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Sune 12, 1989

The Bo‘n«o‘f&ble James D. Watkias
The Secretary of Energy

Dear Mr. Secretary:

Enclosed for your review and ccmment are twe copies of our
draft report entitled Nuclear Waste: DOE's Management of
Single~Shell Tanks at fanford, Washingtol (GAO/RCED-83<157).
To mect the needs of the congressiocnal requesters, we are °
asking that your written comments be provided to us within

15 days fren the date of this letter. If you have any
guestions, please call Mr. Carl Bannerman cn 353-3711.

Tﬁénéy copies of this draft report are alsoc being sent to
the Offico of the Controller, DOE.

As ths rcport cover states, the report's use is restricted,
and it shculd be safeguarded to prevent publication ¢r other
improper disclosure. The draft and all copies thereof
remain the property of, and must be raturned on demand to,
the General Accounting Office. S

Sincerely ycurs,

o/ &1%’

Keith 0. Fultz
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SERENE in the tank Iarm areas to reduce the volume of
. wg+- . prseipitation that Grains through the soil and carz ieg the

contaminant3 toward gr-ounéwater. The environpental risx of
Zuture lzaks could be recduced By accelerating the pregram.t?

sump liquid From the single-2nall tanxs.

For more than 13 w¥ears, t'g stated strategy for limiting
the dangerz associated with leaks frem single- -snell %anks
Las been to remeve the liquid waste as soon as pract cable.

/ However, schedules to pump the liquid from the tanks have
been repecatedly delaved. 1In May 1989, DOE signed a :ri-
party agrsement with the Eavironmental Protection Agency
(EPA)} and %Washington State that establishes a schedule to ’
remove sll feasibly pumpable liquid waste from single- -shell
tanks by 1995. The establishment, within a formal
pgreement, of a definitive date to complete the tank pumping
program may help ensure successful program completion.
However, we baliave that tha agre=ment’s 1995 date sheould
not be used as a guideline to delay removal of ligquid that
could be pumpe@_befcre 1895,

BACKGRCUNT

Hantord’r 149 mingle-shell tanks have capacities thai rangz
trom about 53,000 to about 1 million gallons. They are

‘ _ overed w1th about 6 to § faat of soil topped with gravel
R :Fazfsz;lilﬁ' _éngtékélusig;éd ;n ‘12 groups called tank fhrﬁd:f‘(See £ig.
i, 11 ) From 1989 through 1988, DOE officials ideniified
SR 7’r""*r ’f='§effn1§§°3b'boss;blo leaks in 66 of Hanford’ltftfffiﬁﬁlei
';; 'H: . shell tanks--3 of the 66 tanks were 1dent1f1ed 1q 9%8

DCE contractor sia £¢ currcntly estimate that ao¢u* 7 q,

l‘.\
..';,u.

za;-o.s have leaked--recent astimates had ranged ‘from abcut
670,000 to about 900,000 gallens. (See table I1.1.)
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DOE estimates that the single-shell tanks contained about .
77 million gallons of liquid snd solid waste in 1968 bq{L‘,
this volume was reduced to about 37 million gallons by )
october 1983. (See fig. I1.1.) All tanks built at Hanford
since 1968 have been double-shell tanks (concrete encased
+anks that have two steel shells), and DOE estimates that
most of the liquid waste in single-shell tanks was reduced'
by punﬁing it into double-shell tanks or by evaporating the
liquid and leaving the solid residue in the single-shell

- sanks.*> Recent production-activity at Hanford has resulted
in about 8 to 12 millien gallons of-waste being added tso
double~-shell tanks annually. Evaporation processes reduce

this amount to about 2 to 4 million gallons.

3ome radicactive and nonradicactive contaminants that leak
from the tanks tend not to nigrate through the soil very
much because they attach to soil particles and eszentially
remain in place., However, other coentaminants 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 oOh such things as the volume of the leak,

" the extent to which the soil retards movement of the
contaminants, the distance from the tank to the R

groundwater, and the amount of water draining through the
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1 for the remainder of +hls report the word "tank™ and the ..
term "single-shell tank”" will be used jnlerchangeasly.

3praecipitation at Hanford averages a 1it+le more than
6 inches a year.
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CCE completod an: env-*onmental impaat statament in 1987 {or
aisposal of most-defense wasted ag*ggnford. put it deferced
decisions on disp;sal of the remtin*né-sxnglo-snell =ank
waste until the jgsuance ¢i & 3upplcmental envizonmental
statement foT this waste in about the year 200C. A Mayr
1989 i -pa:tv ié*éament signed pﬁ DOE. the '1"1‘onmcn.al
oroteciion Agency :fFPA). and Wash;ﬁéﬁéﬁ Sstate, calls for
removal of fesz;&lv pumpable liquid waste from SIngle-shell
ranks by 1995 and final disposal of removal of the remaining
_sing%a-shell tank waste bY 2018. Appendix 1II contains a

chronology of naqor events in the tankl'>h15t°ty'

DAT N

As discussed bctéé;lthére7nre saripus 1imitations in DOE'S
~efforts +to assexs the leaked wastes’ movenment through the

soil and te ussess "the environmental jmpact of past leaks.
First, DOE has pnot collected adequate data upon which

