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Suppon for th1' ,tud~ v.a, pru\ldtd h~ the t S l><'panmt'nt of 1-.nc=r,~. undt"r Or.1nh Nu DE f('()! 

WEW:'i40(•Y and DE·FOll <NFWWI'IJQ All ••pm'""'· ftndmll'- <~mdmK•r". and m:Oil1tllCndabom uprnsed 

hc:rt·rn are tho~ of the authon and''" n•M nc.·c:".anl• r-efk,t the-' ~<"•• nf tht Ot-panmcnt <lf l:.nctg~ 

lntemattonal StHndard Roo .. 'l;um~r IJ "JHl> 1 1\r..o 

A•ldllwnal ,·opu:• of tht, n:p.m arc a• aalahlc fmm 

!liauonal Aca<kmy Pre" 
~101 Cnn•tiiUhnn A•·cnuc:. 'I; W 

BOl .:!11~ 

Wa•hmjltnn. IX' 200~~ 
~00 624·6242 

202 .H4 1l I' 11n tht· Wa,hmptnn nK:rn'1••ht.on an-•• 
hllp 1/wv.·w nap cdu 
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It 11a•·~ nf rn•·~rumnl'ntal , "manunauun ·~·•lllllfiJ' hnrn• II• C·•hl ~ ., drkn ... m'"'"" Maft) l S •lrnw 

'""'PI~• \lit'• art· h•,:hl' nmlallllllatrcl ••lh '""'"'"" hl)f• and l>a<.arduu• •.hrmt~'•" alld ••""'IC '-' •~<'allf'd 
up With <'urTent tr.:h!Kli"JI'l"' H<'l" nn_,rl l'hfu .,..,, mu•l hr m.a~ tn , .. ,, •• and ulfltatn dw .. .,.. 

lfl'fl<Y lnllljlt' to t'COICI). 111 ""'"' \8111'\ 111 Jll:rprlll•l) lh•>vl,la•• lltMf'l Tllnt l-.'lftlamtnllll'd \ltl'\ •tll 
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fhtlltom '"'IJC!I Tilt l>clltnm •lt•8f1' al,..•rm1t.Jdw• tt•• ho'f'r lhtil 111 til WP lltniiR 1ft~ IN~,._. 
lonll·tt:ml m~t•tutumal ntallafl"tnrl1t. <hh,.-"tl~ •N'IIIf'd. mab thr t!il1ll'd fll! ttw ,._, "'<rMIMil) to fl•-~. 
•• "'ro that fll'l' <'tlntallHnal«'d lode~ &II' • lurllf'd llf' •h lhf I !INn' ...,.. IW1IO tN~II!t 
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federal government on scientific and technical maners. Dr. Bruce M. AlbetU i1 president of the 

National Academy of Scienceli. 

The National Academy or En,Pneerlq wa.~ cst.ahli!ihed in 1%4. under the dwUr of the 

National Academy of Sciences, as a parallel orllaniz.ation of ouuuuldinl C"IJMCR. ll '' autono­
mous in its administration and in the selection of its mc:mben, 'hariA& with the Nlllional Acad­

emy of Sciences the re.,ponsibility for adviaina the federal aovemmeat. Tbc N.uoo.J ACIIdemy 

of Engineering also sponsors engineering proanms aimed attneetinJ national needs.~ 

education and research, and recognizes the superior ac:hinemenu of ct~pneen. Dr. WUIWn A. 

Wulf is president of the National Academy of EnJinecnna. 

The JnstJtuk of Mtdlclne wa., C$tablished in 1970 by the Nauonat Aadcmy or Sdeftcft to 
secure the services of eminent mcmbcn of appropriate prnfe-uaoM In lhe uamiMUon a( polq 
marten pertaining to the hea.lth of the public. The lnatitulC ac:u. undu die rapmlribUtty """to 
the National Academy of ScienccA by iu conpuaional dww to he • lldvi• 110 dllt federal 
government and, upon its own initiative, to identi~ i1aue1 <lf medK1al cere., ~. lltd educa· 
tion. Dr. Kenneth I. Shine Ia president of the IMtitule of Median&. 

