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in the tank farn areas to reducs the volume Of

-: p~e~Ptatiofl that drains throu~h the soil and CriShe

contaminan2 -toward %roundwater. The environmeOntal risk ot'

tuture ak could be reduced b3, accelerating~ the prvgram..t

,pump liquid irom tha sin!*All tank3.

Yrvr morv than 15 :ervgr!s. " CE 's stated strategy -for I.itn

the dongerx associated with leaks from 
sjngle-shell tanks

Las been to remove the liquid waste as soon as praCt4cable.

/ - Howe--art schedules to purn;_the liquid from the tanks have

been repeatedly delayed. In May £989, DOE signed a tri-

party agreemnt with the Environmental Protection Agency

(EPA) and Washingtol State that establishet a scheduI% to

remove all faaibi:' pumpable, liquid waste from single-3hel.

taukz by, 1996. The establishment, withinl a formral

agreement, of a def ifitive date to complete the tank pumping

program may help ensure successful program completion.

However, we believe that the Agretement's 1995 date shculd

not be used as a guideline to delay removal of liquid that

could be pumped before 1995.

BACXGRIWO-

Hanford's 149 zingle-she.l tanks have capacities that rand.

from about 55,000 to about t million gallons. They are

covered with about 6 to 9 feet of soil topped with gravel

in '12 groups cale a k Crfg (See fig.

1:.-. 1.. From 1959 t r u h 1988, D E o f c a s i enii ied

shell. tanks--5 of the 66 tanks were identified 1x.

DOE contractor staf cuzrontly estimate that abdUt-7.90 VU

gallons have~ leaked-- recent *atimates hAd ranged tro 0m about

G70,000 to about 900,000 gallorns. (See table 1.1.)

---- 
-DRAFT-.-



DRAFT
B-23 5 3 9 1

vog estimates that the single-shell tanks 
contained &bOU t..

77 millio. "'lions of liquid and solid waste in 1966 bu,.

this volume* was reduced 
to about 37 million gallons 

bY

October 1988. (set fis. 11.1.) All tanks built &t Hanford

sinlce 1968 b~ve been double-shell tanks 
(concrete encased

taniks that havP two steel shell$), and DOE estimates that

most of the liqu~id waste in single-shell tanks was reduced

by pu.mp ing it into double-shell 
tanks or by evaporating the

liquid and leaving the solid residue in the single-shell

tanks.1- Recient production-&Ctivity at Hanford has resulted

in &bout 8 to 12 million gallons of waste 
being~ added to

double-shell ta~nks annuall7. Evaporation processes reduce

this amount to about 2 to 
4 million gallons.

Some radioactive and nonradioactive 
contaminanfts that leak

from the tanks tend not to mi.grate through the soil very

much because they attach to soil particles and essentially

remain in place. 1gowever, other contaminants are more

mobile and migrate more quickly 
because they are soluble and

do not adhere to soil partiics. One DOE cont."actor stud7

estimuated the time required for contamina~nts to reach the

groundwater ranges from sever.l 
decades to several thousand

years, depending oni such things &3 the volume of the leak,

the extent to which the soil retards movement of the

contaminants, the distanlce from the tank to the

groundwater, and the amount 
of water draining through the

soil.: where. oIakx d 'hve Xisg'. 2. , ''

th r a.mairndet of thnI s rep'Ort the word !tank" and the 
:.

term "uingle-zh%-l tank"' will be u~cd i n LercInin *I

ZPr-ecipitation at Hanford avera.ges a little mort t .0an

6 inches a year.

DR -AFT
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DOE 0 0~1@td .~eP~ormental mpa statme~ i S o

dispsalof most deelse wastes8b ajnford. 
but ~tdfr~

d~cSi~hSondisO~
1  f the rmaining sijngle-sell tank

wa~t until the lssuancCA ar 200 Aup1mCt en na~

-een or this waste .4 abou.t 
the 'Yer200 A t

t~8 tV ~ ~signed by ME. th e n roaetl

7C~ gn EPA. and TWashi~. State. calis fo

remvalof ~as~l~pnmabl 
ljuidwaste rm 

gnlse.

tanS y 195and final 
disposal or removal 

of he remain-1!

/ - ,rqgieshel. tank Waste y 2018. APPendix- IIcftil

of-% a.r evenlts in thf tanks' history.

DAT NE~f~ ! S~ E~T

As IiC 1C e bit 'there are eri us limt tio ns5 in DOE's

effotS to as sons the leaked 
wastes' 3 vmn hOg h

I,sl* and to eSS'eS ~the envirnmental impact of past leaks.

Firs. DE hs ~t 0 I~lctd adeuate ata 
uon which

informied man&acci~ decision*~ can be made. orprra

prioritis estabjisdconernig 
int ~ge-hell tank 

hazards

or remedial act.onS r*iSuireAd And seod300o~ O a

maintained that the eviro" tal impact of leaks will be

exctreme~ly low or none-cs ent, the 
studi*5 we reviewed 

do ot

priovide conviflaing evidence that this is the case.

-~ a,

D6E has S thered *~~l~edt&Ot ..
k 

ibt~t

* curret mcnitoring cfforOO do not 1pre5vi sufficienlt data to

adq~~tlYtrcethe migationl CA ~Ine laks or te fullY

aS 3c*S their e~ ec 3 LDOE contractor xientit3 s-% th113t

bete wasto mig;%ta da- canl be obtained through expand?'
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use of zurrent monitarmiW methods and through adoption *E

new method3.

