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| sune 12, 1989
The Honorable James D. Watkias
The Secretary of Energy
Dear Mr. Secretary:
7 - Enclosed for your review and ccmment are two copies of our
draft report entitled Nuclear Waste: OOE's Managemenat of
Single-Shell Tanks at Hanford, Washington (GAO/RCED-83-157),
To mect the needs of the congressional x« uesters, we are
asking that your written comments bs provided to us within
15 days frem the date of this letter. If you have any
guestions, please call Mr. Carl Bannerman en 3%53-3711,
Twenty copies of this draft report are also being sent to
the Cffice of the Contreller, DOE.
As ths veport cover states, the repert's use is restricted,
and it shculd be safeguarded to prevent | blication or other
improper disclosure. The drafé and all copies thereof
remain the property of, and must be raturned on demand to,
the General Accounting Office. o
Sincerely ycurs,
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United States
Generul Accoundng Office
Washington. D.C. 20549
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R in the tank farm areas to reduce the volume of
=i+~ - pracipitation that drains through the soil and carxnies
¢ontaminant: teward groundwater, The env1ronmen.al risk of
Future lzaks ceould be reducad b4y accelerating the preogran.

sump ligquid Zzom the gingle==nall tanxs.

For more than 13 wears, DCE'g stated strategy for liaising

the dange~rs associated with leaks frem single-snell <anks

Las been to remove the liquid waste as soon as practicable,
/. However, schedules to puxmp the liquid from the tanks have

been repeatedly delaved. In May 1989, DOE signed a :ri-
party agrsesment with the Environmental Protection Agency
{EPA} and Washington State that establishes a schedule to ’
remove all feasibly» pumpable liquid waste from single-shell
tanks by 1995. The establishment, within a formal

agreement, of a definitive date to complete the tank pumping
program may help ensure successful program completion.
However, we¢ beliaeve that tha agre=ment's 1995 date shculd

not be used as a guideline to delay removal of liguid that
could be pumpedAbefcre 19835,

CKGRCUNT

Hanford’'s 149 singlc-shell tanks hat Eapacities that ranga
from about 53,000 to about L million gallons. They are
. covered w;th about 6 to 9 faet of soil topped w1th gravel
.ﬂ:‘;;;:;ff-_.éﬂéte clustered ;n ‘12 groups’ czllcd ?ank fa:ﬁd'f‘(See 123
I.1.7 From 1959 throush 1988, DOE officials identifisd '
' Iééffnxte o: pozs&blc leaks in 86 of Hanford”l“fF§7FT£ lea

':"- _'..' LIRSS L AT LRI )
i, . ,shell tanks~-5 of the 65 tanks were 1dent1f1ed 1q f

\'

DC’ contractor s%taff curccntly estimate that aocu"7‘0
gallons have laaked--recant satimates had rqrged f om abcusz
670,000 to about 900,000 gallons. (See tabla I.1.)
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DOE estimates that the single-shell tanks contained about
77 million gallons of liquid and solid waste in 1966 bugJ
this volume was reduced to about 37 million gallons by
October 1988. (See fig. II.1.) All tanks built at Hanford
since 1968 have been double-shell tanks (concrete encased
tanks that have two steel shells), and DOE estimates that
most of the liquid wasie in single-shell tanks was reduceq
by pumping it into double-shell tanks or by evaporatihg the
liquid and leaving the solid residue in the single-shell
‘- tanks.¥ Recen: production-activity at Hanford has resulted
in about 8 to 12 millien gallons of waste being added to
double-shell tanks annually. Evaporation processes reduce .

this amount to about 2 to 4 million gallens.

Some radicactive and nonradicactive contaminants that leak
from the tanks tend not to migrate through the soil very
much because they attach to soil particles and esszentially
remain in place. However, other contaminants are more
mobile and migrate more quickly because they are soluble and
do not adhere to soll particles. ©One DOE contractor study
‘gstimated the time required for contaminants to reach the
groundwater ranges from several decades to several thousand
years, depending on such things as the volume of the leak,

" the extent 1 wh! a the moil re irds movement eof the
contaminants, the distance from the tank to the

. gropg§ygsff’ 52i"£§' amount of water draining through the

T osedls where.leaka ‘have Sécurred i (Séb tabIE”I.Z ) e

'..'..,‘_.q.-q| -

1 For the remainder of thls report the word tank and the .
tzra "mingle-shell tank" will be uszed inlerchangeatly.

iPracipitation at Hanford averages 2 lit4le mores than
6 inches & year.
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CCE ccmﬁletad ;n'énuircnmental impaai statamen: in 1987 for
disposal of most: dafense wastes ag_éanford but it deferred
decisions on d:spoial of the rem&in;;§~szngle-snell':ank
waste until the izsuance ¢ & supplemental environmental
statement for this wazte in about the year 200C. A Mayr
1989 t-‘-ga:tv”iéééoment signed by DOE. the Savironnmental
Proteciion Agonc7 ‘{EPA). and Washiﬁéiéﬁ State, calls for
removal of AQ&llth pumpable liquid waste from single-shell
tanks by 1995 and final dispesal or removal of the remaining
s;ng%a-shell tank waste by 2018. Appendix III contains a

ch:nnolozv of aaaor events in the tankl histery.

i Tiee Tl
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BETTER DATA Ng'ggg_n‘ TO_ASSESS EFFECTS - )
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As discucsed below; there are saripus limitations in DOE’'s
~efforts to assess the leaked wastes’ movement through the

s0il and to assess’ the environmental impact of past leaks.