_Eﬁfgfﬂié_ﬂiﬂig’“cnt decisions can ba made, Or prosranm
priorities established "coneerning 51n(le-shelL «ank hazards
or remedial actions required. And second, & although DOE has
maintained that the envi snmental impact of leaks will be
extremely low oFf nonox;s.ent. the studies ve ceviewed do no<
provide gonvinéiég-evidenco that this i3 the case.
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cucrent mcn;torxng cfforxes do not provxde gufficient data to
ndequa.ely ‘s yace the migration o? the laaks of be fally

asscss their effects. DOE c¢ontractor scientist3 32V t“a
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ey

e use ct curr-nt monita--n; methods and through adoptien »

SR new methods. _
- sl . S . e

According to DCE contraciols. DOE traces the migration

ef
cank leska through the 25il by menitaring the aovement el
“uthen$um-106. Howevex, DCOEL contractor scientists Say that

S ru~ncnxun-10° iz not an adequate tracer, in part, since 14
- has a relatively short half- life! (approximately 1 year) and
| is no lon;ér measurablg in many locations. They alsoc say
chat DOE could uce additional methods te trace the movement
of leaked long-lived mobila contaminants--radiocactive
contaminants such as technetium-98 (half-life about 230, 000
years) and iodine-129 (half-life about 16 million years) and

ty —j:f9”-_-_ll---LL.- N ISNLUURTY RPN I DR PP LKUIniUI: s

mercury. These contaminants should be monitored since thev

Z";:. . nire more likely to reach groundwater in meagsurable
conceptrations than ruthenium-106. DOE officials said that
it i3 much morc expensive to trace soma of these

contaminants than it is to trace ruthenium-106.

DOE could collect more complete data and better trace the
‘mobile contaminants, according to contractor scientists, by
_— (1) analyzing soil samples from beneath the tank faras for
mobile contaminants that have not been monitored directly,
____(2) deepening dry wells in the tank farm areas that have had
contamination at or near the bottom to dnt.rhine how much

én‘,.,iIprther‘qqnt;m}nants ma h;ve penetratod towurd the

- .o o o BTV A

‘viei groundwater, and (3) 1ncraazing the numbgr oﬁ grcundwater S
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3A Hal’ i 3 i~ the time reduireé for a sﬁﬁgz;nce 3
rad;ouct;vity to decrease to haif of its earlier leval
through racdicactive decay.
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monitorins wells t° dafaf* contamination due to tank leaks.’
DOE officials agree that more could be done and DOE’ i?if'
develepihs ¢ plan to erudy soil samples beneath the tank
zarms. However, tacre i3 no consansus on the meriss o?
increased dry-well °°T groundwatar monitoring. ///

. “o-‘

sOE-contractor scientisss have alzc noted that DOE_qqg@; .o»
better determine +he characteristics of the waste starea i
and leaked from the tanks if it i=x to assess %ully the
impact of tne fank leaks. For example, some waste products
BaY acceletato ‘econtaminant ngratlon through the soil, but
DOE does not know to what extent these products are still
present in the tanks--since some may have been destroved by~ .
radiatiocon or heat, accarding to scientists. Also, DOE needs
more information about the soil between the tanks and :he
groundwater. One sediment layer below'some tank farms, bor
exanple, could--depending on the type of waste--accelerate
the aigratien of highly concentrated contaminants or could
slow and disperse the contaminants. However, the sedlmenb
layer’ 3 location has not teen adequately mapped and its
effecta on waste migration bave not been fully assééég&;,

§tud;cs Ara Inqoncluq1va
ut vi antal act

R

DOE offic;als have statad that the cnv1ronmental impac’ of
" the’ B ntle‘shell .cank+leaks % xll.he,law o nonexistent and

'"l-).."" )l'!!

.iave cixéd several stu&i-s as a basis for tha;r assessment.,;,g'
:‘t : .
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A DOE cont:actor studies report that "% smail amount’ oqum
lea&ed “tank waste reached groundwater: because of the
d**lllng cf a groundwataer monitoring well in 1370. More
recantly, howcver, contranter. scimntiats teld us that ther
are insufficient data to confirm how the waste reached
groundwater, and that thexr: 1s =mome chunem that the waste

reached the water by norﬂal mxgrat1on througn tbe s0il.
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However, W= bel‘euc the z.udx.s do nnt

.....

_:::szgsz_gbouﬁ the dagrae of onvi

prov ide rcnc usive

*onmontal impazt

attributable to tank leaks. Some scudies indicatnd there

would be linited anviranmental impact Ddut they did not

analyze the impact ot saveral mcbile contaminants ¢

Hanford's .rounawa.a*. One studv pred1cted greuncwale

cntamination wculd axceed safae

id net pro;nct the impact on the Columbi

d*znkxng water atanaas<s bu=

rhe studies we reviewed are discussed below.

a2 River. Four of

Three studies fbcused on the impact-of radioactive

substances leakang from the tanks.

only substances that move £0 -lowly throu

gh the soil that .