,Xccording to DCE contractorS. DOE traces the migration of

4.ank leak=3 throuh thp. ici11 by mito?±in thi movement C:Z

=utbenium-. 06 Howver, "WOE conltractor scienltists say tha

mulhenium-106 is not an adequate tracer, in part, si.nce it

has a relative17 short half-life 3 (approximately 1 year) anli

L3 no longer measurabLe in many locatiOn.6 They also say

that DOE could uza additional methods to tries the movoment

of leaked 1'orsg-liv~ed mobil contaminiZts-radioac ti ve

contaminants such as tachnetium-99 (half-life about 230,000

-years) aad iodinell29 (half-life about 16 million years) aftd

'6?11.11, e

mercury. These contaminants should be monitored since they

are more likely to reach groundwater in measurable

concentrPations than ruthenium-1Q6 . DOE officials said that

I t is much more expeiAvo to trace s~ome of these

containinants tharx it is to trace ruthenium-1O6.

* DOE could collect more complote data and better trace the

mobile contaminants, according to contractor scientists, by

i-(1) anal.yzing soil 3amples from beneath the tank farms for

mobile contaminants that have not been monitored directly,

....j2) eePninj dr? wel.ls in the tank fArm areas that have had

contamination at or near tho bottom to dater-nine how much

ma~have, .1esatedtwr the

~"*'~-"g~roundwater, and (3) incr~azinj -the. nuiiber.op: roundwater. a

.

La

3A IS, I b1- if a c the tirne requirqd for & slhstan~e, '

radioactivity to docreaso to half of its eAZrlier leval

through raadio4.cti4ve decay.

-_7 - - - - - -- 
- - - I---
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moiorn well.s to detoct contamination due to tank leaks.

DOE officiaols age that mare could be done and DOE1S~i'

develoying a plain ti study soil $amnples beneath the-tan(

tlarm~s. However, there is no ,onosus on the merits cf

increaued dry-Weil cr %rozundwater rontoring

ZE-cntractor scienti~t 
have also noted that DOE 

mcst

better determine the characteristics Of the waste storec in

and leakced from the tanks if it in to assess fully' the

impart of the tAnk leak~s. For example, some waste products

may- accelerate 1.contaminant 
migration through the 3oil, but

DOE does not know to whait extent these products are still

present in the tanks-silce some may have been destroyed b<v

radiation or heat. according to scientists. Also, DOE needs

more informationl about the soil between the taniks ..nathe

groundwater. One sediment layer below some tank faris, for

example, could--depending on the t-ype of waste--accelerate

the sigration of highly concentrated contaminants or could

slow and disperse the contamina~nts. fowover, the sediment

~~9laers location hs not been adequxately mapped and its

effectS on waste migrationl 
havA not been fully assessed..

studies~ AeI n.I-IV

About nviroaflhZ~al _L22Act

DOE officials have stated that the envirofienftal impact of

'W h7 Oh l 13 tank-4*9-k Mill..belcq...t 1 onexistent and

:Av &tdsvral i.its5a basis for their jssesment. *:

4 DOE a onr ctor soi iht3sm~1r~U1~

Ittake'd tatik wastfq rea~ched groundwatr because of -the

dr-iLfl of a groudwASter monitoriflg wellI in 1970. More

recenflyi howcver, contranocr scientists told us that there

are ins ufficieflt data 
to conifzrfl how the waste reac 'P, /

groundw3%tr, arid Ithat therO- is Poma chanv! that thT WAgte -

* .reached 
the water byr normal migration through 

the soil.

- ~ - -- -- 
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H!owever, we bel ivc th* xtudj*s do nt provide ccnclusi ye

evidence about tedegre of enfvironlmental Impact

attributa~ble to tank leaks. Some studies indicated there

would be limited 2nirnmna 
iMPA~t but they did not

anlz the impact o! soveral mobile cofltamin~nts c:n

113afrds groundwata' On study predicted &roundatr

coai~ 4 i~hwould *,tce-d 
safe dr nking water 3ta.ncais but

did not projoct the i=Pact on the Columbia River. 
Four of

the astudies we reviwed are discussed below.

Three atudiez focused on the impact-of radioactive

substanOSS leaki ng. from the tanks. Two of them considered

orly substances-that move so'slowly through the soil that

vrirtually all of them decay boforethey can 
reach

groundwater. The 'third atudy addressed the patefltial

radiological effects of l-eaks an the Columbia River 
and on

surrounding populationls but not on groundwater near the

I tanks. only the third study included any discussion of the

eve impact of nonradioactivo, nubstances.
5

A fourth study that eview~ e 8 2 radioactive and

riunradioactive contaminants that leak f rom the tanks,

predicted that many substances w.-11 reach Hanford's

zroundwater and that several, will be in cocnrain

It greatlr above-the. Safq drinking water standards established

by EPA and Washington $tate. Rowevor, this study did not

pr~j~dt the t~c+t on -th.r ;Oolmmbib8 Rive,.Q the, :basis. of*,,.

.a. ;Y;%fYijW assumlptionsl thi.s "Study cnlddthat peak

a.. .~~~~ioa-.pi!.Ofl .Ad WA~tivo :Coftaixanl iodine 9".-

could reach groundate aS33l~ 
1 e or-as

373ie thi--d study. indicated that in a war--,t-case scenriO

the concenltra.tion ot' leaked nit-ate-, in t.e oU.a 'L L

direc tly below a tankW farm could be as high a; ;bout

67 times the drinking water standard.

7 

.