First, DOE has not collected adequate data upcn which

! . -—M
Q**‘ inforued managrmcnt dec‘sions can be made, or proaram

or remedial actions vrequired. And saeccnd, although DOE has
maintained that the environmental impact of leaks will be

" extremely low or nonexistent, the studies we reviewed do not
. . - N ) I —
provide convineing evidence that this i3 the case.

TR ( :

I+ ,‘_-:.; r N ., -1.
d LS I I -

DOE has gathered cttens;v- data about tsnk leakﬁ; bué its
current mcn;tor;ngycfforss do not provxda sufficient data to

.....

adequately Srace the migration of the laaks oz te fully
assess their effects. DNOE contractor scientista say that

better wuste mig:utionmgata can be obtained through expandz<
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use ot hurrent monitoring methods and through adoption »

Te o =4 o
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new methods.
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According to DCE contractors. DOE traces the migration of
tLank leaks through the 221l by acnitecing ths aovement cf
"uthen$un-106 fioweve>, DOEZ contractor sciesntists say *hat

|- SR ru.QQQLga-IDb iz not an adequate tracer, in part, since 1t
% B has a relatively sho=t half-life? {approximately 1 year) and
| is no longér measurable in many locations. They also say
that DOE cauld use additional methods ¢o trace the movement
of leaked long-lived mobila contaminants--radicactive
contaminants such as tachnetium-58 (half-life about 230,000
years) aad iodine-129 (half-life about 16 million years) and
0 -i:§9"---_l--_-L-.- [P ES.pRu K SERDUPR AP R LhNIHIUI tud

- nercury. These contaminants should be monitored since they
{"'f. . _are more likely to raach groundwater in measurable
concentrations than ruthenium-106. DOE officials said that
it is muckh morc expensive to trace some of these

contaminants than it is to trace ruthenium-10§6.

DOE could ¢ollect more ¢complete data and better trace the
mobile contaminants, according to contractor scientists, by
—— {1) analyzing s0il samples from beneath the tank farzs for
mobile contaminants that have not bean monitored directly,
. (2) deepening dry wells in the tank farm areas that hav had
contamination at or near the bottom to dnt.rﬁine how much

e PR I 2 o d el X3

'“"'"7‘*‘““"'1 Iprtherqunt§mjnnnt3 may huve penetratod toward the
‘;;'" ;roundwat.r, and (3) 1ncrsasing the number oﬁ grcundwater b b e

3A half-11¢a ic t\e tinme required 2o0r a suhstance s
radicactivity to decrease to hal? of its earliar leva!
through racicactive decay.
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munitorxns wells t°o dnfﬂct contamination due to tank leaks.’
DOE offzczals agree that more could be done and DOE {Hi'

developing & plan £ study soil samples beneath the" tank

Zarms. However, thcore i3 ne conseansus on the merits of
increayed dry-well or groundwatar monitoring. ///
COE-contractor sciontists have alzc noted that DOE nééé'z to
better determine the characteristics of the was-e stareavtf
and leaked from the tanks if it ix to assess ?fullv th

impact of th- tank leaks. For example, some waste products
may accclerate contaminant ngratlon through the soil, but
DOE does not know to what extent these products ars still
present in the tanks--since some may have been destroy@d by " .,
radiation or heat, according to scientists. Also, DOE needs
more information about the soil between the tanks andﬁihe
groundwater. One sediment layer below some tank farms, for
example, could--depending on the type of waste--acceig:éfe

the migration of highly concentrated contaminants or ¢ould
slow apd disperse the contaminants. However, the sediment
layer's location has not teen adequately mapped and its

effects on waate migration have not been fully assessed

tudics Inconclitaiva

“out Environ tal I éct

R A

DOE officials have stated that the environmental ir ace of

‘the’ B1ngYe~shell -tank- deaks will he law.qn nonexisi nt and

G-ql'

PP YV T L
;

“a-l..“"‘ ‘L*--‘--~}‘l,y

“ﬁava citéd aeveral siuéi~s az a baszi for thcxr ass ssment i

':‘,.’I'r "‘. 11!5&_;;1- N red bl THT -_ e i =t e oLl L
¥ _4’1!{‘! ——rr ... ' .‘ft}flﬁn‘.)’r SRR a*iﬁ’- '1{" II el -&‘-'!; f“!lbv{...f, _{; F“”'" .
4DOE contractor studies report ‘that & smail amount’ f.; et R
luaxed taunk waste reached groundwater. because of the .
drilling ¢f a groundwatar monitoring well in 1370. More
recently, however, contrscfar scisntiats told us tHa, thare

are insufficient data te ¢onfirm how the waste reach
groundwater, and that thers 1s mome chunce that the waate

reached the water by normal migration through the soil.
I T R A

“‘“‘"““"‘“"DnAFT*““““"“““4“""‘,‘“

_—T .Y ~ Lo e



, - DRAFT

B-235391

However, we beliewc th' 3% deos do nnt provide rcncluSLve

evidencs about tho degree of cnvi-onmantal impact

attributable to tank leaks. Some studies indicatad there
would be linited 2nviranmaental impact but they did not
analyze the impact o2 saveral acbile contaminants con

Hanford's ;roundws:a*. Ina study predzcted greundwazer

contaminaztion uquld axceed safs d~1nk1nc wates stanaa-4s hu-<

did not project the impact on the Columbia River, Four of
the studies wa reviewed ars discussed below.