Two of them considered

virtually all of them decay before "they can reach
groundwater. The th;rd study addrcssed the potential

radiclogical offects of leaks on the Co

, surrounding populaticns but not on g

lumbia

River and on

roundwater near the

b/y()}\tanks. Only the third study included any discussion of the
(4

¥
A L impact of nonradicaciive substances. 3

R
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. . ‘““'éct the impact on thqacolunbxa vacr.-.On
contam1nant (1odine 1293'""

e sty

A fourth study that peviewed 20 radicactive and - ¢ SR v
nunradioactive contaminanis that leak from the tanks,

predicted that many subs-ances will reach Hanford's

groundwater and that several will be in concentrations

greatly sbove the safs drinking water standards astablished

by EPA and Washington State. However, this gtudy did not

the basis ?{h“,,,“

i

+WL

could rcach groundw tcr as soon Ag 170 years'or ‘AS ldte AB L

IThe thizd atudy indzca.cd that in a worst-cas

. e
e SCANATrLO vl

the conc¢cntration of leaked nitrates in the Jrcuncwatar Y232
directly below o tank farm could be as high as about RENS
67 times t‘c drznklng watey s*and;rd oA HEl
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,500 years and at levels exceeding she safe drinking water
staﬂd-rd by 4,800 and 31 tvimes, respectivelr. According ea

2he study, contamxnan. concentration levels and migratien
specds are highly dependsat on the volume of water that T
Srains through 2hs 3cil. 13ge table I.2.) This study’'s .

conclusiens sharply cantTast with some DOE stalements tha%

1 the impact will e extrenely low or nonexistent. However,. . :
¢) . the study does pot provide conclusive answers about the . |
\J§/,‘ environmental eoffacts of tank leaks because its ccnc‘USLon
“W;/ are basad, as ares the other studies, on unproven assumptions -
A s about such things as the characteristics of the waste in the

tanks and of the soil beneath them.

MORE._ NIV
BI§E§.A§§QQSA1§QfVIIH TANK LEAKS

DOE has rcduced the volume of liquid waste in the single-‘ﬂﬁiy;
shell tanks by solidifving s large volume of the liquid,

primarily through evaporation, and by pumping liquid from
o T' <he tanks. However, DOE can help to reduce tha risk o7 -
kptyﬁ‘ V- future sznﬂle-shell ¢ank leaks and can help to miniaize the ...
&, “t::> risks associated with past leaks by (1) acselerating its
& _____;§;> program to pump liquid from the %tanks and (2) providing
better ground covering ia the tank farm areas to minimize
the volume of precipitation that drains throuzh the soil and
carries the contaminants toward the groundwater. .
As carly as 1973, DOE's stated stratagy for limiting the -

I I 33533}'f?§§f€§§% ‘TédKs was to” remove-thevhighkyvradioac;§$?j.r
) ,'} liguid waste. ag. soon a3 technxcall? ‘and econémically 7 T

: 7;. a - '%ﬁsi A:%}z #“lghe tankQHEbfpﬂbVQnt qudid'fauc§_9§;;;a§i;:
‘rainwater, £ngm. washzns thrOUih them. Accordinz to DOE RS

ducuments on”w:stc volume prOJecticﬁ* (Septemter 1985 88),

abou% 2 m;llion gallons of gingle-shall tank wastez could be
pumped annually. In the May 1389 tri-party agreement, DCE
.8 .
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agreed that all f?masibly punmpable liquid waste would be
removed from the single=-shell tanks by 1995. We believe
=hat the risk of environmental damage from future leaks
aakes Lt iaperative emat DCE follow its stated gtrategy t°
~emove the liquid as =aon as {~ is prac=icable--the
agz=ement’s 1893 date should nct be censidered the cptimua
cize to complete the pumpi=g progrsm; it should not be uszed
+5 delay remeval of an¥ liquid that could be dumped before

1995,
/
The Tank=Pumping Poogran

Has_Besn Repes ave
To raduce the singla-shell tank liquid, DOE has soughi to
golidify the waste through avaporation, and to pump liquid
waste inte double-shell tanks. By 1981 DOE had removed
nearly all of the 1iquid that rested above the solid waste
in the bottom of the tanks. DOE had planned to remove all
ligquid that could feasibly ba pumped by September 1985-~
about 8.3 million gallers that was mostly interspersed
within the solid waste. 50E did not meet this deadline and
repeatedly extended the completion date for the program.
From September 1985 through October 1988, DOE, with one
exception,® limited the pumping pregram to tanks susapected
of leaking. A3 of October 1988, about 5.3 million gallons
of pumpable ligquid remained.in the tanks. (Sce'fig. 11.3:)

Delays iﬁ Dogfs pumping prcgram:occur:ed in.partAbdcause DOE

-

allocated most of its available double-shell tznkﬂﬁbﬁte
through fiscal year 1993 for wasts from ongoing production

of nuclear materials. Aéditionally, waste previously

¢7n 1986 DCE pumped 16,000 gallons from one tank that was
not assumed to have leaked.
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discharged to the goil is now stored in double-shell tazks
and space previously allocated for single-shell tanx wasis
wa3 reallocated to receive other wastes. However, in
Ssptember 1988, a DCE cantpactor task force identified
several options that, ccllactively, could make available an
additiorai 7 million gailons of double-shell tank space.
~bese options include cancentration c? sone deuble-srhell
tank vast2, accelerating low level waste disposal and
evaporation programs, and using alternative storage methods
for some wastes. DOE o2¢icials said these options would
require vigorous evaluation and they 3are being studied.

DOE officials at Hanford s2aid pumping progran delays also
occurred because some ccientistz had concluded that the
effects of tank leaks wouid be insignificant, and because

DOE placed grestcr priority on funding other programs.

