based on existing technology 'Which has ceen 
reasonably well demonstrated. Evaporation to achieve decontar,i­
nation has 'been routinely used with good success, particularly 
when efficient deentrainment is incorporated in the sy5tem. The 
removal o! cesium-1.37 and strontium-90 by ion exchange has been 
successfully demonstrated in the laboratory, also, and on a semi­
worka acale. ·Performance of a zeolite ion exchange bed for 
cesium-137 removal frorn the ITS #1 condensate stream h now being 
tested with a prototype unit. Performance to date is very 
prom.sing. Ilecycle of Purex process condensates Appears to he 
technically feasible, but additional research and developoent 
efforts will be required to delllOnstrate the recycle scheme 
proposed. 

2. Alternate Treatments 

Research and development to improve the proposed treatments and/or 
to provide the technology for attractive alternates should be 
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continued. Electrodialysis, reverse osmosis, scavenging, etc., 
may provide the necessary decontamination of these waste streams 
at lower cost. 

J. Anahsis of Low Radioactive Waste Streams 

Atlantic Richfield Hanford Company control laboratories have the 
capability to measure total alpha and total beta content or low 
level waste streams. Additional methods or improved methods 
for rapid detendnation. of t acU.oi~t.opee to 0.01 MPCw, or less, 
are required. 

4. Instrumentation and Alanns 

· The, instrumental detection of total alpha activity nnrl/or total 
beta or total gamma activity at HPCw concentrations is not 
currently possible. Development of this instrumental capability 
will be required. · Development wrk in this area should proceed 
immediately as funds are provided. 

5, Renearch and Developm6nt Gootp and Manpower Roguiremcnts 

The development of low-level alpha and beta-gamma detection and 
monitoring instrumentation, and the development of analytical methods 
suitable for control laboratory measurement of radioactivity in 
low level -waste streams may require reorientation of some con­
templated research and development fll'Ogt'l!.ffiS to foeus on the 
selected scheme problem areAa . 

IV. SCHEME II - SCHEME FOR REDUCING RADIOACTIVE CONCEU'IRATIONS OF LOI'/ LEVEL 
AQUEOUS DISCHARGES TO LF.SS THAN DRI?t{ING WATER LDfITS 

1 · • " 

A. Introduction 

This scheme assumes that present treatment methods must be modified 
such that all liquid discharged to the enviromnent does not exceed 
ma.xi.mum permissible concentrations as set forth in Government standards. 
The plan o! action would be directed toward impl61110ntat1on or fac1lit1ce 
as soon as possible for treatment of waste streams which exceed the · 
established stan:lards. Such an approach ffl>uld require a large capital 
outlay and expedient action if i'acilitiee are to be provided in the near 
future. The program would also be directed toward total resolution of 
the pollution problem associated with liquids released to the environs, 
with the exception ot tritium, which is diseuaaed in Nferenee 5. 
~ini;o th1:i Di;helllt: 1~ pr~rlly c;;9nc;;~rn~4 with the imstallation of 
facilities in a minimum or time, known technology for treatment of the 
many and varied waste streams must be available. The basis for th.g 
facilities studied in this scheme is additional evaporation and con­
densation, vhich appear to provide greater potential for decontamination 
of all l<ISste liquids presently discharged to the ground. 
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This scheme also assumes the installation of facilities for the moni­
toring and contaiment of the lai"ge volumes o! cooling water and steam 
condensates 'Which could become contaminated through failure of heat 
exchanse equipmont, and which arc prezsently diocharged to swamps and/or 
ground. These liquid wastes would be collected, sampled, arid released 
to the environs, only after assurance that the streams meet established 
standards. Any liquid waste which exceeds the established limits would 
be reworked through an existing plant or evaporated in the new facility. 
This course of action could necessitate a production plant zshut-down 
until corrective measures llNJ in .place to reduce the potential for 
enviro?lr.lental contamination, The concentrated solutions which would 
be generated during the final evaporation cycles in the new facility 
would be stored in underground tanks and treated a.s high level wast e. 

B. Scheme II Discussion 

1. Facilities 

The primary facilities which were incorporated in this scheme 
include: 

a. Monitoring and diverter stations coneisting of radiation 
detection instrumentation, liquid sampling systems, now 
measurement devicest and stream diverter systems. 

b. Tankage for collection of liquid waste which are generated 
in production or service plants or diverted from the rooni­
toring and diverter stations. 

c. Retention basins for collections of cooling water and con­
densates for monitoring and auditing purposes prior to final 
disposal. 

d. Mew U Plant evaporation facilities consisting of feed tankage, 
evaporators, condenser•t concentrate receivers, waste tankage, 
and related services~ 

e. Associated auxilis.ries consisting primarily of underground 
pipe lines for segregation and routingt _and motive systems 
.for transter of waste streams. 

Monitor and Diverter Station (See figure 11) 

A. monitor and diverter station would be installed in each efnuent 
stream which no~rs continuously from a plant and could potentially 
become contamirni.t~ throyt;h !allure o! control or barrier ey5tem5, 

. The typical station would include a radiation detection system, 
with associated instrumentation for transnitting a signal ton 
control center. Should radioactivity be detected, the diverter 
system would be activated, and the contaminated stream would be 
diverted to a catch tank for containment and isolation from 
oormal disposal routes. The system 'WOuld have sufficient time 
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lag fron the time of detection to the diverter system to minimize 
the potential of contamiruition passine the diverter station. The 
station \\10uld also contain now measuring instrumentation, along 
with a proportional sanpler, to provide total qualitative and 
qu."lntitative analysis of the stream for control and auditing 
purpoees. 

Ta.nkage (See figure 11) 

New undereround tanks wuld bs provided for rec;~iving m,::,te 
streams which would not meet established standarde. These 
streams would be collected continuously and transferred to the 
evaporation facility for final treatment. The waste receiver 
tanks would be used for segregation an1 isolation of etrear.ie 
which may be more difficult to decontaminate, such as those con­
taining tritium or ruthenium. The volUI:le of the tanks trould be 
sufficient to provide capacility for collection of the normtu 
streams and allow time for sampling and characterization of the 
waste prior to transfer to the evaporation r~cility. Additional 
space would also be provided for receiving waste generated 
throughout the various operating areas which my nlso require 
treatment through the evaporation facility. The tanks ,-rould be 
located and sized to ninimize the number required for collection 
of the waste in the various areas. 

Other waste collection tanks would be installed in the areas 
where low level wastes are generated and ·presently discharged 
to var-ioU!1 cribs or French type dra.ins. Tho priJM.ry !lotiree of 
these type wastes are laboratories and other service areas. 
These tanks would pemit collection and transfer of the waste 
to the disposal facilities as required. 

It was ass'lll':led that all low level waste streams which are now 
disposed of without quantative volume and radioactivity measure­
ment!!! would be collected in new tankage, sampled, and disposed 
of only after sufficient assurance is obtained that these streams 
do not exceed est.Ablished limita. For this study, it was assumed 
that new tank.age would be required. However, existing tanks my­
be available for certain l!lervices in the future. The utilization 
of existing tanks would be investigatsd if implementation of this 
course 0£ action is warranted , 

Retention Basins (See figure 11) 

Retention basins, built of concrete, and having sufficient space 
for the collection of large volumes of cooling water and varioue 
condensate streams continuously, would be installed. These 
retention basins would provide the final l:'lOnitorine point between 
the operating plants and final disposal to the environ:,, The 
basins would also provide assurance that .railurel5 of priJ:lary 
radiation detection and control systems would not permit ·u.~con­
trolled release of contar.iination to the environs. Because of the 
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large volumee or water used for heat exchange throughout the 
operating plante, theee basins wuld be required to hold 8evcral 
million gallons each. Parallel basins would be installed to 
pe:nnit complete filling. eampling. and dumping of the collected 
water on a controlled basis. If contaminated liquids reached t he 
basins through abnormal circumstances, the liquids would be trans- . 
!erred back to the original plant through a rework system or 
evaporated in the new evaporation .facilit7. The echeduling of 
large volumes of contaminated liquid from theae baeins, back 
through a decontamination process and additional clean-up or a 
buin prior to returning it to mrmal services, could impose 
severe operating limitations, ho-wever. · 

Evaporation Faellitiee (See figure 12) 

Evaporation !aellities 'wOuld be installed ir..the existing U Plant 
facility, which is located in the 200..West Area. · The plant is 
similar in design to the T and B Plants, and is presently being used 
only for etorage of equipment and minor operating !'unctions. · 
Approximately ~ cells within the 221 canyon wuld be reactivated. 
The primary equipment which would be required consists of evapor ators, 
feed tankage, condensers, concentrated waste collection tankage, 
process condensate disposal systems, off-gas treatment facilities, 
and related services and auxiliaries. The selection of the U Pl ant 
facility for reactivation recognizes the availability in the 
200-West A.rea of most of the utilities necessary for large scale 
evaporation and condensation processes. An additional steam 
generating boiler would be required in the power house. 

Thie etudy- considered the installation of five separate evaporation 
and condensation eysteme in the 221 canyon. Each system would 
consist of a vessel for receiving arxl feed adjustment; a vessel 
for continuous .t'eeding of the evaporator; an evaporator and con­
denser capable of transferring heat at a rate of approximately 
50 x lcP Btu/hour; a · concentrate receiving veesel; a procees · 
condensate disposal syetem, and related motive, control, building 
ventilation, utilit7, and service facilities. In addi~ion, 
equipment wo~r;\ ~~o ½ roquired, for cc;,U.~ction f.nd/c;,r treatmont · 
of the waste streams which are generated during the evaporation -
am conden~tion cycles. Two liquid waste streams which would · 
be generated are of primary concern. One of the streams is the 
concentrate stream which would be stored and treated as high 
level waste. The other 18 the tritium-bearing stream which, !or · 
the purpose of this study, 'A'Ould be disposed to the ground. 
Waste collection tanke would be installed for collection of the se 
two streams in the plant for monitoring purposes prior to final 
disposal. The other waste etreams, such ·as cooling lr.lter .and 
condensatee, would be disposed of through retention basins, then 
to aswampe, ae proposed for the other operating plants. 
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0 The noncondensable gaseous vaste generated during the evaporation 
cycles -would also require treatment. Zquipnent. conaisting ot 
absorbers, scrubbers, heaters, filters, and motive systems would 
be ini,talle'1, The:,e gaDOoua waate atreflr.ls woul'1 aloo be monitored 
to insure compliance with established standards ~rior to dischcrge 
to the environs. 

0 
2. 

n ,, ... 

I I 

The facilities studied are shown on t'igures 11 and 1:-! {drawings 
SC-2-:.!1661.. and SC-2-21665). The normal processing requirer.tents 
are pr•rily &$sociated with the process condeneate streams 
which originate in the processing plants and are presently dis­
charged to the growtd. These streams, ' in general, do not meet 
the existing MPC limits. The contamination present also varies 
in the many streame. In addition to the normAl .waste stre!U!ls 
~enerated in the processifl8 plants, liquid wastes oriGinate in 
the various service and related operating facilities. It is elso 
anticipated that liquid waste would be received from other 
Atomic Energy Commission contractors for treatment through the 
new facilities. 'Ihis characterization of the existing streams 
has been in progrees, and it appears that a single evaporation and 
condensation cycle wuld be sufficient to decontaminate the antici­
pated waste to J.!PC limits. Should additional steps be required, 
it would be possible to utilize two or more evaporator syster.1s in 
series. The processing operations would be continuous. Therefore, 
capability would be provided for maximum collection, alone with 
parallel systeos, to in:,ure maximum operating continuity in case 
ot a'onomal conditions. 

Cost and Expenditure Pattern 

The total estimated capital cost of this scher.te is $~~,ooo,oco, 
e.n1 it would be expended as follo\·:s: 

Fiscal Year 

1969 

1970 

1971 

Dollars . 
Ip Millions 

8.8 

S.8 

4.4 

The total estimated capital cost of the U Plant and tank fam 
facilities, respectively-, is ~12,0C0,000 e.nd $10,000,000. Surunary 
of costs for these facilitiee is included on tables lG and 11. 
Th.e schedule for completion of the proposed work "~uld be 3.; wnt.hs 
after authorization to proceed with detail design efforts. 

Qperat.in,e; 

The annual estimated incremental operating cost for the new 
facilities is $5,000,000 and would start in fiscal year 197~. 
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C. Scher:ie II Hazards 

Hazards associated with operation of the proposed facilities in this 
schene are comparable to those existi~ in the rresent Hanford 
Separation Facilities. The collection and transfer of the various 
waste streams would be very similar to th3 operations which have been 
controlled successfully in the tank fa.nu area. The operations of the 
U Plant facilities would be similar to vnrious concentration and con­
densation functions which are perfonned .routinely in the separations 
plants. The waste stl'f!ms propo,ed for treatment through the 
racilities, by definition, should contain lo~, level radioactivity. 
Therefore, those hazards associated with the handling of large 
quantities of fission products should be greatly minimized. No 
additional hazards would be anticipated as a result of the proposed 
processing functions. The design of the facilities ·would compl.y 
with established standards and specifications for plants which perforrn 
operating functions associated with the handling of radioactive 
oaterials. 

D. Scheme II Research and Development 

The research and development effort in support of the evaporation 
process would be nominal, since existing technology is available 
for such processes. Certain development ei'i'orts would, however, ce 
?-equired for definition of monitoring systems capable of r.ieasuring 
to llPC levels. In addition, investigations of alternate methods 
(sueh as ion exchange) for treatment of some streams would be 
req\\irtq~ A~ m~m:,j,9n~q ear:;U~r, tritium d,isposal1 and the research 
and development efforts connected with its disposal, is not 
considered in the cost presented. 
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VOLUM! AND TYPE OF AQUEOUS RADIOACTIVE WASTE DISPOSED TO ENVIRONMENT en 
(/) 
H 
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(1945 Tli:rough 1966) @ 

VolUJ?te * 
(n X lcf Total Beta 

Disposal Site Waste Type ga.llon11) Strontium-90 Cesium-137 Emitters 
(Ci) (Ci) (Ci) 

Crib High sal.t 0.24 19,130 7,7/.IJ 1,059.,354 
- Lab am process 0.66 9,983 4,997 894.,6'4S 
.. Condensate 5. • Ii · 1.u6 2.;;:!i6 1r~.2ss 
-

6.JO J0,559 14,98.3 2,126,290 

Swamps Cooling water 98.0 63~ 500 lJ.2.,794 

Specific Retention Orgardc 0.0021. 3~ 158 96,.57J 
Lab and process 0.0061 1,893 1.,607 15),28q 
High ealt 0.026 9,876 J0.433 670.440 

0.0342 ll.,801 32,198 9~,297 

* Includes waste water £I'0?:1 all sources. 
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StlfMARY OF RADIOACTIVE WASTES DISCHARGED TO SWAMPS AND DITCHES • - w 
en 

WintIN THE CHEMICAL SEPARATION'S AREA CONTROL ZONE THROUQi 1266 (/) 
H 
'"l 
H 

Total tl 
Removred Beta 

Plitced from. Volume Uranium Plutoni\11!\ 9osr 137 Cs 108Ru Emitters 
Disposal Site In Use Servi-ce (n x 1011 g) (lbs) (grams) .{Qil fill_ ' {ML (Ci) 

216-A 25 
Gable Mountain 

Swamp 12/57 29,000 760 344 400 300 500 9J,JOO 

216-B · .3 
B Swamp and 

4/45 Ditches ts,ooo 450 195 80 90 2:.!00 15,000 

216-C 9 
Semiworke SW8l:lp 6/53 260 < 0.1 < 0.1 5 < 0.1 5 50 

216-M 1 
200 North N-

Swamp /44 6/52. 250 10 5 5 .5 500 

21S-N 4 
200 north P-

Swamp /44 6/52. 2.50 10 1 5 5 5 500 

;U6-t-r 6 
2C0 ~forth R-

Swamp /44 6/52 250 10 1 5 5 5 .500 

s ;a~-s 10 
Redox Chen Sewer 

E Ditch 2/54 5/54 0.05J 5 < 0.1 1 1 10 20 ii ~ 
216-S 11 Q ' ~ >~ 

t;i Redox Che?!\ Sewer • I-' 
V\ 

t:::I Ditch 5/51+ 640 50 < 0.1 1 1 10 50 -.;) 
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Disposal Site In Use Service {n x lr:f'> g) (lbs) (grams) .{gJl fil.L {ill_ (c:i) t;1 
t:1 

216-S 16 
Redox Swamp #2 4/54 9600 6'930 J62 75 50 ~o 960 

216-S 17 i 
' Redox Swamp #1 J/'52 JJ54 1700 JOO J 40 30 50 1,100 . ' I 
I 

216-S 19 
' j 

222--S tab Swamp J./5-;. 630 <30 20 1 1 5 :a 
-

··- 216-T- 1 
221-T Ditch /45 1.2 10 < 0.1 < 0.1 < 0.1 1 · 5 i 

' 216-T 4 I 
: 1 

T Plant Swamp 3/47 10,000 1.500 < 0.1 1 1.5 100 110 i 
I 

216-U 9 t 
I 

U Swamp Overflow 
3/52 J/5'4 

! 
Ditch I-Tot used • l 

I 
216-U 10 -l U Swa~ am 

3/52 Ditches 27,000 2900 8000 15 10 300 677 ! 
' ; 

216-U ll ' 
j 

U Swamp Overflow ' 
Pond J/52 trot used l 
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SOMMAR!. OF RADIOACTIVE WASTES DISCHARGED TO CRIBS WITHIN THE • 0 

~ "' 
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Total ij 
Removed Volume Be,ta 

Placed from (n X lf:!' Uranium Plutonium • 0 sr · 137Cs 1oeRu eoco Emi.tters 
Disposal Site In Use Service gallons) (lbe) (grams) (Ci) {Ci) (Ci) iQ!L (Ci) 

216-A. ·3 
i 20.3-A Silica l 

Gel Wastes 3/56 0.74 3,700 0.2 0.1 0.1 .350 < 0.1 490 t < < 1 
216-A 4 i -

! - Lab and Stack 
• • .. .. 

12/55 l'J./5.8 · 1.64 f .. Drain 8:80 · llO 10 15 400 l 270 r ", ! 
216-A 5 ! 

Process Condensate n/55 ll/61 476 580 65 90 25 150 110 J,4D5 
' . 

216-A 6 : 
Steam CondenMte 11/55 1/61 740 J-50 21. 80 200 200 < 0.1 4.,000 ! 

. t 

216-A 7 1 
2.lJ.-A-152 Box 

Drain ll/55 7/5•9 0.063 15 1 1 5 30 ·< O.l. 20 . i 
' 

216-A 8 
Tanlc Fram 
Condensate 11/55 5/58 291 8;10 49 50 600 500 < 0.1. 10,000 

216-A 9 
! 
i 

N-Reactor Wastes f 
~ L 

& Acid Fractionator J/56 .370 0.5 0.5 25 10 50 0.1. 160 I 

~ zm j 

i ~ 
<D ' lrj ~ r ..... fJ V\ 

'° 



"Cl ., 
(0 
CD 

0 ~ 0 
(0 

"' a 
- "' -· ~ 

a 
0 

"' TABLE J @ "' w .... 

~ --

... 
0 
w 

Total 
Re!l¥)ved Volume Beta 

Plaeed from (n x lrf' Urani'.um J>lutonium eosr 137cs 10snu soco Ein.itters t;J 
Di§EOSS.l Site In Use Service i:!.allon§} {lb81) (grams) {Ci) (Ci) (Ci} filL (Ci) ~ 

216-A 10 
Process Condensate 11/61 528 37'0 173 6J 46 2,000 170 120,000 

216-A. 21 
Amnonia Scrubber 
& Lab Wastes 12/58 6/65 23.2 4310 1.50 15 150 200 1.0 :.!,800 . 3 

216-A 24 • - . 
·, ' .. 

5/58 6.4 ' - Tank Fram Cond. 2ll ll'.O 5 .500 400 0.5 4,900 l 
• - ½ i 216-A 27 _ . , 

Lab, Scrubber & 
Stack Drain 8.65 J.96 7'7 74 6 25 0.12 lt)J 

216-A .30 ~ 

Steam Condensate 1/61 687 5i2 .50 120 200 1.50 15 4,700 i 

J .. 
216-A J6B 

Ammonia Scrubber 
Wastes )/66 l.U 1110 70 60 ,50 "JOO 5 4,'200 

216-A J7 
Steam Condensate ?lot used 

I 

216-A 38 . j 
Process Conden. Not used l 

. 1 
L 

ij 2.16-B 
: 

7 : · p 
224-B \lastes and z~ , > 

/58 . en 5-6 Cell Drain 9.46 ].J.2 400 4,J00 5600 100 1 10,100 en :.~ ! ' 1-1 
~ i t;1 •t.J 
t,;j ~ 

, .. 
·, 



"'O 
Q) 

<O 
(I) 

(J 0 f) <D 

"' 
9. 
N 

~ 

9. 
0 
CD 

TAIU J ~ 
a, 

"' .._, 
A 
0 

"' Total > · 
Cl> 

Re1X>ved Volur.le Beta. ti> 
H . 

Placed from (n x lrf Uraniun Plutonium •
0 sr 13'7 Cs 1oeRu eoeo F.mitte·rs 'zJ . 

Disposal Site In Uee Service Gallons) (lbs} (grams) 1.QjJ_ (cl} (Ci) .Lfil_ (Ci) ij 

216-B 8 
2~-B, 5-6, & 

/45 2nd Cycle Wast.es /52 7.13 100 .30 1.5 50 1 71.'.0 

216-B 9 
5-6 & 2nd Cycle . i 

- Wastes 8.48 7/51 9.51 100 170 15 10 100 < 0.1 7,800 j 

::- I 216-B 10 
222-B & 292-B 

Wastes 12/49 /58 2.64 ;c!() 10 5 l 10 < 0.1 -. 
216-B 11 

242-B Condensate 12/51 ll/54 7.9J JO 4 .5 50 < 0.1 3.9 . 
216-B 12 .. , 

U Plant Conden. ; 

& B Plant Cond. 11/52 100.4 46,000 .370 70 60 250 < 0.1 ~,600 ' . 
216-B 14 

U Plant Scavenged 
1/56 '456 Waste 2.3 480 25 400 250 59.000 5 140,COO 

216-B 15 
U Plant Scavenged 

12/57 2)0 ~'1aste 4/56 1.66 5 200 200 22.000 5 69,COO 

C: 
216-D 16 ..,. 

0 
t-< U Plant Scavenged .,, i!! 
~~ 

~!aste 4/56 8.56 1.48 710 10 700 650 lJ,000 5 54,000 : !r en 
~ 

Cl I 

~ 
:>~ 

ij 
. .... 
°' 1--' 



"'O 
Ql 

<O 

.) . J 
CD 

C) 
,,, .. 
9. ,.., 
:: 
9. 

! 
0 

TABLE 3 0, - "' "' - ...., .. 
Tohl 0 

"' 
RelllOved Volume Beta: en .... 

Placed from (n x lrl' Uranium Plutonium •o-sr u,?Cs 1oeRu eoco F.mitters ~ 
Disposal Site In tJse Service .Gallons) (lbs) (grams) iliL (Ci) (Ci) fill_ (Ci) ~ 

216-8-17 
Taruc Fam Scavenged 

1./56 Wastes 1/56 0.90 780· 10 160 :ao 250 l 2,000 

216-B 18 
U Plant Scavenged 

'J/56 4/56 Wastes 2.25 520 10 190 -=!50 19,000 _ 5 '51,000 

... 216-B 19 ... 
U Plant a.nd Tank :..z 

·.-it Farm Scavenged 
- Waste 2./57 10/57 1.69 t.QO, 10 · 200 ~ 5.1.00 5 9,300 .. 
.. 

216-B 4J 1 
! U Plant Scavenged . 

Waste n/54 11./54 0.56 30 0.5 1400 :,oo 50 1 J,200 l 
' ' 216-B 44 ; 
l U Plant Scavenged 

3/55 1 Waste l'J./54 1.48 5 15 2900 700 5.500 5 2:.l,000 

216-B 45 
U Plant Scavenged f 

Waste 4/55 6/55 1.30 15 10 2000 1500 17,000 5 53,000 

216-B 46 
<: U Plant Scavenged .. :.= Wastes 9/55 12/55 1.77 420 20 1.500 L'OO 28,000 5 1:20,000 I e ' l~ ! 

. ' 
(/) 216-B 47 ; 
en ct I ) 

t;j U Plant Scavenged 
9/55 

,.,.tl 
~ Wastes 9/55 0.98 15 5 6:lQ 150 19,000 1 45,000 . .... 

0' 
~ ' 



""O - · ~ 
CD 
(0 

:) : 
.. 

·.') 
. . 

1_) . "' 
_-· ..... s. 

' . 
,._, 

.. ~ .. . 
.. . ' s. 

0 

"' 
·_ TABLE 3 

c:: "' w 
:is .... ... 
~ - 0 

w 
Total • · 

Removed Volume Beta ~ 

Placed !rom (n X lrf Urani'.um Plutonium. • 0 sr U7Cs io•Ru soeo F)nitters ~ 

Dieposal Site In Use Servic,e C•] 1 °ns) (lbs:) (gram,e) .{Q!)_ (Ci) (Ci) illL (Ci) t;;J 
0 

216-B 48 
U Plant Scavenged 

Wastes 11/55 "7/57 1.08 .5 5 1.300 450 6,800 1 61,000 

216-B 49 
U Plant Scavenged . 

l2/55 . Wastes · 11/55 1.77 70(0 15 2700 uo 21..,000 5 110,000 

... 216-B 50 - · . . 
First ITS Wastes 1/6,5 · 2.91. 0.1 0.1 0.1 57 10 < 0.1 91. ::.... < < < 

--~ 

216-B 55 
B Plant Process 

Condensate Not used. 
; 

216-B 57 . 
. . 
• 

Second ITS Waste Not used. !. 
! . 

216-C 1 : 
201-C Process . 

Condensate 1/53 6/57 8.72 65() 8 200 < 0.1 1.JJO < 0.1 ll,000 
! 

216-C J 
2n-c Chemical 

1/53 J/54 
.. 

Wastes 1.32 100 1 20 < 0.1 10 < 0.1 200 
: . 

l 

215-C 5 C: 
.._ 

e 201-C High Salt 
! 

' ( 
Wastes J/55 6/55. 0.010 . 120 1 10 < o.i 5 < 0.1 94 "'d~ 

' 
(/l &: ::z: I 

(/l Cl I 

t:;j 216-C 7 •~ 
.. . 

t;J 209-E Critical 
. .... i 

°" . --
0 Mass Lab /59 0~011 < 0 .• 1 . 1 < 0.1 < 0.1 -1 < _0.1 20 · \;.I 

. . 

-----



-cl 
Q) 
co 

0 C) C) 
CD 
co 
O> 

Q, 

"' .. ::: -
Q, 

TABIE 3 §i : 0 
CD 
O> 

p "' -..J ... 
Total > 0 

Cl> "' Removed Volume Beta Cl> . 

Placed from (n x lrf Uranium Plutonium •
0 sr 1:,7 Cs 1oeRu soco Emitters ~ 

Disposal Site In~ Service Gallon19} . (lbs) (grams) ill.L (Ci} (ca) !£1.L {Ci) t;t 
i::, 

216-C 10 
Strontium Process 

Condensate u/64 0.211 < 0 • .1 < 0.1 47 < 0.1 1 < 0.1 58 

216-S 1 & 2 
'Redox Process 

Condensate 1/52 1/56 42.3 5,000· 1,200 .3000 2.500 J,000 10 750,000 

- 216-S J 
... 2U-S 'IK-101 & - 104 Condensate 8.53 .. s.53 1.11 840 0.5 1 50 50 1 270 

216-S .5 
Steam Condensate "J/54 .3/57 1083 600 130 60 JO < 0.1 ' 9f:IJ 

216-6 6 
Steam Condensate ll/ 54 1083 . 570 470 393 192 1.00 · < 0.1 2,800 

216-S 7 
Process Condensate 1/56 7-65 l0J 5,700 3100 1470 1,500 25 2181,000 

216-S 9 
Process Condensate 7/65 7.66 57 9 140 450 1..50 5 9,ll'O 

216-S 12 
291-S Stack Wash 7/51+ 7/54 0,05.3 ~ 0.1 < 0.1 1 l 5 < 0.1 10 

C: 

~ 216-S 18 
Steam Cleaning Pit 10/54 10/54 < 0.026 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1. < 0.1 < 0.1 ii > en 

en 
21~-s io 

~ I 

~ >ti 
~ 222-S & JOO-A Lab . .... 

J/52 °' t:, :·:astes 34,3 77 170 45 110 100 1.4 6,6:.!0 .i:-
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"1J ., 
(C 
(I) 

:) ·0 0 
(0 ..., 
2, 
N 

~ 

2, 
0 
co 

TABLE J 5 · 
0, 
w ..., e ... 
0 
w 

Total 
Removed Volume Beta ~ 

Placed from (n X le/' Uranium. Plutonium "
0 Sr 137 Cs 1osRu 80 Co Emitters l;l 

Diepo88.l Site ln Use Service Callens) (lbs) _(grams) .{QU_ (Ci) (C:i) .(Q!L (Ci) ~ 
t:I 

-
216-S :.m • 

W-SX Condensate ll/54 21.1 9 2 26 l'..50 40 0.04 540 

216-s Z:! 
293-S Caustic 

i Scrubber /57 < 0.026 < 0.:1 < 0.1 1 1 5 < 0.1 10 
i • 

216-T 6 i ·- 224-T 5 ard 6 l :- 1 
Wastes 8/46 6/51 11.9 50 .390 .360 JOO 5 18,000 ! . 
216-T 7 

224-T, 5-6. & -
Second Cycle 4/48 /56 29.1 2() 130 50 1.00 1 3,100 

216-T 8 
Z22-T Lab Wastes 4/50 /55 0.132 10 5 1 l 5 < 0.1 100 -1 

215-T 9 
Equipment 

2/51 3/54 Decontsr.rl.nation 0.053 < 0.:1 < 0.1 5 5 20 < 0.1. 50 

216-T 10 
Equirr.tent 

6/51 J/54 Decontamination 0.053 < 0. :1 < 0.1 5 5 :,:.I() < 0.1 .50 l 
~ 

21-5-T 11 l Equipment 
~ Decontruunation 6/51 J/54 0.053 < 0.:1 < 0.1 5 5 ~ < 0.1 50 ii ~ l 
Cl> ~ . ( ,) CD I 
H 216-T 13 11: t .., • W 

t;1 ~quiprnent . I-' 

6/54 °' I 
~ Decontartl.nation c.026 < 0.:1 < 0.1 1 1 40 < 0.1 ~ \JI l 

, j 

I 
I 
I 



"Cl 
Q) 

'° )J )) )) 
(1) 

CD 
0, 

g, 

"' - ~ 
g, 
0 - TABLE 3 . § 
0, 

- . C1> w 

·P .... .,,. 
·- ,. 0 w - • C/) 

.. Total th 

Rem:,ved · Volume - ·Beta --~ 
Placed · fn,111 (n .x lrf U rani Ulllll PlutoniUlll • 0 sr 13-, Ca ioeRu 8 °Co Emitters Ft 

I>imQ:sal Sit! :In Use Service G!llona) (lbe) {gram~} fill... .JQil_ (Cil ill1- (Ci) 
C, 

216--T 19 
... 224-T, 242-T, 

5~, Second Cycle 
Waste Evaporation ·, 9/51 22.2 10 .14 tfJ -,~ r.ooo l 2,0.30t ! 

l 
a 

216-T 26 i 
Scavenged Wastes 8/55 n/56 3.1.7 3.30 59 670 170 2.,.600 1 :l9,000 

j 

.. i .. I 
l -- 216-T 27 ~ ! 

