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This report was prepared as an account of work sponsored by an agency of the U"it_d States
Government, Neither the United States Government nor any agen,c), thereof, nor any of their
employees, makes any warranty, express or implied, or assumes an), legal liability or respor_si-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-

ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed h,erein do not necessarily state or reflect, those of the
United States Government o,r an), agency thereof,
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AES'I'IG_CT Much of the wasle baled Ihroughmlt tile DOE Complex is
contaminated with hazmdous and radioae,,!ive matclials. 'lllis

T'he Deparmlenl of Energy (DOE), Office of Technology Devel. bur;cd wasle, disposed of during tile 19._'_.and 1960s,.is c.lassified ......... ,
opmenl (OTD) has inJlinled the Buried Wasle Inle_.r,;led De,non. a._Iransuranic (TRU) wa_le, low-level radloaclivc waste (l.15x,'),
sllalion (B\VID) Io resolve Icchnological deficiencies associaled Imzardous wasle pcr 40-CFR-261, mixed TRU wasle, mixed
with die remediation of radioactive mill hazardous burictl waslc. LLW, a'_d grealer-fllan-class-C (GTCC) wasle per
Tile BWID mission is to identify, demonstrale, and transfer inno. 10-CFR-61.55. Because previous dispos'al practices did not
vat;re technol%'ies for lilt remediation of DOE lunied waslc, requirc waste tqassific:ttiorl segregation much of file wasle bullet!

is conlmingled.

]b accompli._.h the nlissiotl. B\VII) is us; W a s','slems api,, t,ach Various v,'a.,;te con_ailmls and disposal placfices have COmlfii.
whicll supports lhc develOlmlenl oi a su;le oi advanced and mhd- caled tile DOE remedial;on effoiIs. For example, waste colllail,er._
valive technologies for tlm effective and elf;dent iemediatiotl of used al tile INEl. have inchlded steel drums, cardboard : a, ton-.
buried wasl,;. This systems apl;roach ?rr_llldes leCll', ologies for tile wooden boxes, and concrele casks. I Manv (ft Ihcse c(u,,:_nwrs

entire reme_iiali*.m cycle. St,ecifici-!llv, B\VJD sponsors technology have degraded signifieanllv resulting ill c6nlaminalion oi tlw
developmenl in the l_ollowil'g Icehnoiogy camgolies: silt and ;aimed;ale surrounding soi'l. Disposal praclice,_ have also vm;cd.
waste characlerizaliork relrieval, preprocessing, ex silu trealmenl, l"raclices have inclucled bolh orderly stacking, as well ns rarldom
pacl;aging, transportation, storage, dl:;posal, ;tilt] post--disl'_O,,;al dun_ping.
monimrmg.

The assessmenl and ultimate cleanup of nii 13Ot.'_facilitie,,;,
itlcluding burial siles, is the responsibility oi the DOlL Oil;ce tri

The BV,'III will accomplish ;IS oh]collies by involving parlici- F_.nvirollnmnlal Restoration (ER). The ER mission is Io ensule
paros and lechnoloLv sponsors from Ihrougho,H lhc DOE Ceml- that risk._ to tile envi;onmenw rind humav, heallh ;ire either elilni.

plex, private induslry, and tu_ivcrsitic,,;. This collaburalix'c efforl haled or reduced to plcscribed, safe levels The ER g;gJ is tohas been implemented lo reduce duplication of effurl, accelerale ,accomplish this assessmcnl and cle;mup ell'or| by 201
Icchnology dem(m_tralions, improve lhc renledinti(:n process base.
iine schedule, nn;: average DOE lechnology devcl(q_lnenl
funding. SOLUTION (B,ricd ll'osH' hlteerated L)emo,srrario,

• h,Ip/c, lentari,,l)

ER has ideal;fled Icchnological del_ Jencies wilhin lhc pleselu
PRO/3I..Ehl (Bit;ted Wastt' A'cmc,_i,Tti,_n) baseline _emedialion strategy. From Illls, lhc DOE, Off;ce of