/
/ Three ntudiee focused en the‘zmpact ~of radiocactive

| subgstances leakzng from the tanks. Two of them considered
enly substances that move a0 -lowly through the soil that -
virtually all of them decav hofore "they can reach
groundwater, Thc thzrd study addressed the potential
radiclogical effcc:s of lsaks en the Columbia River and on

’ykgd\surrounding pepulaticns but not on groundwater near the

\s u)l tanks. Only the third study included any discussion of the

w( ,& impact of nonradicaciive substances.? -

} A fourth study'that'reviewgd'ZO radioactive and . . T
nunradioactive contaminants th#t leak from the tanks,
predicted that many subs<ances will reach Hanford'sz
groundwater and that several will be in concentrations
greatly above the safe drinking water standards sst: lished

by EPA and Washington State. However, this gtudy did not
T ""f'ﬁn?fiéct the impact on the Qolumbia River,..0n the basis of

v a TR
S et e 4

- "*;__ ' "varying a:zdmptions, thzs ‘study eoncluded that peak :
. l‘ ;,' )~ - P : '.:_._. o A R A LT . .
f':‘ R ,' ﬁzentratjénsﬁpffone rndxda¢tivc contam1nant (1odine 129)'--t:~

Dl ety . ,,_-'_,_'_#—..

l.,., --.,.

couldAfeach"roundwatcr as soon “ag 170 years or ‘as ldte K- -3

Ve #r -

’ - . . p—
17he thi=d study indicated that in a_worst-ciase Scenario i)

the conccentration of lesked nitrates in the greuncwater Yoar-
directly below a tank farm could be as high as about L3
67 timea the drinking watar standard. buA HE]
e - e e e e . e - '.'_‘ '. P =
. 7 ; 3 e e
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5,500 years and at levels exceeding the safe drinking water
standard by 4,300 and 21 times, respectively. According g?;:__
2he study, contaminant conceniration levels and ngratlon
specds are highiy depaendant on the volume of water that
drains through 2h= zo0il. {3ge table I.2.) This study's.
cunclusiona sharsly cantcast with some DOE stasements thas

the impact will be extremely low or nonexistent. However,

1 ;
&gyb' the study does not pro+ide conclusive answers about the :};555
M’/ﬁﬁ environmental effects of tank leaks because its conclusions: :
uw// are basad, as ar= the other studies, on unproven assumptions
\ /. about such things as the characteristics of the waste in the

tanks and of the soil beneath then.

X
-

MORE_ NTM
SS W N S

DOE has recduced the volume of liquid waste in the single- _ii;;
shell tanks by solidifving a large volume of the ligquid, o
primarily through evaporation, and by pumping liquid from
\T the tanks. However, DOE can help to reducs thae risk of -

&ptyﬁ! //' future single-shell tank leaks and can help to minimize the

risks associated with past leaks by (1) accelerating its
’ _____;§;> program to pump liquid from the %4anks and (2) providing

better ground covering in the tank farm areas to minimize
the volume of precipitation that drains through the seil and
carries the contaminants toward the groundwater. U
As carly as 1973, DOE’s stated stratagy for lzm;tzng the -

- e s » . - - M N Tl R REY X Y W S

danz.r from tggk Icaks vas’ to’renove thevhighky—radioactzse...l
S RSy B ] s e B VAt T eI S -.'A,
liquzd waste: a§ 3°°“,‘? technxcally and cconomxcally el
-~f$i§1b1e7dw,ﬂ o, tbc tanks Eb’pﬂbvont liqdid;fQUCH as.,;ﬁzn,r
RS \,1! I

rainwat-r, f:qm w&shxng through them. According to-DOE

ducuments on”wxstc volume project icﬁ! (Septerber 1986 88
about 2 m;llion gallons of gingle-shell tank wasztz could be
pumped annually. In the May 1389 tri-parxiy agreement, DCE
. 8 .

--.._..__--__..—--__'.-.-l:'_af'.._-;v. .. --—...—lté.l"—'—leRA - . .
; - ! i_]_--._—-l——----_..'_'.L"._'.;—-~—-.-_~g4._l_‘
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agreed that all feasibly pumpable liquid waste would be
removed from the single=-shell tanks by 1995. We beliave
shat the rizk of environmental damage from futurz leaks
nakes 1t iaperative that DCE follow iis stated stirategy i<
remove the liquid as =son as 1% is practicable--the
ag-e=2ment's 1993 date should not be considered the crtimua
tizme to complete the pumping progrsm; i*%t should not be used
to delay removal of any Jiquid that could be dumped before

1395,

Ihs Tank-Pumping Plogram
Eas Been Repgatedliv Deluved

- [

To raduce the singla-sheil tank liquid, DOE has soughi to
s0lidify the waste through evaporation, and to pump liquid
waste into double-shell tanks. By 1981 DOE had removed
nearly all of the 1liquid that rested above the solid waste
in th2 bottom of the tanks. DOE had planned to remove all
ligquid that could feasibly be pumped by September 1985--
about 8.5 million gallorns that was mostly interspersed
within the solid waste. DCE did not neet this deadline and
repeatedly extended the completion date for the program.
From September 1985 through Octobear 1988, DOE, with one
exception,® limited the pumping pregram to tanks suspected
of leaking. A3 of October 1988, about 5.3 millien gallons
of pumpable liquid ramaired in the tanks., (See fig. I1.3.)