-· Dec·ont°amihAtion, . . 
Scavenged · Wast.ea, 

- 300 Area 9/65 n/65 l.'90 · •16 140 100 _1. 500 1 2,000, -; 
•· 

216-T 28 
. 
' · Decontamination l .. & 300 .l.rea 10/6) 9/65 3.17 .. 340- 70 200 350 1.000 s 58,500 • • 

216-T 32 
~ - .. 

~ 224-T Wastu 4/48 6/52 7.66 50 3,~ 30 25 50 l 1.500 

21.6-T 33 
2'70S-T mdg. 

--1/63 l \last.es 0 • .502 10 5 0.5 .- 0.5 10 1 50 

216-T.34 
JOO ;\na Lab I 

C: I 

! Wastes 5/66 3.70 7 105 3~ 270 100 5 25~000 I .,, :,.-

(I) 216-T 35 &:~ ) 
en 0 , 

t;; JOO .\rea Lab • ti ! . 
t;t Wastes t!ot used. . ...... i. 

°' ! 
c:, · 0' 

i 
.. . 

. . 



"'O 
Q) 

<O 

··.') 
Cl) 

0 t) <O 
<O 

Sl. 

"' ~ 
Sl. 

TA'B'IE ~ ! 
0 
a, 

"' "' ..... ,,. 
SUMMARY OF RADIOACTIVE WASTES DISCH:ARGED TO SPECIFIC RETENTION CRIBS • 0 

en "' 
WITHIN 'l'HE CHE!UCAL SEPARATiiONrS CONTROL ?.ONE THRQU(]{ 1266 en 

H 

Removed Volume · Bet.a a 
0 

Pl.aced from (n x lrf Uraniurm Plutonium •
0 sr 131Cs · eoco 1oeRu Emitters 

Disposal Slte Iru Use Service Gallons) (lbs) (grams) (Ci) (Ci) DllL (Ci} (Ci) 

216-A 1 
S·tart-Up Wastes u/5.S 12/55 0.026 J40 < 0.1 < 0.1 < 0.1 <(>.l < 0.1 1 

216-A .! . i 

5/56 l/6J • P·urex Organic 0.042 91 lJO 2 J 1.50 .590 ' ;r 
~ - 216-A 18 i. .. 

l . .. 

11/55 12/55 Start-Up Wastes 0.129 3,100 < 0.1 < 0.1 < 0.1 <0-1 < 0.1 10 l 

216-A. 19 . r 
- Start-Up Wastes U/55 12/55 0.291 86,000 < 0.1 . < 0.1 < 0.1 <O.l < 0.1 1 j 

-' 

' 216-A. 20 ! 

S·ta.rt-Up Wastes u/55 12/55 0.254 890 0.1 0.1 0.1 <O.l 0.1 1 
.. t · 

< < < < I 

i 216-A Jl . 
P·urex Organic 1/63 0.008 65 9 2 150 0.1 95,000 95,000 ' 

' i 

216-A J6A t ' Amnonid Scrubber i 

Wastes 9:/65 3/66 0.291 .320 80 1800 · 1500 1.0 3,000 147,100 ! 
' , . 
j · 

2'.16-B 20-34 I · 

u· Plant & '1K Fam r 
S-cavenged 8/56 10/57 18.8 8,600 6J 5600 7100 84 190,000 &XJ,000 . L 

~ : 

:n6-B 35-36 .,,~ L > 
F:irst Cycle ~ ::i:: i en 

cn 
~/54 4/54 

<I I 
H S,upernatant. 0.793 12. :l 7-;!'J 1ZX) <:o.l 700 2,6oo >~ 

.. 
"zJ 

~ 
. .... 

; _ 

°' . t::, '° ! -
L 
i . 

' . ! -
I. 
i 
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TABLE 4 
~ . 

0 
ex, 

"' "' 
Removed Volume 'Beta 

... 
• ,,. 

--
0 

- Placed from (n x lrf Uranium Plutonium •
0 sr iu Cl!I aoeo 108Ru Emitters ~ "' 

Di;!P9eal Site · In Use Service Gallons) (lbs) (grams) .i_ci} {Ci} 1rul (Ci) (Ci) l:;;j 
H 

~ 
216-B 37 

Evaporator Bottoms 8/54 9/54 1.14 8- 2 16 3100 1 500 3,200 

216-B 38-tai 
First Cycle 

12/53 ll/54 Supernatant 1.58 200 4 2200 :aoo <O.l 1,000 5,200 

216-B 42 . 
1J Plant Scavenged 

2/55 3/55 .. Waste · .0.396 1,500 10 UCO 96 10 1,500 4,800 

216-B 52 
12/57 1/58 Scavenged Waste o.845 66 19 ll JI.() 4.5 8,6o0 15,000 

' 
-216-B 53A. 

PRTR Waste 1.0/65 ll/65 0.145 50 100 < 0.1 < 0.1 0.5 5 50 

216-B 53B . 
JOO Area Wastes ll/62 J/63 0.004 20 5 10 7 1.5 

. 
216-B 54 

JOO Area Wastes J/63 /65 0.264 20 5 0.1 0.1 0.1 10 2,400 

216-B .58 
/t,5 300 Area Wastes 0.018 20 5 10 7 5 20 

216-C 4 

~ 
276-C Organic Waste 7/55 5/65 0.045 1,m 1 28 < 0.1 <O.l 15 120 L 

! 

216-C 6 Zi . I 

CJ) 2}J.-CX Condensate 9/55 9/64 0.140 < 0.1 < 0.1 65 0.1 <O.l 25 2,oc:o 
CJ) < 
H 

~ I 

~ >~ . ·i 
. tl 

. ._. 
~ 

,. 
I 
l. 

1 
. ' 
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TABLE 4 . 
~ -

0 
a, 

- "' "' ..., 
Remved. Volume Bet.a ... 

u, 0 

Placed rrom (n X lc:I' Uranium Plutonium aosr 137Ca eoeo 1oaRu· Emitters C/1 "' ..... 
Disposal Site In Uee Service Gallons} (lbs)1 (grams) (Ci) (Ci) _.{Qil (Ci) (Ci.} ",;I 

t;:1 .-
t::1 

216-S -e 
Start-Up Wastes 11/51 2/52 .2.64 4JO .2 1 12 ,<0.1 50 1,500 

216-S i:, 
Redox Organic 2/ 5]!. 1.32 200 8 0.04 5 <0.1 100 6,JO 

216:.S 12 
291-S Stack Wash . 7/54, . 7/54 0.018 ll 1 1 1 <0.1 1 5 

216-S 14 
Organic Start-Up 

1/52 1/52 Wastes 0.018 1. < 0.1 < 0.1 < 0.1 <0.1 < 0.1 1 

216-T 12 
Retention Bal!lin 

Sludge 11/54 ll/54 0.132 100 1 5 .10 2 10 .50 

:n6-T 15 
Second Cycle 

5/55 5/55 Supernatant 0.687 10 180 1 70 5 JO lJO 

216-T 14-17 
First Cycle 

1./ 51+ 6/54 Supernatant 1.00 22()1 J 38 . 2400 5 .50 3,300 

216-T 18 
Scavenged Wastes ll/53 11/53 o.i64 1,800 7 57 10 :i:!00 840 

C: p .:!16-T 21-24 
First Cycle >'ti~ 

~ Supernatant 6/54- 8/54 1.32 27 6 140 .5000 5 150 :.!C,OCIO 
~ ::i: 

t') c, I 
1'-1 

>~ ~ 

~ • I-' 

0 ~ 



"Cl 
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CD 
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TABLE 4 ~ · 0 
00 
0, µ w __, 
~ 

Removed Volume Beta ;J» 0 
u, w 

Placed from (n X lff Ur1tnium Plutonium 9osr 137 Cs eoco 1oeau F.mitters en 

Disposal Site In Use Service Gallons} . (lbs) (grams) (Ci) (Ci) .1.ill (Ci) (Ci) t;t 
1:,1 . 
0 

21.6-T :l5 
First Cycle 

9/54 9/54 Bottoms 0.793 ~ 1 4 89()() <().1. 100 15.,000 

216-T 30 
TX-154 Divereion 

Box /53 /53 0.005 10 1 40 50 500 i 
l 

216-U 5-6 . • 
Cold Start-Up 

/5'1. /52 
i 

Uranium 1.19 l,6CO < 0.1 < 0.1 < 0.1 <0.1. < 0.1 1 i 
i . • 216-U 15 l . 

Contaminated Solvent /57 /57 0.018 5 < 0.1 0.1 0.1 <O.l 1 . 7 
' l 

'l.16-Z 1A a ; 
;.r36 & 242 Wastes 6/64 5/6', o.50i < 0.1 10.,000 < 0.1 < 0.1 <O.l 100 150 ; . .. 

216-Z 1A b , , 

2.36 & 242-Z Wastes 5/66 0.254 < 0.1 4,000 < 0.1 < 0.1 <O.l 50 75 . ! 

. ! 
• J_ 

C: p ~ 

i~ ;..~ ; 
C/) 
U> <D I 
H >Ci .., 
t::1 

. I-' 

1::7 ~ •.. 
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APPENDIX A . Page A. T.J 

0 
TABLE 5 

VOLUME MID AMOUNT OF RADIOACTIVITY DISCHARGED 
TO CRIBS Al-ID SWAMPS ON A 'YEAR-TO-'IEAR BASIS 

Total Beta Emitters Volume Discharged 
Dbcharged (Ci} (n x 10' gallon~L 

Year Cribs Swamps Cribs Swamps 

From start-up 
through 1952 :·30,000 1,500 390 10,000 

1953 110,000 100 480 5,500 

1954 16o,OOO 150 410 5,500 

1955 J50,000 150 760 6,000 

1956 · 1,050,000 :lOO 740 6,000 

1957 6JO,OOO 200 560 6,500 

0 195$ 230,000 2,6o0 470 6,500 

1959 15,000 100 360 6,500 

1960 10,000 75 '340 6,500 

1961 15,000 7,0CJO 260 6,500 

1962° 65,000 J,000 JJO 6,500 

195.3 40,000 2,000 270 6,500 

1964 155,000 96,000 3:!J 6,500 

1965 140,000 1,200 .3JO 6,500 

19~6 100.000 1,000 ?§0 6,500 

J,100,000 112,575 6,'.300 98,000 

0 

UHCLASSIF.n::D 

I I I ; j . · ;s "II I , I 
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"' ::: 
2, 
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T.ABI,~ 6 ~ c:: "' e "' w 
--0 ..... 
t<j A 

0 

ESTDIATED DISCHARGES 'ID SUB-SUR.FACE CRIBS DURI!lG 1~6i 
..,. w 
S' U) 

~ C/1 

Volume t;1 
> H 

Millions Curies gJ 
of Gross Curies Curies Grams 

Crib Source Gallons Beta 137Cs •osr Plutonium 

216-A .3 Purex silica gel waste 0.01 < 1 < 1 < 1 

216-A. 10 Purex process condensate 103 14,JOO < 4 1.5 45 

216-A 21 Purex lab and scrubber waste 2.J 212 2,4 0.1 68 

21.6-A 24 Purex tank fam condensate J.7 35 18.8 O.J 
--
-- 216-A 29 Purex caustic scrubber waste 1.7 150 0.6 1.0 51 

216-A JO Purex steam. con:len.sate 127 2'.32 <2 0.4 2 

216-A .36 Purex dissolver scrubber waste 0.1.3 84,500 JSO 425 13 

216-B 7 B Plant construction waste 0.6 2,oco 8 ~ < 1 

216-B 50 · In-tank solidification condensate 1.5 4 J.6 

216~-10 Strontiwn serniworks process condensate 0.08 25 25.1 

216-s 6 Redox steam condensate 57.9 1.32 91.8 19.0 1 

216-S 7 Redox process condensate 4.4 4,290 101 102 :c! 

! 
216-S 9 Red.ox process condensate 2.6 1,500 85,.3 46.0 :c! 

:.U.6-S lJ nedox orzanic wastes 0.1 258 2.4 < 1 < l. "l1 ~ ).,, p, 
Ul C'Q ::z: 
Cl> a6-s 2e C.08 < 1 

<1> I 

~ Reuox labora to:ry wastes < 1 < 1 < l > ti 
ij 

. .... 
:ll~-S :n Redox tank .ram co:nctensnte J.~ 174 :l9.5 1.6 1-

~ 
< .-:-
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"' (0 

C> 0 C) (1) 

0 
"' g_ 

"' ~ 
g_ 

TABLE 6 • 
~ 

0 
0> :s a, 

"' r,j .... .... 
Volume a 0 

ti) "' 
Millions Curies ~ 

(/) 

or Gross Curies Curies Grams ~ ~ Crib So11rce Gallons Beta 137 Cs •
0 sr Plutonium t:I 

216-T 27 Bat.telle Morthwest Laboratory waste n.o 1,990 l3 

216-T 28 Battelle Northwest Laboratory .3,5 30,.400 JO 

j 

:n6-U 12 UQ, Plant concentrator condensate .3.6 713 104 I 
j 

i 
216-z 1A Plutoni um Reclama~ion waste 0 .2 1640 I 

i 

' 
= 216-Z 7 Battelle Northwest Laboratory waste 0,5 209 < 1. t 

216-Z 12 Weapone laborato17 and process waste 4.4 1860 
l 

. ~ 

331,2 11+1,000 7J2 2730 .3730 . 
~ 

: I. 
. ~ 

C: z 
~ "di i : en 
en " ~ H ~· \,.) "1 . ..., 
t:1 - ~ 
ti v,, 



"ti 
Q) 
(0 

iJ 0 /) 
CD 

~ 
0, 

2. 
"' ~ 
2. 

TAm..E 7 ~ij 
0 
0, 
0, 

§e 
w 

ESTiltA.TED DISCHARGES TO SUB-SURFACE CRIBS DURING 1266 
..... ... 
0 

!;:!~ 
w 

Total 
•~ Volume Beta 

n X 1CJ6 Emitters 137 Cs tosr Pu t::, 

Crib L igui.d Source GalJ,ons {Ci} - (Ci} (Ci} (Gram~} 

216-A .J Purex silica gel 0.00J 

216-A 5 Purex process condensate (Oct.) 1.02 4.6 1 

216-A 10 Purex process condensate 75.6 2,907 23.3 5.9 27 
l 
j 

! 
-: 216-A 8 Purex tank farm co,ndensate 0.97 8.5 lJ.9 l 

I - 216-A 24 Purex tank fann co-ndensate 1.75 J6.4 24.8 0.01 ! 

216-A 27 ~urex laboratory a.rrl r.rl.scellaneous 2.15 253.3 4.6 4-1 Z3 

216-A 30 Purex coil and jacket steam condense. te 107.3 128 2.1 1.0 1 

216-A 7 Purex organic 0.065 O.J 0.0'..l 0.6 

215-A Jl Purex organic 0.002 55.3 9 

216-AJ6A Purex dissolver scrubber 0.153 62,600 285 2.50 68 

216-AJ6B Purex dissolver scrubber 1.10 5,883 67 

216-B 7 B Plant constructi¢n 0.246 102.2 10.8 llO 

C: 216-B 50 B Plant ITS 1..40 86.8 53.3 
' :.::: 0 

216-C 10 ~ Se!'!rl.1-10rks 0.132 22.1 22.1 Zi en 
tn 

216-S 6 Redo:x: steam. condimsate and cooling water 61.8 10. 6 
CD I 

H 573 51.2 4.J • ~ ~ 

~ . ~ 
t:, 216-S 9 Redox process cond.ensate 4.88 7,610 J62 · 9J.8 7.4 ~ 



"U 
Cl) 
(0 

:J () 
(I) 

t) 0 .... 
g_ -- -- "' ~ 
g_ 
0 

TABLE 7 f8j 
a, 
a, 
w .... 

t'1 
,,. 
0 

Total 6~ w 

Volume Beta !;:;! en 
n X 1'1 Emitters 137cs taosr Pu !;1 

Crib L igui.d Source Gallons {Ci) {Ci} {Ci) (G~s) >t;:1 
t:, 

2.16-S 13 Redox organic 0.029 74 0~4 0.002 c.1 
2.16-S 20 Redox laboratory 0.063 0.51. 0.08 0.014 0.01 

2.16-S 21. Redox tank fa:nn condensate 3.55 138 :cl.2 4.86 0.05 

2.16-T 28 T Plant decontamination 0.166 155 1 
-
- 2.16-T JI'.. Battelle ~rorthwest Laboratory (J40 fildg.) 2.6J 1'2.,J96 107 
---

2.16-Z 7 Battelle Northwest Laboratory (J40 fildg.) 1.17 1,674 J.4 

216-U 1~ :Q4-U Plant o.on 
. ; 

' 216-U 12 224-U Plant process condensate 2.10 0.1~ . 
' 

216-Z l&c2. Plutonium Reclamation 0.02.6 101 ' 

216-Z U Plutonium Reclanation 0.JJ8 1585 

216-Z 12 2J4-5 Building J.90 767 

216-T 19 2.42-T process and steam. condensate 8.80 ~8.J . 1z.s 

TOTAL (rounded) 2.8~ 95,000 854 5~ 2.m I 
l • 

! L 
: 

;,:.. ii ~ 
H 0 I 
~ :>ti t;f .• ,-., 
t:, --l 

' ~ ' ' 1 

F 
I 
i 
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TABIE 8 ~i 0 
CX> .,,~ "' w 

ESTIMATED DISCHARGES TO CRIBS AND SWAMPS IN 1967 1~ " .... 
0 w 

Total •~ -
Volume Beta 
n x ld5 Emitters 8oco eosr 1oeRu l.S7Cs Pu 0 

Site Waste Stream Gallons {Cl) fill {Q1L (,Ci} {Ci) (Gr.mn~) 

216-A 2.5 Coo-ling water - Gabl.e 
Mountain swamp JOOO JOO <().1 2 100 1.5 :c:'O 

216-B 3 Coo,ling water - B swamp and 
ditches 1000 150 c().l l 50 0.75 10 

216-c 9 Cooling water - Semlwords & 
Critical Mass Lab swamp. 10 l <O.l <O.l < 0.1 <O.l ·< 0.1 I 

~ 

~ 

216-s 16 Cooling water - Redox Plant 
9waimp 25 50 <O.l l 5 1 0.5 . 

216-S 19 Vent cooling water - Redox 
lab (swamp) 10 5 <().l 0.1 l 0.2 < 0.1 

'! 
216-T 1 271-T and Battelle Northwest 

Laboratory water (ditch} 1 1 <().l <0.1 < 0.1 <().l. < 0.1 

216-T 4 242-T cooling water (swamp) . 200 25 4 2 5 4 0.2 

216-U 10 Z & U Plant cooling water 
· (swamps and. ditches) 1000 <(),l 1 10 1 1 

216-Z 17 231-Z Building waste water 

~ 
(ditch) 10 5.0 ~-1 s;0.1 ~ 0.1 <().1 10 

z 
0 TOT.AL to swanps and ditches 5256 5$7 4 7 1'71 8~5 42 ii ~ 
en 
U> 

<II I 
H >ti "lj 

l;j 
• I-' 

ti 
?J 
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co 
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0 
<D 

sa. 
"' ~ 

TABLE 8 
sa. 

i'u~ 0 
0, t3e a, 
w 

Total 
.., 

5 - _.. 
0 

Volume Beta ~ fZ - w 

n X lfF' Emitters soeo •'°sr 1oeRu 13., Ct1 Pu ~ -

Site Waste Strean. Qallons (Ci) ill.)_ illL (Ci) {Ci) (Grams) • t;t 
t, 

216-A 31 Purex organic waste (crib) 0 0 0 0 0 0 0 

216-B 56 B Plant organic waste (crib) 0 0 0 0 0 0 0 

:.U6-B .58 Battelle Northwest Laboratory 
liquid waste (trench) O.J 80 l l 2 1 1 

; 

j 

216-B 59 B Plant emergency i 
--- 0 0 0 0 0 0 0 I 
- I .. 216-Z lle 242-Z and 2:36-Z waetes (crib) 0.5 l 0.1 0.1 0.1 0.1 7000 i 

216-A 
! 

:, Purex silica gel ' ; 
0 0 0 0 0 0 0 

216-A 8 Pu:rex tank farm condensate f (crib) 7 50 0.1 1 5 .35 0.1. . 
I . 

216-A 9 ?T-Reactor decontat:lination 
{crib) 0.1 2 0.1 0.1 0.1 0.1 0.1. 

:.U6-A 10 Ptttex process condensate {crib) 85 2000 2 6 50 4 15 

'J.16-A 'J.7 Pu:rex lab f,i miscellaneous {crib) 1 150 0.1 0.4 5 0,4 6 l 
' 216-A 6 Pu:rex steam condensate (crib) I 

t_,. A JO 100 450 0.1 .3 20 4 10 - I 
E l 

j 

p ' 216-A J6B - Purex ammonia scrtitber (crib) 1.5 6000 5 25 50 10 10 z~ i ).• 

! {/) 
r:JJ "k H 216-B 12 J3 Plant constructio!l water I'.: j '-s:J • \;I 

~ process condensate (crib) 1.0 500 0.1 2 0.1 4 J . ~ - l 

~ . ! 
! 
i 
' 
' : 



"U 
Q) 
(0 

<) t') ·~ 
a, 

0 

Q. 

- .., 
-- ~ 

Q. 

TAm.E 8 ~§ 0 
ex, 
Ol 

~~ . "' -.J 
A 

Total 6~ 
0 

"' 
Volume Beta !:: t;; 
n X lcf Tudtters eoeo 1105r 1,ol!!IRu 137 Cs Pu 

Site Waste Stream. Gallons {Ci} fill .{ruJ__ {Ci) (Ci) ,Grams} >g1 

216-B 50 ITS coniensate (crib) 3 20 0.1 0.1 4 10 0.1 

216-B 55 B Plant steam condensate (crib) 2.0 5 <0.1 0.2 < 0.1 0.2 < 0.1 

216-C 7 Critical Mass Laboratory waste 
(cTib) 0.01 < 0.1 <().1 <().l < 0.1 <0.1 0.1 . I 

l 
l 

216-S 9 Redox process condensate (crib) 2.0 4000 0 • .5 20 1200 70 50 j 

' - 216..S 20 Redox 1ab waste (crib) 0.1 3 0.1 0.2 2 0.2 0.2 
> 

I 

216..S :n.. 2U-SX tank fann condensate (crib) 3 100 0.1 25 1 20 0.1 
r 

215-T 19 242-T ,waste evaporator ' . ; 

conden:sate (crib) 7 10 0.1 0.1 1 4 0.1 
.. I 

. j 
i 

216-T 34 :&ttelle northwest Laboratory ~ 

waste - JOO Area (crib) 0.9 1100 6 2() 150 J5 1 
' . f 

2l6-T 35 Battelle Northwest Laboratory 
wa.ste - JOO Area (crib) 2 1m 6 ::!O 250 JO 50 

216-T 36 Specia.1. Services decontamination 
wa.ste (crib) 0.3 1.50 o • .5 JO 110 12 1~ 

216-U 12 U~ Plant process coniensa.te (crib) 3-5 0.1 0.1 0.1 0.1 0.1 0.1 

~ 216-Z 12 234-5 Plant waste (crib) 4 2 0.1 0.1 0.1 0.1 1~ .,, j 
en 
en TOTAL (rounded) to bel ow i, 
H 
'>:I ero1;111d sites 224 16,000 22 154 1.850 241 8360 • t'.i 
~ 

• I-' 

t:, ~ 
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TABLE 9 ~e 
Sc,, 

Eatiaated Estima.ted ~~ 
~ti.m.ted. Total Bata. Increased RadioacU:re • g 
Vol,- (Ci) Annual Diecha.rge 

(C&Uonl/ Diac:hawc1 Capital Operating Folloving 
Waste Stream Year) Propo,ed Treatlllent Copt Cost Treatment (196 

:1. Purex ?II{, ecrllbber -at• Collect and store 1n exieting llJlderground 
{Ulmlil1lllll chd 1.nci tank; tranater to Red.ox tor daeen.tainination 
s1rconiUl!I cLa4 tuele) J.2 x lcJJ 6ooo b:, evaporation on a c~a1gn bae1a. $ "3.5,000 $ 99,000 

.. 
:2. Battelle Northw1t Lab 

waate, JOO A.l"M, 4 X 10- 2600 Decontar.dnat.1on by evaporation in Redox None - uae 
Atlantic Richfield erlatinc 

. Hanford Company Special 1 X ld' 150 facllitiea 17),000 250 
Services "N&ate, Do11g:l.a1 

0 • .5 x lcJJ United Nuclear daeon- 2 
tam.1.n&tion w:atte 

::,. Purex J)rocei,,s eormn•te 85 x lcJJ 4'000 Recycle tor reuse 1n Purex process. ~ .. 
to crib. Collect, store, and decontaminate 
a portion or exeeu, not meeting crib limits, 

~ b7 evaporation. "30,CXXl 150,<XX) 20 

4. Purex steUl come111&t.e 100 X 1<11 450 Improved 5111!!Pling anci monitoring with crib 
di11eharge. Divert, collect, and stor11 out 
of limt condeni,ate tor decontamination b7 
eT!lporation, 160,CXXl 6,,000 10 

~- Purex Laborato?"1' and SegNigate; noncontaminated waste 11&ter io 
C ml1cella.-,eou II vallte• l x ld' 150 ftfflr.'IP, decontaminate nmainder b;r 
:,: eva-pontion 16,CXXl 18,000 .5 

E s. 21.l-A. a.'ld AX: tank tana 2 • .5 x lrf' 50 Steaa strip tor oreanic re!!IOru; ion exchange li CJ> 
t;; cc,ndensate (:,s l.Uc11) for c:esiuo-l.37 anl et.rontiur:i 90 reooval. eso,CXXl 164,500 < s ~ I : 

:,..Ci L 
t;:j . ... • 
~ 

B Plant proee!II and K,onitoring and di Titrsio!1 ot out of limit. ~ 7. 
•t.eant condensates 18 X lcf 500 condense~ !or t'ellOVal of cesium-137 Md 

strontium-90 by ion exchange. 770,0CYJ 99,000 lS 



T.A"Bl.~ 9 

Estir.iated 
'1:stirated Total Beta 

VolU!!ll!I (Ci) 
(Oallons/ Oischar,ed 

;.'!!ete Str!!J!! Ytar} Cl26Z.. 

s. :u.2-T st.eal!l &nd proce.se 
conden!ll.tes ll.S X lrf' 10 

(4 1:l"Cs) 
9. ITS Ho. 2 process 

con::ter,s& te 7.s xW 

10. Purex cooling water 3000 x lrf' :,oo 

11. Purex acid rractionat,or 
corden!ll.te 8 X lrft 150 

12. B Plant cooltn& ,-ater 
and stellr.l condensate 900 X lrf' 

1). Purex chemical · ee-wer 225 x lrft 

14. 241-!Jt nu!t coolillg 
wat-.r and stl!IM 
con:1ensatea. 90 xl<f 

§ 

e u. Purex crane M&intell&lllce 
ti> facility "st.-, Unknown Unknc»m . (/) ; 

I,. Purex Frenc~ drai."!s Unkmwn Unknown 

0 

Capital 
Pro~ sed Tniatl!Uln~ Co~ 

Ie>n enhange process condensate etreMI for 
cesium-1)7 removal. Divert and ion exchange 
steari eondem!!ate when necessar,. $ 240,000 

Steam st:rlp for ~rganlc rtm>val; ion exchange 
for cesi11111-U7 removal. 820,000 

Radiation mnltoring !or detection o! in-
l&akage o! racdioactirtty. Shut down &nd 
re-pair to correct. t he problem. 35,000 

Recycle to Vl!!.euur.l acid !raction&tor. 
Excess to process con:l.en,a.te reeycle systen. 13,000 

Obert contar.dnated stre11111 to a collection 
t&nk Yia the open trench. Proee sa ,-,aste 
water via ITS tlo. • 2 125,000 

Ra.diAtion DOnitoring for detection or 
in-leakage ot radioactivity. Sh-ut down 
and repair to correct the probler.t, 35,000 

R!Wliation DOnitorin& for detection o! radio-
active in-leru-:aee, Divert, collect, and 
deconhn.inate cy eYaporation in ITS !To. :.! 
as required, 145,000 

Provide collection and a!l!lpling !acllities. 
Tranarer eontMdn.ated wastes to nedox tor 
deeontar.i1nat1on l:'-~ evaporation, 44,000 

Provide radiation detection prob~a and alams 16,000 

Increased 
l.mual 

•Operating 
Cost 

,$ 48,000 

171,000 

),000 

5,000 

'Vu-i&l:le 

),OCO 

Variable 

4,000 

28,0CC 

C) 

Estmahd 
Radioactive 

Dischuge 
Following 
T!:!at!!!!!nlt 

<1 

< s 

JO 

< 1 

10 

<l 

<l 

,. 9 :8 .• 
~~ 
~~ 
~~ 

t:, 

"'~ i_ 
c> I 

~ -~ 

'° 
~ 

,,; 

"1J ., 
(0 
(I) 

"' 

0 
• CD 

a, 

"' ..,, ,,. 
0 

"' 



-a 
0, 
co 
(1) 

C) 0 :') w 
s. 
"" :: 
s. 
0 
(X> 

"' w .... 
~ 
0 
w 

IA.BL~ 2 $6 
:Estimated Estillated ~~ 

E.tilllatd Total Beta Incre&ael1 Ra01oact1ve ~CJ> 
Vol- (Cl) Annual Discharge :.-5 

(Gall.one/ Diecharrd Capital Operating Following ~ ,raate Str:,am Y9ar) (1967 PropoMd Il'9ttcient Cost, Co~ Treai-nt 

17. 20.J-A tacllit.7 Freneb Provid& eollsction and eampling raollitie,. 
drains Unknovn tlrlo-,:r,m Tral'lafer contaminated vsatea to Redox tor 

decontamination bJ evay,cl"&tion. $ 55,000 $ 4,500 

18. 222-s labora't.ory vatl1t.e• 0.1 x ld' :, Transrer to Redox tor deeontudnatlon b7 :- evapol"&tion. 6,000 5,000 None 
~ 

19'. U•Pl&nt cool:1.ng ,.ter 
d1eposal 225 X l<f ProTide 1110rii.torini, aanpling, and vol\1119 

ll!eUurem.ent capability on waa\e vat.era 
dll.scharged b)' :aI+-U Building to 216-tl 10 
i,,,t&l!lp. :,5,000 J,000 

20. 2.34-5 high 9'111 t waste a 0,5 X lc:f l. + 7000 Provide routin8• and raelll tie• tor 
grame Pu segregation or organic 111111 aqueou• atreaJU; 

interim storage of both streua la provided 
1J1 erlating tank&89, Aqueoua -•te• con-
centrated 1n 242-T racUlty and bottoms 
stored, .540,000 SJ,000 < 7 grams Pu 

:a. :.04-5 cooling water, ProTide a routing to existing :tt.1-TI 
process condoensatea, etc, 4 x ld' 2 + 1200 at.oraee tanks, Decontaminate b7 evaporation 

grar.is 1'11 in 24.!-T, Redox, or 221-U !acll.ltiea. 190,000 67,CtYJ < l! grams Pu 

22. :.Ol-Z a.'ld ZJ.4-S waste 400 x ld' 5 + l Provil1e r.ionitoring, Sllmpling, and volUl'le 

e 
BJ"-'11:1 Pu rieasureinent . capabilit.7 on -ate MLter• 

dlscharg1d r?'O!!I :.01-Z and :.04-S Buildings 
to open ditc:h. l.:.!O,OCC 17,CtYJ < l gr&111 Pu l~ !:? ;o;. Z31-Z hoo:1, ·sink~ and 10 x ld' 5 + 10 Provide nonitoring and dlversio:, o! alpha '"'I 

t;J t:i noor drain iwast.e gr.mt Pu conhrd.nate<t lflletes to an existing TX ram 
;.-

t1 . ,... 
0 ta..'lk. !'.:vB!)o-rate diverted wastes 1n :ll;;t-T • a 

'.le:iox, or .:21-U tacllities. 2Mm l~,OOQ !:: l U1l1II fu 

TOT,\L $5,:.:05,000 $1,Z0,000 J,oo Cl Beta 
<10 gr&lltl Pu 
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TABL3 10 

SCHEME II 

CAPITAL INWS'lJ.IENT ASSOCIATED WITH 
U PLANT FACILITlES 

Item 

iquipment and ventilation 

Piping 

Instrumentation 

Utilities and services 

Structural iooditications 

Additional boiler 
(4'00 West Power House) 

Sub-total 

Engineering@ 25% 

Contingency and escalation O ,6% 

TOTAL {roum.ed) 

! : l ·' I ;i : t 

Cost 

$ 4,500,000 

1,1oo;ooc 

450,000 

250,0CC, 

650,000 

509.000 

$7,450,000 

1,860,000 

~.690.000 

$12,000,000 

' I '. 