Technology Development (OTD) ha:, initialed a comprehensive
Ntlmerous lacilities throughout tile United Stoics lave bcc,1 plogram to develop and demonstrate advanced leehnolngies. To

operated by tile DOF and its predecessor agencies fol nucleai resolve lhc specific yechnc,lt_gica! deficiencies associated wilh lhe
1escarcb. d'evelop:: e.nl, and pr(_tluclion. As a rcstllt of these remedial;oil of burial sties throughoul the DOE Complex, OTD
opelatitms, there nrc Ideal;oas ttlroughotll file DOE Complex has initiated the Buried Waste Inlegralcd l.)cmonstlation (BWID).
where v.'as_e has been buried in the ground for ,,.,tor,ageor disposal.
These ]_alions include 111(2Idrdlo Nalional Engineering Lnbola-
lore {INEL), lhe )-lanfor(I Sile, lhe Oak Ridge National L.abnralom'
(ORNL), lhc Savannal_ .River Laboralor-v (SRL). the Los AIrmmS" B\VID is coordinaled for lhc DOE by tile Waste Technology _"""IT_
National Labo_alon, (LANL'I. the t.awrencc Livermore Naliollal I.)evelopnlem Depailmenl (WTI)I)) of EG&C Idalm, lhc.. at tile _::'-...,.....

' Idaho :,,'ation:,l Engineering Laborator T (INEL). The INEL is the L .:,,._:._
Laboratory (LLNLi, Sandia l,Laliolml l..aboralor 3, (SNL), tl_e Fer- hosl site for BWID because the bur;cd waste located ni tile INEL 1_,2_,_'_nald Materials Processing Cenlcr (FMPC), and the Nevada Test

Site (NTS), contai_s a significant pmlion of file DOE Complex's 'T'RU waste _,,,';:_and INEL buried waste is represenlalive of olher DOE waste sites.

Although hosted al file INEL, BWID involves parlicipam,_ from it_at,_m_.
Ihlot_ghoul the DOE Complex, universitie,_, and pr;vale sector Io __
aden]mc Icchnol(igies for remedialkm of buried wastes.

aXVolk suppo_Ied by til.--U.S. Department of Energy, Office tri' Presemly, ER baseline tech,ologies (Io not exist for Ireatmelfl
Environlnemal Restoration and Waste Man;_gemcnt, uml.i DOI-'. of a broad Slwctrlun of but;cd w;isl¢. II ,x tile uhimale goal of

Idaho Field Office, Conlract DE-AC07-761DO1570. B\VID lo C_lablish and imF,,twc rcmedialit)n capabililies iu file _--_._
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I)OL: Complex while anninlninin,e a vigorous ,_che¢lule a_ defined APPROACtl (PWID Systems Analysis)
by ER.

The BWID is approachin_ leclmolog.y developme.I by dcfin.

The BWII) mission i,_ in develop, (lenlon,_lrr_le, aucl valichfle a ing rem.ocliaqion system requiremenls Igt 'I'RU--cn_la.finaied
suile of lechnolo_ies Igr lhe effeclive and efficieul remcdialion of burial sites al lhc INEL. A system i._del]ned as a '.op-le,,el
t_mied wasle. 3 'l']le spccific focus of lhc BWII) ix lhc leclulology "craille.-lo-grave" remediali(_ll colffiguralion involving ._ubsys-
Ileeds identified by I-:.Rfm bulie(I waste remediali(,n. 4 These needs terns and hldivi(h_,'q processes. Processe._will|in polential system
i_lclude: ' con:Figurations include: _i,te and wnsle ehar_clerizalion, relrievnl,

ltlerlllal IrealmeIH, packaging, IrallsporlalioYl, ssornge, and clis-
posal. The BWID focus is torn retlievt, and ex ,_ilu Irea|nlenl sys.

•, Non-inmlsive characlerizalion of trldioaclive, chenlic:tl, and lcre. Prm'ess requiremenls have I_een defined willlin this syslem
mixed buxia,I :;lies _ili(I potemial teclmolc, gies mc being idenliFied and tested tn salisly

lhc requirements. Figure I ilh:slrales polenti:'d technologies |or a
u, Remote measuremenl and characteriz,ation n_ethods retrieval and ex silu Ihermal process systenL To dale BWII) ha,,_

fe,cused on the froth end of this system nad has field demonstraled
• Remote' snmpling/relrieval methods aral e:.r.avalion equip- n number of innovative characlerizalion, letrieval, anti ex situ

mcnt treatment leclmologie,¢. Outyeats will see aclivilies nnd teclmol-

,, Real-thne nnal)'tical methods, including field annlysis tech. ogy demonstrations pxoceeding throughout this remediation
niques system.

., Iii situ isolation techlliq_.les for contaminated soils and burial
ACCOMPI..ISH MENTS (Demonstrated Tcchnologies)silts

,, Conlnminrttio, control techniques Tilt B\VID has completed technology demonstrations for vari.
otis processes within lhc tclrieval and ex silu trcnlmenI process

• Ex siht iJre.atl_lel}lleclmiques ol"COlltatllillaled soils nnd mixed svstem, These activities il_clude a guile of geophysical characler.
wastes, i_.:tlion, conlanlination control, and preprocessing teclmiqucs.