By 1987 DOE had established a revised schedule to complete
the pumping program by September 19096, but, acearding to
program officials, funding has not been adegquate to meet
thias schedule. During the last 5 years, as shown in

table II.1, funding for programs 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 4ri-
party agreement, DOE agread to seek the money necessary to
punp the remaining 5.3 million gallons by Septémbef 1995.
According to DOE officials, aomplaetien of pumping on this
schedule is contingent on timely receipt of about

$56.3 million through fiscal year 1995.

Cguld S§low Movenmant Of Lenks

The movenent of leaked waste towards the groundwater 1s

determined to a great extent by how much water drains

) DRAFT
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through the zoil. A 1287 COE contracior studs noted %hat
more watcr drained shrough the soil at a Hanford site wnere
coarse matzrial covared the ground surfacs than at those.
lecations covered bY vegatation or 2:nely textured soil.
Since ccarse material {3Tavel) covers the ground surface at
the %aznk faras, gxperinents are éu::enzly being csnduceed T3

datermine if thc sane ~egults occcur withia the tank farms.

1z DOE‘Q final dispoesal pian involves leaving aay waste at
the tank farms, regulations established under the Resource
Conservation and Recovery Act (10 CFR 265.197, and 263.310:
42 U.S.C. 69018991} reguire that a permanent barcier
(ground surface material3 nust be placed over the tank farms’
to minimize the amount of surface water thsat could dr;in
through the scil. Recause DOE d;es not plan to complete
final disposal until at least 2018, some scientists have
suggested the gravel over the tank farms be replaced with an
interim surface material--such as finely-texsured soil
planted with grass--in the intervening period to reduce

water draining through the soil.

DOE und its contracior officials gave twc reasons for nct
placing a new ground surface material over the tank farms.
First, they said that monitoring data have not indicated a
problem with accelarated movement of wastes. A3 discussed
above, howsver, we believe DOE's current data cannot
adequately demonstrate th;t_gg_problem exists. Second, they
said that data are needed on the volume of water that moves
through the soll ot gravel-cévired and unvegetated sites
near the tanks. In this regard, they told us that results
from ongoing exﬁeriments should provide such data beginning
in about November 1989. They expect thege experizents will
cuon?irm the results of the 1987 study and will show that

gravel surfaces in the tank farm areas allow greatasr volumes

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

covered by vegestation or finely textured soil.

UEFICIENT DOE EMD -5
N BNV N CONCZENS

Sinece 1981, GAC has sepnrzad or testified many times on %he

etr, and health aspects of 202’s nuclear

,

environmental, 33
weapons complex. (See ». 36 for a partial listing of

y related GAO producis.) ¥e have presented information that
demonstrates, and DOE's studies concur, that DOE has
emphasized the production of nuclear material to the

detripent of environmental concerns. We did not evaluate .
- DOE’s production and =nvironmental priorities for this

report. 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 envirenmental concerns:

—— Scientists suggested as early as 1980 that DOE tes:t scil
samples from beneath she tank farms to improve it
menitoring of certain mobile contaminants that have

T - leaked from the tanks However, as we discussecd. DCE has
}yg¥Q&Vﬂ' not used readily available tgchniqucs to accomplish this.

~- Single-shell tank leaks were first suspected in 1956 and
confirmed in 1961, but wastes continued to be added to
(Seew}pp.”III.)

o ‘the tanks as late a§KXoyombef'1980.

-=< DOE's stated strategy for liﬁitiag‘the"diﬁzar of future
tank leaks is to pump the ligquid ints double~shell tanks
whenever practicable. However, as we dizcussed. the
pumping program has been repeatadly delayed, at least :in

part, becausze most of the available double-shell tank

DRAFT
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space is allocatsd through f£iscal year 1993 2o engsing

production aad waste-processing programs.

CONGLUSTONS

DCE has not caxan advanzage oF available technigues
1e=aked c¢csntaminants oT ¢ sredict their movement razil DC2
obLtains bett:r data, infarmation about the impact ¢of the
tank lﬂak will continue to be incenclusive. DOE should,
for example trace the movement of the contaminants--such as
technetium-99, iodine-129, nitrates, chromium, and mercuxry--
ahat are more likely te reach groundwater in measurable
concentrations than ruthenium=106. .
Availeble studies do not provideiconVincinz suppart for DCE
assertions that the environmental effects of tank leaks
will be extremely low or nonexistent. To resolve |
uncertainty about the eff=cts, DOE needs to obtain better
data from the tank farms to support future study assumptions

and validete study results.

The program to pump liguid {rom the single=shell %tanks has
often bcen delayed because insufficient space haz been
-eserved in double-sheLL tanks for this purpose.
Insufficient cpace alloecation in the double-shell tanks has

been the result, at least in part, of higher priorities

 being assizgned to waste from onzoins production activities.

DOE may lessen the cffoc*s of tank leaks 1f it repiaces the
gravel surfaces abovc the tanks with & less perﬂeable ground
surface material to reducs the voluma of watar that drains
through the socil., In view of the potnntzal for long tara
renvironmental damage’ from tank leaks,- DOE :hould develep .

. o

immediate, specific “planz to place an interim ground surface

DRAFT
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paterial over the tanL ‘arn;.? 1f, as expectad, the curlen
exé;;;izﬁts indxcate zhat ihe gravel surfaces at the tanx
Jarms significantly a.‘ec‘ water drainage th-ough the 30is,
DOE would taen te able to expeditiously replace she gravel

sus~faces in the eanlk Zarm areas.

