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FOREWORD 

T b e O a k R i d g e N ~ ~ L a t x K a f o s y T e c h n o l o g y ~ D i a g m m ~ l w a s d ~ t o  
p d e  a dedsion-support tool that relates amironmental restoration (ER] a waste 
mmagemmt 0 problems at Oak F2idge National Laboratory ( O m  to potentfal 
t#.hnnlc@es that can remediate these problans The TLD i d m e s  the re~earrh, 
dmdopmenk demonstration, testing, and evaluationneeded todevelop these- 
to a sbte that allows technology transfer and apphcation to deco- and 
decamrmssio * ning @&D). remedial actian W. and WM activities. It is essenfial that 
folbw-cm mgbeang studies be conducted to build cm the output of this profed ~hese 
s t u ~ a r i l I ~ b y s e l e c t t n g t h e m o s t p r o m f s i n g t e c h n o l o g l e s i d ~ ~ ~ t h e ~ ~  
fhdfng an opUxxtum mix of technologies that will pmvide a sodalfy acceptable 
beiwemmtandrisk. 
Tbe Til) axE&tT; of three !%e* separate volumes: Val. 1 (Teduadagy 

RdwIim). Val 2 (Technology Logi~ m. and Vd. 3 (Tecfuldogy Rduatum - m  
Shafq'. PartAofVols. 1 and 2 focuses on=. PartB ofVols. 1 and 2 focuses 0nRA 
of facilities. Part C of Vols. 1 and 2 focuses on WM. Each part of VaL 1 
c o n ~ a n o v a v l e w o f t h e T I D , a n P x n l a n a t i o n o f t h e p r o g r a m - s ~ c ~ ,  
a revim of identffied technologies, and the ranbgs of remedial technalogif!~. Vohrmt 2 
(Pts. A. B. and C) contains the logic hkages among EM goals, environmemal problans 
and theVamLs technologies that have the potential to solve these problems. v-3 
(Pts.4 B. and C) contains t h e m  data sheers. which are atpandedversions of- 
patbsfioKIlvoL2. 

-focus ofVoL 1, Pt. A IsD&D, and ithas been divided into sevencbaptfzs.Ibe 
h t  chapter is an introduction, which de!fines p b l e m s  specific to the DBrD Program hr 
ORNL Chapter2 provides a general meniewOftheT7.D. Chapters 3 thmugh 6 arc* 
mtegarie!j whi& together make up Dim actiwks characterizatton, &e- 
-, decontamhmtion, and robotics and automation. The final chapter nartair# 
regulatoryam@ance information amumingD&D. 
Tbe techdogyevaluations contained in thesevahrmes are based on thebest fdama- 

tion mailable c€uring compilation of the n\D. New or more accurate infomatkm is 
solidted to improve the TLD data base Please send comments to R L Fehvs. Edltn, 
oak- Nafional Luboratory T d u d q y  bgic Diagram. Martfn hkietta Energg 
+tans. Inc. P.O. Box 2003, Oak Wdge. RI 37831-7274. FAX (615-576-8558). 





1. INTRODUCTION 
I 

1.1 OAK RIDGE NATlONAL LABORATORY 

The Oak Ridge National Laboratory ( O W  was built fn 1943 part of the wopld 
War II Manhattan Project Its original mission was to produce and chemically separate 
the first gram quantities of plutonium as part of the national effort to produce the atnxnic 
bomb. Tbepea&ime hbtoxy of the laboratoxyffrst began fn the late 1940s. 
1973, ORNL was concerned with the development of nuclear technology for e i e m i d  
power generatlan, 1973 to 1980, ORNL was largely demted to hding s o l u m  far 
the energy crisis The primaxy missions since 1980 have been to conduct applied 
research and engimxQ development in support ofUS. Department of Energy (DOE) 
p r o m  in fsian. fkioa conservation, fossiL and other energy technoiogles and to 
perfonn basic sdentttlc research in selected areas of the physical and life sciences ?be 
Laboratmy also operates -user facilities” for the bene& of university and industy 
researchers and supplies radioactive isotopes that’are not otherwise co- 
available, 



1.2 ORNLMSSION 

The mission statement that f o l l m  was reproduced from the ORM. Institrdicxzal PLm 
I;y 1993-R' 1998.' ORNL, which is managed by Martin Marietta Energy Spstans, Inc. 
for DOE. is one of the nation's premier research institutions (see Fig. 1.1 far a& view 
of O m .  The primary mission of the Laboratory & to perform leading-edge resea& and 
d d o p m e n t  (RBrD) in support of the nmmmpom roles of DOB Significant ekmmts of 
ORNL's missim are to perform basic and applied research that is of importance to the 
natian; to p w i e  the scientific and tdmical cammunity with unique natimal- 
fitdities to irnpmve the nation's coIllpecLtfyeness through technology d.we9o-t and 

educazirm thmugh contributions to the nakional hitiatbe. 
txaIlsffzr by parmering Llnivemties and tndustry; and to improve scialce axxi math 

ORNL will accomplish the mission through its axe competencies: 

enag~r productfon, canser~ation. and utihation technologks: 
makriak sdmces and engin- 
physical. chemical, and engineeringsdences; 
biological and Me sciences: 

sciences and technologies: 
amqn~tatianal sciences: and 
manufac%uring sciences and techno-. 

Tbeprindpal sponsor of ORNL's -is DOE. but. -I a larger sense, L e  Laboratory 
seryes many nationab-even intematiow' o m  stafi are i x l m k d  in 
reseafifi an global energy and emrfrolpnental pnoblffnc and in the depelopment of 
k&ndc@s that will improve U.S. cnmpeti- In fntemational mark&, ?he 
Laboratarg's more fundamental sd- research. much of which is dcme in 
aolldmimn with researchers from around thewmid. cantributes to thes-of 
human knowi- this work, therefare. has a very broad customer bias= Jn the 
coI1ceptlQn, cnnstruction, and operation dnatirmal rescamh f'adlities, the IAmmtays 
customersaredrawnfiommajorsegmmtsofthesdentiflc and technical cxmmmi@ 
Much oftbe appUed research and technobgg dmhpment work at ORNL is expeded to 
provide semi- fm other gwernment agmcies and pxivate companies. 

. - - 
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1.3 ORNL DECONTAMNATION AND DECOMMISSIONING PROBLEM DEFINITION 

Past R&D. isotope production. and waste management 0 programs at ORNL 
have resulted in a signd5cant surplus of contaminated kiUies. These facilities range in 
size and complexity hm shielded shipping casks to large e x p m t a l  reactars. The 
programs that fonnerfyusai these facilities had both defense and mndefen~e~ponsors. 

Currently, there are 39 individual facilities awaiting dermnmtssiontng. These 
fadlities are grouped into 17 major decommissioning projects identifled in Sect. 1.3.1. 
In addition, there are 16 isotope facilities described in sed 1.32 that are undergoing 
safe shutdown Mire being accepted by and turned over to the decontamination and 
decommissioning W) program. Section 1.3.3 describes two additional facilities that 
wiIl require D&D and are also part of the "of3dal" list of ORNLDBrD problems? 

13.1 ORNL Facilities Already in D&D Program 

This section briefly d t s d x s  the facilities that have already been accepted into the 
ORNL D&D Program. Flgure 1 2  shows the BethelValley readQT area with the Metal 
Recovery Facility. Ffssian Produd Pilot F%nk and Waste Evaporator Facility in the 
background. The Ffssian Produd Development Laboratory. Waste Evaporator Facility. 
and Fission Produd Pilot pbnt are shown in Flg. 1.3. The Hamogeneous Reactor Experi- 
ment and the Molten Salt Reactar Experiment are seen in Fig, 1.4. 

Building 3001 0- Graphite Reactor (see Fig. 12) was the f h t  reactof 
constructed at 0- -placed fn setvice in 1943 at a 1 - W v  Iwel. Itwas an 
airaoled. graphbmoderated and -reflected. hetemgenems. natural-uranium-fi~eled 
reactor. The suppart hd€iti.es fm Graphite Reactor include the Graphite Fkactor Filter 
House(3UO21, theGrapMteReadorFanHouse(3003). andtheGraphiteReactafFSt)lau.ct 
stack (3018). 

BpildinQ 3005 Lw-htmsity Test Reactor was awater-moderated and -amled 
reactor. using ernfcbed uranfum as tbel and m u m  as a refledor for the purpose of 
supplying a variety of frradiation fadlitres for ORNL and otber research groups. Tbe 
reactor was desgned far a 500-kW power level butwas cmmxted to a 3-MW 
testlng reactor prior to permaaent shutdown in 1968. The law-Intensity Test Reactor is 
supported by an air d e r  (3077). 

Building 3042 Oak Ridge Research Reactor (see F'lg. 1-2) was a 20-Mw mahlals 
testing reactor built in 1958. It was used for neutron beam w t s ,  isotope 
production, and ma&ziak imdkUm. It was shut down in 1987. and all fuel was 
removed, The Oak Wdge Research Reactor is supported by a pool cooling tuwer and 
armex (3086). the mHng tmer (3103). the heat exchanger pit (3102). the demfnerakr 

Building 3087 Oak Ridge €&scar& Reactor Heat Ikchanger-TWs water-to-air 
heat exchanger was the orlgrnal heat dissipation system for the Oak Ridge Reseafih 
Reactor. Whem the readarpowerlevelwas increased from 20 Mwto 30 MWin 1960. the 
radiators were replaced by a water-bwater heat exdmger and COQlLng tower heat 
dissipation system. 

Building 3505 Metal Re#rverp Facility was a pilot- and small-scale production 
mclear fuel repr- plant used for the processing of various wastesolution, scrap. 
andmtscellaneous~dd~fortherecoveryofuranium.p~tonium,neptunium,and 
ameddum. 

(3004). and t h e p ~ h o u s e o .  



‘V 
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Building 5506 Waste -orator Facility recerved the liqdd low-levei wasfe 
(LLLW streams fium ORNL laboratories and other processing areas d w g  the 19% f a  
cancentration prior to final disposition by shale hcnrre m a .  

B m  3515 Fission Product Pflot plaat was USBd in the fission produci 
recovey development p g r a m  for the separatim af quantities of variars 
radfonuclidesfromUWstreams. Itwasabandonedin 1958wknitwasreplacedbythe 
FFDL 9 

Building 3517Ffssian Product DevdoprnWLdxmhxy Inretfve Cdbwenfm 
line in 1958 to separate kilocurie quantities of fission products from MOX- and w- 
type waste streams. In 1975. the chemical processing cells = shut down ad 
maintained in protective storage. Some Mtfal dernntaminatfrm w a ~  perfarmed, brrt 
subsequent f u n d i n g r e s ~ r n t e d  the scope ofthis &brL 

B P f l d t n g 4 5 0 1 ~ - ~ ~ e m i c a l D e v d o p m m t L P b a r o t o r y w a s d e s i g n e d a d  
operated as a kbratoq and smaU-scale pilot plant far dmdojmmt studies of readoa- 
firdprocessfn$ separationandrwxlveryoftransuranic UlW makriak, andseparaunn 
of fission products from aqueous wastes. 

Building 7500 Homogeneorrs Reactor Erpr?rimaxt housed two experimental 
aqueous homogeneous feactDTs that were developed far nudear power appkatim 
amlyses. The Homogeneous Reador Experiment is supported by the waste evapomh 
(75021, the cooling tower f7554). the charcoal absdxxpit (7557). the waste evaparaf~lc 
loading pit (7558). the charcoal absorber valve pit (7559). and the decontamination pad 

was a s€ngle-region, undad 
graphite-moderated, --fireled reactor built to hmstgak the practicality d 
themoltensal t~co~tf~centralpo~stat ianappl lmtiorrsThedrculat tng~~ 
solution was a mbdure oflithiuxxz-. beryllium-. and -fluoride salts. contafnfng 
uranium fluoride as the fueL Tbe Molten Salt Reador E3qxr-t fs supported ty the 

pit (7511). the edxwj t  stack (7512), the cooling tower (7513). the supply air ilhr 
house (75141. and the d i e d  werator  house (7555). Flgure 1.5 shows the devai&m 
laput;thereactorceflcanbeseeninFig. 1.6. 

Building 7852 Old Hydmfracture Fadlitywas an e x p m m h l  and operatlanal 
plant for the injection of waste &rout into a hctured shale formation. The experimental 
design was tested in 1964-1965 using dilute and waste solutims. 
Beginntng in 1966, operatronal fnjectfons of con- liquid waste from the ORNL 
LUW system were routinely macle until fadlily shutdown in 1980. A pump house and 
four bulk storage bins comprise the Old Hydrofracture Fadlity andby facilities. Figure 
1.7isaphotographafthefk~iMy. 

Btddhg 9201-3 M e z z d n e  Storage Tank (Y-l2) is a 3CKDgal storage tank that 

a reservoir for machine shop cutting oil during dmhpnmt of molten salt reactor 
technology. However. recent inhrmation suggests that tMs tank hefd cleaning sduW 
for the decontamtnation fadlltY,3.' The tank shown fn Flg. 1.8 is contaminated with 
~mniu111~ thorium, molten si&. and an oil residue. 

in 1958 and was used to suppart the development of molten salt reactor technologg ad 
spedficaRy to study the &its of injecting mtium into a f b w  of baron trifluoride. 

BuUding 9201-3 Mo€ten Salt Corrosion Loop was built in 1958 for the preparaticn 
and handling of fuel for molten salt reactor technalogg development and the Molten Salt 
Corrosion Loop. 

- (75611. 
Bplldln8 7503 Molten &It Reactor 

was used from 1958 to 1969. until nxentlyit was b e l i d  that thfs tank was used as 

Building9201-3CoolnntSaltT~chndogyFPidfttyentfmrrTestLoop)wasbuM 

Q U O O a  
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1.3.2 Isotope Facilities Scheduled for D&D Program 

The followingmties are scheduled for acceptance into the D&D program. 

Bnfldlnd 3026-Cgrppton-85 Enrichment poeilitywas amstructed in 1943 aad 
was used for about five years to M o p  methods Oflsolattng fissicm products. After the 
war, the e f h t  shifted to processtngradioisotopes fi~reseamh ami medical purposes 

Boflding 5028 AIphaPovder Facilitywas amstmeted in 1950 and or@naDy 
housed the short-lived Flssfan Product Cells and the separatson fadlitp. which was a 
four-story ion- CattUmL ?he facility was converted to manipulator cells in the 

BptldLng 3029 som# Development Laborataxy WEE constructed in 1952 and 
originally wntainefl a system of remotely operated barrfcak and a small mantpuiator 
c e ~  that is nowcaIled  ell 4  en 1 was used for GoCo-sourcetabxication, and M 3was 
built for '~Cs-source~ricatron. Cell 2 was builtby endosingthespace betweenCeIls 1 
and 3 andwas used fbrwastebandhgand as apass-throughbetween the cells. 

Building 3030 aadfodsotope Production LaboramryG was designed for limited 
production and dmbjnnmt pn>cessing of reactor-prod- - - / v e t t i n g  
radioisotopes for tmbkb l .  medid, and research applicaiiuns. 

production and dedupent pnussmg of reactor-produced beqa-/@mma-emitting 
radioisotopes for industrial, medfcaL and research applications. 

krypton production Wty. Tbe fadliitpwas constructed in tbe late 1940s and was used 
tOP-gaseo=isotopes. 

B ~ 3 0 3 3 - b ~ e F P b r i c a t i o n F a ~ t y w a s c a n s t r u d e d f n a b o u t  196Oand 
was used to house and amtafn the fadlrties f a  the productim. loading. welding, and 
decontamlnationofoeutron~materials,aswellastbeweighingandpackaging 
of milligram-bgram qunti&s of actinide materials for resear& applicaticms. The 
building has been used ahno& exdwhdy for the preparatton and dfstribution of highly 
purified actbide isotopes for the Isotopes Program. 

Baildhg303SXsotapeResamhMatuialsLaborotorgwascanstructedtohouse 
alltheradioisotope~actMtfesforORNL.Ihebutrdtnghasbeen~operatfan~~ 
1949. Oxiginally, theentirrfadlltywasdedicatedtoradfolsotopeshippingasfonows: the 
east portion (3038-E) contained tbe adyttcal chemism laboratory. which perfanned 
amlyses of short-lived radtorsotopes prior to shipment: the middle sat ion (3038M) 
housed the radioisotope handhg and transfer barrka.de and the wrst section housed 
the p a w  inspection. and w i n g  activities. In 19f18, the west portion of the 
shipping area was ccrmerted into the Alpha Handhg Facility area by adding water- 
shielded hot cells and glrne boxes for fabrfcation of targets. 

early 1960s and aqpanded to the Short-lived Fission b d ~ & F & t y .  

B t r i l d l n g s o 3 1 a n d f a S s o t o p e P r o d n c t i o n ~ ~ w a s d e s i g n e d f ~ l l m i t e d  

Botlding 3033 Rpdioretfve Gas Processing FadHv houses the tritium and 



Pag. 1.7. The Old Hydrohctmt Fadltty 

Fig. 1.8. "he 3ooogal storage Tank. 
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B~3047BndfaisotopeDeo~pme~tLabarrrtorgwascorrstructedinabout 

1962 as part of the isotopes program. The facility housed four high-kd beta/- 
cells. one alpha hot ceil. se~len laboratories for hading l0aT-M materials. a 

within the facility induded %o. lSEu, '%ELI, '%d, k. and other alpha and 
-/gamma isotopes spedficany identifled individually. AU pmcess opexations in the 
building have been shut down. 

Building 3093 StorPge CrrMcle forgryptonwas conshuaed in the iate 1940s and 
was used to support the gaseolas isdopes processes. ThepennanentsbTage cubicle in 
Building 3093 contafns four charcoal-fllled storage tanks It cmsfsts &a n0;rmentilated 
dorced-concrete enclosure 

Building 5099 Storage Pad is a concrete pad used fw ttaq#rary storage of 
prepackaged shtpmezl& cask and othermaterials. All r a f i i e -  located on 
t& pad are stored fn acadame with U.S. Department OfTranspatatian (DOT) of 
equivalent regulations for skdpxmt dradioactive mahhb axmined in a minimum 
double containment designed to prmmt leaks and spllls. 

Building 31 18 Pmchrctfon laboratory-H is basicaIIya shed covering 
tbe rear-entry doors to the hot cells in Bldgs. 3030 and 3031. It xuay be used for forkllft 
storage and as a waste staging area during shutdown actfoities. 

Building 3517 FSssion prodacts Development labarotory went an h e  in 1958 
to separate kllocurle quantities of &(ssicm products fkom Redox- and Purex-type waste 
streams. Following the shutdown of the chemical prpcessing CeIlS in 1975. radioisotope 
processing continued in tfre manfpdator cells at a reduced kel until April 1989, when 

BuUdhg 7025 Tdt;tmnTaxgetFacilitywas installed in thelate 1960s to house a 
tritium target fabrication sgstan. Tbe facility was used to procfuce titanfum trttide 
&erator targets for the himnee llpennore National Mxmtmy. The system has also 
beenused to preparemetabr@cal~les  forheliumedxittlenmtstudksrelated to 

B-7025 and was used to prepare hundreds of oxide-thin fUms Bar a variety of 
cusbmers. 

decontamination room. offices. and service areas. During o yailons isotopeshandled 

tbe building was placed in standby. 

fusim~ffgymatertalsreseafih.XIllateryearS.theTilO~~erraparatnamSmoVedto 

1 3 3  ORNL SpeciakCase Facilities 

D&D PrOfeCt in- to perform D&D Of SI@. 3019-A and -B 

13A Summary of Contaminants 
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1.4 ORNL ROADMAP 

1A.1 Introduction 

-.* 

The strategic Roadmnp f w  the Oak Ridge ' Isaw-planntng 
document that identifies broad categories of issues that keep QRNL outside 
cnmpliance with the law and other legally binding agreementssTbe S ~ ~ E Z J C  ~oadmqp 
jbrtheOakRidgeReservatrwr * identifies possible generic paths to issues, and 
tk schedule for resolution of the issues. The role of the oclk Ri@e NatimaZ Labacttay 
T- JhgkDiQgMmW3 is then to idenUfy s m c  site issues (pnhkms), identify 
spedflc technologies that canbebrnught to bear on the fssues. and assesthe current 
fitatus and readiness of these nmediation technologies witbin the ax&raints of the 
schedule commitment. 

Regulatmyrequlrementsand~tmentscontainedtnthestrategcc~~the 
oak Ridge Reservation are also included in the T D  as mmtraints to the application of 
immature technological solutions, Some othemise attracttve technolo@cal ~Autions may 
mt be employed because they may not be deployable on the schedule emmerated in the 
regulatory agreements. Conversejr. negotiators in the process of defining regulatory 
agreements may fruitfully take cognizance of the TLD asstsmmts in order to schedule 
remediation mtlestones that aIlow the use of cheaper, faster. better, ot safer technologies. 

The roadmap for ORNL includes a list of 46 comprehensive logic diagrams for WM of 

madmapping process ghes c o w  of the installation as it exists to the way the 
installationshould e x i s t u n d e r f u n c a m p l i a n c e . T h e i d e n ~ ~ a f ~ L s s u e s i s t h e g o a l  
afroadmapping. This allows acanate and timely formuhiion of activities ?he foIlowing 
i d o m t i o n  is excerpted from tbe stmtegic Ruudmcqfw the oak Ridge ksemdim 

h-level, radimctive-mtrrPn. WOUS, Sanitary and fnrfuskhl. and TRU waste. 'Ihe 

1.4.2 Roadmapping Methodology 

The roadmapping methodolo@ is divided into nine! steps and C(R~TS three 
-assessmmt analysis, and issue resolution. 

'Iheassessmentphaseidentifiesthecurrentstatusandharkmaunnofthe~tallatian. 
'Ihb phase is accomplished in four steps: (1) iden- fnstallation assumptions that 
provide for the conduct of emimmentai management (EIbQ actfvities: (2)identifying 
regUtatrons and codes of fed- state, and local l e  DOE Orders. and other 
agreements that DOE is respcmsible to comply with; (3)desaibing those DOE 
mmmitments, which include Inter-Agency Agreements and FederalFadllyAgreements 
(FFAs); and (4) preparing a schedule that includes all with all currently 
budgeted and forecast actMties 

'IheanaIysisphaseidentifles~issuesandactionsneededfarresalutfon.TNsphase 
fs accomplished in four steps: (1) identification of issues that prepent the fnstallatlon 
fiam accomplishing EM objectives (2) analysis of issues to detamtne tbe root causes; 
(3) conversion of issues to needs far the resolution of issues and the identification of 
activities that satisfjl those needs; and (4) preparation of the sckxble far the desired 
activities. 

'Ihe issueresoWn phase merges the issue resolution m e s  with angoing and 
planned activities as the ninth and final step. Spedfic recammendations far 
xmdiflcations, additions. ar dektims to current plans are fomdakd and captured in 
Activity Data Sheets or are foxwarded to DOE Headquarters fix resdutian. 80003g 
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1.4.3 Summary of Major Committed Milestones 

~lthaugh the FFAfor the Oak Ridge Reserration ( O W  does not address D&D dmc-tly* 
it does confain maja committed milestones for ORNL which may impact the D&D 
process and technoiogy development lndireaty tn tbe form of time, resou~ce and budget 
constmints and direaty in that DtkD sites de%emimd to have newly identified refeases 
Ofhazardouo~substancestothearvironmentwi l lbe~~~~theFFAAppendix  
E b t  ofsites requiringremedial action 0. Ukewise although the ORNLmadxrq does 
notmx==vrequnem . ent or constraints cmthetpdylnlogies that maybe d&oped for 

l%dm this document provides a ckcussm ofregulatary drivers for DBrD activities 

use in D&D of ORNL hcmties, several Illiljcsr 
which could place canstraints of the appfimtlnn Qffmmaturr? technological solutions. 

and technologies in chap. 7. 

- 1 regulations are addmsed 

000032 
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B/3. U.S. DOE and Marttn Marietta Energy Systems, k, Oak Ridge NatL Lab., 
Nowmber 1992. 

9 
T. W. Burwinkle, Decontamfnatran and Decommissiontng workhop, Oak Ridge 
HatL Lab., October 29,1992. 

R Montgomery, petsonal mmrmmicatinn to R D. B ~ ~ n d y  CNotebdt 11888, p. 66). 
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2 DESCRIPTION OF THE TECHNOLOGY LOGIC DIAGRAM 

21 PURPOSE AND SCOPE 

The purpose of the TLD is to provide a plannrng document for DQE, DOE qxxamg 
contractors. and private industry that dates the environmental restaration/- 
management problems at ORNL to the technologies that can be used to 
remediate these problems. In doing so. the status of each potential 
technology is evaluated. This is a significant foars afthe diagram preparaiim 

the evaluation so that the appropriateness of each technology can be evaluated: 
-important-pec-4=tlngm- . of each technology are folded fxrto 

1. Potential eBimcg of the technologg--hm sucassfd will its application be to tbe stte 

2. Lmel of maturity of the technology-when can it be applied to site problems? 
3. Level  ofWM quired for the technology+vhat wasfes are generated as a result oftbe 

pblun? 

use of the tPrhnology? 

?he TID adchses the enforceable complianm and cleanup agreements that IXWT! 
designatedtimetablesforamelioratingtbespedficsiteprohlerns. ForpotentiaIlyattracctee 
but inmatme technologies. or those far which hqmmment paths (which make t)rpm 
faster. better. and cheaper) are v i s u a k d  pricdties are assigned to techdo@ 
deveiopment activities. 

Ehzwse a f d o m a b l e  compIiance agmmenk DOE fs bound by Orck 
12088, whichrequims theSecretaxyoftheDepr&mnt ofEnergyto submitaplanand 
request suffI.de funding each year to amply with federal pollution contd s t z m h k  
This doannentwin aid in the annual pkmmng and budget submittals. 
This doarmentwill address aIl current DgrD prohlems that have been identified at 

ORNL The technology listings in the diagams “ere judged to be reasonably apphxbk 
tOD8rDatORNL 
The TID pruvides several benefits to the DOE community. The diagram ichlifks  

technologies that can be used for EM programs It serves as a vehicle to identi@ the 
defidendes in tdmologies that otherwise have potential to (1) foster faster mmedWhx 
(2) anDwsafermectactivities: (3) resultfnbetterremedfationef€orts: and(4l alloarthese 
projects to be nmnnplished at a lower cost to DOE and the United States. lmpming 
existing techologies. demonstrating the applicability of promising tecbnol- 
developingimmatmetechnologies~ andsupparttngfimdamentaltechnologyirmes~ 
are options that DOE can pursue to deploy technologies necessary for surrtsfcfirl EM of 
DOE fkwies. The diagram will hghlight areas fop private industry and u i w s i l y  
mhmrEntfnEM. 
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22 STAFflNG FOR THE Tu) 

The formulation of the ORNL TLI> was led by many of the same - o d  sMthat 
formulated and pubkhtd the oak Ridge K-25 Site Tedzndogy Diagtmn with 
partidpation from ac~oss ORR Although a number of O m  rn involved, 
about half of the teaxu was selected fiom other Energy Systems orga&atims in oak 
Ridge, such as the K-W Site. the Y-12 Plank Central Enmhp+pme. and other DOE 
cantractors. The pasome! from tkxse organizations represent fnpa to the TzD from 

professionalsnotassodatedwfththeseprograms.EIgure2.1 sbowsasmfbgplanforthe 
ORNLTIDTeam. 

shown. Representatives f m m h  team served on a coardtnatingaxnmittee, which 
functioned as a common r + n m m r r r i w  forum for them. More than 100 spedalists 
wtzeinvohed in tbis ef€ort-'Ikteams (1) compiled thesite problems in terms thatwere 
apphcable to each teaxx (2) identified and evaluated techndogfes that could be applied 
to remediate the problems: (3) hmhhed. through the technology fnfarmation 
on the opportunities that were mident for development and fxqmvement in each 
technology; and (4) furnished the requirements for deployment of these developed and 
imprwed technolc)gie!s. 

Technalogy evaluation was a srenrfllrrnt component of the TID ef€m Team membem 
hkntitied potential tecb&gim but it was not necessary for the tecfmaogy ewaluation 
experts to become -with the cancepts of t h e m  befare *evalmns. The 
data sheets allowed the duaticxs to be performed on a sy&mat& basis. The data 
sheets (Vol. 3, Pts. A. B. and C) provide detailed idormatian and the basis upon which 
the diagram Wol. 2. F7s. A B. and C) was de&&. 

 program^ under the DOE Deputp Assfstant secretaries O f W a ~ t e  Management (EM-30). 
EQvirOnmdA Restoratlm (EM-40). and Techn010D DedopmPnt @M-WI. aS wdl aS 

speciabts worked as mcrmhcrS of each team formed for the sc&hEnt categories 

000035 

V d 1 , R A  
September1993 ' 



3 

pig. 2.L The ORNLTechnology Imgic- Team. 

V d 1 . R A  
September 1993 



23 TECHNICAL APPROACH 

This section describes the d layout and development of the 7Y.D. Tbe logical 
flows from (DOE) EM Goal-, EMProblem-, ORNLProblem+RoblemArea 

' + Subelement +Al- (Generic 
P- 

- 
canstituent) + Reference R q l *  

Tedmdogyl Technology -+ Technologp Status + Sdence/T- Need + 
I m p k m t i o n  Need. 9 

? h r e e d i f f e r e n t l e v e l s o f i n f a r m a t i o n a r e p r o v i d e d . F i r s t , t h e ~ ~ a r r ~ ~ ~  
andranged inVol. 1, Pts.A. B, and C. Semnd. more detailed dhgrams areprmkied in 
VoL 2. Pts. A. B, and C.Althoughparhlargesheetcontafns the entire logic path. several 
sheeis arenecessaryto descrfbe each mhatian area. Finally, each -ctwrpktgkpath is 
puhkhed as a technologp data sheet These sheets are the most detailed s~urce of 
infixmatha about each techndcgy and are provided in Val. 3, PtsA B, and C 
Tbe infarmation found under each logic element Is described bebw. 

EM G o d  has three c o 1 1 1 p o m  cleanup legacy, prevent future insult, and dewlop 
-tal stewardship. ?hese problems are shared by all ekments ofthe DOE 
axqlk!xtovarylngextents. 

EM Problem contains problem areas agreed upon by EM/DOE: such as 
dcvmmmcst oning of fadlities (D&Dl: &amp of soils, ground water, and surface water 
W; and WM &om inception to Boai dispasmon. 

ORHLProblem describes thepr0blemareasiden~e.d at ORNLTheseproblanareas 
km been defined by DBtD. ermfronnrental restoration 0, and WM sta& The 

of the SiteproblernSarlIl be Wicated in terms of floor areas estbmkdmetal 
t==@= -0 

Refcraue ReqUtrements refers the reader to the Anal chapters ofVoL 1. A. B, 
andc.Requirementscanonlybedetermmed * after consideration of detailed site-, waste, 
and teChmlogy-speciflc characteristics 

srrbelmneat specifies the different amponds that mustbe addressed to &the 

cbaraderfiation, decontamination. -t., robotics/autmat&m makials 
dispcsitim and regulatory m-' ?he subelements for RA are -on; 
beatmmt and k t i o w  retrievak robotics/automation: materials dfsposftfon; and 
regulatary compliance. The subelexnents fn WM are waste mi- &am&rkation: 
p r o u s i q  stabilization: minimization; pa&@ng, hading, and -on: 

and regulatory complianrp- Table 2.1 lists the various subeieueuts far DBrD, 
RA.aadwM, 

p r o b l e r n . A I 1 D ~ a c t M t i e s ~ ~ b e e n ~ i n t o t h e f o l l o w i n g ~  W P S :  

deffnes the geneal t d x x h g y  approaches that may be applied to the 
Problan, 
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Tecbaoiogy identifies spedfic technologies that may be applied to 1 d a l e t h e  

provides information on the s t a t u  of the technologies identified in the prwious 
problem. 

C&XIIU the standard categories 
some accepted technologies arejiag ciewbpf or amvnerdalIy clfx&&k and if so are 

n o t e d , ~ t e r m s a r e u s e d t o d e n o t e ~ ~ c t i f f e r e n t ~ . F U l y d e u e l o p e d ~  
that both the basis of the technology d the methods fob des- fanediatl~ 
eqlQmem or operations using the method are well known and cuvered in pLLblic 
litJ3ahl.l-e cammeraally * available - that the t#.finology is off& by om! =Inan! 
commerdal firms. but the data d e q p  methods. orgxperience needed to zssess tbe 
tPrhnalogyarenot fully available to the public The cmlydifference inthesetwocakqpks 
is that the public's ability to assess the and reliability of tbete&mbgyis 
restricted fm cnmmercial technology. It suggests an unknown degme of rkk in the 

a d a b l e  technologies that rcanTlDt be fully evaluated with g u x d l y  
available infixmation (even though the amount afrisk may be negligible), 

In-use--technology is presently bung used to remediate the identified problezn 
Aaxpted4emonsmtd technology exists for use at ORNL and is accepted by site 
pasonnd 
- t e c h n o l o g y  is available but is not demonstrated and/or accepfed far 
tbe p m b h  at ORNL. 
-technolorn is under laboratmy-. bench-, or pilotscale testin& 
Embing Tix9zmbgptechnolom status is at a canceptual or preconceptual stage. 

- c4mqm&a scientific Qr knowldge basis for the technology adsts. - -nly a partial scimt& or knowledge basis of the technology exists. 

effectiveness of the technalogv in remediating the problem. w, 
~ ~ ~ u r e s a r e g t v e n f o r t h e t p r h n o l l o g V ' s ~ o ~ c e i n ~ ~ p r a c t i c e .  
such as estimating the 61nal dpm/cm? ofsurhe contamination for ademntaxnimtion 
t#.furnlm the time to cut a 24i.n pipe far a drcmantlement technolw the amlysis 
time and lower detection limit for a &m&mati - ontechnology. 
Whste-output 6rom the technology. TMS defcribes the nature and Vohrme ofboth the 
w a S t e a n d t h e p o t e n t i a l l y m ~ .  

k.Jral.r ood Technologp N#ds are perceived needs. where support or 
is needed fae an 'fmmatute" technologg. Sdence needs are related to the fhdamental 
undastanding ofthe scientific phenomena that fann the basis for the technology- These 
needs are QpicaRy for laboratory or benchscale eqerhmnts. Technologg depelopment 
needs identi@ areas where work is necessary to successfully implement scitzWlc 
prtnclples that will lead to a techdogy. Technology improvement needs suggest 

thatwill make a currenttechnologgmre economical to apply. dir. and 
more efk t i ve  or &dent. The demonstration of a technology on a site-spedfic p d h n  
is U e d  as a technology impmvement need. 
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Ifsckmific needs are specified. it should be understood that the needs af~dmmc 
tdmology development or imp- are neceSSary to implement newfy developed 
~ t i f i c u n d e r s t a n d i n g . ~  . testingatechnologydevelopmemoppammi~impll~ 
that technology improvements are also likely to be needed. 
DOE funding for a project that addresses the technology defidts is indtixted ~ J T  a 

T d m i d  Task Plan m) number. ActMty Data Sheet number. or other reference 
number- Other work related to the tPdvvllogy area may also berei&mcd 

Most n w  technologies that are not in common use will require alargescaletest or 
npmnnsrratfon to show that U q  are capable of achieving expect& results cm the site- 
spedflcproblem.ThesetestsdemanstratethatasuitableandaFnrkableprocessorfadllty 
canbedestgned, b u l l t , a n d o p e r a t e d s u ~ . T h e y s h o w t h a t n o ~ ~ t i o n  
prmmts the process or fadllty from firnctioning as it was designed and that the 
apipmmt can last an acceptable IifCdfxue Demonstrations are M e d  to pruvide Elnal 
tests ofall aspects of a technology. If, bowever, particular questions remain about the 
t d m d ~ ,  these are spe&cal€y men- on the diagram. 

lmplanentation Needs or spzciakd needs were eyaluated foe both devdopment of 
a techndogy and deployment of a mature technology. These needs were ermfuated in the 
areas of (1) resources such as fbncial or personnel; (2) hardware such as process 
equipmm% development equipment, and computers: (3)software such as models. 
procedures, computer programs: (4) ficihties such as labs. shops. and bddings: and 
(5) educatfonsuchas~classesordegreedperso~el .Anes~teafthecostofthe 
process and any potential cost payback are also given. Only artraordfnary needs are 
Mghlighted, (Le., those needs that would q u i r e  lang lead time ar unusual 
proananents, such as h e  items far faduty construction). 

T h e c o s t o f a p p ~ t h e ~ a n d t h e p a y b a c k c o s t ~ ~ h a s b e e n e s t i m a t e d .  
There are many reasons for payback, such as reducing thewastevohnm canpard to 
a reference process, the sale of useahle products, and the reducUcm of hbclp ampared 

When standard laboratory ikciWfs are sufndent, facility n#rls are not Identifled. 
the facilities on ORR are d a t i d y  acknsive-including the K-25 Site. ORNL, and 

the Y-12 Plant-the diagram does not address needs for standard fadllttes but focuses 
an unique faduty needs. 

H a w R . e r . a d d i t i o n a l w n v e n t f c 9 l a l ~ m a y b e n e e d e d t o m e e t ~ ~ n e e d S  
far RA at ORNL because the mailable fadllties may not provide ad- capacity for 
testfng thevarious technologies To assess the availability ofstandard M t i e s  fm these 
pqrams. it will be necessaryto h o w  (1) the rate atwhich techmlogy dedopment in 
Oak Wdge will proceed and (2) the extent at which other programs will axnpete fm the 
farilUeS 

* to a refaence technology. 
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i 



2.4 TECHNOLOGY RANKINGS a. - 7 7 5 1  
Throughout the technology evaiuation a method of informationaboutthe 

ranking and status of each technology and its a p p l i x u s e d  to c~mmunl~te 
separate infomation about the followtng: 

Overall assessTnent oftheapplicabilftyof the technology CebH. M, and L. where E i s  

Significance of site problan to which the technology is applied (1-5 is tbt scale of 

Time required to brtng the technology to an aaxptahle state for application at large 
scale (commerdal or mature state] at the site Thts is eqmssed in number ofyears 
and depends on the arrrent state of its development, 
The cost for bringiq the tPrhnnlogy &om its pnsznt state to a level acceptable far 
commerdal arlarge-scae use The costs arepresmted as $M or$& which indicates 
the number of 
profecteci unit p- cost for mature technology ($ per A1 or other unit or N for 
no estimate). TWs includes annual ranking costs for software. 

for essential H far hi&h, M for medium. and L for usefulness.) 

l o w e s t s ~ t o h f g . h € s t s i & n i f i c a n o e ) .  

ar timusands of dollars without escalation. 

An example of a ranking fdlows: 

24.1 Overall Assessment 

Following are the uiteria used to determine the aVeran assessnent of a techndogy and 
its application. 

wasteGensation- iUty of the technorogy to minixme additional waste 
genemtion (1- confidence, Scamplete confidence). 

OlRARslkonfidence that the technology will comply with appkable, relevant., and 
appropriate rq.&emmb (1- confldence, 5camplete). 

acbnplianoewith- CApplicable or Releucort tmd- Reqummb 

al.&.y, CDd Health O - a b i l i t p .  of the technology to meet the 0 

requirements of Es8rH ( l a  confidence, 5axrqlete). 
Vers-nity ofthetechologytomeet awiderange ofmpimments and to adapt 
tochangestn ts (1- confldence, Samplete). 
C o m p - v & e  tschnology to be deplqed without reqtuiremmtb far 
extra0rdina.y levels of eq&%e, training and mrsigbt (1- high 1 4  of 
requirements, H o w  ld of requfrements). 
T e c h n i c c l l ~ ~ n s d e n c e  that the technology will work at the site&,) being evaluated 

T M M -  of the technology for deplopnent at large (cammerdaa 
Scale (l-veq tmmatum-idea for research, &ready for cmmemhl  application). 

= Development- - amount of time required to bring the techndogyto 
commerdal application ( 1 4  research, development, and demonstration steps 

(1- 110 a d d -  Scomplete eonfldence). 

requlred511owcommrsdal/notestsrequired). 
O O Q 0 4 2  



COsH-elative cost of bringmg the technology to commercial applfmtlan 
(i-higbst cost for development of a technologywithin a technical area, 5-m costs, not 

~ocess -tive cost of process in terms of unit production costs in a p p l i m  
(1-prohibitively expensive relative to other mods. Svtzyinexpensive compared with 
other methodsf. 

Afterscaringthe criteria. the swreswere avaaged and the overall assessmentrattng 

L 
0 
s' 

r evenfdd testingl. 
F 
i 

; 

!b 
c 

was determined by the scale in Table 2.2. 
li 

"able 2.2. Scale for Onran -t rating 

No other processes or techno- 
available for essential requirement 

i *  H High 3.67 to 5 High potential for application 
M Medium 2.33 to ~3.67 Medium potential for application 
L I A U  ~2.33 Xmv potential for application 

h 

Table 2.3. Scale for status of technology 

State of Technology score 
Accepted 5 

24.3 Estimates for Time to Mturity 

Definttions far progress of deveiopment and bime periods, which were used as 
guidelines for esttmating the total period required to bring technology to the state oflarge 
d e  appkatian (state of acceptance), are pmvided in Table 2.4. 
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Table 2.4. DeffnitLons for progress of development opd ttnre ped& 

step tn k b p m c n t  Deanition of stcp Yean, 

HM 

These stages of development correspand to the state of the techno- and are shown 
fn Table 2.5. 

Table 2.5. Canespondeace ofturns tor state ufthe tdmobgy 

statusoftechnobgg 

pndamnstration 

I 

1 
I 

i 
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3. CHARACTERIZATION ... - 7 1 5 1  

3.1 INTRODUCTION 

DBtD problem areas require charachimion to answer the foIlou$ng questfom- 

1, what cxmmnhmts are present3 

zwherearew 
d How far hatR they spread? 

2- How ammirated are the contamfnank? 

Mem&&bn of the chemical fann of the cantaminant may alsobeimpartant insune 
cass, fordesignfngtrea~ent schemes. Characterlzatonisneededtolocateand quanw 
amtamimtion and to dehe contaminant boundaries in or on tanks, pipes. pavezmnt 
axmete plaster. metal structures, insulation, and equipment in buildings. It is reqrrired 
to meet regulatory nquhments, to parnit risk assessment. and to guide 
chmnhmhation and dismantling. The tprhnologies involve, for the mast part adyses 
inthe fieid. although laboratory amlyses may also be required. T h e m  ContamiLlSulf 
groups damern are radioactive eiments aryl heavy metals. Organic ampomxk are 
ofminor hxprtance except for oils. po€ychlorimted biphenyls (PCBs). ami reprocessing 
ChpmiCaLs, such as normal m n s  and txibutyi phosphate 
TMS chapter presents the characterfiatim technologies required to support DBD at 

ORNL; bid CRerviews of the sdence/tecbndogg needs to bring the khologics to a 
useable k e t  implementation needs to deplasr these technologies: and raddngs dthese 
terhnolnmp?F for D&D. 

. , . -  
, .. 
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3.2 TECHNOLOGY OmONS 

3.21 Characterization Technology Options 

Characterization technorogy options for D&D at ORNL are listed in Table 3.1 of 
Sect. 3.5, along with W ranldngs. All technologles are not requimd for each problem; 
mary ofthe technologies fara gtven constituent are o p t i ~  of these technologies 
are broadly applicable to amiety of constituents and D81D problem areas, and thq are 
listed in Vol. 2 under a ugmeral" problem categay. TMS d l e u s  the applicability of a 
technologytomorethanane~pofcanst i tuents(~~ ,~~efementsandmetals )  
and to more than one problem area (e.g., pipes and tanb). uader this general heading, 
the technologies are gmuped as the fonowtng akmams. - sawling design. =J@e 
collection, sample preparation, detection/mmsu.rtzmntfidd methods. and 
detection/meammmmAahmq methods. Texhmlq+ qedfic to a &roup of 
constituents are then listed fn Vol. 2 under a specific abmtivc radioactive elements 
(which includes both spedfic radionuclides and radioactivity), fxmrganic constituents 

by their deployment in the field or laboratory. Technologks fin in situ and at situ 
determtnatlons are included in the field and laimratary dasdcations. Simple and 
common characterizatron technologles such as fix pH mezmmmmts are omitfed for 
simplidtyinthisamq)iki&m. Fallowing'general"~arespedficORNLprob~fm 

(cations, anions, and elemmtal metals such as maany). organic canstituents, phystcal 
characteristics, and pathogens. These C o n s t i t L l e r l t ~ c  tecbxldogles are subdivided 

which certain tedmolog¶€s are particularfy needed 

3.21.1 Sampling Design 

The ma.in tectmologks needed under this akmatm are statfstical designs or 
approachesforplanning~econec~onAlthoughthese~esarenotascritiml 
to D&D as they arein remecfiafion of large areas (e&. b d  grounds]. theystfll maybe 
useful in designingsamphgstrategies for areas such as conm!teor asphalt pads and 
buildhgwalls. 

321.2 Sample Collection 

Sample collection methods adst far most of the D&D problems at ORNL but many am 
inadequate or and technology impmvements are needed. An example is the 
sampling of surfaces for -on. Refinements are needed in laser and fbhlamp 

desorption mekhock for organics and other -. Sample axing 
methodologies are partrcuhriy important to determine cuntamfnant depth penetration 
(as in concrete pads). Because sample collection may have to be conducted in high- 
radiation fields, the DOE as low as masonably achievable VLZARA] principle is important 
fn the adaptation and devebpmt  of such technd- 

ofanalpis in 
which samples are cnllected far transport to the anatytlcal ishumentation. 

Concerns about sample cdlection are most relmmtto ex& 

3.21.3 Sample Preparation 



3.21.4 De4ection/Measurement--fidd beethocis 

These arevery important technologies far DBrD. Fleld measurement -s are 
needed to &fine areas and boundaries ofconbmbm tiQIl.mey can also m saxqles 
in the fieid such that only those with significant contamination are retuned to the 
hb0rataryhrrnox-e extensive and expnsimcharacterizatian. Field-method kchdogies 
areaLso(€bcusd under specific contaminant group alternatives. In this gene!d 
akmaUve major needs are for fieid measurement technologies for &krmhtxg 
radionuclide and heavy metal and. to a lesser extent. certain argpdcs. 
Deplosrmenr of these measueaxm technologies with robotics and automanon - isan 
important crosscutting area that promises to streamllne and reduce costs of such 
sunqrs. Please refer to the robotics and autnmathn chapter (Chap. 6) of this volume 

3.215 Detection/Measurernent--laboratory Methods 

--based technologies CapabIe Of mulfianalyte (e.&. Inar&ani~ and -C 
caqomn4 determinations are kted undet the -general” alternative. while cmstlhcnt 
gmup-specdc technologies are preseuted d e r  the spedflc alkmaUves. A techndm 
Deed generai to laboratory is rnntamInation control o f the  analytical 
equipment Thfs need goes hand-in-hand with adaptation of the sample preparation 
tedmcdogies for radioactive samples 

3.21.6 Data AnalysisNanagement 

A wide range of information mamgemmt and data analysis technolw will be 
xleeded. perfraps in some cases quired. to suppart the level of traddng and accounttng 
~ t o a s s L l r e c o m p l f a n c e w i t h  tal laws and guidelines fm txmduct of 
activities. Contlguration management support- be needed to IILeet the ckmands of 
wor€dng in a highly regulated envimmmL especially in dealing with hazardous 
materials. Dedsion aids, including stmtllation models. databases. fun texi i16arrmtim 
retrieval applications, and expert systems win be needed to assist with pkming. 

be needed to assist with anatysis and interpretation of data Large iimmmts of 
fn€ormatian and data will need to be txansfumi between the various groups of people 
working on the various aspects of the ERdorL  Quick. reliable access to data or 
infonnat~distrfbutedamong~~organizationswillbe~ed.AIlofthese 
areas d support are best takm care of using computer network Netarork 
cclmmmi- support then becomes yet andher area of technalogg that must be 
included. ?he demands on profed and support made by -tal 
legidation, requirements for safe hmdling axxi v i n g  of very hazadous makials 

- 

statistical~is*&raphtcaldisplay.andg~calinformatiansystemsupportwin 
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andhvingadexpa~resources to deal with problems on thelarge scales that arelIIFofved 
make use of automation and networked computing capabilities essentid or highly 
lmpo-t 

3.21.7 Radioaclive Efements-field Methods 

Fleldabletechnalogfesareneededtodeflneareasofradtologl~contaminationandto 
quanti@ radionuclides or radiation fields. They can reduce the sample load (and thus 
costs) for iabaratary adyses and ensure that only the most important coIlfaminated 
samples am sent to the laboratory for detailed analysk Technologies for de$&ing 
surface contamination are particularly important to D&D. 

321.8 Radioactive Elements-Laboratory Methods 

Agen~~oggneedistheup~dingofradiochemfmiIaboratoryproceduresand 
equipment to make than more! rapid and efadat, and to reduce the genaatbn of 
secondary laborat.orywastes. ?his is important tnview of the greatly increased sample 
load antldpated fiom WM and the need to mlntmize costs and wastes. A m  
important teckmdogg need is the development and validation of inducmdy cuupled 
plasma-mass spectromety methods for dekrmhing kmg-€ived. low-spedflc aetivlty 
radionuclides. Traditional chemical separation and munw methods are labar in- 
and require long counting peofods to meet sensitivity requiTemen ts. The inch- 
coupled plasma-mass spectrnmetry metbods also can detemine nonradioactive metals. 

3.21.9 Inorganics--Field Methods 
Q 

Technologies far determmg inorganic compositfon. particulariy on surfaces are 
needed fa the same ~easo11s as described above far fidrlahlP methods for radiaactwe 
elements. Ramwng teclmolwes include X-ray fluorescence, which is espe!cMly useiid 
for quickly measurmg smfacecontamlnationby~metals. 

3.21.10 Inorganics--laboratory Methods 

There are many esbbkhed, accepted laboratory methais for inorganic amdyses. 

radioactive samples is required. Aparticdarly useful -is inductMlycO\Ipled 
Adaptallan and l qgd fng  these technologies to meet the spedal E4l&m&s of 

p l a s m a - m a s s ~ m p t h a d s .  

3.21.1 1 Otganics--Fieid Methods 

Fieldable methods for organic compounds will be required fmnumemus depbyments 
inlargenumbers. ‘Ihe tedmdogies quiredevelopment tomakethem mox rugged axxi 
reliable in the field. simplerto operate so that the technid acpertise required to use 
them is reduced. gas chromatography and --based field test kits 
for selected orgmic cxxqm&s or mixhues such as PCBS are high-priority technologies. 

Fieldable methods for determincng surface contamlnatian by PCBs. oils. and fuel 
reprocessiag chi.mlrratc (mainly tributyl phqhate  and -on residues) will be 
apedally imptant to spedfic applications in D&D. 
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3.21.1 2 Organics-Laboratory Methods 

Technologies that determine regulated and DOE-unique compounds (e&, chelators 
or chdatPn radionudides) are required. Impmvements that will reduce SeCQndarsTwaste 
generation.andincreasean~cals~andeffidencyareneededfnthese~lo&fes.  
supercritical fluid extraction as a virtudy waste-free preparation thod and liquid 
chromatograpkry-massspectmscopyfor~ardytesareexamp % oftechnokgies 
that would greatly support D&D if developed and deployed. 

3.2.1.13 PhysicaC-Field Methods 

3.21.14 PhysicaJ-Laboratory Methods 

Characterization of contaminated matenah . and objects testing of structures arc 
important techmlogyneeds. 

3.22 Crosscutting Technologies 

An impartant area of technology (~oss<3ut¶ing is robotics and automation TMS is 
partrcuhrf~ *t in two areaS of characterization: sample collection or  fie^ survegs 
in situations too hazardous or remote far dired human participation (as during tht 
decontambation of highly radioactive hot cek or equipment) and preparatian of hi@y 
radioactive samples for analysis (as for highly radioactfpe samples of scrabbled cuncrete). 
These crOSScumng technologies are dkmssed in Chap. 6 of this volume 

OOQO1a'O 



* 1 7 5 1  3.3 SCIENCE AND TECHNOLOGY NEEDS w- 

The basic RBrD needs far characterization technologies range fiom none to 
considerable. Many characterizatian technologies are already mature and available on 
site. Examples of such technologies are gas chmmatqpp@-m spectraamtq~, for 
iddifi~ation and g ~ a n t i b t i c m  of regulated organic ~ ~ q u n d s ,  and fnducthdy mupled 
plama-emtccfon spectroscopy. fa metals. Some developmeds required for Mdable- 
chromatographic W ~ ~ a n  to determine surfkce amtamination by organic 
compounds. 

Other technologies will require basic research or d&o- The specific needs are 
explained in the Tecfrnolqgy &dumt~~ . Datasheetr.whfchare~udedinVoL3.ptA 
Important examples m the surfice contamination sampling technologies, such as 
surface heattng by laser and d h x t  interfacing to ion trap XZSS spechome-. 
Deveiopment of achnced rartlatfm sensors for field s m q s  of radiation fMds and 
surface radionuclide contamhation is another good example 



3.4 IMPLEMENTATION NEEDS 7 7 %  1 
Implementation needs. like science and technology needs, range from none to 

c o n s i d m e .  Instruments and U.S. Environmental Protection Agency (EpA) p t u m k  
alreadyadstfordeterminlngmanyregulatedorgarricsandtnarganfcs.These~ 
have essentially no implementation needs and are ready as is for saq~ples that cmmn 
no signlflcant radioactive components. Other mature techndogies are available on stte, 
but some work is needed to deploy them. ThLs Worir may entan calibration fix the spe&k 
constituents and/or sample matrices or adaptatian for deplqment in certain locations. 
such as fieldablegas chromatography or radiation semors. Performance vaHdamm far 
method quaHty assurance is included in the impl- costs. Other tedm&@s 
are not available an si* and it will rquhgreaterdhrtto obtain them and implement 
them at ORNL 

to handle the anticipated sample 
load. Thts is particularly true for radioacflve samples that require shfeldfng Q 
containment and for which current facilities are inadequate. 

Some fkdlityupgrades at ORNL are also 

Vd1,f't.A 
September 1993 



b. - 7 1 5 1  
33 TECHNOLOGY RANKINGS 

?be priarittes assigned to the charactaimion technologies for D&D at ORNL are 
included fn the last column ofTable 3.1. The ranking system is essentianp the same as 
that anl=rinpn in Chap. 2, sect 2.3. inthispohune. 

! 

000053 



w 0 

d 

ai 

c 0 

0 t 
2 
I 

9 
r( 

b I o 
- 



i 



9 a 
E 
0 
4 - 
4 

- 



P 



7 1 5  1 



. i  

. I  

i !  
: I  - 1  

. (  . _  . .  

' 5  



I 
n n T 

I t 
a 
C 

L 

$ 
f 

000060 i 

VoL 1. R A  
September 1- 



c I 

n 

0 . 0  0 0 - _._ 

15 1 



?m- - 71511 
3.6 RELEVANT TECHNOLOGIES UNDER DEVELOPMENT BY DOE 

DOE is currently d d o p i n g  technologies that could contribute to soMng 
environmental and waste reqclmg problems at the diiXerent DOE sites- Some of these 
progects may have relevant and bene9icial elements with respect to the charaderization 
technologies listed in Table 3.1. Table 3.2 gives the results of a segrch o f  available 
infixmation on programs funded in N 1992 and FY 1993 and idemifics p o d d e  matches 
with the complete set of characterizaton technologies listed in the W, Vd. 1. Pts. & B. 
and C. Those FY 1993 projects described by”€% and to be potenthlly 
relevant and beneficial are listed under the mresponding characterfiatiantechnologp 
CodebyTZp number. When no FY 1993 matches were f m d  and thesearcher (based 
sokiy on personal knowiedge) b3lewofvalid FY 1992 matches. thesewere entered fn the 
1993 TIp column, Charaderizatlan technologies for which lu) m a t c k ~  were found are 
omitted fiom the table. when many matches were found. mayor may not 
be dted. but it is noted that many edst The relevance d u m n  indicates the degreeof 
&p between the technologies listed in Vol. 1, Pts. A B. and C. and active ITP 
projects. T h e m  comprising the search data base are listed in tbeap- - 

8- 
V d 1 , R A  
seatember 1993 a. 
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4. DISMANTLEMENT/DISASSEMBLY 

4.1 INTRODUCTION 

The dfsmaml . ement section of the TLD addresses m p e d f i c  p r o m  and needed 
technologies that appear to offer the most promise for remediation. Figure 4.1. the ~ 8 r ~  
Sequence chart was prepared as a potential pmess for identifying steps by the 
dismantlement team. Rease note that all steps in thesequenceh@dighted by the- 
O U t l i n e d ~ a r e c o n s i d e r e d d i s m a n t l e m e I l t t r r c l c E  

Of spedfic interest is 4.5. The Molten Salt Reactor Bqezimmt facility stin cantafns 
the highly mdioa&m fuel shown in the tanks in Rg- 4.5. ?he Molten Salt Readar 
~eriment~asingle-reglon,unclad-grap~te-moberated,~eous-fueledreadrP 
built for Investi&atfon dthe practicality of the mdtm salt reactor concept for power 
station appllmtions. Tbe circulating molten fuel was a mfxture of lithium, m u m .  and 
zirconium-flumide salts. containing uranium fluoride as a fud m. Flgure 4.6 is a 
layout of the Hmogeneous Reactor IkperIme The Hanu>geneous Reactor 
facility housed two experimental reactors that were! dmeloped for nuclear power 
applications adysis. The fuel in these reactars was an aqueous liquid and has been 
removed from the faditis.  

Figures 4.24.6 showtypical fhcilities at ORNLthatarefncluded in the D&D 
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4.1.1 Problem A;ea/Constituents for Dismantlement at ORNL 

4.1.1.1 Massive Containment 

These technologies will address problem assodated with the lxImval of mprhsl.llcal 
and chemical h o t 4  structures. which is primarity heavjly retnforced concrete 

* ted with 9. axxi other -on products. Radi%tfm may 
exceed 2.500 R/h An example afthis is the hel storage cell in thebfolten salt Reactar 

5% 

$ _ _  

4.1.12 Reactor Pools 

These technologies win address problems assodated with the rermmal afpl-type 
structures such as the Oak Rtdge Research Reactor. These structures may be 
amtaminated with %o, %r* '%s. 'k* %e and other W o n  products. Technologies 
bere are similar to thoselfsted under Massfve Containment errceptexnphasb is placedon 
under water applications. Radhtbn fields on surfaces may exceed 50,OOO R/h. An 
example of this problem is the Oak Ridge Fhearch Reactor Pool. 

--f 

E 4.1.13 Buried Tanks 

3 *' These technologies are dected far their applicability to buried tanks such as the 
Gunite Tanks. Also in this cakgory would be buried vaults housing tanks ar housing 
underground proass equipment. These structures are typically ax&mf~W with all 
pssihle contaminants listed in sed- 4.1.1.1. 

4.1.1.4 StructuraEOnly Concrete 

s- 

-$? 
This problem category addresses technologies typical for nonnuclear d-truction. -. 

4.1.1.5 Steel Structures-Mgklwd Contamination 

These technologies are d€reCM toward removal of steel structural materials that are 
posshly heavily cantamimkd with '=&. 5, Ce. and Eiu. Radiaiicm I d  may be 
10-100 R/h. An eKample of thfs is se#mdary containment structure of the Hanogeneous 
--Experiment 

-. 
4.1.1.6 Steel Structures--lowUvel Contamination 

These technologies are dfrected trJamrd removal of steel structural materials that are 
cantaminatedwi~~cequantitiesoffissl~products*plutonium, 'k55Fe. '37cs, 9osr, 
a d  
Reactm- 

An example of thts problem is the roof structure of the Oak R&ige! Graphite 

4.1.1.7 Asbestos Removal 

These technologies address theremcwal of asbestos materials cantamimkdwith trace 
i l ~ ~ l ~ m t s  of fission products, '%j, % v. and 228Th. An example of this problem 
is the Molten Salt Corrosian Imp.  M * radiation are 3500 ~fnm100 an2. 
transferable. 
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4.1.1.8 Major Equipment Removal 

~ ~ ~ o ~ ~ ~ ~ p ~ ~ l e t o ~ ~ ~ t ~ ~ r ~ u ~ ~ ~ ~ ~  
of items contaminated with minor to very sqpificant amounts of radioactive isotopes, 

problem are the fuel s towe  tanks and piping in the hd storage g& in the Motten Salt 
Reactor Facility and the process piping and equipment in the eXperimentai cells ofthe 
Oak Ridge Reseas& Reactor. 

mcluding wan products. %o, l3'Cs. 9. and ?Ru materials. banxples of this 

4.1 .1.9 Entombment 

These technologies are the last step of dismantlement used af'ter other D8tD steps 
have been axnplexed Theg are applicable to eitha tenrparary or permanent idation of 
the remainfngfiidhties. Anexample of this w d d  be filling the basement struchmswith 
an impgmeable material (concrete!) to af€ix the remaining contamination. 

4.1.1.1 0 Retrieval 

These technologies are applicable to the exhumation of equipment previausty burid 
or stored in ways <~rrrently deemed unacceptahle. An example of this woukl be the 
removal dhighlycantaminated pieces ofeqqmenthriedin a solid waste burial gmmd 
that are amtr0uung significantly to undergroundwastephunes or otherRApble5.  

4.1.1.11 Equipment Redisposal Staging 

Thls function win address the predispositian of dkmantied equipment Exampks of 
these would be shredding of equipment for sfie reductron and/or packagiq of smh 
items. An te&dogies in the dfsmantlempslt tacks; am applicable here if properfy 
integrated 

4.1.1.1 2 Enabling Technologies 

Msnantlement activities will almost ahvays be conducted in a highly reguhted 
errviroTlIDent awering conduct of operations. hading of hazardous materhk 
transportatlonof~Lcandequipmentequip~callbrationandmafntenance,~ 

data musf be accessible for planning, trafntng wmkers, and assuring high CIUality of 
operations Th;e mmt cost4ective and reliable way to meet such req~-, is to 
make exknsbe use of computing technology. Data bases are needed to stam maps 
locations o f  mgineed structures, waste starage areas, locations of con- 
drawings afas-built structures. properties ofbazardous materials, and much - h 
areas fn which remote! manipulation or robotic systems must be used. CQ- and 
reliable ames to idinmation must be provided through the use of netwngs and 

constant€ymlvingregulatoxyrequirements. Robustandrellabletaggingsystemsdbe 
needed far trackfng materials. The wide range of computing technologies id- fcrr 
this areawillhave to be integrated according to an ovaall system plan or 
that CoIlSDtu ' -  tes a Network Information System 50 that these technologies can mxk 
together &kctidy. 

disposal dInanykh.lns ofwastes. Large amounts afdffkrentkinds of lnformattonand 

some case5 additional mapping of structlms win be requ id ,  espedauy far p b k n  

graphical displays. Automated planning tools win be essential to keeping up witfi 

Page 70 



4.2 TECHNOLOGY OFTIONS 
-. - 7 7 5 1  

4.21 Massive Containment, Reactor Pools, Buried Tanks, and Structural Concrete 

Swen technologies were identified for these problem constituents. See Table 4.1 In 
sect. 4.5.2 far the most favored technologies. S u m  application of Uqpe t&m&gks 
tocancretein DgrD of ORNLwilldepend on hoar- they can be h ~ w i t h ~  
and/or automatic systems. AU the technologies have been used at nuclear h d i t i e s  with 
varying success Also, more efficient appliratfnn will depend on improves protectiee 
systems for operators and maintenance mef. 

4 2 2  sted StNctures-HighLevel and Low-bvel Contamination 

Removal of steel structures. as seen in Flg. 4.1, wiIl be a process varyfng fmmranote 
removai to cmventional remad., dqending upon the con- kweL 'Itaehre 
technorow were identified that are potentianp useful in dismantIc?mpnt ofstructural 
steel. See Table 4.1 for the most h r d  technologies. For highly amhdmkd 
structures. szaxssful application will depend on the technoloHs efkdive Mqptian 
with ranote delivexy systems. Also. suazss wiIl depend on limiting the spread o f  
contaminatian during D&D operations. 

42.3 Asbesbs Materials 

Six &&nd@es were identified far the rerrmrml of asbestos materials. IIhc p m i i  
categories areeither to cut the asbestos loose arm it away. Both scenario swill^ 
padqlng of bose asbestos makriak and reduction and/or collecticm of -e 
asbestos. Tbe focus these activities is to keep the asbestos fiom beamfng mare 
contaminated so that the resultingmabiak canbe disposed of at mintmum cast Also, 
containmentafanycontamlnatedasbestosar~-materialsdustmustbe~ 
d w -  7 

4.2.4 Major Equipment Removal 

S M e m  t#hnnlogies were identlfipn for remDFling equipment h m  ORNL fadMies. 
~ t P r h m l n g l e s i n ~ ~ s o m e f o r m a f c u t t f n g . A n o f t h e t e c h n o l o g i e s a r e ~  
available Tbe major task in applying these systems Win be to cut and rezrmc the 
amtaminated equipment while cantainfng the amtamination. It is impartant to pmdde 
safety for Worgers by maintaining the proper eqgneemg of the cantafnment A 
ambination of dismantlement and robotfcs Wm remuve the worker from tlr arfilnl 
cutfing site axxi automation of the 

Figures 4.7 and 4.8 depict concepts that were considered d w  tbe * m m  
identificaticzn stage. The concepts shown are for remote removal of equiplnent b a n  a 

tasks will pravide maximum benefits 

typical readcx process cell. 
.- 

4 2 5  Entombment 
- -  
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7 q 1 
before mmpleting D&D processing and reachmg the end state. Entombment mchdes - 
tdmolog& that result in isolati& of contaminated materials from the b- for a 
lung period of time. Technologies included under "di(;mantlemtxC ad- those 
atcdmmt activities that will isolate large pieces of equipment eiW remDped h m  
tadlities, retrieved from past burial opmsions. or left in a facility and isalated in p h e .  
E h m  tPrhnologies were identtfied as applicable to entombment 

4 2 6  Retrieval 
9 

Msnantlanent includes some tasks that are included as r e b i d  tasks UnnR Rk 
Mechanimi exhumation of equipment itenms asxi packaged items that ifrexmmd today, 
should havebeen handled as dismantlement tasks. me itemswillberemhed hm 
burial &rounds and handled in the 'd&mn&mmt flow" shown in Flg. 4.1. 

six tPrhnnlogies were identified and are induded in the RAvolumes. Tbe data sheets 
are in VoL 3. Pt. B. The lcogic Flow Diagram inVoL 2, pt. B, includes tksc kduxhgles 
reiative to the specific site problems. and Val. 1. Pt. B includes a descriptbn oftheir 
rangtng fa the RA-site problems. 

4 2 7  PredisposalStaging 

After equipment is removed far di.ansmtlement,'a decision is r e q u i d  as to the 
ultimate disposal options. Technologies wiU be required to inspect, reduce size package, 
and ttmpmu@ hold items prior to transfez to the selected disposition acUvity areas At 
ORNL this Wm most likely mean establishing a staging facllity with capadtp to remtely 
process equfpment items. The OakRidge Research Reactor with its anmn.tiyfh&od 
pool. may serve as a possible handling hcllity for such tasks. 'hvo spec& kdmdogies 
were id-. but Wtually all technologies would be useful fn this 
==Ptl=J fadllty* 

4 Z 8  Needed Enabling Technologies 

m - f -  techn010gie~  ere identified in this area. T h e  Mo@~s will, if 
properfy engtneered into the aFlpran DBrD ORNL facilities, -de beneats to 

as well as other tasks. Current as-built information dOg not pmvide 
detailed descriptions of what fs in the amtamhated facilities. Prpcess equQmmt has 
b e e n ~ m o d l f l c a t r o n s h a v e b e e n ~ a n d f t e m s h a v e b e e n s t o r e d i n t h e ~ e s  
without accurately updating the w e e p i n g  information. 

Ekamples o f b e i i t s  h m  enabling t a h d O g 2 e S  include: 

e 
0 

e 

e 

e 
e 
e 

updated engineering drawings far the fadlitles to be dismantled, 
accumte 3-dfmensional inventories of rna tdak  
miwmbly accurate IocatiM of equipment to pennit positioning o f  alltaxnatic 
-t tooling. 
-t tooling utilization planning to aid the scheduling oftxpipmnt and -- 
real-time status feedback to deconstruction schedules and progress repork 
continual waste and recycle makids ineentnries and tracldng, 
query capability for investigation of alternative approaches and processa 

000082 

oass 74 
Y b l 1 , R A  

-1943 



0 accessible data for es- a common mission and goaL plan. and 
0 conceptual 3aimenSionai modeling capability for studying other technologies without 

actual procurement of equipment 

All of the technologics identitied under "Enabling TecbnologLes" are m u d  to 
enhnnce or improve the available engineering data bases. Computer-Based data bases 
that would provide accurate 3-dimensianal models can be generated, 'XI?& data could be 
usedtorecordcharacterf.tatianinfonnation. decontaminationdata. equipmentlmtio~. 
andrelated~ologlesbyspeaficlocationinthefacilities.Thmthisdatacouldbeused 
to guide automated tooling and/or robotics duxing the dbmantlPment process, while 
pruviding a real-time automa& updated data base. 

Any demonstration of stateof-theart technologies would @e guidance in the 
fbture on these D8rD &iris. In fad the ORNLfadllties could beviewed as potential 
candidates far Integrated and/or test beds to serve as surrogates far 
fadlities at other sites where remote equipment and tooling are needed. Therefore. the 
stu~grouprecommendsincluding~technolo~esintoany~tureDBrDdeveiopmcslt 
effort or demonstration 

Two enabling technol@es were identified under the alternative of Dismantlement 
Support. These are an autDmation technique for directing cutiing called "point and 
direct" and "updated designs far protective clothing." 

The studies to the time of this doaunent have put empbsisontheuse of currently 
demonstrated technologies. Among the hia-cost items induded in this anatysfs is their 
dependency on labar intensive techniques and the necessat~~ protective clothing. 
Experienceindicates that30-50%oftfreeost canbeattributed torectucedcrewefl8dency 
due to protective clothing and equipment required. This cost can be by automated 
&mantlementtoalingaadsophlstflratPndeliverysystems,there@~~manual~ 
and improving protection to DBrD wtxiers. 

Some manner of manuai work Wlll always be requfred regardless of the degree of 
automation used in the dbmantluntnt tasks. To this degree the dmhpment of improved 
(cheaper. recgcbble. lighter. mare <mmenienL etc.) protective eqrripment is cerhidy 
justifled. 

New. more efIldenL VersiOIls of clothing and protective equipment have the potential 
of saying vast sums of m o r q  and labor. Respirators, face masks, airpacb, cloth suits, 
&-tight suits, &ioves. shoe corra~, laborato~ coats, a . i r d M  and filtered- 
equipmentcabs. & c . . n e e d f m p r m e d d e s i g n s t o r e d u c e c o s t i n a ~ ~ t l e m e n t  
project such as a d@kicm plant and its support facilities. 

Vd1.Pt.A 
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4 3  SCIENCE AND TECHNOLOGY NEEDS 

Anexmlsve . search has been made of porpnrtn) dismantlement t&molog&s that are 
appficable to ORNL facilities scheduled for DBrD. Of the 100 technologes identffi#l. all 
are existfnginthe commercial sector or have been used at other sites form taskr;,?he 
primarp sdence needs are In the areas of reductlan of secondary matamircaticm and 
adaptatbn OfroboUcs delimy systems. Tbe raddngs given &Table 4.1 depend to 
sigdkant degree. on reduction of s~condary-vmsie volume and spread to smndary 
l?dumes 

T b e o t h e r s i g n i f l c a n t s d e n c e a n d ~ n s e d S a r e t h e d e v e l o p m e n t o f ~ t c m  
systems. Dismantlement acthities will almost aiumys be conducted in a bighlyrcgulaed 

coming conduct of operatiam. handUng of hazardous matmiak 
t r a n s p a r t a t i c r n o f m a t e r i a l s a n d e q u i p m e n t . ~ ~ c a l l b r a t i o n a n d ~ ~ ~ a a d  
dkposalof many kinds ofwastes. Large amDunts afdifkrent kinds of hbmtionand 
data IILllsf be a a x s i b l e  for planning, trahing wnrkers. and assuing high 9uaEtty of 
opezatbns. The most cost effective and reUablevmy to meet such requiranmts istomake 
extmshe use of computing technolo@. Data bases are needed to store maps, bcatfans 
of eqfmend structures. waste storage areas. location of contarnination, c h m g s  of 
as-bu& structures, properties of hazardous ma&riak. and much more In .cnmr cases. 
artditrd mapping of structures will be required. espedaUy for problem areas in which 
m t e  mmipulation or robotic systems must be used. Convenient and reha& access 
to tnfbrmatfon must be provided through the use a€ networks and graphid dkpkys. 
Automared planning tools will be essenfial to keeping up with amstmt@edvfng 
regulataryrequiranents. Robust and reliable tagg€ngsystems will be needed fixtmckfng 
matdak. The wide range of computing tedm&@es idmtified for this area Wm hawe to 
be acwrrfing to an averall system plan OT architecture that a 
Network Infmmation System so that these tecbnohgies can work together -. 
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4.4 IMPLEMENTATlON NEEDS 

AUofthedismantlementterhnnio~esid~requiresomedemonstratian~become 
accepted at the ORNL Site. Impiemmbng even basic technologies, such as torcfi cutting, 
wiIl robotic delivery systems. Implementation of a technology at ORNL centers 
around timely, adequate demonstration in an integrated system. 
An integrated demonstratian of dkmantlement technologies i$ needed and 

recommgnded so that proper conceptual e#neerQ information wn be gemrated and 
e p a l u a t e d F h m t h i s i n f a r m a t i o n . w e l l ~  spedflcations couldbe prepared for the 
evmtual large-scale dismantlement equtPment. This would avoid the need for 
cmEemmeselectionofm*pmvenprocesses. 
In this dismantlement study. t#.hnnlogles have been investigated imifvidually. 

I n t w r a t i n n o f r n u l t i p l e n e w ~ ~ ~ ~ ~ t h e p o t e n t i a l b e n e f t t s ~ c a n t  
cost and d e t y  benefits would likely rem& from the cascadfng e f k t  in anfntegrated 
demcmsuaiion. The integrated demmstratim needed would require seledim of areas 
within ORNL to be dismantled under my cantrolled conditions. In these areas of the 
bddings. each of 20-30 techndogies d d  be applied under controlled conditions and 
evaluated for ef€iciency of operation. The tmhologies could then be inkgrated either 
through computer modeling techrnques or actual demonstrations. 



! .  

. .  

4.5 TECHNOLOGY RANKINGS 

4.5.1 Introduction 

Selection of technologim for development and use in the DBrD f i d i t i s  at ORNL is a 
very difilcult task. Mul- trade-offs are -*tiveto the availability, 
complexity. and cost of tPrhnnlogks that appear -le but have not been 
demonstrated and/or accepted at ORNL Also, the variety of facilities makes selection of 
generic technologies dif€icuU For example, technologies appkahle to hot cells may have 
limited usefulness far readm pools. TNS section reports the evaluation of technologies 
in a systematic way and recammends those showing themost potmtial for hhre use 
and development 
This development should omxr through inclusion tn firture rbmnrrstratiom ur in on- 

go- development actMttes at appropriate installatians ?he data show that dfrectd 
R & D o f t h e r e c o m m e a d e d ~ t e c h n o l o ~ e s ~ ~ ~ ~ t h e m s t o f D B r D  
at ORNL facilities. Also, benefits can be fiuther magnified f f f d a t e  systems spin off 
benefits to other DOE sites through the sharing of er@ne&q documentation or actual 
hardware t rader.  Table 4.1 shows rankings of the most fkvured technologies. 

AU technologieswererantted against the criteria as desuibed in detafl fnSect 2.1. In 
somecasesthecriteriamayhavebeeninterpreteddifferent~bgteams.dependingupon 
the problem being addressed Far example, 'tersaw fm dismantlement is almost 
exclusively inte~~reted as 'appliolbiliity to robotic toolin&" but other teams may take 
'tersatility" as uapplication to a wie ty  of problems." 

The general ranking scheme is described in detail insed. 21. 

45.2 Rankings 

After ranking the tedmdwes, the more promising tprhnnlogies are apparent. 
Tbn>ughout the TID exerdse. it mn be shown that the LIylGt advantagmus application 
o f a n y d f s m a n t l e m e n t ~ d o g p ~ i t s i n c o r p o r a t i a n i n t o a ~ ~ t s y s t e m .  
When designed. these systems wwuld include not only dismantlement technologies but 
possibly aIl of the teams' meds merged into one cr 11y1re systPmc for example, 
decontamination and charadernati - on technologies may use the same delimy system. 
If inclusive systems are designed they will magn@ the potential bendits. 
AU of the technologies in W e  4.1 will require a timeiy and adequate demonstration 

fn an integrated dernonstraiian. and proper spedficatians must be prepared by 
Engineering based on data frcxn fntegrated demonstratfans 

DismantlementtPrhnologies a r e & r o u p e d b y t h e O R N L ~ e m f o r ~ t l e m e n t . ? h e  
rankiqp of the technologies are based on perceived benefits, assuming that they are 
adequately addressed in an integrated demonstxatian a& proper spedfications are 
pqare-d by Engineering based upon development and engineering data available. 

45.3 Conclusions and Recommendations 

All of the technologies adcfressed are applicable to the dismantlement of typical ORNL 
fadllties. Each technologyhas an area that itwould benefit ffappliedh inkgrated 
demonstration of technologies is needed and rtmmmmded (see sect. 4.4). 

AcarehUy integmted systems approach to the -of ORNLfacilltles will 
show the need for much affsite support. Some problems at ORNL. such as the 
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I / 

Massive ContpiPmcILt 9 
DISM-1 l a  )High-prtssurrabrasivewatcrjd I H-5-5 ($5.5M;$lO/P) 

RanldngQ I Technology 

DISM- 1 2-OL MamoIxiwfrecumrlg 

DISM- 1 &OL Deep mkmwave danolltion 

M-5-5 ($3.5M;$lOo/ft?) 
M-59 ($sM;$s/P) 

DISM- 53-OL 

IDISM- 1Grappk.r H-2-1 ($lM;$8/rt3) 

D I S M 4 2 0 t  IMarmndWtreCUtttng H-2-0.5 ($1 .5M;$lO/ft3) 

DISM-4eOL Ccnmentlanaljackh-. H-2-0 ($OM$20/~ 
headache ball. etc. 

Abrastrn water let 1 H 4 3  ($750K;$lOo/h) 
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Table 4.1 (continued) 
r 

Technology Data sheet 
axknumbers 



., 
-.. . *. .~.. 
-*+ 

i 

i I 

DISM-155-OL 

DISM- 1 5  1 -0L  

DISM- 172-0L 

DISM-143-OL 

DISM-171-0L 

Technology 

disposition of the Molten Salt Reactor Experfment's hel starage tanks, are beyood tbe 
capabilities of men the mDsf advanced, conceived fPrfinnlogies. Therefore engineered- 
storage fadlities are a kq element of any major DBrD of ORNL fkilities. By carrying the 
integration of DBrD kzhndogies one step an interesting scenario develops w i t h  
the Oak Ridge area 

000089 
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Fadfities adst in Oak Ridge. such as the tqamtve diffusion facilities at the K-25 Site, 

that make ideal storage facilities for cask and safe containers conmining itezm not 
rvnrdnprprl for ultimate dfspmal. Therefore. integration of D&D ef€m at ORNL axd the 
g-25 Site sbould be considered. 

Several advantages would be reallzed from an integratlon of D&D at the K-25 Site and 
ORM; 

1,Empty difbion buildings, K-33 and K-31, are in stnrcnnal 
&tian with heavy-duty comte floors. large cranes. and handhg cqabihty 
already in place. Ifa use mn k made ofthese structures. then disposal ofa hrge 

2, Ressmd. safe packaging, and starage at the K-25 Site of the h igh- ld  items wiIl not 
lnmease the contamination level of the dilhsion buildings. 

S.We&eq@eered, safe packagmg of the high-level items win not incmse the 
contaminatfan level of the -on bddhgs. 

4. Shipeat uf properly packaged high-M items h m  the H-25 Site to the d-te 
dlspasal taduties--such as YUCGI Mountain or a salt r e p o s i m  be simple, 
rehive to the handling and transport mpf red  if special individual msks were 
amsruded now. 

9 

ilIII(1Unt af m i t e  and I o w - I ~  confaminated structural material  an be 

Atgplcalreactor-typefadlltyshouldbeselededatORNLasthe~~thatarill  
d- the selected technologies fiom this study. A systems appmach must be 
t a k e n t o f n t e & r a t e t h e s e i e c t e d t e c h n o l o ~ . n o t ~ f o r ~ t l e m e n t ~ f a a a l l ~ ,  
so that the problems at the target fadllty are addressed. In addition to this Systan. a 
murh lqp 3kga System" should be amsidmd to integrate the K-25 Sitt D&D effarts 
with O m s .  Such actionwiIl take a.dm&ge ofd resources in t h e m  -ch 
as the masrive buildings at the K-25 !Si- wilI reduce or dimfnatP all prcabkns at 
bothsitfs. 

It is frrrther recommended that thts &ixt ammen- as soon as p o d &  in onkz to 
take adrantage of themst technical argerience still eddstingin Oak Ridge. Manytechkal 

. ptrsxmd are still available. either StLn emphyed or retired, who worked hmdwnwith 
the h d i t i e s  scheduled for DBrD at both sites The value of this resarrce canmtbe 
overstated. The following are factors axnmtly available at ORM; 



. .  -2- Also available and specific to ORNL are the following: 
- I  - -r, -a3 I ,.__ 

7 1 5 1  ! 

c 

a; radiation hazard-experienced personnet 
$ derelopment facilities for laboratary testing; 

integrated staf€ of health physics. mabtenance, and other support grmrps; 
immediate access to Y-12 and K-25 personnd with r e d l y  avaiiable. related skills; 
minimum hazards to the public because of the isolated location of lhe facilities; and 
arperfence in dealingwith 4 auclearisotopes. 

4; 

c 



4.6 RELEVANT TECHNOLOGIES UNDER DEVELOPMENT BY DOE 

DOE is mrrently developing technologies that could contribute to sabring 
enw-0- and waste recycling problems at the difcerent DOE sites. Some of these 
projects may have relevant and beneficial elemenrs with respect to the ciismanrllment 
technologies listed in Table 4.1. Table 4.2 gives the results of search of asailable 
info- * an programs funded in FY 1992 and Fy 1993 and iden d es possible matches 
with this list of dismantlement technologies. 'Ibose Fy 1993 projects desaibed by?Tps 
and defennined to be potentiauy telemnt and benefidal are listed under tbe 
compcmding dimantlement technoloa d e  by TIP number. When no Fy 1993 
m a ~ ~ w e r e f o u n d a n d t h e s e a r c h e r s I b ~ s o l ~ a n p a s < m a l ~ o w l e d g e ) l m e w ~ ~  
Ey1992 Il.w&es, these were e r l m  in the 1993 TIP column. DfsmantlezImlt 
technalogres far whichno matches were found are omitfed Erom the table. when many 
matches ~pere found. only one or two were dted. The reievance column imihtes tfie 
degree ofoverlap between the hted dismantlement tPrhrrniogies and active?Tp prqfeds. 
The?TRccwrpnsing * the search database are list& in the appendix. 
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5. DECONTAMINATION $.,?lac 

1 5.1 INTRODUCTION 
r 
p. In general. decontamination is accomplished either by rexnaving$he con- 

from surfaces with little damage or by intentionally rexnmng * a layer of the contaminaM 
surface alongwith the embedded conbmimnt. The energgneeded to remove the S ~ E  
layer may be either -caL chemical. or thermaL Bulk decuntamination requtres 
entirely different techniques. such as incineration. smdtfng or leaching. Removal a f  
contaminants h m  surfacts is based upon cleaningtprhnirmes that have been used far 
decades. Many procedures and reagents used in equipment and 
hcilities in the nuclear ixdusuywere h t  developed and used for cleaning conventional 
nonnuclear plants.' Deconfamination procedures were developed to provide high- 
decontamination eBidendes and moderatearrodan attack on the surface. Additional 
criteria to be met were prampt availability of equipmat. sfmple operation and mtml, 
acceptable time mpimments satisfactory safety aspects acceptable costs of applicatim. 
planned future use of hdity, and minimal amounfs of wastes. The choice of a 
decontamination procedure for a particular application Wm Bepend upan the importance 
and priorities assigned to the various crfteria. the charaderistrcs of the system to be 
decontaminated, and the specific capabilities at the faality. The requirements far 
moderate-corrosian attack and for prompt availability of equipment have little wefght for 
D&D compared to that for decontamination far and reuse of exbting 
equipment in operating plants. 

To develop the decontamination section of the 'ILI). the first step was to list the 
decontaminationtPrhnologiesthatareinuse,underd~~~t, arbeingproposedFar 
the ProblemArea/cOnstituent logic element of the diagam. a list of problems specMc to 
decontamination and traceable directly to ORNL problems was developed. Thts list 
consisted of the various cantaminated substrates (e&. ammete. equipment, structural 
steel. etc.) and the particular hazardous contamhanb that can be found resfding an or 
throughout each substrate &e. surface OT bulk rantnmtnationf. For each problem. 
technologies were identified that could potentially be used for decxurtamlnation. 

'Ihe development of the list of problems far ORNL frmohred (1)interviews with 
personnel hmiliar with the htstary of the facility oc hcilitks of interest, (2) review a€ 
documents describing the amhmination problems at thevarious facilities, and (3) tours 
of the facilities by the decontamination team mpmbcrs Based on the results of these 
activities. a detailed list of ORNL decontamination problans was generated and Ls 
presented in W e  5.1. Table 5.1 s p d e s  the types of substrates that are contaminafed 
the types of contaminants present on each substrate. the radiation levels existing as a 
result of the can- and ercamples of the particular situations (i.e.. the fadlity 
and the equipment of mrkces that are contaminated) that exhibit the listed 
combinations of substrate. cantamfnants. and ractiatlan levels. While Table 5.1 is as 
complete as possible. the particular situations that are listed should be regarded as 
tzmnples of the cantamhat& equipment and surfaces. not as an exhaustive list, 
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Because of the large number of problems listed, some simpMcadon was mcesary to 
limit the size of the decontamimrion logic diagram. This was done bp Wding the 
problems into different groups. The criterion for assigning a problem to a parttcular group 
was that all problems in that gmup add. in general, be treated by the same 
deconramination technolo$es. Finally, hawng identified the techndogies applicable to 
each group of problems and with the detailed idonnation for each technologg as provided 
intheTechnologyEualtmt2an * Dcrta shaets the decontamtnatim sectit% ofthe TLD was 
ddoped.  

< V d . 1 . R A  - 1993 



5.2 TECHNOLOGY OPnONS L 1 1 s  1 
'L . 

5.21 Introduction 

The scope of this activity Ls to decontaminate DOE surplus facilities (-terns QT 
components), parti- at ORNL Reasons or reguiranatts far decontamination indude 
the following: 9 

to pexmit unrestricted reuse/recycle, 
to pennit reuse of the item in the DOE camp la^ 

0 to reduce worker-radiation e!xposure, 
to avoid potmtfal criticatfty accidents. 
to permit or enhancedlsposal, and 
t o s e p a r a t e t b e h a z a r d o u s f m s n t h e r a d t o a c c ~ ~ ~ ~ ~ d e c o n t a m t n a t l ~ '  

This section summarbps the decontamination technologies that have been 

Decontamination technolo&les have been grouped fnto six generic technologies as 
demonstrated or that have the potential to fulfill these mpimnents. 

follows: 

bulk deamtamfnation methods, 
chemical surface cleamlgmethods, 
metalrefiningmethods. 
mechanical surface xlxnmal methods. 
Surfacedeaningmethods. and 
t.hemla,l surface remoyal IIlethods. 

As suggestedbythename. surface removal methods take off the surface laycrofthe 
substrate (e.$. metal, etc.) itself and, at the same time any &mi or loose &e. 
transferable)cantaminationthatispresentontbesmface.The~~deaningmethods 
remove the fked or loose ccmtamtnation without disturbing the surkce of the substrate. 
The metal reftning and the ~LI.DS decontamination methab nmme contamination that 

The deamtamhation techmlogies that have been identiAed are grouped am- to 
generic technology in Table 52.  The technologies listed are at various lmeh of 
development, fncluding (1) in an available stage that is accepted by industry, (2) in the 
demonstratfan phase, (3) under study at the laboratory d e .  and (4) at the conceptual 
stage. A brief description o f  the technologies fs provided in the fdmwing sectfons. 

is dismbuted throughout thesubstrate. 

5.22 Bulk Decontamination Methods 

Solvent exhactian removes organics from bulk materials simply by dtssoluti~n. The 
technology could be applied as a %ctoxy style" process in either a batch or confinuous 
fashion. For waste-vo1ume reduction, separation of the amtaminants from the solvent 
and recgcllngof the solventddbeneeded.Also, the dventarouldhave to beremorred 
fromthedecontamtnated~byamethodsu~ash~garMcuum.Thechemiml 
leaching t e c h n o l o g g ~ ~ ~  be applied in a manner simila~ to that of solvent extractfa 
The chemical leaching& biological technologies are essmtiaRythe same as described 

established technologies in anrent use. 
under c h a d  surface Solvent extraction and chemfcal leaching are d- 
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Table 6.2. Decontamination technologies 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
a. 
9. 

10. 
11. 
12. 

1. 
2. 
3. 

1. 
2. 
3. 
4. 

Bulk decantamhation methods 5. centrffugal cryogenic CO, blasting 

Metal re5ing methods 

6. Iceblasting 

8. Pbsttcpelletblastirg 
7. Supercritical CO, blasting 

9- =grinding haning, saapmz 
10. Alltomatedgrinding 
11. W O g  
12. anm&emilling 
13. kpbsive 

& u f a c e c l ~ m e t h o d r  - 

1- c a m p r e s s e d ~ c r y o g e n f c ~ ~  

2. High-pressurewater 
3. superheatedwater 
4. Waterflushtng 
5. stfsmcleaning 
6. Handbrushing 
7, Autmnatedbrushing 
8. Spongeblasting 
9. Hotair 

blasttng 

10. wheat (roasting) 
11. s washing to^ 

12. solvent washing to^^ 
radiological contaminatirm 

13. SrippabIecoatings 
14. Vacuumcleaning 
15. Ultrasoniccleaning 

Thcannl surface removal methods 

1. Waowavescabbling 
2. pfasnatorch 
3. Laserheating 
4. Laseretchingandablating 
5. Hasmasurfacecleaning 
6. Plasnaetching/fluorfnatlon 
7. Rashiampdeaning 
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Indnmtion of varfous materials is accepted by the EPA Tbe incineration of 
cant;aminated combustible building materials is wmmrm in the rmckar industry. The 
waste generated will depend upon the design of the incineram and the ash amtent of 
tbe material being burned. ?he fiy ash and smoke partides have to be contained with 

heat (cg.. caldnation] would be used to remcwe volatiles such 
as oils and PCBs. Treatment of aff-gases to remm the w d a t j k U  cuxmxmants muld 
b-=-av. 
The c a m c  exfractionpn>cessisz;tmllarto smeltpm&aihninthatafiunace is 

used to form a molten metal bath In the catalytic extraction process the bath is used 
not only to pwify metal but also. at the high-operating temperatures. to efkdhdy 
destroy haarcious-organic materials such as aromatic h y d m x k m  and PCBs. Also, 
mixing& better in the catalytic eEnacfion process kusemakzialis i n k d u d  from 
tbe bottom of the process: control ofthe oxidation potential is better with the catalytic 
extraction process because axygea. rather than air? is 4 d  into the firmace. The 
processhasnotbeenused~totreatscrapcontsnitnatedwithradionuclides. 
Waste generated could indude mbadive slag and wet saubber saiuborrs. 

VeryI lmi~useofvacuum~e ,~pressure to~~po la tnecompamds)hasbeen  
made for bulk dean- Same information has b e n  obtained on a proprietary 
vacuum-based process for f e ~ ~ l o ~ n g  water soluble Cr4 from transite sheetkg surfaces. 
Vacuum can also be used to rmme contamination from parous matdals by boiling 
solvents out of the maW if the sobent foams out and the sokn t  is cnnprfpr13 Because 
of their low-vapor pressures, the technique would probably be rather i&€e&ve for most 
ails and PCBS. 

Transmutation appears to be tbe only technology capable of e l i m t d q  induced 
radiation, which results fmm srposure ofmaterlal to high-neam fluxes ?he neutrun 
fhxxes. such as thosenearthe coreofa fission reactor, o b  result in the change ofsame 
oftfie atoms fn the arposed material to radioactive spedes thatare dxmidlyidemtid 
isotopes of the other unchanged atanrs in the material. Thus, the &ioac#e fsotope 
cannot be removed fiomthebasematuialby chemical means. Qfthe induced radiaffOn 
comes from Merent elements fromthe bulk of thematerid chemfalmpthonc such as 
metal refining techniques could be used to decontaminate the matfzial.) Transmutation 
~tbeusedtocomrertradfoac~isotopesintononradfoa~ones~bambardfngthe 
radioactive species with neutrons oralpha particles, This te&mque could onlybe used 
if particles could be found that have energies such that the of the 

Othawise this technique xnfght mte as much, or mare, radhchity than it 
dfmhakd. Even then. the p d i d t y  of this technology is doubtful. 

partiarlatcare.3 
The technology of 

radioacthw! isotopes were much larger than those of the Ixmradi- isotopes. 

5.23 Chemical Surface CIeaning M o d s  

Technologies comprising Cfrernical foams, chemfcal gels. add treatments. caustic 
treatments, andredox~~~reac t fonwi ththecontamfnant to fannaspedes  
that is dissolved in the cleaning salution and thereby remmd from the substrate. 
Depending upon the strength of tbe chemical solution, p h p d  d-n of the 
e can also OCCUT. Foams and gels are used to enhance the pfamance of the 
chemic& and to reduce subsequent waste volumes by holding the demnamtnatfon 
cknical  in better cantad with the cantaminated surface. Thesemethods of application 
can be used for in situ decontamfnatian of exterior surfaces. The other solutions may be 
appw in dipping baths, in 'loop systans. or through sprayin& Reamq would be a 
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problem in the use of the spraying technique for decontamfnadm of e x t a c t  ~~ 

d e s s  decontamination is done in a spray booth with suitable critically safe 
S p r a y b o o t h s ~ t o ~ w a s h e s a r e u s e d a t ~ u s ~ ~ p l a n t s t o d e c o n ~  
the interior and adenor . of d&assmbled equipment Far waste volume redudim 
regeneration and recycling of the chemical is n-. Depending upon the strength ar 
reactivity of the ChemtCaL decontaminatian tactnrs range fromas low as five to ten up to 
severalhundred,BritishNuclearFuels,Ltd.,usessweral~~~ch~~technobgles 
to decontamtnate equipment from the Capenhumt DiEusmn . ~ t t o b e l o w r e g u l a t a r y  
concern (BRC) of British limits. 

E l e c t r o p o ~ s e l ~ r e m o v e s c o n t a m t n a n t ~ b n s ~ a m e t a l s u r f a c e . l b . f s  
method. usingan electrolyte and electridty. has Usuanybeenapplied OnsmaIl areas.- 
waste-valumereductian.separatfanofthecontamtnant~theelectrolyteand~ 
of the electrolyte would be needed. 

Gas-phasedecantamtnatianusesastrongfluo~~gastoconverturantumfluorMe 
and aaryfluoride deposits insrde gas-tight equipmenth uranlumhezafluoridegas, which 
could then bereamred with chemical or cold traps. Lab studies have shown that- 
99.996 uranium reLIlovai can be obtained by reactionat room temperat~re.~ H u ~ e ~ e r .  
thorium and fluorides and most of the fluorides of elements formed in tbe 
decay c.hahxj=- are not volatile. Treatment of the off-gases will g m  

Plasma etchfng and thoxination technologies may be used to enhance performance a€ 

room-- chemical reactions, COTNertfng uranium fluoride and a@hmri& 
deposits into uranium hedluaride gas. A reseafifi project would be needed to perfhm 
a feasibility test in the jp-phase facility. 

In the use of UV/ap9le to 
from~~andalsoaPdtesand/ordfssodatescantaminantmalecules.These~ 
species then produce CO, and watervapor (and HQ in the caseofchlorinatedsohm&j. 
Electromigmtim uses an electric potential to cause ndgratian of metal ions fimr a 
surface into an decirdyk The technology may be applied in a localfied area a as a 
Yactory style" po~cess in batch fashion to contamfmkd areas. For waste-vdunrt 
reduction, separation of the contaminant from the dcxtrdyk and recycle of tbe 
electrolyte wmld be needed. 

wastes ~ ~ S c T U b b e r s  and dry-chemical f r a p s w h e ! n ~ c u r r e n t  techno-. 

*-phase d m t i o n .  The plasmas of fluortnattng &as  an be created to 

The UV/- and electromfgration technologies a n  in the edving technology 
oils, greases, and sdvents, UV light produces 

5.24 Metal Refining )rbethods 

Smdt -immives addingorddfifngfluxes to scrap metal thatwill read- 
impurities when the metal is heated. The contaminants are remaved in the slag that 
fonnsandfloaCstothetopofthemoltenme~~eandlarge-scalestudiesof~ 
p~cationof~~metalshavebeenmade.Goodresultswereobtainedwi~tbt 
easily cx idhd -like uranium, but reportedlythemorenoble technetiumismt 
removed by this technology. Estimates of capital and cosfs for smelting 90,ooO 
tons of DOE saap metal have been developed. 
Electrordhfng is a well-established, commerdal techno- but is much fgs 

e s t a b k h e d f o r ~ t i n g r a d i o a c t i v e m e t a L E a ~ u s e s  anelectrolysisd 
that contains an d e  made finm contaminated metal and deposits a cathode ofpure 
metal. Avoltageapplledbetween the cathode and anodecaussmetal to ionize fmmtbt 
anode and to plate out cn the cathode. Labsmle tests thatdectroreflnd contamimkd 
n t c k e l r e s u i t e d i n p l a t e o u t o f t e c h n e t i ~ w i t h t h e ~ o n t h e m t h ~ ~ T h e e l ~  
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~sofut iansfromthfsprocesswLllbecharacter izedasmixP11wastg.~t ion 
and recycle of the electrolytic solutions will be needed. Studies to &tmnine the 
ebxmpotentials. current densities, and cancentrations to use might maice this method 
suazsdd At the thermoctynamic bmiL this process can separate dements 

In the leach/dectrowinning process. impure metal is dissoW the sohucm is passed 
thmugh a purlflcation step, and purijkl metal is then plated 8ut 011 a catbode in an 
e!kchl@ cell. This process is awell-established, COlIllILerdalm far producing 
nickel h m  ore but is not used -to refine conhmbated nlrirplmdaL& in 
tbe~ofelectroreflnin$d~r+mtamha&m and recycle of the ekdmly& sduf&xs will 
be needed. Technetium can be rtmuvedby ion exchange with the hqnm metal sahrtion. 

arieQllarPhr.5 

525 Uechanical Surface Removal Methods 

Most of the technologies In this g m  &roup immh~ impactfng of bhsdnga surf&= 
with a high-docity stream of fluid OT solfd particles. These include 

ice blastfng. supercritical CO, blasting andplastic pellet blasting. The superaitical CO, 
bhsttng is under development by indusuy. Tbe centrifugal CO, blasttng tmhmkgy is 
being d d o p e d  using the DOE Fusion Energy Program's cenbifbge pellei &eration 
meibxl. Tbe others are accepted and u d  by industry for decmtamimmn WMit The 
grit and shot blasting technologies will remove the surface layer of most suWraks The 
other blasting methods will remove wncrete surface layers. Fur of cost 
reductimandwaste~tian,separaticmoftheremovedcan~andrecycle  
at the working fluid or solid particles mdd be desimi. For teclmaIOgles using CO,, 
separatian is facilitated as the wlid orsqxmlt id CO, converts; to thegaseous phase 
during impact with the surface being decmrtaminated. But contafmmt axxi adkction 
atthe amhminated dust could be a problem depending upon the -ofthe 
slnface being blasted. 

Mechanical scarifiers and scabblers are available for remmdng a surfkrx layer of 
cmtamfmted concrete. scarifier heads usually have several carbide tips; rm&@Aead 
ma&ines are used for large-sur&ce flocr ar wall applications. S c a b k  use moving 
~WIYS. saws. and steel bars or rollers. Tbe method is efkt fve but is Sbw ami can 
guxmte airborne contaminants. 

Manual methods such as scrapfng tend to be labor intensfve and slaw ami might 
msdt in exxssive worker arposure to mdia!im or contamination. Grincbg kming, and 
milling machines are co- amilable fur decontammthg surkxs. These 
ma&€rxs would be more suitable far regular surfaces. The exploshe tedxque immhes 
thesefeetfoedetonationof~acpl~chargesinthesurf~afcoacretetoshattc?t 

SIXYE the technologies in this generic group remove the swface layex of the substrate, 
100% rl#ymtamfnation should d t  ifthe depth of penetratlon af'tbe -is 
less than the depth of surface remnral and ifback-contamination can be For 
bbstiq technologies, the waste g e n d  arin consist of the partradar bbstingxmxbm 
and the amtamf~ted layer of substrate that is removed. If the blasting medium can be 
SCTlaratpn the waste generated by the t#hnalogies in this generic group win amsist 

of the detached substrate layer. These techniques wiIl also p d u c c a  small 
volume o f  contaminated fflters. Recgde systems for ultra.higbpn!ssum vmtez will 
probably produce smRn volumps of amhminated ion exchaqe media and other 
comp(31penfs such as filter cakes ar sludges 

ubhj.gh-pressurewater,shotblasting,gritblastfng* mmfLgalcIyc@mkqbbsting. 

theslhcelayer. 
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I l m l m i L  7 7  11 deaninghas been used for many years to remove surfaceC0 
from small metal parts. Use of this technology on a large scale WDUld likely 
-=don of the contaminants from the cleaning fluid so that the fluid could be 
recycled. 

5.27 Themrai Surface Removal Methods 
9 

For surfkxremoVai afconcrete, themicrowave scabbfing and plasma tnrchmetbds 
flash the hydration water in the concrete to steaxn The resulting volume eqansbn 
fractures the anmete d c e .  Removal ofthe debris captures most ofthe 
The plasma torch flashlemp, and laSerheatingmetbds remm the surfkazkyeraf 

othersubssatesbysupp~enoughheattothe~tocausevapo~~on, ’Ibtbser  
ablation metbDd remmes surface layers bypbotochermcal . and photothermal pr#sses 
mvapanzed- * and contaminants map then be captured by vacuum rumval 
with aamz-gas stream, thus effectin.gdecanhm&mtim Theplasmatorchrnethodwfn 
produce a mgnificantly higher gas-flow rate than the laser method. Because d the 

nature of these technologies, application to complex geometries might be 
a problem. Burn-through could also occurwhen treaUngwalls. 

Inplastnacieanfng, glow discharges might beused either to clean the hsidesurhxs 

clean contaminated d c e s  by the processes of chemisorptton, reaction, and d c s q t k m  
or gasification Far example, with an oxygen plasma. axygen atoms, ozone and W 
photons amvext hydmxbons to CO, and water vapm. and a fluorine plasxm may 
provide far separatlm and fecovery 0f-k uraniumby converting it to UF, Ftxtbe 

Because af the d a t i d y  low-melting point a€ metal fluorides, burn-thnmgh wtth 
aggressive fluorine plasmas would have to be p- This could be 
monitoring the production of m6 and other &’-gases and by controlkg the plasma 

Plasmacbningis mtinelyused to clean the inside offision devices before&n#tn 
plasma is ligbkd. Apollution control methodology for the efnuent gas from the plasma 
treatment step muld be needed. 

For the technologies in this generic gmxp  that remoye the surfam laper ofthe 
substrate. 100% deamtamination should result if a suf€icient depth of surfkm is 
removed, Thus, contrnl ofthe depth of surface removal is a critical fador. Tbcwaste 
generated win rancist primar@ of the detached substrate layer. 

T h e t h e r m a l s ~ r e m o v a l t e c h n o l o g i e s p r o d u c e ~ t h a t h a v e ~ p a r t i d e  
sizes than the dusts resulting h m  me&ankd surface removal. The smnirp?r; 6mn 
thermal surface removal will be harder to remaee by filtration than the dusts hxn 
mecharrical&ceremava13 

ofvessels 01. f n r e a e  plasma cleaning. to produce rhpmicallyreacm spedes that 

latter. thelaarvolatility of UF.6 would need to be takeninto aamunt in the systemrlfftrm 

discharge parameters. The UF, gas Canbeltcumnd and the excess f l u ~ r u . l s x L  

0002317 
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53 SCIENCE AND TECHNOLOGY NEEDS mb- '- 7 1 5 1  
!j.3.1 Introduction 

The effectiveness of the catalytic actractfon process should be demonstrated for the 
IuateriaJs and contaminants of interest at ORNL 

IJtemhm searches of existing cross-section data are needed to determine whether 
transmutatlonis a feasible -far decantaminating items like readoT ca~es that 
have fnduced radiation from exposure to highneutron fluxes. Such a search would 

section fm radioactive isotopes are sufficiently larger than those! for n- 
-topes that the radioactive species could be "burned aut" of the matrix of 

determine whether combinations of particles and energies adst such that tile uo6s- 

atoms. Additional (TDsssectlan determinations may also be needed. 

53.3 Chemical Surface Cleaning 

The fiuobaric add technology generates a metal waste as aresult of SUrfactremarmL 
'f%e optirmrm material for s0li-m ofthis waste needs to be determine& 

To a i h n c e  the gas-phase t e d m o l ~ ,  labaratory studies should be amtinu& to 
determine the feasibility of the process and. ifresults are favorable, a demmsixat€un of 
a mobile system for in situ decantamh.lation should be c~nducted-~ If recovey o f  an 
unreacted 5orinating agent is to be a part dthe process. fesearch to determine thebest 
method will be needed. Tbfs method Win then need to be demonstxated. Sepadim of 
reactim by-products could be a problem. 

Resear& pmjects would be needed to imesUgate the feasibility of using the W/anme 
t#.hnnlw for s h a m  decontaminaticm. A Not-scale W/ozone deamhmfmtion 
system. which is available from a private campany, could be used for such a study. 

seperai aspects of dectromigration require firndamental evaluation Seldcm dthe 
best characteristics for an electrolyk to cause migration of all cantamfmnb to the 
s u r f a c e i s d e d .  ConcreteImbibing~~areneededtoevaluatetheflowarmigratfan 
me&anbm Parametric studies are needed to op- operating amditia Electrosyte 
g e l s ~ b e d w e l o p e d f o r n o n h a r i z o n t a l ~ S y s t e m s t h a t w m r e c y c l e ~ ~  
must be designed and demonstrated 
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5.3.4 Metal Refining 
I. - 7 1 5  1 

535 Mechanical Surface Removal 
9 

Farwaste mtnfmization, avmtertreatment and recycle spstemnp#Ec to bedeveloped 

systems are needed to recover thewater to prwent tbe spread of co~&~&~tianwhen 
dmning equipment and structures with complex geometr%s, Far the abrask blasting 

deformation and abraslon and can be recycled through the process m ~ ~ e  times are 
needed for waste mfnfmizatlon. Hfgher-veiocity and harderupgmk CO, N e t s  are 
needed to increase the 
more dff3cult decontamination applications. Again, better mntainment methods are 
needed to avoid the spread of contamfnation. 
The supaa~tical CO, tecttndogp, which appears promising becaw of its simihrity 

to ultrahigh-pressure water. requires development work to gtablish it as an accepted 
technology. Better containmnt mahods for the dust that is germatexi are ais0 needed 
far the grinding and m i h g  tedmdogles. 
Capabilities for remote operation of the mechanical surface removal technologies for 

use fnareas ofhigh levels ofradiation or contaminationneed to bedeppioped 

far th~! ultrahigh-pre~~~re water and ice blasting terhnnl~@~~.  Also. improved MCULXIZI 

te&ndogies--shot, grit and piastic pellet- b a h k  matmals - that resist 

of this technolorn and extend its l l s h h s s  to 

53.6 SurfaceCleaning 

5.3.7 Thermal Surface Removal 

FOB microwave scabthg. development and testing of a mubile ammeteremoval 
prototypeshouldbecampleted.Mathematicalmodelfngisrecammendedforop~n 
o f c x z n c r e t e - r e m w a l r a t e s a n d ~ ~ ~ . R e m o t e o p e r a t i o n ~ ~ d ~ o p m w t o f  
ramte-controlled robotic anns for the microwave applicator and the vacuum m;ilrr+ton 

Cammerday.available~heating.laserablation,and~Systemsshouldbe 
mhated on a bench scale for possible use on decontaminatLm problenrs at ORNL If 
these tests are successfuL largerscale demonstrations should beinitiahxi. 

system- Development of real-time monitoring sensors to Rxmltor the progress of 
decontamination would help to minim& wastes. 

000219 



5.4 IMPLEMENTATION NEEDS 

5.4.1 Introduction 

t - 7 7  7 %  1 
c 

n 

Thls section SuIllTIlitriZes the implementstinn needs of the decan- 
technologies that were described in Sect 5.22. Lmplmta t ip  needs ir&~.& 

deployment after demonstration or acceptance. 
(1) ~ ~ ~ o ~ / i m p ~ a t  and (2) prerequisftes to successfd WmdCgy 

5.4.2 Sunwrary of Implementation Needs 

The specific fmplementation needs of each tPrhndogy are detailed in the data sheets 
In this s&ian. -those needs that are amsided sigdkant prixxxdy intanr, d 
resources, are -Table 5.3 shows three such Implemedationneeds and thespedfk 
technologki that hiwe these needs. InTable 5.3, the &tim of a need to a particuhr 
technologyis imiimtd eitherbyan"x" or* whermermihhle. by the estimated cost of 
providing that need. 

The three fIIlplementation needs listed in Table 5.3 are -/DEMO. WASIE, axxi 
ROBOTICS. Tbe first need pertains to those te!chnolo@es that have not advanced to the 
accepted statuslevel and need R&D and/ordanmstratinnpgrams tobringtbtbask 
decontamhaUm technology to that level. The second need is usually assodated with 
accepted kdmohgies forwhich the development of systems far waste collection. araste 
treatrmr& waste mintmbation, or material recycle is mcommended. The last need is 
related to those rPEhnnlogies that are adaptable to remde-cooltrolled operatian. Reasarts 
for implementing remoteantrolled operation indude (1) necessity (e&. due to high- 
mdiation lm3s). (2) fmpvement of the operability of the equipmat, and (3) inmeas! of 
the deconbmhatim efficiency. 

need worthy of note is for the i n m t i o n  technologp. InstaIWm 
of a new fndmmhr simflar to the K-1435 indneratmdghtrequire as much as 8-10 
years for writing an environmental impact stahmi& holding public hmlngs. a d  
obtaining the necessar~r permits-TSCA, RCRA. Natirmai Emission Standards far 

p r o c e s s w o u l d ~ ~ e d f f i m p l e m a ~ t i o n o f ~ ~ i s r e q u i r e d w i ~ a s b o r t e r  
time period and for less money. 

One 

Hazardous A€r Pallu- (NESHAP), and clean Air Act (W.7 StreamlfIlrng dtfds 
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Table 5.3 Summary o f  implcmmiation needs 
~ 

hpkmentation needa 
Technology 
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X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 

9 

X 

X 
X 
X 
X 
X 
X 
X 



X 9X 
X .  
X X 

X X 
X 

X 

X 
X 
X 
’X 

X 
X 
X 
X 
X 

X 

X 

X 

X 
X 
X 
X 

X 
. -.- 

- .  
i s  

X 
X 
X 
X 
X 
X 
X 

. .  
X . _ -  

X ’i 
. . X 

I ._ 

Page 115 



t 

5.5 TECHNOLOGY RANKINGS 

DeeontamtnatLon tecbologles applicable to ORNL DBtD problems were Iitnked using 

technologies. Bemuse of the eqerience of these perscms, thetr estimates of the ttme 
requiredtobringthetechnologlestomaturitywasbelievedtobemoreaccuratethanthe 
g u i d e l l n e s g t v e n ~ T a b l e 2 . 4 . ’ I h e r a n b ; i n g s o ~ ~ ~ t o ~ v a r i o u s t e c h n o l o g l e s  
were reviewed by other team members. Ifthe teammemberS dkigmdwith the original 
ranking the ranking was dtscussed among the and the team arrived at a 

Becam of the large Tlzrmbet of varfables that could deet the pmjected unit 
processing cost at ORM, tbe Demntamination Team had great difEiculty estfmatbg 
reasonable values far this parameter. To achieve greater spedfidty for estimating the 
unit-processing cost operating cosfs were based on decmnbmimtim of relatively large 
areas of concrete floor for all technologies applicable to this problan. For technologies 
that were only applicable to the decontamination of metals. the opaaUng cost was based 
on decontamination of large sectfans of sheet metaL For techdo- that were not 
applicable to either concrete or metals. unit processing costs were estimated for the 
applications that would give the lowest cost. Even so. the costs given tn Table 5.4 should 
be regarded as appmdmate at best, treated only as dative!values. and not used for 
estimating job costs. 

themethoddescrlbedInSecL2.4.The-forthed- * Uontechnologiesare 
given in Table 5.4. MMduals thatwere assigned spedc w e s  ffrst ranked the 

consensusranklngthatamsthenused. 

5.5.2 HigtERanking Existing Technologies 

5.5.21 Mechanical Surface Removal Methods 

Mechanical surface remDyal meihods are good for decontamtnatfng concrete and 
exterior metalitems Mechanfmlscabblers are availableandhavebeenused &en&ely 
for decontamlnatfng CoIlQete surfias. No secondary waste streams other than the 
removed~ff~s\nfacelavaareproduced.Mechanfcaiscabblers~problemswlth 
uniform application on irregular and nonhorfiontal surfaces. Howmzr. thts problem is 
typical of other tecbmlogres for cmcrete decontamination and is me of the areas for 
development. 

Shot blasters and grft bIasters are also available and have been used sdenshdyfor 
decontaminating amcrete and metal surfaces. The valume ofwaste shot created is a 
reasonabb small haion of the waste mated f h m  renmtng a cmcrete surface layer. 
The relative proportian of waste grtt is larger. Grit blasting is mope effective than a t  
blasting for deconhmhatiq mertal slrrfaces. The proportton ofwaste shot or grit created 
is greaterfarmetal slnfaces than fixconcrete surfaces. Maredurableblastingmaterials 
that resist abrasion and can be mcycled through the process more times for waste 
minfmtzation would impm the utility of these technologies. Shot and grit blasting are 
not recommended W e  bot CeILS. 

0003.23 
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Table 5.4. -8 o f  d~ontaminattop technologies for DBD 
Data shppf 

d e  number Technology 

DCON- 1 -0L 

DCON-2-OL 

DCON44I.l 

DCON-5-OL 
DCON-6-OL 
DCON-7-OL 
DCQN-78-QL 

DCON-8-OL 

DCON-SOL 
DCON-lO-OL 
DCON-114L 
DCON-1zOL 
DCON-13-OL 
DCQN-l44L 
DCON-1 5-OL 
DCON-lWL 
DCQN- 17-0L 
DCON- 1SOL 
DCON-20-OL 
DCON-21-UL 

DCON-31-0L 
DCON-320L 

D C O N M L  

DCON-35-OL 
DCON-L 
DCON-37-OL 

9 

M-2-1 (m 
M-2-12 ($30kMlO/Ib) 
L1-1 ($2M;N) 

M-3-2 ($lWc$l/fta) 
H-5-4 ($2OIW1fW 
L1-2 ($wa;N) 
L1-10 ($5ooM;N) 

H-5-1 ($1.7M;$l/fP) 

H-3-0 ($<O.lW-81/rtB) 
H 4 2  ($0.5M;$Wfp) 
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Table 5.4 [continued) 

Data sheet 
d e  number Technology 

DCON-384L 

DCON-39-OL 

DCON4O-OL 

,I DCON41-OL 
DCON42-OL 

D C O N W L  

D C O N M L  

DCON45-OL 

DCON47-OL 

DCON484L 

DCON-51-OL 

DcoN-52-OL 

DCON-WL 

DCON-WL 

DcoN-55-OL 

DCON-56-OL 

DCON-57-OL 

DCON-584L 

DCON-59-OL 

DcoN-6O-OL 

DCON-61-OL 

DCON-62-OL 

DCON-63-OL 

DCON-64-OL 

DCON-65-OL 
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Table 6.4 (Con- 

Data sheet 
code number Technology 

DCON-71-OL -scabbEing 
DCON-72-OL -torch 

DCON-73-OL Lascrh- 
DCON-74-QL Laser etching and ablation 

DCON-76-OL Plasma d c h g / f l u o m n  
DCON-75-OL P L a s n a - m  

V d 1 , R A  
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5 . 5 Z  Advanced Catalytic Extraction Process 

?be a d m m d  catalytic extraction process is widely applicable to contamhad metals 
and nmmetds. The catalytic aptractian process is sfmilat to smelt purif3l.atlnn when 
applied to cantamhated metal d n m g  but repmdly mixes better and xnammns better 
confrol ofthe axidation potential. For a m t a m h a d  nonmetals, the catalytic aaraction 
p r o c e s s ~ ~ t o a n i n d n e r a t a r b u t ~ ~ h f g h e r t e m p e r a $ r e s a n d ~ h a s  
kmgerpmssing times with more m t e  tonfact of the contaminantwith t b e d t e n  
metalbath. Impurities are removed by the off-gas treatment system asweil as slags. This 
t&mdogy should be demonstrated on and contaminants of interest at ORNL. 

55.23 Ruoboric Acid 

5.524 Organic Acids 

SmeWqjmuld be an atiracttve SeConBary dtmntamination method ffa deminimus 
limit wtre in place for bulk-cantamfnated materials. The additional purifitxtiau that 
~ d b e ~ ~ ~ b y u s i n g s ~ ~ a s a s e c o n d a r y d e c o n t a m f n a t i o n s t e p ~ p e r m i t  
the use of- decontamhatfcm t#hnologgtbat is onlypartblly efkt tvewbik still 
p m v i d i n g t b c n m g h o v e r a l l d e ! c o ~ P r h n a r y d e c o n t a m i n a t i a n ~ ~ t h a t  
leave somecontamination behind (e&. in sacks ami crevices) could be used- Reviody 
buJk ax&minated metals cannot be recgcled to the commerdal ses!tar fa reuse no 
matterhmvweU they have been bemuse the U.S. does not bave a de 
ndnimuslixniti Metals could be recgcled wlthin the DOE system to make shMd bktcks, 
wasteamtabers,andotheritexuswitbutadendntmus limit. However, w a f t k s e  
items would still have to be accepted by tbe user or acceptance WOUM have to be 
mandated by DOE headquarters. Techniques far inq~roving the puriflcatian of ahmhum 
and for nmoving technetium should be dmeluped ifpossible. 



‘1751 
55-26 Grinding, Brushing, and Vacuuming 

Hand grinding, brushfng. andcacuumingwill conttnue to find applidlons in areas 

for some applications. Remotized versions of these tprhmlw are needed in 
of negligible radiation betxuse of their very low capital cost These kdmdogies are 

higher-radiation or antamtnatinn areas. 

55.27 Sotvent Washing 
9 

Solvent washing is an effecttpe way to remo~e organic cunhmin&inn_ Howeeer. 
e n v i r o n m ~ ~ a ~ ~ ~ ~ k ~ t b e ~ . ~ ~ ~ ~ ~ ~ ~  
environment need to be identified axxi demonstrated. 

55.3 HigbRanking Technoiogies Requiring Development 

wcrowaVe scabbling is a po- attractive deambmimtim method for concrete. 
~ o p m e n t o f ~ ~ o ~ s h o u l d b e w n ~ u e d . ~ s e c a n d a r y w a s t e i s t h e ~  
axmete surface layer. Miumme scabbling may result in the removal of a deeper 
axmete! layer than is desired. with attendant generation ofrmre secondaqwaste than 
is necessary. Because them is no reaction force, this kchmkgy appears particularfy 
slrttable for use on walls and d i n g s  and for remote use in hot cells and other- 
radiation areas. 
Use of a plasma torchtng is a potentially attractive demntaminatron method far 

axmete and metal that should be investigated. This t#.hnnlw could be &‘ecttpe. 
generate little secondarywaste, and have low-capital and optxating Development 
and demonstration should not take lang or be very eqnmshe 

Plasma surface cleaning and hshlamp cleaning are pokntiaRy attractfve decan- 
tamhation methods for metals that should also be investigatd Tfbey could be &kctive 
and generate! little secondarywask Capital costs could be higher. espe&Ry for plasma 
slnface cleaning. Flashlamp cleaning would be ideal for decanlamimtbn of hot cds ,  
O t l m  higher-radiation areas, and mcult-to-reach areas !since it acts remotely. 
An of these technologies should be developed to the point that capital and operating 

cosfs can be estimated. 

5.5.4 Implementation 

. .  TechnologiesthatgenerateI.nists.dusts, andsmokeswiIlrequfreeffectivevacuumand 
fillration systems. Smokts generated by most thermal sudkee ranoval methods hiwe 
~ e r p a r t i c l e ~ ~ f h a n ~ g e n e r a t e d b y m e c h a n i m l s u r f a c e r e m o v a l m e ~  
armists generated ihm liquid deumhmimtion techniques and win require particularfy 
effective ffltration systems. Many will require glove baxes ar spedal decontamination 

Opemting costs that are achimmhle in clean environments areless important than 
donning and do- setup and breakdown. and waste dispsal asts. Because these! 
costs appear to m n just under $l/P under the most fammhle conditions. estimated 
costs for the fastest and least hbr  intense decontamination methods tended to be 

nxrms. 

estfmated at about $l/fP. 
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5.55 Remotization 

~emotlzaticm is needed for decontamination in areas having moderate- ar high- 
radiatim fields. Mechanical control of decontamination operations will ais0 be Wful 
during the decantamination of wails. and similar sllrfaces. since 
decontamination operations at 0- those at the K-25Sitt+~ill be 
m a e r i z e d  by few replications of a t a s ~  automation aiu not be m x ~ .  
Remotizatianshouldbeaccompllshedbyteleoperaticmwithanoperatortntheiwp~ 
than by use of an independent robot, 

5.5.6 Components with Induced RadWon 

-on of metal components with fnduced radiation, such as readoT cares, 
is genedly not feasible, Metal reElning h h m b @ e s  will be in&kctive fn mcst cases 
bemuse the i ~ ~ € ~ c e d  radfation comes fmm atoms that are isotopes of and c k u i d l y  
identical to the buIk of the metal atoms. In prindpal transmutation could be used but 
only lftbe radiaactive isotope had a larger cross section than the base metals In any 
event. thLs would be a prohibitively expmive operation In general, these axpmems 
will hape to be removed and disposed of in their radioactive state. Concrete with fnduced 
radiatimcanberemmed, leaving clean axmete (orcanclete that can be d m  

with induced radiatian is decontaminated by cutttng out only the parts with induced 
radiation, 

as fndicatedfnthehgic diagram). Simflady, eqLlipmentthat is pamallycantamtnated 
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5.6 RELEVANT TECHNOLOGIES UNDER DEVELOPMENT BY DOE 

DOE is currently developing technologies that could cantribute to salving 
ermiroxxrxznM and waste recychg problems at the different DOE sites. Sane of these 
projects may have relevant and beneficial elements with respect to the deamamhation 
k&n&gks listed in Table 5.2. Table 5.5 gives the results of a o f  available 
idommian on programs fitnded fn 1992 and Ey 1993 and identifies posSrme matrhes 
with tMs kt of decontamination technologies- Those Ey 1993 p j e c t s  deseribedby?Tps 
and determined to be potentially rdevant and ben&dal are listed under the 
carresponding decontamination techndogg d e  by 'ITP number. When xm Fy 1993 
m a t c h e s w e r e f o u n d a n d t h e s e a r c h e r ( b a s e d s o l e l y o n p e r s o n a l ~ ~ ~ ~ d  
-1992 matches, these w r e  entered fn the 1993 ?Tp column. Dea. *on 
t#.hnnle for which no matches weze found are omitted frmn the table when many 
matcbes were found, onty one or two were cited. The relevan= cohxxxm fdkates the 
degree of oveflap between the listed ckmtamlnation k&dogks and active TIP 
projects- The'TTPs comprising the search data base are listed in the q p x k  

V d 1 . R A  - 1993 psse123 
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6. ROBOTICS/AUTOMATION 

6.1 INTRODUCTlON 

Robotic devices and automation will be required for the deeommbspmg of fa- 
* at ORNL to dkqhce humans fromwhat are in some =ses very hazardous 

men&. Specrfic applications of rohtics/autnmation far the various types of fadim i 

described in detail in sed. 6.2. 
It should be noted that robotics/automatian supports the charackrbtim, 

dfsmantlement, and decontamination activities that are required for D&D primarity 
through the deplqment of sensors and tools requmd far these activities. 
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6.2 TECHNOLOGY OPTIONS 

T h  mbotics/automatfon technologies required for D&D of various fadties at ORNL 
are listed fn Table 6.1. As shown in the table. the technologies are grouped into ntne 
f i m d i a d  areas, each representing a &&rent element of a robotic or automanan * system. 

~crconven ience . the~~ t tgpeso f fad l l t i e s r equ t r ingDBrD~been~ped in to  
the foIbwing categories. These cuegmies and the problems likely to be encountered at 
each type of facility (particularly far the application of robotics/aubmatim tdmologies) 
are desafbed in the remainder o f  SecL 62. 

6.21 Stabilized Hot Cells (Bldqs, 3026C, 3028,3029,3030,303l, 3038,3w7, 
3517, and 3019A) 

In assessing the applicability af various mbotic/automatlan k h d o g k s  for the 
daxmdssioning of stabilized hot cells it is assumed that standard shutdown 
procedureswill havebeen axnpIekdpri0rto bringing thefadlftytnto the D&D program. 
These assumptions indude (1)aIl loose unanchored equipment win have been 

willhave 
been taken out of the CeIlS. (3) limited decantamination will have been perfinned to 
mmve known gross contamination, (4gareral cell chara&eri&ion wiIl have been 
perfbrmed, (5) U W  system withfn the cell will be pemanent€yplugged andwill not be 
mailahk for D&D activities. and (f3) the a% will still be connected to the cmml off-gas 
systan. 

I b k s  that must in general. be pedomed mbotidly for these stabilized hot cells 
irlchuk the following: 

and r e m o ~ e d  h t h e  CelL (2) dlin-proces~, df~ac t ive -  - 

~rt-Alth~aageneraIcharaderizatfonmavha~beenperfarmedatthe 
thpe of shutdown, a mare rigarms characterization will probably be required, 
par&&Ay for the semi= 
-To &kdivelyrl#rmtamtnnte the cells. access mustbe- to all 
smfaces. TNS will require that decontamination and dismantlement proceed as 
integrated activities rather than sequenfiaUy. Robotics will have to be used for both 
Qqxs of actfvities. Further, since the U W  system may no larger be fimctional, 
decmhmhationwastes will have to beremoved from the ceU by dber nxms and 
pmbably handled remotdybyrobotic devices. 

0- Dependfngontbeultiruatedfspositionforthehotcefl dismantlement 
acMties may include the cutttnq-up at c€ismantling of remaining procgs equipment 

m; in tpu la torremova l ,ho i s t~~t l em~tof trans fersys tc?nrs ,~Fv lndows ,  
and filter houses. mese activities WiIIhave to be performed remotely and probably 

These tasks (wbich xnay be part of the RApmgram and d q m d  on TBnriraal- 
tbe hnal disposition planned fix the fadlity) could include activities such as 
iDhg,/plugging/remOving penetratians, b a r n  of the hot cell with &mut OT clay 
caps entombing of the cell. or totalnmmd of the structura Althoughxnaqofthese 
tasks may not have to be p e x f d  robticaRy, some, like C E i s c a n n w  the facility 
-the d ventilation system. mayrequire remote operations. 

off-gas ducts. and transfer paris. 

(gendly that equlpxIleat perrnanentfy installed In the cezls). pipe EmOvaL 

with some form of secondary- . . .  
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Fadhty categories 

Hot c d s  RrsCtms. fuel Reactor s-w 
Abandm Solid Ilqutd b sr dings - -0gV -- 

ROM-23-OL X X X 

ROBA-24-OL X X X X X X 

R O R A - W L  X X X X X x 
ROM-26-OL X X 1 
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charadtrlzatim) 
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The hot cells are in various stages of dhmpair. In wme cases, manipulators do not 
function axxi viewing windows have deteriorated to the point of being useless, Large 
volumes of 1- equipment and general waste are M d  to exist in these bot cells 
Decammissiaringof these cells will require the same types oftasks as fn the case of 

I challenges that will be encountered in the DBrD of stabilized hot-cell are listed below. 

vsylincfted~into/wilhinthecells--Insomemses, theonlyaccesis throughthe 
horizontal transfer ports. Further, many of the eeIls are rather smsll and odd shaped 
with limited m=rnarveringrOOm in the cell. 
Limited aazss to same buildingr&seshdi * ’ ty to the cells in some buildhgs is 
somewhat limited and may require sane a m ~ u ~ l t  of dtkontaminatim and 

Ladcofhotchim+his may add to the difih&yofthembotic tasks since thewaste 
disposaf streams will probably require remote h a d i n g  

of the facility before the ce!ils. -, can be accessed, 

6.2.2 Abandoned Hot Cells (Bldgs. 3019B, 3033 and 3033-4 3042,3505,3515, 
3517,4507 and 7025) 

6.23 Reactors and Reactor Support Facil’rties (Bldgs. 3001,3005, and 3042) 

Various types of reactors are included in the D&D program. These include both liquid- 
heled mactms (Molten Salt Reactor lkpeximent and Homogenous Reactor 
and solid-fue!ied readors (both water and atr coaled). 
The broad mriety in types of reactors, as vidl as reactor support facilities will present 

significantrobotics/autamation challenges, partiarlarfy sfncethe facilities areinparying 
stages of stabflfiation. It is assumed. with the possible exception of the Moltm Salt 
Reactor that before DBrD darts are initiated, all reactors and fadUtkswiIl 
be stabilfied to a point that will permit reasonable robotic access. Specific fmties to be 
deco- indude the following: 

O R N L ~ R 8 a c t o r , ~ H ~ o u ~ e , F a n H a r ~ e .  a n d ~ t S h k - - ” % ~ ~ a i r -  
cooled reamor and the only unusual problems are fud capsules that ruptured during 
operation. causing the graphite pile to beveqradioacttdy hot. Also the east face of 
the reacfDT must be maintained as a national histarlc monument. The system is 
masonably we€l amtained and a d e  and is a gmd candidate for robotic 
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appkadcms. particularly for the crushing and packaging of the graphite 
because of the high radiation levels, must be performed remotely. 
La~~IntmsaQ Test Reactor and codtng W - T h e  contamination l& assodated 
with this reactor are low campared to other facilities. The f i d i t y  is 
acceshle and is also a good mndfdate fur the robotic deploymeni: of charaaerization, 
-t. and decontamination tmls and sensors. The anty umasual problem 
is the need to access multiple levels (a problem common to m0st)eartOr -1, 
implyiq tither a robotic platform capable of negotiating stairs at. ifr&a&m heis 
arenot bo high, hands-on deployment byhumam. The coolingtowerassodatedwith 
this reamxis also internally contaminated. However, the -ofthis towex 

limrkRs rather than robotic devices. 
* ~ ~ ~ ~ ~ , M ~ ~ , R e a t i o r ~ ~ , ~  
-a- akzer, and‘hmp Hais+I’l& rea- and fts 
Edciiities will require exkmive use of robotics/automatlon for - 
iUxnosx emy aspect of this decommtccimingtask presents uniqueproblerm. not- 
bemuse many of the components are!- hot. but also because of the afstam of 
other chemically hazardous materials (e& asbestos, oils, chromates. lead. etcL It 
shouid be noted that the original water-to-air radiator heat exhnger was rephced 
by a amling tower system in 1960. The need for decommbioningof the cdingtawer 
is not lmown at this time. 
hfdtmSa€tReactor. FRterpit Exhauststadc Cboling Tower, S L p J p h ~ A i f F T l t ~ ~ E E r u s e ,  
and Dksd Generator House--Many anqxments of this system are wzy hot andwill 
require robotic deployment of seasars and tooling. Accessibility is amsiked tobe a 
majorproblem. Radiationhardenfngofsomerobotic components. imhding-. 
maybe rquired. The need for a tml cac3die is also an impxbnt to 
minimhe the number of trips into the hfghly contaminated areas This faenity, 
mmr#r#l to other facilities, is notwell debed and numerous ~ c i p a t e d p r o b l e m s  
canbe expezt& in the decoxnmissiweffort, 

Waste Euqpomtor, Charad Absorbs Kt W W  

IW-Although some components in these fadlities are relatively hot, the present plan 
for limited decontamination and -t limits the applidicm ob robotics/ 
automaban - To the extent thatrobotics mused. acassibillty, Muding- 
room for the robotic device. are cansidered to be the major pm- 

*It is not anticipated that these facilities win present any UnfQUe 
problems far robotics/autOmatfon. 

should be relati* straightforward and, indeed, rnay be possible by using 

. .  Homqgenars Reactor 
Euqparba Loading Pit chnrooal AhSmber value pit QILd aeoartanmrataon 

Each of the categories of hdlities identified above re@.= a SoIlPewhat difkmnt mix 
of row/autamation technologies. Table 6.1 shows which -gi€s are appkable 
to each Bind of fadllty. 
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6.3 SCIENCE AND TECHNOLOGY NEEDS 7 15 1 

6.3.1 Control Methods for Operator Assistance During Remdbe Operations 
(ROBA414L) 

In the past replote operations have been Qpicanytuef3idf!zIL Research leadfngto thf! 