Delays iﬁ Dogfs pumping prcgram:occurred inipart‘bocause DQE
allocated most of its available double-shell tank space ’

through fiscal year 1993 for waste from ongoing produétion

of nuclear materials. Additionally, wasie previously

$In 1986 DCE pumped 16,000 gallons from one tank that was
not assumed to& have leaxed.

DRAFT
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discharged to the soil is now stored in double-shell 2anks
and spacc previously allocated for single-shzll tank waste
wa3 reallocated to receive other wastes. However, in
Ssptember 1988, a DCE coniractor task force ident:ified
several options that, ccllectivelyr, could make available an
additional 7 millisn gailens of Qouble-shell tank sgace.
These opticns include cancentration ¢ some deuble-shell
tank wast2, accelerating low level waste disposal and
evaporation programs, and using alternative storage methods
for some wastes. DOE o2Sicials said these options would
require vigorous evaluation and they are being studied.

DOE officials at Hanford said pumping program delays also
occurred because some scientists had concluded that thg
effects of tank leaks would be insignificant, and because

DOE placed grester priority on funding other programs.

By 1987 DOE had established a revised schedule t2 conmplete
the pumping program by September 1096, but, acesrding to
program officials, funding has not been adequate to maat
this schedule. During the last 3 rvears, as shkown in

tablc IX.1, funding for pragramz to pump and seal the tanks
has been, on average, about 5 percent of the amcunt
reguested by DOE officials at Hanford. In the May 1989 2ri-
party agreement, DOE agreed to seek the money necessary to
punp the remaining 5.3 million gzalle : by Sepi.:bef 1995.
According to DOE officiala, aomplation of pumping on this
schedule is contingent on timely receipt of about

$56.3 million through fiscal year 1995,

New Ground Syr?sce ﬂgterial

Could Sl-w Movegant 0Of luenks

The movement of leaked waste towards the groundwater is

determined tc a great extent by how much watar drains

) DRAFT
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‘ through the z0il. A 1287 LOE contractor studr moited %hat
more watcr drained through the soil at a Hanford site whern
coarse material covered the ground surface than at these.
locations coversed by vegatation or finely texiured soil.
Since ecocarse material {zTavel) covers the zround surface az
the taak faras, experinents are éu::e:tly being conduct=a =3

datermine if thc same -esults occur within the tank faras.

Iz DOE‘Q final diaposal pian involves leaving any waste at
the tank farms, regulations established under the Resource
Conservation and Recovery Act (10 CFR 265.197, and 253.31Q:
42 U.S.C. 6901-8991) require that a permanent barrier
(ground surface material3 must be placed over the tank fawrms’
to minimize the amount of surface water that could drain
through the s¢il. BRecause DOE dées not plan to complete

f final disposal until at least 2018, some scientists have
suygested the gravel over the tank farms be replaced with an
{ interim surface material--such as finely-textured soil

i planted with grass~-in the intervening peried to reduce

water draining through the soil.

DOE und its contractor officials gave two reasoas for ne:
placing a new ground surface material over the tank farnms.
First,‘they said that monitoring data have not indicated a
problem with accelerated nmovement of wastes. A3 discussed
above; however, we believe DOE’s current data cannot
adequately demonstrate that_gg_problem exists. Second, thevw
said that data are needed on the volume of water that moves

/{,ﬂ through the socll at gravel-covared and unvegetated sites
near the tanks. In this regard, they told us that results

from ongoing experimentz shauld provide such dsta beginning

in about November 1989. They expecs: these experizents will

confirm the results of the 1887 study and will snew that

gravel surfaces in the tank farm areas allow greatsr volumec

i DRAFT
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of water to drain through the soil than would surfaces

covered by vegetation ¢or finely textured soil.

VSUEFICIENT NOE EMDHAS®S
N ENVIRONMEN CONCZAENS

Since 1981, GAQ haz repartad or testified many times on the
environmental, zafetr, anc health aspects of ZCL’'s nuclaar
weapons complex. (See p, 36 for a partial listing o¢
related GAO producis.) W%e have presented information that
denmonstrates, and DOE’s studies goncur, that DOE has
emphasized the production of nuclear material to the

detriment of environmental concerns. We did not evaluacte
DOE’'s production and =nvironmental priorities for this
reporz. However, some problems associated with the
management of Hanford's single-shell tanks that we examined
during this review are indicative of DOE's insufficient

emphasis on enviréenmental concerns:

~— Scientists suggested as early as 1980 that DOE test scil
samples from benesath the tank farms to impreve it
menitoring of certain mobile contaminants that have
leaked from the tanks However, as we discussecd. DCE has

not used readily available techniques to accomplish %his,

~- Single-~shell tank leaks were first suspected in 1956 and
confirmed in 1961, but wastes continued to be added to
| (See app.7III.)

- . IR

~the tanks as late aéaXoyombeéAlggo.

-+ DOE’s astated -tratog}'féf liﬁitingAthe.daﬁtcr of future

tanit leaks is %o pump the liquid ints double=shell tarks

whenever practicable. However, as we dizcussed. the

pumping program has been repeaatedly delayed, at least iz

part, because most of the available double-shell tank
DRAFT
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space is allocated through fiscal year 1993 29 cngcing
production and waste-processing prodrams,

CONCLUSIQNS
i

PCE has not %aken advantige of available techaizues fo trask

D
(4]
s
-
(w
O
ts}

l=aked ¢cntaminants or tc predict their movement. ¥
obLlains bett:r data, infarmation about the impact of the
tank l‘aks will continue to be inecsnclusive., DOE should,
for example trace the movement of the contaminants--such as
technecium-99, iodine-129, nitrates, chromium, and mercury--
4hat are more likely tec rsach groundwater in measurable

concentrations than ruthenium=106.