RECOMMENDATIONS

Te minimize the environmental effects of tank leaks on the
sursounding soil and eventually on the groundwater, we
recommend that the Sec*ttsry of Energy take the tollowing

action: ‘ . .

*

-~ Conduct a data-;at\oring program sufficient to assess th
risks and extent of groundwater contamination from tank
leaks of mobile and long=lived radieactive substances.

~- Assign appropriate resources and priority tu the gingle-
shell %ank pumping prograa to ensure that (1), as 2
sinimum, sll feasibly pumpable liquid is removed from th
tanks by 1995, and {2! the 1995 goal is not usad to del
removal of ligquid that could be pumped befors 1995.

~- Develop s#ecific plang te replace the gravel surfaces at
the tank farms with a less permaable material and
P:oﬁptly replace the gravel surfaces if engoing studises
. indicate that these surfaces could promote the movement
'df vaste £owi¥d the groundwater. - ' '

To obtain our information, we intarvieved engzizeers,
managers, and scientists at DCE headquarters and field
offices, Pacific Northwest Laboratories, EPA, and

i DRAFT
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washington State pepartment of Ecology. We also reviewed
official files end various published and unpublished

reports. (See 8PP Iv.)

our Teview wWas conducted betweel August 1988 and Februar?
1989, in accordance with generally accepted governnent
auditing gtandards. As agreed with your office, we
cbtained officisl agency comments on 2 draft of this report
and, where appropriste, podified the report geeordingly.  AS
arranged with your offices, unless vou publicly announce its
contents earlier, we plan no further digtribution until 10
days from the date of this jetter. At that time, we will
provide copies to DOE a;d octher interésted parties uRen

request.

Major contributors eo this report are listed in appendix V.

' S§incerely yours,

J. Dexter Peach
Assistant Comptroller General
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APPENDIX 1 APPENDIX 3

BACKGAQUND

Thiz oppendi: provides background information about somw o the
teatures of a typical Hanforg singla=shell tank, the extsnt cf
leaks from the tanké, and one study’s conclusions about the
impact of those leaks on Hanford's groundwatsr. The Decariment
of Erergy (DOE)?: assume= that 46 oFf tha 139 single~shell ftanks at
Handorc have leaked, but data concerning the amount leaked from
many tanks are incenclusive. According to tﬁ; study, the time
required for peak concentratiens of leaked contaminants to reach
groundwater and the levals cf those concentratiens are highly
dependent usen the amount of water that drains through the so:l .

each ywar (recharge rate).

8 _TYPICA N =8HEL TANK

Figure 1.l shcocws somae ot the {featurses of a typieal Hanford
single-sh@ll tank that can held | million oallons. Special pumn
equipment @xtends into wells created in the mostly golid wastae.
To getect leaks, DCE moniters the liquid levels in the tanks and

measures levels of raciatien in the dry wells near the tanks.

There are 25 sxnglc-shell undergraund waste storage rtanks ac
Hanford with 1-mx111an‘gallon capacztxas. ps ot October 31,
19688, each of these tankg containad, on average, 280,000 gallons
of waste—-—about 7,000 qallons.oi liquids resting abave the solids
(such as sludge and :rystalline salt d-pncxis) and about 87,000
tgalicn: of drainabl- liqu;ds intortporlad in the solids.“

B o

\For convenignea, we identify BneE tHroughcu* thiz discuasiecn as
the federal agency responciblg 4or cparations at Hantcrd., olwi=
was precaded 1n kthic respensibility by the Army Corps of
Enginevers (1943-46), the Atomic Energy Commissien (1936~-75), and
the Emergy Rescurces and Development Agency (197%<77).
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Eigqure T.1) Pf'msggsj_g__o._e_mﬂ_slm_i_smll Tan

(Capacity of § Millien Gallons)

Figure 1f.3: Cross-Section of & Typicsl Single-Sheil Tank (Cagasity of § Milion Galions)
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SINGLE=-GHELL TANKS THAT
foln) o$=“ng§ HAVE 5g;kgn

DOE cang: measur?d IR l:quizc laevel in many Lamiis ang depencs <r
ary-well mgniizsr:ing - dutect ~ank leaks and est:mat? the amoun-
of leaxage. Sczorcing =8 0CS e+ficiala, :he designatien “assume
lgaker" cces net indicate the tank is currently laaking, but
rather shat DCE azsumes the tank has loakad at soma ime. The
1ist of assumed leakers includes tanks in each o Hanferd’'s 12
single—shell tank farms as well as 2 of the 4 most recently
constructed single-shell tanks. DOE estimates that the 149
single-shell fanks contai;'abcut 6.9 million gallons of drainat
waste and, as shown in table I.1, about 1.2 aillion galicns of
this remains in the 6& tanks thét DOE has identified as assumec
leakars. The volumaec $cr tank leaks shewn in table 1.1 are bas
on estimates by DCE contractﬁr staf¥. The other information in

the table is Sasad en DOE records.
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veola 2.1: Simgle—Shnall T
Lmaled (GCallgne 10 Thgusangz!