~Theseincreasedcapabilitieswouldbe~usehrlInhi~eonstratDed 

dwelopment of operatw assists would improve the eBckmcy af these operations. ?bae 
are a number of possible avenues that could be pursued, but the most produdbe are 
considered to be Dynamic Allocation of F'unctkm Reseafifi and Machine kaming 

emlronments such as thoselfkelyto be encountmxi fnabandmed hot cells and readDf 
facilities. 

6.3.2 Combined MobilttyManipulation Capabfl'rties ( R O B W L )  

R&D ismpired to pernritmobility and manipulation to ocuxras parallel rather than 
sequential activities with the objective being to fncnase tbe eBCfency of remote 
operations. Cantml algoithms must be developed and tested to permit this type of 
operation. This capabilitywauld be benefldal in almcjst aI1 applicatian of robotics to DBrD 
activities. For example, fn eoaducting radiation s u m p  of -tamhated areas. it TRould 
be considerably more admt to move the depluymentvetricle as the mantpulatnt arm 
carryingthe detectors is saraepingthe area rather thanfhtmmfng thevehicle and tben 
movingtheanninasequentialmanner. 

Although a multitude afrobotic vehicles are cgmmxrdall avaflable. none appear to 
meeta l l theneedsof~~~es .Theabt l i tyo f~ tec tmaloggfs to (1 )  efkienwpslorfr 
and navigate in constrained amas (for example, in abandoned hot & or in the coalant 
piping of reactor systms). (21 be easily deeontamtnated or tmqxxkd, and (3) manage 
cabling systems required far power or data txmx&&m These features are not totany 
availableinanyammercMsyste!m. 

6.3.4 Tool Caddies and Rapid Changeout Mechanism (ROBA-Zl- and 2 4 4 L )  

In the DBrD of many ofthe ORNL facilities. entry fnto tbe amtamhmted area far a 
robotic deviceis dffficult and time cons-. It  is essential that the robotic device carry 
all therequfred tools anticipated for the D&D acttvtty and that the system be desigued 
to easily access and perform tool changeout Although this R&D need may appear to be 
trMaL it is an area that has not been adequately ad- fnpmious program. and 
there is probably m other feature that would increase the &Idency of remote o p ~ t i o n s  
as much as this capability. 
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6.35 SingieJDual-Arm Manipulators with Force-ReflectiodTactile capabr d 7 5  1 

~ ~ ~ ~ o ~ y b e ~ ~ ~ ~ ~ ~ p ~ ~ b ~ ~ ~  
consmink. Other tasks require dual-am capabilities Similarly, some tasks require 
force refieuian capabilities, while other tasks need -force refledion. No axmmn%d 
systtmc can fimctian in either the single or --ann mode, partlcpilarfy 
refleztion capabilities are also required. R&D leading to the development ofthis typed 
systanwould reduce costs (multiple units would not have to be promred) and- 
operational a e n q .  
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6.4 IMPLEMENTATION NEEDS - 7 7 5  1 

For D&D activities. high-priOrity hnpkmentatfon needs are eqhined below with a 
s u ~ ~ ~ a r y  explanation of wiry the need is important 

6.4.1 Cold Test Faciliffes for Verifying the Effectiveness of Robotic Device 

A lesson to0 fiequemtiy learned in remote operations is that cold test fadlities are 
essential f o r m  the ability of the robotic device to perfarm the required tasks. These 
test hcilities can partfal mockups of the 
anticipated work area, but they are absolutely mxxied, particular€y fix complex 
operations in eonstrafned areas. 

be relatidy simple and 

6.49 Operator Training on Advanced Control Systems and/or Human-Machine 
Interfaces 

Present operators of robotic devices are trained as telenpeators (Le, they control all 
motions and make aR dedsicms an how to proceed with the compktion of the task). 
Enhanced control systems. equipped with operator assistance capabilities, are a new 
concept for the operators, and theg must be adequately trained on these systems to 
realize thesystems’ fuIl pot.mthk.Armswlthgreatertban6 degreeso f~om,whlch  
rxtaybe required for same DBrD tasks, also present a unique problem far the operators 
lie. they may be operatfngskmearms with more degreeofkdomtban their awn anm, 
and it is easy to becomedismkntec4.Adequatetratntngis an i m p l w t i o n n e e d  that 
must be provided. Note that the add test facilities identified abme as an implementatton 
need can also serve as trairrtngfadllties far theoperators. 
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6.5 TECHNOLOGY RANMNGS 

The rankhgs of the mbotics/automatian tedmolo@es required for D&D actfvitics is 
given in M e  63. It should be noted that the crfteria used for raddngs are biased 
t<lward those technologies that are mature and available. Hence. a &ar- 
one compariscm between the rankings and the s d a m  and technologgneeds id& 
in Sect. 6.3 is not possible because C O ~  aPailabe derrices generallyrequirelittk 
additlanalR8rD.Ltshouidalsobenotedthatseveralafthecriterfasuggestedf~~ 
werenot- applicable to robotics/automaxion These include (1) cxmp-a 

Others of b miteria have hmited applicability to robotics/ automation. 
~A number of the technologies were considered esseaaL . However, m a q  of these 

technologiesalsohadahighranking,whichmeantthegwere~availablt’Ibt 

The dedapxmm costs identified in Table 6 2  should be considered rougfi -4- 
magnitudeest imates .Theghavemorevalfdityintheco~ofrelatfvecosts~ 

do in their abdute  magnitude. 

req- regulations. (2) Es8rH axxi (3) unit-pn>cesslng c s t s  

essential tPrhnnlogies FIlere usually assodafed with highly ranked site problem3 also. 

various rowlcS/autnmattnn technologies (Le. they are utemauy con sf st en^ than thp 

TaMe 6 Z  Ihnkhgs of robotics/automath tcdu~ologier, for DBD 

d e  Data- number I Technology 
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Technology Data sheet 

aX3emlmber 

W e 6 2  (continued) 
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Table 6.2 (continued) 

d e  number I Technology 

ROBA-51-OL I F9umnny probes as control sensars I H-3-1 [$lWNl 

ROBA-52-OL I TooEtngsrrwrr?; I H-3-1($0.5M;N) 
other technologfe8 

000146 

Voi.1,Pt.A 
September 1993 peSe 141 



6.6 -ANT TECHNOLOGIES UNDER DEVELOPMENT BY DOE 

DOE is m t l y  developing technologies that could contribute to sofving 
tal and waste recycling problems ar the difkrent DOE sites. SHIX of these 

mbotics/autmation technologies listed in Table 6.2. Table 6.3 gives tbe results of a 
sear& o f  available information on pgrams funded in Fy 1- and FY 1993 and 
ide&fks possfble matches with the axnplete set of robotics/automatinn t.txhmk@es 
listed in the Oak- NationalLabaratory Tedvldogy Logic Diagranr Vahrme 1. Parts 
A B. and C. Those FY 1993 projects descrfbed bplTps and detennlned to be potamally 
dmmt and beneficial are listed under tbe corresponding robotics/autmnation 
~ c O d e b y I T P n ~ . W h e n n o F Y 1 9 9 3 m a t c h e s w e r e f o u n d a a d t b e s e a r c h e r  
based sa leon personal knowledge) kmwafvalid IT 1992 matches, theseweh entered 
in the 1993 ?Tp column. Robotks/automatian technologies for which no mar& wias 
found are omjtted from the table. When m a q  marches were found, only cx tmoawe 
dted ?he d m c e  column indicates the degree of overlap between tbe t&xmbgies 
listed inVolume 1. Parts A, B. and C and active"? projects. TheTIPs (xlmp~isng the 
sear& database are listed in the apptndk 

pqeas may have relevant and beneflcia3 elements with respect to the 

I- 
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7. REGULATORY COMPLIANCE 

7.1 INTRODUCTION 

Many gmmment-owned facilities that supported the early n u c l w  research 
and defense programs have no Current Use and have been retired, Same a f b  DOE 
facilities ham residual radioactive or cheanical contamfnatfon levels that -, 
The D8tD h g m n  is responsible for managing these! surplus fadllties to prated tfie 
public health and environment from radioactive cmhmination or hazardous 
that may be present DBrD is concerned with the safe caretaking of s q b z  
facilities UnM their decontamination, entnmbmfslt. dismantling and renmd. OT 

amvtmimtoanothernonnuclearreuse. 
Is no law or regulation mamktiq decommissioning at DOE fkcilms 

or BRC radioactivity lends to guide decommissioning W t i e s  at or==%&- 
DOE fk.&tks DOE Order 5820.a Chap. V -sioning of - 
and maintmmm (2)assessment and charaderization, (3)environmartal review, 
(4) -design. (5) DBrDoptmtians, (6) wastecfisposal, and (7) closeout ‘ IbeWD 
P r o g r a m ~ ~ ~ m a i n t a i n s s u r p ~ f a d l l t l e s a ~ ~ d e c o m m t s s i ~ i n a s a f e  
and secure state and ultimately completes decommissioning activities of the fiditks 
DOE Order 5820% requires that each field arganization prepare and maintab a 
complete hst o f  cantaminated fadlities. both opaatid and excess. unntr its 
jllxisdi- these fadlities may be asigned to other jurfsdict iod program 
=Po- 
The U.S DOE ORR was placed by the EPA on the National Prfcrities List d t h  

C o x x q x e h ~ E x v i r o n m e n t a l R e s p o n s e . ~ a n d l l a b U t y A c t ( ( 3 E R C I A ) a n  
Nov. 21.1989. &- Dec. 21.1989 (54 PR48184). As a result of this DOE. 
EPA and tfie Tennessee Department of Ehvhxm& and Conservation crr>EC) have 
signed an FTA for ER of the ORR (deetive Jan. 1,1992). An effort is d e r  way to 
incorporateintotheFFAall inactivefadlities atthe ORRthat are known cnsuspededto 
contalnsigdkantquantitiesofresidualhazardous~. Itisproposedthas- 
faduties that mtain or could possibly amtatn hazardous substances that need to 
undergo a cktaikd CERCLA assessment will be added to project lists undgtbe FFA 
Managementofwastes.soil.ordebrisgeneratedd~DBtDactivitiesthatarewi~th 
jurisdictianalboundaryofaCERCIAoperableunitwDuldproceedunderthe~umbreila 
in an attempt to reduce duplication of respo~lses and costs. To meet the needs ofthe ER 
schedule far a partiariar operable unit. the schedule fm-D&D activities may need to be 
modified , 

As D&D wmmences or continues, the decormnissioning and dismantling activities 
assodated with it and the wastes produced will become subject to a number df- 
and state amiroamental laws as well as DOE orders. Additional regulato~wwS hr 
these actfmties - 
compliance requirements and milestones defined tbedn. DOE Order 58202AreqrrireS 
that the regulatory status of each projectbeidentffied and that technical engineering 
phnrrfng must assure D&D compliance with aII amironmental regulations during 
cleanup activities. To assist in the pex-fomance of ttris requirement, this ch;rptawlll 
defhe regdatq drivers for those D&D activitks that anIy hvohe deamtamimmn and 
dkmnthg of buikhgs or structural campantmts ?he D&D of a facility gemdiy 

: 

Presently . .  

Facilities), outlines D&D project actfvitBes that include: (1) 

m2y be established tlmugh Ilegotiat#1 agreements. with assodated 
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M u d -  *is and/or excavation of the soils 5 ft on each side of the building and 5 ft 
below the bottom of the building. RA activities performed under CERCLA generally 
address contaminated SOU ground water, burial grounds and other point and line 
 source^ of contamination, as well as pond-waste sludges (seeVoL 1, PL B). Volume 1, Pt. 
B, chap. 6, Win ad- regulations and negotiated a g r e m a s  for RA activities 
p a x d i n g  under CERCIA (Le. FFA ER sites). 

haddition to regulatmyissues pertalntngto DgLD andm h t e s  generated under 
my regulatory umbrella must be managed according to prescribed WM procedures. 
Vohnne 1, Pt. C, Chap. 6, wiIl addness federal, state, and bcal codes, DOE Orders, 
Meragency Agmments and Federal Fadlity Compliance Agreemarrs as they appb to 
WM practices at O K  

RequlrementspromuIgatedurzdertheRCRA,theCleanWaterAd(~~,theCA4and 
the Occupational Safety and Health Admtnistrafion (OSHA) may direct D6rD activities at 
ORNL AddttionaUy, COW- with a variety of regulatsoxrs may be requtred under the 
National Environmental Policy Ad 0. The regulatory tammary presented in this 

Reqtdrements ctuwzs)forRaraerllal - ActionaitheoakRidgeReseruahon, ' A  

potential regulatory comphaxm! issues related to D&D actioities and only presents 
excerpts in the text and tables frosl the complete set of regulatosy requtrements, In 
addition compliance with other federai, state. and Iocal r q p M i o m  not addressed here 
- b e r m .  

chapter has been modified from the ERreport ApplimhleorReiewnt a n d A p p r 0 ~  

of Mninr - h 2 l l s . I  'Ihfs summary is meant to represent arzizzz 
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7.2 RESOURCE CONSERVATlON AND RECOVERY ACT 

The purpose of RcRA is to ensure the safe and cminxmentally acceptable 
management of hazardous and nonhazardous d i d  wastes. This law outlines tbe 
framework for national programs to achieve emimmmt&y s o d  management ofboth 
hazardous and Ilonhazardous wastes from "cradle to m" The Hayrdous and sdid 
W a s t e ~ t s I H S W A ) o f 1 9 8 4 b o t h ~ d e d t h e s c o p e o f R C R A a n d f n c r e a s e d t b e  
l e d  of detail in many of its p;rovisions. 
Mtnimum national standards for acceptable managemPnt of hazardous waste appear 

in RCRA, althoughTennessee has been authorized by EPAto administer and enfarafts 
own standards in lieu of the federal RCRAregulations. Federanp authorized state RCRA 
programs relate only to RCRA standards in place before enactment of HSWA New 
regulations imposed in 1984 by HSWAare d o m a h l e  under federal law in all states 
until each authmized state promulgates its own HSWA-rdated standards. Tenneseet 
recefved autharization fix its base RCRA program effecttve Februa~y 5.1985 and has 
Tecefved authorization far subsequent revisions to its program. Table 7.1 lists RCRA 
req-ts &cussed below. and the corresponding sections ofthe RCRA-authmhd 
TDEC hazardous-waste mmgement regulations found inTDEC Rules. Chap. 120&1-11 
et Seq. 

RCRA has nine distinct sections (subtitles) that regulate various aspects of hazamhs 
waste. RCRA Subtitle C "Hazardous-Waste Management" regulates the gen- 
transportation. treatma& storage, and disposal of hazardous waste. Standards far the! 
management ofhazardous waste at RCRA-permitted treatment storage. and disposaI 
facilities were pnnmrlgated July 26.1982. and appear in 40 Code of Federal 

found in 40cFR265. This tadwill generaRy address tbepart 264 rather than& 
Part 265 standads that are v i r td ly  identical a l b @  at times less stringent 

andpossfb~abandoned~~contatners.~aftbesubpartsofSubti~eCwmnot 
apply to DW. The general closure and postclosure standards of Subpart G and spedk 
closurestandardsfmtarhandamtainers (SubpartsJandI.respectively).aswellasthe 
standards for -of wntamlnated debris in "-buildings" (Subpart DD) 
or mfscellaneous tmaiment units (Subpart x )  may apply to DBrD activities. These are 
listed onTable 7.1 and d below. In addition. the new- rule fmplementhg 
Subpart S ("Camd3veAction for Solid Waste Management Units"). which may hdl€tak 
the integration of D&D and WM activities. is dfsaassed Wow. In any situation whae 
D&Dactivitiesgeneratewaste. ~liancewithfedezalandstateregulatiansbecomestbe 
responsibility of WM (see Val. 1. pt C. Chap. 6 for a discussion afregulatmy drivers hr 
WM). 

(CW 264. standards for interim status treatment, storage. and disposal fadllties are 

In genm gtven that DBtD activities only invohre bllimgs, structural co- 

7.21 Closure of Tank Systems 

The general requirements for closure are set forth in 40 CFR 264.11 1 and require that 
closure rninbbs the need for l inther maintenance. and pments postclosure escape of 
hazardous Corrstituents to ground water. s d c e  water. of the atmosphere. 

During partial or final closure, all contaminated equipmentand structures &be 
property dispmed of or decontaminated (see Sect 73.2). 'Ibis process may result in tbe 
generationofhamrdouswaste. andsuchwastemustbe~edInaccordancewithWM 
requimmnts (4OCFR264.114). 

0'00154 
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7 15 1 
In addition to the closUre Standards, dosure sfandards for tanks and 

~ i n e f i m a y a p p f y i f e i ~ a r e p r e s a u a t D & D s i t e s . T h e s ~ c l o s u r e r e q u l r e m e n t s  
far tank systems are mdified at 40 CFR 264.197. For clean closure. tkse standards 

that the operator decontaminate the tank system and seamda.ry containment, 
remime contaminated soils. and render the tank unfit for fiutber use ifit remains on site. 
Ifd contaminated soils or wastes cannot be r e m d  from the tank sysrem, the tank 
system is considered a landf4 and must be closed in aamMhce wixh the hdflll 
rquhments of 40 CFR 264.310 [40 CFR 264.197(b)]. 

Sknilarly. during ~antaimz clasure. all hazardous wastes and rsic€ues must be 
removed fiom con- system at closure, and managed as MOW waste. 
Remining contatners. Ilners. bases, and soil containing hazadous waste must be 
demntamtnated or removed (40 CFR264.178). 

7 2 2  Land Disposal Restrictions 

EPA determfned that the RCRA treatment standards for laad dfsposal of hazardous 
wastes are generally inappmprkte or infkasible when applied to cantaminated soil or 
deMs (55FIz8760). Therefose, EPA proposed separate m k d d n g s  to establish 
treatment standards for disposai of such contaminated soil and debris The Notice of 
Proposed Rulemaking for debris appeared January 9, 1992 (57FR958): final rule, 
August 18,1992 [57 FR 37194). Debris is defined as "solid material arceeding a 60 mm 
partide size that is intended far d&psai, and is a manufactured obfecc phnt or animal 

I M s r u l e p r o m u l ~ ~ ~ s t a n d a r & s f o r h a z a r d o u s d e b r i s ~ i t e d f r o m l a n d  
dkposak hazardous debrisIznrstbetreatedbyspedied technlogles based on the type 
ofdebrh and type of contamtnants, or, as an altemattm must m e t  thebnd disposal 
-XIS fm the spedfled phihit& listed or characteristic waste with which it fs 
mnt=lmlnated. Such treated debris Wm no longer be sllbjed to the land disposal 
TestrictiDn WRl standards or ofher Subtitle Cregulation. and couldbereused. returned 
t o t b e n a t u r a l e n v i r o n m e n t a ~ o f a t a S u b t i t l e D ~ . T r e a t m e n t r e s i d u a l s  
frmn the treatment of contamfIliifed d e  are subject to the wastespedc treatment 
standards for the waste confamfnatiDg the debris. Howerer, d&rk remmd by spalling 
technques Win be large pieces of debris, which are not considered by EPA to be classified 
as a treatment residual; such treatment debris is sM1 subject to the debris 
treatment standards. 
Tbe rule requires that contaminated debris be treated prim to land diqmsal using 

physical or chemical exhc tha  destruction, or technologies 
(4OCFR268.45). Howe~ler. since immobilbtion does not remove cxlataminants, 
fmmnbllbpn debris must still be land disposed as hazardous waste (Le. at a Subtitle C 
fixilityl. EPAidentifles SIXcakgoxies of debris as well as other types of 
debris ~~ntaminatedwith PCBS. asbestas. orradionuclides Hazardous debris that is also 
c o n t a m i n a t e d w i ~ w a s t e ~ ~ ~ ~ ~ w i ~ b o t h t h e a p p l t m b l e P C B r e q u i r e m e n t s ,  
andtheeontaminateddebrls ' + . Disposal of debris and materi=rlc resulting 
h m  the cleanup of PCB spills musf also comply with the PCB spill deanup policy of 
Bo cFR761.125. 

'Ibe rule includes treatment standards for debris that contains as- which is also 
regulated under OSHA and tbe CAA (see other sections in this report). These debris 
staodards for asbestos are a subset ofthose required for other types of amtaminated 
debris and include water washing and spraying, vapor-phase solvent extractim, 

Mhld geO10aC (40 CFR 268.2). 



7 1 5  1 
biodegradation chemical oxidation or reduction, and macroencapsulation (see-preamble 
to the rule. 57 FR 37238). 

As with other mixed wastes (see Vol. 1 , Pt. B. Sect 6.4, for a discussion of mixed waste 
issues at ORNLJ. debris contaminated with both bazardo~~ and radioactive waste must 
comply with the RCRA treatability standards for COsltamfILated debris as well as those 
under the Atomic Energy Ad. However, the rule specifidly &des the radioactive 
mlxedwastes. ~dingtheDoo8radioacttveleadsalldsthat~~es~blisbedtreatment 
standards in 40 CFR 26B.42 and which may be generated fn particle sizes greater than 
60 mm (40 CFR 268.2). 

The advanced notice of proposed mlemaking for sodl appeared October 24,1991 
(56 FR 55160): the notice of proposed rulemaking is egpeded August 1993.5ai rule 
August, 1994.2Under40CFR268.5,EPAhasgrantedanfnterimcase-bycase~ 
of the IDR &&xfve date to May 8, 1993, applicable to all pgsons disposing of sa& 
contaminated with adioactive mixed waste (P RCRA bazald0U.s soils whose best 
demonstrated mailahletPrhnologyisindneratiaaL retortfn& orvitxihtion (57 I;R 47772, 
October 10, 1992). In the interim, EPA has developed @dance for obtaining and 
complying with a treatability variance for soil ami debris that are contaminated with 
R C R A h a z a r d o u s w a s t e s f a r w h i c h t r e a t m e n t ~ ~ ~ ~ ~ b e e n s e t ( O f l 8 c e a f  
Solid Waste and Emergency Response Directive 9347.3-06FS. July 1989). Alternate 
treatment lereis are presented for structural functional groups of organics and far ten 
inorganics based on actual treatment of soil and best management practices far ddxis. 
These will& mrrcidered asTBC guidancewhenmnedial alternati.Ves are selectedand 
more information becomes aPallable on waste types. 

7.23 Treatment Units 

Treatment ob contaminated structural companents may be r tqdred before D8d) is 
complete. This may OCCUT while the building is in place. or the components may be 
disassembledandtreatedinanadjacentareaThene~~finalnrleforwn~tPn~ 
(Subpart DD) addresses this process. 

7.2.3.1 Contaminated Debris 

In the debris rule. EPA established a new treatment unit for treating contamtnated 
debris: 'amtafnment buildtng has been added to the c k i b i t i o ~ ~ ~  of 40 CFR 260.10 to 
provide for stonage and treatment of contamimkd debris that does not contain fke 
liquids and is not ammable to treatment in t a x h  or containers (57 FR 979. January 9, 
1992). Momaxwe standards for the design and operatfan of such contafmmnt 
buildings are promulgated in a new Subpart DD (40 CFR264.1100 and 265.1100 for 
permitted hcilities andfnterimstatus facilities, respecttvefy).AIl containment buildtn$f, 
permitted or -&d. must comply with the same l m d  of perfoxmance. ?bgc 
standards 'would apply to any D&D activities invoMng dismantlement of structures a d  
subsequent deamtamination in an adjacent budding. Qosure and postclosure care 
standards appear in 40 CFR 264.1102 (see Table 7.1). 

lfdeeontamtnationofastructureoccursinpiace~~.befare~tlement), physical 
extraction technologies (such as abrasive blasting or spaRing used to treat debris in phx 
that is intended for discard) are subject to the permft standards of40 CFR 264, Subpart 
X for miscellaneous units or the interim  stab.^^ shndards far chemical, physical. or 
biological treatment in 40 CFR 265. Subpart Q (preamble to the hal  rule. 57 I;R 37241). 

ooo164 Re!quirementsfartheseunitsarediscussedbeiow. 
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7232 Miscellaneous Treatment Units 

7.23.3 Chemical, Physical, 8iological, or Thermal Treatment 

Tbt interim status standards of40 CFR 265 contain spedfic opemting requtrements 
for chemical, physical. or bidogrcal treatment (40 CFR 265.401). ? b e  standards are 
appHrrable to treatment in units other than tanks. surface rmpol ' . o r l a n d  
trearment facilities. Table 7.1 fists the &mdards for operation of these ux&. Per Subpart 
DD. these standards are IegaRy applicable to operators of facilttles whom have complied 
wi~theinterim.statusreqv' ' dRCRA3005(e) untilapermitisissuedandwhom 
are trding structural ComPQneats in place. At closure, all hazanhs waste and 
hazdous waste residues must be removed from the treatment Unit, 

' 

7 2 4  Corrective Action Mansrgemerrt Units 

A partion of the proposed RCRA Subpart S ( " m t i v e  Action fbr Sdid Waste 
Managanent Units") was pmmdgaM as a f b l  rule forcomxtive a- atbmctive 
Action Management Units (CAMUS) and temporary untts (58 FR 8658. Februaxy 16, 
1993). TIIIs Rule establishes tm new se!cticxs in Subpart S 40 CFR264.552 (CAMUS) 
and 40 CFR 264.553 (tempomy units). Both of these units function d d y  to manage 
wastes that are generated at a RCRA W t y  far the purpose of implerneratEog RAS (i.e., 
remediation wastes). As a result of this de. reguiatory requiranents f a  remediation 

partiakiy LDRs and mlnfmum tedmdugvrequirements. ?he CAMU artmqxmuyunits 
dedgmbm must be made by the EPA Fkglonal Adminfstratca or a MA-authariZed 
~aodsuchdesignationswouldbesubfedtothepubllcreviewand~process 
as part of a remedy selectim IIhese designations would be imqmikd  to pennit 
mdifhtbns for a f d t y  and would indude spedflmtions o f  appkahk design, 
operattng. and closure that may be less stringent than tbe appropriate 
40 CFR264 standards. As yet TDEC has not adopted the pmpMons of this rule 

u n d e r t h e c A M u p r o v i s i a n s . ~ a n d c o ~ ~ d a t i ~ o f ~ ~ w i t h i n  
a ck@mted CAMU will not be subject to IDRs or otherhazardous-wastehd 
-ts. Also, CAMUS wwuld mt be subject to the mfnlmum tecbnology 
-ts, since they areno tdadkd  as landfih, surface impoundmmis. orwaste 
pilesRacanentofremedlatiM~~aCAMU~manareaatafadlttybutoutside 
the CAMU or fkom one CAMU into another CAMU will not trigger land disposal 

arastes will Wer €?om those fm 2mgemmted'' wastes regulated un&r Subtitle C, I 
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- 7 1 5 1  

activities at a site invok &charges to surface water. campiiance with the 
System (NPDES) penntttlng process may be 

9 

Nationai Pollutant Discharge 
necessarp. 

7.3.1 Direct Discharge to Surfa-Water Bodies 

The regulatory aspects of the CWA fnchde site-spedc pollutant and 
perfinmance standards design& to restore and maintainthe cbnlcd. phys id  and 
biologid integrity of the nation's surface waters. The NPDES permit program indudes 
applicahk d u e n t  standards mmitming requirements, and cmditkm fbr di9charge. 
T m  has an EPA-authortzed state pmgram that is to tbc federal 
program NPDES pennitm0002941 regulates discharges fkom oRNLtothcr-'lfnrhRtver 
and its tributaries. The d u e n t  limitations and monitoring recp-, found in the 
NPDES permit should be analpxi on a sitespedc basis for any ckamxp at DBrD sites 
that wuuid include discharge of pollutants to surface waters. The ament permit has 
arpired [March 31,1991): howmx. a submittal for permit renewal was made toTDEC, 
and ORNL is currently operating undR the expired permiL Table7.1 lists federal 
mpinments for compliance with the NPDES permitting pmgram. 
DOE Order 5400.5 contatns concentration h i t s  for release of mdimdides in 

dwts discharged to surface water. 'Ilxse derived concentratian guides are based on 
an annual exposure of 100 mrem/year (see Sect. 7.7.1 for a fbrther dhassb4. 

7.32 Sbnn-Water Discharges 

stonn-water discharges from activities at industrial sites imdvtng canstruction 
qxzatiorm that result in the dMmbamx of ffve acres total laxxi ar rmre have been 
inchded in the fhd rule for NPDES permfts for storm-water -on 
adivities include clearing, grading, a d  aDMvation (40 CFR 122). Far D&D activities 
irmoh.rfngconstruction as defined. coverageunder aconstructian activitygmtzalpamit 
mayberequestedbysubmfttingaNotlceofIntent 15daysbeforecorrstrucdanwiUbegin. 
The g e n d  permit requims that a cmstmdlon site-erosion control plan be submitted 
More activity begins. Implementation of good site planning and best mamgemnt 

4-1Ck.oSl. A construction activity storm water permitting cheddst and a pamphlet 
dgaibing erosion and sedtment controi practices are available fkom tbeTDEc OfEce of 
Wa.t€Z 

fndustrial activity (Rules of theTDEC. Chap. 1200-4-10-.04). Certain storm drains have! 
. beminclded in the e2dstingNPDES permit and it Is possfble thatthemfd permttwill 

and repmtfng levels are listed in Chap. 1 ~ 1 0 - . 0 4 ( e )  for biological aqgn cknand, 
dxmicalaxygen demand, total suqeded solids, ammoniaasnitrogen. oil and grease, 
pH. floattng material, color, sheen. and priority pollutants. 

practicestocantrolsto~-~terdtscharges~~required(RulesoftbeTDFx=.~ 1200- 

TDEC also has an NPDES pennltprocesSfbrregUlating S t o r m - w a t e r ~ ~ g  

€nCMethe40 CFR 1 2 2 ~ f ~ s ~ - W a t e r ~ o f f . ~ ~  -parameters 

000167 



7.4 CLEANAIRACT 

Treatment technologies or demolition techniques utilkd at DBrD sites mlght resdtfn 
the release of air emissi011~ that are regulated under federal and state law. I)em&m 
and renovation of facilities that contain asbestos are abso regulated by the CAA. 

7.4.1 Process Emissions 9 

Chapter 25. “Air PoRuticm Cmtd. ”  of the Tennessee Code Anndated CI’CA) pnmids 
for the purity of the air resources ofthe state “consistent wtth the protection of normal 
h e a l t h , g e n e r a l w e i f a r e a n d p ~ ~ p r o p e r t y o f t h e p e o p l e . ~ ~ p l a y m e n t a n d  
the full industrial ddopment of the state.“ Implementing these objectives am the 
Tennessee ambient air quality standards established by the TDEC DMsion of Atr 
pollution Control. which appear in Chap. 1-3-3 a€ tbe Rules of the TDEC. Tbe 

limitations (Rules of the ‘IDEC. Chaps. 1200-3-4 to 1200-3-21) that must be considered 
if they apply to any of the D&D sites or technologies Table 7 2  kts sections of tbe 
Tennessee air emission standads that should be amlyzed on a site-spedflc bash fix 
each D&D activity OT each technology. 

“able 72.  Rnhs ofthe TDECaBuxcan 0fEmhmnent 
Division o f &  Pollution Control 

ambient standards of Chap. 1200-3-3 M t e d  fnto source-~pedfic emisshl 

1200-3-1 
1200-3-2 
1200-3-4 
1200-3-5 
1200-3-6 
1200-3-7 
1200-3-8 
1200-3-1 1 
1200-3-14 
1200-3-16 
1200-3- 18 
1200-3-21 
1200-3-22 
1200-3-23 
1200-3-24 

7.4.2 Fugitive Dust Emissions 

Elevation of particulate COIlcentratfons may result frmn eadh-mming, site-gradin& or 
demolition actfvitfg ocuxr iq  during D&D. The TDEC. Mvision of& Pollution Control 
haspromul~~tegulatians~fugitivedustemissiorrs(Rules0ftheTDEC. Chap. 

000168 
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i200-3-&.0io). h operator must take reasonable precautions to p m t  parcicubte 

beaming airborne. In addition hgillve dust may not be emitted as visible 

~esign S- for containment buildin@ used to treat con- debris &de 
a m t r d ~  suffident to ensure that there arenovisible hgitive dust emissiarrsfrmnaq 
opmhgs (doors, windows, vents. crarh). Additionally, all assodated particuhte 
dectian deFlices must be operated and mhta imd with sound air ponutian control 
devllxs per 40 CFR 60, Subpart 292 [40 CFR 264.1 lOl(c)(l)(iv)]. 

-bepond propertyboundaryhes formore than 5 min/hr or20 min/day. 

7.43 Asbestos Emissions 

Natfonal Emission Standads for Hazardous Air Pollutants are pnmrul$atcd for 
~ a i r e m i s s l o n s ~ m s p e d f l c s o u r o e s S u b p a r t M o f 4 0 C F R G I ~ ~  
standards far mactive waste disposal site& far asbestos miIls and 
UpmimEL fbracttvewaste disposal sites, andfardfsposal of a s b e s t o s f r w n ~  
or renovatian activities. In addition. the NESHAPs for asbestos include sbndards for 
dcmditirm and renovation of buildings that oantain regulated 
material (RACMl in several fonns: these standards may be applicable far D&D adtvities 
that immk asbestos materials. Howewer. these standards do not stipulak a safe 
threshold l& for e r n e  asbestos fibers. 

lkbestos is defined as "the asbestifonnvarieties ofserpentinite (chrysotile), ridxdiite 
(crocodnite). amrmfngtonite-wexirite. a n t h o e  and actinolite-tranolitC RACM 
inchxks: friable asbestos material (anymaterial -marethan 1% asbestosthak 

Categq I nonhble asbestos-containing makrjal @CM) that has becrmne W e ;  
CategqI Mnfiiable ACM that will be subject to samhg, grinding, cutting mabrading: 
or Cakgcuy II nonfrfable ACM that has a high probability of becoming. cx has hr+umc 
cnxxnbled puhr izd  or reduced to pmderby the farces expected to act an tbemahial 
in the course of demolition or re nova ti or^ Ca iegq  I ACM is dPAn#l as rrc)lfftcIR- 

wkings, gaskets. d e n t  k c(~~lng, and certain asphatt- 
prociuaS. Category II ACM means any mat&aL excluding Category I produds tbat 
containmoxe than 1% asbestos thah when &y, cannot be crumbled. puhztmi or 
reduaxi to powder by hand pressure (40 CFR 61.141). 
The mtiRrcaUon requirements and procedures for asbestos emissim amid of 

40 CFR 61.1Gb) and (c) appiy to a €icilityb&ng demolished if the combined amamt af 
RACM is at least 80 linear meters on pipes mat least 15 square meters <HI otherfadtlty 
coqxmmkaratleast 1 cubicmeterofffadlityccmponentswherethelmgthaxiarea 
couldnotbe~uredprevlo~.NotrfirrrtiontotheRegionalAdmlnistratnrLs~ 
for any &mobtion or renovation activities. The spedflc requtrements arc &it.& in 
40 CFR61.145(b) and include an estimate of the total amount of RACM to bemxmed 
and a description ofwork practices and engtneeriag controls, as well as 
eulfsdm- 

Pmedunsfmasbestos emission CQntrOls arelisted for both demolitionandremmiion 
actfvitles (40 CFR 61.145(c)]. Only those far rlemntmnn are S- in Table 7.1. A 
person trained in the provisions of the N E S M  rule must be onsite any 
skipping rmming, or other handling of RACM materfals [40 CFFt 61.1Wc)(8)). 
sbndards farwaste disposal for demolition adivi&s are described in 40 CFR 61.150. 

In general. the standards include wetting of aIl asbestos-containing waste mat&als, 
sealingin leak-tight containers, and confroning allvisible emissions during ail stages of 
hading pacbghg and loading for transport to a disposal facility. Theserequirmxnh 

000269 fall under the jurisdiction ofWM and are not &cussed h t h e r  here. 

wben dry. mIl be cnunbled. puh.erfied. Cr reduced to powder by bland pressure): 



7.5 NATIONAL ENVIRONMENTAL POLlCY ACT - - w 5 , 2  

The National Environmental policy Act of 1969 [42 United States Code WSC) 4321 et 
-1 establishes policies and goals for the protection of the environment; the Council on 
Environmental Qualify is charged with promulgating regulattons to implement the 
requLrements ofNEPk It  is undezstood that DOE will complywith e requirements of 

Aogmn3. This issue has beenreafEinned in the FFAgW(3) and §I4Al(2) and Sectetary 

DOE'S NEPA activities are carried out in a centraked and uniform marxm. 
DOE has established proceciures at 10 CFR 1021 for compfyingwithNEpAaswell as 

the Council on Enviranmental W t y  requirements found at 40cFR150(F1508 
(57FR15122, April 24, 1992). NEPA requires documentatian in the fann of 
~ t a l I m p a c t S ~ ~ o r ~ ~ ~ A f f o r a n y ~ t h a t m a v  
-can@ affect the quality of the enviranment. However. DOE has determined that 
certain classes of activities under DOE jurisdiction do not Individually <lt cumulatively 
have a significant &ect on the human enwironment, and therefore. may be eligible for a 
catego~Ical exclusion far which neither an Environmental Impad Statanent nor an 

address spednc environmmtal amcems, and those addressingwetiands floodplains, 

m d a q p e d  spedes are summarrzed Wow. A synopsis of the provisions afthese laws is 
@veri in Table 7.3. 

NEPA as specified in DOE Order 5440.1D [National- &mcOmp- 

O f  Ehm@ Notie of F e b w  5,1990 (SEN-15-90), which w a ~  issued to that 

E n v i r o n m e n t a l A s s e s s m e n t ~ ~ ( 5 7 I ; R  15122).Varlous lregulatians 

other aquatic resources, archaeolog,ical and hlstarfcal resources. and threatened and 

757 Wetlands and Floodplains 

O R N L f s l o c a t e d w i t h t n t h e ~ ~ d r a i n a g e b a s i n a n d p o r t i a n s a r e ~ ~ w i t h t n  
100- and 5OO-year floodplains There are a number O f F l l e t l a n d S  1- at O m  
Therefore. before any DBrD action is taken. pursuant to N"& a s q  should be 
conducted of the particular site to detmnfne whether there are wetlands present that 
could be impacted by D&D activities. 

Uany D&D activities are selected that muld impact floodplains. wxnphance with the 
requirements found in Executive Order 11988, 40 CFR 264.18(b). 40 CFR 6.302(b), 
40CFR6 (Appendix A), and 1OCFR 1022 may be necessary. Ifwetlax& are aflrected, 
consideration should be given to B U X L I ~  Order 11990 .40  CFR 6.30!2(a). 40 CFR 6 
(Appendix A), 1 0  CFR 1022, CWA &KM. and 40 CFR 230 for applicable mquimmnts. 

7.52 Aquatic Resources 

Ifany D&D actions result in tbe COnfIul or structural modification of a natural stream 
or water body, the prmisions found in the Flsh and WildMe Conservatian Act 0 
(16 USC 661 et %.I and 40 CFR 6.3020 may be applicable. The C b c h  River. with its 
various txibutaries, and White Oak Creek have all been dassified by "DE far avariety 
of uses, including protection of fish and aquatic life and wildlife "&ref- it is possible 
t h a t w m p l i a n c e w i t h t h e p ~ ~ o f t h e T e n n e s s e e W a t e r ~ t y C o n t r o l A c t ~ 6 9 -  
3-101 et seq.) would be required if any DgrD actions at ORNL would cam or be likely 
to cause. harm to wildlife or aquatic Me in these waters. 
In the event that streambed mtxiiflcations occur during DBrD activities, the 

requirementsoftheTDECAquaticResourcesAlterationPermttttngprocess(IEules0fthe 
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activities as alteration of wet weather co bankstabillzationacttvities.sandand 
grad dredgtng. and debris removal, W?- requirements for protectim of 
aquatic  resource^. individual penntts may be required by the TDEC Divkiun of Water 
pollution Control for certain activities. 

75.3 Rare, Threatened, or Endangered Species 3 

In addition to several Tennessee statehsted mdangered or threatened plants f d  
at ORNL there are a number of federal- and sta,tei&ted endangered or thrmtened ar m 
needofmamgemmt"animalandavianspedesknawntooccurineastTermessct.~ 
in-depth  USSO SO ' nofthesespedesappearshVoL 24ofheResourceMancqganenPbn 
OftheoakRkigeReserVatro * n3 me list ofrare ami miangered spedes f ~ r  tbt ORR 
pmvided by the state of Tennessee, also includes buo state-listed and federany Wai 
endangered 

ShouldanyDgrDactionsatORNLimpactanJrfed~Ltstedendangeredcathreateaed 
spedes. the pruvisions found in the Edaqpmd Species Act of 1973 (16 USC 1531 et 
seq.), 50 CFR 492.40 CFR 6.3021h). and tbe WCX (16 USC 661 et sep.) may be @dly 
applicable, If any proposed actions impact state-lbsted endangered or Weatmed animal 
spedes, the Tennessee Non-Game aad Edangmd or Threatened WildW species 
conservatto ' n Ad of 1974 (TCA 70-8-101 et q . 1  may be applicable. 

7.5.4 Historic Sites and Archaeological findings 

The ORR, as& as the surroundingregian. is rich fn both a r c h a e o l o g i c a i a n d ~  
resources5 Althugh there have not been ample and exhaustive cr 
historical surveps of the resewation, there hape been a number of studies OVEZ theyears. 
all indicating the presence of abundant resources on and around the resmdian.?bge 
sump are SUmmaTized i n V o L 3  ofthe ResarroeManagement F b t J r t f i e  U S 
- d ~ ~ w F -  * 5wbichalso includes a list and descr!pt&ms 
of most of thedoaunented sites. However. ncmeofthesurveys are recent nor have- 
covered all of the spedflc sites where! DBrD actions may be planned or amkyqWd 
Several laws require that suchinfomatimbeobtained and documentedffthereism 
reason to suspect the presence of these resources ~chaeological and Histtxk 
Preservatian Act (16 USC 469a-c); AdmeoQical Resources Recovey Act of 1979 (16 

Tbe National Register of Historic Fbces lists the Graphite Reactor located at ORNLas 
an historic sik. and the National Historic Reservation Act (16 USC 47Oa-w) mandais 
identification of cultural resources -le far the National Register of Historic Phxs 
(36 CFR 601 or the National Historic kmdmark Program (36 CFR 65). 

If any DBrD activity is undertaken that would cause irreparable harm. lass oc 
destructlan to any historic or archaeologrd site. the provisions of the Archaedqgleal 
Resources Recowry Act (16 USC 4 7 h - 4 . 4 3  CFR 7, the Archaeologlcal and Htsbric 
Preserration Ad (16 USC 469a-c). and 40 CRZ 6.301 may be legally appkahk 'Ibe 
provisians of tMs latter statute would also apply to the Graphite Reactor a h g  with 
€kemtive Order 11593, 40 CFR 6.301. and 36 CFR 800 et seq. 

USC 4 7 h - m ) .  
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-. -- ?25  1 7.6 OCCUPATIONAL SAF€?Y AND HEALTH ADM1NISTRA”lON 

“We I, §126(b) of CERCIA mandated that OSHA promulgate standank for regulation 
of employee health and d e @  dunng hazardous-waste operadons at RCRA or CERCLA 
sites and during 5 e r g e n c P  response to hazardous substance reieass. The final 

(29 CFR 1910) 
have appeared in 54 Ri 9294 FbalRule. March6,1989). These z timsaredtsigned 
regulations for Hazardaus Waste operations and Rmqency 

to protect workers invow in cleanup operations at uncontrdlai hazanhs-waste sites 
and to provide for worker protection during initial site charadertzation and analysis, 
mnitoring activities. matertals handling activities, trainfn& and emergency response. 
Tbeseregulations do not apply to thosemxkers who would notbe expmxi. 

Federal wnstructi~~tlestrrvofvingnopo~~far~o~subsi;anceerrposure 
are amred by the OSHA standards in 29CFFt 1926 (&dm12 Smke contmds) and 
29 CFR 1910 (GensalhdustnJ. Air cantamlnant permissible erposure ltmits for general 
industry for 212 substances were revised and updated on Jan. 19.1989 (54 FR 2332). 
and are listed inTables 21.22, and 2 3  of the flnal de. On Juty 7,1992. a U.S. Circuit 
carrrt of Appeals vacated and remanded this final rule. The Uinton adminrstxation has 
deddednottoappeal this ruling tbls means the standards repert back to t.hose!inef%xt 
before 1989. 

Standards for the protectian ofworkers tnvohred in construction. demolition, removal, 
akation, or repair activities jmdwingACMS are kted in 29 CFR 1926.58 and would be 
app€ictble to DgLD activities. These standards address asbestos as wdf as tremolite, 
ant)lanhyllite, and actinolite trefgs to the non-asbestos forms of these minerah, and any 
of h s e  minerals that have been &emidly treated or alkmi). The regulations include 
rquimments for expsure nunrttarin& engineering minds and work practices, 
respirato~~ protection. and hazard Enmmlunication. A permissible eqxsm limit is 
establishedwfilch requires that no employee be exposed to an airborne amcentration of 
askxstos, tremolite anthoplqdlik ar actinolite, or a combination of these in eglcess of 

(29 CFR 1926.58(~)1. Fibers are additionally described as a partiatlate fam of the above! 
mablals, 5 p or longer. wtth a l c n g t h - ~ ~  ratio of at Ieast 3 to 1 

AoQection 
I29 CFR 1926.58(b)]. 

-1, =.lA (- - S q f e i y a n d H e a w l A o g m m j b r ~ a t c o c O  
Facilities), and 5480.9 (Gmsmchm * s4fety and He&h Pmgraml. and compliance is 
r e q u i d  during D&D actfvities 

0 2  per Cubic ~enffIlpefet Of atr a~ eight-- t ime-~~#~ted 

. -. DOE also addresses occuptianal safetyin DOE Orders 5480.11 
f m ~ ~ W O ~ * 5 4 8 0 . 4 ~ ~  - safery,and-- 



. .  -. 

7.7 RADIATION PROTECTION STANDARDS 

Very few standards are available that are applicable to the cleanup of radiaactmdy 
contaminated D&D sites at DOE facilities. The Manic En- Act and its a m e d m d s  
delegated authority for control of nuclear energy to the Nudear Regulatory CammLSsbn 
(NRC), EPA. and DOE. The NRC has the authority to issue licemes “pp promulgate dts 

regulating NRC-licensed nuclear facilities and their decammissianing; however, DOE is 
authorized to control all types of nuclear materials at sites under its jurisdiction a d  is 
exempt. under the Atamic Energy Act. fiom the NRCs authority and is not subject to 
their decommissioning regulations. Although EPA intends to derelop public health and 
envir0nmrnta.I radiation protection criteria for cleanup of residual radioacthe maksiak 
at decommissioned DOE, DOE, and NRC-licensed sites, as well as others (40 CFR 194) 
EPA has failed to date to promulgate de mfnintls or BRC mbacUviity l& thatwudd 
guide deconbmtmtim of the radioactive components at DBrD sites. The absmx d a 
regulatory Wver for radioactive decontamimtian is viewexi as a deterrent to the arderfy 
planning and implemmtation of D&D activities. 
DOE regulations far handling and cl- up of radioactive mater&& and 

decommissioning activities are outlined in a saies of internai DOE Orders, and indude 
policies and guidelines far the management and D8rD of radioactively contaminafed 
facilities under DOE mership or control. These are discussed in Sect, 7.7.1. In tk 
absence of spedflc deumtamination guidelines from EPA or DOE, the efforts of the NRC 
to establish such criteria am S L m m a r h d  in Sect 7.72. 

7.7.1 DOE Orders 

DOE Order 5400.5 SRadiatiOn €Wedion of the Arb& and the Environment Febma~y 
8, 1990) establishes standards and requirements for DOE operations pvith Tespect to 
protection of members of the public and the txmimnment against undue rish h n  
radiation.”The basic dose limit defined in DOE Order 5400.5 for routine DOE activities- 
including monitoring cleaning up, and controlhg of residual radioactive - 
100 mrem/year. In all instances, the uverrfdfng principle of the DOE Order is that all 
releases of radioactive material shall be- 

DOEOrder5400.5lIstsderivedconcentrationgufdesforradianuclldeisotopes~are 
based on a COIllIIzifted effective dose equivalent of 100 mrem/year for ingestion dafr of 
water. For liquid was- containing radionuclides that are discharged to surfacewatas, 
the best available technology must be used if the recefyfng water, at the point of 
d i s c h a r g e , w o u l d ~ r a d i o a c t t v e m a t e r t a l a t a c o n ~ ~ n g r e a t e r t h a n t h e ~  
concentration guides. Guidelines for sel- the best aYaflable technology are gtwL 
lmplementationofthebestavatlabletechnologgprocessisnotrequiredffannual~ 
to surface water are below the derived concentmtion we. In the case of releasg af 
multiple radicmuclides. the sum of the fractional derived concentration guides n u s t  not 
exceed unlty. In addition, efnuent releases to mrlke water musf not result in exposms 
to aquatic organisms that exceed an absorbed dose of 1 rad/d. 

Chapter IV ofthe Order lists guidelines for cleanup of radioactive real and pessOnaa 
properly, management of the resulting wastes and residues. and release of property. ?he 
guidelines are &iven fm levels of residual surface amtaminatfon that will not be emetded 
if decontamimtion is to be considered completed and property released to the public 
without resbictfons muse [5400.5(II.5a)]. These levels are listed for specific isotopes and 
beta-gamma emitters in general (see Table 7.4). Infbnnation on application of tbe 
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Table 7.4. Surface cantanhation guidelines (dpm/lOOcd)a 

guidelines and requirements presmkd in the order, including procedures fix derMng 
specl&cpropertyguidellnesforalEowable~afresidualradfoa~material6rombasic 
dose linrits, is contained in DOE/CH-8901, "A Manual for wemeudng Residual 

Material Guidelines. A supplement to the U.S. Departnrent af Energy 
Guiddhs for Residual Radioam Materiai at FUSRAP and SFMP Si-" Jime 1989 
[5400.5[Iv.2)]. DOE proposed for adfkaUm as 10 CFR 834 the cantents &DOE Order 
5400.5 as radiation protectfan requinznents far the public and the cmdmmmtf4r DOE 
and DOE Contractor operations (58 CFR 16268, March 25,1993). 
DOE Order 5820.2A * WhsteMancrgenaent, Sept 9,19881. satfs that the 

lmmgfmmt of low-level radioactme - wastemustassurethategternaleqxwmtothe 
wasteandconcentrationsofradi~~fhatmaybereleasedintosrrrfacewa~ 
and soil do not exceed 25mrem/yearto any member of the public. Reieases to the 
aixmqke shall not exceed 1Omrem/yeap. Reasonable effort should be made to 
mainhin releases to the emimmmt to AIARAlevels. 

ChapterV of this Order (- 0fRadioactidy contamfnared Fadllties") 
establisbespolidesandguidelinesfortheDBrDofI)OE-ownedorcrmtrolled~ 
rvlntamfrratPnfaciIities. ~ s u m m a r y . p r o g r a m o f a c e s a r e r e s p o n s i b l e f o r ~ ~ t f ~  
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- 
in a safe storage condition. Providing SuxveikmCe and and d m m m -  
ing excess facilities. The potential for reuse and mxmq of and equrpment 
must be addressed. Decommissioning project activities are outlir& fn the order, 
include: (1) surveillance and maintenance, (2) assessment and 
(3) environmental review. (4) engineering design, (5) DBrD operatiom. (6) waste disposaL 

thataiternativeactionsandassodatedenvironmental issuesareId~~and~ 
and that all regulatory requirements identified duriag the arvlronmental review process 
are met 

The order requires that a Decommissioning Project Plan be prepared far apprmd 
the approprhte program omce in compliance with DOE Order 4700.1. The pian I ~ D L L ~ ~  
include: characterization data an evaluation of d 
meeting the requirements identified in the envirorrmrsltalreFlieFlrprocess. and detailed 
administrative. cost, schedule. and management Infonnatim, Radiological criteria to be 
used must be appmvedbythe Headquarters program -and EH-1. Inaddition. 
projections must bemade of occupational exposures and estimations made of radioactive 
waste quantities to be generated. 

DOE plans to revise DOE Order 5820.2Ain order to amdidate all WM requh- 
for the Omce of Environmental Restoration and Waste Management Rmisiom are 
expected to be complete by 1994. and will cover aJl cakgories of wastes. including 
radioactive, hazardous. and sanftary waste.6 

Aotection for- - W;orJaers)containsguicie4ines DOEOrder5480.11 (Rathim 
for worker protection: 5 rem/year and 50 rem/year annual effectipe dose equivalent far 
stochastic (cancer) and M n s t o c h a s t i C  (systemic) efkcb. nspamly. fi.om both internal 
and external sources fix continuous exposures. Also Included fn the order are standads 
for the general public when entering a controlled area- Eqosuns to the publsc are 
limited to an efiective dose equivalent of 100 mrem/year. As with the other DOE orders 
the AIARA prindple p- Remediation of r a d i o n u ~ t e d  soils must 
ensure that eqxxmes to ansite workers or public fntrudas will not d these 
standards. DOE has proposed for codiflcation In 10 CFR 835 the primary standards far 
radiation protection of occupational workers fiam normal operation of DOE f o e s  
(56 FR 64334, Dec 9,1991). A final rule is expected in July 1993. When promulgated. 
these standards will be legally applicable for cleanup activities at D&D sites. 

and(7) C l ~ ~ t T h e e r r v i r o n m e n t a l r e V f ~ ~ d ~ d e s g n p r o c e s s e s ~ t ~  

m n g a l t e r n a t i V e s , ~ f m  

. .  

7.7.2 Generic BRC Levels for Radioactive Wastes 

TheNRChasdevelopedthecanceptofariskthreshaldtodist inguishth~~ 
materials that do not warrant regulation to the same degree as other tadfoactfve 
materials to ensure adequate protection of the public and the txwirmment. The l m l &  
of risk posed by these radioactive materials have been termed BRC. The NRC pubhshed 
a policy statement (55 PR 27522, July 3.1990) to guide its deckions on ~ ? c t p m n t i m s  of 
BRC materials from the MI scope of the NRC's regulatorg program. 

The BRC policy was established. in part. to ensure adequate and consistent decisions 
on acceptable risks posed by demntamhated and dPmnrmcccioned nuclear facilities. 
However, the adoption of the BRC policy generated widespread public concern over its 
implications and a general disatisfaction with the process the NRC used to develop the 
BRC policy. Becxuse of these concerns. the NRC ckdared a moratorium on 
implementation of the BRC policy and initiated a amensus process to provide advice to 
the NRC on the fuTl range of issues related to the BRC @cy (56FR36068. July 30, 
1991). 000178 
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mbng policy stated that the average dose to individuals in a critiml group should 
than 10 mrem/year (a h y p o t k s i d  inmemental a n n d  risk of 5 x 103 for each 

-M p ~ t i c e .  In addition, for such practias that result in widespread dktribution 
of radioactive materials (cg.. a- products M recycled mateTials), the NRC 
re#nmnended an interim dose criterion for individuals in the mitical grvup of 
1 mrem/year (arisk of 5 x 10"). Theselndividual annual doses tnmdate to aM&ne 
risk h r n  amtiuuing annuai exposures in the order ~f 10" ~ C U O ~ ,  -. 

. of 
hazardous chemicals &om RCRA Subtitle C qulatim (57 FR 21450. May 20,1992). 
H ~ ~ a o e m p t i o n l ~ a r e p m p o s e d f ~ s y s t e m t c t o D d c a n t s a n d ~ ~  
on reference doses and risk-spedc doses. r q e d h d y .  EPA has proposed a risk level of 
le to establish exemption aim far Groups A, B, and C camrqps  (see 
51 ER 33992, September 24,1986, tar a ctrsarsslan of EPA's cardnogen daw0djm 
scheme). 

'Ibe NRC has made available a Tukmahglssues Paper" to enhancethe asswane 
of interested parties in establishing radiologrcal criteria for the d e c o m m i a m h g  dNRC- 
l i c tnd  facilities and subsequent dease of land and structures for u n r e s W  use 
(58IR4363. January 14, 1993). To assist fn the partidpatory process, tbe NRC b 
cond~~cttng a series of workshops to address tbe issues outlfned in the paper. NRC staET 
haveIdenti8edfourpossiblealternativestodwefopingradiologicalcriteria?heseiDdude 
riskurnits, riskgds, best effort.. and return topreadsting background. In- the 

- * m  
M t D  

NRC has announced the availabiliQ ofareport ResichdRadiwctive contanmmtrn 
-: Vdume 1, Technlml Basis fix ?)nnslating C m t m m h m  
A r u u m z w ~ * - ~  (NuREG/cR-5512) (57 FR 49727, PiOvemk 3, 
1992). 

EPA uses a similar policy in setting de minimis --based levels far 

, .  . . .  
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FOREWORD 

The Oak IiIdge Xatimai Laboratory Technology r-oorC Diagram W) was dedoped 
to prwide a dedsioa-support tool that relates -tal restoration (EN and waste 
manqpmm IwM) problems at Oak Ridge Natianal Laboratory ( O W  to 
technologies that can remediate these problems. The TID uses information h the 

DiagramandapreviousHanfordTLD. 
T h e m  identifies the research, development demomtratim, testing. and maiua&m 

needed to develop these technologies to a state! that allows technology transfer and 
application to decontamma tion and decoxnmisioning W), remedial action 0. axxi 
WM activities It is  essential that follow-on engin- studies be conduded to build on 
the output of this project These studies will beglD ty selecting the most pramising 
technologies identified in t h e m  and finding an optimum mixof technologies tbatwUl 
pmvide a sodally acceptable balance between cast and risk 

The TID CoIlSists of three fundamentally separate volumes: Vol. 1 (Tecfmology 

Sheets). Part A of Vols. 1 and 2 focuses on D&D. part B of Vok. 1 and 2 focuses an RA 
of contaminated facilities. Part C of Vols. 1 and 2 focuses on WM. Each part of Vol. 1 
contains an overview of the TLD, an explanation afthe program-specifk responsibilities. 
a review of identified technologies, and the fankjngs of remedial technologies. Vduxue 2 
(Pts. A. B. and C) c0nW.m the logic linkages among EM goals. environmental problems. 
and the various technologies that have the poteruial to solve these problems. Vahrme 3 
03s. A. B, and C) ccmtains t h e m  data sheets. 

The foars ofVoL 1. Pt. B, is RA. and it has been divided into sixchapters. -first 
chapter is an introduction, which defines problems specific to the ER Program for ORNL 
Chapter 2 provides a general m e w  of the TID. Chapters 3 through 5 are orgar&& 
into neceSSarp subdement categories: RA, characmkation and robotics and aukma- 
tion. The 6nal chapter contains regulatory coxqhnce infoxmation concerning RA. 

The tedmology evaluations contained in these d u n e s  are based on the best 
information available during compilation ofthe ' T l D .  New or m e  accurate infixmation 
is solicited to improve them data base. Please send mmments to R L. Fellows. Edftor, 
Oak Ridge Nahbnal Ihbomtory Technology Logic Diogmm Martln Marietta REI-@ 
Systems. Lnc. P.O. Bax 2003. Oak Ridge, ?N 37831-7274. FAX (615-576-8558). 

Strategu:Rmdmap for the Oak w e  Resenxrnon O a k I z i d g e K - 2 5 S i t e T e c h n d o g y ~  

EoaluatuKlf. VoL 2 (Technology hgic Diagmn3. and Val. 3 (Tecfinology Evcdumm -Data 
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September1993 



- .  -- . .  
. -  . 

. . .  



e e 

1. INTRODUCTION b. - 1 1 5 1  

1.1 OAK RIDGE NATIONAL LABORATORY 

The Oak Ridge National Laboratory 1ORNL) was built in 1943 as pan of the World War 
II Manfiattan Project. Its original mhsion was to produce and chemically separate the 
first gram quantities of plutonium as part of the national &m to produce the atomic 
bomb. The peacetime history of the laboratory flrst began in the late 1940s Through 
1973, ORNL was concerned FFith the M o p m e n t  of nuclear t&miOgp for decmcal 
power generation. From 1973 to 1980. ORNLwas largely devoted to fin- solutions far 
the energg crisis. The primary missions since 1980 have been to adua applied 
researdl and engineering dmeiopment in support of U.S. Department of Energy (DOE) 
programs in fusion, fission. amsemitian, fossil, and other energy tedmdogles and to 
perfom basic sdentiflc feseafch in sekted areas of the physical and life xiences. The 
laboratary also operates facilities" for the bendt  of university and industry 
researchers and supplies radioactive isotopes that are not cornmema& axmilable. 

VoL1.R.B 
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1.2 ORNL MISSION 
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The mission statement that follows was reproduced from the ORNL Imttfuthd plan 
Fy 1993-Fy 1998.' ORbL which is managed by Maxtin hhrieaa Energy Systems, Inc.. 
for DOE, is one of the nation's premier research institutions (see Fig. 1.1 for aerial riew 
of O m ) .  The primarv mission of the laboratory is LO perform leading-edge research and 
development (R&D) k support of the nonweapons des of DOE. Significant elements of 
O m s  mission are to perform basic and applied research that is of importance to the 
nation; to prwide the scientific and technical cnmmunirp with unique national user 
facilities; to improve the nation's competitfveness rf;rough technology development and 
transfer by partnerfng universities and indusnp; and to improve science and math 
education through contributions to the national inixiathz 

ORNL will accr>mplish the mtssion through its core coIllpetendes: 

energy production. axmmation, and utilization techndogles: 
materials sciences and engineering; 

biological and life sciences: 
environmental sciences and technologies; 
computational sciences: and 
manufacturing sciences and technologies. 

phySic3.L chemical. and engineering sciences: 

The principal sponsor of ORNL's work is DOE. bur. in a larger sense, the laboratory 
serves many natiorlal-eLm intematio-m. o m  staff are mlved f.Il 

research on global en- and environmental problems and In the development of 
technologies that will improve U.S. competitivemss in inkmational markets. The 
labOratoq+s more fundamental scientific research. much ofwhich is done in collaboration 
with researchers b m  around the world. cantribuus to the storehouse of human 
knowledge; thfs work. therefore, has a q broad customer base. In the conceptian. 
construction. and operanon of national research facilities. the labaratory's customers are 
drawn fiom major segments of the scienac and technical mmmmty. Much of the 
applied research and technology development work at ORNL is expected to prwvide 
services for other government agencies and private axnpanies. 

Several factors combine to distinguish ORNL hm other R&D institutions. T k  
laboratory melds a unique blend of e x d e n t  researchas with a large array of worldclass 
facilities to canduct broad interdiscipharyresearch inareas of national importance. The 
laboratory's abilityto integrakbasicresearcb. applidresearch. technologydevelopmtm. 
information dissermna * tion. and technology transfer is unsurpassed among resear& 
institutions. The style of teaming with industry and academia to bring a multidisdplinarp 
approach to problem soh- pmvides exceptional value to O m s  customers. FlnaUy. the 
laboratory's ability to conceive. construct. and manage complex projects pI-ovides 
DOE and the nation with a rare resource. 

1.21 Environmental Restoration Program 

The purpose and scope of DOES national E-tal Restaration (ER) program is 
contained in the "Environmen tal Restoration and Waste Management Five-Year Pland 
(updated annuaQ. Goals and objectives for the Oak Ridge Resenation ( O W ,  includmg 
ORNL, are identified in the 'Environmental Restomtion and Waste Management Site- 
~pecinc ~ l a n  for the oak ~ g e  000200 
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ER projects assess and dean up DOE sites and facilities that are no ionger active. 
Was= of various types has accumulated at ORR sites from defense and research 
optmdons spanning nearly five decades. ER activities are dfvided into four areas. 

1. AEsessment of nature and emznt of emironmental contamtnation; 
2. Rer=redlal action 0 to clean up inactive waste sites that have the potential for 

3. Decontamination and demmmisianing (D&D) to clean up surplus facilities (SeeVol. 1. 

4. RESZW&, development, and demomuation to apply to new technolog~es to enhance 

releasing contaminants: 

Et -9: and 

restoration activities. 

It is ORR policy to comply with both the letter and spirit of all applicable federal, state. 
'and local regulations and with DOE policies govenrtng errvifoNnental protection. 
Historical practices at many DOE sites. although consistent with the standards of their 
time. did not fully recognize rhe potential hazards of certain materials. M a q  of these past 
P- . are considered inadequate by modern standards. ER actMties are d u c t e d  
to ensure that all inactive ORR facilities meet current requirements for mmmmental 
cleanup and waste TIlifnagemmt 0. 
The fundamental goal of ER is to ensure that contaminants at inactirp ar surplus 

facilities and sites are either elim&mM or reduced to prescribed, safe lends Risks from 
these restored sites should be luw and not endanger human health and safety or the 
emironment This goal is achieved by mtfng separate strategic objectives established 
for RA and D&D (see Vol. 1, pt A). The six objectives identified far RA fonm 

1. 
2. 
3. 

4. 

5. 
6. 

1. 
2. 
3. 

4. 

IdentIfp inactive, contaminated fadiities and sites at ORR Installations: 
Assess these facilities and sites to determine the nature and extent of amamination: 
Coniine and contain existing mntamination to the extent necessary to mfnimize 
finther spread: 
coordinate with regulatory authorities far negotiated agreements that spedjt the 
mpimnents and schedule for cleanrng up the identified fadlrties and 
Ensure that cleanup strictly cumplies with these agreements; and 
Pmnde long-term monitoring to ensure continuing compliance. 

DOE has established four priority 1- for ER reflecting discme gods 

To h i t  immediate or short-twn health risk and contamination; 

To reduce out-year risk. promote out-year compliance, address public cmxxm, and 
prom DOE missions: and 
To aC0elerat.e overall compliance 

TO q l y  with in-pla~e OT pending agreements: 



1.3 ORNL LEGACY OF CONTAMINATION 

1.3.1 Introduction 

The 50 years of operations have produced a diverse legaq of contaminated inam 
facilities, resear& areas. and m-te disposal areas rhat are potential candidates for RA 
m e d i a l  activities for the wntaminated inactive sites at ORNL were initiated in 1985 
under the auspices of the Remedial Action Program,4 One hundred slxty-four potential 
RA sites were identified and grouped into 13 categories that induded diverse activities 
such as solid waste storage areas (SWSAs), pipeline leak sites. seepage pits and trenches, 
hydrofracture injection sites. and the White Oak Creek watershed. 

The RA Program has been superseded by the ER Pmgram, which currently includes 
oyer 275 sites. ER amt ie s  are carried out under the auspices of a Federal Facilities 
Agreement (FTA) between DOE. U.S. Environmental prr>tection Agency (EPA) and the 
Tennessee Department of Environment and Conserpatian DEC) .  Thls documern 
formallzed a procedurai framework for developing implemendng, and monitoring 
appropriate response actions in accordance with Comprehensive Environmental 
Response. Compensation and Liability Act (CERCIA). the National Contingency Plan. the 
Resource Conservation and Recovery Act (RCRA), the National Ernironmental Poltcym 
(NEPA), Tennessee State law. and appropriate guidamx and policy.5 
Because of the large number of contaminated sites and the hydrologic complexity at 

ORNL, the strategy developed in response to reg~&~tory requimnents has been oriented 
toward waste area groupings (WAGS) rather than indhidual sites. The WAGS are gen- 
defined by watersheds that contain contiguous and similar RA sites. In some cases there 
has been hydrologic interaction among the sites within a WAG. making indfviduai sites 
hydrologicaUy inseparable. The use of groupings pmjdes perimeter monitoring around 
a WAG of both ground n w  and surface w a k  and the development of a rpmedial 
response that is protective ofhuman health and environment, %ty WAGs were initially 
identifled at ORNL. of which 13 are d a t e  candidahs for M e r  R A  

1.3.2 Waste Area Groupings 

The concept of WAGs mas dweloped initially to facilitate the investigation of potential 
sources of releases to the emironment. Each WAG represents distinct. small. natural 
drainage areas that may encampass multiple sources of contaminants. The locations of 
the 13 individual WAGs are shown in Fig. 1.2. The WAG descriptions that foIlow are 
suxmmrkd from the WAG 2 Remedial Investigation pbn and the remedial investigation 
plans for the specific 6 WAGS. 

WAG 1. This includes ail the operating R&D facilities located within the main sesmitp 
fence at ORNL. Historically. ORNL has been involved in the development, testing, and 
operation ofvarious reactor cxmcepts: the development and operation of hel reprocessing 
technologies: the large-scaie production of radioacth~ and stable isotopes: and the 
management of wastes fkom these activities. These acthlties have been primarUy focused 
in WAG 1, although several other WAGs have also been imoh.ed. Over 100 sites in 
WAG 1 are currently considered candidates for remedWion, including radioactive waste 
collection pipelines and tanks, SwSAs. waste treatment facilities and impoundments, 
leak and spill sites, and misceIlan eous waste handling and starage units. WAG 1 drains 
directly into White Oak CnAc through storm drains and two small tributaries--Flrst 
Creek and Fifth creek. Conceptual modeling studies haw demnnstrated the potential for 

000203 
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transport of contaminants along the massive array of s a -  pipelme trenches 

vi&lly every radionuclide element. and organic compound m.er used at O m  
been used at one time in WAG 1. Histarid release data suggest that WAG 1 was a major 
source for radionuclide and ha\?-metal contamination to White Oak creeir. 

to White Oak Creek and its WAG 1 tributaries. 

WdG 2. This grouping includes the major drainage system for ORNL of White oak 
Cre!gk and its tributaries and assodated floodplain areas. WAG2 consists of two 
sites: the area encompassed by the stream channels of White Oak Creek and Melton 
Rranch and White Oak Lake, White Oak Dam. and the embaymmt leadmg into the 
cllfnrh River and Watts Bar Lake 
In addition to natural ctrafnage. White Oak Creek has nxeived treated and untreated 

eBuents and reactor-coolmgwaterfrom ORNL acttvities since 1943. contrdled releases 
include those from the NamadfoaaiPe WasteTreatment Facility. the SewageTreatment 
F%nL andavarietyofprocess-wasteholduppondsthro~ttheORNL~pplantarea 
(WAG 1). I t  also feceives ground water discharge and surfaoe &ainage from WAGS 3.4, 
5.6. 7. 8. 9. and 17. 

Main contaminants in White Oak Creek are =Sr, 6oCo. '=Cs, %l. and metals 
@uzury. zinc. and chromium). Hazardous chemicals. includmg polychlorinated 
biphenyls IpcBs). may also be present in the stream sediments. 
White Oak Lake is a surface impoundment for radioactive and other hazardous wastes 

that drain from ORNLviathe White Oak Creekwatershed. It  semes as afinal settling 
basin for waste released from ORNL erations and waste storage areas. cantaminants 
of concern identified to date are %. %s. thorium uranium transuranics n u s ) ,  and 
metals [mercury, zinc. and chromium). Hazardous chemicals. indudmgpcBs. may also 
be present in the stream sediments. 

WAG 3. This area includes SWSA 3. the closed scrap-metal area. and the current 
operating contractors' kmdfill and is hated in Bethel VaIley about 1 km (0.6 mi.) west 
ofthewest entrance to themain plant area. SWSA 3 and the closed scrapmetal area are 
inactive landfills known to contain radioactive solid wastes and surplus materials 
generated at ORNL from 1946 to 1979. The Contractors' IaxBIl was opened in 1975 and 
is used to dispose ofvarious uncontaminated construction matmals * andflyashfiomthe 
ORNL steam plant. WAG 3 is drained by Northwest Tributary of White Oak Creek 

Contaminants of concern identified to date in SWSA 3 include smaU amounts ofTRU, %. and 3H. Most of the metal in the scrap metal area has rzow been buried in other 
SWSAS: however. some contaminated tanks and equipment are stiIl stored aboveground. 
The primary contaminant of cancern identtfied to date is 137Cs- No contaminants of 
concern are believed to be present at the Contractofs Landfin, but there is no confirmtng 
documentation. 

W f f i  4. Incated southwest of the main plant area, WAG 4 amsists of three sites: the 
low-lerel waste line north of Lagoan Road, pilot pits 1 and 2. arid SWSA 4. b m  1954 to 
1975. liquid-radioactive wastes were transferred to the waste pits and trenches (WAG 71 
tbmugh the low-level waste line narth of Lagoon Road. Tkm known leak sites were 
covered with bentonite and asphalt caps in 1983. The pilot pit area (Bldg 7811) was 
amstructed in late 19% for use in pilot-scale radioactive waste disposal studies. 
Currently. threelargeconcrete~ersembeddedinthegroundacontrolbuildingthat 
is mw used to store field and labaratory equipment, and four large c o n m  cyiinders 
that wefe used in a municipal waste leaching experiment are all that remain at the site. 
SWSA4.wvering9.3 ha(23 acres).wasopenedforroutinesolidwasteburialsfrom1951 ooo%os 
V d 1 , R B  
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through 1959 but remained open as a disposai area for uncontaminated fill until 1973. 
For a period of time. SWSA 4 was designated as the Southem Regional Burlal Ground 
by the Atomic En- Commission and remimi wastes €?om nuclear installations in the 
eastern United S t a ~ .  Waste fYom sources outSide ORNL accounts for about half of the 
waste buried in % S i  4. 

Contaminants oi concern identffied to date include 3H, %r, %o. '%b, ami 13'Cs. 
Radionuclides are the only contaminants surred at the m pilot sites, and no releases 
have been reponed. 

WAG 5. Located about 2 km (1.2 mi) south of the msin plant area in Meltan VaIlep. 
this WAG consists of SWSA 5 and SWSA 5 N o d i .  twolineleaksites, an old hciflR the 
process-waste sludge basin, and the surface facilities coasnucted in support ofboth Old 
and New Hjdrofracnne Facilities (including sereral low-led waste storage tanks and two 
impounrfments). Melton Branch separates the New Hydrofracture Fadllty frum the 
remainder of WAG 5. SWSA 5, covering 32.3 ha (80 acres), received radioactiw wastes 
from 1959 through 1973. ?he area known as SWSA 5 Nonh covers 4 ha (10 acres) and 
has been used for renievable storage of TRU aasm since 1970. WAG 5 drains dire&y 
into White Oak Creelc Melton Branch, and tsm unnamed tributaries of White 0a.k creek. 

About 200,000 Ci of low-level waste and TRU ~sxstes are buried at S m  5. In 
addition. more than 62.000 Ci of TRU waste is m reuievable storage in SWSA 5 North. 
much of it hried in concrete casks. Eight 190.00-L stajnless-steel tanks at tbe New 
Hydrofracnne Facility Site hold concentrate h m  the low-level waste evaporator. Tbe Old 
Hydr0ii-am.n Fa- pond contains wntaumated water and sediments with almust 
500 Ci ofacrivity.  he predominant isotopes in ~J I  the low-~evel waste facilities are w ~ ,  
%r, and lncs. TRU uastes are prmarily % with lesser amounts of sewmi other 
isotopes. Same lead and mercury were also buried with the TRU wastes. Ground water 
in wells and seeps have shown elevated levels of%., %Sr. and 13?Cs. 

WAG 6. This area consists of three sites: SWSA 6. the tmprgencywaste basin, and the 
explosives detonation trench. All three facilities are located in Melton Val@, 2 h  
(1.2 mi) southwest of the main plant area along Lagoon Road. SWSA 6, eovering 28 ha 
(68 acres), is currently the only operating l o w - i d  waste disposal site at ORNL pntians 
of this site have 'been closed under RCRA reguLatians applicable to the disposal of RCRA- 
regulated waste after 1980. The emergency waste basn was constructed in 1962 as a 
holding basin ifwater could not be released from ORNL to White Oak Creek To date. the 
b a s h  has not been used The srplosives detonation trench was used for destruction of 
explosive a@ shock-sensitive chemicals. WAG 6 drains to White Oak Lake throw four 
unnamedsmanstreams. 

Through the end of 1984, more than 250,OOO Ci of low-level waste had been dispsed 
of at SWSA 6. RCRA-regulated wastes (e.g.. scimihticm fluids, oils, cleaning sohtims, 
alcohols, paint thinners. kerosene, jet hel, adds. and sodium) were disposed of in seved 
trenches and auger holes. These disposal areas lmi~ subsequently been amred &]nigh- 
density polyxhyiene (HDPE) caps. As the only operating low-level waste disposal site at 
ORM, SRrSA 6 continues to receive solid law-lmel waste that is buried using &ream 
confinement disposal technologies such as conoere silos. sreel-lined auger holes. and 
concrete vaults on a concrete pad. 

Site characrerization data has been collected as part of the RCRA Facility Investigalion 
for WAG 6.7 Tritium, =CQ. %, and 13?Cs were the principle radioactive contaminants 

surface water and in both surface and subsuriaCe sail samples. " h c e  levels CrfTRU 
isotopes were also found in two wells and two Surtace samples. Trace levels 

found in of 35 ground-water w&. T h e  ~ a m e  ~0ntamInants found in 

$- (OOOkO6 
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of several metals and sobents were found in a fewwells. Odv trace 

O f d  from organics were found in surface water of soil -. of 
UF& in burial trenches by ORhz staff has measured numerous r a d i a ~ ~ ~ m p e s ,  heavy 
d, volawe organic compounds CVOCs). and nitrates in the leachate 

w m  7. 'Ihis grouping is locared in Mdton Valley about 1.6 km (1 mi) southwest of the 
phm area. The primary M i d  Waste bianagement Units in thls WAG are pits 

and trenches used for d l s p d  ofliquid b w - l d  waste from 1951 thn>ugh 1966. WAG 7 
includes a decontarnination facility, three leak sites, a storage area am- 

shfdnPrl transf' tanks and other equipxncn~ and s e ~ e n  fuel- amainiq tk add 
solutions of enriched uranium fmm Homogeneous Reactor Exptzrimenk f u i  WAG 7 
drains l hmghthree  unnamed ctrainage c3lannels into White Oak creek. 

transferred to the waste pits anti trenches: another 2000 Ci of '=CS was placed in the 
shielded transfer tanks. and nearly 4 k g  of % in liquid form was placed in the 
Homogeneous Reactor Experiment fuel disposal au er holes. . timstlldies 
suggest that WAG 7 has been a source of %, 6oCo, ' S r ,  '*c.-& 

More than 1.100,000 ci of liquld low-led waste, prfmarity %. '06RU. and was 

WllG 8. Located in Melton Valley, south of the main plant area WAG 8 mnsists of 
reactor h d i t i e s  and associated tank and piping systems, six leak sites and an old 
transfer line five surface impoundments. a amtractor spoils area and RCRA-pemitkd 
hazadms waste storage facilities. U p i d  low-led waste and process wastes hm the 
reactms and associated facilities are c0Ilead on site in tanks and then pumped to the 
main plant area for storage and treatmmL Wastes from the Homogeneous Reactor 
I3pmmmt WAG 9) were pumped using the Same transfer system- WAG 8 Ctrains into 
M&cmBranch. 
Thae is no existing fnventory on the amtents of the low-l& waste Coneccton and 

sbragetanks, which are still inactive use. Historical data areinsufkkmtodetermtne 
whether or not any contamination remains at the leak sites in WAG 8. Saxnples a€ the 
sludge in the impoundments were not hazardous based on the EP-toxicity test ?here is 
probably less than 10 Ci of radioisotopes in these ponds. There is no fnrftim that 
r a d i m  or hazardous wastes were eyer introduced into the waste treatment facilities. 
Historical studies have idenmed WAG 8 as a major source of mocO to Meim Branch The 
WAG has also been a source of 137Cs, copper. chromium. and zinc No data are a-le 
onorganic~~ts.TheWAGcantributesnegliglbleamounts ofotherradionuclides 
to the White Oak Creek system. 

WBGQ.bcatedinMeltonVallepabout1 lan(0.6~)southeastofthemainplantarea. 
this WAG includes the Homogeneous Reactor Experiment. the H o m o g e n m  Reactor 
Experiment pond, the low-level uaste mllectian and storage tanks. a septic tank. waste 
e~r;ipomor and associated pit and Seyerai miscellaneous sites. The Hamogeneous 
Reador Experiment pond was constructed in 1955 as a waste storage impoundment for 
wndeusate from the Homogeneous Reactor Experfment waste emporatar. In 1970 the 
pond== fiRedwith soil and cippedwith asphalt. WAG 9 drains to uppaSIelton Branch. 

About 750 Ci of gross beta a W t y  is present in the sediments of the Hmgeraeous 
Reactor Experunent impoundment. Stronrium-90 and 13'Cs were the primary 

were found in ground water down-gradient fkom the Homogeneous Reactor Experiment 
txxxpoundment. but only trace leveis of metal and organics were found? 

conniburing to this activity. The sediments passed the EP-tcudcity test TYilium and c 
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WAG 10. This area consists of the injection wells and grout sheets from four injection 
sites, two of whch were experimental sites used in the dwelopment of the hydro- 
hcturing process at O R h z  The other two sites were opera.ting facilities (now i n a c w  
used to dispose of O W s  liquid low-lelel waste. All four sites are located in Melton 
Valley, however, they are not adjacent to one another. WAG 10 Is signincant3y different 
from the other WAGS in that the grout sheets are located at depths of 90 to 300 m (300 
to 1.OOO ftl below the ground surface. 

About 12 million L of liquid-radioactive wastes were in & into the fractured shale 
at the two major h y d r o h c m  sites. Ekcept for %, lJC& =Cm, and TRU, little is 
lmown about the contaminants that may have been hduded in the grout mhchms At 
the two eqerimmtal sites. radioactive tracers were used instead of actual waste. 

WAG 11. This area is the White Wing h p  Yard located atthe west end of East Fork 
Ridge between State Highway 95 (White Wing Road) and the OakRidgehunpike. The site 
is outside the White Oak crack watershed. The site which covets about 20 acres, was 
used to store contaminated materials from the three Oak Ridge facilities ( O m  K-W 
Site, and Y-12 Plantl. Wastes (equipment. tanks, and trucks) wre thought to haw been 
stored aboveground. but additional investigations may p m  otherwise. Much of the 
storedmaterfalsandcontaminatPdsoflwaSremdfn 196€+1971:however.samescrap 
metal. concrete, and other-aste remains. Contaminants of concem identifled to date are 
gamma radiation '37Cs, 5 9. and PCBs. 

WAG13. This grouping consists of the lmC contamrna ted Field and the ISC 
ErosionjRunoff Study Area The contaminated field is located about 330 ft north of the 
ClfnchRfveratClinchRiverMile20.5.The50-acrearea~setasidetostudysimuLated 
fallout of lncs M at high temperature to silica particles. ~ ~ e r  -20years (since 
contamination). about 5.2 Ci of activity should remain. 

The Erosion/Runoff Study Area is located due narth of the confluence of the White 
Oak Creek and the Clinch River. The purpuse of this stub area was to use the field 
contamination to study mff. erosion. and inf3tratian of '*Cs on a silt-loam soil. The 
unit was contaminated on October 20,1964, and is still undef study. 

WAG 17. Located about 1.6 k m  (1.0 mi) east of the main plant area, this area is the 
major craft and machine shop area for ORNLand includes the shipping, receiving. shops. 
and garage operations. The sites in WAG17 are all tanks. of which three are 
underground. These tanks have the capacity of 39.000gal of domestic sewage, 
-13.000 gal of waste oil, and 5.000 gal of photograw wastes. In addition to the Solid 
Waste Management Units, there are four underground tanks (capacity -31,000 gal) used 
for diesel hel and gasoline. and one 4.OOO-gal abweground waste oil tank 
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1.4 ORNL PROBLEM DEflNlnON 

E m m ~ d  contamination in the ORNL WAGS has been grouped according 
souroeandmedia: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

groupings reflect the results of program plarming (e.g., Me Cycle M e s  and 
WAG5 Remedal lnvestigation) that have addressed RA activities through mmnsly 
anticipated site remediation. The anticipated types of remediation are k h n d o g y  bstd 
and Lncorparate present understanding of the general types of contamlnam releases fi-m 
the ORNL WAGS. Considerable data exists h m  past fesearch and monitoring ofvarious 
WACS. and the known contaminants are listed in Table 1.1. W t e d  data is available 
concerning the somes of contamhation. espemRy in the burial grounds. Ongoing 
investgarbns are currently under way to dPfiTlt the nature and -1 of tbe 

+ * at WAGs 1,2, and 5. Table 1.2 correlates the WAGs previously idemifled 
with tbe problem areas. 

Tahle 1.1. Contaminants Lnuwn ar mspected to have been 
released from each ORNL WAG= 

WAG cunmmad 
1 

3 

4 

5 

6 

7 

8 

9 

10 

13 

17 

QWAC = mtc aIra grouplng 
'600209 bsascd pnmaritpon data In ORNL E R A  Fadtitp ImSqaUo . n(unpublishdand 

uxvhmmntal data oackaaes for each WAG. 

V d 1 , R B  
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Table 1.2. Problem areas and thdr related waste area groaping 

WAGa Prublem areas 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

17 

Burfed wastes. tanks. impusdmems pipelines. and sc~ils/sedimau 

so~/sedtmexlts and grmmd o F a u r / ~ a c e w a t e r  

Buried wastes, soils/sedmems . and ground water/surfact atatrr 

Buried wastes, pipelines soils/sednnans , and ground water/smfarx aafier 

Buried wastes, tankc, trnpo- pigeltnes, soils/sedfmam. and 

Buried wastes, soils/scdima&. and ground water/surfact wata 

Pits and trenches. ptpdincs and soik/scdfme.nts 

Tanks, impoundments, pipdims. and ground water/surfacc umcr 

Tanks, impouruimems, and ground aattr/surface water 

ground water/surface aarer 

Hydmfiacture and ground w a m / d a c e  water 
Soils/sediment.s and ground aata/surhe water 

S0ils/sedtmerlts 

Tanbs 

WAG = waste area grouping 

1.4.1 Buried Waste 

Between 1944 and the present waste was buried in six SWSAS (see Tahle 1.3). Waste 
sources at ORNL included physical, chemic& and biological laboratories. reaaors. 
radioisotop operations, particle accelerators. bt& operations. and analytical Labs The 
b ~ e d ~ w a s d l s p o s e d o n s i t e i n s a n i t = w ~ - t y p e a r e a s , u n l f n e d t r e n c h # ~  
trenches and auger holes. Waste  as drsposed in a variety of containers, irxhdhg 
dntms. bags, baxes, bales, casks, mncrete mntatners, and steel containers. 

Table 1.3. Smmmary afswsdsa at ORNL 
 WAC^ SWSA Opcrarlosl Arcaee Rtconds 

1 1 1944 1.5 None 

1 2 1944-1946 3.5 Noae 

3 3 1946-1951 7 None 

4 4 1951-1958 23 None 

5 5 1959-1973 33 Incomplete 

6 6 1- 68 Itmlttd 
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From 1955 to 1963. S W S b  4 and 5 were designated as the Southern Regional B- 

Grounds by the Atomic En== Commission and received % a t e  From more than 50 og- 
site facilities. includmg Argo= National Laboratory. Mound Iaboratory, Knolls m m i c  
power Laboratory, and General Electric. The limited records a-le for all disposal 

wastes. and asbestos were buried at ORNL. 
activities indicate that low-led radioactive wastes, mu wasre. OrganLC chemicals, xl,&& 

1.4.2 Pits and Trenches 

Iaw-level liquid-radioactkeuaste seepage pits and trenches  ere used between 1951 
and 1966 for the disposal of 42 million gal of liquid-radioaaive umste' The liquids and 
sludges were placed into seven shallow seepage pits that allawed a ~ c e s s  water and some 
radionuclides (e.g., '% and 3H) to disperse into ground wafer and surface water. 
Within the suspended sludge and proximate soils, Iarge inventmies of h i o n  roductsl 
(%rand 13'Cs) were retained alongwith avariety ofTRU Fsdopes (339%. and 
%) and acttvation producrs (Le. %o). Over a million curies of radioactivity were 
disposed, and about half remain in the area (WAG 7). 

Waste Pit 1 was commcted in 1951 to test the feasibilitp of the permanent disposal 
of 4 u i d  wastes into Surtace pits. To test the safety of the method. 1OO.OOO gal of waste 
containing 100 Ci of activity wzre to be placed onto Waste Pit 1. 

W a s t e P i t l b e g a n ~ w a s t e i n A u g u s t 1 9 5 1 . W ~ ~ t h e O R N L M a i n P l a n t  
South Tank Fann was haded to the pit in two 5oo-gal capacQtads attached to a 
Dernpster Dumpster Truck Tanks W-8 (containing radioacttye metal waste supernatel 
andW-10 (containingchemicalwasteconcentrate,locatedfntheSouthTankFarm)were 
t h e m  sources ofaraste. Waste Pit 1 mceived a total of 122,200 gal ofwaste prior to 
termination of the transfer in early October 1951. 
Waste pits2. 3, and 4 were operated collectively during their history but are 

physically separate from each other. 
Waste Pit 2 was construaefi in 1952 to implement the routhe disposal of liquid- 

radioactfvewastes. Waste Pits 3 and 4 were built as mare  volumew was required 
to meet the disposal needs of ORNL Each of the pits is similar in design and at the 
ground surface measures about 200 x 100 R The pits are each 15 fk deep, have walls 
that slope at angles of 20 to 30 degrees, and haw avoiume of about 1 million gal at a 
fluid level of 12 R 

Trenches were designed to inmeare the &dency dthe seepage method. This was 
accomplished by using elongated trenches perpendicular to the bedding planes of the 
underlying shale and the addition of an earthen cover that reduced rainfall infiltration. 
Trench 5 was 300 ftlong and 10 ftacross at the ground surface and 4 ft across at the 
txench bottom. The trench conrained about loft of limestone fiIl covered by a 
palyethylene film. An additicmal6ft of earth fUed the rest afthe trench and was 
mounded above the ground surface The capacity of Waste ?2ench 5 was 64,OOO gal at 
a lwe lo f9R 

The design of Waste ' Iknch 6 d i f f e r e d  fkom Waste Trench 5 m that the trench was 
longer (425 ftl and had a pronounced cuxved shape that followed local topogram. 

Waste Trench 7 was designed to consist of three separate pit segments. At ground 
lwel the trench segments are each lo0 ft long by about 10.5 A wide and 16 A deep. The 
total capacity of Waste Trench 7 was 50,000 gal. 

Use of waste seepage pits and trenches was discontinued in 1966. after the 
hydmfi-acture method of &pad of low-level waste went into opcmtion. 

~ 0 0 2 2 ~  

1 
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1.4.3 Tanks 

-out the 50 of ORNL O W ~ ~ O ~ S .  l~w-level r a d i ~ a c m  ha= been 
acmmdakd and stored in underground tanks. l l s e  wastes were neuuahed to 
xninmnz comosion and concentrated to amewe tankvolume. Many of these tanks haw 
leaked in the past usually to an unknown menL Uquds have been removed k.om many 
inactire older t a n k  and either treated for disposal by other means or concenuated inso 
other and newer tanks. Radioactivity, hoaff-er, usually remains in the tanks due to the 
pressure of residual sediments and sludges that could not be removed completely by the 
methods used to get the liquids from the tanks. 

While tanks are located in WAGs5.8.9, and 17. most of the tanks at ORNLare 
withinWAG l.?hereare73wastestorageprocessng. * andchemicalstoragetankswifkb 
WAG 1.69 of which have been used far the mllPr.tirn treatment, and/or storage o f k p d  
low-levei waste. Of the r- four, tm are abmgmund tanks used far 
waste-oil accumulation and storage, and two are abovegmund tanks f 0 - X  
storage of add and caustic liquids. 'Pueq-h~ of the tanks continue to receive waste: 48 
were remuved h m  sexvice because they (1) were 1eaku-g. (2) were no longer needed or 
(3) did not meet FFA criteria for leak detection and seam- containment and WBP not 
scheduled for replamment. 

About 9546 d the documented inventary of radionuclides within inactive liquid ~ Y W -  
level waste tanks in WAG 1 are contained aithin the sixlarge underground stnrage tanks 
in the South Tank Farm. About half of the South Tank Farm inventory is in Tank W-10. 
Each 170.000-gal-capaclty tank fs made ofGunite--which is a constmction process in 
which a mixture of sand, portland cemezlt and aater is sprayed in layers onto steel 
reinforcement bars and/or welded wire m & ~  The ma..or contaminants in tbese Gunite 
tanks, amang the first constructed at ORNL in the 1940s. are isotopes of 3, Cs. ?h U. 
Pu. and Cm.The total gross beta actMtyis e~tbrmed to be about 23.OoO Cr. fmm'sosr 
and and the total gross alpha activity is about 160 Ci. mostly from plutanium and 
CUrjuIIL 

The North Tank Farm contains inactive underground liquid low-l& waste Gunite 
and sted tanks: the Gunite tanks are much smaJler than those in the South Tank Farm. 
Theirrventoryofalpha-~ttingradionuclidesamonganthetanksfsestimatPntobe7 (2% 
and the imentnry of beta emitters is estimated to be about 1000 Ci. 

Due to the tailure potential of the dome of the Gunite tanks, the fkct tbat an 
estimated 95% &the waste curies at ORNLare storedwithin the GWte  tanks. and the 
ongoing RAactivities at the North/South?'anEr Farm the focus in theTID problem area 
willbe on the Gunite tanks. 

. .  

1.4.4 Impoundments 

U ~ ~ ~ e n t s h a v e b e e n u s e d a t O R N L t o c o l l e c t , t r e a t , a n d , f n s c n n e ~  
dispose of process wastewater and storm Rater. These impoundments. also d e d  waste 
basins or ponds. represent the earliest form of WM at the laboratory. The majority d the 
impouncfments are located in WAG 1, although Severai ponds are located in WAG 5 and 
a closed pond in WAG9. The mode of operation and contaminsnts at individual 
impoundments varied; however, the p m  con tanrirurnts of concern are radionu- 
primady %r, '=CS, %o, '-EU, and other gamma emitters. Marry of tbe 
impouncEments are located at low elevations and are therefore in direct contact with the 
groundwakr. 
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MOS~ of the impoundments were operated as process wastewater- or storage 
basins. resulting in the deposition of sediments or sludge in the impo&mts. The 

3540, are still active and reoetve process wastewaters. The Homogeneous Reactor 
&qerment pond, used for starage of condensate h r n  the Homogeneous Reactor 
E . t evaporator, was filled wth soil and capped with asphalt in 1970. 

The 7835 impoundment located in WAG 5,  was used to contain and s d e  process 
pmduced at the ORNL process-waste treatment plant The 785% impoundment 

is bacth but was used to recetve -dental wastes generated a operaria of the 
OMI-Iydrofiacture Facility. White OakLakefs a surfaceimpoundmmt for radioactive and 
otkhazardous wastes that drain ORNLvta the White Oak Credswatemhd It se~ves 
a s a W  settling basin forwastereleased from ORNLoperaUons and storage areas. 

majaritp of imp~~ndments  are inactive: howevet, several. including 3524.3539, and 

. 

1.45 Kpelines 

The ORNL main plant and 0utly.q facilities have an aztensme . !jystem of waste- 
canying pipdines and tanks. There are 96 tanks used for radioactive, MOLLS, and 
-waste known to exist at ORNL Forty-two of these are acttve, and 54 are out of 
sezvice (this total does not tnclude petro%um tanks). The was- pxpelines are 

waste frrm "hot drains" withb buildings to an evaporator fadlitywithin the main plant 
area where volume reductian is performed. The concentrate remains in the low-level 
waste system and is piped through double-contained lines to the MeltunVaIIey Storage 
Tanks. The liquid is piped h m  the erraparator to the Waste Wam Treannent Plant for 
removal of radionuclides. The efnuent from this process is coIEeded in abmqmmd 
stmage tanks. The waste is then treated at the Nonradioactive WastewaterTreatment 
Plant. and the treated efnuent is mieased at a National PoIlutant Discharges Elimination 
Sysxesn which is a pemitted discharge point to White Oak Cre!ek 

have been 
relined in recent years. Somesections areno longerused [thewasteis kmqmted to the 
WasteWaterTreatmentPlantfromholdfngtanksviatankertruck).~.manyofthe 
seaions of process pipe located between tbe building drains and hdding tanh have held 
the most concentrated (and therefare most corrosive) waste. and it is CanCaMb lethat 
waste may have leaked into the soil beneath these buiidings. The process and low-level 
waste lines are buried between 3 ftand 20 ft deep and QDSS over many otherpipelines. 
L a k s  fkm waste-carrying pipes may have spread to the pipe baddills of other types of 
piping, which may be sennng as conduits far the transport of contaminants . Remediation 
of amtaminated soil, without destruction of the buildhgs and other pipelines. mlls for 
the use of innovative methods. The methods used at otherremedhtion sites (information 
resulting h m  a reference search) k amsisted exclusively of either capping the pipes 
and/or filling them with grout and leaving the pipe and contamtmkd soil in place or 
aDcavating the soil and pipe and disposing of the soil and pipe mamial. 

divided tnto two types: low-le!wd waste and process rsuspect7 waste 
h - l e v e l  waste lines (Kmstly 1-in. to em. stainless S W )  cany liqLlid-radfOadtve 

Manp of the process-waste lines Qlostly &in. to &in. vitreous clay 

1.4.6 Hydrofracture 

tls part of waste disposal operations conducted at ORNL, wasfes were injected into 
low-permeability shale about 300 m Mow ground. The process. bwn as hydmhcture 
injection. was conducted during the 1960s through the 1980s. Radioactive aastes were 
mixed with grout and other a d d i m  to f o m  a slurry then pumped down inj 

=m0%3 
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and into the Pumpkin \‘alley Shale formation. ‘&e u u t e  mirrnlre h d e d  harizontally 
h m  the injection well to form a solid grout sheet 2-25 mm thick with a radius of 
1-200 ~ A d ~ t i ~ i n j e c t i o n s w e r e m a d e i n u , ~ s h a l e f o n n a t f o n a t s l l g h ~ s h a n o w e r  
depths in order to d q x x  of the waste volumes. About 3.2 million gal of lm-levei 
radioactive wastes containing 1.4 million Ci of radioactivity were disposed of between 
1959 and 1984 at deptbs between 225 and 340 m V a l e  1.4). 

Tbe Hycfrof?acture ExpeAment Site 1 is located within the boundary of WAG 7 and 
was the site of the first experimental injection of gmut (October 1959) as part of a testing 
program for observing the fkacture pattern CTeated in the shale and iden- potential 

consisted of diatomaceous eafth and cement 
The Hydrofracture €kperiment Site 2 k loatled about 0.5 mile south of the Hmm- 

geneous Reactor Experiment area in WAG 8. The second fiycfrofracture experiment was 
designed to cfuplicate. in scale, an actual disposal operation. Hmvever, radioactive tracers 
were used instead of affual waste. Water taggd ~ith 137 Cs. cement and bentonite was 

The Old Hydroftacm Facility is located in the souhast comer of WAG 5. ?he 
facility, commissioned in 1963, served as a pilot plant to demonstrate the f- of 
permanent disposal af liquid-radioactive waste in impermeable-shale formations by 
hydrofracture methods. Wastes used in the eqxmnents included concentrated bp id  
low-level waste %, lnCs. 244Cm, TRU, and other unidentified radionuclides. 

Faduty on the south side of Melton Branch. ?he fidity was constructed to replace the 
Old Hydrofracture Fadlity and serve as the operational liquacl low-level waste drsposal 
system for ORNL. Wastes used in the injections were amcentrated liquid low-level waste 
and sludge removed from the Gunite tanks and induded %. 137Cs, =Cm. TRU. and 
other nuclides. 

The hydmhcture problem area includes anfy the underground component at the 
four sites. It consists of the wells, grout sheets and contaminated subsurface media and 
about 150 observational wells. The latter were used to measure changes to the geology 
around the injection site and most of these weIls do not penetrate the grout s k s .  

For the purposes of the TLD, the problem area was divided into two subprobiems: 
the well bores and the grout sheets. The well bores though not a waste site. present a 
potential pathway for vertid migration of any mobile waste from the grout sheets to 
aquifers above or below the grout sheets. Tfie grout represents a potential waste site 
because the potential e&ts that some of the waste may not have been immobilized with 
the grout or that a phase separation of the grout mixture m q  have left a liquid sluny 
capable of leaching or migrating to an aquifer. 

operating problems. waste injected was water-tagged with 137cs and l4lCe. Grout 

used in formLdating the grout. 

The New Hydrohctllre Facility is located 900 !I southwest of the Old 

1.4.7 Soils and Sediment at ORNL 

Soils and sediments act as receptors of contaminants released to the terresnial 
envFnonment- Redominare modes of contamination result fiom spills, leaks from waste 
storage tanks and associated transfer lines. and uncontroned WM practices, such as 
disposal in unlined lagoons and burial trenches. ?he concentration and chamcur of 
contamination vary widely (Le.. radionuclides, h- metals, as well as M o u s -  and 
taxic-orgamc compounds) and are largely dependent on the hfstorical operatians 
conducted at ORNL For example, there is a potential for contamination by a specaum 
of fission and neutron activation products bemuse of the wide diversity in fission 
research conducted wer the nearly 40 years at ORNL. Thts is unlike the other DOE Oak 
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Ridge Operaticms sites. where radioactive contamination is g m d y  limited to U and % 
in the uraniummrichment and processing indusuy. 

Due to the chax@ng mission and needs of the laboratory. the management of hquid 
and solid wasfes was genera.& one that Involved considerable flexibility. In the eartp to 
late 1940s. high-level hipid wastes were treated with caustic and held in large Gumte 
tanks to allm for dudge SettUng and decay of short-lmed radioisotopes. Supernarant 
from these tanks were diverted to settling basins and dscbarged to the White Oak Creek 
impoundmerrr- In 1949. an evaporator was added to reduce the volume of liquid vmste 
stored in the Gunite tanks. Storage space in Gunite tanks became limited. and in 1951 
direct disposal of hgh-level liquid waste into drsposal pits began. F'rom 1951 to 1966 
about 42 miliinn gal of radioactive-liquid waste mntainmg about 1.2 million ClIties were 
disposed in seren Seepage pits and trenches. Mu& of the short-lived activity has decayed 
leaving an estimated 200.000 ci of%r, 600,000 ci of '%, and much smallex amounts 
of U and TRus.8 A limited and unknown portion of activity has leached fbm thse  pits 
andtrenchesammnmatng soils and sediment ofthe White Oak Creek impounrimpnr_ 
Luw-level solid and 4uld wastes have also been disposed of in unlined waste pits 
trenches, and lagoons. resulting in the contamination of underlying soils as Wen as the 
floodplain soils and sediments of the White Oak Creek impoundment To mughly 
estimate the quantity and characteristics of contaminared soils and sediments present 
at ORNL, each area containing potentially contaminated soil and/or wiimem is 
discussed b h .  

1.4.7.1 Contaminated Soils in Low-Level Solid Waste Burial Grounds 

Soils contaminated as a result of low-level solid m a t e  disposal operatiom are 
predombakly thse in contact and adjacent to the unlined burial trenches. 'Ikammx 
of these soils may be mqured ifwastes from these bemcbes are remwed off site ?hts 
scenario Is bang eonsideredbut is udikelyto take place in the next 10-20 years. S m m  
sites at ORNL have been used for disposal of l o w - l d  solid mtes .  All but one (SWSA s] 
are closed to actfve burial operations. n?e total surface area for a l l  seyen is ahout 
130 acres.g Ifom assumes about one-half of that area cantains trenches (14 ftby 40 ft 
and 15 ft deep with6 &by 12 ftbetweentrenches). then an estlmate for the total number 
of burial tren- is about 1800. The Contamhakd soii surrounding these trench= 
would be on the order of 2.2 x 105 yd3, ass- contamination is confhed to Mthin 3 
R of the trench. obviow. such an estimate is subject to a large error ('by fictoxs of 
lCrlOO), depenQng on cleanup levels and acessibility o f  contaminated Son after 
removing the mste forms. The main point to keep in mind is that large volumes ofsoil 
will likely require treatment if wastes are r e m d  from these burial grounds. 

1.4.7.2 Contaminated Soils Surrounding ORNL Seepage Pits and Trenches 

Large guantitfes of radiaactive-liquid wastes have been dispsed of in the ORNLwasre 

association between 1 4  of observed in stream-bed sediment ard 
discharge€iumxhewastepits and trencheswas difEcult to ascxzbh. Pit 1 and- 6 
are the only idmtifiable sources of =Sr contamination in stream-bed Sedfmentlo 
Concentrations of %r on stream-bed gravels routinely measured >220 pCi/ in tbe 

were measured m stream-bed gravels ixnmediakly to the east of Trench7. These 
concentrations of likely reflect transport of wCo obserred by Duguid in ground- 

pitsandtre!nches(-42 x 106 106Ciofactfvity).6However,adfrea 

streams draming these two sources. very large concentrations ofaCo W . 5  x 1 d pci/gI 
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seeps east of Trench 7 (concentrations > 100 pCi/mL). l 1  Concent ram of % OT 

% in sdace soils or reht-Con- subsurface soils adfacent to 'Iknch 7 have 
not been rqmned. Thus. it Is difkult to determirre the extent of con- so that -= dating to the quantities of contaminated soils in the  an be 
cw . a ~Bemuseofthehighafanirpof'=-U)becomeirreverstbhrsarbedtothe 
iIlidtic Sod ChJ% MU- to thfS coataminated surface soils are rarely 

- w  eU The one exception appears to be sods and stream gm& 
downstream from Trench6. This trench w a ~  c o n ~ h c t e d  in 1961 in the absence of 
geologk advice or preconshction coring and water-table monitoring. It was uSh.aped. 
and only snail portions of it were pp=dmhr to the geologic strike as pmsmbf2d inthe 
-5 desigu. Its use was discantlnued about m e  month after it received ik b t  
waste. m t  seepage containing %r and lnCs (-20 mr/h) was detected soutfi af 
the trench indicating serious leakage through open fissures concentratiam of 
r a d i m t y  in soil or estimated guanaties ofsoil mtaminated by the seepagewasnot 
reported in Spalding's 1987 repon' 

The need for remediation of soils and sedimenrs within the ORNL =epage pt and 
trench waste grouping area will depend on two major factors: (1) the approach used to 
remediate the pits and trenches and (2) l& of cleanup established for soik and 
sdments Obviously the most impcmant remediation effort will be directed at the m t e  
pits and frenches perse: however. groundwater. aswell as surfacewateramhmimtim. 
will likeiy cmtinue until relict-contarmnated subsurface soils immediately adfarr?nr to 
these waste disposal sites are remediateti. The quantity of contaminated soil as Was 
tbe 1- or farms of contamination. are not clearly understood. 

1A.7.3 Contaminated Soils Under Waste Impoundments 

Unlined fmpoundments have been used at ORNL to collect. treat. and in sune 
instances. chspcse of liquid wastes. These i,mpmdments, also called wasfe basim or 
mds. represent the earliest fonn of WM at the laboratory. ORNL has used at least 11 

3513,3524.3539, and 354-0 fmpoundmenrs located in WAG 1; the 7905.7906.7907. 
and 7908 impoundments located in Melton Valley for the conection of liquid waste fhm 
the High Rux Isotope Reactor and Transuranium process Plan; the 7835 ixIxp0-t 
located in WAG 5: the 785% or the Old Hydrofracture Facility impound.ment (tbe Old 
I-Iydrofracarre holding pond): and the Homogeneous Reactor Experiment impomdmmt 
(Homogeneous Reactor Experiment No. 2) located just south of Melton VaIley Drive The 
taA> largest impoundments are 3513 and 3524 (design capadty of 2 x 109 gal and 
1 x 109 g a ~  respectively). The bottoms of these impoundments are veiy near the 
limestone bedrock (usually within 2 R and in the case of the 3524 impoundment on 
bedrock at the west end). Thus, soil contamination ts predominately that sail making up 
tbebenns of the impoundments and the surfice soilbetween the impoundments and the 
White Oak Creek. The surface area within this complex (less the area a€ tk 
f m p o u n e )  is -1.3 x 105 ft? (3 acres). Ifme assumes a soil depth of 15 ft to bedmck. 
the total vohrme of contaminated soil in this area would be about 7.2 x l@ j&. The 
daminant amtaminant, fudging from concenaations in ground-water monitaring m d s .  
would be %r. There may be unacceptable levels of mercury in same of the 
sediment m the 3513 pond contained EP taxic l& of extractable rnmcu~y.~' 'I~Is 
Sediment in the 3513 impoundment will likely be classified as a mixed mte. 
Characterization of sediment contained in all of the ponds was axnpkted More 
promulgation of the Toxicity Charaderistic P r d u r e  to identi@ taxi- of 

waste m d m e n t s  to d l e c t  liquid 10~-level radioactfve These i&~& the 
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organic compounds in wastes: thus. it is likely that all the sediment from these 
impoundments (and p w b l y  the soils below and adjacent to the impoundments) will 
require classification by the Toxicity Characteristic Leacbing procedure test. 

The impoundments at the High Flux Isotope Reactm and TRU sites (7905,7906, 
7907.7908) are relattVeip small (total capacity e 8.5 x 105 gal) and have e 2 Ci of activity 
in the sludge of sediment canrained in the bottom of the impoundments. Total volume 

be <lo3 yd3 and, judging fiom the cancentrations of radionuclides in the sludge, 
concentrations of radionuclides would also be low. 

The 7834 impoundment was used to contain and settle process-waste sludge 
genera~attheORNLProcessWaste?2eatmentPlantTherrlspoundment(85% 8 O x 8 A  
deep) was constructed in 1976 and taken out of service tn 1981. Characterization by 

(predamtnaw %r. '%s with -1 Ci of 6oCo) in a very lowdensity sedfment (domfnated 
by an organic resin]? Eane assumes soil cantamination IS llmlted to a distance of4 A 
around and below the impound men^ the volume of potentially wntaminated soil would 
be on the order of 2.5 x 103 yd3. The Homogeneous Reactor Fxperiment impoundment 
was drained and backfined with soil and partially weathered shale in 1970. The ground 
water has been monitored, and the sludge/sediment bas been characterized as to 
concentration of radionuclides and metals and its EP toxicity characteristics.'4* l5 The 
radionuclide inventorp -90 Ci (- 75 and 15 Ci of %r and lmCs. respectively, with 
traces of plutonium isotopes) with some samples can- 5.4 x 104 and 3.9 x 
105 pCi/g of *37Cs and %r. mspedWely. The volume of contaminated soil/sediment 
within the original pond areawould be about 14yd3 and about 6 times that ifsoil under 
the asphalt cap were removed to a depth of 10 R 

The Old Hydrolkaccure Facility impoundment contains the largest radionuclide 
inventory of the ORNL impoundments . The estimated inve!ntoxy is -15OCi and the 
sludge/sediment (on a dry-we@t basis) would be classified as a Class C waste under 

le pCi/L) in ground water sampled h m  the well in the narthwest berm indicate that 
considerable contamination is moving out of the impoundment Surface soils down- 
gradient, as well as those between the pump house and impounmt .  showed elevated 
rad levels. indicating considerable cuntamination of soils at this rmpoundm e n P  These 
data indicate that estimates of surfacesoil contamination map range to as high as 
1.5 x 103 yd3 and about 0.5 x 103 yti3 of contaminated soil beneath the contaminated 
sludge contained in the t 

of contaminated soil after remema '. tion of the sludge in the impoundments is expected to - 

R-ands and Sealandl3 the impOWdment contained -2OCi Of actMty 

Nuclear Regulatory commiss w c )  , g u l a t i o n ~ . ~ ~ ~ ~ ~  iepels of 9osr (3.8 x 

1.4.7.4 contaminated Sediments and Floodplain Soils 

Most of the contaminated sediments in the ORNL area are in the Intermediate Pond, 
both White Oak Creek and Meltnn Branch weirs, White Oak iakP_ and White Oak Lake 
Embayment of the White Oak Creek watershed. Contaminated floodplain soils are also 
located along tributaries of White Oak Creek. 

The contaminatd sediments and soils belong to WAG2. The White Oak Creek 
drainage system has been exposed to a diversity of contaminants as a result of operation 
and waste disposal acthlties at ORNL during the past 47 years. 

TheIntenn~tePondwasu,serveasasettlingbaslf~radionuclide-con~ted 
sediments released from ORNL and traveling down White Oak creek toffard White Oak 
Lake. The bed of the Immnedn te Pond covers an area of about 8.3acres. and the 
average depth of contaminated sediment is 1.6 R6 Thevolume of amtaminat& sedimenf 
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mthepandb abouK2.1 X 1O4yd3. SeVeIl Se&leXlt SaIllDles taken at the areahave % 
(54-680 p-C€/@. (1- Ki/g). 137cs 1 X 10' pCi/g), and mor amuunk of 
1% (0.&82 pCi/gl and TRU radionuclides. 

The estimated area of contaminated sediroents deposit above the white oak creek 
a d  Melton Branch weirs is 0.6 acres. The Folume of c = o n m t e d  the 

for 
the white Oak creek and Melton Branch weirs6 The average c o n & n t r a ~ ~  
m m , & % r w a s 3 . 6 x  103.61.0. 1 7 7 p C i / & r e ! s ~ , i n t h e W h i t e O a k ~ w e i r ;  
and 50.1.0 x 103. 17.0 Pci/g, respecttdy. in the ZWmn Branch weir. 

volume of contaminated sediments in the iake is 5.6 x 104 yd3. 0- et aL. 1982. 
estimated the radiological contamlnants in the White Oak Lahe: 14.6 Ci %. 152 ci 

The area of the embayment at the slrrmnpr pool level is about 8.3acres ?be 
estimated v o w  of contaminated sediments in the embayment is 5.2 x 103 yd3. Tbe 
estimated inventom of radionuclides was 6.6 Ci '=Cs and 0.06 Ci mocO with & 
amounts of 9. 241Am. 244hn. 

Contaminated soils in the floodplain occupied an area of - 40 acres. me estimated 
volume o f  contaminated soil in the area is 6.3 x lb' yd3. Average activities of lnCs was 
3 x 103 @/g. 

The estimated total volume of contaminated sediments and floodplain soils is 
1 . 5 ~  16~~. -weight ofthe total sediment and soils is 3.3 x 10%. Inventmy of 
sedfment and soil Fvetght was calculated by assuming a bulk density of 1.3 urn3. 

weirs is 2.9 x 103 yd3. Loar presented data €ium common radiological con 

 he curre~lt estimated surtace area of white oak ~ake is 17 anes.17 me 

6oc0,704 Ci '=a, and 1038 Ci 1% 18 

and 234==u.19 

1.4.8 Ground WatefBurface Water 

This problem areaincludes aII groundwarerandsurhcewaterwithinORM, Ground 
water indudes the fkshwater aquifer and deqer-salfne aquifer systems far Bethel and 
Melton vaReys. Surface water includes White Oak Creek and Melton Branch and their 
tributaries. White Oak Lake, and the Ground-water seeps. d c e  and 
subsurface starm flow, and water in the -ted zone are also included in this 
problem area.. 

Three WAGS are located within Bethei Valley WAGS 1 . 3 ,  and 17: Meltan VaIIep 
encloses WAGs 4 . 5 . 6 , 7 , 8 . 9 ,  and 10. WAG 2 s d c e  water lies in both Bethel and 
Melton Valleys. 

In addition to natural drainage, White Oak Creek has receiwd treated and untreated 
efnuents and reactur-cooling water fkom ORhZ actMties since 1943. ConWed reieaseS 
include those fkm the Nonradioactive Wasmmter m t m e n t  Facility. the &wage 
Treatmentplant andavarietyofprocess-wasteholdingpondsthroughoutthe~plant 
area. It also receivles ground-water discharge and surface drainage h m  WAGS 3.4.5.  
6.7,8.9.  and 17. Major contaminants in white Oak Creek are %r, %o. % and 
metals (cg, mercurv. zinc, and chromium). 

White Oak Lake is a surface impoundmmt fix radioactive and other hazardous 
wastes that drain ORNLvia the White Oak Creekviatershed. I t  also serves as a fh l  
settling basin for wastes released from OFWL operations and waste storage areas. 

Ground water and surface water are cunaminared from contact and leaching with 
subsurf;ace wastes.  The types and concentrations of amamimnts vary; a summaxy list 
of contaminants is presented in Table 1.1. 

The limited interaction between the fnshmer/sal.ine water interface is midenced by 
the chemxal (Ca%, NaHCO,, and NaCI) stratification with depth. A d d i t i d  
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confhmion of limited interacrion is the Fariation of tritium concentration with depth. 
data shows that tritium is cnnfined primarill to the shallow ymem. 

Ground water/surface 
water 

seeps 
Balance 

Buried pipelines 

1.4.9 Priorities 

5 
2 

1 

priorities for remediabng the site problem areas discussed in the precedmg sections 
are presented in Table 1.5. The priorities were assigned on the b a d  of the potential for 
releases of contaminants to the enviranment For the tanks soils/sedimen~ and ground 
water/surface water problem areas, tm priorities were assigned to amount for 
differences in the potential far release within a sped& problem area. 

- 

Table 1.5. Randal action site problem ~ r b d t h  

Site Problem I -w 
Buriedwaste I 5 

pits and trenches 3 

h - l e v e l  waste tanks i7-r 

QHighest priority designated by T 

primary source of releases 

Releases alreadyhappened. 
contaminants locked up 

Structural integrity questionable 
Smallervolume/tankstntact 

Moving off site 
Remain in Place 

Hot spots identified 

Not mobile or a major padmiy 

Some leaking amtaminan= 

Migration not an issue 
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1.5 ORNL ROADMAP 

1 S.1 Introduction 

The slmtegic Roczdmap fm the Oak Ridge * is a generahd p- 
document that identifies broad categories of issues that keep RNL outside 
compliance with the law and other legally binding apmwms.20The 5 ategiclbudmp 
fwtheOakRidgeRe5mahm identifies possible genaic paths to compliance, issues. 
the schedule for resolution of the issues. The role of the Oak Ridge Natimai kborm 
TechnoroSy bgic Diagmm W) is then to identify @c site issues (problems), identi@ 
spedfic tedmohgies that can be brought to bear on the Fssues, and assess the c m m t  

schedule commitmem 
RegulataryrecpimnentsandwmmitmentsamtafnedintheStrategicRoadmrrpfix 

theOakRidgeResavaaon . are also included in the TID as canstraints to the applicatim 
of immature technological dutions.  Some othemise attractive technological soluticms 
may not be employed because they may not be deplqable on the schedule e n m r # l  
in the regulatory agreements. Conversely, negotiators in the process of deflningregulatary 
agreements may fiuitfdly take cognizance of the TlD assessments in order to schedule 
remediation milestones that allow the use of cheaper. faster. better. or safer technologks. 

The roadmap for ORNLincludes a list of comprehensive logic diagrams for RA of low- 
level,radioactive-~hazardous,sani~andlndusnialandTRUwastesattheORhZ 
WAGS. The roadmapping process gives comparisons ofthe installation as it exists to the 
way the installation should exist under full wmp- The goal of roadmapping allows 
accurate and timely fixmulation of activities. The foIlowinginformation is excerpted frcnn 
the StrategiCRoadmnp for the OakRidgeResmahm - 2 0  

status and feadfness of these! remediation kchnol- within the constraints of the 

1.5.2 Roadmapping Methodology 

The roadmappfng methodology is divided into nine steps and covers three 
phases-assesmnt. adpis.  and issue resolution. 

The asewwnt phase identifies the currau status and background of tbe 
installation. This phase is accomplished in four steps: (1)identifyfng installakn 
assumptions that provide far the conduct of envhmmmtal management (EM) activities 
(2) identijlng regulations and codes at federal. state and local levels. DOE orders. and 
other agreements that DOE is responsible to comply with; (3) descrfbing those DOE 
commitments. which include Inter-Agency 7 and FFAS: and (4) preparing a 
schedule that includes all axnmitments with aIl arrrent€y budgeted and forecasted 
activities. 

The analysis phase identifies key issues and actions needed for resolution. This 
phase is accomplished in four steps: (1) iden- issues that prevent the instahticm 
from accomplkhmg EM objectives: (2) analy&g issues to determine the root causes: 
(3) corrverting issues to needs for the resolutian of fssues and the identiilcatian od 
activities that satisfy those needs: and (4)preparing the schedule for the desired 
activities. 

Theissue-resohrhon * phase merges the issueresolution activities with ongoing and 
planned activities as the ninth and final step. Speufic recommendations for 
modincations. additions, or deletions to current plans are foxmulated and captured in 
ActMty Data Sheets or are forwarded to DOE Headquarters for resolution. 

A "Revised Roadmap Methodology Document" was issued in May 1993. 
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1.6 ORNL RA STRATEGY 

~ 

The ORNL ER program addresses ern-imnmenral contamhation problems at ORNL 

Restomrion The plan identifies approaches to meet the requiremen IS of the 
FFA for the ORR The approach promotes early M y  selections,~eabiliQ far l%% and 
wntingenaes m react to new information discovered during investigations and is based 
on the f d m q  premises: 

w~~ with the Oak Ridge Resehvrnon ' ! % t e m T m g e m e n t P ~ f w t h e ~  

1. 

2. 

3. 

4. 

5. 

operable units (OUs) consisting of * 'an unit groupings have been irmany 
i d d e d  for ORR These OUs will pn>ceed through the formal CERCIA process 
e n a m p a n g  investigatian field aafvities, the selection of the appropxiaw RAS. 
design and construction, and unit-monitoring activities. During the perfornrance: of 
the remecffal investigation phase. the initial OUs may be further subdtvi&d into 
additional OUs or combined to best expedite the identification and implementation 
of the remediation alternatives. 
RemoFlal actions will be unden;aken to protect human health and the emimment 
h m  an lmminent threat in the short term &e.. the planning period prim to snitiatinn 
of action is less than 6 monthsf. Interim R&i may also be taken to stabilize a site. 
prevent f irher degradation, or achime significant risk reduction quickly [Le. while 
theremedzal . investigatton/feasibilitp study to support interim or final nnxdy 
selection is under way]. 
Unit characterization wlll be planned on the basis of optimking field sampfing and 

* g use of available data. In cases where suflicient histarid data exist to 
suppan or eliminate potential remedies. these data on the OUs FFin be ZLSed to 
converge early on RAs based an probable unit conditions. Measures will be 
f m p f m  to effectively manage the unaxtam - ties where the unithasnotbeenhlly 

assessment/site inspection will be performed on units mwly A p ~ d m m x y  
dhxmred or not already induded in one of the existing OUs. Fdowing the 

assessment/site inspection. these units will be classified as --no P- 
further &tigation, requiring immdnte action to stabilize the area and prwide 
canrroiled access, or requhing further investigation (remedial inves@jatian/feasbility 
studyj. Units requiring hrther irrvestigation may be added to an adsting OU or 
~ombinedwith other units to create a new OU. 
RemediationofmanyORRwastesitesposeschallengesunllkethoseencounreredin 
cleanup oftypical Superfund sites. For example, many of the sites bave radjoactive 
as W as hazardous Contamination. which limits the corn- asailable 
treatment methods used at other Superfund sites. Excavating and treating same 
radioactive wastes may pose unacceptable risk. leading to the fresuent use of 
cansaiidation and containment r a n e d ~ ~  . Thus . f lna l r emed ia t ion~esdmos t  
likely be longer than those encountered at other Sup-d sites and involve interim 
actions to reduce the risk to human health and the environment until the final 
remediation. 

- .  

. .  



The current RA strategy at ORNL Is oriented toward WAGS. which are consistent- 
ous. The acmities for each of these WAGS provide for 

0 a r e m a  investigation/f~ibility study. 
0 .  intel-imcorrectlve measms or removal actions. Recwd of Dedsion/Inkrjm R e a d  

OfDeCMcYn and 
finalsite- * 'on for the WAG. 

) 

9 

The remedhl ixvestigation/feasibility study process represents the methodolorn hr 
characterkhg the nature and extent of risks posed by WAGS and for evaluating poteuxial 
remedial optians This approach is a dynamic. flexible pn>cess tailored to the speufic 
drcumstan~ of each of tbe WAGs. Due to the uncertainties inherent with each of the 
WAGS (e&. sitebydrogeology. extent of contaminallon). an 'observational approach- 
workshop was conducted far each WAG. The okmat ion approach workshop is a 
technique for recognizing and managfng uncertainty and hcludes 

preparing =tingemy plans; and 
monitoring the &&iwness of the RAS to protect the human health and 

obtaining WAG data suf6dency rather than data completeness; 
focus ingcharam tim efforts to support or eliminate potential remedies: 
collverging early on RA alternative(s) based on probable canditions; 
iden- reasonable deviations from the RA a l k m a W s ) :  

environment 

Scoping is the initial-phning phase of the remedial investigation process. and 
begins with the collection of existing site data. T j p d  -ping activities include 

review and ana@is of adsting data for each ofthe WAGS: 
determining the RAobj- and identifying the data and other information n e e h i  
to support those objectives: 
preparing the work plan. the sampling and ana@& plan, and other prwject 
documentatian: and 
determirring overall project management straqg with the governmental agendg 
(e.&. EPA TDEC, and DOE). 

A scoping meeting wiU be held with the regulators prim to initiation of the mmedial 

site characterrza * tion activities are then inithkd soon after. including field sampfing 
investigation to agree upon the sampling and analysis plan. 

and adysis. ThLs datadlbeused to 

charaderize the WAG. 
prepare a risk assessnent that identifies the erdsting or potential risk posed to 
human health and the arvironment, and 
evaluate potenti=ri RA alternatives. 

lllesealtgnatzves . are developed to address the contamhat& medium (e.g., graund 
water). a speafic afea of the site (e.g.. a waste lagoon or hot spot). or the entire WAG 

After the RA alternatives haw been developed and assessed. the feasibility study and 
associated NEPA dommmtah 'on will be prepared. Dunng the feasibility study. th 
dwelopment o f m  alternatives are more fully anatyzed and screened. The saeening 
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process is based on the &on- and long-rerm aspects of three Sroad criteria: 
& m e s s .  implementability, and axt The Proposed Remedial Actim Plan and the 
Record of Decision are also prepared during the feasibility study. 

Due to the size and compladc of these WAGS. they may be divided anto OUs at the 
cornpierion of the Mtial site characterization. Each OU will move through a mnedial 
investigation (if required). a feasibility study, Record of Decision and rezaecEfation as 
s q a m e  units. Coordination between OUs mdl  be maintained a h  WAG l& so that 
mndiation strategies for OUs will be cnmpatible with remediation o b j e c m  far the WAG 
as a whole. 

m interim corrective measuns or renoVal 
aaions will be conducted if r a p r e d  to protect human health and tbe exmhmmmt. 

in the WAGS will be contained, removed. or treated. 

Prior to completion of fhal site remedrati - 

cc . * n r e s u l t i n g f r o m ~ o f ~ o u s c o n s t i t u e n t s ~ m c a n r a m i n a t e d s i t e s  

F d  site remediation activities for a WAG. ifrequired, will fnclude 

e prehmlnaryer@=i% 
e ranedial design, 
O R A  

dca t ion ,  
1cmg-termrnonitoring.and 
operationandmaintenance. 

1.6.1 Sbtus of RA Activities at ORNL 

ER acttvities for inacm con- sites at ORNL were initiated in 1985 under 
the auspices of the Remedial Action PrOgraxx~~  As determined by the EPA the regulatary 
d r h ~  for the RA Program was RCRA RCRA requires implementaff on of (1) a amqdian~e 
monitoring program, (2) a correcth actim program. or (3) a detection monitoring as 
appmpriate [40 Code of Federal m o n s  (CFR), Part 264, Subpart Fl. Consequently, 
the RA Program developed an approach that was consistent with RCRAyt reileaed the 
uniqueness of the problems and p h p d  setting of ORNL. 

initially. the RA Program established a strategy that was consistent with thevarious 
federal and state laws and regulations and DOE orders relevant to the e o n  of 
cantaminated sites at O m 4  Activities m m  initiated with a RCRA Fa&W Assessnent 
for OR\% followed by the development of the remedial feasibility invesrigatian or the 
randial investigation plan for each WAG established at O m  By 1989. m t  a f  the 
~ f e a s i b i l i t y i n v e s t i g a t i o n s a r t h e ~ i n v e s t f g a f f o n p l a n s h a d b e e n ~ e t e d  
and s u ; O m i ~  to EPA for approval. Tlre remebl * investigation Plans for WAGS 11 and 
13 were completed and submitted to EPA in December 1990. 

Subsequent activities affected the RAPrOgram. First. DOE established a natianal ER 
Program which was mimred by Energy Systems’ establishment of a central id ER 
Program and the concurrent creation of an ORNL ER Program. The OR?& ER Program 
replaced the ORNL RA Program. ?he secand activity was the e s m  tafanFFA 
bem-txn DOE. EPA, and TDEC effective Jan- 1, 1992. This docummt farmahzed - a  
proaxhd framework for developing, fmplememing, and monitoring apprapriate response 
actions in accordance with CERCTA, the National Contingency F%n5 RcRk the NEPA, 
Tennessee State law, and appropriate guidance and policy. The framesd far response 
actions at contaminated sites incorporates a range of potential adhities identified in 
section 1.5. Also, the FFA contains speafk requirements for the low-led radirzacttve 
tank s_vstems at 



t 
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Aremedial investigation was performed for WAG 1 follmmg EPA g~&& developed 

to meet the requirements of CERCLA Phase I field activities were initiated in 
1989 and three repons (Site Characterization S w  Repoh P r t a ~ ~  
Assessment Report, and operable U d t  strate@ Document) submitted to EPA and 
TDEC for review and comment in September 1992.= Based 011 these documen&, a 
rnrmber of OUs have been idennfied, includfng the Gunite and assoczated . tanksou, the 
slnface impoundment OU and the shallow ground water OU. Rexxdkd a l t e ~ ~ m  
bedeveloped for the Gunite and associated tanks OU and the surface impoundments OU. 
&cause of their high priaity, appropriate technologies are needed to address the current 

WAG 2, composed ofWhite Oak Creek and its Mbutaries and assodated floodplains, 
acts as a conduit for wmamhants from up-gradient WAGS. Consequently, the WAG 2 
RanedialInves~tionPlan'wasd~opedandapp~byEPAandTDECthatisbased 
m short-term monitonng activities. followed by final remediation after the up-gradient 
areas or WAGS have been mx&iakL The objectives for the short term are as follows: 

problems assodated with these two ous. 

1. 

2. 

1, 
2. 

3. 

preliminary surveys and sampling to determtne hot spots (discme areas of significant 
contamination that may need imerim corrective measures to protect the public or 
environment). identify areas where additional data are needed. fill data gaps for the 
h t  round of risk assessment. and clearly delineate the b o w  of WAG 2: and 
implementation of a multimedia environmental monitoring and characterization 
program to (a) define and munitur the input of contaminants fram adjacent WAGS, 
(b) characterize the hydrology d t h e  White Oak Creek system and support a mass- 
balance approach to deteminirg sources, sinks and transport of ontaminants in 
WAG 2, and (c) establish the basis for detmnbing long-term trends in contaminant 
levels. 