--- DR*T~Jtt-'
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5,500 year$ and At leVq.S exceeding~ the safediiil ae

standard by 4,300 and 31. times, respective!:r Accordifli to

the study, c nta:iminafl-. concentration levels and migrationl~

3pe.eds are highly dependent on the volume of water that

dirains through t. 0! so.. (see table 1.2.) This stUd7's.

canluzcnashr7-- ?nta~t with some DOE sttemenfta thlat

the impact will be ,.ttrecnelY 16w or nonexstenlt. %Howevar,

the studr does not yro'.-ide conclusive anlswers about the

environmenltal *fcts of tank leekcs because i.ts C~~U nS

&re based. as are th other studies, on unproven assumptions

abvct -such things an tho character ist ics of the waste in tl-e

tanks and of the soil beneath them7

D07 CAN nO MORE 'I' MTVIM ZE

DOE haS reduced the volume of 
liquid waste in the single-

shell tanka by Solid~.!yifl a large volume of the liquid,

primarily through evaporation,. and by pumping liquid from

the tanl~. Rowever, DOE can help to reduat the risk o-6

futurv sinale-shell tank leakn and can help to minimize t&he..:.

risks associ at ed with pant leaks by (1) acceler&tilg 
its

program to pump liquid from the tanks and (2) providing~

better $round coveril.' in the tank farm areas to minimiLze

the volume of precipitation that 
drains through the soil and

carries the contamninants toward the gr~oundwater.

As early as 19739 DQS's stated 
strategy for limiting the

danger .ks Was move
w~ ~ ~ 4.oo -g te61aly nd46*tieall';

rainwater, Igqym..wa&shiJ thiough them. *Aoril to bo.

ducunefltz on .waste volume projections 
(Savtem ber 1986-88),

albout 2 mi~ll ioi alls of single-nhell tank wastla Could be

pumped arinuaJ~ly. In the May 1989 tri-party agreement, 
DOE

8 T ~ 7 1 =C
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asreed that all feasiblY pumpablt liquid waste would be

removed from thi singleshell tanks by 1995. We believe

that the riak of environmntl 
dAmage from futurT leaks

=kzit izperatiVe that DCE ollowM i".3 stated strategy tT

rVmno1VT the liquid as anon as it is prcticabie-t~he

ag!rTernft'5 1995 date should not be con.sidered tCe otimu=

zime to complete thV pumuping progrsm; it should not be used

t~dla emvlof afly ]4uid that could be pumped before

TheL Tank-Pumnini1_ .of r

HMO Bee Reoeatedly, DlayTed

To reduce the singlehell tank 
liquid, DOE has sought to

solidif-, the waste through evaporation, and to pump liquid

wa:ste into double-*hall tanks. 
By 1981 DOE had removed

nearly all of the liquid that 
rested above the sol.id waste

in the bottom of the tanks. 
DOE had planned to remove all

liquid that could feasibly be 
pumped by September 1985--

about 9.3 million gallons that was mostly interspersed

within the solid waste. DOE did not meet this deadline and

repeatedly extended the completion 
date for the program.

From September 1985 through Octobo-r 1988, DOE. with one

exception,c limited the pumping program to 
tanks suspected

of leaking. A3 of October 1988, about 5.3 million gallons

of pumpabi. liquid rimained in the 
tanks. (See fig. 11.3i)

Delays in DOE's pumping program occurred 
in part beec1use DOE

allocated most of its available 
double-shell tank space

through fiscal Tear 1993 for waste from ongoing production

of nuclear materials. Additionally, waste PreviOUsl11

'1n 1986 DOE pumped 16,000 gallons from one tank that was

not assumed to have leaked.

9 DRAFT



DRAFT
B-235391

discharged to the soil is now stored in double-shell tank3

anid spocz previeUS17 allocated for single-shtll tank waste

wa3 reallocated to receive other wastos. However, in

Se-Pt~mbe' l9SS, a DO* contran't.or task force ident.-f:ied

3svver.1 Options that. ccllsCtivel?1 Could make availsble an

additiona! 7 millitn l aonz of double-shell tank spacz.

711-ese optionz include cmncentratiofl c! some dcu4ble-sihell

tank waste, acr-el*rat~flg lows level waste disposal and

evaporation programs, and using alternative storage metniods

/ for some w.astes. DOE off icials said these options would

require vigorous eValua~tion and they are being studied.

DOE officials at~ Hanford said pumping program delays also

occurred because some scjeintistz had concluded that the

effects of tank leaks w~ould be insignificant, and because

DOE, placed greater priority on funding other programs.

By 1987 DOE had established a revised schedule to complete

the pumpingS program by September 1996, but, aactrdinj to

procrm. officials, funding has not been adequate to 
meet

this schedule. During~ thie last 5 rears, as shown inl

table 11.1, funding~ for pragrams to pump anid sal the tanks

has been, on average, about 6 percent of the amount

requested by DOE offjiial at Hanford. In the May 1989 tr--

party agreementp DOE agreed to seek the money ntcessar7. to

pump the remaining% 5.3 million %allons by September 1995.

According to DO2 off icials, completioni of pumping on this

schedule is contingent on tintely receipt of about

$56.3 million through fiscal year 
1995.

N~ew Ground Surface Matrial

CQI~ Sl-, Mov nt Of Lusaki

The movement of laake4 waste towarrds the ground-water 43

determined to a grvat extent by how~ mucn water drains

10 DRAFT



DRAFT
B-23 5391

thC~~h he 211. A1i87 ME contractor stud-. noted that

more water drainod through the soil at a Hanford site where

covarse matiria. cov~rpd the ground surface than at those

locations covered b7' vegetation or finly~ textured soil.

SiLnce coarse materi, 31!ravel) covers 'he ground surface a:P

the tank~ fart-s, oxv,, nents are currCnt1? being c-_1duC!Q :

determinle if the same results occur within the tankc farms.

If DOV's final dizposal plan Involves leaving any waste at

Vhqp tank farms, regulationls established under the Resource

Conservation and Recoveri7 Act (10 CFR 265.197, and 265.310;

42 U.S.C. 6901-0-9911 require that a permanenlt barrier

(Sround surface material) must be placed over the tank far-5W

to minimize the amount of surface water that could drain

through Lhe soll. Afc.use DOE does not plan to complete

Sfinal disposal until at least 
2018, some scientists have

suggested the gravel ever the tank farms be re-Placed with an

interim surface material--such 
as finely'-textured soil

planted with Cra~s--in the interv.niflg period to reduce

water draining through the soil.