ARH-Z31 

Page ~.84 
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UNCLASSIFIED 

APPENDIX A 

TABLE 11 

SCHEME II 

COST SUMMARY OF OUTSIDE LINES 
ANJ> 51':>RAGE FACILITll!jS 

· Item Number 

Retention basin 6 X lc8 Gals. 6 

Retention basin 5 x lrf' Gale ~ 2 

Tanks 5 X 10'5 Gals. 2 

Tank~ i,S X lef Oale, i: 

Tanks 1cf Gala. 2 

Tank:, 5 X 10' Gals, 3 

Pipe lines 

Monitor and diverter stations 

Utilities and services 

Sub-total 

Engineering O 25% 

Contingency and escalation O 36% 

'roTAL (roUl\d6d) 

I , • I 

Co11t 

$1,968,000 

128,000 

200,000 

114,QQQ 

64,000 

£:0,000 

3,100,000 

2.24,000 

JL.2.000 

$ 6,~o,ooo 

1,550,000 

:¢,;<50.000 

$10,000,000 

ARH-:01 

Page A.85 

UNCLASSIFml 
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u Plant 

· Super,1a1on 

Spec1al.1ata 

TABLE 12 

Operators and Radiation Monitors 

MeJ.JlWPBl)C~ 

Analytical (equivalent) 

Tank Farm 

Supervision 

Operators 

Radtat1on Monitors 

Maintenance 

.Amlytical 

f I ' ' 

9 

10 

40 

40 

10 

~ 

6 

12 

l2 

8 

4 

42 -

r 

.ARH..231 
Page A.86 
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APPDDU A 

0 

Total Cost 
Plua 

COntiJlgeDC)' 
(n,llarl 1D ThOUlanda) !l'Ot&1 COit ~ 
U Plant )lmpower $1100 $1 433 

· Tank Pam Man»oVer 463 602 

1e1.ntenance an4 .Analytical Buppliee 300 390 

Imirect Support 313 407 

Steam and :llectric1t7 2 384 2 384. * 

Cooling water 12 16 

Total Operat1Jl8 CClet $4 574 i5 232 

0 
Rounded $5 000 

o · 

: !1 . 1- 1 . i · I ; . I 
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WASTE ORGANIC DISPOOAL AND TREA'IMD!'T 

I. IITROru:TION 

II. 

Organic wastes containing relatively lw levels of radioactivity are 
discharged from the Purex Plant and the Plutonium Reclamation Facility. 
Organic wastes will also be disclarged from B Plant after its sto.rtup 
1n 1968. 'JJhete vastes are portions ,of t~ s¢l~n-t; v.~d ill ~olvcnt e~­
traction processing in each of the plants. Currently, these ,rastes e.re 
being discharged to underground cribs or tile fields and are within the 
scope of the Low Level Waste Management Program. 

This Appendix defines the or~anic ve.ste disposal picture as it presently 
. exists and develops disposal scheme~ for .each of the three plants usirig 

organic burning as the 1'1nal organic disposal step. Alternate ult'ilno.te 
disposal techniques for organics are currently being studied 

· experimentally, Operating a.rd capital coats for the disposal schemes 
are also ~resented. 

PRESENT SITUATION 

The present organic disposal status of the various separations ple.nts 
is discussed in the :f'olloving subsections. The ty-pes and estimated 
amounts of organic waste are also given. 

A. PlutoniU!ll R!(!J..almtion Paeility 

At the Plutoniwn Reclamation Facility, both aqueous and organic 
wastes are discharged .to the Z-lA tile field, In some casec under 
the present mode of operation, organic 'Waste is discharged to the 
crib as discrete batches ·or "slugs" of organic. Sources of organic 
to the Z-lA tile field are as follows: 

1. Discard organic batches from the solvent extraction ba-t:T.erv. 
This materfa1 is 8o volume percent carbon tetra.:hior:i.de Ccci4) 
and 20 volume percent tributyl phosphate (nP) · and is inter .. 
mittently cribbed because of buildup of degradation products 
and carbonaceous materials. 

2. Interface "jettings" trom the CA column. Thie organic is 80 
volume percent CCl.4 and 20 volume percent TBP, 
The CA column interface has been jetted directly to the crib 
approx1matelr tvice per shift to minimize solids buildup and 
emulsion formation at the interface. 

3. ·organic from the W-2 static wash colwnn used to remove plutonium 
fr0111 the CAW. This organic is 70 volume percent CCll~ and 30 
volume percent !>IIBP (dibutylbutyl i:,hosphonate) and. is inter­
mittently cribbed due to degradation products and buildup of' 
carbonaceous materials. 

UNCIASSir'IED 
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4. Organic fr011t the W-12 batch wash system that removes americium and 
any residual plutonium £rem the CAY. This organic is 70 volume 
percent cc14 and 30 volume percent DBBP and is intermittently 
cri"b~d, wrum t~ QIU.)..dµp 9f ~grada,ti9n prQduc;ts (!,pd, c~rl:>o~c;eo"® 
rmterial.s causes inadequate phase separation. · 

5. Entrained organic in the aqueous wash stream (AAW) from the W-12 
batch wash tank discussed 1n 4. above. 

6. Infrequent organic spill! of, perhaps 10 .to 20 liters e.t a time. 
Most frequently this material is 8o volume percent CCl.4 and 20 
volume percent TBP, but occasionally is 70 volume percent CCl4 
and 30 volume percent DBBP. This material is passed through a 
special ex column to wash out residual plutonium and then cribbed. 

7. A am.ail amount of ;;f'abricaticn;; oil that gets into the solvent 
extraction battery organic during the intemittent periods when 
fabrication oil is being processed to recover .its plutonium 
cont~nt, hbricat1an oil WI! ueed in :p«Llt plutoniU!ll mechinillg 
operations and initially contained 75 volume percent CCl4 and 25 
vol\ll!!e -percent lo.rd oil, but Q.WiP.B \We a port1on of th~ CCl4 
evaporated. The composition of stored fabrication oil is estimated 
to be 50. volume percent CC¼ and 50 volume percent lard oil, 
About 6ooo gallons remain in storage in 5-gallon containers. As 
me.npm,er is available, :fabrication oil is batch vs.shed in l0M 
HN°J to remove the plutonium. After washirg, the fabrication oil 
is routed to th@ Z-JA tile field. 

The estimated amount of organic presently discharged to the Z-lA tile 
:field is sh01ro in the :rollwing table: 

Ctgree ,Or2;Eic D1_s;e
1
os

1
al to Z-lA Tile Field 

~ 

8o vol ~ ce14-20 vol 1' T.BP 
70 vol i ee14-30 vol i nBBP 

Amount, gs.J./rr 
4400 
6600 

The above volumes are based on average organic consUI:1ption over a 
period o:f several months :for the past year during three-shift · 
operatiai. Actually, the cc14 consumption 1s higher than the amount 
shown discharged to the tile field. Sane evaporates during processir.g. 
No :fabrication oil volume is shown because or the intermittent pro­
cessing and the small volume involved to date, 

B. Purex Plant 

Sources and amounts of organic waste fran the Purex Plant are discussed 
belov: 

1. organic discharged with the OIW .(organic vash solution} to the 
underground storage tanks is estimated to range from 2600 gallons 

tJHCLAsSIFIED 
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per Month to 5700 gallons per month {Reference 1). Tbis organic 
is 70 volUme percent n6?'11al paraffin hydrocarbon (NPH) and 30 
volume :percent TBP. This loss occurs fran the N\.D'llber l &olvent 
tre(l.tment &yatem t!.nd reaw.ta from the le.cl, of decantation equip­
ment capable of removin.._~ organic entrainment o.nd organic "heels " 
when discarding the CMW. From the boiling undereround storage 
tanks, much of the organic is boiled off { except nny TBP thnt i s 
hydrolyzed) and. is ultimately discharued to the crib alo~ with 
tank farm condensate. 

2. Batches of ''bad" organic fr~ the organic treatment systems for 
the solvent extraction batteries or batches of special solvent 
resulting from special plant tests are other sources of orca.nic 
-wastes. This material 1B currently discharged to the 216-A-31 
organic crib. Historically, the total amount of organic dis­
charged to this crib has been small and individual batches have 
been small. Records show that Bo70 gallons of organic have been 
discharged to the 216-A-31 crib since it vas put into ser--rice in 
January, 1963 (Reference 1). In 1964, 1000 Gallons of orcanic 
(Soltrol. o.nd tril.auryl amine) were cribbed. This material re­
aw.ted !rom a. plant teat on . ba.tch re<:overy ot residual plutonium 
nnd neptunium from high level Purex aqueous i.mste (Ur.-1). In 
1966, tvo small batches or organic were cribbed. One batch 
consililted ot.2500 gallo116 o:r NI'H containing low radioo.ct1v1ty. 
The otrer batch was 3700 gallons of typical plant orca.nic (70 
volUl!le percent NPH and 30 volume percent TBP) with a radioactive 
isotope eontent as shown in the table bclw (Reference 1): 

Radioactive Isotope Content in Discharged Organic 

Isotope 

Ce-144 
Ru-103-lo6 
Cs-137 

. Pa-233 
Zr-Nt-95 
Fu 
u 

Amount/3700 gallons 

3970 curies 
454 curies 
143 curies 

6 curies 
2 curies 

0.56 gn.m,; 
4 ltiloerams 

While the above tabulated data gives a typical example o:f the 
potential radioactivity that could be present in discharged 
organic, vigorous washillf3 vould reduce the radioactivity content 
vell below that show and would ft!l!Klve essentially nil of the 
plutonium and uranium. 

3. Organic waste can also result .from the need to discard the 
entire pl.ant inventory of organic. However, the entire in­
process inventory ot organic bas been discarded only once since 
Purex Pi.ant startup as a reeuit of ad.verse extraction properties. 
The entire organic inventory has been discarded twice cc o. re -
suJ. t of changing diluents. The in-process inventol"'J is o.bout 
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30,000 gallons although during diluent c~es larger total 
VOlUfflei! have been discarded d.ue to incorporation of unused 
diluent frClll the chemical. tank tarm, 211-A. Xhese l.e.rge volumes 
have been dtscbarged to tlE ground on a specific soil retention 
basis. For example, when the diluent was recently changed to 
NPH, the Soltrol-TBP organic was discarded to the abandoned 
216-A-T crib on a specitic retention basis. As a result of the 
very satisfactory performance or the NPH diluent, the maturity 
of the process, and the plant operating experience, it is highly 
tmlikely that the total inventory will 'be. diacarded. in the 
future. 

C. B Plant 

The organic waste disposal problem at B Plant can be only- roughly 
predicted since the plant bas not yet begun operation. Probable 
sources ·and estimated amounts of · organic waste are discussed below_. 

1. As in the rurex Plant, organic 'Will be discharged with the 
organic wash (ICM) to underground storage tanl-s. The orcanic 
loee results t'ran the p;reaent la.clt or 11\lltable equipnent for 
de-entrainitlg organic when discarding the 1(1,,1. This orcanic is 
0.2M TBP and a.3M di(2-ethylheJ:yl) phosphoric acid (IEEHPA) in 
a ~ diluent. An estimated 5000 to 10,000 gallons per year of 

· organic will i>robably be discarded with the ICM during the 
initial yea.rs of operation. 

lBJ)@nding on th@ aetiv1ty, th! 100 v!ll be discarded. either to 
the boiling unllerground tanks at the Purex Plant or to undergrou:id 
tanks containing nonboiling waste. tn.timately, if the 241:-AX 
tanks are used, the orcanic will be discharged to cribs with the 
condensate from the boiling tn.nks. 

2. Another potential source of waste is organic tla t must be dis­
carded because of adverse extraction properties. · This Ol'Banic 
waste will have the same composition as described above, and 
eeUld be dii~Arded as s:nall intermittent batches or as a complete 
plant inventory of aboi.;t 10,000 g11Uons, If ·neceGGary, such 
wastes could be discharged to the 216-B-56 crib • . Althoueh there 
is no operating experience as a basis, it is estimated that, 
because o-f the extreme1y high radiation exposure and norms.l 
shakedown problems, as much as one plant inventory per year 
could require disce.rding during the initial years of operation. 

III, RATIONALE FOR ELIMINATING GROtmD DISPOSAL 

Organic waste disposal adds radioactivity to the gro'l.llld and increases the 
potential tor driving fission products into the ground water. Some or 
the cOlllpOUnds in organic wastes are complexants for plutonium and fission 
product&. In soft! eaaea, the plutonium and. fission products may prefer­
entially stay with the so1vent rather than be adsorbed on the ion exchange 
materials 1n the soil. Thus, if organic is discharged to the soil, the 
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subsequent intentional or accidental discharge of aqueous waste er other 
water to the sa.me area could possibly drive the organic and contained 
fission products into the ground vater. 

A potentially hs.1:o.rdous situation coul.d also occur in ground disposal 
facilities where aqueous waste is discarded along with discrete volumes 
or "slugs" of organic. The potential for downward movement of 'Plutonium 
as a result of organic slugging and the possibility of organic being 
driven to the ground water are not fully tmderstood. Laboratory studies 
on radioisotope movement in the so~ belov crib~ hav~ Usi,ia.lly been ii'.a.<3.e 
using subsaturation Bll\ounts o:r orcanic and "slugging" effects arc not 
well r.nown. Furthermore, such effects are difficult to evaluate in the 
laboratory. 

Another potential problem associated with o~anic disposal involves the 
organic residue present in the condensate :from the boiling Purex tanks. 
The developnent of methods to remove radioactive nuc:lides fron this con­
densate is a part of the Lov Level Waste Management Program. Ion ex .. 
change is a possible removal method, However, the organic residue in 
the condensate tends to blind the resin and decrease capacity. Reduct ion 
of the o.mount of organic 1n the co!Xlel16ate should mal{e the conde11Bate 
easier to treat. 

DEVEIDFMENT OF DISPOOAL SCJm.!E 

The equ1pnent tbat could be used to eliminate disposal of' organic waste 
to the gl"Ound e.nd ~rovide for &Mqua.te organic v4nte disposal is dis .. 
clisAed in the fOllM~ BUoeeciiOM. In ffiOAt cUH tM Mc~onl seheme! 
will proceed as a series of' integrated steps to provide a reasonable 
expenditure l_lettern and J)rovide positive and practical means of' organic 
waste disposal. Tank storage vill be used as the ''base" ca.se -with which 
other disposal. steps can be either inteerated or comp11red. 

A. Plutonium Reclamation Facility 

' l. Improved. In-Plant Treatment 

A pr1mlu'y 11tc:p 1n the cU&poae,l or o.rgAn1c YIMitc:a tran the plcm·t 
will be a continuing effort to reduce the volume requiring 
disposal by improved in-plant treatment. This effort is now 
under way. Jetting of the CA co1umn interface directl,y to the 
Z-lA tile field was discontinued on a test basis duriIJG the wee!: 
of October 2, 1967. A polypropylene felt tilter bas been in­
stall~! And is nmt uins tested as a mans of removing emulcion­
fo~Il6 solids 1',rom the interface Jetti?l68. '!'he sepi.rated phases 
are then returned to the column. A centrifuge for the CAW has 
been installed upstream of the W-12 batch vash tanlc and 1s beine 
tested. By removing solid carbonaceous material, this centri­
:f'uge will reduce the rate oreanic "fouling" and subsequently the 
rate o-r IlBBP-cc14 disposal. An additional. wash col umn (the en 
column) is being installed for the organic from the solvent ex­
traction columns. This wsh column will help reduce the rate of 
TBP-CC14 disposal. The reduction 1n organic d1spoanl volumes 1s 
eattMted t0 bee !Actor or two~ a ~i\llt Qf §Y~~~~§f\Y: 

j 1: : l ;; l 1 I '. I 
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operation of the equipment add.1 tions listed abO're, 

In-plant improvements are currently being proposed for the CAW 
scrubbing system to iml)rove emericiurrt and residual J)lutonium 
recovery fran the CAW (Reference 2}. These improvements vill 
replace the W-2 static wash column and el11!l1nate timing problelllS 
associated with phase separations in the W-12 batch wash system. 
The improvements should reduce the disposal volume or 70 volume 
percent CC14 and 30 volume percent DBBP even further. The pro­
:posed improvements essent:t~~ cona1&t 0:r three colU!llllB. The 
W-13 tank vould be used to intermittently carbonate wash the 
organic J)hase. The first column will be used to neutralize the 
CAW to the desired acidity. The second will remove plutonium 
and the third will remove americium. Tbe proposed system will 
al.low much longer settling t1meis and more careful decantation 
than is now possible in the W-12 . batch wash system. Thus, 
organic entrainment or organic "slugging" in the aqueous wash 
waste will be reduced and possibly eliminated. 

Disposal to Storage Tank 

The most positive and well \Uld.erstood means of eliminating waste 
disposal to the ground is by tank storage. Interim tank storage 
:for batches ot ''bad" organic is proposed as the quickest and 
surest means of eliminating the disposal of organic waste to the 
ground. Provision of enough storage to hold the organic waste 
generated during two years of operation will allow- adequate time 
tg develop; evaluate, and install alte!'Mtive disposal systems 
(for example, incineration) if desired. Also, the use of tank 
storage and determination of the costs involved provides a base 
for comparison with any subsequent steps to treat the stored 
wa.ste or any alte:rne.tive disposal techniques. 

Corrosion is the maJor questionable feature of tank storage. 
Thu:;, all organic must be washed with an aqueous caustic or 
carbonate solution to remove acid prior to storaae. 

A conceptual design of the storage tank ie shown in Figure 1. 
This tank bas a volume of about 19,000 gallons and would be used 
to store both the CC14-TBP and CCJ.4-DBBP wastes. This VOl\.Ul1e 
would provide storage space for about two years of operation at 
75 percent or the present organic waste volumes plus 10 percent 
tree'boe.rd. If plant improvements bring about the expected 
l'ea.Uctian in organic waste volumes, the tank would provide 

: storage space for a considerably longer period. Also, the tank 
is equipped vi.th a small portable blower and filter system so 
that smll volumes of air can be drawn through the tank to 
slowly evaporate the volatile CC14. Since CCl4 will malte up in 
excess of 70 percent of the organic ww,te, evaporation of all 
of the CCl.4 discharged to the tank could allow use of over 7 
years without vaste removal 1!' corro&ion studies do not preclude 
such a period of usage. 
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The tank, de!)icted. on Figure 1, is a. horizontal cylinder 'W'ith 
dished enda e.hd is cOn$tructed of stainless steel. The fill line 
is connected. to the tanl; underground. Four other lines extend 
above gro,de. One line il'J a 20-inch-diameter "manhole" or pump 
access hole to provide later installation or equipment to :permit 
removal or circulation ot the tank contents. Two liries are 
vents equipped with filters. One vent line is also attached to 
a small portable exhauster. The fourth line is provided for 
sampling, liquid level :rod.ding, or addition of chemicals ns 
desired. Fossible tank and. fill line locations are shown in 
Figure 2 in relation to the eXisting grade elevations. 

Disposal of Stored Organic 

~e or~c wa..ete mw;t ultimate1y be removed f'ran the tank for a 
more -permanent type of disposal • . Treatment in the sto:reee tank 
with a variety of aqueoUB washes and subsequent reuse in the 
Plutonium Reclamation Facility is not practical due to the 
mixture ot D.BBP and TBP solvents and the probable contamination 
with lard oil. Combustion in an incinerator or organic burner 
prior to CCJ.4 removal 1s questionable due to the nonflammable 
properties of cc14 and the possibility of faming phosgene. As 
a result, a mJor portion of the CCl4 in the tanl~ will be 
evaporated intermittently by utilizing the vent and blower 
system installed on the tank. A pump vill be installed on the 
ta.n.'lt and th! organic 'W'ill .be periodically pumped (betveen 
additions of current organic waste) to drums or a tank trailer 
for transport to an incinerator or OI'6a.nic burner. Burnine of 
residual stored solvent along .with organic wastes from. other 
plants is discussed later in Section IV-D. 

4. Alternative Schemes Considered 

Alternative schemes for dis!)oso.l or the residual. organic from 
the storaae tank and disposaJ. of tbs current orannic waste f'rom 
the Plutonium Reclamation Facility have been considered during 
th.is study. These alternative schemes have not been i nco~­
porated as the proposed primary d1Dposnl scheme because of le.ck 
of' technical data or lack of spe.ce tor required equipment ,rlthin 
the Plutonium Reclamation Facility. 

One alternntive involves .disposal or the residual solYer.t (DBBP 
plus TBP)in the storage tanl: ai'ter evaporation of tee CCll~ by 
meo.ns other than 'burning. Preliminary data. (Bef'erence 3) 
indicate that it may be possible to hydrolyze the TBP and D.BBP 
to wter iiOl@le fiodiym compov.nd.G lrlth ~n o.':l,ueQ~ c~®tic­
methonol w.sh, Because of the lo~ aY::Lilable tnnl~. residence 
time, a simple caustic wnsh night be adequate. The aqueous w&.sh 
could be added to the residual solvent in the storose to.ru, and 
slowly circulated through the organic by a pump 1nsto.lled on the 
20-inch riser on the tank. After hydrolys15 and solubil1zation 
of the solvent, the aqueous could be pumped to a. truil( trciler 

uNcu.snrrr:m 
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and discharged to the a<}ueous unde~round storacc tanks via lee.d­
in stations that are -planned (Reference 4) a.s :part or the overall 
waste mo.n&Bement :proere.r.i. Solvent hydrolysis is discussed further 
in Section vn, Reseo.rch a.nd. Daveloll'!l~nt RequirG~nts. 

A second alternative 1nvo1ves tbe installation of steam distil­
lation equipnent in the Plutoniun Reclalllation Facility vhile tr.e 
oraanic storage tank is being filled. Such equipment ,rould allo1-1 
recovery and recycle of the ce14 :from current organic w.Gtes. 
Qmo.nic -w~te could Blao be 1il0W1-Y° n:t'Unlea. t;roi:1 the lito.eee to.nlt 
to recover the CCl.4 for recycle and eliminate the need for CCJ.Ji. 
evaporation :from the storage tank. The residual TBP and DBBP 
could be removed to drums or a tank trailer for transport to an 
incinerator or organic burner. 

l!. Purex Plant 

1. Improved In-Plant Treatment 

Initial emphasis at Purex 'Will be to reduce the volume requiring 
disposal by improved in-plant treatment. Additional eq_ui~nt is 
:proposed to reduce and eventually eliminate organic losses with 
the CMW. The latest technology on organic w.shing vill also be 
brought to bear on any batches of ''bad" organic in order to 
reduce the volume the.t must be discharged frOl!l the plant. 

Either decanters or liquid-liquid centrifuges can be employed to 
reduce o~anic loaaea to the GM. At present, the llquid-H.qllid 
centrifuges originally installed in the Purex Plant are not bei~ 
used and those in ·G cell bav~ been removed. Possibly, a centri­
fuee and necessary piping cou:l.d be replaced in O cell. However, 
centrifuges are mechanically ccnnplicated am suffer from o:peratiDG 
difficulties and f'l'equent maintenance. Decanters are preferred 1f 
one can be developed and designed that can handle the Mn°'2 solids 
present in the CM1. (Such solids would also complicate operation 
of liquid-liquid centrifuges.) 

Deeanters e.re proposed r~ the organic vaste treatment acheme for 
the Pure::t Plant. :Figure 3 slx>ws a conceptual design or the de­
canter tor the Number 1 solvent system. This design incorporates 
a sparger and a tank vashing nozzle as a meane of removi~ the 
solids. Figure 4 gives tentative instnunentation and piping 
requirements. For purposes of cost estimation, the decenter is 
assumed to be installed in a portion of O cell originally used 
for liquid-liquid centrifuges. Also, installation of a standard 
1725 gallon tank beneath the decanter is assumed f'or aqueous 
overflow and collection of solids cleanout solutions. It is 
recognized that development of an adequate decanter design \till 
be reqU1red and turthe:r Bt~ Will p;robe.bly show t1ore optil:lui:i 
placement e.nd piping arrangements. However, the conceptual 
design permits a ree.sonable estimate of the costs involved for 
decanter installation. 
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2. Disposal to Storage Tank 

"Bad" batches of Purex organic \rould be stored in surge tanluiee 
1n6t8.llcd outa1de the plAir~. Such tankage aerves three functions: 
1) 1mr.ied1.ate storage space for removal of ''bad" organic from. the 
plant, 2) poiudble :facil.itiea :for orga.nic treatment that are not 
directly required for routine plant operation, and 3) storage 
tankage to permit orderly scheduling of ''bad" organic to the 
incinerator. The tank shown on Figure 5 has a volume of 22,000 
gallons and vould be Used to. store 'both normal plant orcanic 
(NPH-T:BP) and batches of different solvent frODt special plant 
tests. This volume vould provide stor88e space for one-ball' the 
1n-:process inventory plus one "bad" batch of about 5000 gallons 
plus 10 percent freeboa.rd.. Alternatively, this space would · 
~ro'lide sto.raae for over~ rears 0£ operation at 6000 Gallons of 
"bad" organic per year plus freeboard. 

Conceivab1y1 a smaller tank could be used bas~d on estimated 
waste volumes and pist dischal'6es to the 216-A-31 crj.b. However, 
as discussed later, the 13 Plant storage tank is specii'ied at 
22; 000 e;allons, TM GO.vi~& aris~ from building tlTo identical 
tanl.s should cowiterbalance the use of a slightly smaller tank 
1'or Purex orge.nic, especially vhen the volume of OrGe.nic ,1nste 
is uncertain. 

~e tan.l{ is a horizontal cylinder with dished ends arA is con­
structed of stainless steel. The fill line is connected below 
grade froo th@ 6Xist1ng lin@ to the 216-A-31 crib, Three other 
lines extend above grade, . one is a 20-inch-difl!Tleter pump attnch­
ment to provide ror removal or circuJAtion of the tank contents. 
A second line is a vent equipped with a fibrous glass filter. 
T'ae third line is provided for sar.ipl1ng1 llCJ.uid level rocl<ll?JG, 
or addition of chemicals. For purposes or estimating excavation 
requirements, Figure 6 shows tentative estimates or tanl.: and 
fill line depths 1n relation to the eXistinc grade elevations. 
:Because of the depth or tie line to tl'.e 216-A-31 crib, a vertical 
section 13.5 feet long is included in the line to the new tank. 

3. Final Orca.nic Disposal 

A more pe:rmru,..ent type of disposal than tank stora~e must ultimnte~• 
be provided for the current and. stored orsanic waste. This fir.al 
disposal step can be accomplished vith either an orsanic burner or 
by burning the organic vaste in the proposed incinerator for solid 
waste. Organic burning or canbination rlth incinere.ble waate is 
discussed in more detail in Section IV-D. 

C. 'B Plant 

1. Improved In-Plant Treatment 

0 AB in the case of the other plants, primary emphasis 1rill be 
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placed upon reducing the volume requiring dioponal by improved 
in-plant treatment. An organic decanter 1s prol)osed for th~ 
organic wste treatment scheme for B Plant. Also, research and 
oevelopmont c;,n o:rge.n$.c t:ree.tmont vUl l>e cc;,nt1n\Uld to izrlprove 
wshing techniques and to develop a better understanding of the 
effect of radiation on strontium extraction coefficients. 