Long-term objectives of the WAG 2 remedial investigation include 

definition of the nature and extent of contamination in WAG 2. 
quantification of any risk to human health and the environment resulting from the 
contamination, and 
preliminary evaluations of potenrial corrective measures and RA altemattves for the 
OUs in WAG 2. 

A remedial feasibility investigation was implemented for WAG 6 to meet the RCRA 
cmrective Action Program schedule agreed upon by DOE. EPA and TDEC for the 
remediation of WAG 6.'  he schedule CAM for completion of the remediai feasibility 
investigation by September 1991 and closure and flnal remediation of WAG 6 by 1997. 
FWd activities for the rcznedd feasibility investigation commenced in Deember 1988 
and were completed during the summer of 1990. The femedial feasibility investigation 
report was submitted for regulator mew in September, 199 1. Subsequently. a feasibility 
study/environmental assessment was prepared and accepted by EPA and TDEC. During 
a public hearing on the proposed remediation, strong objections WIT recefved related to 
the cost and temporary nature of the action. A s  a result remedial activities have been 
delayed and a monitonng plan is being developed to monitor contaminant discharges in 
ground water fiom the WAG. Additionally, the development of tdxmlogies needed to 
address the remediation of buried wastes in WAG 6 have been expedited. 

Except for the initial remedliil inastigation plan completed in 1988. ER remediation 
aaivities have not been scheduled for WAG 7. A technology demonstration of in situ 
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ViMCarion 0 is planned for a part of Pit 1 and a Trearability Study Work Fbn is bemg - 
prepared far submittal to EPA and TDEC. 

TheinitialFkmednl * Investigation implementation Plan for the WAG 10 mmedial 
investigation w s  prepared in March 1990. The S a m p h g  and Analysis P b n  cuqmxzx 
oftheRmnebl IrrvesngationImplementationPIanuasrwisedbasedon~reriew 
commems and resubmitted to EPA and TDEC in June 1992. Responses to regulatorp 
comments on the r a d  Sampling and Adpis  Plan were prepdkd and suhirted in 
June 1993. ?he near term objective for the WAG 10 remedial i n v e s t i m  fnvdves 
-n of existing hydrofracture w4.k and bore holes. Information adletxed 
through tbis characterization work will be used to d d o p  plugging and 
techn4ues for the various WAG 10 wells and bore holes. 

A Remgdial Investigation Work Plan was completed and submitted to EPA and TDEC 
for approcal In 1990 for WAG 11. An intexim RA has been implemented to mil#lr_ 
segregare.- . and remove the contaminated surface debris h m  the WAG. "I& 
actian ain be h a h d  with the issuance d a  p o s t c o ~ c t i o n  report At so= tfme in 
thefutllre.theremedd investigation leadmg to the final RA for the site will be 

TheFandlaI ' lrrvestigation Work Plan far WAG 13 u w  completed and sutrmittPn to 
EPA and TDEC in 1990. This WAG includes 13 cesium ueatment plots used to simulate 
nuclear weapons fallout and four of the plots have been determined to emit h t e d  
leveis o f  gamma radiation, which poses a potential threat to human health and the 

contaminated soil and transport it to WAG 6. The fbal remediation of WAG 13 will be 
Implememd at some time in the future. 

environment consequently, an interim RA is tlang tnttiated to excaMte cxsium- 

1.6.2 Surrrmary of Major Committed Milestones 

ERmktones are negotiated annuallywith the regulators based upon DOE fimding 
and priarity cansiderations. These milestones reflect activities initiated in the past and 
suppon aaivities planned for the long-term. Majar negotiated milestones for fiscal years 
1994 and 1995 are shown in Table 1.6. Milestones are identified by site OUs and W u d e  
monitonng plans, remedial fnvestigation/feasibility study reports, designs, and pastcon- 
structim repons. The relationship between these milestones and remedial activities ar 
theWAGsarediscussed insect. 1.6.1. 
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Table 1.6. Fiscal year mftestnnes negotiated with TDW 

Sfte/Oud Deliverable Date 

WAGC 1 

WAG 2 

WAG 6 
WAG 7 
Wffill. 
WAG 13 
cnnmdwater 
AcllrrLltW'ti3IlkS 

WAG 1 

WAG 2 

WAG 5 

WAG 6 
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2. DESCRlPTlON OF THE TECHNOLOGY LOGIC DIAGRAM - - ? ? $ I  

21 PURPOSEANDSCOPE 

The purpose of the TLD is to provide a plannmg document for D W ,  DOE operaring 
contractors, and private industry that relates the Emironmental Ftestoration/Wase 
Management (ER/WMl problems at ORNL to the technologies that can be used to 
remediate these problems. In doing so, the status of each potential remediatiQn 
technology is eduated. This is a signftlcant focus of the diagram preparation. 

Several important aspects impacting implementation of each technology are folded bm 
the evaluation so that the appropriateness of each techmlogy can be evaluated: 

1. Potential efEicaq of the technology4ow sucussful will its application be to the site 

2. Level of maturity of the technology-when can it be applied to site problems? 
3. Level of WM required for the technology+vhat w a s h  are generated as a result of the 

problem? 

use of the technologj? 

The TID adchsses the enforceable compliance and cleanup agreements that k 
designated timecables for ameliorating the specific site problems. For potentially a- 
but immature tedmologies. or those for which impnmmmt paths (which make thun 

development activities. 
Because of dbrceable compliance agreements. DOE is bound by Executh~ order 

12088, which requires the Secretaxy of the Department of Energy to submit a plan ami 
request suffldens fun- each year to comply with federal mut ion  control standarctr 
"his document FFin aid in the annual planning and budget submittals. 
This documentwill address all RAproblems that himebeen idenmed at ORNL Ibe 

technology listings in the diagrams were judged to have same reasonable prospect far 
application at ORNL in a few cases the prospects are limited, however. 

The K-25 Site TLD has been used whenever possible. 

faster, better, safer. and cheaper) are visualized. priorities are assigned to te!&mQs 
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22 STAFFING FOR THE TLD 

7%e formulation of the ORNL TLD was led by the same teams that farmulated and 
puhlish& the Oak Rtdge K-25 Site T- hgic Magrarnl with p m p a t i o n  from 
a[313ss ORR Although a number of ORNLpgsonnel were involved. about haifof the team 
was sei& from other Energy Systems organizations in Oak Ridge. such as the K-25 
site the Y- 12 plant, central w e e r i n g  h m  
these organizations represent input from personnel associated with programs under the 
DOE Deputy Assistant Secretaries of Waste Management (EM-30). -tal 
Restoration (EM-40). and Technology Development (EM-50). as well as proiessianals not 
assodated with these programs. Figure 2.1 shows a stafRng plan far tbe ORNL TID 
Team. 

Speuahts worked as members of each team formed for the subekmm caqories. 
Represenratives from each team semed 011 a coordinating committee which functioned 
as a common communication forum for the TZD. More than 100 specialsts were invdved 
in this effort The teams (1) compiled the site problems in terms that were applicable to 
each teanx (2) identified and evaluated tPcfrndlogies that could be applied to remedfate 
the problems: (3) fiunished. through the technology evaluation, infarmamn on the 
oppamnit&s that were evident for development and improvement in each technology: 
and (4) furnished the requirements for deployment of these developed and imprwed 
technolo-. 

Ttzdmoiogy evaluation was a sigmflcant component of the 'XD &on. Team membexs 
idenrified potential technologies, but it was not necessary for the teckmlogy ei&mtion 
expens to become familiar with the concepts of the TLD before their -. The 
dam sheets allowed the evaluations to be performed on a systematic basis. Tbe data 
shets Wol, 3, Pts. A, B, and C) provide detailed idomation and the basis upan which 
the diagram (Vol. 2. Pts. 4 B. and C) was devfsed. 
Tbie TLD provides several b e f i t s  to the DOE community. The diagram i&ntifies 

tPrhnnlogks that can be used form programs. It serves as avehicle toidenttfy the 
de€iciencies in technologies that otherwise haxe potential to (1) foster faster -an: 
(2) aIlow safer project activities: (3) result in better remediation efforts: and (41 allow these 
projects to be accomplished at a lower a x t  to DOE and the United States. lmprwing 
adsting technologies. demonstrating the applicability of pramising rprhnniogies, 
dedopingimmaturetechnologies. andsuppardngfundamentaltPrhnrdogyinvestigatians 
are options that DOE can pursue to deplop technologies necessay for su- EM of 
DOE fadlmes. The diagram will highlight areas for private industry axxi miversity 
invohremenr in EM. 

other DOE contram%. me 



Pig. 2.1. The OELlPL Technology hoc Magram Team. 
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23 TECHNICAL APPROACH 

This SectiOn describes the overall layout and development of the 7Ul. ?he bgcal 
progreuion flo- from DOE) EM Goal + EM probiem + ORNL Problem - A 0 b l - h  

Technoiogyf + Technology + Technology Stams + Science/Technaiogy Need + 

Three Merent levels of information are prwided. First, the technologies are mahated 
andr& inVoL 1. Pts. A B, and C. %xnd. more detailed diagrams mpnmidedin 
VoL 2. Pts. A B. and C. Although each large shex contains the entire l o w  path, seeeral 
sheets are mcesary to describe each duatian area. Finally. each slngiekgic patfi is 
P- as a technology data sheet These sheets are the most detadai sou~ce of 
i n f o m a n  about each technology and are ptovlded in Vol. 3, Pts. A B, and C 

flarge Cmsdtuent) + Reference Requvemen ts --.) Subelement + Altercatt\.e (Generic 

hplematation Need. 7 

The infannation found under each logic element is described below. 

Ehl Goal has three components: clean up legacy waste, prevent future insulf and 
develop environmental stewardship. These problems are shared by all demmrs of the 
DOE rrpnnlex to varyfng extents. 

EM Problem contains problem areas agreed upon by EM/DOE such as 
0: and decommissioning of facilities: cleanup of soils, gruund water, and surface 

whf bxxl inceptian to f l d  disposttion. 

ORZUAohlcm describes the problem areas ideaifled at ORNL These problem areas 
have been d d h d  by D&D, ER and WM staf€. The magnitudes of the site problems will 
be indirrarPn in tams of floor areas, estimated metal tonnages, etc. 

problcar Area/Constituent addresses a subelement-specific (see bebw) list of 
problacs aIl of which are traceable dlrectty to the ORNL problems. 

&€hace  Rtqatrements refim the reader to t k  f h d  chapters ofVoL 1. Pts- A B, 
and C. Rapirements can only be determined after amsideration of detailed site. araste-, 
and k d l i l d ~ 5 p e d n C  CharaCteriStiCs. 

Subelaneat spedfies the different COILIponmts that must be addressed to solve the 
problem AI.l D&D actMties have been megoriaxi i r ~ ~  the following subelernpnt groups: 
charaaaization; decontamination; dismantkmem robotics/automatitxx materials 
disposition: and regdatory compliance.' The s~belements for RA are * t i o n ;  
treatmenr and fixation: retrieval: robodcs/autoxnation: materials -tion; and 
regulamxy compliance. The subelements for WM are waste retrieval: characterization; 
Processmg, - stabilization: -tion; p a w  handling, and transpanati an: 
dispclsai: and regulatory compliance. Table 2.1 lists these various subelemems far DBrD. 
Wandwu 

AUcmative defines the general technology approaches that may be applied to the 
problan. 

Technology identines specific technologies that may be applied to remedme - t h e  
problem OS0234 
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Status prwides mfonnation on the status ofthe technologies identified in the prenous 
column usmg the srandard categories. 

~ o m e ~ ~ t e c h n o l o g i e s a r e f u l l y d e u e ~ o r ~ ~ a u a i l a b l e a n d i f s o a r e  
noted. These terms are used to denote slightly different meanings. FLLuy deuelopedmans 
that both the basis of the technology and the methods for designing r d k o n  
equipment or operations using the method are %-ell known and cowzed in public 
literature. a 2 m r m d y  . auailable means that the technology isSered by m e  or more! 
commenzal * h n s .  but the data design methods, QT experience needed to assess the 
technology are not fully aMilable to the public The only dif€mce in these two categmb 
is that the public's ability to assess the performance and reliability of the is 
restricted far commercial technology. I t  suggests an unknown degree of risk m the 
co- . available technologies that cannot be fLRy evaluated with gmmally 
available inibmtian (ernen though the amount of risk may be negligible). 

In Use+&mology is presently being used to remediate the identilled problem. 
~ ~ e m o n s t r a t d  technology exists for use at ORNL and is accepted by site 

.Demons- ology is available but is not demonstrated and/or accepted far 

*AedenuKLs- ology is under laboratary-, bench-. or pilot-scale testing 
Emlung T-ology status is at a con-& or preconceptual stage 

PersOnnA 

the problem at ORNL 

- -a sdentlfic or knowledge basis for the technology exists. 
- A e C o r r e p W n l y  a partial scientific or knowledge basis of the technology m. 

These dasii lcations should provide indirect. relevant fnformation on the presemview 
of the short-tam or long-term availability of technologies. 

designatians chosen above. 
several Menm areas are s p e c i f l a  addressed to firrther clarij. the sallls 

E-ef€m- of the technology in mmdiatm * g the problem is addressed. 
Normally, quantitative measures are given for the technology's performance in 

a demntaminatian technology; the time to cut a 24-in. pipe for a dismantlement 
techno log^ the amlysis time and lower detection limit for a charaaerizarion 

Waste--ourput h m  the technology. Thts desaibes the nature and volume ofboth the 
waste and the potentially useN materials. 

standard practice such as. estimating the 6nal dpm/cm2 of surface mntamimmm far 

technOlOi& 

Science and T&u&gy Needs are perceived needs. where support or develqmxm is 
needed for an immatllre technology. sdence and technology needs are related to the 
f u n d m t a l  understandmg of the scient& phenomena that form the basis for the 
technology. These needs are typically for laboratory or bench-scale exp imem.  
Technology development needs identify areas where work is necessaq to suaxsddly 
implement scientific principles that will lead to a tedxmlogy. Technology Iqmvemmt 
needs suggest improvennents that will make a current technology more economical to 
apply. safer. and more effective or &cient. The demonstration of a technology on a site 
specific problem is classified as a technology improvement need. 

If scientific needs are specified, it should be understood that the needs of sdmrific 
technology dmelopment or improvement are necessary to implement newiy d 
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7 1 5  1 m t i f i c  understanding. Ukewise. tesnng a rechndogy development opparmnity xqhes  
t~rhrrnim improvements are also to be needed. 

DOE funding for a project that addresses the technology deficits is indicated by a 
~ a c a l  Task Plan m) number. Activity Data Sheet number, or other reference 
number, Other work related to the technology area may also be referenad. 

Ahst new technologies that are not in mmmon use will require a largescale test or 
&manstration to show that they are mpable of achkvlq expected nhlts on tbe site- 
spedficproblem. These tests demonstrate thata suitableand workable process arhdity 
canbe designed. built, and operated su-. They show that no unimawn rnnrHtian 
wts the process or facility from functiokng as it was designed and that the 
expi- can last an acceptable lifetime. Demonstrations are intended to prwide final 
tgts of aIl aspects of a technology. If, howmz. particular questions remain a h a  the 
technology, these are specifically mentioned on the dfagram. 

Imp-= Needs or speri=rlr.rpn neds mxe evaluated for both development of 
a tedmobgy and deployment of a mature techndogg. These needs were eraiuated in the 
areas of (1) resources, such as financial or personnel: (2) hardware, such as process 
equipmem. d&opment equipment. and wmputers: (3)software, such as maids, 
procedures. computer programs: (4) facilities. such as labs, shops, and buildings and 
(5) educ.arinn_ such as tratnlng classes ar degreed personnel. An estimate of thecost of 

Mghligbted kc. those needs that ~ L & I  require long lead tlme or unusual pmcunzmenm. 
such as line items for facility constructionf. 
The cmt of applying the technology and the payback cost potential has been &imated. 

Tbere are many reasons for payback. such as reducing the waste volume compared to 
a dkrerm v, the sale of useable pmchcts and the reduction of labar mmr#r#l 
to a reference technology. 

when standard laboratory facilities are sdcient .  facility needs are nd idmtifki. 
Since the kciiitres on ORR are reUyely extensive-including the K-25 Site. ORNL and 
the Y-12 --the diagram does not address needs for standard fadlitits but foatses 
onuniquehdlityneeds. 

Howwer. additional conventionalfacilitiesmaybeneeded tomeetthetechndogymxds 
fur RA at ORNL because the available facilities may not provide adequate capadiy for 
testing the various technologies. To ass& the availability of standard fkcilities far tbese 
programs. it wiIl be necessary to know (1) the rate at which technology d e v e l o m  in 
Oak R i d g e d  proceed and (2) the extent at which other programs will axnpetefarthe 
facilities. 

the process and any potential cost pa-*& are also given. only SrtraoKhaIy needs are 
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2.4 TECHNOLOGY RANKINGS 

Throughout the technology ealuatfon a method of convqmg information about the 
priority and status of each technology and its application is used to communimw 
separate information about the following: 

Overall -t ofthe usefulness of the technology ('E. H. R a n d  L where E is for 
essential, H for hgh M far medium, and L for low. 
Signtficance of site problem to which the technology is applied (1-5 is the scale of 
lowest I m p o ~  to highest importance). 
Time required to bring the technology to the state of acceptable far application at large 
scale (commezdal or manm state) at the site. 'Ibis is qxessed in number ofyears 
and depends on the state of its development. 
The cost for brmgmg the technology from its present state to acceptable for use 
co- or at krge scale. The costs are presented as SM or SK which indicates 
the number of rniilions ar thousands of dollars without escalatian. 
Projected unit proce~~irg cost for mature technology ($ per tP or other unit or N far 
no estimate). This includes annual ranking costs for software. 

An example of a ranking folloas: 

H-5-5 ($3.5MN) 

This means that this technology has a high Weran usefulness: the technology is 
estimated to take 5 years before it is ready for application at the site: an appmdmate 
expenditUte of $3.5 million will be required to bring the technoiogy to this stak of 
readiness: and the unit pmasing cost cannot be projected at the present time. 

24.1 Overall Assessment 

Following are the criteria used to determine the werall assessnent of a technology and 
its application. 

waste Generation ility of the technology to mintrmze additional waste! 
generation (l-no confideace, %mplete mnildence). 
ComplianceWifhRqumnms lApplicable or Rebunt andAppropnate * Requiranents 
WURslkonfidence that the technology will m q l y  with applicable, relevanL and 
appropriate requirements (1-no confidence, 5-complete). 
Environmentac safety, and Health (Es&H)-ability of the technology to meet the 
requirements of ES&H (1-110 d d e n c e .  Scomplete). 
VersutzZiQ-ability of the technology to meet a wide range of requirements and to adapt 
to changes in requiremenrs (la0 confidence, -mplete). 
Camp-ability of the technology to be deployed without requirements far 

TechnicalRisk-mnfidence that the technology Win work at the site(s1 being eyaluated 
(1- no confidence. 5compiete mnfldence). 

extraordinary lffels of erpemse - tratntng. and oversight (1- high l d  of 
requirements. H o w  level of requirements). 
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0 T- ~atmtg-readiness of the technaiogy relarive to final application at large! 
(m scale (1-very immature idea for reseafih, Sready for ammadal 
application). 

0- Recpua%relative amount of time requved to bring the t.edmologp. to 
COmmPrrr=rl application (1-all research development, and demonstration steps - required. M o w  commercial/no tests requmx& 
muebpent COsElelative cost of bnnging the rPrhndogy to commerdal 
(l-highest cost for development of a technobgywithin a technical area. 5-110 costs, not 
even field testing). 

cosr-relative cost ofprocess in terms ofunit production costs in appka&m 
(l-pmhibi~arpensiver&tlvetoothermptfiods 5 v e s y i n ~ i v e c o m p i m l w i t h  
other methods). 

E 
f- F 
f e .  
5 

c; 

L 

0 

After scorfng the criteria, the scores were aFeraged and the overall assessmentrating 
was detemintd by the scale in Table 2.2. 

Table 2.2. Scale for overall assessment rating 

score Meaning 
Assessment code 

code -g 
E Essential Anyscore No other processes or technology 

H High 3.67 to 5 High potential for application 
M Medium 2.33 to c3.67 Medium potential for application 

L law c2.33 Low potentiai for auulication 

asdable for essential requirement 

24.2 Status of Technology 

The development state for technology mas a s s s a l  using the Scale provided in 
Table 2.3. 

Table 2.3. Scale for status of technology 

State of Technology S C O R  

5 
4 

3 
2 

1 



1 
24.3 Estimates for Time to Maturity I 

Dehitions for progress of development and ttme periods, which were used as 
guidelines for estimating the total period required to bring technolo= to the state of 
large-scale application (state of accqrance), are provided in Table 2.4. 

i 
9 

Table 2.4. Definitions for progress of development and time puioda 

Step in development Deftnition ofstto YearS 

M b p m e n t  

Intrqratrd test of proctss or techndogyat kss than 
funscak 

M 

Rototype demonstration Intapited danonstratlon at fdl scak 3-5 

Gxnmerctallzatlon or maturr 
application 

Apqdicarion of the technology at h g e  scak 1-2 

I 1 

These stages of development carrespond to the state of the technology and are shown 
in Table 2.5. 

Table 2.5. Correspondence of terms for state of the techaology 

StaQIS of technology 

Acccprsd 5 Avatbbk Mature 

Dcmoastratlon 4 short range Fudtcst 

Redamnstration 
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1. Oak Ridge K-25 Site Techno- I-ogic Diagmm K-2073. Mardn Marietta En- 
Systems, Inc.. K-25 Site. February 26, 1993. 

E 
I 2. T. W. Burwinkle, DeContamination and Decammlssiantng workshop, Oak Ridge 

National Laboratory. October 29, 1992. i 
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3. CHARACTERIZATION 1. -1’151 

3.1 INTRODUCTTON 

RA problem a f e a ~  require several types of characterfiation to answer the fonoang 
questions: 

1. What cantamfnants are present? 
2. How mcenrrated are the contaminants? 

4. How far have they spread? 
3.wherearethe!JQ 

In some cases, identification of the chemical form of the contaminant bs a h  needed 
to design treaIment schemes. Characterizaticm technologies are used to locare buried 
wastes and amtaminated ground-water seeps and to define contaminant migrarion 
boundaries in soils and sediments in burial grounds and outside of tanks. pipelines. 
buikifngs. and other structures. It is required to meet regulatory requiranents, UI permit 
risk assesmmk and to guide remculial treatments. The technologies inmlve, far the most 
pan the ana@& of soils. sediments. sludges. water, and air in the field and laboratom. 
l be main contaminant groups of concern are radioactive elements. heavy m e x a ~ ~ ,  a& 
arganic campuunds or mtxtures of organic ampounds (e.g., PCBs ar h&). pathogenic 
organisms aka are Screened. 
This chapter presents the charactenza * tian technologies required to suppart RA at 

ORNL briefcRerviews of the science and t&mology needs to bring the technologies to 
a useable h z i .  implementation needs to deplop these technologies. and rankings of these 
terhnologies for RA 
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3.2 TECHNOLOGY OPTlONS 

- .  

3.21 Characterization Technology Optlons 

Charactaization technology options for RA at ORNL are listed fnTable 3.1 of sect 3.5. 
along with their rankings. An technologies are not required for qch EM problem. and 
many of the technologies for a given constituent are o p t i d  bkry of these techmlogies 
are broadly applicable to a miety of constituents and RA problem areas, and they are 
listed in Val. 2 under a " g e e "  problem category. This reflects the applicability of a 
technology to more than one group of constituents (e.&, radioactive elements and metals) 
and to mofe than one problem area (e.&. bmied waste soils and sedimmk 
impoundmPllts, and pits and trenches). Under this general headmg, the technolo@s are 
grouped as the fdlowing alternatives: saxnpling -le collection, sample 
preparatian, detection aud measurement--field methods and detection and 
measu.rement-€aboraimy methods. Technologies spedflc to a group of constituents am 
then listed in the TLD under a specific alternattve: radioactive elements Wch includes 
both spedflcradionuclides and radioactivity), inorganic constituents (cations. anions. and 
elemental metals such as mercuryl, organic constituents, p m c a l  characteristics. and 
pathogens. These constituent-specific technologies are subdivided by their deploJrmeru 
in the field or laboratory. Technologies for in situ and er situ determinations are included 
in the field and laboratory ciasifications. Simple and highly cnrrunon charaderizatlon 
technologies, such as for pH measurements are omitted for siqdidty in this compilation. 
Following these general listings are specfac ORNL problems IO which technologies are 
particulariyrelevant 

3.2.1.1 Sampling Design 

The main technologies needed under this ahnative are statistical designs or 
approaches for planrung sample collection. For exampk the large number of samples 
called for by a conventional fun-factorial sampling design applied to burial grounds can 
bereducedtoamaremanageablenumberbystatisticalcanstderationswithoutsa~~ 
information value. 

3.21.2 Sample Collection 

Sample collection methods exist for most of the RA problems at ORNL, but many are 
inadequate or expensive, and technology improvmmis are needed. Examples are the 
collection of soils and sediments by EPA methodologg for VOCs analysh arid the 
collection ofrepresentative simples from liquids and sludges fraan underground nuclear 
waste storage tanks. The constraints of handling radioam materials or working in 
radioactive fields sewrely hamper sampling methods IIhe DOE as low as reasonably 
achievable IAIARA) principle is the guiding factor for adaptation and development of such 
technologies. Solid-phase in situ sampling or artraction technologfes are an attractfve 
alternatfvetocurrentmethods. 
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represen~~ les~mheterogenouswastes .Thi s~ ;ou ld lnc ludemanyof tbe~tes  
buried in d;nnns and boxes in the burial grounds. The contents of the former may range 
from bodes gioves. wipes, and shoe ooyers to bmken. damaged, or amamimd 
equipmenr and apparatus. Technology neds include not only statistical designs far 
directtng the sample collection but also the physiml means for o b w  the s q l e s  

3.21.3 Sample Preparation 
9 

One of the largest technology needs is the adaptation of corrventlonal sample 
preparatim methods to the special requiremen ts of radioactive samples w k e  
con- in a radiochemical hood (low adMties of alpha, beta. or 
samples) or glcm bax (primarity for samples with alpha activities of 10 
per minure and greater) or shielding in a hot cell Igenerany, samples with beta/- 
radiation fields 6500 mR/h org reab )  mayberequiredThts includes upgradingcrgmic 
and inorgaruc preparation methods and regulatory leaching procedures. Current 
methoddogies have not been able to meet regulatq requirements in some applicatims 
High-pressure ashing methods are criticzdy needed to prepare samples for hmrgank 

F a  

radiochemical-. 

3.21.4 Detection and Measurement-Field Methock 

Measuremenr technologies for field use are needed to define areas and boundaries o f  
contamination nto locate buriedwaste. Thegcan also screen samples in thew so that 
only those with appreciable contamination are returned to the laboratary fa m c ~ t e  

and characterlzati~n. Fkld-method teChn010gie~ are 
b e l o w u r d e r ~ c e o n ~ t g r o u p ~ . I n t h i s a l t e r n a t i v e , m a i a r t e c h n d o g g  
needs are fieldable technologies for locating buried waste by seismic, mqpedk 
ul- * tam>graphic. or other methods. Deployment of these -t 
technaicqls with robotics and automation is an important crosscutting area that 
prOmiSest0- . e and reduce costs of such survegs. Please refer to the robotics and 
automation chapter (Chap. 5) of this volume. 

3.21.5 Detection and Measurement-kboratory Methods 

Labararoxy-based technologies capahle of inorganic and organic axqxmnt 
determrna tians are listed in the general alternative. ' while constituent grau- 
technalogies are presmted under the sped6c alternatives. A technology need general to 
labommy masummnts is contamination control of tbe analytical equipmenL ?his d 
goes haxxi-in-hand with adaptation of the sample preparation technologies forradimctive 
samples. 

3.21.6 Data Analysis and Management 

A wide range of information managanent and data analysis technologies wiR be 
needed. perhaps in some cases required, to support the level of tracking and a#xnnrtfng 
necesary to assure compliance with m e  tal laws and guidelines for d u c t  of 
activities. CodQuration-management support will be needed to meet the dmands of 
worhng in a highly regulated environment. eqxcdly in dealing with hamdous 
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materials. Decision aids. including s i m ~ ~ M o n  models, data bases. fun-& information 
r e a i d  applications, and expert systems will be needed to assist with planning. 
statistimi analysis. graphid  display, and geographical information qstem supportwill 
be needed to assist with analjss and interpretation of data Large amounts of 
infomation and data will need to be transferred betwem the various groups of people 
wofking on the various aspects of the ER effort. Quick reliable a m  to data or 
information distributed among many different organizations wibbe needed. AU of these 
areas of support are best taken care of using computer nebmks. Network- 
communtcations support then becomes yet another area of tecfmology that must be 
included. The demands an pmjm management and suppart made by arvironmental 
legklation, requirements for safe handling and pxwesing ofver~rhazankus materials, 
and having adequate rescmms to deal with problems on thelarge scaies that are invdved 
make use of automation and nefworked computing capabilities essentfal or highly 
important. 

3.21.7 Radioactive Uements-Field Methods 

Reldable technologies are needed to define areas of radiological contarmna . tionandto 
quantlrj. radfonuclides or radiatim fields. They can reduce the sample load (and thus 
costs) for laboratory analps and ensure that only the most imponant mntamlnated 
samples are sent to the laboratory for detailed analysh. 

321.8 Radioactive EIemerrts--laboratory Methods 

Ageneraltechnologyneedistheupgradfngofradiochemicalbborarmy~uresand 
equipment to make them more rapid and efncient and to reduce the gena-ation of 
seumdary laboratory wastes. Thfs is important in view of the gready in<reased sample 
load anticipated h m  RA programs and the need to mfnimke costs and wastes. A 
parricdarly important technology need is the development axxi vakhian of inductively 

(XCP-Ms) methods for - * kmg-ltved. low- 
chemfcalseparatianandanmtingmethodsare 

Coupled plasma--mass s p e d m m q  
s p e d c  activityradionuclides. Traditianal 
labor intensfve and require long counting periods to meet sensitivity -ts. 
ICP-MIS can also determine nonradioactive metals. 

3.21.9 Inorganics-Reld Methods 

Technologies for detemmmg inorganic composition in the field are needed for the 
same reasons as described above for fieldable methods far radbaam * elements. 
promising technologies indude X-ray fluorescence. which is espedanp useful for quickly 

surface contamination by heavy metals. Glow ckchaqe ionization mass 
specnoscow may also be fieldable, with some development wurk. 

3.21.10 Inorganies-Laboratory Wthods 

There are many established, accepted laboratory methods for imrganic amlyses. 
Adapting and upgrading these te&mlogies to meet the spedal requirements of 
radioaCtfve SampleS is m. A pardcularly useful technolm is ICP-MS. 
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3.2.1.11 O r g a n i M e l d  Methods 

Fieldable mprhods for organic compounds d be required for numerous deploymenrs 
in large numbers. The technologies require development to make them more rugged and 
reliable in the field, simpler to operate so that the techniml expt ise  required to use 
&em is reduced. Fieldable gas chromatography and also immunoassay-based field test 
kits for seleaed organic compounds or mixmres such as PCBs"are high-priarity 
technologies. 

3.21.12 Organics--Laboratory Methods 

Technolog&s that determine regulated otganu: and DOE-unique (e.g.. chelahs Q 
chelatedradionucll des) axnpounds are required- -ts that reduce secm&ry 
waste generation increase analytical speed and efficiency. ar to address DOE-uniquc 
compounds (e$, chelatars) are needed. Supercritical fluid m t i o n  as avirtdlywaste 

nonvolatile analyus are txmples of technologies w b s e  development and dep- 
would greatly support site remediation. 

free sample preparation method and liquid chromamgqhy -mass-spectrometly far 

3.21.13 PhysicaC--FieM Methods 

Technolog&s for locating oontaminated ground-water seeps and detemhing ground- 
water flows and djreaians are needed. 

3.21.14 Physid-hboratory Methods 

of and O t h e r  materials isa technology need. 

3.21.15 Pathogew-hboratory Methods 

Remediation of biological wastes will require mndlan ce for pathogenic organisms as 
a part of worker protection as well as waste treatmenL 

3.22 Crosswtting Technologies 

An important area of technology crosscutting is robotics and automation- This is 
particularty rdmmt in three areas of characterization: sample collection in situations too 
hazardous or remote for direct human participation (as during the retrieval and s a q -  
ofhighlyradimbuxiedwastes), preparationofhighlyradioactlvesamples for analpis 
(as for nuclearmastes). and robotic automation ofmeasumments (as in radiation sumqs 
of large areas such as burial grounds). These crosscutting technologies are dixussed in 
chap. 5 of this d u m e  
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3 3  SClENCE AND TECHNOLOGY NEEDS 

Tbe basic R&D needs for characterization technologies range from wne to 
considerable. Many characterization technologies are already mature and available on 
site. m p l e s  of such technologies are gas chromatography-mass speanxmq for 
idenrifimrion and quantification of regulated organic compounds and induc3wefy coupled 
pl;?sma-anision spectroscopy for metals. Some t e c h n o l o p  map q u i m  some 
d d o p m e n t  work, such as the determination of extractants or chelams by 

Other technologies will require basic R&D. The specific needs are explained in the data 
sheers that are included in VoL 3. Pt A Far example, basic advances in tech- are 
needed for sampling heterogeneous wastes. both in sampling strategy as wdl as in the 
phpcal method and equipment used to take the representattve sample(s). 

dmtization-gm chromatogram. 
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Implementation needs, like sdence and technologV needs. range from none to 
miderable. Instruments and protocols already exist for the detennLnation of many 
regulated organics and inorganics using EPA protocols. These technologies have 
essentially no implemensatian needs and are ready as is for samples that can be handled 
innonzoned laboratories Other manlrr! technologies are available on SI& but some work 
is needed to deploy them. ?his wurk may entail calibration for the specific constituents - 
and/or sample matrices or adaptation for deployment in certain Eocatfons, such as 
fiddable-gas chromatography or radiation sensors. perfarmance didation of field and 
laboratory analytical technologies is a part of the technology guairty assurance and is 
included in the implementation casts. Other technologies are not available on site and 
will require greater effort to obtain them and implement them at ORNL 

Some facility upgrades at ORNL are also required to handle tbe anticipated sample 
load. This is particx.dady true for radioactive samples and mked viastes that require 
shielding or containment and for which current facilities are inadequate. 

Vol 1, Pt. B 
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3.5 TECHNOLOGY RANKJNGS 

Tbe rankbgs assigned to the characterizadan technologies for RA at ORhT, are 
included in the last column ofTable 3.1. The rankmgsystem is essentialiytbe same as 
that PJrnlafnPn in Sect 2.3 of chap. 2 in thiSrolumP- 
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3.6 RELEVANT TECHNOLOGIES UNDER DEVELOPMENT BY DOE 

- 7’15 
- 

DOE is currentlv developing technologies that a u l d  contribute to s d v q  
e~lvfroIlIIzental and &te fecyclfng problems at the Merent DOE sites. Some or’ these 
projects may have relwant and beneficial elements F s i t h  respect to the charactemation 
technolo-@es list& in Table 3.1. Table 3.2 gives the results of a search of amlable 
information on programs funded in Fy 1992 and N 1993 and iden&ies possible rrrarrhes 
with the cmrplete set of characterization technologies listed In the TLD, VoL 1. Pts A B. 
and C. Thse N 1993 projects described by TPPS and determined to be powmially 
relevant and beneficial are listed under the mesponcling characterization t e c h d o @  
d e  by TI? number. When no N 1993 matches wre found and the searcher fbased 
solely on personal knowledge) knew of valid Fy 1992 matches, these were entered in the 
1993 TIP cahmx~ Characterization technologies for which no matches were found are 

be cited but it is noted that many exkt Tbe releance c a l m  indicates the degree of 
overlap betaeen the technologies listed in VoL 1, Pts. A. B, and C, and a c m  TIP 
projects. The ?Tps comprising the search data base are listed in the appendix 

omitted from the table. whenmarrymatcheswere found. s p e d f i c m  m a y o r q n o t  
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4. REMEDIAL ACTlON 

4.1 INTRODUCTION 

In Chap. 1. mvimnmental contamination at OR= was grouped amorcbg to sour~e 
and mPriia mto the following site problem areas: 

1. b u i e d u . .  
2. tanks. 
3. pits and trenches, 
4. soils and sediments, 
5. buried pqehnes. 
6.Impoundments. 
7.mfiac3aneand 
8. ground vmer and surface water. 

At&lIlld . team was organized to assess the RA needs and techndogles far each 
problem area- Each team conducted an initial workshop with multiorgammional and 

tecimologies Each team focused on defining the status. science and tedmdogy mzds. 
and implemmtation needs of the identif3ed technologies. Each team then g a x ~  rankhgs 
for deselopmmt of the identifled technologies (see Chap. 2 arplanatfon). Tbe approach 
takm by most teams was to iden* technologies for the RA subelements cmtainman 
and isolation. insitu treatment. 

was necessaryto prepare more than one data sheetfor an individual techndogy Cfue to 
Wemxxs in the status of development and XMAS associated with individual problem 

and mhmdogy needs, implementation needs. and tmhnology mnkings. Eacb SeCtioIl is 
in tun subdivided into the individual site problem areas. 

multidiscipfinarp experts to define the problem area and identi@ mxbdate remedhl 

and =situ treatment T- 
m t e d  -ti- and  referenced data sheets (Val. 2). In ins- it 

(e.& Isv). 
Thischaprerisorganizedintosectionsdiscussfngthetechnologiesconsidered.sciauz 

V o l 1 . R B  
Semmdmf 1993 



1 
i 4.2 DESCRIPTION OF TECHNOLOGIES CONSIDERED 
I 

4.21 Introduction 

Technologies considered in each area are described and listed Mow. In all, this 
included more than 120 khnohgies, but even this is not a cam@gte lisL The list is the 
result of a selection by the eqxm who work in each area The kt indudes technologies 
for interim, as well as permanent solutions, to the problem in each area. Same 
technologies may play an imponant role but may not be able to sohe entire problems by 
hmsdves. For instance. same technologies can remoye or destroy only one 
contaminant, and other technoiogles are only useful far retrieval of contaminated soil. 
wastes, etc. New technologies are l h l y  to be conceived and dwefoped in the future that 
are not cwered. 

4.22 BuriedWastes 

Systematic evaluation of alternatives for buried waste sites resulted in three systems 
approaches: in situ hpdrologlc isolation or containmenL in situ treatment, and retrieval 
followed by treatment Each of the three systems entails a series of interrelated activities 
(see Fig. 4.1), each of which is essential for the surrplcc of the system. The in situ 
bolation/containm& system indudes deflnition of the d e  basjs, which enc~mpasses 
the design life, health/safety standards, structural criteria, environmental parameters. 

stabilization; actual isolation technologies: monitoring and support actMties 
(transportation, health & safety. decontamination of equipnaent e). The in situ 
treatment system includes defbition of the design basis: characterization of waste and 
site, and treatment techndoges; d c a t i o n  of treatmmt & m e s s :  site closure and 
monitoring: and suppurt activittes The retrieval system indudes definition of the design 
basis: waste and site characterna * tion; retrieval; stagix@storage; segregation/sorting/ 
packaging: treatment/recycle/recmexy/decon~~ djsposal or recycle of residue; 
and support activities. Since other sections of the T7.D examine techndogy development 
and support needs for characterhation and monitoring. waste starage, site closam, and 
disposition of treatment residues. this section focuses on t e c h n d o ~  needs to support 
structural stabilizatian. alntajnmen t and isolation. in situ treatment, retrieval, 
segregation/sorting/repack@q. and ex situ treatment. 

Speciflc technologies that wete evaluated for application to ORNL's buried waste 
problems are listed, along with their ranking, in Table 4.1 of Sect. 4.5. Data sheets for 
these technologies are mailable in Vol. 3, Ft. B. 

Many of the technologies applicable to buried waste (e&. barrier technologtes) were 

In addition, many dewntaminatian techniques (e$, CO, blastmg) could poten- be 

waste-form requirements. and cost limitations: site charaderizatia structural 

also considered for remediation ofcontaminated solid and sediments andimpoundments. 

applied to retrieved waste. 

I 
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4 U  LowLevel Waste Tanks 7 75" 1 
Remedial alternatives considered far the inactive l o w - l d  a t e  tanks include 

remDyal of the tank contents. in situ treatment via fixation of sorption. mal of the 
tank shells, hydrogeologic can- or isolation of the tanks, and treatment of the 
tang cantents via chemical methods. Dam sheets are available for the technologies that 
accomplish the first two alternatives. Technologies supporting e t  tfaee ahernattves 
are mred in other core groups and are discussed in more detail below. 

Renwrcll of the tank CONents alone, or bdh Elqrnd ami studgetspedflc 
r#.hnnlogies included in this akmame! are mechanical armvatfm. pneumatic 
remcmL and hydraulic removal (sluicing/slurry pumpingl. The use ofcrpogenlcs to 
freQeandthereby~cilltateremaalofthecontentshasbeensuggested:~,this 
technnlogy was not pursued further because of concern over potenml far cracktng or 
breaching the tank shells. 
€n situ treabnent of tank -Specific fixatton technologies include cement 
grouting, silicate-based stabilizatian. vitrification, chemical groutin$ and 
thermoplastic encapsulation; in situ sorption was also discussed as a physical 
separation treatment 
Renmd of the tank sheh mme and steel)--Sp&c technolees are discussed by 
the dismantlement team in VoL 1. PL A Chap. 4. 
H@DpXhJC * aontainment or isdtnbn of the tanks using unlus OT barriers or 
cu7wumOns of capping ami dmins--Exam plesofwallorbamertPrhnnlogiesaregrout 
curbins. sluny walls, sheet-pile Wails. and cryogenic barriers. Examples of capping 
are intruder baniers andmultilayercaps. and examples of dmins are- drains 
and horizontal wells. Speafic technologies are discussed in sect 4 - 2 2  

neuuakmtion, and radiochemid separation and reanmy. Specrtlc err situ chemical 
treatment technologies are discus4 in Vol. 1, Pt. C, and VoL 3. PL C. potentfal in 
situ chemical treatments have not been identified nor d i c e d .  

'12.earmentviachemrwl r r w l a i + ~ l e s  of chemical treatments are dissolution, 

Far many of these alte;matives, a c e s  to the inside of the tanb with spedal 
equipment will be necessary. However. due to the radiation hazard fnside the tanks. the 
remediation equipment that enters the tanks must be operated remotely. 'Ihe robotics 
and automation (see Chap. 5) adcimsses the Werent types of equip- that can be 
usedremote€yinhazardouserrvironments. 

4 2 4  Kts and Trenches 

Remedal alternatives considered for the pits and trenches include containmen tinsitu 
trmmenk retrieval, ex situ treatmmk and disposal. Data sheets are available for the 
follmng technologies: cappmg/bamer overview-containmentafnment; ISV, grouting. and 

Ex situ treatment and dispod technologies are available in other RA problem areas 

and duny walls) and in situ technologies (such as freezing and heanng) are available in 
other RA problem areas. 

extracti~~+-ln situ treatment: r e m ~ t e  egmvation--remwal. 

and the WM Volumes. Additional mntaixmn t technologies (such as apgenic barriers 
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4.25 Soils and Sediments -. 

Technologies considered far the management of ORNL contaminated soils and 
sediments are broadIy &lded into mntalnment and isolation and treatment processes. 
Because the contamination of sods and sediments at ORNL often indudes a variety of 
contaminants (organic carnpouncis. tardc metals. and an aEmost m t e d  list of 
radionuclides). the applimtion of both types of processes to many ai soits may be 
required. For example. the prevadmg ORNL management strategy far contaminated soils 
is containment in low-level radioactive waste burial grounds. One aiternatfve would be 
treatment to achieve volume reduction. which would 1- containmen t costs. The 
selection of a technology for the xrianagement of contaminated sails and sediments is 
highly dependent on the type of amtaminant(s), its distribution in the soils and 
sediments (both in terms of depth withfn the profile and distribution among particle-stze 
€i.adfons), and its t2hemld . form. Knowledge of these properties requires exhsive 
characterization. Because of the lack of characterization data and tbe potential presence 
of a wide variety of wNaminants in many of the so& and sediments of 0- the 
descriptions of treatment technologies are also varied. 

Contaminated soils and sediments must be managed at ORNL because of one of two 
actions: (1) s o i l s a n d s e d i m e n t s a ~ ~ t e d ~ m w n s t r u ~ o n , ~ a l r e a d y i n n e e d  
of remediation (e.g., leakrng pipelmes. impoundments. waste area). ot of other activities. 
and (2) soil and sediment remediation projects already specified. In the near term. most 
of the needs for the development demonstration and inrplementation of the required 
technologies wUl center on the soil and sediments generated €ium ac- other than soils 
and sediments remediatiOIl per SBC For example, remediation of underground storage 
tanks, leaking pipdines and waste lagoons commands higher priarity than soils and 
sediments. These facilities are generally the source term of soil amtamination. The 
careless selection of technologies to remediate these facilities amld generate large 
volumes of soils and sediments mpirfng remediation. From this stand point. an 
important soil remediatian techmlogy is one that does not generate contaminated soil 
and sediment. 

in the near term. soil remediation needs at ORNL win be d h d y  assodated with 
remediation of pipelines and waste tanks (most of which cuntain radioactive wastes). 
From this standpoint. the major objectiw is volume reductian of soik and sediments to 
lower the need for wntainment in a burial ground. In the long tam s m c  areas m y  
require remediation. such as sediments of white Oak Like d u a l  soils resulting from 
the excavation of waste Wns or waste burial grounds. and surface soils. where spills 
of hazardous/radioactive wastes have contaminated soils. The tprhnnlogies requtred to 
address near- and long-tmn needs in soil and sediment W t i m  are often s i d k  
however, their priorities in implementation differ due to their degrees of maturity and 
confidence in expected deliverables. Because near-tenn needs are dated p- to 
contamtnatedsoilsresultjngfromremediationofpipellnesandwastet;anhs, t h e m p b k  
was placed on the description of technologies invohng at situ treatment 
containment. In the case of lang-term needs, the emphasis on in situ treatment and 
containment technologies generally prevailed. 
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Tbe faslowing technologies were evaluated: 
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~ w a s h i n g / e ~ w a s h i n g / e x n a c t i o n i s a b r o a d t e n n t h a r ~ s i z e  
segregarion of soil fractions using water as solvent to sel- anracf speufic 

ts (organic compounds. metals. and/or radio)luclides) and using a 
Fariety of chemical leaching media. The major objective is volume reductioe when 
wafer is used, and the transfer of cmmmnan ' ts €?om the soil phase to a kp id  
phase. when specifically designed amaction media are used. 
Thamal desorption-For sails amtabmg VOCs, =situ vapoa-exnaam 
techniques or thermal desorption pmxsses could be readily applted. These 
technologies would be beneficial in the remDval of RCRAvolatlie ampomds frmn 
d mtes prior to contaimnent in a burial ground. 
- l f iuatzonbygmmlgF TbeFimaxypvfnthegmutingofsai ls is  
to stabilize and reduce the mobility of cantaminants in soil scheduled for disposal 
inhndfills. The major detriment ofgroutingsoils for disposal is the addedvohrme. 
Fur most soils, grouting would be canhaed using partfculate-bsed grouting 
mamiais fn commerdally available mixers and blenders. Fjordand aments, 
beciuse of their low cost. would be the predominant cementing agmt In cenain 
instances, additives would be used for sorption or complexatm of qx&c 
rant=rminants, depending on the mobility characteristics of the amtaminam In 

do not add substantially to thevolume of soil to be disposed o t  I-bwmr. their 
~ c o s t s w i l l g e n ~ p r e c l u d e w i d e s p r e a d u s e u n l e s s s o m e l ~ t ~ c a l  
gm~tingmaterials are developed. 
S&Vapr ZWractior+For soils amtainfng VOCs, in situ soil-vapar aaracrfosl, 

withradio 
frequency 0 heating were evaluated. The latter two kdmdogies are 
cnbmments of soil-vapor artraction, 

glass combustor, chem char proces. plasma arc firmace. ami canent kiln 
incineration) were considered far destruction of organic c o r n p o d  in sail and 
sedixmnts. 

ekchkinetics were considered for ranoval of organics, metals. and radimudides 
hm soils and sediments. 
h l s t u v i i  Encapsulation of metals and radionuclides in a durable giass 
and aystallfne product by extreme heat. 
Biotreabnent--Thls-technology indudes a wide range of biologrcal vrocesstng 
options that rdy on microbial transifamation of organic compounds to ranediate 
sails and Sediments. 

* 

spedalcases, chemical-basedputiIlgmarertslcmightbepreferredbecausttfiey 

thermany enhanced soil-vapor exirac~on. and soil-vapor actramm - 

HigltTmpemtureDestructiat-Seperal t.ecknologies (mcluding- molten 

chartical sepamn--Solvmt extraction chemical caddation/reductian and 

Bztmbed Clamshell-Modified clamshell bucket used to dredge conmninated 
SedirmntS. 



C a p p i n g / b a r r i e r i n S ~ ~ ~ o l o g y i n v O h r e S t h e p l a c e m e n t ~ a f i y d r a u l l c  
barrier over and around contaminated soil. Materials used in this tPrhnologyvary 
from flexible membrane liners to clay grouts. The major objecttve is to stop 
~tratingrainwaterandgroundwaterand~bittheintrusianof~rootsand 
burrowtnganimals. 7 

4.26 Buried Pipelines 

Buried pipes exist throughout the ORNL area many in the main labaratmy area. Some 
of these pipes have carried radioactive wastes to underground starage tanks or to 
treatment facilities in the past Manp of the pipes have deteriorated. and mast are no 
longer in use. Most pipes are rebtive3y near the surface, and the levels ofradioactivity 
and other hazards do not appear e x x s h d y  hazardous. Only two tprhranlo@es were 
considered for treating the pipes -vation and fixation (probably with 
cement-based grout). Where the pipes have leaked considerably, there may be significant 
amounts of contaminated soil around pipes. Although such contamination may have to 
be removed or contained, treatment ofamtamtnnted soils around piping will be coyered 
bysoiisandsediments caregrmrps. 

4.27 Impoundments 

l m p o u n d m e n t s a r e a r e a s w h e r e ~ ~ ~ w a t e r s h a v e b e e n ~ i n t o p o n d s  
or diked areas that prevent m f f .  ?he soil in impoundments often can be ueated with 
tprhrrnogies discussed in S&. 42-5. Soils and Sediments. but the locallzed 
cancentration in impoundments requires special technologies. These spedal tprhnologiies, 
not the xn0I-e general soil treaDnient technologies. are discussed below. 

Capp-This technolo@ involves the placement of a hydraulic barrier o v e ~  and 
around the contaminated impoundment 

0 Drains--French drains. biopolymer drains, and horizontal wells aid in hydraulic 
isolation of the i m p o m .  
Walls/Barriers-Cmut Curtains. slurry walls, sheet pile walls. bentonite 
additives and cryogenic baniers were considered for hydraulic isolatfon of the 
impoundments. 

0 p l h y s i w r s e p a r ~  il washing and in situ soil flw w r e  amsidered for 
removal of metals and radionuclides from impoundments. Sludge dqixgwas also 
considered for removal of water h m  impoundment sediments as a pretreatment 
for storage/disposal, 
Rxafion-In situ fixation using silicates. cements or p o l y n ~ ~ ~  and ISV were 
considered for immobilizing amtaminants in impoundment sediments. 



e- echanfcal excavation, L a c u u m  luadmg, and dredging to reDieve 
contaminated impoundment sediments wre amsidered. 

Note that same technologies (sludge dryrng and soil washing) are ex situ trmanent 
technologies that require mechanical erowMtion or yacuum load& (techndogks listed 

! 
for wasfe mrieval), prior to processing. Simkiy, cryogenic banlets are & in situ 
treatmm that retain the contamination 
until radioactfvity has decayed or until x k t m e n t  plans are camplert. 

Several technologies aim to m m c t  the exmy ofwater into the impoundment area. 
These indude slunywalls, sheet-pile walls, grout curtatns, french drains, capping. and 
biopolymer drains. These may be considered Wmnanent or temporaxy shtims. 
dependmg upon the Metime of the retention and the lifetime of the contamlnant These 
~ ~ a l s o b e ~ f o r p r e v e n t i n g p o n u t a n t ~ t i o n w h i l e t h e c o n t a m t n a t e d  
region is bang hated. 

Other impoundment technologies are in situ treatment for permanent soluticms to the 
problems ?hese technologies may be of more interest far impoundments than far most 
soil tion because impoundments are nxm likely to contain high local 
concennatioILS of amtaminants that can be fmmohiibpn by solidification of reiamdy 
S m a I l  vohunes of sou 
4.28 Hydrafracture 

Due to tbe depths and lateral extent of the iuj& wastes, only mtahmeut 
altemadms were considered for remedhtion of the hydrofiacture problem area. Auggtng 
and ahan- was considered for the weIl bores. Three ccmtatnmem 

cavewithhy$raullc cage deep rock drainage- and 
chemical gmut- considered for the gruut sheeis A brief description d each 

m w  f o r r e l a w  lang - I , 

. 

technalogy-. 

Plug m d  -tional pluggmg ofwell bores using drilling rigs to place 
concrete phgs abore and below injection zones in the well bore!. 
Warer~~rrmetuithhydrauliccage--DeeprockfIydraullccurtafnattheperiph~ 
of the axlmmma . tion zone. The conhminatd m e  FS surrounded by a series of 
intgconnectedwells that equalize the pressure in the rockmass, therebyredudng any 
seepage to less than 1% of the original flow through tbe rock mass. 
D e P d d m m r t g e -  A circular array of yerdcal drill holes serve as a dramage 
g a l l q  fa0 any mobile wastes in the contaminated zone. 
charticaf- olymeris injected to fill in any cracks or fissures in thehastrock 
at the d g e  of the contaminated zone. 

4.29 Ground Water and Surface Water 

Processes for remDval of contaminants from ground Rater and surface waters csn be 
carried out in either of two general methods: in situ or aboveground. Some a€ the 
technologies amsidered have been practiced widely m the chemical process idustries 
and can be designed with confidence for aboveground application. when such 
technologies (eg.. ion exchange) are considered far in situ application, uncertainlies arise 
concerning the control of flow distribution and rate and monitoring concentra Wti274 
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asmaatQthanwithflowrates so that mass balanaes are dosed properiy. No expifmx 7 1 5  1 
is amiable to indicate efnciendes that may be expected when such matexials must be 
r e p l a d  
Far radionudides and heavy metals. the technologies evaluated were adsorption rn 

~ p ~ ~ o n a n d ~ d a l w e t l a n d s . F o r ~ o n s . V O C s . a n d P C B s , ~  
tPrhnniogies~atedwereadsorption.b~~caiaxidatfon,chemiml~~ 
wetlands. and air and steam stripping. For nitrates, the technologies dud war 
biological demdication and artificial wetlands. 

Adsarption requires that the water be contacted intimatelywith a sdid sorben% such 
as acttMted carbon, so that the c o n m t  dfstrfbutes preferentially onto the d i d  
phase Usually such contacting is done in a tawer filled with the sorbent (in the fonn of 
small pellets). providing a large surface area for mass transfer. sarbents have been 
prepared h m  immobilized algae, which are said to be highly sgecffic fa certain 
coIlmmman * &After the sorbent bed is fully loaded (exhausted), it may ar map not be 
regenerated far reuse depending on proass pnnnnrrdcs. lon-srchange operatiam are quite 
sirmI=lr to admrption except that the amtaminant must be an i& spedes that 
repbces anorher ion carried by the hsh edmnger in the solid phase. 

Precipitatim of heavy metals and radionuclides can be enhanced by various reagents 
iron hydmrndg and aluminum hydmxlde being the most common. Precipitation is mrried 
out in the OR\I procesS Waste Treatment Plam and is an accepted technology. ArtiGdal 
wetlands have been used for treating domestic sewage and coal mine rum& l lxd- 
this technology bas the potential to destroy organics and immobilize heavy metals. 
Application to ORNL ground water and sur€&cewaters would require development Peork. 

Biologfcai cxidation is used routmdy to degrade water-soluble organics. as in tbe 

soknts. may require spedally designed treatment systems. Laboratorysmle tests have 

chlorinated PCBS can be d e c h l w  aerobidy. Chemical oxidation of organic 
contarmnants has been demonstrated with potassium permanganate, op3ne, and 
hydmgenpermdde. 
Far VOCs in water, air stripping has been promulgated a ''best aYailable trrhnrdogg." 

The operation is usually done by passing the water down a paCkp&mlm 
counterarrrent to a rising air stream. The effluent air carrying organics may require 
trearment TIE use of steam rather than air is a well-estabhhed industrfal-. 
The advantage of steam is that it can be d e n s e t i .  which dlmfnates the problem of 
treadng the emlent gas. 

ORNL sbmge Treatment Plant. More rehctorg COntamiMrlts, such as chlorinated 

shown that hi@e~-chl~rinated PCBS a be dechlarinated anaerobiw. and that I-- 
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4.3 SCIENCE AND TECHNOLOGY N E E D S .  

4.3.1 Introduction 

This section hghlights some of the R&D needed to make the technologies available for 
RA at ORNL. For accepted technologies and even far some demogstxated technologies. 
there may be no science and technology needs. Howwer, the soils and other condmcm 
at Oak Ridge are unusually complex, and some testing, perhaps only treatability studies. 
may be needed. ewn for technologies that have been in common use elsewfiere 

4.3.2 Buried Wastes 

The majority of the structural stabilizatian technologies hime been demonstrated and 
are available. Science and technology neds indude testing to determine material 
compatibility for snuctural caps and solidification. Other needs include field tests with 
fid-scale dynamfc compaction equipment 

Needs for isolaUon/containment technologies include methods to mMmize waste 
generation during applimtion, guidance systems for grout injection/tunnellin& and 
development ofwaste-resistant materials for capping. 

The applicability of thennal destruction kdmologies for burfed wastes and the 
charadexistics of the treated residue need to be determined. Methods for treating off-gas 
h m  thermal destruction are also needed. 

Science and tecbnologg needs for fixation te&mlo@es include development of new 
chemical mixtuns and application/injection equ@mmL lkis is espedany mitical to 

contents for in situ technologies. The d&opment af compaction methods is needed to 
prevent -ovqmsurization of waste during ISV. 
Testing is needed to estfmate the et€" and identi@ additives for 6reae 

puriflcatian and thermal desorption. Soil simulationmethods to promote c o n d u w f o r  

Methods are needed to safely and efktfvely segregate buried waste during and after 
retrieval. The d d o p m e m  of remotely controlled/robotic retrieval technologies needs to 
be continued. 

ensure and yerffp that amtainas an! ruptured and grout/polpler has mixed with 

fracted air stripping are needed. 

4.3.3 LowLevel Waste Tanks 

With regard to tank wntents removal (particularly &dge removal). the p m  
science and technology nuxis are the development of rem& and transport devices or 
systems. Retrieval equipment must be capable of cemovfng hard salt cake. sludges of 
varying consistencies, tank hardware, and foreign objects. Cormeyance systems Illust be 
capable of handling dislodged or mobilized wastes and tank hardware. and, h stme 
cases, it must be mpable of transporting the slurrp over long distances with n-le 
solids separation ar in-line clogging. Spedal emphasis is being placed in the Integrated 
Demonstrathn projects of DOES Omce ofTechnology Dedopment on robotics-integrated 
retrieval equipment [e.g. articulated and remote€yoperated mechanical arms). Becaw 
the equipment must be versatile, this work is technically dif3cult If scheduled 
implementation time is short large expenditures in terms of doIlars and manpowerdl 
be needed for development, 
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Another principal science and technologyneed is fora detailed characterization of d 
waste ma- that will determine the suitabilltp of the agent for spedk tanks. 
This is a necessary f h t  step in developmenr of in situ h t i m  methods. B&t.er 
unders~oflmmobillzationmechanlsmsandthechPmiwtryofth~solidlftedwaste 
forms can lead to iIIlpmd performance and better predictions about their dumbmy. It 
is important also to note that high confidence in the lang-term efktlveriess o f  these 
&tion techique~ is not universal. More careful demmsmtions and speratims are 
needed to create a higher level of confidence in tbe long-term pafonnance of the fixatkm 
techniques. Irmg-tennassessmentsoftheabilitpofthe~ontechnolo~estoretafnand 
containthecantaminationwouldbeusefuL?heassessmenrswouldaddress. fmezampk 
whether the m grout and silicate-based fommMims maintain the pH -to 
prevent rmgration and whether the polymer grous and thennoplastic formulatiam retatn 
their stability in high-radiation environments 

One of the 11l0sf promising in situ fkaticm methods is vitrfffcation. ISV needs two 
si~canttPrhndoggdevelopmentsto~itaeceptablefarORNLunder&roundstorage 
tanks. The problem of off-gas pressurization and splattenns * duringISVofunderground 
tanks seems to be caused by the absence of lateral and subsurface porosity wfien tbe 
tslk is said on top by molten material ofhigh temperature. As an I S V  melt proceeds, 
molten glass can press- confined gas or liquds within the underground tank 
resulting in the rapid burping of off-gas and associated splattering. This problem could 
be largely m m e  by in situ compaction ofthe tank priar to ISV or byfUng the tanlr 
space with earthen material (or other contaminated sail or waste) that would be 
incorporatedintothe~product. Spedfktankcontaminantsandmaterialswouidd 
to be tested far q a t i b i l i t y  with such earthen materials during vitrification. 

4.3.4 Pits and Trenches 

For long-term containment of pits and trenches, radionuclide souroe-term 

are needed. 
A prindpal sciwce and technology need far in situ grouting is the development of 

delivery, mixing, and dispersion systems. Grout-mte cumpatibflity, as well as lag-term 
performance modeling under field weathenng, muld also need to be determined. 

In situ extraction requires the development of h i d  extractants that could m o b i k  the 
radionuclides of mcern. Technology for injectian disposaL and recOvery ofexsractants 
in the pits and trenches would also be needed. 

In situ vitrification is the most promising tdmology far the pits and trendxs. ?be 
most signrficant tdmology need is the mociifimian of off-gas handling techniques to deal 
with volatilization of cesium during vitrification. 

identiflratrnn and long-term performan~e testlngof materials and constru~ti~n 

4.3.5 Soils and Sediments 

One of the most important science and technology needs is an accurate and mnpiete 
charactaimtion of the contaminated soils and sediments. It is a gamble deaingthe 
most appropriate remediation technology if properties of the contaminant and the soils 
and sediments are unknown. In many instances, the distribution and chemical form of 
the contaminant within particle-size fractions d t h e  soils and sediments is impmant in 
determirung the success or failure of a spea6c technology. 

Near-term sdence and technology needs at ORNL &add be directed at debmining 
how to reduce the volume of contamhakd soils being dLsposed of in O m s  low-led 
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7 1 5  1 
r&ioactive waste burial grounds Benchscale studies should be initiated to investigate 
the potential advantages ofwh.m.e reduction methods such as size r l a c a t i o n  and soil 
Fvashing/sctraction. using soils presently on hand and stored at SWSA 5 but designated 
for burial in SWSA6. Other near-term science and technology needs indude 
inves~~onsrelatingtohowmuchmore~cien~vaporexsactianofVOCsfromORNL 
impermeable soils can be canducred. The efTectfveness of chemical axidation processes 
to destroy organic contaminants in these Same high-silty and -Cla)eysods also needs to 
bemestigated. 

~ - t e r m s d e n c e a n d ~ g ) r n e e d s a t O R N L i n v o ~ t h e i d e n ~ o l t t a n a n d t e s t i n g  
d methods to remediate large volumes of soil that contain relaw low levels of 
radionuclides and/or other hazxdous contaminants. These include sediments contained 
in White Oak Lake and adjacent to many of the waste lagm at ORNL and the 
amtaminated soils along waste lines and in the low-led burial g r o e  The first need 
is to thoroughly charactaae * these soils and sediments and mal- the potential 
emironmental and health risk associated with a 30 remedfaticm action" scenario. If an 
Macceptable risk is irmkd. bench-scale studies should be * pursued. 
However, because of the time involved in rnaldng a riskanalysis and in 0b-a 
regulatory a p p d  of % remediatian action," it may be beneficial to start up (an a 
limited scale) some bench-sxle testtng of the more promising technologies. 

43.6 Buried Pipelines 

Both of the prewiously described technologies considered for treated buried piping are 
considered accepted. and there are not believed to be significant sdence and technology 
dwelopment needs. Only in the unexpected event that radioactivity or taxic hazard is 
-dent to prevent direct participation of personnel with protective dothing would 
robotic or other new equipmen them. 

43.7 Impoundments 

All of these technologies are accepted ar have been demonstrated on samewhat similar 
sites. Usually the most impanant science and technology need is a s d d e n t  
understanding of the soil properties in the impoundment In situ vitrification. in 
partlcular. needs an understanding of the behavior of all componenfs during high- 
tanperaturetreatment.suchasvolatilfiation,decompositianoforganicmmoounds,and 
leachability of con- f h m  the product glass. Although tbere is mare experience 
with fixation of con- with m t - b a s e d  p u t s .  this kchmhgy also needs 
treatabilltytestingtoconfirmthatallcontaminantsoflnterestaread~~con~ 
within the grout. 

Most of the in situ techndogies, including the W m t  types of barrier construction, 
have been used or demonstrated fn soils that are far less complex than those in the Oak 
Ridge area. For instance the complex flow pattems in the highly fractured soils at oak 
Ridge make placement of barriers mare complicated than in simpler and more nearly 
hnmngeneous sandy soils. 
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4.3.8 Hydrofracture 

The drculatfng fluid used for conventional well plugging and abandonment could 
become contaminated and pose a potential health risk to workers during pluggfng and 
abandonment Technology to develop r e m o w  cxmnded equipment is needed to 
minimizewarkerhealthnsk. 

The gedogrc and hydrologic characteristics of rhe rock fixmati- need to be 
characterized for both the deep rock drainage curtain and water proofing cave with 
hydraulic cage technologies. Modeling is also needed to eslaluate the sensitivity of waste 
movement to pore pressures. Because deep-drining costs are a key to the ecQllomfc 
viability of these technologies. cost-effective drining tdmiques are needed. 

The impact of radioisotopes and saline ground water an the long-tenn properties of 
cured polymers is needed to evaluate the feaslbitity of  chemtcal grouting of tht 
hydrofracture grout sheers- 

4.3.9 Ground Water and Surface Water 

Chemical pn>cess operations are normally hetuxxi to operate at optimal conditkrrrs 
on the feed stream. A primary consideration concerning ground water and surface wafet 

encountered. These variations are presently unknm and dekrmhbg them is a key 
factor in mlnfmizirng treatment costs. For aboveground treatment consideratian should 
be gfve to accumulating a feed reservoir to average out fh~ctuatfm in flow rates and 
concentrations. 

For in situ tedmologies. the extent of the contaminated g r o d  water and its- 
with climatological conditions must be IdenMed. and this flow must be directed through 
the treatment me. Subsurface structures to canpd ground-water flow must be 
demonstrated and costs established. Instrumentation far monitoring flow rates and 
contaminant I& for in situ applications is needed. 

treatment is the yariation in flow rates and contaminant concentrations that may bc 
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4.4 IMPLEMENTATION NEEDS m .  & 7 7 5  1 

4.4.1 Introduction 

'RI% section highlights same of the problems that must be overcome to use the 
tPrhrano$es at ORNL. These (=auld indude establishment of nnenr limits and 

pmblerns completely but are impartant &@e steps in the solutian. In these cases. it will 
be n m  to have the other technologies available to complete the job. One particular 
group of technologies does not provide permanent solutions to the p r o b h  but provides 
containment of the pollutant sometimes for long perfods. Use of such tdmologies 
requires regulatory acceptance of delayed permanent treatment and dmeiopment 
(perhap fbture developmeno ofpermanglt treatment technologies. 

regulatarp acceptance of the final treatment product. Same techno 9" ogles do not solve the 

4.4.2 Buried Wastes 

Dymmic compaction and mrchqmg need to be demonstrated for the soil and 
hydradic conditions at ORNL prior to implementation. Field tests are &ed to 
determme . the long-term effeavenes of merent materials for use as barrier walls or in 
fbtian applications. Cold-test fadlrties are needed to check guidance systems for grout 
d m  prior to implementatim 

3gniIhnt pennittlngand triai burn &arts are needed to establishtheefktfwness 
ofth~destructiontechnologlesandtoobtatnregulatoryap~foaimplementatlan. 
Safety, product-quality, and fieM-pn>cess operations all need to be established. 

Fkld testing of retrieval tedmhgies under actual conditions is needed to demonstrate 
safety and precision. 

4.43 LowLevel Waste Tanks 

Ifthe amtents are removed frmn the hub (removal of either the liquid akme or the 
liqurd and sludge), facilities wiIl be needed to receive the waste. Mew af the waste in 
theirlacme low-level waste tanks indiimtes that the supernates (liquid] could generally 
be transfaTed to the active liquxl luw-level waste system. Thfs means that the liquid 
would probably be concentrated in the liquid low-level waste evaporator and then 
transferred to the Melton VaIleg Storage Tanks for long-term storage. Tbm tanks are 
knmm to contain significant organic lapers and could not be sent diredyto the active 

can be d e  for these tanks Only a small percentage of the supexnates (-1%) could be 
discharged directly to the procesS Waste Tteatment Plant. The other 9946 of the 
supemaus exceed the Process Waste Treatment Plant waste acceptance criteria for such 
Micams as cesium, strontium. and gross beta. and sometimes for cobalt and gross 
alpha Cm, U, and Pu). A fairly q l i -  pretreatment system (eg.. mixed-bed ion- 
exdxmge columns, zeolite i0-e columns. and precipitation) wcdd  be necessary 
totreatthtsewaste acceptance criteria-mxdm gsupernates for ckharge to the pn>cess 
WasteTYeatment Plant. The time required to perfonn development studies and build such 
a prenearment facility precludes considering thfs as a viable option for the neaf hture. 
Tbe storage volume currently aYailable in the Melton Valley Storage Tanks is limited 

and is insufficient for all of the rank supernatants. Periodic campaigns to solidify a 
portim d t h e  supernatant have allowed continued operation of the hqud low-leref waste 
system in the past, but this is undesirable in many ways and is only a tengo 

O O W #  

li~l~evelwastesystem.Ad~~stu~eswillberequiredbeforerecommeradations 
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measure. DOE and ORNL's WM ~ O U P  is working together u) acqum and impl&t 
additional storage tanks and/or trearment facilities. Inng-tam optiarrs for liquid l o w - l d  
waste storage and treatment generally include building the Waste Handling and 
packaging Plant at ORNL to pr- and repackage liquid lm-level waste for eyentual 
d q m d  at the planned Waste Isolation Pilot Plant in New Madco. 

The tank supematants are non-?XU, while about two-thirds of the tank sludges are 
TRU waste. After the k p d s  are removed from the tank. the SEUageS may also be 
removed to the active liquid low-led waste system or pn>cessed in other ways, such as 
in situ treatment Aca~rciing to DOE Order 5820 .X  stnred TRU sludges must be 
removed from the tanks and &posed of at the Waste Isolation mot Piant unless another 
altemative is wjustified. Ifthe TRU sludges are wltdified and stabi l id in situ+ the 
treatment would p r o w  be tempcrrary, and final dispositbm oftbe tank contents may 
be required at a later date. The degree to which in situ fimatfon options fadlttate finai 
disposition of the tank amtents should be adyzed carefuny. Far example, significant 
canent grouting of the tanks make final contents -tion dif3cult An optian 
would be to pamally fill a tank ulth grout so tank accessibility is not limited. 

Basic implementation needs far both retrieval or in situ fixation alternatives include 
the following: 

Support platforms that straddle tanks. Because the stmctvral strmgths of the Gunite 
tank domes are susped, aIl equipment to be mounted above the tanks should be 
supported on a platfarm that suaddles the tanks. 
Access to the tanks for in situ solidillcation or r e t r i d  of the aments. 
Use of minimal in-tank equipment (i.e., ancillary equipmau should be located outside 
the tank) to improve system reliability and accessibility. 

equipment be remotely operated: such equipment may need to be spedaUy designed. 
Closed-circuit ?v and remote oantrol equipment 
Areas to prwide for wash-down, minor maintenance. and waste load-out in 
preparation for equipment relocation. 

Spe~iallydesignedre~~teequipment. ES&H~~~~~iderati~~~~~ma~~~~~.~datethatin-tank 

With regard to the in situ trearments, the neceSSarJr equipment and expert& are 
needed to properly blend and mix the constituents and manage tbe operation. 'Ibis b 
especially true for polymer grouting, where some of the grouting p0lyne.m are toxic. It is 
lmportant that the p0lyxna-s react with the tank contents: iftheg do not react and instead 
becomefreellquidsinthetanks.thRrbecOme~turecandidatesformigrzttion.Processing 
amtrols are necessaryto errsure that thegrouting and tankcantents aremixed comedy 
and proportionately to promote didification of the mtKture 
A critical implementation need for ISV is field-scale tests to demonstrate that off-gas 

pressurization and spm pmbkms can be e h h a t e d  ria compaction or by flllfng 
the void spaces with an appropriate material. ndsting pilotscale ISV equipment could 
be used to perform demonstrattans that would about two years and an estimated 
three million dollars to complete Successful deployment of the ISV technology fir 
underground tanks would then require fabrication of siMedicated hardware (about 6 
million dollars and two years of effan) and contractual ammgemmts with a private sectar 
corporation to operate that equipment. All underground tanks at ORNL would require 
many years to treat by ISV, but miy a few years (Le.. three) would be required to treat 
selected higher-activity units that present the greatest risk far exhumation and 
redispOSal. 
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4.4.4 Pits and Trenches 

rappmg mpkmentation needs cmter an characterfitng of the site to detmnfne the 
exact areas to be contained and identiijmg potential lateral and subsurface mharge 
areas that would require hydrologic separation. In situ gr0uUn.g -1-tian rrppnS 
include establishing grout mfiring and cmqatibility at a projected field smle. Due to the 
relative@ higher-radiation fields at the pits and trenches, remo@operauam. inchdmg 
augerchange,repair,andabandonmentFFithinthewaste,would~berequired~ 
fn g r o u w  

In situ viWcation implementation mzds center only on providing a fMd-sde 
operation to danonstrate impl-ilitp. In situ extraction implementannn neeis are 
largely imkkmimte because the specific in situ process and exhdan& carmot be 
identified 

4.45 Soils and Sediments 

Pnot-scaie testing of soil remediation tprhnninw is needed before full& use. 
Presently, ORNL does not have facilities to conduct pilot-scale tests for wil rapediatjDn 

desorption, or incineration. Bemuse of the p0renUal to contaminate private w d d s  
equipment. cantractlng pilot-scale studies is not a cost4ective option. Cmracmg oftea 
restricts fladhility in design of qxrimam and in many cases does not o f f g  a tMal 
systems ap-. For example, marry oftbe sail remedfation technologies are M an 
separatian pn>cesses of a contaminant fmn the soil (eg., soil-vapor e x t m c d ~  thermal 
desorptian. soil washing/extractian. and ekhkinet tcs)  and of the 
contamfnant (m a destruction or cmtahmmt process) is addressed -. 
Acoessibnitpto~t-scalefadlltiesatORNLwouldbecosteffecttve, providegreaterutflity 
in technulw evaluation, and ensure tht correct scale-up to fidl-fledged treatment 
fadlities 

To meet long-term science and technology objectks in soil remediatian at ORNL a 
d e t e r m i n e d p r o g r a m t h a t e v a l u a ~ ~ ~ ~ ~ t a l a n d h e a l t h ~ ~  
with large bodies of soils and sedfments that contafn relatively low levels of r a d f r n ~ ~ ~ W ~  
and/or taxic hazardous constituents. ne!& to be implemented. Thts program SbOuM 
include a majar task in soil characterkatim that determines fate and transport of 
contaminants cnntained in the soils and sechmts of concern. The program should be 
foxmedin such amannerso that the EPAandstateofTennesseeregulabry agendes can 
activdy partidpate. Goals should be estaNid'lPn with a realistic timetable. dedingwitb 
expemxi dates of promulgation and dea.m.~p lm&. Implementation of a suaxssfd 
programalong these lines would aid sigdcantly (in cost as well as time) inthesdectkm 

techndo*. such as soil washtng/egnacrion. chemical aJddation/reducdan. thermal 

of the mrst appropriate soil remediation techIlologv far o m  sites. 
4.4.6 Buried Pipelines 

Both of these technologies and the eqected meam of application are accepted. No 
unusual implementation needs are expecud 
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4.4.7 impoundments 7 1 5  
Since some technologies considered far impoundments are temporaryme.sams, the& 

mpkmentation obviously requires m e b d s  and plans far subsequent permanent 
rreatlnent Although short half-life radicracttvity may decay during the retentian period, 
other contaminants may remain. The porentlai temporary measures include most ofthe 
bamer mcepts. The ability to leave the amtarnhunts in-plaoe buk- may 
depend upon an agreement of the regularms to accept institutional coatrol of the site for 
seemi years. In a sfmllar manner, acamtion methods depend u p  the availabflity of 
ex situ treatment methods. 
Other technologies considered produce a solid mass that retains the contamlnatlon. 

I t  is acceptable to leave a solidified mass in place. Although this mass would not support 
phru life as the original so4 it would be mme like large rocks. 

4.43 Hydrofracture 

Field demonstration sites and flow modeling are needed for the deep rock drainage 
curtain and water proohg c z m  with hydraulic cage. Facilities far leachate rreatment 
h m  these deep-rock drainage cutaim are also needed. 

Iabaratorytesting, todetenninethesite-specificlmpactsofradiaisotopes/saElnewater 
on the chemical grout. is needed. 

4.4.9 Ground Water and Surface Water 

Ion-atchange and adsorption operatiam carried out aboveground have been done on 
a large Scale for many years. costs far these operations can be estimated with 
comidaable confidence. In commerdal applications a range of $l+2/lOOO gal of water 
treated would be typical. For applicatims that treat water containing nuclear materfals. 
the cost is much higher bemuse of the required nuclear waste storage additional 
permitting, ek., and $5$10/1OOO gal is a better estimate. 
In situ adsorption and ion exchange operations and the control of ground water have 

not been demonstrated. Materials must be contained so that they are mxssible to 
ground water but remmble after exhaustion. These same ground-water control 
considerations apply to other in situ operations that might be done a trench-and- 
fiIl concept. such as precipitation and &mid oxidation. 

Costs for abovegmund predpitation far heavy metals, cesium and strantiurn should 
cust about $loO/lOOO gal ofwater and about$1000/1000 galfarcobaltand technetium. 
Cost for abovegmund biologid oxidation of organics are about $lO/lOOO gaL typical of 
storage treatment plants. Far chemical &dation, costs are expected to be about 
$lOO/lOOO gal. For nitrate destruction. biological denitriflcatim is expected to cost less 

Separation of volatile organics by air stripping aboveground win cost ktxeen $0.60 
and $4.1O/lOOO gal, depending on the Scale of operation and whew the arganic~ are 
fecweted from the air. Steam stadpping would cost about $8/1OOO gaL 

than szoo/loO0 gal. 
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4.5 TECHNOLOGY RANKINGS 

4.5.1 Introduction 

The rankmgs of RA technologies are presented fn the foIlowing sections. The criteria 
listed in Chap. 2, Sect 2.4, were used to rank the techdogles. It *odd be noted that 
the development and projected unit operating mts are ro~@ order-of-nqpitude 
estimates. Their d d i t y  is limited to the relative amqarison of costs between 
technolOgles. 

4.5.2 BuriedWastes 

Table 4.1 summarizes the rankings of each tedmol~addressed by the buriedwaste 
group. The rankfngs are brietly discussed bysysrems approach in the following seaions 

I 

4.5.21 Containment and Isolation Technologies 

Challenges to hydrologic isolation of buried waste in the ORNL. settfng hiive been 
ranked in this study with direct-surface mtradan having the hlghest l.mpaCt. near- 
surface storm-water flow of secondary impact. and deeper ground-water flow af least 
impact. Accdh@y. technologies to prevent direa fnflltration were ranked higher than 
technologies pruviding isolation h m  deeper ground water. 

~~struc~stabillzationtechnologfes,dynamiccompactionwasrankedhfgh. 
partly due to its dktivmess of surface caps at relatively low cost and its apphcability 
tomany trench areas at ORNL, High rankingwas also assignedto horfiontal-mixtngln- 
place technologg, due to its potential for penemtion of containers, which e f l k d d y  
stabilized nonhomogenwus wastes. While this tdmdogy has been demonstrated far 
contaminated soil. the &ecmess of the deliverp sgstem for buried waste needs finther 
evaluation and demonstration. 

In the eduation ofisolation technologies, vertical banlers were determined in&e&ve 
in Oak Ridge's geology, which does not pruvide an impermeable bottom seaL Higher 
priority was assigned to caps that prevent dtred infiltration. and drains that dfvert 
shallow starm flow from buried waste areas.& aoceptim was the high ranking ofthe 
slurry Wan with HDPE screen, which can serye as a leachate wUection/drahage/leak- 
d e ~ t i a n ~ t e m o r p o s s l b ~ a s a h y d r o b a r r i e r t o ~ t w n t a m i n a n t m t g r a t i o n ~  
the wall dm-gradient of contaminants. 

4.5.22 In Situ Treatment 

High priority was assigned to ISV, due @mari€y to its robustness and potential 
&ectiveness in wlzverting radionuclides to an e x d e n t  waste form, while des- all 
organic hazards and combustible ma- Although ISV has been s u w  
demonstrated far contaminated soil, the Chanenges of off-gas pressurfiation and fluid 
pressurizatfon within ambient containers must Be addressed (possib@ by in situ 
compaction) prior to application of this technobgy to buried waste. 
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7 7 5  1 
4.5.23 Retrieval and Ex Situ Treatment 

~ ~ 1 o g i e s w e r e r a n k e d I n w a s t e r e ~ ~ a i ~ v a t i o n t e c h n o l o ~ ~ ~  
p ~ ~ o m ~ U ~ a n , w e r e s e l e c t e d b e c a u s e t h e y a r e a l r e a d y ~ d e v e l o p e d a n d ~  
adaptable to retried of low-activity waste. n?e d&opment/demonstratitm needs for 
predsim excavation focus on contamination conml. Also given a high rankmg for 
dweiopem/demonstration was bulk item exhumation because athe Izecd to remuve 
large bund objects safely. Overshot c i n l h g  for I@-activity applications. such as the 
rea& afreactor plates for auger holes. is also gimm a high ranking, 

reasms Fkst the need for segregatron will be driven by the primary treament 
kdmdagy, which is undefined. Second. the buried waste is not charaaerfied weil 
enough to detenntne relative proportlans of different treatment groups (e.$. rry.tnlcl_ The 

for newiivgemrated waste and because it provides for segregation into a largcrnumber 

A group of thermal treatment technologies and a group of solidiflcatian mbnobgies 
were ranked hgh in ultimate treatment. Indneratim vitrification, and lorn-- 
ashingam e t e d  because of their effecch.eness, robustness, and tremendous aaste- 

of semi-Polatne contaminants. Technology development/demonstration needs forus on 
off-gas ueatment and development of a final wasfe fonn. High-ranking sdidiflca.tbn 
techndogles included cement solidifhtion. thermoplastic encaps&tio~~ thermoset 

segegautm/sclmng technologies ranked loaer than other s u b e l m  for m 

highest r a n k i n g ~ o l o g y i n t h t s  areawas physldsorting, because it is a € r e a d y d  

of tfeammt mtegories. 

reduaicm &kts. hw-temperature ashing has the potential of providing bener COtlfTol 

~ a n d s u i f u r p o ~ c e n z e n t e n c a p s u l a t i m .  

4.53 Lowbvel Waste Tanks 

Table 4-1 also mmmarhe the fankings for each technology addressed in the W s  

P- 'e ranaal and hydraulic remud or sluiungl were identifled far the aments 
removal alternative. One of the reasons for the high ranking for the ~0xum.t~ rermMi 
kdmdgks is that they comply in partwith DOE policy ofTRU wastes remRaL 'hm of 
the tetimnlogies, pneumatic and hydraulic remoraL are technically rnafrm and weil 
danamrrated at ORNL and Hanford. Huw~mr, bsed on lessons learned from past 
experience with these two technologies. their rerrmFai eflBciency (histariw up to 90%) 
could be imp& by upgrading the in-tank equipment and through carefui Selectiun of 
tools appqniate for the particular tank waste. The technology with the pm5ia.I fn the 
highest fernoval efficiency. at least for the Gunite tanks, may be mechanid e x c a w  
DOES office of Technology Developmmt is abeaciy helping develop this tmhxxiogy 
through its Inkgrated Demonstration Programs for robotics and the undergrumd storage 
tanks. The parallel robotics developments are useful because robotics is a 
techndogg that enables remote deployment of @pent, tools. and se~ofs in the 
hazmhs-mlkenvironment, 

core grmrp. Those technologks with the highe5c ranking (mechaniml anrrvatioa 

45.4 Pits and Trenches 

Tbe mnkings for each technology addressed by the pits and trenches -pup are in 
Table 4.1. En situ viWcation and capping mere the highest ranked techndcgies. Both 
tedm&@s have been demonstrated and shown &ttive. In situ grou-was fanked 

000232 



7 1 5 1  
as a medium priority because of unoenainties of its &ectiveness and its ixuplPmentation 
ams/schedule. Although remote eamadon does not require srgniflcant depelopment, 
it was ranked medium because ofuncenalnty in the dispcsal of exavatd mawrial. In 
situ m c t i a n  was ranked low due to the lack of an artractax& in 
Implemrsltability/effectiveness, and need far delivery/recovery systems. 

4 5 5  Soils and Sediments - 
Table 4.1 provides ranktngs of soils and sediments technologies. Son washing was 

ranked a high priority because of its dPmnnstTated ability to selectidy rmme radio- 

as thennal desorption and soil-vapar anractlan (including t h e  enhanrwi and RF 
heating). were also given high prhriQ. It  should be noted boaRver. that since the 
e f f e c w  of these technologis is limited to volatile and semi-volatile organtcs, the& 
Site-prOblemrankLng is lm. 

The rankings in the systems approach for soil remediation technologies are q e c t e d  
to change over Ume. Near-term priorities focus on ex situ treatment bemuse ofthe earfy 
implemmtation in important mmdiabm - projects, such as the removai of leakmg tanks 
and pxpeiines and the remediation of spills. Iconger-term priorities are arpected to focus 
on in situ treatments and containmen t far large volumes of contaminated sediments and 
soils. such as those contained in White Oak Lake and the burial grounds. 

nuclides.themajorcontaminamofconcan. O t h e r p h y s i c a l s e p a r a t i m ~  such 

45.6 Buried Pipelines 

Both technologies evaluated for remediafiOn of buried pipelxnes vere high 
rankin@ (see Table 4.1). Both technoiogies are currently used for remediatian of buried 
p i p e h s  and their ef€ectiveness at ORNL has been demonstrated. 

45.7 Impoundments 

Technologies receiving the mest rankings (see Table 4.1) fncluded all aEMvallon 
and capping and drainage tedmolcgies since these are likely to be the mast aitical for 
remediation of impoundmenrs. In situ fixadon was also rated high, primarily for its 
demansuated ability to fmmobilizewastes. The other technologies were ranked lower due 
to their limited applicability and limited effectiveness for the site amdiffons at ORNL. 

45.8 Hydrofracture 

Plug and abandon was ranked the highest since it has been demonstrated as dkctive 
and is versatile and will not require a long dwelopment period ar cust ?he dq-rock 
draimge curtafn was ranked as medim since it is a well-estahlished technique for 
seepage control below high-head dams. Chemical grouting and water proofing caye with 
hydrauhc cage were ranked Iuw, pnxwily due to the development requrred and 
un~er&e of the effectiveness Due to the nature of the problem. all tprhndogles (with 
the -tion of plug and abandon) were estimated to be of high cost @1OOMl to develop 
and fmpiement. 
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t 

4.5.9 Ground Water and Surface Water 

Tbe tPrhnnlogy receiving the highest rankmgs for inorganfcs (e.g., heavy metaw and 
radionuclides was aboveground ion exchange. For organics and inorganics the bighest 
ranked wen! ab<lpeground adsorption on activated carbn. Aboveground bidogcal 
oxidation for organ~cs: abategn>und air or steam snipping for VOCs: and crpgmic  
immobilization. for tritium. were given high rankings as well. 9 
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4.6 RELEVANT TECHNOLOGIES UNDER DEVELOPMENT BY DOE 

DOE is m t l y  developing *loges that could contribute to solving 
environmenral and waste recycling problems ar the different DOE sites. Some of these 
projects may have relevant and beneficial ekments with respect to the RA tPrfnulhmes 
listd in Table 4.1. A search of available informarion on programs funded in FY 1992 and 
FY 1993wasperiannedtoidentifypossiblematcheswiththisltstofRA~d~.Ibe 
results of this search are presented in Table 42. Those FY 1993 projects described by 

corresponding RA technology code and 'IT number. When no IT 1993 matches wuc 
found and the searchers based solely on persanai knowledge) hew of d Fy 1992 
matches, these were entered in the 1993 ?Tp column, RA technologies far which XXI 

matches were f d  are omitted fbm the table The relevance column indimts tk 
degree of oyerfap between the listed RA tedmok@es and active TIT pwects. The TIPS 
comprisingthesearch database are listedinthe appendk 

m a n d d e m m l n  * ed to be potenuany relevant and beneficial are listed UIlcler tk 
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5. ROBOTICS AND -AUTOMATION - 7 1 5  1 

5.1 INTRODUCTlON 

There are a Illfmber of reasons why robotits/automatton would,b” used far RA 
activities. including (1)to perfonn a task XMNT than by direct human 
involvement or (2) to remove the humans firom the hazardous environment and minimtz 
the danger lew9 to the humans. Both of these reasons are enc~~ntered in RA at~Mties 

For the purpose of iddentlfying the robotics/- technologies applicable to RA. 
the RA activfties have been grouped into six problem areas. as follows: 

Some of these problem areas will require very little involvement by robotics/ 
automationwhileothersmayrequirecdmsivem~ atleastuntilthehamdld 
associated with the activity has been better defined. Funher. each of these problem areas 
requires a snmearfiat difkrent mix of r o b o t i c s / a u ~ m  technologies. It should also be 
noted that. in general, robotics/automatim supparts those other tPrhnnl@cal 
activities+ndudfngcharacterfiation, rem& and treatment-necessarytoperformthe 
actual mnedmti - ontasks. 
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5 2  TECHNOLOGY OPTlONS 'L. 

The robotics/automation technologies that are applicable to RA acttvities are iisted in 
Table 5.1 (an X indicates which technologies are applicable to spe&c RA problem areas). 
As shown in the table. the robotics/automation technologies are grarped into nine 
fmaional categories. The technologies listed for RA tasks are p m  those required 
(1) to locate, characterize. and retrieve buried wastes, includm&.med pipes. (2) to 
sample and remove wntaminawd soil. and (3) to sample and remove the wastes ikom low- 
ledwastestorage tanks. Robotics/automaUonwill haw fewerapplicam inimpnmd- 
TI~PN or ground-water treatment applications. 

Generally, it will be naxsaxy to combine a number of these robotics/automation 
technologies into integrated systems before a particular RA task can be perfoxmeti 
ed3eaively. For example, hawrg a remow operable vehicle (ROBA-2-04 aMilable to 
locate! or characterize buried waste would not be particularly useful LI&S appropriate 
detection sensors CROEA-47-OU, operatm interfaces (ROBA-38-0Y. and data/signal 
tranrmission devices (ROBA-13-Ou are also available. In sew priorities for needed 
R&D. consideration was ais0 ghm to integrated robotics/automation systems. 
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PiLW = h-level waste 
bAn X indicates that a techndugy is applieabk to an RA problem area. 

000305 

paSe 116 



7 7 5 1  
5.3 SCIENCEANDTECHNOLOGYNEEDS 

Spedflc needs, with short qlanatians of the reasons why additional R&D Is requhd, 
are given below for each of the RA problem areas. 

53.1 Buried Wastes and Buried Pipes 

Marry of the records showing the h t i o n  and the contents of bmied-ate fields have 
either been lost or destroyed, or acmrate records were n m  kept Simflar problems &st 
for some of the buried pipes that have carried radioactive fh&h in the past. Also, since 
the M assodatedwiththesewasteflelds are notwell d e h e d  and may aoceed those 
to which humans can be exposed, the s u m y s  necessaryto these burial 
gmmds will be performed remotelyusing tdeoperated or roboticvehkles to deploy the 
detection sensom. Needs related to this activity are induded tn the faIlowing sections: 

53.1.1 Remotely Deployable, Nonintrusive Sensors (ROBA-47-0L) 

Present sensors have limited usehlness. Ground-penetrating radar has limited range 
in the soil encountered on ORR particularlyifclaycaps havebeen placed on thewaste 
field. Conductivity probes can be disrupted by the metallic signature of the robotic vehicle 
used to deploy the probes. Radioactivity meters and organic gas detectors cannot indicate 
the burial depth or the quantity of buried materials. €Born to i m p m  the capabilities 
of sensors are required. and it is assumed this technolw need wiIl be addressed by 
characterization progmms. The integmtion of these various types af sensors onto a 
remotely deployed vehicle is also a technology need that requfns additional R&D. 
Addressing thisneed will mlnfmizepotential interferencebetween thesensors and other 
systems on the deployment vehicle. 

5.3.1.2 Low-Metallic Content, Remotely Driven Vehicle (ROBA-1-0L) 

Avehicle of this type is needed to minimize interference with the deiection sensors 
carried by thevehicle. Some work in this area is presentlybemg conducted by the Of3ce 
of Technology Development Robtia Program, with a tPrhnica,l demonstration planned 
for later in thls calendaryear. 

53.1.3 Tool Caddies (ROBA-21-01) 

Methodsofstowingvarioustoois~eretheyare~accgsibletoamanfpulatorarm 
is a technology need that has not been adequately addressed in pmious robotics/ 
automation programs. The present approach is to move the away from the 
work site to a tool storage area when tool changes are necessary. Havrng an on-board toal 
caddie would greatly increase the dRdency of the remote operations and would be 
particularly useful in the repan of replacement of buried pipes where went tool 
changes may be necessary. 
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5.3.1.4 Navigation of Robotics Vehicles on Waste Sites (ROBA-294L) 

In the surveging of waste sites, relattveiy pmxe information on the position of the 
vehicles conducmg the survey is required u) relate data from the detection instrumenrs 
to burial site lomdon. Although several tnsmments to provide tbis fnfnrmatlrm are 
availahk- ' kg.. ultrasonic RangLng and Data System), they genedlyrequire 
lineofslght beturn the detectors and the vehicle and may not applicahle to marry 
oftheterrarns * encountered on the 0RNLvast.e sires. 

5.3.2 LowLevel Waste Storage Tanks 

~ a m d i t i a n  ofstorage tanks at ORNLmies fromadive tanks that arein- 
goodshapebutnearingcapacity(MeltonVaIlegStorageTanks) t o s t m a g e t a n k s i n ~  
thedames areinda.ngerofcollapsing(Glmitestoqetanks). Generally, thradbadMty 
1- in these tanks are sufflcien@ htgh.ThereforR remediaton taskswill have to be 
perfoxmed remow using robotics/autnmatinn technologies. me highest priority Wrr 
and bAmology needs to perform these taldts are summarized in the followrng sectlol~s- 

53.21 Long-Arm Deployed Robotic Platforms (ROBA-9-01) 

Manp of the storage tanks are quite large and have limited penetrations. making the 

the exsting topof-thetank penetrations and accessLng the lower peripherp of thevessel 
is a high priarity. The length of the ann and its inherent flexibility present contrd iiILd 
stability problems that must be addressed in the RBrD program. 

remediaUonactivitiesdifn~ult.Areasonabfpcampact,lang-reacharmcapableof~ 

53.22 Support and Stabilization Platforms (ROBA224L) 

Methods of s ~ p p ~ r t f n g  long-= deslbpPn robotic  platform^, partfcubrfy far the 
remedialion of deteriorated tanks. where no additional load can be placed an the d m  
of the wssel, is a technology need that is only recently being addressed in o t k  
p r o g r a . ~ ~ ~ .  Ideally this platform could be used on a variety of vessels, regardless of thar 
Slze. 

5.3.23 F o M m i t i n g  and Compliant End-of-Ann Mechanisms (ROBR264L)  

The deveiopmmt of a method of remoteiy adwtmg and limiting the force that an arm 
or toal can exert on a surface, such as a tankwaIl. is also a technologyneed forrobotiCs/ 
automation. Auhough force reflecting mantp- are commerdally available, W 
units depard on the ability of an operatar to sense forces transmitted back through the 
control v t e m  and are not s d d e n t  to pment dams@ during remote opera t im~ 

5.3.3 Soils 

Rather large quantities of contaminated soils are present at ORNL Although h 
soils probably are not sufllciently conmminated to require remote operatiorrs, soils 
adjacent to buried wastes, buried and leaking pip. and leaking low-level waste storage 
tanks be highly contaminated and will require removal by remote means. There is 
also an emmmic incentive to minimiz the amount of soil removed for treatment orwaste 
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5.3.3.1 Front-End Loaders and Backhoes for Minimum Soil Removal (ROBA-2-01) 

A remotely operated, heavyduty vehicle with suffldent semsors to cantrd the depth 
of soil removal is a high priority science and technology neexi far &tics/automaticm. 
There is presently a Jointly funded Depamnent of Defense and DOE O f k  ofTechnology 
Development Robotics Program to develop the first prototype o f  a vehide with these 
mpabillties, and a technical demonstration Is planned for late in calmdar year 1993. 
ThLs program should be continued to the paint so that the technaloggcanbe turned over 
to a p r k m  company for co- - deployment, 

5.3.4 Impoundment 

At the present time confinemPnt of contaminants in sedimenk has been effecw 
contralled by coffer dams. In the future, however, if migration of the -b 
occu~s, it may be necessary to consider techniques to remuve the sedtmerrts from the 
impoundment areas. 

53.4.1 Specialized Robotic Deployment Platforms (ROBA-7-01] 

Use af available techniques for sediment removal [e.& suxface ck igbq j  wmld result 
in a sionrficantly greater release of contaminants during the treatment penod Methods 
of depluying equipment to remove sediments with minimal disturbance of the 
surrounding material are required. Underwater deployment of sediment removal 
equipment using remotely operated submersibles, would be one method of 
acaxIlplishingthistask. 

Remotely opmted submersibles have been used far some time for off-share oil rigs 
and ocean exploration. Howem, for shallow water operarions in freshwater 
impoundments, experience has shown that the primary dif€iculty is the limited visibility. 
This is particularly true when the bottam sediment is being disturbed ur. during warm 
weather months, when algae growth is at a maximum. In addition to s p e c k k d  robotic 
deployment platforms, spedallzed sensors (ROBA-43, -44, and 45-04 may also be 
required for these robotic applications. 

000308 
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5.4 IMPLEMENTATION NEEDS 

For RA actMties hgh-priority implementation needs are cold-test beds where the 
effectiveness of robotic systems to detect, characterize. . sample. and remove btrried 
wastes. buried pipes and soils can be demonstrated prior to performing the actual 
remediation effort, Similar fadties are needed for the development and testing of the 
r o b o t i c d w i c e s t h a t w o u i d b e u s e d t o r e c o v e f r e s i ~ w a s t e s f m m l ~ - l e v e l w a s t e ~ .  

An additional implementation need is quamitative infarmation on the anticipated 
p~calandradiolo~micharacteristicsofthevariwswastemareriais, particulariytbosc 
that are likelyto be encountered in buried waste sites and as residual materials in the 
low-level waste tanks. Without this infoxmatian. it will be very dBicult to determine the 
required capabilities of the robotic systems used to deplq the sensors and tools needed 
for the remedLati - onefforts. 
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5 5  TECHNOLOGY RANKINGS 

The radgings of the robotics/automatian technologies required for RA actb%ks are 
given i n m e  52 .  It should be noted that the criteria used for ranking are h i a d  t m m d  
t h ~ !  tecixmlogies that are co- ' available. Hence. a one-form axnplsm 
between rfie rankfngs and the science and tdmdogyneeds identified in sect 5 3  is not 

&e mmmerciaUy available devices g- q u i r e  little aadltlonal W). It 
should also be noted that seyeral of the mittria suggested for ranktng ~pere mt 
amsidered applicable to robotics/autamatim These include (1)- wfth 

costs. 
Others ofthe criteria have limited applicabnity to robotics/automatioa 

A number of the technologies were cansidered essential. However, many of these 
tprhnniw also had ahighranking. wfiich meam they were corn- 'Ibe 

Tbe ddopment costs identified in Table 5 2  should be considered rough order-of- 
m a ~ e e s t t m a t e s . T h e y h a v e m o r e ~ d i t y i n t h e c o m p a r f s o n o f ~ ~ ~ t s ~  
various robotics/automation technologies (Le. thep are i n t e  wnsisteno. than they 
do in their absolute magnitude. 

req-ts (IC regulations, (2) ES&H requtrements, and (3) unit proc~ssrng - 

essential rprhrVllogies were usually a s s 3 c i a t e d ~ t h ~  ranked site plmbkms aisa 



Table 5.2. RanUngs ofrobotics/automatiaa tecanologies for 
remedial action 

ROBA-29-oL 
ROBA-3O-OL 
ROBA-3 1 -0L 

ROBA-33-OL 

ROBA-35-0L 
ROBA-364L 
ROW-37-0L 

ROBA-32-0L 

ROBA-344L 

i E-5-NSN:M 1 

Vehkk/mobihp navigation 1 H 4 1  ($0.5M:N) 
Manlpuhtion controD H41($0.5M;N) 

Manlpuhttm (Cartesian COntroD H 4 l  ($lM:N) 

~ p u h t l ~ ( s p e d a l P u r p o s e ~  I H 4 2  ($1.5M;N) 
Manipulation Wundancy wntroD I M-3-2 ($2M:N) 

Safety ( w m  avoidance) H 4 l  ($lM:N) 
Safety (load/= Mung) H-3-1 ($0.5M;N) 
Emegencvsh- G e l  ($0.5MrNI 

cambird mobihty/manipulation M-2-2 ($lM:N) 

ROBA-39-OL 
ROBA-4O-OL 

consalt (data hadling methods) 
Operator intexfk (command inputl 

M-3-1 ($lM;N) 
H-3-1 ($0.5M:N) 

Vd.1,R.B 
seotember 1993 



7 7 5  1 

Table 5.2 (coatinad] . 



.. 
5.6 RELEVANT TECHNOLOGIES UNDER DEVELOPMENT BY DOE 

DOE is currently dweloping technologies that could cnnWute to solving 
envirmrmental and waste recyclrng problems at the different DOE s i b .  Some of these 
projects may have relevant and ben&dal elements with respect to the robotics/ 
automation technologies listed in Table 5.2. A search of avarlable information on 
programs funded in lV 1992 and nT 1993 was performed to id- possible matches 
with tbe complete set of robotics/autamation technologies listed in the TlB. Vol. 1. 
Pts. A B, and C. The results of this search as presented in Table 5 3  indude, but are not 
limited to, robotics/automation technologies listed in Table 5.2. Those W 1993 projects 

arelisted 
under the corresponding mbotics/automation technology d e  by" number. When no 
Fy 1993 matches were found and the searchers (based solely an persanal Emowledge) 
knew of valid IT 1992 matches, these wz-e entered in the 1993 TIP cnhmm. Robotics/ 
automation technologies far which no match was found are omitted h x n  the table. When 
many matches were found only one or two were cited. The relevance column indicates the 
degree of overlap between the ttxhnologies listed in Vol. 1. Pts. A B, and C. and active 
?Tp projects. The 'ITPs comprising the search data base are listed in the appendix 

described by TPs and determined to be potentially relevant and benehal - 
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6. REGULATORY COMPLIANCE 

6.1 INTRODUCTION 

7 7 7 5 1  

Many government-owned fadlitis that supported the early nuciey energy reseaf~h 
and defense programs haveno atrrentuseandhavebeenretired- SameofWseDOE 
facilities have residual radioactire or chemical contamination levels that require cleanup. 
ERof thesefadlities is cummtlyfocusfngan D&D offadllties and RAfor contamfnated 
soils. gnn.md water, and surface water. A d a t e d  issue is WM of anywastes generated by 

ORR was proposed by the EPA for plamment on the National Ptioritles Ut under 
CERCIA on July 14.1989 [54 Fedaal Regs- 298201. with 6nal Natiana3 prfarfties 
Usttngon Nov. 21.1989. effeCttp.e Dec. 21,1989 (54 FR 48184).h aresult of this listing, 
DOE, EPA. and TDEC (formerly the Tennessee Department of Health and Ermiroment) 
have signed an FFA for the ER ORR (&ecz3ve Jan. 1,1992). IUS FFA is an Interagency 
Agreement required by 5120 of CERCIA. FFA §IV discusses the coordination between 
RCRA and CERCIA, and states that m t t v e  actions previously estahkhed under 
DOES m t  RCRA permit w o w  and Solid Waste Amendments 0 of 1984 
TN 0011 and the TDEC RCRA permit ml890 090 003) will k supplemented with 
response actions under CERCIA to ensure comprehensive remedratio nORRBecause 
ORR Ls on the National Priorities Usit , most RA activities and technologies wiIl be legal& 
subject to CERCIA regulation. and the FFAwin govern the scheddmg and character of 
such activities. 

An &ipt is under way to incmporate into the FFA all inactive facilities that are known 
or susp6cted to contain significant quantities of residual hazardous xnaumak - .?he 
tadlitis would be added to project lists under the FFA, and would subsequently undergo 
remediationpursuanttoCERCIAorRCRA.Fadlitfesthatremainlis&das~activitfes 
arould be closed under the D&D program subject to the regulatary Wvas W e d  in 
VoL 1, pt A, Chap. 7. The scope of this chapter win address regulatay driwzs for 
remediai actMties proceeding under RCRA and CERCLA 

Further. DOE has entered into a number of sighed agreements with state and federal 
parties. as well as appraisals and audits that define committed milestones for ER and 
WM activities. Some of these major cammrtted milestones impacting ORNL RA activities 
include the FFA for the ORR, the Tennessee/DOE Monitoring d oussight Agmment 

‘I&! FFA among DOE. EPA Region IV. and TDEC focuses on resolving CDIIlpliance 
issues assodated with ER ORR The agreement sets up a pmcahral framework and 
schexhk for developing, implementing, and monitoring response actions d u c t e d  in 
compliance with RCRA, C E R U  NEPA. Tennessee laws/regulations and other 
applicable and appropriate reqummmts. 

TheTOA details the obligaticms and agreements between DOE and TDEC with respect 
to the DOE provision for technical and finandal support of state aCtMtieS. 

TheseactivitiesindudepartidpatianfntheFFA, CWeringERORR opersigbt.monitOrlng, 
acoessmg, and emergency response initiatives. Such activities are designed to ensure 
compliance with applicable federal. state, and local laws and regulahans cnnmmng * ORR 
and its ermirons. 

008318 

thes? actmities, as well as t h ~ w a s t e s  refatedto datfyperformarpce. 

rnN. and the Compliance Agteallent- the US. DOE - OukRidgeResmatm - a n d  
t fae  P A  Region N (IDR-I;FCA/ORR). 



The LDR-FFCA/ORR was signed June 12. 1992 in order to bring d - m a s t e  
generation and storage fadltties at ORR into w-ce with the RCRA land disposal 
restrictions WRs) for mmd waste. The L D R - W O R R  allows DOE ORR facilities to 
continue to generate and store mixed wastes while addressing LDR *-waste 
compliance issues. The mtxed wastes covered under the IDR-FFCA/ORR indude 
flammable and m f v e  liquids, solvents. paintwaste waste oils and organics, and solid- 
mixed wastes. The LDR-FFCA/ORR is addressed in more detail UPSect 6.42. 

In addition to the abcm slgned agreements, other agreements are pending, includmg 
one that would allow for the continued storage of PCBs at ORNL. 

The Federal Facility Compliance Act 0 of 1992 W c  Law 102-386. October 6, 
1992) Win also impact on committed milestones far RA acdvities. TNS Act amends @001 
of the Salid Waste Disposal Act (WDa to waive immun~ 'ty of the United States with 
respect to substantive and procedural requiremenrs regarding control. abatemea or 
management of solid or hazardous waste and is dkussed in detail in Sect 6.4.2. 
DOE has also published its strategy for development ofa national compliance phn far 

DOE mtxPn waste (57 FR 57170, December 3, 19921. DOE3 National Compliance pbn 
will integrate ER and DBrD activities with the dedupmmt of appropriate mfxPn-waste 
treatment. storage and disposal capacity. 

Asecond group ofmilestones, not considered commitments, are derived p r l m a r i t y h  
DOE'S annual Fbe Year& current Year WbrkAans. and Adivify Data sheets. 

All of the above milestones, both committed and uncommitted, currently save as 
regulatory drivers for RA activities in addition to applicable promulgated regulaticms 
triggeredunderCERCIA.Thischapterwlllo~d~regulatorydrlversforD&DandRA 
activities procediq under CERCIA (Le., FFA ER sites). These RA activities will adchess 
contaminated soil. ground water, burial grmmds. point and line sources of 
contamination, and pond-waste sludges. Regulatory drivers for those D&D activities that 
onty~~decontamtnationanddlsmantllngo~arstructuralcomponentsLLe. 
sites that will not be listed under the FFA as ER sites) are addressed in Vol. 1. pt A 
chap. 7. 

In addition to regulatory issues perhfnQ to R& any wastes generated under any 
regulatory umbrella must be managed according to prescrhd  WM procedures. Val 1. 
PL C, Chap. 7. will address federal, state, and local d e s ,  DOE orders, Interagency 
Agreements and Federal Facility Compliance Agnxmmts as thq apply to WM practics 
at ORNL 
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6.2 OVERMEW OF ENVIRONMENTAL LAWS AFFECTING RA ACTMTfESc 

As DOE begtns RA at some of its OR- facilities. spedal attention must be to the 
errvirmmrenral laws that will impact an these activities. These laws  ere to 
prot~~pubfichealthandtheenvironment.Tberequiremen ts ofthese-- 
will dictaw how the RA activities are to be W e d  out. This sectip @ves a generai 
overrim of the major environmental regdatbns that will deet DOERA m w -  

managemenr of hazardous and nonhazardous solid wastes. This iaw 
fiammmrk for national programs to achieve eTn-iranmentally sound ofboth 
hazardous and nonhazardous wastes. It is also cancerned with the promotion of- 
fecoperp techniques to reduce waste dump_ The HSWA both expanded tbe scope of 
RCRA and fmreased the level of detail in many ofits provisions. 

=CIA as amended by Supehnd Amendments and Reauthorkatkm Ad (SARA) of  
1986. was passed in response to a growing national concern about the release o f  
hazardous substances into the eLNlfonmenL CERCIA provides far habiMy. 
cornpensarian, cleanup, andemergen~respanseforhazardoussubstancg~into 
the environment and the clean up of inactfve hamdous-waste disposal sites. -intent 
of CERCIA is to provide for response to. and cleanup of. environmental problems that are 
not amred by the permit programs of the many other environmental laws 

CERCTA spedfies that RA for clean up of hazardous substances must amply with 
or standards under federal or more stringent state environmental that 

are applicable or relevant and appmpiate to the hazardous substances of partrcuIar 
df iumsm at a site. Inherent in the interpretation ofARARs is the assumption that 
protectran ofhuman health and the emimment is ensured. The Natiaml Oil axxi 
H a z a r d o u s S u b s t a n c e s P o l l u t i o n C o n t i n g e n c p ~ w a s a m e n d e d t o ~ e d ~ ~  
by SARA In particular, Subpart E. "Hazardous Substance Response," cantains a detaikd 
plan of authrked activities involved in abam and remediating releases ar thrds of 
releases of hazardous substances. including ampllance with all ARARs LFremedfal 
actbilies proceed under RCRA. compliance with all legally applicable federal a d  state 
regulations must be assured. under C E R U  compliance is also required with 
regulations that meet the definition of k k v a n t  and appropriate" as defined in the 
National CcmUngency Plan. 
Despite the campletion of RAS to clean up a release of a hazardous subs&nce. a 

naturai restnme such as land, ffsh, wildlife biota. air. water, ground water, or driddng 
water supplies may suffer residual damages (Le. the natural resource is not retUmed to 
the posltim it was in before the m. In these situations, under the authrQ of 
CERCIA 812211). a Natural Resource %tee! is authorized to conduct a natUrai fesouree 
damage merit (NRDA). CERCIA authorized the Department of the InterLar to 
promulgate regulations at 43 CFR 11 outlining the NRDA process. Because DOE caused 
the release it becomes the responsible partp and is liable to the Natural Resource 
Trusteefs) fur financial compensation for the imparable harm done to the natural 
resoun=e. The NRDA process includes collecring. compiling. and ana$=bg infmtim, 
statistics. =r data through prescribed metDodolog~es to determine damages for injwies 
tonanualresources. 

As a result of ORR's listing on the National priorities List, DOE. EPA and 'IDEC hape 
signed a FTA for the ER ORR This FFA is an Interagency Agreement requned bp 5120 
of C E R U  FFA §lV discusses the coodination between RCRA and CERCIA and states 
that amecthe actions established under DOES current RCRA permit a d  fhe TDEC 

The purpose of RCRA is to ensure the safe and environmentany 
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RCRA permit will be supplemenred with response acticnrs under CERCIA to ensure 
comprehensive remediation at ORR Because ORRis on the N a t i d  Priorities Ut. most 
RA activities and technologies wdl be legally subject to CERCIA regulation. and the FFA 
win govern the s c h e d w  and character of such actlvitles, Fallmmg is a s- of all 
federal laws and regulatians that may be legally applicable to cleaxmp of ER sites that are 
grouped in the FF'A under the 

TheCleanAirAct (CAA) of197Ois themajorfedeallawregubtiRgpn>cessandhcUity 
air emissions. The o b j e c m  of the CAA are to protect and enhance the quality of the 
nation's air resources and to protect public health and w e k e .  while fostering a 
beneficial productive capadtp. ?his is accomplished through National Ambient Air 
Quality Standards. National Emission Standards for Hazardas Air Pollutants, air 
permits. and other standards and requirements set fanh  under the CAA The CAA 
amendments of 1990 estahkhed a list of 189 hazardous-air paIlutants for whtch 
technology-based emission standads must be set Depeading 011 the of activity or 
technology proposed. RA might be subject to any one ar all of 

The Clean Water Act of 1972 (CWA) is the major water-related statute affecting D&D 
activities. The objectives of CWAinclude prohibition of taxic discharges. protection of fhh 
and wildlife, and availability of federal h d s  for public-waste treatment works. AI1 DOE 
fadlities that discbarge ~astmmzs to either a surface-Bater body or a publicly owned 
treatment system must ens= compliance with the CWA 

statute that protects 
drinking water resources. primarp drinking water standads promulgated under the 
SDWA apply to drinking water "at the tap" as delivered by public water supply systems. 
As such. the standards are diredy applicable to those DOE facilities that meet the 
dehition of a public water supply system. Of equal Signiscance u) DOE is the fact that 
these drinktng water standards are used to determine grmmd-water protection 
regulatlans under a number dother statutes. 

The Atomic Energy Act LAEA) of 1954 delegates authmty to DOE, NRC, and EPA to 
control nuclear energy. NRC has the authority to issue Bcenses far use of radioactive 
materials at certain types offadlities and can promulgaterules regulatingthat use. DOE 
is exempt from N"RCs authority under t h e m  Although NRC reguLatioas are not legally 
applicable to DOE sites. DOE addresses the regulation of radioactive materials in its DOE 
orders that are binding on all DOE sites. Standards outlined in tbe DOE orders reiterate, 
for the most part, the standards pmulgated under NRC regulaclons. 

The Toxic Substances Control Act 0 of 1976 is a c c m w  . actgoveming 
W c  substances. TSCA protects human health and the envfranment by r e q w  that 
spednc chemicals be tested and that regulations restricting their p m i n g  and use be 
implemented. The objectives of- include development of adequate data to detenntne 
the health and environmental effects of chemicals and conW of any chemicals that 
present an unreasonable risk of injury. RA activities imolvmg PCBs and asbestos- 
contaminated materials. in particular, would be regulated under this act. 

of 1975. as amended. is the major 
txansportation-related statute affecting DOE. The objective of the HMTA is "to improve 
the regulatory and enforcement authority of the Secretay of +Itansportation to protect 
the nation adequately against risks to life and propercp which are inherent in the 
transportation of hamrdous materials in commerce." Any transpartation of hazardous 
or radioactive mataials off site frmn an RA site would be regulared under M A  

The Occupational Safety and Health Act (OSHA) of 1970 is cancerned with pmviding 
employees with a safe and healthy working environment. Under OSHA rules have been 

of CERCLk 

CAA standards. 

The Safe Drbking W a t e r k t  (SDWA) of 1974 is an 

The Hazardous Materials Transpartation Act 
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hannhs-mte sites and to provide for worker protection initial site 
chanamzamn and analysis. monitoring activities, materials handling -ties. 
trainmg. and emergencyresponse. All OSHA- ts apply to all DOEERaatvities. 

* *  
DOE 
Ocmpnmd Workers). 5480.4 (ErwimnmmtalPmmzm. ' safety.andHeakhRaaaion 

muitfl mgmm for contreaas at 
G o - ~ ~ & r - O p e r a t e d F ~ . a n d 5 4 8 0 . 9 ( & ~ ~ &  
Health Aogmm). and it is understood that DOE will amply with these Orders- Tbe DOE 
orders rpfated to occupational safety are not addressed in this chapter 

NEPA establishes national policies and goals far protection of the environment Tbe 
purposes af NEPA include encouraging harmony kiwwm people and the env&unmmt. 
promo&gef€orts to prevent or eliminate damage to theenvironment and tbebio@mx, 
and encouraging the understanding of ecaloglcal systems and natural resou~ces 
important to the country. NEPA ensures that federal agencies take into a#x3unt the 
errviroxsmenral impact of their actions through a proaxhre and detailed statPmenthmwn 
asan- tal Impact Statement. DOE Order 5440.1D (National 

occupational safety in DOE Orders 5480.11 (Radiation 

standardr). 5483.u (Occupational ssfeql 

s- w b  to RAs- 

P o 4  An m l i a n c e  Program) mandates DOE compliance with the requiranerns of 
NEPA Funher. DOE Order 5400.4 [ C O r r p n e W  Environmental R=P= 
Conrpenxmon * andtiab~AdRequirenaaus (CERCIA)] d k  for in-tim afNEsAand 
CERCIA requLrements for DOE RAs at CERCIA sites ?his issue has been reafhmA in 
the FFA glA1(3) and @I(A)(2) and secretary of Energy Notice of Feb. 5.1990 eEN-15-90). 
which was issued to ensure that DOE'S NEPA activities are carried out in a c m t r a k d  
andllnifim-er. 
The Endaqmd Species Act of 1973 and the Fish and Wildlife Coordinarim Ad d 

1958 are major federal statutes designed to protea plant and antmal resources h m  
adverse & e a  d deveiopment projects. Both am require consultation with wildUe 
authorities before committing resources to certain of projects. The Emhqemd 
S p e c i e s A d p r o v i d e s f o r t h e d e s i g n a t i o n a n d p r o ~ o f ~ e b r a ~ , w i l d l i f e . f i s h a n d  
plant spedes that are in danger of becoming artinct and mandates consmatian aftbe 
ecosystezns on which such species depend. The F'ish and Wildlife Coodination Adwas 
enacted because the goals of water-related projects may at times conflict with t k  goal 
of co- fish and wildlife resources. This act ensures that fish and wilW resources 
receive equal consideration with other fadors during the planning of 
projects that a f f ec t  water resources. 

The Federal Insecticide, Fungicide, and Roddcide Act of 1947 regulates p e d i d e s  
Its purpose is to m n h l  the use of pesticides by requiring that al l  pesticides be registered 
with the EPA Under Federal Insecticide. Fungicide. and Rodenticide Act, EPA canducts 
inspectiorrs to ensure compliance with Federal Insecticide. Fungicide, and Ro&mi&e 
Act, (eg., having pesticides labeled and stored p m .  The act regulates the proper 
disposal of pesticides. which may impact on RAadivities involving pesticides or pesticide- 
cont=lminatPn Ixlakmk. 

laws also s p e c 3  dcsgnami test 
methods and detailed sampling and analpis protocols that must be fdowed when 
testing- or substances or verifj.ing the applicability of a particular law to a ipm 
situation substance. or materiaL 

of the actkilim 
regulated under the abwe-mentioned emironmental statutes. These DOE orders are 

I t  should be noted that all the major 

DOE has issued oiders, as dhxssed above addressing 

binding between DOE and its contractors, in this (3ase, Martin Marietta En- s_ Fstems, 
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h. which operates the facilities in Oak we. Tamessee. Pertinent DOE orders mil be 
caasidered throughout the chapter as they relate to ER acthities at DOE faciHties. 

EnvironmPnral laws enacted by the state of T m e s e e  generally coneke to the& 
federal CoUIlteTpaTts. The differences that arise between the state and federal laws will 
be pointed out throughout the chapter. 

Specific requnements and standards promulgated under each of the abuve laws are 
discussedin detail in thefollowingsections-Thisregdatorysumm2tyhasbeenmocfi6ed 
frmn the ERreport Applicable orRe2euant &Appropriate Requrrematrs IARARs)jiK 
Rsnertial Action at the Oak Ridge Resemam * ACompendumz * OfMqaaulinnnrartal  

sbndards or Hmits based on the p a r t i a k  cxmtamlnant or pollutant 
(2) rucWion protection stand- gaveTling radioactivity, promulgated to 
protect the public health and (3) ~ s ~ r e g u l a t i o n s - p d o r m a n c e  
or design standards or restrictions that set limits or amtrols based on the kind dmty 
planned at a site or designed into a particular technology: and (4) 
regulatfans-restrictions placed on pollutant amcentrations or activities solely because 
t h q  are in a particular location. 

L~LVS' ~tiansaregroup~intofourmajorareas:(1)  ~hermml ' - S ~ m g U l a t i ~  
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6.3 CHEMlCALSPEClFlC REGULATIONS . 
-- 7 7 5 1  

-. 

chemical-spedfic regulations set health- or risk-based comtratim knits or 
discharge limttations invarious emimnmental media for s p d c  - 0 ~ s  substances, 
pollutants, or contaminants. These requirements generally sex protective deanup levels 
for the chemicals of conam in a designated medium or indicxe a e l &  of discharge 
that may be incorporated when considering a spedflc nzmabal activity. 

Although limited innumber, chemical-specific standards havebeen establtshedunder 
several statutes, includrng RCRA SDWA CWA, =cA, OSHA, CERCLA. and the CAA 
Designated test methocis and samphg/analysis protocols are delineated under each 
regulation for determixllng apphcability of chemical-sp&c standards. These methods 
and protocols must be followed exactly as outlined in the mguhtian, 

63.1 Ground Water and Surface Water 

Table 6.1 lists available chemicalspecific standards that h~ been promulgated under 
federal law for ground Rater. s d c e  water, and air. The regulatioxls for air a n  listed in 
the table and described in Sect 6.3.2. 

All ground water at ORR is scheduled to be cleaned up under =CIA as part of the 
ER Program. As stated in the National Canttngency Plan (55 IR 8666, March 8,1990), 
the goal of EPA's approach to cleanup of contaminated ground Fyater is to return usable 
ground water to its beneficial use within a given tfme h m e  that is reasanable for the 
particular circumstances at a CERCIA site. Ground water at ORR has not been given an 
EPA classification, Although not leganp applicable unless promulgated, EPA guidance on 
ground-water classincation should be used to determine whether ground water at ORR 
fallswithin Class I. II. or= Classes IandIIArepresentcurrentsources ofdrhkingwater 
of varying value. Class IIB represmts potential so- of dnnking water. and Class III 
ground water is not considered a potential source of drfnkrng watef and is of limited 
beneficial use. Restoration time periods vary, depending an the use dasification of the 
ground water. and may range fbm 1 year to several d d e s .  

In the National Contingency Plan EPA states the preference for SDWA maximum 
contaminant levels (MCLS) and n o m  maximum contaminant le& goals (MCLGs) or 
other health-based standards. criteria. or guidance for cleanup of Class I and Class II 
ground water at CERCIA sites (55 Ri 8732). Alternate coIlcentration limits may also be 
used when active restaration of the ground water to MCLs of nOIyLer0 MCLGs is not 
practicable (55 FR 8754). For Class III ground waters, EPA establishes remediation levels 
based on specific site conditions. the benefidal use of the &round water, and 
em?ronmental receptors (55 Ri 8732). Final determination of applicable standards for 
site-specific cleanup of ground water at ORR will depend on the cfiasen ground-water 
classification. 

The state of Tennessee has issued draft ground-water dasificathn rules that classify 
ground water as: (1) Class A-cummt or future sources of drinking water; (2) Class 
B-not a current or future som of driddng water but protected fof other beneficial 
uses: (3) C b  C-not  protected for drinking wa'kr or far other bsn&dal us=: and 
(4) Surface Water Recharge-gmmd water that recharges surface waters. 
Class A ground waters are listed by aquifers: two are identified for East 

Tennessee-Cambrian-OrdovicianCarbonateAquiferand CxystallineRmkAqulfer. Final 
promulgation of this ground-- classification rule is projected for 1nid-1993.~ 
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k . 63.1.1 Resource Consenration and Recovery Act 

Subtitle C of RCRA lists rnaxlm * um concentration levels far 14 dxmicals: the 
concentration of these chemicals in ground water at the plant boundarp of a RCRA- 
pmmtted treatment. storage, and disposal facility may not exceed the staied maximum 
conoentration level. In addition. backgrmrnd concentrations or a l w  e M m m B o n  
limits established in 40 CFR 264.94 a~ ground-water p r ~ t e c t i c ~ ~  standards . Table 6.1 
lists RCRA maximum concentradon levels: however, as mentioned EPA has 
speakd SDWA MCLs and n o m  MCLX3s for cleanup of Class I and W II &round- 
vmer and sik-speciac remediabon - l m d s  far Class III ground waters. This approach is 
consistent with the substantive requirements of RCRA xnaxhum co-on levels. 
altemate concentration hits ar background limits (53FR51433). The newiy 
prumulgatedregulationsformurridpal~((56 Fzz~78,odober9,199l)establlsh 
all SDWA MCLs by refmmce and ahmate concentration limits, (H backgrouna 

legally applicable to RAS found at ORR these regulations may prove relevant and 
appropriate for cleanup of ground nata at some of the sites. Alternate concentrafion 
limits may be calculated far chemicals without an MCL using a risk-bad approach 
(56 TTZ 51026). 

Wer the present RCRA Subtitle C hazardous-waste identification regulations, solid 
was- (%olid wastes," as defined under RCRA, can be solid, liquid. semb&d. - orcontain 
gaseous material) generated during the D&D process would be subject to RCRA 
regulation under the following canditions: (1) if they are identified as RCRA-listed or 
RCRA-characteristic hazardous wastes pursuant to 40 CFR Part 261: 12) if they are a 
?mixture" of solid waste and listed hazardous waste "derived h" a listed hazirdous 
waste. or (3)if they have a listed hazardous waste "contained in" the waste 
(40 CFR261.3). Wastesare"characterist i~hazardous"underRCRAif~(1) exhibit 
ignltability. comivity, reacUvi~~, or taxidty, (2)meet certain toxicity criteria, ar 
(3) CQntain eertaintuxic corrstituents (40 CFR 261.10-24). cUrrentty.listedwastesremain 
hazardous unless they are 'delisted" acmdng to procedures setfurth in 40 CFR 260.20 
and 260.22. 

In an attempt to address instances where regulation of listed hamrdous waste under 
the jurisdiction of RCRA Subtitle C would cease without the need far a dehsting petition. 
EPA proposed two alternative approarfies for iden- a waste as a RCRA hazardou~ 
waste  hazardous Waste Identifimtian Rule" 57 Fzz 21450, May 20.1992). However. this 
pmposed rule was withdrawn due to a large number of policg and tecbnical issues. 
Congress has charged EPAwithpromulgating rules to address the ' d m  hm" and 
-ew issues by o~tober 1994.3 

1 

I 
1 

m t r a t i o n s  as ground-~ater protectfan Standads (40 CFR2S8.55). AUhough not 

6.3.1.2. Safe Drinking Water Ad 

EPA has promulgated pximq and secondary drinktng water regulatiux~~ applicable 
to public water systems that have at least 15 service connections or seme an avemge of 
at !east, 25 people daily at least 50 days of the year. N a t i d  prfnsary Erfddng Wa*a 
Standards are established in 40 CFR 141 and include MCIs and MCLGs. New drinking 
water standards promulgated for eight synthetic organic chemimls (52 fR 25690, July 
8.1987) added a new categorsr of suppliers refmed to as noncamrrmnity. nontrawient 
s_vstems that regularly serve at least 25 people for 6 months of the year. Table 6.1 lists 
SDWA MCIs and MCLGs. 
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MCLs are enfomable sfandards that take into consideratian human health effects, 

available treatment technologie~. and COS& of treatment bICLCs a strictly health-based 
standards that disregard a s t  ar treatment feasibility and are not legalty enfarceable. 
MCLs are legally applicable to Rater "at the tap" but are not applicable to cleanup of 
ground water or surface Barer. However. they may be cowdenxi as relwant and 
appropriate in situations where ground water or surface Fiater may be used for drinking 
water. CERCIA §121(d)[2)[A) specifically mentions that RAs require a level or 
standard of control that at least attahs MCLGs and federal ambient water quality criteria 
WQC) where such goals or criteria are relevant and appropriate under the circumstances 
of the release. Although MCIXts and WQC are d o r c e a h k  guidelines. Cangress 
elevated them to a hrgher status by specifically membnhg them in CERCIA. Therefore, 
promulgatedMCLX;sallstedinTable6.1.Atpresent, EPAisplanningtousetheSDWA 
MCLs for RA compliance far cardnogens that have an MCLG d zero and any nonzero 
MCLG for systemic taxicants (55 FR 8752). 

EPAhas revised its drinkingwater standards for lead and copper, p_limtnnting the M a  
and replacing it with a treatment technique requfrement (56 FR 26460, June 7,1991). 
Ifan "action level" of 15 or 1300 pg/L, for lead or copper, respeuively, is exceeded at the 
tap, a state is r e q u i d  to analp source water samples and to decide what treatment 
levels are neceSSarp to minimize iead or copper levels dehered to users h m  the afkted 
distribution system. In the instance of contaminated ground warer. the action levels for 
lead and copper are neither 1- applicable nor relwant and appropriate for cleanup: 
however. for copper. the MCIG a€ 1300 pg/L is relwant and approprfate. In addition. the 
EPA Office of Solid Waste and Emergency Response final cleanup I& of 15 pg/L for lead 
in ground water usable for drinkmg water is protecttve of sensitive populations (Oflice of 
Solid Waste and Emergency Response memorandum dated June 21.1990). This might 
be considered TBC guidance far remediation of lead-contaminated ground water 
(footnoted in Table 6.1) and will serve as guidance to ensure the predsion of analytical 
detection hits .  TDEC has proposed a cleanup criteria o f  15 pg/L for lead in ground 
water WEC Rule 1200-1-13-.08. Table 8-2). When pmmQpmi this criteria will be 
applicable to cleanup. 

Chapter 1200-5-1 of the Rules of the TDEC kts MCIS for public water systems that 
are identical to the federal MCLs Therefore, the state regulations are not repeated here. 