1lle National Rneardl COUDdl wu OIJanir.ed by the NllllOiii&l Ac.Smt)' of sae.c. ia 1916 m 

associm the broad community of aclenc:e and tedmolou W'idl the ~·· pwpoMI vf 
funheriftl knowledJc lfld advlsina the federal JOvenuneal. Fl.mctiontDI m ~ WUh 

aencnJ policica determined by the Academy, the C!l&lnc:il hu becQIN dw prtftd,.t openiUft1 

aamcy of both the N•tionaJ Ar.adcmy of Sttcmcca t.nd the NIIUUMI Academy or~~ tn 
proyidina services to the Jovernment, the pubbc. t.nd tlw 1Cta1ttftc and en,tneen• ~181· 

tin. The Council Ia adminildered jointly by bcxb Ac.ckmlfllnd lbe lniiUMc c:tf Medtt:tftlt. Dr. 
Brva M. AlbenJind Dr. William A Wulf an d\lintwl and vwe c-hamnan. rnpo&."dvely. of dw 
National Rele&J'Ch Council. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

C0!\1!\1JTTEE 0'\ RE!\'IEDIATIO!\ or Bt:RIF.I> ASD TASK WASTES 

TII0!\1AS M. LESCIII!"E. Chulr. l~nl\cr~lly of Wa,hmfton. Scattlt> 
\1ARY R. E!'lGI.ISH. Via CJwir. l~nn·crsJt) '''Tennessee. Kno'vlllt' 
Dl:SISE BIERLEY. En\"lronmcntal Cmsultant, St IIden\. Oregon 
CIRECIORY R. CIIOI'I'l!'\. Flnnda State Lmvcrsll}. Tallahassee 
JA:'>.1ES H. CLARKE. Vandcrhlltl.'mvcf:ilty. :S.ashnllc. Tennt"s~ 
ALLEN G. CROFF. Oak Rtdgc !'\auonal Labomtof). Tennes~ 
WILLIAM R. FRElJDE!"BlJRG. l.'niversny of W1sconsm. ~1adJson 
DOl"ALD R. GIBSON, JR .. TRW. Colorado SpnnJt~. Colorado 
!'AOMI H. HARLEY. New York Unn·crsny School of Mcdtcme. ~cw Yon 
J A!\1ES H. JOHNSON. JR .. Howard umversity. Washington. DC 
SJILOMO P ~ECMAN. t.:mversity of Anwna. Tunon 
\l.' lll:GH O'RIORlJAN. Gl\cm Purslc), 1.1 .. 1'. Bn1~c. ldahP 
El >Wl~ W. ROEDDER, llal"' ard l"mvnsny. C.unhndJlt. Ma\'a,·hu~t\ 
BE:SJA\11~ ROSS. l>J\ptl,al ~alct~ In• orporatcd. Wa~hm~?ton. I> C 
RA Y!\10~0 G WY!\1ER. 0.0. R1d~c ~atwnal l..lt>l>ratnT) lfctU~I. l cnll('so,('C' 

Con.fuluuats 

ROBERT M llLR~ERO. l".S. ~u,·kur R•·rulatur") Cumm'"'"n •rctln'dl. tirtht',.:J.. Mllf)land 
EI.IZABETH K. IIOCKJ~(j, Arjlonne ~;lllnnall.ahoralof). Wa,hlnf!Hln, I) C 
A~SE BAIJ .. Ol: JL~~l~OS, l'nl\cr,ll\ ot Wa,htn,t<l(l. \unit 

Sill/! 