DOE anid its contractor officials gave two reasons for not

placing a new ground surface material over the tank farms.

First, they said that monitoring data have not indicated a

problem with accelerated movement of wastes. As discussed

above, bowver, we believe DOE's current data cannot

adequately demonstrate that no 
problem exists. Second, they

said that data are needed on the volume of water that moves

through the soil at %ravel-covered and unvtgetated sites

neoar the tanks. In this regard, they told us that results

from ongoing experiments should provide such data beginning

in about November 1989. They *xpect these ex-er. en~Wi

cutnf Irm the results of the 1987 study and will show that

gravel surfaces in the tank-farm areas allow greater volumfes

DRAFT
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of water to drain through th* *oil than wiould surfaces

covered b7 vegetation or finely textured 
soil.

CN 7NVThONNNAL COCRN*

slnc* 1991, GAO ha retrred or testi-Oied man-? times on~ the

C nVironmantal, saiety," and health aspects 
of DOE's nuclear

Weapons complex. (See P. 316 for a partial listing o!f

reJlated GAO products.) We have presented information thit

demonstrates, and DOE's studies concur, that DOE has

emphasized the produotiq3n of nuclear 
material to the

detriment of anvironmental concerns. 
We did not evaluate

DOE's productionl and environmental 
prioritits for this

report. However, some problems associated 
with the

management of R&nford's single-shell 
tanks that we examined

during this review are indicative 
of DOE's insufficienlt

emphasis on environmenltal conlcerns:

-- Scientists suggested as early as 
1980 that DOE test so-I

~Sm-Plaz from bcneath the tank farms 
to improve it3

monitoring of certain mobile contaminants that 
have

*~ I/vleaked from the tanks However, as we discussed. DCE has

* ~ nqt Used readily available techniques 
to accomplish thi.

S l
-Single-shell 

tank leaks were first suspeeted in 1956 and

confirmed in 1961, but wastes continued to be added to

* the tanks a3 late as November 1920. (See &pp. Ill.)

-~DOE's stated strat*%7 for limiting the danger of future

tank~ leakz i3 to purn- the liquid into double-shell tan~ks

whanever Practicable. Howeve~r, as we dizcussed. the

Pumping~ Program has been repeatedly delayed, at least

part, because most of the availabl, double-shell, tank

12 DRAFT
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3sPace is allocated throush fiscal year 1993 to onScing

production and waste-procdsing progtS.ms.

'DOE has5 not taken~ 3dvan-.aze of available tech-iqes ~t:.

leaked c-ontamfinafltz or %-c predict their movement. Until DOE

vi~.,ains better data, infnrmatiofl about the impact of the

tank leao. wil.l continue to be inconclusive. DOE should,

for example trace the movement of the contaminants such as

f achnetium-9 9, iodine-i
29, nitrates, chromum, and mercur7--

"that are more l.ikcely to reach groundwater in measurable

concentrations5 than ruthenizninl6.

Available ctudies do not provide 'convincing support for DC'E

asserti.on3 that the *nvirenment;Ll effetts of tank leaks

'will be extremely low. *r nonexisten~t. To resolve

uncertaintv? about the *ffects, DOt needs to obtain better

data from the tank farms to support future stud-- assumptionls

And validate study results.

The program to pump liquid from the single-shell tar.ks has

of tan bcenx delayed because insufficienlt space has been

reserved in double-shell tanks for this purpose.

Insufficient apace allocatlo' in the double-shell tanks has

bcca the resultl. at leas'. in part, of higher priorities

being anzigned to waste from ongoing production activities.

DOE may lessen the effects of tank leaks if it replaces the

gravel surfaces above the tanks with a less permeable' ground

surface n ate lt reduct the volume of water that drains

through the 2oij. In-Yiew '6f '~Ptfl1 for16gtr

A-environmental daimage"'from tank leaks, DOE should deveslop :

immediata, specif ic plans -to place a iterim 4round surface

13
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material over the, tank fZarms. If s as expected the current

.xpeimeftinjdicate that the gravel surfaces at the tank

,farms significafltlY aflect water drainage through the so;-,

DOE would tnen be able to expeditiously replace t,'., gravel

3U-&* in the tian:'% -.*rm areas.

To minl.ize the environm~ental effects of tank leaks on the

surrounding soil and eventually7 on the groundwatert we

recommnud that the Secretar7 of Energy take the followins

action:

-Conduct a dataathrilg program sufficient to assess th

risks and extent of groundwater contamination from tank

leaks of mobile and long-lived radioactive substances.

-Assign appro-priate resources and priority t.u the single-

shell tank pumapin; program to ensure that (1), as a

minimum, all feasibly pumable liquid is removed from th

(i tanks by 1995, and (2) the 1995 goal is not used to dell

removal of liquid that could be pumped before 1995.

D- evelop specific planx to replace the gravel surfaces a.

the tank farms with a loss permeable material and

v promptl? replace the gravel surfAces if ongoing studies

indicate that these surfaces could promote 
the movement

*of waste t~lward the groundvater.

To obtain our information, we interviewed engizeers,

managers, and scientists at DCE headquartern and field

offices, Pacific Northwiest Laboratoriet, RPA, and

14 DRAFT
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Washing~ton state Dopart3Zlt 
f Ecology. ealoried

official files nd various Pblihd ard unpublished

repots (see AqP.Z.

our rview was codcted btween August 198u and February

19S99 in accordance with generally acetd government

auditinlg standards. 
As agreed with 

your office, we

ebtainuId Officil" agencYr comments On A draft of this report

anid, where apprQIprit l modified the report auvdinfgly. As

arranSed wtyorfices 
unes OU blicl-Tanuc 

t

contents arlir, we Tlan no further distribution until 10

days from the dte of this letter. At that time, we will

prvide copieS to DOE and other interested parties 
upon

request.