National Secondarp Ihnking Water Standards regubte contaminants that the 
aesthetic qualities related to public acceptance of drinkiq wafer and are implemented 
in 40 CFR 143.3 as secondary maximum Contamfnant l c d s  (SMCLS) (see Table 6.2). 
These regulations are not fedezdly enforceable but are intended to serve as guidelines for 
use by states in re$ulating water supplies. Tennessee has pramulgated SMCLs in Chap. 
1200-5-1.12 of the Rules of the TDEC (see Table 6.2). These reguhtians are designed to 
prwide water to the wnsuxmzr, which is aesthetically pleasing. and they apply to all 
communltywatersystemsandtothosenoncommunitywatersystems'asmaybedeemed 
necessary" by TDEC. In that co- they would not be legally applicable to cleanup of 
ground water or surface water. but may be considered as releiant and appropriate in 
instances where these media may provide prfvate drinlang water sources. EPA has 
proposed National Secondary Drinking Water Standards fm ten additional contaminants 
(54 JR 22062, May 22.1989: 55 FR 30370 J~dy 25.1990); when these are promulgated, 
thqrwillbeinco~raredintothe~ECsecondarydrmlnngwaterregulations.qTherefore. 
they are included in Table 6 2  for completeness. EPA has published a final National 
Secondary Drinking Water Standards for a l m u m  and silver (56 €R 3526, Januaxy 30, 
1991). 

1 
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Table 62. P e d d  and T U U I ~ S S ~ ~  seco- drinLfng water regrrlottaxm 

Federal SMCLa Tennessee SMUb 
(m8n) (mg/U 

chemical 

Ahmunum 0 . M L P  
chbridt 250 960 

copper 1 1 
-e 0.0 1 

P-e 0.005 

calar Icnhrunlts) 15 15 

0.03 
bor ide  2.0 2.0 
MBAS [mtthpi bhe active 0.5 
=hshm4 
H- dienef 0.00s 
Imn 03 0.3 
Mangantsc 0.05 0.05 
Odor (threddd odor numbed 3 3 

0.03 
6 5 8 . 5  65-8.5 

0.lC 
0.0 1 

250 250 
0.04 

500 500 
0.02 0.02 
5 5 

6.3.1.3 Clean Water Act 

CERCIA§121(d)(2)IA) specifically s t a h  that RAS shall at least attain federal ambient 
WQC a a b k h e d  under the CWA if they are rekant and appropriate. In dett * s 
whether any WQC are relevant and appropriate one must consider the ' d m  or 
potential use of the surface or ground water, the emironmental media affected. the 
purposes for which the criteria were developed. and the latest information mailahk 
[CERCIA§121(d)(2)(B)]. Federal WQC are derived for the protection of freshwaux aquattC 
organisns and for the protection of human health from the consumption of co ted 
drinking water and/or aquatic organisms. 

.I 

000332 

V o L 1 , R B  
SeOtember1993 



Table 6.3 lists federal ambient Ww for the protection of human hdth.  EPA has 
dermed WQC for ingestion of drinking vater and aquatic organisms and for the ingestion 
of aquatic organisms alone. Since neither of these categories is relwam and appropriate 
for consideration of contammami ground water, WQC derrred far the ingestion of 
drinking water alone are also included in Table 6.3. The EPA Region IV Water Quality 
Standards Unit has adjusted WQC for human health based on recent human toaddty 
infannation [reference doses (RfDs) and carcinogen slope factors (CSFs)] obtained Ihm 
the EPA Integrated Risk lhfmnamm ' @. The values presented in Table 6.3 reflect 
the EPAFkgion IV revised WQC and are current as of October 199L6Tbeyare htended 
to supersede all previous WQC. Federal WQC are not promdped stanchds. ?bey are 
intended to serve as guidelines for individual states to use in pmm&ulq state water 
quahty standards. When a state adopts federal WQC and pramuigates them h their state 
reguladans, then they become legally &omable under that stare's law. 

As part of the federal mpiremm for a triennial review d s t a t c  water quality 
standards, the TDEC DMsian of Water PoIlution Control has pmmdgami ame&ments 
to Chaps. 1200-4-3 and 120044 of the Rules of the TDEC. TDEC has revised its water 
quahty standards and promulgated the federal SDWA MCLs as WQC for damesdc water 
supphes (&ecUve date Aug. 30.1991). Included in this revision are criteria for protection 
of fecreational uses. These criteria are human health criteria derived to protect the 
consumer kom consumption of contaminated fish: these criteria are simll=rr to the federal 
WQC for the protection of human health h m  consumption of fish alone, However. they 
are based on ariskof lob rather than the 10-6 risk onwhich the federal WQC arebased. 
Tennessee WQC for human health are listed in Table 6.4. 

Chapter 1200-4-3 of the Rules of the TDEC lists seven use-designatian categories for 
Tauressee's surface wafxrs and ground waters. Specific water quality standards are 
pramulgated for each use category. Under theTennessee Water QualrtpCuntrolAct, the 
T~WaterQualityContraiBoardhasclassifledtheCllnchRmerfordamestfcwater 
supply. industrial water supply, fish and aquatic life, recreation. irrigation, and livestock 
watering and wildlife uses (Chap. 1200-4-4 of the Rules of the TDEC). The trfbutaries to 
the Clinch Rhm have various use dassifications, that need to be analyed on a site- 
speufic basis. The standards also state that 'all other streams named and unnamed, 
which have not been speufically noted sball be classiiled fap fish and aquatic life, 
recreation. irrigation, and livestock watering and wildlife uses." TDEC has pramulgated 
a change in the use classification that adds recreation as a category for aR segments of 
rivers and streams that are not currenrty classifled as such (effective August 1991). 

Table 6.5 lists federal WQC for the protection of freshwater aquatic lite. EPA Regton 
IVhas also revised these WQC based cm current -city and b ioacmmM an data for 
aquaric organisms, and these appear in Table 6.5 as well. When the desgnated use 
classdimtion reqwes protectiun of aquatic Me or when environmental fkctars are being 
considemi at an RA site. a WQC for the protection of aquatic life that is more stringent 
than the SDWA MCL may be appropriate for cleanup. TDEC has proxmdgatd WQC for 
the protection of aquatic organism, effecttw Aug. 30, 1991: these are identical, for the 
most part, to the federal WQC and are listed in Table 6.4. 

632 A i r  Standards 

Primary National Ambient Air Quality Standards for six chemtcals appear in 
40 CFR 50; these standards are based on the direct health &ms of those chemicals to 
sensitive groups, with no economic factors considered. The National Ambient ALr Quality 
Standards take into consideration all sources of eqosure to a given chemical and 
establish ceilings that are not to be d e d  in the United States. ontp major new 
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Table 6.3. P e d d  nmhient water quality cdtuip (WQC) 
for the protection o f  human hrmtth Ipg/L) 

WQC for aquatic WQC fa WQC for 

drinking wtef organisms donea p t e r  done aquatic - b  
chanid organisms and 

20 ( O r g F  
320 
0 (0.059) 
0 (1.3E4We 
9,5673 
14 
0 (0.018) 
0 (30,OOo fl- 
a=m 
0 (1.1s) 
0 (13E-W 
0 (2.8&03) 
0 (2.8E-03) 
0 (2.8E-03) 
0 (2.8&03) 
0 (77.73-03) 
0 (4.38) 
0 (0354) 
0 (5.8E-W 

20 brg) 
2667 
400 
400 
38 
74 
0 (7.5E-04) 

0 (0.38) 
3.094 
0 (0.605l 
0 (0.1 n) 
0 (1.95) 

0.1 (org) 
0.3 (org) 
1.0 (org) 
0 121) 
0 ( O W  
3.000 (orgl 

?ad 
780 
0 (0.67) 
0 (1.a-w 
107.692 
c308 
0 (0.14) 
NA 

0 ma 
0 6 4 W  
0 (0.031) 
0 (0.031) 
0 (0.031) 
0 (0.031) 
0 (0.13 
O ( 3 6 3 - 9  
0 (4.42) 
0 (5.9E-W 

NA 
17.432 
2600 
9600 
48 
85 
0 C7.w 

0 88.s) 
173.077 
0 (41.99) 
0 (10.8 
0 (a- 

NA 
NA 
NA 
0 (6.5) 
0 (8-2) 
BrA 

0 (8.1E-03) 
0 (4.4) 
0 (0.23 
0 (0.03) 

700 
3.150 

0 (0.38) 
3.150 
0 (0.61) 
0 (0.175) 
0 t25) 

175 
105 
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Table 6.3 (continued) 

0 (0.077) 
0 (1.42) 
174.400 

0 (343) 
0 (470.8) 
673.077 
0 (0.031) 
NA 
o (a3~-04) 
0 ( 5 . 9 W  
0 ( 5 . 9 M )  
0 (0.031) 
0 (0.77 
0 (22.1) 
0 (470.8) 
0 (33) 

1.691 
1,691 
0 (1.4E-04) 
NA 
0 (9.1) 
0 (0.54) 
1.99 
28.718 
374.6 
14.358.5 
0 (470.8) 
0 e1E-041 
0 (l.OE-04) 
0 (49.7) 

0 (0.013) 
0 (0.046) 
0 (0.063) 



"able 6.3 (continued) 

WQC klr WQC for WQC for aquatic 
organtsmad aquatic drinking 
m m t e f  organf~rnea.~Onc~ arattr*neb 

Chanical 

1 (o@ 
0 (2.8E-03) 
0 (8.42) 
0.151 
48 
0 (5.67) 
0 (4.69 
607 
17.3 

a . 7  
13.4 

0 (6.9E-04) 
0 (4.95) 
0 (0.016) 
74 
300 (o@ 

2984 
22.631 
313.000 
2 7 1 5  
0 (1.8) 
0 (4.4E-05) 

0 (2.8E-03) 

956.7 
0 (1.3E-08) 

38 
0 (0.8) 
13 
6.764.8 
0 (7.3E-04) 
0 (2.7) 
0 (5.67) 
0 (2) 
5 m o  bog) 

NA 
0 0031) 
0 699.7) 
0.153 
CMO 
0 I470.4 
0 (1.5784 
4584 
1.863 

14264 
?65 

0 (812) 
0 ( 1 6 a  
0 e1.9 
85 
4.6 15.385 

5202 

3 . o o o  
12100 
0 6.9) 
0 64.5m9 

o(3.11Go2) 

10.7692 
0 (1.4- 

48 
0 (as) 
48 
2012.94 
0 c1.5E-04) 
0 m7) 
0 M70.8) 
0 0  
NA 

i i a o i 9  

945 

0 (a51 

49 

0 (4.7) 
700 
17.5 

70 

0 (6.8E-04) 
0 (7.1) 

21,000 

7.000 
10.500 

3.500 
0 (2.5) 
0 (4.5E-03) 

1.500 
0 (22m7) 

70.000 
0 (0.032) 
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Table 6.4. Tennessee water quality criteria for 
designated water uses (pg/L)= 

NAh 
NA 
NA 
NA 
NA 
NA 
NA 
50 

5 
NA 
NA 
NA 
NA 
NA 

4 
NA 
NA 

NA 

NA 
10 
5 

NA 

NA 
NA 
NA 
50 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

75 
NA 

0.3 

6.7 
0.0014 
0.03 

780 

4310 
NA 
NA 
710 
03 
0.3 
0.3 
0.3 
13 
0.63 
14 
59 

NA 

4700 
NA 
44 
0.006 

4700 
67O.OOO 

NA 
NA 

NA 
NA 
NA 

0.03 

0.m 
O m  
0.00s 

17.000 
2600 

2.600 
4700 

NA 
NA 
NA 

3 
NA 
NA 

360 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2 
NA 
NA 

NA 

NA 
4= 
NA 

2.4 

NA 
NA 
16 
NA 
NA 
NA 
1 8e 
22 

NA 
NA 
NA 
NA 

NA 
NA 

1.1 

NA 

NA 
le 
NA 

0.0043 

NA 
NA 
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Table 6.4 (continued) I 

Chemical 

1.2-Woroethane 
1.1 -Wchloroethylene 
1.3-Dichloropropylene 
Mddrln 
Dkthyi phthalate 
Dfmthyi phthalate 
Wm-butyl phthalate 
2.4-Dinitrophenol 
2.4-Dinitrotoluene 
McDEtn 
a-Endosulfan 
&Endosulfan 
EndriTl 
Ed@xnzene 
Fluoranthene 
FIuOrCIle 
Heptachlor 
Heptachlor epcudde 
Hacachlorobenzene 
Hacachlorobutadiene 
HQachlorocyclo- 

Hexachloroethane 
kad 
Lhmdane (g-BHC) 
IAhlIIl 
Manganese 
M = w  
Methyl chloride - 
2-Methyi-4.6dlnlb 

pentadime 

(Chloromethane) 

phenol 
(4.6-Dtnitro-WXesoI) 

Mcthyiene chloride - 
[Mchloromethane) 

n-Butylbenyl phthalate 
N e d  
Pr’itrobenzene 
Pentachlorophenol 
Phenanthrene 

5 
7 

NA 
NA 
A N A  
NA 
NA 
NA 
NA 
HA 
PiA 
NA 

NA 
SA 
HA 
NA 
NA 
NA 
NA 

NA 
NA 
50 
4 

NA 

2 

NA 

0 2  

sd 

M 

NA 
NA 
lu 
lu 
NA 
HA 

990 
32 

1700 

12Q.OOO 
2soo.000 

1zOOo 
14.000 

42 

0.0014 

0.000001 
2.0 
2.0 

NA 
29.000 

54 
0.03 
0.002 
0.00 1 
0.007 

500 

NA 
89 
NA 

NA 
NA 

0.63 

0.15 

4700 

765 

16.000 
NA 

4600 
1900 
NA 

0.03 

M 
NA 

IfA 
NA 
NA 
NA 
NA 
NA 

2 5  

022 
022 
0.18 

NA 
ru 
NA 

052 
052 

NA 
NA 

NA 
NA 

2 
NA 
NA 

2 4  

NA 

NA 

NA 
NA 

1400 
NA 
2tP 
HA 

NA 
NA 

NA 
#A 
NA 
HA 
HA 
HA 

0.00 19 

0.056 
0.056 
0.0023 

?u 
A N A  
XA 

0.0038 
0.0038 

KA 
NA 

NA 
NA 
3c 

HA 
NA 

0.08 

0.012 

SA 

NA 

NA 
NA 
160 
NA 
134 
NA 
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Table 6.4 (contin- 
Domestic R#rtatdonb Fish and Aquatic u e  

Water Supply CMCC cccd 
cllanid 

Po- 
biphexryb 

PCB-1242 
-1254 
PCB-1221 
PCB-1232 
PCB-1248 
FJCB-12623 
PCB-1016 
PCBS (taaD 

pyrem 
Selenium 
Silver 
1 ,1,2.2- 
T e F  
Te- 
Toluene 
T a x a p k  
1.1 1 -Trichbrotrhanc 
1 . 1 . 2 - m  

2,4,6-TrkU.mphcnnl 
Vanadturn 
vinyl chbrlde 
Z t n C  

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
10 
50 
NA 

NA 
NA 

5 
200 
NA 

5 
NA 
NA 

2 
mod 

O.OOO5 
O.OOO5 
O.OOO5 
0.0005 
O.ooo5 
O.ooo5 
O.OOO5 
0.00 1 
0.03 

NA 
NA 
110 

88 
300.000 

170.000 
420 
807 

NA 
5250 
NA 

0.00s 

6.5 

9 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
20 
4e 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

0.73 

1 1 P  

NA 
NA 
NA 
NA 
NA 
NA 
NA 

0.001 
NA 

5 
NA 
NA 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 

O.OOO2 

lMe 

i 
! 
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ca#xnaationsarctanperaturr 
and pH depaxknt 

360 
i d  
2.4 

m.Oo0 
19 

16 
0.083 

!3&4d 
922d 
22 
1.1 

HA 
2 5  
022 
0.18 

Ob2 
052 
2 

IU 

KA 
NA 

NA 

NA 

33x8 

2.4 

7 3  
0.065 
332h 

NA 
NA 
20 
lBd 

190 
O d  
43Fr03zf 

23o.Ooo 
11 
om1 

11Y 
654' 
5 2  
1 . o m  
0.1 

0.056 

0.01 

1 - 9 d  

2 3 d  

3 a d  
3 a d  
0.08 

a 
1 S O 0 0  

132d 
0.0llf 
0.1 

0.03 

2- 
0.0 13 

65-9 
OB149 
5 

NA 

2.1h 
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sources. or major modifications to existlng sources, must ensure r e g i d  anaimlent of 
National Ambient Air Quality Standards. Although ORR is in a Tennessee state 
'amnment" area, it is unhkely thar any emissions from RA cleanup will be considered 
a mjof source under present federal law. EPA has. however. listed 'site mediation" 
as a major source category under Section 112(c) of the CAA (57 FEZ 31576. July 16. 
1992). A regulatory schedule was issued in September 1992 for pro- emission 
standafds under Section 1 12(e) of the CAA for these newly-listed m@x source categories. 

National Ambient Air Quality St=vlrfarrls are established as the criteria state and local 
govemmnts must plan to achieve and. thus. are not diredy enforceable Under 8110 
of the CAA, states are required to fmpkment regulations to the NatianalAmbient 
Air Quality Standards. The ambiem air quality standards established by the TDEC 
D€visian of Air Pollution Control appear in Chap. 1200.3-3 af the Rules of the TDEC and 
are identical to the federal prtmaxy National Ambient Air QualiQ Standards (see Table 
6.1). The ambient standards of 12W3-3 are translated into sourcespeciflc emission 
limitatians (Rules of the TDEC, Chaps. 1200-3-4 to 1200-3-211 that must k considered 
legally applicable ifthey apply to any of the remedial actMties selected Tennessee state 
air m i o n  standards are considered %firid" regulations and will be summarid as 
actian-spedflc regulations in Sect 6.5.3: they would have to be ana@& on a site- 
spedfic basis dependlng on the type of RA planned for a site. 

National Emission Standards for Hazardous Air Pollut=lnts fm m o u s  industrial 
sources that emit one of several pollutants are established in 40 CFR 61. Most of the 
National Emission Standards for Hazardous Air Pollutants are generally not legally 
applicable to cleanup at CERCIA sites because they regulate particular types of sources 
that would not be arpected to be found at these sites. However. the h ' a t i d  Emission 
Standards for Hazardous Air Pdutants for asbestos and radianuciides should be 
amsidered as potential W r i d -  regulations on a site- sp& basis depending on the 
R& planned at a site. The National Emission Standards for Hazardous Air hhtants for 
radionuclides is dfscussed fn Sect 6.4.2. 
The CAA Amendments of 1990 establish a list of 189 additional hazardous air 

pdutants for which technology-based standards must be promulgated. These wiil be 
applicable to categories of emission sources rather than to the substanas emitted, A 
draft schedule has been published far pmmulgation of these tPrhnology-based standards 
157 FR 44147). 

63.3 Soil Regulations 

Very little legislation or guidance is available governing cleanup criterfa for 
amtaminated soils. RCRA has addressed land disposal of t r e a d  hazardous wastes in 

Secx 6.5.2. Ea site is identified as a RCRA Sect. 3004(u) solid waste m a m a t  unit, 
rn if RCRA-characteristic or RCRA-listed h a a d o u s  waste as defined in 40 CFR 261 is 
present at the site. it is subject to RCRA corrective action regulatians. The proposed 
RCRA mectlve action regulations address risk-based c l a m p  stancia& for soils 
(55 Rz 30798): these are briefly discussed in Sect. 6.5.2. Treatment standards for 
contaminated soil and debris at C € R U  sites are ckassed io Sect 6.5.2. 
The regulations found in the lSCA contain storage. disposaL and cleanup 

requirements for materials contaminated with PCBs. These regulatians limit 
concentrations of FCBs dsposed of in soil to 50 ppm and require that any soils 
contat~l~ng concentrations of PCBS greater than 50 ppm (40 CFR 761.60) be incinerated 
(40 CFR 761.70) or stored in a chemical waste landfill (40 CFR 761.75). TSCA also 

requirements that must be achieved for PCBs disposed of by incineration 

its KIRs (40 CFR268). and these are addressed as ac t imqed  * c regulations in 

. .  
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(40 CFR 761.70). in a chemical waste lanclfU (40 CFR 761.75), or by other dkq%sai 
methods 140 CFR 761.60(aJ(51(iii)l. A further discussion o f  the ?sa req- 
appears in Sea. 6.5.6. 

6.3.4 Nonreguiatory Guidance 

EPA has suggested cleanup values for lead in soils based on S&&S of b l d W  
1evelsinexposedChihZZL The EPA Omce of W d  Waste and Emergency Respcrrse 
Directive 9355.442 (dated Sept. 7, 1989) a cleanup 1- for e o f  
50&1000 ppm lead. 

Although mt a legal standard, EPA has published a TSCA PCB spffl cleanup pdlcy 
(52 I;ii 1ossS) that recommends cleanup standards for PCBS of 25-50 ppm for sites with 
restricted access: a leppm cleanup level is reaxnmmded for residential and 
unrestricted access d areas. In this latter case a 1Cinchmp of cleansoilmufitcol~~ 
the site. In tbe EPA guidance report far RAS at Superfund sites containing PCBs. 

goals are set at 1 pprn for residential land use (a risk of 106) 
and between 10 and 25 ppm for industrial and/ar remote areas (a risk af 1041.7 
AltemaW should reduce concentrations to these levels cr limit exposures. EPA afso 
presents an approach to  derMng cleanup levels of PCBs in sediments.' This ap- 
results in "-em quality aiteria" as a firnction of organic carbon concentrations axxi 
is meant to protect m e  c~nsumers of freshwater benthic species. 
In the absence of federally or state-promulgated standards, or in the case whae 

standards are not adequately protective. EPA states a preference for RfDs or rekaxce 
wncentrations (wcs) for systemic toxicants, and CSFs far carcinogens or 083Cc o f  
Drinking Water HealthAictvisorfes for drinkingwater wntaminants.'The RfDs, Rf&. arrd 
CSFs are available thn>ugh the l n t e g ~ R i s k I $ m m t i m  systemand the EPAIkzM 
E_Dteds Asessmm Summnry Tables?* 

concentrations of noncarchogenic contaminants in drinking water at which no achgse 
health effects would be expected to occur. EPA uses the lifetime HA (for non- 
only) to demlop M C b  and MCLGs: health acMsaries will most Uely represent hb,m 
MCL proposals 

. .  
prellminarp- 

I 

I 

The EPA OEice of Drfnking Water has dadoped xmnmgdatory health advisoms - t a r  

Vd1.Pt.B 
September 1993 
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M RADIATION PROTECTION STANDARDS L. -- 7 1 5  B 
Verp t ' e ~  standards are available that are legally applicable to the cleanup of 
d q  cuntaminated media at ORNL RA sites. The AEA and its ammdmms 
d e l e  authority for control of nuclear en- to DOE, NRC, and EPA In additinn, 
certain srates have regulatory authority and pmgrams for radioactive waste ?he EPA's 
rqdati tms are derived !?om Severai other statu- as well, and &er manv - -  tqxs of 

ofvarious types of radioactive mamials at cenafn types of hcilities. Termesse is an 
NRC-agreement state and, as such, has its own authority and licensing mphtiom In 
addttion,Tennessee enforces NARMstandards. 

DOE is authorized to control all tsrpes of nuclear ma- at sites under fts 
juris&- a d  Is exempt from NRC licensing and regulatory requiremaus- thmfore 
NRC regulations are not considered to be 1- applicable to RA activities at DOE 
fadllties DOE regulations for handling and cleanup of radioactive materials are outlined 
in a series of internal DOE orders that are bindmg to DOE contractors. 

Bemuse a axnplete characterization of the identity and quantity of radioactisp waste 
at ORNL RA sites has not been completed, all of the available EPA regulations Wm be 
presented here. as well as the numerical NRC values. The proper definition of low- 
I d  waste and hazardous waste" has caused considerable debate with regard to dual 

by EPA and NRC. Howe~er. EPA has published a c l ~ m t l m  of the probkm 
(53 fR 37045. Sept. 23, 1988). as did DOE prerriody 152 PR 15937. May 1.1987 a d  
DOE Order 5400.3 ( H d u s  andRacEiocrctrue * Mixed W a t e  Aogrmn dated F&. 22, 
198911. In effect. mixed wastes are those amtainfnga RCRAhazardouswaste as dedhd 
fn 40 CFR 261 and a radioactivewaste subject to t h e m  RCRAreguLations apply to the 
hazardous component of the waste, and AEA regulations apply to the radbxth 
component when the application of both stanrl=rrrls is conflicting or fncrursistent RCRA 
yields to t h e m  Teqnessee receivd final autbization to regulate mdbadme - m i x e d  
waste on July 3. 1986 (53 FR37045. S q ~ t  23. 1988): however. the state has not 
implemented any regulations or guidance related to the handling of mixed waste.'O 

actMtits and aIl types of radioactive materials. including naturally ocanrmg - a n d  
acceleraror-p~ucedradioactivematertal[NARbl).NRclicensesthepossessionanduse 

. .  f- 

6.4.1 Generic Below Regulatory Concern Levels for Radioactive Wastes 

The h X  has developed the concept ofa risk threshold to distinguish those mdbaaiw 
materials that do not warrant regulation to the same degree as other mibaahe 
m a ~ t o e n s u r e a d e q u a t e p n > t e c t i o n a f t h e p u b l l c a n d t h e e m r i r o ~ ? h e i o w l ~  
of risk by these radioactive mateiials have bezn termed below regulatory axxxm 
(BRC). 'TIE NRC published a policy statement (55 I;R 27522, JUty 3.1990) to guide its 
decisions on exemptions of BRC materials from the full scope of the NRCs reguiatarY 
program. 
Tbe BRC pohcywas established, inpart to easure adequate and mnsistmt dedsims 

on acceptable risks posed by decontaminat& and decommissioned nudear hcilities. The 
BRC amqt is based on the premise that risks from dsses to indiuduak fir p c t i c e s  
that are under consideration far atpmntion are comparable to the Mhmtary and 
immhuu;ary risks commonly accepted by the general public from radiation eqxsuns in 
their daily lives (i.e., natural background radiation. which results in rkks c a m s p o w  
to doses on the order of 510 mrem/year or an annual risk of about 103. 'Ibis l e d  of 
risk is within the risk-based guidelines of lo4 to lo3 established bp the EPA 

000343 



Based on these coasiderations, the NRC policy states that b ayerage dose to 
individuals in a critid group should be less than 1Omrem/year (a hypothetfml 

practices that result in widespread distribution of radioactive (e.g., COILS- 
products or recycled materials), the NRC reeommpruLf an inrerim d e  for 
individuals in the critical group of 1 mrem/year (a risk of 5 x loJ). These W d d  
annual doses translate to alifetimeriskfmm continuing annual in theorder 
of lo4 and lo5, respectidy. 

its 
implications and a general -faction wlth the proces~ the hXC used to develop the 
BRC @cy. Because of these concerns, the NRC declared a moratorium 011 
implementation of the BRC policy and initiated a c o r n u s  pn>oess to provide advice to 
the NRC on the full range of issues related to the BRC policy (56FR36068, July 30, 
1991). 

EPA utilizes a similar policy in setting de rrcinimiS rkk-based levels for exexriptian of 
hazirdous chemicals fnrm RCRA Subtitle C regulation (57 FR 21450, May 20, 1992). 
Health-basedexemptionlevelsareproposedforsystemictoadcantsandcardnogensbased 
on RfDs and risk-spmfic doses. respectively. EPA has proposed a risk lewd of lo* to 
establish exemption criteria for Groups A B, and C carcinogens (see 51 FR33992. 
September 24,1986, far a dlscussion of EPA’s carcinogen chdication scheme). 

As of September 1!392. the NRC has been unable to reach consemu on a BRC policg 
acceptable to the general public and has no plans to pursue hr ther  action an this 
initiative, nor does it plan to enforce the BRC policy isued in JUty 1990. Instead. it will 
focus on developing ~ ) a ~ t ~ r t r e a m -  and media-specific risk-based BRC levels, sfmflnr to 
EPA’s de minimis l&. through a series of individual rule makings. Until these 
individual rules are promulgated. the lack of a generic BRC policy for radioactive wastes 
that would guide cleanup and release of radioactive cnmpanents at RA sites has 
hampered RA activities at DOE fadllties. At present internal DOE orders (see Sect 6.4.5) 
prwide the only guidance for such cleanup activities. 

incremental annual risk of 5 x IO? for each exempted p r a c w  In addition, far such 

The adoption of the BRC policg generated widespread publtc canee~n 

i 

6.4.2 Federal Agreements and Legislation 

DOE has entered into a number of signed agreements with sfate and federal parties 
that define committed milestones and impact the handling of radioactive wastes at ORNL 
RA sites. In addition, recent Congressional legislation and DOE action in response to it., 

In June 1992, EPA and DOE signed the IDR-FFCA/OFtR to bring mixed waste 
generation and storage facilities on the reservation into compliance with environmental 
law. Under the agreement. &‘tive immediately, DOGOR Win submit plans that Win 
include treatment and storage options for IDR mixed wastes to me& the requirements 
of RCRA. The plans. to be prepared by DOE, wiIl include proposals for waste 
mlnimlzation. treatmem studies. technology development, tadllty construction, and 
schedules for future treatmenti The LDR-FFCA/ORFt allows DOE ORR fadlfties to 
contime tc generate and stare mixed wastes f i e  ad&- TJR mixed waste 
compliance issues. The mixed wastes covered under the DR-FFCA/ORR include 
flammable and corrosiFe liquids. solvents, paint waste. waste oils and organics, and solid 
mixedwastes. 
On May 26,1992, EPA published (57 FR 22024) a notice. proposing to i h d  that DOE 

has made all but one of the demonstrations required in its applimtian. under RCRArules 
in 40 CFR 268.5. for a oneyear. case-by-case artension of the hky8.1992, effective date 

willalsohaw!animpaa; 
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of the lDRs applicable to CertaLn mixed wastes generated or stored at 31 DOE facilities. 

were due back to EPAby J~ly27.1992 andm d€ki.al f h l  action has been 
taken on this p@ as yet 

SWDAtowaiveimmllnl ' t F Q f t h e U n f t e d S ~ w f t h r e s p e c t t o s u b s t a n t l v e a n d p ~ u r a l  
requirements regarding control+ abatement or of solid or hazardow mmste. 
ThiSwaiverofirIlmmQ includes injunctive refief, arfmintstram order, or civil or 
administrative penalties or hes, and subjects the federal government to the fuIl range 
ofavailableenfarcementtoalstopenallzeisolated,~~orwntfnuingvialattcms. 
Adelayed effecme date ofthree years fromenactmientofthe -of 1992 is applledto 
thewaiverofsovemgn inxnunityformixedwasteregulatedunderSWRA~)solong 
as that waste is managed in accordance with other applicabk requirements. Further. 
DOE is expressly exempt h m  the three year efkaim &far mfxed waste invinlatinn 
of SWDA of m) so rang as DOE has In effect a phn that has been submitted and 
approved pursuant to SWDA§302 l(b), and an asder requirtng mmpliance with suchplan 
has been issued pursuam to SWDA §3021(b). 

Even though the waiver is not delayed for DOE fadllties that are subject to an existing 
agreemernt, penntt, admirristrat3e or judicial order addresing compliance with the IDR 
storage prohibition for mixed wastes, the waive.r nill not apply to DOE as long as DOE 
meets certain conditions spedfled in t h e k t  1992. sect. lOZ(c)(3)1. SpedIcaRy. 
the waiver shaII not apply to DOE for mfxed waste violati- of §3004(j) of SWDA for as 
long as DOE has submitted. has in effect, and is in wqliance with, a plan pursuant to 
§3021(b) of SWDA and is In compliance with an order issued pursuant to SWDA 

Further secttons of t h e k t  regulate mfxedwasteirmentaryreparts and plans r e q u i d  
to be submittedby DOE within 180 days of the enactment of the FFCAof 1992. DOE has 
published its strategy for development of a national amqdhnce plan for DOE nrirPn 
waste (57 FR 57170. December 3,1992). DOE'S National cornpllance Plan Win integrate 
ER and DBrD activities with the development of appmprbte mfxed-waste treatment. 
storage and disposal capadty. 

The FFCA a f  1992 lpublic Law 102-386. b b e r  6,1992) amends Wl d the 

gi021(b) reqlmlg compliance with such plan. 

6.4.3 EPA Regulations 

EPA has promulgated MCLs for radionuclides in cmrmunity water systems (see 
Table 6.6). These MCLS appear in two f-tration lfmits for certain alpha- 
emitting radionuclides (40 CFR 141.15) and an annual dose limit for the Ingesticn of 
certain beta- and gammaemitting radionuclides (40 C€R 141.16). MCLs and M C U s  
were proposed for radon and uranium and reproposed for % and 228Ra. beta 
emitters. and photon emitters on July 18,1991. and are induded in Table 6.6. Flnal 
promulgation of the concentration limits was sckduled for April 1993, but Congress 
voted to delay pramulgation until the end of 1993. EPA plans to propose a schedde 
extension and issue a final rule in 1994.3 A s  with the rhpmiml-spedffc MCLs, these 
concentrattonlimits~?~relevantandappropriatefor~~ofwntaminatPngmund 
water at ORR 

T&k 6.7 W EPA ami DOE mdhtion protec!lIm stmdarck that are d m  be&m= 
Subpart H of 40 CFR 61 addresses atmospheric radicmuclide emissions fium DOE 
facilities and may be applicable to airborne emisums ' during FZAactMties at OFUUL EPA 
has issued a fhal Natitmal Emission Standards for Hazardous Air Pollutants ruk 
(54 FR 51654, Dee. 15.1989) that limits emissiom of radionuclides to the ambient air 
h m  DOE facilities to amounts that would not cause any member of the public to recxAe 
an effective dose equxvalent of 10 mrem/year (40 CFR 61.92). 
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Tpblt 6.6. RadionuclldosWc stmukdm under the SDWA ftx gmund 
water and surhce vratcr cantamination 

at the Oak Ridge -tion 

Radionuclide SDWA 
Mchb Current SDWA MCka 

Radiumc 

Grossbela 
Nat;uraluranium 
Radon-222 

Gross alphad 

stmmum-sd 
mtid  
An other manmade 
radionuclides 

Ernroamental protection standards for the management, storage. and dspmal of 

Managenenr and storage must be conducted so as to provide a reasonable assumme 
that no member of the public in thegeneral environmentwill receive a c a m b ~  annual 
dose -dent or greater than 25 mrem to thewhole body and 75 mrem to any mgan 
(40 CFR 191.03). The standards for disposal systems, origindy listed in Subpart B o f  
4-0 CFR 19 1. were vacated by a federal appeals court decision in 1987. These sbndards 
s t a t d  that disposal systems for thewastes defined above must be designed % p r u d e  
a reasonable expectation that, for lo00 years after disposal, undisturbed perf- 
of the - system shall not cause the annual dose equivalent from the - 
qstem to any member of the public in the amssible environment to -25 m m ~ ~  to 

considered (40 CFR 191.15). These vacated disposal standards thus a d d  nd be 
considered legally applicable to RA activities. but could provide some guidmtx fn 
40 CFR 191.04.alternativestandardsarees~forDOEfacilltiesIfEP~detgmtnes 
that such standards prevent any membe.r of the public from receiving a amtimas 

spent nuclear bel, high-level wastes, a d  TRU wastes are found fn 4OCFR191. 

the WhOk and 7 5 m  to any Critical O m . ”  potential &be 
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Table 6.7. Radiation protectfon standards that may be applicable 
to Oak Ridge ResuPation DBD acttvftiea 

Rtaulauon . Eqxx3urcaradltbas Standard 

exposure of more than 5OOmpem/year effective dose equivalent fiom all sources, 
d u d i n g  natural background and medical exposures. EPA has proposed to revise its 
smdards bo create a new Subpart B md pmmdgate generally applic&~le avi,ra-tal 
standards to establish limits far the release of radioactiye materials to the emimment 
(58 FR 7924, February 10. 1993); a fhal rule is expected by February 1994. When 
promulgated, these standarcis wdl supersede those meutiod above as legally applicable 
standards. 
EPA intends to d d o p  emaonmental radiation protedian standards for the disposal 

of low-level waste inchding NARM) under 40 C€R 193 and 764. The intent of 
000347 
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these s tandards wdl be to protect the public health and general environmern fmm 
potential adverse effects from low-level waste disposaL These proposed mg&tiom may 
provide guidance far cleanup of the RA sites when pmmuJ,pted. The proposed rule is 
scheduled for September 1993, flnal rule SeprPmhPr 1994. 

rarktkm 
protection criteria far cleanup of residual radirxcdve mamiah at decommksimd DOE. 

provide useful guidance for RA activities at ORR Howwer. there is no schedule far aaion 
for these 

In addition, EPA intends to develop public h d t h  and 

D e p m  of Defense and NRC-licensed sites. a~ weil a~ o t h m . % ~ e  trim 

6.4.4 Department of Transportation Regulations 

The I)eparrment d?’ransportation ReguWons far Hazwdous Materfals Ifst gaxral 
requiremenrs for shipping and packaging at 49 CFR 172 and 173, and for req-ts 
for carriage by public htghway at 49CFR I n .  General requirements fm &@ping of 
hazardous mamiah are defined in 49 CFR172. with specific marking, labding and 
placarding rqplatim far radioactive matmals . in 49CFR172.310. 172.403, and 
172.556. -. These regulations would be appkahle to any off-site shinmpllts 
of hazardous ar radioactive materials from RA activities 

49 CFR 173. Subpan I. lists requirements for pckagiq and shipping mha&ive 
materials. General package design requirements are ghm in 49 CFR 173.411. with 
specifk design requFrements for ?s.pe A and B padq lng  found in 49 CFR 173.412 and 
1 73.4 13. . Activity limits for normal form radioactive material (tenred 4 
limits) are=49 CFR 173.435 for various radionuclides. ?Lpe A paciragtng L 
authorized fir shipment if each package does not exceed the4 value (49 CFR 173A.31). 
If package quantities exceed the 4 value. ?ppe B packaging is reqtrired 
(49 CFR 173-4311. In addition, each package of radioactbe materials must be d e  
and prepared far shipment such that under narmal cnditions. the radiation l e d  &es 
not exceed 200 mrem/h at any srternal point an the package (49 CFR 173.441). Snall 
quantities of d i d  radioactive materials are exempt fmm the pa 
requirements of this part if the materials package limit is less than 10’ 4 (49 CFR 173.4 
and 173.423). 

Standards far the packaging and shipment of NRC-licensed material are famd in 
1OCFR71. These are not legally applicable to DOE activities. Howmxr. DOE 
Order 5480.3 (sqfety Requirements for the padcagrrrg cnui ~ a n s ~  of H t z a d u u s  
M a t e r i a L s , H ~ S u b s t a n c e s ,  a n d H a m z b u s  W 4  specifiesthe?LpeApadggtng 
r e q ~ w f i i c h a r e g i v e n i n 4 9 C F R 1 7 3 . 4 1 1 a n d 4 1 2 . T y p e B p a ~ s b a n b e i n  
compliance with requirements found in 10 CFR 71. Reference is made to 10 CFR 7l.41 
et seq. for general standards for all package and special r e q m e n t s  for B 
packages D E  Order 5480.3(8)1. 

Reg- governing transportation of hazardous materials by public higinmy are 
found in 49 CFR 177. and specific loading and unloadmg requirements for radioactive 
materials are in 49 CFR 177.842. The number of packages in any one motorvehidemust 
be m+b se + a t  +h tow transport index rr,l.mtrer dms not exlzeed 50. +d 
transport index is described as the sum dthe numbers expressing the xnaximm 
radiation b e i  in mrem/h at 1 meter (3.3 rt] from the exmnal surface of each 
(49 CFR 173.403bb). 
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6.45 DOEOrders 

DOE d e r s  are not promulgated regdations and thus are not wnsidered to be legally 
bindmg bp EPA They are. however. bhdmg between DOE and Martin Mariena Energy 
sysems. hc.. because of c~ntracflzal agreements. The radiation expowre limits for 
members of the public from management and storage of TRU wte defined in DOE 

5400.5 (Radiationm-of them& cvlzi the- Februaq8, 1990) 
are: (1)an effective dose quident o f  25mrem/year to the wbok body, or 
(2) 75 -/year to a single organ [5400.5(II,lc)l. The basic dose limit fur routine DOE 
aaivities. including RA monitarin$ cleanup, and control of residual m d i m A b ~  material 
is lOO~mem/year. In addition. guidelines are given for lev& of residuai surface 

tion that shall not be d e d  if a RA is to be considered ampleted and 
propertp released to the public without resmctim on use [5400.5OL5alJ. Thiese levels 
are listed for spedfic isotopes and beta-gamma emitters in general In a3l instances. the 
overriding principle of the DOE d e r  is that all releases of radioactive matmial shall be 
AIARA Chapter N of the order lists guidelines for cleanup o f  radioaaive real and 

pnperty-. Information on application of the guidelines and requiranents presecred in the 
order. including procedures for denving spedflc property guidelines far allowable levels 
of residual radioactive material from basic dose knits, is contained in DOE/CH 8901. "A 
Manual for Implementing Residual Radioacttve Material Guidelines. A Supplement to the 
US- Department of Energy Guidelines far Residual Radioactive Material at R E R A P  and 
SFMP Sites." June 1989 [5400.5(IV2)1. Table 6.8 s- the cantents dDOE Order 
5400.5 Mth respect to RAS. DOE prop<lsed for codiflcation as 10 C€R 834 the cantents 
of DOE Order 5400.5 as radiation protection requiwnents for the public and the 
enrironment for DOE and DOE Contracur operations (58 FR 16268. March 25, 1993). 
DOE Order 5820.2A (Ra&oa&m * Waae Management, sept 9.1988) states that the 

v t  of low-level waste must ensure that external arposure to tile waste and 
c€mxnlxations of radioactive xnakial that may be released into d c e  water and soil 
does not exceed 25 mrem/year to any member of the public. Releases to the armosphere 
shall not acceed 10 mrem/year (rable 6.7). Reasonable eEort should be made to maintain 
releases to the environment to AIARA leels. The order pertains to the management of 
radioactive waste and contains clasure and post-closure care mpiremmts. Table 6.9 
S- the substantive requirements of this DOE order. 

* fiKocarpattonclr - workersfcantainsguidellnes 
for worker protection, which are similar to those of 10 CFR20 Le. 5 rem/year and 
50 rem/year annual effective dose +ent for stochastic (can& and nonsbchastic 
(sysmnid effects, respectively, from both internal and srtemal sources for amtinuous 
~ures].Alsolncludedinthearderarestandardsforthegeneralpublic~menterfng 
a amtroned area. Exposures to the public are limited to an &ective dose e q m d e n t  of 
100 mrem/year Vable 6.7). As with the other DOE orders. t h e m  m a p l e  prevails. 
Remediation of radionuclide-cuntamjnated soils must ensure that eqcmres to on-site 
WOrErers or public intruders shall not exceed these standards. DOE has proposed for 
!!difkation 
workem fiom normal operation of DOE Wties (56 ER 64334, Dec 9.1991). A M  rule 
is erpected in July 1993. When prom-ted, these standards Win thean be legally 
applicable for RA activities at ORNL. 

pasonal property. management of the resulting wastes and residues. and release of 

. .  D O E O r d e r 5 4 8 0 . 1 1 ~ ~  

10 CFR 835 the px-imay s+- for ra0ia?ion p+-- ofmpBdonal  
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6.5 ACTIONSPECIFIC REGUlATlONS 

Perforrnanm design, or other action-spedlc requiremen ts set controls orrestrfctlans 
on particdar kinds of activities related to the management of hazardous carain 
RAS at a site may invoke the approprWe action-speciflc regulations that spedf4. 
particular perfarmance standards or techndo@es. as well as specific w m  
for discharged or residual chemicals. Action-speafic regulations are es- under 

cide Act and OSHA. 
RCRA. CERCIA. CAA, CWA, SDWA, TSCA. F e d d  Insecticide, Fun@ddc md- 

6.5.1 Comprehensive Environmental Response, Compensation, and Wil€ty Act 

The intent of CERCIA as amended by SARA is to provide for the cleanup af- 
hazardous waste disposal sites and to pmvlde for response to. and d m q  of, 
errvironmentalproblemsthatarenotwveredadequatelybythepennitprograms~~ 
environmental laws. RA activities that have been incorporated into the FFA would be 
subject to CERCIA regulations. 

m e  admbimative requirements of RCRA (eg., permitting, reportmg., and record 
keepingt or any other federal or state regulations are not required for on-site RA if a 
faculty is bemg cleaned up under CERCLA [CERCIA 512 1 (e) and FFA §XXIIWI. H-, 
under CERCLA §121(d)(3) and FFA -B). a q  removal or RA involving the ofkite 
transfer of hazardous substances, pollutants. ar contaminants must involve a €idlie in 
compliance with all RCRA substantive and administrative nquimnmts. CEFtCXA 
response actions will be coordinated with. and supplement the co- measmes 
required and canducted by DOE under its current RCRA pennit [FFA 5IVOI. 

6.5.2 Resource Conservation and Recovery Act 

RCRA has nine distinct sections (subtitles) that regulate various aspects of hazmims 
waste. T1.rree of these, Subtitle C Tazardous Waste Management" Subtitle D "!jdfd 
Waste Management," and Subtitle I "Regulation of Underground Storage Tanks," provide 
the regulatory guidance for CERCLA actions and will be considered for regulatims for on- 
site RA activities and cleanup at OFUUL 
Minimum national standards for acceptable management of hazardous waste appear 

in RCRA. although Tennessee has been authorized by EPA to administer and dcrrce its 
own standards in lieu of the federal RCRA regulations. Federa.lly authorized state RCRA 
programs relate only to RCRA standards before HSWA 
Tennessee's promulgated RCRArequirements supersede federal regulations as legally 

applicable. Howwer, Tennessee's substantive RCRAregulations are identical for the rmst 
part to the federal RCRA regulations." New reguLations imposed in 1984 by HSWA are 
to be considered applicable under federal law in all states until each authorized state 
promulgates its own HSWA-related standards. Although the Tennessee Solid Waste 
Disposal ant ra l  Board has promulgated many ofthe HSWAregulations. EPAhas notyet 
authori2d the pgPam.12 

6.5.21 RCRA Subtitle C regulations 

RCRA Subtitle C regulates the generation transportation, treat me^& starage. and 
disposal of hazardous waste. Standards for the management of hazardous waste at 
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RCRA-permitted trearment storage. and disposal facilities wxre promulgated July 26, 
1982, and appear as 40 CFR 264. Standards for interim treamt. storage, and disposal 
fadlrties are found in 40 cm 265. 

In general. this texswdl address the Part 264 rather than the Pan 265 standards as 
they are the more strfngen~ Tahle 6.10 lists the pertinent subparts afthe permitted and 
interim standards and the equxvalent section of the TDEC hazardous WM regulations. 

As discussed in Sect- 6 2 .  DgrD activities that generate RCRA &ardous wastes but 
are not incorporated as CERCTA Sites into the FFA would be subject to regulation under 
RCRA In contrast to CERCLA D&D activities subject to RCRA would be subject to the 
administrative as well as the substantive requiwnents of the law, including all the 
applicable permitting requiranents. 

The RCRA Subtitle! C part 264 regulations apply to particular WM processes (e.&, 
capping or fndneratron) of to general procedures (e.g., treatmmh drsposal, or closure), 
and itmaybenecessaryto cclmbine the two types ofcategories to adquklyaddress  the 
action-spedflc regulatlans for a particular remedial activity. 

65.22 Land Disposal Restrictions 

IfRCRA-listed or characteristic w s t e  is generated/idenUfled during the RA process, 
these wastes would be subject to the RCRA ID-. For each hazardous waste, EPA has 
established treatment standards that are protective of human health and the 
environment when the wastes are land disposed. Land disposal includes, but is not 
limited to placement fn a lanm s d c e  Impoundment. waste pile and land treatment 
fadlfty. In the final National cantlngency Plan. EPA reafhms that movement of waste 
within a unit does not amstibae land disposal" for purposes of application of the RCRA 
IDRs: however, waste consolidation from different units at a CERCIA site are subject to 
the restrictions (55 m 8759). 

These LDRs apply only to RCRA hazardous waste placed aAer the efk t ive prohibition 
date.Wastesmaybeland~~theyhavebeentreatedwrththebestdemanstrated 
available technology ('BDAT) set EPA and meet the treatment standards. A final rule 
listing provbions for specific treatment standards and prohsbitinp iand disposal of the 
foIlowing wastes has appeared. Table 6.11 lists the waste categories for which LDRs have 
been promulgated. the Fedaa l  Register citation. and the cOrreSpOndfng section in 
40 CFR 268. Tennessee Rule 1200-1-11-.10 contains the state IDRs. which are sirnilar 
to the RCRA LDRs. A final rule far correctfye action at RCRA sites and CERCIA sites 
contaminated with RCRA hazardous waste regulates wastes generated far the purpose 
of implementing RAS. and exempts designated sites fhm the LDRs and minimum 
technology requirements (MI'&) under 4OCFR268 W Tarrection Action 
Requirements" below). 

EPA has determined that the RCRA treatment standards are generat@ inappropriate 
or infeasible when applied to cmtaminated soil or debris (55 FR 8760). Therefore, EPA 
is proposing separate rule makings to establish treatment standads far disposal ofsuch 
contaminated soil and debris The advance notice of proposed rule ma.king [ANPRM) for 
debris appeared in 56 Ri 2-44-44, W y  30, 1991, the notice d p n p d  d e  making 
(NpRM) on Jan. 9, 1992 (57fR958) and the final d e  on August 18, 1992 
(57 FR 37194). The rule requires cantaminated debris to be treated Wore land disposal 
using extraction, destruction, or immobilization technologies. s$: difkent categories of 
debris and ten dif€emnt w r i e s  of contaminants are specified in the de. As with 
mixedwaste. debris cantaumakd with both -dous and radioactive waste must 
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Table 6.10. R a U  Subtitle G-standprds far the treatment, &we, 
m d  disposal of hazard- oppstc 

category Fedcrai Tennessee 

40CFRpbrt2t2 1zoo-l-ll-.osb 
9 

subpart1 Section 9 ccruainas 

WJ Section 10 TdC3 

SUbparrK Section 11 surfs# bpoundments 
SUbparrL Section 12 wastc pile3 

-M Section 13 LaPdtreambmt 

-N Section 14 tandm9 

sutrparto Section 15 (ncinaators 

sutrpartx 

subparts 1-0 Sections 9- 15 Aslistedabwe 

subpart€) 

Section 19 wsodhneous treatment units 

40cRIArrt28 1200-1-1 1-.= 

subpartp Section 16 Thama treatment 
Section 17 Cbnkal. physical, and blologkal 

treatment 

aRCRA=ResouraConservatlon and FkxvcxyM 
kuk L2ooofthTamcssce D c p t m c n t o f ~ t d  CaasaMtiOn Hatardorrp Waste 

Management- 

Table 6.11. Federal RCRAalnnd dfspospl regulations 
w e  category CitatiCRl 4ocFRpart 

Spent-dvmtanddiaxlncontainingwastes 51FR40572 
W V .  7.1986) 

268.30 
268.3 1 

52 €R 25760 268.32 
UW8.19871 
54FR31138 268.33 
[Auk 17.19881 
54m26594 
fJune23.1989) 

268.34 

55m22520 268.35 
Uune 1.1990) 
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~mpiywith the treatabilitystandards for contaminated debris as well as those under the 
AEA Disposal oftreated debris and resultantwastes arediscussed in therule. 

In the debris rule, EPA established a new treatment unit far tmmq mntaminated 
debris: a "containment buildrng has been added to the de3nitions of 40 (JR 260.10 to 
prtmde for starage and treannenr ofmnramfnated debris that does not mntain €fee 
liqwds and is not amenable to treaunent in tanks or containers (57 E;R 979. January 9, 
1992). Performance standards far the design and operatian 8 s u c h  amtamnent 
buddings are promulgated for a new Subpart DD to 40 CFR 264 and 265 for pemitted 
fadlities and interim status hdiiies, rqxdhdy. AU containment bwldings, permitted 
or unpermitted must m q l y  with the same level of performance These s t a d a d s  would 
be legally applicable to any RA activities invohring dismantlement of smctures and 
subsequent decontamhatfan in a building. Physical adraction technolagies such as 
abmsive blasting or spaIlingu.cPn to treat debris in place. but thatis intended for dfscard 
kg., ueatment of a contaminated Wdhg prior to demolition). are subject to the pemnit 
standards of 40CFR264. Subpart Xformlscellaneous unfts or the fnterim status 
standards for chemicaL phpcal or biological treatment in 40 CFR 2& Subpart Q 
(preamble to the final debris rule). 
The ANPRM for soil appeared oct 24. 1991 (56 FR 55160); NPRM expeaed August, 

1993. final rule August 1994.3 In the interim, EPA has developed guidance for obtaining 
and camp€yingwith a treatabihtymriance for soil and debris that are contaminated with 
RCRA hazardous wastes for which treatmmt standards have already been set (Offlce of 

treatment levels are presented fix structural functional groups of organics and for ten 
inorganics based on actual treatment of soil and best management praaius  (BMPs) for 
debris These should be considered as guidance when RA activities are scheduled that 
may amtaminate or deal with cmtamma * ted soil. In addition. EPA has granted an 
artensian of the generic natianal capacity variance h m  the ID% for certain soils and 
debris and radioactive minwl wastes until May 8, 1993 (57 JR 20766. Map 15. 1992). 

Solid Waste and Em-en~p Respanse -ti= 9347.3-06Fs Juty 1989). Alternate 

65.23 Corrective action requirements 

Several sections of RCRA require promulgation of corrective action mgulations: when 
i h a l i d .  these requirements win most likely be legally applicable to RA sites where there 
is RCZA hazardous waste contamma * tion Currently, only the 40 CFR 264 Subpart F 
regulations on ground-water protection at RCRA-regulated units are potentlay. 
applicable to RA activities within faciliv boundaries and these include gruund-water 
proteaion standards (40 CFR 264.92 and 40 CFR 264.94) and ground-watermonitaring 
requirements (40 CFR 264.97). The coTTe(tlye action standards developed under RCRA 
&OW.I) will be applicable to any D&D or RA cleanup site that is also an active or a 
fonneriy active RCRA facility with an active solid waste management unit: thus, the 
standards will also be applicable to a DBrD or RA site where disposal is m t l y  
oaumng. In addition, RCRA 

Requirements for co- action for RCRA solid waste managanmt -5 have been 
pmp0sed (55 FR 30798. July 27. 19901. A 9nal d e  is expect& rn *pear ir? !kxxdxr 
1993. EPA proposes a risk-bad approach to establish media cleanup s a n d a d s  for 
surfim water, ground water. soil. and air. These standards are to be established at 
con~ennations that ensure protection of human health and the errviranmenr and are to 
be set for each media of concan during the remedy selection process. RCRA corrective 
actian levels are not intended to be used as cleanup levels: theg are intended only to 
Wef the corrective action process when exceeded. Target cleanup lW may tnf 

authorizes cleanup beyond fm boundaries. 
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be set at these RCRA action levels but must be modified as appropriate to reflect site 
specific exposure assumptions (55 FR 30826). Appmdix A &-the proposed rule lists 
proposed action levels for 165 compounds (55 fR3M6S). and Appendk E g b e s  
gwerning equations for calculating action levels 

Aportion of the proposed Subpart S rulewas pnrrrmlgated as a final rule far corm&ve 
action at Corrective Action Management Units (CAMUS) and Temporary Units Ws). TMS 

units): 40 CFR 264.552 [CAMUS) and 40 CFR 264.553 Ws) (58 FIZ 8658, February 16. 
1993). Both of these units function solely to manage that are generated at a RCRA 
facility for the p w  of implementing RA &e., randatm - wash]. As a result aftbls 
rule, regulatory requirements for remediation wastes mil differ fiom those fa -as- 

theLDRsandrwmk?be 
CAMU or Tu designations must be made by W m a b r i z e d  state, and such 
designations would be subject to the public review and rnmmrrnt process as part d a  
remedy~tion.Thesed~tionswouldbeincorparatedintopermtt~mtioxlsBor 
a hcility and would include specifications of applicable desiga operating, and closure 

U n d ~ t h e ~ p ~ ~ , ~ e n t a n d c o ~ ~ ~ ~ ~ t i o n ~ ~ ~  
a designated CAMU will not be subject to LDRS or other hazardous waste land ciiqxd 
requirements. CAMUS would also not be subject to MITZS. since they are not class&d 
as landtllls, surface impoundments, or waste piles. l%icemmt of mediation wastes into 
a CAMU h m  an area at a facility but outside the CMU. or h m  one CAMU into am- 
CAMU will not bigger LDRs or h4TRs, nor will exasation. treatment outside the CAMU. 
and replacement back in the CAMU. However, nxmmens of wash from a CAMU to 
another area in a fadlity not designated a CAMU wuuld tngger the appropriate IDF& ar 
lums. 

T h e E P A R e g i o n a l ~ t r a t o r m a Y d e s i g n a t e ~ ~ c O n t a i n e r s t o r a g e u n i t s t r s e d  
for treatment OT storage of remediation wastes as TUs Permit speufications for TUs must 
include design. operating and closure requhm- These may be less stringent than 
the 40 CFR264 req-ts as long as they are protectfve dhuman health and tk 
environment and comply with statutory requkemems 

The substantive requirements of this rule are expcted to be legally applicable to RAs 
at CERCIA RA sites that Irrvolve the Inanagement of RCRA hazardous waste. In this 
context, CAMU designations would be incorporated into CERCIA decision documen& 

FR 30870). 

rule establishes two sections in Subpart S (corrects# . A c t i o n f o r s d i d w a s t e ~  

generated” wastes m t e d  under Subtitle C. 

requirements that may be less stringent than the appropriate 40 CFR 264 standards, 

6.5.24 RCRA Subtitle I Regulations 

RCRA S9003 requires promulgation of regulatians pertaming to detection, preventfm, 
and comt ion  of releases ihm underground storage tanks; implementing reguMms 
appear in 40 CFR 280.50 (“Release Reporting, -tian. and C~dbmatian”), 280.60 
(“Release Response and Carrective Action for u d a g m m d  Storage Tank Systems 
Containing Petroleum or Hazardous Subs-”’), and 280.70 (“Out-of-Semice 
Underground Storage Tank Systems and Closure”) and should be considered as 
regulations for deanup of any Undergmmd Sbrage Tasks !=cat& at EZA sites 
40 CFR 280.66 specifies that corrective action plans designed to protect human health 
and the ernrironment must be submitted to the ’ymplementing agency“ DEC 
Underground Storage Tank Division) for app- The state must be notifled of 
permanent closure plans not taken in response to correcdye action (40 CFR 280.71): 
suggesteddeaningandclosureproceduresarerecommendedin40 CFR 280.71andmq 
be considered @dance for dosure of any tanks at RA sites. 000360 
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~ a u r e s ~ e e  Code ~nno ta ted  KAI -53-101 et seq. authorized the-i~ndergmmi 

Storage Tank Board to PrOmdgaLe regulaDbns on July 1, 1988. The impi-ting 
reguLatian~ for release response and correcth~ action were promulgated Aprtl15.1990, 

closety parallel the 40 CFR 280 regulations, although the state regulations only apply to 
Undergnnmd Storage Tanks ContabQ petroleum products. 

65- RCRA Subtitle 0 Regulations 

d ~ f o u n d f n T D E C R d e s  Chap. 120(11-15-.05to 1200-1-15-.07.Thesetegulati0~ - 
PsAhas promulgated a final d e  estabbhg a new40 CFR Part258 which sas forth 

1991). ?hese criteria include closure and posrdosure care requirements (40 CFR 258.60 
and 2S8.6lL 

In addim the Tennessee Rules ofthe TDEC Chap. 1200-1-7) and federal RCRA 
reguiatians governing solid WM f&&ties may regulate RA activities. SpazEidQ, 
40 CFR 257.3-3 prohibits nonpoint source mtamtnation of surface waters frmn d i d  
WM facilities, 40 CFR 257.3-3 also prohibits point source discharges of pallutams into 
surf&ce! wateps that are in violation d the requirements of the National Pohtant 
Mscharge Elimination System. 4OCFR2573.4 prohibits contamtnaUon d an 
underground drhking water source above SDWA M C b .  

reviSedminimtrmfederalcriteriafor~~solldwastelandftlls(56 m50978,Od. 9. 

6 5 3  CleanAirAct 

Chapter 25. MAir Pollution Control.’ of tbe TCA provides for the pmty of the air 
n s o m  ofthe state “consistent with the protection of normal health general w d f h  a 

and physical property of the people. rnaxhmm employment and the fun imhstxial 
dwelopmenr of the state.” Implementfne t h e  objectives are the Tennesee ambient air 
quality stancia& established by the ‘IDEC Division of Air Pollution contrd which 

primary Narional Ambient Air Standards (see Sect. 6.3.2 and Table 6.U The 
ambient standards of Chap. 1200-3-3 are translated into sourcespeclElc emission 
limitatians Wes of the TDEC. Chaps. 1200-3-4 to 1200-3-21) that must be consided 
legally applicable if they apply to any of the RA sites. Table 6.12 lists sections of the 
Tennessee air emission standards that should be analyzd on a si-c W for 
each lzmfxbl * alternative. 
The CAA @111) requires EPA to promulgate standards for new sources of air 

emissions.ThisrequirementhasbeenimniPmPntedin40CFR60~~tfrtNew 
Source Ferionnance Standards that are based on the BDAT and set minimum federal 
emission limitations on classes of facilities. The National Emission Standards far 
Hazardous Air Pollutants have been dLscussed as potential -rid” regulatims (see 
Sects 6.2 and 6.4.1). which should be cansidered as remedial alternatives are sekcted. 

Cenain an-site construction and/or exramion activities may be neccsary to prepare 
a site for remediation. Airborne pollutants may result €tom these constmctim activities. 
The primiuy 
moving and site-grading activities. The TDEC, Division of Air Pollution Control has 
promulgated regulations governing f q p e  dust emissions (Rules of the ?DE. Chap. 
1200-3-S.010). An operator must take reasonable precautions to prevens partiarbte 
matter from becoming airborne. In addition. fbgitive dust may not be emitted as -le 

appear in w. 1200-3-3 of the M ~ s  of the TDEC and are identiml to the federal 

is elmtim d p a i d a t e  cmx!entratiom re§d&?g h m  Zartt- 

emissions beyond property boundary lines formore than 5 mh/h or 20 -/day. 
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W e  6.12. UUB of the TDECOB- 
of E x n r h n m a  Division of Air P- 

chap- Sub]& 

1200-3-1 Gmaalpruvlslons 
1200-3-2 Dchlmons b 

1200-3-4 -burning 
1200-3-5 VLSibk emissions 
1200-3-6 Mnpccss-ns- 
1200-3-7 process r?mt.cdon standards 
1200-3-8 h g t t b ~  dust 
1200-3-1 1 Hazardousa.trcontamtnants 
1200-3-14 C a n t r o l O f S d f U r d i o a f d C a & S k X Z S  
1200-3-16 NcwSWCCperfonnanctShDddS 
1200-3-18 v o w  or&antc C(3mpOunds 
1200-3-21 Gmaal alternate emission standards 
1200-3-22 Lead emission standards 
1200-3-23 Vlslbili@ protectton 
1200-3-24 Stack height regulattons 

6.5.4 Clean Water A d  

The regulatory aspects of the CWA include site-spedfk poktant hi ta t ions and 
performance standanis designed to restore and maintain the cbemiml physiml, and 
biological integrity of the nation's d c e  waters. The National PoUutant Mscharge 
Elimination System pennit program includes applicable efnuent standards, monitodfng 
requirements. and conditions for discharge. Tennessee has an EPA-authorized state 
program that is equivalent to the federal program. Various National Pdutant Mscharge 
Elimillation System permits regulate discharges from ORR to the Clinch FWer and its 
tributaries. The effluent limitations and monitoring requirements found in the National 
Pollutant Discharge Eliminatim System permits should be adjzed an a site-spedfic 
basis for any cleanup at RA sites that would include dkbarge of pollutants to surface 
waters. 

Direct discharge of dredge-and-flI1 material into navigable watexs is reguIated under 
CWA§404andimplementedthrough33 CFR320-330and40 CFR23O.Actionsthatmq 
be considered dredge-and-fiu activities include dredging of sediments i i m n c o n t a ~ ~ I ~ ~ t e d  
water bodies. disposal of contaminated soil or materials in surface water. capping of a 
site, building berms and levees to contain wastes, excavatian far the containment of 
eftluent, and dewatering of a site to obtain adequate flow8 

The U. S. Army Corps of Engfneers issues dredgeand-fill permits for activities 
regulated under§10 of the Rivers and Harbors Act and &IO4 of the CWA: in addition, the 
Tennessee VaDey Authority Act approval applicaticn for st reambd sediment 
fernoval may be necessary. pennits may be r e q u i d  the Corps of Engineers for RA 
activities at ORNL bemuse the Clinch River and portions of Poplar Creek are designated 
as bvigable waters" by the Carps of Engineers. All of the CWA &%I4 requirements for 
protection of wetlands from fiIl operations are potentially applicable to remedial activities 
at ORNL that would impact wetland communities (see sect 6.6.3 and Table 6.13 for a 
Met discussion of these issues). CERCM 5121(e) stipulates that permits are not 
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required for on-site CERCIA cleanup: howwer. the applicability of these regulattons hr 
on- ar off-site RA activities should be a d M  on a site-spedflc basis. 
Storm water discharges from activities at industrial sites involving cuns tmm 

operations that result in the dfsturbance offbe a[~es total land have been inchded b 
the final rule far National Pollutant Discharge Elimination System permits far stcam 

with the substantive requirements of the Katianal Pollutant Disharge EUmimim 
System permitttng process for starm water discharges during construction acttvitfes Bar 
CERCIA Sues (Chap. 1200.4-10-.05 of the Rules a€ the TDEC). Far RA acdvitks mt 
operating under CERCIA, compliance with the fuIl stonn water pamtttfng procss is 
required. Ineithpp case, implementation ofgood site phnning and BMPs to amtrdstoxm 

water dlschaqes (40 CFR 122). ConsultatrnnwlthTDEC ls required to en!mm 

WatgdLsCharges is required. 

6.53 Safe Drinking Water Act 

Part C dntle XIV of the SDWA authorizes the establishment of an uodergramd 
injection CozltrOI permit program designed to p m t  contamination dundergramd 
souras of drinkng water. Any RA activities involving discharge by way of undqpuxxi 
injection web would be subject to these regulatims. An underground &inking water 
source is defined in the underground injection control regulations (40 CFR 146.3) as an 
aqufer or its portion that supplies drinking watef far human consumption. amtams a 
suffirrient supply of ground water to supply a public water system, and contains fersg 
than 1O.OOO mg total dissolved solids per liter of water. Tennessee has a unci- 
injection c m m l  program (Chap. 1200-4-6 of the Rules of the Water Control Board.) that 
classifies aJl &round water as useful for domestic water supply unless certain emzmp&m 
criteriaap~.Aquifersareexemptedfarvariousreasans,includfngeconomFcclr~ 
impracttcahty (1) in recovery because of depth or location or (2) in sucussiid treatment 
of CQnt=rminatPri water for drinking water purpses. 

63.6 Toxic Substances Control Act 

Spedflc TSCA standards exist for incineration or alternate &pod o f  hquui and 
nonliquid w t e  and for articles and sails COntaMng PCBs. TSCA starage rquirumms 
for PCBs (40 CFR 761.65) specQ that PCBs and PCB-eontaining items at 
of greaterthan 50 ppm must be dhposed ofwithin one year after being piaced in storage 
for disposaL A federal facilities agreanent is pending which would allow the cnnttmd 
storage of PCBs at O W .  There are also structural requirements far facilities and 
containers used for storage of XBS. These requirements, too detailed to be listed bere. 
are delineated in 40 CFR 761.6!5(b) fa rhc i l ib  and 40 CFR 761.65(c) far cuntainexs PCB 
WM is dixussedfurtherinVoL 1, Pt. C. Chap. 7. which dealswithWMreguiatic3ns 

6.5.7 Federal Insecticide, Fungicide, and Rodenticide Act 

'Ik Federal Imecticide, Fungicide. wd Eiodentidde Act ddegates authoritp 'Lt EPA to 
regulate the disposal and storage of excess pesticides and pesticide containers. To thak 
end. EPA has published nonregulatorp proad- for disposal of pesticides in 
40 CFR 165. Subpart C. These reC0-m mght provide guidance for cleanup af 
pesticides and pesticide containers at RA sites and should be anafyzed on a si- 
basis. EPA is currently updating these guidelines to make them consistent with curre~lt 
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m o n s  and technolo$es. Regulatory initiatives for 40 CFR 165 will be published in 
thTee phases. An NPRM for Pha&I. concerning suspended and canceled pesticides, was 
publrshed May 5,1993 (58 FR26856). The NPRM for Phase XI. wncerntng container 
design residue removal storage. containment, and euxss, is due in J~dy 1993, and the 
Phase III NPRM is due in 199L3 - 63.8 Occupational Safety and Health Administration 

'lltle I, §126(b) of CERCM mandated that Occupational S a f q  and Health 
Administration (OSHA] prmnulgate standards for regulation ofemnloyee health and safety 
dunng hamrdous waste operarians at RCRA or CERCXA sites and dunng emergency 
response to haardous substance reieases. The fina.l regulations for Hmardous Waste 
operations andEmergenryl3espme (29 CFR 1910) have appeared in 54 FR 9294 (Final 
Rule. March 6, 1989; effective date. h4arch 1990). These regdatians are designed to 
pn#ectworketsinvo~Lncl~poperatiansatuncontroIled~oUSwaStesitesand 
to pmvide for worker protection during initial site characterization and analysis, 
rn0nitorin.g activities, materials handling activities, tralntn$ and emergency response. 
These regulations do not apply to those workers who wouid not be erpased. Federal 
mtruction activities irxvom no potential for hazardous substance exposure are 
covered by the OSHAsmndards in 29 CFR 1926, Fedemlssuice c0nPa;ds 

Standards for the protection of workers involved in construcm demolition. 
alteration, or repair activities invoMng asbestos-containfng materials are listed in 
29 CFR 1926.58 and would be applimble to RA activities lnvahring a&sm-containing 
nlateriak. 

CERCXA provides in §126(b) that the OSHA regulations address certain worker 
protection provisions: h m .  employers would have to continue to amply  with other 

amtaminant Permissible Expsure llmtts for general industry far 212 substances were 
resrised and updated on Jan. 19.1989 (54 FIi 2332). efhAive March 1,1989. and are 
listed in Tables Z-1,2-2, and 2 3  of the f h l  rule. On July 7,1992. a U S .  Circuit Court 
ofAppeals vacated and remanded this ibal rule. The Clinton administratian has decided 
not to appeal this ruling thismeans the standards rwertbackto those!inel€ect before 
1989. In the case of connict OT overlap of worker protection standards and general 
industry standards, the mare restrictive provisions appIy. DOE orders related to 
occupational safety, as well as the regulations promulgated by OSHA are usually 
addresd in the site-specific Health and Safety Plan for each RA site. 

pefunent OSHA standards found in 29cFR1910 (General Indusby) as wen. Air 

6.59 Federal and State ReguWons 

Table 6.13 gives a preliminary list of federal and state action-speaffc regulations 
established under RCRA and yarious other statutes discussed abuve. Action alternatives 
are listed alphabeticdy. f o R d  by a summary of the requiremenrs found in the 
particular statute cited. The prerequisites for applicability are also givau however. the 
R g U k i t i O A i E  ~*a.st  be reM.Bri to S i t e 5 p e c i f 3 C  conditfom t3 bekxmine whether the 
regulation cited is legally applicable. This table does not represent a complete listing of 
actionspecific regulations: analysb af the regulations on a sit.eqx&c basis would be 
nmssary  to ensure a wmprehensfvesummary. 
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6.6 LOCATiONSPEClFlC REGULATIONS 

Locationspec& requirements set resuictians upon the concentratian of hazardous 
substances or the conduct of activities solely because they are in special lcuzxicw. fn 
detexmhmg the use of location-specific regulanans for actions at RA sites. are 
investiga~ the jurrsdictional prerequisites of e a ~ h  of he reg~latiops. Basic ckWt ims  
and arpmntians should be anafyzed an a -c basis to confirm the correct 
application of the mpirements. Table 6.14 lists the major federal and state lastion- 
specific regulations that might be pertlnentto RAaaicms at OFUUL 

6.6.1 Caves, Satt-Dome Formatjons, Salt-Bed Formations, and Underground 
unes 

ORR located in theValley andRidge Pfiyslo&raphicProvince of easternTennessee. is 
charaaezized by gently to moderately sloping ridges and Vaneys.13 Avarfety of@ologlc 
formatians of sedimentaxy origin underlie ORR The most important fomaticms are the 
Rome Formadon and the Conasauga, KncaL and Chicamauga Groups. There are xm 
indications of saltdome formations, salt-bed formations. or underground x n f x ~ ~  on ar 

occur, the- - found in RCRA (40 CFR 264.18(c)j, which prohibit the pkiamem 
near the O R N L S ~ ~ ~ ~ . ~ ~  I ~ ~ ~ Y C Z L W S  are 1- in ITXXCM act~tiesm 

of noncOntainerizBd of bulk liquid hazardous waste in caves, might be applimble 
Crable 6.14). 

6.6.2 Faults 

The White Oak Mountain and Copper Creek ttrnrst faults transect ORR; the Mts cm 
ORR are ancient @reHolocene) and are Tlze possibility of fault mmwent is 
considered mremdy unlikely.16 

ORNL is exempted fiom compliance with the RCRA seismic requinzinends af 
40 CFR 2.64.18 because 40 CFR 264.18(a) stipulates that all facilities located within 
political jurisdictions other than those listed in Appendix VI of 40 CFR 2.64.18 are 
assumPrf to be in compliance for locadon of new treatment, storage and c€ ispcd 
facilities. Termessee is not listed in the appmck 

6.6.3 Wetiancis and Floodplains 

0RM.b located~lthin the Clinch River drainage basin and is bound an the south and 
west by the Clinch River; ORNLis located in asub-basin of the Clinch River. Pcrthns of 
ORNL are located within 100- and m y e a r  floodplain of the Clinch River." 
There am anumber ofwetlands locatedin and around 0RNL.Adraftreport ofarecent 

we- surve~r was released in  arch 1 ~ 1 . ' ~  wore any RA is taken, tfris repan 
should be consulted and a survey conducted of the particular site to determine whether 
there are wetlands present that could be impacted bp RAacUvities. If any RAaaiviUes 
are seiecred that would impact floodplains, the requirements found in FIs#.lltive 
Order (EO 11988. 40 CFR 264.18b). 40 CFR6.302(b). 40 CFR 6 (Appendix A). and 
10 CFR 1022 would provide applicable requirements for ORM, If wetlands are ai€kcted. 
consideration should be gfven to EO 11990.40 CFR 6.302(a), 40 CFR 6 (Appmdx A). 
10 CFR 1022, C W A W ,  40 CFR 230, and 33 CFR 320-330 for applicablequinzmts 
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6.6.4 Wilderness Areas, Wildlife Refuges, Wildlife Resources, and 

Scenic Rivers 

There am no hown designated wilderness areas. wildlife refbges, or scmic rivers an 
the ORNL &e orwithin range of the reservation, such that RAs would  these 
resources. Hrnvever. if any RAS result in the a m i d  or structural * of a 
natural sneam oTwater bociy, the prmisims founci in the and*= 
Act (16 USC 661 et seq.) and 40 CFR 6.302@ may be applicable. If any nrrinn 
the dsdurge of dredge or flll makrial into an aquatic System, the CWA g4fl4, 
40 CFR 230, and 33 CFR 320-330 may also be applicable. 
The Clinch Rmer, Poplar Creek with its various tributaries and forks, and White Oak 

Creek have all been classified by "DEC far a- of uses. including flsh axxi aquatic 
Me and aildllfe. It is therefore possible that the proTTislons oftheTemesseeWaterQuahty 
Consrol Act (rcA 69-3-101 et seq.) would be 1- applicable should any RAS at ORNL 
cause. =be Ukely to cause, ham to d W or aquatic Me in thesewatem. 

Slighdy over 5OOO acres of ORR have been designated as a DOE Natlonai 
Research Fhrk (NEW). which also includes research areas 1- both 

within and without the NERP itself.lg Portions dthe NEW come towithinatleast2-3 
km of tbe K-25 Site. ORNL, and Y-12. Severai reseaxh areas are within 0.5 Prm of ORNL, 
including research area No. 25, carbon monardde monitoring, and research area Na 37, 
biomass demonstration 

In additim to the NEW and its assodafed reseafch areas DOEhas a b  desigmt4 
areasanORRasDOE-NERPreferenceareasandDOENEW~turalareas.?be~ 
areas and natural areas are located in various sites on ORR, with semxal in dose 
P= . 'ty to thereservation facilities. Eight ofthe reference areas and naturai areas have 
also besn registered by Tennessee as State Natural Areas. 

B e c a ~ ~  afthe unique purposes and goals in establishingthe NERP, b u s e s  and 
restrktims that apply to these resoufces shouldbe considend n O n r e g u h f O r J T w  
ifrtmdal activities appearlikphtto impact the designated areas. Guidancemgadngtbe 
pmnitkd uses and restrfctions of thevarious locatians can be obtain& fmmthe NERP 

Managa~aaupLrm for the Oak Ridge Such impacts should be amid& In 
addition should areas which are also d q p a t e d  State Natural Areas by the state of 
Tennessee be affkcted, the provisions of the Tennessee Natural Areas Presemiiicm Ad of 
1971 CrCA 11-14-101 et seq.) may be apphable. 

Project Manager at O m .  For a general ovaview. ~ r e f e r t O V o l . 2 3 o f ' l h e ~  - 

6.65 Rare, Threatened, or Endangered Specks 

In addition to the several Tennessee state-fisted endangered or threatened plants 
found at ORNL there are a number of federal- and state-lfsted endangered of threatened 
or 'in need of management" animal and avian spedes known to inhabit east Tenrmsee 
(50 CFR 17).20 An in-depth discussion of these species appears in Val. Mo. 24 of 'Ihe 
&sowcz? 3lanagement Ptan of the oak Ridge &senam * nu, The kt a€ rare and 
edangmd spedes for ORR, provided the state OfTennessee, also includes m a  state 
listed and federally listed endangered clams?' 

ShouldanvRAsatORNLimpactanyfed~ l i s t edendangeredor~~spedes ,  
thepmvisionsfoundintheEndang~edS~esAd(16USC 1531 etseq.).WCFR492. 
40 CFR 6.302N. and the Fish and Wildlife Coordination Act (16 USC 661 d q - 1  may 
be legally applicable. Additionally, if the RAs involve the discharge of 01 fill 
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material, CWA §404 and 40 CFR 230.101b) may be a p p l i d k  Lfany proposed actions 
impact state-ifsted endangered or threatened animal species, the Tennessee Non-Game 
and Endangered or Threatened W i d U e  Species chsemadon Act of 1974 CrCA 70-8- 10 1 
et seq.) may be applicable. The prohibitions of the Tennessee Rare k t  Protection and 
Conservation Act of 1985 11-26-201 et q.) do not a p p f p  to a landowner, lessee. 
or other person entitled to passession of the land on whicfi the spedes is located 

owned land and 
those with written permission of the landowner or manage (rcA 11-2&209). These 
excfusions would apparently apply to ORNL. However, the purpose of the statute to 
protect and preserve rare plants should be considered guidance far any RAs on the 
reservation. 

11-26-209). This also includes managers in the case of 

6.6.6 Historic Sites and Archaeological Findings 

ORR, as well as the surroundhg reglon, is rich in both archaeological and historic 
resou~ces.~ Although there have not been complete and exhaustive archaeological or 
historical survqrs of the reseryafl 'on. there have been a number ofstudies over theyears, 
all indicating the presence of abundant resources on and arouxxi the reservation. These 
suryeys are S- inVoL3 of the Resource Mannganent PIan for the U. S. 
Depcrrtmentof-~Ridge-  which also includes a list and descriptions 
of most of the documented sites. Eight archaeological sites were identified at ORNL; of 

'"t"iv% tested and possibly exMvated if threatened by canstructim or femedial 
activities. None of the s u m p  done is recent, however. nor ham they covered all of the 
spedfic sites where RAS may be planned or contemplated. seperal laws require that such 
informationbeobtainedanddoarmentedifthereIsamplereasontosuspectthepresenae 
of these resources [Archaeaiogcal and Historic Preservaticm Act (16 USC 469a-c): 

The National Register of Histnric places lists the Graphite Fbmor located at ORNL as 
an historic site, and the National Historic Preservation Act (16 USC 47Oa-w] mandates 
identification of cultural resources eligible for the Nafi0na.l Regrster of &toric Places 
(36 CFR 60) or the National Historic Landmark Program (36 CFR 65). 

If any RA is undertaken which would cause irreparable harm, loss. or destruction to 
any historic or archaeological site, the provisions of the Archaenlogical Resources 
Recumy Act (16 USC 47Oaa-lI). 43 CFR 7. the Archaeological and Historic Preservation 
Act (16 USC 469a-c) and 40 CFR 6.301 may be legally applicable. The provisions of this 
latter statute would also apply to the Graphite Reactor along with EO 11593, 
40 CFR6.301 and 36 CFR 800 etseq. 
Lastly, there are a number of cemeteries located on ORRwhich predate the acquisition 

of the property by the gwernment Any RAs that affect these cemeteries would be subject 
to the provisions of the Tennessee Cemetery Protection Act CrCA 4.6- 1- 101 et seq.). which 
prohibits their destruction or degradation. 

the eight, it w a ~  recommended that three (4ORE27. 40RE101, and 4ORE1-32) be 

Archaeol~gtcal Resources -Act Of 1979 (16 USC 47Oaa-Il)l. 
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FOREWORD 

The Oak Ridge Natimal Laboratory T&ndcgy bgc Diagram m) was 
developed to pmvide a dedsion-support tool that relates efivironmenM restoradan 
(nu and ~ ~ a s t e  management lwhll problems at Oak Ridge National Laboratory ( O m  
to potenttal tedmdogks that can remediate these problems. T h e m  uses 
idormaticm h m  the Strategic Roadmcrp for the oak Ridge Reseroation, a 
complettxi K-25 Site TLD, and a prevlous M a r d  T U .  

Tbe~cmsistsofthreefundamentaUysepara~~umes: VoL 1(T- 

sheets). PanAofVols. 1 and 2 focuses on D&D. P a n B  ofvols. 1 and ~ ~ O C U S C S  ( ~ 1  

RA of- f’adlfties. Part C of Vols. 1 and 2 focuses on WM. Each part ~ V C L  
1 contains an r n e w  of the TLD, an expki.natian of h e  pmgram-sp&c 
responsibilities a rwim of identified technologies, and the rankings of remerltnl 
technalogies. Volume 2 (Pts. A B, and C) contains the logic linkages among 
errvironmenral management goals, environmental problems, and the various 
technologies that have the potential to s o k  these problems. Volume 3 (Pts. A B. and 
C) C0nta.f.m them data sheets. 

first chap t .~~  is an htraluction. which d&es problems specific to the WM Rogram 
far ORNL Chapter2 provides a general overviewoftheTID. Chapters 3 thmugb 5 are 

hading, and disposai; and robotics and autrrmatian The flnal chapter contains 
regulatory caqllance information eoncernfng WM. 

Tbetprhnnlaa emhations contained in tbesevohxmes are based on the- 
informailan aTlaflable during compilation of the TID. New or more accuate 
informatian is salidted to fmpmve t h e m  data base Please send comments to R L  
FeUows. Echtar, OClkRidge NationalIabomtory Tedrnofogy bgfc Magmm Martin 
Marfetta Energg Systems, Inc., P.O. B a  2003. Oak Ridge, TN 37831-7274. FAX (615- 
576-8558). 

Ewhafm). Vol. 2 (TecimlOgy Logfc Diugmml, and Val. 3 (TechnoZogy l%ctham - m t n  

The f o a s  ofVoL 1. PL c, is WM, and it has been divided into sfx chapters. Tbt 

organkd tnto necessary sublelement categories: characterization; waste px-mssbg 
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1. INTRODUCTION - 1 9 5  1 

1.1 OAK RIDGE NATIONAL LABORATORY 

The Oak Ridge National Labaratmy (ORNL) was built in 1943 as pan oi  the World 
War II Manhattan Project. Its mgnal -on was to produce and separate 
the first gram quanuties of pluranium as part of the national &on to produce the atomic 
bamb. The peacetime historp of the laboratory first began in the late 1940s. Through 
1973. ORNL was concerned with the ddopmen t  of nuclear technology far elwmcal 
pmer generation. k o m  1973 to 1980. ORNLwas largely devoted to fin- solutions for 
the energy crisis. The primary mhsions since 1980 have been to conctud applied 
resarch and engineering devebpmmt in support of US. Depaxunent of Engy (DOE) 
pmgrams in fusion, fission, amsenmian. fossil, and other en- techrmlog~es and to 
perform basic scientific research in selected areas of the physical and life sciences. The 
labararnry also operates 'user fadlities' for the beneflt of university and industry 
nsearthers and supplies I.adiaactire r s O t o p  that are not othenvise c=ommerdayl 
available, 

. 
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1.2 ORNL MIWON 

1.21 Laboratory Mission 

The mission statement that follows was reproduced fiom the ORNt IJIS-& 
FY 1993-FY 1998.' ORNL. which is managed by Martin Uaneua Energy Systems, k. 
for DOE, is m e  of the nation's premier research I r r s U t u ~ o n s  (e Fig. 1.1 for aerial viea 
of OW). Tbe p~nary mission of the laboratory is to perform leading-edge research and 
developmem @&D) in support of the nonweapons roles of DOE. Significant elemezm of 
ORNL's mission are to perfom basic and applied reseafch rhat is of importance to the 
nation; to provide the scientific and technical cammunity with unique national user 
fadlities: to jmprme the nation's competitiveness through technology development anid 
transferbpartnering unirerslties and industry and to impmve science and ma& 
education through contributions to the national initiative. 

ORNLWinZUmmphh ' the mission through its core wmpexmdes: 

mate-&& sciences and w e e r i n g :  

biological and life sciences: 

computauonal sdences: and 

energy productfon. -tion, and utikitian technoioeies: - 
physical chemical, and mgineering sciences: 

environmieTltal sdences and technologies: 

manufactrrrfng sciences and teChnologies. 

The prlndpal spcmar of ORNL's work is DOE. but. in a larger sense, the labcmtq  
serves Inany - h t e r n a t i o ~  o m  staf!€ are irmllved in 
research on giobal en- and environmental problems and in the d e v e l o p m  of 
technologies that win i m p m  U.S. competitfveness in lntenzational marMs. ?he 
laboratory'smmefrmdamentalsdentlficresearch,muchofwfitchisdonefnco~ 
with n s e a x k s  ffom around the world, cantrlbutes to the storehouse of human 
knowledge this w d ,  therefore. has a very broad customer base. In the conceptim, 
constructian, and operation ofnational research fadllties, thelaboratory's customers are 
drawn fiam major segments of the scient& and t e c h i d  mmmunfty. Much of tfie 
applied reseafch and technology development work at ORNL is expected to pmvicie 
sexvices for other gcnrernment agencies and private camp- 

several factors m i n e  to distingufsh ORNL from other R&D institutions. 'XIME 
laboratarymeldsauniquebLendofexcellentresearcherswtthalargearrayofworfd-class 
f a c i l l t f e s t o ~ c t b r o a d ~ ~ p l l n a r y r e s e a r c h ~ a r e a s o f n a t i o n a l ~ ~ r t a n c e . T b e  
1aborabry'sabfHtytointegratebasicreSearck appbedresearch.t&nologydevelopment 

institutions. Tbe styk of teamlngwith fndustry and acadeLnia to bring a multidtsdplinarp 
approachto~lemsaMngprovidesexceptio~valuebORNL's~tomers.Finany.the 
Laboratory's ability to conceive ccsnstruct, and manage large, amplex projects pmvides 
DOE and the nation with a rare resource. 

infoxmation  tio on, a d  technology transfer is txmqwed among research 

1.22 Waste Management and Remedial Actfon Division Mission 

The ORNLwaste management 0 mission is to reduce d e c t ,  treat. store. and 
dispose of DOE wastes. in order to protect human health and d e w  and tbe 
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environment. In canying out this mission, WM staff in the Was= Management and 
RemedialAction Division CWMRADl will (1) guide ORNLin op- *waste reduction and 
WM capabilities and (2) conduct WM operations in a complian~-publicly acceptable. 
technically sound, and oost-ef€ec~-e manner. 

1.23 Waste Management Goal 

Through proactive plannmg. progressive programs. and s u s m ~ e d  excellence in the 

technological systems. WM activities will be state of the an. Wkf activities will be 
conducted in compliance with all applicable laws, reguiatians, and zgreements. This will 
be accomplished by 1 recychng and reuse of materials and f&ties. development 
of disposal solutions far ever_vrMng that is waste. and reduuon of wastes and 
emironmental dhharges to the lowest levels possible. 

ORNL WM will be viewed as a good neighbor in the communirp. deserving of local 
support and both national and international recognition for reducing potential health and 
environmental impacts and wastes. WM staf€ will not experience health or safety 
concerns: will not be the focus of organizational or personal liabilitp; will receive fair 
compensation and reco_@tim in relation to level of training, .responsibilities, and 
performance: andwillbeprwidedaithchallengingcareerdevelopmezlr opportunitiesthat 
will allow achievement of uurewgnized individual potential in a fair and equitable 
manner. 

performanceofwaste ~ ~ t f u n c t i o n s ,  supportedbycost-efieme, cradleto-grave 

. 
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1.3 ORNL PROBLEM DEFINITION 

Becaw O m  is a multipurpose research faalit~, it handles numerous chermcais 
and radionuclides in pursuit of its missions. Becam of the nam of its operations. the 
wastes genaated are often s d  in quantity brnhune of mass) but numerous. secrimrs 
below provide synopses of the cunwt  WM actMties at ORNL "his S- was 
e x t r a c t e d ~ O a k R k l g e N a t i o n a l L a b o ~ a t o r y W ~ M ~ P l a n 2  

WM operations are activities that mtnfmize. treat store, recycle, or d l s p e  d all 
radioactive hazardous and sanitarp/tndustrial wastes generated as a & o f  
operations at actfve and inactive facilities. Most mdne WM operations at ORNL are the 
dfrect responsibili~~ of WMRAD. Table 1.1 shows the quantiUes of solid waste generated 
and handled at O W  during FY 1991 and 1992. In addition to newly generated 
wastes, s-mt quantities of transuranic crrru) maste and some solid low-level a t e  
(SLLW) and mixed waste from past operations have been placed in long-term s t o w  

waste stream N 1991 N 1992 
Radi- 
e- 'c waste 
*hw-lereimste 1,952 m3 (69,711 2,783 m3 (99,394 f#?) 

Hazardous 106,343 kg (234,447 Xb) 81.902 kg (180,563 Ib) 
Mixed 22,633 kg (49,898 Xb) 19.538 kg (43,074 lb) 
santtary/Lndustrial 13,300 m3 (474.984 ft3 lO.3lO m3 

8 m3 (297 prs) 23 m3 (814 ff') 

(368.199 ft91 

1.3.1 Radioactive-Waste Management 

ORNL radioactive WM activities involve TRU m i d ,  and low-level waste. S a d  
quantities of naturally occurrfng and aderatar-produced radioactive materials (NARlKl 

but does stare a smaIl quantity as a spedal-case viasite, such as irradiated and spent 
fuel. Stored ?Hu waste consists of sludge primanly from previom operations and lesser 
v o l u m e s o f h o t - c e I l a e r i v e d w a s t e . ~ ~ a m c a r n t s o f s o l l d T R U w a s t e a r e ~  
being generated. Radioactive WM operations indude SOU liquid, and gaseous waste 
activities. 

are generated and  ma^^.@ as l~w-level wa~te. ORNL does not generate high-level W 

1.3.1.1 Transuranic Waste 

under DOE guidance. ORNL has been segregattng and mtrieMbfy s t m q  tbe 
majoriiy of its solid alpha-contamtnated waste since 1970. pending the availabihty of 
permanent d&posaL Same of these wastes, such as gfrnebaaoes and other large. t3ulkp 
items, have been irretrievably buried as spedai- waste The Waste Isolation Pilot 
Plant (WIPP), located in New Mexico, is the p l a m d  DOE disposal facility for TRU waste 
Over the past severalyears ORNLhas been deweloping pmcehms to certify TRU waste 
for disposal at WIPP. ORNL has employed the Waste Ebmimtion and Assay Fa&@ far 
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nondesrruaive assam and nondestruca-e acamrnati * on of stored contact-hazded TRU 
wasu~ ORhZstores significant quantities ofmtxPrl-naste sludges contaminatedted&TiiU 
radionuclides h m  liquid-waste operations. The p r o m  Waste Handling and ?&aging 
Plant at ORNL is designed to process these sludges as remotely h a d d  TRU 
waste A rnrmber of issues, however, have been =tly identified that may h i p a  the 

W T R U  wastes and TRU mtxed wastes at O W  are stored in various € A d i t i s  in 
the north area of M i d  Waste Storage Area (SWSA)5. Sludges are stored in tbe Meiton 
Vallep su]~age tanks and other active and inactire fanks in the Liquid LQW-LQSP! Waste 

WHPPPmJect 

SyStematORNL 

1.3.1.2 SoM Low-bvel Waste 

Vmn 1986 all d i d  low-lanel wa~k indudQ sa~ne mixed w a ~ t e  (primari;.~ 1 4 ) .  
genemed at ORNLwas disposed of on site by shallow land burial in unlined ~ X & K S  
and auger holes. SWSA 6, which is the active 10w-ler.el waste disposal area at ORXi has 

shallorv land dispcd on the Oak Ridge Resematim ( O W  came under close 
federal and state regulators and DOE officials. Major changes in the operation= 6 
were initiated in 1986, including (1) the exclwan of all mixed waste frmn 

and M auger holes for dispczsal of contact-handied and remotely handled k - l &  
waste. and 13) the storage of some contact-handled Imlevel waste at the Oak Ridge K-25 
Site muse of the disposal practices in SWSA 6 prior to 1986, some areas in SWSA 6 
are bang remediated under the ORR Cam- Environmental Resporxse. 
~mpensation. and UabiUty Act (CERCIAJ Federal Facility Agreement 0. 

Current plans are to phase out below-grade dkposal in SWSA6 by Deumber 1993 
and to beg€n closure of the site. Begtnntng fn Jamrary 1994, the ORNL low-led wasre 
-bedisposed onlyin the above-grade tuudus IntdmWaste ManagememFadBQ. 
The Intertm Waste Management Fadlily began operatron in Fy 1992. In the late 1990s 
or early 2oooS. new low-level waste disposal fadl i t is  being dweloped by the Snagg 
Systems Waste Management Operations win begb operatfon, and the interim Waue 
Managemerrt Fadiitywill close. 

facility meet radiological performance Obfectims. SWSA6 and the Interim Wasre 
Managanent Fadlied demonstrate eompmcewith these perfonnance obfezCvts by 
preparmg a si- radiological perfarmance assessment. The current straregg tar 
managtng ORM, low-lwel waste is to develop radimdide concentratfon llmtts far each 
disposal technique at SWSA 6 and the Interim Waste Management Facility based on the 
final results of the performance assessment Thfs straw is used in lieu of the L u u 7 - M  
Waste I)isposai Development and Demonstratinn UWDDD) Program straw dmioped 
by lvkmln Marietta Energy Systems. Inc. fn 1987. The LLWDDD strategy esmhliskd 
classes of wdste disposal technologies (Le. Classes GI. LII, GIII, and LIV), dqmdmg 
on the isotopic composition and concentmtians in the waste. The LLWDDD waste c?asxs 
continue to be used to refer to types oflow-Mwastestorage or disposal faciWes bur 
are ody  a carryover fi-om the former LLWDDD P r o m  

In ggzeraL Uass LI refers to wastes suitable far Mow-grade trench disposaf; CIas 
GII r e f a  to wastes r e q m n g  disposal in engineered fadlities designed to is0iat.e tbe 
waste fhm the environment for long time periods; and Classes LIII and LN refer to 
htgha-wty wastes not suitable for disposal an OKR The "classes of waste" spstem 

been used far 1 0 w - M  waste disposal since 1969. Starting in 1984, the prard~e of 
- b p  

(2) theinneased use of &reater co~ementaisposai techniques. such as mcrere silos 

DOE Orda 58202A Chap. 111, RC@.ES that W operating low-level w a ~ t e  disposai 

"rt0430 
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may be adopted by ORNL in the fum if the Energy S y s m  Waste Management 
opaanons  disposal facilities require iL 

13.13 Solid Special-Case Waste 

Speual-case wastes do not fit into tqpical management strateg~es d e d o p e d  for the 
other major low-level waste ~ ~ a s t e  types. nor do they fit into a TRU mste categow 

- theyrequirespecd t and disposal strateg~es. Fbe categories of 
~ - - t e a n d o n e c a ~ ~ i n t e r e s t M ) E - o w n e d m a t a i a l s h a v e b e e n  
rrlenrifiPri for management as speclal-cxse waste: (1) DOE comparable greatex than Class 

(4) namrtifbble, nontranspurtable TRU. and (5) high-level inddemal wasre. The spedal 
intenst category is co- held. DOE-owned radioactive ma- ?his cat ego^^. 
altho~@ not a waste category, has been included in the spedal-case idmrifimtion and 
charaaerizatfon task in order to meet the needs of DOES management plan ddopment.  
ORNL~beenaskedbyDOEtoiden~spedal-casewastesorporential~~materlals 
that may fall within these six caqaries and, if possible, to provide a detailed 
characrerfiation of waste in each category. 

Wer the fomer LWDDD Program. performance assessment I i m i m  for on-site 
disposal were the principle consideratian for the special-casewaste which included Class 
Gm and Class GIVwaste. The exact segregatian, storage. and dtsposal r e q i n m m  ts for 
m o u s  categories of the spedal-case waste at ORNL have yet to be detmnined. 

c. c 2 ) p e r f O n n a n c e  -t m- ( 3 ) U n r n e d  or mchaIacterized, 

1.3.1.4 Uquid Low-Level Waste 

ORNL employs two systems for handlfng and processing Wds that CQntata 
radioactive constituents: the Uguid Iioar-lievel Waste System aad the Rucess Waste 
System. The Uquid h w - m  Waste System handles waste s a l u ~ n s  wfth -cant 
amounts of radioactivity, inckudhgwaste streams originating frmn hot sinks and drafns 
fn R%rD Wtres and fromother sources such asTRU processingfadlities. the High Flux 
Isotope Reactor. and the procesS Waste Treatment Plant. The Liquid h - W  Waste 
System, which uses an evaparation system for volume reduction procesed about 
2 ruUlirm L 0 gal) of waste and produced 83.279 L (22,000 ga9 of mncentrate in 
N 1992.The evaporator overheadwas discbarged to the FYocess Waste System. and the 
conumxates were placed in strpage in the MdtonValley storage tanks. 

Tbe procesS Waste Systan handles all liquid-aqueous waste that crpltains trace 
a m o u n ~ ~  of radioactivity. metals, and organics or has the porenriai to be 
amtaminatfxl with these amsdtumts. The proces waste solutioxls g e n d  bpMI.ious 
program activities throughout ORNL are collected into central holding tanks and 
pn>cessed through the pn>cess Waste’hatment  Plant, which employs sidkmng and ion- 
ezdunge units to remove! radianudides. Tbe procesS Waste’heatment PIam throughput 
is about 26Oml l l fon  L per year (70miniangal). In April 1990 the Nanradiolo@d 
Wastevmer Treatment Plant began palishtng the Process waste Treatment Pkux a u e n t  
and other ORNL process-waste streams before releasing to White Oak (seek. The 
NOIXXhdO * gical Wastewater Tmmmt PIant throughput was about 550mWonL 
(146 mmfm gal) in 1991. The Nanradiological Wastewater Treatment Plant effluent is 
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released to Whie Oak Creek through a National Pollutant Discharge Elimination System 
(NPDES) monitoring s t a t i m  Operations for both the ilquid hw-kvel Waste Sysm and 
the procesS Waste System are monitored. conmlled. and recorded at the Wasrje 
operations connol center. 

1.3.1.6 Gaseous Waste 

The three general types of radioactive air streams at ORNL are (1) process off-gas 
streams charactenzed * as low-volume, p0tentiaU.y high-acavity gaseous streams h 
process vesseis and from systems or other sensitive areas where the concentratan of 
radioactivity m q  be routine and highly con-: (2) cx4.l ventilation air streams 
charactmized as hgh-volume, low-activity gas srreams fmm endwed areas such a~ 
Containmeptor amhememareas, limited-a- areas, and hot cells: and (3) laboratorp 
hoods and W a l  vents that provide contmlled vendlation for laboratmy-tqpe 
operations ar exhaust h m  vessels that are vented through appropriate pollution m m l  
devices at the soufce location. 

Seven cell ventilation qstPmc with stacks are cumntly used for dfscharging cd 
ventilation air and process off-gas containing gaseous d b a c t ~ !  ef€luents. The basic 
equipment used in most of the cell ventilation systems that discharge to major stacks 
includes the i 3 t . c~~ .  fans, and ducts used to transport air. Radiation-monitoring 
instnunents are CxZIMected to either the stacks or the ducts entering the stacks. where 
conditions dfdate. char ma lab so^ or chemical scrubbers areused in the process off- 
gas streams toremovereactfvegases such as halogens and acidicvapo~~. IWs isdone 
before dischargtng to the d ventilation system. Far short, W - l i f e  radionuclides, such 
as radon, holdup b used to allow decay before dtscharge. Noble gases are d h t e d  with 
cell ventllatim air and discharged to the stacks. 

Xu additian to the mafar stacks at ORNL, a number of tndmidual vents are used f2m.t 
discharge small Quantitles of radioactive material. Imaxed throughout the ORNL 
fadlftfes, b sources are mafntyvents from sturage tax& and exhausts from hoods 
and glovebarces used far individual, sxnall-scale eqxtments and anatytical ckmktry 
work 

Many of the taduties for handling radioactive gas emisions have been in operation 
for mer 20 years. Genedly, the accessible equipment has b maintained well. Soane 
systems have undergone qpifkant up- through a k i t e m  capital p m j a  
initiated in 1981. The program strategy is to identlfp and to iqdement system upgrades 
that ensure regulatory camp- and meet DOE 'as low as reasonably achievable' 
(AIARA] objecttves Ln addition potential regulatory changes or new regulattons are 
evaluated to detemdne if additional upgrades or new equipment will be requtred for 
fitturecomp- 

1.3.2 Hazardous-Waste Management 

T h e ~ u T c e C o n s e P P a t i c 3 n a n d ~ A c t I R C R A ) i s t h e p r i m a r y r e g u l a t o r y c € r i Q u  
for ORNL hazardous waste management operatlans The state of Tennessee has been 
authorized by the U. S. Emdrmmatal Protection Agmq @PA) to develop and tmplement 
laws and regulattcms w e n t  to those of RCRA ?he state reguLattons are addressed 
in the Tennessee Hazardous waste Management Rules. 

The T-c substances Conrrol Act (ISCA] is a second d r k r  for ORNL hazardous 
waste management operations. Under TSCA the EPA regulates the bandling 
management, sllzd e p s a l  of polychlorinated bi- (PCBs). At ORM, hazardous 
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1.3.21 So[ib and Liquid-Hazardous Wastes 

O m s  divese R&D activities produe numezous and various waste streams.  AI^ the 
-hazardous, and many of thelisredhazarciouswastes definedbptheEPA 
and the Teslnessee Department of and Conservation (IDEC). appear an 
O m s  RCRA part A pennit applicatian- Because liquid and containerized-- 
wastes are h e r e d  'solid" wastes by the EpAand theTDEC, they are subject to sdfd 
waste ruies. ORNL manageS Ifquid. gaseouS (V), and s o l i d - M o m  wasfe~ 
assdidwastes. 

The forus of hazardous WM is segegatloa r e p h g h g .  and storage in 
for shim to commercial facilities thatwill treat and/or dispose. Waste tracking & 
documentatlan is a critical of the ORNL management strategy. Waste treatment 
is W d e d  far bulk non-nitrate add at the Add Neutralhation Facility. and 
wastes are treated at the Chemical Detanacion Facility. 

ORNL 'Ihe xnajoojty of waste is stored fn 208-L (55-m drums in Bldg. 7fj!j2, which has 
a txpaciQ of 57.254 L (15.125 gal). Invenmries of waste in the various storage fkdWes 
vaxy monthly, since these areas are used far staging the waste for fhal c h q a a h ~  
Additional hazardous-waste storage faallties are located in the M o u s  Waste 
-Area off the Health Physics &search Reactor access road at ORNL 

Tumpollcgderrelopmentsin 1991 cOntinuetohimamjorimpactonhazardous-and 
mixed-waste uperatiom: the so-called '0ff-Sit.e Shipment Moratorium' and the 'No Rad 
Md~pdlaes-TheOff-SiteS~mentMrxatoIfumwas~plementedbyDOEanMay 17. 
1 9 9 1 . a n d i t ~ a i l o f f - s i t e s h t p m e n t s o f ~ o u s o r m f x e d w a s t e ~ O R R ~  
This was fdknved in November 1991 by & cOLLlpanion policy refesTed to as the 
performance Assessment for the CerM&bn of Nawadioactfve Waste, ?his pol€q 
stipulated that m waste shall be shipped to a private sector treatmenk storage, and 

cantaminanm * (Le.. no rad added). cmqhamx with these policies has placed an 
additional~trationandcertiflmtionburdea~thevariousWMorganizati~To 
heip alleviate the storage problems created by accumdating wastes on ORR sit=. the 
~ ~ ~ ~ ~ ~ t e M a n a g e m e n t ~ a n s h a s ~ e v a l u a ~ g t h e p o t e n t i a l f a r o f f -  
site shipmmx of radioactive was- to other DOE sites for disposal. 

~lesarecurren~usedfartheshart-tennstorageofhazardouswasreat 

fi&@ U&SS it has been certified a~ h e  of DOE-added 

13.22 Gseous-tlazardous Waste 

About 12 leaking cylinders are handled per year at ORNL The auTent managtxtmt 
strategg ixvdves the venting of compressed gases to the atmosphere at a ranote site be. 
awayfrominhbited areas) off Ramseg Drhv and the MeltonValley aceess rcrad at ORNL 

1.33 Mixed-Waste Management 

M i x d  waste mntains both haarclous and radioacttve components. Cumently. th 
hazardous ccmpnents ofmixedwastes aredefined andregulatedunder RcRAaDdthe 
radioacttve cclmponents under the Ataxtic Entzgy Act 0. Regulation under of 
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t b e s e a c t s h a s a n o ~ b e c a u s e t h e h a n d l l n g a n d d i s p o s i n g o f ~ u ~ t e s ~ ~ b o t h  
tcpdc and radioactive and because no regulatorypqpm focused exclusively on 
mixed wastes. DOE Order 5400.3 states that %henever any h a z a r d o ~ ~  waste identified 
ar listed in 40 CFR 261 is mlrrrrl with any source material. special nuclear material, or 
by-product material, the hazardous component is subject to regulation under Subtitle C 
ofthe RCRk" A parallel snateg~ has been implemented for radioacth-dy contaminated 
mwastes. mesearealso classified asmixedwastes. 

BcampIes of mixed wasre at ORNL are cleaning fluids and oils femQFed &om systems 
operated in ccmtaminated ermfrorrments and &om sdntiIlation fluids that contain 
radioactive tracer d m  used for chemical and biological adyses. In addition, small 
quantities of a wide variev of m t d  wastes are generated by ORNL R&D and operational 

paisom, and fhmmables. Because liquid and c a n ~ ~ - g a s m u s  wastes are 
amsidered solid w a s h  by EPA and are subject to res- solid wute regulations. 

O m  generates about a hundred 208-L (55-gal) drums of mtnwl waste annually. 
Currently, commerdal treannent is aMilable only for some scintillation wastes. Onsite 
treatment of only aqueous-mtapn waste is available at this time. Demntaminatim of 
surhce-contaminated lead Is planned. Until additional treatment me&ods become 
available, these wastes munbe stored an-site. Additional characterizatian and evaluation 
is needed to detennlne wbaher same of these wastes may be accepted for treatment at 
tbe TSCA fndnerator at the Oak Ridge K-25 Site. 

activities. These wastes fan into hazard categories, such as PCES. alxmdws. arddfiers, 

did-, Ifquld-, and g a S e 0 ~ s - a  wastes ate managed at ORYL. 

Mxed-waste storage capadty at ORNLis sewrelymted atpresem. Drumstorage 

m h a s  beenfuled to capacity, aad Buudhlg7654 is nearhgGqlad~. Tank 786oa 

An €dTorttobetter&ara&&e 850 mtxpn-wastedrums was muatdin ealiy 1991. 

Process waste Treatmem Rant waste acceptance criteria to fadlitate treatment, 

far salid and I i q u t d - M  waste is m m  p m d e d  Ln BLdgs. 7654.7507W. and 7823. 
Bulk storage O f  mtr tpn -m oils is pnmided by two 7075 and 783Oa. Building 

mms used until early 1991 far mixednil storage but has been closed under RCRA. To 
d i m e  this congestion, XMSJ rdx&msk storage facilities are plamed. 

Tbe objectives of thfs work indude (1) identifkatian of druIIIs that muld meet the 

(2) €mprwement of chamaerizatton data to help idmti€ication and selection of ofkite 
waste treatment hdlities, mchuiing the K-25 Site TSCA Inrfnerator, and 
(3) characterization of thw! drums that have little mno process data traceable to them 
inaccordancewithRCR~ Thfswcskis expected in flsml year 0 1995. 'Ihese dnmrs 
weremceived by WMRAD prim to 1984 and did not undergo the level of tracking and 

On May 8,1992. the RCRA land disposal resmctian 0 rule prohibiting the land 
dispasalofalluntreatedmir#lwas~bemme~~~~.TMsdePelopmentprompted 
the signing of a Federal FaciHB Compliance Agreement (FFCA) to pmide a system of 
scbedulesandmtlestones~t0brfngORNLintommnllancearlthRCRALDR'Ihe 
prtmary dellverables far tbe FFCA are a Waste 'Tleahmt Flan. a Waste Treatment 
strategy Plan, a Waste Miniazman Plan. a Waste Storage plan, and an fmplementatlon 
phn. Successful completion afthe FFCA has become one of the bigbest priority activities 
for WMRAD form 1993 andbegand. Significant levels ofresources arebangderotedto 
fnqhnmtatlan of the FFck 

doarmentatlanmtlyappliedto~generatedwaste. 
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7 1 5  1 1.3.4 Sanitary-Waste Management 

Sanitaq~wastes at ORNLinclude both sdid and liquid ua~tes. The state ofTennessee 
regulates thee waste streams at ORNLvia the Tennessee Solid Waste Disposal Act and 
ORNL'SNPDEspermtt 

1.3.4.1 SolidSanitary Waste 

Solid-sanitary wastes that contain no radioacme or hazardous wastes or free litpi& 
include filter cake frum the Coal Yard b o f f  Trearment Facility, flyash from the O m  
steam plant. general ref us^ collected in trash m n ~  and dumpsters, and 
debris. The volume of g e n d  refuse is estimarPn to be about 45.9 m3/day (60 yds); 
and dudge fram ad pile -off accounts for about 9.2 d / d a y  (12 yd?. 

Other than the equipment used for the COIIlpacdDn of general refuse. no treatment 
or starage fadlties exist at ORNL for hadling solid-sanitary was* Tbe 
majority of ORNL sanitaywaste is now disposed of in Sanitary Landfill Facility II (SW n). 
which is located on Chestnut Ridge south of the Oak Ridge Y-12 Plant and about 
9.66 km (6 miles) east of ORNL. About 300-400 d W00-500 yd9) of soil, rock and 
concrete mixmrts are deposited at they-12 WII dirt fill area annually. The SWIT is 
scheduled to be closed when the new Industrial IarxMR Vis o p e d  (around J~dy 1993). 

ORNLhasestablishedrecycllngprogramsfor~tepaper. cardboard. andalumirnrm 
beverage axaainer~ to d u c e  the amount of solid sanitary waste disposed in the Y-12 
SLF II. 

1.3.4.2 Liquidsanitary Waste 

LJquid-snitary waste includes nmradhdh waste streams that are discharged. 
either direaly or fm treatment. to mte oak creek. o m  sources f.mh.xk 
(1) sewage trdmem plant efnuent from Bethel and hklton Valleys, (2) area nmaffd 
ratnWater, iiIlrd (3) coal Yard Runoff Treatment Fadity e€€luent 

About 210 x 105 @/day of ORNLsanltarysewage b treated by an aerobic dgestbn 
pn>cess. Tbe ORNL SeWageTreatment Plant. operated under ORNL's NPDES permft. 
produces a dudge that is dewatered on sludge&yhg beds. Most of the Storm Sewer 
System~sconstructedofrelnforcedconcretepIpfngandcontalnscatchbasinsthat~ 

Acidic raimuater runoff from the ORNL Cual Storage Yard is collected in a clay-hed 
basin. Neunallzation of the add with magnesfum -de in the Coal Yard Rrnaoff 
Treatment Facility causes precipitation of contamtnants that have been leached frmntbe 
coal pile. Tbe precipitated solids can be disposd in a mmmt.rrrfal landfill but arelikely 

areas in Bethel and utfmvalleys towhite OakCTedL 

to be disposed of tn the SIE II as aspedal waste. 

V d 1 , R C  
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1.4 ORNL ROADMAP 
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1.4.1 Introduction 

?he SM@W- for rfre OakRidge Reservatior? is a g e n m  p-g 
documeat iden- broad categories of issues that keep ORNL in oompliance aith the 
law and other legally binding agmmem~;.~ The Strategic Ibadmap for the Oak Ridge 
Rmmuzkm identifies possible generic paths to compliance and the schedde for 
resohtlan ofthe issues. ?he role of the OakRidge National Labomtory T - w  
Dicagmm m) is then to id- spectfic site issues (problems). idenri@ specific 
tfxhndogks that can be brought to bear on the issues. and assess the cumm status 
and feadfness of these technologies and huw they can remediate the problems wahfn the 
wnstmbb of the schedule mmmttment 

Reguhtmyrequirementsandcxxmmmn&contalnedinthem-for 
theoakRidgeReservatton ' are also included in the TLD as constraints to the application 
of iutmame technological solutims. Same otlxmke attractive tedmologid suht~ans 
may not be emplayed. for example, becuxx these technologies may not be dq-e on 
the schedde enummted in the regulatarp agreements. Converdy. negotfatnrr tn the 
process of defining regulatory agreanents may keep the TID assessments inmind when 
&midingremediationmllestonfsthataIbw~per,faster. b e t t e r . o r s a f e r ~ @ e s  
tobeused 

Tbe madmap for ORNL indudes a Ut of46 mmprehensive logic &grams f o r m  of 
l 0 w - W  radioacttve. mixed Ma, & w a n d  indUtrial. mdtransuranicwaste. 
TIE nxdmapping process gives mmparfsans of the installation as it arists to theaapthe 
~ ~ s h o u l d ~ t u n d e r f u I l ~ c e . T h e g o a l o f r o a d m a p p l n g f s t o i d ~ t h e  
issues that will allow the accurate and tfmely formulation of activities. ?he fokwing 
iufomatkm is egcerpted fiom the March 26,1992, version of the Sbmegic -for 
theoakRidgeResemtm * 3  

1.4.2 Roadmapping Methodology 

Tbe roadmapping methodology is divided into nine steps and amrs three 
p-ent, adysis, and isue resolution. 

~ c r s f e s s m e n t p h n s e i ~ ~ t b e c u r r e n t s t a t u s a n d ~ o f t h e  
fnstaIlatlan. "his phase is accuqkkd in four steps: (1)identlfping iusta&Wn 

that provide for the cmduct OfEmlmnmental Management EMl adtvities; 
(2) idmrif$ng regulatmy requiremenrs off&& state, and local regulations and codes, 
DOEardersandotheragreemenuthatDOEisresp~bletocomp~wtth: (3) descriMng 
tbase DOE commitments, which include interagency agreements and FFAS: and 
(4) preparfngaschedule that aIl curnmitmentswith all mtlybudgetedand  
tarecasted activities. 

?he cmptysfs phase identifies key issues and actions needed for resdrrtfnn_ This 
phaseis ammplished in four steps: (1) identifyingissues that pmmt theinsbIhtdon 
from amm@&ng EM objectives (2) analphg of issues to de-e the root causes: 
[3) carmerdng of issues to resdutian needs and iden- activities that satisfy these 
needs and (4) preparing the schedule for the desired activities. 

?he issue resohticm phase merges the issue resolution activities with ongoing and 
phnned activities as the ntnth and final step. Specific for 
modiflcalions additions. or deletioIls to current plans are form- and captured in 
ActMty Data Shets or are foIwarded to DOE Headquarters for resolution. 
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1.4.3 Summary of Major Committed Milestones 

The major committed FFA milestones for ORNL WM are listed h Table 1.2. These 
milestones are negotiated annually with the regulators based an DOE funding and 
priority consideration. 'Rxse milestones reflect acmfties mtiated tn the past and the 
planned support activities. 

Table 1.2. Federal Facility Agreement for the Oak Ridge Reservation 
Major committed mllestones-waste management (ORRT,) 
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1.5 TOP ORNL WASTES NEEDING TREATMENT TECHNOLOGY DEVELOPMENT 

Several knowledgeable WMRAD staffcnilectively rer-iewed the m m t  ORNL wastes 
and the p b U w a ~ t e S  likely to begemmed as a resuit ofhture deconmmhatim and 
d- D-1. rmm3a.l action fRA). and mM operations to id- those 
~ ~ r h a t w u l d b e p r i m e c a n d l d a t e s ~ ~ ~ t t e c h n o l o ~ d e v e l o p m e n r m e p  
LWXI the fobwing criteria in their e~duarihn.~ 

regubtoIy ent for waste treatment criteria that reviews the need far waste 
trearment r z t h e r  the treatment is e regulation or other m s ) j ;  
risk reduction potential criteria that examines the risk reduction due to m i u q  
efther the toxicity. mobility, or the quantfty ofthe waste: and 
apphmbnity to ORNL wastes criteria, &e, whether the treatment is for a 
wasfe or far a potential future waste). 

Based an the above criteria. the top ORNLwastes that need technology d d o p m e n t  
are lis&dfnTable 1.3?This *fs does not imply that the femainfng 0RNLar;astes 
could not hm treatment technology development; however, it does imply that 
t h a e t s d ~ a v a i b b l e t r e a t m e n t ~ l ~ f o r t h g e a a s t e s o r t h a t t h e p - - " n e e d  
for treaanent technology development is less urgent 
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Table 1.3. Top ORNL wastes n e e  treatment technology developmarta 

Waste desui?tion Ranking 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
13 

14 

15 

16 

17 

ia 

19 

20 
21 

22 

V d 1 , R C  
sammmf 19m 



I 

1 , 7 75 1 
1.6 I S S U E S  FOR WASTE WNAGEMENT 

! 

1 

! 

Uted beim are same of the issues fadng ORNLWM: 

1. Uncertainly regardrng new regulatory r e q m m m s  the Federal Facility 
compliance Act and the PCB FFW and revisions of existing requimnents (e.g.. DOE 
Order5820.2A)impactstheabflltytoplan~a~tlestomeetacceptableiang-term 
goals. son-term WM planning is also affected by the Changmg regulations. 

2. The mahbllity and aaxssibility of disposal capadty for aIlwastes in Fy 1995 is key 
to the overall W d  snategy.The storage needs and plans fmthe increased utilizatian 
oftheK-25SiteTSCA~~eratorarebasedonthe~tlonthatdtsposalcapadtlc 
will be identifled by 1995. Implementation o f  the 'ho rad added" perfonnance 
objective Wm SemrelyIImitthe waste types and voi- that can be shipped off site. 

3. Thewasteshtheenvinnunentarestoramn IER) andD&D programs are expect& 
to increase in the next fewyears. The m t ~ a s s o d a t e d  wfth the 

a c i e q e  plan for treatment, storage. and dtsposal needs. 
ER and D&tD programs' waste generatian esttmates haxqers w s  abihQ7 to 

4. Remotely handledTRU storage capacity at ORNL is limited. Tbe &zctive 
implementation o f  a natitmal strategy for TRU wastes necgsary to resohne ORNL 
remotely handled TRU WM needs. The continuing deferral of approval of the ORNL 
WHPP (or stmflnt tadlity) (due in part to the lack of a national strategy for mmte3y 
handled") is limiting WWs ability to plan far hading theTRU wastes. 

5. n3ewMmpltalprojectsfimdlngrequlrementsareprojectedto~~~Qamatt~ 
in the out years and will not be supported by the 5% to 10% inrremental growthin 
target fimding There is aneed to develop funding profiles for major line item 
inmases [such as the WHPP (or slmtlarfadlrtyll inn 1996andbeyond. 

6. The projected s t a f b g  requJrements and the mix of experdse are fnsuftidglt to 
pmvide adequate planning and oversight of WM acmties. lhere is a need for relief 
from the caps placed <la personnel requimmems far the WM organhation. 

i 
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2. DESCRlPTlON OF THE TECHNOLOGY LOGIC DIAGRAM 

21 PURPOSE AND SCOPE 

The purpose of the TLD is to pmvide a planning document for DOE. DOE operating 
cantractors, and prtpate Musnp that relates the envimxnental restoration/waste 
management problems at ORNL to the technologies that can be used to 
remediate these problems. In doing so, the status of each potential remedktim 
technology IS evaluated. "tiis is a signitlcant focus of the dagram preparation. 

S e w d  important aspects impacting implementation of each technology are folded 
iuto the evaluation so thas the approprkteness of each technology mn be evaluated: 

1. Potential ef3cacy of the technologp--how successful will its appllmdan be to the site 
problem? 

2 Level of maturity of the te&nologg-wt.len can It be applied to site problems? 
3. Level ofWM required for the -logy-what wastes are generated as a result of the 

use of the t echno lw 

The TLD addresses the enfameable compliance and cleanup agreements that have 
designated timetables for ameliorating the specilk site problems. Far potentialty 
but immature technolo@es. or those for which improvement paths Wch make them 
faster. better. safer. and cheaper) are visualized. priorities are assgned to technalogy 
development acttvities. 

Because of e n f o m a b l e c o ~  agreements, DOEis boundby Bxzutive order 
12088. which requires the Secrerary afthe Department o f E n q  to submft a plan and 
request sufficient funding each year to comply with federal mutinn central standards. 
'Ibis documentwill aid in the arrmlslplanning and budget submittals 

This documentwiIl address all WM problems that havebeen id& at ORNLThe 
technology listings in the diagmms were judged to have same reasclnable prospect fix 

application at ORNL In a few cases the prospects are limited. however. 
The TLD provides several benefits to the DOE cammunity. TIE diagram identities 

technologies that can be used far EM programs. It serpes as a vehicle to identifP the 
deficiencies in technolog& that otherwise have potential to (1) foster faster remediatiorx 
(2) allowsaferprojectacdvides; (3)resultinbettertemediatianeffarts:d(4) allowthese 
projects to be accomplished at abwercost to DOE and the U n & d  States. ImprmQ 
adsting technologies, dmansuating the applicability of pmmsing technologies. 
depelopingtmmatllreterfmologies. andsupporttngb--~-tfgatf- 
are options that DOE can pursue to deploy technologies neoes~ary for s u m e ~ ~ f u l  EM of 
DOE facilities. The diagram wiIl highlight areas far private indusq and 
i m o h e n t  in EM. 

S O 0 4 4 3  

Vd1.Pt.C 
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2.2 STAFFiNG FOR THE TLD 
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~~ - 

clbefonnuiatfan ofthe ORNLTLD was ledbythesameteamieaderswfio farmdared 
and the OakRidgeK-25 Site T k h m 4 ~ ~ L o g r M a g r r m s  with partidpatson frmn 
a- the Oak Ridge Reservation (OW. Although a number of ORNL ~zlere 

b m k L  about half of the team was selected fiom other Energy Systems m n s  

in oak- such as the K-25 Site, they-12 pfant Central Engineerln$ d otberDOE 
assodated Nth programs under the DOE Deputy Assistant Secretaries af Waste 

(EM-50). as as professionals not asmated with these programs. FQUE 2.1  show^ 
the 

speefaltstsumked as members ofeach team famed far the subelememcategories. 
-=mittit fiom each team served ona coo- committee, which finrticllled 
as a rarnnyl~l -cation forum for them. Mare than 100 specialists weetmhed 
in this &art ?he teams (1) compiled the site p- in tenns that wereapp)irable to 
each teaxrc e) identified and evaluted technalogies that could be applied to remediate 
the problems; (3) furnished, through the technobgg evaluation, informamn m the 
oppmmttks that were evident for dmdopment and improvement in each techndogp; 
and (4) hnished the requirements for deployment of these developed and impmwxi - 

T~~tionwasasi&nlf imntcompanentoftheTLDefforLTeammembes 
id- potential technologies, but it was not necxssq for the technology 
experts to lxmme hmiliar with the concepts of the Til> before their -The 
data & a s  allowed the d u a t i o n s  to be performed an a sy~kmat ic   bas^^. -data 
sheets Ivd 3. Pts 4 B. and C) p w d e  detailed hhmatian and the bask upan- 
the 

contractors The personnel from these arga&atianS represent input fiom persannel 
ManaganentCEM-30), Envfro~~talRestoratlon W4), adTechn0logg-t 

phn for the ORNL TID Team. 

WoL 2, Pts. A, B, and C) was devised. 



... 1 
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The ORHL TechPology Logic Magram team. 
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23 TECHNICAL APPROACH 

! 

This section describes the werall layout and derdopmenr of the TLD. The logical 
ProgreSSi~  flows frmn DOE Envfronmental Management lEaQ Goal + EM Problem + 
ORNL Problem + Problem Area (rarget Constituent) 3 Referen- ~equirements + 
Subelement -+ Alternative (Generic Techn010gY) 3 Technology + Technology Status + 
Sdence/Technology Need + Implementation Need. 

evaluated and ranke!d inVal. 1. Pts. A. B, and C. Second, more detailed diagrams are 
provided in VoL 2. Pts. A. B, and C. Although each large sheet contains the entire logic 
path, several sheets are necessary to desaibe each duation area. Finally, each singie 
logic path is published as a technology data sheet These sheeks are more detailed 
sources of informallm about each technology and are pmvided in Vol. 3. Pts. A. B. 
and C. 

Three dlfferent leveis of irlformation are provided. Firsr, the technologies art 

The infannation found under each logic element is desclibed below. 

EM ~ o o l  has three components: dean up legacy ofwaste, prePent future ins& and 
develop emirmmmtal stewarBsbp. These problems are shared by all elements of the 
DOE complattovarytng exsems. 

Roblun amtab problem areas agreed upon EM/DOE such as 
decommissioning of fadllties (lXD1; deanup of soils. ground water, and surface water 
RA: and Wh4 from inception to final disposition. 

O ~ P i o ~ d e s c r i b e s ~ p r o b l e m a r e a s i d e n ~ e d a t O R N L ' I h e s e p r o b l e m a r e a s  
have been defined the site's DgrD, ER, and WM sta& Where feasible, the magnitudes 
of the site problems will be rndimted in terms of floor areas. esttmated metal tonnages 
etc. 

Problem Area/- addresses a subelenent-sm (see below] list of 
problems, all ofwhich are traceable directlyto ORNLproblexm 

Refueace Ra@mnrnts refers the reader to chapters o f V d  1. Pts. A, B, and C. 
W-tS can only be dekrmined after consideration of &ailed site-. waste-. and 
-~ogy-spedc cha.ract.existlcs. 

Subelement speufies the chfkrent components that must be addressed to solve the 
problem. All D&D activities have been categorized into the following subelement groups: 
characterfiation, de!Mntamcnation, dismantlement. robotlcs/aLltomation, mataals 
disposition, and regdatq  cum~hnce.~ The subelements for RA are charactertzatlon: 
treatment and fixation; mbotics/automatioa disposition; and 
regulatory complian(~ The subelements for WM are waste reniemL characterization 
p r o c e s s f n & s t a b i l i z a t i o n . ~ a n ,  packaginghandltngandtransportation. dispod 
and regulatory axnphance. Tahle 2.1 lists these WOLLS subelements for D&D, R4 and 
WM. 

Atanatbe defines the general technology approaches that may he applied to the 
problem. 

Page 26 
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Tedmhgy identifies s@c techndogiies that may be applied to remmme ‘- the 
problem, 

TechnoioQy Status provides information an the status of the techdogs idemified 
in the previous column using the standard casegories. 

Sameaaceptedtechnologiesarefirtlydmebpedorcommscinlly~andifso 
arc noted These terms are used to denoteslightlydifferent meanings. FuZQ daretoped 
means that both the basis of the technobgy and the methods far dcsigntq rwmxbmn 

mmmprrial h. but the data dcsQp merhods, or srperjence needed to assess the 
technaloggarenot -available to the public The only difference in these m caqpies 
is that the puhhc’s ability to assess the performance and reliability of tfw technow is 
resrricted for mmmerdal technow. It suggests an unknown degree of risk in the 
commeraally available technologies that cannot be fully evaluated a?th gexxd ly  
mailable fnhrmation (even though the amount of risk may be neglgible). 

eqqmfnl OT operations using the xxl&hod are well known and cumzed tn public 
litfrattlrF.L ccmmercially available meam that the technology is offered bp one armore 

h U-logy is presentty being used to remedtate the identiffed problem. 
-ted by industq and/or tbe regulators. The demonstrated tectmalogy 

0 hmwmim+technology is amhhle but fs not demonstrated and/n accepted for 

 technol lo^ is under labommy-, bench-, or pilot-scale testtng. 
bohmg T-techndogystatus is ata conceptual orpreconcf!pml stage, 

extsts fbr use at ORNL and is accepted by site personnel. 

theproblernatORNL 

- 
- -nly a partial sdentifc cx howledge basis of the tdxmlw ex.tsts. 

scientific or knowledge basis for the technologg exisas 

~ ~ ~ ~ ~ 0 f t h e t p r ) m n l ~ ~ r e m e d i a t i n g t h e p r o b l e m L s ~ .  
Numa&. quantitative meamres are given for the technology‘s performan# fn 
standard practice, such as estimating the dpm/cm2 of surfaoe for 
a d-tion technologg; the time to art a 24i.n. pipe far a f- t 

ar the analysis lime and lower detection limit for a 

W-tput from the technology. This descrfbes the nature and volume of both the 
a r a s t e a n d t h e p o t e n t l a u y ~ ~  

Science .pd Technology Flab are per&& needs where suppart SbDUld be 
applied to develop an “immature” technology. Sdence and technologyneeds are related 
totbtfindamentalund~tandlngofthesd~cphenomenathatfarmtbc~fartfie 
kdmdogy. These needs are typically far labmatory or bench-scale qxrtmms. 
Technology development needs identlfv areas where work is neasaxy. Tecknohgy 

needs suggest imprwements that will make a current te!cbnology nrm 
econamical to apply, safer, and mone &eaive or efBcient. The d- of a 
terhnnlw an a site-specific problem is dasifid as a technology iqmmment newi_ 
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If sdentlflc needs are s p u f h i .  it should be understood that the needs of Scientlflc 

technology development or hnpmement are necessq  to implement newfy developed 
sdenttffcunderstanding.Ilkewlse.tesdngatechnolo~develapmenroppartunityimpltes 
tbat technology improvements are also likely to be needed. 

DOE funding for a project that addresses the technolm d m  is indicated by a 
Tecfiniml Task Plan (IT?) number, Activity Data Sheet number. or other reference 

Most new technologies that are not in common use will require a brgescale test or 
denonstration to show that thq are capable of achieving expected results on the site 
spedflcproblem.Thesetesrsdanonstratethatasuitableandworkableprocessorfadllty 
can be ddgned, built and operated successfully. They show that N) condition 
prevents the process ar facility frmn functioning as it uas designed and that the 
equipment can last an -table lifetime. Demonstrations are intmded to provide final 
tests of all aspects of a technology. K however, partlcular questians remain about the 
technology, these are spec&- mentioned on the diagram. 

number. other work related to the tecfinology area may also be n3€&ac& 

*ImplementationNeedsorspe&lud needswereevaluatedforbothdevelopmentof 
a technology and deployment of a mature technology. These needs wvre ermi~ated in the 
areas of (1) resources such as fhandal or personnel: (21 hardware such as proces~ 
equfpment, developmenr equipment and computers: (3)software such as mod&, 
Pn>cedures, computer pro@xms: (4) facilities such as labs, shops, and buildings: and 
(5) education such as txainfq classes or degreed persannei. An estimate of the cost of the 
process and any potential cost payback are also onty -needs are 
highlighted, (i.e., those needs that would require long lead ttme or unusual 
procurements, such as line items for tacility construction). 