For cost estimating purposes, the decanter for B Plant is assumed 
to be the same as sh<Ml in Figure 3 for the Purex Plant, Figure 7 
gives tentative instrwnentation and piping requirements. The de­
ce.nt!r 11 D.H\11\!d to be 1nata.llid in Section 31. ilio, inste.1-
lation of a Purex-type 1725 gallon tanl, beneath the decanter is 
assumed for aqueous overflow a:rd collection of solids cleanout 
solutions. · 

~. Disposal to Storage Tanl~ 

U. in the case or the Purex Plant, interim tank storage 1s proposed 
to allow adequate time to develop and install an alternative dis­
posal method.. The conceptual design of the tank is the same e.s 
tor the Plu"ex Plant r,,ml 1s shown in Figw-e 5. For p?JrPoses of 
estimating excavation requirements, Figure 8 shows tentative 
estimates of the tank and 1'111 line depths in relation to the 
eXisting grade elevations, 

1be tanlc has e. volume of 22,000 gallons and vill .be used to store 
·both the normal ~lant organic and 8l'ly batches of different solvent 
from special plant tests. This volume will provide storage space 
tor two in-process organic inventories plus 10 percent freeboe.rd 
or space for two years of operation assuming disposal of one in- · 
process inventory _of 101 000 gallons per year, 

_3. Fiml Organic Disposal 

Permanent disposal of current and stored organic waste can be 
provided either by e.n organic burner or by burning tl-e organic 
waste 1n the proposed incinerator for solid vaste. OrgC1.nic 
burning 1a di~cuaeed. in more detail 1n Section IV-D, 'below, 

D, Organic Burn1!?fi 

Final disposal of organ! c waetes can be accomplished by burning in 
the proposed incinerator for solid wastes or 1n a burner specifically 
designed for organic vaste. The proposed incinerator for solid vaste 
is discussed in detail in AppendiX D, Basically, this incinerator 
consists of a burning chamber and equipment to clean the o:rreases. 
Since it should be possible to utilize thls equipment (with slight 
additions and/or modifications) to burn the organic waste, the 
primary scheme proposes this means o:r tinal organic d1epoeo.l.. 

Organic disposal in equipment specifically designed for orcanic 
burnine is a potentie.l alternative scheme. The Savannah River Plant 

I ' I , I • ' 1 ·r • 
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() has burned slightly radioactive organic (Reference 6). ·several 
varieties of commercial organic burners are available nnd burnir.g 
of .industrial organic ~astes is a common occurrence (References 7 
and 8). An example of an organic burner is the Destructur{Y (Ref. 
erence 9), a commercial unit equipped With a scrubber. Witl. 
collll!lercial burners and considerable industrial experience available, 
development of the necessary modifications to a commercial burner 
.should be possible in a reasonably short time. Timine could be 
extremely important should a decision be made not to in6tall the 
solid.a incinerator. 

0 

0 

V. PROGRAM COOTS 

A. capital Costs and EXPenditure Pattern 

Capital costs -have been estimated for the proposed orecnic ci.ispose.J. 
scheme for the three plants. These costs are presented :i.u Table I 
and include only costs for orsanic storage tanks and decnntation 
equipment. Any capital costs associated with incineration are 
included in Appendix D. 

The total capital cost of the various program stei:,s listed in Table I 
is $740,000. The ·greater cost for tre storage tank for the Plutonium 
Reclamation Facility primarily reflects the more complicated filter 
end exhauster system and the assumed longer fill line , The more 
expensive decanter system for B Plant reflects the possible cr0',1ding 
in the canyon cell and. the probable requirement for more in-cell 
piping, demolition, and decontamination. 

A tentative expenditure -pe.ttern for the $740,000 is shown in the 
tollowing table: 

Estimated Capital Expenditure Pattern 

Item 

1. PlutoniUJll Reclamation Facilitr Tank 
2. PUrex Tanlc 
3. B Plant 
4. Purex Decanter 
5. B Plant Decanter 
Total, Fiscal Year 

r95969 
90 
90 
25 

~ 

( In Thouso.nds) 
FY 1970 
~ 1$ 

75 
75 
85 

100 
~ 

This expenditure pattern assUl'lles that the decision is mad.e to initiate 
the program in July, 1968, and that considerable desire exists to 
<:omplete the prognm ~, eoon u pQH1ble, l'he, expend1t\lre p~ttern 
!urther assumes that preliminary decisiais will be made in the las t 
halt' of FY 1968 to initiate research and development studies requi red 
to permit detailed des1Sn 1n Y'f 1968. 

The expenditure pattern attempts to provide fairly un11'om annual 
expenditures. In initial phases of the program, much of the total· 

&rver-Davis, Inc., Cleveland, Ohio. -

I , I, , 1 .· ., · 
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capital outlay vill 1:>e fo:r tile 6to:ra.ge tanks in order to eliminate 
growid .disposal of organic 1n FY 1970. Most of the motey for 
decanters will 'be spent in FY 1970 to allow adequate time during 
FY 1969 fo~ development of a satiefactory unit. 

B. Operating costs 

I I • 

Incremental operating requirements are estimated to be small 1'or the 
proposed organic WB.ste disposal l?rogram. J.mnpower req.uirements for 

. orse.nic discharge are similar whether the orsanic; 1s c;l.11;1c;na:rged, to 
tanks or cribs. Est11118.ted req,uirem.ents for tank surveilla.nce would 
include; 

l. A routine once-per-shirt check of the blower on on::l te.nk by a. 
power operator during his regular rounds (approx1111D,tely 30 tn1nutea 
per shi:ft) • 

2. A liquid level rodding of three tanks once per week (approxi­
mately 6 hours per veek tor three tanks). 

3. A 1110Ilthly sample of each tank for pH deterntination (approxi­
mately 72 hours per year fore. ra.d.iat1on monitor and 72 hours 
per year for an opera.tor). 

4. A pH detenn1nat1on for 36 samples per year. 

5. Intermittent repair of the blower on one tank (16 hours per 
ye~r for a me.1:nte~nce man and 16 hours per year !or an 
operator). 

Some of the above manpower requirements can be scheduled during slacl, 
or down time, 

Because of the volume, the organic storage ta.nks could be emptied 
every two ym.rs. However, to even out the load at the incinerator 
and to incur more uniform annual costs, tank trailer trips would 
be ocheduled each year rrom one or more of the tanks. Assumir.g r. 
tank trailer vi th a vork1rig volume or 4000 gallons, about 5 trips 
per year would be required. Estimated manpower requirements to fill 

· and empty the tank trailer are 9 hours for a truck driver, 4 hours 
for a radiation monitor, 6 hours for an operator, and l hour for n 
supervisor. 

Incremental manpower, maintenance, utl1t1es, and essential materials 
requirements for decanter operation are expected to be small. The 
equipoont 15 not c001plex 6nd includeB rev iteIDB that fa1l freq_uently , 
Operation 1s simple and will probably be handled at panel bonrds 
already sta.1'fecl with operating personnel. Probably the most time · 
consumiilg operation will be an estimated 4•hour cleanout operation 
at lea.st twice per week. 

UNCLASSIFIED 

I I 1 .: 1 ' , I :, ! 
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Based on the o.bove discussion of operating requirements, increncntal 
operating costs are estimated to be about . $10,000 per year (Reference 
10). This cost does not include any credit for recovered organic 
from the ~ecruiters. Also, incremental co6t8 (if any) associated 
with burning the organic in the incinerator are included in Appendix 
D, Alone with this annual operating cost, there is an estimated 
initial expense of about $201 000 for installation of small deep-well 
turbine pumps and temporary discharge lines on the tanlts. 

VI. HAZARIE 

For the organic waete disposal program, conventional hazards will be 
encounterecl tmt are s1milar to those routinely met. Typico.l hazo.rcls 
include organic fie.mme.bility and cc11~ toncity, 

While the organics to be hand.led are combustible (vi.th the exception of 
CCl4), their relatively low volatilities ·and high flash points preclude 
the possibility of fire or explosion under normal conditions. Ac in the 
operating plants and chemical tank farms, fire and explosion :prevention 
will be accomplished by maintaining the temperature of the organic below 
the flash pQ:Lnt, wb:ich 1& 1n the range of l60 to 190°F, Th@ lCJ11 
temperature of the stored organic keeps the organic concentration in air 
too "lean" to support combustion. Since the organic is below its flesh 
point at prevailing temperatures, it is n "Cle.as III" orsanic and use of 
an inert-gas blanket is not req,uired for flammability control. 

carbon tetrachloride is a highly toxie ehelliice.l that must be handled 
with care. The threshold limit value or air-borne concentration at 
which nearly all workers f/J8.y be repeatedly exposed vithout adve:-se 
effect is 10 ppm. This value is considerably below the least detectable 
odor (70 ppn) so that chronic poisoning cou1d occur on repeated exposures 
with no warning, Under the proposed operating Jllan, cc14 vapors will be 
slowly and intermittently discharged to the atmosphere from n sto:ra~e 
tank, Discnune will take place only when no personnel are in the 
illlmediate vicinity. A chain fence will be provided with unrni:r,,3 sifln£ 
to keep out unauthorized personnel, D.iring routine visits to the tanl: 
area, a halogen detector will be used to ensure that the area is :1'ree 
of CC.l.4 tumee, 

VII, RESFARCH AND DEVELOPMENT WUIRE2"1EN1'5 

I I 

Several steps for vaste organic disposal and treatment have bee~ proposed 
earlier as the primary disposal scheme. These steps are recoverJ of 
organic frOOt organic vaeh \18.8ten by deea.ntation, interim storaee of 
batches of ''bad" organic, and eventual burning of stored and current 
organic waste in the incinerator proposed for solid waste. Research a nd 
development requirements for this disposal scheme are discussed below: 

A, Corrosion data are needed f'or conditions expected 1n the storoce 
tanks - especially the tank for the Plutonium Recovery Facility dt'I£ 
to the possible presence of chloride from CCl.4 decomposition. 

I: . •! I I .I 
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I I 

B. Adequate decanters must be developed that can be used with the solids­
containing organic wash wastes tran · the Purex Plnnt and. B Piant. The 
mjor problem 1s the buildup of solidB and eventual plugging of the 
deca.nter, A unit muat be irevclopcd thl t c11n be per1oo1cally cleaned 110 
that it can be operated.. without serious plugging. The decanters should 
be developed ond designed to permit installation in available cell 
space. 

c. The modifications required tor the solids incinerator must be deter­
mined, developed and. tested. Deyel?pr.ent problems inelud.~ ~ 

1. Developnent of a suitable organic feed system. 

2. Determination and solution ot problems associated with buildup or 
partially burned TBP, DBBP, or ~EHPA in the combustion chamber 
and the o!tgas system. 

3. Developnent of a suitable offgas he.mling system capable of 
ho.ndl1ng phoapho:rowi 0X1de11 or pho&phoric e.cid tormed during 
organic combustion. 

D. nie to the similarity or problems, it may be possible to combine 
development :programs for modification of t~ solids incinerator and 
a separate organic burner. 'When burning oruanic, both systems re­
quire determination and development or the same items outlined in c. 
above. Thus, by acquiait1on and. operation or a small commercial 
organic burner, data. might be simultaneously obtained far both 
organic burning in the solids 1no1n@r-ator and for a 'bncflmp burn1r..g 
method. 

Research and developnent itelllS that are needed to allow proper evaluation 
ot potential alterne.tive steps to the proposed pr1maey disposal .achcme 
are discussed. 'below-: 

A. Firm vapor pressure data is needed on DBBP to allow design calcu­
lations on a steam distillation unit for CC.l.4 recover,✓ at the 
PluteniUffl Reclamation Fae!llty. · 

B. Adequate separation of CCJJ,. fran TBP and DBBP should be demonstrated. 

c. Further developnent ls needed of rnethpds to hydrolyze or chcmica1ly 
alter the TBP, ImBP, ·and :teEHPA to o.n aqueous-soluble material. 
Development of satisfactory methods would accan:plish tvo 11".ajor 
1tema, nrat, mo1t or the re.d10C1.ct1v1ty would go to the c.q\J.eou.c 
phase. Secom, the TBP, DBBP, mEHPA in the proposed store_ee tan!~ 
could 'be removed. as aqueous -solu'ble materials and. be discarded. to 
the present underground storage tanks without burnilllt, This uoul<l 
eliminate most or the problems of solid residues, corrosion, end 
phosphoric acid removal associated vith organic burnir.c;. 

I ' 
'I 

' ' : IL\ :: l · t : .. . : ;, I . : . : 
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One caustic hydrolysis metood is being developed at Karlsruhe Nuclear 
Research Center (RefeI"ence 3). In this ll'.ethod, NaOH 1s dissolved i n 
an ag_ueous solution that is 50 percent CH30H. This solution is added 
to a TBP-diluent mixture and the 11!9.teria.1 is heated. .After e. fev 
hours at 8o to 1000c, the · TBP is converted to NaD.BP which is solubl e 
in the aqueous solution. A caustic hydrolysis can possibly be 
employed in the proposed orca.nic storaee tanks by circulating an 
aqueous wash through the stored organic for long periods of time as 
a substitute ror high temperatures. 

mrcurz IFIE!> 
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::!STil.fATEJD CAPITAL COOTS(l) 

Capital Cost, Thousands or Do,11.ars 
Plutomium 
Rec lamatim Purex B Pla.nt Pl.lrex B Plant 

~ Tamk Tank Tan!-;. . Dec,anter Decanter 

Installed Cost 107 103 103 70 82 

Engineering Cost (25i) _gr_ 20 26 1.8 21 

Subtotal 134 219 B2. 88 103 
.. 

Contingency and Escalation (2~) (2) ~ 36 ~ - 24 29 
"'ff, 

Grand Total. 170 165 165' 110 130 -
(1) Cost estimates supplied by H. A. Zweif'el.i, ?roject ?-hnagement section, Facilities ~1neering 

Department, ARHCO. · 

(2) Includes 20 percent c::ontincency and 4 percent per yenr escalation for two years. 
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Appendix C contains a review ot the performance of all 200 Area processing 

t'ac1llt1es vith respect to the discharge of gaseous wastes to the atmosphere. 

DlliaBion gu1a.ea are be!~ met for diacharge of iodine-131, &trontium-90, 

mixed fission products and plutonium-239. Control of krypton-85 emission is 

generally satisfactory although calculatioos show that on. occasion lcrypton 

fOM~ntt"Ations offsite fMY exceed tuides. Onsite emission of V~ exceeds 

guides under adverse atmospheric conditions. Nev absorption systems are 

defined for recovery of N°'2 from Purex dissolver offgas and. sugar denitration 

offgas. Improved NO-a dispersion systems may be required for the U03 Plant 

and 244-AR Vau1t ti' f'uture stack s,;,.mpllng programe con:finn calcul.ated 

emission. 

The total project cost of nev facilities is about $550,000. The V11.lue of 

recovered nitric acid vill offset increased operating costs. The net 

operating credit vill be about $46,ooo per year . 
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I. INTRODUCTION 

In the operation of production facilities in the 200 Areas, gaseous 'W8.Stes 
are released to the atmosphere in varying quantities and concentrations . 
Ap~pdjx C diGcuaGeG l) current emi&&ion limits for tre various contami .. 
nents, 2) the present status or perf.onnance of 200 Area process systems 

· with respect to gaseous wastes! 3) proposed corrective actions along wi th 
other alternates considered, 4J incremental capital and operating 
expenses along with e.n expenditure pattern for the ne~ several years, 5) 
brief hazards evaluation, and 6) the required research e.nd developnent 
program. 

The Appendix C survey has reviewed a.11 of the process stacks within the 
200 Areas. Tpese stacks are listed in Table IV with information on 
location and. process function. A more complete description of the 
various 200 Areo. systems for treatment of gaseous effluents is provided 
in Reference 1. The Appendix C study, however, is limited to separations 
facility process and/or ventilation stacks. Powerhouse stacks and 
burning pits are not included and are beyond the scope of this 1nvesti­
ge.tion. 

The Atomic Energy Comnission has established criteria for release of 
chemical and radiochemical subatances of concern, namely iodine-131, 
krytlton-85, plutoniwn-239, fission products and nitrogen dioxide. 
These published criteria. are for dose rates to people in restricted 
and unrestricted areas. · 

I 
These criteria are as follows: 

Perm1BB1ble DJse Ratee 

Permissible Dose Rates - rem/Year 
lnd.1vidua1 and I.are;e 

Critical Contributing Restricted Small Population Population 
Organ Isotope Areas Grou-ps Near Facilities Groups 

Thyroid Iod.ine-131 30 l,5 0.5 

Whel@ ICl'ypten-85 5 o.s 0.17 
Body 

Bone P1utonium-239 30 1.5 0.5 

Bone Strontium-90 30 1.5 0.5 

Lungs N02 5 ppn 5 ppn 5 ppm 

---NOTE: Permitrnfble dosases nre not add.itive. 
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Relating the above dose rates to stack release rate is very difficult. 
JJo-wever, this relationship was established by the General Electric 
C0111pany Hanford Laboratories for iodine-131 by means of the food chain 
through milk and eventually to a child's thyroid. This led to es tab- · 
lishment by the local Col!llllission of a stack emission rate of 5 Ci/,reek 
for all Hanford 200 Areas and no more than 3 curies/week from a single . 
70 meter stack. This release assures that individuals in un~$trj.cte~ 
6rea0 ll"ill receive less than 10 _percent of the allowable 1.5 reTDB/yee:r. 

Krypton-85 

The maximum pennissible concentration (MPC) of kryJ)ton-85 in the air 
at ground level, as established by AEC Manual Chapter 0524, is 
3 x 10-7 uc1/m1. At present emission rates, the krypton-85 concen­
tration at a distance of 13 miles from plant stacks has been calculated 
to be about 3 x 10-8 uCi/ml, or roughly one-tenth the permissible 
breathing· limit. At a d.istnnce of only 5 to 7 miles, the dilution 
factors are about one-tenth as great and the concentrations at ground 
level raise to 3 x 10-7 uci/ml. The data indicate that for the present 
release rate some individuals in the population surround.1~ Hanford 
Project may occasionally breathe air vhich is above the breathina guide 
for krypton-85. However, because of the variable atmospheric con­
ditions in the general region, it is extremely unlikely that these sa~ 
individua~ are expoaed fore. period of time aufficient to give them 11.n 
exposure equal to one-tenth the yearly total body dose of 0.5 rems/year. 

Nitrogen OX:f.des 

As shown in the preceeding table, the ND2 concentration guide in air 
at ground level is five parts per million both for restricted and non­
restricted areas. The 5 PJrll limit is a ceiling which should not be 
exceeded even for short periods of time. Above five parts per million 
some lung damage may occur. 

The dispersion of N~ and other contaminents into the atmos;phere f'ran 
stacks is influenced by the following factors: a) stack hei8ht, b) 
mass rate of the contaminents, c) stack carrier gas flow rate, d) the 
presence of building obstructions near the stack, and e) general 
atmospheric conditions such as Vind velocity, inversions, etc. under 
adverse atmospheric conditions involving inversions, the concentration 
or a contsminent at ground level near the stack 1s influenced largely 
by stack height and mass flow rate of the contaminent. As shown in 
correlations in Reference 2, the carrier gas flow rate ( o:r concentra­
tion of the contaminent in the carrier gas) has only a very minor 
effect under adverse conditions. Obviously contaminents can be diluted 
to safe concentrations within a stack system, if sufficient dilution 
air can be injected. into the sta.clt a.nd dispersion from the stack is 
not relied upon. Th1.s is not always practical, however. 
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According to the Reference 2 correlation, the peak allowable N~ 
emission rate from the 200-foot Purex 291-A stack is about 90 pounds 
per hour under adverse conditions. The corresponding c&lcul.ated N°',2 
concentration limit is therefore about 100 :parts per million 1n t he 
120,000 CFM stack discharge stream, with 5 ppn N02 near the base of 
the stack. 

Plutonium-239 

The sta.clt emission gm~ for plutonium-239 ms been established at 
l x 10-3 curies per veelc froni a 200-foot stack or l x 10-4 curies 
per week from a short stack or roof vent. 

Strontium-90 

The stack emisoion guide for strontium-90 bas been established nt 
0.1 curies per veek from a 200-foot stack and 0.01 curies per week 
fran a short stack or roof vent. 

Other Fission Products . - - - . 

The emission guide for all other fission products and isotopes 
except tritium nnd cnrbon-14 has been established as 2 curies per 
,,eek from a 200-foot stack and 0.2 curies per .reek from a short 
stack or roof vent. 

II. P~ENT STATt.5 

A. Stack Discharge Concentrations 

1. Nitrogen Oxides 

OX1des of nitrogen are released to the atmosphere routinely f rcrn 
chemical processing facilities in the 200 Areas. Currently l ess 
than 10 percent o:f tre time, only the Purex Plant and the U03 
Plant release NO and/or NC•-, in su.fi'ictent concept~tiOP$ to be 
of any concern. The llO ancl N'°'2 emitted fran. Purex a.r.d the U03 
Plant stacks are dispersed by the atmosphere to the extent that 
they do not present a hazard to offsite personnel beyond the 
barriers of the Hanford Project. However, less than 10 percent 
of the ti i;-e the ma.ximwn concentration of N~ at ground level. 
near Purex and the U03 Plant may occasionally reach 60 and 9 ppr.i, 
respectively, 2 to 10 ti.mes the limit established by the Atomic 
Energy Conmission for both restricted and unrestricted areas . 

a. Purex Plant 

Uranium dissolving and waste solution sugar den1 tration are 
the two primary operatio~ at the ~x Plant vhieh liberate 
NO and N°'2 • 

In the dissolution step, uranium reacts vith nitric acid. 
The NO-N°'2 offgas, &long vith carrier air, is routed 
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throUGh the of!gas train comprising an in-canyon downdraft 
condenser knock-out pot, heater, silver reactors and filters. 
Offgas is then routed through tvo absorbers in series in the 
293-A Facility prior to discharge to the 291-A Stack. Oxides 
of nitrogen are converted back to nitric acid both in the 
downdraft condenser and the absorbers. However, the con­
version is not complete at current dissolution rates. Tu.ta 
indicate that nitrogen oxides equivalent to about 1200 tor.s 
of nitric acid per year are discharged from the Purex stack 
at current 1Jroduet1on re.:tes. This e.eid is vorl.h about 
$63,000 per year. 

The concentration of NO and N~ has been measured at the 
discharge of the T-XB final absorber of the 293-A Building, 
during eonditions vhen tvo dissolvers vere on "cuts" at peak 
dissolution rates. Combined NO + N~ vas six volume percent 
'With the flov rate 1400 SCFM, When this gas was diluted 
'With 1201 000 SCFM of ventilation exhaust air in the stack, 
the NO - N~ content of stack discharge gas was 0.07 percent 
or 700 parts per million. This is a factor of 7 above the 
stack emission limit, without consideration of the increment 
from sugar denitration. 

In the processing of high level radioactive vastes in Purex 
F-cell operations, sugar is added to the waste to destroy 
the nitric acid. Removal of nitric acid by this means re­
duces caustic requirements for neutralization thereby per­
mitting a reduction in volume of the high level waste for 
eventual storage, 

During the sugar denitration step, nitrogen oxides are 
~rod.uced. AlthotJgh actual gas composition data are not 
available, the composition estimated from stoichiometry is 
approximately 26 percent ?l0-N°'2, 10 percent 820 vapor and 
64 percent air. The offgas rate is about 100 SCFM. OffBas 
from TK-F15 and Fl6, the sugar denitl;"ation vessels, is 
discharged into the E-F6 concentrator; noncondensed vapor 
then flows to the E-F5 rectifier and condenser via the E-F6 
demister. It is estimated that 25 percent of the NO-N'-2 
liberated in sugar dcnitration is converted to nitric acid 
1n tbe E-F5 condenser. Residual oxides of nitrogen from 
E-F5 pass through the offgas condenser, heater, silver 
reactor an~ filter of the procesa vent system prior to dis ­
charge to the Purex stack. After dilution in the stack, 
the NO-N02 concentration increment from augar denitration 
offgas is about 160 parts per million. Total concentration 
of NO-N~ in the Purex stack from both dissolving and de­
nitration is therefore estimated at 860 parts per million, 
roughly an order of magnitude above the stack discharge 
limit. 
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The value of the oxide1;1 of nit:rogen.:fran sugar den1trat1on 1n 
terms of nitric acid equivalent is estimated at about $6, 000 
per year. 

b. U03 Plant 

In the~ Plant, uranium nitrate hexahydrate solution is 
concentrated to 100 percent UNH and the concentrate is pumped 
to troi.igh ce.lcineni where the 'UNH 1s converted to uranium 
trioxide, vith th~ lib~r:ation of NO; N~ and va.ter vapor. 
Calciner offgas is routed through wet scrubbers to the T-A3 
absorber where roughly 93 percent of the oxides of nitrogen 
are converted to nitric acid . Tail gas from the absorber 
passes through a jet to the B-3 condenser and is discharged 
through the U03 Plant stack. Offgt.ses frCtd the 00-.:t Plant 
vessel vent system and UNH concentrators are also illscharged 
to this stack via the B-3 condenser. 

The 003 Plant stack is 8 inches in diameter and extends 8o 
feet aoove the roof of the 224-u Bui1ding, or about 110 f eet 
above grade level. Air is blown into the base of the s tack 
to dilute the nitrogen oxide offga.ses. 

Past attempts to sample the 003 Plant stack for NO e.nd ND2 
have not been successful owing to high moisture conditions 
in the stack, Fran material balance calculatiom around t oo 
calcination system it is estimated tmt the equivalent of 
about 111 pounds of nitrogen oxides (expressed as NO equiv­
alent) per hour are discharged from the T-A3 absorber when 
all six calciners are in operation. Total :flow through t he 
uo3 Plant stack has been measured recently at a.bout 3600 
c::uoic fee-t per minute. The calculated NO-N°'2 emission con­
centration is therefore about 0.4 volume percent or 41 000 
parts per m11lion. Under adverse atmospheric conditions , 
the NO-N~ concentration at ground level near the U~ Plant 
is calculated at about 57 pe.rts per million or roughly a. 
factor of about l2 above present guides. A portion of t he 
nitrogen oxides may be emitted as entrained nitric acid, 
however, since an e.cid "re.in" condition has been noted on 
occasions during cold weather. 

The value of all nitrogen oxides released to the atmosphere 
fran the U03 Plant; 1n terms of 100 percent BN03; is about . 
$6,000 per year. 

As noted. above, acid. droplets :tall frc:m the U03 Plant s tack 
to the ground in the general uo3 Plant area unaer adverse 
weather conditione, This condition is attributed to ent rain­
ment frc:m t he B-3 condensers along with condensation and. 
high gas velocity 1n the uo3 Plant stack. Present gas 
velocity in the stack is about 10,000 feet per minute e.nd 
calculated pressure drop due to ~ri ction is about 13 inches 
~O per 100 feet of stack height. 

n~CI A~~IFl~n . 
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c. 244-AR Vault 

The 244-AR Vault, a new facility located near the Purex Tank 
Farm, will be used for the mining and dissolution of sludges 
from waste tanks and for routing of wastes between Purex, I! 
Plant and the tank farms. Construction is nearing completion 
and hot startup is planned for December, 1967. 

In tre AR Vault, sludges are accumulated fran the hydraulic 
mining operations. Tbes_e sludges which ¢Onte.in e. significant 
fraction or scxlit111 nitrate will be acidified in Tanlc 005. On 
acidification, large quantities of NO and N~ will be liber­
ated to the process vent system of the vault. The vent system 
will route TK-005 offgas., a1ong with offgas from other vauJ.t 
tanks, through a heater, tvo high efficiency filters in 
series, a 500 CFM 32-inch "20 S.P. blower to atmosphere via 
a 6-inch diameter by 150-foot high stack. 

Data on the nitrate composition of Purex tank farm sludges is 
difficuJ.t to obtain. · Limited sampling to date shows a 
significant variation in sludge canposition fron tank to 
tank. Since the acidification step has not been verified on 
a pilot plant scale, only rough estimates can be made of the 
peak NO-N°'.2 evolution rate. For a design basis, the peak 
stack discharge rate and offgas can.position have been selected 
at 500 SCFM and 2.5 volume percent (25JOOO 1rpn)J 1'€!GJJ@ct1vel,y. 
ttowever, the acidification procedure will be optimized after 
startup and firm data on tba offga.s system can be obtained at 
that time. 

For the currently postulated acidification procedure, the NO­
N°'2 concentration at ground level near the stack, under 
adverse .atmospheric conditions, should be about 11 pe.rts per 
million using the Reference 2 calculation procedure. This 
would be a factor of 2 above guides. 

2 , Iodine-131 

With the shutdown or th! Redox Plant in January, 1967, the Purex 
Plant is the only remaining facility in which uranium dissolution 
operations are performed. Large quantities of iodine-131 are 
released from the uranium meta1 matrix during the dissolution 
step. Although the bulk of the iodine remains in the dissolver 
solution, about one-quarter is released to the offgas system. In 
this system, vol.B.tile and entrained iodine is removed by the 
silver reactor, filters and 293-A Facility acid Lbsorbers 1n the 
dissolver offgas train. orrgas from other vessels containing 
process solution and waste is routed through the F Cell process 
vent silver reactor - filt.er system for iodi!le :removal. Dis­
solver of:fgas and process vent • off gas are routed to the 291-A 
Stack where they are diluted by Purex ventilation exhaust before 
discharge to the atmosphere. The Purex 291-A stack gas is 
monitored continuously for iodine content. 
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Iodine-131 emissions !ran the Purex stack are routinely held helm; 
three curies per week. The average emission to date during 1967 
has been o.o63 curies per week. Only on two occasions durine 1967 
has the weekly release exceeded three curies, With the peak release 
being 4.3 curies per week. 

High level waste solution (PAW) f'ran the Purex Plant is to be 
routed to B Plant via the AR Vault late in calendar year 1967 i'or 
the removal of atrontium-90 by solvent extraction, The PAW 
solution vill contain a. aign11'1ca.nt coneent:ta.tion of iodi.ne-131. 
Although iodine liberation t'rom the AR Vault and B Plant solutions 
is not believed to be a problem, special offgas sampling will be 
perfonned to confirm that iodine emission is within established 
guides. 

3. JCr:n)ton-85 

As me~tioned previously, krypton-85 emission to unrestricted areas 
from the Hanford. Project :l.s calculated. to be generally within 
appropriate guide lines. ·However, Purex stack gas is not routinely 
monitored for krypton, nor is the. krypton concentration in ai r 
monitored in unrestricted areas. To date an effective gas sampler 
has not been developed which will permit routine monitoriIJB of 
krypton offsite. There is a possibility that some individual s in 
the population surrounding the project area could occas iono.lly be 
exposed to kryptone85 concentni.tion& at or above the e~tublished 
guides. 

To date there 1s no evidence to indicate undue exposure of pr oject 
personnel to krypton in restricted zones in the 200 East A:rea . 
Krypton exposure to plant personnel can be detected by present 
health be.d6es. 

4. Plutonium.-2391 StrontiUlll-90, and. other Fission Products 

~s~ion of particulate isotopes of plutonium, strontium and other 
fission products :from 200 Area stacks has generally been held 
within guides and does not currently present a problem to either 
onsite or offsite personnel. 