HaJor conrtibutors to this report are listed in appefldis V.

sincerely Tours,

J. Dexter ?each

Assis~tnt comptroller General



-
DRAFT

CONTENT1

APPENDOI X

DOE'S STORA~GE AND I 4NAGCNENT CFt WANFOP15

SINGLE-SWELL TANK WASTR

III CMRONOLOGY OFt MA.0R EVENTS IN THE HISTORY OF

SINGLE-SHELL TANKS AT HANFORD, WAHINGTON

/ I OBJECTIVES, 'SCOP2, AND METHODOLOGY

V MAJOR CONTRIE(UTCRS TO THIS REPCORT

TABLE

1.1 Single-Shell Tanks at Han4ord That DOE Assumes

Have Looked 
21

1.2 The E44e c4 the Annu'al Recharga Rate on

Peak LevelS a4 Conta~minants Ln the Han4ord

Grounwtme-Time c4 Arrival and Concwntr&amon-

11.1 H4.n4crd Sudget Requests and Epnditurmas
to Pum~p and Seal Single-Shell Tanks

FIGURES

1.1 C,.os-section 04 a Typical sirngle-Shell
Tank

11.1 Wate Stored in Han4ord'% Single-Shell2
TAnks, 1966-82

11.2 E.tiMated Amnount o; Pumpabl@ Liquid in

Single-Sholl Tamles and Reported Amcunt-

Puinged Each Year, 1981-88

II.Z ivoitioI9 o4 Licuid in and Around

Single-Ghe3l Ta~k at waniard
am c 4 C;.tcoer1932

114 Amounts o4 -feasitly Pumcable Liquid in A: 7'.

Sirigle-SH0141 Tanks, as 0 4 acetomwr 19sa-

DRAFT 1



RELATED SAO PAOUCTS

A§?AEVTATjQ NS

DOE DeErimn o rgyr
EPA Itiqvirgm.'gnal Pv'otoct±ol Agency
CAC General AcaumtinJ O4+icm

A.i"



APPENDIX I tNi

Thiz OPPendig PrOv.:de' backgrounld in ormation about some a4th

#gat~r*5 04 a typical Han4ard tingle-3t9@l1 tankI, the extent c#

leak* +roiM the tanks, and one study's conclusions about the

iffpact 04 thoe leaks on Han-ord's groundwater. The Decartffint

04 Energy 009)' assumpA that 44 a4 tha 149 single-shwll tank% at

Hai,4ard have 'leaked, but data concerning the amount leaked 4rom

many tanks are inconclusive. According to the study, the time

vequired.4or peak concentrations o4 leaked contaminants to reach

greuadwatef and the levels o4 these ceccntratiofls are highly

dpenden~t u~cn the amount a; Qatar th at drain* through 
the soil

each year (recharge rate).

a TYPICAL JNQLE-914ELL TONK

Figure 1.1 shows some 04 the 4eaturea 04 a ty~iCAl Han4ord

single-st'ell tank that can hol~d i million gallons. Special put-o

equipment extends into wells created in the Mostly solid waste.

To detect leaks, 002 monitorS the liquid levolS inl the tanks and

measures levels 04 radiation in the dry wells near the tanks.

There o*e 2z singla-sHell'underground, waste storagje tankq At

Ha'q4gr-d with 1-m illieon-gqllofl capacitia s. A-* o4 October 31,

1968, each a# these tanks contAinad, on average, 290,000 gallons

o4 waste-about 7,00') gallons o4 liquids resting above the solirJ

Couch as sludge and crystalline salt dopntits) , and about 97,660

g41llonz.0@4 drainable liquids Interspersed in-the 
solids-*

'~orconvni~~u, - ~entiy fC2 tbhrCughCut thiS iusina

the 4Qdvrax1 agency/ responziblq Jor- couratior's at HincrJ DCS

wa prec2ded in thic responsibility by the Army Corps o;

2gimemrs (194Z-44) , the Atomic Energy Ccrnmisgion (1946-7E), and

tha Energy Razourc-as and Development Agoncy (197E-77)-
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(CAppcity c4 1 Million Ga1?g

Pg~ae it.i: Crs~ao of a Typ~cal Skng.hf*I Tenkc (Caeef of I mnun cal...)

d~sw, iaOlY wred sufahce-

Li~~~Uidi rutvsen..
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~NGL-~LLTANkS T4T

DO Ca,:flot Meas.J1W tn l'.4uic i~%O n many tanks amt d*0*nCS V

cry-welt l~' t' detect tank leaks and *g:t3.%t the amoun-

:-f leakage. Aczrdifq %C Dc z44;jajz, the desi~flatiofl "asgum

looker" does not indicate V,%e tank ig currently Inaking, Out

rathr tat DOE a--%%me% t' tank has leaked at sou ie ib

/ list o-F assumed leakers imclude~q tank% iwi each 04 HM~rd's 12

sinle-shlltank *arms as wall as 2 o4 the 4 most recontly

constructed single-shall tanks. DOE eatimate* that the 149

.siriga-shell tanks, contain about 4.9 million gallons o4.draifla

wast-e and, _&s shown in tabl* 1.1, about 1.2 Million gal loms of

this remain%~ in the 66 tanks thnat DOE has identifiod AS ASSUmed

I eaker's. The vclumag 4cr tank leaks shown in table I.1 are bas

an estimates by DGE contractor staff. The other information in

the tablS iS tbaS~d Cn 01E r8CeodWs.
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LCA' I~in CMC-;WS

remazmng :n

When, IdetiiiC at Numboer Esti natud tznks aszumpd

-at A%4um~c lea~e C leakage tz 1ave legkot

7162 16
196-6 590 44

196-7 29~4 101

19104-713 zo too 031

1"-: 310t 14

1984-09 A 1188

Total 66 743b, 1,19414
- man=

-Drainablo liquid includes all liquid waste (as o+ October 1988)

that could drain 4eom the tanks due to gr~vity i4 the tanks

rupturod. It dogs net include A pcnrticn 04 liquid wast W th9at

w,0%jld adhere to the solid wate within the tanks-

-0GE c~ntractc- sta~z rculcen this 4igure to the nearost 5,r0

gallonsz (7tO,00O) and has no precize estimate a4 the amcunt c+

leakage +u-dm miany individual tanks- Until recnrtly, the sta*+

had 09timatee the leakage cou~ld rAngj. 4rom about 170~.000 to

900,000 gallems.