The cost of applyfng the tedxmlogy and the payback cost potential has been 
esttmated. There are many reasons for payback. such as reducing the waste volume 
ampared to a reference process. the sale of useable products, and the reduction of Mxr 
ampared to a reference technobgy. 

When standard labaratory fkditks are suffldent. facility needs are not identified. 
Since the radlrties on ORR are A a t i d y  artensive--includtng the E-25 Site. ORNL and 
tbe Y-12 Plant-the diagram does not address needs for standard hdllties but focuses 
anuniquefidlityneeds. 

However, additional CQINentional facilities may be needed to meet the technoloa 
needs f i r  remedial actions at ORNL because the aYallabie fadities may not provide 
adequate capacity for testfng the various technologies. To assess the availability of 
standard facilities for thesepmgmms. itwill be necesaIytoknuw (1) therate atwhich 
technology development in Oak Ridge will proceed and (2) the extent at which other 
programs win compete for the hdlities. 

Vd.1,Pt.C 
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2.4 TECHNOLOGY RANKINGS - 1 7 5 1  
7lmugbmt the tdmology evaluation a method of crmveylng information abour the 

priori@ and status of each technology and its applimdm is used to co-te 
sepa.me infamadon about the following: 

OveraIl asesment  of the usefulness of the tedmlogs- (E, H, M, and L. whm €is for 
essenriaL H for hig4 M for medium, and L for low). 
Iqmmnce of site problem to which the tedxmlcgy is applied (1-5 is the s d e  ofhwest 
impamme to highest importance). 
'rime r e q u i d  to bring the technology to the state! of being acceptable far application 
at large & ( m e r c i a l  or mature state) at the site. 'Ihts is expressed in Tnrmber of 
years and depends on the current state dits dmdopment 
The cobt far bringing the technology 6mm its presan state to acceptable for use 
comer at large scale. The costs a n  presented as $M or $K which bdkates 
the number of minions or thousands of dallars without escalation. 
Projeaed unit pmasing cost for mature technology IS per ft2 for other unit or N no 
es-. ?hfs includes annual ranking costs for softmare. 

An example of a ranking follows: 

H-5-5 

This means that tbb technology has a high overail usefitlness; the tedmdqg is 
estimated to tage five years to reach an acceptable state for application at the an 
appmximaw expenditure of $3.5 million wiIl be q u i d  to bring the technology m this 
state ofreachzs and the unit processing cost cannot be projected at the presern Ume 

F ~ a r e t h e c r l t e r f a  used to detenninethe overall assessment of a 
and its a p p k a i m  

a 

a 

a 

a 

e 

0 

a 

Whste Gemmilm * -the ability oftbe tecfiDology to minim.& additkmal 
waste generation (la0 confidence, 5-complete cmfldence). 

witft Requzr-nfidence that the technology will amply with 
a p p b h k  dmt, and appropriate requlffments (ARARs) (140 oflfiddyx. 

of the technology to ~ ~ e e t  tbe 

V I  ilQ of the technology to meet a wide range of requirements and to 
adapt to changes in requirements (l-no a d d -  5-complete). 
-ihty of the technology to be deploged without q u i m m m b  far 
actraarcftnary lepeis of expertise. traintn& and oversfght (luery high h!i of 
R q U J ,  sow level of requiranents). 
T- - --canfldence that the technologywillworirat the sfte(s) being evahmed 
(1-m c d M e n c e  Scomplete confidence). 
T m - c l i n e s s  of the technology relatiw to final applicatian at large 

Sujkty, and He& 
of ES&H (1-no conf'idence, kumplete). 

(====a s c a l e ( l - w r y ~ i d ~ f m ~ ~ f o r w n m a d a l a p p h o m a ) .  
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0 Reqmx&relam~ amount of tlme required to bring the techndogy t0 

ccmmmkl application (1-all reseafih. development, and demonstration steps 
nqured. S n o w  commerdallno tests requrred). 
Dx&pnmt Cost-i-elattve cosf of brrngrng the technology to co- * applimtion 
(I-hghest cost for dwelopmem of a technology within a technical area -0 costs, 
not men field testing). 
Aoaess coSt--relative cost of process in terms of unit production costs in appkation 
(l-phibmdy expemive rdame to other methods, [jyery COILlpared 
with other methods). 

o 

0 

After scortngthe criteria, the scoreswere aperaged and the oyeraIl assesmmtrating 
was detennlned by the Scale in Table 23. 

Table 2.2. Scale for 01- Pssescanent rating 

score Assessnent Code 
ODde - 

E Essential Any score No other pn>cesses or tedmalogv 
available for essential 
requirement 

H High 3.67 to 5 High potential far application 

M MediUm 233 to 4.67 MedfumpotenUalforappli~n 

L Imw a33 LCJW potential for appllmtion 

24.2 s&bs of Technology 

Tbe development state for technology was assessed using the scale provided in 
Table 23. 

state of tPd.mnlogy score 

V d 1 , R . C  
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24.3 Estimates for Time to Maturity 

Definitions fcx p r o p  of development and time periods, which were used as 
guidelines for estimating the total period required to bring technology to the state of 
large-scale applicasion (state of acceptance), are pmvided in Table 2.4. 

Integrated test ofproass Q -at 
b t h a n f u n e c a l c  

These stages of dmiopment correspond to the state of the technology and are shown 
in Table 2.5. 

"able 2.5. Cmeqmadcnce of terms for state ofthe technology 

5 Avaitabk yaturr 
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3. CHARACTERIZATION 

3.1 INTRODUCTION 

WM problem areas require several types of characterization to answer the following 
questions: 

1. Whatcontaminantsarepresent? 
2. How concentrated am the caniamtnan ts? 

4. How far have they spread? 
3. wherearethqsl 

Characterization is needed to define regulated and nonregulated co~lfaminants in 

asses~ment, and to guide reme3a.l treatments. The technologls fmmh.e. for the most 
part, the analysis of debris and wasus h m  RA and D8rD activities in the field and 
laboratarg.Thesemayincludemarerialsasdiverseasconcreterubble.lfquidandgaseous 
waste streams. ion exdunge res-. steam plant ash, sealed radioacttm sources. and gas 
cgtfnders. The main contaminant groups of concern are radioactbx elements, heavy 
metals. and organic compcnmds of rubduns of organic compounrls (cg.. PCBS or h&). 

This chapter presents the charaderization technologies required to support WM 
actWtiesat0RNL b r l e f ~ e o P s a f t h e s c l e n e e a n d ~ n e e d s t o b r i n g t h e  
technologies to a useable level. implementation needs to deploy these tectmologies. and 
ratings of these technologies for WM. 

Umste rnatemh. It Is required to meet regulatory requiremenrs, to permit risk 

Pathogenic O r g a n k m S  are ais0 s<3.eened, 



3.2 TECHNOLOGIES 

3.21 Characterization Technology Options 

Characterization tec&nology options for R?id at 0- are listed with their rankmgs 
in Table 3.1 m Sect 3.5. These technologies are for current waste streams at ORM, and 
those anticipated from future remediation actmties These are for the most part the 
technologies as those for RA and D&D. All technologies are not required for each 
errvironmental management EM) problem, but many of the technologies for a gfeen 
constituent are akmates. Many of these technaiog~es are broadly applicable to a variety 
of constttuenrs and WM problem areas, and they are listed fn the TLD under a ugeneral" 
problem category. This reflects the applicabflity of a tecbnnlogv to more than one group 
of constituenrs (e&, radioactive elements and mmk) and to more than one problemarea 
(e.g., contamtnated amcrete, gravel, asbestos. and fiberglass). Under this g m e d  
heading the technolog!es are grouped as the fdlowmg alkmatlves: sampling desiga 
sample coIltxtian, sample preparation, detectim/measurement-field method and 
detection/-- laboratory method Technologies specific to a group of 
constituents are then listed fn the "ID under a soeafic alternattve: radioactive elements 
(which bcl~&~ both radionuclides and radioactivfty). inorganic wnstltuents 
(cations, and elemental metals such as merauy), organic constituents, phvsicd 

by their dpnlocmtpplt the field or laboratmy. TechnolWes for insitu and =situ 
d e t e r m i n a t l a n s a r e ~ e d i n t h e f l e l d a n d l a b o r a r o r y ~ m r i o n s . S i m p l e a n d ~  
common charaderfiation technologies, such as fix pH measurements. are omitted fix 
simplicity in this conrpilatian. 

charaderfstfcs, and pathogens. These c o n s t i t L l U l t 5 ~ c  tecbnologies are subdidded 

3.21.1 Sampling Design 

The main techn0iog-k~ needed under this a k m a i h ~  are statistical designs or 
approaches far planntng sample collection. For example, the large number of samples 
mlledf~byacanventloaalsampllngdesignapp~towaste~mwalcanbereduadby 
statlstical amsiderations to a more manageable mxnberwithm.~t e d n g  infmmac[on 
Value. 

3.21.2 sample Collection 

ConventicJnal sample collection methods exist fasmost o f t h e m  problems at ORNL 
but many are inadequate or expensfve, and technology imprwements are nP#l#i_ 
Examples are the collecdon of spedmens h m  highly radioactive materials, such as 

or working in radioacuve fields ="ely h=p= sampltngmehds. The D O E W  
principle is tbe guiding fador for adaptation and detdonmpllt of such technologies. 

Perhaps the most -cult sample collection problem is the collectian of truly 
representative samples from heterogenous wastes. This Fpould lnclude wastes contafned 
in drums and ?JUXES in storage areas. The contents may range fkom bottles, gloves, wtpes. 
and shoe coves to bmkm, damaged. or contaminated equipment and appat.atrrses. 
Technologyneeds include not only statistical designs fa directing the sample collp1.nnn_ 
but also the 

concrete pads orliquid wastes intatlbs. The cnnsmm - tsofhandlfngradioactlvema~ 

means of obtaining the nqmse~~htbe q l e ( s 1 .  



321.3 Sample Preparation IP t 7 1 5 1  
mb 

One of the largest technolorn needs is the adaptation of cormenrional samyle 
pqaraim methods to the speual requirements of r a d i o a e  wies where 
CDntainment fn a radiochemical hood (low a m t i e s  of alpha. beta or exmtmg 
samples) or @me box (p- for samples Bith alpha activities of le ciisintqmsjms 
per minute and greater) or shielding in a hot ceil [generally, samples with 
radiation fields of 500 mR/hr or greater) may be required. This -des upgrading 
organic and inorganic preparation methods and also regulatory 1- pmxduns. 
Current methodologies have not been able to meet regulatory requiranents in stme 
apph High-pressure ashkg is an -le of a CTfticaUy needed tech mi^ for 
preparing waste samples for inorganic and radiochemical adyses. 

321.4 Detection/Measurement-FieM Methods 

Measurement technologies far field use are needed to deffne and 
contamtnatim inwastes. They can ais0 screen samples in the field such that only- 
with significant contamination are returned to the laboratory for mm - and 

amtamfnant group alternattves. Deplqmem of these measurement technobgies with 
robotics and automation is an- arxsscuttingarea that promisg to StreamEhne 
and reduce ccsts of such sumzys. It will also reduce personnel €qosuns to radmion 
and Wrs organtc and fnarganic cnqmmds. Please refer to tte robotics and - chapter (chap. 5) of this voiumg. 

3215 Detection/Measurement-laboratory Methods 

--based technologies capahle ofmulti-analyte (e.&. fnarganic and organic 
wqxmmts) dehmhations arelisted underthe'general" altemattvewhilecmstiluent 
groupspedflc technologies are presented under the specific al- A t#.hnninW 
need general to laboratory -ts IS amtamination cuntml af the  anaMcal 
equipment TMS need goes hand-in-hand with adaptation of the sauxpk pepaxkion 
terhnniagies for radioactive samples. 

characterization. Field-method tPrfrnnlogies are also dfscussed under 

321.6 Data Analysis/Management 

A wkie range of infarmation management and data analysis texhdogks will be 
needed. perhaps in some cases required, to support the levelof tracking- amnmtbg 

to assure compliance with envlr~nmental laws and guidelines far candud of 
activities. Cdiguration management suppart will be needed to meet the damn& of 
worfdng in a highly regulated arvironment. especially in dealing wtth bazadms 
materials Decision aids. including s i m m  models, data bases. N1 tert infarmarion 
retriwal appkations, and arpert -terns will be needed to assist with plamfng. 

to be trarrsferred between the various gmups of people working on the Farious aspects 
ofthe EX effm Qulck, reliable aaxs to data ar information distributed among many 
difkent orgaizations will be needed. An of these areas of support are best taken cafe 
ofusingamputernetworks. Networkcammunications supportthenbeamBesyetanothe~ 
area of technology that must be Included. The demands on project management and 

StatLstid analysk, graphical dfsplay. and geographical hlfomtlon and data win Ix!fxi 
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321.12 Organics-Laboratory Methods 

- 7 7 5  1 

321.13 PhysicaC--FTeld Methods 

Techndogtes for in-field detennlnaton of physical properties map assist in WM ta&. 

3.21.14 Physicabbboratory Methods 

Characterfiaton of partides and other materials is a Sm=rn technology need. 
I .  

3.21.15 Pathogens-Labomtory Methods 

Handling and disposing of biological wastes will require sumeikme for pathogenic 
organisms as apart ofworker protection as well aswaste treatment- 

3.22 Crosswtting Technologies 

An important area of tedmology crosscutting is mbtics and automation. ?hfs is 
part iwrelevant  in two areas of characterfiatiok -e d e c t t c m  in situations too 
hazardous or remote for direct human partidpation (as during the sampling of highly 
radioactive concrete), and a h  in preparation of highly r a d f m  samples far amlysis 
(as for nuclear wastes). These aosscutting technologies are discussed in Chap. 5 of this 
v o b e .  

i 
t 
i 
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NEEDS 

The basic RBrD needs for charaaerization technologies range from nom to 
~0nSrdeable. Manp characterfiation tecbologies are already mature and available on 
site. F m g l e s  of such technologies are -gas cfnomatography-mass specuomee for 
identifkamn and quanMcation of regulated argamc compounds and inductfnefy COLI@& 

pia-Un=r-emission spectroscopyformetals, Same technologies r e q m  somedwelqmem 
such as the use of stable isotopes of RCRA tnxidtyduracterlstc metals in is0t.q~ 

Otber-eswill require basic=. Thespedflcneeds arearpiainedhth 
TechnO(0gy- DatCrShe&, which m V o L  3, Pt. A An impanant example 
of such a kcbmhgy is the sampling of hmmgareous wastes, where both statislid 
sampling design and the equipment used far obtaining the representattw samplds) fram 
the waste requne development. 

dnutton frU3l.l- coupled plasma-- spectrometry. or supercrftical fluid (zcmcmn 
directly mexfacd with gas chroma tog rap^. 



3.4 IMPLEMENTATION NEEDS 

Implementation needs, like science and technology needs, range from none to 
axWkmbk Instruments and promads already adst for the deammamn of many 
mgukted organlcs and Inorganics using EPA protocols. These technologis have 
esemia&no implementation needS and are ready as is for samples that can be handled 
in nmzmd laboratories. Other mature technologies are available on site. but surne work 
is needed to deploy them. Thts work may entail calibmtion for the s p e d c  arrrjtituents 
and/or q l e  matrices or adaptation far deployment in cmam ’ locaticms,sLlchas 
fidrl=rbk&as chromatography ar radiation sensors. The performance validatinn needed 
far methDd q d i t y  assurance is included in the implementatton costs. other tedmologles 
are not asailable on site and will require greater effort to obtain them and implement 
th€ZtlatORNL. 

Some fadllty upgrades at ORNL are reqWed to handle the anticrpated sampleload. 
T h L s ~ s ~ t r u e f o r r a d f o a c t t v e ~ l e s t h a t r ~ s h f e l d i n g a r ~ t a n d  
far which current facilities are inadequate- 



L. - 7 1 5  1 3.5 TECHNOLOGY RANKINGS 

The rankings assigned to the characterization technalogies for WM at ORNL are 
included in the last column of Table 3.1. The raniang spstem is essentially the same as 
that expmed fn sect. 2. 
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3.6 RELEVANT TECHNOLOGIES UNDER DEVELOPMENT BY DOE 

DOE is currently developing technologies that could connibute to solving 
environmental and waste recycslng problems at the different DOE sites. Some of these 
projects may have relevant and beneiicial elements with respect to the characterization 
technalogies listed in Table 3.1. Table 3.2 gives the results of a search of available 
mfonnadon on programs funded in FY 1992 and FY 1993 and idenrifies possible 
matches, with the complete set of characterization technologies listed in the TLD, Vol. 1, 
Pts. A. B. and C. Those FY 1993 projects descrfbed by ?Tps and detennlned to be 
potennaRy relevant and beneficial are listed under the comspandsng characterization 
technology code by?Tp number. When m FY 1993 matches were found and the searcher 
(based solely on personal knuwledge) h e w  of valid N 92 matches, these were entered 
in the 'ITP column. Characterization technologies for which no matches %-ere found are 
omitted from the table. When many matches were found, specifk "lR may or may not 
be cited but it is noted that many arlst The relevance column indicates the degree of 
meflap between the technologies listed inVol. 1. Pts. A B. and C & actiw'ITP projects. 
The rrps comprising the search data base are listed in the appmdk 
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4. WASTE PROCESSiNG, HANDLING, AND blSPOSAL 

4.1 INTRODUCTION 

The WM section of the TID focuses on addressing the tmhnalogles far pn>cessing the 
waste streams likely to be generated as a result of the D&D. RA. and current WM 
operadans at ORNL. The objeatves of the WM diagrams are to enumerate and evaluate 
the WM options and to rank these options fonowing the standardized meiimds. The WM 
cfiaerams were developed to address the fallowing EM problem areas as thep relate to 
ORkL D&D, RA, and WM activities: 

0 

0 

a 

a 

a 

a 

a 

a 

0 

e 

a 

waste stabtlfiation 
w a ~ f e  retrieval, 
-processing* 
waste minimhation, 
wase packaging, handling. and transportation 
waste&@. 

The WM diagrams used foSlmed the following plan to address the EM problem areas: 

Far waste stabilfiatron and Waste pmcesing. the approach was to identify and 
ammerate the plausible alternate pmasing routes for treating the did,  lirpid, and 
ga.=ms wastes Uklytobe by the D&D. RA. and datedW'Ad operatlm 
atORNL.ItwasassumedtbatRAand~operatlonswouldprecedeWM.prwlding 
the waste streams for WM to treat for refease to the environment in axqdkmcewith 
all applicable environmental regulattans and DOE orders. 
A t o ~ ~ t e ~ m e v a l ~ ~ m o r e ~ a s s o d a t e d w f t h ~ a c t i v i t i ~ ~ ~ ~ t e  
refleval is nominallyunder FVM. a dedsian was made to m t h e a a s t e m t r i e v a l  
&@am as part of the RATID. given in companion Vols. 1 and 2 PL B to provide a 
more logical discussion of #e ORNL W. 
Betxuse waste minimkition is mare an operating philosophy than a technology, the 
waste mlntmization diagram was deveioped to reflect the philusophical approach. 
Waste mfntmization can and should be applied at every step fn the process, 
Preferabv at the start af the operation(s). 
FOB WPH&T, the approach was to examine the pertinent issues bvwlved with 
paclragfng, handling, and trans- uastes both on and off site. 
Far waste disposal, the appruach was to examine plausible cfisposai options for the 
final disposal of the residues h m  WM opemtions. ntese residues are defined as the 
wastes @redominan* solids) that result from falbwing coSt-&ectlve, 
envtmnmentally compliant treatment of the wastes, while waste 
mintdzation objectives. These residues are likely to be h d z .  TRU, 
and/or low-level waste that should be sequestered kom the txwtronment for a long 
pgiod of time (in some cases. hundreds or even thousands dyears). Because the 
subject of repositories or land disposal kcilities, -ere these residues can be buried. 
is San being debated na&maRy, the current (circa 1992) thinking on potmUal 
repositories for these wastes ~ i a s  used to develop the waste drsposal diagram The 
p r o j d  residues from ORNL and their burial sites are given in the aaste disposal 
cWPm* 
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4.2 TECHNOLOGY OPTIONS 

! 

~~ 

4.21 Introduction 

The pu~pose of the TLD to provide DOE and its operating cmtractors with a technical 
framework that rdates the ER/wM problems at ORNL to the potential techndo@cal 
solutions for WU The WM seaions are intended to serve as resource informauon for the 
technology COmpQnent of shart- and long-range strategic plamng. WM emphasizes the 
identfficatian of techndogy options and pmvides a prelimtnary tezhnalogy 
irnplementauon assessment of relevance to the projected WM needs and opporhmmes 
for ORNL Texhmbgy implementation assessment considers the status of technology 
within the ccmtes of tecbnokgy life cycle from the maqnral to the operattcmal phase. 

The primary objective of this section is to scope the problem and the technical 
solutions for WM. A conceptual framework based on a systems approach is presented. 
This framework also suppcas the development of the information presented in VoL 3, 
Pt. c. 

4.22 Conceptual Framework for Waste Management Planning 

AsystPmc approach is used as a conceptual hmrk to support the development 
of them dhgrams for ORNL This conceptual frameworkis &strated in Fng. 4.1. ?he 
development considers two categories of waste generation actlvities-primaxy and 
secondary. The prtmary waste generation activities Fig. 4.1) indude: (1) D&D activities. 
(2) RAactivities. and (3) mission-support activities hludingwaste operations activities). 
Mission-suppaxt acttvities indude research, dadopmrslt production, fabrimtian. 
m a i n t e n a n c e , ~ c a L a n d ~ t y u p g r a d e s .  

Waste operatloas activities are considered a secrmdary vmte generator. Waste 
operationslncludetreatmPntstorage,dlsposal,andrecyciing.Relevant~te~ 
are thosewastes amuxllaw because there is M) idenufied arfsmg capability &e, 
technologyandrar#d~fbr~treatmentordtsposaL~orJrarcumulatianinctudes 

wastetreatmentresiduafs.Farthepurposesofthe~wasteinventoriesgensated 
from mission and suppon activities are considered part ofwaste Operations adivltks. 

Four c=ombfnatim of end-product streams and their destinadons for WM are shcnvn 
in Fig. 4.1. These cnmhinaticms are as follows: 

u n t r e a t e d w a s t e ( ~ g , ~ ~ w a s t e d ~ ~ ~ f o r t h e K - 2 5  Site'IScAIndnerat0r)aad 

End-Product S-ty controlled Rergclable Material 
End-Product Stream mt im-wded Material Application 

End-Produd S w t t e d  G-US 
End-Product stream Destfnatfon--Ambient Afr 

End-Product Stmm-hmued Uquid Mscharge 
End-Product Stream Desmatian-Water Stream 

End-Product Streanm--certffied Land Disposable Waste Form 
End-Product Stream Desmc.zn--Land Dtsposal Unit 
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I '  Rinary Wase 
GerwaimSystems I 

Fig. 4.1. Conceptual framework for waste mLtpagemcof and technologp plambg. 

WM systms are designed, evaluated. and prioritid by combiningtechdagiesfnto 
treatment processes so that the waste charaderfstics of the as-generated waste are 
t r a n s f e  into m e  or more ofthe end-product streams. An illustrative a 
COmbinatioIl of technologies for the of a solid waste stream is shown in 
F'@ 42. As an element ofWM planning. -planning is typicalbprecededby a 
needs assessmen.. that includes (1) prqfected waste generation and invanary 

oppanu~lfties, and strategies, (3) pmjededwb! capability needs. (4) existing and planned 
WM cqaMlUs, and (5) additional projected UT4 capability needs. Categpries afwM 
needs for tedmology applications are shown in Table 4-1. 

Fm the purposes of theTLD, WM capabilityis equrvalent to the cambination ofa 
technofogy base and a capacity. The base fs determined marDfp by the 
charamtics of the waste as it is generated and the characteristics of the end-pmiuct 

streamdestination acceptance criteria. 

optimum combination of product-based tcdmhgies and process-based technolagles, 
Product-based technology identiflmtian is nfmpn at engmeering to control the d-e 
charaaeristics of the end-product streams and the fntermediate materials. It is also 
aimd at tzghxmg . a process amistlng of one or mure technologies to produce and 
wntd the quality of the end-product streuns. End-product stream quality control m 
be obtamd by monitoring critical &amchistics of the product or the pn>cess. 

aammdamn lwaste quantities and charactens * tics), CZ) PrOfeCted WM m w c i ,  

Streams.The~taisttcsoftheend-productstreamsamspeclfledbytheend-produd 

WM SysfxzXE am similar to produaan sysrmls and are engin- around the 
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For the purposes of the TLD. i d e n d e d  technologies are evaluated on the basis of 
antidpa& technicid performance or the ability oithe combination of technnim options 
to produce an end-product stream Nth the desirable characteristics. Those techndoges 
thatsatisfptheperformancearpectationsarewnsldenedtechnologop~. 

4 2 3  Dssertption of Functional Areas 

423.1 Waste Hinimization 

Waste xmmzation is the first dement of a camprehensiw pollution prerpntbn 
strategg. waste d t i m  can be characterized with the four R'S (i.e. reduce, 
recycle. and hplace). Reduction foatses at reducing the total ammt of CIT 
cmmnham Recycle and reuse refa to ushg matexials so that they do not beclmJlt 
wast~ss. Replace refers to substituting that perform the same service waste 
segregatim &e, radioacttve fiom hazardous fmm nonhazardous, 
radioactive fmm hazardous) fs anotber area of opportunity for waste! nmmmxm~ 
Although- mfnfmbstion L considaed irm.llwaste operations, it is an issue ofmain 
cumem to waste generatoxs &E, mission support, D&D, and RA). 

4 2 3 2  Wsste Retrieval 

V d . 1 . R C  









! 

i 



I: I -pammi- I 

I 12 I 

0 488 

V d 1 , P L C  
Sootember 1993 



page 74 
'3 



I I f  I I 

i x  

I 
I x  

l x  

F 
~ 

7.1 
I 
I 

Ij I 
\' 

Z E e  

'u 
f 

L 

vol.1,R.c 
seotember1993 Paae 75 



i 

I I I 

Page 76 





! 



7 7 5  1 
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Table 4.S (con-) 
Solid-hquid wastes 

X X X 

X I 
X I 

I I 

X X X X I 
X X X X 1 

I 

I 

X X 

X X X X 1 

X X X X 

X X 

l- 

o 
V 
a - 
u 
E - 
e 

H 
0. 

Y 

3 
a 

3120 MC 



i 

Table 4.3 (continued) 
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m e  4.4 (continued) 

I Uquid wastes 

1 I 
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Table 4.4 (continued) 

Upidwastes 
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campizing the mlxed wastes at the various DOE sites. The MTCS development &onv;as 
started in 1990 and is being c o n d u d  bp Don Musgrave of Lawrence Ummare 
hbaratoxv, Wayne Ross of Battelle Pacific Nonhwest Laboratories, and ?Im Kirrpatxick 
of m a - i d a h 0 . 3  

4.23.4 Waste Stabilization I 

S b b ~ n L s u s e d t o d e s i g n a ~ a ~ o ~ e m p l o y i n g m a t e r f a l a d d l t f v e s I b i n d e r s )  
to reduce the mobility of contaminants, includmg toxfc organics such as pcBs. metals, 
and radlomciides. This makes the a t e  acceptable for land disposaL S- ‘ n  
treatmentistailored t o i m p m w a s t e ~ a n d p ~ c a l c h a r a c t & r i s t i c s , t o d e c l r e a s e  
surface area acros~ which poIlutants mn transfer or leach, to limit m t p  of 
W o u s  mutuents ,  or to detaatifp M o u s  constituents. SoUdifi- is an~w 
tern used in stabilization treatment and implies that these treatment results are 
obtained prfmar@ by the production of a monolith block of treated waste with h@- 
s t n m u d  integrity. The physical charactaistics of the waste may or map not be 
iqxmxi or changed after stabilization. surtace encapsulation (or simply e~mps~k~um) 
is another stabilization technique to fsolate the wdste by placing a barrier ( j a w .  such 
as a- ofimpermeablematerfaL between the waste and the Micro- 
~ ~ s u s e d f o r e n m p s u l a t i a n o f ~ ~ t e p a r t l c l e s . M a c r o e n ~ ~  
is used fm encapsulation of an agglomeration ofwaste particles or miaoenmpsuLated 
materfals. 

Sdfdificatian/stabillzation techdo@ can be characterized by the binder. by 
binding M mte containment mechannrm. . ar by the stabilization lxeatment opaatirm 
~ B i n d e r s a r e d e v e l o p e d ~ o m ~ ~ a n d p r o p r i e t a r y m a t e r i a l s . ~ b f n r l e r  
Car l  be f n m c  0.e hydraulic cexnems pclzto3an. ggpsum, silicates. cr glass). argardc 
&e.. asphalt polyester. epaxy) a comhinaum ofboth (Le., diatomaceous earth with 
cemm and polysqmne). A binder fonrmlatim is designed by taking into d e r a t k m  
the charaderistcs of the untreated waste and the performance objectives fbr the 
s m  product (treated waste]. proprietary fnmulatfons of binder matexiak are 
devehped to ixrease the hctionality of the M e r  during stabilization treatment Far 
example, binder materials can be farmulated to provide chemtcal destructrrm or 
d ~ U o n o f a r g a n i c s a n d c h e m t m l ~ ~ o n a f m e t a l s . A l i s t o f s t a b i l f i a t i o n ~ o l ~  
optims is shaun in Table 4.6. 
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Table 4.6. Generic waste stabilization technok@m 
Canentttious-n/srabikatton 

Polymer-impregnatcdconcrcv 

Conmminant mechanisms include chpmical bonding, precipitation, md 
trapment Example processes farphysid hapent include p c l z z o l a n ~ ~  papnlan- 

popplan reactions use a h  noncrystalline silica in fly ash and the mkiumin~lme 
to produe low-strength cementation. P h p c a l  trapping of the contaminant in b cured 
pomlan-cuncrete matrix is the primary containment m- FmZ0b-d 
cement reactions combine portland cement, fly ash, or other -Ian to produce a 
Ipiathdy high-strength waste and concrete matrix. Soluble silicates may be added to aid 
processing and to assist in wntatnment of metals through the fonnatton of silicate gels. 
ThgmopLastlc encapsulation blends waste particulates with melted asphalt or .fimllat 
matmiak. Physical entrapment is the primary containment me&mism 
Maaoarmpsulation isolates a large vohrme of waste by jackf%q with any acceptable 
matgiaL A container, such as a -gal drum is a good example of -tion. 

Stabilization treatment-operation include In-cirum pmxsing fn-plant 
p m e s s t q  mobile-plant procesmg and in situ processing. 

Regubtory factors are expeaed to play a major role in the dmhpmmt and use of 

e!qhrrci7p amtaminant confinement by means of chemical immbUzation and less 
relFance on physical conflnemen~ with the exception of contaminam kaching meamred 
by waste extract from the Torddty Characteristic Leaching Procedure 0 as required 
by the RCRA there areno setregulatoxypexformance criteria that s h h i U m i a  treatmenf 
products must meet. Therefm stabilization technology efkcttver~~ is limited to the 
results of the TCLP test. There is a need to understand and prerfict the lang-term 
durability and performance characteristics of waste forms developed by -on 
treatment Currently, the stabilizauan trearment design for a given waste is more trial 
and m. There is need for a sdentifidly hased design approach to waste stabilization. 
Thts knuwkdge is also needed to support the regulatory guidance b the application of 
this technorogv for waste treatment. Whether or not stabilization t e d m a l o ~  becomes an 
imprtant technology for the treatment of mixed waste will d e p e d  upon regulatory 

and the ability of the tPrhnnlogy to meet these requirements. 
Cunmtly, stabilization treatment af hazardous waste! can be implemented in 

accordarrrz with the standards specified in SubpartD of 40 CFR268. These fTeatment 
standads are concentration based and are expressed as a constituent cancennatian in 
waste (4.0 CFR 268.43, Table CCW) or constituent concentration i n a t e  ertraCt (40 CFR 
268.41, Table CCWE). Stabilization treament is used to mex the sbndards of 
Table CCWE. 

partland m t  reactions, tham~plastic en~apsulatl~n, and 

- treatment technologies. I t  is expected that regulatory Ryimnents will 

Y d 1 . R . C  
coraorr+w *- 09-0 a? 
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4.23.5 Waste Packaging, Handling, and Transportation 7 1 5  1 
TheWPH~companentemphas~theopsarorsaferS:andenvironmentalprotecaon 

during the transfer of -ask !?om the generam to trearment, storage. dispsd. and 
recycle. Packaging includes the waste contalner(s1, any absorbent materials LIS& for the 
control or release of contaminant during the handling of aaste, and any shielding to 
reduce radfatian exposure to personnel. Transpanation tncludes the identifimtion of the 
transfer OptIan (Le.. nu& ship, or plane1 as Wen as the opmmm route. 

4.2.3.6 Was& Dtspossll 

Land dLsposal is the flnal destination far d i d  waste. Shallow-land b d  [k.. 

ld radioaaiw!, and hazardous waste are currently dispased by landfill technobgy. 
However. the designs for low-level radioactive and hazardom waste haw additional 
requirements for leachate collection and treamvslt Other aknatives for shallow-land 
burlal include @-covered tumuli, above-grade concrete suuctures, deep trenches. 
augured shafts, belm-grade concrete str~~ctures. abandoned mines. and rock camfties. 
These alternative teckmlogies provide greater cunfhement ofwaste contaminants than 

ha) is the hasellne technology fa disposal Of d i d  pva~te.  s a n l ~ / i n d u S ~  IOW- 

shallnat-land btrrlaL 

~ ~~ 
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4 3  SCXENCEANDTECHNOLOGYNEEDS 

43.1 Introduction 

Beause of the wide scope of activities covered under WM, the science a d  technology 
needs for the WM processes and operations are samunarized below accordmg to the EM 
problen crategories. The majority of science and technology needs are in- p m c e s s ~  

WM 
~ ~ d e v e l o p e d t h a t ~ d e n ~ t r e a t t h e w a s t e s ~ e c t e d f r o m ~ , R A a n d  
m t  waste operations at ORNL W P H H  and waste mintmizatian have snmt? sdmm 
and mhmiogy needs. Waste retrieval science and technology needs far O m  are 

has no identified sdence and 
technology needs, however, it bas poliq requirements that are discussed undet WM 
impl- needs Sect. 4.4. When these policy requirements are addms&. stxm 
hture scimce and technology needs may result 

and waste stabikation because these two categories have the bulk of the 

more Mly in Vol. 1, Pt B. Waste 

4.3.2 Summary of Science and Technology Needs 

43.21 Waste processing and stabilization 

The WM pn>cesses have the potential to be efllecttve because of tbeir innmame 
nature and 1- of development. The science and technologytequirements far UWM 
pma2ses are as foRoWs: 

For processes that list status as canceptual or evohring technology, szpcfi as Budq 
ball cbmistq. transmutation, and gamma radiolysis, the science and techndogg 
needs amiist of developing the fun- of the technology. 
Far processes that list status as pmdemondration, such as the HAC phocess 
-migration/osmosLs. E-beam destruction, and inmganicmicmpmus 

daiabast 
on the process to advance its development 6rom the laboratory scale to the pilot-plank 
scale. TMS d d  consist of developing the chemical engineering aspects d tbt 
process. such as reaction kinetics. of mnstxuction, and process ecaryrmics, 

Farpnxzsses that list status as demonstration. such as ion high-gdiexrt 

science and technology needs consist of &manstrating that the tezhmlogy om be 
dkkdyused to treat the ORNLwaste s m  TNS could m i s t  ofamductingan 
Musafal-scaie (e.g., tons per hour ofwastepmcessed) demonstration c s f t h p r a ~ ~ ~ .  
while mating the ORNLstream. 
Far- that list status as accepted. su& as precipitation, actimed carbon (H 

rmledar Steve adsorption, and rotary kiln ixuimration, the science and techndogg 

fkrm cmmemhi  vendors. The science and technology needs cansfst of ddgning and 
engineering the process to meet ORNL waste treatment requimnents 

filters the sdence and technology needs cmsist of developing the t e c b d  - 

mapezk separation. the Mmd process. and supercritical water midatim tk 

needsmaybeminimalbecaLlsetheseare~technol0gies that mnbepurchased 

Other sd- and technology needs for spedfic waste processes are as foUoFR: 

-an needs consist of understandrng the thexmochemistxy of tbe mcineWan 
operatransandthepartitionlngoftheradionuclidesandthetordcmetaistothgthree 

OOOSaO 

V d 1 , R C  
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medfa-air, water. and residuduring incineration. The sci- and technology 
needs should also include dedoping conditions and/or ~~ IXES W will optimize the 
partitioning of the radionuclides and toxic metals to the indnmurr residue stream. 
Reverse osmosis needs consist of developing membranes that are more effective for 
removing the donuclides and hazardous metals fi-om aqu-te streams. 
Biotreatment-process needs consist of developing the mtnoorganisns and conditions 
for e&cttvely dqradfng hazardous organics and the femDyal of d. 
Stabilkation process needs caasist of developing modeis that will simulate the long- 
tam, environmenw acceptable release of radionuclides and M o m  metab into 
the environment All waste fonns will eventually degrade znd dease the 
encapsulated spedes into the environment. I t  is ixqxmam to understand the 
chemistry and the makrial science aspects of the waste forms. 

4.3.22 Waste Packaging, Handling, and Transpottation 

The WPHBlr sdence and technology needs consist of the foIlowmg 

new packaging designs qumd to saw expected new lndustrlal packages 
p=wmWwr-=: 
methods for prepartng and prOceSSingsurface-contaminated objects far satisfying the 
newsurface-con- objm and industrial p a c k a g ~ ~  pa--&: 
developing an operaUonaRy effident, multi-use, Type A package. ar packages, for 
radioactive materiaIs; and 
developing new package designs for the following packages: 14.pe B: Type A &+sile: 
Type B M e :  packages far m-site radioactive and mtxed-waste shipments: and 
pexformance-orlented packqpg for transportation of KBs, aslxstos, and non- 
r a d i o a ~ h a z a r d o u s ~  

4 3 L 3  WasteMlnimitation 

EvaEuatfon System camputer simulation model. 

4.3.24 Waste Retrieval 

ramn=lnfonVols. 1 and2, pt, B. 

Waste minimiation needs OoIlStst of developing and testtng the Waste Minlmtzatlon 

The sdence and technokgy needs for waste retrieval at ORNLare gtven under RAin 

4.3.2.5 WasteDisposal 

The waste disposal needs basidly consist of developing or adapting current 
technology to prepare the wastes so that they meet the disposal s~tes’maste acceptance 
crfterfa These criteria are presedy in a state of fluxbemuse ofnational waste ciispod 
@cy concerns. However, when these con- are resolved, there may be significant 
waste disposa) sdence and kdmohgy needs. 
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4.4 IMPLEMENTAllON NEEDS 

An examination of WM technologies and p m  indicates that one d the 
ovenvhehning needs is adequate hnding to aa=Omphh WM objecti~t~.  lhis incMes 
establisbmem of waste generation projections. defensibk disposal criteria, and t d m i d  
objectives faraaste rreannent. Based on the guidelines far developing the impl- 
needs (sect 2.3). surne other implementation needs in WM are as follows: 

F a r w a s t e d i s p a s a L n ~ w n s i s t o f d e v e l o p i n g a ~ c y f o r t h e d i s p o s a l o f ~  
r e s i d u e s ~ ~ ~ . a n d ~ t e t r e a t m g l t o p e r a t i a n s . s ~ o l d e r e d u c r a t i m a n d  
partidpadon, and rmproved risk communicafion to the public and s t a k e h o k i ~ ~  ~n 
accepted mtional policy that deflnes the chracmu tics of solid residues @r 
example, natlunal waste repositories) is required. Given the present lerrel a f  
enWmwml this is a long-term effort thatwillrequire national d&atefix 
developing a cmsznsus on the waste cbaraderistlcs that will result in op tmmq 
waste d i s p d  while reducing loq-tenn ~ T A  risk and impad to an 
acceptable leveL acceptable lwel cannot be ZBD because of the nature aftbe 
residues. Tbe fmal residues will either c ~ r m t a t n  hazardous species, long h a X e  
radionuclides. cx both. All of these haw same enrironmprrtal risk and impaa- The 
risks canbereducedtovaryingdegreesbyapproprWeWM operations and strakgks 
Howwer. the potential environmental risk cannot be reduced to zero. Th- a 
major need in this area is the dsdupment of acceptable ckpasal 
options and c h a m m ~ ~ t i c s  for the final wasfe forms and tested materials. 
Waste -tian needs consist of developtng and *dating the Waste 
Mf . - v i  Evahzition System computer simuktinn model. Depending upon tk 
emphasis placed on its development (and the related funding level), this could be 
accomplished within one year of initiation ar stretcfBed out over semml years 
For WPHiWmost of the implementation needs can only be d&ed after the W&e -- ortation Interface has reached initial c a n e l m  €n 
ad- fimdingwould be required for devebopment (far example, the new- 
dtsigns bang required Q incmdngly stringent tmqortation regulationsl. 

process fIynganic membranes and filters. and the plasma arc furnace COLM h v e  
high payback These options could become prime candidates far rrseanh 
development, and demonstration funding. The impkmenhtion need for these Qp= 
of processes would be to perform the obligatcq process and cust 
assessments. assessments would k i p  to m t e l y  define their p@=k 
potential. which would help determine their research. development and 
demonmation f imdfng and status. 

certafn waste processing options identified for o m  operations. such as tbt NAC 
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4.51 Introduction 

This section reviews the quaiitam ranking of the usefdness of applicable WM 
tech&- in managing the waste sueams generated because of DBrD. R4 and WM 
operations. The rankings m t e  the rehttve merit of the cadidak pn>aesses for 
ueanng the wastes and pmvide guidance for potential funding for d d o p m e n t  to 
deplogmem, These rankings were perfamed based on the best aoaibble informadon on 
the wastes likely to be generated by DBrD, RA. and WM operatfoxrs. and tbe desired 
treafment objectives for the wastes. The details of the ranking p c d u r e  are @en in 
sect 2.4. 

4 5 2  W n g s  of Technologies 

A s ~ t p n e a r l l e r . w a s t e r e t r i e v a l i s d f s c u s s e d m o r e ~ ~ ~ o n ~ ~ .  1 
and2Pt-B. 
Waste -tion is an operating philosophy that should be recogniad and 
practtced at evezy stage ofthe WM opeattons. It consists of a set of guidelines that 
need to be followed wbenmer a untt operation is conducted. These gui- are 
gtwn an the waste mMmi&im diagram in Vol. 2, PL C, of this document The 
guidehs adst as a set and there are no options that can be ranged 
Tbe genezlcally spedfled waste desdptions are not suffldently detailed to aIlow 
~afthestabilizatiantPrhnalogles,Thesewastestab~anmethodsanrldbe 
ranked at a later date when the s p d f k s  of the waste residues to be staMbA. the 
type and the cOncentxatiOaS of tbe amtamlnants in the residues that require 
immoMkatton. and the waste acceptance criteria of the disposal site are determfned. 
F&soMng the final waste-fonn issues to meet the disposal site waste acqtance 
alkria will be paramounL 
&chwaste type has identified acceptable pa-, handlQ, axxi transpmtation 
aleria. All packagtng, handling. and transportation options will be u t f k d  
Thewaste disposal technologies (sites) have or will have @csaste amqtance 
cr lk r ia  AU available listed options are likely to be used. 

43.3 Ranking Procedure 

The WM technologies were ranked by a team of knowledgeable and experienced 

technalogles for treating the stream. Then, these individual raddngs 
were discussed in group sessions to d d o p  the consensus raddngs reparted in this 
sectton. Tbe results of this ezasdse are g h m  In Tables 4.7 through 4.10. 

En€!rgy systems professfonals, The team Embers first individually ranked tht WM 

V d 1 , R . C  - __ .___  . . - - -  
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Table 4.8 (continued) 
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4.6 RELEVANT TECHNOLOGIES UNDER DEVELOPMENT BY DOE 

DOE is currently developing technologies that could amuibute co solving 
cmirmmntal and waste rec)-cllng problems at the different DOE sites Some of these 
p r o f a s  may have relevant and benefickl dements with respect to the uaste processing 
and waste disposal options listed in Tables 4.24.5. Tables 4.11 and 4.12 gfve rhe results 
of a SeaTh of available information on programs funded in FY 1992 and N 1993 and 
idam@ possible matches with these waste processing and disposal technologies. Those 
N 1993 projects described by IITPS and determined to be ptemialy rdmmt and 
beneficial are listed under the mrrespondmg remedial action tecfrnalogy d e  by TIT 
mmber. When no 'Fy 1993 match was found and the searchers (based sale@ on 
pasonal knowledge) knew ofbahd Fy 1992 matches, these were entered in the 1993 'IV 
cnhunn Waste processing and dfsposal options for which no matches were found are 
amttted fiwn the table. The relemnce c o h m  indicates the degree of averfap berween the 
listed options and active TIP pmjeas. The 'ITPs comprising the search data base are 
listed fn the appendfx. 
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L .  5. ROBOTICS AND AUTOMATION 

5.1 INTRODUCTION 

Many of the WM activities at ORNL win require only minimal use of*-/ 
automadm ?he handling of process waste. sohdsanttary waste, and licpd- 
waste art exanqdes of those WM activities that are not particularlyhazanh~ &f;nr 
which tbe use of robotics or remote handling can not bejustifkd. There are. h m ,  
severalWb¶ activities that, in the future, could requi~remote operations or cxluldbem& 
from tapaMUies of robotically depl- equipment. These activities indude the 
hsptmia and monitoring of waste materials stmexi in barrels or contairres in 
ground and accessible storage areas: the sorting. handling, and packagmg of salid 
remotely h a d e d  mu; and the pn>cessing of liquid remotely handled TRU maremls fn 
the prcpsedwHpp or a simllar facility. The s w  problems and kchdogyneeds of 
these appkamm of robotics are described in the following sections. 
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5.2 TECHNOLOGY OPTIONS 'L . 

The robotlcs/automatian technologies that QA.U be required far the Whf activities at 
ORNL are listed in Table 5.1. As shoan in the table, the technalog~es are gmuped into 
ntne functional areas. each represemtng a Merent  element or rxlmpanent of a robotic 
ar automation system. 

in Table 5.1, these technalog¶es are related to the spedfir WM auWities that Win 
the application of robotics or remote handling with an X These activities are 

described in the following paragraphs- 

5L1 Waste Handling and Packaging Plant 

WHPP is a haduty proporsed for cllnsrruction on ORR A detailed concqtual design of 
the hilily was completed several years ago and limited testing of several facility features 
was performed. Although the facility is presently awatttng a dedslan on the ffnal 
disposition ofTRU wastes, it is anticipated that it will be released for detaned design and 
ConSaudion before the end of the d d e  

As presently conceived+ WHPP would receive liquid- and solid-TRU mte in a large- 
vohune hot cell. The liquid waste would be processed and solidrfl#l fn a fmm suitable for 
hertion into a WIPP stmage mnista= The containers with solid-TRU waste would be 
recovered from burial sites and/or storage areas and transferred fnto the large-volume 
hot oeil through a double-lid transfer s_pstem designed to cuntamimtion of the 
colnatner. The solid waste would be sorted and segregated. d m  reduced. and 
repackaged into WIpP-appruved starage packages. Radiologlml s m q s  of the extemal 
surhxs of the containers wuuld also be performed prior to remmal ftom the hot cell. 

As noted above, the materials to be handled in the WHPP inctudemnutelyhandled 
liquid waste. presently stored in the Meiton Valley Storage Tanlcs and remteiy handled 
&id waste stored in various types o f  mncrete containers Same of thse concrete 

(pre-1980) are not easily mirkmhle, and the condition of the amtaimm LS generally 
llnknmm 

AII operations In the hot d would be performed remotely using hriclge-mounted 
semmanipulatoxs for sorting the solid waste and for perfomfng maintenance on the 
other hot& equipment htuxnation of the sorting operations wwld  be utilized to the 
lllamume!xtentpossfble. 
The operatfa of this factltty wlll e extensive use of mbotks/autamation and 

remotely handled technologies. Texhnologg and implementatian needs are described fn 
sects. 5 3  and 5.4. 

are e&ly retridk and m m b l y  in good cQndlfl(3n @Ost-1980). 0th- 

5122 Inspection and Monitoring of Waste Barrels and Containers 

until suitable waste pmmssiq tadlities are available, dgni&am guantmes of waste 
matfsiak Win be stored in b&/amWners in above ground stm-age areas. present 
regulatory quiremmts mandate the periodic inspectfon of these storage vessels for 
kahge ar yessel deterioraticn Fm the past several years, the mbottcs community has 
been d h p i n g  high-efffdency methods to perform this type of inspectian. Some of the 
robotic kchnologies required far this irtspection/sunnzUbce indude a Wd-hardened 

vision spstenrs PraEimityprobes, and ~~ symbologles 
(te. blgb4ensity bar codes). 



In addition. there is an inventory of containers (bards) presently in Storage. and its 
contents are d m o w ~ ~  Under current regulatiorrs, the barrels cannot be opened fin 
sampling. Noninrrusive methods of remotely sampling these barrels is required so that 
their ultimate d b p d  method can be determined. 

ROBA-12-OL 1 
ROBA-13-OL X 

I ROW-II-OL I I X 1 
X 
X 

ROBA- 17-OL I X 

ROBA-19-OL X -- 
L 

ROBA-2ML 

ROBA-21-OL 

X X 
X 

I ROBA-22-OL I X 1 X 1 

ROBA-25-OL 

ROBA-26-OL 

I ROBA-2eOL I X I 1 - 
X X 
X X 

ROBA-27-OL 

ROBA-28-OL 

X X 
X 

ROBA-29-OL 

ROBA-3ML I X 

X 
X 



I 

r 
Dam sheet waste handhng Sun-eiIlanCe 

code number ~ P a c w W  a n d w a n  
~ ~ ~ o r i t h m s  (continued) 

ROBA-314L X X 
ROBA-324L X X 
ROBA-33-OL X X 
ROBA-3eoL X X 
ROEA-354L X X 

ContrOl6+human/ma,chine interface 
R O B A - W L  X X 
RoEA-39-0L X X 
ROBA-4o-oL X X 

-==+P-won 
ROEA434L X X 
ROBA440L X X 
R O B A M L  X X 
ROBA4643L X X 

I 

RoBA-47-0L X 

ROBA-53-OL I X I X I 

ROBA48-OL 

ROBA-SOL 

ROBA-51-OL 
ROR4-52-OL 

I RoEA-54-oL I X I I 

X X 
X X 
X X 
X X 

I J 

X I X ROBA-55-0L" 



Data sheet 

1 ROBA-57-0L" I X I X I 

waste handling surpeillance 

I RORA-584L" I I X I 

code number and  pa^ 
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5.3 SUENCE AND TECHNOLOGY NEEDS 

Science and technology needs for WM activities are described in the fdloumg 
P W  ' with short explanations of why additional R&D is required. These needs are 
correlated to* SpedElC tasks m f m w  

5.3.1 Waste Handling and Packaging Activities 

Genaany, tbe robotics and remote handling techndogies required for waste handhg 
and padqlngplants (as described in Sect 5.2 f o r t h e m p  or asimilarfadlity) areaell 
developed and have beem field tested in fud qmxsing applications. The 
techndogks requirfng additional R&D am prwvided in the following sections. 

5.3.1.1 Dexterous ManipulatoMingle/Dual Arm Configuration and Modular A m  
Construction (ROBA-1 W L )  

Generany. tan> types oftaskswillbe required ofthe servomanipulators h a  large c d  
waste pac%aging plant. The manipulators win be mqured to reach into the casks and 
retrieve the waste materials prior to sx%ng a task that favors an d b ~ ~ ~ - u p  

equipmgnt which can include tasks that favor an --down configuration. No sting 
S~TYO- suitable for hot-cell appUcatrons can be configured in both types of 
stances Adclitimal R&D is required to d d o p  a system, including the control satitms 
(master arms). that can be used in either elbows-up or elbows-down configuTaty313s1 

53.1.2 Tool Caddies (ROBA-Zl-OL), End-Effector Changeout Mechanisms 

configuraaon. The manipulators will also perform periodic matntenarlc€! on other ceil 

(ROBAZISIOL), and General Gripper/Tool Interface (ROBA-25.OL) 

S i a c e r f i e ~ P u l a t o r s m a v b e ~ t o p e r f a r m m a i n t e n a n c e ~ ~ ~ b o t  
cellonaFarfetyufequipmentiterns, theaMilabilityafageneralpwposetoolcadckwtth 
a N1 caxnphmt ofhand and power tools would imrease the ddencg of the m x m e  
operat ia~  In addition, rapid changeout mechanisns and standard -/tool 

adencp of operatiam. These types of s p e d a k d  systems or capabilities are m t  
currenttp adab le ,  and a modest amount of R&D is required for their dwelopment 

fnterfaces, with built-in POW- and ~XIS~JIIKZI~&~OII leads. would also the 

5.3.2 Itqwction and Monitoring of Waste Barrels and Containers 

Waste storage containers or barrels are prsemly inspected by direct )nmtan 
observatim and the validity of the data. particularfy an the progressfve deteriomlan of 
the conrainas, is qualitative and subjective and depends on the judgement and Sgin of 
t h e I n s p e c t r r . ~ ~ i n s p ~ o n o f t h e ~ ~ a x ~ s e n s o r s d e p l a y e d b y r o b o d c  
devices, pTwides more quantitative informatian and can be performed more e3Wedy 
t h a n t h t p r e s e n t b b o r - i n t e n s i v e m e t h o d s - R o b o t i c ~ o n a l s o h a s t h e ~ ~ t  
it dtsplaces lnurmns b r n  a potenthlly hazardous ermironment, 

Remotefpoperatedvehicles can also be used to deploy sensors that couldbe &for 
the- characterization of bafiels w b s !  contents are unknawn. It is 
anUdpatedthat th l scharac ter i za t ionwi l lnoto~~speda l i zedsensors ,d~~  
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by others. but will also require the application of artificial intdigen~e, m what little 
informatim is known about the contents of the barrels 

- 

5.321 Mvanced Vision Systems ( R O B A 4 4 L )  

Tbe deeelopment of vision and irnage prucessing techniques will be required to 
qmndtauwdy characterize the exrernal suriaces of the waste can--. ~n 
initial surizywlll be required to develop a baseline for compariscmwith lam surveps. 
Additional R&D is required to enhance the capabilities ofpresent@avaM& systems to 
minxmmz the effects of dif€mtUghting and shading (sunny=. clouciyciays) and** 
v q m g  okmational positioning of the visian system. 

. .  

5-322 Data Handling and Data Base Management ( R O B A W L )  

Since the number of storage barrels is quite large, the amount of data generated by 
robotic inspection miy also be overwhdmmg unless efncient mods to store and 
remm the data are develom Dam handling. data storage, and dara base management 
are areas requiring additional R&D to improve the dc iency  and wty of inspection by 
robotic devices. 

V d 1 , R C  
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1. 
5.4 IMPLEMENTATION NEEDS 

Fadlfties and personnel are prtsendy available to pmvide m m  of the implementation 
needs for robotic/automation applimtions for WM activities. These fadlities can be 
modified at minimal cust to provide cold test beds for technology dedopment and 
wnfication and for personnef tratning. Other than adequate fundrng for technology 
development, no other ixxq~lemen- needs can be identified 

ppee 144 



5.5 TECHNOLOGY RANKINGS 

Techndogy Data sheet 
d e  number 

7 1 5  1 

Ranldng 

The rankfngs of the robotics/automation technologies required for WM actMties b 
given in Table 5 2 .  It should be noted that the crireria used far ranking are biased M 
those technolws that are c=ommercially availzsle. Hence a one-for-one comparison 
between the rankings and the science and technology needs identified in Sect 5.3 ism 
possible &e. c c m m m a b  * aMilable devices genemlly require little additional R8d)). ~t 
should also be noted &at several of the criteria suggested for ranking aot 
considered appkable to robotics/autamation. These include (1) compliance e 
requltements or regulatrons, (21 environmentaL safety, and health requirements, and (3) 
unit pmesing mts. Others of the criteria have limited applicabm fo 
robotics/autnmatron. 

A number of the technologies were considered essential. However, many of these 
t e c h n o l o ~ a l s o h a d a h i g h I - a n k i n g , w h i c h m e a n t t h e y ~ ~ ~ a v a i l a b l t . ~ b c  
essential k b x h g i e ~  were w d l y  associated nith highly ranked site p r o b h  a h .  

The d d o p m t  costs identifled in Table 5 3  should be considered rough ord,er-d- 
magnitudees~tes .~havemoreval ld l ty inthecomparisonofre iat tvecosts~  
the various mbotlcs/aummation technologies kc. they are internally consis-, than 
they do in tMr absohte magnitude. 

Mechani-ty , 
ROBA-1-oL Whetltd/trackedvehtcles E-5-2 (SbWi? 

ROBA-IO-OL Puwer sources for mobfle nlfltfarmc E-5-1 ($o.stN) 

ROBA-11-oL Faihrrc -xy systems for mobile p€iiifom E5-1 ($o.5M;M 

ROBA-8-OL Mounted robotic platform M-2-1 (%5M;N) 

Table 5.2. Rankings of robotics/automation technologies for 
waste mnnalnncnt 

ROBA-2O-OL 

ROEA-2 l-oL 

Prcdse programmable motloIls H-5-1 (Q0.5Mrh3 

Tool caddies H 4 1  (sO.5M;h3 

I I 
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Table 5 2  (continued) 
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DaLa sheet I codenumber T&mology 



Table 5.2 (continued) 
I 4 

R O B A - W L  

RoBA-59-oL 

Technology Data sheet 
code number 

I 

sensor tntegration M-3-2 ($lM;N) 

=wk- E5-1 ($lM;N) 
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5.6 RELEVANT TECHNOLOGIES UNDER DEVELOPMENT BY DOE 

DOE is currently developing techrralogles tfiat could contribute to sah-ing 
errvirrmzzstal and waste recyding problems at the difkrent DOE sites. Sane o f  these 
projeas may have relevant and benefkial elements with respect m &e 
robotics/zutcxnation technologies listed in Table 5.1. Table 5.3 gives the resuits oi a 
sear& afaMiiable information on programs fimded in FY 1992 and FY 1993 and 
idemifits possible matches with the complete ses of robotics/automatlon wcbdqgs  
listed inVal. 1. pts. A, B, and C, of t h e m .  Those N 1993 projects described bym 
and deazpmfnpn to be potentially reisant and beneficial are listed under the 
cOfieSPOSding robotics/automation technology code by TIT number. When no R 1993 
matches vnxe found and the searchers (based solel an personal knowledge) knewofdid 
N 1992 matches, these were entered in the 1993 TIP column. Ebbotics/autnmatlon 
tdmhges far which no matches were found are omitted fkom the table. when manp 
matches vere found only one or two were cited. Tbe relevance column t f ie 
degreeos'~betweenthetechno1ogieslistedinVal. l,Pts.A,B,andCandacrive 
?Tp projects. The TIPS comprising the search data base are listed in the appendix 
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60 REGULATORY COMPUANCE 

6.1 INTRODUCTION 
~~ 

A great chaIleage fh3.ng DOE today is the deactivation, deco . .  
decon- ckmanthg, and recsrcUng of gmemmmt-owned h p w  
supported tbe early nuclear energy research and defense programs. Many of h 
fhcilities hime m current use and have been retfred. %ne of these DOE tadlities & 
residual dioactm or chemical contamination levels that require cleanup and m1 
apart ofDOEs ERand WMprOgram, RA, D&D, and WMissues are being addressed 
DBrD Program is cuncerned with the safe caretaking of surplus nuclear fadlities u ~ t f l  
their deconbmmatim entombment, dismthng and remopaL or conversion to anotba 
non-nuclear mse.' RA addresses all CERCIA regulatory concerns brought about as a 
resultofpresriousWMactMUesandanyenviranmentalcon~tiondfscoveredasDBD 
commences The D8rD and RAregulatory m n m  are described inVoL 1, Pts. Aand B. 
respectidy. Tbe focus of this regulatory chapter will be an the WM activities resulijng 
not only from D&D and RA actions but also from daily axnpliance activities at the 0- 

DOE'S hamrdous-waste cleanup activities are regulated by the following: RCR& 
CERCU state and local requirements, and intend DOE orders, standards. and 
guidance doarments.'As a result of ORR being listed on the National priorities Us (NR$ 
under CERCIA. efkcdve I)ecember 21,1989 [54 FedaalReguIations 0 48184. DOE 
EPA and TDEC signed an F€'' &ecUw January 1.1992, far the ER of ORR An &act 
is underway to incorporateintothe FFAall inactivebcihties that areknown or suspecrd 
to contain siguificant quantities of residual hazardous materials.' These facilities wouid 
be added to pmject lists undet the FFA and would subsequently undergo rem#liatinn 
pursuant to cER(=IA or RCRA and subject to the regulatary drivers detailed in VoL 1. PL 
B, Chap. 6. WM must handle added RA wastes from ER activities, impding 
transportatian storage, and ORR disposal activities. fnclucbg WM actMties at ORKL 
Facilities axmwng hazirdous wastes that mnatn W as D8rD activities wudd be 
closed underthe D&D program, subject to the regulatary Qfvers detailed i n V d  1. pt 
A. chap. 7. 

DOE has enteted into a number of other agreements wlth state and federal m. 
which either define mmmitted milestones for ER and WM activities or arrange Zrrr 
appraisals and audits1 % m j o r  agreements camahmg - c o m m l t t e d m i l ~  
impacting OEWLacttvities are the Tennessee/DoEMoTpfrrrvlg and Owrsight- 
~~,andTheF~FaciEitiescOmptianCe~f~Mi;redWa~te~~jedtOLcrrd 

fi7lleoakRidgeResenrrrtron aDR-Fl;rcA/ORR).' Disposal- 
TOAdetails the obligations and a&reements between DOE andTDEC withrespeato 

the DOE prmkion fortecbnlcal and flnandal suppan ofstate e T N i r o m t a l  acttvftls- 
These activities include the f o l l o w  participation in the FFA covering ER O m  
oversight. xnonitarfn& access, and emergency response initiatives. Such actMties are 
designed to e s u r e  co-ce with applicable federal, state, and local lam a d  
regulatians alncemq ORR and its environs.' 

T h e L D R - F F C A / O R R w a s s f g n e d ~ J u n e l ~ , ~ ~ ~ t P _ h , t O b ~ ~  
waste generation and storage facilities on the resenation into mrnpbncewitb apw 
enviroNnental laws.' PCB-FFCA for ORR is under development; one sped af the 
agreement is to provide for continued storage of PCB-C(g/-ted ma- at O m L  

- .  
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7 15 1 
A SecOIlcl group of milestones, not amsidered commitmenk are demed pmarlly 

fkom DOE3 annual Flve Year Pbn. Current Year Work Plans, and-q Data Sheets.' 
At this ttme. these milestones sewe as the regulatory drfvers for ~ % f .  and D&D 
-. 

Tbis chapter will define regulatory Lssues relating to W. including federal and state 
regulan~~~. DOE orders. Interagency Agreements, and Federal Facility corqhance 
Agreements FFCAs) as they appiy to WM practices at ORNL 



6.2 TYPESOFWASTES 7 1 5 1  

One of the chakqes  to WM at ORNL is the variety and mmpkdty of waste tJrpes 
that must be handled. Ad- to ttme complexity is regulatory language that sometimes 
makes certain waste types appear u) be 'hot what they seem" Waste types at ORNL 
include the followirqg solid. hazardous, mixed. radioactive, medid asbestos. and PCBs. 
Through the use of legal labels. hquds and gases can be solid wastes- Stated very smply. 
wastes thatamtaincunstltuents that areharmful to humanhealthand the environment 
arewnsidered~o~."Radioactfvewastesaremadeupafthef~gtypes:TRU. 

Mixed waste contains both hazardous and radioactive c~mponents Asbestos, usually 
contained in structural building parts. is a concern at ORNL, especUy where tbe 
danolition ofb- and structures is anticipated. PCBs are generaltyassocbtedwith 
dectrical, hybulic. and heat transfer equipment and amtafners, The last ca tegq  of 
wastes that win be dfscussed in this document is pesticides. Regulatory guidance 
provides assistance in labeting. storage, and dispoSaL and container design of pesticitk 
pmducts. 

high-led. l~w-leVel, m w  occurring. and accelerator-prod~ced radioactive 

vd.1,Pt.c 
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6.3 SOUD- AND HAZARDOUSWASTE MANAGEMENT c 7 7 %  a 
6.3.1 Resource Conservation and Recovery Act 

RCRAwas passed in 1976 as an amencEment to the Solid Waste Disposal (!3WDAl 
(1963. ?he pximary goals of RCRA are to protect human health and the 4 
hmtbepotentialhazards ofwaste disposal. to canserve energy and naturalresmnxs. 
t o ~ t h e a m o u n t o f w a s t e g e n e r a t e d ~ d t n g ~ o u s w a s t e ) , a n d t o e r r n n e t h a t  
wasteismanagedinan environmentany sound manner. Themost extensm . 
RCRA wtse the Hazardous and Solid Waste Amendments (HSWA) of 1984. These 
amendmmts hduded new requirements for land disposal restricticms 0. 
undergramd storage tanks Wsr), surhce inpundments. correcthe actian. and 

deadlims. RCRA. as amended by HSWA, fs divided into the foIluwing ten 
subtitles: 

Subtitkdr(;enercrlpnwisfons. Contains c o n w o n a l  flndfngs related to safidaaste. 
dehes  the objectives of RCRk and describes integration between RCRA and other 
Statutes. 

. 

Subtitle B--OPBce of Solid Waste: Antborfties ofthe Administrator. E s t a b m  the 
OfBce of Solid Waste and deflnes the re~pons0ilitfes of the Admfnistrator. 

Subtitle 
regulatesbazardouswastefmmthe time it is generated until its ultimate dispasal 

Waste Management. Establishes a management sysrem that 

Subtitle F 4 d d  Responsibilities. Stipulates that Federal facilities shall be subject 
to all apphcable RCRA requirernents. 

Subtitle De~elopmcnt, DcmopstrOtioa, and Informatha Encourages 
spedal studies. new programs. and hnavative technologies. and pnndes for 
amdkmm, dection, and dfssemination of infamation related to solid waste. 

subtitle -on of undergropnd Mange Tank& Regulates petroieum*m 
and hazardous substances (as d&ed by CERCIA) stored in UST's. 

Subtitle-calWastes. Establlshesatwo-yeardemonstrationpmjp.mfartxa&ing 
medicai waste in participating States. 



6.32 Tennessee Regulations - .  - 7 7 5  1 
Seafon 3006031 of RCRA aIlm states to apply to EPA for authorfiation to administer 

and enfarce a hazardous waste program pursuant to Subtitle c. ?herefarc. authorized 
state programs are carried out in lieu ofthe federal prograxm However, because HSWA 
made many changes to the RCRA program, the federal government errfraces HSWA 
nxpmments in states that are authorized only for the base RCRApmgmn until these 
states receive HSWA authorfiatian. On JUrp 3.1986, EPA published a notice axmoundng 
that in d e r  to obtain and maintain authorization to administer and d i m e  a RCRA 
Subtitk C Hazardous Waste program states must apply for authorfiation to regulate the 
bzanbus waste components ofradfoacf3ve mixed waste. EPA stated in this notice that 
tbe radioactive-waste companent of radhctive!-mixed waste is subjed to the Atomic 
-Act 0 of 1954, as amended (68 Stat. 923). and that the M o u s - w a s t e  
asmpnent is subject to RCRA The DOE Byproducts Rule. which discusses how RCRA 
apphes to radioactive waste that axWn components of hazmbus wastes within the 
meaning of RCRA. was published on Map 1. 1987 (52 I;R 15937). As a in statxs 
that are authorized for both base RCRA and mixed waste, fadHtifs are subject *to 
state regulattons. Pursuant to Sect 3006 of RCRA. 42 U.S.C. Q 69306). the State of 
Tennessee was granted final auhr3zaticsn an February 2.1985 by EPA to operate an 
equhknt state hazardous-wase program. Federally authorized state FKRA programs 
dateadytoRCRAstandadsbeforeHSFVkOnAugust 11.1987.Tennesseereceived 
autha-kation to regulate the hazardous-waste component of was& 
Therefore. Tennessee Is  authorized far the RCRA Base Program and fmmtx#l wastes. 
A L s o . b e m u s e H S W A a n d m i m w l ~ ~ a r e ~ l e t e f y s e p a r a t e p r o g r a m s . a s t a t e ' s ~  
mmste authorization status is totany independent and una&ckd by its HSWA 
authorizatfon status. However, it should be noted that EPA may mdse a state's program. 
withdraw its approval, or transfa a state's responsibilities back to the federal government 
whenaecessary.However.Tennessee"ssubsbntfveRCRAregulatrclasareidentrcalforthe 
most part to the federal RCRAhgulatrorrs, New regulations imposed in 1984by HSWA 
are to be considered applicable under federal law in all states until each au fb rkd  state 
promulgates its own HSWA-reiated standards. Although the Termessee Solid Waste 
MsposalControlBoardhaspnnrrulgated~oftheHSWAregulatians.EPAhasnotyet 
au- all parts of the progran" Fm m p l e ,  Tennesset is not ear f i ed  for 
correcffvt action nor ID&? 

6.3.3 Solickwaste Regulations 

Section 1004(27) of RCRA &fines 'solid waste" as any garbagc rethe sludge fiam 
a waste treatment plank water supply treatment plank or air pdlution amirol hcility 
and other dismrded materfal. Whding solid, liquid. semtsolid. or canbind gaseous 
~ ~ ~ f r o m l n d u s t r l a l c a m m e r d a l m t n i n & a n d ~ c u l t u r a l o p a a t f o n s , a n d  
fimn community activities. but does not jnciude solid or dissohd mahial tn domestic 
sewage. or solid or dissolved mat&als tn irrigation return flows artndustrhldfscbarges, 
wMcharepointsourcessubjecttopemsltsunderSect. 402oftheFederalWaterpollUtlon 
-Act, as amended (86 stat 880). orsource, spedal nuclear. orbyproduct material 

Additionally, EPA in 40 Code ofFedaalRegulalions (CFR) Q 261.2 has deflned solid 
araste as any discarded material that is not d u d e d  40 C~Rg261.46) crthat is not 
eduded by variance granted pursuant to 40 CFFQ 260.30 and [j 260.31. Msmrded 
material is defined in 40 CFR 8 zS1.2(a)(2) as any material that is abandcmed. 

ascMnalbytheAEA 
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orfnherentlyaaste-lke. Since the terms "abandoW"'recTrcl~" and "inherentlywaste- 
like" are capable of broad interpretation, the u q  they ak interpreM will determine 
whether or mt a waste is 'solid" and therefore subject to RCRA requfrements. M ~ W  
are solid waste If- are abandoned by being dtsposed of burned OT inmerated ~f 
accumulated. stored or treated before or In lieu of berg disposed of, b d  (~r 

incinerated. In 40 CFR 5 261.2(d), EPA has designated four mtegories of waste that are 
"inherentlywaste-like" and which will be classified as 'solid aastes" ifthey are 
inanymarmer.Also.- . are solid wastes if recycled (H accumulated, stmed, a 
treated before reqclmg in a q  of the following ways: in a manner constituting dispasaL 
by b- far mmery. by reclamation a r b y  speculative accumulatian.A 
mlxture of a SQM waste and ahaimdous waste txigers RCRA's "mtxture rule," which& 
discusseduILdefthe- * wastesectionofthisdocument. 

ORNL smitary waste indudes solid wastes generated hm steam plant operations. 
cual yard nmtS general refuse. and constmaion debrk' santtay noma&- 
nonhazardous d i d  wastes that contain no krtquLds include filter cake fromthecoal 
Yard Runoff Thatment System (CYKIS). fly ash h the ORNL steam plank gaperal 
refuse c o l l m  in trash cam and dumpsters, and consrrucdon debris.2 A d d f t i ~ .  
ORNLsanitarywaste includes liquid wastes which are g e n a  &om sanitaxy s m q e  
waste treatment area runoff ofrainwater, and pant sources such as coal yard n m d  
The State of Tmnessee reguiateS these waste streams at ORNL through the Tennessee 
Solid Waste Msposal Ad W§ 68-31-101 et seq.), the Tennessee Water Quality contrd 
Act (TCA § 69-3-101 et seq.) and ORNL's NPDES Permit (State of Tennessee NFDES 
Pennlt No. TNOOO2950). Because some of liquid wastes are r a d i w  
contamtnated W discharges are controlled by Tennessee's Regulations for Rotectim 

limitations desaibed in the ORNLNPDES Permit LJmktheNPDES Permit, dlschqp 
must be reduced toALARAl& and must camply with thehitations In Schedule- 
8-1, Table IX. C a l m  2. of TDEC Rules Chap. 1200-2-5. Other requirements art 
desnibed In thepermit. Perdnent DOE orders are DOE Order5820.2AandDOEOrda 
5400.3. 

UnderRCRAsed. 1 o o a E P A h a s b e e n a u t h o r f i e d t o d ~ a n d p u b l l s h ~  
for the mamgment of solid waste, including mtnlmum cliteria for deflnlng sohd WM 
practices. These criteria listed in 40CFR257, are to be used to determtne wbkh 
facilities and practices pose a reasonable probability a€ harm to human health OT the 
environment Ractfces kiling to satisj. these criteria constitute -open dumping" WMCh 
RCRAsect. 4005 prohibits. These dteriaalso provide guidainP?; for theuse and disposai 
of sludge un&r Sect a d )  of the Clean Water Ad (CWA). Activities that are czampted 
from these ateria are listed ar 40 CFR Q 257.1 (c). 40 CFR 257.3-1, which prohibits the 
r e s t r i c t i o n o f f b w w i t h i n f l ~ ,  thereductiondtempmrywaterstoragecapadtp, 
and practices causingwasbmt of solid waste that pose health and 
hamds. 40 CFR Q 2573-2 prohibits practices resulting in the destructton or adverse 
mcxMcation of critical habitats of endangered or thrmemd spe!des of plants. bh. ot 
wildlife. 40 CFR § 2573-3 prohibits the discharge of ponutants to surface waters in 
violation of tbe NPDES under the CWA as well as the nan-point source polhrUm. 
According to 40 CFRg 257.34  a solid WM fadlitymqnot amtamhate d e r g r a r n d  
drinking water sources beytmd concentrations eElceedlng safe Drinking Water Act 
maximum contarrdnant levets (MCb). 257.3-5 prohibits application of solid-waste to 
withfn 3 feet afthe land s u r f i . ~  used for food-chain crops. on-stte population ofdisease 

Against Radiatton. TDEC RI&S chaps. 1200-24 aTlci 1200-2-5 a~ well a~ e 

v e ~ t o r ~  m t  be I- (40 CFR Q 257.3-6). Open bumtng of a d  wa~k Is prohibited 
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wosive gases generated b~ the WQ may not exceed c L n  1- 

(40 CFR § 257.3-8). 
The State a f T ~ e ~ s e e  regulates the operatian of sanitarywaste landfills pursuant 

to theTennesee Solid Waste Disposal Ad. as amlsuled, under TDEC Rule i w i - 7 .  'Ibe 
State quires permits for solid-waste p e s i n g  and disposal faditis w 
Chap. 1200-1-7-.02). The state regulanans ' am similar to the federal requimn.m~ and 
have adoptedbyreference all of EPA's rules. whichhad become final by October 1992. 
The two state-permitted facilities that have mcdved sanltaxy-solid waste from O m a r e  
Sanitary IandfUl (SIX9 II at the Y-12 Ste, permitted on D e z e d x r  20,1982. t& 
ORNL Canuamr Landfill, permitted on Januaxy 23,1986 and currentfy d d 2  The 
permit far SIE II requires that no liquds. fndustriai-spedal waste, or waste reqrrirtng 
spedal handkg shall be accepted at t h e m u n l e s s  priorwritten approral is 

lxmnious waste shall be accepted at SIE IL'h addition to these g e n d  

permtt states that only waste Spedfied in the site operations manual as tnr 
disposal shall be deposited unless prlae written approval for each individual waste is 
obtained' waste is specifically excluded from disp0sal.l Tbe pemit allom 

must close by March 15,1994. and a near SW. currently under constructioa is tqecuxl 
tobeopaatirmaibythattime. Ground-watermonitnringisconductedatSIEIIpursuant 
to grmmd-water sampling parameters estahllshed by TDEC Division of Sohi Waste 
Management in TDEC Rule 1200-1-7-.m6)? 

whenem ORNL contemplates any n m  wcsrks or changes in exisUng w m b  that 
causes smmge industrial wastes or otherwaste to be dischargd into or adjacent to any 
~ ~ o f t h e S t a t e . a r e g t s ~ e n g i n e g m u s t n l a n _ d e s i g n , a n d ~ ~ t b e ~  
of any such w m h .  Aregistered e#neais alsorequfred to assist in the start-up & a d  
the outlining of correct operating pmcahms far any new or altered waste amba 
treatment or vmter quality contml fidlities. Rrrther detailed gufdance far spa3fk 
adivities, indudhg developing plans. obtaining site approval, and submitting reparts 
is$mviciedinTDECRules 1200-4-2-.02thrmgb 1200-4-2-.06.Thesub1nissianafletters, 
reports. plans. and spedflcatians cmrjtitute an application for a permit far the 
construc&m, imtallation, or modiflmdan of any treatment works or part thered cr any 
extendm or addition thereto, the opaaiicm that will likely to cause an increase in* 
dixharge of wastes into the watexs oftbe state or would otherwise alter the physkd. 
cheinical, hidogical or bacteriological pmperties a f q  waters ofthe state in anprrranner 
notakadylegaRyauthorized."h& a p e  totheccmstructionofanynewoutl&asardL 
The of3dal letter issued by the Commisioneis repmsentatb appmbg a Pr0)ed. 
t o g e t b e r a r i t h t h e p l a n s a n d s p e d f f ~ g f v i n g t h e o ~ d a l " A p p r w e d f a r ~ ~ ~  
stamp of the Cammissioner constitutes a d i d  permit to construct, install OQ modi@& 
conformance with all conditions shown in the plans and drawings ClDEC €tule 1200-4-2- 
.07). TDEC e Chap. 1200-4-2 should be refened to for further detail and 
ThiSpemttis separate and disttnctfimthepermit required to operateasewagesystan 
or a sewage treatment system, and to dischargewaste from any new orexisting outlet 
foIloartng treatment m E C  Rule Chap. 12oo-e2.-.07). 

sarrftary~wasteincludeswastestreamsdfscharged, eitherdkectly~rindtr#.thr 
orfdlowingtreatment, toWhiteOakCre&2ORNLsanttaryliquidwastestreanzsfdude 
the foilowirg sanftary sewage wastes frcnn Be$hel and Melton Valleys. area d o f  
mbmater and point sources? current regulatory requfrements include the CWA tht 
SDW~andT~rulesgoverntngtheWatersofTennessee~~~water~ 

f a  each hdivklual As requtred the T m e s ~ e e  Hazard- Waste= m 

the SIEIIpermitestabliShed minlrmrmdaUyand~mverq&. t& 

dispasalof spedalwaste including asbestos. wash. and coal yard runoff sludge2sIE II 
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control Act. T.CA Q 69-3-101 a set?.). The NPDES permit far ORNL sets the parameters 
far sanitary liquid waste mllecaon treatment and  discharge^^ The s a n f t q  sewage 
wastes are radioactive due to leakage into sewer piping and resulting contamination of 
aeratlon/sludge dryFng basms. The state rules and DOE ord& regulating these wastes 
hape already been spedfled in sect 6.3.2. 

Whenwer any new w o r h  ur change in existing works are behg wnsidered where 
~e,industriaiwastes.aro~waStewillbedischargedlntooradj~ttoanywaste 
of the stak a registered engimxr  lust plan, design, and inspect the ax&xuction or any 
such works. A registend eng5neer must also asskt in the startup of and outline correct 

,oantrolled facilities mEC Rule 1200-42-.01). 
operating plmxiures for any Ilmv OT altered wastewater treatment (3t water quality- 

6.3.4 Hazardou*Waste Management Regulations 

Under RCRA. hazardous wastes are d&ed as a subset ofsohd wastes. Therefore, 
unlcrrs a waste is tlrsta sohdwaste, it cannot be a hazardous waste. See Sect. 6.3.3 for 
the solid waste defMion. Hazardous waste is deflned at 40 CFR Q 261.3, and a solid 
Fpasfe as deBned in 40 CFRQ 261.2 is a hazudous waste ifit meets anyof the foIIowing 
aim 

1. 

2. 
3. 

4. 
5. 
6. 

Does the waste -it any one of the four of a hazardous waste 

Has thewaste been tistedas a hazardous waste in 40 CFR261. Subpart D? 
Is the waste a mixtwecantafnfng a listed hazardous waste and a nankmzdous d i d  
waste? 
Is the waste deriuedfiomthe treatment of a listed hazardous waste? 
Is the wastenot edudedfromregulation as a hazardous waste? 
Is the waste a h a z z c h s  waste contcdned-fn an envinwmental IIpedium. such as 
ground water or soil? 

idenwed in 40 cFR261, subpan c3 

6.3.4.1 Characteristics of Hazardous Waste 

In 4-0 CFR 261, EPA has identlfted four characteristics of hazarcloa~~ wastes that are 
ignitabillty, amosivity, readivity, and taxicity. F’lrst. a solid waste is h e r e d  ignitable 
under40CFR§261,21ifthewasteisaliquid, exceptanaqueoussohrtioncontah-dng 
less than 24% alcohol that has a flash point of less than 6 O T  (140°F); it is a n0n-Uqui.d 
capable, under n o d  dnxnnstances. of spontaneous and sustahed ambustion: or it 
fs an ignitable compressed gas oc an arddizer per Department of “hnqmrtation 0 
regulation. Second, a solid waste is amsidered corrosive under 40 CFRg 261.22 ifit is 
an aqueous materfal wi tha pH less than  or equal to 2.0 argreaterthan or equal to 125. 
or if it is a liquid that carrods at a rate greater than 1/4 inch per year at 55°C 
(13o”F).Thtrd, a solidwasteb mideed reactive under 40 CFRg 26123 ifit has the 
fallowing properties: it is mrmally unstable and ream violmtly without detmatlng it 
mads violently, forms an explosipe mtxture, or generates toxic gases rapers. or fiunes 
when mixed with water it am- cyanide or sulflde and generates tnrdc gases, vapors. 
or fumes at a pH of behmn 2.0 and 12.5: it is capable of detanatian if heated under 
confinement, subjected to strong initiating force, or at standard tfmperature and 
pressure; or it is listed as a DOTClla.ccAor B explosive. Fourth. a solid waste exhibits 
the -city charactexistic under 4OCFRg261.24 if after canducttng the Tcmicity 
Characterlstic~~Procedure~testdescribedat40CFR261,AppendlxII,the 
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extractfromthewaste contains any of the 39 hazardous con~tituents listed i n W e  I of 
40 CFR Q 261.24 at a amcentration lwel equal to or greaterthani~ specifled fn thesame 
table. EPA adq~ted a new rule (51 PR2164.8) OTI A k &  29, 1990 that r ep lad  the 
~cti0nProcedurefEP)withtheTCLPandarpandedthtl istoftaJd~cons~~ents~ 
14 to 39. As a result ofthis rule, the amount ofwastes DOE facilities must handle as 

of the EP tmdcity standard was a HSWArequinmempursuant to Sect, 30Oll.g) of= 
mfxed waste exbibitlng the toxicity charact.eristk is m m d d  HSWAregulaM After 
September 25. 1990. a state's authorizatian status does not affect the defirdtim of 
taxldty dumctaMc-cOntaminated mfrrPrt waste because it is always amsidered a 
bazardouswaste. 

hazardous a r a d i ~ m f x e d w a s t e s  has begnsigdkantfyincreased. SincenYiskXl 

63.4.2 usted 

Any &waste that is listed in 40 CFR261. Subpart D, fs considered hazardous 
Under 40 CFR 261 there are four separate lists of hazardous waste that consists af 

1. 

2. 

3. 

4. 

'F' wastes found at 40 CFR 5 261.31, which are wastes fram nonspecific sources and 
include many solvent wastes generated at DOE faduties that may be mixed 
r a d i ~ w a s t e s .  
'K" wastg found at 40 CFR Q 261.32. which arewastes hmspedflc sourees?his 
listing kkntifies waste streams from specified i n d u s a  processes. 
'P" wastes found at 40 CFR Q 261.33(e). which are discarded and of f -qedfhum 
~ ~ ~ c h e n r i m l p r o d u c t s a n d r e s i d u e s ~ t h f f P p r O d U C t S i d e n t i f i e d a s ~  
hazarclous. 
"u" wastes found at 40 CFR Q 261.33(f)(6). 
commerdal chemtcal products and residues fnrm tkse products identified as tmdF_ 

M e d  and off-- 

The T and ZT" lists are limited in scope, cuverbg ady those products gen- 
identified using the mme of a single listed amstituast and including only u m s d  
portfans of th€se products. other materials containfng T ar T listed constituents art 
not amsidered hazardous unless they arelisted ekwherehthe regulations 0redsW.t 
ahazardouscharactajstic. 

6.3.4.3 Hazsrdous Constituents Regulated Under RCRA and Hazardous- 
Waste Constituents 

RCRA aka identifies a large number of hazardas consBtuents. Although the 
presence ofhazardous constituents alone in awaste stream does not automatically &€he 
thatwas~streamas~ousunderRCRA.thesecanstftu~potentianyposeatfneat 
to human health and the environment and farm thebasis for htinga solid waste as 
hazardous. The following are the four mtltuent lists: 40CFR261, Appendh 
vn--Hazardous Waste Constituents: 4OCFR261, Appendix VIII-Hazarcious 

265.92(b)(l)-(3)-IntaIm Status Monitoring Ikam&m. 
Ffrst, a hazardous-waste constituent is de&ned as a constituent that caused the 

Admtnistratm to Ifst the hazardous waste in 40 C€R 261. Subpart D, or a constituent 
listed in Tabk I of40 CFRQ 261.24 (40 CFRg 2450.10). AppendkVI1 constituentsarae 
used by EPA as a basis for the listing of s p d f k d  "F' and T'wastes. while= I of 
40 CFR Q 26124 represents those constituents thatddne awaste as hazardous by the 

Constitllents: 40 CFR 264. Appendix Ix-Ground-water wtoring ut: and 40 CFR Q 

oca0575 



tuxidq characteristic. Also. hazardwrr f te  Wnstituents are used iis grmmdwater 
asesment monltorlng under the interim status mtoring program dted 
at 40 CFR 2%. Subpart F. Gmund-water assessment monitoring pamxmzs are relevant 
at DOE facilities that are not yet subject to the permitted f a d l f ~  standards of 
40 CFR 264. 

Appendk vm, dted at 4ocFR261. lists o m  350 consutllents tdmtified as 
hazanbs under RCRA Thts kt contains chemicals that ha= toxic, cardnogenlc. 
mutagenic, OT teratogenic &eus on humans or other life forms. 

Appendh rX gromd-watgmonltarlng hst, was created by EPAas a shonened and 
modified version of Appendix Vm for use in the 40 CFR 264, Subpart F, ground-water 
mnttonng program. This kt comains mer200 con~tituents that must be monitored for 
in gmudwater (40 CFR 264) 

In order to establish backgmnd grmmd-water quality at inmim S- ficilities, 
40 CFR 5 265.92(b) contains 31 parameters that must be monitored. These amstitumts 
are used to detendne the suitability of ground water as a source afdrtnkslgvmer, the 
general guality of mmd water. a d  the pre~en~e of grOUnd-Water m-. 

6.3.4.4 Wastes Excluded From Subtitle C Regulation 

40 CFR Q 261.m) lists a mrmber ofoommon waste streams that are excluded h m  

quantip generators, or used oil that exfiihits a hazwdous charactaistic. bm is recycled 
In same way other than being burned for energgrecovesy, is errempt Used dl burned for 
energy rumery is exempt fmm Subtitle C, but is regulated under 40 CFR 266. 

regubtrm under RCRA’S m ~ u s - w a ~ t e  Used oil that is generated by small 

63.45 Delisting Petitions 

hn 40 CFR 261* Subpart D. rn 90 industrial waste streams are listed as hazardous. 

pmcehms set forth in 40 CFR g 260.20 and 260.22.40 CFR 260.20 and 260.22. 
These also contain procedutes far petttiarmg EPA to d u d e  a listed ppaste 6rom a 
partirvatfkcility because that- does not pose a threat to human health and the 
emimxxnt These procedures may also be used for delisting the hazardous component 
of a mtrpn waste. If the owner of operatar of a fadlily is able to delist the hamdous 
a m p m m ~  of a mixed waste. tbe waste is TY) longer subject to the mphemmts under 
RCRA a d ,  the delisted material becanes a radioactive waste regulated solely& 
DOE. A heility seeking a delisting must demonstrate that fts partlcubr waste does not 
<rmtatn the hazardous constituents that required EPA to Ilst the waste or any other 
~t i tuarts thatcouldcausetheaastetobe~ous(40  CFR§260.22).Lfthefadlity 
owner or uperator is able to dehst the amtents of a hazardous WM unit that Wm be 
closed the wastes that are removed during closure do not have to be &posed as 
haanbus wastes and are not subject to the LDRs program. 

currendy, listed wastes remain hazard- udess they are ’deuste!d- armrdmg to 

On May 19,1980, EPA p r o w  the deftnltionS of "mixture" and thg “&Wed- 
from” ha2adous wastes (45 m m .  

Mr)arr? RnIe. For WM actMtles dealing with hazardous waste, the minnrrpl rule 
must be M e r e d .  Under themixrureruk amixture of a listed hazardous wmste and 
awlfd wasteis a hazardous waste unless the mixture qualifies for an The 
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exemptions apply if the listed hazardous waste in the mixme aas solely because 
it exhibits a hazardous characteristic and the mtnnve does not exhibit that 
characteristic;themFnh~COnSiSfSofwa~tewaterand~spedfledhazardouswastes 
In mute concentmuom. the discharge of which is subject: to under the CWA; 
ar the mixture m m t s  of a dFxarded commerdal chemicd produa resulting fiom de 
rmrwnts losse~ during mmukmring operations. It s h o d  be noted that these 
-ptiom apply oniywhen the hazardous waste beccnnes mixed with other wastes as 
part of normal WM activities and not when the wastes are htentiodty mbced to achierre 
dilution. I f t h e w a s t e s a r e ~ ~ ~ m l x e d , ~ ~ c x r u l d c o n s t i t u t e t r e a t m e n t a n d  
trlgger the requtrement of a RCRA permit. AdditionaUy. if me of the above exemptlorts 
does not apply to awaste and t b e M o u s  component of the mkfmeis a listedwaste. 
then a delisting petition may be applied far under 40 CFR §§ 26020 and 260.22. In 
contrast. if the mixture cantains a characteristic hazardous waste (awaste that is listed 
tn 40 CFR 261, Subpart D. solely bemuse it exbibits one! or mue of the characteristics 
listed in Subpart 0 and the resuftant mixture no longer a)lthik the characteristlc(s) for 
which it was orighally listed, themixture is not a hazanhs waste 'Iliedore. a mixhm 
of a characteristic hazardous waste and a solid waste wiIl be deemed hazanious only if 
the entire mixture ccmUnues to enfiibit a hazardous charaderlstfc H ow e v e r  , on 
December 6.1991, the U.S. Coun ofAppeals in Washtngton. DCtuled fn ShellOaCo. u. 
u.s hwironmental Aotectron Agency. that EPA did not properiy sek public coxxnmt 
prior to Promtllgatian of the mixture and derivezi-fkcim rules. in violation of tbe 
Administxattve Procedure Act As a result of the Shelldedsfcm. these! Iulemakings were 
remanded to EPA EPA responded to the remand on March 3,1992 by reinstating the 
rules on an fnterhn basis with a%unset" date ofApril 28.1993. wben these ruleswiii 
expire if EPA tails to adopt a replacement far them 157 Rz 7628. h h c h  3.1992. codified 
at 40 CFR Q 261.3(e)]. Houmer. these rules continue In U effea bemuse EPA rem(3ped 
the April 28,1993 expfration date fram its reLnstatement afthe mtahrrr! and derived-frapp 
rules in order to assure contlnrrity ofthe existing natimai hazardcu-waste program. 
while EPAdetermlnes the mast appropriate approach fbrmdifhtlan ofthe rules? ETA 
antidpates promulgating reFrised regulations for mixhxns and treabmnt residues. 
congress has charged EPAWlthpr0mulgatin.g rules to acMress the dmed-from and 
mixture issues by October 19%'. 

D u f v e d - ~ ~ . A n o t h e r ~ t r u i e f a r W M ~ t i e s d ~ w i t h ~ o u s  
waste is the derhed-€i-om rule. According to this m k  awaste generated from the 
treatment. storage, or disposal afa hazardous waste. such as ash. leachate, or emision 
control dust. is also abazardouswaste, unless e=mpted. Ifthewaste Fs derived fhma 
listed hazardous waste. the wasfe is considered a hazardous waste until d*ttng 
procedures under 40 CFR 26020 and 260.22 are fdlowexi. If the w t e  is derived fium 
a characteristic hazardous waste, it is not hazardm if it does not -it that 
characteristic This rule is cumdyoperathgonaninterimbasis andwillreq*mA 
action by October 1994. 

Contaiaed-in PoEicy.  noth her important rule to WM activities is the "contained-in 
rule." h m m t t o  the mtaimd-inruie, environmental media M a h t e d - t e .  
such as cuntamhakd soils and ground water, must be managed fregulatea underR(=RA 
Subtitle C) as ifthey were hazarduus wastes. for as long as they =time to con-* 
listedhazardouswaste.The~~ted~aresaidtocan~thellsted~aus 
waste. EPA has now axiified contained-in rule that has pmbusly served as an 
tnterpretiveglos antheezdstbgmixhre and derived-frmnrules 67 m37225.  August 
18.1992). AS a resuit the mmmed-in concept will apply to both media and ntmxnedh 
debris (57 FR 37225.August 18.1992). Additionally, EPAhas axiified the coro-part 
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of the c0nmned-h rule. which provides debris that no longer 'contafns" listed 
hazardous-waste would no longer be subject to Subtitle C regulation as lang as it does 
not -it any hazardous waste characteristic (57 FR 37226, August 18.1992). 
M Waste. Section 1004 ofthe SFvDAwas amended by the m o f  1992 

addingadefiniUonformixedwasteasfoIlows: 'tvastethatcontainsbothhazardousaaste 
and source, spcial nuclear, or by-product material subject to t h e m  of 1954 (42 U3.C. 

in 40 CFR 261. and a radioactive waste subject to t h e m  See Sect. 6.5 for discusion 
of ORNL mtn#l WM regulatorg issues. 

2001 ~ ~ e p ) . ' M k d  wastes those contatntng an RCRA hazardous waste. a~ d&& - 

6.3.4.7 Genwatot Requirements under RCRA Subtitle C 

A generaua is deflned as any person. by site whose act or process p d u -  
hazmbuswasteidentified or listed in 40 CFR 261 orwhose actflrst causes ahazardous 
wastetobeccnnesubject to regulation (40 CFR Q 260.1O).The requirements for 
of haardous waste are dted at 40 CFR 262. ?he scope of the requirements for g a m  
includes any owner or operator who initiates a shipment of haizmious mte fmm a 
-L srarage. disposal hdty CTSDF) I40 CFR Q 262.lO(r)l. Howwer. a generatar 
who neats. sums, or disposes of hazardous waste an site must only complywith the 
generasar standards at 40 CFR s 262.11.5 262.12,§ 262.34,s 262.40. and Q 262.43. A 
generatar must ffrst determine whether iiny of its d i d  waste is a hazardous mte 
(40 CFR Q 262.1 1). Then, a generator must obtain an EPA Identification Number More 
any waste can be transported. heated, stored, ar disposed of 
[40 =§ 262.12(a)I. Addit iow,  a generator must not offer his hazardous waste to 
baqmrms ar hazardous-waste trea- storage, and disposal facility ~ D F s )  that 
have not recefFled an EPA Identification Number (40 CFR Q 262.12(c)]. Tbe Temessee 
genaator quimnents parallel the federal generator requirements. except Termesse's 
more stringm gememtor notification and annual reparhg requirements of?DEC Rule 
1200- 1 - 1 1-.03 e) and (5) (b). As a result an ORNLWM generator ofhazardous waste must 
com@ywithtbeno~mtionrequirementsdtedatTDECRule 1200-1-11-.03(2).Also. a 
generator must not offer his hazardous waste to transporters whom do not have a m  

.03(l)W). A WM generator who is transpodng the hazardous waste of f  site far 
~s traage .o td i sposa lmusta l soprepare theUnl fwmHazardousWaste~t  
that a a m q a & s  the hazmious waste at all times (4OCFRQ 262.201. The gmcsaim 
must spedfp the name and EPA Identification Numbers of each authorized 
and the TSDF that will receive the waste describe the waste as requtred by DOT 
regubttcxrs certif41 that it fs properfy packaged and labeled, and sign the InanikSt 

by hand. A Bnal copy of the SigDed manifest must be returned to the 
generatar by theTSDF and the generatar must keep tbe fhal signed manifest fur at least 
three years (40 CFR Q 262.40). If the generatar has not received the manifest back hm 
the dsgnakd hdlity within the tfme requirements cited at TDEC Rule 1200-1-11- 
.03(5)(J, then the generator must contact tbc trarrspaner and/or theTSDF to determtne 
the stabs of the manifest and the hazadas waste. In addition. ifthe generator has not 
mceiwxi the manifest after 45 days from &@ping the waste, the generator must mt an 
exception report pursuant to the requirement% listed in TDEC Rule 1200-1-11-.030(c) 
and submit the report to the Co- * withinfieedaysafterthe45-dayperiod 

~b~~lTDECtotransporth~~ard~~Swa~tehT~e~~ee~ECR~k 1-1-11- 
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addUm to the DOTregulatians. EPArequires that any container of 110 gal or less must 
be spedflcally marked with the generarais name, address. d t  document number 
and the words dted at 40 CFR Q 262.32b). 

A generatar is allowed to accmmhk hazardous waste an site witbout a RCRA 
storage pennit in two instances. F l r s ~  the generatar can aaamulakup to 55 gal of 
hazadms waste at or mar the potnt of generation in sa- acxxlmulatton areas 
pmvidd the requirements in 40 CFR Q 2€i2.34(c)(l) are met second, a generator may 
store hzardouswaste on site prior to shtpment for a period ofup to 90 days in tanks or 
amlainem provided the requirements in 40 CFR Q 262.34 are mt. 

sinWTennessee'sannualrepoitlngrequirementSaremoresningentthanthefderal 
repartfngnxpwments. ORNLWMgeneratorsmustcomplywiththeprwisfansofTD~~ 
Rule Izocr1-11-.03(5)(b). The genexatm must submit an anntlnl report to the TDEC by 
March 1 for the preceding dmdaryear. The report mustindude the fnfannation listed 
atTDEC Rule 1200-1-11-.03(5)(b)lW tlnough (vi). 

6.3.48 Transporter Requirements under RCRA Subtitle C 

Atransporter is any person engaged fn the offsite transpartarf ~ on ofhazardous waste 
by air. rail, highway. cn water (40CFRQ 260.10). The federal nquimmnts for 
transporters of hazardous waste are found at 40 CFR263, while theT- permit 
requtrenents and standards for of hazardous waste are c i td  Rule 
1200-1-1 144.  Nane of the mquhma& for transporters of hazardous waste apply to 
the m t e  transportation of hazardous waste by generators -by owners ar operatars 
afpenrdtted hazardous W fadities As a result, ifWM muves ahazardcms waste that 
b reqrrired to be manifested off the site where it was generated. or the site where it is 
being treated stored. and disposed at. then WM will be subject to the transporter 
requirements. A transporter of hazanious waste must h t  obtain an EPA LdentiEiCattaa 
Numberbeforetranspow-wasteS [40CFRQ263.llfa)].Ad~* each 
person who transports a hazardous waste that originates ortaminates -Tennessee 
must bave a valid transporter permft obtained from theTDEC fn accordance wtth the 
requmxmts listed In TDEC Fble 1200-1-11-.04(b) thrcngh (c). As noted earlier, 
generarorsmayuseonfypezmittedtransporters DECRule 1200-1-11-.03(1)(~)3).Also, 
transporters can only accept hazanhswaste that is accampanledbya H e s t  signed 
by the generator (40 CFRg 263.20). In addition, the transporter must comply with the 
applicable manifest requirements dted at 40 CFR Q 263.20. whkh indudes signing and 
datingthemanifest to acknuwldgeacxeptance of the hazardous waste and returning one 
copy to the generator before leaving the generator's property. When the transporter 
delives the waste to another tmmpxkr or to the designated faellity, the transporter 
must date the manifest and obtain thesignature of the next transporter artbedesignated 
facility operator, retain one copg of the manifest, and g€ve the mnablng v i e s  to the 
accepting transporter ar desigmkd hdlity [40 CFR Q 2632qd)l. It should be noted that 
a transparter may hold a hazardous waste for up to ten days at a transfer facilltywithout 
being required to obtain a RCRA storage pennit (40cFRg 263.12). Lastly, if an 
acddarraispff lorotherdischargeofa~ouswasteocausdu+ing~Uon,  the 
transparterrnust take appropiate acticm to protect human health and the embmment 
140 CFR m63.30 and TDEC Rule 124Dl-ll-.O4(4)1. 



I! 

63.4.9 TSDF Requirements under RCRA Subtit& C 

3004 O w n e r s  and O ~ I O ~ S  Of hatan lo~s-wa~te  TSDFS and 
Section 3005 lists the permit requfrements far the treatment storage, and d i s p d  of 
hazardous waste. Secdon 3004 dtrected EPA to establish regulations governing all 
aspects of TSDFs, includtng location. design, operation, reporting, monitoring and 
closure.The~lemenclngregulationsestabltshed~eral~entsthatownersand 
operators OfTSDFs must meet, including ob- Identiflczuion numbers, c o q  
Wasteamlyses. prepanngcontingencyplans andemergencyprocedures. compfpingwith 

for categarks of hdlities including the follmixqg containers, tanks, &E 
fmpounctmenrs. waste piles, land treatment facilities. lamWls, incinerators, and 
misceIlaneous units. Pursuant to 40 CFR Q 260.10, a treatmmt facility is a f- that 
uses "any xmdmd, tedmique, or process, including neutralfiadon, designed to change 
the physid. chemical. or biological character ar cumposition of any hazardous waste SO 
as to neutralize such waste or so as to fecovef energy or material resources frc9n the 
waste. or so as to render such waste nonhazardous. or less hazardous: safer to transpon, 
store, or dispose oE ur amenable for recoverp, amenable far storage, or reduced b 
volume." A sbrage fadlity is a facility that %dds hazardous waste for a tanporary 
period, at the end of which the hazardous xasxe is treated. disposed of, or stared 
ekwhenCA&posal hdlity is a "facility or part cia tactlity at which hazardous 
is intentioIlany placed fnto or on any land orwater. and atwhid~waste will remain after 
closure" Wer 40 CFR Q 264.1, some TSDFs are eduded fiam regulation, 'ISDFs that 
operateundPrastate~ous-wasteprograma~~pursuanttoRCRASed,3006 
are excluded fmm regulatton under federal law, but are subjea to regulation undct the 
state program (40 CFR § 264.1). Tennessee does h v e  an autbortzed TSDF hazardous 
waste pgram sfnce this program is a part ofthe =base authorhation program6 
Therefore, TermesseeLawregulates ORNLTSDFS.~ 

TDEC Rule 1200-1-11-.06 contains the s&ndards for owners and operatoxs of 
hazardous waste TSDFs and TDEC Rule 1200-1-11-.05 contafns the interim status 
standards far cmms and operators of adsting hazudous waste TSDFs. A facility owner 
or operator who has cumplied with TDEC Rule 1200.1-11-.07(3) must comply with the 
inkrim status requ' until final disposition of the permtt 
application is made. TDEC Rule 1200-1-11-.06 escablfshes standards that de3ne the 
acceptable management of hazardous wastes hTemessee and provides a basis upon 
that permit applicatians far fhcilities wiIl be d t e d .  TDEC Rule 1200-1-11-.07 
e s t a b l f s h e s t h e ~ u r e s . d o c u m e n t a t i o n , a n d o ~ ~ ~ t h a t m u s t b e m e t t n  
orderforaTSDFtobepennitted. PuIsuanttoTDECRule 1200-1-11-.06(2)[d), befort an 
owner or operatar treat. store, or dispose of any hazanbfs wastes, a detaild 
chemlcal aDd physical analysis of a representative sample of the wastes must be 
obtained. kUWmaUy* the owner or operator nust develop aad follow a written w&e 
analysis plan and COIltrol unauthorfied entry to tbeTSDF. Tbc owner or operatarofa 
TSDF must a d u c t  bpections of the fartlttv fa malfunctions and deterimatlan, 
operator arars, and &charges which may - a release of hazardous waste 
e~nstituents to the environment or endanger humanhealth. AlsaTDEC Rule 1200-1-1 1- 
.06 contains manifat system. recordkeeping, andrepartfngmquirements, as well as an 
annual report nxpimmnt that must be complied with. Tennessee has incorporated by 
reference the federal s p e d c  t e c h i d  r e q m t s  for mast of the categories of fadllttes 
hdudlng cmhinem tank systems, surface impoundmems, waste piles, land treatment 

manifests and reporting, and estab- &round-water 
s y s t e m s . ~ . t h e ~ ~ r e g u l a t i o n s e s t a b b s h  - eds~ctechnicalrequiremenrs 

000580 

Page 168 



-ties indnerators, and miscellaneous units. The federal requirmxnts-far owners and 
operam of each of these facilities are dted at 40 CFR 264, some of which are disarssed 
below. ’TIE status standards far awner~ and operators of each of these f k i l i ~ e s  
are dted at 40 CFR 265. 

Ffrsttminerators,definedatQO CFRQ 2 6 0 . l O . a r e u s e d t o d e s t m y ~ o u s x a ~ r e s  
wtth amudled k e  combustion. The RCRArequfrements for incineram are dted at 
40CFRg264.340 et seq. However. EPA announced on May 18, 1993 that no new 
hazardous waste incinerators will be allowed fm 18 months under a tempQary mpadty 

Cautainexs are defined as any portable device used for stortng or handkg 
hazardous waste, fncludfng dntms, pails and boxes. In contrast tank systems are 
s tat tonarpd~constructedp~ofnanearthenmater ia ls thatpmPidestru~ 
support and any ancillaxy equtpment RcRArequlrements for con- are cited at 
40 CFRQ 264.170-264.178. In addition, ORNL must adhere to the quinmmk of 
40 CFR262, subpart C, 49 CFR 172, Subpan D and E, 49 CFR 173. Subpart I, and 
WXP-DOE-029. RCRA r e q m  for tanks are dted at 40 CFR Q 2W190-264.199. 

~ i m M u n d m e n t s a r e d e f f r r P n a s ~ ~ o r m a n - m a d e ~ a r ~  
area designed to hold hazardous wastes C C J X I ~  free lfquids. such as pits, poads ar 
lagoons where as a waste pile is any noncontafnerized accumulation of skid. x m h u t n g  
hazardcnlswaste L a n e  are dfsposal f ~ e s ~ e r e h a z a r d o u s w a s t e j s p p l a c e d ~ o r  
011 the land. RCRA reqLlinments for slxrf%lx ~ o u n d m e n t s  are dted at 4oCFRs 
264-220-264231. RCRA requirements for W piles am amtatnd fn 40CFRQ 
26425&264259. Last, RCRA reqummm fm landfllk are located fn 4 0 c R I g  
264.30~64.3 17. (See Table 6.1). 

Reqpfremcnts under RcILh Pursuant to RCRA. aUhclWes thattreat 
starr or dispose of hazardous or mixed waste are r e q a  to obtain a IzQiA pmx~& 
(40 CFR 270). Although, RCRA requires 7SDFs to operate under the amdithm of a 
permi% Congress, recognizing the time period necessary for EPA to issue aIl oftbe 
~ ~ ~ e s t a b l i s h e d i n ~ s ~ 1 m n t r S e c t . 3 0 0 5 ( e ) o f R C R A , ~ ~ ~  
a l l a w s ~ o r o p e r a t o r s o f ~ t r e s i n ~ o n N o v e m b e r 1 9 , 1 9 8 O ( a r ~  
un&r Subtitle C due to an amenrtmtsltl. wbo meet certain condithm to Fantfnrrp! 
operating under interim status until a final pexmitapplication is appmed or denhi.As 
a resulk -le fatuities were granted lnterimstabs as long as they submitted a part 
A appllcatioa by November 19, 1980 and are subject to the RCRA merim status 
standads cited at 40 CFR26S until a PartB application is filed and a final dedsiancm 
a pemtt has been made. part B. tihe sec(3ad part of the p e t  appli=.dm 
deWM facility information for all hazardous WM units at the hdlrQ. ‘Xkzehe 
fa&ties with tnterfm status must submit the part B application eitherwku 
by EPA or a state agency or on the date mandatd by RCRA. whichmdate is e- 
sdncc 1984- DOE has been submitting tuTDEC and EPA PartA hazard- rn - 
appktitlas aamrding to Sect. 3005(e) of RCRA, 42 U.S.C. § 69We). and 40 5 
270.70 far various units at DOE-ORR 7krougb these do&,  DOEORR bas been 
achimng interim status with resped to units. A lfst ofthe PartA apm 
submitted for thevarious units at ORNL is f d  in the FFWIDR Appedix 4. DOE 
has lxm submitting Part B hazardous WM permit applications ton>Ec and 
December 11,1984 fix various units at DoE-ORR also listed in AppadtE 4 o f *  
FFCA/IDR Last, Appendix 4 of the FFCA/LDR cnntains a list of sites far whicfi 
havebeenissued, 
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Table 6.1.' RCIUa Spbtitle c--Standard8 for the treatment, storage, 
O P d d l S P 0 8 P J O f h a z a r d o u s ~  

F c d d  Tarn- category 
aocFRpmt264 1-1-l I-.& 

subpart I scctbn9 contafnas 

Subpart J secaon 10 Tanks 

SUbpartK 
Subpart L 

634.10 Conecthre Adion Requirements 

Tbe HSWA of 1984 established a broad new mandate far the EPA and the states to 
take carrecffye action at hazardous waste TSDFs regulated under Subtitle C of RCRA 
(58 I;R 8658, February 16.1993). Pursuant to RCRA sed. 3ooQ(u). pennits issued to 
TSDFs must address cmecuve arfirnr for aU releases of hazdouswaste or constituents 
h m  any solid waste m a x q p m t  units (SWMUs) at the f&dity. Adc3itionalIy. under 
R Q i A S e c t 3 0 0 8 [ h ) . E P A ~ i S S u e a d m l n t s t r a t l v e o ~ ~ t h a t ~ ~ ~ ~ o n  
atinterim-status faclltties. The imqleznenting regulations under 40 CFR 264, Subpart F. 
require that an owner oroperatarofaSWMU establish a camdive actlcm program and 
atamtnfmum, dischargethedutfesffsted at40 CFRQ264.1Wa.l thraugh @).Also, aJl 
SWMUs must comply with the nquirements listed in 40 CFRg 264.101 140 CFR Q 
264.90(4(2)1. For example, the owner or operator of a TSDF nust institute comztive 
action as mxssary to protect human health and the emimnmmt for all releases of 
hazwdous waste or constituentsfkomany SWMU at the fadiltyand is not relieved 6roan 
fmplementtngco~~actf~~dthefacllttyboundary,whennecessary,toprotect 
hman health and the 

in addition, on July 27,1990. EPAissued a proposed nrlanaktng to establtsh under 
Subpart S of 4OCFR264 a cuqrebensive regulatory hmewcxk for implementing 
cornectfve actions at RCRA fadllttes, EPA received numerous ammenis an the proposed 
Subpart S, which raised issues that must be resohd prim to a final rulemakhg. EPA 
bas de!layed prornulgatiq the Subpart S final rule until Deccdnx 1993 (57 FR 52080, 
Nmember 3. 1992). The proposed Subpart S regulations amtaind several key 

(40 CFR Q 264.101). 
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remediatian WM provisions (58 FR 8658, F e b v  16.1993). These pmvisions to 
reduce or diminate certain WM requirements of RCRA Subtitle C regulations that when 
applied to remediatian wastes, impede the use of ~nnovam technologies and p o w  
m ~ r e  p m  remedies? As a result EPA esgedited the promulgation o f  these key 
provlslorrsdSubpartS.TheflnalCorrecttve~nManagement~nit(CAMUl/renq.xrary 
Unit rule was published in the Federal Regrster on February 16. 1993 at 
58 I;Tz 8658. The date of the flnal cAMu/N rule is April 19,1993. ACAMU is 
defined as an area within a facility that is des@med by the Regional Mmfrdshtor 
under 40 CFR2fX. Subpart S for the purpose o f  implementing correctioe actim 
reqUfffmenrsunder40 CFR !j 264.101 and RCRASecticm 3008(h) (58 FR 8683. February 
16,1993). Additionally, a CAMU shall only tx used for the management of mnedmim 
wastes in order to implement comectfve actions atthe-ty. Under this flnaln.de. any 
waste generated as part of a fWty's corremive actim and managedwithin a CAMU is 
not subject to RCRA U R S  (58 FR €3662. February 16.1992). Also, because (XDtlUs and 
TUs are Ifrrrtr#1 to mamglng remediationwastes. thegrwrnot be used to manage- 
generated fnnn ongoing production processes or other -mal activities (as genaated 
wastes) or to manage off-site wastes brought on site Wess  the off-site wastes resulted 
from cleaning up a release originating on-sitel(58 E;R8664, Februaxy 16,19931. As 
applied to DOE sttes these cAMu/Tu pxuvisia mply that remedwm 
generat& the boundaries of contiguous property controlled by DOE at a site, or 
as part ofdeaningup arelease thathas mi- off- can bemanagedas CAMUS at 

EPA has detezdned that CAMU/TU regulatrorns are less stringent than afsting 

in states ambxizd far the BdsUng HSWA cumctbe action program until the states 
adopt ampmbk provisions under their own state law.' States that are not yet 
authorized forcorrectfve action are not required to indude the rule's pmvisims in- 
p ~ w f v n t h e y s e g k a u t h o r l z a t i o n . ' H ~ ,  if~unauthorfiedstatehasadoptcd 
co- acuon standards more Stringent than th? final C A M U m  rule t i le sate 
standards apply? AS a result, the rule takes effea immediately in states that art 
unautharfied ftx the RCRA base! program and states that are authorized for the RCFW 
base program but are not yet authorized far the HSWA corrective action program5 
Tennesez is not authorized for the HSWA action pr0gra.u~~ Therefare, tbt 
C A M U f T U r u l e w t I l t a k e e f f e c t i m m P n r n ~ ~ T ~ 6 H o w e v e r , T e n n e s s e e d o e s h a P e  
co- acticm regulations that ORNL must amply  with. Additianally, T- 

correctiye aabn has a RCRA pexmit, CAMUs can be designated an ~A-WUaifxI  
pennit ar by a request made by the site's WM personnd accadng to 
procedures far an owner/operator-initiated Class 3 permit r n ~ ~ a t i o n . ~  Far tntexlm 
status fkcWes, CAMUs can be designated on€y thrmgh a RCRA Sect 3o080 order 
(58 I;R 8672-73. February 16,1993). Ifa site fs already subject to a Sect. 3o080 order. 
the orderwould have to be amended to reflect the added CAMU? However. theref~m 
--for sites to mttate a- 3 0 0 ~ 1  order or an orderm~~mmtl rm-~ 
AS part dtht final Subpart s rule, ~ ~ A w i l l  possible opti- that  ab^ 
accelerated deanups to proceed outside the canted of an enforcement order at inkrim 
s t a t u s ~ ( 5 8 P R 8 6 7 3 , F e b r u ~ 1 6 , 1 9 9 3 ) . A s a ~ L W M a t D O ~ ~ ~ ~  
sites must awalt acdm fmm EPA under Sect 3oOs(b) befare using CAh"Us.' 

As pmwdy noted. pladng remediatian wastes fnto a CAMU does not amdituk 
land disposai 0f-w waste (40 CFR Q 264.552@(111. In addition. amcUWkn n 
placing -wastes into the CAMU does not mate a hazardous WM unlf wed 

that site witbut being subject to LDRS.' 

federal correatye a m  requirements.5 Therefore. cAMu/N regulations WiII not appy 

Currenw in the process of draffing C A M U m  regulatr0ns.e If an o m  ate 
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remediation wastes generated at a DOE site, but outside a CAMU, can be amsolidated 
fnto the CAMU, and remediadon wastes can be moved between two ormore CAMUS at 
tbesitewithouttriggeringLD~s.~Also,Lfrem~~onwastesareeomvatedfroma~~~~, 
treated ina separate unit inside or outside the CAMLJ at the site, and redeposited into 
the UMU. LDRs arenot triggered bemuse 40 CFR Q 264.552(4(1) ~ ~ ~ ~ C Z I W S  that pladng 
treated wastes into the CAMU is not land disposal.5 Additionally, MTRS do not apply to 
the excivated area receMng the redeposited materfal(40 CFR 8 264.=6)@). 

When designation of a CAMU is being cansidered for ORNL. WM -el are 
r e q u i r e d t o p ~ d e e n o u g h ~ ~ s o t h a t t h e R e g i o n a l ~ ~ m n d e t e n n l n e  
that tbe CAMU will meet fh following seyen Criterlapursuant to 40 CFR Q 264.552(c): 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Tbe CAMU will help implement a reiiable, effective protmive. and cost-effectfve 
remedy I40 CFR § 2=.552(c)(lIl. 
CAMU-assodated WM activities will not Create unacceptable rlsks to humans or to 
tbe environment as a result of e x p u r e  to hazardous mtes of constituents 
[a CRI Q 264.552(c)(2)1. 
Tbe CAMU will include unamtambaud hadlity areas (to manage remediatlon waste) 
ontp If doing so is more protective than managing such wastes amammated 
fadhty areas (40 CFR Q 264.552(4[3)1. 
Amswithin the CAMU, ~wasresrematnaftercAMuclosure. willhmanaged 
and contained to xninh&x fimue releases to tbe extea practicable 
(40 CFR Q 264.552(c)(4)]. 
?bt CAMU will errpedite the tfxning of remedial activity h n p l ~ t i r m  when 
appmpriate and practicable I40 CFR Q 264.552(~)(5)1. 
m CAMU will allow the appropriate use of tr&tment kchnol*= (incfudfng 
ixmovatfve technologies) to enhance RAby reducing the taxicity, mobility, mvolume 
aforastes that remain after CAMU dosure 140 CFR Q 264.5520(6)1. 
Totheextent practicable, the CAMuwillminlmlZethefarflttv's land area upanwhich 
wastes will remain after CAMU ciasure (40 CFR Q 264.552(Jrn. 

In addition. a permit or a n d e r  designating a CAMU must mntsintberequirernents 
listed ar eo cm 5 264.552. 

F ~ x d x m m e ,  the final CAMU/Tu rule authorizes the EPA Rfgbml Mmfnistrator to 
d e s i g n a t e a s T U s c e r t a l n ~ a n d c a n t a t n e r s t o r a g e a r e a s w i ~ a ~ s b o u n d a r i e s  
but not necessaritywithin a CAMITS boundarie~.~At ORNL tbe designation may be 
initfated by WM personnel as a Qass 2 permit modification, by EPA (ar by the state of 
Tezmssee when authorized) as an agemy-initiated pennit or as a RCRA 
sed 3oosg) Order or order modifleation 140 CFR Q 264.553(f)I. Under the new rule, a 
TU must be used only for hating and samfng remediation wastes genem&d at the site 
and its operating time must belimited to one year or less (40 CFRg 264553b) and (dll. 
Last IBR and applicability is not a concern for TUs sface tanb and amtainer 
storage areas are nonland based mi&? 

6.3.4.11 RCRA Land Disposal Restricbons 



haardous wastes. and to requne advance t r e a m m  and reclFcling of wastes. The 

within the LDS. Tbe DRs are codifled at 40 CFR268. Addftiw, Tennessee has a 
m R  program that is similar to the federal LDR program and is found at TDEC 1200-1- 
11-.lo. These LDR regulattons impose significant requirement;s on WM activities at 
ORNL For hazardous wastes restrfcted by statute from land d i s p d .  EPA is mpired to 
set levels or methods of treannent that substantially reduce the waste's Mdty or the 
likelihood that the waste's hazaxdous constituents will mi- Upon the spedfied D R  
&ixtlve dates. restricted wastes that do not meet cancentration-based treatman 
standards areprohfbited fromland disposal unless they quallfpfarcertatnvarfancesar 
f2temptions. 

The HSWA established a serjes of statutq deadlims for EPA to implement nrles 
dehing conditt(3ILs under which land disposal could occut. AIl of these deadlfms 
established by statute have passed. The statutory deadlines applied to particuht 
groupings of- thatwere listed or identiiled as hazardous as of November8.1984 
Pursuant to HSWA hazardous uastes listed or identitled after 1984 must be addressed 
within six months of the dale of identification or listing. However. EPA has not met this 
requirement for establishing standards for all newiy listed or identified wastes. 

Land disposal is defined as the placement in or an the land and includes, but is not 
limited to, placement in a landfUl surface impoundment waste pile, injection well. land 
treatment fiidiv, salt dome formation. salt bed fmmatton. underground mine or cave 
or placement fn a concrete mult or bunker inknded far disposal purposg 
[40 CFR§ 268.2(c)1.purSuanttothe~Rrequirementsandafterspedfledeffectfve&~ 
the disposal ofRCRAhazarciouswastes in or on theland is prohibited unless thewaste 
has been treatedto meet applicable treatment standards or it has been dPmrmstratedto 
a reasonable degree of certainty, that there will be no migration of hazardaw 
constituents from the dispod unit or injection zone fur as lang as the wastes mnain 
~ ~ ~ ~ . ~ ~ s t a n d a r d s a r e b a s e d o n t h e p e r f a e m a n c e o f t h e b e s t d ~ ~  
available technology and am either constituent commtmtkm leu& (in the waste or a 
waste admct) that- tbe pepformane of best d e m m s b t d  available te&nologg, oc 

Congress madated a series of five LDR rul- under Hswk Additi~na.Dy. at 
spedfied deadkxs, finther land disposal of particular cakgorie~ of hazardous wastes 
was to be prohihited ifEPAhad not set treatment standards, prwvided an egtensiOn to 
the IDR effective date, or granted a no-migration petition. The following are the five 
mandated LDR-: 

implementing regulations for accomplishing this statutory requiremen tare  established 

asspecifictreatmenttPrhnnln*. 

1. 

2. 
S. 

4. 

Solvent-Diado Rnlc. ?his rule was dective on November 8,1986 and establlsfaed 
the framework fix fmpi- the LDR program. Tbe rule also included spedfk 
treatment standads and effective dates for the fixst categcuy ofwastes subject to th 

containing wastes. 
CaWi~rnia Ust Rnle. ?Ms rule was effective on July 8,1987. 
FirstThirdRnk.ThiSrulewas&ectiveonAugust8.1988andcovered183 
hamdous mmstes. Also, it prohibited the land dfsposai af 62 wastes and se!t 
resmctions m 121 others. 
Second Third Rnk. Thts rule was effkctive an June 8, 1989. The treatment 
standards for 67 additlanal wastes and for the Faded wastes not addressed in the 

=mctfons. mi-mspent~~~~~~twastes, andm(~m a n d m 2 6 - m  diarrtn- 

Ffrst-Third I z u l e ~ ~ t a b u s h e d i n  this rule. ThtsrulesecS -mat Standardsfm 
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Ash& major LDR flnal rule was published by EPA in the FedemlRqweron August 
18.1992, which wvers certain newly listed wasfes and hazardous debris (57 fR 37l94). 
pursuant to this rule, hazardous deb-, subfecr to RCRA Subtitle C stann=lrris, m k 
treaLed p- to land disposal by using spedfic technologies from one o f m o ~ e  of the 
f o U q  b t i k  of debris trea- t#t)rmiogi~~: extraction, desnuction. w 

(57JR37196. August 18, 1992). However, hazardous debris mav 
amaxrue t o b t ~ ~ ~ ~ ~ e d  in accmiancewith the cxmtatned-in policy and land dispclsed ir 
it m bnger axstabs a hamdous waste (57 FR 37196, August 18,1992). A h .  reskhls 

fhxn the treatment of debris contaminated with listed wastes wbuld stin be 
hamdous wastes pursuant to the derfved-hm rule and would be subject to the 
hazmhs WM system (57 FR 37196, August 18.1992). 

In additinn EPA has promulgated m k e d  treatment standards for cmam ignttabk 
and armshewastes that are not managed in ane ofthe followingways: (1) in centdizcd 
-aeamrent systems subjecttothe CWAarin Class I undergmud Ill)ectian 
we& subjeuto the safe Drinking Water Act Underground Injection Control program; (x. 

(21 by a m  dkbargerwith awastewater -system equfvalent to that 
by CWAdkhargers prior to land disposal (58IR29866, May24,1993). Thls hxta-hn 
finai d e a r a s  efktive on May 10,1993 and added 4OCFRg 268.37 Waste sped8c 
~ t a b l e a n d c m o 6 i v e c h a r a c t e r i s t l c w a s t e s w h o s e t r e a ~ s ~  
weremmted" to40 CFR 268, Subpart C, Trohibltiom onLand MsposaL'TbttreatlIlmt 
standards that were promulgated in the inttrhn rule retatned the o f  
d e a & m & m t o r a n a v e t h e h a z a r d o u s ~ a n d e s t a b l i s h e d n u m e r i c a l ~  
standards far the underlyhg hazardous constituentf that may be present tn the wastes 
(58 FR 29866, May 24,1993). EPAis granting a threemonth national capa&y\lariancc 
that exuznds the effectiw date until August 9.1993. for persons affected by the merim 
final n k  ard anadditional extension fapthosewbo manage ignitable or amosivewastes 
and dispose afthpm in Class V UIC wells. which facilities am not Manning WA- 
equimht trcatment before injection, that extends the ef€ectfve date until Februarp 10. 
1994 (58 PR 29-, May 24,1993). 

uader the IDR regulations, storage of phihit& wastes by generators or'TSDFs Ls 
Prohfbi1.4 v t  where storage is solely for the purpose of accumuktfng suflhnt 
quanti- ofmste to facilitate proper treatxmnt. reunmy or disposal. Howmx, TSDFs 
may store restrfcted hamminus wastes for the purpose of accumulating such quantftes 
o f h a z a r d o u s w d s t e n e c e s s a r y t o f a d l l t a t e p r o p e r ~ , t r e a t m e n t . a r ~ a s ~  

the- listed in 40 CFRS 268.5Oarecompliedwith.Tanksand COntafDers 
that art used for storing resrncted wasfes must be clearly marked with a descstptlon 
idenU@Q tbt contents, and with the date on which accumulation ofwaste fn the tank 
or-- (40 cFRg 268.50). HowRler.wastes that are placed in starage* 
to the IDR &ecttve date applicable to thatmte are not subject to the LDR 
as- 

Tbe IDR regulattons provide compliance alkmmws that delay the effixttve date d 
prahfbitionsuaIlawavarlance6ramtheprohlbi~Undereertalncondi~EPAma~ 
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, grant a variance from the matment standard, an m i o n  to the IDR effective date 
based on capacity de& id an^, or an exemption from the prohibitim for a s p d c  
~easte at a specific site. ?he foIlowing are the six types of varfances. extensions and 
apmntions EPA has established: 

, ' 

1. 

2 

s. 

4. 

5. 

& 

National Capacity Vadancc. A na1I0na.l capacity vaxiamx is prmded when EPA 
detmnines that sufkkm t r e a h ~ ~  capacity for specific RCRA hazardous waste 
c o d e s i s n o t a v a t l a b l e o a a n a t i ~ e b ~ . D u r i n g t h e p e r i o d o f a ~ ~ a d t y  
variance, the waste may be land ckposed without treatment ThevarfaIlce extends 
theLDR~~~dateoftheaasteundltheearllestdatetreatmenteanadtybecomg 
available, but the- caanot be longer than two years. When the IDR &CZUIE 
date for a waste is eamdcd. the new dective date is hstd ~ I I ~ & X V I I  of 
40 CFR268. 
M y - c a ~ ~  EdeaSia~. A m- artension may be granted if WM can 
demonstrate that a binding can- commitment ads& to prwsde alternative 
treatment for the waste but through no fault of WM, thfs new capadty cannot be 
bruught on line by the efkcUve date of the LDR standards (40 CFR Q 268.5). EPA q 
grant a case-by-case eamssm ' of up to one year, renemble only once for a total of 
two years (40 CFR Q 268-5). In Nwember 1991, DOE submitted an application to EPA 

TWd-"kird LDRrule. On May 26.1992. EPApublished in the Fedem2R@sfera 
noticeofproposedd~ontograntaone-yeareadenslonfor~wastesaddressed 
intheDOEcase-by-casepeAition(57 I;TZ22024).AdditiananY, EPApuhlkhedanotia! 
appruving a generic case-by- capacity variance fm many types of hazardous 
debrls (57 I;R 20766, May 15, 1992 and 57 FIz47772. odok 20. 1992). EPA 
fndicated that the case-by- capacity variance would end an May 8,1993. 
However, under 40 CFRg 268.5, EPA renewed the extension of the case-by-case 
variance to May 8. 1994. fm all persons managing certafn M o u s  debris 
(58 JR 28506, May 14.1993). 

treatment standards may petitian EPA for a treatability yaTiazl(r, In order for a 
treatabflityvariancetobegranted,WMmustsuccessNtyd~~thatthewaste 
differs significantly fram the wastes evaluated by EPA in dmdoping the treatment 
standards (40 CFR Q 268.44).Also. WM must demonstrate that the waste cannot be 
treated to thelevel or by themethod specified as the t r e a t m m t s ~  or that the 
mting level or method is inappropiate for the waste. 
Equivalent Method Variance If EPA has spedfled a mefhod of treatment as tbe 
treatment standard for a waste, WM may submit an application to the EPA 
Administrator demorrstrating that an alternative treatmmt method mn achieve 
performance equfvalart to that oftbe method spedfled as the treatment standard 
I40 CFRQ 268.42@)1. If approved, wastes treated by this alternatfve treatment 
method comply with the treatment standard and thus can be land dtsposed. 
H~LnQretionPetitinn~A~considetallowinglanddlsposalafrestrtctedwastes 
~itmnbedemonstratedtoareasonabledegreeofcertalntythatsuchdisposalwiIl 
not allow migration of hazardous ax~&tuents f h m  the dispcd unit or injection 
pine for as long as the wastes remm hazardous (40 CFR Q 268.6). Asuccessful no- 
migration petition WiIl ailow hnd ciispcd of spedflc restricted wastes at a specific 
site. 
~ ~ i n s ~ e ~ ~ r t m p ~ o ~ . O w n a ~ a n d o p e r a t o r s o f s u r f a c e  
~ u n ~ t s ~ a n a f f r m ~ f o r t r e a t m e n t o f r e s t r i d e d w a s t e s m u s t ~  

requaw a case-@- - . for certain mtxed wastes subject to the! 

TreatabiIityv~Geneatorswfiosewastescannotbetreatedtotheestabllshed 
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Res- wastes are those categories of hazardous Bastes that are prohibited from 
land disposaL regardless of whether or not subcategories of such wastes are subject to 
a case-by- extendan. no-migration exemption of national capacity variance. q of 
which would make the waste eligible for land disposaL 'hrefore. ifWM has a rmriued 
waste, it is mx mcesaA@ prohibited from land disposaL However. prohibited wastes are 
restrictm wastes that are currently inelgible for land disposal. Resmcted -. 
whether treated and dispersed on site or sent affsiteto aTSDF, are subject to thetestfng 
and -m.g requirements, which include notlflcation and CePttfloLtlDn 
tequiremenrs Also. generators and treatment Wties must comply with the waste 
analysis and recordkeeping requirements dted at 4OcFRg 268.7. Records rrmstbe 
maintained of notices. certifications, demonstrations. and waste! analysis. 