ROBERTS A~DREWS. Semot Start ()ffu;cr 
LAt.:RA D LI .. ANOS, Srmm F'riiJtc:t A~M~\ant 

' I 

.I 



I 
I 
I 
I 
I 
I 
I 
~-

I 
I 
I 
I 
I 
I 
I 
t 
I 

JOHN f AHEAR!'E. Chair. S1gma X1 and Duke Cnm:Nt~. He~can.:h Tnan11lc l'an. ~nnh Cawhna 
CHARLES MCC0~1BlE. \"11 t··Ow~r. Con~ultant. Glpi-Ohcrtm:i.;. ~wnurland 
HOBERT M. HERKERO. t:S. l"'uclcar RcJ?ulatm) Cornm•~''"" lfctJrcdl. l.icthc~. Marvland 
ROBERT J. Bt:D!'ITZ. r'uturc Resource' A''onatc~. I no.: . Berke it"). Cahfnmu1 
GREGORY R. CIIOI'PIN. Flonda State Umvcn;Jty. Tallaha~~C't" 
JAMES H. JOHN SO!', JR .. Howard Umvcrslly. Washm~on. DC 
ROGER E. KASPERSON. Clark Univcrsit)·. Worcester. Ma.••\ao.:·hu,cn• 
JAMES 0. LECKIE. Stanford Uruversity, Califom1a 
JA!\1: C.S. LONG. Mackay School of Mine~. University of !'cvada. Ren<' 
ALEXANDER MACLACHLAN, E.J. duPont de !'cmours & Co 1rc11red1. W•lmm,..on. Dclawarr 
WILLIAM A. MILLS. Oak R1dge A~•nc1atcd l'mvcrsllle~ rrettrcdl. Olne~. Ma~·land 
MARTIN J. ~TEJ!\'DLER. Arpmnc Nal!onal Lahora1o~ trcr•rcdl. Ar!Zonnc. lllm•ll' 
ATSt:Yl'KI St.:Zl:KJ. t:nrver~ity of Tokyo. Japan 
JOHN J. TAYLOR. Elcctn• Power Rl·,carch ln•tllutc 1rc11rcdJ. Pal•• t\lh•. Co~htnmua 
VICTORIA J. TSCIIINKEL. Lander' and Par .. nnll. Tallah.a:-,c-t·. Honda 
MARY J.Ot.: ZOHACK. l.".'l < •t•olnt!lo.:al Sun e). Menlo l'arL ( ahtumaa 

Sill// 

KEVIN D. CROWLEY. Director 
ROBERT S. ANDREWS, Senior Stafl OffiCer 
GREGORY H. SYMMES. Senaor Staff Officer 
JOHN R. WILEY. Senmr Staff Offiefl 
BARBARA PASTINA, Staff Officer 
SUSAN B. MOCKLER. Re5c:an:h AncM:tatr 
TONI GREENLEAF. Adnum~trati\re A~<~tx·•••e 
LA TRJCIA C. BAILEY. Senior Pro,ect Alllil\tant 
LAURA D. LLANOS. Senanr Pro,ert A~MJtant 
ANGELA R. TAYLOR. Senior PniJ~'t A5111\tant 
SCZANNE ST ACKHOlJSE. Pn1~'" Asmtant 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CO~t~11SSION 0~ GEO'SCIENCF-~, E~'YIHO~:'tiENT. A!'ID RESOURCES 

G!·.ORGE M. HOR:'\BERGER. Chair. l'nl\cmty of Virginia. Charloncsville 

RICHARD A. CO!\'WA Y. Cnion Ca.rh1Jc Corp<lrJtlon «rctncd). S. Charleston. West V1rg1ma 

l.Y:'\!1' GOLD MAl". Johns Hopkins s, hoot nf ll) g1cnc and Puhlil' llcalth. Baltimore. Maryland 
THOMAS E. GRAEDEL. Yale l'nl\crsity. New Haven. ConnectiCUt 
THOMAS J. GRAFF. Environmental Defense. Oakland. Cahfom1a 
EL'GE!\'IA KAL!'\A Y. Cni· cr~ny of ~1aryland. College Park 
DERRA K."'OPMAN. Progressive Policy lnstnute. Waslun¥Jon. D.C. 
BRAD ~100!'\EY. J. Brad Mm•ney A~~onate~. Ltd .. Arlin¥Jon. Virgima 