-OE~ estimates that about 6C000 ga lona of this draiflable waste

could be pumped 4rom siut o4 that@ tanks. (See fig. 11.4.)

RECMXRGg gATE CN SSNFTCANTLY aF_CCT

NV!PONMENTAL IPAS;T OF' !.~Lr) WASTE

The length o0F time raqu ired ;or peak concontrations o4 leaked

t.ank ==tmiat to rvacn tna :rautdwatwr and the level 0; the

P awk crcn va~ry ;r~at1'/ d~p~ncinj cn 'hp ar!-'ual rcnar;a

ratw. Highettr reenargo ratps rgduce thp time rviuj4rQd -;cr

Cntminant% to reacd' Gourdw.'Atee. In the study ViC~n whic.1 ltablz

I.:! is bAsed, tri. highQ~t anmual recharge rato oxamirnQd ves

C=t. mQt~f-S. (Avsdv-aqw ann~ual recharge at one Wan~ord site, hAA

54.rica tbeen at± about 1.6 cvntintaters.) Tho assfn~gud

D'AF"T
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at c;-eeld lnlle ovqr tb* t~n l~'n Wculd rM

The ~&fr~ul~I r~t~'~~~ ~Oj. t.Z ~G~Wwre basso, n

7he ~ * t m~ c k c4* O :27t1 rcf tanks %M:

4 H sf r s a'ng --anl kZ~ Farms. T?%* t ble Is based on~ a

/ tudiy by a DOE Contacor- h rec -%aQQ rts;~ 24 .1 Qtim~tL

4cr an installed grcutid CO-Iori is an awnLum~d 4igure and the

actual iiques ould di44r tut the value 04 the tudy is that i

d am f lstr-Att t h~at rl t i~V I1y Iin or di +* in t?95 r shar g*

ratt ~~9c thfl-'' am~~ !vironmntal jmQ8ct G+ tank lak .

in the M 4o1 ~r nwarf-T"2 04 Arfv3l 3Md 0C nctlratidnl

Peak cg entration caspared

4tm9 z er aftr l~ with diflkifQ Water standa~rds

4-O' ~ c C nt~ : (Pr dct d lev elO1 nt 2 n t~

raches 9rudWatr at -IM 
thl stsn i3S~ U iandad

r a rih ! at e 3 4 - i t a n a n n u a l -~ h a r~ i r2tt, 1 4!

5400 11,000 101 
640 4,900

TuchflytAi&5-9 5,500 i.,Z 
22 478 41111

,itn'u'Z 000 5000 700 
41 429

Carbon-1 4  5400o 1590 IS .63 20 120

UraniumS23 
5,500 1,700 Leo .11 .36

Chromium 4s900 1,V230 155 .74 1513

Mir gtzs 4,900 1,2305 
.33 7

*h5 j h ulp d ietho acturrn aI~ F the tank leak and tht1 arr~yl

* Th s J- hge l api li n 13e W rN00" d t2r 00 ett'3 4r 42 th e tank fareS.

I I , i s t h u p p r d c r ; a k zn C * M t 1 i m 0 e t t z i a t i 
n t h e j e au n d a t e r

:00 xvt~ r s fr om V1 tank far s s a ~ GulflPl9 
w att 6t n ar S

t~he InviraOnl- Protection Agun'c? And tiq? ttvo ci 1 hington'. flflvtaton

directly below tFhe tank fir% co uld be %.-hr

D98IA T r-4
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pa I STCROGS AND MANAGEMENT M WANFORn

SINGLE-SNIL !NIC WASrE

This apend~x describes past DOE management c4 the sin~le-smell

tank( li1aud waste and t9@ current status 04 that waste %mrlttding:

I- decrease in tank waste 4rom 1966 to 1980,

2. *nnual data on amounts pumped and amounts remaining in the

/ tanks that could be pumped (1991-G9~t

3. dizpasitiofl o4 liqAid waste in and around the tanks,,

4. amount 04 liquid that could be pumped 4rom each o* 43

tanks, and

5. amounts o4 money spenit to pump and goal the tanks (1964-

CI"ANES IN StNGL9-SHS' L TANK

WAST" 9.TEORIES. 166-918

Figure 11.2 shows. the decline in peak levols. a4 both total waste

*nd liquid waste stared in the tanks over the paut 2 decades-

4rom about 77 million Gallons c4 mostly liquid waste to about Z7

inillion gallons c4 mostly solid waste. The volume c; qcilids

incruais*4 (4rom JZ.7 million gallons to about 34.2 millinn

Callons) primarily because residue, such as Aalt deposits. 104t

In the tanks 4v-cm evaporationl o4 liquid wastes h~s solidified.