In ~ameinstances. M o u s  wastes prahibited h land disposal must bestared 
for short penais of thne to fadlltate recycling, rec~perp. treatment, or transport off site 
to meet LDRrequirements. Treatment may also beperionned while the waste is bang 
stored. Prlar to the &ecttve date of Subpart DD. this p of management unit aas 
dassified as an indoar waste pile (57 FR 37'21 1. August 18.19921. Pursuant to subpan 
DD, contafnrnent Mdfngs are not land disposal units and prohibited wastes can be 
stored in amtamnmt buildings without ffrst mee?ing a treatment standard 
(57 I;R 3721 1. August 18.1992). A contahmem building is defined as a hazardous waste 
management unit that is used to store or treat hazardous waste under the provisrom af 
40CFR264. Subpart DD and 4OCFR265. Subpart DD. Permitted and unnrmfttpn 
contatnment Wm must meet the same l d  ofperfarmance (57 I% 37'211, Augrst 
18.1992). As a result, cantatnment buildings operated under Subpart DD inkrim statlls 
standards IIlust be destgned. operated. and mafntatned to meet the same des@n and 
opemting qmmem~ as pamltted mntainmmt buikhgs (see Table 6.21. 

6.3.4.12 Underground Storage Tanks under Subtitle I 

In an attempt to address the problems with underground storage tanks (US'&]. 
Congress matxed the HSWA of 1984 which tn part added Subtitle I, 'Regulatiaa of 
Underground Sbrage Tanks" to RCRA RCRA Subtitle I establfshed a federal program far 
theregUiattandusTs and respired EPAto adopt regulatims for new and SdsttngUsTr 
Subtitle I addresses both the pmblem of adsting tanks, which may have 

problems, and new tanks, which shouldbe designed and operated to 
ehnhate the problems of the past. On September 23. 1988, EPA adopted final 
regulations gmembg UsTs (53 liR 37082. September 23.1988, codified at 40 CFR Pan 
280). 'IbeRCRAUSTprogramis addegatedprogramthatatlm states to a d o p t h  and 
regulatians -meet the minimum federal standads As a result, EPA has dekgated 
authority to certafn states that have adequate UST programs. In these mses. states 
rather than EPA are the primary permftting and dorcement authorities for USh.  
AdditiOnanp, an Septemba 23.1988. EPA finallzed regulations permttting states to nm 
UsTprogranrs inlieu afthe federal program (53 Rz 37212. September 23,1988. codifhi 
at 40 CFR Pan 281). 

An UsTfs &bxi as any one or ramhinaticm of tanks. inchding underground p i p  
COMeCted therao, that iS Used t0 eOnt&l an aa!UIIUhtiOll Ofregulated SUbShIlceS. and 
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Table 6.2. F e d d  RCRAa land disposal rqpk th~ 

waste category CitatiOIl 4ocRzpan 

51FR40572 
Qaap. 7,1986) 
52 €R 25760 
wy0.1987) 
54 Rz31138 
(Auk 17.1988) 
54m26594 
W e  23.1989) 

57 €R 37194 
[Aug. 18.1992) 

58m29860 
(May 24. 1993) 
InkrimFYnalRIlle 
55m22520 
W e  1.1990) 

26830 
26851 
268.32 

268.33 

2 6 8 3  

268.36 

26837 

268.35 

theFrohlIIlrt ofwhich. fncludingthedumc ofunderground pipes camaAedtketo, is 
10% or mure h e a t h  the suxface ofthe ground (40 CFR Q 280.12). However* the fdbwtng 
systems art SpedElcalIy excluded frmn the defbition of US" under FCRASubtttEe I: 

1. 

2. 
3. 
4. 

5. 
6. 
7. 
8. 

9. 

10. 

farm arresidential tanks of 1100 gal or less capacity that are used non#lmmerdany 
far storage of motor fuel: 
heaiingoil storage tanks thatamusedonthepmmises~the!tankis  stcaed; 
septic-: 
pipe!he fadlities (fncludfng gatking lms) that are regulated Lxldez 
a. ?beNaturalGasPipeline!SafkiyAdof1968,or 
b. Tbe Hazardous Uquid 
c statelaws comparable to thepmvkims oflaw referred to in subparagrapasa orb 

abmz 

Safety Ad of 1979, or 

surf&ce fmpoundments, pits. pards, or lagcxms: 
stmmaterorwastewaterdeci&msystpmc; 
f l a v - m g h  process tanks: 
liquid traps or assodated gathering lines dfnctly related to oil or gas produdcm and 
@benng operations: 
storage tanks that are situated ban underground area ifthe tankis situatedupon 
or aborrt the surface of the floor fn that area; ar 
pipes cmnected to any ofthe taxhwhich are described insubparagraphs 1 through 
9 *  00058.8 
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In addftlon to the spsrems excluded f b m  the def3nitlon of US. several systems are 

spedflcaRy excluded from regulation under RCRA Subtitle L 'Ibese systems include the 
g 5 following: 

1. UST systems haldrng hazardous wastes listed ar identified under Subtitle C of RCRA. 
or a mixture af such hazardous wastes and other regulated substances; 

2. Wastewater trearment tank systems that are part of awas- treatment facihty 
regulated undet sect 402 or sect, 307b) of the CWA; 

3. Equipment ar machinexy that contains regulated substances for operational 
PUP==: 

4. usr s y s ~ w i t h  Capadtles of 1lOgal or less: 
5. USTspstemsthatcontainademfnfmiscancentrati0nofregulatedsubstanoes:and 
6. emergency spa or overfbwcuntaimnent USTsystems that are expeditiously emptied 

afteruse. 

Also. EPA has deferred other UST ~ ~ ~ t e m s  from same of its regulations. These 
deferred UST systems include the following 

1. WastewatertreaanPll t taI lk~m: 
2. UST systems radioactive material that are regulated under t h e m  af 

1954; 
3. UST systems that am part of an emergency generatm system at nuclcar power 

generation facilities regulated by the Nuclear Regulatory Ccxnmision CNRC) under 
10 CFR Part 50. Appendix& 

5. UST systems with fiddanstmcted tanks. 
4. airporthydrantheidistributimsystems:and 

As stated fn the defbliian of UST, the RCRA USTprogram applies to tanks that 
contain'fegulatedsubstances."Aregulatedsubstance~~SubStanced~~ 
Sect. lOl(14) of -CIA but not Including any substance regubted as a hazadxs 
waste under RCRA Subtitle C and petroleum. indudlng Qude afl or any Eraction thereof 
that is liquid at standard canditiaas of temperatun and pressure (40 CFRg 280.12). 
Regulated substances include but are not limited to. petroleum and petroleum-based 
substances comprised of a wmplegblend of- derived fnun crude oil through 
pn>cesses of separation comesion. upgrading, and fhbhing such as motor fuels, jet 
fuels, distillate fuel oils, fesidual fuel oils. lubricants. petmkum sdvents, and used oils 
(40 CFR Q 280.12). Therefare. Subtitle I does not apply to any UsTsgstem holding a listed 
hazardous waste M waste that exhibits a hazardous characteristk under Subtitle C of 
RCRA, or a mfxture of such hazardous waste and other regulated substances. Rather. 
hazardous wastes a n  regulated under RCRA Subtitle C. Akhmgh RCRA hazardous 
wastes are excluded, penol~rm OQ CERCIA hazardous substanoes in UST storage that 
meet the definition of RCRA solid wtes are not d u d &  frmn Subtitle I. 

Howwer, forWMact tv i t l e s fmdvhgthe low- leve l~was te tanksys tem.~  
IX of the FFA applies and the requimments listed in the FFAmust be met. Appendfx F 
lists the four categories of tank systems assodated with ORM, which are the fdlowing 
neworreplacement tank systans with secondaycontafnment. adsting tank systems 
wlthsecondarycan~teais~tankspstemswlthoutsecondarycontalnmentand 
e r r t s t f n g t a n k s y s ~ w f t h o u t ~ ~ c o n ~ t t b a t a t e ~ f r a m s e r v i ~ T h e  
requfrements listed in Subsections B through D apply to existing tank systems that have 
seamday mtainmmt and to new or replacement tank systems installed after the 
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ef€' date ofthe FFA which was Jauuary 1.1992. The requiremenrs listed in 
Subsazbns E and F apply to existing tank system(s1 that do not have semdaxy 
conbhxmnt. while the requirements ofSukxUan G apply to all tanksystems that arc 
pemamtt€y remcmed from Service. Alsd Appenrttr F of the FFA fflusuatcs tfit 

systPmls1, standads for design/lnstalMian of new or replacement tank systans. 
s t a n d a r d s f a r c c m r a t m n e n t / r e l e a s e d ~ a n d ~ ~ o f l e a k t n g t a n k s y s t a n t s ) .  

F a r m  activities jnvoMngnew USTsysLans any uwnerwho brings an IzsTsystrm 
into use afterMay8.1986 must not@ the d&gnated regulatory agencyof tbeadstenoc 
of such a tank systemwithin 30 days a f m  the Winto use (40 CFR Q 28022bIl. 

cathociicprotectto~l flnandalresponsibillty. andreieascdet&ion (40 CFR gtsoae)(i) 

that the mPthrvLc lLsed to instan the tank sgstem =plywith the induty codee o f  
practice developed by a nationally recognized assodation or independent testfng 
laboratary in acaxdance with the xnamkm&s instructions [40 CFRQ mad]. 
Furthennore, owners and operators of new UST systems must meet the perfannancc 

prevention equipment 140 CFR Q 28O.20(c)lD and lnstaktion (40 CFR Q 28020(ci)l. 
F o r W M ~ t i e s ~ ~ e J d s t l n g U S T s g s ~ ~ U S T s y s ~ t h a t w e r e ~ t b t  

ground an ar after May 8,1986. owners are requfred to noti@ the designated regulatory 
agencg d t h e  adstence ofthe tank system unless the owner knew that the tank- 
was subsequently removed h m  the ground How~ler. no notification is quirexi iffk 
UST systems were taken out of operation on OT befm January 1,1974. McWadly,  all 
exlsttng usrsysterns are requfred pursuantto 4ocFRg 280.21(a) to mFd OM dfk 
foIlowing requfrernents by no later than December 22, 1998: new UST agstan 
performance standards under 40CFRQ280.20. tank upgrading re!q~~mxnenis in 
40 CFRQ 28021b) through (dl, or ckmm and corrective action mpdmmmb tn 
40 CFR 280. Subpart G and F, respectively. Also, exkttng USTsystemc must- 
the new W system requirements for spin and uuerfUl prevention cited at 40CFRQ 
280.20(c). Exlstbg metal piping systems must also be upgraded to meet the Mixmame 

The general operating requiremenb far UST qmtems are found at 40 CFR280. 
Subpart C. Some o f  the general operating mq~m3nm.t~ include the falluwiq spa and 
uverfU co51fTod rquirements found at 40 CFR Q 280.30. operation and d 
CorroSLQn proteaan systems found at 40CFRQ280.31. suh&xxe 
compaMty requfrements found at 40 CFR280.32. UST system repairs 
found at 4oaRg280.33, reporting a d  nmxdkeqing req-ts famd at 
40 CFR g 280.34. 

In additfa owners and operators of new and -UsTsystems must- a 
method c~mmMnatian ofmethods ddeasedetecrirmthat can detect arelease h a n y  
p o r t i a n a f t h e ~ a n d c o n n e c t e d u n d ~ p ~ t h a t r o u t l n ~ ~ ~ ~  
substance3 (40 CFR Q 280.40). Some of the for release detection gclclern the 
iXlgtaIla&m operation and performance afrdease detedian equipment and mdhruk; €m 
tanks (40 C F R g  280.40 et seq.). However. the date by which owners and operators o f  
U s T s y S t e m s ~ t  ~ p ~ w i t h r e l e a s e d e k a l u n m p i n m e n t s  depends onwb&hetmk 
and piptug systems were installed because these requirements are being phased fn 
(40 CFR Q 280.40). 

ofsect Ix by listing the standards for integrity assessnent far tank 

Additi-, c.lamers and opemtols of nmv ilsT systems must CertifL in the m- 
form tbarthqhve complied with the- far installatian of tank5 and piping 

through ( 4 ) i . b  the installer of the UsTqStems IIlLLst certifj.in thewmcatialfam 

standards for tanks (40 CFR Q 280.20(a)1, @ping [40 CFR Q 280.20(b)]. spin and cmerm 

standards for new piping systpmc pursuant to 40 CFR Q 280.21(c). 
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Also. 40 CFR 280, Subpan D. cnntaim spedilc tequltemmts for peaolarm USTs. For 
example, USTs containing permleum products must be xmnitmd at leas1 every 30 days 
for rekases (40 CFR Q 280.411. Howwer. the 3o-day -taring rquhment does not 

tank spstems and employmmbly control or mnntblymanual tank gauging in 
conjumion with tank Ughtnss testing Also, UST systems that do not meet the 

Deamber 22,1998 when the tank must be upgraded or p-~tly d u d  I40 CFRg 
280.419(a)(2)]. Owners and OperatOIs of tanks with capacities of 550 gal or less may use 

tank gauging in lieu afdher release detection methods 140 CFR Q 280.41(&(3)). 
Rrrthgmare,underground~systemsmustalsobemrmltaredforre4tasespursuant 
to the requirements listed in 40 CFX Q 280.41b). For example, undergrarnd piping that 
uuh.e_rsregulatedsubstancesunderpressuremust~equippedwlthan~tlclinc 
leak dexector and have annual WUghkxss testing or mmth€y mmitmlq 140 CFRg 
280.4 1 01) (111 

40 CFR 280, Subpart D. also contafns specific requfrements far hazardous-substance 
U S  systems that must be camplied with, First, owners and operatoks of adsting 
~ ~ - s u b s t a n c U U S T ~ m u s t e m n l o y r e l e a s e d e t e c ~ t h a t ~ ~ t m e e t s t h e  
requirements for petroleum UST systems until December 22.1998 140 (3R 8 280.42(41. 

with tbe release detection rquimmnk for new hazardous-substana ZrST systems 
(40 CFR Q 280.42(alI. Semndly, 40 CFR Q 280.42b) tequires that new hazardous 
substance UST systems to have seumday containment system and be checked for 
erridaact ofa release at least evey 30 days. Also, u n d e r g n n d  piping that conveys 
~ s u b s t a n c e s m u s t ~ ~ e q u t p p e d w l t h s e c o n d a r y ~ ~ a n d , i f u n d e r  
pressure. must also be equipped with an automatic lineleak detector systrm [40 CFR Q 
=0.4ub)l. 

Ownem and operatars of UST systems must report any e rdease to the 
~ ~ ~ g a g e n c y w i ~ 2 4 h o u r s o r a n o t h e r r e a s o n a b l e t f m t p e r i o d ~ ~ b y ~  
iTqlmentin.g agency (4ocFRg 280.501. 4oCFR280. subpart E. cantafns the 
-ts for the reporttng ofsuqmxed releases that must be C O ~  with if any 
WM amvities resuit in suspeded 

I f q W  activities involve the tempmy closure of a USI'faran exunded period, 
the nqL&ments governing the operation and maintenance of ctxmsimptection and 
miease detection systems-as wefl as mquirements for release reporting. fmestlgatfan, 
ax&mation, and ccmectfve action ifa &ease is suspected ar conftrmed during the 
paiod dtemporaryclosure--rrmststfnbecompliedwith. Thempimmem ftrtempray 
dosure are dted at 40 CFRg 280.70. Additionally. 40 CFRg 280.71 contains the 
nxptmmmts for permanent dosure and changes-in-service of U S  systems Rrst ifany 
WM~tiesirrvOfYedtherpennanent~oracbange-in~eeofaUSTsystem, 
then tbe implementing agency must be notiffed at least 30 days before kgfming either 
adivity of the intent to undertake the acttvfty, unless the adIan is in response to 
correctf~~ action associated with any release h m  the UST system [4o CFR Q 280.7Ua)l. 
Farpennanent closure, the tanks must be emptied, cleaned, and either- fnun the 
ground or filled with inert solid makriaI(40 CFRg 280.71). 

As stated previously, EPA has primary responsibility for implementation and 
~ ~ t o f R ( 3 R A S u b t t t l e L H ~ * u n d e r t h e U S T p r o g r a m E P A ~ d ~ ~ t h i s  
authority to the states. As a result, on December 8, 1989, Tennessee adopted the 
Underground Storage Tank Program dted at TDEC Rules 1200-1-15.01 eC seq. Under 

apply to those USTsystexfs thatmeathepelfoxmance standards f a r m a n d  upgraded 

perfarmane s tandards for new or upgraded USTS may use monthly invuxmy c o n ~ l s  
or lxlamal tank gauging in can- with annual tank tightness testing until 

A f k  December 22,1998, dl a d s t  m ~ ~ s - ~ ~ b s t a n c e  UST mtem~ must CCXIXP~ 
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the Tennessee regulati-. a USI' is defined as a q  me ar wmbination of tanks. 
lncludtngundergroundpinesco~ectedth~to,thar~susedtocontainanaccumuiation 
of petroleum, and the vdume of which, including the volume of undergrwnd pipe3 
connected thereto. is 10% or more beneath the surface of the ground. In contrast to tk 
federaldeflnltianafanUST. theTennesseedefWtianafaUSTrefersspe&cdlytotan,ks 
used to contain an amlmrllatfon of petroleumwhert as the federal definition of a UST 
r e f e r s t o ~ u s e d t o c a n ~ a n a c c u m u l a t i o n o f r e g u l a t e d s u b s ~ . T h e T ~  
requirements for petroleum USI's are cited at TDEC Mes 1200-1-15-.01 et sep. 
Additionally, it should be noted that ORNL complies. as a Best Management practrct 

for use by emergency poaner generators even though TDEC Rule 1200-1-15-.01(1Mc) 
exempts the apphcation to TDEC Rule 1200-1-15.04 to these UST systems. 

(BMP), with TDEC Rllle 1200-1-15-.04 with regard to UST systems that store €ilel scwy 
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6.4 RADIOACTIVE-WASTE MANAGEMENT 

&4.1 Genetal Requirements 

'Ihe m&mcUve WM activities at ORNL deal pxtmar@ with TRU and low-lmd ~pastes. 

ORNL generates S d  amounts of NARM. which are managed as low-lwd v a s l e  
Although OKNL does not genemte kigh-lemd waste. it does store a small amount of 
spedal case CSC) waste Radioactw! aaste at ORNL exist in solid, liquid. and gaseous 
States? 

TheAEAd 1946 first brought nudear a ~ e r g ~ u n d e r  federal regulatiap1. Them as 
amend&. ddqatps authorityto regdatenudear energy to EPA, DOE, and the NRc,After 
the NRC has detexmined that a state's radktim cnntrol program is acceptable and state 
aahHq IegWation has been enacted. NRCs authority can be transfemd to intimid 
states by TI~PSULC of an agreement between the NRC and the state's governor. fn 1965 
Tennessee becme an Ageement State. g W Q  it ltceasing and other authority. Texxssee 
enforces KAKM standards pursuant to TDEC Rules chap. 1200-2-5, under the a-ty 
of TCA Chapter 23. DOE is not only exmxpt h m  NRC licensing but was ddqated 
authority un& the AEA to manage nuclear materials at sites that DOE clrersees. 
Hmmer, fn m e  instances. DOE facihties and operations are subject to tegulatnrg 

ofthe NRC and the EPA includmgthosefound at 10 CFRs mand 72 axxi 
40 CFRs 61. 191, and 192 [DOE Order 540O.S(ILc2)1. DOE orders outline tbe DOE 

Genedy, DOE orders are not prumulgated regulations; however, the orders are btndtng 
bedween DOE and Martln Marietta En- Systems, Inc, based an amtracmal 
agreanent Because many of the quhments of DOE orders are based m NFC 
regulations tbe r e q m e n t s  are fkpmtly identical or similar. These ardas are 
sumnamd in the foIlowtng p a r a g q b .  Because it addresses WM issues for rarbus 
types ofrachoactivewastes, DOE Orda58202A. Radioactive Waste Managsnaa is a 
prlmaq drtverafWM activities at ORNL For tMs reason, thb orderwiIl be dismscd fn 
greater detail than other orders. I t  wiIl be s p e d b l @  described under bdividual 

lquwans far management and, where xkeeded, Cleanup of radioamhe Inat&ak.' 

of radioacme aastes, such as high le ld  mu. and low level.' 

6.4.1.1 DOE Orders 

On Mar& 25, 1993, DOE proposed for adifkation at 10 CFR 834 (58 Ri 16268) 
radiation protection quirexmmts for tbe public and environment for DOE and DOE 

0ftheALbtirard theEswironment February 8.1990). The four basic areas encnupsd  
in the proposal are as follows: (1) a dose ifmftation system for the protection of the puhhc 
( 2 ) ~ f o r t h e m a n a g a n e n t o f r a d i ~ m a ~ ~ l i q u i d - w a s t e ~ ,  
soil dmms and selected solid waste, as wefl as establishment of site gruund watef 
pro-programs, (3) mquwments fae-on, S U I v e y .  managgnent. 
~ a n d r e f e a s e o f b u f l d l n g s , l a n d . ~ ~ ~ p e r s o n a i p r o ~ c o n ~ r e s i d u a l  
radioacthe nratrrlnl, and (4) mpimmnt of an Environmental Radiologid Ro- 
Pmgram 0 for each DOE activity, fndudmg &ent monitoring and 
SlIIYejIlaTlce programs (58 I;R 16268, March W, 1993). 'The fhal mle is anticipated by 

DOE Order 5400.5 establishes starvtarrls and requtrements for operations of DOE 
and DOE cmtxactors for the protection of mpmbprs of the public and the envimmneat 

contradoroperationS. as CWreLlWlnduded b DOE Order5400.5 (-- 

a arch 1 9 9 4 4 .  
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against undue risk frmn radiatian. These standards are adopted and implemented 
consistent with the nmmmemb '011s of the International cmmission cm Radfologlcal 
Protection OCRP). Because DOE must comply with other federal. state. and local rules 
and regulations, some of which have not adopted the ICRP system, the DOE order 
includes both traditional dose terms and untts as well as ICRp terms and cnncepts. The 

DOE dose standard to be applied to DOE, and thus, ORNL operations, including 
WM, D&D activities, RAmonitann& and cleanup of restduai radioactive maw, is 100 
-/year [5400.5(I.311. TO the exxmt required by 40 CFR 191. tbe radiation exposure 
lirnlts for members of the public due to direct radiation or radioacme released 
frmn DOE management and storage activities at a dfsposal fadtity far spent nuclear 
material, high-level waste or TRU radioactive wastes that are not regulated by the NRC 
are as follows: (1) an effective d e  equivalent W E )  of 25 m y e a r  to the whole body. 
of (2) 75 -/year to any organ [5400.5(II. Wl. An imponant principle throughout the 
order is that all releases of m d b a c t ~  material shall be- Chapter Nof the order 
lists guidelines for cleanup ofradioacthereal and persanal property. management of the 
resulting wastes and residues. and release of property. Tahle 6.3 summarizes the 
amtents of DOE Order 5400.5.' 

DOE Order 5820.2A CRndiWdrue WusteMunag- Sept 26,1988) establishes 
palides. guidelines, and minimum requirements by which the DOE manages its 
radioactive! waste and contambawd fadltties. The order is amposed of six chapters that 

and NARM-as wedl as decammisionfng requlremenff and requirement and 
format for a WMplan far each DOE kIlity.'The order does not appbto themanagement 
by DOE of the fallowiqg (1) generated spent nuclear hek (2) e0mx.n- 
generated high-level r a d i o a c ~ ~ ~  waste: nor (3) the geologic disposal of bgh-level waste 
produced by DOE activities and operations. me currentvgstm of O m s  WM plan. as 
cailed for in the order. is the OakRidge Nationnl- wcrste McrnogementpIrrn 
published in December 1992.' 

DOE Order 5480.11 (Rudhtkm -fm - - W * ~ € ! s t a b ~  
standards and DOE program requirements to protect w0d.uSS fnxn ionizing radiatim. 
These standards, which also apply to DOE contractor operations. are pertfnent tom 
activities to the extentthatworfrers areassodatedwithradioactloewastesor that other 
pgsons, such as the general public enter a controlled area DOES e.. reiterated in 
tbis order, is to rrclintafn radktim exposures to leveis AIARA DOES intent is to 
~ e m e n t s t a n d a r d s c o n s i s t e n t w f t h p r e s i d e n t i a l - a p p r ~ ~ f f e d e r a l a g e n d e s ,  
prumulgated by EPA and r#mmntslrled by authoritative organtzations. including the 
National Council on Radiation protedian and Measurements and the ICRP. This order 
specifies standards to protect occupationalworkers and an site mpmbprs ofthe pubuc 
(see Table 6.4). DOE has proposed regulations to be axMied at 10 CFR 835, d e d  
"Radiation Prokction for occupatian Workers," to promulgate radiaiion protection 
standards, limits, and program requirements for protectfng w0d.uSS and other pers<ms 
i bm ianizing radiation at DOE facilities. The proposed rule indudes subparts that 
describe "Posting and Iabehg." I)esign Control," "Radiation S a f e t y ~ . "  "Release 
of Material and Equipment h m  Radiological Areas," and --- and Emergend=." 
' b o  major dements af the pmposxi regulations indude requfrements far a witten 
Radiation Protection hgram, a s d  as increased emphasis 0nAIARAqmmt~  
forworker protection (56 J R W .  December9,1991).Amrule fs -in J* 
1993.' When promulgated. these standards d then be legal qukements fa WM 
acUvIties at OFWL 

d d  Wth radioactive! waste indMdually4ligh-M waste. TRU, 10w- ld  
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6.4.12 Clean Air Act and Tennessee Air Quality Laws 
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Section 118 ofthe CAA emphatically clarifies that DOE. as a Department of the F M  
Government fs to comply with the CAA in the same manner as any nongm-a 
entity. The State of Tmessee, as mandated by Sect 110 of the CAA, has provided fts 

under the Tarnessee Air Quality Act 5 68-25-101 a seq.) and the Tennessee ~ t r  
Pollution C d r o l  RegulaUons ClDEC Rules Chap. 1200-3-1 through 1200-3-21).  be 
stated p w  of the rules is to 'deflne ambient air quallty standards to be achieved & 
maintained and to provide far an orderly and equitable regulation of atr qualib b~ 
limiting emissicms of air contaminants." DEC Rule 1200-3-1-.01(2)]. ~n 
standard is a ltmit an the amount of air cantamfnant emfttpn from a source & ps 
intended to bring the ambient airwithin acceptable 'airqualrtylimits." DEC Rule 1- 
3-1-.01(6)]. Wlth a few exceptions as noted at 40 CFR Q 5222, the Tennessee p b  fia 
the attatnmglt and mahtmance of the national standards are approved by =A& 
satis@ all tberequiffments of Part D, ntle I, of the CAA. Tbt plan called theTennessx 
Air Pdutlon Cannoi Lmplementation Plan, was ofhiaDy subrnittPn on January 27,1972, 
The ambient standads WEC Rules Chap. 1200-3-3) are translated into so- 
emission limttaUtms O E C  Rules Chap. 1200-3-4 through 1200-3-21) that mu.d be 
adhered to for daily axqflance activities, as Wen as RAs or DgtD activities.' Table 6 5  
lists sections of theTennessee air emission stmdards that should be analyzd an a site- 
specific basis for ea& WM, RA or D&D acMQ cx technology. 

EPA promulgated the "National Emission Stadards far E ~ ~ ~ ~ o I I s  of Radionuclides 
other than Radon from DOE Facilities" on December 15,1989. Executive Order 12088 
was signed tm October 13,1978 to emure compliance offederal facilities with applicabk 
pollution CQntrd standards. These standards are found at 40 CFR 61, Subpart H. DOE 
is considered an owner or operator of a fadlity under the CAA. and ORR of which ORNL 
is a part, is an edsting 'statlanary source," as cieibed in 4OCFR61.40 CFRQ 61B 
under Subpart H. requires that emissions of radionuclides frnm DOE tacilities not d 
thoseamountsthatwould~~anymemberofthepubllctoreceiveinanyyearanEDE 
of lOmrem/year. In artier to determine the campkin= with emission standank 
40 CFR 5 61.93 detafk marritoring and test procecfures ofradionuclide emissions fimn 
point saurceskb ofMay 1992, certain air emissimmonitnrfngsystems at ORRd-&iaot 
complywlth aIl the criterfa specified in the National Emissan * StandardsforHazardrrrrs 
Air Pollutants (NESHAPs) regulations. The FFCA for Radionuclide NESHAPs, with EPA 
Region IV and DOE-Oak Ridge Operations as the parties. anent into efI;ect an M a y s  

of an appllrrrhlc? pOnution amtrol standard. that agenqmustpmvide a plan for achkmg 

mentioned agreement constitutes this plan. Aschedde of cumpkmce for ORR in- 
OFWL sounxs, bas been developed based on - between EPA and DOE. in 
order to bring DOE-ORR into compliance as quidrfy and dkiently as is practical 'Ik 
schedule Fs set f& in Appemdi~A of the signed agreeemem In addition, DOE has agrad 
to submit nmxtbly reports to EPA describing Its progress toward meeting 

ownplanf~~implementatlonmaintenance.andenforcementofairquallttys~ 

- -  

1992. Whenmer an aLecufive agency, in this case DOE, is notified that it is in vi- 

and main- compliance. including an lll.Tplementatlon schedule. The 

requirements of the agfeeumL 



Table 6.5. Ruler oftheTDECaBurcau 0fEpvirWrmePt 
Division o f &  polzrrtion Control 

1200-3-1 
1200-3-2 
1200-3-4 
1200-3-5 
1200-3-6 
1-7 
1- 
1200-3-1 I 
1200-3-14 
1200-3-16 
12003-18 
1200-3-2 1 
1200-3-22 
1200-3-23 
1200-3-24 

6.4.2 Regulation of Radioactive Waste 

6.421 Transuranic Waste 

40 CFR 191. "Environmental Radiaticm Promon Standards far l k q a m m t  and 

envtronmental protection standards for the m x q e m m t ,  storage, and ckposal of spcnt 
mcku fud. high-level waste, and TRU wastes at all hcilities operated by DOE. 
Mamgemmt and storagemust be amdudedin such amanner as topmvxkreasmabk 
assurance that the combined annuaS dose equtdent, to any mpmber afthe general 
public m t d  25 mremto thewbole-. 75mrem to the thyroid, and 25mrans 
to any otber aitiml organ (40 CFR Q 191.03). Ifa DOE fadlfty finds that such l& arc 
arwvled amUmAly, the fadlity apply to EPA to issue alkmailve standards 
@ 191.04). EPA may issue alternattve standards if the agency decides that such 
altmmtive standardswill prevent anymtzdxrofthepublic fiomreceMnga eontiuum 
arposured~~ylrethan 100  mr- peryeardaseequtvalent and an infhpmtexpcsu~ 
&mort than 500 mrems dose equhdent from all sources. exdudkg natural 
kmdqmmd and medical procedures. EPA pmp<lsed. on February 10.1993. certafn 
standards to establish limits for themlease afradioactmateriak to tbt 
68 FR ?9Z4: fbal rule qected, February 1994I!These standads muld apply to tbt 

that dfsposal systems be designed 50 h t  undisturbed performance ofthe 
systemwould not cause the annual ammitted efkt ive dose, rea5vedthngh 

all poterrtial pathways from the disposal system. to any member dthc public In the 
aaxsihk amtronmmt to exceed 15 mrem. These standards are to be d& at 

d m t  N u c i a  F u ~ .  H i g h - b d .  and Transurantc W a ~ k , "  e ~ m  

d J s p o s a l a f s p e n t n u c i e a r f u e l a n d ~ - l e v e l w a s t e a n d T R U r a d i o a c ~ w a s t e a n d ~  1 
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40 CFR Q 191.15 and Subpart C. At the same time, EPA proposed addtng a provision to 
the EPA Underground lnspecdon Conml Program regulations to clarify that compliance 
with 40 CFR 191, Subpans B and C, constitutes compliance with the federal SDWA 
mbtor~ requirements and the Underground Inspection Central Program requitements, 
not to endanger underground sources of drinldng water. This m l r r t i n n f l  appear at 
40 CFR 5 144.31(a). Last EPA has gWen advance notice of propased rulemaking for 
q l i a n c e  criteria with the standnrfic codified at 40 CF’R 191. The purpose of these 
criteria will be to provide EPAwith tools to assess comphance ofthe Wlpp facilitywith 
the 40 CFR 191 disposal standards (58 FR 8029, February 11,1993). 

EPAintends to dwelup public health and environmentalradfationprotection criteria 
far cleanup of residual radioacme makriak at decommissianed DOE sites. Department 
of Defense sites, and NRC-licensed sites, as well as others. At present, no schedule for 
action for these criteria has been announced: 

DOE Order 5820% Chap. II. addresses the management of TRU waste from its 
generation to burial. Ihe stated policy is to manage these wastes in a manner protective 
of the public and workers, protective of the envfronment and in cumpliance with 
regulatiansandradlatronpro~nstandards.Thevolumeandtood~ofTRUwasteis 
to be reduced in cost-e€fea3ve and practical ways. Further. it is DOE policy that TRU 
waste be certlfled in cclmpliance with the WIPP-Waste Acceptance Crikrk. placed in 
fnterim storage ifrequired. and sent to t h e m .  Thls plank an RBrD fadlity of DOE, is 
to be used for d- the safe disposal of radioactive wastes from defense 
activities. A &year test phase will be conducted to determine whether TRU waste can 
be permanently and defy stared at WIPP. Once this test has been met and the dedsion 
is made to use WIPP for permaDent starage, WIPP will operate as awaste repositmy for 
20 years. If and when WIPP begins accepting TRU waste. aIl &ed TRU waste, 
including mixed is to be deposited at this site. DOE has submitted to EPAfor review of 
the WIPP Test Phase Pbn and the WlPP Waste Retrimal F%u. The submittal was in 
accordance with t h e m  land Withdrawal act. The WIPPTest Phase Ran: (1) describes 
*Test Phase activities to be d u c t e d  at WIPE (2) spedfies the quantities and types 
d T R U  waste required far such activities: (3) describes how the! adivitfes will provide 
information direct@ reiemnt to a &cation of comphance with the final disposal 
regulations or campliancf!with the SWD& and (4) providesfusUficaiimforthe activities. 
The WIPP Waste Retried Plan describes the plan for the remuval ofthe waste put in 
phce during the WIPPTest phase. ifsuch fernoval is r e q u i d  under *Act. E P A d  
rcvfew these plans and determme, - through a rulemakhg. whether to approve, in wfiale 
or in part or disapprove the Test Phase F%n and whether to apprwve or disapprove the 
Waste Retrieval Plan (58 Fed Reg. 15845. March 24,1993). Other TRU waste that d m  
not need the degree of isolation of a geologic repository ar that cannot be certffled for 
acceptance at w l p ~  must be dtsposed of by alternate means. These means must amply  
with EPA and state requiremenrs and with National ErWrcmmcntal policy Act (N”fi. 

Amandate of DOE Order 5820.2Ais that waste be dasdkd ORNLmust e!valm 
as socm as possible, all mauzial known or suspected of being ambminated with 
transuranium radionuclides. In d e r  to avoid the cclmmtngltng of dtfferent waste 
streams, the appropriate must determine if the waste falls into one of the 
fanowing categories: mahial, TRU waste, low-level waste. mixed waste. OT 
non-radioactive waste. Mked TRU waste meeting the WlPP-waste acceptance criteria 
u t  be sent to WIPP. Generatars must include in the Data Package fnfannation on the 
ldnds and quantities of- axnponents in each waste package, in accordance 
with RCRA regulations. 
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At the time of generauon or treaimen~ t c a i  and administrative ammk musf 

be used to reduce the gross volume generared and the amount of radioactivitp requiring 
disposal. Generators O f T R L J  waste are to use techcal ' andadmlnistrativecmxrolsto 
reduce ?Tiu-waste mlume or the amount of radioaamty requiring d f s p d  
CoSt-efKecsimz OT feasible. Treatment facilities must be permitted under the appmprkue 
reguMmy authmities (Le, RCRA and state rules). TRU waste must be asqtd ar 
evaluated prior to storage to estimate the hazardwwaste components. and tnated. 
where feasible. to destroy the hazardous-waste rxxqmmnL The generator must d- 
clasified TRU waste by treating to remDye the classified characteristics Mcxe 

After azdikation according to the WIPP-WAC, the waste is to be placed in werim 
storage to be sent to WIPP when operationaL In order to assm safe s t o w  wnastm~ 
with RCRA TRU a t e  must be either cleariy identified or separated from HLW and ILW. 
It is tobexxm~tored periodically and storedfnsuch amannerthat radfatian expcmns 
areAIARA 

AIl 'IRIS waste d c a t i o n  sites must prepare a certification plan describing how the 
WAC are  me!^ certification plan is to deflne its quality assurance activities. Tbe 
Certiflcatian pbns are submitted for review by the WIPP-WAC Certification Camnittee. 
which subnits it to the New Mexico Envtranmental EMlluatlon Group for mew and 

S&cuegg Ran issued in March 1990, outlines the actions necessary to store ORNLTRU 
waste in a axnphax& safe manner, to -the waste to meet WIPP-WAC, and to ship 

CertJfimaCln Rugnnn Aan for approval by the WIPP-WAC Certiflcatlon Cummi- 
Generating sites implement the approved mufhucm plan utilmng written operattng 
procedures Feriodlc auditing of CertifcaUan activities wlIl occur. Failure to nsdvc and 
brfngclosurcto audit findings o r s e n d i n g m a ~ w a s t e  to WIPPwiRbejudged 
by the WET-WAC Certtflcation commtttee to be serious violations, x-csuhg tn 
suspensian o f  CatiBCation authority. 

Newfy gmemted TRU waste must be phced in nanambustible packaging IlLeeffng 
DOTreguhm~All?ppeATRUwastecantatnersmustkequippedwith~ 
devices. and all packagings must bemarked labeied. and sealed in accardan#witb 
WIPP-WAC EP& and DOT regulations before shipping. In addition, ORNL xmst adbm 
to the q u i m x m s  of 4OCFR262, Subpart C, 49 CFR 172, Subpart D and E. 

Section 3(r) ofthe DOE Order 5820.2A specifies requlre!ments for shipping ofTIzu 
waste Among these are adherence to 49 CFR 17'2. Subpart C, W P  DOE-157. and as 
necessaty. the manifest required by 40 CFR261 and =.me B packagWglsrapind 
for all TRU waste as well as a DOE-eOatrolled carrier system. ifshtpped by truck 

Prwisims have been made for interim storage fadllties in Sect. 3 0  to *e foa 
certain waste and for certtfledwasteby d&te as well as o n - s i t e m  
Design, amsmctim, and operation of new interim storage facilities must meet RCRA 

The DOE rtport 'Comprehensive ~ p m e n t a t i o n  Flan for the DOE Defeme Burid 
-ted Waste Program' (DOEJlM)25, September 1987, 
a l ~ t o t h e l ~ ~ m a n a g e m e n t o f ~ ~ ~ c o n t a m t n a t e d w a s t e a t t n a c t t P e  
DOEwastew, i n d u ~ t h o s e  at O m  Qosureis to occur at eachsite. in armrrl=mrp 
with all fedeai and state regulations. including RCRA and CERCIA. After each Waste site 

r 

1 ~ c a l i t m .  

C0-m appmpal of such plans is granted. Tbe o m  mu WaSteM- 

to the WET. ORNL also issued the updated ORNL Contad-Handled?RLl W e  

49 CFR 173. subpart I, and WIPP-DOE-029. 

'Estclustve use" Vehtcle~, a~ defined in 49 CEX 173, must be UW in all ST- 

Predse details should be drawn from the Order itself. 
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i I is -. a closure s k ~ m  is to be dmeioped. Each site must a k y  have a closure 
pbn: a Ilst of req~lrements for the plan is found at Sect 3(i) of the order. 1 

6 . 4 2  HighUvel Radioactive Waste 

40 CFR 191, “En-nmenral Radiation Protection Standards for Management and 
Msposal of Spent Nuclear Fuel. High-Levei and Transuranic Radioactive Wastes,” 
discussed under the heading of TRU Waste, d e s d e s  emlmnmmtal protection 
standards for the managemem straage. and disposal ofNgh-l& waste at fadlities 
far the ckposal of such fuel orwaste operated by DOE. Just as WrthTRU- liquid 
and~edhigh-levelwastermrstbecharacrerlzedconsLtentwfthradiationprotection 
mpiremmts to detennlne its hazardour axqxments, per 40 CFR 261 and 40 CFR 264. 

DOE Order 5 8 2 O . a  Chap. IXL estahbhes internal polides fa the xrranagement of 
h i g h - M  waste and other materkk mpirtng similar handlfng due to th&r highly 
radioacllve nature, All high-lerrei radioactive wastes are considered r a . d i m ~ m € x € ! d  
wastes and subject to the AEA and RCRA. unless demonstrated to the amtxq. The 
palides of chap. I, “High-H Waste” are several fold the safe storage, tnammt. and 
& p c d  of all high-level waste generated by DOE operations: starage opaa&ms must 
comply with EPA and state regulations: and geologic disposal must camply with both 
NRC regulations and EPA stanrlnrri.c. New fhilities for storage and treatment must meet 

waste. thfs document will not discuss requiranents for this waste -in 
d W  

the-tsof40 CFR2~andDOEOrder6430.1.BecauseORNLhasno~-level 

6.423 Low-Level Radioactive Waste 

EPA plans to establish generanY applicable standards far the xmqgment and 
disposal aflaw-level waste unrler the amhoritpof t h e m  as amended, to be d e d  at 
40 CFR 193 (57 FR 52061, November 11.1992). In the same categay, EPAmqdepelop 
criteria far decking certain wa&s as being below regulatory cancaa the Agency 
intends toregulate thedfsp& ofcertatn NARMwastes under40 CFR 764 (57 TX52061. 
Nwanber 11,1992). The propased xuleis arpected In September 1993 and the finalrule 
is schxmed for September 1994: 

?be FFAfarthe O m  dective January 1.1992, cuvers the active L4uidLnw-Led 
Waste system at ORNL, This system is an assemblage of tanks. assodated transfer 
pQehxxs. and andaxy txpiprne~& such as pumps and evaporators. desgned for 
coIlectfng. neutralizing, con- and stmingwastes priartodisposal.Thebulkof 
thellquidhv4evei Waste tanks and transfertines are buriedunderground fapurposes 
of radfation shielding. Both past and current waste treatment and storage practices, 
includingwaste neutralfiatton and eraporatim~ have! produced Uquid L m - M  Waste 
~ a n d s l u d g e s c o n t a l n i n g w ~ ~ a n s o f h a z a r d o u s ~ ~ ~ e n o u g h  
t o b e ~ ~ t o n e w r e g u l a t o r y # m t r o l s . ~ u d i n g R C R A i D R s f o r m i r t P n - ~ ~ a n d  
-tal wastes. TheFFAcmtains provisions applicahle to DOES llquid LQW- 
kd Waste tank system(s) listed fn Appencb F of the F’F’A Four categories of tank 
systpmc arc associated with ORNL They are as follows: (1) new or replacemmt tank 
system(s1 with secondary amaimm~ (2) existing tank qstPmls) with -day 
contatnment;(3)~tlngtanksystem(s)wfthoutsecondarycantafament;and(4)adsting 
tank system(s) without secondary contafmnent that are removed from semi= In this 
FFA. DOE assented to remediate ail U p i d  law-- Waste tank system(s) for each of 
the four cakgories of tanks that are pemanently r e m d  fram service. Detailed 



requirements are aehneated in the FF'A For -le, a professional licensed engineer in 
the State of Termessee must assess and cert@ that each new or replacement tank 
system(s1 has suf€ident smctural integrity and is acceptable for the storage or treatmenr 
of hazardous and/or rac€ioacttm substances. DOE must submit the engineer's wrktm 
assessment to EPA and TDEC for review and apprpval at least ninety dap befare 
installation of a near or replacanent tank s y s w s ) .  The FFA must be referred to for 
spedflc nxpfmmmts. including but not limited to design/bstaIlation assessments, 
detectianstandards.moni~maintenance,anddispositionafl~gtanksystern(s) 
for the entire aaive life of the tank system(s) and undl r e m o d  h m  

DOE Order 5820- spedfks that the management of b-W waste must ensure 
that external exposme to the waste and concentrations of radioacttve material that may 
be released into surfice water and soil does not d 25 mrem/year to any member af 
the public. Releasg to tbe atmosphere shall not exaxxi 10 -/year. Chapter a 3. 
establishes perfarmane objectives for proper IIIsLnagement of DOE-low-level waste that 
was not disposed ofprior to September26.1988. lnchrded are requirements for ensuring 
that inacivertent intruders u) the fadllty after the lass of active ~ U t u t i o n a l  control (100 
years) not be expc#ed to EDEs exadfng 100 mrem/yr for wnttrmous tqmsure or 500 
mrem for a singie acute arpclsure. Gmund-water resoufces must be protected in 
accordance with federal. state  and local requirements. 

6.4.24 SpeciaKasa Waste 

Spedal case is a DOE tenn used to describe radioactbe wastes that do not fit the 
criteria of thehfgMepel waste!, low-level waste or TRUwaste. These waste may have same 
characteristics of m e  or more ather major waste tppes. Howmzr, they may also have 
additional charaderfstics that prevent them from being managed as typical high-kvd 
waste, low-led waste. of mu waste. Because of these charaderisucs, such wastes are 
potential problems to generators, handlers, and disposal hility operators and xnq 
q u i r e s * w a n d  dispcsal schemes. Rpe &€!ga€s ofspedal-casewaste 
and one category af spedal fnterest DOE-uwned matmals hape been identifled fu 
managementasspedal-casewaste: ( l ) p e r f o m l a n e a m u n g *  (2)greatertban 
Class C, (3) unawified or mcharacterized WC). (4) hf,gh-lepel incidental waste 0. a d  
(5) nonaztibhle. armtranspartable "RU waste The specfal interest categmy is 
w ~ ~ D O C o w n e d r a d i o a c t f v e m a t e r l a l . T h i s ~ ~ , a l t h o u ~ n o t a w a s t e  
category, has been included in the spedal-case identitkition and characterhtlon task 
in order to meet tbe needs of DOES management plan dmeiopxmt. ORNLhas been 
asked to identtfyspedal-case-tes or potential waste materkk that m y  fall within 
these six c a t q p k s  and. if possible. to provide detailed charaderfiations of each categay 
of waste: 
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exposed to a mmhined annual does equident from discharges and direct r a d l a t i ~  KO 
exceed 25 mrems to thewholebody and 75 nrems to any critical organ. On Feb- 10. 
1993, EPA pmposed certain new standards for disposal of these waste types ar 
40 CFR§ 191.15 and Subpart C. See Sect 6.42.1, TRU Waste, for a more axnpke 
discussion afthe proposed rule making. 



6.5 MIXED-WASTE MANAGEMENT 

Section 1004 of SWDA ~ o a s  amended by the FFCA of 1992 by adding the following 
definition for mixed waste: %am that contains both hazardous wasfe and s ~ v c e ,  

spedal nuclear, or by-prr>duct material subject to the Atomic Energy Act of 1954 
(42 U.S.C. 2001 et seq.)." Mixed wastes are thm containing an RCRA hazardous waste, 
as defined in 40 CFR 261, and a radioacUve waste subject to t h e m  On July 3,1986, 
EPA published a notice a n m m  that in order to obtain and maintain authorization 
to administer and enforce an RCRA Subtltle C Hazardous Waste Program, states must 
applyfor a u t h o r i z a t i o n t o r e g u l a t e t h e ~ o u s - w a s t e ~ e n t s o f r a d i o a ~ ~  
waste. EPA stated In this no- that the radloactlve-waste c o r n p o r n  of radioactive 
--waste is subject to them and that the ha.isnious-waste CQmpOnent is subject 
to RCRA When the applicadon of both standards is conflicting or inccmslstent, RCRA 
yields to t h e m  (52 fR 15940). The DOE Byproducts Rule which discusses how RCRA 
applies to radioacthe wastes that contain components of hazardous wasfe~ within the 
meaning of RCRA, was published on May 1, 1987 (52 I;R 15937). Tennessee recemd 
authartzatlon on August 11. 1987. to regulate the hazardous-waste component of 
radioactive mixed waste Tennessee recetved Anal authorization to regulate radioactive 
mixedwasteonJdy3,1986(53FR37045.Sept.23,1988).H~.Tennesseehasnot 
frnplementedanyregulationsorguidancerelatedtothe~ofmtsr#l.aaste,"HSWA 
regulates mixed waste exhihiting the taxidty characteristic and prohibits the disposal of 
hazardous wastes that have not been pretreated to standards established by EPA The 
prohibitions are called the lDRs of RCRA and are discussed fulfy in S e z  6.3.4.11. 

In June 1992, EPA and DOE signed the LDR-FFCA/ORR to b.rlng mixed-waste 
generation and storage fadhffes on the reservation into compliance with Subtitle C of 
RCRA. regardtngmatters spedfimllynamed in the FMlk Themixed wastes covered 
under the LDR-FM=A/ORR tnchrde flammable and corrosive liquids. U p i d  low-level 
waste concentrates/IRU waste sludges. s o h t s .  paint waste, mste oils and organics, 
and solid-mixed wastes. Tbe FFCA dkectly af5ixts WM at 0- &ective ixxxnedhtely, 
DOE-ORRwas to submit plam to tnhdetreatment and storageoptians for I D R d x e d  
Foastes to meet the qWmumts ofRcRk The FFCAapplies to IDRrequlrements 
petatnhg to past ongoing, and fiture generation, storage, treatment and/or disposal 
of the radioactive-- wastes and dkadn-containing hamdous wastes at ORNL 
identifled in the appendics dthe FFCA. Under this FFCA. DOEhas suhxnitkd apbn  
€bra waste mtnimization programat DOE-ORR Itwas r e q u i d  that the program pmpide 
for the segregation of hazardous waste fium radioacthemtrt#l wastes. the substitution 
a f ~ o u s s o h n e n t s f o r ~ ~ ~ ~ S O h r e n f S ~ e r e t P r h r r f ~ p r a c t l c a b l e , a n d t h e  
mtntmr7ation of the generattan of hazardous waste throughout DOEORR It was agreed 
that DOE would implement the waste mmmization program in accxndance with the plan 
and report its progress amually to EPA The agreement also provided that DOE wuki  
submtt to EPA for review and apprcrslai a plan for treatment of the IDR- prohibited wastes 
with identified artstingtreammt Asemndplan was agreed to and submitted, for the 
tnabnent of the identified IDR-prohibited waste that has no adsting treatment. ?hfs 
plan Included the treatment straw fix such wastes to meet IDR treatment standards 
and a schedule, not to enrwvi two years, for the evaluation of prioritization of treatment 
method options. treatability studies if required, and technology ddopment .  DOE 
submtts quarterfy progress reports far implementation of this phn. DOE stin must obtain 
all necessary permits and appruds under applicable load. state and federal laws and 
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regulations. All actions taken pursuant to the ageemem must be undertaken in 
accordance with appbicable laws." 

The m o f  1992 Cpublic Law 102-386. odok 6,1992) mends Section 6001 of 
(42 U.S.C. 6961 et q . 1  to clarify the applimtian of certain regulations and 

sanctions for federal facilities. spedfldy, sect 102 of the FFCA of 1992 WaiFeS 
immunity of the United States for all substantive and procedural req~lrements with 
respect to the c n n t d  abatement, or management ofsolid and hazardous waste. This 
waiver enoampasses any rmmunity otherwise applicable to the united states. inclum 
injunctfve rekt administrative orders. and dvil or adminis &a.Uve penalties or fhes. and 
subjects the f M  gcwemnment to the full range af m e  enforcement tools far 
penalizing isolated. intennlttent, or canUnuing vidatiarrs TheFFCArecognfiesthat 
unique problems exist far the storage of certain hazaxdous and radioactive-rnfxed wastes 
and has delayed the ef€eatve date for three years frmn amciment in certain ins- 
In particular. ifthe starage of mixed waste is not the subject of a permit, agmxmmt. 
administrathe order, ar judicial order, and if t h e w  is managed in accordance with 
other applicable requirements, then this wafver win not apply for three years of 
1992, sect 102(c)(2)]. At the end of the three year period. the wafvef shall apply to aIl 
departments and agendes of the United States far violations of Sect. 3004(j), with the 
possible acception of DOE. Even though the waiver ts not delayed far DOE fadlrties that 

compliance with the LDR starage prohibition for mhxi wastes. the waiver will not apply 
to DOE as long as DOE Ilzeets certain conditions speafled tntheact =of 1992. sed 
102(c)(3)]. SpedfhRy, the wafver shall not apply to DOE far mixed-waste vialatians af 
Sect. 3004W ofswDAsolongas DOEhas submitted has in effect and is incompllanct 
with. a plan pursuant to Sect 3021(b) of SWDA. and is in compliance with an order 
issued pursuant to SWDA g 3021(b) requiring c!uqhme * with such plan. The new sed 
3021, added to SWDAby the FTW requires that DOE. wlthtn 180 days of October 6. 
1992, submft national irmpntory reports of aII mir#l-wastes and national inventug 
reports of mtn#i waste treatment capacities and tedmoiogles. In additiaa DOE is 
r e q m  under the same time €fame to submtt. far each DOE facility where DOE 
generates or stores mta#i waste, a plan far developing treatment capacities a d  

spedaed treatment standads to be a & d  arethoseprwmrlgatedpursuant to sed. 
3004(14 of SWDA for waste subject to land dtsposal proMbition. However. if a DOE 
fadlily is already subject to a permit establishing a scfiedule for treatment of such wask. 
or any exis- agreement or order, to which the state in which the facility is located Is 
aparty, then the reqdmmnt for such aplan is not r e q u i r d  Tomeet this deadline DOE 
published its draft strategg for development of a natimal ampliance plan far DOE mtr#l 
waste on Deceplber 3. 1992 (57 F)i57170).' Based an comments received. DOE has 
reyised its approach and wends to begin disassicnrs an the plans as soon as 
DOEsplan,~theNatlanalCompllancePlan.~integrateDO~scurrentmirredWM 
activities into a long-range p k  not only to promote compllanm wfth 
applicablelaws and regulations, but to ensure deFlefopment ofadequate waste-- 
capadty. To hlilll the requtrements of Sect 1Wa) afthe FTCA. DOE. on Apd 6.1993. 
published a schedule for submitting plans for treacbg mixed waste for each fa~W at 
which DOE generates OT st(lfes mixed waste (58 PR 1787". The schedule @des ttnx 
and opportunity f a  necessaTy discussions ammg states and DOE sites and reflects the 
fact that sites willhavevaxyingneeds regarding the amount of timenecessaryto identtfp 
treatment alternattves and prepare a plan for their IDRmimPrl waste. The schedule allows 
for dismssions o f  technical and policy issues assoQated . WithsltespeCiAcplansandthe 

are subjed to anexisting agreement. pennft. . - aiive or judicial order addresklg 

technolo~totreatallmtxpnwastes,regardlessofwhentbewastesweregenerated'Ibe 
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natianal plan and considers the need to closely coordinate the site treaumm phrrs with 
DOES angoing efforts to prepare the ER and FI'M Programmauc Envtronmgncal Impact 
S t a w m m ~  The goal of the schedule is to haw all plans in plam and orders issued by 
October 6. 1995 (58 FR 17878). 

DOE identifies ORNL as one d50 sites at which DOE generates OT surres mtrrPn 
wastes DOE executed an LDR agreement with EPA for the ORR on June 12.1992. but 
bemuse this Agreement does not indude the State of Tennes~ee. ORR fkdities are 
requjrd to submit site treatment plans under& FFCAof 1992 (58 FR 17880). However, 
the State afTennessee could waive the phn repiremat and develop a plan and order 
with the spedflc site, pursuant to S e a  3mllb)~5l of RcRk Eitherway, DOE htmds that 
all s i t s  follow the proeess outlined in the publication of its schedule (58 FR 17878. A@ 
6,1993). The primary concern &DOE is that canflicts not arise between ammitmmts 
made and approved for site trearment plans under the FFCA and DOES adsting 
agizamems with EPA DOE is cmcemed that a smooth transition of authority occur h m  
EPA to tht states when plans are apprwled and the s t a b  issue ard- Where 

agreementsareLn~~underCERCLAfarrestoraUonactfvitiesat~~sites, 74 information r e q m  such agreements is simllsr to that aplan 
under the FFck If a separate site treatment plan is prepared, DOE is concened that 
there be ans&tency in terms of time frames, as well as areflectionin thesite treatment 
phnofthe~ionsestablfahPnthroughtherestoraUonprocess(58 €R 178&0).DOEwfll 
use the fnfbmation in the April 6,1993. report as a starting point fn dm9upf.q the 

. treatmentplans(58FR 17876).OnApr1128.1993,DOEannouncedthemaikbWyofthe 
Interim Mixed Waste Inve!ntaxy Report on Waste Streams. Treatment Capad- and 
Techmh@s (58FR25822) with cmnmenrs to be accepted and m d a - e d  in the 
deveiapmart ofthe final r e p a '  

DOE Order5400.3 established DOE'S b a z a r c l o u s a n d r a d . i ~ m i n # l w a s t e ~ d ~  
and mpimxnts. The order clarifies DOES interpetation of the d m o n  of 'bg-product 
ma- (10 CFR 962) as it relates to RCRAregulation of mixed wastes. and establLEbes 
the hrxs d authority at DOE Head- for RCRA Lmpl- CERCIA 
mquhmms are addressed in DOE Order 5480.4. TNS d e r  pmvides DOE policy 
resoking FCRA/CERCIA overiap issues and integrating NEPA with RCRA/CERCXA 
processes' DOE Order 5 8 2 O . a  in Chap. VI, "Waste Management PIan m" calls 
for a sectiun in each site's WM plan to adctress radioactive and mixed WM. Tbe section 
desnibes tk site WM systems. waste chararxerfstics, the problems, and hture p h s  for 
radioaahr+ and mixed WM activities. ORNL has responded to this mquhmmt by 
Uusian dchap. 5 in the ORNL ~izsteManaganent Pian of Decemk 1992.' 

quantitiesafradioactivelead shkldhgmaybe generated thatwiIlrequfreactfonbgWM. 
Although trtatment standards edst far lead-cmbmimted debris. certain mdhdlve 
wastes arc arluded from the ddinitim of debris [see 40 CFR § 268.201 and are subject 
to~ctrea~entstandards(57~37238,August18.19921.40CFR§!268.42. 

lnclw tk Radioactive Lead Solids Subcategary, which includes lead shiekhg. TMS 
treatment subcategory has bem @m a RCRA waste code designation of Doos The 

af4OCFR§268.42, is 2na-n with surface coating mahials such as 
poiperk organics (eg. resins and plasm) or with a jacket of inert tnarganic 

8 268.4200. Table 11. 

t 
! 
i 
! 

when D8cD actMiles take *with regard to certain ORNLbulldfn&s Iarge 

T a b l e 3 , l l s t s t e c h n o l o g y - b a s e d ~ t a n d a r d s f a r ~ c r a d l o a ~ ~ o u s - ~ a r a s t e ,  

cksigmd lE!&nology-based standard appllmble to this subcategcxy, shown m- 1 

to subs- reduce surtace e!xpoam to potential 1- mpnfa_" tam 
000610 
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One of the types of mixed wastes generated at ORNL is @-waste oils that have 
been removed h m  s_vsterns operating in radiation m . 1  These waste oils include 
w u m - p u m p  oil. axle oil. rdiigemtion OU and oil/- m t n t r ~ p s . ~  Used oils directed 
for disposal are not listed as hazardous wastes by EPA (57 fR 21524. May 20,19921, but 
the b a r d o u s  waste characteristics still apply to the used oiL 

O R N L ~ ~ ~ - g a s e o u s w a s t e s i n t o t h e 3 0 3 9 ~ ~ ~ y s t e m f o r ~ ~ t ~  
The 3039 system& one of seven major cell venttlation syste~~~withstacks that currently 
~ecellventilatianairandprocessoff-gascantalninggaseclus~efnuents.  
The 3039 stack handles off- from most of the &&ei Valley hcilities. hrge 
undergrounddudsandabovegmundsteelductswnnedthe~~ansystemsin~jor 
areas to thfs  stack. The gas srreamS from most areas pass tfirough high&dency 
particulate air (HEPA) fUers. A discussion of the requirements for these 
emissions is included in sect 6.4.1.2, which deals with mbaaive *streams. 

AMoratorfumanSMpmentofPotentialtyRadioa~Hazardousand~tlnto~ect 
an May 17, 1991. Tbt maratorium applies only to T X A  wastes and RCRA 
~ o u s w a s t e s t h a t a r e p o t e n ~ w n ~ w i t h r a d f o a c t i v i t y a n d t h a t a r e t o b e  
shipped to off-site commerdal treatment, storage and disposal campanies. A companion 
palfcy. referred to as the Perfoxmance Objective for Gmiflcation of Non-Radioactbe 
Hazardous Waste or "No Rad Added" policy. followed on Ntmmber 15.1991. This policy 
requires a determtnatfon that RCRA-hazardous ar ECA-regulated waste is not 
radioactive before the waste can be transported off site to nan-DOEowned TSDFs not 
hcensed for management of radioactfye materials. The perfarmame obfectfve will remain 
i n e f f e c t u n t i l D O E , i n ~ w t t h o t h e r a g e n d e s ,  derivesrisk-basednumericlimtts 
far release of wastes amhhtng such a low lwel of d i o a c t ~ t y t h a t  -act to public 
bealthandtheemrirorrmentwouidbeinsigniflmntThepoficgrequirescertificationthat 
offsitewasteshipmentstocammerdalTSDFs wnta innoradi~was te .  Forshipment 
of mixed waste. compliance with DOE Order 5820.2A is necessary. Pennit and license 
status of recefving facilities for mixed wastes must be wzified. ckcumenM. and clearly 
traceable to the waste shfpmenL All DOE contractnrs musf put into place f d  
documented procedures and criteria to address the of mtnwl wastes scut 
Off-site, including adhexmce to Department of Transpartation regulations. The DOE 
amtractor must make a commitment to approve. and the local DOE affice must commlt 
toaccept,thesep~uresasa~ditfonforllftfngthemmatorlum.AReadinessReview 
Team has been established to mew and approve such prooedures. 
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6.6 ASBESTOS 

6.6.1 Clan Air Act 

Tbe W o f  1970 is the major federal laatregulatbg the air  -ions &processes 
and fic&&s.'Tbe objecths of CAA are to prom and enhance the qua.lity of the 
nation's air resowus and to protect ~LLUC health and welfare, while tssterlng a 
beuefidal producme capacity.' As a result under Sect 112 of the CAA, NFSHAPS 
estabhhed to coatrol pollutants that may be reasonably antidpated to m t  b an 
inmase in mmaJity. or an increase in serious -le. or incapadtating reversible. 
illness. Due to the seriousness of the health iusplicatlons NESHAPS are ~ e d  to 
ContraL the sbndards apply to both WUng and nmw sources. Congress has designated 
asbests as a hazardous-air pollutant and as a hazarcious-air pollutan~ it is regulated 
under the CAA. In order to further implemen~ Secz 112 of CAA. EPAfssued revkions to 
the asbestos NESHAP at 40 CFR 61. Tbese nMsimswe!re made to improve tzxfurmneut 
and pnrmote compmce with the m t  smndard without altering adsttng con- 
Someofthechaqprequtrethefollowfng: additionalnodflcationrequlrementsbym- 
or operators of a demolition or renovation acttvitp, waming signs during loading d 

or operams of an acttve waste disposal sire must keep waste shipment re#fids and 
p m v r d e w r t t t e n r e p o s t s t o E P A u p o n r e c e t p t o f ~ t a m o u n t s o f i m ~ ~ ~  
or uncoperedwastewithin a day. The regulations are not limited to sdsting h b k  
materhl. but indude future additional W e  mamal that may be produced b.p 
nonfrlable fanns. Additionally, it should be noted that EFA has not listed asbestos 

material as hazardous waste UDder RCRA However. asbestos m 
treated as solid wastes for purposes ofRCRAregulatbn. ALSO, asbestus is listed as a 
hazmhs substance covered by CERcLAat 40CFRg302.4. S e n d  WM actbi&s 
irrvohringasbestos areregulatedbytheCAA 

operatim. Some d the waste disposal requlremaus include dischargtng no vbibk 
emissions to the outside air durlngcoIlectfon. promsing, packagtng, or -of 
any =-waste material UnlRS an aIlawed emissionaritrd and wste 
treatment~odisusedandprocessasbes~mainingwastematedalinhxmn&abk 
fonns. 

secondfy. 40CFRg61.152 contains the w e n t s  for air clearring. These 
atr-cleadng requfrements are applicable to WM activities involving air ckaning as 
a pmccxhre for asbestos emission cantrol in 40 cFR§ 61.145(~)(3)(i)~)(l), 40 CFR 
Q61.145(~)(4H.ii), and4oCFRQ61.145(c)(ll~W.as~aswMactMUestnvofvhzgwas& 
disposal far demnlim and renovation operatians in 40 CFX Q lSO(a)(l)(ii) and 40 CFR 
§ 61.150(a)@)O. 

Also, WM a&vitles lnvohring asbestos acttvities must comply with the rep t i ng  
requirements dted at 40 CFR Q 61.153 by pmvidfng the EPA AdmtnlstratcH with tbc 
applicable i n k x w h ~  

I n a d ~ ~ o w n a s a n d o ~ t o l s o f ~ w a s t e d l s p o s a l s i t e s t h a t ~ a s b e s t o s -  
contatntngwaste~fromdemalitionandrenwationoperationsandoperatl~that 

must meet the xqulrements in 40 CFR § 61.154. Some of the requirements incluck 
warnfng signs. fen- waste shtpment re!axds and no visible emissions to the oukick 
air, d e s s  the mquirements of 40 CFR g 61.154(c) ar (8 are met. 

unloadlngof-used totransportasbestos-cm~wastemateriaL anciownas 

40 CFR Q 61.150 prwfdes the standard fix WM activities dealing Wth 
dtsposal far asbestos l;nanufactuTin& fabrimting. rfemnlltim renovation. and sprayhg 

convert asb&~~-cantainlng waste materlai into -bates (asbestos-ikl matetfal 
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Last any WM activities that invdve or may in the future irmoive the conversion of 
regulated asbestos-containing material and asbestos-containing waste material into 
nana~bestos (asbestos-free) materd must comply with the -ts dted at 
40 CFFl§ 61.155. 

6.6.2 Ocwpationai Safety and Health Administration 

Tbe Oaupational Safety and Health Mmhistration (OSHA) was enacted fn order to 
prmde employees with a safe working environment. The applicable OSHAreqrrfrements 
far WM actMties dealing with asbestos Illust be complied with. Fmt. 29 CFR Q 1926.58 
a p p k  to aIi construction WDfk as defined in 29 CFR § 1910.12(b) and Wudes. but is 
not lfmited to the following activities: c b ~ U t i 0 n  or salvage of struaures where asbestos 
is pnsenc removal or encapsulation of materials containing asbesbs; canstruction, 
alteration. repatr, mahtenance. or renovation of structures, m b m ,  OT p0rt101~ 
tbgeaf, that contain asbestos: and transportatton, disposal, stnrage. or ccmtamnmt of 
asbestos cn products containing asbestas on the site or location at which wnstruction 
ai%vities are performed. AdditionaI€y, 29 CFR Q 1926.58 provides requtranents for 
asbestos removal, demolition and rmmt ian  operations, dtsposal o f m s t s  contaminated 
with asbestos, and warnfng and labeling requirements. In contrast 40 CFR 8 1910.1001 
apphes to all occupational arposures to asbestos, in all industries COFlered by OSHA. 
aOcept amstruction work as defined in 29 CFR Q 1910.12b). Some ofthe reqummmts 
deal with the following: manitoring. wet methods, exhaust vartilatfon, remmal and 
storage, warning signs and labeis, waste ctfsposal, and record lmqing. 

-, OSHAhas exknded a partial administrative stay of& abovelisted revised 
and 

acthohte far general industry dted at 29 CFR Q 1910.1001 and m M  at 
29 CFRQ 1926.58, insofar as the regulations apply to occupaticxlal expsure to non- 
ashstifam tremolite, anthopl@ite and actinolite (57 JR 7877, March 5. 1992). The 
artmintctratfve stay was e x h d e d  to aUuw OSHA to complete supplemental rulanaking 
h i t 4  to the issue of whether non-asbestifarm tremolite, and actinolite 
should ccmtinue tobemqphkdinthesame standard as a s k t o s  (57 I;R7877. March 
5.1992).?berefore, duringtheperiodthattherevisedstandardsaf29 C F R g  1910.1001 
and 29 CFR Q 1926.58 haw begl partianp stayed, 29 CFR Q 1910.1101 applies Yn lieu 
of the revised standards gumming occupational exposure to asbestos, tremolite, 
anthqbynfte and actinolite" (29 CFRQ 1910.1101). 

5 a l  stadards for occupational exposure to asbestos, tremofite. 

6.6.3 State Regulations 

T h e T ~ ~ A i r F o l l u t i o n C a n t r o l R e g u l a t t o n s d e f l n e ~ ~ ~ c o I l t a m l n a n t s  
as any atr contaminants that may cause or contribute to an incmase in serious 
IxrmzsWe or Incapacitating fwerSible iRness and has been so deagnakd ky the 
T w  Air Pollution Control Board. referred to as the board Asbestos has beea 
designated a hazardous-air contamlnantby the board and as a des@ated hazxdous air 
mntambant. asbestos is regulated under the Tennessee Air PaIEUtion Control 
RegulatioIls. As a result szved asbestos activities ur operations putbent to WM 
acUWies are regulated by the Tennessee Air Pollution Contml Fkgdaticms, 
mt. WM activities invoMngwaste ckposai of asbestos redtingfrummamrfactur- 

in& hbrimg, demolition. renwatian. and spraying operatians must meet the 
m-s ofTDEC Rule 1XS3- 1 l-.W)(j). Some of the waste disposal nqdmnents 
of asb&usantaining waste materials resulting fiom man- fabricating, 
demniltion, renovation. and spraying indude the following: no visible m a n s  to the 
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. (including Indneratim, pa&aglq& 
waste maw or treatment of 

outside air during the collection or pn>cessme: - 
a s b e s ~ ~ w a s r e w i t h w a t e r o r P r o c e s s  asbestos-canralnfngwastematerfalfnto 
nonfriable farms and all asbestos-containingwasre materials shall be deposited at waste 
disposal sites that are operated according to the pmvisions ofmx Rule 1200-3-11- 
.02(2)0)[5). However, an m e r  or operator may eferr: not to meet the no-visible emksion 

11-.02(2)(d) pertatntng u) demolition or renovatian activities if the owner or operator 
elects to use the alr chning methods s-ed in TDEC Rule 1200-3-11-.02~)(b) to 
clean emissims containiug particulate asbestos mzexial before such emission escapes 
or are vented to the outside a&. 

Also, the Tennessee Air Pollution central RegulatioI3s @de the requirements for 
asbestoswaste disposal sites. In order to be an arreptahle site for disposal of asbestos- 
containtngwastematerialsfrommanufadurlng. fabrimting. demolition, renwatlon.and 
sprayingoperations. anacmewastedisposalsitemust~thereq~tsofTDEC 
Rule 1200-3-11-.02(5). ORNLnonradioac~asbestoswasteisdtnectedtoS~IIl~ 
on Chestnut Ridge, south of the Y-12 Site' However, miioactm asbestos is disposed of 
in Greater cmfhmem Disposal silos in SWSi 6 at ORNL In addition, the Asbestos 
TraddngsyStgmprovides data on O m s  remmland dtsposalof asbestos fkornbdding 
demolition ar renavatiox~' Tbe Asbestos Tracking System provides such in€ormamn as 
volume, weight waste ongin (demolition or xxnomh4). waste type (friable or -1. 
d a t e o f ~ ~ ~ c r m t a m i n a t i o n , a n d f i n a i ~ t l a n . 2 T h e s y s t e m i s ~ t o  
g e n e r a ~ q u a r t e r f y s ~ y r e p o r t s o n a s ~ t o s ~ t i e s a n d t o w m p i l e ~ d i s p o s a l  
totals far other hazardolrs waste reports? The WM Opaamns Group is responsible for 
the management of thts data base? 

transporttn& depositid of any asbestos-- 

0fTDEC Ezllle 1200-3-1 1-.02(2)(j) ~tarPn ahve IXX of TDEC Rule 1200-3- 

6.6.4 DOE Orders 

In additim to federal and state regulatoq requ' . DOE and DOE contradlls 
are subject to the requhmmts of DOE orders. DOE Order W . l A  pruvides in scd 
0205-1 that demolition plans shall define methods farhandUnganddiqx&ngof 
b a z a r d o u s - ~  materials. including asbestos AdchtimaBy, DOE Order 643O.l.A 
p~desfnSed.0110-5.4thatmaintenance,tepatr.and~UonofDOEfadUtieswtth 
asbestos-containing xnamlal shall comply with the OSHA and EPA regulations fund 
InCFRTItle40. 
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6.7 WASTE MINlMiZATlON 

Akeg objective of DOE is the mLnimizaUan ofwastes-an avoidance of the generatian 
ofwastes--es well as a reduction in volume and amcentration. DOE intends to arMRre 
a 50% reduction in manufacturing a t e  generation by means of subs- 
ma~alter ingprocesses .us ingnewproduct ionhardware ,and~”Thefoats  
Iscmsourcerechtctionratherthanrecycllng.Asuaxssfulwaste * ’ -program 
will red- treament, storage. and dispc3sal azsfs and lower health Waste 
mmmmmhasbeen incorporated as alegalrequirement in Sect. 3002(b) and 
of= Sectirm 3OO2(b) requires generators of hazardous waste to cezctfp on t&r 

manifests that they have a waste mlnimizatton program in place to 
rechce thedume or quantity and tmldty ofsuchwaste to an e c o n a m i c a l k ~  
degree secdon 3005(h) req- a d t i m  for obtaining a permit fortfit txeabm% 
starage. (3f dLsposal of haza.rdous a t e  that was generated on the pranises--the 
pmnitke (owner or operator) to certify at least annually that the generator of tbt 
hazardous waste has a waste minlmizaton program in place. EPAhas proFided i&Sm 
final guidmce to assist generators. owners. and operators in c o q l y h g  with thse 
requiremenrs. This guidance is published in the May 28, 1993, Federal Fkgiskr 
(58 FR 31 114). AdditionaUy, EPA has pubiished a proposed policy statemem on source 
reductim and fecycung (54 FR3845. Jammy 26. 1989). ammMing tfu: EPA to a 
presmm strategy to reduce or eliminate the generation of harmN poIluiants. EPAat 
t h e s u n e ~ p r o p o s e d  to incorporatethJsstrategginits wera l l~anofp ro tec t tng  
rnlnwl health and the environment by making source reduction apriarityibr all aspads 
of EPA n#.idnn making and piannfng. EPA expanded its policy statement fixtbe? an 
FtAxuaxy 26,1991 (56 FR 7849) by pubkhing its Tollution Reventlon Strategy.’ On 
January 15. 1993 (58 FR 4802). EPA proposed the creation of a program to pubtldy 
remgnk ermtrrmmental leadership and to promote pollutian in 

- dkrkat 
ORNL Inpartlariar, 40 CFR261 a h w s  far eochlsiDns far certain wastes andprcrcrBcs 
spedal amsithations for small-quantfty genemtm and for hazardous w a s f e ~  that am 
used rarsed. recycled, or reclaime& 40CFR266, Subpart G, perscms 
mam@g spent lead-add batteries being redaimed. 

notbe 
llstedas ahazardouswaste (57 41566). At the same timetheypublr.ched-w 
standards far recycled used oil (57 FR 41566). Then on May 3, 1993, EPA kmed 
chif#ng amemhxmts and several comctbm to its preview issued h a l  rule 
(58 m ~ ) . m m a n a g e ! m m t ~ a p p l y b ~ e r a ~ * . ~ - ~  
rc-n%ners. burners, and marketem of used oil; theg are to be codifled at 40 CFFt279. 
Tbe ckhitbn ofhazardous waste in 40 CFR§ 261.3 was amended in the September 10 
noticetoincl~~&mostusedoilsthata~ntaingmterthan 1 O O O p p m h a l o m . U n t n d  
oil is dispased of or sent for dlsposaL it must be managed according to 4.0 -279 
standards. When the used oil handler decides to dispose of the oil. the handler mxst 
d ~ ~ ~ t h e u s e d o f l ~ i t s a ~ o u s - w a s t e c h a r a c t e r l s t i c . a n d i f s a n n r s t  
dispw! a€ the waste in with 40cFR260-266,268,270 and 124. 
Nonhazardousused oil disposalrmlstbec=arriedout in adherenceto 40CFR257and 
40 CFR 258. ?he deadline by WhichTennessee. as an authorized state. 
program to rdkt the new rules is July 1994. if a statutory change is not neakd. 
Subpart E of 40CFR266. regulations guvemhg the buming of used ail for energg 

v 
I z c R A r e q r r i r e m e n t s h a ~ p o t e n t f a l ~ c a t i a r l f a r w a s t e  - -  * ’ 

EPA axmounced on September 10,1992. that used oil that is recpcled 
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re(xlvery, was removed h m  P. 266 and is now incorp- into the P. 279 standards. 
Beaus! these reguMons were aJready In effect in Tennessee. theymnam in effect'' 

On December 10,1992. EPA published proposed rules implementing Sect. 608 of 
CAA. to establish Tec_pcLlng and safe disposal requiremenrs fa oPme-depletlng 
refrigerants rewvered during servldng and disposal of air axx€imning or refrigeration 
equipment (57 FR 58644). Technidans servicing and disposq o f  such equipment must 
observe certain service p- that reduce reliigerant ezds&ms . opme-depleting 
axpounds amtained -in bulk" in appltances. machines. or other gmds must be r a n d  
prior to dfspcsal. The h a l  sect 608recycl ingregulat i~~publ ished on May 14. 
1993 (58 FR 28660). EPAwill phase in these newregulatians Overa period of 18 months 
(58 FR 28667, May 14, 1993). Dependfng on the types and quantities of refrigeration 
systems in buildings to undergo DBrD, this issue could be significant far ORNL D8rD 
-ties. Tbe rules Wm apply to mutine operations as FlveIL 

E P A h a s i d ~ ~ e d s e P e r a l ~ c t s f o r p o s s i b l e r u l e ~ t o e n c o u r a g e a n d m a k t ?  
tMr fecycllng easier. M e  revisions involving solventamamimW rags, used anti- 
freeze, and solder makriak are potentially relevant to ORNLs recycling activities. The 
agency might address these an a "fast-track" basis rather than Fvaiting far a 
~ ~ t e v i e w o f h a z a r d o u s w a s t e r e c y c l i n g r e q u i r e r n e n t s - S o ~ ~ n ~ ~  
rags are sometimes r_in.cclRed as solid and hazardous wastes and aresubjectto fult RCRA 
Subtitle C r e q m .  EPA may consider exempting such rags fram the mtxture rule. 
EpAwill consider whether to use streamlined standards to fkditate recJlcling of used 
-. A third issue that EPA will perhaps consider on an accelerated basis is 
whether to make an e x m q t i o n h t h e  solid waste definition for aIl or some solder dross 
andrelatedmaterials.ifsuch~isreclaimeCi." 

The State of Tennessee has its own hazardous waste nductirm law. the Tennessee 
Hazardous WasteReductionActof1990 cM=Ag 68-46-301 et seq).Theactrequiresthat 
a waste-reduction plan be c o r n  by January 1,1992 for k g e q a m y  generatom. 
Smallquantity generatom have until January 1,1994 to m q l e t e  th& plans. The act 
emmerates the items that must be included in each plan. An germatm must make 
amnlal progress reports. as well as submit summaxy infomatian on waste-reduction 
activities toTDEC as an element afthe annual generatormpt Civil penalties appiy for 
tailUte to file reports. records. of documents pursuant to the ad- 

DOE order 5 8 2 O . a  sed. 3.c(2) requires the eshbkhmem of an autlitable waste 
reduction program for all 1ow-W waste genemtom. It mer states that any new 
tacilrties or changes to existing facilities will incorporate waste minimkatian into design 
amsideratfarm. 

DOE Order 5400.1, sed. 4.b. requires the prepamtian of a waste-reduction program 
plan to bereviewed anmally andupdated everytbreeyears. TbeTenn-Hazardous 
Waste ReductionActnquires angomus plan and more detailed asmual reporttngthan 
DOE Order 5400.1. AmaJor revision to the ORNL Waste Reducticm Pian was issued in 
Ncmmber 1992 to comply with the state act. 



6.8 CLEAN WATER ACT 

Because ORNLdixharges wastewaters to White oak- a surfacewaterbcdy. 
the fa&@ must comply with requirements of CWA and ~ e ~ e s s e e ' s  Water Quality 
Control Act Rtncipal dements of CWA include a cooperatWe federal/state 
implemmm3cm pn>cess: the prohibition of dkharges except in compliance with CWk 
a pennlt program limiting and regulating permitkd discharges: a system for dett-g 
the llmtts to be set for discharges: a system for the prwenrion of spills and notificaxbn 
procedures axxi responses if a spill occurs: and strang enforcement tools. while the 
federal CWA sets mandatory requirements, the State of Tennessee may establish nxre 
strtngenrreqrriranentsifitchooses.TennesseehasbeglauthorizedbyEPAtofmplanenr 
the NPDES permitting program. Sections 401 and 402 of CWA set out the 
implemmmkkm roles. EPA has established limik on the amounts of certain panutants 
thatcanbe~byindustrialfadlltU~suchasORNLTechnolo~-basedltrnitsarc 
called efhatlhnitations and are included in the required permits issued under& 
NPDES (Sxz 402 of CWAL Discharges may be further limited to maintaining a aerratn 
level of- quality for awater body so that the uses dthat water body are pt#r#1- 
A M  type dlimitatlon, toxicity requirements, may be necessary to protect the- 
environmnt and human health. Each permit spedfies the particular standards ~IXI 
conditions underwhich a permit will be granted. The amditim may include tnzmmz~ 
requfrerrpenn More dtscharge, as Well as mmitoring and reporting req- 
Technical crltala and standards for the NPDES are codtfled at 40CFR125. otfier 
fmportantregulatiansforORNLinclude40 CFR 124,wMchdescribes theNPDESpermit 
program; tht Water Quality Standards found at 40 CFFt 131: and 40 CFR401. awch 
prescribes sent guidelines for new and adstfng point sources. 

CWA. as amend din 1987, mpires that Certainstorm-WaterdischargeSbereguhted 
as NPDES discharges (40 CFR 122). Flnalregulatians cm this issuewere pub Kchrdcm 
November 16.1990 (55 I;?i 47990). A fadllty that cbchaqs storm water assodatedwfth 
its indusnfal acttvitymrlst obtain coverage under astamwater general permit TDEZ 

Sectkm 4-04 ofthe CWAstror@yregulates the disposal ofdredged or fill mate&dintO 
navigable waters. ' I l e  ~mplementtng regulations are found at 40CFR230 a d  
33 CFR -330. The U.S. Army Corps of 
areas a d  has permitting authority for dtscharges of dredge-and-m material into such 

dredge-and-fm activities in non-navigable waters. The Carps of Engtneer~ and EPA in 
November 1989,signedamemorandumofunderstandinginwhichitwasagreed~tbt 
Corps ofE#nms, through its permit review authority. would skive toward :-g 
the impact cmwetlands. In effect. the Corps of Engineers must choose the least harmful 
alternative that is practical in its permit dedsians. ?hese requirements wuuki 
applicable to any WM activities at ORNL impacting wedand areas. 

Tennesee has its own legislation to protect the wafers of the State, caIled the Water 
Quality control Ad cn=A 5 69-3-101 et q.) and Lmplpmrrnting regulations DEc 
Chap. 1200-4-1 e t q . ) .  closelycorrespondingto the federal regulations. TMS actmables 
the state to guatify far fun partidpation in the NPDES established under the federal CWA 

CWA and its implementing regulations do nd a m  to some radioactive makzfak 
suchassanoe.byproduct.orspedalnuclearmaterials.~chareregulatedbyAEA. 
However. the nonradioactive hazardous cmnpanent of a waste stream that natnim 
byproduct makrhl is regulated under RCRA (10 CFR 962). Addi t low,  ORNL csxxmt 

Rllleschap. 1u)o-4-1orequirecompllancewrthtfiefuilstonn-waterpermttttngproass 

is authorized to designate 

waters. under this same section. states may set up their own pennit programs fix 
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discharge iqh-level waste nar any radiological warfare agent into waters [sect 3011f) of 
thecFtTpJ. Other discharges contaiIllngradioacttvematerials are regulated& CWAunder 
Tennessee's EPA-authorized permitting program. 

It should be noted that the standards regulating TSDFs, codtfied at 40 CFR 264, do 
mt apP@ tD NPDES-permttkd ~~astewater units (40 CFR Q 260.10). 
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-c 7 1 5  1 -. 6.9 TOXIC SUBSTANCES CONTROL ACT 

I 
1 

TSCAwas enacted on October 11.1976 to regulate those meals that present an 
unreasonable risk of harm to human health or the exrvironmmt Section 6 of TSCA 

rather than under RCRA Subtitle C, unless the waste also meers the definition of a 
hazardous waste Theimplemendngregulationsfar PCBs are codified at 40 CFR 761, a d  
most ofthepmisims apply toPCBs ontyifPCBs are present in amcentrations above 
a spedfled l e d  [40 CF'R g 761.1b)J. For example, Subpart D. m e  and DisposaL' 
applies generanY to makrhls at cancentrations of 50 ppm and above. Some of the PCB 
regulations perttnent to WM include the following: marfdng aad labeling requfrements 
storage and dLsposai ruphments, spffl cleanup palicp, and record-keeping 
requirements. 

The actexiorof p(=B transfarmers must be marked. aswell as doors. fences. hallways. 
or means ofaccess, other than grates and manhole topers to PCB transformer locations 
(40 CFRg 761.40).~addiUon.thelabelmustbeeitherawfiiteorpellowbackgroundand 
sufkiently durable to equal or exceed the Me of the PCB article. equipment, or container 
(40 CFR Q 761.45). 

When FCBs and PCB itans are removed fiom senice and dispnsed of, the applicahk 
disposal requlremenrs af40 CRI 761. Subpart D. must be complied with. For exampk 
40 CFR Q 761.65 contabs the requirements pertinent to the starage for disposal of PCBs 
at concentrations of 50 ppm or greater and PCB Items with €W3 concentraticm af 
50 ppmorgreater.The current~regulations~chemicalwastelandfiI ldispod 
or indnerallon farauy PCB or PCB item containing5Oppmorgreater. The samedisposai 
requimnents apply to materials contaminated with PCBS fium an orfgiml  sour^^ 
containing 50 ppm FCBs or greater [40 CFR Q 761.6OU. Same af the storage facility 
standards include the foIIuwing adequate roof and waRs to d u d e  rafnfall; adequatt 
floor with six-inch curb or cantainment no drains, v a k s ,  joints and o m :  floors axxi 
cllrbingthatisamtim.~ousandfmperious; andacxessamtrol.AnPCBequfpmentplaFnt 
in storagemust be marked with the date! it was placed there and removed h m  staragc 
within one pear. In addition. Subpart D contafns the requtrementS for inch- 
(40 CFR Q 761.70). ?he K-25 IISCA Incinerator is used to pn>cess PCB contamfnahed 
mater ia ls .Current ty . the?SCAlndnerator iso~t i~res~~toburnlngl iquids  
even though the fncfneratnr is pennltted to bum soltds. This bdnerabr meets theTSCA 
requirementsaf99.~destructlonefflclencytoensureno~emissionsarereieased. 

Also. 40 CFR 761, Sut3parts J and K contain tbe record-keeping and WW 
r e q ~ ~ t h a t ~ t o W M a c t M t i e s d e a l i n g w i t h P C B s . P C B i t e m s , a n d P C B s t o r a g c  
and disposal fadllties. APCB-FFA for ORR is being developed to provide for the continued 
storage ofpcB#mtamhatd materials. 

DOE has been ixmlved in the EPA Workgroup. developing the Notice of Proposed 
Rulemaking on the diqmsal of P C B s . I 5  Based upon the Iatest draft amilable to DOE. tk 
Notice of Ropo6ed Rulemaldng will probably address PCB remediation wastes axxi 
propose that the remediation of sites contaminated with PCBs follow the q- 
of RCRA and CERCUL'' 

t spedflcallyrequires EPA to regulate FCBs. As a result PCBs are regulated under?SCA 1 

I 

L. Vd1,PLC 
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6.10 THE FEDERAL INSECTICIDE, FUNGICIDE AND RODENTICIDE'ACT 

?be ament law regulating chemical pesdddes is the Federal Xnsectidde. Fungicide. 
and m e  Act of 1947. as amended (7 U.S.C. Sect. 135, et seq.). %e Federai 
Inseaicide. Fungicide, and Rodenticide Act gbes EPA the authority to regdate the 
managemenr of pesticides, including labeling storage and transportation oipestiddes. 
as weil as pestidde container designs, and stanrlnrris for the removal of pcsmdes h m  
contafnas prbr to disposal. In 40 CFR 165, Subpart C, pmnulgated in 1974, EPA 
'fecommended" certain procedures for the storage and disposal of pesticides. pestidde 
con- and pesticiderelated wastes. Huwmr. tbe 1988 amendments to the Federal 
Insecdcide. -e, and Rodenticide Act gave EPA clearer and broader au- to 
regulate these activities, and EPA plans to exerdse this authority thnntgh k 
reguMms being published in three parts. Phase I was published on Map 5. 1993 
(58 fR268S6) with ftnal rule scheduled for Map 1994: the Phase II N o w  d f f o p a s c d  
R u l + e q  & eqected in July 1993: and the Phase III Notice of Proposed RuIemaktng 
Is due in 1994.'Tbe only revision proposed in Phase I that is potentlally apphcahle to 
ORNLWM operaam removes EPA's responsibllltp for accepting suspended and can- 
pestiddes far safe disposal and places this burden nowwith owners and m t s  u h  
hold such pestiddes. Phase 11 is stpected to tnmk the addition of data requiremems to 
40 WR 158 regadng storage and disposaL as well as an amendment to 40 CFR 165 
addfngrequiranents for container design and reSiduerem0va.l. Phase IIIwuuld immk 
storage and transportation of pesticides and management of exlcess pestiedes. Other 
prtinem regulatians implementing Federal Insecticide, Fungicide, and Rodgatidde Act 
include 40 CFR 156, which regulates labehng far pesticides and 40 CFR 157, which 
P-€=wpgreq-b. 
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6-11 TRANSPORTAllON OFF SITE 

Tbe Hazardous hfataials Transportation Act of 1975. as amended. is tbe major 
transporcatlonreiated statute afimting ORNL. The obfecttve of the -is % tmprme 
the regulatory and enforcement authority of the Secretaq of Transportam t~ p u s  
the naum adequately against risks to Me and property which are Lnherenr fn the 
-on of hazardous materfals In cnmmem%"Any transportatian of ~ o u s  
or radwcme materials off site from ORNL. operations or from a D&D site at O R N L w d d  
be reguked under the Hazardous Materials Transpartation Act. 

The patinmt provisions of the Hazardous Materfals "kinsportation AU to W 
activttm inchcktheimplementingregulations cited at 49 CFR 171-179 disarssed behw 

49 CFR 171-Usts therequfrements of the Depanment ofTransportatfon appircable 
to tbc m r t a t i o n  of hazardous materials and the packaging used in 
transpartaQanofthosernaterials. 
49 CFR 172--llstsandclasslflesthematerialsthatthef)ep~~tof?'ranspercatbn 
bas ddgrmed as hazardous materiais for the purpose of transpanatim a 
presaibesthecammunicationsregulationsapp~ewfienshipplngthoserrurRi=llc 
49CFR173-IIdnes hazardous matexials for the purpose of transparcatlon: 

tstlng and reresting responsibilities crmcerning containers built. repatrcd ar 
axx&bn&fbfuseinthetransportatianofkmrdousmaterlals:~~ 
having rmre than one and presahs criteria for instructing tbose 
resporrstble for preparing bardous mahriak far shtpmenti 
49 QR 1744Jsts additional reqgbmmts for transportation of hazardas maxdak 
b y d -  
49 CFR 1 f 5 - u ~ t s  additiod requirements for-rtation ofhazardous 
by- 
49 CFX 176--ilsts additional requirements for transportation of hazardous mamiak 
by& 
49 CFR 177- the requirements to mtntmfie danger to Me and propmy in tbe 
traqmtatian of hazardous materials by p* highway* including 1- and 
unbachg requfrements for radioactive m a w  
49 CFR 17-k the manufacturing and testing specifications far padmgkg 
and cmtaimm used for the transportation of hazardous materials. 
49 CFR 174-Us& the specifications far tanls which are mounted on of form pans 
of tank cars used far the transportation of hazardous materials. 

=taushes reqlixments in packaging materials far shipment; llsts 

10 CRI 71 spedies the standards for the p a c k a p g  and shipment of NRC-kmsed 
Wterlat Even though DOE is exempt frommust NRcregulations, DOE has specl-8edfn 

tsaf 
10 CFR 71. In additicm. under 49 CFR 5 173.7(dl DOE may use its own p- hr 

ofUass 7 (radioactive) materials as long as DOE evaluates. 
certifies that fts packagtngstanciards are equbaht  to those in 10 CFR 71. m- 

shippedin-with thisparagraphshanbemarked and otherwise-* 
shipment fn a manner equivalent to that requfred by this subchapter for PcWWF 
approved by the NRC" (49 C F R ~  173.7). DOE order 1540.2, "Hazardous &.mal 
packaging far Thqxxtation Administrative Roaxbes" establishes 

DOE order 5480.3 that DOE activities are to be In crmpliance with the . - 
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pmaxiures for the certiflcamn and use of radioacttve and othg - 0 ~ s  materials 
by DOE. 
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6.12 NATIONAL ENVIRONMENTAL POLICY ACT 

NEPA estahkhed national envlronmenM polides and goals far the proteCUOn Of the 
environment. NEPA prlmaAy seeks to establish and carry out the following two 
obj&tives: consider every significant aspect of the environmental impact of a proposed 
action and Inform public oi3dals and citizens of emdmmmtal txmcems before decisims 
are made and actions are taken. NEPA imposes environmental responsibilities on aR 
agendes of the federal government by directing federal agendes to consider the impact 
of their actions on the environment during their dedsion making processes. Section 101 
of NEPA imposes an the f e d d  government the palicy to use aIl practicable  mea^^ to 
administer federal programs in the most envirommtally sound -on. This pow is 
implemented by sect 102 which sets out the procedural requirements to mure 
envlr~nmentalconcerns areadc€ressedinthededsionmakhgpn>cess.To implementthis 
policyatORNLan~entalreviewanddocumentationprogramismalntalnedthat 
is applicable to all ORNL facilities. programs. and OperatLOns as well as subcontractnr 
activities or other work performed for or at O W  under contractual arrangements. Tbe 
following are the three levels of NEPA analysis depeding on the significance of impacts 
anticipated: 

A categorical exclusion document is prepared to record a DOE decision that the 
action is automatidly d u d e d  and therefore does not reqxire the preparation of an 
Environmental Assessment or an Environmental Impad Statement. NEPA are fully 
described in 10 CFR 1021 Appendices A and B. ?he that may apply to WM actMtig 
at ORNL Include. but are not limited to, the fbllmbg 

B1.3 

B1.4 

B1.7 

B1.ll 
B1.16 
B1.17 

B 1.22 
B2.2 
B2.5 

B6.1 

B6.2 

B6.3 
B6.4 

B6.5 

Routine maintenance/custodial seryfces for buildings, structures. 
i&asin~ctUres equipment 
IustalIation/modiflcation of ah systems for bddings. 
structures, infrastluctures. equtpIlleni 
Acquisition/hstaIlation/operation/remcml ofcnmmunicatian systfms. 
data P-lng equipment 
Fencing. no adverse dect on wildlife movement/surface water flow 
Removal of asbestos h m  buildings 
RemaTal of PCB-containing items h m  buildfngs. other abovegramd 
locations 
Relocation/demolltion/disposal of butldings 
Installation of/improvements to building/equipment instrumentati~ 
safety and environmental impropements of a facility, rep- 
upgrade of facility components 
CERCIA remcnrals/slmrlnr actions under RCRA or other authorittes, 
meeting CERCIA cost/time limits or eza~~~~tim 
Siwcanstruction/operation ofpflot &waste w l l e c t i o n / t n a M  
stabilization/mtainment facilities 
Ixnpmvements to environmental Cantl-01 qsterm 
S i t t n g / c o n s t r u c t i o n / o p a a t i o n / d ~ ~  of hdllty for storfng 
pachged hazardous waste for 90 days ar less 
Sittng/construction/operation/deoffadlltyforcharacter- 
izinglsorting packaged waste, c~erparJrinp waste (not hfgh-level, spent 
nuclear hel) 
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- B6.6 Modification of facility for storing. pachging, repacking waste b o t  high- 

l e v d  spent nuclear fueD - 36.7 Granting/denying petitions for abcation of c o m m w  dfsposal- - 36.8 Modifications for waste mtnimbrion/reuse of materials 

?beregulations speciflcallypmvide that B6 mtegarical exclusions appIytowM and 
ERadivitles. 

WhenanaPclusianisnot~ible.awrftten~nmentalassessmentIsoondu~ 
This document is prepared to assess wheber a proposed action is a % a .  Federal 
actim significantly affecting the quality of the human environment" It s m ~ ~  as t b ~  
hasis far a determination of whether an -tal impact statpmenr is nq.&ed. 
Ifan environmental impact s t a t e m e ~ W ~  not amsided necessary. a doarmart caIled 
a FIndingofNo Significant Impact is prepared by DOE to record the DOE dedsim 

3. An eixvkonmental impact statement results when it is expected that an scum 
may have a significant impact an the emhmment.. The eTNir0rmxm.I impaa 
statement is the primary driMng force behind NEPA, to ensure that federal 
agendes act and conform to the polides aad goals of NEPA The prnpose of the 
axvironmental impact statement quirment is to verijr that federal agaadcs 
muate the environmental impact oftheir dedsions so that tbe use and 
attgatioa of the ermimnment b planned and contmlled instead a f  arbitrary. 
Spe&kd@. Sect 102(2)(C) requires that'all agencies of the federal gmmmeut 
shall... fndude in everg remmmenda- or report on proposals fur legisMan 
and otber major federal action signlficamly affecting the quality d the human 
awlmmmL a detailed statement by the responsible ofadal an [D tk 
amfronmental impact of the proposed action. (a any actverse 1 
dEcts... (iii) alternatives to the proposed action, (iv) the r e l a m  behem 
bcai hrt-tenn  use^ of eplvfronment and the and 
a h n c u m m t  of long-term productivity, a d  M any irreversible and i m t r k d k  
runrrrutmftllts of resources..." 

DOES NEPA documentation has been limtted saanewhat by categorid &LE&UE 
which ezfmpts DOE from or limits the level of NEPA documentation r e q u i m i  These 
categoxicalexchsionsaresetoutin 10 CFR 1021,SubpartD. andaresubjecttocertain 
terms and cadimns. 

Tbe procedural requirements of NEPA are implemented by the caundl m 
-tal Quality, which was established by NEPA to promulgate regulatrorrs ami 
advise tbc president on environmental matters. However, an EPA Cabinet Bill. indudtng 
a pmFrision to abolish the Coundl on  tal Quality, has cleared the Senate 
  tal^ Committee. Pursllantto this biIL some CouncilonEnvirmrmen tal 
Quahtypclwers would shift to the White House and others to EPA Instead of thecounCn. 
PreSidemClhton is creating a new OBce an Emimnmntal Quality to coordinate and 
m t i a t e ! ~ ~ M  

Also, acuxdhgto DOE Order5440.1E, DOE'spohcyis to complyhUywiththeletta 
a n d ~ o f N E P A T h e o r d e r p r o v i d e s t h a t ~ ~ e r t o e n s u r e e r r v i r o n m e n t a l ~ a h  
wnsideredfntbededsion~processandtopromoteenvironmentaIlprespansfble 
decisions. DOE wlll incorporate NEPA reqwemmts ear@ In the planning process for 
proposed actions. Additionally, owners ar operatms of DOE facilities should amsick 



amrdi~tingdata coliecuon &am requtredforclosureandpostclosure care plans under 
RCRA to fadlitate complianrP with hXPA 

Last, theCentralWasteManagemwtDivfsionpmvidgsuppantotheDOE-ORR~ 
~m~ironmental hpact Statemen~~ThtS environmental impact sta-t wiil assess the 
potential environmental impacts fkcm W activities at O W  as w& as at the Y-12 Site 
and the K-25 S i k 2  In addition, the acceptability of continued disposal of low-level waste 
an ORRwill be assessed fn this environmental impact Statement2 
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6.13 OSHA REQUIREMENTS 

' N e  L sect 126(b) of the Superfund Amendmmts and Rehabilitation Act mandad 
that OSHA pmmulgate s d a r d s  for regulatim of emplqee health and safety b m g  
hazardous mte operations at RCRA or CERCIA sites and during emergency 
to h a z a r d e t a n c e  releases. The 0nal regulations for Hazardous Waste Opemmts 
rmd Emergary Response (29 CFR 1910) appeared in 54  FR 9294 (Final Rule, March 6. 
1989: effecttpe date. March 6, 1990). These regulations are designed to protect m r k s  
involvedwithhazardouswa~tes duringstarage, trearmenf and disposal operatiomor 
during cleanup of abandoned waste sites. 

Emplopers must amply  with pertinent OSHA standards found in 29 CFR I910 
(Geneml as Wea On July 7,1992. a U.S. Circuit Court of Appeals v a a  and 
remanded thef inal  rule farm Contaminant Penntssible Exposure Units for general 
industry for 212 substances that had been revised on Jan. 19,1989 (54 FR 2332). ?bc 
current PELS are those listed in the "transitianal column" inTables 21,252, and 2 3  af 
thehalru)e 

~- 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility 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. Reference herein to 
any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency 
thereof. The views and opinions of authors expressed herein do not necessarily state 
or reflect those of the United States Government or any agency thereof. 

This report has been reproduced directly from the best available copy. 

Available to DOE and DOE contractors from the Office of Scientific and 
Technical Information, P.O. Box 62, Oak Ridge, TN 37831; prices available 
from (615) 576-8401, FTS 626-8401. 

Available to the public from the National Technical Information Service, U.S. 
Department of Commerce, 5285 Port Royal Rd., Springfield, VA 221 61. 
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5 
t 
e FOREWORD I' 

f 

oak Ridge National Laboratory Technomy h g i c  Diagram W) was developed to 
p m d e  a decision-support tool that relates environmental restoration (EN and waste 
managmat problems at Oak Ridge National Laboratory (ORNL) to potential 
technologies that can remediate these problems. The TLD idenaes the research, 
d&opment, demonstration, testing, and evaluation needed to develop these technologies 
to a state that allows technology transfer and application to decontamination and 
d m ~ i o n i n g  @&D), remedial action 0, and WM activities. It is essential that 
fonw-on engineering studies be conducted to build on the output of this project. These 
studies will begin by selecting the most promising technologies identified in theTLD and 
tlnding an optimum mix of technologies that will provide a socially acceptable balance 
between cost and risk. 
' The TLD consists of three fundamentally separate volumes: Vol. 1 (Technology 

S m ) .  Part A of Vols. 1 and 2 focuses on D&D. Part B of Vols. 1 and 2 focuses on R A  
part C of Vols. 1 and 2 focuses on WM. Each part of Vol. 1 contains an overview of the 
TLD, an explanation of the program-specific responsibilities, a review of identifled 
technologies, and the rankings of remedial technologies. Volume 2 (Pts. A, B, and C) 

technologies that have the potential to solve these problems. Volume 3 (pts. A, B, and C) 
contains the TLD data sheets, which are expanded versions of logic paths from Vol. 2. 
' The focus of this volume is to provide a comprehensive index of ORNL problems, 

problem area/constituents, remedial technologies, and regulatory tenns discussed in the 
TLD. This supplementary volume conists of three indexes that correspond to the 
organization of the TLD: Index A for the D&D volumes: Index B for the RA volumes: and 
Index C for the WM volumes. To facilitate the reader's use, explanatory notes are provided 
at the fiont of each index. 

The technology evaluations contained in these volumes are based on the best informa- 
tion available during compilation of the TLD. New or more accurate information is 
solicited to improve the TLD data base. Please send comments to R L. Fellows, Editor, 
Oak IEidge National Laboratory Technology Logic Diagram, Martin Marietta Energy 

, 

: 

i 

! 
f 

! 
{ 

i 

i 

I -, Vol. 2 (Technology Logic Diagrarnl, and Vol. 3 (Technology Eunlllnfinn Data 

t contains the logic linkages among EM goals, environmental problems, and the various 

1 
i 
h 
f 
i 
i 
f 

t systems, Inc., P.O. Box 2003, Oak Ridge, TN 37831-7274. FAX (615-576-8558). 

L 
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HOW TO USE THIS INDEX 

The Decontamination and Decommissioning @&D) Index provides a comprehensive 
mt of site problems, problem area/constituents, remedial technologies, and regulatory 
terms discussed in the D&D sections of the Oak Ridge National Laboratory Techndogy 

Diagram. All entries provide speciflc page numbers, or cross-ref8tence entries that 
provide specific page numbers, in the D&D volumes Wol. 1, Pt. A; Vol. 2, Pt. A; and 
appropriate parts of Vol. 3). 

Page numbers are located at the end of main entries or at the end of subentries. 
References to the D&D Vol. 1, Pt. A (Technology Eunlllnfinn), are indicated by 'Yl:" and 
followed by a page number, while references to the D&D Vol. 2, pt. A (Technology Lacp 
Diugrams), are indicated by "V2:" and followed by a specific page number. Specific 
locations in Vol. 3 (Technology Evnhlnfinn Data Sheets) are given by the technology code 
numbers (e.g., roba-45) because pages in this volume are unnumbered. 

Cross-references are indicated by a See at the end of the main entry. Following the 
See is a list of other main entries, which provide specific page numbers. The exception 
to this rule is found when any of the "ORNL Problems" are listed as main entries. In this 
case, a See refers to a list of facilities that provides additional information important to 
the ORNL Problem. 

Examples of index entries are provided below. 

A main entry (a specific technology). which consists of a title in bold and a locator. 
The locator gives specific page numbers-"roba-45 (Vol. 3); 7 1 :  133, 141" (Vol. 1. 
pt. A]; and 'W: 119 (Vol. 2, pt. A): 

Technology Technology Vol. Page Vol. Page 
name code no. no. nos. no. no. 

Rorimity probes, roba-45. V1: 133. 141: V2: 119 
U U u u u u  - 

locator 

Two main entries that cross-reference. The fvst example consists of an ORNL 
Problem and a See reference, along with technology names and locators: the second 
example is the entry referenced, which provides a list of facilities directly related to 
the first example and a See reference to the first example: 

AD- pavement problem ueu. decont.minotion dtunativa for. 
For a complete Ust oJJacW&s. see Asphalt pavement problem amas. 
M t i e s  assodated with 

Chemical s u r f . .  cleaning method technologies 
ultrasonic cleaning, dcon-65. V1: 1 1 8  m: 112 
vacuum cleaning. dmn. W?: 112 

Asphalt pavement problem ueu, -ties ruociated with. For 

problem arcas. decontamination altcmattves for 
Sp4$& technologies to trecrt these f*. see Asphalt pavement 

Other contaminated asphalt pavement surfaces-asphalt pavement 

Pavement over 55-gal drum. Bldg. 7500 cells-asphalt pavement 
(various radionuchdes) 

(fission products. corrosion products) 
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wd hot d. robotics and a u t o d o n  1 *-for 
~ntrolstzlgorfthm techn010@~ 

combfncd mobility/nranipulation. roba-34. 

control modes. roba-27, V1: 132. 140 
V1: 132. 140 V 2  118 

V2: 117 

V 2  118 

V1: 132. 140 V 2  117 

V1: 132, 140 V 2  117 

V1: 132, 140 V 2  118 

1 
C ~ W  Shutdown. mba-37, VI: 132. 140: 

f 
P 

! manipulation (Cartesian control). mba-31. 

manlpulatbn (joint control). roba-30, 

manipulatlon (redundancy control). rob-33. 

manipulation (special purpose control). 

safety (collision avoidance). roba-35, V1: 132. 

safety (load/rate limitlngl. roba-36. V1: 132. 

vehicle/mobility drfvfng. roba-28. V1: 132. 

i 

mba-32, Vl:  132. 140 V2: 118 

140 V2: 118 

140 K2 118 

14QV2: 117 

V1: 132. 140: V 2  117 
vehiclc/~bility navi&atioh mba-29. 

Controls-humm/machhe interface technologies 
console (data handltng methods). roba-39. 

V1: 132. 140; V 2  118 
console (ked/mobilc/suitcase), roba-38. 

V1: 132. 140: V 2  118 
opuator interface (command input), roba-40, 

V1: 132, 140: V 2  118 
opuator intcrfaa (operator assistance). 

mba-41. V1: 132. 140 V2: 119 
opuator interface (status/alert system). 

mba-42. V1: 132. 140 V2: 119 
Mechanihnd-of-arm tooling technologies 

end4ector changeout mechanisms. roba-24. 

end cffectors/altanattvcs. roba-23. VI: 132. 

force Ilmitlng/complfant mechanisms. 

gemral grlppcr/tool interface. mba-25. 

V1: 132, 140 V 2  117 

140: V2: 117 

mba-26, V1: 132. 140 V2: 117 

V1: 132. 140 V 2  117 
Mechanical-madpulat!on technologies 

compacf high-capacity manipulators, 

dexterous manipulators, roba-16. V1: 131. 

long-reach manipulator (heavy duty), 

long-rtach manipulator (light duty). mba-14. 

mba-19. V1: 131. 1 3 9  V2: 116 

139; K2 116 

mba-15. V1: 131. 1 3 9  V 2  116 

V1: 131. 139:V2 116 
Mcchanlcal-mcchanism technologies 

V1: 131, 140: V 2  116 
prcdse pmgrammable motions. mba-20. 

stabilizatton/support mechanisms or booms. 

tool caddies, roba-21. V1: 131. 140; V2: 116 

data/signal transmission. roba-13. V1: 131, 

extemal duct/pipe crawlers. mba-6. V1: 131. 

ikllure reanmy systems for mob& platforms, 

mba-22. V1: 131, 140 V2: 116 

Mcchantcal--mobility te&ologies 

1 3 9  V2: 116 

1 3 9  V2: 115 

robs-11. V1: 131. 1 3 9  V2: 115 
internal duct/pipe crawler, mba-5. V1: 131. 

l o n g - a ~ ~ ~  deployed ~O~OUC platforms. mba-9. 
1 3 9  V2: 115 

V1: 131, 139; V2: 115 
m ~ ~ n t e d  r~bottc  platform^. r~ba-8. V1: 131. 

1 3 9  V 2  115  
power sources for mobile platforms. roba-10. 

V1: 131. 139:V2 11s -- 
spedalized robotic deployment platforms, 

transportation systems for mobile platforms, 
mba-7. V1: 131, 139; V 2  115 

mba-12. V1: 131. 1 3 9  V2: 116 
whecled/tracked ~ h l c l e .  r~ba-1. V1: 131. 

139 V2: 115 
other technologles 

-tion sensor integmtion. roba-58. 
V1: 133. 141;V2: 120 

v2 120 
&Id hardening, mba-53, V1: 133. 141: 

tnformation management for sample 

integtated automated analytical laboratory. 

radiation hardening, roba-54. V1: 133. 141: 

sample collection. mba-57. V1: 133. 141: 

handling. robs-56. V1: 133, 141: V2: 120 

mba-55. V1: 133. 141: V2: 120 

v2 120 

v2 120 
sample preparation. roba-59. VI: 133. 141: 

v2 120 
Sensors-ntml technologies 

f o ~ / t o w e .  robs-50. V1: 133. 141: V 2  119 
posltion/velodty sensors. roba48. V1: 133. 

141; V2: 119 

V1: 133. 141:V2: 119 

v2 120 

proximity pmbes 85 ~ ~ I I S O W .  mba-51. 

tooling s e n s ~ r ~ .  nba-52. V1: 133, 141: 

Scnsors-pcnxption tcchnologies 
force/torque sensors. roba-46. V1: 133. 141: 

v2 119 
proximity probes, roba-45. V1: 133. 141: 

v2: 119 
range t3ndu-s. roba-44. V1: 133. 140; V2: 119 
vfsual/auxal systems. roba-43. V1: 133.140; 

v2 119 

Ab& waterjet (ubestos). dism-85. V1: 80: 
V2: 32 

=-]et (8-1 8 b l l C t m .  9 
contaminated). dkm-53. V1: 79: V2: 28 
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Abrasive waterjet (structuralsteel. mild 
contrmiP.nts), dtsm-72. V1: 80 V2: 30 

Aethatbn prod-. For spec@c tecfudog&-s to 
b a t  these contaminants, see 

Concrete problem areas. decontamination 
alternatives for 

Palnted concrete problem areas, decontarnination 
alternatives for 

Zincalloy. stecl. and alumhum piping problem 
areas. decontamination alternatives for 

Maptation of the EPA toxicity chuacieri8tk 
l ~ p r o c e u f o r o u e w i t h r r d i o . c t i v e ~ e s .  
char-209. v1: 45: v2 4 .  

Advanced antormited m-. bug*. etc. (major 
e q d p m t  remod). dism-100, V1: 80: V2: 35 

Advanced 1.HI cutting (major equipment 
remod), dism-95, V1: 80; V2: 34 

Advanced &on monltorr;. char-269, V1: 48; 
v2 1 1  

Air monitoring, char-59, v 1 :  46: v2: 5 

Alpha track etch detectors for surface alpha 
contamindon. char-96, V1: 48: V2: 1 1  

Am-241. For specyzC techndogtes to beat thfs 
-see 

Concrete block and Uled concrete problem areas. 
decontamination alternatives for 

C o n a t e  problem areas. decontamination 
altemattves for 

Wted concrete problem areas. decontamination 
alternatives for 

Stainless steel, steel plate, sheet steel, 
and structural steel problem areas. 
decontamination alternatives for 

Tiled concrete problem areas. decontamination 
altemattves for 

Wood/sheetrock tar and felt and concrete 
problem areas. decontamination 
alternattves for - 

-b Of m r c d  dotr. char-249. V1: 47: V2: 9 

-4 method8 for chelotora and 
decontamination agents. char-206. VI: 50.52; 
V 2  15. 19 

Application of .pprodmrte reasoning to dab 
.orly.t/ev8ln8tios char-234. V1: 46; V2: 8 

A q d  resoprct alteration permit.. &e 
Clean Water Act 

A q d c  resources. V1: 167. 169 

hchacotogicd md historic remourca. 
V1: 170. 171 

A8bestoa emi..ions. see 
Clean Air Act 

Asbestos problem ueas. dtrnuntlement 
alternatives for. For a complete k t  offadutes, see 
Asbestos problem amas. facilities assodated with 

cutting technologies 
abrasive water je#asbestos). dism-85. 

laser cutting (asbestos), dlsm-84. V1: 80: 
V1: 80; V2: 32 

V 2  32 
smpping ~ 0 1 0 g i e s  

COS blasting (asbestos), dism-83. V1: 80; 

conventtonal (asbestos). dism-81. V2: 32 
conventtonal/automated with vacuum system 

(asbestos). dism-82, V1: 80; V2: 32 
glassillcation (asbestos), dism-86. V2: 32 

V 2  32 

A8best.o~ problem ufp., facilities .uocI(Lted with. 
For sped& tahndogles to &at these f', .see 
Asbestos problem arcas. dismantlement alternatives 
for 

Bldgs. 3028.30283, 3029. 3030, 3031, 3032. 
3033,3036.3038.3517,7500.9219-1. 
9201-3. and 9419-1; drain h-; 
Homogenwus Reactor Test structure: 
membrane between Homogeneous -tor 
Test concrete: Oak Ridge Raearch 
Reactor biological shleld: Oak Ridge 
Research Reactor hot ell liners; 
pavement over 55-gal drum; process 
piping and tankage; and pulsefeeder 
Pumps 

k p M t  p--t problem m, d-- 
tamhation dtermativa for. For a complete 
Ust of f c d i t k .  see Asphalt pavement problem areas, 
f d t i e s  assodated with 

Chemid surface cleaning method tcchnolo~es 
ultrasonic cleaning. dcon-65. V1: 1 1 8  

vacuum cleaning. dcon. V 2  112 

automated grinding, dcon-44. V1: 1 1 8  

c e n ~ g e  cryogenic COz pellet blasting, 

concrete milling, dmn-47. V1: 1 1 8  V 2  108 
explosive. dmn-48, VI: 1 1 8  V2: 109 
grit blasting, dmn-38. V1: 118 V2: 107 

-hand grinding, honing, scraping. dcon-43. 

ice blasting, dmn-40. V1: 118 V2: 107 
plastic pellet blasting, dmn-42, V1: 1 1 8  

scabblers/sca&ers, dcon-37, V1: 117: 

superultical C02 blasting. dcon-41. V1: 1 1 8  

ultrahigh-pressure water, dmn-35. V1: 117: 

v2: 112 

Mechanical surface removal method technologies 

v2 108 

dmn-39. V1: 1 1 8  V2: 107 

V1: 1 1 8  V 2  108 

v2: 108 

V 2  107 

v2 108 

V 2  107 
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Surtace cleaning method technologies 
automated brushing. dcon-57. V1: 118 

v2: 1 1 1  

contaminatton. dcon-61. V1: 1 1 8  V 2  1 1 1  
solvent washing to lrcmDvc radiological 

sponge blasting. dcon-58. V1: 1 1 8  V 2  1 1  1 
smppable coatings. dcon-63. V1: 1 1 8  

v2: 1 1 1  
Thcrmal surface mm0Va.l method teclmologles 

compressed-air cryogenic CO, pellet blasting. 

flashlamp cleaning. dcon-77 
handbrushingused to remove surface 

hlgh-prrssum water. dcon-52. V1: 1 1 8  

laser etching and ablation dcon-74. V1: 1 1 9  

steam cleaning, dmn-55. V1: 1 1 8  V 2  110 
superheated water. dcon-53. V1: 1 1 8  

water flushing, dcon-54. V1: 1 1 8  V2: 110 

dcondl. V1: 1 1 8  V2: 109 

contamination, dcon-56. V1: 1 1 8  V 2  110 

v2: 110 

v2 109 

v2 110 

kplult pavement problem ut... fadliticm 
d t e d  4th. For spe&k techndogfes to treat 
tlaesefcdfttes. see Asphalt pavement problem areas. 
decontamination alternatives for 

Other contaminated asphalt pavement 
surfaoes-asphalt pavCmcnt [various 
I-adlonuclidcs) 

a h - a s p h a l t  pavement ( h i o n  products. 
corrosion products) 

Pavement over 55-gal drum. Bldg. 7500 

Atomic emidon s w p y ,  char-76, VI: 4 9  
V 2  12. 13 

Anger electron -py, char-2, V1: 50 
V 2  14 

Automated brushing, dcon-57. V1: 1 1 8  V 2  52.65, 
77, 91.99. 1 1 1  

AutoMttdcnghedng.p.temIlttcpclepluming 
(needed enabling techaobgico)). dlsm-174. VI: 4 8  
v2 43 

Automated grhdimg. dcon44. VI: 1 1 8  V2: 48.57. 
62.73.83.88.96, 108 

Automated scuuhg md conversion of 
engineering -rn (needed enabhg 
tcchnologier), dlsm-155. V1: 47. 81: V2: 8, 42 

Arrtomrted .p.tan reliability and safety M-~S 

(needed enabling kchnologics). dism-175. V1: 4 8  
V 2  43 

- B -  

&loa regabtory concern lev&, gmuic, for 
rdioactive wastes, V1: 1 7 S 1 7 6  

Beta/gunma emitters. For spec@ techndogh to 
t r e a i t h e s e ~ * s e e  

Concrete block and tiled concrete problem areas. 
decontamination alternatives for 

Concrete problem arras. iblcontamination 
alternatives for 

Painted concrete problem arcas. decontamination 
alternatives for 

and structural steel problem arras. 
decontamination alternatives for 

Tiled concrete problem areas, decontamination 
alternatives for 

Wood/sheetrock. tar and felt. and concrete 
problem arcas. decontamination 
alternatives for 

stainless StteL steel plate. sheet steel. 

Biological sarhce cleuhg. dcon-3. V2: 54 

Block. concrete. See 
Concrete block and tiled concrete problem areas. 

decontamination alternatives for 

BRC. see 
&low regulatory concern levels. gendc for 

ladioacttvewastes 

Babble dosimeters for neutron thn. char-2 16. 
v1:  4 8  v 2  11 

Bldg. 3019. For spec@c techndogles to &af this 
f*, - 

Oil and purrx chemical problem arcas. 
characterization alternatives for 

Painted concrete problem areas. decontamination 
alternatives for 

Bldg. 302((. For spec@c techndogtes to treat this 

Asbestos problem areas. dismantlement 
alternatives for 

Buried tank problem areas. dismantlement 
alternatives for 

Concrete block and tiled concrete problem areas. 
decontamination alternatives for 

Concrete problem m. dcmntaxnination 
alternatives for 

Entombment problem w. dismantlement 
alternatives for 

General probkm anzas, characterization 
alternaavts for 

Inorganic problem areas. characterization 
alternatives for 

Major equipment removal problem areas. 
dismantlement alternatives for 

Masslvc contahnent problem anas. 
dismantlement alternatives for 

Needed enabling technology problem arcas. 
dlsmantkmcnt alternatives for 

Organic problem arcas. ChuactcrJzation 
alternatives for 

f-9 - 

000s40 
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Painted c o n e  problem artas. decontamination 

Physical problcm arras. charactcrizatfon 

Radioactive elements. charactcrizatton 

Reactor pool problem areas, dismantlement 

Stainless sttel. s t a l  plate. sheet steel. 

alternatives for 

alternatives for 

alternatives for 

alternatives for 

and structural stecl problem areas. 
decontamination alternatives for 

contaminated) problem areas. 
dismantlement alternatives for 

Structuralady concrete problem areas. 
dismantlement alternatives for 

Structural steel problem amas, dismantlement 
alternatives for 

Tlled wncrrtc problem areas. decontamthatlon 
alternatives for 

Wood/shectrock tar and felt roohg. 
and concrete problem amas. 
decontamination alternatives for 

Steel containment structure (highly 

Bldg. SO29. For speccflc techndogtes to ireat this 

Asbestos problem areas, dismantlement 
alternatives for 

Buried tank problem amas, dismantlement 
alternatives for 

Concrete block and tiled concrete problem amas. 
decontamination alternatives for 

Concrete problem anxs. decontamination 
alternatives for 

Entombment problem areas, dismantlement 
alternatives for 

General problem areas. characterkatbn 
alternatives for 

Inorganic problem areas, characterization 
alternatives for 

Major equipment removal problem arras. 
dismantlement alternatives for 

Massive containment problem amas. 
dismantlement alternatives for 

Needed enabling technology problem artas. 
dismantlement alternatives for 

Organic problem artas. characterization 
alternatives for 

painted concrete problem artas. decontamination 
alternatives for 

Physical problem areas. characterization 
alternatives for 

Radioactive clcma~ts. charactntzation 
alternatives for 

k t o r  pool problem artas. dismantlement 
alternatives for 

Stahless steeL steel plate. sheet steel, 
a d  structural steel problem areas. 
decontamination alternatives for 

contamlnatcd) problem artas. 
dismantl-nt alternatives for 

dismantlement alternatives for 

f-. 

Steel mntatnmnt struchve (highly 

Structural-only concrete problem areas. 

Structural steel problem areas. dismantlement 

Tlled conmte problem areas, decontamination 

Wood/shcctrock. tar and felt rooflng. 

alternattvol for 

alternatives for 

and conmete problem arcas. 
decontamination alternatives for 

-3 
Bldg. 5090. For spec@ techdqqtes to hat thfs 

Asbestos problem anas. dtsmantlement 

Buried tank problem m. dismantlement 

Concrete block and tiled concrete problem areas. 

Concrete problem areas. decontamination 

Entombment problem m. dismantlement 

General problem arcas. characterfzation 

Inorganic pmblem areas. characterization 

Major equipment removal problem areas. 

Massive containment problem arras. 

Needed enabling technology problem areas. 

Organic problem arcas. charactcrfiatton 

Fhtntcd concrete problem arcas, decontamination 

Physical problem m. charactmtzation 

Radioactiveckments. characterization 

Rcactor pool problem artas. dismantlement 

Stainless steel. steel plate. sheet st&l, 

f e *  
alternattva for 

alternative for 

decontamination alternatives for 

alternatives for 

alternative for 

alternatives for 

alternatives for 

dismantlement alternatives for 

dismantlement alternatives for 

dismantlement alternatives for 

alternative for 

alternattves for 

alternatives for 

alternattva for 

alternattva for 

and structural stcel problem arras. 
decontamhatton alternatives for 

contaminated) problem arcas, 
dismantlement alternatives for 

Structuralonly concrete problem areas. 
dismantlement alternatives for 

Structural steel problem areas. dlsmantlemcnt 
alternatives for 

Tiled concrete problem areas. decontamination 
alternatfvcs for 

Wood/shattuck, tar and felt roofing. 
and Concrete probkm arcas. 
decontamination alternattvcs for 

Steel containment structure (highly 

Bldg. 3091. For spectfac teciudqies to treat thfs 

Asbestos problem areas. dismantlement 

Buried tank problem m. dismantlement 

Concrete block and tiled concrete problem areas, 

fgcurty. 

alternatives for 

alternatives for 

decontamination altcrnattvcs for 
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Concrete problem areas. decontamination 

Entombment problem areas. dismantlement 

G e n d  problem areas. characterization 

Inorganic problem areas. characterfiatlon 

Major equipment remmal problem areas, 

Massive containment problem areas. 

Needed enabling technology problem arcas. 

Organic problem amas. -n 

Painted concrete problem areas. decontamination 

Physical problem areas, charactertzation 

Radioactive elements. characterlzatlon 

Reactor pool problem areas, dismantlement 

Stainless steel. steel plate, sheet steel. 

altematives for 

alternatives for 

alternatives for 

alternatives for 

dismantlement alternatives for 

dismantlement alternatives for 

dismantlement alternatives for 

alternatives for 

alternatives for 

alternatives for 

alternatives for 

alternatives for 

and structural steel problem areas, 
decontamination alternatives for 

contaminated) problem areas. 
dismantlement alternatlvcs for 

dismantlement alternatives for 

alternatives for 

altematks for 

and concrete problem areas, 
decontamination alternatives for 

Steel containment structure (highly 

Structuralonly concrete problem areas. 

Structural steel problem areas. dismantlement 

med concrete problem areas, decontamination 

Wood/sheetrock tar and felt rooflng, 

Mdg. 5osz. For specytc techndogks to m a t  this 
facurty. - 

Asbestos problem areas, dismantlement 

Burled tank problem areas. dismantlement 

Concrete black and Uled concrete problem areas, 

Concrete problem areas. decontamination 

Entombment problem areas, dismantlement 

General problem areas, characterkation 

Inorgantc problem arms. characterization 

Major equipment remod problem areas. 

Massive containment problem areas. 

Needed enabling technology problem areas. 

Organic problem areas, characterkation 

alternatives for 

alternatives for 

decontamination alternatives for 

alternatives for 

alternatives for 

alternatives for 

alternatives for 

dismantlement alternatives for 

dismantlement alternatives for 

dhmantlemcnt altemattvcs for 

alternattves for 

Patnted concrete problem arcas. decontamtnatIon 

Physical problem areas. ch;uactcrtzatron 

Radioacttvc elements. characterization 

Reactor pool problem areas. dismantlement 

Stainless steed, steel plate. sheet steel, . 

alternatives for 

altemattves for 

alternatives for 

alternatives for -?, 

and structural steel problem areas. 
decontamination alternatives for 

contaminated) problem an&. 
dismantlement alternathns for 

Structuralonly concrete problem areas, 
dismantlement alternatives for 

Structural stet1 problem areas. dismantlement 
alternatives for 

Tiled concrete problem areas. decontamination 
altemattves for 

Wood/sheetrock. tar and felt roofing, 
and concrete problem areas. 
decontamination alternatives for 

Steel containment structure &$ly 

Bldg. 9039. For sper#k techradogfes to beat th& 

Asbestos problem areas. dismantlement 
alternatives for 

Burled tank pmblem amas. dismantlement 
alternatives for 

Concrete block and tlled concrete problem areas, 
decontamtmtion alternatives for 

Entombment problem areas. dismantlement 
alternatives for 

General problem areas. characterization 
alternathns for 

Inorganic probkm areas, characterbation 
alternatives for 

Major equipment removal problem areas. 
dismantl-nt alternatives for 

Masslve containment problem amas. 
dismantlement alternatives for 

Needed enabling technology problem areas, 
dismantl-nt alternatives for 

Organic problem areas. clmacterkation 
alternatives for 

EWnted concrete problem areas, decontamination 
alternatives for 

Physical problem areas. characterkation 
dkmatives for 

Radioactive elements. charactafiation 
alternatfves for 

Reactor pool problem areas. dismantlement 
alternatives for 

Stainless steel. steel plate, sheet steel, 
and structural steel problem areas. 
decontamination alternatives for 

contaminated) problem areas. 
dismantlement alternatives for 

Structuralonly concrete problem areas. 
dismantlement alternaUves for 

Structural stet1 problem areas, dismantlement 
alternatives for 

fm. = 

Steel containment structure (highly 
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BW. 9099 (contLuLecu 
Tikd conaete problem areas, decontamination 

Wood/sh&trock tar and felt roofing. 
alternatives for 

and concrete problem areas. 
decontamination alternatives for 

Bldg. SO=. For sped& fEChnologles to tn?at th fs  

Asbestos problem areas, dismantlement 
alternatives for 

Buried tank problem areas. dismantlement 
alternatives for 

Concrete block and Uled concrete problem areas, 
decontaminatton alternatlvw for 

Concrete problem m. decontamination 
alternatives for 

Entombment problem areas. dismantlement 
alternatives for 

General problem areas. characterization 
alternatives for 

Inorganic problem arcas. characterization 
alternatives for 

Major equipment removal problem areas, 
dismantlement alternatives for 

Massive containment problem arras. 
dismantlement alternatives for 

Needed enabling technology problem areas. 
dismantlement alternatives for 

Organic problem arcas. chaactcrization 
alternatives for 

Painted concrete problem arcas. decontamination 
albemaaves for 

Physical problem areas, characterkation 
alternatives for 

Radioactive elements. characterization 
alternatives for 

-tor pool problem areas. dismantlement 
alternatives for 

Stainless steel. s t a l  plate. sheet steel. 
and structural steel problem areas. 
decontamination alternatives for 

contaminated) problem areas. 
dismantlement alternatives for 

Structural-only concrete problem artas, 
dismantlement alternatives for 

Structural steel problem areas. dismantlement 
alternatives for 

concrete problem areas. decontamination 
alternatives for 

and concrete problem arcas. 
decontamination alternatives for 

f-* - 

Steel containment structure (highly 

Wood/shcctrock tar and felt roofing, 

Bldg. 3038. For sped& fEChdogfes to &at thrs 

Asbestos problem amas. dismantlement 
alternatives for 

Burled tank problem artas. dismantlement 
alternatives for 

Concrete block and Uled concrete problem areas. 
decontamination alternatives for 

Concrete problem areas. decontamination 
alternatives for 

factllty, - 

Entombment problem arras. dismantlement 

Geneml problem arms. characteetion 

Inorganic problem arms. characterization 

Major equipment removal problem areas. 

Massive mntalnmcnt problem areas. 

Needed enabling technology problem arcas. 