Availoble studies do not provide convincing support for DCE
assertions that the environmental effects of tank leaks
will be extremely low or nonexistent. To resolve
uncertainty about the e¢ffects, DOE needs to obtain better
data from the tank farms to support future study assumptions

and validate study results.

The program to pump liguid from the single=shell taniks has
often been delaved because insufficient space haz been
reserved in double-~shell tanks for this purpose.
Insufficient space allocation in the double-shell zks.ha§
been the result, at least in part, of higher priorities
being assigned to waste ffom ongoing production Activitiag,

DOE may lessen the qffnc“s of tank leaks 1f 1t replaces the
gravel surfaces ahovc the tanks with a less perﬂeable ground
surface material to reduca the volume of watar that drains
through the 30il. In'view of the potnntzal for long tarm
.environmental damage from tank leaks,- DOE lhould develep .

e e o

immediate, specific "plans "to place an interim ground surface

DRAFT
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paterial over tho tanL ‘arna.7 1?2, as expectsd, the currens
cxé;;;QZch indxcate vha: fhe gravel surfaces at the tanx
farms significantly affec: water drainage th-ough the 30il,
DOE would <ncn tae able %o expediticusly replace the gravel

su-faces in 2he 2ank Jarm areas,

RECOMMENDATIONS

To minimize the environamental effects of tank leaks on the
surrounding scil and eventually on the greundwater, we
recommend that the Secretary of Energy take the following

action: . .

~-- Conduct a data~gathering program sufficient to assess th
risks and extent of groundwater contamination from tank
leaks of mobile and long~lived radicactive substances.

-~ Assign appropriate resources and priority tu the single-
shell tank pumping progran to ensure that (1), as &
sinipum, all feasibly pumpable liquid is removed from th
tanks by 1995, and (2} the 19395 goal is not usad to dals
removal of ligquid that could be pumped before 1935,

-- Develop specific plar to repls : the gravel irfaces az
the tank farms with a less permeable material and - /
promptly replace the gravel surfaces if engoing studiss

’vindzcate that these surfaces could promote the movemen:
of waate tows-d the groundwater. ‘ ’

To ebtain our information, we intarviewed engineers,
managers, and scientists at DCZ headquartera and field

offices, Pacific Northwest Laboratsries, EPA, and

B DRAFT
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Vashington State Department of Ecology.
official files and various published and unpublished

We also reviewed

reports. (See app. 1IV.)

Our review was conducted between August 1984 and February

1989, in accordance with generally accepted government
auditing atandards. As agreed with your office, we
cbtained official agency comments en a draft of this resport
and, where appropriate, modified the reporti accvurdingly. As
arranged with your offices, unless you publicly anaounce its
contents earlier, we plan no further distributien until 10
days from the date of this letter. At that time, we will

provide copies to DOE and other interestad parties upon

request.

Major contributors to this report are listed in appendix V.

Sincerely yours,

J. Dexter Peach
Assistant Comptroller General
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APPENDIX 1 APFENDIX I

BACKGROUND

This appendix proviaes background infnrmation about scomew of the
teatures of a typical Hanforg single=shell tank, the oxtent cf
leaks from the tanké. ang orne study’s comclusiomns about the
impact of those leaks on Hanford’'s groumdwater, The Dagaritment
of Grnergy (DOE) ! assumea that 46 of the 149 single-shell Lanks as
Handord have leaked, but dJdata concerning the amount leaked from
many tanks are inccneclusive. According to thi study, tha time
required for peak concentratieng of leaked contamimnants ¢o rpach
groundwatsr and the levals cf those concentrations are highly
depandent usen the amount of dater that drains through the so;l .

@ach ywmar {(recharge rate).

A _TYPICAL SINGLE=SHE" ' _TANK

Figure 1.1 shows soma ocf the features of a typical Hanford
single~sh@ll tank that can held 1 million gallons. Special pumo
equipment gxtends into wells crested (n the mosgly golid wasta.
To getect leaks, DOE menitecrs the liquid levels in the tanks and

measures levels of radiation in the dry wells near the tanis.

There are 25 singlc—:hell'undargréund waste storage tanks ac
Hanfgrd uith.x-millian‘gallon capacities. As of October 3t,
1988, each o these tanks contained, on average, 280,000 gallons
of waste-—about 7,000 qallcns-c# liquids rasting above the sclids

(such as sludge and crystalline salt dﬂpn‘xtsi and about 87,800

tgallcns 94 drainabl- liqu:ds intor:porsad 1n the ;olidg.’