Gallone 9+f wagss

Drairasle liguig~
remaining in

when igentitiss as Numoer gstimatud carmks assumed
Am_as=umeg leabar =é %tapts leakage 23 have leaked
1959-42 3 162 ) 16
1964-468 S 20 44
1865-73 13 284 101
1974-78 30 180 832
1976-83 - 10 14 -
1984—-88 ' - 17 _ige .
3
Total ' &6 743 1,194
== -3 4§ MEBB=N

aDrainable liguid includes alil liquid waste {as of Ocicher 1988)
that could drain srom the tanks due to gravity i+ tha tanks
ruptured. It does nct include a pertien of liquid waste tmat
would aghere %0 the solid waste within the tanks. -
- v
wDOE centracicr stasé rouncee this figurae to the nearast SO,D0O
gallcnzs (780,000) and has na precise estimate of the amcunt c4
leakage from many individual tanks. Uneil recently, the stas+
nad estimated the lwakage csuld range from about 874,000 to
00,000 gallens.

«DOE estimates that about 400,000 gallons of this drainable waste
esuld be pumpad from six of these tanks. (See fig. 11.4.)

RECHA TE FAN SIGNIFICANTLY =

. EMVIRONMENTAL IMPACT OF LEAKED WASTE

-

. g LRI 4 - - - N

- - S LT N . Iem

A T Loe o ez
fradipt

Thekiingth of time required for piaﬁ .;né:nﬁrations‘cilfaaked

2 amk contaminants &o reach the groundwater and the level of the
FRal €zne2ntr3ticens vary s-aatly canending ¢n tmm armual racrars2
rate. Higher recharge ratas reduce the time reguired ‘cr

centaminants to reach grouncwazar. In the study ugcn which tat.@

I.2 iz based, the highast annual recharge rate gxamined was %

c=meimaeters. (Average arnual recharge at one Handerd sitas ha=s

aincy bemen estimatad AT aboult 1 cIntimotars.) The gswudy assumed
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shat a grsund covering 1n3:2ll8S avar the tany faras woulad recus2

sne amnual ~gcnarge rate =S G.L =antimeter.

»
J

-ne 3%uSY rgoults zresance? -3nie 1.2, Solow, ware baseag on

0
"

rpe imsacs ai_assumed 1oaks 230,000 gallens $rem 27 tanks 10 <
ot chforé’s :2ngl=-sn¢1l =ank farms. The rable is based cn a

/ study dy @ DOE conkractor- The recharg@ rat{.of .4 centimeter
for an installed greund covering is an assumed figure ang =ha
actual figurs® could diféfer Bbut the value o+ the study is that it
demonscrates enat relatively Ainor diffsrencas in the recharqe -

cate can.greatly affect ime snvironmental impact o¢ tank leaks.

Taple H g &nnual Rachar
in the Manford Eroundwater--Tiae of Arrivsl and Concentration

Peak concentration conparad

Nuaber OF years ather lesk with drinking water standards
belore peak cencentraticn (Pradicted level ofxcuntanxnaticn
reaches groundwatar® at an iz this sany times the standard)®
_annual ~gcharoe rate 3¢ 3t 3n _annual peeharqe Pate Of:
: 3.1 =2 0.3 ¢c» 5.0 23 0.1 en D.3.€C9 9.0.623
ggntanigigt
logine-129 5,500 1,300 179 . 31 640 4,800
Technetius-99 5,500 1,300 150 2 378 WY
plutonius—-239 20,000 5,000 700 .3 41 429
 Carbon-14 5,500 1,300 1350 .83 20 129
Uranius-238 $,500 1,709 180 JAd 1.3 b
Chromnius - 4,%00 1,230 153 74 15 136
. Nitrates - 4,900 1,230 433 - .08 1.3 - 12
- pereufy 4,900 1,250 155 330 -1 - . 60

oThis i3 the elapsed ti3e Detwasn fthe sccurrence of the tank leak and Rt arrival
of pusk concentratiscns in theg groundwatar 300 seters 4ros the tank faras. '

wThig i3 the predicted peak esncentrition of centasinants i8 the grguncuater

=00 agters froa ene tank farms 33 3 suiziola of drinking water standards set Dy
the Envirann'ntal Protection Agwncy ana the sZate a4 Mashington. Can:gn:rat;ong
girectly below the tank fara could be nigher.

¥

"
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APPENDIX II AFPEENDIX

DOE ‘s _GTCRAGE AND MANAGEMENT OF WANFQRD
S INGLE-SNELL TANK WASTE

This appendix dascribes past DOE management =4 the single-snell

tank liquid wastie and the current status of that waste including:
1. decrease in tank waste from 19466 to 1988,

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

tanks that cculd be pumpad (1981-88),

S dizposition of liquid waste {m and around the tanks,, .
4, amount o+ iiquid that ecould ba'pumped $rom each of 43
tanks, and

S. amounts of mcnay spent to pump and seal the tanks (1964~
88)., .
]
A IN SINGLE-SHE! Ta
WAsSTE caT RIES Q656~88

Fiquré 11.1 shows the decline in peak levsle of both total waste
and liquid waste stored in the tanks cver thae past 2 decades--
from about 77 million gallens of mestly liquid waste to about 3I7
million gallonz of mostly solid waste. The velume af «nlids
1ncrnascd ($rom 13.7 million gallons to about 34.2 millinn
ga.lons) pr;mar;ly because r-siau-, luch as aalt duposits, laft
in the tanks érem evaporation of liguid wastes has solidified.
DCZ contimued t5 put wasie into the tanks until 1980. Alse. DOE
placed zclids int> scme tanke o help absorb the liguids. The
amount of liquid resting above the solids declined $4rcm abcut &4

millicn gallons in 1966 to about 0.7 millien gallons in 1988.
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APPENDIX II
figure Il.1: Waste Storsd 10 panfged-g Single-Shell Tankg (19692
19€8)