B. concentrations at Gromid Level 

Table I presents calculnted val~& of the N02 ~oncentre.t1ona at the 
ground surface, d.owmdnd from the three major release points in the 
200 Area.a - the Purex 291-A Sta.ck, the 'tX>3 PJ.Mt stack and the AR 
Vault process vent stack •. 

Table II show-s the calculated concentrations of krypton-85 and 
iod.ine-131 at ground level dmmwind of the Purex stack. The micro­
curie per milliliter values 1n Table II may be related to equivalent 
dose rates by the following relationships: 
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Allowable Yearly 
D,se to 

Individuals 
Near Facilities 

Isotones uci/ml rem rem 

Krypton-85 3 X 10-8 0.05 0.5 

Iodine-131 1 X 10-ll 0.15 1.5 

The date. in Tables I and II do not ta.ke cognizance of wind direction. 
About 41 percent of the tillle during the year the :wind blows from the 
'Wml and ~lW directionB. Such winds would coni'ine the puffs reaching 
ground level to the EEE and SE sectors away from the respective sta.ck.s . 

nr. PROPOSED ACTIOm 

A. Nitrogen Oxides 

l. Purex Plant 

The concentration of NO-N°'2 discharges from the Purex stack must 
be reduced by roughly a factor of 10 to comply with the calculated 
100 ppn stack emission guide. Arbitrarily, it is planned to re­
duce the concentration of NO-N~ from the T-XB absorber from the 
peak value of six volume percent to 0.2 volume percent and to 
reduce the concentration in the sugar denitra.tion offgas from 20 
to 5 volume percent. Equipnent to l)rocess T-XB discharge is to 
be sized for a flow of 2000 SCFM, eg_uivalent to two dissolvers at 
peak dissolution rates and. the third dissolver at a low disso­
lution rate, · For thia design ba.8151 peak NO•N~ di5charge 
concentration from the Purex stack from both sources would be 
about 75 parts per million, which is somewhat under the current 
stack guide. 

a. Purex 293-A Facility Offga.s Treatment 

A new absorber system is planned to convert the T-XB Tower 
nitrogen oXide discharges into nitric acid, for recycle. The 
conceptual design is shown in Figure 1. Absorl)tion vlll be 
performed under pressure, in contrast to the present 293-A 
absorbers which operate at 5 psi vacuum. The new facility 
will be located as close to 293-A as possible. 

Offgas from the T-XB absorber is compressed to about llO psig 
in a new 700 HP nonlubricated stainless steel compressor. 
Currently, the Joy Manufacturing Company makes a standard 
t~ee-stage centrifugal compressor which aFpears feasible for 
this service. Compressor discharge passes through an after­
cooler and separator for removal of a portion of the recovered 
nitric acid. Compressed gas is then fed to the bottom of a 
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20 to 25 tray absorber where it is contacted counter-currently 
with recycle weak acid and water reflux. Cooling coils are 
provided on each traf. The absorber vill be about 3 feet in 
diameter by 30 feet high. Absorber off'gas is routed back to 
the T-XB gas discharge line for discharge through the present 
293-A dissolver of'fgas jets. Product 10 percent HN03 re­
covered fran the new absorber drains to the existing TK-XD 
rundown tank and is pumped back to the 202-A Building, via 
existing tnnk TIC•XC. A new 1000..gallon tank and pumping 
system Rl'e required t0 reed. demineralhed. vater reflux to 
the absorber at 100 psig. Gas bypass connections shown in 
Figure I permit the compressor to idle at low horsepower 
during periods of low gas flow and also pe:nnit bypass of 
gas around the entire new absorber system upon emergency. 
The new compressor and absorber are housed in a new concrete 
structure with walls about one'foot thick. The facility is 
to be operated from the Purex headend control roan. 

The project cost of the above facility is estimated at about 
$36o,ooo includinS a 28 percent contins~nc1. No ~dditioMl 
operators are required. Acid vorth about $60,000 per year 
will be recovered for reuse. 

b. Treatment of Sugar Deni tration Off gas 

A new absorber is planned for recovery of nitrogen oxides 
from the sugar denitration system. As shown in Figure II, 
offgas frOOJ. Purex tanks F-15 and F-16 is routed to a new gas 
cooler and absorber, which are located 1n the F-14 position. 
Gas discharged from the new absorber i8 routed back to the 
E-F6 concentrator, the present routing. The new absorber 
will be ~-5 feet in diameter by 17 feet high, will contain 
water cooled t~s and will operate at about 14 psia. 
Recovered 10 weight percent nitric acid will drain by 
gravity to the E-F6 concentrator system. Owing to a lack of' 
head room in the Purex canyon, only about 8 trays can be 
provided in a single absorber; this limits the absorber tatl 
gas concentration to about 5 voltne percent. 

The F-14 position is currently occupied by the F-14 decanter, 
which currently lee.ks and is nonoperable. The new gas cooler­
absorber syatem for F-14 must allow space and canyon services 
for u. replacem@nt ~canter Yhich could be installed remot@ly 
at a later date. · 

The project cost tor the new F-l~ absorpti~n system including 
jumper and controls, but excluding the replacement decanter, 
is about $95,000 incl.uding a 28 percent contingency. The 
unit Vill be Operated from the central control room and no 
additional operators will be needed. 

n~r.1 A~IFl~n . 
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c, Other Alternatea ConBidered 

Other alternates considered for treating nitrogen oxides at 
Purex are as follows: 

(l) Low Pressure Absorber for T-XB Of.fgas 

Additional large diameter absorbers operating at 5 psig 
ve.cwm cow.cl be 1nateJ.led in 11er1eo with T•XA Bond T-XB. 
This altel"l'l8.te voul~ be more costly ainee many additional 
towers vould be required. CUrrently, ·only about 50 
percent recovery or ·n1tric acid is obtained in the two~ 
tower T-XA - T-XB system. 

High pressures favor both the equilibrium. and kinetics 
of nitrogen oxide absorption, pennitting the use of 
smaller absorption equipment. 

(2) Routing of Deni tration Offgas to the 293-A Facility 

(3) 

(4) 

~is alternate was rejected because a) the oxides of 
nitrogen .from T-F15 and F-Fl6 would not be decontaminated 
sufficiently fr01l1 fission products to permit mixing with 
dissolver offgas in 293-A witlx>u.t providing a new filter 
or increasing the shielding, b) a convenient gas routing 
!ran the canyon to 293-A iB m~t available, Bond c) the 
system would be expensive. 

Dilute and Disperse to the Atmosphere 

This alternate would require the rerout1~ of the F cell 
vessel vent and 293-A offgas systems to a new stack with 
an air flow of about 1.5 million standard cubic feet per 
minute, assuming a stack 200 .feet high, It would be 
difficult to mix the various o.f.fge.s and ventilation 
streams into the 1.5 million CFM air dilution stream to 
assure a uniform stack ge.s with 100 ppm of N~. Alter­
natively, rerouting and diluti~ of the present 291-A 
stack gas into the new large capacity system would present 
major technical :problems and would be costly. Further, 
there would be no reduction in N02 emission rrom the 
largest current source in the 200 Areas. 

Compression of Nitrogen OXides 

le.ta in Re:ference 3 indicate that NO and N~ a.re converted 
to nitric acid alJllost quantitatively in a 900 :psig com­
pressor-after-cooler system. This system would elimine.te 
the need for a high pressure absorber. However, ·eommereinl 
nonlubricated compressors are not currently available 
which operate above about 400 psig. Use of lubricated 
compressors would require neutralization e.nd disposal of 
the recovered acid, which are undesirable . 

DECLASSIFIED 
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As noted earlier, the cm-rently indicated NO-N02 concentration at 
gro'Wld level near the 003 Plant under adverse atmospheric con­
ditions is rolJ8hly a factor of 12 above current limits. A firm 
action plan to improve facilities must await improved sampling 
in:f'ormatian; the stack entrainment problem must be rectified to 
permit improved sampling. The following stepwise initial program 
11 propoi,eci; 

a. Install a 2-foot diameter by 3-foot high deentrainer 
immediately downstream of the B-3 condenser to remove acid 
droplets entrained from the condenser. 

b. Disconnect the blower; which currently injects dilution air 
into the base of the 003 stack, or throttle the flow. The 
dilution air 1s of dubious benefit with respect to improving 
dispersion under adverse conditions; the current high stack 
gas velocity contributes to the HN03 "rain" problem. 

c. Sample the stack of£gas and determine ataek gu f!O\I rate t o 
provide direct measurement of NO-N~ evolution. 

d. Reevaluate the problem. 

;rt the data obtained in this p~ram substantiate the present 
overall material balance and indicate that 111 pounds per hour 
ot NO-N~ truly are liberated, independent of Im~ "rain," a new 
8-inch diameter 275-foot high stack is recommend.ea. The overall 
system vould comprise the deentrainer, the new stack and con­
necting duct work. With this stack, NO-N02 concentration at 
grotmd level would generally remin below 5 Pilll wider adveroe 
conditions. 

The total capital cost for the deentrainer, stack and connecting 
liu~t 111 about ·$351 000 ill~lwllng ~~!Sn ll,M ~cm-t;;t~~n~r! 

Alternates to the above system ue u fol10V1: 

a. Use of Existing T-Al Absorber with the 291-U Stack 

Previous ca1culat ions made by Research and Engineering and 
Facilities Engineering personnel mve indicated that it the 
spare T-Al absorber tower were installed in series with T-A3, 
r-oughly ll!.lf too acid V1U.UH C"WT@Dtly d1ocharged to the lltACk 
could be recovered. Thus, only about 56 pounds of NO-N02 per 
hour would be discharged. This gas could be routed to the 
present 200-foot 291-U stack and diluted by the 30,000 CFM of 
t1 l'l-{1.nt CMYQP vep.tilation air. With this system the NO-N~ 
concentration near the base of the stack under adverse con­
ditions would be about 4 parts per million, which would be 
within guides. 

Th@ project cost for this alternate would oo about $60,000 
which includ@s $40,000 for nactivation of the T .. Al absorber, 
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3. 244-AR Vault 

It is recommended that design planning for additioiial. ' 244-AR Vault 
N°'2_treatment facilities be deferred until early in calendar year 
1968 when direct operating data can be obtained and stack gas can 
be sampled. · 

If the stack gas sampling confirms the design basis of 500 SCFM 
flow and 2,5 volume percent NO~N°'2, it ia propooe~ tlle.t the 6-inch 
sta~k be modified to ineree.s~ the height fran the present value of 
150 feet to 230 feet. The capital cost for this stack modification 
(or replacement) is about $30,000 including design and contingency. 
This modification will reduce NO-N~ concentration near the base of 
the stack to 5 ppn under adverse conditions. 

• Alternate N~ absorption systems were also considered for the AR 
vault offgas. These alternates were rejected since project costs 
would exceed that for the dispersion system. Chief deterrent to 
the absori:>tion approach is the Vide re.ngea.bility of N°'2 ga.s con­
centration during the batch sludge acidification operation. This 
would. result in the production of very dilute nitric acid. Storage, 
use and/or disposal of this dilute acid would be costly to the 
Waste Management Program. 

B. Iodine-131 

As noted in Section II, :iodine emission fran the 200 Fast and 200 West 
Area facilities is currently uainte.ined below the 5 curie per week 
limit. Accordingly_, no new facilities are planned at this time for 
iodine control. Iodine emission will be monitored closely during 
startup operations for the AR vault and Phase III B Plant to assure 
that present facilities are adequate . 

Should more stringent iodine emiHion limits be invoked 1n the future 
for 200 Area facilities, additional lag storage of irradiated fuel 
should be considered in preference to large capital expenditures. 

c. Krypton-85 

tcrypton-85 dispersion :fran the Purex 291-A stack is generally adequate 
althOugh krypton concentration in the air of.fs1te 1s close to guides 
occasionally. Accordingly, nev facilities for control of krypton 
em16a1on a.re not planned at thia time, 

11' em1H10D limit~ ahow.d become more restrictive in the future, 
. krypton recovery equipne~t far dissolver offgas would be required. 
~cause of the large quantity of of'fgas and lc;,w concentration or 
kr,ypton-85, a cryogenic distill.ation process at liquid air temp­
eratures vould be indicated in preference to a low temperature 
adsorption process. Both processes recover fission xenon, however, 
in addition to the krypton. Reference 3 provides a 1958 process 
des1Bn of cryogenic krypton-xenon removal facilities at Purex. 
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IV. 

Capital cost of these facilities, with escalation to 1967, 1s in the 
. range of $2,500,000 to $3,000,000. These fs.cillties would include 

equipnent for recovery or essentis.lly all of tre NO-N~ in addition 
to the krypton and xenon rare gases • 

The Atanic Energy Commission is currentJ.y reviewing a proposa1, 
Reference 4, for updating the Reference 3 process design. The 
proposal. indicates that recovery, se.1e e:rJ.d/or utilization of 90 
percent gf tre above conatituents would provide potential revenue 

. of' about $800,000 :i;;er y&ar if sale prices of ~O cents per curie of 
krypton-85 and $3 per liter of xenon are assumed al.ong with a 
purchase price or $53 -per ton for mkeup nitric acid. The current 
krypton-85 price, as established by oak Ridge National Laboratory, 
is $22 per curie. The current commercia1 xenon :price ranges :f'ran 
$13 to $35 per liter, depending on the quantity purchased.. 

It vould appear that integre.1 facilities provided at Purex for 
recovery of N<>2, krypton and xenon wou1d not only reduce atmospheri c 

· pollution · but could have a reasonable economic :payout on developnent 
of the fission rare gas market. 

D. Miscellaneous 200 Area Stacks 

Proposed modifications to the 200 .A:rea stack systems, in addition t o 
the NO-~ control facilities described above, are listed in Table 
III, Moot of the mc:xlif1cat1 Cll6 in Table III ar@ currently in the 
planning or design stage and will be provided under budgeted FY 1~68 
and 1~9 operating funds. Only those modifications marked with an 
asterisk would be provided in a new future "Ge.seous Effluents 

· contro1" project. These modifications include al.arms for tre 241-A, 
224-AR process vent, and 244-AR vault ventilation stacks, along with 
a. monitor., recOrder and alA1'm for- the 231-Z Building stack. The 
total project cost of the above modifications is estimated at $20,000 
including design and contingency. 

CAPl'TAL COST StJ.fMARY 

Capital costs for new facilities to control gaseous effluents are 
summarized below. These costs do not inc1ude those modifications 
identified in Table III which are to be provided under the FY 1968 
and FY 1969 operating budget. 

· 1. Purex 293-A High Pressure 
NO-N°'2 Absorber Fe.cility 

2. Purex F-14 Absorber System for 
Sugar Den1tration Offgas 

3• U03 P1ant Stack Modifications 

Project Cost 

$ 360 000 

95 000 

35 000 

DECLASSIFIED 
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4. 244-AR Sta.ck Modifications 

5 • . Miscella.neous Stack Modifications 

·Total Project Cost 

V • INCREMENTAL OH:RArmG COSTS 

Project Cost 

$ 

$ 

30 000 

20 000 

540 000 

ARH-231 
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Incremental operating costs will e.ri~e 1) 1n supplying power to the 
cCl!ij)ressor for the high pressure d.1&solver system, · and 2) in maintenance 
labor and materials. Additional ope re.ting labor will. not be required. 
Summarized incremental operating costs are as follows: 

Annual Costs 

Electric Power - 600 HP Peak -
200 HP Average $ 3 700 

Maintenance IAbor arid Materials 10 000 

Credit for Recovered HN03 Based 
-6o 000 on 90 percent Recovery 

Net Opere.ting cost $ -46 ~00 

Thus, the value of recovered nitric acid will more than offset increased 
operating costs. The net credit will be about $46,ooo per year. 

VI. EXPENDITURE PAT'.I'ERN 

The following expenditure pattern is based on the assumption that a new 
Ge.seous Effluent Project will be approved as pe.rt of the fiscal year 
1970 budget, with scoI)e design to be initiated in FY 1969. 

Fiscal Year eaE1ta1. eost 9rrating Cost 

FY 1969 $ 50 000 

FY 1970 300 000 

Yi. l97l 190 000 $ -20 000 

FY 1972 $ -43 000 

Total • s4o ooo 
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APP!NDIX C 

m. HAWUl3 EV .AIBATION 

Under adverse atmospheric conditions, NO-NOz emission from ·200 Area stacks 
occasiom~ exceeds the 5 ppn guide at ground level near the stacks. 
Nitrogen ox:1des no not present a hazard to oi'tsite personnel. When t he 
plant modii'ications outlined in this Append.ix mve been canpleted, NO and 
N~ emission will no longer present a potential problem to onsite 
personnel. 

Iodine-131, plutonium-239 and mi.Xed _fission product emissions have been 
held Within guides and do not present problems to either onsite or offs ite 
personnel. 

Krypton-85 emission is calculated to exceed guides offs1te on occasion 
under e.d.ve%'Se e.tmoapheric conditions. This is not considered. a. serious 
problem since the frequency of exposure to offsite individuals would be 
very J.ow. 

· If portions of the He.nford reservation are to be released for public use 
in the future, additional study would be required to evnluate the 
potential haze.rd and .define needed control facilities. 

VIII. RiSF.ARCH AND DEVELOPMENT 

. DC. 

As mentioned previously, additional sampling is required to define final 
deuign cr1ter1a r0r zro.,~ control ta.cU1t1ea t0r the tJ03 Plant a.nd AR 
vault stacks. Additional sampling of kr,ypton-85 concentration of'fsite is 
required. und.er ad.verse atmospheric conditions. Process f undamentals t or 
NO-N~ control facilities are well understood and research and development 
are not required in these areas. 
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TABLE I 

N~CENTRAT:IONS IN THE A'!MOSPHERE .AT. GROUND L1.VEL 
iNb FR<M PRINCIPLE RELF.ASE POINTS ffl 200 Xffl!As 

Distance from Release Point 
1 M1)e 3 .Miles 

291-A* AR-PV HI· 003 H-11- 291-A .AR-PV' ~ 
Stack Stack Stack Stack Stack Stack 

18o ppm 12 PPll 20 PIDl 30 ppm 3"PJm1 5 ppn 

100 10 15 17 .1 2 

6o 6 9 12 .1 1 

291-A 
Stack 

4- ppn 

1 

1 

* 200-.toort Purex Plaut stack,. release rate 960 pounds per hour. 

10 Miles 
AR-Pl 
Stack 

<l ppm 

<l 

<l 

ff- 150-:t'ooit 244-AR Tank Vaull.t stack, release :rate 70 potmds per hour. 
ff-If- Bo-f"oot, 244-U P1ant stack, release rate lll pounds per hour. · 

S~k 
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I0DINE-i31 AND KRYPl'ON-85 CONcmTRATICJm m THE .MMOSPHERE 
AT GROllID LEVEL .ro.JiiwmD FROM THE 29l-A STACX 

Distance from Release Point 
I Mile 3 Miles lO M1Ies 

Iocl!ne-1-31* Kr,ypton::s;* :tocl'Ine-Ijl Krypton-8) 

7 X J:.o-.ld 8 X lo-6 T x 10-11 8 X 10•7 

3 X 1.0-10 3 X 10-6 3 X 10-ll 4 X l.Q•7 

1 X 1.0-10 2 X 10-6 2 x 10-ll 2 x 10-T 

2 X 1.0-ll 2 X 10•7 8 X 10•12 1 X 10•7 

*Iodine-131 and krypton-85, values are given in 
microcuries per mllllll.ter. 

Iodine-il! Krypton-

6 X 10-l.2 T x 10-8 

2 X ·10-l.2 2 X 10-8 

2 X lo-l.2 2 X 10-8 

8 ·x 10-13 1 X 10-8 
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Stack Bl!tem 

291-A. 

E-2 

E-3 

E-1 

E-5 

E-6 

E-7 

White Room 

Tunnel No~ l 

Tunnel No. 2 

24lsA 

244-AR P.V. 

244-AR Vault 

241-SX 

296-Zl 

296-Z2 

Function 

APPENDIX C 

TABLE lll 

Purex Canyon Exhaust 

Purex West sample Oallery 
Hood Exhaust 

Purex East Sample Gallery 
Hood Exhaust 

Purex N and Q Cell Exhaust 

Purex Analytical IAboratory 

Purex East Sample Gallery 
and U Cell 

Purex West Sample Gallery 
am R Cell 

Purex Wh1 te Room Exhaust 

Purex F.quipnent ])lepoeal 
Tunnel No. 1 

Purex Equipnent Disposal 
Tunnel No. 2 

FUiex '.18.nk Far-m condensate 
Vent 

244-AR Vault Process ·Tank 

24-4-AR Vault Ventilation 

Redox 241-SX Tank Farm Vent 

234--5-Z, 232-Z, 236-z and 
242-Z l3uilding and Process 
Vent1lat1on 

231-Z :Building and Process 
Ventilation 

ARH-231 
Page c.20 

Proposed Modificatione 

Provide Third Diasolver 01'1'gas 
I 2 Mon! tor System 

Provide Badia tion Recorder and 
Alarm; Provide Secood Filter 

Provide Radiation Recorder and 
Alarm; Provide Second Filter 

Provide Radiation Monitor, 
Recorder and Alam 

Provide Radiation Monitor, 
Recorder and Alarm 

This stack to be deleted by 
combinillS system with E-2 

Provide B!MU&tion Monitor, 
Recorder and Alarm 

Provide Absolute Filter 

Provide Monitor and Alarm 

Provide Monitor end Alarm 

Provide continuous str1p Patier 
Beta-Gamma Monitor on Tank Farm 
Expansion Project; Provide Ala~ 

Provide .Ala,rmlf-

Provide Ala~ 

Provide Nev Monitor, recorder 
ea .AlAl1m 

Provide Continuous .Alpha Monitor, 
Recorder and Alarm 

Provide Monitor, :Recorder and 
and~ 

i Iteml to be l)rOv:lded under a :t'ut'LU"e "Geseous Et.fluents" project. All other 
items to be provided under FY 1968 and 1969 opet"Bting budget. · 
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STACK SYSTEM 

Purex 291-A 

Purex E-2 

Purex E-1 

Purex E-5 . 

~xE-6 

Purex E-7 

Purex White Room 

Purex Tunnel /11 

Purex Tunnel 12. 

Purex 241-A 

C) 

200 ARF.A STACK SYSTD,18 

LOCATION AND FUNCTION 

200-toot stack 1ocated south of the 291-A Building. Discharges 
filtered ventilation air, .treated and filtered vessel and conden­
ser off-gas and treated dissolver off-gas from th~ ·202-A .. Buil.ding. 

Located on the outside w1.i of the 2O2-A Buildin,g; · Discharges 
filtered hood exhaust from the \lest sample galle:ry. _ 

Located on the outside wan ~ar the northwest corner or · the 
202-A Build1rig. · Discharges filtered hood .exhaust from the east 
sample gallecy. . ..... 

Located o.:i the outside wall at the northeast -~or:ner of tJie . 
202-A Building. Discharges . filtered air from N :and' Q Cells. 

Located on the roof of the 202-A Laboratory Annex • . Discharges 
filtered air from the Purex analytical lab hood·s and glove boxes. 

Located on the northeast side of the 2O2-A Building~ Discharges 
unfiltered dr f'rOl!l the east sample gallery and 'IU~Cell. 

Located on the southwest corner of the 202-A Bui1ding. Discharges: 
unfiltered a:fl.r f'rom the west sample gallery and :R-Cell. 

Located at the northwest corner of the 202-A Bu11ding. . Discharges: 
un1'1ltered a11.r from the west end of the P & 0 Gallery. 

0 

Located at tlue south end o~ Equipment Disposal Tunnel /1. Discharges 
filtered air from the tunnel. 

located at the south end of Tunnel {12. Discharges filtered air 
from the tunmel. 

Located on the roof of the 241-A 431 Condenser Building of the 
241-A Tank Fann. Discharges noncondensible vapors from both 
the 241-A and 241-AX Tank Fanns. 
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TABIE r, ( con•.tin:ued) 

STACK sYSTEMS 

244-.AR Proces:s · Vent 

244-AR Vault 

Purex 293-A 

Purex UNH Venit 
-
..:.. B-Plant - 291.-B 

241-BY - I.T. S. #1 

241-BY - I.T. S. #2 

Semiworks 291.-c 

201-C Patio 

201-C Sink 

244-CR Vault 

209-E C.M. La"b 

-~ 

LOCATION AND FUNCTION 

Located northiwest of 244-AR Vauit. Discharges fil.tered 'orr-·gas · 
from the proces:s vent system of' the AR Vault. 

Located northeast of the 21'4-AR Vault. Discharges filtered 
ventilation a:ir from the AR Vault. 

Located on roof' of 293-A Building. Discharges fU.tered air from 
the 293-A Bu1J..cling. 

Located on roof of _the 203-A Building. Discharges vessel vent 
off-gas from 1the UNH Tanks .. · 

200-foot staclk. located south of' the 221-B Buildimg·. Discharges 
filtered ventilation air and "acid" process vent _off-gas. 

Located in 241-lBY Tank FaI'DI!. Discharges filtered process of'f'-gas 
:f?'Olll the /fl In-Tank Solidification Uni•t. 

Located in the ~41-BY Tank Fann. Disciharges filtered process 
off--gas from '!the _ #2 In-Tank Sol1d11'1cation _Unit. 

200-foot stack located east of · the 271·-C Building • . Discharges 
filtered process vent and filtered ventilation air :from the · 
201--C Buildine. . 

Loc~ted on the roof of the annex conne,cting the 281-C Building 
and 201-C Building. Discharges filtered air from the A and C 
Sample Galleries in the 20L-C Building. · 

Located at the south·west corner of the 201-C Bu11ding. Discharges. 
unfi.ltered exlhaust from the 201.-C Building decontamination s1.nk. 

Located on the south side of the 241-C Tank Farm. Discharges. 
filtered vent:11.lation air from the 244-CR Vault and vent sytte:m. 

Located on south wing of the 209-E Building. Discharges vent-ilation 
and process .J.ir from the reri'tical mass laboratory. 
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TABU IT (co,ntinued) 

STACK SYSmtS 

Redox 291-S 

Redox North 1Gal1ery 

Redox South 1Ga11ery 

Redox Decont:amination Room 

Redox P.R. C/age 

Red~ Silo s:amp1e Gallery 

Redox 233-S 

Redox 293-S 

Redox 205-S 

Redox 204-s 

Redox 203-S 

Redox 276-S 

C) 

WCATION AND FUNCTION 

200-f'oot stack located east of: the 202-S Building. Discharges 
filtered venti1at1on air, filtered vessel vent off-gas and fil­
tered dissol~er off-gas from the Redox Building. 

Located a·t the northeast corner of the 202-S Bu:tlding. Discharges 
.filtered air i'rom the north sa:mpler gallery and sampler hoods. 

Located at the southeast corner of' the 202-S Building. Discharges 
1'11 tered air from the south sa:mple gallery and sampler hoods. 

Located at the east end of' the 202-S Building. Discharges filtered 
air from the Decon. Room and Regulated Shop and Wlf'iltered air from 
the Regulated Tool Room, Low Level Decon. Sink and the SWP Lobby. 

Located on the roof of the Redox Silo. Discharges filtered air 
frO'lll the Product Removal Cage. 

. 
Located at the west end of' the 202-S Building.. Discharges unf'il­
tered air from the Silo Gallery, organic feed .tank and sample 
elevator. 

Located at · the ~ north end of the 233-S Building. Discharges :filtered 
ventilation air 1"rom the 233-S Loadout facility. 

Located on the south side of the 293-S Acid Recovery facill ty. Dis­
charges filtered ventilation air. 

Located on the roof of the 205-S Sampler Room. Discharges filtered 
roO'lll air. 

Four vents located on the roof of the 2o4-S Bull.ding. Discharges 
unf'iltered tank vent off-gas. 

Located between the 151 and 152 Tanks. Discharges roughly filtered 
vent off-gas from UNH Tanks. 

Two vents located on top ct" the 276-S Facility. Discharges until tered 
vapors and ventilation air frOl'!l the Organic Waste Treatment Facility. 
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TABLB IV (COmtitmed) 

STACK SY9T!J,fS 

Redox 222-S Laboratory 

Redox 241-SX 

291-T 

242-TX Cold Cell 

242-'l'X Hot Cell 

242-TX Tank Fal'!ll 

291-U 

224-UA X-31 

224-UA X-13 

224-U X-14 

244-WR 

222-U 

LOCATION AND FUNCTION 

Located on th1e roof of the 222-S Anal.y-tical Laboratory. Discharges 
filtered air :fr.om all hoods, glove boxes, hot cells and filtered 
ventilation e.:ir. 

Located on th,e -wall of the. 401-SX-4o2 Building. Discharges \m­
fil tered cond,enser vent off'-gas from · 241-SX 'Waste Tanke. 

200-foot stac:k located south of' the 221-T Plant. Discharges both 
filtered and 'Uil:filtered air from the 221-T Canyon. 

Located on thie -wall of' the 242-TX Waste Evaporator Facility. 
Discharges :filtered air from the Waste Catch Tank Cell. 

Located on the -wall of' the 242-TX.Facility. Discharges filtered 
air from the hoi; cells of the 242-TX Facility. 

Located at the north end of the 241-TX: ~ Farm. Discharges 
filtered vent o:f'f-ges from :,the TX Waste Tanks • . 

200-foot staclk located south of' the 221-U Building. Discharges 
filtered air :from the 221-U Canyon and the hot side of the 24-4-WR 
VeuJ.t. 

wcated on the roof of' the 224-UA Building. Discharges filtered 
ventilation air from the depleted uo3 Calciner Facility. 

Located on the roof of the 224-U Building. Discharges filtered 
ventilation air from the enriched U03 Calciner Facility. 

Lcx:ated on the roof of the 224-U Building. DischargeEl un:filtered 
off.;.gas :;from . the uo3 Plant acid absorber and mm Concentrator·. 

wcated in th~ 'WR exclusion area. Discharges ventilation air 
:from the cold side of the WR Vault. · 

wcated near ·the south east corner of the 222-U :Building. 
Discharges ai:r :from a hood and hot cell in the 222-U Facility, 
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TABLl!: IV (Continued) 

STACK SYSTl!M 

· 291-Z 

231-Z 

LOCATION AND FUNCTION 

200-foot stack located south of the 23,4-5 Build1.J18. Discharges 
filtered process and ventilation air 1"rom the 234-5, 236-z and 
242-Z Buildings,. 

~ca.ted on the· root' of the 231-Z Build.ing. Discharges filtered 
air :from the hoods and glove boxes 1n · the 231-Z Building. 

J 

. -.. 

"U .- "' 
(0 

l ,, 
! · 
~ 

CD 

0 
co 
a, 

"' .... ... 
0 

"' 



C: z 
C) 

!;; 
~ -,, -m 
c:, 

WASTE <.A-S TO 
-HDR•s UP5TREAM 

· OF ffl·A JETS 

BY·FASS 

'-4'NO·NO£ 
2000 SC.FM 
IOPSIA 

COMPRtSSOR 
(NON·LUBRICATEI>) 

~oSCFf~ 
110- IZO PSI<. 