DC' ccmtimued to put waste into the tanks until l9SO. Also. DOE

placed zzlidl int= some t-ant'- to halp absorb the liqt'ids. The

amount 04 liquid resting above tme solids doe-linwd 4rcm accut 6

million gallons im 1964 to about 0.7 million gallons in 1;S
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~jprc wte Stord ir H' Stnal n~~l ?pfkl 96j

Plpvm dWasu tored IMl Hanftft'S

0
go

go

10

TANK PUMPING PROGERS SNC

As snown in 4igurs 11.2 the wstim~td Amouctnt C+ litluid ifl t19G

tnk* that could be 
+easiblY Pumped hao declined since 1981, but

the rate 04 decrease .iAS boon~ lower since 1985. Scheduled

pumping andod in Augu~st 1995 and, ..ith one exccOtiofl, 
DOE has

pumped liquids sinCa A~uut 1965 onily 4rm tanks with %ugoettad

I e~kL-. (00F- pumped About 10"O00 g.allons fromI one tank in 19e6

tollat wa5 not Su;ected o4 lwakimga)

DR AFCT 2
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Pi~t@!!.: stia~d Aot~4 *ma1@Liguid in Srl-h~

Tank% 4"4~ RZOSre imC19 PI'ed !aS Va.O9it~

~pu1 !gki. Anxd alks
- Liquid r s ~s eek m

WW. - - twe
Yew, M-19

2

7wwLa i

MotWa #dpr" m w a a 9

fq5tfmw~m"7 l

sm%"sWeat&

akwomsi m* =f m(,lc
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most 04the C4?tang in~ the volume 0; pummable liquid volume is

attebwtcleto DCC's pumpingq program (about '".3 millhcn gallons

Pumped~g sinlce 199.3. A"czorrjifl to A COS cntractor, most o4 t.-

-=n.V C!F 995e aa9 c!ue 1: C.'ang2s in~ Methocs t* 05I.-iAtO Af~d

is =+-ficiol. e-aaic c-: tha waste, leaks o-; liquitd avu: r~z

the tanks, ancs leaks o, wazr (OticI as rainwatets) i£fz the

tanks, have hiad a mintrimZ 9*sCt.

LIQUID WASTE A-Tg9%P IN AND

As of October lQse, tihe tanks contaiFm6d About 8.2 million gallons

of liquid waste. Aboujt 6.9 millien gallons 04 th~at wasto2 could

draim into the soil throught tank ruptures. However, as shown iM

figiuE* 1.z' nor estimates that only S.1 million gallct9s 04 ti

could be 4easibly pumpod becausto either some o* the licuid dains5

4.00 slowly through tme solid waste to be feasibly puM~ed-. The

remainling i.= -mil-&ian gallars c4 liquid waste will not drain. Cas

a res6ul! 04 aravitatiomal icraut) because it Adhereg to the

solids*

CT0
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Fi a re 1 - Z 11I 
an~d Ar'tut d ~

Ta7tk 6 Ina. rka nm~

p. MGMo GaiL PWVW9Ab4 Lww

Ur4Gt. WITH L1QU!D

DOS has two basic criteia tz ideflti4y tanks that czti

drajnable liquid that ould be feasibly PunPd: ()thse that

hvo 50.00O gallons or moare a4 ~draiflable liquid intripprsed

withinl solid watte and (2) these@ that have 5,000 gallaflS cr more

4 liquid aboveC solid wate. By 0 0lyin the* criteria GAO

fUfld that 43. 4 Han4crd-S 41 Singl-shell taks conlti l iqvi

tht ould be 4c*Sibl 
YPuflPd- (See .4fg)r 

.-Acain_9t

a V.OE 0 f4jCIAI DOE mfa .yI Idefti4y 4d i al tanlcs with 40asibly

putn~ab'l liquid whom it per~crms 
ungjnegring afl~lysas 

And reviews

DRAFT
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_-an'ks A,& 04 Qctpg 1.I.

Figure TL Aniount of pumpable Iquid in Each

of 43 single-Shoell Tanks as of October 31, 1968

400 GWJnS tn husaflds

350

300

250

200

150

**Toni. that DOE ossuffl5 have looked

*Note: Enqineertfrl 
dnluSadCj fOEscreon puapnks.if my

ln~i cte that flquId can feasibiy 6. pumnped fromn addItIlcns

Two~c~Fold-out~
Fig. 11.4
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Two-Page Fold out
Fig 11.4
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SEAL S1Nr2L&.-SWC.'' TAN)WKS

As shown %M zble I~ ~rda3~?uSmiin~Lj9

thie ZYevat zeriod /oars)~a tz pi.ufo liquid irem tna

tanks an seal t*1'm -% pravq'nt unw~ianted intrusion's Q+ liouid

zu~Pi as rainwer Intc the tanks. This amount is 1About a S en

of the money requeSted tv, $an-crd C44icials 4or thos. year,% And

/abouta' 3 pat-cunt c4 the total SZ. million o4*icials now estimate

(as o* April 1999) it will cost to completo the pumping and

sealing programfs. Haniord 044ici~l5 racUested about -S. millionl

*or th~ese, programs ;or 4iscal yoar 19134.

Table 112 H anford- Sdie gutsad EyonditueosT Tq!m.4fl
Tk%(Dollars in thousands)