Figure L% Wasts Stored in Hanterd's N

TANK PUMPING PROGRESS SINCE 1991

P

as shown in figure 11.2 the -stim;ted amount of liquid in the
tanks that could be fcasibly pumped has declined sincse 1981, but
" the rate of decrease, 1ag been lower since 1985. Scheduled
| pumpi.ng endaed 1n Auqust 1985 and, uith cne exceptien, DOE has
pumped liquids since August 1983 enly 4rom tanks with susclt“od
l=aks. (DOE pumped about 16,000 gallens frem ona tank in 1986

tnat was not guspected of lwaking,)
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Figure 11,33 gasimated amgunt of Symoable Liguid 0 1 g=-§h

.Tank! and fRepgrt=q Amoynt Pumged Eaeh VQi!} 1981 -1{988

and Reporind Amourt Pumpes Esch
Yoor, 1981-1908 ’
_ 8
’ 7
)
s .
? s :
3
]
1
L

i # & & &2 2 & 27

~»

Eaderamd Arraurt of Pumpese iass o8 of vy I8
Asserné Amaurt Pumped Dusrg he Your
kbuﬂmddumhﬂcm“ntdwham 1981 hu.d?:;ﬁ

mmmsmmmmwmwmm milon
galons (sbout 50 percere of e decfine). _
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Mest of the change in the velume of pumsable liquid volume is
attriSutadle to DCE's pumping srogram {about 2.3 miliicn gallons
sumped since 1981). icsording te a DOE csniractor, most cf the

stner changes ar® Tue@ T Chang3s in methecs to estinacte anc

(1%

"--
P ™

(44

~spor= the amount TF SuABA3ld iiguid in 4nha tanks. Aczsr =
~m; 3 officiale. svaperatisn ¢+ Ihe wastle, laaks of liguid aut m+
she tanks, ang ieaks o¢ wazar (sugh as rainwater) ({Ato the

tanks, have Sad a minimal e+féecx.

10 wAg K STOR N _AND
LEAKED FRGM SINGLE-SHELL TANKS

As of October 1988, the taﬁks contained abeut 8.2 million gallons
of ligquid waste. About 6.9 million gallens of that waste could

drain into the s9il through tank ruptures. However, as shown in

figure I1I1.3, DOE astimates that enly 5.3 million gallens of this

could be feasibly pumped because pither some of the liauid grains
+oc slowly &hrough the gsclid waske to be feasibly pumgedT- The

. ‘s
remaining 1.3 millien gallors o3 liquid waste will net drain. (as

a result of gravitational ior==a) because 1t adhares %O the

uanlids.

ty
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ﬂgurln)u Oisposition of Liauid in #nd
¥ - : 13&%&&&:@&!9!':‘?13

anodOunun1s‘l i
! s3  Mallon Gas, Setimxed Les

Feasbly Pumped

e INGLE-SHELL Tanrs WITH LIQy!d .
THOT 8} &S PUMEED

CCE has two pasic eriteria %3 identiéy tanks Lhat c=ntain
draxnahlo liquid that could B@ feasibly pumped: (1) tnose that
have 50,000 gallens or more of draznable 1iquid inter3persed
jthin solid waste and (2) these that have <, 000 gallens Cr more
ot liquid Abave sa1id waste. By aaolvinq these criteria GRQ
149 sxngle-shell tanks contain liquid
that could be ?cas1b1y pumped._ (See f;qur! II 4.) According 1 1]
a DOE c4+x=xa1, pOE may xd-nti4y add;tiqnai tanks uzth 4aa=ib1y
quzd when 1t performs angineering analyses and reviews

founa that a4z of Hanford s

pumpabl e 14
rant puaping crxtlria.

{23 Swr

DRAFT



- . DRAFT

aFPENDIX LI AFFENDIX 11

Figurs 11.41 amgunts oFf pPumpable Liguid i Each $ 43 ngle-
3 98

.Shell Tanks ag o+ Ogtguer o

Figure L Amount of Pumpable Liquid in Each
of 43 Single—Shell Tanks as of October 31, 1988

-amng o

. 400 Gallens In Tﬁou'sonda

350
300 ) .1
250

200

\\“\ “\“‘“\\“\lllllllnm"

. « Tanks that DOE assumes have lacked =

(«]

- Note: Er:”lnuﬁné analysaa and o reviaw of DOE's current purﬁp[ﬁg criteris may
Indlcate that NMquid can feasibly be pumped from additional tanka. !