Organic problem areas. charactcrtzation 

Painted c o n a t e  problem artas. decontamination 

Physical problem areas. chara-n 

Radioactive elements. characterization 

Reactor pool problem artas, dismantlement 

Stainless steel, steel plate. sheet steel, 

alternatives for 

alternatives for 

alternatives for 

dismantl&t alternatives for 

dismantlement alternattves for 

dismantlement alternatives for 

alternatives for 

altematfves for 

altematfves for 

alternatives for 

alternatives for 

and structural steel problem areas. 
decontamination alternatives for 

conbminakd) problem areas. 
dismantlement alternatives for 

Structuralonly c o n e  problem areas. 
dismantlement alternatives for 

Structural steel problem areas. dismantlement 
altcmatives for 

Tiled concrete problem arcas. decontamination 
alternatives for 

Wood/sheetrock. tar and felt roo- 
and concrete problem amas. 
decontamination alternatives for 

Steel containment structure (highiy 

Bldg. 5047. For spec@ techndogles to treat thcs 
f*. - 

Painted concrete problem artas. decontamination 
alternatives for 

Bldg. 3505. For specyaC techndogks to treat this 
facruty, - 

Painted concrete problem areas. decontamination 
alternatives for 

Bldg. 3806. For specyaC techndogIes to trecrt thcs 
faciuty, - 

Painted concrete problem areas. decontamination 
alternatfves for 

Bldg. 8515. For spajpC tahndogies to treat thcs 
foduty. - 

painted concrete problem areas. decontamination 
alternatives for 

adg. 3S17. For spec@ techndogfes to beat this 

Asbestos problem areas. dismantlement 

Buried tank problem arras, dismantlement 

faciuty. - 
altcrnativcs for 

alternatives for 

Page A-10 
Decontamination and Decommissioning Index 

September 1993 



a n -  block and tUed concmte problem arras. 

Concrete problem arcas. decontamination 

Entombmt problem areas. dismantlement 

-ral problem arcas. characterization 

~norganic problem areas. characterization 

Major equipment removal problem areas. 

~ s i v e  containment problem arras. 

Nceded enabling technology problem areas. 

organic problem areas. characMzation 

painted concrete problem areas. decontamination 

physical problem areas, characterfiatton 

Pipe interiors. decontamination alternatfves for 
Radioacthe e l e m t s .  charactcrkation 

Reactor pool problem arras. dismantlement 

Stainless steel, stal plate. sheet steel. 

decontamination alternatfves for 

alternatives for 

alternatives for 

alternatives for 

alkmativcs for 

dismantlement alternatives for 

dismantlement alternatives for 

dismantlement alternatives for 

alternatives for 

alternatives for 

alternatives for 

alternatives for 

alternatives for 

and structural steel problem areas. 
decontamination alternatives for 

contaminated) problem arcas. 
dlsmantlernent alternatives for 

Structural-ody concrete problem areas. 
dismantlement alternatives for 

Structural steel problem areas. dismantlement 
alternatives for 

Tiled concrete problem areas. decontamination 
alternatives for 

Wood/sheetrock tar and felt roohg, 
and concrete problem areas. 
decontamination alternatives for 

Steel containment structure highly 

Bldg. 7800. For spec@ techdogies to -at this 

Asbestos problem areas, dismantlement 
alternatives for 

Asphalt pavement problem areas. 
decontamination alternatives for 

Burled tank problem areas. dismantlement 
alternatives for 

Concrete block and tUed concrete problem areas. 
deconbmination alternatives for 

Entombment problem areas. dismantlement 
alternatives for 

Major equipment removal problem areas. 
dismantlement alternatives for 

Massive contatnmcnt problem arcas. 
dismantlement alternattves for 

N d e d  enabling technolow probIem areas. 
dismantlement alternatives for 

Reactor pool problem areas. dismantlement 
alternatfves for 

f e .  - 

stainless stbel. steel plate. sheet stel. 
and structural steel problem arcas. 
decontamination alternatives for 

mntamtnated) problem areas. 
dismantlement alternatives for 

~tructural-only concrete problem artas. 
dismantlement z#ernathreS for 

Structural steel problem areas. dismantlement 
alternatives for 

Tank (southeast of Bldg. 7500) problem amas. 
dcumtaminaUon alternatives for 

Tiled concrete problem areas, decontamination 
alternatives for 

Wood/shatrock. tar and felt mfing, 
and conaete problem arcas. 
decontaminatton alternatives for 

Steel containmtnt structure (highly 

Bldg. 7882. For SpeCtpE techndogles to beat this 
fecurty, - 

Painted concrete problem areas. decontamination 
alternatives for 

Bldg. 92015. F o ~  Specytc techndogles to treat this 
f*. - 

Asbestos problem arcas. dismantlement 
alternatives for 

Buried tank problem areas, dismantlement 
alternattves for 

Concrete block and tiled concrete problem areas. 
decontamination alternatives for 

Entombment problem areas. dismantlement 
altemattves for 

k e d  problem areas. characterfiatton 
alternatives for 

Inorganic problem areas. characterization 
altematives for 

Major equipment removal problem areas. 
dismantlement alternatives for 

Massive containment problem arcas. 
dismantlement alternatives for 

Needed enabling technology problem areas. 
dismantlement alternatives for 

Organic problem areas. characterkation 
altemattues for 

Painted concrete problem areas. decontamination 
alternatives for 

Physical problem anzm. charac-tion 
alternattues for 

Pipe interiors. decontamination alternat&cs for 
Radioactive elements. characterization 

Reactor pool problem areas, dismantlement 

Stainless s t 4  s ta l  plate, sheet steel, 

alternaths for 

alternatives for 

and structural steel problem areas. 
decontamination alternatives for 

contaminated) problem artas. 
dismantlement alternatives for 

Structural+nly concrete problem areas. 
dismantlement alternatives for 

Structural steel problem areas, dismantlement 
alternatives for 

Steel containment structure (highly 
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Bldg. 92019 fa- 
Tiled concrete problem areas. decontamination 

alternatives for 

Bldg. 91181. For specfjk techndogb to treat thIs 
J-. - 

Asbestos problem amas. dismantlement 
alternatives for 

Burled tank problem axeas. dismantlement 
alternattvcs for 

Entombment probkm areas. dismantlement 
alternatives for 

Major equipment ramval problem artas. 
dismantlement alternatives for 

Massive containment problem areas, 
dismantlement alternattvcs for 

Needed enabling technology problem areas. 
dismantlement alternatives for 

Rcactor pool probkm arcas, dismantlement 
alternatives for 

Steel containment structure (highly 
contaminated) problem areas. 
dismantlement alternatives for 

St~ctural-only concrete problem areas. 
dismantlement alternatives for 

Structural steel problem arcas. dismantlement 
alternatives for 

Bldg. 94181. Forspecfflc techrpdogies to treat thfs  

Concrete problem arcas. dewntamination 

General problem artas. characterfzation 

Inorganic problem areas. characterization 

Organic probkm areas. characterhation 

Physical problem artas. charactcllzation 

Pipe inkxiom, decontamination altemattves for 
Radioactive elements. charactertzatton 

Stainless steel, steel plate, sheet steel. 

f-9 

alternatives for 

alternatives for 

alternatives for 

alternatives for 

alternatives for 

alternatives for 

and structural steel problem areas. 
decontamination alternatives for 

Building.. For a~rnplete lists of factUtes 
aradc l s soc fa tedp~b lemculws .~  

Asbestos problem artas. facilities assodated with 
Asphalt pavement problem areas. facilities 

Burled tank problem areas. facilities associated 

Concrete biock and ffled concrete problem areas. 

Concrete problem artas, facilities associated with 
Entombment problem areas, facilities associated 

catcral probkm anas. facilities assodated with 
Inorganic problem artas. facilities assodated 

Major equipment removal problem areas, 

assodatcdwith 

with 

facilities assodated with 

wfth 

wfth 

facilities assodated with 

7 1 5 s  
Massive containment problem areas. M t t e s  

Needed enabling technology problem amas. 

oil and purcx chemical problem areas, facilities 

Organic problem amas. hilities assodated with 
Painted concrete pgblem areas. facilities 

Physical problem areas. facilities associated with 
Ape interiors. facilities associated with 
PCBS. facilities assodatcd with 
Radioacthre constituents. -ties assodated 

with 
Reactor pool problem arcas. facfllties assodated 

with 
Reactors and support facilities. mboucs 

and automation al- for 
Stainless steel, stal plate. shed steel. 

and structural sttel problem areas. list of 
facilities assodatfxl with 

contaminated) problem areas. facilities 
assodatedwith 

alternatives for 

assodatedwith 

assodatedwith 

with 

and concrete problem areas. facilities 
assodatedwfth 

Zindoy. steel, and alumhum piping problem 
artas. facilities 8ssoci8ted with 

asaodat#iwith 

faclllttca assodated with 

associatedwlth 

assodatedwith 

Steel containnrent structure (highly 

Storage buildfngs. robotics and automation 

Structural-only concrete problem areas. facilities 

Structural stcel problem areas, facilttes 

Tiled concrete problem areas, f a d l l t e s  assodated 

Wood/sheetrock tar and felt roohg, 

Buried tank problem amas, d&murtlement 
dtemativea for. For a wrnplete list of faditftq see 
Buried tank problem areas. facilities associated with 

diamond wire cutting (burled tanks), 

explosive cutting (buried tanks). dism-33. 

cutting technologies 

dbm-32. V2: 25 

v1: 79 m: 2s 

tanks), dism-31. V1: 79: V 2  25 

conventional demolition (buried tanks), 

demolition compounds (burled tanks), 

microwave demoliuon (buried tanks), 

high-pressure ablaslvc waterjet (buried 

Demolition technologies 

dism-36, V 2  26 

dism-35. V1: 79: V2: 25 

dism-38. V2: 26 

Buried tank problem ut(u. fadiitie~ ...oci.tcd 
with. For spec& t d u d o g h  to treat these f-, 
see Buried tank problem areas. dismantlement 
alternatives for 

Bldgs. 3028. 30283, 3029. 3030. 3031. 3032, 
3033.3036.3038.3517.7500.9219-1. 
9201-3. and 9419-1: dmln he: 
Homogeneous Reactor Test structure: 
membrane between Homogeneous -tor 
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Test concrete: Oak Rtdge Research 
Rtactor biologtcal shleld: Oak Ridge 
Research Reactor hot cell hers: 
pavement over 55-gal drum; process 
piping and tankage: and pulsefeeder 
P-PS 

.- c - 
tom electr0ph0rt.t. char-207. V1: 50: 

V 2  16 

C.ppdne-rbape(pomrd e n v i r o n m m t r l ~ u  
(entambment), dism-112, V1: 80: V 2  37 
G14. F o r e  techndogles to treatbhls 
Contaminant- 

C o n e  problem areas. decantaminaton 

Pahted concrete problem areas. decontamination 
alternatives for 

alternatives for 

Co, blasting (cubatos). dism-83, V1: 80: V2: 32 

CaWytic extrrction procuu. dcon-6, V1: 117; 
V 2  71.81.86 

Centrifuge cryogenic CO, pellet bk-. dcon-39. 
V1: 1 1 8  V2: 39, 47, 61, 72. 82. 87. 97. 107 

-137. For specffdc techrwbgtes to treat thfs  

co-see 
Concrete block and ffled concrete problcm areas. 

C o n e  problem areas. decantamination 

Patntcd concrete problem areas. decontamination 

Pipe fnterlors. decontaminatbn altematfves for 
stainless steel, steel plate, sheet steel. 

decontamination alternatives for 

alternatives for 

alternatives for 

and structural steel problem areas. 
decontamination alternatives for 

Tiled concrete problem areas. decontamination 
alternatives for 

Wood/shatro& tar and felt and concrete 
problem areas, decontamination 
alternatives for 

Churcterirrrtion 
Discussion of implementation needs. V1: 43 
Discussion of science and technology needs. 

Discussion of technology opUons. V1: 3 8 4 1  
Introduction to, V1: 37 
Technology rankings. V1: 44-52 

v 1 :  42 

Organic problem artas, charack& tbn - 
aitemattves for 

alternatives for 
Physical problem areas. characterkatbn 

E&, characterization alternatives for 
Radioacthrc elements. characterization 

alternatives for 
4b 

Characteriution . a u o r  intelp.tioa roba-58. 
V1: 133. 141:V2 120 

Chelation treatment. dcon-21. V1: 117: V 2  55.60. 
71.79.86.96.104 

Chemical See 
Oil and purrx chemical problem areas. 

-ton alternatives for 

Chemical foams. dmn-8. V1: 117: m: 53.68.78. 
93.101 

Chemical geb, dmn-9. V1: 117; V2: 68 

Chemical leading. dcon-5. V1: 117; V2: 81.85 

ckM&& 
Asbestos demokIon requirements. V1: 152-153. 

Asbestos disposal. VI: 166 
Asbestos emission controls. V1: 152-153.166 
Asbestos emissions. V1: 166 
Fugitive dust emissfons. V1: 156.165-166 
NESHAPs for asbestos. V1: 152-153.166 
procesS emissions. V1: 1 6 5 1 6 6  

166 

C k M  w.kr h t  
Aquatic resource altaation permits. V1: 167. 171 
Direct discharge to surfaa-water bodies. 

V1: 154-155. 164 
NPDES permits, V1: 154-155, 164 

Surface-water control, V1: 156 
Storm-WaterdbdMrge, v1: 156,164 

Client/scrver acecam to standards and regrJotory 
guidelines (needed ambling technoiogiee). 
dism-153. V1: 47. 81: V2: 7. 42 

Client/- uchitectme for data base .ECCU 

(needed e d b g  technobg’h). dism-157. V1: 47: 
V 2  9.42 

Concrete block and ffled concrete problem areas, 
decontamination altemattves for 

Concrete problem m. decontamination 
alternattves for 

Painted concrete problem areas. decontamination 
alternaUvcs for 

Statnless steel steel plate. sheet steel. 
and structural steel problem areas. 

C* ‘on alternatives. See 
General problem areas. characterization 

alternatives for 
Inorganic problem areas. characterfiation 

alternattvcs for 
Oil and puruc chemical problem areas. 

chaxacterization altemam for 

decontamination altemattvcs for 
000646 

1’ 
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Co-80 (conttwad) 
?Ilcd concrete problem arras. decontamination 

Wood/shcetrock tar and felt, and concrete 
alternatives for 

problem arras. decontaminatton 
alternames for 

Cold vapor (macmrp) udysio. char-24. V1: 49: 
V 2  14 

Combined d i l i ~ / m a n i p a h t i o n ,  rob-34. 
VI: 132. 140; V 2  118 

Compleued-.it cryogenic COS pellet bluting. 
dcon-51. Vl:  1 1 8  V2: 51.64. 76. 90. 98. 109 

Computcr-dded task utalysim and procedure 
prepamtion (needed enabling technologies). 
dbm-172, VI: 47. 81: V2: 8. 43 

Computtr-bued 1)6u) information retrieoai 
(needed enabling technologies). dism-143. VI: 81: 
V2: 40 

Complrkr-bued t d n b g  systems (needed 

V 2  8.44 
technobgiu). dism-191. V1: 47.81; 

Concrete. For oorrprlete lists of faCatties assocbted 
-see 

Asbestos problem areas. facilties assodated with 
Buried waste problem arras. facilities associated 

Concrete block and ffled concnte problem areas, 

Concrete problem areas. facilties associated with 
Entombment problem arras, faciUties associated 

with 
Major a p i p m n t  removal problem areas, 

h l l i t ies  associated with 
Massive containment problem areas, facilities 

assodatedwith 
Needed enabling technologv problem areas, 

facilities associated with 
painted concrete problem areas, facilitres 

assodatcdwith 
Reactor pool problem areas. facflltres associated 

with 
Steel containment structure (highly 

contaminated) problem areas. faduties 
associakdwfth 

assodakdwith 

assodaidwith 

with 

problem areas. facilities assodated with 

with 

factlittes assodated with 

Structural-ody concrete problem areas. facfflt[es 

Structural steel problem areas. faduties 

lYled concrete problem areas. facffltres assodated 

Wood/sheetrock. tar and felt, and concrete 

Concrete block d tiled concrete problem ueu. 
decontrmip.tion alternatives for. For a complete 
k t  of faEtlltles. see Concrete block and tfled concrete 
problem areas. facilities assodated with 

Bulk decontamtnatid@method technologtea 
catalyUc extraction process. dcon-6. VI: 117: 

chemical leaching. dcon-5. V1: 117; V2: 81 
dry heat [bulk roasting), dcon-4, VI: 117; 

incineration. dcon-2. VI: 117; W. 80 
solvent extraction. dcon-1, VI: 117: V 2  80 
vacuum (low pressure). dcon-7. VI: 117; 

Chemical surtace cleaning method technologies 
automated brushing. dmn-57, V1: 1 1 8  

chektlon treatment. dcon-21, VI: 117; 

chemical foams, doon-8. VI: 117; V2: 78 
detergent treatments. dam-13. VI: 117; 

electromigration, dcon-20. V1: 117: V2: 80 
fluoborlc add treatment. dcon-11. VI: 117: 

hand brushtng used to 1-cm0ve surface 

V2: 81 

V 2  80 

V2: 81 

V 2  77 

v2 7 9  

v2: 79 

V 2  78 

contamination. dcon-56. VI: 1 1 8  V2: 77 

contamination, dcon-61. VI: 1 1 8  V 2  77 
s o h t  washing to remove radiological 

sponge blasting, doon-58. VI: 118 V 2  77 
steam cleaning. dcon-55. VI: 1 1 8  V 2  77 

Mechanical surface remod mcthcd technologics 
automated -ding, dcon44. VI: 118: 

ccntrlfbge uyogentc C02 pellet blastlng, 

concrete &g, dcon-47. VI: 118: V2: 74 
explosive, dcon-48. V1: 1 1 8  V 2  74 
grlt blasting, dcon-38. V1: 118 V2: 72 
hand grinding. honing. scraping. dcon-43. 

ice blasting, dcon-4, V1: 1 1 8  V2: 73 
plastlc pellet blasting, dcon-42. V1: 118: 

scabblcrs/scaders. dcon-37. VI: 117; 

shot blasting, doon-36. VI: 117; W. 72 
supercritical CO, blasting, dconll .  V1: 1 1 8  

ultrahigh-pressure water, dcon-35. V1: 117; 

v2 73 

dcon-39. VI: 118 V2: 72 

v1: 1 1 8  v2: 73 

v2 7 3  

V 2  72 

v2 7 3  

V 2  72 
Surfaa cleaning method technologies 

compressed-air cryogenic CO, pellet blasting. 

high-pressure water, dcon-52. V1: 118: 

strlppable wattngs. dcon-63. V1: 1 1 8  V2: 78 
superheated water. dcon-53. V1: 1 1 8  V2: 76 
vacuum (low pressure). dcon-7. V1: 117; 

water flushing. dmn-51. V1: 118 V2: 76 

dcon-51. VI: 118 V 2  76 

V 2  76 

V2: 78 
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Thermal surzace removal method technologies 

flashlamp cleaning, dum-77, V1: 1 1 9  V2: 75 
laser etching and ablation, dcon-74. V1: 1 1 9  

laser heating, dcon-73. V1: 1 1 9  V 2  7 5  
microwavt scabbllng, doon-71. V1: 119; 

plasma torch, dcon-72, VI: 119; V2: 7 5  

v2 7 5  

v2 74 

Concrete block and tiled concrete problem -, 
hdi t ica  .uodrted via. For spec@ techdogfes 
to tmzt these f i ,  see Concrrte block and tiled 
oonmte problem areas, decontamination 
altcmattvcs for 

Bldg. 3028 floom-tlled concrete ( h i o n  
products. mu) 

Bldg. 3028 intcrlor/exterior walls-wnaete 
block (fhsion products, TRUI 

Bldg. 3029 floors-tlled concrete (Cs- 137. Sr-90. 

Bldg. 3029 htcrlor/exterior walls-concrete 
block (Cs-137, Sr-90, Co-60, Ir-192) 

Bldg. 3030 floors-Uled concrete (43 

Bldg. 3031 floors-tlled concrete (Gd-153. 

Bldg. 3031 stacked shieldhg-concrete block 

Bldg. 3032 floors-tlled ooncrete (p-32. Am-241) 
Bldg. 3032 lnterlor/exttrlor wab-concrete 

Bldg. 3033 floors-Uled concrete @I-3, Kr-85) 
Bldg. 3036 floors-Uled concrete (Cs-137. Sr-90) 
Bldg. 3036 interlor walls-concrete block 

Bldg. 3038 flooxs-llled concrete (Sr-90. Cs- 137, 

Bldg. 3038 interlor w n c r e t e  block (Sr-90. 

Bldg. 35 17 floors-tlled concrete (Cs- 137. Sr-90. 
c0-60) 

Bldg. 35 17 interlor/exterior walls-concrete 
block ((3-137. Sr-90. Co-60) 

Bldg. 7500 floors-tiled concrete (Cs. Sr. TRU. 
C0-60) 

Bldg. 7500 interlor/e.xterlor walls-concrete 
block (Cs. Sr, TRU. C0-60) 

Bug. 9201-3 coolant salt cell. floor-tiled 
concrete (U. Th. coolant salt) 

Bldg. 9201-3 molten salt cells. floor-tiled 
conmte (U, Th molten salt) 

Molten Salt Reactor Expertment bulldlng 
floors-tUed concrete (fission products. 
corrosion p d u c t s )  

interior/e.xt&or walls--concrete block 
(fission products. corrosion products) 

flool9--tlled concrete (fission products) 

intexlor/ucterlor walls--concrete block 
(fission products) 

C0-60. Ir-192) 

beta/gamma emitters) 

Am-241) 

(Cd- 153. Am-24 1) 

block (p-32, Am-241) 

(Cs- 137, Sr-90) 

c0-60. 1-129) 

CS- 137. c0-60. I- 129) 

Molten Salt Reactor Experiment bulldlng 

Oak Ridge Fbearch Reactor building 

Oak Ridge Research Reactor building 

C o m t e  d l b g ,  d m - 4 7 .  V1: 1 1 8  V2: 49.58.74, 
83, 108 

Concrete problem ueu. dccontrminrtion 
dtemativea for. For a compkte Ust of f-. 
Concrete pmblan artas. facilities associated with 

Chemical s d a a  cleaning mthod technologies 
automated brushin&con-57. VI: 1 1 8  

biological s h e  cleaning, dcon-3. V 2  54 
chelation trealment, dcon-21. V1: 117; 

chemical foams. dcon-8. V1: 117; V2: 53 
detergent trcatmcnts. dcon-13. V1: 117; 

electrom#ation. dcon-20, V1: 117; V2: 54 
fluoborlc add treatment. doon-11. V1: 117: 

hand brushlng used to remove surface 

V 2  52 

v2 55 

v2: 54 

v2 53 

contamination. dcon-56. V1: 118; V2: 52 

contamination, dcon-61. V1: 1 1 8  V 2  52 
solvent washing to rcpovt radiological 

sponge blasting. dcon-58. V1: 118 V 2  52 
steam cleanhg. dcon-55. V1: 1 1 8  V2: 52 

Mechanical surface n m o d  method technolo@es 
automated grinding. dcon44. V1: 1 1 8  

centrihge cryogenic COz pellet blasting. 

concrete milltng, dcon-47, V1: 1 1 8  V 2  49 
explosive, dcon-48. V1: 1 1 8  V2: 49 
grit blasthg, dcon-38. V1: 1 1 8  V2: 47 
hand grinding, honing. scraping, dcon-43. 

ice blasting. dcon-40. V1: 1 1 8  V 2  48 
plastic pellet blasting. dcon-42, V1: 118; 

scrabbler/sca&ers. dam-37, V1: 117; 

shot blasting, dcon-36. V1: 117; V2: 47 
supercrltical CO, blasting, doon-40, V1: 1 1 8  

ultrahtgh-pressure water. dcon-35. V1: 117; 

V 2  48 

dam-39, V1: 1 1 8  W. 4 7  

V1: 118: V2: 48 

v2: 48 

v2 47 

V 2  48 

v2 47 
Surfaa cleantng method technologies 

compmsed-air c~yogenic CO, pellet blasting, 

high-pressurr water, dcon-52. V1: 118 

strlppable coattngs, dcon-63. V1: 1 1 8  m. 53 
superheated water, doon-53. V1: 1 1 8  V 2  51 
vacuum (low p m s w ) .  doon-7. V1: 117; 

water flushing. dcon-54. V1: 118: V2: 51 

flashlamp cleaning. doon-77. V1: 1 1 9  V2: 50 
laser etchlng and ablation, dcon-74. V1: 1 1 9  

laser heatlng, dcon-73, V1: 1 1 9  V 2  50 
microwave scabbhg. dcon-71. V1: 119: 

plasma torch, dcon-72. V1: 119 V2: 50 

dcon-51. V1: 1 1 8  V2: 51 

V 2  51 

v2 53 

Thermalsurfacc~valmthodtechnologics 

V 2  50 

v2 49 

0019648 
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Coacrcteproblemu+u.f8ciliti~.uodrtedaith. 
F o r s p e c @ t e c ~  to brwt these fadluh, see 
Concrete problem arras. decontamtnation 
altemativcs for 

Bldg. 3028 hot cell interiors--concrete ( h i o n  

Bldg. 3029 hot cell Intcxlors--concrete (Cs-137, 

Bldg. 3030 hot cell intcrfors--mncrete (43 

Bldg. 3031 hot cell intcriors--concrete (Gd-153. 

Bldg. 3032 hot cell interlors-concrete (p-32. 

Bldg. 3036 floor--oonate (Cs- 137. Sr-90) 
Bldg. 3038 all interio-ncrete (Sr-90. 

Bldg. 3517 hot cell interiors--concrete ((2-137. 

Bldg. 9419-1 floor. f h t  molten salt 

Graphite Reactor btologtd shields-concxtte 

products. Cm-244. Pm-147. Am-241) 

Sr-90, Co-60. Ir- 192) 

b c t a / ~ e m i t t e r s )  

Am-24 1) 

Am-241) 

CS- 137. Co-60. I- 129) 

Sr-90. Co-60) 

r d s - c o n e  W. Ih molten saltl 

(fission products. PU, C- 14. Fe-55, 
Cs-137, Sr-90, Co-60, activation 
products) 

Graphite Reactor md-concrete (fission 
products. Pu. C-14. Fe-55. Cs-137. Sr-90. 
C0-60. acttvation products) 

Graphite Reactor ductwork-ncrcte (8sslon 
prod~cts. Pu. C-14. FcS.  CS-137, 
Sr-90. co-60, aciivation products) 

Graphite Reactor s t a c k ~ n c r c t c  (&&on 
products. €4.1. C-14, Fe-55. Cs-137. Sr-90. 
Co-60. activation products) 

hlgh-density concrete (fission p d u c t s .  
corrosion products, induced radiattonl 

Oak Ridge Reactor biological shicld-concrtte 
( h i o n  producta corrosion products) 

Slab supporting law-lntmsity Test Reactor 
componcnts--conncte (fission p d u c t s .  
corrosion products. activation products) 

Homogcna~us Reactor Test structure- 

Conrole (d.t. handling method.). mba-39, 
VI: 132, 1 4 0  V2: 118 

Com01~ ( s L e a / m b i k / . t r i t ) ,  robs-38, V1: 132. 
140m. 118 

Cont.inment. See 
Massive containment problem areas. 

steel containment structure (highly 
dismantlement alttmatfves for 

contaminated) problem areas. 
dismantlement alternatives for 

Contunhunts 
Summary of, V1: 14-16 

co~tmnbatioa contru-d equipment. 
char-204. VI: 46: V2: 6 

Control modes. mba-27. Vl: 132. 140 V2: 117 

Comentiod/u&antatcd with vacuum system 

Conventiod demolition (buried tanka). dism-36, 
V2: 26 

( ~ ~ c s ~ o s . ) .  dism-82. V1: 80; V 2  32 

C o m e n t i o d  demolition (reactor pooh). dism-26. 
V2: 24 9 
Conventional disused@ (der equipment 
removal). dhm- 102. V Z  36 

Conventional dhsaembly (steel stmctnres, 
highly cont.minrted). dism-60. V1: 79: V2: 29 

conoentiop.l dt.usmbly (stractpnl steel miId 
contudnmt8). dism-76, V1: 80: V2: 31 

Conventiozdjack hunmtr, heedache bJ1 ctc. 
( 6 M d - o -  conate),  dfsm-44. VI: 79 V2: 27 

Coolant salt. For spec@ ikchnoiogfes to treat thfs 
contamfnantsee 

Concrete block and tiled concrete problem areas, 
decontamination altematfves for 

Oil and purex chemical problem areas. 
- charactuization alternathns for 

Painicd concrete problem areas, decontamination 

Pipe interiors. deantamination alternatives for 
Stainless steel. stetl plate, sheet stctl. 

alternattvcs for 

and structural steel probkm amas, 
decontamination alternatives for 

Tiled concrete pmblem artas, decontamination 
altcrnathres for 

Corrective Action Management Units. See 
Resounr Conservation and Recovery Act 

Corrosion prodact.. For sped& techndogles to treat 
t h e s e c o ~ , s s e  

Asphalt pavement problem arras. 
decontamination alternatives for 

Concrete block and fflcd concrttt problem areas. 
dasmtaminaUon alternatives for 

Concxete problem axeas. decontamination 
altcrnathrrs for 

Painted concrete problem areas. decontamihation 
alternatives for 

Pipe int.uiors. decontamination al- for 
Stainless steel. steel plate. sheet steel, 

and structural steel problem areas. 
decontamtnaton altematives for 

Tank (southeast of Bldg. 75001 problem arcas. 
decontamination alternatives for 

Tiled concrete problem areas, decontamination 
altemattves for 

Wncalloy. steel. and aluminum piping problem 
ahas. decontamination altemaUvcs for 

criticality indica, char-44. v1: 47: m: 9 

Cryogenic liquid catting (steel stnacttmr. highly 
contaminated). dism-55, V2: 28 
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-244. Forspe&k t e c m t e s  to -at thLs 
COntMIfMnt- 

C o n e  problem areas. decontamination 

Stainltss stteL stccl plate. sheet stccl. 
alternatives for 

and structural stetl problem areas. 
decontamination alternatives for 

- D -  
.cc#. d c e m  (needed enabling 

tdmdogiu), dism-154. V1: 47: V2: 7 . 4 2  

-t./signd truumllon.  roba-13, V1: 131. 139 
V 2  116 , 

Debris. huudotl.. See 
Resource Consexvation and R e c o w  Act 

Decontrmtution dter~tivcs. See 
Asphalt pavement problem areas. 

decontamination alternatives for 
Concrete block and tiled concrete problem areas, 

decontamlnation altematlves for 
Concrete problem areas, decontamination 

alternames for 
painted concrete problem areas, decontamination 

alternatives for 
PIP interiors. decontamtnation altemams for 
Statnlcss steel. steel plate. sheet steel. 

and structural stet1 problem areas. 
decontamination alternatives for 

Tank (southeast of Bldg. 7500) problem areas, 
decontamination alternatives for 

Tile conmte problem areas. decontamination 
alternatives for 

Wood/shatrock. tar and felt roo@. 
and conmte problem areas. 
decontamination alternatives for 

Zincalloy. steel. and aluminum piping problem 
amas. decontamination altemaUvcs for 

Decont.min.tion .ad decommissioning of 
feciHties. see 

Isotope facilities scheduled for D&D program 
ORNL fkdlities M y  in D&D pro- 
ORNL special-case facilities 

Decont.miO.tr0 n. discussio~~~ of 
Implcmcntatlon needs. V1: 113-115 
Introduction. V1: 91-103 
Science and technology needs. V1: 1 1  1-1 12 
Technology options. V1: 104-1 10 
Technology rankings. V1: 116-122 

Demolition compomrds (buried tanks), dism-35. 
v1: 7 9  m: 25 

Demolition ~ m p o ~ d .  (reactor pools). dism-25. 
v 1 :  7 9  v2: 24 

Demolition compomrds (stractd-only concrete), 
dism-46. V1: 79: V 2  27 

Department of Energy o r d m  
DCC. V1: 173 
Decommissioning. V1: 174-175 
Derived conenhatton guides. V1: 173 
Discharge of liquid radioacthe waste. V1: 173 
Occupational radiatlon exposure hits. V1: 175 
Order 5400.5. V1: 173-174 
Order 5480.11, V1: 175 "r, 
Order 5 8 2 0 . a  V1: 174-175 
Public radiatlon cxposurc hits. V1: 173 
Radioactive waste management V1: 174-175 
Residual ladioactMty. V1: 173-174 
Surface contaminatton guidelines. V1: 174 

Detergent treatments. dcon- 13. V1: 117; Wk 54. 
70.79.94. 103 

DextempI. dphhf., robs-16, V1: 131. 1 3 9  
V 2  116 

Mpmond wire cutting (bmicd taaks), dism-32. 
V2: 25 

~ipmond wire cutting (major equipment removal). 
dism-94. V2: 34 

MunondWirecutting(mwi0e contclinment), 
dfsm-12, V1: 79; V 2  23 

Diamond wire cutting(strllctd-only copcretc), 
dism-42. V1: 7 9  m: 26 

Direct dhharge to surface-water bodies. See 
Clean Water Act 
Department of Energy orders 

Direct sampling ion trap mass spectrometry. 
char-90. V1: S 5 2 ;  V2: 15, 18, 19 

Dischuge to s-a bodies. See 
Clean Water Act 
Department of Energy orders 

Disnuutlement 
Discussion of implemenhtion needs, V1: 77 
Discussion of science and technology needs, 

Discussion of technology options. V1: 71-75 
Introduction to. V1: 63-70 
Technology rankings. V1: 78-83 

V1: 76 

M.mantlement akmaths. See 
Asbestos problem areas. dismantlement 

Buried tank problem areas. dismantlement 

Entombment problem areas. dismantlement 

Major equipment removal problem areas. 

Massfve containment problem arcas. 

alternatives for 

alternatives for 

alternatives for 

dismantlement alternatives for 

dismantlement alternatives for 
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M . m M t l e m e n t ~ ~ o o n t l n r r e c u  

dismantlement alternathres for 

alternatives for 

contaminated) problem areas. 
dismantlement alternatives for 

Structuralo* concrete problems. 
dismantlement alternatives for 

Structural stal problem areas. dismantlement 
alternam for 

Needed enabling technology plpblem areas. 

Reactor pool problem areas. dismantlement 

Steel containment structure (highly 

DiBpoul. land, rc#Mctions. see 
Resource Consenration and Recovery Act 

Dry heat @On muting). dcon-4. V1: 117: V2: 80. 
85.91.99 

- E -  

El-&- metho&. char-10, V1: 46: V 2  6 . 7  

Electrodgrdon, dam-20, V1: 117; V2: 54. 80 

Electron m o a ,  char-37, V1: 49: V2: 13 

Ehctrodc catdog d d w o n o  .nd source 
locrtioru of mite historicd data (needed eaab- 
bchnobgh). dtsm-159. V1: 81: V 2  43 

Electron apectm.copp for chemical analysis. 
char-1. V1: 50; V 2  14 

Electropolidhg, dcon-15, V1: 117: V2: 95. 103 

McctrOnfiPing, dmn-32. V1: 117: IC?: 92.67. 101. 
105 

Emergency .hutdown, roba-37. V1: 132. 140: 
V2: 118 

-OM. &? 
CleanAlrACt 

Enabling tecbnologier. see 
N d e d  enabling technology problem areas. 

dismantlement alternatives for 

Encuemepb-.ubmdace mute storage with void 
red=tion (entombment). dism-113. V1: 80; V 2  37 

End-effector ch.neco9t mechuw IUS, roba-24. 
V1: 132. 1 4 0  V2: 117 

E d  effectom/.ltuP.tiv#. mba-23, V1: 132. 140: 
V 2  117 

Energy atpershe X*y SpectmBCOpy, char-35. 
V1: 4 9  m. 13 

Engineered o t o r a g e r  very "hot" items, future 
& p o d  (entombment). dism- 115. V1: 80: V2: 38 

Entombment problaa mcu. dtrnrntlrmart 
dtcmatives for. For a compkbe fist of faautses. see 
Entombment problem areas. fadllttcs associated 
Wlth 

Entombment -ogles 
cappfngabove ground environmental barrier 

(entombment). dism- 112. V1: 80; V2: 37 
concrete-based solidt3cation/stabikzation, 

dism-120. V2: 39 
cncastment-subsurfaa waste storage with 

void reductlon (entombment). dlsm-113. 
v 1 :  80: v2: 37 

e n g l n d  s t o w o r  very "hot" items, 
fum disposal (entombment). dism-115. 
v 1 :  80. v2 38 

dism-110. V2: 36 

V 2  38 

future remwal (entombment). dism- 119, 
v2: 39 

permanent entombment (entombment). 
dism-114. V1: 80: V 2  38 

rubbktton via crushing and/or shredding 
(entombment). dism- 117, V 2  39 

~~11901s for monttoring entombment integrity 
(entombment). dism- 118. V1: 8 0  V2: 39 

temporary cntombmcnt/clay fill 
(entombment). dism- 11  1. V 2  37  

stabilization (entombment). dism-109. 
V 2  36 

groundwater divemion (entombmnt). 

hydraulic isolation (entombment), dbm-116, 

modular entombment-wfth provisions for 

thennoset polymer/thermal plastlc 

Entombment problem meas. hci l i t ie~  
with. For .sped& techndogles b freclt these f a d t k s ,  
see Entombment pmblem areas. dismantlement 
alternattves for 

Bldgs. 3028,3028E. 3029,3030.3031.3032. 
3033. 3036,3038.3517.7500.9219-1. 
9201-3, and 9419-1: dmin Ilnes; 
Homogeneous Reactor Test structure: 
membrane between Homogeneous Reactor 
Test concmtt: Oak Wdge Research 
Reactor biological shield: Oak Rdgc 
Rescarch Rcactor hot ell hers: 
pavement over 55-gal drum: proctss 
pipfng and tankage: and pulsefecdcr 
P-PS 

Equipment remoort et? 
Major equipment runoval problem areas. 

dccontaminatlon alternaUves for 

Explosive. dcon-48. V1: 1 1 8  V 2  49.58.74.84. 
109 

Rplo.ire cutting (major eqtdjmnent remod). 
dism-96. 34 
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Erpbdre cutthg (rtrtm pooh). dism-23. V2: 24 

~ c u t t h g ( . t e d . - - . W W  
-t.mkuted). dism-62. V1: 7 9  V2: 30 

E.pbrire m (8MWd-Ow Concrete). 
dlsm-45. V2: 27 

E . p l o d . e ~ ( s M d . ~ m i l d  
contun&n~). dism-78. V 2  31 

Extend dtlet/pipe mder8. roba-6. VI: 131, 139 
V 2  115 

- F -  
Facilities. For complete Urts of facilities 
C u a d ~ p r O b l e m ~ . S e e  

Asbestos problem areas. facilities assodated with 
Asphalt pavement problem areas. facilities 

Buried tank problem arcas. facilities associated 

Concretc block and tiled concrete problem areas. 

Concrete problem areas. facilities associated with 
Entombment problem arras. facilities associated 

General problem areas. facilities assodated with 
Inorganic problem areas. hdlities associated 

Iaotopc facilities scheduled for D&D program 
Major equipment removal problem areas. 

facilities assxiatcd with 
Massive containment problem areas. facllfties 

associatdwith 
Needed enabling technology problem areas, 

facilities assodated with 
ORNL facilities akady in D&D pro- 
ORNL spectal-casc hdities 
Oil and purex chemical problem areas. facilities 

Organic problem arcas. facilities assodated with 
hinted concrete problem artas, facilities 

Physical problem arcas. facilities associated with 
Pipe inttrfors. facilities associated with 
PCBS. facilities assodattd with 
Radioactive constituents. facilities assodated 

with 
Reactor pool problem areas, facilities assodated 

with 
Reactors and support facilities. robotics 

and automation alkmatives for 
Stainless steel. stal plate. sheet steel, 

and structural steel problem areas, list of 
facilities assodated with 

contaminated) problem areas, facilities 
asS0daMwith 

alternatlvcs for 

associated with 

with 

facilities assodated with 

with 

with 

associatdwith 

associatdwith 

Steel containment structure (highly 

Storage buildings. mbotics and automation 

Structuralonly concrete problem areas. facilitks 

Structural stet1 problem arcas. facilities 

Tiled concrete problem artas. facilities assodated 

Wood/sh&trock tar and felt roofhg. 

aasodatdwith 

assodatedwith 

wlth 

and concrete pr&em areas. facilities 
assodatdwith 

Zincalloy. steel. and aluminum piping problem 
arcas. facilities associated with 

Facilities ochedukd for decontudmtion 
md decommiuioniug. See 

Isotope facilities scheduled for D&D program 
ORNL facilities already in D&D pro- 
oRNL spcdal-casc facilities 

Failure recovuy 0p.tems for mobile p k t f o x u ~ .  
rob-11.  V1: 131. 1 3 9  V2: 115 

Fe-55. For spec@ technofogies to tmzt thfs 
wn&m&mnt see 

Concrete problem areas. decontamination 
alternatives for 

Flba-OptiC chemiCPr - ~ . o f l ,  char-25. V1: 45.5 1: 
V 2  5. 18 

Fiber4ptic syotems for measuring multiple 
phpdcpl e l - .  char-248, V1: 51: V2: 17 

Field bud-. rob-53. V1: 133. 141: W k  120 

Fiosion prod-. For specyzC tedmokgles to tmzt 
theseco-.see 

Asphalt pavement problem areas. 
daxntamination altemathres for 

Concrete block and tiled concrete problem arcas. 
decontamination alternathres for 

Concrete problem areas. decontamination 
altemathres for 

Oil and purex chemical problem areas, 
characterlzatlon alternatives for 

Painted concrete problem areas. decontamination 
alternatives for 

pipe interiors, decontamination altcmatks for 
Stainless steel. stccl plate, sheet steel. 

and structural steel problem areas, 
decontamination alternatives for 

Tank [southeast of Bldg. 7500) problem areas. 
decoritamhation alternatives for 

l"Iled concrete problem areas. decontaminatbn 
alternatives for 

Wood/sheetrpck. tar and felt and concrete 
problem arcas. decontamination 
alternatives for 

Zincalloy. stccl. and aluminum piping problem 
areas. dcwntamtnation altemattves for 

Fk.hlomp cleadng, dcon-77. V1: 11% V2: 50.59. 
64.75.89 
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Fhrbtmp heating to release or desorb sprb.ee 
and mIb8llrface C4m-t.. char-87. v1: 45: 
v2: 4 

Fbodpld~. aettnd. and. V1: 167. 168 

Fhroboxic acid treatment. dcon-1 1. VI: 117; 
V2: 53. 60. 69. 78. 94. 102 

Fb- dhgnodm of C4mtamhated 8urf8cu. 
char-1 10. V1: 50; V 2  14 

Force limiting/compuant mechuli8m8. rob-26. 
V1: 132,140; V 2  117 

F~ret/torp~e, rob-50. V1: 133. 141: V 2  119 

Fora/torqae oeneors. roba-46, V1: 133.141: 
v2 119 

Fmctab used to .elect models for material 
-port h 
v2 10 

-di4 char-225, V1: 47; 

Fmgitive dust emlloru.  See 
Clean ALr Act 

- G -  

Gd-15S. For sped& techndogtes to h a t  thls 
-see 

Concrete block and Uled concrete problem amas. 

Concrete problem areas. decontaminatlon 

Painted concrete problem areas, decontamination 

Stainkss steel. steel plate. sheet steel, 

decontamination alternatives for 

altcrnathres for 

alternatives for 

and structural steel problem areas. 
decontamination alternatives for 

Tiled concrete problem amas, decontamination 
alternatives for 

Wood/sheetrock. tar and felt. and concrete 
problem areas. decontamtnation 
altematives for 

aU phame decontrmirutian, dcon-16. V1: 117: 
v2 95 

Gemd @ppa/td hteifr#. rob-25. V1: 132, 
140 V2: 117 

General problem utu. -on 
rltenmtivem for. For a complete Ust oJJhc&fes, see 
&ncd problem arras. faciIitics assodated with 

Data analysis/management technologies 
analysis Of censored dab, char-249. V1: 47; 

v2 9 
application of approximate reasoning to data 

analysis/evaluation, char-234. V1: 46; 
V2: 8 

automated scanning and converston of 
enginecrlng drawings (needed enabling 
technologtes). dism-155. V1: 47.81: V 2  8 

and regulatory guidelines (needed 
enabling technologies). dism-153. V1: 47. 
81: V2: 7 

aoctss (needed enabling technologies)). 
dism-157. V1: 47; V 2  9 

computer-aided task analysis and procedure 
preparation (needed enabling 
technologies). dism-172. V1: 47.81: V 2  8 

enabling technologies)), dism-191, VI: 47. 
81: V2: 8 

cUent/Semr access to standards 

client/servtr architecture for data base 

computer-based training systems (needed 

critlcallty indices, char+%. VI: 47: V 2  9 
data acass services (needed enabling 

fractals used to select models for material 
transport in porous media. char-225, 
VI: 47: m: 10 

ge~gmphtc information system for DOE sites 
(needed enabling technologies). dism-181, 
V1: 47; V 2  8 

V1: 46; V2: 8 

enabling technologies). dism-158, V1: 48: 
v2 9 

migmtlon in porous materias. char-53, 
v1: 47; v2 9 

network architecture with fn-ted 
workstations. char-221, V1: 46; V2: 7 

project information access 8ely1ccs (needed 
enabling technologies), dism 151, V2: 7 

quality control for measurement pmcesses. 
char-250, v1:  47; v2: 9 

simulated walkthrough facility for robotlcs 
task sequence analysis (needed enabling 
technologies). dism-171. V1: 47. 81: V2: 8 

char-253, v1: 46: v2: 9 

data s&, char-251, V1: 47; V2: 9 

teChn010gi~~). dW-154, V1: 47: V 2  7 

hazard d ~ i s  u ~ p e r t  v~ tem char-233. 

hypertext information systems (needed 

modeling of volatile organic compounds 

spatial sample and data analysis plans, 

statistical methods for the analysis of large 

0006S3 
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task-schdding aids. char-241. V1: 47; V2: 9 
3-D CAD data base of build- 

and structures (needed cnabllng 
technologles). dism-156. V1: 48. 81: 
v2: 10 

Detectton/mcasuremcnt-field method 
technolo#es 

air monitoxhg. char-59. V1: 46; V 2  5 
electrochemica methods. char-10. V1: 46; 

V 2  6 

51; V 2  5 

dispersion), char-18. V1: 46, 51: V 2  5 

v2 5 

v 1 :  45; m: 5 

V1: 46.51.52: V2: 6 

v 1 :  46; v2: 5 

fiber-opti~ Chunical SCIISOR. char-25. V1: 45. 

i n h d  spcctmscopy havelength 

immunoassay dettction. char-23. V1: 46; 

ion mobillty mass spectrometry. char-264, 

laser photo ~COUSUC S ~ ~ C ~ I D S C O ~ Y .  char-15, 

opUcal absorption spectroscopy. char-27, 

personnel monitoring, char-52. V1: 46; V 2  5 
portable luminesoencc detection. char-92, 

portable Raman spectrometer. char-84. 
V1: 46: V2: 6 

v 1 :  46; m: 5 

technologies 
Detection/mcasurcment-laboratory method 

contamination control-adytical equipmenf 

electrochemical methods. char-10, v 1 :  46; 

Fourier transform infianzd spctroscopy. 

isotopic dilution mass spectrometry. char-48, 

laser ionization mass spectrometxy. char-4, 

nuclear magnetic resonance. char-1 1. V1: 46; 

secondary ion mass spectroscopy. char-3. 

ulbaviolet/visible spectroscopy. char-9. 

char-204. V1: 46; V 2  6 

v2 7 

char-8. V1: 46; V2: 6 

V1: 46; m: 6 

Vl: 46; V 2  7 

V2: 6 

V1: 46; V 2  6 

V1: 46; m: 7 
Sample collection tahnolo#es 

flashlamp heating to release or desorb 
surface and subsurface contaminants. 
char-87. V1: 45; V 2  4 

in situ solvent e-tion. char-62. V1: 45; 
v2: 3 

laser ablation for sample collection. char-86, 
v 1 :  4 5  m: 4 

membranes h r  sample collection 
and concentration, char-55, V 2  3 

metallogxaphic sectioning and preparatton. 
char-67. VI: 45: v2: 3 

mult&ngle ddl ing  for depth prnilling of 
contaminants. char-64. V1: 4 5  V2: 3 

punch cores. char-82, v 1 :  45: v2 3 
sampling and m k h g  m~thods. char-81. 

VI: 45; v 2  3 

sampling intcrkcc system for s a  
contamination by organics, char-271. 
v1:  4 5  m: 4 

ultrasonic extraction, char-20. VI: 45: V2: 3 

adaptation of the EPA toldclty characteristic 
leaching process for use with radioactfve 

Sample preparation technologies 

samples. char-20w1: 45; v2 4 
high-pressure ashing for sample prepaxatton, 

miauwave digestion. char-19. VI: 4 5  V2: 4 
radloacttve sample preparation, char-205. 

supercritical 5uid extraction of inoqanics. 

supercritical5uid extraction of organics, 

char-203. v 1 :  45: v2 4 

v1: 4 5  v2: 4 

char-201. v 1 :  45: v2 4 

char-208. v 1 :  4 5  v2 4 
Sampling des@ tcchnolo#es 

Vl: 45: m: 3 

system. char-228. V1: 4 5  V2: 3 

v2 3 

optimization of sampling designs. char-7 1. 

sampling p r o m  configuration management 

s e q ~ e ~ ~ t t d  sampling plans. char-252. V1: 4 5  

General probkm uu.. facilities associated via. 
ForspecYictechnoLogtestotreatthesefadlltdes,see 
General problem areas. characterization a l k m a t k s  
for 

Bugs. 3028,3029,30293, 3030,3031,3032. 
3033, 3036,3038,3517, 9201-3. 
and 9419-1; drain lines; pulsefeedm 
P U ~ P S ;  PVCment WQ- 55-gal drum; and 
P- Piping a d  tankage 

Generic BRC levels far radioactive wastes. See 
Below regulatory concern levels. generic. fbr 

~ i ~ t l v e  waste 

Geographic infoxmation system for DOE sitem 
(needed enabling kchnologie8). dism-181. V1: 47: 
V 2  8.43 

GIF Impees to augment as-built docmnentation 
(needed enabling technologies). dlsm-145. V 2  41 

Glauification (asbestos), dism-86, V2: 32 

OIOV discharge ionization mass spectroscopy, 
char-56, V1: 50; V2: 14 

Q.phite Remetor. S=e 
Concrete problem areas. decontamination 

Painted concrete problem areas, decontamination 

Stainless steel, steel plate, sheet steel. 

alternathres for 

alternatives for 

and structural steel problem areas, 
decontamination altemativcs for 
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-kr mabile 8hcuing (structutd 8- mild 
c0ntrmiP.nt.s). dism-77, V1: 80. V2: 31 

Grappler (structnd-only concrete), dlsm-48. 
V k  79: V 2  27 

Qit blasting, dcon-38, VI: 1 1 8  V 2  47.56.61.72, 
82. 107 

w d - l p . t e r  divmhn (entombment). dism- 110. 
V2: 36 

- H -  
E . n d b n m h i n g d  to remove surface 
contunhation, dcon-56, V1: 1 1 8  V2: 52.65, 
77.110 

Hand grhdhg. honing, scrapbg. dcon-43. V1: 1 1 8  
V2: 48. 57, 62. 73, 83. 108 

upert system, char-233, v 1 :  46: 
V2: 8 

Eaxadoun debris. &e 
Resource Consemtion and Recovery Act 

High-pmmre abrasive =tu jet (add tanks), 
dism-31. V1: 79 V2: 25 

aieh-pnume abrasive water jet (reactor pooh), 
dism-21. V1: 7 9  V2: 23 

High-pressure abrasive water jet ( s t r u c t ~ d y  
concrete). dim-41. VI: 7 9  V2: 26 

High-pressure uhhg for sample p r q m n t ~  'on. 
char-203. v1: 45: v2 4 

E3gh-pnume water, dcon-52, VI: 118 V2: 51, 64, 
76. 110 

High-pnuure water jet  (major equipment 
runovd). dism-93. V1: 80: V 2  33 

5toric and uch.eologid resources. 
VI: 170. 171 

E d - ~  w, char-46. V1: 51: V2: 17 

Eamogmeoun Reactor Test structum. See 
Asbestos problem areas. dismantlement 

alternatives for 

Buried tank problem arras. dismantlement 
altemativw for 

Concrete problem areas. decontamtnaiion 
altcmatives for 

Entombment problem a~s. dismantlement 
altemativw for 

Major cquipmcnt rcmDval problem areas. 
dismantl-t altemattves for 

Massive containment problem amas. 
dismantlement alternatives for 

Needed enabling technology problem areas. 
dismantlement alternatives for 

Pipe interiors, decontamination alternattves for 
Reactor pool problem areas. dismantlement 

alkrnaUvcs for 
Stainless sM. steel plate. sheet steel, 

and structural sttel problem arcas. 
decontamination alternatives for 

Steel containmnt structure (highly 
contaminatedl problem areas. 
dismantlement alternatives for 

Structurala~& concrete problem areas. 
dismantlement alternatives for 

Structurai steel problem areas. dismantlement 
alternatives for 

Zfncalloy. steel. and aluminum piping problem 
arras. decontamination alternatives for 

Hot ccll problem ucu. See 
Abandoned hot cells. robotics and automation 

Asbestos problem areas. dismantlement 

Buried tank problem arras. dismantlement 

Concrete problem areas. decontaminaiion 

Entombment problem areas. dismantlement 

Major equipment removal problem areas, 

Massive containment problem areas. 

Needed enabltng kchnology problem areas, 

Painted concrete problem arcas. decontamtnation 

Reactor pool problem areas. dismantlement 

Stabillzed hot cells. robotics and automation 

Stainless steel. steel plate. shect steel. 

alternatives for 

alternatives for 

alternatives for 

alternatives for 

alternatives for 

dismantlement alternatives for 

dismantlement alternai%es for 

dismantlement altcmatives for 

alternatives for 

alternatives for 

altemattves for 

and structural s M  problem arcas, 
decontamination alternatives for 

contaminated) problem areas. 
dismantlement alternaths for 

Struchualonly concrete problem areas. 
dismantlement alternatives for 

Structural steel problem m, dismantlement 
altemattves for 

Stcel containment structure (highty 

Hydmdc isolation (entombment). dism- 116. 
V2: 38 
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Ea. ForspeC@c tec)urdogb to becrt t.hfS 
contrunirrpnt- 

Concrete block and tiled con- problem areas. 

painted concrete problem areas. decontamination 

pipe interiors. decontamination alternatives for 
Stainless steel. stecl plate. sheet steel, 

decontamination alternatives for 

alternatives for 

and structural steel problem areas. 
decontamination alternatives for 

'Ned concrete problem areas. daxntaminatlon 
alkmatives for 

Wood/shcctrock tar and felt and concrete 
problem areas. decontamination 
altemawes for 

- z -  
Ice blasting. dcon40. V1: 1 1 6  V2: 48.57.61.73. 
87.107 

Immpnouuy detection. char-23. V1: 46; V 2  5 

Indnedon. dcon-2. V1: 117; V2: 80.85 

kd-iyco-Pl----=.pe-PY. 
char-78. V1: 4 9  V 2  13 

kd-iy=ppltdIJl--.pedro-PY* 
char-77, V1: 49: VZ 13 

Intonnation management for sample hurdling. 
rob-56. V1: 133, 141: V2: 120 

Inbud absorption Ck.er-aP.ed some). char-85, 
V1: 50. 51; m: 14, 18 

Infru+d mpectmscopg (wavelength dimpermion). 
char-18, V1: 46.51; v2: 5, 18 

Inorgdc d d  trrrtment.. dam-12. V1: 117; 
V2: 69.94. 102 

Inorganic cemcntitiop. Mtrt c o m i t e s  model, 
char-39. V1: 51: V2: 17 

Inorganic problem ucu. characterization 
.fternathcm for. For a cumplete list of f o d i t b ,  see 
Inorginic problem areas. facilities associated with 

Fftld method technologies 
atomic emlssion spectroscopy, char-76, 

laser ablation: inducthrcly coupled plasma: 
v1: 49; m: 12 

atomic emission spectroscopy. char- 1 1 1. 
V1: 4 9  V 2  13 

portable X-ray fluortsancc char-6. VI: 49: 
V 2  13 

X-ray fluorescence for in situ monitoring of 
t o ~ c  htavy m~tals. char-219. V1: 49; 
V2: 13 

Laboratory mthod techno lo^ 
atomic emission spectrosmpy. char-76. 

auger electron spectroscopy. char-2. VI: 5 0  

cold vapor ~macury) analysis. char-24, 

electron diffraction. &-37. V1: 4 9  V2: 13 
electron spectroscopy for chemtcal ardysis. 

energy disprrsivc X-ray spectroscopy. 

glow dlschage ionization mass spectroscopy. 

inductively coupled plasma- 

V1: 4 9  V2: 13 

V 2  14 

V1: 4 9  V2: 14 

char-1. V1: 50 V 2  14 

char-35. V1: 49: V2: 13 

char-56. V1: 50. V 2  14 

~ p e ~ t r o s c ~ p y .  char-78. V1: 4 9  V 2  13 

char-77. V1: 4 9  V2: 13 
lnducthrcly coupled plasma spectroscopy. 

ion chromatography. char-50, V1: 49: V 2  13 
neutron activation analysis. char-266. 

particle-induced X-ray cmlssion. char-17. 

powder X-ray -ction, char-31. V1: 50: 

scanning electron microscopy, char-33. 

transmission electron microscopy, char-34. 

V1: 4 8 . 4 9  V 2  14 

V1: 4 9  V2: 14 

V2: 14 

V1: 4 9  V2: 14 

V1: 4 9  m. 13 
wa~el~ngth disperstve X-ray S~C*SCO~Y, 

char-36. V1: 4 9  V2: 13 

Inorgdc problem .rtU. trilitier; .uod.kd 
with. For specij7c techdogfes to tn?at these f i .  
see Inorganic problem arcas. characterization 
alternatives for 

Bldgs. 3028,3029.3029E. 3030.3031,3032. 
3033, 3036.3038.3517,9201-3. 
and 9419-1: drain lines: pulsefeedtr 
pumps: pavement over 55-gal drum; and 
P- PiPins and tankage 

In situ solvent -on. char-62. VI: 4 5  V2: 3 

Instrument response mod& for remote senoing. 
char-246. V1: 51: V 2  17 

htegmted roltomrted analytical kbomtory. 
rob-55. V1: 133. 141: V2: 120 

d e / p i p e  -der. robs-5. V1: 131. 1 3 9  
V 2  115 

1-129. For sped& techno&gfes to beat thfs 
OontpminMtsee 

Concrete block and tiled concrete problem arcas. 
decontamination alternatives for 

Concrete problem amas. decontamination 
alternatives for 

painted concrete problem areas, decontamination 
alternatives for 

Decontamination and Decommissioning Index 
September 1993 Page A-23 
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Tiled concrete problem areas. decontamination 

Wood/sh&trock. tar and felt and concrete 
altemattves for 

problem areas. decontamination 
alternatives for 

lr-192. F ~ r s p d j k  tkc- to b e d  t h f ~  
W V S e e  

Concrete block and tiled concrete problem areas. 

Concrete problem amas, decontamination 

painted concrete problem areas. decontamination 

Stafnless steel, stecl plate, sheet stecl, 

decontamiMtlon alternatlvcs for 

alternatives for 

alternatives for 

and structural steel problem areas, 
decontamlnatton alternatives for 

"Ued concrete problem areas, decontamination 
altemattvts for 

Wood/sheetmck, tar and felt and concrete 
problem areas. decontamination 
alternatives for 

h e  see 
Fe-55 

hotope fkilitics mcheduled for D&D pro- 
V1: 12. 14 

botopic dilution MU spectmmetrg, char-48, 
V1: 46; V2: 6 

- K -  
Kr-85. For specijk tkchmiogie to imat thfs 
wntamfnont see 

Concrcte block and tiled concrete problem areas, 

Laser ablation: id- coupled p k a u ;  
atomic emiuion .pect.oropy, char-1 11. v 1 :  4 9  
V 2  13 

Lamer ablation organic p1.u .pectrometry, 
char-93, V1: 51. 52: V2: 16, 19 

Lamer cutting (e-m-84, V1: 80; V2: 32 

Laser cutting(mbm cqpipment r e m o d .  
dbm-91. V 2  33 

Laser c u t t i n g ( r t e e l s t n a c ~ .  highiy 
cont.minrted), dbm-51, V2: 28 

Laser cut- (.trractrp.l st#L mild 
con-ts), dlsm-71, V1: 80: V2: 30 

Laser etching and ablation, dcon-74. V1: 119; 
V 2  50.59.63.75.88, 98. 109 

Laser huting, dcon-73, V1: 119: V2: 50,59,63,75, 
88.98 

Laser ionization mru rpectrometrp, char4. 
v 1 :  46; v2: 7 

Laser photo acoustic rpectroropy, char-15. 
V1: 4 6 . 5 1 . 5 2  V2: 6 

Lamer mpping of hdlitier (needed 
epobline t~dmo&gics), dism-146, V 2  41 

Ltrh/ektmvinning, dcon-34. VI: 117; V 2  68. 
93. 102. 105 

Li@d .dotillrtion ~00mting. char-267, V1: 49; 
v2: 12 

Liquified cryogenic g.s cutting (major equipment 
removai). dism-101. V 2  35 

decontamination altema&s for 
Painted concrete problem areas. decontamination Locrtion-specif€c regulations, VI: 168 

altcmathres for 

and structural steel problem areas. 
decontamination altemaaVes for 

Tiled concrete problem anas. decontamination 
alternathrts for 

Wood/sh&trock. tar and felt and concrete 
problem arcas. decontamination 
alkmathres for 

Stainless sttel. steel plate. sheet steel. 

-L- 
Land d t p o u l  ratrictions. See 

Rcsourot Conservation and Rccovcry Act 

LonB-um depl@ robotic rob-9. 
VI: 131. 139;VZ 115 

Low-- a detector. char-65. V1: 48; V 2  10 

L 0 n B - h  --tot (a- dw), mba-15, 
V1: 131. 139:V2: 116 

Long- d p p t t o r  (light duty). rob-14. 
V1: 131. 139;V2 116 

Lw-Intt.itp Tmt Reretor. See 
Concrete problem arcas. decontamination 

Zincalloy. steel. and aluminum piping problem 
dtemativcs for 

arcas. decontamination alternatives for 
Lamer ablation for sunpit collection. char-86, 
v 1 :  45; v2: 4 
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- M -  
m e t i c  rt.op.oa w, char-58, V1: 5 1: 
V 2  17 

y d o r  equipment n m o v a i p r o b l e m ~ ,  
dhamtkment dtuaatka for. For a corqokh? Usst 
offadftfes. see Mafor equipment removal problem 
arcas. fadllttes assoclatedwith 

Autoated conventlod technologies 
gmppler/gmss shearing and lifting (major 

equipment removal). dism-103. V 2  36 
comrrntional technologies 

cutting tcchnolo#es 

conventional disassembly (major equipment 
removal), dism-102. v2: 36 

advanced automated llxttues. bug-o. e t  
(xmjor equipment removal). dism- 100. 
v 1 :  80: m. 35 

advanced laser cutting (major equipment 
remwal). dism-95. V1: 80 V2: 34 

diamond wire cutting (major equipment 
removal), dism-94. V 2  34 

urplosive cutting (major equipment removal). 
dism-96. V2: 34 

high-pressure abrasive water jet (major 
equipment removal). dism-97. V 2  34 

high-pressure water jet (major equipment 
removal), dism-93. V1: 80; V2: 33 

bger cuttbg (major equipment removal). 
dism-91. V2: 33 

liqu.Uial cry0gen.t~ gas cutting (major 
equipment remwal), dism-101. V2: 35 

mechanical saws (major equipment removal). 
dism-90. V1: 80; v2: 33 

phsma arc cutting (major equipment 
remwal). dism-92. VI: 80; V2: 33 

plasma arc saw cutting (major equipment 
removal). dism-98. V 2  35 

tl-mmal arc water jet cutting (major 
equipment removal), dism-99. V2: 35 

oxyacetylene (major equipment removal). 

thermite cutting (major equipment removal). 

DemoliUon technologies 

dism-89. V2: 33 

dism-88. v2: 32 

Major equipment removal problem u e u .  facilities 
d t e d  with. For spec!& techndogles to tnzat 
thesefadftfes. see Major equipment removal 
problem arcas. dismantlement altema~es for 

Bldgs. 3028,3028E,3029.3030.3031.3032. 
3033.3036.3038.3517.7500.9219-1. 
9201-3. and 9419-1: drain ha: 
Homogeneous Reactor Test structure: 
membrane between Homogeneous Reactor 
Test concxete; Oak Ridge Research 
Reactor biologtcal shield: Oak Ridge 
Research Reactor hot cell hers: 
pavement over 55-gal drum: process 
piping and tankage: and pulsefeeder 
P-PS 

Ilk.nippltion (-b coptrol). roba-3 1, 
V1: 132. 140 V 2  117 

Manipdntion Uoint contro4. roba-30, VI: 132. 
140 V2: 117 

1Y.PtprJ.tion (rcdpndpncp contro9. mba-33. 
V1: 132. 140 V2: 118 

Manipulation (sped.l plrrpo+e control), roba-32. 
V1: 132. 140 V 2  118 

+!& 

W i v e  cont.inment problem areas, 
dhmatkment dtcr~tivw for. For a complete Ust 
offacQf.&s, see Massive containment problem areas, 
fadllttes assodated with 

cutting technologies 
diamond wire cutting (masshe containment). 

high-pressure abrasfvt water jet (massive 
containment). dism-11. V1: 79: V 2  23 

micrmvave demolition (massive containment). 

dism-12. VI: 79: V2: 23 

Demolition technologies 

dism-16. V1: 7 9  V 2  23 

W i v e  containment problem areas. facilities 
wodatedwith. Forspec@c echndqgfes to tnzat 
thesefadftb,  see Massive containment problem 
areas. dismantlement alternatfves for 

Bldgs. 3028,3028E.3029.3030.3031.3032. 
3033.3036.3038.3517.7500,9219-1. 
9201-3. and 9419-1: drain  he^; 
Homogeneous Reactor Test structurr; 
membrane between Homogeneous Reactor 
Test concrete; Oak Ridge Research 
Reactor biologtcal shield; Oak Ridge 
Research Reactor hot cell hers; 
pavement over 55-gal drum: process 
piping and tankage: and pulsefeeder 
P-PS 

Mechanical M ~ R  (major equipment removal), 
dism-90. VI: 80; V 2  33 

Membrana lor sunple collection 
and coacentmtioa char-55, V2: 3 

Metpllogmphic sectioning and preparatioa 
char-67. v 1 :  45: v2: 3 

Metal -, dcon-45. VI: 1 1 8  V2: 62 

Micro- dtmolition @mid tanks). dism-38. 
V 2  26 

Microwave demolition (mp..ive containment). 
dism-16. V1: 7 9  V2: 23 

Mkrovave danolitiom (reastor pools).). dfsm-28. 
VI: 7 9  V2: 25 

Microwave demolition (stroetrp.1-ody concrek), 
dism-47. V2: 27 
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-wave digestion, char-19. VI: 45: ~ 2 :  4 

Sabbhg. dcon-71. V1: 119: V 2  49, 58. 
74 

Modeling of hetaogaloun mrkri.fr umpling, 
char-61. V1: 51: W: 17 

Modeling of oolrtite orgrnic compoundm *tion 
in porous Mterirt. char-53, v 1 :  47; m: 9 

Modular entombment-with provisions for future 
remod (entombment). dism-119. V2: 

Molten s#It. Forspedjk tee- to treatthis 
WntpmlnrrntSee 

Con- block and tiled con& problem arcas. 

Concrete problem axeas. decoritamhation 

pafntai concrete problem arcas. decontamination 

Pipe interiors. decontamination alternatives for 
Stainless steel. steel plate. sheet steel. 

decontamination altemattves for 

altcmattves for 

altematives for 

and structural steel problem areas. 
dtcontaminatton alternatives for 

Tiled concrete problem areas. decontamination 
alternatives for 

Wood/sheetrock, tar and felt and concrete 
problem artas. decontamination 
altemattvcs for 39 

Mouated robotic pL.tbDIpu. roba-8. V1: 131. 139: 
V 2  115 

M- for depta profiling of 
cont.mtrml. char-64. v1: 45: v2: 3 

- N -  
National Emiuion Stamduds for Hazardous Alr 
ponuturtr. see 

Clean Air Act 

National Emission Stamduds for -dous Air 
Ponot.ntr for uk.tos. see 

Clean Air Act 

N ~ X U I  ~pptonmentrl Aet. v i :  167 

Needed enabling technology problem areas. 
diumdanmt dternrrtivu for. For Q complete List 
off-. Needed enabling technology problem 
areas, fadlltiesassocfatedwith 

Needed enabling technologies 
automated engineering system life cycle 

planning (needed enabling tcchnologie~), 

automated scanning and conversion of 
engineering drawlngs (needed enabling 
technologtes). dlsm-155. V1: 47. 81: 
V2: 42 

dlsm-174. V1: 48: V2: 43 

automated system reliability and safety 
d s u  ( d e d  CMbling technologies). 
dfsm-175, VI: 48; V 2  43 

bar d e / k  tooling location (needed 

cht/servlcr access to standards 
enabling technologies). dism-140, W: 40 

andrrgulato @ellnes(needed 
enabling te&o~gles]. dism-153. V1: 47. 
81: V 2  42 

access (needed enabling technologks), 
durn-157. V1: 47: V 2  42 

computer-aided task ana&& and procedure 
prrpaation (needed enabling 
tcchnologles). dism-172. V1: 47.81: 
v2: 43 

computer-based D&D informatton re- 
( d e d  enabhg ttchnologks), dlsm-143. 
Vl:  81: Wk 40 

enabling technalogies). dism-191. VI: 47. 
81: V 2  44 

data access services (needed enabling 
technologies). dism-154. V1: 47; V2: 42 

electronic catalog descrlptions and SOUI+L 
locations of site historical data (needed 
enabling technologies). dlsm-159. V1: 81: 
v2 43 

software (needed enabling technologies), 
dlsm-173. V1: 4 8  V 2  43 

geographic information system for DOE sites 
( d e d  enabling technologies), dism-181. 
v1: 47; v2: 43 

documentation (needed enabling 
technologies). dism-145. m: 41 

hypertext informatton systems (ncuied 
enabling technologies). dism-158. V1: 48: 
V 2  43 

laser -gular mapping of faduties (needed 
enabling technologies). dism-146. m: 41 

nehvork architecture with integrated 
workstations (needed enabling 
tcchno~ogks), dism-152. V2: 42 

point-and-dinect tooling positionfng (needed 
mabling technologies), dism-142. V2: 40 

project hhrrmtion access strvices (needed 
enabling technologies). dism-151. V1: 47, 
81: V 2  42 

and structures (needed enabling 
tcchnologics), dism-156. V1: 48.81: 
V 2  42 

video mapping (needed enabling 
technologlcs). dism-147. V 2  41 

zoning for containment-three ZDMS (needed 
enabling technologies). dism-141. V2: 40 

chnt/servtr archite&ure for data base 

computer-based trafntng systems (needed 

g c n u a l k d  objectaiented simulation 

CIF images to augment as-built 

3-D CAD data base of buildings 
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Needed enabling kchnologyproblem arcas., 
bdtltb wodrtedvith. For SpaJPc k h d c g k  
to beat r ) r e s e f e ,  see Needed enabling 
technology problem artas. dismantlement 
alternatives for 

BLdgs. 3028.30283.3029.3030.3031.3032, 
3033.3036.3038.3517.7500.9219-1. 
9201-3. and 9419-1: drain Ilnes; 
Homogeneous Reactor Test structure: 
m c m b m  between Homogeneous Reactor 
Test concrrte: Oak Ridge Research 
Reactor biological shield; Oak wdge 
Research Reactor hot all hers: 
pavement over 55-gal drum: process 
piping and tankage: and pulscfccdcr 
P-PS 

NIBHAPS for uberbs. See 
National Emission Standads for Hazardous Air 

Pollutants for asbestos 

Netvork uchitectam with integrated 
aorttrtionr. char-221, v1: 46: v2: 7 

Ipetvork uchitecturc with integrated 
aor&tationr (needed enabling kchnologiu). 
dism-152. Vk 42 

Neutron activation, char- 107. V1: 4 8  V2: 11 

Neutron activation andyds, char-266. VI: 48.49 
V2: 12. 14 

Nondcatructh testing for concrete. char-38, 
V1: 51: V2: 17 

N d e u  nmgnetic ~ p . p c c .  char- 11. v1: 46: 
V2 6 

- 0 -  
Oak Ridge Rcscuch Reactor trcity. See 

Asbestos problem artas, dismantlement 

Burfed tank problem amas. dismantlement 

Concrete block and tUed concrete problem arcas, 

Concrete problem artas, decontamination 

Entombment problem areas. dismantlement 

Major equipment removal problem artas. 

Massive containment problem areas. 

Needed enabling technology problem areas. 

Painted concrete problem areas, decontamination 

pipe interiors. decontamination alternatives for 
Reactor pool problem areas. dismantlement 

alternatives for 

alternatfvcs for 

decontamination alternatives for 

alternatives for 

alkrnatfvcs for 

dismantlement alternatives for 

dismantlement alternatives for 

dismantlement altmnatives for 

dkrnathres for 

alternatfvcs for 

stainless stcel. steel plate shect StceL 
and structural steel problem m. 
decontamination alternatives for 

contaminated) problem areas. 
dismantlemznt alternatives for 

structural-ody concrete problem areas. 
d i s m a n h n t  4 r n a t i v e s  for 

structural steel problem amas. dismantlement 
alternatives for 

“Ued concrete problem arcas. decontamination 
alternatives for 

Wood/sheetrock. tar and felt roohg, 
and concrrte problem areas. 
decontamination alternatives for 

Steel containment structure [highhl 

O c c u p d d  Safety and H d t h  Act, 
Asbestos rcmOv81. V1: 172 
General industry rrquirrments. V1: 172 
Hazardous waste o p t l o n s .  V1: 172 
Permissible exposure limits (asbestos). V1: 172 

Oil and pmu chemical problem ueu. 
characterization rlternaths for. For a complete 
Zfst offafUes. see Oil and purex chemical problem 
areas. facilities EIssociatcd wlth 

Field method technologles 
direct sampling ion trap mass spectrometry. 

char-90. V1: 50-52; V2 18 
flber-~pti~ chemid SC~SO~S. char-25. V1: 45, 

51:V2 18 
gas chromatogIaphy--s spectrometry. 

char-88. V1: 50.52: V2: 18 

char-.85. m. 18 
infzard absorption (laser-bad source). 

infrared spectroscopy (wavelength 
dispersion), char-16. V1: 46.51: V2: 18 

portable volatile organic compound detectors, 

sampling intcrka system for surface 
char-5. V1: 50. 51: V2: 18 

contamination by organics. char-271. 
V1: 45; V2: 18 

Laboratory method technologles 
analytical methods for chelators 

and decontamination agents. char-206. 
V1: 50. 52: V2: 19 

laser ablation organic mass spectrometry, 

on-line supenxitical fluid 
char-93. V1: 51. 52: V2: 19 

extractfon-multldetector gas 
b m t o g r a p h y .  char-115. V1: 50.52 
v2: 19 

Oil and ptpu chemical problem -. faditia 
ruociated with. Forspedjk techndogles b beat 
thesefadties. see Oil and purur chemical problem 
m. characterfiaton alternatives for 

Painted sheet metal floor of coolant salt cell. 

tank, Bldg. 9203-1: Ffssion Products 
Development Laboratory inactive cclls. 
Bldg. 3019 

Bldg. 9203-1: 3.000-@ stainless steel 
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o n - l i n e ~ ~ f w d ~ o a -  
mrrttidetcctor gao chtomrtography. char- I 15, 

interface (comwmd input). roha-40. 

VI: 50, 52: V2: 16. 19 

V1: 132. 140; V 2  118 

Opt- htaface (opentor ud.t.nce). roba-41, 
VI: 132.140: v2 119 

operrtor - ( s t . t p . / d e r t  .y.tem), roba-42. 
VI: 132.140:v2 119 

O p t i d  .b.oxption spectroscopy, char-27, VI: 46: 
v2: 5 

O g d  d d  trutmmt.. dcon-IO. VI: 117; V2: 69. 
93. 102 

Organic problem amas. chucretcrt.tion 
.Iteraatha for. For a oomplete h t  off&, see 
Organic problem areas. kcillttles assodated with 

meld method technologtes 
direct sampling ion trap IIL~SS spectrometry, 

fluorescence diagnosis of contaminatd 
char-90. V1: W2: V2: 15 

surfaces. char-110. VI: 50; V2: 14 
&as chromatography in the field. char-262. 

VI: 50. 51: V2: 15 
in6arcd absorption [laser-based source). 

char*. V1: 50.51: V2: 14 
portable gas chromatograph/el&n capture 

detection for andyzhg PCBs. char- 100. 
V1: 50.52; v2. 15 

portable volatile organic compound detectors. 

synchronous fluorescence screening for 
polycyclic aromattc hydrocarbons. 

char-5. VI: 50. 51: m: 15 

char-101. VI: 50: V 2  15 
Labolatory method t e ~ l o g l e s  

anaiytical methods for chelators 
and decontamination agents. char-206. 
VI: 50. 52: V2: 15 

VI: 5 0  V2 16 

V2: 16 

idfared ~pectroscopy. char-66. VI: 50: 
V2: 16 

cap- ~ I I C  el~tmphoresis. char-207. 

chromato~phy.  char-94, VI: 51.52: 

gas chromatography-Fourier transform 

gas chro-graPhY--mass S P e c ~ ~ P Y ,  
char-88, VI: 50. 52: V2: 16 

laser ablation organic mass spectmmetry. 
char-93. VI: 51, 52: V2: 16 

char-89. VI: 50. 52: V2: 16 
llqUid chromatography-mass ~ p e ~ t m s c ~ p ~ .  

on-line supercrltical fluid 
ez&action-multidetector gas 

V 2  16 
chromato@aphy. char-1 15. V1: 50, 52: 

surfacca3lanadRamansm#uing. 
char-265. VI: 51: V 2  16 

synchronous fluorrscena sactning for 
polyyc~clic aromatic hydrocaxhns. 
char-101. VI: 50: V 2  16 

O g . n i c ~ l e m u e u . ~ t i e s ~ a l t b .  
F o r d  treat t h e s e f - .  see 
Organic problem areas. -n altemaaves 
for 

Bldgs. 3028.3029.3029E. 3030.3031.3032. 
3033.3036.3038.3517. 9201-3. 
and 9419-1: d l a h  lines. pulsefeeder 

P- Pip% and tankage 

ORRLhcUitiu M y  in Dd9 pip.m. VI: 6-12 

pumps: pavement over %-gal drum; and 

ORRL .ped.Eoue M u w .  V1: 14 

OSEA see 
Occupational. Safety, and Health Act 

Oxyacetylene (major equipment removd). 
dism-89, V2: 33 

orpem catting (steel structxm!s, highly 

orgeen -ting ~stractwd s t e t  mild 
copt.miD1Llt.). dism-75, VI: 80; m: 31 

cont.minrted). dism-57. V1: 7 9  V2: 29 

- P- 
p.Httd concrete problem ueu. decontunhmtion 
.Itemativeo for. For a wmplete llst of fa&&s, see 
Painted mncITtc problem areas, facillues a ~ s o d a t d  
with 

Chemtcal ~urface cleaning method technologies 
chelation treatment, dcon-2 1. VI: 117: 

flu~borfc add treatment dcon-11, VI: 117; 
V 2  60 

V2: 60 
Me~hanlcal surface removal method technologies 

automated gxinding. dcon-44. VI: 118 

cenffige cryogenic C02 pellet blasting, 

conmebe milling. dcon-47, VI: 118; m: 58 
explosfvc. dcon-48. VI: 1 1 8  V2: 58 
grlt blasting. dcon-38. VI: 1 1 8  
hand gtlnding. honing. scraping. dmn-43. 

fce blasttng. dcon40. VI: 1 IS: V2: 57 
plastic pellet blasting, dcon-42. VI: 1 1 8  

scabblers/scariBers, dcon-37. VI: 117: 

shot blasting, dcon-36. VI: 117: m: 56 
supercrlttcal C02 blasting. dcon-41. VI: 118: 

ultrahigh-pressure water, dcon-35. V1: 117; 

v2: 57  

dcon-39. VI: 118 m: 39 

56 

VI: 1 1 8  m: 57 

v2 57 

V2: 56 

v2: 57 

V 2  56 

L 

I 
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Surface cltaning method technologies 
o~mprr~sed-alr C I Y O ~ C  CO, pellet blasthg. 

dcon-51. V1: 1 1 8  V2: 60 
Thermai s* removal method technolo@es 

flashlamp cleaning. dum-77, V1: 1 1 9  V2: 59 
lascr etching and ablation, dcon-74. V1: 1 1 9  

laser heating, doon-73. V1: 1 1 9  V 2  59 
miamwive scabbling, dcon-71. V1: 119: 

plasma torch, doon-72. V1: 1 1 9  V2: 59 

m: 59 

V 2  58 

painted concrete problem areas. hdiities 
rwodrteddth.Forspec@techndoglesbbrwt 
these ftdttks,  sae painted concrete problem amas, 
decontamLnation alternatives for 

Bldg. 3019 hot cell Interiors. floors. and cell 
faces-pdntcd concrete (U-233. Pu-239, 
fission products) 

fkccs-paintcd concrete (6ssion products. 
Cm- 147. Pm-24 1. Am) 

Bldg. 3029 cell faces-painted concrete (Cs-137. 
Sr-90. Co-60. Ir-192) 

Bldg. 3030 floors and all faces-painted 
concrete (43 beta/- emitters) 

Bldg. 3031 floors and all faces-painted 
concmte (Gd-153. Am-241) 

Bldg. 3032 floors and cell kces--painted 

Bldg. 3033 cell faces-painted concrete (H-3, 
Kr-85) 

Bldg. 3036 floors--palntcd concrete (Cs- 137, 
Sr-90) 

Bldg. 3038 all floor and surfaas-painted 
concrete (Sr-90. Cs-137. Co-60.1-129) 

Bldg. 3047 floors and cell faces-painted 
conmte (Cs, Sr. Co. Cm. Eu. Am, PU) 

Bldg. 3505 floors and cell fices--painted 
concrete (fission products. TRU) 

Bldg. 3506 hot cell Interlom-painted concrete 
( h i o n  products) 

Bldg. 3515 floors and cell faces--painted 
concrete (&ston products) 

Bldg. 3517 high-bay floors and cell 
fkccs-palntcd concrete ((3-137. Sr-90. 
CO*O) 

wnmte (fission products. cornsion 
products, Cs. Sr. ?RU. Co. Cm. Eu. Am. 
Pul 

Bldg. 9201-3 coolant salt cell-plnted concrete w. Th. coolant salt] 
Bldg. 9201-3 molten salt ecll-palnted concrete 

(v. Th molten salt) 
Graphite Reactor biological shield 

Urterior-pahted concrete (bsion 

Sr-90. CO-60. activation products) 

floors. cell faccs--painttd concrete (fission 

Bldg. 3028 hot cell interiors. floors. cell 

con~rete (E'-32. Am-241) 

Bldg. 7852 floors and cell faces-painted 

prod~cts. PU, C-14. M-55. Cs-137. 

oak Wdge Research Reactor hot cell interiors. 

products. mu) 

puricit-induced X*y t m i u i o o  char-17. v1: 49: 
V 2  14 

puticle sire w. char-26. V1: 51: V 2  17 

mive monitorm for weak beta Wntrclides. 
char-102. v 1 :  48; v2 10 

P.rement problem arcam. See 
-?) 

Asphalt pavement problem areas. 
decontamination alternatives for 

PCB immpnouuy kit. char-99, m: 19 

Permpnent entombment (entombment), dism-114. 
v1:  80; v2: 38 

Pem-1 mnitortnQ. char-52. V1: 46: V2: 5 

P-32. Forspecgtactechnulcgiestotreatthfs 
contpmfnantsee 

Concrete block and tiled conmte problem arcas. 

Concrete problem areas. demntamtnatlon ' 

patnted concrete problem areas. dtcontamlnation 

Stainless steel. steel plate. sheet stccl. 

decontamination alternatives for 

alternatives for 

alternattves for 

and structural steel problem artas. 
decontamination alternativcs for 

Tiled concrete problem areas. decontamination 
alternatives for 

Wood/shcctrock. tar and felt and concrete 
problem areas. decontamination 
alternatives for 

Photon electron njectiag &ha fiqaid 
htiI lation.  char-97, V1: 4 9  V2: 12 

physicrl problem areas, chamctuhtion 
dtenmtives for. For a complete lfst of faditks,  see 
Physical problem areas. f d t i e s  associated with 

Field method technologies 
flber-optlc systems for mmsuring multiple 

physical varfables. char-248, V1: 51: 
V 2  17 

instrument response models for remote 
scn~ing.  char-246. V1: 51: V2: 17 

Laboratory method technologies 
holographic imaging, char-46. V1: 51: V2: 17 
inorganic ccmntltious rnatrlx composites 

model. char-39. V1: 51: V 2  17 

V1: 51: v2: 17 

char-61. V1: 51; V2: 17 

V1: 51: V 2  17 

magnetic rr~onanot imaging. char-58. 

modeling of heterogenous materiaS sampling, 

nondestructive testing for concrete, char-38. 

o p t i d  ~~CIDSCOPY. char-32. V1: 51; V!2: 17 
particle ~lZe anaty~is. char-26. V1: 51: V 2  17 
radiation-induced -tion model. 

char-42. V1: 51: v2: 18 
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PhyBiaI probiem ucu. fadides u a o d a t d  with. 
Forspec@technoiq&stotmatthsef~.see 
Physical pmblem axras. characterfiaton alternatives 
for 

Bldgs. 3028,3029,30293.3030,3031,3032. 
3033.3036.3038.3517.9201-3. 
and 9419-1: drain h. pulsefeeder 
pumps: p a w e n t  a ~ e r  55-gal drum: and 
P- piping and tankage 

Pipe interiors, decontamination dtenuttv# for. 
For a comp&& kst o j ” . .  see pipe interiors. 
fadlltles assodated With 

chemical surface cleaning tcehnologles 
&elatton treatment. dmn-21. Vl: 117; 

chemical foams. dcon-8. V1: 117; V 2  93 
detergent tmatment, dcon-13. V1: 117: 

electropolishing. dcon- 15. V1: 117; m. 95 
fluoboric add treatment dcon-1 1. V1: 117: 

gas phase decontamination. dwn-16. 

fnorganic add treatments. doon- 12. V1: 117: 

organic add treatments, dcon-10. V1: 117; 

REDOX treatments, dmn-14. V1: 117; V2: 95 
Mechanical surface removal method tcchnologks 

automated grindhg. dmn-44. V1: 1 1 8  

centrifuge cryogenic COz pellet blasting, 

ice blasting, dcon-40. V1: 118; Vk 87 
piastlc pelkt blasting, dcon-42, V1: 1 1 8  

superaitid COz blasting, d w n 4 1 .  V1: 1 1 8  

ultrahigh-pressure water, dam-35. Vl: 117: 

v2 96 

V 2  94 

v2: 94 

v1: 117: m: 95 

V 2  94 

m: 93 

m:88 

dmn-39. V1: 1 1 8  m: 87 

V2: 88 

V 2  87 

m: 87 
Metal re&ling method technologies 

electmmfhtng. dcon-32. V1: 117; V2: 92 
kach/elcctrowtnning, dcon-34. V1: 117: 

smelt purtflcatlon. dwn-3 1. V1: 117: V 2  92 

automated brushing, dcon-57. V1: 1 1 8  

comprtssed-air cryogenic CO, pellet blasting, 

dry heat (bulk roasting), dmn4. V1: 117: 

v2: 93 

SurFaa cleaning method technologies 

v2 91 

dmn-51. V1: 1 1 8  V2: 90 

v2 91 

contamination. dconbl. V1: 118: V2: 91 
sttam cleaning, dam-55. V1: 1 1 8  V 2  90 
superheated water. dcon-53. V1: 1 1 8  V2: 90 
vacuum cleaning, dcon-64. V1: 118; m: 91 
water flushing. dcon-54. V1: 118; V2: 90 
ukramnic ckaning, dcon-65. V1: 118: V2: 92 

fkshlamp clcanlng. dmn-irl. V1: 1 1 9  V2: 89 
lascr etching and ablatlon. dwn-74. V1: 1 1 9  

laser heating. dwn-73. VI: 119: V 2  88 

solvent washing to removc radiological 

Thermal surtacc removal method technologies 

v2: 88 

p k m a  c t c h t n g / n ~ o ~ t t o n  dmn-76, 
V1: 1 1 9  V2: 89 

V2: 89 
plasma surfaa cleaning. dcon-75. VI: 119: 

Pipe interior8, facilitiea with. For 

interiors. decon-n altemaflves for 
speglc i l d u d q b  to tnzatthese ftzcames. see Pipe 

Bldg. 3517 pmass piping 
and w t a i n l e s s  sttel pipe interior 
(Cs- 137. Sr-90) 

Drain lines h m  Bldg. 9419-1--steel pipe interior 
(v. ‘Ib. molten salt) 

Dratn lines h m  coolant salt all. Bldg. 
9201-3-stttl pipe interior W. Th. coolant 
salt) 

9201-3--Sttel pipe interfor [v, Th. molten 
sal0 

piping-statnlcss steel pipe in-r 
UJOzsO,, fission products. corzosion 
products) 

Instrument air lines and air lines in coolarft salt 
CCU Bldg. 920 1-3--Copper tubing interlor 
(U. Th, H-3. molten salt) 

Molten Salt Reactor Experimnt Off-Gas 
Systcm-steel pipe interior 

Molten Salt Reactor Experimnt reactor 
piping-lNOR piping interior W. Be. L, F. 
T=J 

Oak Ridge Research Reactor dcmlnualizer piping 
(outside po0l)Stainlcss steel pfpe interior 
(fission products. corrosion products) 

Oak Wdge Research Rtactor primary coolant 
piphg-dumlnum piping interior (hsion 
products, corrosion products) 

Dratn lines h m  molten salt cells, Bldg. 

Homogmeous Reactor Test pmass 

Pulse-fder pumps--mcta (heavy wate? 

Plum. u c  c=tting (major equipment rtnrovdl. 
dism-92. V1: 80; V2: 33 

PluMuccutt.illg(steelrtroctllm8,highly 

plumr uc catting (.tractm.l .keL miM 

Contrminrted). dism-56. V1: 79: V2: 28 

contpmipIpt.). dlsm-74. V1: 80: V 2  31 

Plasma u c  YV cutting (major equipment 
removal), dism-98. W: 35 

U C  WV (8- 8-. 

contpminrted). dism-58. V2: 29 

plumr etching/fluorination, dwn-76, V1: 1 1 9  
V2: 89 

P h m a  8rpdrce cluning, doon-75. V1: 1 1 9  V 2  63. 
89 

plumr torch. dwn-72. V1: 119: V 2  50.59.63. 75 

Plastic peatt blasting. dwn-42. V1: 1 1 8  V 2  48. 
57.62.73.88.97. 108 

000663 
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Plate, steel. see 
stainless steel. s t a l  plate. and structural steel 

problem areas. decontamination 
alternatives for 

P t L F O r S p $ ? C ~ ~ t O t r e a t t h t s C O ~  
see 

Concrete problem areas. decontamination 

Patnted concrete problem areas. decontamination 
alternaUvcs for 

alternatives for 

and structural steel problem areas. 
decontaminaUon alternatives for 

stainless steel. st&l phte. shed steel. 

Poiuhnd4hct tooling positioning (needed 
eaabHng technologies). dism-142. V2: 40 

PolychlorLuted bipbenyb BCB.) 
Churcterivtlon &andves for. For a complete 
lfst OJJ-. see Po@.hlorhated biphenyls (PCBs), 
facilities assodated with Field method technologies 

direct sampling ion trap mass spectrometry. 
char-90. V1: 50-52: V2: 19 

PCB immunoassay klt. char-99. V 2  19 
portable gas chromatograph/electmn capture 

detection for anaydng FCBs. char-100, 
V1: 50.52: V2: 19 

conbmlnatbn by organics. char-27 1, 
v1: 45; m: 19 

sampling intufka system for surf= 

Labolatory method technologies 
& a ~  chromato~phy. char-94. V1: 51.52: 

v2 19 

extractiodtidetector  gas 
chromato~phy, char-1 15. V1: 50. 52: 
v2 19 

on-line suptruttical fluid 

PoEychbzimtd biphenyb [PCB.). facilities 
u.oci.ttd vith Forspec@ te&ndqtes to treat 
t)besefacUttes. seePCBs. characterization 
alternatives for 

Asbestos pipe lnsdatlon. Bldg. 9201-3 

mol. see 
Rtactor pool problem artas. dismantlement 

alternatives for 

Po*b gamumr8y&tiuometerr. char-263, 
v1: 48; m: 11 

-Portable gas chmnmto~h/electron capture 
detection for .nrJyrine PCB.. char-100, V1: 50. 
52:V2 15. 19 

PoMk hmrinesccncc detection. char-92, V1: 46: 
V 2  6 

porL.ble plmr.l apcctrometu. char-84. V1: 46: 
v2 5 

Por&bk volatile organic compound detectors, 
char-5. V1: 50. 51: V2: 15, 18 

P o d k  X - v  fhtomcm~e. char-6, V1: 4 9  V2: 13 

Position/ddty sensors. roba-48. V1: 133. 141: 
v2 119 

mwd- X-rrg *tion char-31. V1: 50: V2: 14 
-!b 

Power sources for mobile platforms. roba-10. 
V1: 131. 139:V2: 115 

Pnd.~ me-ble m~tiom. rob-20. V1: 131. 
140 V2: 116 

proceu cmirrioxm. see 
Clean Air Act 

Roject infornution access services (needed 
enabling technologies). dism-151. V : 47.81: V2: 7. 
42 

Pm-147. For sp@c techndogles to treclt thfs 
WnhmhUltsee 

Concrete problem amas. decontamination 
alternatives for 

R o p o r t i o d  counter for alpha d beta activity. 
char-108. v1: 48.49: v2 10. 12 

prodmity probes. roba-45. V1: 133. 141: V2: 119 

piorlmity p b e s  u rob-51. V1: 133. 
141: V2: 119 

Punch corn. char-82. v1: 45; m: 3 

PmeLSee 
Oil and p m  chemical problem areas. 

characterization alternatives for 

- 9 -  
QuaIity control for meuurcmmt procerses, 
char-250. V1: 47: V 2  9 

- R- 
Radiation hdening. rob-54. V1: 133.141: 
v2 120 

Radiation-induced segregation mod4 char-42. 
V1: 51: W: 18 

-on Prokction Stppd.fd. 
DOE orders. V1: 173-175 
Generic BRC levels for mdioacttvt wastes. 

V1: 1-176 
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Radioactive elements. churetcrt.tlon 
dtenmths for. For a 00mpIete Zfst of focurtles. see 
Ftadbacuve eltmcnts. Eacilltics assodated with 

advanad radiation monitors, char-269, 
V1:48:m: 11 

alpha track etch detectors for surface alpha 
contamination, char-%. V1: 4 8  V2: 11 

bubble dosimeters for neutron flux char-216. 
v1: 48: m: 11 

electret passive s h o t  alpha monitor. 
char-95, v1: 48: v2: 11 

long-range alpha detector. char-65, V1: 48; 
v2: 10 

passive monitors for wcak beta radionuclides. 
char-102. v1: 4 8  v 2  10 

char-263. v1: 48; v 2  11 
propomonal counter for alpha and beta 

actfvlty, char-108. V1: 48.49 V2: 10 
thcrmolumtnesance dosimeter army for 

spattal characterization of surface alpha 
contamination. char-103, V1: 4 8  V2 10 

v1: 48; m: 11 

Fitld method technologle23 

portable gamma-ray sCtntillomCtel3. 

mtium/beta/gamma floor scanner, char- 105. 

Laboratory method technologies 
gamma-tay spectrometry, char-268, v1: 49: 

v2: 12 

v1: 4 9  m: 12 
liquid scfnttllation counting. char-267, 

neutron acttvation. char-107, V1: 4 8  V2: 11 
neutron actbation analysis, char-266, 

v1: 48: v2: 12 
photon electron rejecting alpha liquid 

scin-on. char-97, V1: 49: V2 12 
proportional counter for alpha and beta 

activity. char-108. V1: 48.49 V2 12 

m: 12 
ladloanalytical procedurrs. char-202. v1: 49: 

ladioglaphic imaging, char-40, v1: 4 9  v2: 12 

spectroscopy. char-106. v1: 48; v2: 12 
sodturn iodide-germanium 

Ruiioactiwe element., f&cilities .uodrted with. 
ForspecYlc teChnd0gfe.s b tmztthese f h .  see 
Radioactive elements. charactcrkation alterna~~es 
for 

Bldgs. 3028. 3029,302933. 3030, 3031,3032. 
3033. 3036. 3038.3517.9201-3. 

pump% pammt O V ~  55-gal drum: and 
and 9419-1; drain lines. pulsefecda 

P- PiPW and tankage 

Rulioactke .Mple -on. char-205, V1: 45: 
v 2  4 

Ruiioactive -tu, generic BRC levels for. see 
Radiation Protection Standards 

w-4 pma8-. char-202. VI: 4 9  
v2: 12 

Ruiiogr8phic inwghg. char-40. v1: 4 9  v2: 12 

RMge 6inder8. roba-44. V1: 133. 140 V2 119 

Rulk4g8. techpobw 
Descrlptlons of criteria. V1: 30-32 

for clmactmbtbn technologies. V1: 45-52; 

for decontamination technologies. 

for dismantlement technologics. V1: 79-81: 

for robotics and automation, VI: 13S141: 

v 2  3-19 

V1: 117-119 V2 47-112 

V2 2344 -* 
v2: 115-120 

Rue. thrutcned, or mdaQgaed *pedes. 
V1: 169. 171 

RcRA.see 
Rcsource Conservation and Rcamry Act 

Reactor pool p b k m  ut... dismantlement 

Reactor pool problem areas, faciiitiles assodatcd with 
for. For a complete list of fodtfes,  s8e 

cutting technologics 
diamond wirr cutting (reactor pools). 

explosfve cutting (reactor pools). dism-23. 

high-prtssum ab-* water jet (reactor 

dism-22. V2: 24 

V2 24 

pools). dism-21. V1: 7 9  V2: 23 

conventional demolition (reactor pools). 

demolition compounds (reactor pools). 

miuowave demolition (reactor pools]. 

Demolition technologies 

dism-26. m: 24 

dLm-25. V1: 7 9  V2: 24 

dism-28. V1: 79: V2: 25 

Reactor 0001 problem UU.. facilities u a o d a t e d  
w i t h . F o r s p a E J f l c ~ ~ t o t r e a t t h e s e f c r c a l t l e s .  
see -tor pool problem artas. dismantlement 
alternatives for 

Bldgs. 3028.30283.3029.3030.3031.3032. 
3033,3036.3038,3517.7500.9219-1. 
9201-3. and 9419-1: drafn he: 
Homogeneous Reactor Test s t ~ ~ c t u r r ;  
membrane bctwccn Homogemous Reactor 
Test concnte: Oak Ridge Fbcarch 
Reactor biological shield Oak Ridge 
Research Rcactor hot cell Ilmrs; 
pavement over 55-gal drum: process 

P-PS 
piptngand tankage; and pulscroedcr 

Reactom mnd rupport facilities, robotics 
d automation rlkrn.tiva for 

Controls-algoxtthm technologics 
combined mobillty/manipulation roba-34. 

control modes. rob-27. V1: 132.140: 

emergency shutdown, roba-37. V1: 132. 140; 

manipulation (Cartesian control). roba-31. 

manipulation eoint control). rob-30. 

V1: 132. 140; V2 118 

V2: 117 

V2: 118 

V1: 132. 140 V2 117 

V1: 132. 140: V2: 117 
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manipulation (redundancy control). roba-33, 

manipulatlon (special purpose conhl). 

safety (collision avoidance). roba-35. V1: 132. 

safety (ld/rate llxnifh@. roba-36. V1: 132. 

V1: 132. 140: V 2  118 

mba-32. V1: 132. 140; V2: 118 

140 V2: 118 

140;W: 118 

140 V2: 117 

V1: 132. 140: V 2  117 

vthicle/mobfflty drfvlng, r~ba-28 ,  V1: 132, 

vchicle/mobfflty M V ~ ~ ~ U O I L  roba-29. 

C o n t d s - h u m a n / d e  interface technologtes 
console (data handling methods). roba-39, 

console (&ed/mobile/suitmse). roba-38. 

operator interface (command input), roba-40. 

opuator interface (operator assistance). 
mba-41. V1: 132.140; V 2  119 

operator interface (status/alext system]. 
roba-42. V1: 132. 140 V2: 119 

V1: 132. 140: V 2  118 

V1: 132, 140: V2: 118 

V1: 132. 140: V 2  118 

* 

M ~ h a n i d - e n d o f - ~  tooling techn010gte~ 
cnd-effector changeout mechanisms. roba-24. 

end cffectors/altemaUves, roba-23. V1: 132. 

force ltmiting/compliant mechanisms, 

g c n d  grlpper/tool interface. roba-25. 

V1: 132. 140: V 2  117 

140; V2: 117 

rob-26. V1: 132. 140; V2: 117 

V1: 132. 140: V 2  117 
Mechanical-manipulation technologies 

compact, high-capacity manipulators, 

dexterous manipulators. roba-16, VI: 131. 

long-reach manipulator (heavy duty), 

long-reach manipulator (ltght duty), roba-14. 

mba-19, V1: 131, 139 V2: 116 

139 V 2  116 

mba-15. V1: 131. 139 V2: 116 

V1: 131, 139: V2: 116 
Mechanical-mcchanlsm technologtes 

V1: 131. 140: V 2  116 
prcdst proglammable motions. roba-20. 

stabilization/support mechanisms or booms. 

tool caddies, mba-21. V1: 131. 140: V2: 116 

data/signal transmission. roba-13. V1: 131. 

Ucterna duct/pipe crawlers, roba-6. V1: 131. 

failwe recovery systems for mobfle platforms, 

mba-22. V1: 131, 140; V2: 116 

Mcchanical-mobfflty technologies 

139 V2: 116 

139 V2: 115 

mba-11. V1: 131, 139 V2: 115 
intanal duct/pipe c m w l ~ .  mba-5. V1: 131. 

10ng-m deployed robotic  platform^. mba-9, 

mounted robotic platforms, rob-8.  V1: 131. 

139 V2: 115 

V1: 131. 139: V2: 115 

139W 115 

V1: 131. 139V2: 115 
power sources for mobile platforms. roba- 10. 

spedalized robotic deployment platfoorms. 
rob-7. V1: 131. 139: V 2  115 

transportation systems for mobile platforms, 
mba-12. V1: 131. 139: V 2  116 

wkdd/trackcd vehicle. mba-1. V1: 131, 
139 V2: 115 

other technologies 
charactcrfiation sensor htcgmtion, roba-58. 

fleld hardening. r o b a a  V1: 133. 141: 

information management for sample 

inkgrated automated analytical hboratory. 

radiatton hardening roba-54. V1: 133, 141: 

V1: 133. 141:V2: 120 

v2 120 

rOba-56. V1: 133, 141; V2: 120 

robs-55, V1: 133. 141: m: 120 

m: 120 

v2: 120 

v2: 120 

sample ~0lk~tion.  rob-57. V1: 133. 141: 

sample pnparation. roba-59. V1: 133. 141: 

Scnsom-contml technologits 
force/toque. roba-50. V1: 133. 141: V2: 119 
position/velodty setlsofs. roba-48. V1: 133. 

141: V2: 119 

V1: 133. 141; V 2  119 

v2 120 

proldmlty probes as sensors. robadl. 

toow ~~ba-52. V1: 133, 141: 

Sensoxs-puception technologies 
force/torquc sensors. mba-46. V1: 133, 141: 

m: 119 

v2 119 
p m t y  probes. rOba-45, V1: 133, 141: 

range hdcrs. roba-44. V1: 133. 140; V2: 119 
vlsual/aural systems. roba-43. V1: 133.140: 

v2 119 

REDOX trrrtmept., dcon-14. V1: 117: V2: 70.95. 
103 

Re@lhtOrg COmMCe. 

Clean Air Act 
Clean Water Act 
Department of Energy orders 
National Environmental Policy Act 
Occupational safety and Health Adminishation 
Radiation Protection Standads 
Resource Conservation and Remvery Act 

Resource Cowrrotion aad Recoperg Act 
Chemical. physical, biological treatment, V1: 157 
Churn of containers. V1: 152. 160 
Closure of tank systems. V1: 151. 160. 152 
Containment building, V1: 158-159. 161 
Comcttvc Action MaMgement Units (0. 
Hazardous debris. V1: 16CL162 , 
Land disposal restrictions. V1: 15&159. 

LQR, Vi: 156-159. 160-162 
Misccllaneous -nt units, V1: 157 
OvtIView. v1: 151 
permits for treatment units. V1: 161-162 
sampllng/analysis. v1: 156 
Treatment units. V1: 157-159. 161-162 

V1: 162163 

160-162 
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Restrictions, h d  disponl. See 
Resource Consewatton and Rewvery Act 

Robotics d rrrtoprrtion. See 
Abandoned hot cells. robotics and automatton 

Reactors and support facilities. robitics 

Stablkd hot cells. robotics and automation 

Storage butldings. robitics and automation 

alternatives for 

and autmomatlon alttrnathres for 

atematives for 

altemattves for 

Robotia .ad mtomdon. discunions of 
Implementation needs. V1: 138 
Introduction. V1: 129 
Scienae and technology needs. V1: 136-137 
Technology optians, V1: 130-135 
Technology ranktngs. V1: 139-141 

Rubbbtion ri. cmmhing d / o r  -ding 
(entombment). dism-117. ICk 39 

Shot blasting. dcon-36. V1: 117: V2: 47.!56,61. 
72.82 

SiPrul8ted wdkthroagb facility for robotics tuk 
scqtlena udyds (needed enabling technologies). 
dism-171. V1: 47.81: V2: 8 

Smelt pmifiutio,dwnJl.  V1: 117; V2 67, 92, 
100.105 

sodium iodide-garmnlrmr gamma qechucopy. 
char-106. v1: 48: v2: 12 

Sobent -on, dwn-1. V1: 117; V2 80.85 

Solvent washing to remove organics. dcon-62. 
V1: 118 V2: 66 

solvent rsublag to remove TadiOlOgioJ 
CQP trminrtion. dconbl. V1: 118: V2: 52.66,77. 
91,111 

-s- 

wtp (lord/-* Mth&, mba-36, V1: 132. 140; 
V2: 118 

5.nrpfe Iaepurtio~. mba-59, V1: 133, 141: V2: 120 

SIlnOllnQ md 
v 2  3 

mcthob. char-81, V1: 45: 

Suql img interface system for surface 
contadnation by organics. char-271, V1: 45; 
V2 4. 18. 19 

-wiwPm=c-f&m-ionmrP.ge-t 
SyBtUn. char-228. v1: 45; v 2  3 

W k r s / d e r s .  dcon-37, V1: 117: V2: 47. 56. 
72.82. 107 

Scudng electron miawcopy, char-33, V1: 49; 
V2: 14 

secondup ion mus -py, char-3. V1: 46; 
V2 6 

Sensars fa0 monitoxiug entombment integrity 
(entombment), dism-118. V1: 80; V2: 39 

Sqmenti.1 sampling plum. char-252, V1: 45; V2: 3 

sheet 8- 

Stainless steel. stetl plate. sheet steel, 
and structural steel pmblem areas. 
decontamination altcmattvcs for 

Sped- &tic depl0P-t p k t f o r a ~ .  r~ba-7. 
V1: 131. 139:V2: 115 

Species, rare. threatened. or end.ngerrd speciu. 
V1: 169. 171 

Sponge bkting,  dcon-58, V1: 11s; v2.52.65. 
71,111 

StabillUtfon/support mccha&ms or boormr, 
mba-22. V1: 131, 140 V2 116 

hot cdb. robotics and automation 
rtklnativu for 

Controls+dgofithm technologies 
combined mobiltty/xnanipulation, rob-34. 

control modes. rob-27. V1: 132. 140 
Vl: 132. 140 V2: 118 

V2: 117 

V2 118 

V1: 132, 140 V2: 117 

V1: 132, 140; V2: 117 

VI: 132. 140; V2: 118 

roba-32, V1: 132, 140; V2: 118 

140: V 2  118 

140; V2: 118 

140; V2: 117 

V1: 132, 140 V 2  117 

e m c y  Shutdown. rob-37, V1: 132. 140: 

manlpuhtion (Cartesian control). roba-31. 

manipulation ootnt control). roba-30. 

manipulation (redundancy control). rob-33. 

manipulation (spedal purpose control). 

safety (collision avoidance). roba-35. V1: 132. 

safety Qoad/mte MU@. mba-36. V1: 132. 

vehicle/~biltQ drtvlng. roba-28, Vl:  132. 

veMcle/naobility navigation. rob-29. 

C o n t r o l s - h u m a n / ~ e  intcrfaa technologies 
m n s ~ l t  (data h d l t n g  mtthods). mba-39. 

V1: 132. 140 V 2  118 00066’9 
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console (M/mobile/suitcase), roba-38. 
V1: 132. 140: V 2  118 

opuator interface ( c o d  input). roba-40. 
V1: 132. 140; V 2  118 

opuator intcrfaa (operator assistance), 
roba-41. V1: 132.140 V2: 119 

opuator interface (status/alert system). 
roba-42, V1: 132,140: V2: 119 

. 

M-caLend-Of-arm tooling techn010gi- 
end-effector changeout mechanisms. roba-24, 

V1: 132. 140; V2: 117 

1 4 0 : D  117 
d ~ffwto=/dternalk~, lobs-23. V1: 132. 

fonx lhiting/compUant mechanisms, 

general gx-lpper/tool interface. roba-25. 
rob-26. V1: 132. 140 V2: 117 

V1: 132. 140: V2: 117 
Mechant-pulation technologies 

compact high-capacity manipulators, 

ductemus manipulators, roba-16. V1: 131. 

long-reach manipulator (heavy duty), 

long-reach manipulator (light duty), roba-14, 

rob-19, V1: 131. 139: V2: 116 

139: V2: 116 

rob-15. V1: 131. 1 3 9  V2: 116 

V1: 131. 1 3 9  V 2  116 
Mechanical-mechanism technologies 

V1: 131. 1 4 0  V 2  116 
pndsc proglammable motions. roba-20. 

stabhtion/support mechanisms or booms. 

tool caddies. roba-21. V1: 131. 140; V2: 116 

data/s@al transmission. roba-13. V1: 131, 

urtcrnal duct/pipe crawlers. roba-6. V1: 131. 

failure recovery systems for mobile platforms. 

mba-22. V1: 131. 140 V2: 116 

Mcchanical-mobility technologies 

1 3 9  V2: 116 

1 3 9  V2: 115 

rob-11.  V1: 131. 1 3 9  V2: 115 
in- duct/pipe ~mwler. mba-5. V1: 131. 

1 3 9  V2: 115 

V1: 131. 1 3 9 V 2  115 

1 3 9  V2: 115 

V1: 131. 1 3 9 V 2  115 

long-arm deployed robotic platforms. roba-9. 

mounted robotic platforms, mba-8. V1: 131. 

power sources for mobile platforms. rob-10. 

spcdalized robotic deployment platforms. 

transportation systems for mobile platforms, 

whded/tnacked vehicle, roba-1. V1: 131. 

rob-7. V1: 131. 1 3 9  V 2  115 

mba-12. V1: 131. 1 3 9  V2: 116 

1 3 9  V2: 115 
other tcchnologics 

characterization sensor intejption. roba-58. 
V1: 133, 141:V2 120 

v2: 120 

handling. rob-56. V1: 133, 141: V 2  120 

I U ~ - 5 5 ,  V1: 133. 141; V2: 120 

v2 120 

Btld hardening. mba-53. V1: 133. 141: 

iniormation management for sample 

integrated automated analyttcal laboratory. 

radiation hardening. roba-54. V1: 133. 141: 

... 
sample ~0kctioh rob-57. V1: 133. 141: 

v2 120 

v2 120 
sample pmparation. rob-59. V1: 133. 141: 

S e n s o m n t m l  technologies 
fOm/torqUC. mba-50. V1: 133, 141: V 2  119 
posiUon/velodty senson, roba-48. V1: 133, 

141:m: 119 -% 

V1: 133, 141: V 2  119 

v2 120 

proximily probes as sen so^, robadl, 

tooling m r s ,  rob-52. V1: 133. 141: 

Sensors--pcraption technologies 
fom/torqUe sensors, roba46, V1: 133,141: 

proximity probes. roba-45. V1: 133, 141: 

rangc &Idas. roba-44. V1: 133. 140; V2: 119 
visual/aural systems, roba-43. V1: 133.140; 

v2: 119 

v2: 119 

v2: 119 

S t a b k s  steel, stead phtc, sheet .tee& md 
m t r u c t d  .tal problem ueu, dccontamhation 
alternatives for. For a wmplee ltst oJJadf tb ,  see 
Stafnless steel, steel plate, sheet steel, and 
structural steel problem areas. f d t i e s  associa!sd 
with 

Chemical surf- cleaning mthod technologies 
catalytic artraction pnnxss. dcon-6, V1: 117; 

chelation treatment, dcon-21. V1: 117: 

chemical gels, dcon-9. VI: 117: V2: 68 
chemical foams. dcon-8. V1: 117: V 2  68 
detergent treatments, dcon-13. V1: 117; 

V 2  71 

V2: 71 

V 2  70 

V 2  69 

V2: 69 

V 2  69 

fl~oboflc add treatment d m -  11. V1: 117; 

inorganic add treatments. dcon- 12. V1: 117; 

organfc add treatments. dcon- 10. VI: 117: 

REDOX treatments. dcon-14. V1: 117; V2: 70 
Mechanical surface removal method technologies 

automated grinding, dcon-44. V1: 118 

centrifuge cryogenic CO, pellet blasting. 

grit blasting. dcon-38. V1: 1 1 8  V2: 61 
hand grinding, honing. scraping, dcon-43, 

ice blasting, dcon-40. V1: 118: V 2  61 
metal milling. dcon-45. V1: 1 1 8  V 2  62 
plastic pellet blasting, dwn-42. V1: 1 1 8  

shot blasting. dcon-36, V1: 117; V2: 61 
supcrcrltical C02 blasting, dcon-41. V1: 1 1 8  

ultrahigh-pmssum water. dcon-35. V1: 117; 

V 2  62 

dcon-39. V1: 118: V2: 6 1 

V1: 118: V 2  62 

V 2  62 

V 2  62 

V 2  61 
Metal refining method technologies 

ekctmrdinhg, dcon-32. V1: 117; V2: 67 
leach/elec- dcon-34. V1: 117: 

smelt p d c a t i o n .  dcon-31. V1: 117; V2: 67 
V 2  68 
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s- steel, s k e l  *te. &at rted d 

.Itenutlrt.for(oontlnued) 
s t r P r k m l  steel problem areas, decont.minrtion 

S k c e  cleaning method tcchnologtts 
automated brushing, dcon-57, VI: 118: 

compressed-air cxyogmic CO, pellet blasting, 

handbrushingusedtorcmove surface 

high-pnssure water, dam-52. V1: 118 

solvent washing to mmove organtcs. dcon-62, 

V 2  65 

dam-51. VI: 118 V2: 64 

contamtnatlon. dcon-56. VI: 1 1 8  V 2  65 

V 2  64 

VI: 118: Vk 66 

contaminatbn. dcon-61. VI: 118: V 2  66 
sponge bbstlng, dcon-58. VI: 118: V 2  65 
steam cleaning. dcon-55. V1: 118 V2: 65 
smppable coatings. dcon-63. VI: 118 V2: 66 
superheated water. dcon-53. VI: 118 V 2  64 
d h s o n i c  cleaning, dcon-65, V1: 118 V2: 67 
vacu~m (low pressure). dcon-62. V1: 118: 

water flushing. dcon-M, VI: 1 1 8  V2: 65 

flashlamp cleaning. dcon-77. VI: 1 1 9  V2: 64 
laseretching and ablation. dcon-74, VI: 119; 

laser heating, dcon-73. VI: 11% V2: 63 
plasma surfaa cleantns dcon-75. VI: 119: 

plasma torch, dcon-72. VI: 119: m: 63 

solvent washing to rtmmvc radiological 

v2: 66 

Thermal ~urface removal method ~ O l O # ~  

V 2  63 

Vk 63 

st.trleu steel. steel plate. sheet steeL 

to tmat u l e s e f . .  see stainless SteeL steel plate. 

and stmctwd steel problem areas. Itt of 
fadlitiw luodrted with. For specYZc tdud@es 

sheet steel. and structural s M  problem amas, 
decontamination altemattves for 

Bldg. 3028 hot cell Ilners--stainltss steel (fission 

Bldg. 302833 charging -hat steel (fission 

Bldg. 3028E steel stmcturc-stmctural steel 

Bldg. 3029 cell 2 wall-steel plate (Cs-137. Sr-90. 

Bldg. 3029 exterior - k t  steel (Cs-137. 

Bldg. 3029 hot cell hem-stainltss steel 

prod~cts, Cm-147. Pm-241. Am) 

products. mu) 
(fission products, mu] 

. 

Co-60, Ir-192) 

Sr-90. Co-60. Ir-192) 

(Cs-137. Sr-90. Co-60. Ir-192) 

Sr-90. Co-60. Ir-92) 
Bldg. 3029 ~tructurO-sh& ~tcel (CS-137. 

Bldg. 3030 hot cell hers-stainltss stal(43 

Bldg. 3030 sidlng/tnterior walls-shcet steel (43 

Bldg. 3030 steel building structurt-structural 

Bldg. 303 1 hot cell liners-stainless steel 

Bldg. 3031 sbling/intcrior walls-sheet steel 

bewgamma emittas) 

bewgamma emittas) 

steel(43 beta/gamma cmittrrs) 

(Gd-153. Am-241) 

(Gd-153, Am-241) 
Bldg. 3031 ~tru~turr--sh~tual steel (Gd-153. 

Am-241) 

Bldg. 3032 hot cell -tainleSs stal (P-32. 
Am-241) 

(P-32. Am-24 1) 

Am-241) 

Kr-85) 

(H-3. Kr-85) 

Bldg. 3032 sidtng/intcrior walls-ekt steel 

Bldg. 3032 ~tru~ture-structural steel (P-32, 

Bldg. 3033 P ~ P ~ S S  piping--stainl~~~ steel (H-3. 

Bldg. 3033 siding/interior walls-ehtct steel 

Bldg. 3036 siding/intulor walls--shett steel 
(Cs- 137. Sr-90) 

Bldg. 3038 glove boxes and cell 
lntcrior-stainless steel (pu, Cf, Cm. Np. 
Pa. U, Sr. Cs. Co. I) 

Am-241. Cm-244) 

(Cs- 137, Sr-90. Co-60) 

(Cs- 137. Sr-90. C0-60) 

Bldg. 3038 glove bo~es--~tainltss steel (pu-238, 

Bldg. 3517 hot cell linem-statnless s t a l  

Bldg. 35 17 intcrlor/uaerior walls--stainless s'teel 

Bldg. 7500 high-bay -hat steel (Cs, Sr, 
mu. Co-60) 

molten salt alls-shtet  steel (U. Th. 
molten salt) 

*hat steel (v, Th. coolant Sat) 

uderior (U. Th. molten salt) 

pipe exterior 

piping-stainlcss stecl pipe exterior 
(uranyl sulfate, fission products. 
oormsion products) 

Bug. 920 l-3--copper tubing exterior [v. 

Membrane between Homogeneous Reactor Test 

Bldg. 920 1-3 thrte walls and u p p a  !~OOIS Of 

Bldg. 9201-3 walls and mf of coolant salt 

Bldg. 9419-1 handrail--painted steel pipe 

Graphite Rea,ctor process pip-tainless s t a l  

Homoggneous Reactor Test process 

Instrument and air bnes in coolant salt cell. 

Th. H-3. molten salt] 

concrete-steel plate (fission products, 
oormsion products) 

structun--structural st&l (Cs. Sr. TRU. 
-01 

slding--shett steel (Cs. Sr. TRU. &-SO) 

systapstainless steel pipe extator 
(&ion products, corrosion products) 

Molten salt Reactor Experimnt piping-lNOR-8 
pipe exterior W. Be, IdF. llFJ 

Oak Ridge Rrsearch Reactor building 
s w h a t  steel (fission products) 

Oak Ridge Research Reactor demineraltzer piping 
(outside pooI)4tainlcps steel pipe 
exterior (fission products. corrosion 
products) 

Ilmrs4tainlcss s M  (fission products. 
corrosion products) 

Molten Salt Reactor building 

Molten Salt Reactor Experfmtnt exterfor 

Molten Salt Reactor Expviment off-gas 

Oak Ridge Resear& Reactor hot cell 
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Oak Ridge Rescarch Reactor primary coolant 
piping-aluminum piping exterior (bsion 
p d u c t s .  corrosion products) 

Oak Ridge Research Reactor steel building 
structufi--structud steel (flssion 
p d u c t s )  

rrqoll.tiolB8 
Air emfssions. V1: 165-166 
Aquatic resource alteration. V1: 167. 171 
Fugithre dust cmfssions. V1: 165-166 
NPDESpermitS.Vl: 164 
RCRA, VI: 152-159 
stormwatcr dischage, v1: 164 

Statistid method. for the 8MlySis of large data 
.ct.. char-251. V1: 47: V 2  9 

8k.m ckadng. dcon-55. V1: 118; V2: 52.65, 77. 
90.99. 110 

Steel e0n-t structure (highly 
contunlnrted) problem areas. dismantlement 
altenuths for. For a wmplete Ust of facUiUes. see 
Steel containment structure (highly contaminated) 
problem artas. facilities assodated with 

cuttlng technologies 
abrasive water jet (stccl structures. highly 

collvtntfona disassembly (steel structures. 

uyogcnic liquid cutting (steel structures. 

contaminated). dism-53, V1: 7 9  V 2  28 

highly contaminated). dismbo, V1: 79; 
V 2  29 

hlghly contaminated). dism-55, Kk 28 

contaminated). dism-62, V1: 7 9  V2: 30 
grappler mobile shearing (steel structures. 

highly contaminated). dismbl, V1: 79: 
V 2  30 

contaminated). dlsm. 51, V 2  28 

conbmhatal)). dism-57. V1: 79; V2: 29 

conbmhatal). dism-56, V1: 79; V2: 28 

contaminated). dism-58, V2: 29 

contaminated). dlsm-59, Kk 29 

acplosfve cutting (steel s t r u c m ,  highly 

lascr cutting ( S M  structures. highly 

oxygen cutang (steel structures, highly 

plasma arc cuttlng (steel structures. htghly 

plasma arc saw (steel structures. highly 

thermal arc water jet (steel structures. highly 

steel copt.IppIcpt structure (highly 
contunlnrted)problemareas,facilitiu.uoci.ted 
with. hrspecyzt- to -these facartzes. 
see Steel containment structure (highly 
contaminated) probkm areas. dismantlement 
alternatives for 

Bldgs. 3028.30283.3029,3030.3031.3032. 
3033.3036. 3038.3517. 7500.9219-1. 
9201-3. and 9419-1: drain  he^; 
Hom~genmus Reactor Test structure; 
membrane ktwcen H o r m ~ u s  Reactor 
Test conmte: Oak wdge Resmrch 
Reactor biological shield; Oak Ridge 
Restarch Reactor hot cell linm: 
pavement over 55-gal drum: process 

piping and tankage: and pulsefeeder 
P-PS 

steel problem areas. See 
pipe intcrlors. decontamination alttrnattvts for 
Stainless steel, s t a l  plate, sheet steel, 

and structural steel problem anas. 
decontamination b t i v c s  for 

contamhakd) problem areas. 
dismantlement alternath.es for 

Structural steel problem arcas. &mantlemat 
a l t e m a ~  for 

Tank (southeast of Bldg. 7500) problem artas. 
decontamination alternatives for 

Zincalloy. steel. and alumhum piping problem 
a~cas. decontamination altcmaUves for 

Steel contdnment structurr (highly 

Storage build&gs, robotia and automation 
.Itematives for 

Controls--algorithm technologies 
combined mobiUty/manipulation. roba-34. 

control modes, roba-27. V1: 132. 140 

emergency shutdown, roba-37. V1: 132.140 

manipulation (Carttsian control). roba-31, 

manipulation (joint control). roba-30. 

manipulation (redundancy control). roba-33. 

manipulation (special purpose control). 

safety (collision avoidance). roba-35. V1: 132. 

V1: 132, 140; V 2  118 

V 2  117 

V2: 118 

V1: 132. 140: V 2  117 

Vl: 132. 140: V2: 117 

V1: 132. 140; V 2  118 

mba-32. V1: 132, 140 W 118 

140; V2: 118 

1 4 0  V2: 118 

140 V2: 117 

V1: 132. 140; V 2  117 

Safity (l=d/ratt MU@. rob-36. V1: 132. 

vehicle/mobillty drhring. mba-28. V1: 132. 

vehicle/mobihty navigation. roba-29. 

Controls-human/machine intdaa technologies 
console (data handling mthods). mba-39. 

V1: 132. 1 4 0 V 2  118 
console (W/mobile/suitcase). roba-38, 

V1: 132, 140: V 2  118 
opaator interface (command input), roba-40. 

V1: 132. 140: V 2  118 
opaator interface (operator assistance). 

roba41. VI: 132, 140 V2: 119 
operator interface (status/al& system). 

roba42. VI: 132. 140 V2: 119 
Mechanided-of-arm tooling techn~logks 

end-cffector changeout mechantsms. roba-24. 

end effectors/altemaUvcs. roba-23. V k  132. 

force limittng/compliant mechanisms. 

general grlpper/tool interfact. roba-25. 

V1: 132. 140; V 2  117 

140: m. 117 

mba-26. V1: 132. 140 Kk 117 

V1: 132. 140 V 2  117 

000670 
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Storage bdldhge. robotics and uamnathn 
8ite- for (wntilud 

Mtchanicai-manlpulation technologies 
compact. high-capacity manipulators. 

rob-19, VI: 131. 1 3 9  V 2  116 
dexterous mantpulators. rob-16. V1: 131. 

1 3 9  V 2  116 
long-mach manipulator ('heavy duty)]. 

long-reach manipulator (light duty), roba-14. 
rob-15. VI: 131. 1 3 9  V2: 116 

V1: 131. 139V2: 116 
Mechanical-mechantsmtcchnologks 

V k  131. 140; V 2  116 
pmcise progmnmable motions, roba-20. 

stabhtion/support mechanisms or booms. 

tool caddies. mba-21, VI: 131. 140; V2: 116 

data/sfgnal transmission. roba-13. VI: 131. 

external duct/pipe crawl-. roba-6. VI: 131. 

fatlure -very systems for mobile platforms, 

rob-22. VI: 131. 140; m. 116 

Mechanical-mobUity technologtes 

1 3 9  V2: 116 

1 3 9 V 2  115 

rob-11. VI: 131. 1 3 9  V2: 115 
~ X I ~ C T ~  duct/pipe CraWl~, rob-5. VI: 131. 

1 3 9  V2: 115 

V1: 131. 1 3 9  V2: 115 

1 3 9  V2: 115 

VI: 131. 139: V 2  115 

long-arm deployed robotic platforms. roba-9. 

mounted roboUc platforms, roba-8. VI: 131. 

power sources for mobile platforms. mba- 10. 

spechltzed robotic deployment platforms. 

transportation systems for mobile platforms. 

amecled/tracked vehicle, roba-I, VI: 131, 

mba-7, VI: 131. 1 3 9  V2: 115 

rob-12. VI: 131, 139; V 2  116 

139:Vk 115 
other technologies 

characterization sensor integration. mba-58. 
V1: 133. 141:V2 120 

v2 120 

handling. rob-56, V1: 133, 141: V2: 120 

rob-55. VI: 133. 141: m. 120 

v2 120 

v2: 120 

v2 120 

%ckl hardening. nba-53. VI: 133. 141: 

information management for sample 

integrated automated analyucallaboratory. 

radiation hardening, roba-54. V1: 133. 141: 

sample collection. roba-57. VI: 133. 141: 

prrparation mba-59. VI: 133. 141: 

Sensors-contml technologies 
f o ~ / t o v e .  mba-50. VI: 133. 141: V2: 119 
position/velocity sensors. roba-48. VI: 133. 

141:Vk 119 

VI: 133. 141: V 2  119 

v2 120 

p-w pmbcs as SCIISOIS. rob-51. 

SCXISO~. mba-52, VI: 133, 141: 

Stnsom-peruption technologles 
force/torqUe ScIISom. roba46. V1: 133. 141: 

v2: 119 

proldmity probes. roba-45. VI: 133, 141: 

range M e r s .  mba-44, VI: 133. 140; V2: 119 
visual/aural systems, rob-43, V1: 133.140: 

v2 119 

v2 119 

8to-r dischuge. See 
CleanWaterAct 3 

Stnrmbed modiblcrrtfmu. VI: 167. 171 

Sr-90. ForspeEspc technologh to treat thrs 

Concrete block and tiled concrete problem artas. 
decontamination alternatives for 

Concrete pmblem areas. decontamination 
alternatives for 

Painted c o n e  problem arcas. decontamination 
alternatives for 

Rpe interiors. decontamination alterna- for 
Stainless steel. steel plate. sheet stad. 

=-See 

and structural steel problem arca8. 
decontamination alternathrcs for 

lXed concrete problem arras. decontamination 
alternathres for 

Wood/shettm& tar and felt and concrete 
problem arcas. decontamination 
alternathres for 

Structural-onty concrete problem .rw. 
dirmratkmmt dter~tivu for. For a OOmpEete Ust 
oJJbctUtk, see Structuralonly concrete problem 
amas, f&ties associated with 

cutting technologies 
diamond wim cutting (structuralonly 

concrete). dism-42. VI: 79; m: 26 

(structural-onty concrete). dism-41. 
VI: 7 9  v2 26 

high-pressure ablasive water jet 

Demolition technologies 
conventional j a c k  hammer, headache ball. 

etc. (structural-onty concrete), dlsm44. 
VI: 7 9  V 2  27 

demolition compounds (structural-only 
concmte), dlsm-46. VI: 79; V2: 27 

explosive cutting (structural-ody concrete). 
dkim-45. V2: 27 

mppler (structuralonly concrete). dlsm-48. 
v1: 79; m: 27 

dauwave demolitton [structuxal*niy 
concrete). dism-47. m. 27 

Structural- concrete problem areas. f.dlitiecl 
a u o c i a t e d w i t h F o r s p e c @ c ~ t o b e a t  
theseJxf&es. seeStn~chual--ody concrete 
problem areas, dismantlement alternatives for 

Bldgs. 3028,30283.. 3029,3030,3031.3032, 
3033.3036.3038.3517.7500.9219-1. 
9201-3. and 9419-1: drain lines: 
Homogeneaus Reactor Test structure: 
membrane between Homogenmus Reactor 
Test conmtr; Oak wdge Research 
Reactor biological shield Oak Ridge - 000671 
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Rtsearch Reactor hot cell liners: 
pavemnt OW 55-gal d m  proees~ 
piping and tankage; and pulsefeeder 
Pumps 

S t n & d  steel problem areas, dirmmtlement 
dteinrtir# for. For a oomplete Ust of.&dfties, see 
Structural steel problem areas, fadlities assodated 
with 

cutthg ttchnologies 
abrasive mter jet (structural cited. mild 

contaminants)), a m - 7 2 .  V1: 80; V2: 30 

contaminants)). dism-71. V1: 80; V2: 30 

contaminants)). dism-75. V1: 80; V2: 31 

contaminants)). dism-74. V1: 80; V2: 31 

contaminants), dism-79. V 2  31 

laser cutting (structural SteeL mild 

oxygen cutting (structural steel, mild 

plasma arc cutting (stnlctural S t a L  mild 

thermite lance (structural steel mild 

comrrntional disassembly (structural steel. 

explosive cutting (structural steel. mild 

Demolition technologies 

miid contaminants). dism-76. V1: 80; 
V 2  31 

contaminants), dism-78. V 2  31  

mild contaminants), dism-77, V1: 80; 
V 2  31 

grappler mobile shearing (structural steel. 