;ooHP 

.10~ HN01 
Ta TA~·XC 2,~-A 

~-------, 
i ~!ob,~ 
I (j,) 'P 
'L~ 

I r' I . tC1'TCl1 TANK 
293-A . t . 21C.-/\_•T~ I 

7 ,, ~ I DEMIN. ¥ 

..:) 

,r I 

TANK·XD rf-1• : I - -r-, RW ;~~T 
ACID ltUHl>OWN 

1
: 1) I . iO STACK ~ -

(nlSTIN(i) ,t:) DRAIN AP1DDIX c . ADD TANK 

• L ___ _, ___ _J FIGURE 1 ~MP ""-+i~DRAIN 

llfmNIS~03 RECOVERY FROM 293-A FACILITY_O __ ~-~G-AS ~ 

~ -·· . ·. 

- "U 
Q) 

<O 
CD 

.;; ... 
2, 

"' :: 
2, 
0 
CD 
Ol w .... ... 
0 w 



Page 185 of 241 of D8637403 

() 

i · .. / ·.· ~ ·.. . .. - . 
t·;. 
; 

' . . 

' .· ' 
" 

: . ,-.. 
:- ~ ••• , ! 

j .• 

. . .. . -·-· - ~ .... _ _______ , __ ..,. __ ...,. ...... .. .. ..... ..... ., ··~-- ·--- --.- - . ... . ·- . 

UNCLASSIAED 

------~ now 
RECORDER .· 

CONTROLLER 

~•S5 . . Q·S4 . G· 51 <.· 5& C-· 59 

VENT 
F'ROM~-~---• 
F'•IS 

T-46 T-47 T· SO ·f-SS 

' : ,. · . ... 

. .. . : ..... :-: . ·. . ~ . . 

. . ' 
. ' . 

o • ,t ~ I I: • • 

AnlillDD: C: 

.. FIGURE 2 ·. 
T-Fl4 ABSORBE.R 

FOR. SUGAR DENITRATION 
tJIICIMSD'm) 

. 
UNCLASSIFIED . -. . 



Page 186 of 241 of D8637403 

1 • .. .. .. ., . ...... ··-··---.. ,-•---..... ---··_.•,..·....l.·- --•-1 •- -•.- .. --... , ... , ...... , ····-• ........ ... -·- --- • -· . .. .. _..--•-··· •-- · .... ... , .. ,. ... ....... .... - • .. •· --~•-~- , 

() 

UNCLASSIFIED 

APPENDIX D 

DISPOO.AL OF RADIOACTIVE S0Lm3 

H. D. lilberman and D. D. Wodrich 
Facilities Dig1neer1ng D!partment 

TABLE ClF CONTENTS 

ll. SUMMARY AND CONCLU3ICIIB 

Ill. REVID1 OF SOLID WASTE DISPOOAL PRACTICES 

A.· Present l3Urial Methods 

B. Amount ot Waste Buried 

IV. TYPES OF WASTE GENERATED . 

V. STATtE OF BURIAL GARDENS BY 1980 

VI. .ALTERNATIVES !ro PRESENT WASTE DISFOSAL METHOOO 

() A. Introductfon 

0 

B, Incimn11tim 

c. Decontamination 

D. Waste Burial 

E. Transportation 

VII. BURIAL GARDEN l.llEN'l'.IFICA~ON 

VIIl. HAZARm 

T.ABUS 

I. FS'l'!MM'EI) STAM C1r SOLID \I.ASTE !URtAL OARDENS 
IN THE 200 .ARF.AS 

n. ANNUAL WASTE GENERATICJll 

Ill. CCMPARISON OF ANNUAL WASTE VOLtJ.E3 Jm'ORE AND AFl'ER 
VOLtro: ~ION 

11 : •• , : .:I : , 

ARH-231 
Page n.1 

D.1 

D.2 

D.2 

D.3 

n.4 

D.4 

n.4 

D.4 

D.5 

D.7 

D.12 

D.14 

D.14 

n.15 

n.15 

D.16 

n.17 

D.18 

D.19 

UNCLASSIFIED 



Page 187 of 241 of D8637 403 
' • • • I I •• • • r • • •• ~ • • • • I • • ,t •• •• ~ , _. ,.. , .,,. .. ~ • - • - • •" ................ , ..... . . , ·- --•- -- ..._,,.,. _ --••••' •I"'•.,- ••••• .. ••• ••~---•• ••t • .,__..,,,.,.;_.. ••• ••• ,,.,, •• ' ' .... . , ·•· ·-· .. .. . . 

tlRCLASSD'IED ARH-231 
Page D.11 

APPDIDIX D 

0 ~ 

JPIGtnml 

I. WASTE llcnmATIOR FACILm., DRAWING :NO. 81(-2-21830 D.20 

II. PLt7l'ONilJ,l DECORrAMIRATiai FACILITY., 
DRAWIRO HO. SK-2-21832 D.21 

Ill. PWrotmJ,t DEOOM'.AMINATICti J'ACILITI LEACH Ma) SPRAY 
CEW3, ~UI:fMElff Am> n,cw BCimdAi'IC n.22 

IV. ~ummr,r ARRA?lGEMERT ~ION FACILITY., 
mAWmo wo. sx-2-21831 n.23 

v. W~TE TANK PlMP DECONTAMIHATION, DRAWING NO. SK-2-21840 D.24 

VI. 00:NCBm'E i'RmCH STORAGE, DRAWI?G HO. SK-2-21826 n.25 

VII • . FAILED ~UIPMENT STORAGE 'l'UlmEL1 DRAWmo NO. sx-2-21839 D.26 

() 

() 

.URCLMSIFIED 



Page 188 of 241 of D8637403 

0 

0 

0 

. ··-- ~ .. ~-.. -·------- ------~--........ _ ....... -, .. __ .,._.,_ .. , ., .. -...... _____ ......... _ ., ....... ~- ---..... ,. __ ;,. ____ ...,._. 

UNCLASSIFIED ARH-231 
Page D.l 

AI'PfilIDIX D 

DISPOSAL OF RADIOACTIVE SOLIOO 

I. INTRODUCTIO?! 

II. 

Since the besinning of the Hanford Project, solid rod.iooctive wastes, 
resultinr; from the operations of the many Hanford facilities, have been 
disposed of by burial in various burial grounds on the 'Project. As a 
result of these operations, rel.A tivel.y larse tunoUnts 0£ racHonuclides 
have been placed 1n the ground nnd significant areas of land he.ve been 
relegated to restricted use. These :present disposal J)ractices are nmr 
being exa.i:tined and alternative methods explored as pa.rt of the low 
level vnste manaeement reevaluation program. 

The purpose of this study is to discuss and develop cost data for other 
dry waste disposal concepts aimed at achieving one or more of the 
following obj_ectives: 

1) To reduce the volume of vaste buried and thereby reduce tr~ land 
usa{;e rate. 

2.) To reduce the radionuclide content of the bu.ried wastes. 

3) To improve the retrievability of' the wastes and the associated 
radionuclides. 

4) 'l'0 :pr0vid~ nddtti0D111 ~owlt('lgt cm too l0t;Gtitm, crnmp0dtion Gr.G. 
ra(ilonucllde conter.t of the stored wastes. 

5) To improve !Jrotection of the creneral public :from possi~le fut;ure 
involvement with buried solid waste. · 

Recently, the Atomic Energy Commission has decided to use tl'le burial 
gardens in the 200 Area plateau for centralized disposal or most o? t he 
solid radioactive wastes generated by the various Hanford contractors , 
plus minor amounts from offs1te contractors. The Atlantic Richfield. 
Hanford company ha.s the responsibility for operating the 200 Area 
burial gardens. This study considers the effect of this e.ddi tional 
volume of solid vaste on the Chemical Processing Division burial 
activities, but limits itself to currently generated solid wastes and 
does not include burial of wastes excavated from existinc; 100 :'\rea end 
30:) /1:rea burial gs.rd.ens. The discussior..s of eXisti~ burial gardens 
and other disposal concepts are limited to the ~00 Areas only. 

S UUUARY AND CONCLts IONS 

To da.te, c;p!)ro~ima.tely 1.30 acres of land, conta1n1og 4. 5 n,.illion cubic 
feet of solid radioactive waste, 50,000 curies of fission products, arxl 
346 kilograms of plutonium, have been consumed in 200 Area burinl ta.rd.ens, 
Tbe vastes are buried in earthen trenches. With the pl.anned use of t he 
200 Areas es a burial. site .for most of the wastes .fran other Han:ford 

Ul';C,t,.!\SS Ili'IZD 
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facilities, annual land consumption will increase frol'!l an avcracc rote of 
about 6-1/2 acres per year to ~ acres per year. If currently plar.ned 
practices are continued Wltil 1980, about 300 acres will be in burinl 
c;ardenB contain1nc 9 million cubic feet of radiooctive -wo.ste, 

JJ.ternate ,raotc disposal concepts such as incineration of lov level 
combu.stion wastes and decontamination of failed equipment can reci.uce 
the waste volume and amount of rao.ionuclldes to be buried. Also by 
burying the mi.stein concrete trenches and keeping better records, 
retriewbility of tbe waste would be. greatly improved.. Incinerotion or 
the low level· combustible waste (n:pproXimately 220,000 cubic feet :per 
year) vould reduce the total nnnua.l solid radioactive vastc volur.te 60 
percent, or from 3.So,000 cubic feet to 11~5,000 cubic feet. This •;rould 
save appro:d.l'?l:ltely 7 acres of land per year. Decontamination of fe.ilcd 
equiJ?:nent would remove er. estimated 20; 000 curies of !'is.sion ;i;>rou~tc. ·i;s 
and 500 to 2000 grams of plutoni.:m per year fron the <lr'J mlste:i. Most 
of this removed :plutonium voulcl be recovered vhilc the fission procluc:t:l 
would be cto~d in the hich le-.,el liq;nd ,-iaste stomce te.nl".£. 

Tr.e c~:pital cost of providing these fnc111ties is estimated nt ¢2,7~C/:)M 
with nn nnnunl opera.tine; cost of 0775,COO. These costs arc itomizeci. cu; 
follo,rs! 

Facilities 

Incinerator 

Deco~:l!'.'lination Facilities 

Buricl Hoist Facility 

Concrete B"J.rial. Trench 

Burial Garden surv:eY 

Total (rotmded) 

Capito.l Cost 

$ 950 000 

. i l~OO 000 

8o 000 

325 000 H · 

;t2 700 000 

Ann®l 
. Ope:-i. t:!.r.,:; Cos·::. 

(In nddJ.tio::: •iio Pi-escnt Cost.:) 

• 350 000 

F.o Increase 

200 ~00 * 
lTo Inc.,"Ca~c 

$ 9J? 000 

«- This amount will be req_uired each year for buria.l trenches. 

«--::- This mnount may be one-tine eY.-~nse cost rather than n ce.pitc.l 
cost. 

Present lhiria.l Methods 

solid radioactive wastes from the cnel!lica.l processiIJG plants nonr.all~• 
contain either plutonium or fission products ns n conu:m1r.&.nt. Wa.s~e!l 
containi~ low· levels o-Z contamination are Generally pa.elm.zed in 1:. 5 
cubic-foot carcl'board cartons nnd dunped 1n 25-foot deep earlhen 
trenches. When the trench is abou'.; full, 1 t is covered with nt least 

,1 I I I ,. , .. , 1 
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four feet of dirt, Laree 11ieces of failed equi11ment a.re ple.ced in 
vood.eh, 1netal or concrete 'bo~s, dependent on shielding requirements, 
and then buried 1n earthen trenches. · · 

The 15 burial gardens in the 200 Areas are divided into tht"ec 
catego:rles, namely, dry vaste burial gardens, industrial burial. 
gardens, and construction burial gardens. The dry waste burial 
gardens receive primarily low level solid waste pe.cka,eed primarily 
in cardboard cartons. All types of miscellaneous wastes have been 
deposited at these sites ra~i~. fro~ contaminated dirt and 
l)Otentia.lly contami.nated paper to e;loveboxes containing multigrrun 
quantities of plutonium. The solid wastes received frot1 oftl:iit e 
are also buried 1n these gardens. 

'l'he indw;trial burial sarderui receive waste usuc.lly packaged in 
large 'wood.en or concrete boxes, containing gross quantitie·s of 
fission products. For the most part, these sites have been 
restricted to the burial of la.me pieces of failed or obsolete 
equ1pment · rrom the chemical separations plants. 

The two conBtruction burial ge.rdens, both in the 200 Dt.st Area., IU'e 
limited to burial of low activity wastes resulting from construction 
vorlt on existing facilities. 

Since 196o, several J.arBe pieces of fie.led equipnent from the Purex 
Plant have been placed on flat ca.rs and atored in a 4-CO-foot-lor.g 
tunnel tm t is connected to the building bel0\1 grade level. Eii:;ht 
ce.loawi or equipment are currently 1n ~tora,ge, 

Small waste vaults near the 222-T, 222-B, and 222-S Analytical 
Iaboratories be.ve also been used for dispo&a.1. of small quantities 
of high level solid laboratory wastes. These wastes contain m!Xed 
fission products and traces of plutonium. 

B. Amount of Waste Buried 

The 60lid wa.etes buried in the 200 Axeas contained approXi~tely 
35o,ooo curies of radioactive t 1~$10n product& $t t~ time of 
original burial. After decay, approximately 50,000 curies presentl y 
remain, The precise quantity is not known since records do not 
contain the c:mct a.mount of type of contmnination. The first -for.aal 
burial records were not start.ed until October, 1959, and related 
solely to the measured discards of stainless steel failed e<,i_uipoent . 
Subs@quently, in 1960, infol'IIIS.tion vas reeord.@d perto.1n1ne to the 
source, the general type and the volume of the vaste. Radiatic:n 
measurements were generallY ta.l-;en primarily for personnel protection 
but were not al.ways recorded. The est:ll!lates or waste volume nnd 
radionuclldes content is, to e. large degree, based on present 
burial practices. 

It is estimated tmt there are approXimately 346 1,ilocrams or 
plutonium, 578,000 kilograms of uranium, and 310,000 lcilograms of 
other contaminated wastes such as missile parts, rnetal turnings, 
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tools, gauges, etc., buried in the 200 .Areas. Table I lists the 
quantities and types or w.ste that have been buried in the 200 Area 
burial gardens since startup of the plant. · 

At the present time, approximately 130 acres of land have been used 
for burial purposes. Much of tre dirt is also contaminated as many 
of the waste packages broke open "W'hen the trenches were backfilled. 
The vaste materials -were packaged to IJrovid.e confinement until burial 
and were not intended to provide containment after they .were buried. 

IV. TYPES OF 'WASTE GmRA!I'ED 

~e solid radioactive wastes are both combustible and, noncombustible, 
consisting of such materials as l)aper, rags, plastic, glass, ,,ood., rubber 
tm(l t~led eq\.\1p.oont, :nie nt,d1Qnw;;lllleli! con~inell. 1n the w~1rt.eli! lU'e 

. priuarily inixed fission products, activation products, plutoniwn and 
uraniur.1. Table II lists the quantities and types of solid wastes that 
are generated. in the Hanford facilities plus sane additional waste 
received from offsite. The quantities of wastes shown arc based on 
average quantities of wastes buried in the past with some adjustmcnto 
1118.de for anticil)B.ted future facilities. 

The cremicnl processing facilities operated by the Atlantic Richfield 
Hanford Compo.ny generate about one-ba.11' of the total solid vastes being 
buried at Hanford. In addition, one or two carloads of failed equipment 
are stored in the Purex tunnel each year. Be.ttelle Northwest Laboratory 
and Dcn.1glas United llUclear are the other major contributors of solid 
vaste. J\11 other sources contribute less than 3 percent of the total 
volume. 

V. STATt.B OF BURIAL GARDER3 :BY l98o 

If l)resent burial practices are continued e.nd tbe volume of waste to be 
buried is as shown in Table ll, l2 . acres of land will be consumed each 
year. By 1980, this will increase the present 130 acres in burial 
gardens to almost 300 acres and the volume of solid waste 1n the ground 
from the present 4.5 million cubic feet to 8.6 million cubic feet. The 
:radionuclide content of these \18.Stes vill be an estimated 200,000 euriea 
in 198o as compared to an estimated 50,000 cwies today (370,000 curies 
originally decayed to 50,000 today). tn addition, 20 to 30 carloads of 
failed equipment will be stored in the Purex tunnels. 

VI. ALTERNATl'nS TO PRESENT WASTE DISPOOAL ME'l'HOOO 

Introduction 

Other solid waste disposal concept6 are described aimed a.t reducing 
the w.ste volune (and thereby reducing the land usage), reduci~ 
the n.dionuclide c en tent, ;tmproVin6 retr1ewb1l1 ty, a.nd prov1d1nG 
additional knowledge • of the location and content o:f the buried 
wastes. These concepts include incineration of the low level 
combustible waste, decontamination of most of the failed e~uipnent, 
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· burial ot all solid wastes in concrete trenches and improved burial 
ground identification. 

B. Incineration 

l. Description 

Incineration provides the greatest ratio of volume reduction of 
the methods nov commonlr in ~e at nuclear tacilitie1. Over 6o 
percent or the solid radioactive wastes generated at Hanford 
are low level combwstibles suitable tor, incineration. Assuming 
a volume reduction rate of 20 :' l, the 220,000 cubic feet of' 
combustible waste can be reduced to 11,000 cubic f'eet. These low 
level combwstible -n.ewo are eotimtell to contt.1D leH tba.n 200 
curies of' :rad1Clluclides plus 5,000 grams of plutonium. 

Canpaction rather than incineration could also be used to reduce 
the waste volume. It could be applied to both combustible a nd 
noncombustible waste but the volume reduction ratio is only 4:1 
or less. Table III canpares Hanford waste volt111es before and 
after incineration and compaction, and the wastes applicable t o 
each method. Intermediate level wastes are excluded because of 
the equ1pnent maintenance problems associated with high radiat ion. 
As . can be seen f'rom Table llI, incineration provides greater 
volume reduction than comp1ction far Hanford wastes. 

Wastes containing multi-gram qt.18nt1t 1ee of plutonium have been 
incinerated at Hanford f'or several years as a means of re­
covering the plutonium.. A amal1 continuous type incinerator, 
designed f'or nuclear safety, is located at Z Plant. It is 
planned to conti~ u,i zig t hia incinerator tor recovery or 
plutonium. from combustible wastes. Because of mechanical and 
material failures which ·have occurred, replacement of part of 
this incinerator facility is planned. Hovever, coste tor euch 
replacement are not included in this study. 

An incinerator facility can be provided to incinerate all lov 
level combustible wastes. It 1a assumed thst the YaStee to be 
incinerated would be 11.mited to radiation . intensities no great er 
than 100 mr per hour at the container surf'ace and no more than 
one gram of plutonium per cubic toot. The waste would be 
separated and charged into the incinerator on a campaign basis 
to achieve segregation of the long-lived fission producte, 
plutonium, and short-lived iaotope1 u much as possible. 
ftl~t.11,gi.Dg ot c0lllbU1tiblc wute11 for incineration would be the 
responsibility of the originating :facility. The cardboard 
boxes would be labeled W1 th type and amount of contamination 
and radiation !ntene1ty-, 'l'be incinerator ash would be pe.cuged .. 
in 55-gall.on drums f'or burial. 
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2. Facilities 

The incinerator would have a design capacity of 500 pounds per 
hour and be housed in a building approximately 40 feet by 50 feet 
as shown in Figure I. The incinerator is envisioned to be batch 
loaded on a semi-continuous basis with the ash being remved by 
conveyor to cooling bins prior to loadout in drums. The incin­
erator offgas system would consist of several air cleaning devices 
and filters in series to keep release of radioactive materials 
v1th1n c&tabU&becl l1m1ta, ContinuoUB monitoring u wll as 
control 1.natnmentAtion would be ~quired. The ificinerat6r 
facility would include waste storage space am service areas. 
Equipnent vould aiso be provided for burning ~dioactive solvents. 

The facility could be 1ocated aeyvhere within the 200 Areas, but 
locating it near the T Plant exha.uat stack would reduce the cost 
as certain existing facilities could be used. An incineration 
facility aa required has been proposed as a fiscal year 1969 
budget item. This facility as described by Borgeson and Lee 
(Reference 1) includes a eme.11 waste canpi.ction unit vhich may 
not be needed, 

Costs am 'riming 

a, Capital Coats 

b. 

The estimated. capital cost tor the 1nc1nemtor facility 1s 
$9501 000. The cost is broken down as :follows: 

1) Incinerator Facilitl 

Installation $6oo 000 

Engineering 25i l~O 000 

750 000 
Contingency and 
Escalation (2~) 210 000 

Total (Rounded) ,2~0 000 

Operat!!!§ Coats 

EIJtmted. otien.t1gg ·coat tor the incineration facility 11 
$4251 000 per year. · 

c. Timing 

It funds are available in FY 1969 for the incinerator, 
1ncinerat:1on or trash could begin in 1971, The design and 
construction schedule is a.a :follows: 
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Months after Authorization 
Start Completion 

1 

3 

12 

24 

c. Decontamination 

:t"t is pr~ed. -that t~ilea, o~ Qbaole~ ~talli ~ eq'\&1:pment tontw­
nated with IIIUlti-curie quantities of' radionuclides be decontaminated 
before disposal.. Decontamina. tion efforts would be to remove u much 
of the contamination as practicable, not to the point where it can 
be released as clean, but so that shielding would not be required t o 
bandl.e the eqm.pnent during d18posal. or J.ate:r ~~1.ng i-etneve.l 1t 
this is deemed desirable. 

»1uipneot_ to be decontaminated prior to disposal. is in three 
categories: l) plutoni\111 contemimted equipment which can be dec:on­
tamimted in e.n unshielded contaiment facility, 2) fission product 
contam1.n&ted equ1iment of such a size that it can be transported t o 
the 221-T Decontamination Facility, and 3) fission product con­
tam.inated equipnent too large to be transported to the 221-T 
Building. These three categories are discussed as follows: 

1. Plutonium Contaminated !9,uipmeot 

a. Discussion 

A.bout 17,000 cubic :f'eet of noncanbuatible plutonium con­
temitlated waste are generated each year, primarily in the 
Z Plant facilities in the Atlantic Richfield Bui.ford Company. 
Currently, a ' small portion of these wastes, such ae rubber 
gloves, small filters, and valves, which contain relativel.y 
large amount or plutoniwn (more than 2 grams per cubic foot) 
are l.eacbed to remove the plutonium. Other :railed or 
obsolete equipnent aueh as proceBB tanks, pumps and glove 
boxes are cleaned 1n place and then removed am buried. 
While these methods have been reasonably successful in 
removing most of the plutonium, it ie a tedious task re­
quiring large amounts of labor. The remova1 of p1utonium. 
from the· large pieces of equipment, such as g1ove boxes 
and tanks, is only' partially successful as :tacilities do 
not exist tor dismantling the equipnent for cleaning. 
Plutonium deposition monitoring instrumentation las &bown 
that even after the equipment bas been cleaned in place, 
multi-gram quantities of plutoni\DD may still remain. It i s 
estimated that from 500 to 2000 additional grams of plutonj.um 
could be recovered ann~ from the noncombustible wastes 
(primarily tailed and obsolete equipnent) in a plutonium 
decontamination f'acil1ty. 
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A plutonium decontamination racility can be provided to 
l>etter decontaminate failed. and. obsolete equipment prior to 
burial. Techniques and equipment have not u yet been 
clovelopc4 to~ cU1autlillg an4 ~outam.1mt1ng large p1ccc1 
of plutonium contaminated equipnent, such as glove boxes, 
but the technology for designing and developing such a 
tacU1ty 18 available at Hanford. 

T'be concept for decontaminating large pieces ot plutonium 
e«mtaminated equiJ111ent 1_1 to di1mantle it and then e!llllloy 
dry and vet cleaning techniques. Diamntl:1.ng would be 
accanplished in a large cell by people in plastic suits. 
Power tool and hand techniques, such as scraping, brushing 
and abrasion, or wet techniques such as leaching, scrubbing, 
or i,pray wai,bing, would be uaed to remove the plutonium. 
When c!econtamination is completed, the equipnent would be 
•prayed with a plastic resin to "t:Lx" the remainii:ig con­
tami.nation and then packaged 1n dr\1118 or boxes for burial. 

b. P'acUitiea 

The plutonium decontamination tacili ty would be a nev 
structure with a process area as shown in Figure II. The 
process area would conaist of a dismantling cell, a vet 
chemistry leaching hood, and a decontamination spray cell -
all plutoni\Dll contaminated - i,urrounded by a nonconteminated 
o,er&ti~ uea.. Mueh of the equiiment for the dismantling 
cell, which would 1:'@4ui;re de~loppent, would ,include such 
tldnga as metal saws, shears, and grinders. The decontami­
nation spray cell woul4 have apre.y nozzles and a recircu­
lation syatem tor the decontamination solutions. 

The 1each1ng hood would be equipped for leaching the emaller 
pieces of cut up equipnent. The plutonium-rich leaching 
solutions would be transferred to the 236-z Plutonium 
Reclamation Facility. Chemical Jll&keup tanks . and feed tanks · 
would. be required tor the vat cb:m111try procea11. A flow 
1ket<:h or th11 vet cbcll11t;ey pr~e11 11 1o;nm 1n F1~ lII• 
This facility could be located anywhere within the 200 .Areas. 
However, locating it south ot the 234-5 Building, near the 
236-z Plutonium Reclamation Facility, voul.d reduce the cost 
as certain existing facilities could be used. The venti­
lation syetem could be exhausted through the 291-Z exhaust 
fans and staek., and the plutonium-rich streams ean be 
routed directly to the 236-Z facility. 

2. Decontamination at 221-T BuUding 

a. D11cua11ai ·, . 
ApproXiJIBtely 44,000 cubic feet of inte:rmediabt level non-· 
comb\iat1ble 'WUtea contaminated with an est1nm.ted 25 1000 
curies of fission products are generated each year at 
Hanford. About 8o percent of it canes f'ran the 200 .Areas 
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chemical proceaeing plants. These vutea are prial.rily 
pi~C~l!i of f6i~d or obsolete equipaent, ew::h u pumps, 
agitatore, pipe Jumpers, and proceH venela. It is 
estimated tmt 90 perceiit ot thia failed equii;aent can be 
decontaminated at the 221-T Decontamination Facility. The 
ability to remove most of th!! radionuclide• from al:most aey 
piece of equipnent which can be transported to the T Plant 

• canyon bas been demonstrated during the put 10 yean of i t s 
operation. JHah preaaure water, steam, detergents and · 
chemical baths have been used to decontaminate equipment 
having initial :radiatitti readil"'8 of several. hundred rads 
per hour down to levels which perm.it contact maintenance. 
It is expected that, u an averase, at least 90 percent of 
the radionuclides can be removed 1'ran failed equipment. 
The T Plant Decmtamination Facility can serve as a centre.l. 
decontamination facility for the Hanford Plant. Failed 
equipnent contaminated with beta-ganma-emitting isotopes 
could be transported to T Plant for decontamination prior 
to burial. Foll011ing deccntaminatiai, the equipment woul.d 
be spray-coated with a plastic resin coating to "f'iX" any 
loose contami~t1oli and then b~ed. Bun.al boxes tor 
shielding or containment would not be required. 

Shielded tra.nafer boxes ( caaka) would be required for trans­
porting the equipnent :trcm the operating plants to T Plant. 
One trana:rer box 1a currently being used for transporting 
equilllll!!nt between plants 1n the 200 Areas. This box is 
approximateJ.r 12 :teet wide bf 20 :teet long bf 17 feet high1 
shielded with tour inches or concrete. It 1& anticipated 
that at least one new transfer cask car would be required. 
Thia new cask car would be amaller than the existing transfer 
bax but would have more shield1~. SOme preliminary decon­
tamination might have to be done at the shipping &lites to 
reduce the .radiation to levels acceptab1e -ror transport. 
Additional special boxes or casks would be required 
periodically to transport pieces of equipment too large or 
too radic:aetive to be bandl.od in the two t111J1J!'O:t" pox.,~ 
described above. The cost of these BJ>ecial boxes 1a not 
included in this study. 

b. Facilities 

I . 

The 221-T Decontamination Facility consists of the converted 
canyon portion or an unw,ed separatione plant. 7be work 
area is ~ feet wide by 800 feet long serviced by a 75-ton 
remately-ope:rated ere.no. Facilities have been installed 1n 
acme ot the old process cella and on the canyon deck for 
equipnent decontamination. These facilities consist of 
various tanks for immersion or the cmtamina1e d equipnent . 
in heated detergents or chemi. cal baths, high pressure water 
spray systems and sand-blasting equipment. Facilities also 
exist f'crr repair and maintenance of decontaminated equipnent. 

:I '; . ! ,l :: · I I 
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To provide capability tor decontaminating the large volume 
ot failed equipnent to be decontamimted. prior to burial, ad.­
ditional facilities vould be required. These new facilities, 
u well u the ex1at1ng tac1l1t1ea, are shown in J'igure IV 
and vould include a remote decontamination cell, an in-line 
tank deco:atamimtion system, and tvo aoakins cel.h. 

. I 

In additicm to the tacll1t1e• inetal.led in the 221-!l' canyon, 
one sbielcled •hipping cuk am railca.r would be provided tor 
tl'&D8porti!JS ~ radioactive equ1pllent to the decotitami­
mtion tacillty. Thia caak vould not be designed to meet ICC 
regulationa aa 1 t would be used only on the Banf'ord Plant. 
It would be a general purpose cask designed to provide 4 to 6 
inches of' l.ead 1hield1ng and as large a volume as can be 
obtained within the weight limitations impoeed by a standard 
rail car. The cask vould be stainless-steel-clad and weigh 
approximately 50 tom. 

3. !1,uipm:nt Too IArge for Decontamination at 221-T Building 

&, DilCUHion 

Certain pieces of' highly contaminated equipllent are too large 
to transport to the 221-T Decontamination Facility. Theae 
illclude "WUte tank pumps vith a l.ength or 4o to 50 feet and 
Purex proceee wute concentrators which cannot be remved 
tl'all the bull4111g vben enclosed in a containment box. 

The long wute tank pmpe can be decom:.amina t.ed and sprayed 
Vith plastic resin as they are removed 1'ral1 the waste tanks. 
This decontamination equipnent is 1hovn in Figure V. 