Following lhc successful dcmonstralion and evaluation of
each technology, BWID will transfer each ledmology to plivale l)urirlg August 1991, n robotic platform was used to deploy a
induslr)', universities, olher government agencies, am1 ER For geophysical sensor packa_:e. T'his package included ground-
implemenlalion ,'at applicable btnicd wnsle giles. Da!a derived penelraling radar, ma_ene'lic sensors, electromagnetic se_lsors, a
trorn BWID nctivilies are also available 1o the lnlernalionnl Com- sodium iodide gamma detector, and a photo--ionization organic
munily Iluou_h official ndnlinistrnlive cllarlnels. Induslrinl, aca. vapor delecton Results from Off.,;demonslration have furlheted
demic, and DOE Comple:,_-witle p;micipatioll is used to ensu1';: lhc a(Ivancenacnl in remote syslcm collllols, _ls well as the linl.,nge
multi¢lirectional leclmoloEy transfer, of several data streams from valious geophysical sensors lo one
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Figure ] - BWID rc'.lrieval arid e× situ thermal I'/el/l_lcllt proce.ss syslelll.



.... p.s_:l::_!,o.:'"]wo ;wlial suvveilhl_lcedrnmn_t;nliotl._: wc,_c ]WltOllll,_.d ]._]_and \\a_lc M;m;_l_cnwlLI. Spmilic calel'._vk'_:oi lechlll)h_,y
al lhc JN_'_Lii) (_ch'_lwT;isMNo:'enlt_el Icu_]. 'llm_,c dCll)()ll._;II;_ • (h,vcl(_imlelH I_ ]_\VII) iHcllnlc: Silt and w:l!:v, ch;tTa¢l,_'ti:,:H;()n.
Ii(lH,',; illV()]vt'(I tJlgllll;tJ iIl]l;¢-.IL'd, ei('CllOllla_:'ll(..'lic, [llt{I IIl_l_ll(.'llL IL?tl lev;IJ, lJlel-IllaJ II(';lllllelll. p;tC)_;it_lll!]. Ii;ll},_l,(llt;ttioii , FItJf d_L'.(.',

S(.'II_OIS, "J'_le_o (]eI|iC111.qlali(_ll._;)(W;IIC(I Il[t_lll('IIt('qJ O,l(Jll;lli_.'L' C;i_- ;ll)t] {]i_pO_;tl, J_L'plt'SetlI;IIiV('S |I(1111 lhllHl_.JlOill tJIC' 1)(11.'. (.'()lllllltl-

ing.,:;and bulied v,'a._lepil l',ouiMaries. These techniques plOVed fiji'.\',pri',';IIe _ecl(,l, :III(I 1111i',elSiltt.,:; ;lit' imiiiCilmtin_ in tlli_ ell(irl
llSoftll Io1 g,,'tC¢llJl1_liitge :Ire;ts quicl:ly a11dpmr,_li;l!l.v idenlilviiu! Ic_iml_('wc, lhc exi._ inF Imsri,_ic icmctli,_liem capatfililie,_.
probl¢lll aIE:Ig wlwYe [tlllhe_ _]lollll(l stJrvt,ys could lw dive¢lcdl _',G'; 'l'_cluu_InDe._,,(_llc(' tlel_tnll.Mral('d and evnlllal¢,d, will tw llaws-

h_'rled to tile IZR aral pti'¢at0 seclo! |oi lull-,wale hliplenlelllaliol_.

C¢_r}lalllill;lliOll COllllc_]is il lleUe._,_;il.\' lot ;IIW tt'Itjeval c.'lIttIl,_ ,"II
DC)II but-k'd waste Silos. B\VII) ha._SUl_lmllcd Ille devclolmlClll "llae F_V','II'_ha._dt'lllcm_lr;llt'd ._c,vel;ll chal;it'lel iTaliOll,
ai_cl le_lJli_ oi ._evcr;i] enHlalllJll;llJOll c'(mil¢d lec-hl_iques. Inc'hnh'd ic.llie'V;ll suf_i',,._ll,and IIC_HlliC'lll iecJ111(llc,,_]ic',_.'lllese c.JJoll._have
v,'ilhir_ these effnli._ )l;l',,'eJ'_eelivenlihltiol] sludie,_ t(_opiirni?e du_t in-qude,d atria! _uy',,eill;_lce LGchlliqkle_, _cophysic;_l cJlaraclcriT.',l.
l"Jo%vdiiihilT telrieva] .effo_l:_.dll_i SUpptes_,h_liIcchlliq'ut,,,, Io illhli- lir'_ll Icc'lmht_l':',',,ct)lll;tt)ljilaliol) _.'()IIHH]IltrHhc_,d!;,avid ._izir_!,de111-
11117.Edltsl _ot_,ef;I;JOll,teallillie lll(lliiloliii[', meIllOd._ It, dclecl ;til- OlI.MI,_II_IIM Supp_>_llm lechlloln_!y dt'111¢_11_llntiOll._will C(_lllirnJe
I>Orlle COllI_111}Jll;llII,r,,alld gJccllO,_t;lliL'CtlJI;llll,_ Io ;IItl;ic| alFbOllle ;i_ LiIIH..';III,_()f JlllplLIVili_ cxJ._iill_ Jhl_eJJllepr(,_3e.,_se,_.
co!itaillil1:llltS.