\Pfor convenignca, we identify DCE ethrocughcut thiz discuasicn as
the fgderal agency responcible dor crarations at Hanécrd., DCT
was pracaded 1n thic raespeonsibility by the Army Coros of
Engineers (1943-46), the Atomic Energy Commissien (1936-75), and
the Energy Rescurces anrd Develcpment Agoncy (197%-77).
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APPENDIX [ APPEND :

SINGLE-gHELL TANKS THAT
poe oc=”n¢§ MAVE LEAKED

D0E garng: measura 2=» li:3uis level {n many 2anks and depencs c-

cetect “ank leahs and eest:mate the amoun-

L]
-

u

ary-well mecnitzring
of le=akage. Aczording Tt DCT s+ficiala, 2he designation “assunme
leaker" cces not indicate he tank is currently laaking, dub
rather that DCE azsumes the :ank has leaked at soma 2:1me. The
list of assumed leakers includes tanks in each & Hanferd’s 12
single—shell tank farms as well as 2 of the 4 most recently
constructed single-shell tanks. DOE egtimates that the 149
single—shell %{anks contain about 6.9 million gallons of drainat
waste and, as shown in table I.1, about 1.2 million galicns of
this remains in the b6 tanks thﬁt DOE has {dentified as assumed
leakars. The volumes $cr tank leaks shewn ia table [.] ara bas
en estimates by DCE cantractér staff. The octher information in

the table is basad en DOE records.
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Assume

Gallgns 9+ wag:ca
Drairmasle ligu.g~-
rFEMAINING 1N

Wher igentifiee as Numoer Estimatad tanks assumec
aAm_assumeq leadsr mé s~aplsg leakage Az havae leakess
1939-42 7 162 ' 14
1944-58 g 80 A4
19465973 13 294 to1
1974-79 30 180 831
1976-83 - 10 14 -
1984-88 ‘ 8 17 ‘g8 ¢
Total ' &6 743 1,1948=
1 [ %) SBRR=3

=Drainable liguid includes all ligquid waste (as of Qcicher 1988)
that gsuld drain +rom the tanks due %o gravity if tha tanks
ruptured. It does nckt include a particen of ligquid waste that
would ldhere to the solid wastes within the tanks.

!
»DCE ccntracicr stat+d rauncen =his figure to the nearast SO,0NG0
gallen= {(720,000) and has na precise estimate af 4he amcunt c4
leakage froem many i1ndividual tanks. Until racently, 2he sta+s+
had sstimated the leakage could range from about 473,000 to
00,000 gallens.

«DOE estimates that alout 500,000 gallens of this drainable waste
eculd be pumpad from mix of thege tanks. (See $ig. 11.4.)

RECHORGE ROTE CON SIGNTFICANTLY AEEECT

e

El" "TRONMENTAL npagr OF_LEAKED WASTE -

- S R win e s,

v : : : A niE s T BRI

The length of t.mn rﬁqu;r'd ror poak ccnczntraticns c# laaLed

Ak cTnhtaminanss &3 reach the groundwater and the level of the

r

Feal ezne=2niraticrs vary sra2atly canencing cn the armual rechars?
ratg. Higher recharge ratas roduce ths time reguired “cr
centaminants to reach groundwazar. In the study uccn which tatla
I.2 is based, trne highast amnual recharge rate gxamimed wags %
c=mtimeters. (Average arnual recharge at one Handerd site ha=

2inCa Been @st:imc~~~d A% ~kaudt {0 CIntimoters.) The « iy assumad

DxAFL -
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that a gr=sund zovering 1n322llec over the tany Jaras wculz ~ecusa
“.i zantimeter.

-
-

the armnual ~2eharge rata 3

c3pie 1.2, bolow, were basag aon

X
J

The s3tusy ~22ulis zresganse

250,000 gallens from 27 tanks 1n =

ike iapact of assumed loaks

ot Hanforg's single~snell <ank farms. The table is based ecn a

s  study by a DOE gantractor. The recharga ratnﬂof . centimeter

for an installed groumd covering is am assumed figsure and tha
actual figure could differ bSust the value oF the study is that it

demenstrates that relatively sinor differencas in the recharge
rate can.greatly arfect ine anvironmental impact of tank leaks,

Tadle 1.2° The E44 a% *he fnnual Ropehar R n Peak Lgvels o antasingn

in the Hynford Broundwatsr--Tise 0é Arrival and Concendration

Peak concentratian esapared

with drinking water standards

(Pradicted level of. contamination
i3 this sany tises the standard)®

reaches groundwatsr® 3% an
anngal ~evcharse rate 39 at _3n _annual recharqe raty of:

Nuaber of vears afber lesk
before peak cecancentraticn

: 8.1 22 0.3 c» S.9 23 0.1 e 0.3 co 3.0 ¢ca

Gant --inant
lodine-129 3,500 1,300 179 3! 540 4,844
Technetium-99 5,300 1,300 150 22 a78 4,111
Plutonius-279 20,000 8,900 700 1.3 41 429
Carbon-14 5,800 1,390 150 .83 20 120
Uranius=-238 8,500 £,700 18¢ oA 1.3 6
Chroniua . 4,%00 1,230 1S3 74 15 138
Nitrates © 4,900 1,230 33 .08 - 1.3 12

: 4,900 | 1,230 135 .33 | .60

T ARrcury
*This i3 the slapsed tise detwaan the oczurrance of the tank leak and the arrival
of peak concentratians ia the groundwatar 390 seters froa the tank faras,

“This is the predizied peak cancentritina of cantiainants if the graundwater
200 agtars from the %ank farss 3s a asuiziial2 9f drinking watsr stancdards set DBy
the fnvironeental Protection Agwncy ana the state of Nashingtan, Conzsatraticns

girectly below the tank fara could be nigher,

- -
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APPENDIX II APEENDI X
DOE‘'S §TCRAGE AND MANAGEMENT OF WANFORD

SINGLE-SHELL TANK WASTE

This appendix cescribes past DOE management 24 the single-snell

tamk liguid waste and the current status o4 that waste inclinding:
i. decreasa in tany waste $rom 1946 Lo 1986,