!Arge pieces ot :tailed equipment, 1uch aa the proceH waste 
concentrators, are stored in two tunnels attached to the 
202-A JN1l41ng. The equipaent is placed on old flatcars 
vbicb are ·then pushed into the tunnel. A croas-eection of 
the tw:mel 11 1bavn in J'1guro VI. It 11 planned to continue 
uaini the t\mlle1s u interilll i,to~ · un~U ~,~~ ~~~g 
tailed equipnent 1s accumulated to jwstity a decontamination 
:facility at Purex or until the :radionuclides (much of it 
short-he.lf-lUe zirconium-niobium) have decayed enough to 
all011 transportins the equipnent to the T Plant Decontami­
nation FacWty. 

b. Facilities 

New improved. tacllities are required tor decontaminating the 
l~ waste tank P\lllPS• A portable deccntamination capsule, 
chemical makeup tanks and pumps would be required for each 
of the 200 Areal. The decontamination ca.peule vould be a 
long atainle11 steel cylinder equipped Vith spray rinse and 
:nozzles. The capeul.e would be placed on the pump pit and as 
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the crane lifts the P\DP from the tank, it vould pass through 
the capsule where the spray rings vould apply c!econtamination 
solutions and a plastic resin coating. Portable chemical 
makeup tanks ·and pumps would supply the capeule. · When not in 
use, the capsule would be stored in a box to control contami­
D&tion spread. 

}lo new facilities are needed at this t:lme tor the interim 
storage tunnels at the Purex Pi.ant. Tunnel capacitr is now 
estimated to be adequate. until about ;t98o, 10 e. deci&i0D t o 
build a new decontamination facility at Purex for decontami­
nati~ the stored equipnent will probably not have to be 
made before the mid-1970's. 

4. Co4te and Timi!§ 

a. Capital Costs 

F.stimated. capital coet far the decontamination facilities 1s 
$1,4001 000. These costs are broken down as 1'ol.low8: 

l) 

2) 

Plutonim Decontaminaticn Fac111tz 

Inatallation $300 000 

Eng:l. nee ring 25 ~ 7~ 000 

$375 000 
Contingency and 
F.scalation (2~) 10~ 000 

:t'OtAl 

Fission Product Decontamination Facilities 

Inatailation 221-T Building 
Equipment 

Tank 7am. Equipnen_t · 

Shipping caek car 

Engineering 25~ 

Contingency and 
EBC&laticm (2~) 

1'0tal (Rounded) 

$375 000 

75 000 

100 000 

550 000 

138 000 

688 000 

192 000 

$ 48o 000 

88o 000 

$1 400 000 
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b. Operating Costs 

The new decontamination :t"acilities will require additional 
opere.tillg tunas. Tbeae arc eatmted as follows: 

Plutonium Decontamination Facility 

Fission Product Decontamination 
Facilities 

c. Timing 

$125,000 per year 

$225,000 per year 

U funds for the decontamination facilities are authorized 
in early FY 1970, they could be in operation in FY 1972. 
The deaign and conatruction ocbedul.e ii, aa i'ollQWJi i 

Design 

Construction 

D. Waste Burial 

l. Discussion 

Months a!'ter Authorization 
Start cazwietlon 

1 

3 

14 

30 

Current burial methods result in laxge qua.nti ties of dirt 
becaning contaminated when the waste is buried in the earthen 
trenches • This additional volt111e ot contaminated material 
becomes particularly Wld.esirable when future retrieval of waste · 
1B considered. ODe burial concept which improves the ~trteTIP.­
bill ty of buried waste and provides better containment is to 
place all of the solid wastes in concrete trenches. Such 
trenches voul.d provide safe waste stores• for many years and 
would greatly · reduce the coet of any future retrieval. 

The 10l1d wutee to be buried in the concrete trenches will be 
packaged in van.ow, containers. Incinerator ash would be in 55-
gallon druns and intermediate level wastes 1n metal containers, 
while large pieces of failed equiPll!lnt would be placed directly 
into the trench. Records will be kept pertaining to the type, 
quantity and location of the waste and ra.dionuclides buried~ 

2. Facilities 

As conceived, the concrete trenches would be approx:lmst; ely 20 
feet Wide by 30 feet deep am several. hundred feet long. 
Divider walls would be provided at intervals dependent on the 
type of waste being buried. Removal cover blocks would seal 
the trenches. An enc1osed, portable gantry crane would be used 
for routine burial of low level wastes. This structure would 
provide contamination contro1 and would s1mp111'y the day-to-day-
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burial operations. 'lbe concrete trench and portable crane are 
shown in Figure VII. IArge pieces of failed equipment would be 
placed in the trenches by motor crane. 

Other concepts which may be considered for waste burial are under­
ground twmela, underground caissons, unused underground liquid 
waste storage tanks and above ground metal buildings. It appears 
that the unused liquid waste storage tanks would provide satis­
factory storaee for small containers of intermediate level waetes 
and. that above ground. ID!tal ,buildinss misht be satisfactory for 
very low level wastes. 

3. costs and Timing 

@, C§pitel coot& 

b. 

Estimated capital cost for the burial facilities is $28o,ooo. 
This would provide the enclosed gantry crane for unload!~ 
the ""WUte and enough concrete trench for one yee.r 1 11 burial 
requirements. ~ costs are as follows : 

l) ~closed Gant!Z Crane 

Installation $ 50 000 

Engineering 25i l2 500 

$ 62 500 
Contingency and 
Escalation (2~) 17 500 

Total i 8o 000 

2) concrete Trench 

Installation $125 000 

.Engineering ~ 000 

156 000 
Contingency and 
Escalation (2ai) 44 000 

Total !200 000 

Qi!rat!!!§ Costs 

No additional operating costs are anticipated for the waste 
burial operations. 

c. Timing 

If 1'und8 are made available for the proposed burial concept 

UNCWSIFIED 
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in FY 1970, the new burial trenches can be available for use 
in FY 1971. The design and construction schedule is as 
follow: 

Design 

Construet1on 

Months after Authorization 
!!.@. completion 

1 

4 

8 

~ 

E. TransfOrtatiai 

The cost of packaging and transporting the wastes :f'rom the 100 and 
300 .Areas to the 200 Area vaste disposal f'acilities is not included 
1n this study. It is assumed tlBt this would be the responsibility · 
of the sender. 

VII. BURIAL .GARDEN Imm'IFICMION 

Put pn.cticeD 01' 11111,pping, mrld.ng and. record1?¥! burial garden trenches 
in the 200 Areas are inadequate -when future retrieval of the waste 1s 
contemplated. The f'irat burials -were made o~ 20 years ago and 
diff'icul.ty has already been experienced in determining the exact location 
of failed equipnent. This difficulty can be attributed to the grid 
system used 1n the 200 Areas. No single universal grid system has been 
established for the ehtire Hanford Project area. Because the present 
system does not take into account the curvature of the ee.rth1 discrep­
ancies 1n the 't,rue locat:1ons of structures could arise depending on the 
monuments tran which the survey is made, 

A Lambert or Washington State coordinate s;yatem should be established 
f<:tr the 200 Area burial gardens. The area would be resurveyed to 
determine old burial gardens coordinates as accurately as is practical. 
Current burial garden records and maps would show the locations of waste 
and type and quantity .of contamination. 

The estimated cost or resurveying the entire Hanford canplex is approx1-
im.tely $650,000 or which $450,000 18 for ground survey work and $200,000 
is for an aerial survey. The u. s. Corps of Engimers would provide 
aerial photographs of the area vi th a !Ambert Grid System superimposed 
on each photograph. Fran these photographs, it would be possible to 
acale off distances to within approximately three feet. 

The portion of the coat for the 200 Area.a is about 50 percent of the 
total cost of $32~1000, Of this amou,nt, $8o,oOO wo\\JA. be reqYireQ. to 
update the · burial garden records. 

The work could be canpleted approximately 24 months after f'unds are made 
avail.able. · 

Consideration has been given to providing permanent barriers to the old 
terminated. burial gardens in lleu of the removal of equipnent in the 
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event that the land were to be abandoned or returned to public us•. 
Such barriers would prevent persons fran inadvertently uncovering the 
contaminated waste. Such a barrier is envisioned as concrete or asphalt 
1)8.ving of the entire burial gardens. Yhile th!£ method ia considered a 
possible alternate to removal, it does not appear to be :practical as 
long 88 recovery or the waste is being considered. TWO inches o:r asphalt 
paving is estimated to cost $4-1 250 per acre and two inches of lean 
concrete is estimated at $8,6oo per acre. 

VIII, ilAZARm 

IX. 

i: 

The hazards associated with the solid waste disposal facilities dis­
cussed in this study are no greater than those associated w1 th the 
present disposal methods. The types of activities required in o:perating 
most of theoe tac1l1ties are currentJ.y pni.cticed at Dmrord. While 
large volume incineration is not being done here at present, inciner- · 
ators are in common use throughout the world with several being used f or 
radioactive waste disposal. In general, the waste disposal concepts 
d1scW1sed would reduce the overall long.term hazards by providing 
better containment am control of dry wastes. 

Some developnent effort is required. for the solid waste disposal 
facilities discussed 1n this study. This effort, estimated to cost 
$1501 000 over a two-year period would include the following: 

1) Improved 1nst:runentat1on for quantitatively meulll'ing the 
amounts of nuclear materials and fission products in waste 
packages and failed equipment; 

2) Desian studi~ an<'. wit F-QSnlAS to ewluate incinerator 
materials and design concepts; and · 

3) Development of tools and techniques for decontsminating 
plutoniwn contaminated equipment. 

other research end developnent programs aimed at reducing solid vaste 
disposal costs by developing new processes may be desirable. Some 
programs which may be worthy of consideration are: 

1) Des18n, studies which will establish criteria for making 
disposal comiiderations a part of the initial equipnent 
d;esign; 

2) other decontamination processes s~h as rel!X)val at metal by 
electrolysis; and 

3) Volume reduction of failed equipment and other noncombustibles 
by using a large compactor or a ISlllelter. 
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E:>TIMATED STA'l'lE OF SOLID WASTE BURIAL GARilmS IN THE 200 ARF..AS 
. a, 

I 
' w . .._, . ... 
. 0 
·w 

Square Cllbic 
Feet Feet Total Curies . Grams Kf.lograms Kilograms 

Number Corunmed Buried InitfaJJ;y At b-30-f:>7 Plutonium tr:re.n1 um other Waste ; 
200-Dl..st Area 58.86 Acres 

Dry Waste No. 1 ll1 000 107 000 100 1 900 li.oo 
Dry Waste No. 12&12b 983 000 546 000 900 500 9 000 1 000 
Minor caistruction No.4 156 000 56 000 10 l 10 1 
Construction(No Number) 75 000 8o 000 10 1 20 2 ' 222 Vaults 2 000 6 000 6oo 1 1 1 • 

i 
Industrial Waste No.2 298 ·000 319 000 25 000 300 8oo 300 ! 

Industrial Waste No. 5 102 -000 112 000 T 500 120 620 120 ~ 
. i 

Industrial. Waste No.5& 227 000 218 000 16 500 280 l 380 120 ' Industrial Waste No.10 610 ·,ooo 414 000 31 000 lJ 000 4 000 Boo 

Total 2 ~ 000 1 8~ 000 81 620 14 200 16 7:30 2 740 

200-West Area 67. 91 Acres 

Dry Waste No. l. 331 000 253 000 200 1 94 000 700 
Dry Waste lfo.2 306 000 291 000 500 2 l.26 000 l 4o0 

. 
Dey Waste No.3 4~ 000 385 000 900 30 68 000 70 ()()OW- 6o OO()Jf 

. 
' 

Dry Waste No .. 4 655 000 570 000 2 200 8oo 33 000 500 ~ 250 ~ 
Dry waste No .. 4b 30 000 25 000 100 90 l 000 500 250 I 

222 Vaults 500 8 000 4 800 100 l l 
Industrial Waste Ifo.l 413 000 484 000 48 000 2 400 2 000 900 
IDiustria.l. Waste No.2 822 000 644 000 229 000 33 000 6 000 2 000 

Total. 2 959 500 2 660 000 283 zoo 36 420 330 000 575 500 310 250 

~ 
*Numbers obta.ined. by extrapolating nuclear material.a content experience f'ran 1959 to present back 
to the beginning of the ProJect. 
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ANNUAL WASTE Gm«EP.ATION i ' "' '"' ' ...,, 
• J> 

Cl !8 
B!ldionuclide Content i (ApproxiJmte} 

Tn>e or Gram Kg ~ Contaminatioa CUriea Pu U-Th 

Plutomum Nonrecoverable 
(Lav Level <18/tt.3) 

Combustible 5 000 315 000 1 000 2 6oo 38 6oo 
Ncmcombustible 2 200 15 000 500 1 000 16 500 

Fission Products - (Low Level <100 mr/hr) t 

140 400 80 66 000 I 
- Combustible 3 000 69 000 I 
~ lfoncanbustlble 25 100 20 10 000 1 500 400 1 000 12 900 i ·- • 

U-Th ( Lov . level 
i 

<100 mr/hr) 
Combustible 30 000 5 000 35 000 
Noncombustible 30 000 1 000 3 000 34 000 I 

i 
I 

Plutoni\Dll :Recoverable I (>1- g/rt3) ~ 
~ustible 17 000 * 1 1.00 * 1 l.00 l Noncombustible 9 000 600 600 ' ! 

I 

Fission Products I 
(Intermediate Level) 

j 

6 000 I Combustible 10 000 100 20 5 000 ll 000 I 
Noncombustible 25 000 400 80 4o 000 4 000 4-4000 l 

Activation Products 
Combustible 10 8o 000 8o 000 l 

§ 14- 000 14 000 
i 

Noncanbustible 100 000 ! g Total tow level Combustible 10!. 000 34 000 85 000 2 6oo 222 600 li I 
CQ 

Total All wastes 172 700 76 000 100 000 3 000 5 200 356 900 I ; It "' Percent Combustible 58.5 44.7 85.0 86.r 0 62 .~ t:,W t . . .... 
i b) * This waste is incinerated in the existing Z Plant incinerator. i , ._ 
I 

!. 
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COMPARISON OF ANNUAL W~TE VOLUMES BEFORE MID AFT.ER VOLtm: )wl)t"l'L01' §i 
- a, 

' "' - -.J ,. 

~ 
0 

(All Volumes 1n Cubic Feet) "' 
Cl> 

Total Waste to Waste to s Volune be Buried be :Buried ~ Presently Incine:rable After Compe.ctable A:rter 
Typ: of Waste 'Buried Waste Incineration waste ~ction 

Plutonium Bearing,. Nonrecoverable 
Combustible 38 6oo 38 6oo 1 930 38 6oo 9 650 . t 

Nonccmbustibl.e 16 500 16 500 4 125 13 400 • • , 
l 

Fission Products, rn,, Level I 
COl!lbustible 69 000 69 000 3 450 69 000 17 250 ' i Noncanbustible 12 900 l2 900 3 225 10 500 

' Uranium-Thori.um, Lev Level i 
31000 

~ 

Combustible 35 000 1750 35 000 8 750 i 

Noncanbuatible 34 000 34 000 8 500 27 6oo ' i 
I 
i 

Plutonium Bearing, RecoverabLe I 
¾ 

Combustible 1100 1100 * 55 1 l.00 f 

Noncanbustible 600 600 6oo I 
+-
i 

Fission Products, Intermediate Level ; 

Canbustibl.e 11 000 11 000 11 000 
Noncanbustible 4la- 000 44 000 44 000 

Activation Products 
Combustiblle 8o 000 8o 000 4 000 8lo 000 20 000 . ' 
Noncanbustible 14- 000 14 000 14 000 I 

I 
I 

Miscellaneous 200 200 200 ' I 

~ I 

356 900 144 385 178 050 t· ; Total. 
li I ; * Critically saf'e incinerator. 
" 1'> I t::,w l· • t,-J 

~ • . 
j 
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APPEHDIX E 

SITE CLEANUP COl'mIDEMTIO!{~ 

I. U.'TRODUCTim! 

Reprocessing nuclear fuels at Hanford sin oe 1944 has rcsul ted in release 
or radionuclides ta the sail of the 200 Areas plateau. Althoueh these 
radianuclides are believed "safe" at present, future climatic or r;eo­
logical· changes, or a desire ta release the land for unrestricted public 
use, may, at some future date, Justify the expense of remo"lir.g the 
radionuclldes for storage at some other site. Appendix E develops 
"order of magnitude" costs for removing the contaminated ~oil and. soliC::. 
wastes from the 200 4reas and transporting them about 1500 miles for 
~to;ni.ge in abandoned salt mine~ (say, central Kansas). 

II. DISCl.6S!ON 

A. Past Activities Resulting in Soil Contamination 

l. Swamps, Cribs, and Specific Retention Trenches 

Discharge of low activity level waste to swamps, intermediate 
activity level waste to cribs, nnd organic and scavenged se.lt 
wstes to specific retention trenc~es have produced nreas of 
soil which are contaminated in varying degrees with various 
types of radionuclidcs. Most of the radionuclides are sorbcl 
in the sa:!.l ~nd ~ held, high iP th~ 1;1011 columns (Reference l). 
In the 200 Areas there are about 160 liquid waste disposal sites 
containins an estimated 250,oco pounds or uran1UIT1, 220 
kilogrDl!ls of plutonium, 48,ooo curies of strontium-90, and 
45,oco curies of cesiwn .. 137. A <lcta1led listing of all l1q_u1ci. 
disposal sites and their estimated re.dionuclidc contents is 
included _in Appendix A. 

2. Buried Solid Waste 

Solid 1114terials ~esu.lting from plant opere.tions (ror ~xam.ple, 
~1ping tissues, regs, rubber gloves), contaminated vi th vc.rictts 
radionuclides are sealed in cardboard boxes and buried in con­
trolled burial gardens. Failed process equipnent contaminated 
with radionuclides is stored in tunnels a.djoinine; the Purex 
Plant or placed in wood.en or concrete boxes and buried in con­
trolled burial gardens. Fi:tteen controlled burio.l gardens 
covering about 130 acres of land in the 200 Areas contain an 
€St1mated 3501000 grams of plutonium1 1,140,000 pounds of 
uranium, and 50,000 curies of mixed fiDsion products. A 
detailed listing of the solid waste disposal sites is inclu~eu 
in Append.ix D, 
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3. Buried Lines 

Radioactive waste solutions are transferred fran process 1:uildings 
to va.ste storege facilities and discharge sites, and between the 
200 East and West Areas through buried transfer lines. Some of 
the lines are enclosed in concrete or corrugated steel encasements 
the.t provide double containment between the waste solutions and 
the soil. There are approximately 100,000 feet of buried radio­
active transfer lines in the 200 Areas, of which about 10,000 f eet 
are encased. {Reference 2). nesidue.1 radioactivity in such lines 
and leaks associated with a few of the lines would require that 
the lines and dirt associated with leo.k areas be dug up and re­
moved before the site could be released. 

4. Spill6 

Accidental :radionuclide contamination infrequently occurs duri11g 
normal plant operations (for example, diversion box Jumper 
changes, tank farm pump changes, waste and product solution 
spills). Contaminated soil resultihg from such incidents is 
usually removed aoo buried, or covered over vith clean soil ard/ or 
gravel. Asphalt or tar is sometimes used to cover contaminated 
soil and keep 1 t in place. Approx:tma.tely one million cubic yards 
of' soil are contaminated 1n the 200 Areas as a result of spills 
and radionuclide spreads (Reference 3, 4) and would require re­
moval to permit unrestricted access to such present controlled 
access zones. 

B. Method of Site Cleanup 

c. 

The radionuclides would be reDloved from the 200 Areas plateau by 
digging up the contaminated soil and shippi ng i t otts1 te f or 
permanent storage in abandoned salt mines (for purposes of this 
study assuned to be central Kansas). Only the costs incurred for 
the soil removal and shipment were considered. No costs llere 
developed for unloading or storing the soil at the salt mine. 

The alternative of leaching the radionuclides from the contaminated 
soil was considered but rejected as a basis for the studies. 
Although strontium-90 and cesium-137 can be leached from the soil by 
using large quantities of nitric acid (Reference 5, 6), limited soi l 
decontamination work has shown that the quantitative decontamination 
required to release the site tor unrestricted public use cannot be 
simply achieved. Transuranic materials do not leach from soil as 
well as cesium and strontiU111. A recovery rate of 90 percent is all 
tho.ti& expected in o. scheme to lea.ch plutoni\111 !rem conte.mina.te'1 
sand (Reference 7) by using a canb1nation of nitric and hydrofluori c 
acid as leaching agents. 

Limitations of the Study 

This study develops the coats of removal of contaminated soil and 
solid wastes usociated with the cribs, specific retention trenches, 

UNCIASSIFIED 
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SW!ll'PS, burial gardens, &'Pill areas and the buried transfer lines. 
It also develops costs for disposal of large equipment stored in the 
Purex railroad tunnels. Removal of contaminated process buildings 
~nd ~1.\Xili~ry f~cil1t1e& 1e not included 1n the site cleanup ~tudy. 
They are assumed to be sealed end left in place. 

Removal of ·present ground water contamination was also not considered 
in the study. It is made up largely of 1-year half-life ruthenium-106 
and 12-year half-life tritium. If radioactive discharges to the 
enviroment vere diseontinud, ground wt.er concentrations \lould 
eventually decay to concentrations of no concern. 

Costs for removing contaminated soil resulting from "high level waste" 
leaks within existing "high" and "intermediate" level waste tank· farms 
1s not considered in this study. Such costs are developed in an 
earlier study (Reference 8). 

D, Hazards 

1. Digging Hazards 

Hazards associated with removing the contaminated soil fran the 
200 Area,; are or two types: 1) those associated with e~~cavat1on 
-work (1'or exampl.e, cave-ins), and 2) those a.ssoc1o.ted with . 
"radionuclide" mining (tor eX8lllple, potential contamination 
"spreads" e.nd personnel re.die.tion). 

Go.Y~~1n llG.ZilNB YwlG bt 6\11t1:1,bly GQntronell 'by ttep1ng thG 6l01}it:i 
of the excavations equal to or less than one. Radiom~clidc 
"spreads" can be prevented by using portable, prefabricated steel 
buildings to cover the dilreing sites, and using minime.l spraying 
of wter to control dust. Radiation exposure hazards can be 
minimized by using remotely operated large mobile shovels similar 
to those used in iron and oil sand mining industry and by the 
use of suitable respiratory protection by operators. 

2. Shipping Hazards 

Hazards e.asociated with sb1pping contaminated dirt inc.1.ude 
potential f'or personnel exposure, and contamination resulting 
from leaky transport containers, and f'ran rail accidents. These 
hazards can be overcome by designing special railroad cars and 
shipping containers that meet the Interstate Commerce Conunission 
(Reference 9) and Ataiiic Energy Commission (Reference 10) 
regulations for shipping radioactive materials. 

III. · COOTS TO CLEAN UP THE SITE 

A, Cleanup costs Resulting from Plant Operation1 1944 - 1957 

l. Cribs and Specific Retention Trenches 

The soil beneath the cribs acts as ion exchange media to remove 

UNCLASSIFIED 
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rad1onuclides and transuranics fran waste solutions as the 
solutions percolate through the soil to ground vater. The ion 
exchange properties of the soil and the radionuclide distribution 
in the soil columns beneath tne cribs are dependent on factors 
such e.s 'W.ste solution composition and flow rates, nature and 
concentration of complexing materials di1Scharged to the cribs, 
and geologic structure of the soil. Since these factors vary f or 
ea.ch ve.ste .stream and crib, the radionuclide distribution varies 
from crib to crib. Radionuclide distribution data are available 
tor ~c;me c:r:i.bs {R~ference 11. 11) but d.o not exist tor the 
majority. The available data indicate that about 99 percent of 
the radionuclides are contained in the first 30 feet of soil 
beneath the crib and nuisance contamination is usually encounter ed 
about 8o feet belw the cribs. 

The horizontal spread of waste solution below a disposal site i s a 
function of waste flow rate ·and the geology beneath that site. 
lateral spreads differ from crib to crib since the geology under -

· lying the 200 Areas differs between crib &ites (Reference l2, 13, 
14). An estimated spread of 50 feet (that is, a soil column 50 
feet 1n diameter larger than the crib diameter) was assumed for 
all cribs in order to calculate volumes of soil removed. Five 
wells drilled around each disposal site are assumed required to 
map the actual horizontal and vertical radionuclide distribution . 

Quantities of noncontaminated soil must also be moved so that t he 
slopes on -the sides of al.1 the excavations are kept equal to or 
lecc tmn one to pr@vent eave-ins. A elope or one we.c used to 
calculate the volume of overburden that must be moved. Calcu­
lation basea on the above estimates show that 11.5 million cubi c 
yards of contaminated soil must be removed and shipped offsite, 
and. lo4 million cubic yards o1' overburden muat be l!lQVed . 'l'he 
11.::; million cubic yards of contaminated soil include a.n estimated 
2 million cubic yards of highly conteminated soil (ap-proX1matel y 
o.o6 curies of beta and g8J11!1a activity per cubic foot) located 
near the crib surface, 9 million cubic yards of moderately con­
taminated soil {approximately 0.01 mkrocur!es of beta. and gamma. 
activity per cubic foot), and 0.5 million cubic yards of' aoil 
contaminated with plutonium (Z Plant cribs) ard uranium.. 

m>TCLASSIFIED 
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Table l 

OOsts for :Removing D,.d:l.onuclidea fran Cribs 
and Specific Retention Trenches 

(In Millions of 1967 Dollars) 

Capital Costs* 

Operating Costs 

Shipping Costs 

Total 

41.4 

441.6 

1 327.0 
1 810.0 

* Capi ta1 equipnent purchased for removing and 
transporting the soil from the cribs and specific 
retention trenches will also be used for l'emoving 
soil · frcm the swamps, spill areas, burial gardens, 
am the buried transfer lines. The cap1 tal costs 
presented in this table, therefore, include those 
for Tables 2, 3, 4, and 5. 

2. Swamps 

Essentially, all ot the radionuclides discharged to the SW81llps 

are contained in the sediments on the 'bottoms of t~ swamps. 
The estimated volume of soil removed f'rom the swamps bas been 
determined by assuming that the top three feet of dirt vould 
be removed., or a total of 31 million cubic yards. Thirty 
radiological veils placed strategically thro~hout the i,we.mpo 
will establish radionuclide spread below the swempe. 

Table 2 

Costa for Ren>ving Badionuclides from the Swamps 

(In MilllODB Of 1967 Dollars) 

cap1ta1 costs 

Operating Costs 

~~ppl~ CQtt§ 

Total 

* See Table 1. 

· i I I . I i I . J. • l • . I 

* 
140 
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Spills and other accidental. radionuclide discharges usually 
contaminate only the grotmd surface. b estimated volume of 
dirt removed 1'ran spill areas, e.saumi~ the top three feet of 
i,oil would be removed, 1a one million cubic yards. 

Although contamination spread incidents in the 200 Areas are 
:t'airly ~ll doc\llllented (Reference 3, 4) estimates rJf the 
~o~ of :aaiQ~c;l,t~ 9.if~~r~d Mli the tt.reu 01' le,nd con­
taminated are sparse. The million cubic yard figure must be 
considered a rough estimate based upon the vell documented 
data and assuming 20 percent more land requiring removal would 
be found by extensive searching. 

!l'able ~ 

Costs for Removing :&idionuclides frcn Spill Areas 

( In Millions of 1967 Dollars) 

capital Costs 

Operating Costs 

Shippins Costs 

* See Table l, page E.5. 

4. Burial Gal'dena 

* 
3 

~ 
116 -

Contamination in burial gardens is contributed by the :pe.c}r;ages 
of -waste themselves and contaminated soil resulting from :package 
breakage or disintegration after burial. Soil in the burial 
ge..rdens other than the.t in the trenches is usually not contaminated, 
but the removal ot buried. material. would likely spread. con­
tami.nat1on. Estimated. volume of soil removed from the burial 
gardens, assuming all dirt in the burial gardens would be removed 
to a depth o:f' 20 :f'eet, i.e l2 m.llllon cubic yard.a. Approximately-
1.2 million cubic yards of overburden must also be removed to 
keep the 1lope1 of the e;iccti,~tL one eq'®.l tQ or len tMn one, 

Costs for removing the large equipment that is buried and stored 
1n the Purex railroad tunnel,; are also included in Table 4. 

. , . 1 
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Table 4 

Costs for Removing Radionuclldes fran Burial Gardens 

(In M1.111ona 01' 1967 Dollars) 

Ce.pital Costs 

Operating Costs 

Total 

* See Table 11 page E.5. 

* 

5. unde£0und Transfer Lines 

• j 

Transfer line failures and l.eaks are not veil documented and 
amotmts of contaminated soil resulting from leaks are not 
available. The assumption that nine cubic feet of soil will 
be removed with each foot of line was used to calculate the 
volume of soil removed, 4-3,000 cubic yards. The pipe would 
be l'Cllloved, clecontaminated., and shipped offsite using the 
equipnent orig1nally provided in Section A-4. 

Table 5 

Costs for Removillg thd.erground. 
Waste Tmnster Lines 

( In Millions of 1967 D:>llars) 

Ce.pite.J. costs 

Operating Costs 

Shipping Costs 

Mal 

* See Table 11 page E-5• 

I I ; " : 

* 
2 
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Table 6 

S1.Ulllll8.q of costs to Remove the Contam!Mted. Soil 
Resultinij$@m_ }9q Openition 

(In Millions of 1967 Dollars) 

Waste Disposal Facilities 

Cr1ba and 5pecU1c Trenches 

Spills 

· Burial Oard.ens 

Hot Waste Lines 

Total 

l 810 

674 

116 

l 430 

---1. 

~ 
B. Additional Cleanup Coots Resulting from Operation, 1967 - 1900 

l. Basis I 

ARH-231 
Page E.8 

Cleanup costs presented in Section III-A were calculated. for 
removing the contam1nat1on generated duriflg t~ previous ~riod. 
or Jmlford OI>@I&t1on. ·· Add1t1onal costs will be l'eqUii-ed to 
clean u;p the site. The following assllllptions were used to 
develop these additional coets: 

a. Cribs are used 'at 30 percent of the present rate, no 
specific retention crib disposal is permitted. 

b. Present burial practices are continued (see Appendix D 
for estimated volumes). 

c. Spill e_xperi~P.C~ 1' 'the Hime e.a 1D tbe pe.at, 

d. About 30 percent more buried lines are installed. 

e. No new swamps are used. 

Results of calculations based on these assumptions are presented 
below. 

I I , I 
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Ta.ble 7 

Increased Capital and Operating Costs Continued 
for Site Cleanup Required 

:Because of Plant Operation Through 1980 

(In Millions of 1967 Dollars) 

'Waste ntseal Facilities Additional. Costs 

Criba 7 

swamps 0 

Spills 58 

Burial Gardens l 870 

Hot waste Lines ---1 
Total ~ 

:Basis Il 

U plAnt operations continue through 1980 and money is provided 
for fac1llties to reduce environmental pollution as outlined in 
.Appendix A through D, the following additional costs will be 
needed. for site cleanup. The follo,rl.ng assumptions were used 
to develop these costs: 

a. cribs are used at 10 percent the present rate and no 
specific retention cribbing is permitted. 

b. A waste incinerator is provided for disposal of canbustible 
materials and the resulting ash 1s stored in concrete 
burial vaults. 

c. Equipment is decontaminated. prior to burial in concrete 
burial vaults. 

d. Spill experience is the same as in the past. 

e. About 30 percent lllOre buried lines are installed. · 

f. No new swamps are used. 