Fiscal H,,%mord DOE Exporiditure@s as a
Year T-d! turoll .. ,f*-Prnt e4 rau9S*

1984 $11,120 S 100 1

I9M 10,18'q) A44 4

1987 a9t680l e927

1988 1,,7394 31

Total 3-14,961 317.
m=was=

.0br
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I

CH4RONOLCQY OF MaJOF4 EVENTS Itf THE.4 WISTCRY

~~~FT S L-EL NKS AT WNPORD- wASHINQTgN

1944 First =iriqieMOhl1 tank% went into service.

19,36 Frst incijcatXzf 0; a potential leak.

1959 First Singla-5hall tank idanti4iod as aeguffied to have

leaked.

1961. First leak con4irmad.

1964 'Canstruc~tiofl comoleted on the laot group o4 %ijfle-Gshell

tanks.

1966 The last o* the 149 single-shall tanks went into

service.

1966 The total volume c4 waste in the single-shell tanks

reached about 77 milllion gallons.

1966 Czmstruction 6+ the 4irst double--%Hall tanks began.

1970 Drilling o4f a groundwater monitorinlg well reportedly

caused spread c4 loakod highly radioactive contaminants

4rowi single-%hall tank to groundwater.

1972 Pumping program was begun to trafl,40r liquid 
4rom

simgie- to doubls,-sholl tanks.

~P~AT
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DOE stecood PjAC4?9 g any w.asts ;Am*to the singl-smell

I~.±' -aS~ ~ ,]t..51901J tanks -auact -

mcre ;.-Nan : Zfz ahevo the Selld wastv.

Plan's 'adootWd to troans~er the reann G.E .flhCin

gallons 04 sing i-shi. tank waste that could be

*geizibly pumped into th~e double-Iti~ll tankS by !95

1995 Planned pumping sclft*duls not 4allowed and scheduled

pumping o4 th, %ingle-sholl tanks ended. Simes Atiust

'1985, DOE has pumped liquids only 4rom tnks it assumed

h~ad looked, with the exc~ption a+ aboUt 16,000 gallons

pAmoed from one tank in 0%8.

14?88 Five tanksr were add9d to t]h. list c4 asgumed leakers.

19867 OE, EPA, and washiflgto2 Statm signed an agreemnt in

which DOE agrood to pump +.he remaining S.", illi1m

gallons o4 foasibly pumpabie liquid waste from tha

singlen-shell tank~s by the end 04 4iscal year 1995.

. -
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As a result a* dicus63Ofl with thet c**icws 04 Senator Adams &me

Raveentatjv Ungaeld' £Prodecessar, R.05-.sentative Banker, in

Aug~ust and Novmber 19ss, ** reviewed C's manaqamerit o4

VdrrVJnd SjnglC-.. SM0l waste Stnrage t&Mn at its Hanford,

Washington Oita. Specifically, we

-reviewed DOE's 944orts to monitor tho movement c4 leaked

single-%hall tank waste and access the, *44ac*,i o4 leaks

avn gr-oundwater, and

-- xamined same, methods DOE could use to redunm the

environmental impact% 04 pawk leaks and thie risk 04

4%4turs looks.

To mcet these gtjecivos weg Imterviewed scientists, engineers,

and wanagqrs wort-ing 4or DO's operations *44ice at Richland,

Washington, and at the DOE headquArters 044ice o4 anvlronmental

Audit, the WaztingMousa Hanford Ccmpamy, the Battelle Memorial

institute at tina Pac14 ic Northwest Laboratories, the

Environmental Protection Agency's Region~ 10 c44ica, and the

Wshiniqion State, Department c; Ecology. We also reviawed

c44icial records o4 tank 4arm surveillance data, monthly waste

invantov-y repor-ts for both siM934- and double-%hall tank%,

roar-ts on SiMSle-s6hall tank pumping, annual and quarterly

projetions 04 Single-'ind double-shell tank space utilization,

' and vav-iou* publisrned and unpublithed studio* and reports

concerning ouch things as singlo-shell tank-pumping plans, saeotv

c; singte--r'ell tank. operations, and the mobilitv c4 variouas

cztminants in Haniord SZil;.

We Provided a utatemer+. c4 4ac'cs concer-ning our audit 4indjngn t=

OCE 0 4 4 jcial= in t~bnc 04-ice CQ4 0040MUO Program% and ti~e 04iie 04
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Mdrnizatioft and Cl* lu: Problems are EnormOUS in -the Nucl.ear

Mefl ccmt' 1~OT. a- 7 .. March 15P 1989)

Environm~ntal Problems at the D.a&rt"An t a! Enercvts uclear

Wea~fl Co~le (GO/RCED89-1
2 , February 24, 1989)

Nu~clear R*Alth and Sa!etV sumary e! Major ProbleMs atI O'
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rectiv* Manaqwemen1t an~d OversiQbt Of De's P-reactor at
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Nuclear Health and Sfty DOEZ -ed85-aeFrte ctost

/Ensure Safe Trans ortation of Radioactive Materials (GAO/RCED- 6

&ucO~ Siene: Isues Associated With COmlatinc WP- La s a

Defense maerials Prdut if _Reactor (O/RCED" 8 2 2  et 1

Statu 014te Deartnent of Ener YS Waste isolationl Pilot Plant

(GAO/T-RCEDG-
3 l Sept- 13, 1984) -

Nuclear Wast ProblemsI Associated With DOE's Inactive Waste

sites (GAO/RC .-8 '169 , Aug. 3T 1988).

Nuclear Heathi and Sae: St:iQ [vriht of Asbestos-

Contr-ol Needed at Hanford Tank Fa:(GAO/RCED-88-
150 , July 29.

Nuclear Health and SftV: oversicht at DOEs mclear Facilitiks

Can e srenthoed (GAO/RCEZD-88-1
3 7 , July8,18)

Nuclear wastet-DOE's HadiG of nod eservation Iodine

inform atiorl (GAO/ICED-69-lS
8 D May 25, 1988).

Nuclear Healt h and Sft umr of Problem Areas Within Une

DOE NuCI~r Cmpox G.O/REDS~l
0~Mar. 28, 19 88).

Nuclear Wastat Unresolved issues Concerning Raford's Wa sto

.. ,.Mana&gemn t Practices (GAO/RCED8730, NOV. 4,198)

Nuclear EnerGY' Con- arA~n f DOE's anford N-Reactor With the

Chern~obyl Reactor (cAo/RczD86213BR$ Aug. St 1986).

rRn--njsioflinc Retirgd Nuclear Reactors at Han!tr '4 esrtioln

(RCZZ~iO~eApr. 1,18)
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