2. anfual data on ameunts pumped and amounts remaining in the

tanks that coculd be pumped (1581-88),

> dizpasition of liquid waste in and around the tanks, .
4, amount of iiquid that eoculd belpumped from each et 43
tanks, and

S. amounts of mcnaey spent to pump and seal the tanks (1964~

88),

CHANGES IN SINGLE-SHELL TAaNK
WASTE CATEGORIES, 194646-88

Fiqur& 11.1 shows tho decline in peak leveslie of both total waste
and liquid wasi 1 imn the ti «s N 3 past 2 decac s--
{rom about 77 million gallons of mestly liquid waste to about 37
million gallons of mostly solid waste. The velume ot =alidsa
increased (from 13.7 million gallons to about 34.2 millinn
qéilﬁn;) primarily because r.iidu-, such as galt duposits, loft
im ﬁﬁc tanks 4rcm evaporation af liquid wastes haa sclidified.
DCE cantinuemd €5 put waste ints the tanks until {5984, Aalse. DAE
placed zclids int= scme tanbg 40 help absorb &me ligquids. The
amount ©f liquid resting above the solids declined $rcm accut &<

million gallens in 19646 %o about 0.7 millien gallons in 1SEB&.
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APPENDLIX 1I AFFENDIX IT
£ - 1: Wasts Stor in Hanfgra'g Single-Shel] Tanksg (1945~
1988)

mgure LE Wasts Siered in Hanferd’s
Singie-Shel! Tanks, 1965 - 1983

TANK PUMPING PROGRES= SINCE 19831

-~

As shown in figure 1.2 the -stim:ated amount of liquid in the
tanks that could be feaaibly pumped has declined since 1981, but
_the rate of dtcroase'nés been 1ower _since 198%. Scheduled
. pumpi.m; endoed 1,n‘AQ§;x'st 198S and, Qiﬁh'éna excaptien, DOE has
pumped liquids since August 1988 enly {rom tanks with susooctéd
lmaks, (DOE pumped about 15,000 gallens frem one tank in 19868

that was net suscectad of lwaking,)
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AFPENDIX 11 APPENDIX 11

F ~ - m Amgyn 4 ionid in Single-Ch

Temle_ang Repgresg & pt Pyusogd Saen Yoae . 1981-1988

Pumpuble Liguid In Singie-Sheft Tanis o
Yeur, 19911988 : ]

§ & & & &2 2 & 2 2
Betmumd Arrmurt of Punpasie et ox o ey I
Resernd Amoae Purped Dunrg e Yeur

Mogt St not adl of e dnciing in he estnesed wynount of pumpebls fguid rom 1581 through 1980
resulind from DOE's Sumping. mnwmwmmmmmumu

galons (abaut 80 gercert of v decine).
AMMWMMMMmhtmhMmMW

AR PN
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APPENDIX 11 AFEENDIX 1:

Most of the chamge in the velume of pumsable ligquid velume is
attributanle ts DCE's pumping program (abeut 2.3 miliicn gallong
sumped since 1981). Acsorzing to a DOE coniracitor. most cf the

ctner Shanges ar2 2ued 7= clang2s in tethacs o esi:nase and
ime t=

~epGrT Lhe amount oF sumaAnli? ji1quid in 4ha tanks., Aco=eZ
*h1s orficial. mvaperatisn ¢ the waste, laaks o liguid ausr m~<
the tamk3, ang ieaks o wazar (auch as rainwater) (AtH the

tanks, have Sad a mininal esdges.

LIOUID WAS:E STORED IN OND
LEAKED FRGOM SINGLE-SHELL T3

As of October 1988, the ta;ks contained abaut 8.2 millien éallons
of liquid waste, Adbout 6.9 million gallens of that waste could
drain into the $oil through tank ruptures. However, as shown in
"figure 11.3, DOE estimates that only 5.3 million gallens of this
could be feasibly pumped because eiiher some of the licuid drains
too slowly &hrough tne sclid waste to be feasibly pumcedT The
remaining 1.2 million gallors of liquid waste will net drainm. (as

a result of gravitational <orczas) because 1t adhares to the

splids.
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nkg a® ™ ,'.,4 ~ a-s < ~pner 19 {n ns o+ calleons)
Figure IT.3i Disposition of Llauid in #ng —
Around Singe-Sheil Tenus at Hantord o . .
s of Oetoder 1988 : 1.‘.&'lnncch.LnudH.aunPb

73  Mllon Gels, Grtimared Las

SINGLE-SHELL TonKS WITH LIQU!D

THAT COULD §E PUMEED '

LCOE has two bBasic eriteria to {dentity tanks that c=ntain
drainable liguid that could Ba feasibly pumped: (!) those that
have $0,000 quI: s or more of drainable liquid inter3persed
within solid waste and (2) these that have 5,000 gallens cr more
of liquid above 4311d waste. By anplyinq thece criteria GARQ
founa that 42 of Hanfcrd s 149 sinqle-shell tanks csntain liquid
that could be ’caszbly pumped._ (See f;qur: 11.4.) “ﬁc:crding te
a DCE c*#;:zal ‘DOE may xd-nti%y addxtignal tanks uxth 4Qa=xbly
pumpable liquzd when 1t performs wngineering analysaes and reviews

L3 Surrgnt pumsing cr::lria.