Besul.ts of calculatials based on these assumptions arxi cost 
estimates developed for present site cleanup are presented belm(. 

UNCLASSD'IED 
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Table 8 

Increased ~ital and Operati~Costs for Continued 
Site CleanG iDl red Bec1Ul8e o'! P t Operation Through 1980 

1 II Env1roillllmltal Pollution is Reduced 

(In Millions of 1967 Dollars) 

Waste Disposal ·Facillties 

Swamps 

Spills 

l3Ur1al Gardens 

Hot Waste Lines 

Total 

Additional Costs 

4 

0 

1 010 -
c. CJ..eanup Costs Resulting from PlAnt Operation, 194-4 - 1980 

ARH-231 
PB6e E.10 

Total costs for removing the radionuclide ccntamination in the soil 
of the 200 Areas as a result of reprocess!~ nu.clear fuels fran 1944 
through 1980 are preeented below. 

I 

Table 9 

SUDDl8iz of Costs to Remove Radionuclide Contamination 
.Resulting fran Plant Operation, 1944 - 1980 

(In Milllons of 1967 Dollars) 

Basis I (Section III-B.1) 

Costs fran Table 6 

Costs fran Table 7 

Basis II (Section III~B.2) 

Total i"r0111 Table 6 

Total fran Table 8 

:I ; . ' J ' ::, : : : l 

4 037 

~ 

~ 

~ 037 

l 010 
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EV'ALUfflON O'F' THE EFFECTS <JF INC'.REMED UATl!:R IJ:'ABU: 
ELEVATIO?E ON 200 ARF..AS WASTE DISPOSAL 

I. INl'ROWCTION 

A number of studies })ave been made in the past several years (References 1 
through 6) with the objective, either primary or secondary, of determining 
changes in the Ha.nford Project sround wte!' ayatem :resultil:'ij from potentfo.l 
alterations in land use, major changes in plant .effluent dispoa&l practices 
or other causative factors. The results of these studies, vhich utilize 
simulation modelling techniques, are directly applicable to Hani'ord We.stc 
Managerent programs, and specifically to tha.e parts of the programs con .. 
cerned with the prevention of radionuclideB in waBtee frOl!l enterine the 
surrounding· environs (Columbia River) in radiologically significant 
amounts. 

The purpose of this summary is to interrelate potential chanses in ground 
vater elevations and flow system vi.th the resultant effects on waste 
radionuclides 1n the water table and overlying vs.dose (partio.lly saturated) 
zone. 

II. DISCUSSION 

A. Fast and Present Ground Disposal Practices 

Ila.de w.1;1te ma.nagement :phl1o6opby for too 200 Arm.a baa been thllt too 
ground water beneath the project vas not available to the general 

· public, and thus, that the limiting factor on the contamination of 
the ground water ws the eventuality that radionuclides would enter 
potable water GUJ.)plies and cause additional radiation e:t3tosurc to 
persons living outside the control e.rea. Ground water control limits 
are placed on long-lived radionuclldes directly beneath a dispotal 
site, such that the disposal facility iG removed frOl:l further use 
when the concentration of any long-lived radionuclide is cletcctcd in 
the cround wa.ter in concentrations a:p:proachinc the Atomic Energy · 
C0rnmi11iii0n 11.'1nk:l~ water limit for nonoccu~ttonal uorkers, Tritium 
and ruthenium are the exceptions to this genera.l rule. Groimd water 
limits are established for these tvo ra.dionuclides o.t the coundary of 
the Hanford Project. Ground disposal of low-level ar:cl &Orte inter­
medio.te-level liquid waGtes has been, and continues to be, uncle!' 
rigidly controlled conditions. Such controls coriJiist of decor.tami­
nt1.tior. of process ,m.stes to the me.."d.inum pro.cticnble e5."tent bi in-ple.nt 
treatment nethods, the . evaluation of both routine and _nonroutir.e 
YB.stes for soil sorption charaeteristies ~rior to and eoneurrent vith 
disposal, and routine monitoring of long-lived and short-11-:cd. radio­
nuclidcs 1n the partially saturated and saturated zones. In addition, 
measures have been taken for the rapid detection of &tored high-level 
and intermediate-level wastes that might enter the ·soil ur.~er accident 
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cond1tiono (for e:xa..~ple, wn.ste ta.'ll, or pipeline leak ). Ground d1sposcJ. 
0f \m.stes, either intent i~B.l or e.eeidenta.l, is btlel:ecl Up by continuinz 
resco.rch prograns tho.t are directed toward achievinc the predict! ve 
capabilities desirable for aosuriJlG the continued safe·~y of su~h 
operatioru.. 

Actual. plant \-taste disposal studies continue to show that in most 
cases essentially all of the long-lived radionuclides of' concern are 
held by 6011 reaction mechanisms within a few tens of feet ber.cath 
disposal facilities and well above the regional water table which i s 
nominally ~00 feet bei011 the facilities in the 200 Arens. Also, the 
downward migration rotes of these ro.~ionuclidea, due to ooil colUM.~ 
drair.aee several years after facility retirerent, is extremely slow -­
on the order of several inches per yeo.r ns a maximum.. These oboer­
vntions coni'im the predictions resultir.g fro::i many years o'l lsborat ory 
research. Several fairly recent and extensive waste i'ac:1.lit~• explor ­
atory drilling and 63mpliDG programs (Reference 6, 7) a1so confir:-:t t he 
deposition patterns as have scintillation well logging studies carri ed 
out routinely in the 200 Areas. In the instances where lone-lived 
radionuclides have been detected in ground water or in deep drilling 
samples, they were present in very low concentrationo (o.t m.."<irmm 100 
times above the recamnended drinkinc water limits), in small totnl 
quantities, and only at locations quite close to the disposal facili ty. 
In no case has a high concentration front or zone of long-lived 
radionuclides (for emmple, concentrations approaching that noted at 
crib upper surfaces) been detected in close proximity to the reeior.al 
wter table, Defipite the J.1m1ted lllicrra,tion o! ;radio1aotopel:i throu~h 
the 1!9!.l, vecy low concentnt1on "lea.ltage" or n.dioiii0topew, even 
those exibiting high soil uptake efficiencies, ~.ny occur into the 
wter table after a significant volume of waste hes been d!scr.are;ed 
to a facility. These low concentrations due to leo.lrege have been 
taken into account in · estnblishine the rigid ground water contc.mi­
nat1on 11t:11ts for facility abandonment nnd replacement. 

The subsequent movement or migration of trace quantities of lone­
lived radionuclides in ground w.ter tova.rd surface waters also :i.s 
cn:reme;ty 619w due to 0011 §Orpt1on reactioM occurrinz 1n th@ 
saturated zone. Typically, the rate is on the order of one-1".ur.clretl-­
or less ot the actual groimd ya.ter movement rate (Reference S). Thus, 
depending on the water movement rate and the types of earth materials 
throuch ·which the \rater moves, the travel (decay) ti:nc before cnt~• 
into surface ,raters !s 111-:.ely to be several centuries or longer. 

B, Present Sto.tus of ~dionuclldes in Subsurface Soils 

Short-lived md.ionu(!lidH tl'!!.t a.re ~11-reta.inod by the ion a.re or 
little concern in that they re:p1dJ¥ decay to innocuous concentrations. 
Of more concern are the poorly r.orbed isotopes ha.vim intermediate 
ball-lives and the long .. lived isotopes that are well-rctnined but 
will reme.:tn G potential mzllrd for tlecade5 or centuries. 

. ,I : ; -1 I f 1 !l : i . i j' 



Page 229 of 241 of D8637403 
I •"' •• tt _ .. , .... , ... • 

0 

0 

, .. 

0 

' - - · · · • - •• • · · · - · ~- · .. . , #0 ........... .. . ......... ,_,.. _ _ ,.. .. ,. .. . . . . "' • , . .. . . .... . . , • • • •••• 

UNCLAOOIFD:D 

APPENDIX F 

, . _ _ _. ,,., . .. ... , . ·= 11• ·• •· · • ·• ··· -· .. ~- · -· 

ARH-231 
Pase F.3 

One-year ruthenium-lo6 - rhodium-106 is poorly remO\•ed by the soil 
frOC!l many waste eUluent streams and does appeo.r 8.5 the major short­
lived radiocontaminant in sround water, and travels ot about the same 
rate as the growid water. The present m.jor travel :path from the 
200 Areas to the Columbia River, however, affords appreciable time 
(approximately 10 years) for the ruthenium-loo ar,.cl its dnughter to 
decay to very low concentre.tions prior to river entry. For the past 
several years the ruthen1um-lo5 concentration front t~at approaches 
the recorrr.iended nonoccupational drinking vater limit has been 
stabilized ~ta distance of from? to 7 mile~ frQn ~09 ~~t Arc~, 
about half vay to the Columbia River (Reference 9). This equilibrium 
is due to a combination ot essentio.lly &teady state cround water flow 
conditions, dispersion effects of the heterOBencous soils, the amount 
of radionuclide discharged ·to disposal. facilities, a.nu the decay 
{travel) t:lme. 

Tritit?m :produced by the fission reaction is present in 200 f.rea 
wastes in measurable concentrations (Reference 10); and, 11~~ 
rutheni~-105, 1& not i-eta.in:::a. a.pprec;LabJ.y by the aoil, Ground 
\later monitoring results over the pist 6 years have shown that the 3H 
concentration front e.pproe.ching nenoeeupationa.l drl!~l~ina l1~tti' llliits 
has reached e(.j,uilibrium at about 7 mile:; from the 200 East Areo., nnd 
is at or belcnr the packgrou:nd 3u concentration in the Columbia. River 
prior tc river entry. Decay during travel in the ground veter is 
much less effective in reducin« the concentration o!' 13-year 3H than 
is the case i'or ruthenium-106. The major factors 1nvolyecl in stabi­
lizing the crou:nd water 3H ylume appear to be the quantity of radio­
nuclide discharged and dispersion 1n the now system. 

Prit:lary sources or long-lived radionuclide& in subsurface :::oils e.re 
disposal facilities and waste storaee tank leaks. That c.ct.1-.-i ty 
associated nth i:;h~w.-b\U"1ell dry watc ia of much lesa concer n, 
since even if it should becor.ie mobile by some possible lea.chir.e 
action, it would be immediately ·sorbed and retained by the soil 
beneath the burial trenches. A recent drilline and samplinG pr~rnm 
undertaken in the 200 West burial ground& did not reveal any icdi­
catien tmt l@aeh™ of theie \ffl.!ltes bu ~eu.rrea (~!'ei-encc 11). 

The table below presents tre amounts of long-lived ro.dioisotOl)Cs 
dischareed to the soil :f'ro:n various so1.1rt:es. The present imrentorJ 
is some'1hat less than this due to decay. 
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Source 

Tank Leaks 

Trenches - Specific 
Soil Retention 

Cribs 

Dry Wells 

Discher ed 
00 Area Sources Reference 12 

Radionuclide 
Cs-l37 Sr-90 Pu 
(Ci) (Ci) Q§.2. 

90 000 * * 
30 000 10 000 2 

13 000 32 000 230 

500 600 ~ 

400 100 8 

*Strontium and plutonium are predominately in the sludGe 
layer and thus would be in much lower amounts · in too 
soil than cesium, 

ARH-231 · 
Fe.r;e p .4 

As stated earlier, the bulk of these radioisotopes (more than 99 
percent) are retained by the soil 1mmed1ate1y beneath the waste 
.facility. Figure 1 presents results that are typical of thoae 
obtained !ran exploratory drilling and sampling studies of disposal 
sites . (Reference 6) • . Cedum-137 and strontium-90 cortcentra.tions in 
the gQ11 gccre§ge br t~ctor§ or ~oo or 111'l.e w1th1n ~g0ut 40 feet of 
the bottom of tre facility. 

Figures 2 and 3 shc:M typical results obtained in waste tank lealf. 
studies (Reference 13). Figure 2 presents information on ceeiurn-137 
distribution with depth. No significant contamination was found a t 
depths greater than about 20 f'eet bel.ow the tank bottoo level. 
Figure 3 shows the rapid decrease in cesi\.111-137 concentrations (at 
a depth of 60 feet below the surface) radially fran the lool: 
location. Even tor the relatively high-salt supernate that leaked 
intQ the iOil, ceii1.1m-l37 upt&he and retent1cn ws eppreci~ble, 

Tables I and II present information on the estimated quantities or 
10113-lived radionuclide& stored on soils beneath 200 Aree. waste 
disposal sites and within 100 feet of the present vater table 
(Reference 14). The estimates were based on analytical results of 
samples obtained in exploratory drilling l)rograms and from £1:M!M. 
scintillation well logging records. The sites evaluated lvive 
received over 8o :percent or the reported radioactive material dis .. 
charged to groW1d in the 200 Areas. Based on available info:mation, 
the wastes stored beneath the remainder of the sites vould not be 
expected to meaGurnbly increase the tabulated values, The accura.cy 
of the estimates is believed. to be well within an order of magnitude , 
and any bias in the estimates is believed to be in e:~ccss of t he 
true values. 
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Increases in the water table elevation benee.i.h 200 Area waste clisposa.l 
Bites will Bubject radionuclides now retained in the clee:p coil zones 
to the leach1ne action of eround water. Alco, such chan.'.::es may c~ 
acca!tpanied by sictnifico.nt -alterations in flow paths o.::ic1 trc:.;-cl timcc 
for the leached radionuclicles and for those already in tl-.c cround 
vater. Since the flow system goes through a rather :;reclue.l tra.1.sient 
phase prior to reach1~ stea.dy-atate conditions, travel tines end 
paths will be chancine continual;l.y during the approach to equilibrium. 
These transient conclltions are extremely difficult to .evaluate for 
lnrae, heterogeneous flow systems; the accuracy or cuch evaluations 
are greatly dependent upon accurate definition of tre causative 
factors that might brins about chanses in the flow system, lcnowledse 
of the soil characteriotics (i'or exanq,le 1 permeabilitJ') or the l'!ewl~ 
saturated materials and the a.vail.ability of good amlytical nod.els 
that at this t1llle are none::cistent. 

If the conditions can be specified thnt contribute to weter teble 
changes (for example, the boundaries of an area contemplated for 
1rr1eat1on developnent and the anticipated grotmd water recharge 
rate), then a steady-state solution of the effects on water table 
elevation can be obtained. Comparison of new calculo.ted steady­
state conditionB "7ith present ones yields qualitative indications 
of transient phase conditions. However, even to effect a steady­
state solution it is necessary that a speci~ic set of asswr.ed con­
ditions 'be stipulated. Past experience and recent simulation 
modelling studies have J>roV'ided information relative to the effects 
on the water table of water additions at various locations on the 
project. Most appe.rent fran experience is the relatively re:pid 
initial buildup of t~ ground water mound beneath 200 Went /'irec. due 
to pl.ant opere.tions1 about 6o feet in 7 years. 

A study was just completed in vhich the irrjgation of four specific 
areas on the Hanford Project vas simulated, by disitc.l. computer 
methods, to determine the integrated effects on the water table 
beneath the proJect. The irrigated areas, show in Figure 4, and 
totalling more or less 55 square miles< consist of about 10 sections 
of land 1n the Horn Rlip1ds TriaDgle (AJ, about 29 sections north of 
the 300 Area (B), 10 sections -west of 200 West Area (c), and 6 
sections ,rest of' the Yakima Barricade (D). The study also assumed 
that .the Ben Franklin Dim would be in place "7ith a reservoir . 
elevation of 400 feet and a nominal river flow rate of 150,000 cubic 
feet per second.. The integrated. "rater table riaea were predicted. to 
be about 80 feet beneath 200 West Area and 40 feet beneath 200 F.e.st 
Al"ea. 1"be MTQW& on Figure 4 indicate the probable directions of 
ground vater flow from various locations in the vicinity of the 200 
Areas. Water table increases much in excess of 40 feet beneath 200 
East Area should be evaluated :f'ran the standpoint of tm d.evelopnent 
of seepage onto the ground surface. The topography of several areas 
a1ong Gable Mowrtain, particularly' near the west end, is such tbat 
gro'IUld w.ter (and contained radionuclldes) could form surface ponds 
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at a number or low areas and possibly surface contamination control 
. problems. 

E5t1matea were Dlf:lde of tm m1n1mum travel times for ground wter to 
move from beneath 200 Area disposal sites to the river. The shortes t 
travel time for ground -water leavinc the inundated crib sites; 12 t o 
13 years, is approximately nlong tre path or the arrow pointing north 
and then northeast from between Gable Mountain and Gable Butte. The 
accuracy of travel time esticates, in this case, is related directly 
to the accuracy of soil permeabilities used in tre model. ~pne~­
bilit1es for areas north or Gable r.tounta1n are not known as accurately 
as desired; trerefore, the uncertainty of the calculated travel times 
may be relatively high. 

The minimum travel time is near~ the same as the p;re~ent tre.vel 
time toward the southeast i'rom 200 East Area and also as that :pre­
dicted in the :Ben Franklin Dam study {Reference 6). Therefore, 
conditions relative to river entry of poorly-sorbed radionuclides 
(4Uthenium-l06 and 35) now in the gro\lld. water or those that will 
enter in the :f'uture {ass\llrlng no significant changes in plant 
operating or waste disposal practices) are essentially the same e.s 
those discussed earlier. .Appreciable reductions in the quantities of 
ruthenium-lo6 and/or 3H discharged to grotmd will result in less 
total activity entering the river and may also result, in time, in 
significantly reduced distances of the various concentration level 
"fronts" i'roo the 200 Areas. Dispersion (and related phenomena) may 
-well play a major role in this latter comideration, as it evidently 
dooa along Pl't'!B@nt travel :paths. Th@r@fore., it is not pozaibl@ to 
malte generalized definitive statements alone this vein without more 
detailed investigations. 

The quantity of lens-lived radionuclides subJected to leaching by t he 
predicted increases in water table elevations would consist of about 
30 curies of cesium-137, 60 curies of strontium-90, and 30 curies of 
cobalt-6o (from Table Ill). Certainly, the leaching would not occur 
rapidly but would extend over a period of at least several years due 
to the gradual nature of the increases in -water table elevation. 
Al5o, these long-lived rad1onucllde5, with the possibl@ exception of 
5-year cobalt-60, would move at a rate much slower than the water 
movement rate and thus experience appreciable decay. · .Although decay 
would result 1n some reduction in cobalt-60 concentrations, the 
major factors limiting coba.lt-50 concentrations in potable waters 
would be the leach rates (rate o:f water table riee), dispersia."l o.nd 
finally river dilution. 

If it is assumed that the va.ter table rises at the relatively re.pid 
rate or ten feet per year and the movement rate of strontium and 
cesium is conservatively l/5oth of the groµnd water flmr rate, a 
concentration reduction :factor of about 100 (600-year travel time, 
30-year balf'-111'e) would be applicable to the amunts of' strontium-90 
and cesium-137 subjected !to leaching and, on a daily basis, assuming 
leaching over a 5-year period, a further reduction by a factor or 
about 1500 would be applicable. On this basis the quantities of 
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strontiwn-90 and cesium-137 at river entry locations vould be about 
4 x 10-2 and. 2 x l0-2 microcur1es per day, respectively. .Assuming 
complete river dilution the strontium. and cesium concentrations in 
the ;r1 ve;r contributed :rrom 200 Area. leCliCh1DG v0uld be approx1ma tely 
l x 10-13 microcuries per liter and 5 x 10-14 microcuries per liter, 
respectively. These are vell below the nonoccupationul cl.rinking 
water limits of 3 x 10..4 microcuries per liter for strontium and 
2 x 10-3 microcuries per liter :for cesium. 

The above evaluation assumes that the ion excbanSe characteristics 
of the soils through which the wastes will flow are reasonably 
favorable and similar to those existing in 200 and 100 Area subsoils. 
If the leached radianuclldes enter the more penneable channels adjacent 
to Gable · MoW1tain1 lothere travel times of only several years e.re 
indicated, they will flov 1n the relatively coarse sands and gravels 
vhere radionuclide movement retardation is not expected to be the 
same order of magnitude as that used in the previous analysis. If' 
such should occur, greater reliance would need to be placed on the 
d1lut1on capacity o! the :river to reduce concentrat1ais to acceptable 
levels. If the extremely pessimistic assumptions iere made that no 
soil holdup we~ to oc;c~, ~1ver concentni.t1on§ l0 h1Gher the.n thoee 
indicated in the preceding paragraph vould result and concentrations 
of strontiwn and cesium would still be well below applicable limits. 

D. Future Waste Discharge Practices and Occurrences 

The indicated minimal consequences associated with the predicted water 
table elevation incr@u@s under too 200 Areas are based on cond1t1onn 
as they now exist and the ability to analyze these conditions usinc 

· existing data and methods. Admittedly, there are W1certainties 
associated with the data available and the analysis methods; however, 
coooistent with the approach taken in past studies of this type, the 
evaluation tends toward. assumptions that are more conservative than 
later observed. 

The extension of this analysis frOlll the viewpoint of future change& 
11l wMt@ disehal'g@, either intentional or aee1denW, that m~ht 
result in significant increases in the quantities of rad.icnuclldes 
in the deep soil zones of concern (for example, excessive tanl.: 
leakage, change or temporary loss of ve.ste management operation.al 
controls) should not be on an irreversible ba.sic. That is, it appears 
advisable that any areas releesed for possible \tater amendment be on 
a sequential basis such that the resultant effects on the flow system 
<:an be eva.liJAted t0 c0ntim 0:r modify prier Analyu16, Also, the 
desirable approach of sequential or stepwise developnent vill 
eliminate sud.den, large flow system cbe.nGes and. preserve the capa­
bility to take reversible steps if continued observations and analysis 
should ind.ic~te such a.re necessary. 

The inereases in vat@r table elewtion under the ~00 Area.a vould 
result in a reduced "margin of safety" with respect to waste i;torage 
tank leaks. This is particularly true in the case of 200 Hest Area 
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where the predicted Bo-foot water table rise would reduce the partial ly 
sa~uratea soil column ~eneath YD.Ste tar.k farms from the present 
nominal 150 feet to about 70 feet. Considering this lati.er value, the 
present relatively high rndionucllde inventory 1n the soils beneath 
several of the failed vessels would then be only nbout 50 feet above 
the new water table. Continued. close observation for :possible waste 
tanl; lec.b; and provisions for i!llllediate corrective action would be 
strongly indicated because of the decreased safety mn.rci11. 

E. Future Applicable nesear<;h,.nnd. Development 

The degree of accuracy and confidence that can be plo.ced on o.n 
anazysis of this type is related to the ndequacy or do.ta in the form 
or knowled.Be of radionuclide disposition in the subsur:ace soils, 
information on radionuclide soil reactio~~ ~nd ~Q1l cn~racter1~at1on 
pa.re.meters (for example, :penneabilities). Also, the ability to 
analyze ground water and radionuclide movement nccu...-atezy thro1:1gh t he 
application of simulation techniques is unquestionably related to t he 
availability of field data vith llhich to match resw.ts, 

Arr:r future field and laboratory studies that will improve the qualit y 
and increase the ~uantity of the input data will directly reinforce 
the analysis, as will the development and npplication o-Z improved 
s1mulation teclmiques. Quite evident from this study is the apparent 
role played by dispersion and/or diffusion mechanisms in reducinG 
concentrations or radiocontaminants with distance from the waste 
discharge sites. The development ot analysis capabilities and 
acqu161t1on of input data needed to @valuate these phenomena more 
adequately are desirable. The questions posed by poorly sorbed 

· (possibly chemicalzy complexed) re.dionuclides · such ns cobalt-60 
should be answered through more detailed and comprehensive studies. 

The research and developnent results obtained fran the recently 
started and hopefully continuing f.t)vement of Iedionuclides Through 
Hanford Soils program will greatzy assist in increasine; the confidence 
of these type studies. Also, continuing field investications of · 
radionuclide d1utribut1on b@nea.th·waste tank£ and .disposal facilit i es, 
I>OSS1bly wider- Process Technoloror :funding, will do mu~h towrd pro­
vidins needed answers. 
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TABU: I 

ARH-231 
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SUBSURFACE UlNG-LIVED RAIIIONreLIDE INVENTORY - 200 AREAS 

~dionucllde Content 
Distance of ZOne Above In ~ch zone {Curies} 

DiSE5:!al. Site Present Water Table {Feet} co-66 §!::22 cs~t3'7 
216-BY Cribs 0-25 15 7 l.5 

25-50 15 9 8 
50-75 30 ll 25 
75-100 . 30 12 4 

216-A-5 and 
A-10 Cribs* 0-25 <0.l <l <0.1 

25-50 <0.l <l <0.1 
50-75 <0.1 <0-5 <0.1 
75-100 <0.1 <0.5 <O.l 

216-BC Cribs* 0-25 <0.1 <1 <0.5 
25-50 <0.l <7 <0,5 
50-75 <0.1 <3 <0.2 
75-100 <0.1 <3 <0.2 

216-A-8 Cribs* 0-25 <0.1 <4 <1.2 
25-50 <0.1 <4 <0.8 
50.75 <:0 ,1 <2 <l 
755 100 <;0.1 ('.2 <0.; 

216-A-24 Cribs* 0-25 <0.l <2 <0.1 
25-50 <0.1 <2 <0.1 
50-75 <°•l <l <0,l 
75-100 <O . l <l <0.1 

216-S-l and 0-25 &.l 5 <0.1 
2 Cribs 25-50 <0.l. 2.5 <0. l 

50-75 «).l 2 <0.1 
1,-100 <0.1 2., <0.l 

216-S-7 Crib 0-25 «).l o.4 <0.1 
25-50 <0.1 1.1 <0-1 
50-75 <0.1 4.8 1.7 
75-100 <°•l 2.1 6.8 

216-S-9 Crib* 0-25 &-1 <l <0.1 
~5-50 <0.1 <1 <0.1 
50-75 «).l <0.4 <0.l 
75-100 <0.1 <0.4 <0.l 

216-'l'Y Cribs* 0-25 <().1 <0.8 <0.1 
25-50 <0.1 <0.8 <0.1 
50-75 «).l <0-3 <0.1 
75-100 <0.l <0•3 <0.1 

4 Isotope detection limits used. for ca1cul.ations; 
Concentrations in drilling samples d.id. not exceed 
detection l.imit. UNCLASSIFIED 

I ! J :· '. ,j ·i '. ' , I .! . : I 
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Dietance ot ZOne .Above 

APPERDIX P 

TABLE II 

-·- ·· ···· --- .... ... -· --·· 
200 East Area 

Fre1011t water Table (Foot) 

0-25 
0-50 
0-75 
0-100 

0-25 
0-50 
0-75 
0-100 

15 
30 
45 
60 

200 West Area 

<0.1 
<0-2 
<0.3 
<0-4 

21 
44 
71 
98 

1 
13 
21 
28 

ARH-231 
Page F.11 

17 
26 
52 
58 

c;l 
<l 

3 
10 

UNCLASSIPIED 
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.APPENDIX F 

FIGURE 1 

RADIOISCfl.'OPE CONcmTRATION 
AS A FUNCTIOO OF DEP.rH 

WELL E13-3A 
216-BC ~ITE 

4(-K- - - - -<-x ....... .,.. ........ 
<I __ .,,..- "":,,.,., ---------<-ie .... ,,.--- - \ 

X 

!50 100 ISO 200 
Depth-Ft. 

2!50 300 
UNCLASSD'IED 



Page 239 of 241 of 08637403 
. . . . ... •~ ··· . ... . . .... .tf . . .... , - · · · - --•· · · • ... . . .. . .... .... . .... . , , - ..... - ., _____ . ....... ,_..,... _ _ ..,. .. 9 ........... - • ..,, . ... . -- ... . . .. .. .._ .. · ----•··• · - -• -·--- ~ -·· . _ . .,, _ .., ~ :------ - ·------- _ _ _ _ .,. - • ·• - - · .. 

0. 

0 

\ 

" I 

0 

UNCLA.'3SIFIED 

... ~ 
... 

···•-
... 

:;:l 
0 ···•-Ill 

ti .. 
J! 

=. u 
q 

.•.• 1-

r:.. 

, ........ 
... 
~ 

10·•-

I-

' ..... , .. I I I I I 
:IO .. .. .. 

C)rp11l,t't. 

APPEimrx r 
Fl(HJI~ ~ 

.. 
I ,. I .. .,, 

AJE-?.31 
!Jace r.13 

c:;l-37 Analrses of Drilling Sanplcs, ;lcll 29C - 100 J:c Tan!r 

lJjitrll~ 1.rrm > 

I :I. 



P
ag

e 240 
o

f 241 
o

f D
8637403 

•
•

-
-
-
•

•
._

,..;
.,... •

• 
,..,, 

•
•

•
f
-

• ..
........ .,. .

..
.
....... _

~
 

••
-

.. • 
•

•-
-
.
_

_
. 
_

_
 

•-
-
-
•
-

~•--
, ....... --..... ... ,, .... .

,
•
•

•.,O
r 

,-
,p-

.... •1
-•---"'-• 

f-•
••

-
-

-
.. ,

-
•

•.,.•
• 

.. ,,,.., _
_

_
_

_
 i

-
••-••-•••

-
-
-
-

•• ... •'""
""' -

-.•.,.•-
•••• 

0 

o::: 

:]~ • 
;t :t 

• 

ARH-231 
l>cge F

.14 

:--~ 
(;

) 

I 

8 r
l 

-a cJ 
. t~ 



Page 241 of 241 of D8637 403 

.... . .. -1 . • .. ... ~--- - - .... _,..._ - .. -__ .....,,. _....., . ....,_ .... ,.,. .... -..... _..,_ .. . _."', ... ,-- ·•:-. ·-- -. - ··- ... . ..... , .. . .. - . - ·-- -- _ ... .... ·- ~-- --..,·-·· --~• ··-- ·- --.. - · -~ 

0 

0 

. , -., -~-- ... ... .... . 

WCLAm,IFIED 

FLOW ""'THS fl£Sl.l.TINO FROM 
IRRIGATION OF FOUR SECTOR$ 
OF l"ftOJECT UNO AND CONSTIIUCTl0N 
OF BE" FRAl«LIN DAM 

...... o.t'tllT• • 400 RCT 
ODl,..,._.ltMlloaotMll•~C.I& 

•--· 
APPENDIX F 

FIGURE 4 

' i 

ARH-231 
l'e~c r.15 

tmc: J.s:anr:n 

: I i: i I 