Hl..:GH C. MORRIS. ElDorado Gold C••rptlratwn. Vancouver, British Columbia 
H. RONALD PL'LLIAM. University of Georgm. Athens 
MIL TO!' R CSSELL. Jomt ln~tuuu.· for Lncrgy and Env1rnnmr.-nt and l:ruvcrslly of Tennessee (Emeritus), 

Kno~villc 

ROBERT J. SERAFII". National c.·ntcr for •\trnn,phcn,· Research. Boulder. Colorado 

ANDREW R. SOLOW, Wnnds llolc On·;mn!=r••phK lnsutullon. Ma.,sa•·hu'oC."lt!o 
E-A!' ZEN. t 'nivcrsity of Maryland. CollctJc Park 

Swff 

ROBERT M. IIA~11LTON. Exc(Uilv( D1rcctor 

GREGORY H. SY~1~1ES, A~~IK.'iatc Exe~·utl\'t' Due,·tor 

JEANElTE SPOON. Adrnmistrativc: and f'manl'lal Offi.:c:r 
SA~DI J1TZPATRIC'K, Administrative A'sno.atr 

II ) 



I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

Acknowledgments 

This report has been reviewed in dr11fi form by andividuals chosen for their divene perspectives and 
technical expertise, in accordanct with procedures approved by the !'-1ational Research Council CNRC) Report 
Review Committee. The purpose of this independent review •~ to pnwide candid and critical comments lhll will 
assist the institution in making the published report u sound as possible and to ensure that the repon meets 
in~titutional standards for objectivity, eviden~. and rcspon,iveneu to the study charae. lbe review commcnu and 
draft manuscript remain confidential to protect the integrity of the dclibcralivc proceat. W~ wish to lhanlt the 
following individuals for lhcir participation in tbt. review of this repon: 

John S. Applegale, Indiana Univcnity 
Kennelh C~e. Bechtel. Inc. 
Thomas A. Cotton, JK Resean:h Associales. Inc. 
Roy E. Gephan, Pacific Northwest National Laboratory 
Roger E. Kasperson, Clark Univenity 
Mike Mobley, Tennessee Office of Radtoloiical Health crctJrcch 
FrankL. Parker. Vanderbilt University 
Roger W. Staehle. University of Minne:o~ota 
Victoria J. Tschinkel, Landers and Plll'lions 

Although the individuals listed aht.we have prn,·tdcd ~·nn,trwuvc ~ummcnh and SUJ.llrstions. they wert! not 
asked to endorse the condusion~ or rcwmmendaunns. nur <hd the) ~.:- the fanal dral't of the n:pon before lb 
release. The review of thi!l report wa~ overl'«n hy Mih011 Ru~k"ll. 11ppuinted by the NRC Cumm.. on 
Geosciences, Envtronment, and Re~ourc:cli, and hy Arden 1 •. Bement. Jr .. 11ppomted hy the NRC Repon Revtfw 
Commin«. hoth of which were responsible for mn .. in~ ~~crtam th.ln an mllepcndcnt namination of this repon Wll 

carried out in accmdllllCC \\·ith NRC procedure~ and that all rnn:v. l·umment~ were ~·arrlully con1idered. Rc:1pot1· 

sibility for the final content of this report rests cnurcly wtlh rhc 11uthonn1 comminet a.nd rhc NRC 

I'll 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Preface 

The Commlltu on R<:mrdmtton of Huned and Tank Wa~tn "a~ a~kcd h~ tM l~.S. Dcpanment of Ene~y 

(DOE) to: 

... asseis approaches for dc:vclopmJ! .:n1ena for transllmn trnm a(tl'llf to pani'llf: n:mediauon and 

subsequent long-tenn disposition, mcludmt~ m~tnuuonal ~·ontn•l v.·uh monitoriq and aurveillanc::e, of 