Two=Faga Fold-Cul
Fig., 11.4
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Two-Page Fold ocut
- Fig 1.4
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AMQUNTS SFENT TO PyME AND
SEAL SINGLE~SEEL! -ANKS

As shown in table II.Z, 502 aucendad abcur $1.2 millicn during

rthe S-vear sericd 1894~22 (fiscal years) €2 pumo liguid <rem 2Na

+tanks and seal tham <3 P avens unwanted intrusions of liguiZg
&

f
such as rainwater intc the sanks., This ameunt i< anout £ percant
ef the money raguested BY Hantord edficials $or thows year= and

about 3 percent of
(as oF April 198%™
sealing programs.

for thaese programs

the

total 236.3 million c44i=£als new estimate

it will eost %0 complete the pumping and
Hanford officials requested abeout 38.6 million

{ar 4iecal year 1989, :

Table 11.1: e Ex

+_Peque nditures Ta Pumg and

Hanfaord

Seal Singleg-Shell Tanks (Dcilarq in thousands)

Fisecal Ham+ord DCOE Expenditures as a
ygar bygnes roguest pranditur percent ef requests
1984 511,120 $ 100 o1 3
198S 10,180 asa v 4 .
1986 <,710 219 4h
1987 8,480 g92 7
188 1,271 394 31
Total 224,961 31,759 S
F L 133+ BNERI

)
X3
T
4
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CHRONQLQGY QF MAJQR EVENT THE_H RY
OF SINGLE-SHELL TONKS AT WANEORD, WASHINGTGN

1944 First =inglia—shell tanks went into service.

19248 First indicaticn of a potantial leak.

1959 First single-shall tank jdantified as assumed to have
leakod.

1961 Fir<t leak confirmed.

19464 ' Construction completed en the last group of linqle-sheyl
tanks.

1966 The last of thae 149 mingle—shell tanks went into
gervice.
. s

1966 The total volume of waste in ths single~shell tanks

resched absut 77 million gallens.

1968 Canstruction 6f the first double—-<hell tanks began.

1970 Prilling of a groundwataer monitoring well ropcfﬁsdly
' caus@d spread of leaked highly radiocactive centaminants

$rom singl.-shéll tank to groundwater.

. PR
PREEN

1974 Pumgiﬁéﬁchgréﬁ Qai-bequﬁﬁtc transfer quuid'frhm
simgle- to double-shell tanks.

1979 The largest cingle-shall tank laak sccurred——anr
astimated 115,000 gallens.
by T
'0‘;0-".‘ A,g

Sl
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1980

1965

1988

1989
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DOE stocped slacing any waste into the single-snel!l
tanks. - ‘

1gvals 0 single-snell »anks ~32uc3s T2~

Liguid was<e

mera 2han : =92 abcve ehe sclid wast>.

1ans adopied Lo transfer the romaining B.% miliicn
gallons of sirgle—sheil %fank waste that czul2 be

fgasibly pumped intc the double-shell %tanks by 1988,

Planned pumping schedule not $ollowed and scheduled
pumping-o‘ the single-shell vanks ended. Since Aggust
‘{985, DOE has pumped liquids only 4rom tanks it assunmad
nad leaked, with the exception ot about 146,000 gallons

pumped from ane zank in 1986,

Five tanks were adgec to the list of assumed leakers.
]

DCE, EFA, anad Washington Skate gsigned an agreement in

which DOE agreed to pump the remaining 5.3 amillien

gallens of fwasibly pumpable liquid waste frenm the

single—shell tanks by the ond of 4imcal year 1995.
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BRJECTIV OFES, AND METHQD Y

As a result of discussions with the offices of Senatcr Adams anc
Representative Unaceld’'s pradscssser, Reprasentative Bonker, in
August and Nevember 1988, we reviewed DCE‘'s management o+
underground single—snell Qaite stnrage tamke at its Hanford,

Washington sita. Specifically, we

~ reviewes DOE’'s offorts to moniter the movemsnt of leadked
single-chell tank waste and assoss the effects of leaks

‘@n groundwater, and

= éxamined some methods DOE could usa to reducs the
environmental impacts o+ 9a=€ leaks and the risk of

4uture leaks.

To mcet these ohjectives we interviowed scientigts, engineers,
and managers werlking for DOE’s cperations e##i:q‘at Richland,
Washingken, and a:i the DOE headquarters Qffice of Envircnmental
Audit, the Wezstinghousa Manfera Compamy, the Battelle Memorial
Institute at the Pacific Northwest Laboratories, the
Enviromnmantal Protection Rgancy’'s Region 10 office, and the
Waghingken Statwe Dcpartmontlci'scolcgy. We alsoc reviswed
oificial records of tank farm surveillance daka, mcnth19 waste
SnQentory reperts for both siﬂglo- and doublo;sholl tAnks,

regorts on single—ihcll tank pumping, annual _and quartsriy

';prejact;ans af sxngln- and doubln—sholl tank spa:u utili.at;on.

- e

"._;and var;oug publ;:h!d and unpubliihod studies and roports“

concarning such things as singlo-shell tank-pumping plans, !a‘atv
cf single-shell tank cperations, and the mobility of varicus

camtaminants in Hamfcorad scsils.

We provided a =+ atnm.nt of facts conmcerning our audit findings tc

DCE o4éicial= in thoe ocffica cf Defense Programa and the oféics of

oo
F A



DOE Nuclear Complex (GAO/RCED-GB*IBO, Mar. 28,

: Nuclear wast;: Unresolvod-lssdes Concernin s W;ste
fﬁllﬂanagomont Practices jGAO/RCEp-87f30. Nov._l,ml986). -

L DRAFT

mmnnemgmgas
Modernization and Cleanup problems are Enormeus in the Nuclear
39-17, March 15, 1989)

Weapons Complex (GAO/T-RCED-

' Emvizonmental Problems at the Department of Ene ay's Nuclear
—c50-89-12, Pebruary 24, 1989)

Weapons Complex {GAO/T~
Nuclear Health and Safety: summary cf Major Problems at DCE'S
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