*
]
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APPENDIX II APEEMDIY :°

AMQUNTS SEENT TO Piime aND
S$EAL SINGLYE~SHEL TANKS

Ag shewn an table I3.:, TCZ a:cended abecur $1.8 miilizsn suring
the S—vear paricd 1¥84-22 (fi3zcal years) €2 pums liqu:d <rem Tna
tanks and seal tham <2 sravent urwanted intrusions of liguis

such as rainwater ints the tankg, This amount is aBout 2 percant

of the meney requested BY Man<ord géficials $or thosw year< and
abeut J percent s the total £346.3 million oi#icials new g@stimate
(as of April 1989) it will ecost o complete the pumping and
sealing programe. Hanfeord g+ficials requested about 38.6 millian

$or thaese programs for fiscal year 1989, s .

Table 1!.1: Hanford Bucget Regquests égd Expendi tures Ta Pumg and

Se imgle~Shell Tanits (Deoilars {n thousands)

Fiscal Hamford DOE Expanditures as a

- buygnes regues? aynandi*-gg percent ef requests

1984 311,120 £ 100 1
198S 10,180 asa v 4 .
1984 2,710 219 )
1987 8,4&80 g92 7
1988 1,271 594 31
Total 274,981 31,7%9 S
SRE=S=2 BERED




-

DRAF

APPENDIX 111 APPENCIX 11T

CHRONQLQGY QF MAJOR EL&EnmT THE _H CRY
gF svung-sye:L,Tdnks AT WANFORD, WASHINGTEN

1944 First zimgle-shell tankc went into service.

16%6 First indication of a3 potential leak.

1959 First single-shell tank idantified as assumed to have
leaked.

1961 First leak confirmed.

1964 ' Construction completed en the last group of single~shell
tanks,

1966 The last of the 149 mingle~shell tanks went inte
service.
. "

1966 The toial volume of wastoe in ths single-~shell tanks

reached about 77 million gallens.

1948 Canstruction ef the first double-shell tanks began.

1970 Prilling of a groundwater monitoring well ropcffudly
caus®d sprcad of leaked highly radicactive contaminants

from single-shell tank to greoundwater.

. o

1972 PumiingnhFogram Qai—bequﬁ‘to transfer quuidifrém

single- to double-shell tanks.

1973 The largest simgle-shall tank leak szzurred——an

aatimated (15,000 gallens.
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1980

1985

1988

1989

snmemr
2FEENIIA 112

DCE stotowd slacing any wasta into the single-sne!l!
tanks. '

Lisuid wasse levels 10 siagle—-shnell Sanks ~32ugaz 22 ~»

mere 2ham L oo abBeve the 3elid waste.

Plans adeopied 2o transver the =smaining B.E miliizn
gallens o+ sirgle-sheil tank waste that czulZ be
feasibly pumped inte the double-~shell tanks by 198E.

Planned pumping schedule net followed and scheduled
pumpinng‘ the single-gshell tanks ended. Since Agqust
'1985, DOE has pumped liquicds only $rom tanks it assumed
had leaked, with the exception of about 16,000 gallons
pumesed from ame Ltank in 1986,

Five tanks ware adcded to the list of assumed lgakers.
?

DOE, EFA, and Washing=on State gigned an agreemsnt in

which DOE agresed %o pump the remainiang 5.3 =aillien

gallons of feasibly pumpable liquid wasis from the

single—shell tanks by the ond of $iacal year 1955,




DRAFT

APPENDIX 1V APFENDIX 1TV

BRJECTIV OFE . AND METHOD Y

As a result of discussions with the offices aé Senater Adams anc
Representative Unmaceld’'s predscessser, Representative Bonker, in
dugust and Nevember 1988, we revieweg DCE's mamagement of
underground simgle—snell wagie stnrage tamks at its Hanford,

Washington sit@. Specifically, we

~—— reviewed DOE’'s efforts 20 moniter the movemsant of leaked
single—shell tank waste and ascoss the effects of leaks

‘on groundwater, and

== b&xamingd some methods DOE could use to redurs the
environmental impacts of pa=£ lmaks and the risk of

$utura leaks.

To moed these ghjectives we Interviewed ssientists, engineers,
and managers werling for DOE’'s operations esffice at Richland,
Washing4en, and at the DOE headquarters Office o; Environmental
Audit, the Weztimghousa Hanford Company, the Battelle Memorial
Institute at tho Facific Northwest Laboratories, the
Environmental Preotection Rgancy'’'s Region 10 office, and the
Waghingten Statw Deparitment of Ecology. We also reviswed
otdicial recoras of tank farm gurveillance data, manthly waste
inventnry reports for both single~ and double-shell tanbs.
reports on single-shell tank pumping, annual _and quartarly
;;prﬁject;ons of szngln-_and "doubl e~shell tank spa:a utilyz ation,
l:and var:oui publxcncd ;nd d;publi‘hed studies and ropértﬁu
concerning such things as single-shell tank-pumping plans, sa&otv

cf single-shell tank cperatieng, and the mobility of varicus

CoRTtaMINERTSE 1N Hanfcrd e3ils.

We provided a statement of facts eancerning ocur audit 4indings t=c
DCE o+ficialz in the otfice cf Defense Programa and the cfiice ot
a1
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