DOE wa~te sites and facilities 5uch ali Hanford, Wa.!ohlnltnn: Sa'llannah River, South Carolina; Idaho 

National Engineering Laboratory; and Oak RidJC NatHmal l.Ahoralory, len~ICIC. Suc:b critena wm 
include technical fea\ibility, future land usc. pcrfomu~m-c aneumc:nt of remediation ACUVIUct, and nab 

to health, safety. and the environment a'i.sociated with h.lOJ ·tcnn Jitr di10polititln. Relc~ant federal end 

state regulatory requirement~ and agreement~ w1ll be mdudc:d. Appmpnllle approachn will br applic.a· 

ble to facilities such a~ high-level radioacuvc wutc tank~ llncludmtt related fadlitiea and contaminated 

environments). buried radioactive wa.,1e tsuch •~ the ltanf,)rd lo"' -le\·el "~~>'allte dt\poaal altetl. and on 

environments l'nntammatcd hy nudcar tcsllnJl tsul·h •~ the Nc' adll Tc•t Sttt we-rona tnt c'lltnt lctea· 

lion) 

Implicit m th1~ ,.hN"J!C 1s I>OE', rc.:ufn111nn that tad1ui••J11•11l ""'' 'ht·mt.:al n~b an: llkel)· tu JIC""' at many 

DOE waste ~~~c~ lm \'CI') ''"'I! tunc 11\.'n•ld~. Jn!lthar pn>tC'<:IIIlJ! human• and IlK' .. nnmnmt'nl lrnm the~~e "'"'"a 
dauntinttiY ,·omplell. ta~k. For "1\.'ICiy. nn11o 4nd '" the lurun:. tht• u""- , h;tllcnpc• not nnl)' our t.etrnufi' and 

techoolugu:al capah1huc~. hut als<l nur ·•hrht~ to C\lahl"h and 111am1a111 1ht Hhtllulumal I&ITtanJCmrnh that are 

fundamental tn tn!'loUORJl thts protccUC)n 

The commtttrc approached lis ,·hartzc l'ly dt\dt•p•nll a '"""'f:Mual han~t·wurk fctt ktn•·tenn lhl>tttutumal 

manattcmcnt of DOE's wa~tc SIIC5. In 1t~ 'IUd). 11 .- .. n ... ·ntrniC'd on thc- •1tc~ ukn11fi~ tn the J)()f£ rrq«•• but toolt 

other OOE \liL\te ~tics mtu uccnunt .. , 'll.dl. The'"'" ,·ptual !ramr~~ourt. de'\ duped by the commmcr llk'Utoel> on 

three .:'\lmplcmcnlllf') clement~ nf \lollitr 'itc- d1~1''"111nn - ""''"' r.~.Ju,·ulln, ... ~~..,tc tMllatmn. And llC'III'ardJtup­

usml the metaphor of a "thn:c-lcg~cd ~111nl" l'hc ,hlllM.-tcn'tt•·• ul «lid 1nterrdatlnn,.h1p• amona lhe1IC thret' 

elcmt'nt~ were t\ammcd 111 the commlllrl" ·' ~tUd}'. •~ v.·crr n11n.•nt , 11rat••ht1n. ltnut~ntn•. and ottKor t'ORkltual 



.l f'RUACf. 

farturs that must he taken tnlo <ll'l'••unt h•ll"" lrlf tht~ a~'e''ment. gt·ncral dcstgn cnteria for long-tcnn instiQI· 
tmnal man;tgcmcnt were Identified 

The t'nmmittt'e took tht' gcnaal. "'n' ,·pllwl appu•at·h t>n·au~c the di\l·rsny of DOE'~ waste site:<. and their 
n·,iJual cnnt;umnants. h•frther "tth l;tr!'C unn·n;11n11es ahout the t.rt·,cnt and future capahilitier. of scteru;c, 
lcl'hnoh•gy. and qe"ar.hhip llll';"urr' as wdl "' t>uJg,·taf)· unn·nainlles. pn:dude quantifying the current and 
futurl' risb pmcd by Yan<>us \tiC> •ll I''"' tdlllf" \lllflc "rrnpc for ,u,·cess." Jn,tt•ad. as described in thh n:pon, 
lnng-tcml rnqitullonal manag,·nwrH. ""''''"~ .tnd -~ 'll'!llatKally ronccivcd. ts t'''''nllaltn responsible sttl' d1spos1· 
uon. 