ItI._FI-_RFNCES

B\VII.} 11;1:¢crmlplele¢l ;I {telaile_l evahlali{m (ff v:uiou._ E:: silu
IrO;.lllllelll IEchnolo,eics. Several Ih¢'imal IIcaimc'nl pv_Uecls ate 1. D. A. AIII'_EI'3110LZ and J. L. I:NIGI tT. "A B_ief Analysis
being suppo_ led lc, addleS.', various lechnical issue_ ;_,_cwhlled nvl_ll)e::rvipticm of 'l_an_u_ amc \Va .,:.l ._:. in lhc' ,qllbS, iYfa¢c i)i._poy;ll
wilh the processing oi radioactive wame stream,*:. These lechm, qn. A:ea ('_Ilhc Raditmulivc: Waste Mana_cnlem CTomplux ni lhc
gies include plasm"_..-m: lurnaces and Joule glass mel_,ers.%lO,1 ,,12 INEL." E(.;G-WTI)-943F, Rev. 1, Idaho Nalic)nal E_gmeelil_g
Iqeplc)cessing lechniques imve aim been conducled IO suppoll Laboram, y, Idaho Fall.,;, Idaho (1991 ),
v,';iF,le Ileallllelll. A ¢rvol-yactu_e nlelhod, used by lhc lllililaiw lhr
destvuclinr_ of ol¢lna_:'e, was clelvlnn.':;trated fnr v,'asle sizing. The 2. U,S. I)cparlll|enl of I.:.nergy, t._,vi_,mmentol/?t'stn_alion and
'B\VID dc'l_lollstlation i_JVoived sinlul;ited buried w;i._le Eonlained ll_sn Managemcn_ J-iv('-3'cur/'h'm, Fiscal }'ears 1993-1997,
in steel b;:._els and _t,ooden boxes. These cnnlaincIs we!e hozen F",'P DOE/S-O089P (1991).

using cr)'o_enics, then renlololy Iransferred lo a press f_r SiT.ing. 3. l_. 1'._.I(OSTELNII._, "]luy led \V;I.',;Ielnle,e_aled I)emcm:l_alicmThe dislinct aclvanlage of cr3,ofr;IclUre is volume teduclion, Ihu,_
mi!limizing file vOlUllle of waste requiring disposal as well as a l'hm." EG(;-\V'I'D-9147(1. hlaho National EngineEring Labo_alor3.,
prelreatnmn{ size-reduclioli lechnique. Idaho Falls, Idaho (1991 ).

4. Cheni-Nuclea_ Geolcch hlc., '"]echnolc_:y Needs Asses._menl
OI.JT'fEAR PLANS (l'rn/)o._c(! 7"rclm,dogy Drvc/,)/,,)cnt) Fin;d l,:epoxl." I)OE/ID,'I25g.a-.92. (;.II'L)-104, Gr;ind Jtullctio|l,

Ce,Iota do ()991 ).
The B\VII') is conlirluin[: leclmolc_gy deveh_pmc1_l iii n immbe_

of technical ;ut:as. Durhl b'lhe_elv:dnderofFiscal'feat lP!)2, 5. B.g. GR1EBENO\V,"lechnnlogvEvahmtiol|l,lep{_rl foflhc
BXVID will c(]lllil_tl(, lo demonsl_;11e n nUlnber o| ,t,c,ophysic.al Buy led v,::lSlC,1,1ol_nlics l"roglam ,_;tlbsut face Mapping lq(qecl."
charnclerizali_ yt. relviev;ll, an¢l Iteatw elll lecllnique._. "lhe cll:!,ac- b'GG-\VTI)-9!)23, hhlho Na|ional EngllW('ting I_aborah_ly, hhlllO
lcrizalirm clio!Is will include lhc field ctelncmsl_:_li(m cq a blna_i. Falls, Idaho (1992).
band clecl_,m];It'.nelic Icchnique for Llucc-dimel_sional ima_.in_,.
and :1 lull--view CesJuvl_ ma,el_elonlClct-dcm.'qstration to_ 6. N, 15.._OS'I"L-2N."E','/llualiol_ of Aibmne Th,.'rm:_l, MagnelJc,
imp_(>,'ed posilioning accurnc\, and Elccllt)n_;',_21;e_ic Cl;,lt;IClet izalion ']cchn<,h_!ics." EGG--