In summilf)'. at mo\t <lf !JOE's "'"tc 'itcs "'mplctc l'hmmation of unacn·ptahle nsks to human~ and the 
l'll''lronment will not be achinTd. no~ or '" thc forc,l'rahle future. At many of DOE's sites. radiological and 
chemical contaminants po,ing poll'ntially suhstanllal nsh arc likely to remain on 'ite and may migrate off site. 
Engineered measures for w;tste isnlah<>n. tn);ethcr "11h tnstttutional nmtrols :md other Meward.~hip mea~ures. will 
largely be relied upon to prevent unan:cpt.Jhle t·xpn,ure 10 these contaminants. The: quality of mana~tement of 
re'idually cont<Jminatcd W<t~tc sites. t->nth 111 the present and over the lnn{!er tcnn, will detrrminc: whether these 
mca~ures arc <tdequatcly pTllll'Cttve At mosr t ucs. nn 'mglc dcmt'nt·-- W?.~lr rcdul'llon. wa..;te i~olation, or 
'H'" ;mhhip-- <:an t>t• relied upon. L••n~·tnm lll'lltutu •nalm .. n.rft'mcnt "rll rcqunc ;m tnll'~ratl'd, ~ystrm~ appnlach 
that is tailored to the rnnditiom nl the 'lie and r~ rn ~Stled twcr lime. a~ the umdtllons of the liite and its 
-urroundmg area t'han~e and a~ nt'" tn:hnulo~ll:~ brcomc available:. 

In closin~. we should note the fCII<'''~ and n nlutl{)n of thn• n'mmntc:e. The Commince on Remediation of 
Buncd and Tank Wa~tcs was formed m I'N2. Its ""rk h11s n:~uhe.-1 in numcn•u~ rcpnl1s 11ddrcssinJ pmblems of 
'He rcmc•diarion in the DOE nmrrlcx 11he Idaho :"'atinnal EnpnccrinJ and Envinmmcntal l..ahoratory aquifer 
pumpmg and infiltratmn test, u'c of 'Y't,·m, ;.nal~''' and 'ystcm' cnJ!in<'t'nnJ! at the llanford Site in Wa.<;hinJton, 
is"l<ttion barriers. the !'liarara fall~ Stor<tfC Snc. t<·duucal manafl'mcnt at DOE. and tank waste rrmediation at 
Hanford!, ,-ulminatinf in the pn·,,·nt nJmtn;tlton ,,f tlw lnnf!-l<'nn dt,po,itum of J)()f. waste ~iiC:5. Thts report is 
m many ways a dirl·ct dc~n·nd;mt ••f those r.1rher 'tud1e~. and the prc~t·nt t·nrnmittcc mcm~Oi owe a debt of 
palltudc to th••sc curlier rncrnhcl'lt "ho. thnufh nnt r•tn "' the ~mup that pl't'parcd thl\ n·pon. wcre in,trum~ntal 
in hclptng to ~hapc the thinking that we hrnu~ht to bear 

We arc indehtcd 10 Tom Burke, !lob Culm. Tnm Ctlllnn. Rnd Ewm-. Glrnn Paubon. and. c~pc:cially,to Paul 
Withcrsp.,on. whose wit and wt~d"rn ha\'t' .-ununucd tn c.:ho thmUJlh the cnmmin~·~~ dc:libcratitms. We &lwtl a 
~pccial debt of thank~ to flub Jludrutr.. thr ,·mrmunr-r·~ fiTlttl·hatr. ~·hnu cca.\clc~~\ admcmlllonalo ''lhink oulllde 
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