\VTI)-- ]()t R(/. ]dah_ Nal tonal Eng/nee_ i::g Lab¢_;tloly, hhlllo

A Cl.VO_cnic IC.1_ieval dul;lcmsllaliOll ,,,,'iii Iw ,_iCllWqlSIl;llct]al ;i I:alls, Idnlu_ (]902.,.
non-_adio;iclive si_nul:lted hulied waste pil (I",P_',. (.'old 'lesl I']tl.
The adva!llagc Ih_'_lIIiis leclmoh_gy olle!:: is ity c',,; :amil_alion cnn- 7. Martin l_l;l_iella,/\iilm!ne ImagiiL.,. I)cleclion Suvvcy,/:mo/
Irol capabi]ilie:; duvin_ ;! t_LIIie(I '¢'_'ISlEreUle', bl of;,,:!. "t'he (;biec- A'r.,o,t fm rhr' l_c/_a_ tmcn_ qfEnergy Envi' m,m',tal lh._tm ,,tin,
lives mc Io ficc:z.': ' inndaled buried Wasle in silu ;1lid I11,.':letlJeve on]] l_,is_,-ala,mg(mem l"_ogram, Oak l:',idge, 'I'e_messce (19'721

ii Wilhonl signiflcanl dusl ge!leralion. A remole sizing dcmon.qla-
lioll will aiso be compleled lo assisl v,'iih telrieval effo_ls. Large 8, Ebasco Envilolm)enlal, "Dem_msI_ation of a_ Aifl_mne System
t]lleal thed objects encounler,.d al a digface ',,,'iii need to be sized to Cha_a_cter/;'.e Buried \Vnste," ]d;!ho Falls, Idaho _1992 ).
lor pact:aging arieldisposal This leclmcflogv reduce,,: Ille wo_t:e_
exposure and l aligue while increasing p!oductiviiy. 9. D. B..(ITLF.SON, '"leehnology Staltls Repml for the Plasma

A1-¢Furlmce E::perilnenl," b,lounlain Slales Enginecling, lhc.,
B.,,llle, MOlll:lrl;t (1991).

OmVear effcrls for BWID will supporl lhc remedialion sched-

ule of E'P,. These ef!orl_ will lemaiw on charat:icrizalion and 1(/. \V. C _:',ICtlMOND and C.(-'. CI-IAI'M/,!, "Technology Sla.
relricval supporl leclmiques durill,e. Fiscal Yem 10P3. Du!in,i.' Ius Repo_l [o_ "I'herm;fl I'locc:_si_:g Tr¢:_l_ncnl J:_ule ltcaled
1993 lwo robolic technologies will bE demonst_alcd. An Melter," Pacific Northwest Laboralory, Richhmd. V_ashingloll
advanced _elnnlE chataclErizalion system v,'ill ht' fielded. ;ts ,,,,iii a (1991).
lelll(_Ie excnvaliot_ svs,_el_l. Emphasis wj]] Ihen shil'l lOWaldS Ihe

!emaining m eas of ii_lercsl, namely p;,:pmccssing, lveaunenl, and 11. P,. Ixl. GEI_W_R. '"Icchnology SI;llus; REpr,_ fol I11cBuried/
packaging. SImed TRU l',.,ama "heal.meal," Science Applicalions lnlema-

IJcmal Corpo_alion, Idaho Falls, ld:lht_ (19!!1 ).
SUMMARY

)2..I.E. S1]I",MA, [3. ]'.. ('()IIN, ;_'.u!C. It. TITUS, "Techu_logv
'The B\VID is suppo_lil_g lhc DOE ER ObleCli\'e_ of assess- ,ql,lltls l.lep:_rl foi Glaphilc ::Hccl_,_cicDC Arc l"ln_ma nnd Glrl._S

nlenl and clcall-up. Tcchn_Io_.v develol,ncnl is being spnrlsoted Mellel," Pacific No!lhv,,ESl !.aboralory, Richland, \Vashingfon,
hv B\VID for l_'cllll",le,,g)' deficiencies :,it(! needs il:lenlifi.ed hv 1he (1991).
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