S t r u c t d  steel problem areas. hcilitiea 
u.ocI.tcd vith. For spec@c techndogies to twat 
these fadftfes. s8e Structural s t a l  problem areas, 
dismantlement alternatives for 

Bldgs. 3028.3028E.3029.3030.3031.3032. 
3033.3036.3038.3517.7500.9219-1. 
9201-3, and 9419-1: drain lines: 
Homogcncous Reactor Test structurr: 
membrane between Homogeneous Reactor 
Test concrete: Oak Ridge Rtsearch 
Reactor biological shield; Oak Ridge 
Restarch Reactor hot all liners: 
pavement over 55-gal drum: process 
piping and Gmkage; and pulsefeeder 
Pumps 

S u p w d t i d  CO, b k t i n g .  d w n 4 1 .  V1: 118: 
V 2  48. 57. 62. 73, 83. 87. 97. 108 

supwdtid nuid extmdan of inorgdcs,  
char-201. v1: 45: v2 4 

Superwi t id  fhdd extradon of organics. 
char-208. v1: 45: m: 4 

Superhestcd mter. dam-53. V1: 118: V2: 51.64, 
76.90.99. 110 

splpport f d t i # .  see 
Reactors and support facilities. roboucs 

and automation alternattvcs for 

S d n h . n e d  -aripg. char-265, 
V1: 51: V2: 16 

s-bodi#. dinct dischuge to. sf? 
Clean Water Act 
Department of Energy ordmi 

Synchronooa ftnor#cence -dug for 

V1: 50; V2: 15. 16 
M& hydrooubolu, char-101. 

-* 
- T -  

Tank problem areas. See 
Asbestos problem areas. dismantlement 

alternatives for 
Buried tank problem areas. dismantlement 

alternatives for 
Buritd waste problem areas, dismantlement 

alternatives for 
Entombment problem areas. dismantlement 

alternatives for 
General problem areas. characterfiation 

alternatives for 
Inorganic problem areas. characterbation 

alternatives for 
Major equipment removal problem areas. 

dismantlement alternatives for 
Massive containment problem areas. 

dtsmantlexmznt alternatives for 
Needed enabling technology problem areas, 

dismantlement alternatives for 
Oil and pumc chemical problem areas. 

charactntzaton alternatives for 
Organic problem areas. characterization 

alternatives for 
Physical problem areas. characterization 

alternatives for 
Pipe interiors. deantamination altanativcs for 
Radioactive constituents. charactcrlzatbn 

Reactor pool problem areas. dismantlement 
alternatives for 

alternatives for 
Steel containment structure (h&hly 

contaminated) problem areas, 
dismantlement alternatives for 

Structuralonly concrete problem axeas. 
dismantlement alternatives for 

Structural steel problem areas, dismantlement 
alternatives for 

Tank [southeast of Bldg. 7500) problem areas. 
decontamination alternames for 

Zincalloy. steel, and aluminum piping problem 
amas. daxntamination dtanathm for 

Tank (southeast of Bldg. 7SW) problem m. 
decontamination abmaths for. For a c o w  
llst off'. see Tank (southeast of Bldg. 7500). 
facilities associated with 

Chemical surface cleantng technologies 
chelation treatmen& dcon-21. V1: 117; 

chemical foams. dcon-8. V1: 117; V2: 101 
detergent txatmcnt, dcon- 13, V1: 117: 

electropobhing. dcon-15. V1: 117; V 2  103 

v 2  104 

v2: 103 

Q00672 
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TMk (soathemt of Bldg. 7 W )  probluu areas. 
decontamination . I t e m  for (conttnued 

nuoborlc acid treatment. dcon- 11. V1: 117; 

Inorganic add treatments. dcon-12. V1: 117: 

organic acid treatments. dum-9, V1: 117; 

REDOX treatments, dcon-14. V1: 117; 

v2: 102 

v2 102 

v2 102 

v2 103 
M c c h a n l d  surfact removal method technologies 

automated -ding, dcon-44, V1: 1 1 8  

centduge ayogenic COz pellet blasting. 

plastic pellet blasting, dcon-42. V1: 118: 

supercritical COz blasting, dconll ,  V1: 1 1 8  

ultrahigh-pressure water, dcon-35. VI: 117; 

V2: 98 

doon-39. VI: 1 1 8  W. 97 

v2: 97 

v2: 97 

v2: 97 
Metal rtffning method technologies 

ekctmr&ning, dcon-32. V1: 117; V 2  101 
leach/electrowinning. dcon-34. V1: 117; 

s d t  purification. dcon-31. V1: 117; V2: 100 

automated brushing. dcon-57. V1: 1 1 8  

v2 101 

Thrrmal surface removal method techno lo#^ 

v2: 99 

dcon-51. Vl:  1 1 8  Xk 98 

v2 99 

V 2  98 

c~mpr~rsed-atr crYOgenfc C O S  pellet blasting. 

dry heat (bulk mastlng). dcon-4. V1: 117; 

hscr etching and ablation, dcon-74, V1: 1 1 9  

iaaer heating, dmn-73. V1: 119; V 2  98 
solvent washing to Temove radiological 

contamination. dconbl, V1: 1 1 8  V2: 100 
steam cleaning, dcon-55. V1: 1 1 8  V 2  99 
superheated water, dcon-53, V1: 118: V2: 99 
ulhasonic cleaning, dcon-65, VI: 11% 

vacuum cleaning, dcon-65. V1: 1 1 8  V2: 100 
waber flushing. dcon-54. V1: 118: V 2  99 

Tank ( m t  of Bldg. 7500) problem ueu. 
facilities .uodrkd with. For sp&& techdogies 
to tnixat thefgcrllty see Tank (southeast of Bldg. 
7500) problem m. decontamination alternatives 
for 
Tanks southeast of Bldg. Z50O-statnless steel 

v2 loo 

( h i o n  products, corrosion products) 

Tank Symtemr. clo.me of. see 
Rsoura Consemtion and Recovety Act 

T..L-.chcdrrllng .id.. char-241. V1: 47; V 2  9 

T c c h n i u l T u k P h ~ ~  
rekvanct to characterization technologies. 

rckvance to damntamlnation technologies. 

r c h c c  to dismantlement technologies. 

v 1 :  54-60 

v 1 :  124 

v 1 :  85-87 

relevance to robotlcs and automation 
technolo#es, V1: 143-145 

search data-& listing, V1: 181-182 

Technological problems. See 
Needed enabling technology. dismantlement 

alternatives for * 
Temporary entombment/cloy till (entombment). 
dism-111, m: 37 

Thermolucmmterjet cutting (major equipment 
removal). dism-99. m: 35 

T h e 4  ucrp.ter)tt (stul structures, 
~0nt.minrted). dism-59. V2: 29 

Thermite catting (mbor cqdpntc* rmroprD, 
dism-88, V2: 32 

Thermite lance (structural steel, miM 
contuninants). dism-79. V 2  3 1  

Thennoluminescence dosimeter uray for spatial 
chuactuiution of rmipcc alphr cont.minrtioe 
char-103. V1: 4 8  V 2  10 

Thtrma.et p o l y m c r / t h d  plastic strbiUution 
(entombment), dism-109. V2: 36 

Th ForspaYdc techndogfes to tnmttbeontpmlnnnf 

Concrete block and tiled concrete problem areas. 
dtcontamtnation alternatives for 

Concrete problem areas. demntamlnatlon 
altexnatlves for 

Painted concrete problem arcas. decontamination 
altmnatives for 

Pipe interiors. decontamination alternatives for 
Stainless steel. steel plate. sheet stel. 

see 

and strucaual steel problem axeas, 
decontamination alternatives for 

Tiled concrete problem areas. decantamhation 
altemathm for 

Tbrertened, rue, or end.ngend species. 
V1: 169. 171 

3-D CAD data base of buUdings utd stntcttua 
(needed edw technologies), dism-156. VI: 48, 
81: V 2  10.42 

Tiled concrete problem areas, dcconhdmation 
alternatives for. For a complete I t  of fe, see 
Tiled concrete problem areas, facilities assodated 
with 

Mechanical surEacc removal method technolo#es 
automated -ding. dcon44. V1: 1 1 8  

centrifuge myogenic C02 pellet blasting. 

concrtte milling, dcon-47. V1: 1 1 8  v2: 83 
ucplosfvc. dcon-48. V1: 1 1 8  It& 84 
grit blasting. dam-38. V1: 118: It& 82 

V 2  83 

dcon-39. V1: 1 1 8  It& 82 
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hand gxlnding. honing. scraping. dum-43. 

scabblcrs/scaders. dcon-37, VI: 117; 

shot blasting, dcon-36. V 2  82 
supcrnitical COS blasting, dcon-41. VI: 1 1 8  

ultrahigh-pressure water, dwn-35. VI: 117; 

VI: l l 8 V 2 :  83 

V2: 82 

V 2  83 

V 2  82 

Tiltdconcrekproblemu#r,faciuties.uodrkd 
with. F o t s ~ t e c h n d o g l e s  to beat thesef*, 
see Tiled concrete problem areas. decontaminatton 
alternatives for 

Bldg. 3028 floors-Uled concrete (ftssion 

Bldg. 3029 floors-Uld concrete (Cs-137, Sr-90. 

Bldg. 3030 floors-Uled concrete (43 

Bldg. 3031 floors--tlled concrete (Gd-153, 

Bldg. 3032 floors-ffled concrete (P-32. Am-24 1) 

Bldg. 3036 floors-Uled concrete (Cs- 137, Sr-90) 
Bldg. 3038 f l o o d e d  concrete (Sr-90. Cs-137. 

C0-60. 1-129) 
Bldg. 3517 floors-tlled concrete (Cs-137. Sr-90. 

C0-60) 
Bldg. 7500 floors-Uled concrete (Cs. Sr. TRU, 

C0-60) 
Bldg. 9201-3 ooolant salt cell, floor-tlled 

concrete (U. Th. coolant saltl 
Bldg. 9201-3 molten salt cells. f l o o r 4  

concrete &I. Th, molten saltl 
Molten Salt Reactor Experiment building 

floors-tiled concrete (fission products, 
corrosion products) 

floors-ffled concrete (fission p d u c t s )  

pducts.  mu) 
C0-60. Ir-192) 

beta/gamma emitters) 

Am-241) 

Bldg. 3033 fl~~med concrete (H-3. Kr-85) 

Oakwdge Research Reactorbuilding 

To01 cddim. robs-21. VI: 131, 140; V2: 116 

T w h g  -I., rob-52. VI: 133. 141: V2: 120 

-on electron microscopy, char-34, 
VI: 4 9  m: 13 

Tmmsmutdon. dcon-78, VI: 117; V2: 106 

-on .p.kmr for mobile plrttorrmr. 
rob-12. VI: 131. 1 3 9  V2: 116 

m. For spec@c techndogfes t~ tnzd these -. see 

decontamination alternatives for 

alternatives for 

and structural steel problem areas. 
decontamination alternatives for 

Concrete block and tiled concrete problem areas. 

painted concrete problem areas. decontamlnatlon 

Stainless steel. steel plate, sheet steel 

Tiled concrete problem artas. decontamtnatton 

Wood/sheetrock tar and felt. and concrete 
alternatives for 

problem artas. decontamination 
alternatives for 

~tinm/bet./gsmnu floor .c.ppcr. char-105, 
Vk48;rn: 1 1  

P U- 
mtrphieh-prenare prkr. dcon-35. VI: 117; V2: 47. 
56.61. 72, 82.87. 97. 107 

Ultrawdc chdng. darn-65. VI: 118 V 2  67.92. 
100. 112 

ultrasonic e o n .  char-20, VI: 45: V2: 3 

ultraviolet/visible .pectro.oopy, char-9, VI: 46: 
v 2  7 

U. hrspecytc tec- to bwt t . h  conhmhant 
see 

Stainless steel. steel plate. sheet steel. 
and structuxal steel problem areas. 
decontamination alternatives for 

- V- 
V.amm clcuhg. daon-64. VI: 118 V 2  66.91, 
100. 112 

Vacuum (low preume). dcon-7. VI: 117; V 2  53, 
78. 81. 86 

Vebicle/mobility dxiving, rob-28. VI: 132. 140; 
V 2  117 

Vehicle/mobility ndgation. roba-29. VI: 132, 
140 v2: 117 

Video -pine ( d e d  enabling technologies), 
dlsm-147. m. 41 

vtud/rrp.l sp-. roba-43. VI: 133.140: 
v2: 119 

- W -  
Water flushing. dcon-54. VI: 118 V 2  51.76.90. 
99,110 

w.vclengthdie~x-ny.pectrorcopy. 
char-36. VI: 4 9  m. 13 

Wetlaads md floodpkio.. VI: 167. 168 

000674 
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wb6eced/Med rehicle. mba-1. VI: 131. 139 
V 2  115 

Wood/.- tu d felt, .nd CODEnb 

proMers are-. decantamhution abmahts  for. 
For Q C W l p k k  fist Of fbdftfes. see Wd/sheetrock, 
tar and felt mhg. ooncrete problem areas. factllties 
assodatedwith 

Bulkd~ntaminaUon method technologtes 
catdytic extraction process. dcon-6. VI: 117; 

chemical leaching. dcon-5, V1: 112 V 2  85 
dry heat (bulk masttrig). dcon-4, V1: 117: 

indncratioh dmn-2, V1: 117; V2: 85 
solvent extractton. dcon-1, V1: 117: V2: 85 
vacuum (Low prcssuxe). dcon-7. V1: 117: 

Chemical surface cleaning method technologits 
chelation treatment, dcon-2 I .  V1: 117: 

v2: 86 

V2: 85 

V2: 86 

V 2  86 

Wood/s&etrocL, tu and felt roofing. 
andcoacreteproblat~ueu,focilitie~ruod.ted 
with. For specylc khdog&s to beat Mesefa&t&s. 
see Wood/sheetrock tar and felt roohg. 
and concrete probkm artas, decontamination 
altemattws for 

Bldg. 3028 interior aralls-wood/sheetrock 

Bldg. 3028 roof-tar and klt mhg (fission 

Bug. 3029 interior walls--wood/shectmck 
(Cs-137. Sr-90, Co-60, Ir-192) 

Bldg. 3029 roo- and felt mhg (Cs- 137. 
Sr-90. Co-60. Ir-192) 

Bldg. 3030 interior walls-arwd/sheetmck (43 
-/gamma emitters) 

Bldg. 3030 roof- and felt room (43 
beta/gamma emitters) 

Bldg. 3031 intcrlor wab-wwd/sheetmck 

Bldg. 3031 roof- and felt roofing (Cd-153. 

Bldg. 3032 interior walls-anood/sheetrock (P-32, 

Bldg. 3032 roo- and felt mhg (P-32. 

Bldg. 3033 roof-tar and felt mhg (H-3, Kr-85) 
Bldg. 3036 interior walls-arood/sheetmck 

Bldg. 3036 mf- and felt mhg (Cs- 137. 

Bldg. 3038 roof- and felt mhg (Sr-90, 

Bldg. 35 17 interior walls-wood/sheetrock 

Bldg. 3517 mof-tar and felt mhg (Cs-137, 

( h i o n  products. TRU) 

produbs. mu) 

(Cd-153. Am-241) 

Am-241) 

Am-241) 

Am-241) 

(Cs- 137. Sr-90) 

Sr-90) 

Cs-137, C0-60. I- 129) 

(Cs- 137. Sr-90. Co50) 

Sr-90. Co-60) 

Bldg. 7500 floor under and shield around 
evaporator--conatc (uranyl sulkte. 
%!on products) 

Sr. TRU, C0-60) 

mu. c0-60) 
-/sheetrock (Cs. Sr. TRU. 
C0-60) 

roof- and felt mom (Cs. Sr. TRU, 
C0-60) 

Oak Wdge Research Reactor building in-r 
wab-uxd/shectrock (fission products) 

Oak Wdge Rmcarch Reactor building roof- 
and felt m o b g  (flssion products) 

Bldg. 7500 interior walls-wood/shrxtrock (Cs. 

Bldg. 7500 mf-tar and felt roohg (Cs. Sr, 

Molten Salt -t building interior 

Molten Salt Reactor Expcrimnt building 

- 1 8 -  

X-ray fiwrcwcmce for in situ monitoring of toxic 
heavy met&. char-2 19. V1: 4 9  v2: 13 

- 2 -  
ZiatAoy, steel and .hmrinpm piping probltm 
ueu. deantunination dtcmutivcs for. Far a 

and aluminum piplng problem areas. fadlitiies 
assodatedwith 

complete list off*, see zincalloy, steel, 

Metal rr&ling method technologies 
electr0-g. dcon-32. Vl:  117; V2: 105 
leach/elechvhning, dmn-34. V1: 117: 

smelt pdcatlon.  dcon-31. VI: 1 II; V2: 105 
tsansmutatbn, dcon-78. V1: 117; Kk 106 

v2 105 

Zincalloy, steel. md dmniaum piping problem 
utu. facilities assodoted with. For specylc 

steel, and aluminum piping problem areas, 
decontamination alternatives for 

techndogtestotrecltth€?sefacilltbes.seezincalloy. 

Homogencous Reactor Test Reactor4calloy 
WOW,.  fission pmducts. mrrosion 
products. advatton products) 

surfaas-stcel (corrosion products, 
h i o n  products, activation products) 

piping--aluminum piplng (fksion 
products, corrosion products. ac-n 
products) 

Law-Intensity Test Reactor tank internal 

Low-Intensity Test Reactor wattr 

Zoning for contJpmmt-thne tones (needed 
kcbnologi~). dism-141. K k  40 
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HOW TO USE THIS INDEX 

The Remedial Action (RA) Index provides a comprehensive list of site problems, 
problem area/constituents, remedial technologies, and regulatory terms discussed in the 
RA sections of the Oak Ridge National Laboratory Technobgy l q p c  Diagram. Au entries 
provide specific page numbers, or cross-reference entries that p r m e  speciflc page 
numbers, in the RAvolumes (Vol. 1, Pt. B; Vol. 2, Pt. B; and appropriate parts ofVol. 3). 

Page numbers are located at the end of rnain entries or at the end of subentries. 
References to the RA Vol. 1, Pt. B (Technology Euoblntinn), are indicated by 'Yl:" and 
followed by a page number, while references to the RA Vol. 2, Pt. B (Technology Logic 
Diagrams), are indicated by 'W:" and followed by a specific page number. Specific 
locations in Vol. 3 (Technology Eucxhufibn Data Sheets) are given by the technology code 
numbers (e.g., rema-41) because pages in this volume are unnumbered. 

Cross-references are indicated by a See at the end of the main entry. Following the 
See is a list of other main entries, which provide specific page numbers. 

Bcamples of index entries are provided below. 

A main entry (a specific technology), which consists of a title in bold and a locator. 
The locator gives specific page numbers-"rema-41" (Vol. 3); 'Yl: 95, 1 0 0  (Vol. 1, 
Pt. B); and 'W: 24, 41" (Vol. 2, Pt. B): 

Technology Technology VoL Page VoL Page 
namc codeno. no. nos. no. nos. 

U U u u u  u 
Sheet pire a. 1~ma-41. VI: 95. 100; V2: 24.41 - 

locator 

Two main entries that cross-reference. The first example consists of an ORNL 
Problem and a See reference; the second example is the entry referenced, which 
provides specific page numbers: 

R.diorctioe elements. technologies for. 
Burfed waste (radioactive elements). characterization 

alt.cmatives for, in WAGs 1. 3.4. 5. 6, and 7 
Ground water and surface water (radioactbe elements), 

chamctalzation technologles for. in WAGs 2. 3, 4, 
5. 6, 8, 9, 10 

Buried waste (radioactive element.). ChUrcterirPtion 
dtenmthm for. h WAGm 1.3.4.1.6, and 7 

meld method technologies 
advanced radiation monitors. char-269, VI: 62: V2: 12 
alpha track etch detectors for surf- alpha contamination. 

bubble dosimeters for neutron flux. char-216, VI: 62, V 2  1 2  
char-96. VI: 62, V2: 13  
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INDEX B REMEDIAL ACTION 

1 1 5 1  a. -- 
- A -  

Action-speciBc regdations. see 
Resource Consenratton and Recovay Act 

Activ8ted cubon. rema-66. V1: 100: V2: 43 

Adaptation of the EPA TCLP h c h i n g  test for 
 US^ 4th && mpk., char-209. V1: 59: 
v2: 4 

Adsorption on biome& rema-73, V1: 100: 
v2: 43 

Advanced ruliation monitors. char-269, 
V1: 62V2: 12 

Ak mOdtodD& char-59. V1: 60: V2: 6 

Air Stuuiud..  see 
Clean Air Act 

Air ~ttippin8, rema-76, Vl:  100; V2: 44 

Alpha track etch detectors for surface alpha 
ntPmiP(Lti0~~. char-96, V1: 62; V2: 13 

Anaerobic dechloriuation. mna-69. V1: 100: 
v2: 46 

darly.t of cens~nd dotr  char-249. V1: 61; 
v2: 10 

Analytical methods for chehtors and 
decontrmip.tion agents, char-206. V1: W 
V& 17 

Application of appmdmete reasoping to data 
mdysis/evduation. char-234, V1: 61: V2: 9 

Arch.cotogical thd ings ,  historic si- and. 
V1: 216 

ktifidrl Wetlands. rema-63, v1: 101: v2: 46 

k low u reasonably uhievable 0. V1: 162 

Atomic emission spectrol.copy, char-76, V1: 63: 
V2: 14. 1 5  

Atomic Energy Act, Vl:  156 

Anger electron spectrorcopy. char-2, V1: 64; 
V 2  16 

htomatedsc8nnmg . and conversion of 
e n g h e d n g  drawings. dism-155, V1: 61; V2: 9 

- B -  
Below mgulatory con- policy. VI: 156 

Biological ddtri5catioa A - 7 5 .  VI: 100. 
101: v2: 44 

Biological oddation. rema-68. v 1 :  1 0 0  v2 45 

Biological a u t e  (in'd problexms). 
chupctuhtion dternottotr for 

Laboratory method technologles 
pathogen s-ce. char-215. V1: 6 5  

v2 19 

Biopolymer drrinr. rema-44. V1: 9 5 . 9 9  V 2  25.40 

Borehole mining, rrma-4. V1: 96: V 2  31 

Babble dosimeters for neutron flax, char-2 16. 
V1: 62; V2: 12 

Bulk item uhmnotion. rema-126. V1: 95-96 
V 2  32 

B d e d  bulk eqtaijmnent items. technologies for. 
see 

Burled waste (burled bulk equipment items). 
medial action dtanaUvcs for, in WACS 
1. 3. 4.5. 6. and 7 

Buried pipes. robotics and automation 
dtenmtives for 

Controls-algorithms technologies 

V1: 115. 122: V 2  53 
combined mobiUty/mantpulation. roba-34. 

control modes, roba-27. V1: 115. 122 V2: 52 
emergency shutdown, roba-37. V l :  115. 1 2 2  

manipulation (Cartestan control). roba-31. 

mantpulatlon uoht control). rob-30. 

manipulatton (redundancy control). roha-33, 

manipulatton (special purpose control). 

d e t y  (cohion awldance). mba-35, V1: 115. 

safety (load/rate Ilmitlngl. roba-36. V2: 53 
vehicle/mobility drivtng, roba-28, V1: 115. 

vehicle/mobiUty navigation. roba-29. 

v2 53 

VI: 115. 122: V2: 53 

V1: 115. 122; V 2  53 

VI: 115. 122: V2: 53 

robs-32. V1: 115. 122 V2: 53 

122 V2: 53 

122 V2: 52 

V1: 115. 122 V 2  53 
Conhls-human/machine hterhce technologies 

console (data handling methods). rob-39, 

console (kxed/mobile/suitcase), roba-38. 

operator lntcrtaa (command tnput), mba40. 

V1: 116. 122: V 2  54 

V1: 116. 122: V 2  54 

V1: 116. 122: V2: 54 
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B d e d  p i p .  robotics rad automation 
for (COntLured) 

opcrator interface (operator assistance). 

operator interhe (status/alert system). 
roba-41. V1: 116, 123 V2: 54 

mba-42. V1: 116. 123 V 2  54 
MeC-+f-arm tooling technol~gie~ 

endctTictor changeout mechanisms. roba-24. 
V1: 115. 122: V2: 52 

122: V2: 52 
end e f f ~ t o r ~ / d ~ l I v e s .  rob-23.  V1: 115. 

force Itmttfng/compllant mechantsms. 

gcncral gl-lppcr/tool intaikce. rob-25. 

compact high-capact@ manipulators, 

mba-26, V1: 115. 1 2 2  V2: 52 

V1: 115. 122: V 2  52 
Met-pulation technologtes 

robs-19. V1: 115. 1 2 2  V2: 52 
dactrrous man ipuh to r~ .  mba-16. V1: 115. 

122: m. 51 
Mechanical--mchanism technologies 

stabilizaiion/suppoxt mechanisms or booms, 
toba-22. V1: 115, 122; V 2  52 

tool mddits. r o b - 2  1. V1: 115. 122 V 2  52 
Mcchanld-mobili ty technologles 

data/slgnal transmission. roba- 13, V1: 115, 

Eallurr recovery systems for mobile platforms, 
122: V2: 51 

lobs-11. V1: 115, 122; V2: 51 
10%- deployad robotic platforms, mba-9, 

V1: 115. 122: V2: 51 

V1: 115. 122: V 2  51 
power souras for mobile platforms. roba-lo. 

spcdaltpd robotic deployment platforms. 

transportation methods for mobfle platforms. 
mba-7, V1: 115. 122: V2: 51 

rob-12. V1: 115, 122: V2: 51 
wheeltd/tracked vehick. rob-1.  V1: 115. 

122; V 2  51 
other technologlcs 

c-n sensor tntcgratton, roba-58, 

field hardening. roba-53. V1: 116, 123 

information management for sample 

integratad automated anaytical. roba-55. 

radiation hardening, roba-54. V1: 116. 123: 

sampk collection. rob-57. V1: 116. 123; 

sampk pnparatIon. roba-59. V1: 116. 123: 

V1: 116. 123: V 2  56 

v2: 55 

handling. rob-56, V1: 116. 123; V2: 56 

V1: 116. 123: V 2  55 

v2 55 

v2: 56 

n 5 6  
Sensors--control technologies 

fo-/tove. rOba-50. V1: 116, 123: V2: 55 
position/velodty sensors, rob-48, V1: 116. 

pmdmtty probes as mn-1 sensors. roba-51. 
123: m. 55 

V1: 116. 123 ;V2  55 

V 2  55 
toow sens~rs. mba-52. V1: 116. 123 

Sensors--perccption technologies 
forrx/torque sensors. roba-46, VL: 116, 123; 

v2 55 

proxhtty probes, roba-45. V1: 116. 123: 

range Mcrs .  roba-44. V1: 116. 123; V 2  54 
visual/aural. mba-43. V1: 116. 123: V 2  54 

v2: 54 

B u r i e d ~ a ~ t e  
Description of implementation needs for remedial 

Description of rrmedial action alternatfves for, 

Description of science and technology needs for 

Problem dehttion. V1: 14 

action +mattves. V1: 90 

V1: 78 

remedial action alternatives. VI: 86 

Buried wute CbPried bulk equipment itum), 
remedial action dtunativeo for. in WAGS 1.9. 
4, 8.6. d 7 

Excavation tcchnologtes 
bulk item exhumation, rema-126, V1: 9 m :  

V 2  32 

Buried waste [composition determination). 
chuactuization Jtenmtivts for, in WAGS 1.9. 
4. 5.6. d 7 

Field method technologies 
elechmagnetic offset log survey, char-272, 

v2 19 

v2: 19 

char-274, V1: 65: V2: 19 

B b e r o p U ~  C h e m i c a l  SCIISO~S. char-25. V1: 65: 

hydrofrachut gro&d-watcr monitorbg. 

SEAMIST inverted membrane, char-273. 
V1: 65; W. 19 

Sample collection technologies 

V1: 65  V 2  19 
SEAMIST Ltlverted membrane. char-273. 

Buried waste (general problem ueu). 
chuactut.tion rltemativcs for, in WMii. 1.3. 
4, 5, 6. rad 7 

Data analysis mamgemcnt technologtcs 
analysis of censored data. char-249. V1: 6 1: 

v2: 10 
application of approximate rrasoning to da ta  

adysts/duation. char-234, V1: 61: 
v2 9 

englnaring dI-awings. dism-155. V1: 61: 
v2 9 

regulatory guidelines. dtsm-153. V1: 61: 
V 2  8 

cllent/senrrr architecture for data base 
amss. dism-157, V1: 61: Xk 9 

computer-atded task analysis and procedure 
prepacation. dism-172. V1: 61: Xk 9 

computer-based training systems. dism- 19 1, 
V1: 61: V2: 9 

cor@uration management system, char-229, 
V1: 62: V2: 11 

criticality indtas. -44. V1: 61: V 2  10 
data access services. dism-154. V1: 61: V2: 8 
detection and measurement systems wlth 

feature extraction. char-223, V1: 62; 

automated scanning and conversion of 

cBent/senrrr access to standards and 

v2 11 
0043679 
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dynamic modding of makrlal transport. 
char-255. V1: 62: V 2  1 1  

transport in porou~ media. char-225. 
fmctals uscd to select models for material 

V1: 62: V2: 11 
geogzaphlc informailon system for DOE sites. 

dism-181. V1: 61: V 2  8 
hazard analy~h expert system. char-233. 

V1: 61; V2: 9 

V1: 61: V 2  10 

migration in porous materials. char-53. 
V1: 61: V2: 10 

mulUscnsor fusion measurement systems. 

network architecture with integrated 
workstattons. char-221, V2: 8 

project tnfbnnation access semi-. 
dism-151. V1: 61; V 2  8 

quality control for measurement processes. 

simulated walkthrough facility for robotics 

hypertat information systems, dism-158. 

modding of volatile organic compounds 

char-222. V1: 62: V 2  1 1  

char-250, V1: 61: V 2  10 

tasksequence analysis, dism-171. V1: 61; 
v2 9 

spatia sample and data analysis. char-253, 
V1: 61: V2: 10 +j 

statistical methods for the analysis of large 
data sets, char-251, V1: 61; V2: 10 

stored material neural net identification 

’ subsurfaa complexation model, char45. 
system. char-242. V1: 62: V2: 11 

V1: 62; V 2  11  

v2 10 
task schedullng aids. char-241, V1: 61: 

Dctection/measurement-field method 
ttchnologies 

atrmonitortng. char-59. V1: 60; V2: 6 
ekctrlcal and electromagnetic detection of 

w u n d  and gdogic f e a m s .  char-125. 
V1: 6 0  V2: 6 

v2 7 

v 1 :  5 9  v2: 5 
pund-penetrating radar, char-124, V1: 60: 

V2: 6 
immunoassay detectfon. char-23. V1: 60. 

V1: 6 0  V2: 5 
inirared spectmscopy (wavelength 

dispusion), char-18, V1: 6 0  V2: 6 
ion mobility mass spcctmmetzy, char-264, 

V1: 5 9  m: 5 

elatrochemical ~ t h o d ~ .  char-10, V1: 6 0  

flkr-optic c h d d  -19. char-25, V1: 65. 

- c U ~ .  char-128. V1: 60: V 2  6 
microgravity methods, char-127. V1: 6 0  

optical absorption spectroscopy. char-27, 

p c r s o ~ e l  rnonitorlng, char-52. V1: 60: V 2  6 
portable luminescence detection. char-92, 

portable Raman spectrometer, char-84. 

V2: 6 

V1: 60; V2: 5 

V1: 60; V2: 7 

V1: 60; V2: 5 

reflection). char-126. V1: 60: V 2  6 
sdsmic methods (retraction. pmrrung. 

tomoglaphic sdsmic monitoring. char-60, 
V1: 6 0  V2: 6 

ultrasonic ranging and data system. 

Detcction/~urement-laboratoxy method 
Char-123, V1: 60: V2: 6 

technologlcs 
contamination control-adytical equipment 

Fourier transform inlrared spectroscopy, 

isotopic dilution mass sptctroscopy, char- 48. 

laser ionization mass spectrometry. char-4. 

nuclear magnetic resonana. char-1 1. VI: 60; 

secondary ion mass spcc#roscopy. char-3. 

char-204. V1: 60: --: 7 

char-8. V1: 6 0  V2 7 

V1: 6 0  V2: 7 

V1: 61: V 2  8 

v2  7 

V1: 60; m: 7 

V1: 6 0  V2: 8 
dtlavlolet/visibk spectroscopy. char-9, 

Sample collection technologies 
in situ solid phase mimmctmcUon of 

organfcs, char-210. v1: 59; v2 3 
membranes for sample collection and 

rndtiangle drilling for depth profiling of 
concentration. char-55, V1: 5 9  V2: 4 

contaminants. char-61. V1: 59; V2: 4 

V1: 5 9  m: 3 

v1: 5 9  V2: 4 

char-257, V1: 5 9  V2: 3 

sampling and mtxlng mdhds. char-81, 

sampling of heterogeneous wastes. char-270, 

sampling UsTs for volatile organics. 

SEAMiSTinverted mb-. char-273. 
V1: 6 5  V 2  19 

sediment sampling from restrfcted access 

soil/sediment sampling for volatile organics 
analysis, char-256. v 1 :  5 9  v2 3 

solid sorbcnt sampling in airborne organics, 
char-254, v 1 :  5 9  v2 3 

l~cation~, char-276. Vl:  5 9  V2: 4 

Sample preparation technologtes 
adaptation of the EPA TCLP leaching test for 

use with radioactive samples, char-209, 
V1: 5 9  m: 4 

v2: 5 

char47. v1: 59: v2: 4 

hlgh-prts~~re a~hing. char-203. V1: 59 

metallographic sectioning and preparation, 

microwave digestion. char-19. V1: 5% W. 4 
radioactlvc sample preparation. char-205, 

supercritical fluid urtractIon of inorganfa, 

supercritical fluid extraction of organics, 

v1: 59; v2: 4 

char-201. v1:  59: v2 5 

char-208. V1: 59: V2: 4 
Sampling design technologies 

optimization of sampling designs. char-71, 
v1: 5 9  v2: 3 

~y~tan.  char-228, V1: 5 9  Vk 3 

v2 3 

sampling Program confu&=tion pIEu1;BgQpent 

sequential sampling plans. char-252. V1: 5 9  

088680 
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Buried waste (HFIR control pkta). remedial 
action dtmmtks for, in WAGS 1 . 9 . 4 . 1 ,  6. 
uad7 

Excavation technologies 
a m h o t  drilling. w - 1 2 3 .  V1: 96; V 2  32 
wirellne basket TCCOVCIY. rem-125. V1: 96; 

V 2  32 

Buried waste (high*pedfic activity europium 
in aFpL TIIU oxides, and concentrated 
l a v - l m l v u t e ) , r e ! m e d i 8 l d o n d ~ t i v u  
for, in WAQm 1,s. 4.5.6, rod 7 

Conversion technologies 
txansmutation. rema-127. V1: 97; V2 29 

Buried waste (inorgda). churctcrfrrtion 
rlteznathu for. in W M .  1, S.4.5.6. and 7 

atomic emission spectroscopy. char-76, 

portable X-ray fluonsance. char-6, V1: 63: 

X-ray fluorescence for in situ monttoring of 

Flcld mthod tcchnologies 

V1: 63; V2: 14 

V2: 14 

toHc heavy metals. char-219. V1: 63: 
V2: 14 

Laboratory method technologies 
atomic emission spectroscopy. char-76, 

auger electron s p e c t ~ ~ ~ ~ ~ p y .  char-2, V1: 64: 

cold vapor bercury) analysis. char-24, 

electron difbction. char-37. V1: 6 3  V2 15 
electron spectroscopy for chemical analysis. 

V1: 63; V2 15 

V 2  16 

Vl:  64; V2: 15 

char-1. V1: 61; V2: 16 

char-35, V1: 63: V2: 15 

char-56. V1: 63; V2: 16 

~ p ~ ~ t r o ~ c o p y .  char-78. V1: 63; V 2  14 

char-77, V1: 63; V2: 14 

energy dispersive x-ray spectroscopy, 

glow dischage ionlzation mass spectroscopy, 

Mucuvdy coupled plasma- 

Mucuvely coupled plasma spectroscopy, 

ion chromatography. char-50, V1: 63: V2: 15 
neutron activatbn analysis. char-266. 

particle-Induced X-ray emissfon. char- 17. 

powder X-ray diffractton. char-31, V1: 6 4  

scanning electron mfaoscopy. char-33. 

transmission electron microscopy. char-%. 

V1: 6- V2 14 

V1: 63; V 2  15 

V 2  16 

V1: 6 3  V2: 15 

V1: 63: V2 15 
wavtlength dis-fn X-ray S ~ C C ~ S C O ~ Y .  

char-36. V1: 63; V2: 15 

Bpried waste (lov-lml waste), r e d  action 
dtenmthcs, in WAG. 1. S. 4.1.6, and 7 for 

Bottom scal technologies 
jet gmutlng, rema-85. V1: 9 5  V 2  26 
microtunneled high-density polyethylene. 

vibrated plastic tube bottom seal. rema-87. 
mna-86. v 1 :  95; m: 26 

v1: 95; v2: 26 

Capping technologies 
capping. -46. V1: 9 5  V2: 24 
intruder barriers. rema-94. V 2  24 

Destruction technologies 
d-sinkring. rema-98, V1: 97; V2: 27 
in situ vibl&aUon (buried waste). ~tma-100. 

vllrlfication 4 1 7 .  V1: 97; V2: 29 
V1: 96: V 2  29 

Excavation technologies 
borthok mining. rema-4, V1: 96; V2: 31 
modular excavation. rema-122, VI: 96: 

prrdsion excavation. rema-90, VI: 96; V 2  31 
remote excavation. rema-38, V1: 96: V 2  31 

V2: 32 

soMifL and mfne (frccE! and mine), rema-lo. 

vacuum loader (bulied waste). rema-101. 
V 1 : 9 6 ; n 3 2  

v 1 :  96: m: 33 
FIwtion technologies 

V 2  28 

V 2  29 

V 2  28 

V 2  27 
in situ vitxlilca~on (buried waste), rema-100. 

V1: 96: V2: 29 
pob=--p=gnated con-te/polymcr 

modified concrete. rema- 115. V1: 97: 
V 2  29 

V 2  28 

v1: 97: m: 28 

V 2  28 

cemtnttttous solidification, rema-9. V1: 97; 

caamlc encapsulation. rema-116, V1: 97: 

in situ chemical gmuung, rema-2. v 1 :  96; 

in situ particulate g m u w  rema-3, v1: 96; 

sulfur cement rema- 114. V1: 97: 

thermoplastic encapsulation. nxna-112. 

thexmoset encapsulation. rema-113. V1: 97: 

vilrlficathn. rema-1 17, V1: 97; V 2  29 

fI.eae separation, rema-91, V1: 96: V2 31 
gravity sorting, rema-8. V1: 96: V 2  31 

s h d d f n g  and magnetic separation, rema-93. 

Physical separation 

physiml SOrUng, rema-121. V1: 96: V 2  30 

v 1 :  96: m. 30 
soil washing. rema-6. m: 30 

walltechnologtes 
hydmmtU rema-84. V1: 95; m: 25 
slurry wall with Mgh-dcnsity polyethylene 

insut rema-83. V1: 95: Kk 24 

Buried waste (metdo). remedid action 
.Iternatiws for. in WAGS 1 .3.4,  5, 6. md 7 

Barrier techllologles 
-genic barriers. m - 5 8 .  V1: 95: V2: 25 
-Ut curtains, rema-42, V1: 9 5  V 2  24 

~ 0 f l  S ~ W .  rema-88. V1: 9 5  V 2  25 

jet @outing. rema-85. V1: 9 5  V 2  26 

s h a t  pik walls. rrma-41. V1: 95; Kk 24 

Bottom seal technologies 

microtunneled Mgh-density polyethylene, 

vibrated plastic tube bottom seal. rrma-87. 
rcma-86. v 1 :  9 5  v2: 26 

v1: 95; v2 26 
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Capping technologies 

capping, mm-46. v 1 :  9 5  v2: 24 
intruder barrttrs. rema-94. V 2  24 

caldning/sfnterlng. 1~ma-98. VI: 97; V2: 27 
Destruction technologies 

in situ vitdcatbn (buried waste). rema- 100, 
V1: 96: m: 29 

viblkdl~n. rema-117. V1: 97; V2: 29 
Drain technologies 

biopolpncr dratns. rema-44. V1: 95: V2: 25 
h c h  drains. rcma-43. V1: 95: V2: 25 
horizontal wells. rtma-45. V1: 95: V 2  25 

Excavation technologies 
b o & d ~  mtntng. mma-4, V1: 96: V2: 31 
modular excavation, rema-122. V1: 96; 

pndsion excavation, rema-90. V1: 96: V 2  31 
rcmote excavation. mma-38. V1: 96: V2: 31 

v2: 32 

did@ and mtne (h and mine). rtma-10. 

vacuum loader (buried waste), rema-101, 
V1: 96: V2: 32 

' VI: 96: m: 33 
Flxation technologies 

V 2  28 

V 2  29 

V 2  28 

V 2  27 

V1: 96: V2: 29 

camntitious solid&cation. rema-9. VI: 97; 

ccraznic encapsulation. rema- 116. V1: 97; 

In situ Chemtcal grouang, rCma-2. v1:  w 
in situ paltlculate gmutlng, rema-3, v 1 :  96; 

in situ vitdcation (buried waste). rema-100. 

polymer-impregnated concrete/polymer 
moditled concrete. mma-115, V1: 97; V2: 29 
sulrurpo- ce-t, =ma-114. V1: 97; 

V 2  28 

v1: 97; m: 28 

V 2  28 

Physical sepaxation 

thermoplastic encapsulation, rema-1 12. 

thermoset encapsulation. rema-1 13. V1: 97; 

viMcati0~1. rema-1 17. V1: 97: V2: 29 

freac p d c a t b n .  rema-91. V1: 96; V2: 31 
gravity so-. -4. V1: 96: V 2  31 

shddlng and magnetic separation. rema-93, 
phpiCa SO- n - 1 2 1 .  V1: 96; V 2  30 

v 1 :  96; v2 30 

Reanrcry technolo@es 

wall tcchnol~ies 

~ 0 l l  wa~hlng. mma-6. V2: 30 

s d t i n g .  wpro-111. V1: 97: V 2  30 

cryogenic -CIS. rtma-58. V1: 95: V2: 25 
hydromill. rema-84. V1: 95; V2: 25 

inserL rema-83, v1: 95: v2: 24 
slurry wall with highdensity polyethylene 

SOU S ~ W .  =ma-88. V1: 95: V 2  25 

Buried .rue (mted waste). remedial action 
.Itenmthm for. WAGS 1.3.4.1 .6.  and 7 

Bottom seal technologies 
jet grouttng. rt--85. V1: 9 5  V 2  26 
microtunneled hlgh-density polyethylene. 

rema-86. v1: 9 5  m: 26 

vibrated plastic tube bottom seal. rcma-87. 

C a p p w  rema-46. v 1 :  9 5  v2 24 
intruder barriers. rema-94. v2 24 

v1: 95: m: 26 
CaPPins technologies 

Destruction technologies 

Excavation technologies.$) 
dChhg/sinterlng. rema-98. V1: 97; Rk 27 

borehok mining. rtma-4. V1: 96: V2: 31 
modular excavation. rema-122. V1: 96; 

predsion excavation. rema-90. V1: 96: V 2  31 
remote excavation. rema-38. V1: 96: V 2  31 

V 2  32 

solid@ and mine (h and mine), --lo. 

vacuum mer (burled waste). rema-101. 

cazacntltious soWcation, rtma-9. VI: 97; 

ceramic encapsulation. rema-116. V1: 97; 

V1: 96: V2: 32 

v 1 :  96:m: 33 
m t i o n  technologtea 

V 2  28 

V2: 29 

V 2  28 

V 2  27 

V1: 9 6  V2: 29 

mod- concrete. mma-115, V1: 97; 
V 2  29 

V2: 28 

v 1 :  97: v2: 28 

V 2  28 

in situ chemical gmutlng, rema-2. v 1 :  96; 

in situ paruculate grouting, rema-3, v 1 :  96: 

in situ viMcation (burled waste). rema-100. 

polymer-impregnated concrete/polymcr 

sulfur polyma ccmtnt. =ma-114. V1: 97; 

thamopla~tic encaps&tion, rema- 1 12. 

thermoset encapsulation, rema-1 13. V1: 97; 

vfMcation. rema-117. V1: 97; V2: 29 

fr&zc pudcation. rema-91. V1: 96: V2: 31 
thermal desorption. rema-92. VI: 96; m: 30 

Physical sepatatton 

Wall technologies 
hydromill. rema-84, V1: 9 5  m: 25 

ins- r~ma-83. V1: 9 5  W2 24 
slurry wall with highdensity polyethylene 

Burid waste ( o r g d c r ~ .  charactuization 
alternatives for, in WAG. 1,3,4.  1, 6. urd 7 

Fkld method technologtes 
direct sampling ion trap mass spectrometry. 

char-90. V1: 64; V2: 16 
&as chromatography in the field. char-262, 

PCB fmmunoassay ktt, char-99. V 2  16 
V1: 64: V 2  17 

portable gas chromatogxaph/electron capture 
detector for analyzing PCBs, char-100, 
V1:64:V2: 16 

portable volatile organic compounds 
detectors. char-5, V1: 64: V 2  16 

synchronous fluorescence screening for 
polycyclic aromatic hydrocarbons. 
char-101. V1: 64: m. 17 

000682 
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Buried p..tc (organics), -on 
a- f&. in WAQ. 1,3.4,5,6, rpd 7 
(contbured) 

Laboratory method technologies 
analytical methods for chelatom and 

decontamination agents, char-206. 
V1: 64: V2: 17 

V1: 64; V2: 17 
capillaxy zone ekctmphoresis. char-207. 

&as chromatowphy. char-94. V1: 62: V 2  18 
&as chromatopaphy-Fotuk transiOrm 

infrared spactroscopy. char-66, v1: 64: 

&as chromatography--s ~PectrOsmPY, 

lisuid chromatoglaphy-mass spec-py. 

V2: 17 

char-88, V1: 64: V 2  18 

char-89. V1: 64; m: 17 

umaction-multidetector gas 

V2: 17 
solid phase mtcroatmction e c a l  

method. char-211, V1: 65: V2: 18 
synchronous fluorescence scrrening for 

polycycltc aromatic hydrocarbons. 

on-line supemitid fluid 

chromato~phy, char-115. V1: 64: 

char-101. V1: 64; V 2  18 

Baried waste (organic& r e d  action 
~ n m t h e s f o r , i n W A G s  1.3.4. 5, 6 . d 7  

Barrier technologks 
-genic barriers. -48, V1: 95; V2: 25 
grout curtains. rcma-42. v1: 9 5  v2 24 
sheet plle walls. -41. V1: 9% m: 24 
mfi saw. rema-88. V1: 95; V2: 25 

fet WuUng, rema-85. V1: 95: V 2  26 
Bottom seal technologies 

microtunneled high-dcnsity polyethylene. 

vibrated phstic tube bottom seal. rtma-87. 
rema-86. v 1 :  9 5  v2 26 

vi: 95; m: m 
&PPW -lo@= 

Destruction technologies 

cappfng. rema-46. v 1 :  95: v2 24 
intruder barriexs. rema-94, V 2  24 

ddning/sinterln& rema-98. V1: 97: V2: 27 
h&-tio~~. m - 9 5 .  V1: 97: V2: 27 
in situ biodegradation. rema-1 10. VI: 96; 

V 2  26 
in situ htating, m - 9 9 ,  V2: 26 
In situ vitrtfication (burled waste). mna- 100. 

VI: 96: V2: 29 

V 2  27 
low-tcmpexature ashlng. rema-7. v1: 97: 

vitrlflcati~~~ rema-117. V1: 97; V2: 29 
Drain technologies 

biopolymer drains, rema-44. V1: 9 5  V2: 25 
h c h  drains. rtma-43. V1: 9 5  Kk 2 5  
horizontal wells. rema-45. V1: 95: V2: 2 5  

borehole mining, rema-4. V1: 96: V2: 31 
modular excavation. rema-122. VI: 96: 

pndsion excavation. rema-90. V1: 96: V2: 31 
remote excavation. mma-38. V1: 96; V 2  31  

Excavat&n technologies 

V 2  32 

Solidify and mim (fl=z.c and mine). rema-lo. 

ValxaUxn loader buried waste), rema-101, 

cementitious soltditlcation. rema-9, VI: 97: 

ceramic encapsetion, rema-1 16, VI: 97: 

in situ chemical grouthg, rema-2. VI: 96; 

v1: 96: v2 32 

v 1 :  96: m: 33 
Ffxation technologies 

V2: 28 

V 2  29 

V2: 28 

V 2  27 

V1: 96: V2: 29 

modified mncrete, =ma-115, V1: 97: 
V 2  29 

V 2  28 

in situ particulate grouttng, runa-3. v1: 96; 

in situ vitdcauon (buried waste). rema-100. 

poiymcr-impregnated concrete/poIymzr 

sulfiv p o e  amen& mna- 114, V1: 97; 

thermoplastic encapsulation. rema-1 12, 

thermoset encapsulation, rema-1 13, V1: 97; 

vitrlflcaUon. rema-1 17. V1: 97: V2: 29 

v 1 :  97: V2: 28 

V 2  28 

Physical separation 
kacted air stripping. rema-89. Vi: 96: V 2  30 
h pur lka tb~~ .  m - 9 1 .  V1: 96; V2: 31 

physfml sorting. m - 1 2 1 .  V1: 96; V 2  30 
Shdding and ~ C U C  ~eparatlon. m - 9 3 ,  

Sollwashiq&rema-6*m30 

gmvity sorting. rema-8. V1: 96: V 2  31 

v 1 :  96: m: 30 

thw desorption. m - 9 2 .  V1: 96; m: 30 

cryogenic barriers. m - 5 8 .  V1: 95; V2: 25 
Wall technologies 

hydromtu rema-84. v1: 9 5  m: 25 
slurry wall with high-density polyethylene 

insert rema-83. v 1 :  9 5  V2: 24 
d sicw. rema-88. Vl: 95: V 2  25 

Baried vaste (physical problem m). 
characterization dtenmtives for, in WAGS 1.3. 
4. 5.6. ad 7 

Field method technologies 
groundwater discharge location. char-259, 

in situ ground-water flow meter, char-258, 
V1: 6 5  m: 18 

V1: 6 5  V2: 18 
Laboratmy method technologies 

optical ~ C ~ O S C O P Y .  char-32. V1: 6 5  V 2  18 
particle size anaysls, char-26. V1: 6 5  V2: 18 

Buried waste (mdioastive element.), 
chamctaiaation &andve8 for, in WM. 1.3, 
4. 5.6. ad 7 

meld method technologies 
advanced radiation monitors. char-269, 

Vi: 62 m: 12 
alpha track etch detectors for surface alpha 

contamination. char-96, V1: 6 2  V 2  13 
bubble doslmeters for neutron flw. char-2 16. . 

V1: 6 2  V2: 12 
electret passive surface alpha monitor, 

char-95, V1: 62: Vk 13 

QWFj8.3 -- 
Remedial Action Index 

Page 6-10 September 1993 

i 



7 1 5  1 
electromagnetic OW log survey. char-272. 

fiberoptic chemical sensors. char-25, V1: 6 5  

hydrofracture ground water monitoring. 

long-range alpha detector. char-65. V1: 62: 

passive monitors for weak beta radionuclides. 

v2 19 

v2: 19 

char-274. V1: 65; V2: 19 

v2 12 

char-102. V1: 62: V 2  12 

char-263. VI: 62: V 2  13 
portable gamma-lay S c ~ t t U O m e t e ~ ,  

proportional counter for alpha and beta 
acttvtty, char-108. VI: 62.63: V 2  12 

thermrlumfnesccnoc dosfmeter array for 
spatial characterization of alpha 
contsmination. char-103. VI: 6 2  V2: 12 

Laboratmy method technologtes 
--ray ~ptctromtry. char-268. VI: 63; 

V2: 14 

VI: 63; V2: 14 
liqutd scintUlation counting. char-267. 

neutron acttvation. char-107, V1: 63: V 2  13 
neutron activation analysis. char-266, 

VI: 63-64; V2: 14 
photon electron rejecting alpha liquid 

sdntlUaUon. char-97, V 2  14 
proportional counter for alpha and beta 

acttvtly. char-108. VI: 63. VI: 6 2  V2: 13 
radioadyucal produres. char-202. v 1 :  63: 

V 2  13 
sodim iodidt-germanfum gamma 

~ p e ~ t r o ~ ~ ~ p y .  char-106. V1: 63, V1: 62: 
V 2  13 

Buried waste (radionudid-). remedid action 
for. in WAGS 1.3.4.1. 6. and 7 

grout curtains. ~ma-42. VI: 9 5  V 2  24 
s h a t  pile walls, nma-41. VI: 95; V2: 24 
slurry walls. rema-40. VI: 95: V 2  24 

biopolymer drains. mm-44. V1: 95; V2: 25 
k n c h  drains, rema-43. VI: 95: V2: 25 
horkontal wells. nma-45. V1: 95: V 2  25 

Banter technologies 

Drain technologtes 

Buried mmste, robotics .nd automation 
dtern8tiVes for. in WAG. 1.3.4. I, 
6, and 7 

Controls--algorithms technologtes 

VI: 115. 122 V2: 53 
combined mobuity /manipulation. roba-34. 

control modes, roba-27. V1: 115. 122 V2: 52 
emtgency S h u t d o n  mba-37. V1: 115. I 2 2  

v2 53 

V1: 115. 122; V2: 5 3  

VI: 115, 122 V 2  53 

V1: 115, 122: V 2  53 

manipulation (Cartcstan control). roba-31. 

mantpulation (joint control). roba-30, 

manipulation  redundancy control), roba-33, 

manipulation (special purpase control). 

safety (cobion avoidance). roba-35. VI: 115. 
rob-32. V1: 115. 122 V2: 53 

122 v2: 53 

safety (laad/rate limiungl). mba-36. v2 53 
vehicle/mobility drfving. mba-28. VI: 115. 

vehide/moblhty navigaUon. roba-29. 
122 V2: 52 

VI: 115. 122: V 2  53 
Controh-human/machhe interha technologtes 

console (data hand methods). roba-39. 

console (hed/mobfle/suttcase), mba-38. 

opaator lnterfaa (command tnput). roba40. 

opuator interface (operator asststana). 

opcmtor interfaa (sstaius/alert system). 

VI: 116. 122 V2* ”$ 
VI: 116. 122 V 2  54 

VI: 116. 122 V 2  54 

roba41. VI: 116. 123: V2: 54 

roba-42. V1: 116. 123: V& 54 
MechaniCa-end-Of-arm toolhg teChn010gie~ 

cndc&ector changeout mechanisms, roba- 

end effectors/altematWcs, roba-23. VI: 115. 

force limittng/compiiant mechantsms. 

g e n d  grippcr/tool i n e c e .  mba-25. 

24. VI: 115. 122 V 2  52 

122 V 2  52 

mba-26. VI: 115. 122 V2: 52 

V1: 115. 122 V 2  52 
Mechantd-madpulation technologtes 

compact. high-capacity manfpulators, 
robs-19, VI: 115. 122 V 2  52 

dexterous manipulators, mba-16. VI: 115. 
122: E?: 51 

Mechanical-mcchanism technologtes 
stabillzation/support mechantsms or booms. 

robs-22. VI: 115, 122 V 2  52 
tool caddies, mba-21. VI: 115. 122: V 2  52 

Mechanid-mobUty technologtes 
data/signal transmission. roba-13. VI: 115. 

h i lu re  rranrery systems fbr mobile platforms, 
122: V2: 51 

rob-11,  VI: 115. 122 V2: 51 
long-- deployed robotic platforms. mba-9, 

VI: 115. 122 V 2  51 

VI: 115. 122 V 2  51 
power sources for mobtle platforms, roba- IO, 

spectaltzed robotic deployment platforms. 

transportation methods for mobile platforms, 

whecled/ttacked vehicle. mba-1, V1: 115. 

rob-7. V1: 115. 122: V 2  51 

rob-12. VI: 115. 122 V2: 51 

122 V2: 51 
Other technologies 

characterfiatlon sensor integmtion. roba-58. 

field hardening. mba-53. VI: 116. 123; 

information management for sample 

inkgrated automated analyUcaL roba-55. 

ndtation hardening, rob-54. VI: 116, 1 2 3  

sample collection. roba-57. VI: 116. 123; 

sample preparation. roba-59. V1: 116. 123: 

VI: 116, 123 V 2  56 

v2 55 

handling, roba-56. V1: 116. 123; m: 56 

VI: 116, 123; V2: 55 

v2 55 

V2: 56 

V 2  56 
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Buried waste. mbotia and automation 
a- for. W M .  1.3,4.5. 

Sensols--control technologies 
6, U d  7 (conttucecU 

forcc/toque, rob-50. V1: 116.123; V2: 55 
posiUon/velodty 8ensom. mba-48, V1: 116. 

pmxhnity probes as control sensom, rob-51. 

tooling sensors. roba-52, V1: 116. 123; 

123; v2: 55 

V1: 116. 123; V2: 55 

v2: 5 5  
SensoIs--perceptfon technologies 

forcc/torquc sensors, roba-46. V1: 116. 123; 

proxlmtty probes. roba-45. V1: 116, 123; 

ange &Idem. roba-44. V1: 116. 123; m: 54 
vlsual/auraL roba43. V1: 116. 123; V 2  54 

m. 55 

V 2  54 

Buried waste (trench subsidence). remedirl 
d o n  dtemativa for. in WAO. 1.3.4. 5.6, 
and? 

Structural stabilization technologies 
dynamic compaction. mma- 1, V1: 95; V 2  23 
horizontal mlxed in-plaa. rema-81. V1: 95: 

in situ solidification. rema-5, VI: 95; V2: 23 
V 2  23 

Structural Caps. -46, V1: 95; V2: 23 
~urchage, w - 8 2 .  V1: 9 5  V2: 23 
therms set resin impregnation. mma-97. 

v 1 :  9 5  m: 23 

- c -  
c.pilkrg Lone dectrophor#t. char-207, 
V1: 64; m: 17 

-Ping. RCRA requirements for. V1: 177-179 

CdChbg/dPw, m - 9 8 ,  V1: 97: V2: 27 

Caves. &-dome fonmtions. ult-bed 
fomtiop.,  .nd underground mincm. VI: 207 

ccnreptitiop. soli-n. mma-9. v1: 97; 
V 2  28 

mc8p88htiion. r~ma-116. V1: 97; 
V2: 29 

CERcLLsee 
Compmhensfve Envtronmental Response, 

Compensation. and Idabfflty Act 

C ~ l i 8 t i C a u k .  see 
Resoura Consetvation and Recovery Act 

Chamctcrt.tiondhnmtba.sag 
Biologtcal waste (in all problems). 

Buried waste (composition determination), 
characterlzatin alteinattvts for 

chamckkatton dtcrnallvcs for, in WACs 
1. 3, 4. 5.6. and 7 

c h a m c q o n  dtemaUvw for, in WACs 
1. 3, 4, 5.6, and 7 

alternatlvcs for. in WAGS 1. 3. 4. 5, 6. 
and7 

alternatives for, in WACs 1. 3, 4. 5. 6, 
and7 

characterlzatron alternatives for. in WAGs 
1. 3. 4. 5. 6. and 7 

characterlzatfon alternatives for, in WACs 
1. 3, 4, 5, 6. and 7 

problem areas). characterization 
dtematlvcs for. in WAGS 2, 3. 4. 5, 6.8. 
9, 10,and 11  

charactcrlzation alternaUvw for, in WAGs 
2 , 3 . 4 . 5 . 6 , 8 , 9 , 1 0 . a n d 1 1  

Ground water and surface water (organics), 
chamctalzaUon altemaUws for, in WAGs 
2. 3. 4. 5. 6, 8. 9. 10. and 1 1  

Ground water and surface water (physical 
problem areas). chamc-n 
dtcmativcs for, in WAGs 2. 3.4. 5.6.8, 
9. 10. and 11 

eltments), characterization alternatives 
for, in WAGs 2. 3.4. 5. 6. 8. 9. 10. 
and 11  

chamctahuon alternatives for, in 
WAC 10 

Hydmfncturc (inorganics). &uact&zaUon 
dtemattves for, in WAG 10 

Hydrofncture (organics). characttrlzatton 
dkmaUvcs for, in WAG 10 

Hydrofracture (physical problem arras). 
charactcifiation alternattves for. in 
WAG 10 

chamctcrkatfon alternatives for, in 
WAG 10 

charactalztion alternatives for. in WACs 
1. 5. 8, and 9 

alkmattves for, in WAGS 1. 5.8. and 9 

altemattves for, in WAGs 1, 5, 8. and 9 

chamctmbzitlon alternatives for, in WACs 
1. 5, 8, and 9 

Buried waste (general problem arras). 

Buried waste (inorganics)]. characterization 

Burled waste (oqpnics). chara-n 

Buried waste (physical problem areas), 

Burfed waste (radioacttve elements). 

Ground water and surface water (general 

Ground water and surface water (inorganics). 

Ground water and surface water   radio act^^^ 

Hydrofracture (general problem arcas), 

Hydrofracture ( x a d i o a c ~  elements). 

Impoundments (general problem arras). 

Impoundments [inorgantcs). charactcrfiation 

Impoundments (organics), characterkatfon 

Impoundments (physical problem areas). 

000685 

Page 8-12 

- - . . - . - - -. . . ._ 

Remedial Action Index 
September 1993 



7 7 5  1 
Impoundments (xadtoactive elements), 

charactcrkatton alternatives fbr. in WAGs 
1. 5, 8, and 9 

characterization alternatives for, in WAGs 
1. 4, 5. 7, and 8 

Pipdines (inorgantcs), characte-tion 
alternatives for, in WAGS 1.4.  5. 7. and 8 

Pipelines (organics, characterization alternatives 
for, in WAGs 1. 4. 5. 7, and 8 

Pipellncs (physical problem areas), 
characterbtion dternaUves for, in WAGs 
1.4, 5. 7, and 8 

PlpClines elements). characterization 
alternatives for, in WAGS 1. 4.5,  7, and 8 

Pits and trenchw [general problem areas). 
charactcrbtbn alknattws for, in 
WAG 7 

Pits and trenches (inorganics). characterization 
altcmatlves for, in WAG 7 

Pits and trenches (organics), characterization 
alternallws for, in WAG 7 

Pits and trenches (physical problem areas), 
characterization alternatives for. in 
WAG 7 

charactcrkatton alternatives for, in 
WAG 7 

characterization alternallws for, in WAGs 
1. 5, 8, and 9 

Soils and sediments (inorganics), characterization 
alternatlvcs for, in WAGs 1. 5. 8, and 9 

Soils and sediments (organics), characterization 
alternatives for, in WAGS 1. 5.8. and 9 

Soils and scdimmts (physid problem areas), 
charactcrfiaton alternatives for. in WAGs 
1, 5. 8. and 9 

dmmddzation alternatives for, in WAGs 
1. 5, 8. and 9 

Tanks (general problem areas), characterization 
alternatives for, in WAGS 1, 5.8.  and 9 

Tanks (inorganics). characterization alternailves 
for, in WACS 1. 5. 8. and 9 

Tanks (organics). chamcterization alternatives 
for, In WACS 1. 5.8. and 9 

Tanks (physical pmblem areas). characttI.lzation 
alternattves for, in WAGS 1.5.8.  and 9 

Tanks (radioactk elements). characterization 
alternatives for, in WACS 1.5.8.  and 9 

Pipelines (general problem areas). 

Pits and trenches (radioacttve elements), 

Soils and sediments [general problem areas), 

Soils and sediments (radtoacttvc elements), 

Cburctcrt.tion sumor integration. mba-58. 
V1: 116. 123: V 2  56 

Chy/’bcntonitc uiditivu, rcma60, VI: 100; 
V 2  41 

Clt.nAirACt 
Air emissions. V1: 176 
Fugitive dust emissions. V1: 174 

N a t b d  Ambknt Air Quality Standards. 

National Emission Standards for Hazardous Air 

TDEC air standards. V1: 174 

V1: 146. 174 

Pohtants (NESHAPs). V1: 154. 158 

clun water Act 
Dischare of dredge or mterlaL V1: 175. 

Dmdging.Vl: 175.185 
Federal ambient water q d t y  cdteria. V1: 145. 

Health advlsorks. V1: 155 
National Pollutant Discharge Elimination System 

(NPDES) pumlts. V1: 175. 182-185 

1-185,211 

147-153 

TDEC ambient water quality criteria. v1:  146 

Cleanup criteria See 
Residual radioacttve m a t e d  

Client/.eirer lrrm to st.ndud. and 
rcgulatorg guidelines. dism-153, V1: 61: V 2  8 

Ctient/.ura uchitecturc for data bue 
access. dism-157. V1: 61: V2: 9 

Cold vapor (- umlyds. char-24, V1: 61; 
V 2  15 

Combined mobility/maaipdation. roba-34. 
V1: 115. 122: V 2  53 

Compact, h i g h d t y  manipulators. roba-19, 
V1: 115. 122: V 2  52 

Composition d e t e r d a d o n .  techaohgicm for. 
see 

Buried waste (composition determination). 
characterkatton alternatives for, in WAGs 
1, 3. 4. 5. 6. and 7 

Compnheo.ioe Envimnmentol Response. 
Compensation. md Lopbity k t  

Natural Resource Damage Assessments, V1: 133 
Natural ~CSOUIU hustces. V1: 133 
Parnit reqdmmmts. V1: 169 

Computct-dded task aaalysim m d  pmcedme 
preparation. dism-172. V1: 61: V2: 9 

Computer-bucd trripine systemm. dism-191. 
V1: 61: V2: 9 

Configourtion -entent system. char-229, 
V1: 62; V2: 1 1  

Conde (dotr hrndlipe methob). roba-39. 
V1: 116. 122: V2: 54 

Co-ole (med/mbia/spitcp.e). rob-38, VI: 116. 
122 v2: 54 

Contain- 
RCRA storage and closurt 

V1: 180-181 888686 
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Coatrinmmt BuUding. See 
Ruroura Conservation and Recovery Act 

Cont.mlp.ted shdge/soU techno)ogica for. 
see 

Pits and trmches (contamlnatcd sludge/soil). 
rcmedlal actIon dternathrcs for, in WAG 7 

Cont.mio.kd.oitSee 
Land disposal rtstrIctions 

ContMinrtion. char-103. V1: 62; V2: 12 

Contadndon oontmkandyticd equipment. 
char-204. V1: 60; V2: 7 

Contml d e s ,  mba-27. V1: 115, 122 V 2  52 

Contml m. See 
Buried waste @ElR control plates), remedial 

actlon altcmatlvcs for, in WACS 1. 3.4, 5. 
6. and 7 

ComctmdanSee 
Rcsourcc ConseNaUon and Recovery Act 

Comctlve Action Mamguecnt Unit (clraao). See 
Resource Consavation and Rearvcry Act 

Criticdig ipdfccr;. char-44. V1: 61: V 2  10 

crpoeenic M e a .  rrma-58. V1: 95.98.99: 
V 2  25.33.41 

Crpogenic immobElirotioa rema-79. V1: 101: 
V2: 46 

Data access scmicu. dism- 154. V1: 61; V 2  8 

-t./.fQarJ - * ‘on. mba-13. V1: 115, 
122: V2: 51 

Deb& 
Containment builcbg, V1: 195-196 
Hazardous debris, V1: 170. 172 

De d d d ~  rbk, V1: 157 

Department of Energy requirements 
Discharge of liquid waste to surfaa waters. 

Disposal of radloactlve was&. v 1 :  163 
v 1 :  163 

Management of radloacttve waste. V1: 163. 168 
O ~ ~ ~ p a t l o n a l  wposurc limits. V1: 162 
Public ladiatton exposure limits. V1: 162 
Rtsidual radioactivity. V1: 165. 168 

-Radtoacttve mate&. V1: 16 1 - 
Hazardous matdais. Vl: 161 

Detection and mwurement systems with 
f u t p n  m, char-223. V1: 62: V 2  1 1  

Dutaoor d-. roba-16. V1: 1 1 5 . 1 2 2  
V2: 51 

Direct sampling ion tmp rmu spectrometry, 
char-90. V1: 64: Kk 16 

Dischuge or- or ~ t l  motuipb. see 
Clean Water Act 

of liquid auk to smi.ec waters. See 
Dcpartmcnt of Energy requinmlnts 

D i s p o d o f r u l i ~ a u k . s e e  

D o e  wt.. see 
Department of Energy requirements 

Radionuclides, regulatory compliance for 

Dredgine. rcma-48. V1: 100: V2: 42 

Ihedeipg. see 
CleanWatcrAct 

lDplumic comglction. rema-1. V1: 9 5  V2: 23 

Dynamic modeling of m8.teri.l trMsport. 
char-255. Vl: 62 V 2  1 1  

- 3 3 -  

Electret pusive stlrfsee alpha monitor, . 
char-95. V1: 62: V2: 13 

Electrical and electmnmgnetic detection of 
ground and geologic features. char-125, V1: 60; 
V2: 6 

Electrochemical methods, char-10, V1: 60: 
v2 7 

Electrokinetic remod. rema-19. v1: 9 8  v2: 36 

ELectrOmryQletic 0-t log S ~ Y ,  char-272. 
v2: 19 

Electmn w o n .  char-37, V1: 63: v2: 15 

Electron spectroscopyfor chemical .nrrty.ir, 
char-1. VI: 64; V2: 16 

EmySUrCJr .hutdo- roba-37. V1: 115. 122; 
v2 53 

End-effecctor chaugeont mcchmt.mr. mba-24. 
V1: 115. 122 V2: 52 

000687 
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End effecton/.lternrtives, roba-23. V1: 115, 
122 V2: 52 

Energy atpmive x-ray spectro.copy, char-35. 
V1: 63; V2: 15 

- F -  
Failure recovery sptemr for mobile pktfornu. 
mba-11, V1: 115. 122 V2: 51 

F e d d  d i e a t  water quality See 
Clean Water Act 

F e d 4  Fdtiem Agreement. V1: 131 

F e d d  F d t i a  C o m p l i ~ c e  Act, V1: 132. 158 

Fedd Facilities Compliance Agreement 
LDR-FFCA/ORR V1: 132, 157 
hfixed was& FFcA/ORR, V1: 132, 157 

Fedd hsectidde, Rmgicide. and 
Rodenticide Act 

Pesticides. V1: 205 
Disposal, V1: 205 

Fiba-ptic c h e d d  w p . 0 ~ ~ .  char-25. V1: 59. 
e v 2  5.19 

a d d  bud-, robs-53, V1: 116. 123; V2: 55 

Fbod pwrU. wetlands and. V1: 207 

Force limitbg/compll.nt mechedsxam, 
mba-26. V1: 115. 122 Vk 52 

Force/terqae. roba-50, VI: 116. 123 V 2  55 

Force/torq~ae KP.OXS, roba-46. V1: 116. 123; 
v2: 55 

F o d e r  tm~foonn inhred opectrwcopg, 
char-8. V1: 60: v2: 7 

FrrdJ. used to select models for material 

v2 11 
h porn- mdir char-225. V1: 62 

Ratted d r  stdpphg, rema-89. V1: 96: V2: 30 

Fmze sepudon. runa-91. V1: 96: V2: 31 

French drrsp.. ~ema-43. V1: 95.99: V2: 25.40 

mtive dust emidon. See 
Clean Air Act 

- G -  --- .pectrometry. char-268. V1: 63: 
V 2  14 

OU chro-tomfiy, char-94. V1: 61; V 2  18 

OU chro-tography-&ter trrp.form 
iafrued spectroscopy, char-66. V1: 61; V 2  17 

OU chro-to&hy in the field. char-262. 
V1: W V2: 17 

General gripper/tool &~te&cc. roba-25. 
V1: 115. 122: V 2  52 

General problem ueu.  See 
Burled waste (general problem areas). 

charactrrlzaton alternatives for, in WAGs 
1. 3, 4, 5. 6. and 7 

problem areas), characterization 
alternaUves for, in WACS 2. 3. 4. 5. 6, 8. 
9, 10,and 11 

charactdzation alternatives for, in 
WAG 10 

charactnfiatton alternatives for, in WAGs 
1. 5. 8. and 9 

charactrrlzatlon alternatives for, in WAGs 
1, 4, 5, 7. and 8 

Pits and benches ( g e n d  p d l e m  areas), 
charactnfiation altcmatkm for, in 
WAG 7 

c b c t m l z a t t o n  alternatives for, in WAGs 
1. 5. 8. and 9 

dtemathres for, in WACS 1. 5.8. and 9 

Ground water and sufface water (general 

Hydrofracture (general problem areas), 

Impoundments (general problem areas). 

Pipelines (general problem areas). 

Soils and sediments (general problem artas). 

Tanks (general problem areas). charactdzatlon 

Geographic idonnation system for DOE dta, 
dism-181. V1: 61: V2: 8 

Glow discharge ionization mru spectroscopy, 
char-56. V1: 63: m: 16 

M t y  ~ O r t i n g ,  m - 8 .  V1: 96: V 2  31 

Ground-penetrating ndu, char-124. VI: 60; V2: 6 

Q o u n d w a t e r d s u r f a c e v r k r  
Description of implementation needs for rtmtdbl 

Description of rrmedia action altcrnathns for, 
action altematfves. V1: 93 

v1: 84-85 
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QIopndVatamd *dux rprtu (contlNm4 
Description of sciena and technology needs for 

Problem dcildtion, V1: 23 
Rcguiat~ry requfr~ments for cicanup. 

rcmedhl action altcmattvts. V1: 89 

V1: 137-146 

Qortndwaterud surface water (general problem 
 tu), chrrtert.tion dtcnmtiva for, in WAGS 
2, S, 4.S.6.8.9, 10. .nd 11 

Data analysis maMgement ftcb"0togies 
analysis of censortd data, char-249, V1: 61; 

v2 10 
appUcatlon of appmdmatc reasoning to data 

analysis/duation, char-234. V1: 61: 
v2 9 

engineering drawings. dism-155. V1: 61; 
v2 9 

regulatory guidelines. dism-153, V1: 61: 
V 2  8 

client/smnr architecture for data base 
acass. dism-157. V1: 61: V2: 9 

computer-aided task analysis and procedure 
preparation. dism- 172. V1: 6 1: V2: 9 

computer-bascd traintng systems. dism- 19 1, 
V1: 61; V 2  9 

codgumtion management system. char-229, 
V1: 6 2  V2: 11  

criticality indices. char-44. V1: 6 1: V2: 10 
dataacaxm services. dism-154, V1: 61: V2: 8 
detcctlon and masurement systems with 

feature extraction char-223, V1: 62; 
v2 1 1  

char-255. V1: 6 2  V2: 1 1  

transport in ~ O ~ O U S  media, char-225. 
V1: 6 2 V 2  11 

automated scanning and cOnvMSiOn of 

clicnt/servtr acccss to standards and 

dynamic modeling of material transport 

hctals used to select models for material 

geogxaphic information system for DOE sites. 
dism-181, V1: 61: V2: 8 

hazard a d p i s  ~ r p e r t  system, char-233. 
V1: 61: V2: 9 

Vl: 61; V 2  10 

-tion in porous materials. char-53. 
V 1 : 6 1 : n  10 

hypcrturt tnformation systems. dism-158. 

modeling of volatile organic Qlmpounds 

multlscnsor fusion mcastmmcnt systems. 

mtworkafchitecturewithintegrated 
workstations. char-221. V 2  8 

project infbrmation access servfces, 
dism-151. V1: 61: V2: 8 

quality control for measurement processes. 

stmulatexi wakthrough facility for robotics 

char-222, V1: 62: V2: 1 1  

char-250. V1: 61: V 2  10 

task sequence analysis. dism-171. V1: 61; 
m: 9 

V1: 61: V2: 10 
~ p a t k l  Sample and data analy~is, char-253. 

statistical methods for the analysis of large 
data sets. char-251. V1: 61: V2: 10 

stored m a w  neural net identification 

subsurfaa complexation mod4 char-45. 
Systtm char-242. V1: 6 2  V2: 1 1  

V l :  6 2  V2: 1 1  

v 2  10 
task scheduling dds. char-241. V1: 61: 

Detectlon/masurenaent-field method 
-lo* 

air monitoring. char-59. V1: 60: V 2  6 
ekctrical and ektromagnetic detection of 

@ o d  and @o@C featurrs. char- 125. 
V1: 60: V2: 6 

v2: 7 

v1: 5% v2 5 

V 2  6 

V 2  5 

dtsprrsion). char-18. V1: 60; V 2  6 
ion mobility mass spectrometry. char-264, 

v1: 5 9  v2: 5 

ekctrochemtcal mthds. char-10. V1: 60: 

flkr-optlc chemica SC~EMXS. char-25, V1: 65, 

P u n d - p t r a t l n g  rad=, char-124. V1: 60: 

immunoassay detection, char-23, V1: 60: 

l n h r e d  specttpscopy (wavelength 

magneUC3. char-128. V1: 60: V2: 6 
microgravity methods, char- 127, V1: 60; 

optical absovtion spectroscopy, char-27, 
V 2  6 

V1: 60: V2: 5 
personnel monitoring. char-52. V1: 60: V2: 6 
portable lumtncsccnce detection. char-92, 

portable Raman spectrometer, char-84. 
V1: 60 V 2  7 

VI: 60 V2: 5 

dection). char-126. V1: 60; V2: 6 
tomogmphic sdsmic monitoring. char-, 

V1: 60 V2: 6 
ultrasonic ranging and data system, 

Dttection/masurement-labomtory method 

sdsmic methods (rctlaction. p m w  

char-123. V1: 60; V2: 6 

technologies 
contamination control-adytical equipment, 

Fourier transform infmred spectroscopy, 

isotopic dilution mass spectroscopy. char-48. 

laser ionizatton mass spectrometry, char+, 

nuclear magnetic resonance, char-1 1, VI: 60: 

secondary ion mass spectroscopy, char-3, 

ultravlolet/vIsible spectroscopy. char-9, 

char-204, Vl:  60; V 2  7 

char-8. V1: 60: V2: 7 

V1: 60: V2: 7 

V1: 61: V2: 8 

v2: 7 

V i :  60 V2: 7 

V1: 60; V2: 8 
Sample colkction technologtes 

in situ soUd phase microahaction of 
organics. char-210, v1:  59; v2: 3 

membranes for sample collection and 

multhngle drilling for depth pro€Uing of 
conanbation. char-55, V1: 5 9  V2: 4 

contaminants. char-64. V1: 5 9  V2: 4 
m p l h g  and m k h g  m~thds.  char-81. 

Vl: 5s v2: 3 000689 
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sampling of hetem,gmeoUs wastes. char-270. 

v 1 :  5 9  V2: 4 

char-257, V1: 59: V 2  3 

l o c a t i ~ n ~ .  char-276. V1: 5 9  V2: 4 

sampling UsTs for volatile organics. 

scdimnt sampling kom rrsmcted access 

sofi/scdhxmt sampling for volatile organics 
anatysis. char-256, v 1 :  59: v2: 3 

solid sorbent sampling in airborne organics. 
char-254, v 1 :  5 9  v2  3 

Sample prepaxation technologtcs 
adaptatton of the EPA TCW kaching test for 

UBt with dim* samples, char-209. 
v 1 :  59: V2: 4 

v2 5 

char-67. v 1 :  59: v2: 4 

h@l-pr~surt  ashhg, char-203, V1: 59; 

m c t a h ~ p h i c  sectioning and preparation. 

micawwave digestion. char-19, V1: 5 9  V2: 4 
radioacthre sample preparation. char-205, 

supercritical fluid extraction of inorganics. 

supcrcritical fluid extraction of organics. 

v 1 :  5 9  V2: 4 

char-201. v 1 :  59: v2  5 

char-208. v1: 59: v2  4 
Sampling design technologtes 

optimization of sampling designs, char-7 1. 

samphg pmgmm cordgumtion management 

sequential sampling plans, char-252, v 1 :  5 9  

V 1 : 5 9 : m : 3  

systtm. char-228. V1: 5 9  V2: 3 

v2 3 

Ground vatcr and 0- water (inorgauiu), 
chrretat.tion dtematives for. in W- 2.9.4. 
1.6.8.9, 10, d 11 

Field method tcchnologlts 
atomic emissfon spectroscopy, char-76, 

portable X-ray fluorescence, char-6. VI: 63: 

X-ray fluorescence for in situ monitoring of 

V1: 6 3  VZ 14 

V2: 14 

toxk metals. char-219. V1: 6 3  
V 2  14 

Laboratory method technologies 
atomic emission spectroscopy. char-76, 

auger electron spcctrosmpy. char-2, V1: 64: 

cold vapor (mercury) analysis. char-24, 

electron difhction. char-37. V1: 63: V2: 15 
eleckon spcctmscopy for chemical analysis, 

energy dlspexstve X-ray spcctrc~~copy. 

glow discharge ionization m a s  spectroscopy. 

inductively coupled plasma-rnass 

inducthdy coupled plasma spectroscopy. 

ion chromatography. char-50, V1: 63; V 2  15 
neutron acthration analysis, char-266, 

V1: 6 3  V2: 15 

V 2  16 

V1: 64: V2: 15 

char-1. V1: 64: V2: 16 

char-35. V1: 63: V2: 15 

char-56. V1: 63: V2: 16 

S ~ C C ~ ~ ~ S C O ~ Y ,  char-78. V1: 6 3  V2: 14 

char-77. V1: 63; V2: 14 

V1: m. 14 

particle-induced X-ray emission. char-17, 

powder X-ray diffraction, char-31. V1: 64: 

scanning electron mtcroscopy. char-%. 

transmission electmn mimscopy, char-%. 

wavelength dispersive X-ray spcctmscopy. 

V1: 6 3  m: 15 

V 2  16 

V1: 63; W: 15 

V 1 : 6 3 m  15 -), 

char-36. V1: 63; V2: 15 

Ground water .nd 0rrrt.ee water (inorg.Picr), 
remedial a d o n  dtun~tiva for, in WM. 2.3.4.  
8, 68.9. 10, .pd 11 

artifldal ahtknds. runa-63. v 1 :  101; m: 46 

adsorption on biomedia, rema-73. VI: 100: 

in situ acttvated carbon. runa-67. VI: 101: 

in situ biomedia adsorption. rema-74. 

in situ ion exchange. -44. V1: 101: 

in situ predpitation. rema-62. V1: 101: 

ion exchange, rema-65, V1: 1 0 0  m: 42 

Destruction technologies 

Physical separation tcchnologtcs 

v2: 43 

v2 43 

v 1 :  101: v2: 43 

v2 43 

V 2  62 

pndpitation, rema-34. v 1 :  1 0 0  v2 44 

Ground arttr and o m t r e  v a k r  ( n i m ) ,  
remedial action dtemativa for, in WM. 2.9.4. 
8.6.8.9, 10, and 11 

Destruction technologtes 
biologtcal denttriflcation. rema-75, VI: 100. 

in situ biological denttrification. rema- 1 1 1. 
101: v2 44 

v2 45 

Ground water a d  owface water (orgada), 
c h u a c t a i z d o n  rltermtiveo for. in WM. 2.3.4.  
8.6.8.9. 10. and 11 

Field method tcchnologtes 
direct sampling ion trap mass spectmxmt.~~. 

char-90. V1: 64: m: 16 
gas chromato@aphy in the field. char-262. 

PCB immunoassay Ut. char-99, V 2  16 
V1: 64: V 2  17 

portable gas chromatograph/electmn capture 
detector for a d y z h g  PCBs. char-100, 
V1: bl: V2: 16 

portable volatile organic comp0Unds 
debtom. char-5, V1: 64: V 2  16 

synchronous fluorescence scraning for 
polycyclic aromatic hydrocarbons. 
char-101. V1: 64: V 2  17 

Laboratory method technologtes 
analytical methods for chelators and 

decontamination agents, char-206, 
V1: 64: V2: 17 

V1: bl: V2: 17 
capilkuy zone electrophorrsis, char-207. 

gas chro~to@aphy. char-94. V1: W V 2  18 

000690 
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Ground water a d  surface water (organics). 
characterization dternaths for, in WAGS 2, S. 4, 
I, 6.8.9. 10. d l 1  (wniintd 

&as ~~~~IIX&O@@Y-FOUIIC~ transform 
hfrarcd sptctroscopy, char-66. v1: 64: 
V 2  17 
chromatography-~s ~ p ~ ~ t r o s o ~ p y ,  
char-, V1: 64: V2 18 

char-89. V1: 64; V 2  17 

umactton-multldetector gas 

V 2  17 

liquid chromatoglaphy--mass spectroscopy. 

on-he supercritical fluid 

chroraato~phy. char-1 15. V1: 

solid phase mtcrocxhction e c a l  

synchronous fluorescence scruning for 
polycyclic ammatic hydmcarbons. 

method, char-21 1, V1: 65: V 2  18 

char-101, V1: 62; V 2  18 

Qopnd water and surface arter (organics), 
remedid d o n  dtemativa for. in WAGS 2.3.4, 
5.6.8.9. 10. and 11 

Destruction technologies 
amfidal wetlands. rema-63, v1: 101: v2: 46 
biological oxldation. rema-68. V1: 100: V2 45 
chemical oIddatton. rema-72. V1: 100: v2: 45 
in situ biological oxidation, rema-70, V1: 101: 

in situ chemical oxidation. mna-61. V1: 101: 
v2 45 

v2 45 
Physical Separation technologies 

acttvated h n .  rema-66. V1: 100: V2: 43 

Qound water and surface water (physical psmblem 
arms). -on Jternativa for. in WAGS 
2.3.4.1 .6.8.9,  10, and 11 

Field method technologtes 
ground-water discharge location, char-259, 

in situ ground-water flow meter, char-258. 
V1: 6 5  v2: 18 

V1: 6 5  V 2  18 
Laboratory method technologies 

optical miclr~~mpy, char-32. V1: 6 5  v2: 18 
partrcle ~ t z e  analysis, char-26. V1: 65: V2: 18 

Ground water rpd smf.ee water (PCB.). remedid 
d o n  dtetnatha for. h WAGS 2. S, 4. 8.6.8.9. 
10. and 11 

Destruction technologtcs 
anaerobic dechlorination. rema-69. V1: 1 0 0  

in situ anaerobic d e t i o n .  mna-7 1. 
V 2  46 

v1: 101: m: 46 

Ground vater and surface water (doactive 
elanent.). chumcterhtion .Iteraatha for. in 
WAGS 2, S. 4,5.6.8,9, 10. .nd 11 

Field method technologies 
advanad radiation monitors. char-269. 

V1: 62; v2: 12 
alpha track etch detectors for surfaa alpha 

contamination. char-96. V1: 62: V 2  13 

bubble dosimeters for neutron flux, char-2 16. 

electret passive s u f a a  alpha monitor. 
V1: 6 2  V2: 12 

char-95. V1: 62: V2: 13 

v2 19 
electromagnetrc offkt log sumy.  char-272, 

fiba-optic chcmfcal -IS. char-25. V1: 65: 
v2: 19 4b 

hydmfractumgroundwatermonitorhg, 

long-range alpha detector. char-65. V1: 6 2  

passive monitors for wcak beta radionuclides. 

portable #lmma-lay scintillometers. 

pmporttonal counter for alpha and beta 
acttvlty. char-108. V1: 63, V1: 6 2  V 2  12 

’ thermolumtncscence dosinmctcr amay for 
spattal chamctcrkation of alpha 
contamination, char-103, V1: 6 2  V2 12 

char-274, V1: 65: V 2  19 

v2 12 

char-102. V1: 62: V 2  12 

char-263. V1: 6 2  V 2  13 

Laboratory method technologie3 
--ray ~pe~trom~try.  char-268, V1: 63: 

V2: 14 

V1: 63: V2: 14 
liquid scintillation counting. char-267, 

neutron activation. char-107. V1: 63: V 2  13 
neutron activation analysb. char-266, 

photon electron mjecting alpha liquid 

pmporttonal counter for alpha and beta 

radioanalytical proadurts. char-202, v1: 63: 

V1: 6- V2: 14 

~dntillatioh cbar-97. V2 14 

actMty. char-108. V1: 63. V1: 6 2  V2 13 

V 2  13 
sodium iodide-gennanlUm gamma 

~ p e ~ t r o ~ m p y ,  char-106. V1: 63. V1: 62: 
V 2  13 

Qound water and surface water (rrdionllclider). 
remedial action alternatives for, in W M S  2.9.4, 
1, 6.8.9. 10. d 11 

Physical separation technologies 
adsorption on biomdia. rema-73, V1: 100: 

in situ actlvatcd carbon. luna-67, v 1 :  101: 

in situ biomedia adsorption, rema-74. 

in situ ion exchange. mna-64. V1: 101: 

in situ prcdpitatbn, rema-62. VI: 101: 

ion archange. rema-65. V1: 100 V2: 42 

v2: 43 

v2 43 

v1:  101: m: 43 
v2: 43 

V 2  62 

pndpitauon. luna-34. Vl: 100 v2 44 

Ground-water and sPrfrc-1Prter regulations. 
V1: 137-146 

Ground water d surfre water, robotics d 
mtorrmtion dtern8thu for. in WAGS 2.9,4,5,6.  
8.9. 10. .nd 11 

Controls-algoflthms ttchnologks 

V1: 115. 122: V2: 53 
combined mobility /manipulation. mba-34. 
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control modes. mba-27. V1: 115. 122 V2: 52 
shutdown, robs-37. V1: 115, 122 

v2 53 

V1: 115. 122 V 2  53 

V1: 115. 122: V2: 53 

V1: 115. 122: V2: 53 

manipulation (Cartesian control). roba-31. 

manipulation (joint control). roba-30. 

manipulation ~rcdundancy control). roba-33. 

manipulation (special purpose control). 

safety (colltsion avoidana), rob-35. V1: 115. 
rob-32. V1: 115. 122 V2: 53 

12% v2: 53 
safety (load/rate limtungl. roba-36. v2 53 
vehicle/mobility drfving. mba-28. Vl:  115, 

v e h i c l ~ / ~ b i h t y  navigation, rob-29. 
122: V2: 52 

V1: 115. 122 V 2  53 
Controls-human/&e interfaa technologies 

console (data handling methods), roba-39, 

console (flxcd/mobile/suitcase), roba-38. 

operator intcrfaa (command input), roba-40. 

operator intcrfaa (operator assistance). 

operator interface (status/alcrt system), 

V1: 116. 12% V 2  54 

V1: 116. 122: V 2  54 

V1: 116. 1 2 2  V 2  54 

roba-41. V1: 116, 1 2 3  V2: 54 

mba42. V1: 116. 1 2 3  V2: 54 
M d l a r i i h d + f - m  toow tcchnoloae~ 

end-effector changcout mechanisms. roba-24. 
V1: 115, 122 V 2  52 

122; V 2  52 
end eff~~tors/d-. mba-23. V1: 115. 

force lfmitlng/compliant pltchanlsms, 

general gxippcr/tool intcrfaa. roba-25, 
mba-26. V1: 115. 122 V2: 52 

V1: 115. 122 V 2  52 
Mechantd-manipdaiion technologies 

compack high-capacity manipulators. 

dextrrous manipulators. roba-16. V1: 115. 
mba-19. V1: 115. 122 V2: 52 

122: V2: 51 
Mechanical-mechanism technologies 

stabikation/support mechanisms or booms, 
rob-22. V1: 115, 122: V2: 52 

tool caddies. mba-21. V1: 115. 122: V 2  52 

data/~ignal t r a n s m f ~ ~ i ~ n ,  rob-13. V1: 115. 
Mechanical-inobiuty technologies 

122; V 2  51 
faihtrr recovmy systems for mobile platforms. 

long-arm deployed robotic platforms, mba-9, 

power souras for mobile platforms. roba-lo. 

spcdalfied robotic deployment platforms. 

transportation mcthods for mobile platforms. 

rob-11. V1: 115. 122 V 2  51 

V1: 115. 122: V 2  51 

V1: 115. 122 V 2  5 1  

mba-7. V1: 115, 122; V 2  51 

rob-12. V1: 115. 122; m: 51 
wheeled/trackcd vehicle. mba-1. V1: 115. 

122; V2: 51 
other technologlcs 

chamcterlzaUon sensor integration. roba-58. 
V1: 116. 123 V 2  56 

field hard- rob-53, V1: 116. 123: 
v2 55 

handling. roba-56. V1: 116. 123: m: 56 

Vl: 116. 123: V2: 55 

information management for sample 

integrated automated analytical. rob-55. 

radiation hardening, rob-54, V1: 116, 1 2 3  

sample colkction. roba-57, V1: 116. 123; 

sample preparation. roba-59. V1: 116. 123: 

v2: 55 4b 

V 2  56 

V 2  56 
Senso-ntrol technologles 

force/tov% rob-50, V1: 116. 17.3: V2: 55 
position/vdodty sensors. roba-48. V1: 116, 

proximity probes as control sensors. roba-51, 
123; m: 55 

V1: 116. 123; V 2  55 

v2 55 
tooling SCXISOW. rob-52. V1: 116. 123: 

Sensors--pcraptlon technologtes 
force/torque sensors. mba-46. V1: 116. 123: 

proxlmlty probes. roba-45. V1: 116. 123: 

range flndcrs, roba-44, V1: 116. 123: m. 54 
vlsual/aural. roba-43. V1: 116. 123; V 2  54 

v2 55 

v2 54 

Ground arter rpd smfeee water (trititmp). 
remedial d o n  alternatives for, in WAO. 2.3.4. 
5.6.8.9, 10, md 11 

k t i o n  technologies 

v2: 46 
ayogenic immobfkation. rema-79. V1: 101: 

Ground arter and surface water (oolrtile organic 
compomrd.). remedid action . I tenmths  for. in 
WAGs2,3,4.5.6,8.9, 10. aud 11 

P h y s i d  sepaation technologies 
afr stripping, rema-76, v i :  100: v2 44 
stcam smpping, --n, v i :  100; v2 44 

Ground-prtu CkuifiCrtiOn. V1: 137 

Gromad-vater cltmop. V1: 137 

Gromad-vater di.chuge location. char-259, 
V1: 6 5  V2: 18 

Grout -. rema-42. V1: 95.100 V 2  24.40 

Grout sheets, technologies for. See 
Hydrofiacturc (grout sheets). remedial action 

dtemattvcs for, in WAG 10 

- H -  
Epwa 
v2 9 

q f i  spkms, chat-233. V1: 61: 

Hazardous debris. See 
Land disposal r e s m c t i o ~  
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Huudoats debris. See 
Rwoura Conserration and Rcoovery Act 

Huudoornuterirb.see 
-t of Transportation 

m o a t s  waste. see 
Resource Conscrvatlon and Recovery k t  

Edth Ad.Lorit.. See 
CleanWaterAct 

BRR control plates, technologies for. See 
Buried waste (HFlR control plates), remedial 

actton altemaUves for, in WAGS 1. 3.4, 5. 
6. and 7 

~ - L m l r U t t .  see 

~ ~ l w u t e d i s p o n l .  see 
Radionuclides. regulatory compliance for 

Departmtnt of Energy rcqulrcments 

Uhtrg. char-203. V1: 5 9  V2: 5 

~ - . p e d f i c ~ t y e m o p i m n i n ~ T R u  
odd-. d coaantmted lov-lml mte. 
technologies for. See 

Buricd waste high-spedc acmg europium in 
HFlR TRU oxldes. and concentrated 
low-level tcchnologlesl, remedial action 
altcmaUvcs for. in WAGS 1. 3. 4, 5. 6. 
a n d 7  

Ebtadc site8 aad uehrtologicd findings. V1: 216 

E o r b n t d  mixed h-place. rema-81, V1: 95; V 2  23 

Eorbatd aelh. rrma-45. V1: 9 5 . 9 9  V 2  25.40 

Hgdrohctwe 
Desaipthn of implementation needs for remedial 

Dcsaipthn of rtMdfal action alternam for. 

Descriptlon of science and technology needs for 

Problem dehtion. V1: 17 

actlon alternatives, Vl: 93 

v1: 84 

medid action altemattves. V1: 89 

Egdrohcturc (genemi problem areas). 
characterisation rltcnutivcs for. in WAG 10 

Data analysis rPanagemtnt tcchnologic~ 
a d y d ~  of c e n ~ ~ r t d  data char-249. V1: 61: 

m: 10 

ana&~I~/cValUati~n. char-234. V1: 61: 
v2: 9 

engtnecring drawings. dism-155. V1: 61; 
v2 9 

rrgulatory guidelines. dism-153. V1: 61: 
V 2  8 

clicnt/server archikcture for data base 
access, dism-157. V1: 61; V2: 9 

application of approximate reasoning to data 

automated scanning and conversion of 

cbent/semr acccss to standanis and 

computer-aldcd task analysis and proadwe 
prqxmtion, dism- 172, V1: 6 1: V 2  9 

computer-bascd tralning systems. dism-191. 
V1: 61; V2: 9 

codgumtion management system, char-229, 
V1: 6 2  m: 11 

crlUdty indices, char-44. V1: 61: V2: 10 
data a- w. dtam-154. V1: 61: V2: 8 
detection and measurement systcms with 

featme cxhaction. char-223, V1: 62; 
v2 1 1  

dynamtcmodelingofmattrialtransport, 
char-255. V1: 62; V 2  1 1  

hctaI.9 used to select models for mattrial 
trahsport in ~OIVUS &la. char-225. 
V1: 6 2  V2: 1 1  

dism-181. V1: 61: V2: 8 

V1: 61; V2: 9 

V1: 61: V2: 10 

mtgmtion in porous materials. char-53, 
V1: 61; V2: 10 

g q p p h i c  information system for DOE sites, 

andpis ~ r p e r t   stem char-233. 

hypertext information systems. dism-158. 

modeling of volatile organic compounds 

multknsor fusion measurement systems. 

netvmrk architecture with inmted 
workstations. char-221. V 2  8 

project tnformation access scrvlca. 
dism-151. V1: 61: V 2  8 

quality control for measuranent proasscs, 

simulated walkthrough faculty for robotics 

char-222, V1: 62; V2: 1 1  

char-=. V1: 61; V2: 10 

task S C ~ U C ~ C C  anatysis. dlsm-171. V1: 61: 
v2 9 

VI: 61; V 2  10 
spatid sample and data analysis. char-253, 

statistical methods for the analysis of large 

stored materia neural net identiilcation 

subsurface complexation model. char45, 

data sets. char-251. V1: 61; V& 10 

system char-242. V1: 62; V2: 11 

V1: 6 2  V 2  1 1  

v2 10 
task Scheddhg aids. char-241. V1: 61; 

DetecUon/mcasurcmcnt-flekl method 
technOlOgi~ 

air monitoring. char-59, V1: 60 V2: 6 
electrical and ckctromagmtic detection of 

ground and @ O ~ O @ C  featurta char-125, 
V1: 60; V!k 6 

v2: 7 

v1:  5 9  V2: 5 

V2: 6 

v2 5 

dispcmion). char-18. V1: 60 V2: 6 
ion mobility mass spectrowtry. char-264. 

v 1 :  5 9  v2: 5 

elcctrPchrmical m~thds. char-10. V1: 60; 

f i b ~ ~ ~ p t l c  chemical SCIISOIS. char-25. V1: 65, 

mund-pcnetratlng rad-. char-124. V1: 60; 

immunoassay detection. char-23. V1: 60 - spectroscopy ~Wavckngth 

~ ~ @ I c U C S .  char-128, V1: 60: V 2  6 
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microgmvity methods, char-127, V1: 6 0  

optical absorption spectroscopy. char-27, 

personnel monitortng. char-52. V1: 60: V 2  6 
portable luminescence detection char-92, 

portable Raman spectromettr. char-84, 

V2: 6 

V1: 60; V 2  5 

V1: 60; V 2  7 

V1: 60; V2: 5 
seismic methods (retxaction profiling. 

rrfltction). char-126, V1: 60: V 2  6 
tomogmphic sdsmic monitoring. char-60, 

ultrasonic ranging and data system. 

Detection/meammncnt-labora.trJxy method 

V1: 6 0  V2: 6 

char-123. V1: 60; V 2  6 

technologlrs 
contamination controI-amlyUcal equipment 

Fourlcrtnu~shrminirarrd spectroscopy, 

isotopic dilution mass spectroscopy. char-48. 

lascr ionization mass spectrometry, char-4. 

nudear magnetic resonana. char-1 1. V1: 60: 

seoondary ion mass spectroscopy. char-3. 

ultxaviolet/vlsible spectmscopy. char-9. 

char-204. V1: 60: V 2  7 

char-8, V1: 60; V 2  7 

V1: 6 0  V2: 7 

V1: 61: V2: 8 

v2 7 

V1: 60 Wk 7 

V1: 60; V2: 8 
Sampk wllection technologies 

in situ solid phase miaoexhaction of 

membranes for sample collectton and 

multlangle drilling for depth pm- of 

organics. char-210. v1: 5 9  v2: 3 

conanbation, char-55. V1: 5 9  V2: 4 

contaminants. char-64. v 1 :  59; m: 4 

v1:  5 9  v2: 3 

v 1 :  5 9  v2: 4 

char-257. V1: 5 9  V 2  3 

. samplingand-=-.char-81, 

sampling of heterogeneous wastes. char-270, 

sampling USTs for volatile organics. 

SEAMIST invated membrane, char-273. 

sediment samphg h m  restricted access 

soil/sediment sampling for whtlle organics 

solid sorbent sampling in airborne organics. 

V1: 6 5  Wk 19 

h t i o n ~ .  char-276. Vl:  59: V2: 4 

anaysis. char-256, v1: 5 9  v2 3 

char-251. v 1 :  5 9  v2 3 
sample prepaxation technologies 

adaptation of the EPA TCLP lmchtng test for 
 st with radioacttve ~ampieS, char-209. 
v1:  5 9  m: 4 

m : 5  

char47. v1:  59: m: 4 

high-pre~s~re a h i g ,  char-203. Vi:  5 9  

metallographic sectioning and pmparation. 

micrcnvave digestion. char-19, V1: 5 9  V2: 4 
radtoacthh sample p m o n  char-205, 

v1:  5 9  V2: 4 

supcrcxlucal fluid exhadion of inorganics. 

supcrcxlucal fluid extraction of organics. 

optimization of sampling designs. char-7 1. 

char-201. v1: 59: v2 5 

char-208. v 1 :  59: v2 4 
Sampling design technologies 

v 1 :  5 9  m: 3 

system char-228. V1: 5 9  V2: 3 

v2 3 

SamPlinS P w P m  coa€P=tion managemenf 

sequential sampling plans. char-252. v1:  5 9  

Eydro6nettm grOomd-- modtoring. char-274. 
V1: 65: V2: 19 

Epdroh~t- grO-. rema-23. VI: 99: V 2  47 

Eydrohctpn -ut deet.), nmedL.l action 
rltern8tiva for. in WAG 10 

Banlcrtechnologies 
water proofing cave with hydraulic cage. 

rema-21. v 1 :  9% m: 46 
Drainagetechnologies 

V 2  46 
Flxation technologies 

m: 47 

d e p  rock drainage curtain. rema-24, VI: 9% 

hydm- g r ~ ~ U t l g .  rrma-23. V1: 99; 

Hydrohctmc (inorganics). cburctertotion 
rltenmtives cor. in WAG 10 

Field method technologies 
atomic emission spectroscopy. char-76, 

portable X-ray fluomsana. char-6. V1: 63: 

X-ray fluorrsoena for in situ monitoring of 

V1: 63; m: 14 

V 2  14 

to& heavy m~tals. char-2 19. V1: 63: 
V 2  14 

Laboratory method technologies 
atomic emission spectroscopy, char-76, 

auger electron spectroscopy. char-2, V1: 64. 

cold vapor (mercury) ardysis. char-24, 

electron difhction char-37, V1: 63; m: 15 
electron spcctmscopy for chemical analysis. 

energy disptrsive X-ray spectroscopy. 

glow discharge ionization mass spectroscopy. 

inductively coupled plasma- 

inductively coupled plasma spectroscopy. 

ion chromatogmphy. char-50. V1: 63: V 2  15 
neutron acttvatlon analysis, char-266. 

partkle-indud X-ray emission char-17. 

powder X-ray ditkction. char-31. V1: 64: 

V1: 63; V2: 15 

V 2  16 

V1: 64: V2: 15 

char-1. V1: 64; V2: 16 

char-35. V1: 63; V2: 15 

char-56. V1: 63: V2: 16 

~pectroscopy. char-78. V1: 63; V2: 14 

char-77. V1: 63; V2: 14 

V1: 6- V2: 14 

V1:63;= 15 

V2: 16 
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H p d r o ~ u r e ( i n o r g ~ i c s ) .  cburcterhtion 
&nutha for. in WAG 10 (aJ& 

scanntng electron microscopy. char-33, 

transmission eltctron micmscopy. char-34, 

wavclmgth &persfve x-ray spcctroscopy. 

V1: 6 3  V2: 15 

V1: 63: V2: 15 

char-36. V l :  63; V 2  15 

Epdrohctm (orgudcsl. cbrrrkrirr*ioll 
for. in WAG 10 

Field method technologl~ 
direct sampling ion trap mass spectrometry. 

char-90. V1: 64; V2: 16 
&as chromato@aphy in the field, char-262, 

PCB immunoassay kit, char-99. V2: 16 
V1: 64; V2: 17 

portable gas chromatograph/clectron capture 
detector for a d y z h g  PCBs. char-100. 
V1: 64; V2: 16 

portable volatile oganic compounds 

synchronous fluorescence scrrening for 
polycyclic aromaUc hydmcahons. 

detectors. char-5, V l :  64: V 2  16 

char-101, V1: 64: V 2  17 
Labratory method technologies 

analytical methods for chelators and 
decontaminaUon agents. char-206. 
V1: 64; V2: 17 

V1:64;= 17 
eltctrophortsis. char-207. 

&as chromato~phy,  char-94. V1: 64: V 2  18 
&as chro&@aphy-Fourkr transform 

infrared sptctroscopy. char-66. v 1 :  61; 

&as chromrtogxaphy--mass spectroscopy. 

lisuid chromrto@phy--maSs spe~tro~mpy. 

on-line supercriUcal fluid 

V 2  17 

char-88. V1: 64: V 2  18 

char-89. V1: 64; v2: 17 

cx&actbrr-multtdetector gas 
c h r o ~ t o ~ p h y .  char-1 15. V1: 64: 
V 2  17 

method, char-211. V1: 65: V2: 18 
solid phase mtancxhaction *tal 

synchronous iluorrscma screening for 
polycyclic aromatic hydmcarbons. 
char-101. Vl:  64; V2: 18 

Hpdrohcture W w d d  pmblem areas). 
cburttrit.tion for, in W M  10 

Field method tcchnolo@a 
ground-water dlschage locatton. char-259, 

in situ ground-- flow meter, char-258. 
VI: 65; V2: 18 

V1: 6 5  V2: 18 
Laboratory method tcchnologles 

o p t i d  --py, char-32. V1: 65; V2: 18 
parlick sfp -Is. char-26. V1: 65: V 2  18 

Hpdrokactm (mdioactkc elements). 
churrtcrivtion dtcmdvu for, in WAO 10 

advanced &Uon monitors. char-269, 
Field method tcchnolo@c3 

V1: 62; m: 12 

alpha track etch detectors for surface alpha 
contaminatton. char-96, V1: 62: V 2  13 

bubble dosimeters for neutron flux, char-2 16, 
V1: 6 2  V2: 12 

elcctmt passfve surface alpha monitor. 
Char-95. V1: 62: V2: 13 

electromagnetic o%et log survey. char-272. 
v2 19 -* 

e * p t i C  chemical ~ e n s O r ~ .  char-25. V1: 65: 
m: 19 

char-274. V1: 65: V2: 19 

v2 12 

char-102. V1: 62: V 2  12 

char-263. V1: 62: V 2  13 

activity, char-108. V1: 63. V1: 6 2  W. 12 

hydmhciunz gmund water monitoring. 

long-range alpha detector, char-65. V1: 62: 

passive m~nitors for weak beta radionuclides. 

portable gamna-ray scinuuometers. 

proportional counter for alpha and beta 

thcnmluminesance dosimeter array for 
spatial characterization of alpha 
contamination. char-103, V1: 62; m: 12 

Laboratory method technologlcs 
g m - r a y  spectromhy. char-268. V1: 63: 

V2: 14 

V1: 6 3  V2: 14 
liquid scintillation counting. char-267. 

neutron acUvaUon. char-107. V1: 63: V 2  13 
neutron acthratton anatysis. char-266. 

photon electron j e c i h g  alpha liquid 

proportional counter for alpha and beta 

V1: 63-62: m: 14 

sdntllktio- char-97. V2: 14 

acttvlty. char-108. V1: 63. V1: 6 2  V2: 13 

V 2  13 
radioanalytical procedurrs. char-202. v 1 :  63: 

sodiumiodide-gcrmaniumgamma 
~ p e c t r o s c ~ p ~ ,  char-106. V1: 63, V1: 62: 
V 2  13 

Hydromill. rana-84. V1: 9 5  V2: 25 

Hypertext information systems. dlsm-158. V1: 61: 
v2 10 

- I -  
Impoundments 

Description of lmplementation needs for rrmedial 

Desdption of rrmdial actton alternatives fbr. 

DesnIpUon of sdcnce and technology needs for 

Problem dehitton. V1: 16 

action alternatives. V1: 93 

v1: 83 

remedial astion alkmattves. V1: 88 

RCRA closure rrquiremtnts. V1: 177-179 
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Impouudmentm (general problem areas). 

d B  
--tiOB fOr. h w& 1.6.8. 

Data analysis managclnent ttchnologtes 
analysis of a n s o d  data char-249. VI: 61: 

v2  10 
application of approxhatc masoning to data 

analysis/cvaluation. char-234, V1: 61: 
v2 9 

englnaring drawings, dism-155. VI: 61: 
v2 9 

rrgulatoxy guidelines. dism-153. V1: 61: 
V2: 8 

clltnt/servcr archikcturc for data base 
acass. dism-157. VI: 61: V2: 9 

computer-atded task analysis and procedure 
pnparatioh dism-172. V1: 61: V2: 9 

computer-hascd traLning systems. dism- 19 1. 
VI: 61: V 2  9 

codguxation management system. char-229, 
V1: 62; V2: 1 1  

criticality indias. char-44. VI: 61: V2: 10 
data access servlas. &m-154. VI: 61; V2: 8 
detection and measurement systems with 

feature urtraction. char-223, V1: 62: 
v2 1 1  

char-255, V1: 6 2  V 2  1 1  

automated scanning and conversion of 

client/servtr amss to standards and 

dynamic modeling of material transporr 

transpoltin porous mdla char-225. 
h c b l s  used to select models for material 

V1: 6 2  Wk 1 1  

dism-181. V1: 61: V2: 8 

VI: 61: m. 9 

VI: 61: Wk 10 

migmtion in porous materials, char-53, 
VI: 61: V2: 10 

geographic Monnation system for DOE sites. 

hazard e ~ i s  u ~ p e r t  system, char-233. 

hypcrtact Monnation systems. dism-158. 

modcllng of volatile organlc compounds 

multlsensor fusion mcasmment systems. 

network archltccturc with intcgmted 
workstations, char-22 1. V2: 8 

project information access services. 

quality control for measurement processes. 

simuhted wakthrough facility for robotics 

char-222. Vi:  62: V 2  1 1  

dfsm-151, VI: 61: V 2  8 

char-250. VI: 61: V 2  10 

task sequence analysis, dism-171. VI: 61: 
v2 9 

VI: 61: V2: 10 
Sample and data analysis, char-253. 

statistical methods for the analysis of large 

stored material neural net identification 

subsurfact complexation model. -45. 

data ~cts. char-251. VI: 61: V2: 10 

system char-242. V1: 62; V2: 1 1  

V1: 62; V2: 1 1  

v2 10 
task Schedullngaids. char-241. V1: 61: 

Detectlon/measurtmtnt-field method 
-hW 

ait monitoring, char-59, V1: 60: V 2  6 
elcctrlcal and clectromagnctlc detection of 

WUnd and gcOloglc ftaturts. chat-125. 
V1: 60; V2: 6 

electrochemical na~thods. char-10. V1: 60: 

fibcropUC C h d d  S C ~ ~ ,  char-25. V1: 65. 

Wund-penttrathg radar. char-124. V1: 6 0  

immunoassay detection. char-23. V1: 6 0  

v2: 7 ** 
VI: 5 9  m: 5 

V 2  6 

v2 5 

dispemlon). char-18. VI: 60; V2: 6 
ion mobility mass spcctmmetry, char-264, 

VI: 5 9  v2: 5 

l n f i a d  B p e c t r o s c o p y  @ravelength 

~ ~ @ c U C S .  char-128. VI: 60: V2: 6 
microgravity methods. char-127, V1: 60: 

optical absorption spectroscopy. char-27, 

personnel monitoring. char-52, VI: 6 0  V 2  6 
portable luminesana detection. char-92, 

portable Raman spectrometer. char-84, 

V2: 6 

V1: 60; V 2  5 

VI: 60 V2: 7 

VI: 60; V2: 5 

reflection). char-126. VI: 60; V 2  6 

VI: 60; Wk 6 

seismic mcthods (retraction promin& 

tomographic seismic monitoring. char-60, 

ultrasonic ranglng and data system. 

Dctcction/measurement-laboratoIy method 
char-123. V1: 60: m: 6 

technologies 
contamination control-adytical equipment, 

Fourlcr bansform lnfiamd spectroscopy. 

htopic dilution mass spectroscopy, char-48, 

laset ionization mass spectrometry. char-4, 

nuclear magnetic resonana. char-11, V1: 6 0  

secondary ion mass spectroscopy. char-3, 

char-204, V1: 60: V 2  7 

char-8. V1: 60 V2: 7 

VI: 60: V 2  7 

VI: 61: V2: 8 

v2: 7 

VI: 60 V2: 7 

V1: 60; V2: 8 
ultraviol~t/visibl~ S ~ C C ~ ~ ~ S C O P Y ,  char-9. 

Sample collection technologies 
in situ solid phase microurtractfon of 

organics. chat-210. VI: 59: v 2  3 
membranes for sample collection and 

multlangk drllltng for depth proflling of 
conantration. char-55, V1: 5 9  V 2  4 

contaminants. char-64. V1: 59: v2: 4 

VI: 5 9  v2: 3 

v1: 5 9  V2: 4 

char-257. VI: 5 9  V2: 3 

sampling and mlxlng mthods. char-8 1. 

sampling of heterogentous wa~tts. char-270. 

sampling UsTs for volatile organics. 

SEAMIST invertui membrane. char-273. 
V1: 6 5  V 2  19 000696 
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Impomrdmsnt. (gene4 problem ueu). 
cb.rretaiution m b m a t h s  for, in WAGb 1.6.8. 
.od 9 Iwnunuecu 

scdtmnt samphgiiumrestricted access 

sofl/sedhmnt sampling for volatile organics 
analysis. char-256, VI: 5 9  v2: 3 

solid sorbent sampling in airborne organics. 
char-254. VI: 5 9  v2: 3 

locations. char-276. VI: 5 9  V2: 4 

Sample pnparation technologies 
adaptatton of the EPA TCLP leaching test for 

use with radioacttvt samples. char-209. 
VI: 59: V2: 4 

v2: 5 

-47. VI: 5 9  v2 4 

high-pre~s~rr ahha char-203. VI: 5 9  

metalloephic sectioning and prcparation. 

miauwave digation. char-19, V1: 5 9  m: 4 
radioacthre sample preparaflon, char-205, 

superaltical5uid extraction of inorganics. 

suprrcritical5uid extraction of organics. 

VI: 59; V2: 4 

char-201. VI: 59: v2: 5 

char-208. VI: 5 9  V 2  4 
Sampling design ttchnologfes 

optlmlzatlon of sampling designs, char-71. 

sampling program codgwation management 

scqumtial Sampling plans, char-252. VI: 5 9  

VI: 5 9  v2: 3 

system. char-228. VI: 59: V2: 3 

w3 

Impoundment. (ioorgdcs). chamctcrization 
dtenutivcsfor, ha WAO. 1.6.8, md 9 

Field method technolagks 
atomlc emission spectroscopy. char-76, 

portable X-ray fluorescence. char-6, V1: 63; 

X-ray tluorcsccncc for in situ monltoxbg of 

VI: 63; V!k 14 

V 2  14 

WAC ha? mtaS. char-219. VI: 63: 
V 2  14 

Laboratory method technologies 
atomic emisston spcctmsoopy. char-76, 

auger electron spectroscopy, char-2, VI: 64; 

cold vapor (mauuy) analysis. char-24, 

e k h n  dtfhction char-37. VI: 6 3  V2: 15 
electron spcctmscopy for chemical analysis. 

VI: 6 3  W. 15 

V2: 16 

V k  W, v2: 15 

char-I. VI: 62; V2: 16 

char-35. VI: 63; V2: 15 

char-56. VI: m: 16 

~ p e c h s c ~ p y .  char-78. VI: 6 3  V Z  14 

char-77. VI: 63: V2: 14 

energy dispersive x-ray spectroscopy. 

glow dischage ionization mass spectroscopy, 

inducthely coupled plasnxi-mass 

M u c t w y  couplcd plasma spectroscopy, 

ion chromatograply, char-50. VI: 63: V2: 15 
neutron activation analysis. char-266. 

-de-Induced X-ray emission. char-17. 
V 1 : 6 W K k  14 

VI: 6 3  V2: 15 

powderx-ray dlfiraction. char-31, VI: 64; 

scanntng electrun mimascopy. char-33, 
V 2  16 

VI: 63: V2: 15 
transmission electron microscopy. char-34. 

VI: 63: V2: 15 
wavelength dlspersfvc x-ray spe&scopy. 

char-%. V$63; V 2  15 

Impoundment. (-tab). remedid action 
. I t e m  f o r e  in WAOS 1.6,8. .nd 9 

Barrier tcdmologles 
clay/btntonite additives. rcma-60. VI: 100: 

V 2  41 
-genic barrlcrs. n - 5 8 .  V1: 99; V2: 41 
-ut cur&ins. rcma-42. VI: 100 V2: 40 
sheet pi& walls, rcma-41. VI: 100: V2: 4 1  
slurry walls. rtma40, VI: 100: V2: 41 

d m h l n g ,  rcm-51. VI: 1 0 0  m: 41 
Chemical separation technologies 

Drain kchnologies 
biopolymer drains. rcma-44. VI: 99: m. 40 
h c h  d e .  rema43. VI: 99: V2: 40 
horizontal web. mma-45. VI: 9 9  V 2  40 

dredging. mma-48, VI: 100: V2: 42 
mechanical excavation. rema-50. VI: 100; 

Excavation technologies 

V2: 42 

Fixation technologies 
load-. =ma-49. VI: 100 V k  42 

in situ fixation. rcma-57. VI: 100; m: 42 
in situ vitdcation (impoundmcnb). rema-59. 

V1: 100: V2: 42 
Physical separation technologies 

in sltu soil flushing. rema-47. v1: loo; 
V2: 41 

sludge drying. rema-56. V1: 100: V2: 41 
Soil wa~htng. ~ m - 5 1 .  V1: 100 V2: 41 

Impoundment. (organics). chsrocterIrrtIon 
.Itemathem for, in WAG8 1.5,8. and 9 

meld method technologies 
direct sampling ion trap mass spectmmetry, 

gas chromatography in the field. char-262, 
char-90. VI: 64: V2: 16 

VI: 6rl; V2: 17 
FCB Lmmunoassay klt. char-99. V 2  16 
portable gas chromatograph/electron capture 

detector fbr amlyzhg PCBs. char-100, 
VI: 64; V2: 16 

portable volatlle ogantc compounds 

synchronaus fluorescence saeentng for 
detcCtDm. char-5, VI: 64; V 2  16 

polycyclic ammatic hydmcarbons. 
char-101. VI: 64: V2: 17 

Laboratory method tcchnologtes 
analytical methods for chelators and 

decontamination agents. char-206. 
VI: 64: V 2  17 

VI: 64; V2: 17 
cap- zone electrophoresis, char-207. 

gas chro~to@phy. char-94. VI: 64: V 2  18 
gas chro~to@aphy-Fourkr transform 

infrarsl spectroscopy. char-66. VI: 64: 

OQ0697 V 2  17 
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g a ~  c h r o ~ @ & y - ~ s  s p e c t r o ~ ~ ~ p y ,  

liquid chromatography-Inass sptctroscopy. 
char-88. V1: 64: V2: 18 

char-89. V1: 64: V2: 17 
on-line supcrcritlcal fluid 

c x h c t i o d t i d e t e c t o r  gas 

V 2  17 
solid phasc micmexhaction analytical 

method, char-211, V1: 65: V 2  18 
synchronous fluorescence screening for 

c b m a t o ~ p h y .  char-1 15. V1: 64: 

polycyclic ammatic hydmcalhons, 
char-101. V1: 64: V 2  18 

Impoundmept. ( o r g d a ) .  remedid a d o n  
a k m a t h s f m ,  in WM. 1,s. 8. and 9 

Barrier technologles 
clay/bentonitc addittves. rrma-60. v1: 100: 

V 2  41 
~ry0-c barrlrrs. m - 5 8 ,  V1: 99: V2: 41 
@ut curtains. re--42. V1: 100 V2: 40 
sheet pile walls, rema-41, V1: 100: V 2  41 
sluny walls. rema-40. V1: 100: V 2  41 

Chemical separation technologies 

Drain technologies 
soil washing. rema-51. V1: 100; V2: 41 

biopolymer drains. rema-44. V1: 99: V2: 40 
h c h  drains. rema-43. V1: 99: V2: 40 
hortzontal wells. rema-45. V1: 99: V 2  40 

d d g h g .  rrma-48. V1: 100: V2: 42 
mechanical excavation, =ma-50. V1: 100 

Excavation technologies 

v2: 42 

Fixation technologtles 
vacu~m loaders. rema-49. V1: 100; V2: 42 

in situ ~ U O I I ,  rema-57. V1: 100 V2: 42 
in situ v f t d t x & m  (impoundments), rema-59. 

in situ soil flushg, rrma-47. v1: loo; 

V1: 100: V2: 42 
Physical scparatton technologies 

V 2  41 
~ l u d g ~  drying. m - 5 6 ,  V1: 100; V2: 41 
~ ~ i l w a ~ h i n g ,  rema-51. V1: 100 V2: 41 

Impoundment. (physical problem areas). 
c h r r t u h t i o n  rltendivea for. in WAGS 1.5.8. 
d 9  

Fkld method technologles 
ground-wakr dischage location. char-259, 

in situ ground-water flow meter, char-258, 
V1: 65  V2: 18 

V1: 65: V2: 18 
Laboratory method technologies 

optical ~ ~ C ~ O S C O ~ Y .  char-32. V1: 65: V2: 18 
particle S ~ Z  analy~is. char-%, V1: 6 5  V 2  18 

Impoundment. (rdiolctipe element.). 
chrrterlantion altenmths for, in WAG8 1.5.8. 
d 9  

Field mthod technologlles 
advanad radiation monitors, char-269. 

alpha track etch detectors for surface alpha 
V1: 6 2  V2: 12 

contamination. char-96. V1: 62: V 2  13 

bubble dosimeters for neutron flux char-216. 

electret passive surface alpha monitor. 
V1: 6 2  m. 12 

char-95, V1: 62 V2: 13 

v2: 19 
electromagnetic offict log sumy, char-272, 

flberoptic chemical SCI~SOIS. char-25. V1: 65: 
v2 19 -3 

h y d r o h t u e  gmund water monitoring. 

long-range alpha detector. char-65. V1: 62: 

pasah monitors for weak beta radfonuclidcs, 

char-274. V1: 6 5  V2: 19 

v2: 12 

char-102. V1: 6 2  V 2  12 

char-263. V1: 62  V2: 13 
portabk --ray scintillomtte~. 

proportional counter for alpha and beta 
activity, char-108, V1: 63. V1: 62 Vk 12 

thamolumincscence dosimeter army for 
spatial chamctdzation of alpha 
contamination. char-103. V1: 62 V2: 12 

Laboratory method technologies 
--ray ~ p e ~ t r o ~ t r y ,  char-268, V1: 63: 

V 2  14 

V1: 6 3  V2: 14 
liquid scintillation counting. char-267, 

neutron activatlon. char-107. V1: 63: V 2  13 
neutron activation analysis. char-266, 

V1: 6- m: 14 
photon electron rejecting alpha liquid 

sdnttllation. char-97.m 14 
proportional counter for alpha and beta 

acthrity. char-108. V1: 63. V1: 62 Vk 13 
radloanalyttcal procedurrs. char-202, v1: 63: 

V2: 13 
sodium iodide-germanium garnula 

S~CC~IOSCOPY. char-106. V1: 63. V1: 62 
V 2  13 

Impoundment. (ruIiologicdy contunhaid tank 
content.). remedial action .Itemathen for, in 
WAGS 1. I, 8. rpd 9 

Physical separation technologies 
in situ solidi%catton using sorbents. rcma-31. 

V2: 40 

Impoundment. (radionuclides). remedial action 
alternative8 for, in WAGS 1.6.8. md 0 

Barrier technologies 
clay/bentonite additives. rrma-60. v1: loo; 

grout curtains. rema-42, v1: 100 V2: 40 

V 2  41 
cry~genfc barrln~. r ~ ~ a - 5 8 .  Vl: 99: V2: 41 

sheet pile walls. rema-41, V1: 100: V2: 41 
sluny walls. rema-40. V1: 100: V2: 41 

capping, rcma-46. V1: 99: V2: 40 
capping technologies 

Chemical separation technologies 

Drain technologies 
soil W d i h g ,  rema-51. V1: 100 V2: 41 

biopolymer drains. re.rna-44. V1: 99: V2: 40 
french drains. rrma-43. V1: 99: V2: 40 

' 

horfiontal wells. rema-45. V1: 99: V 2  40 
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Impoundments (radionuclides). remedid r t i o n  
rlternrti.# for, in W M .  1.6.8. rpd 9 (wlltinud 

Excavation technologies 
ddging. -48, VI: 100: V2: 42 
mechanical excavation. rema-50, VI: 100 

V 2  42 

Fixation technologies 
vacu~m l o a d n ~ .  mma-49. VI: 100 V2: 42 

in situ fixatton, =ma-57, VI: 100; V2: 42 
in situ vitri&atbn (impoundments)). rema-59. 

VI: 100; V2: 42 
Physical separation technologies 

in situ soil flushing. -47. VI: loo; 
V 2  41 

s M ~  drylng. nma-56. VI: 100; V2: 41 
d washing. ~ m a - 5 1 .  VI: 100; V2: 41 

Impopndment.. m b o t h  a d  * & d o n  
rlternrtirtr for. in W M S  1.6.8, rpd 9 

Controls-dgorithms technologles 

VI: 115. 122; V2: 53 
combined mobuity /manipulation, roba-34, 

control modes. roba-27. VI: 115. 122: V2: 52 
emcr&mcy shutdown, roba-37. V1: 115, 122 

manipulation (Cartesian control). roba-31. 

manipulation (joint control). roba-30. 

manipulation (dundancy contro9, rob-33. 

manfpulawn (special purpose contro9, 

safety (collision avoidance]. rob-35. VI: 115. 

vehicle/mobuity drfvlng. roba-28, VI: 115. 

v2: 53 

VI: 115. 122; V2: 53 

VI: 115. 122: V 2  53 

V k  115. 122; V 2  53 

mba-32. VI: 115. 122: V2: 53 

122 v2 53 
safety (load/late limiting). rob-36, m: 53 

122, m: 52 

VI: 115. 122 V 2  53 
vehicle/mobuity navigation, rob-29. 

ControM-/machine intcr&ce technologies 
console (data handling methods). roba-39. 

VI: 116. 122 V2: 54 

V k  116. 122;V2 54 

VI: 116. 122; V2: 54 

roba-41. VI: 116. 123; V2: 54 

roba-42, VI: 116, 123; V2: 54 

00ns0lc ( M / m o b i l e / s u i e ) .  rob-38. 

operator intafaa (command inpud. roba-40. 

operator intaface (operator assistance). 

operator interha Istatus/akrt system), 

M d i a n l ~ * f - ~  tookg teChn010gies 
cnd-cf!&or changenut mechanisms. roba-24. 

VI: 115. 122 V 2  52 

122; V2 52 
end e f f ~ t o ~ / d t ,  mba-23. V l :  115, 

force iimiting/compliant mechanisms. 

gcnual @pper/tool interha. roba-25. 
rob-26. VI: 115. 122: V2 52 

VI: 115. 122 V2: 52 
Mtchanlcal-manlpulation technologies 

compact high-capacity manipulators. 
rob-19, VI: 115. 122: m: 52 

dtxterous manlpulator~. rnb-16. VI: 115. 
122: Wk 51 

Mechanlcal-mcchanfsmtechnologies 
stabhtlon/support rntchanisms or booms. 

mba-22. VI: 115. 122; m: 52 
tool caddies. rob-21. VI: 115. 122: V2: 52 

Mechantca--mDbuity technologits 
data/slgnal transmission. rob-13. VI: 115, 

failure 'coo\~cxy eqPtcms for mobile platforms. 
122: V2: 51 

rOba-11. VI: 115. 122: V2: 51 
10ng-m deptoyad roboti~ PladOrmS. mb-9. 

VI: 115. 122: V 2  51 

VI: 115. 122 V 2  51 
power sourocs for mobile platforms. roba- 10. 

spcdaltzed robotic deployment platforms. 

transporntion methods for mobile platforms, 
rob-7. V1: 115. 122: V 2  51 

nba-12, VI: 115. 122 V2: 51 
whecled/hcked vehtck. rob-I, VI: 115. 

122 V2: 51 
Other technolOglcs 

charactertzaton sensor integration, rob-58, 

fidd hardming. r~ba-53. VI: 116, 123: 
VI: 116. 123: V2: 56 

v2: 55 

h a n d u n g .  r0ba-S. V1: 116.123; V 2  56 
Wormation management for sample 

integrated automated anaiytical. roba-55. 

radiatton hardening, roba-54, VI: 116. 1 2 3  
VI: 116. 123: V 2  55 

v2: 55 

v2: 56 

v2 56 

sample coll~ction. mba-57. VI: 116, 123: 

~amplc pnpaation. rob-59. VI: 116. 123; 

SensorS-contml technologies 
fom/torqUe. mba-50. VI: 116. 123: V2 55 
posltion/velodty sensors. roba-48. VI: 116. 

proxlmtty probes as control sensors, robad 1. 
123; m: 55 

V k  116. 123: V 2  55 

v2 55 
tookg sens~rs. mba-52. V1: 116. 123: 

Scnsom-pemcption technologies 
fom/torqUe sensors. roba46, VI: 116. 123: 

proxlmtty probes. roba-45, VI: 116. 123: 

range hdcrs. roba44. VI: 116.123: V2: 54 
vlsual/aural. roba-43. VI: 116. 123: V 2  54 

v2 55 

V 2  54 

Inrctive roa-leocl aute tMka  (rrdiologicany 
contaminated tank contents). remedial action 

for. in WAGs 1. I, 8. and 9 

tank contents rcmaval using hydrauuc 

tank contents rcmaval using mechanical 

tank Contents r c m ~ v a l  using pneumatic 

Contents rctrkval technologies 

tcchntque~. m - 2 9 .  VI: 97: m: 38 

mining. n~ma-27. VI: 97; V2: 38 

techntquts. rtma-28. VI: 97: V2: 38 
Fiwtfon ttchnologia 

in situ soltdiecatton using cement-based 

in situ solidiecation using polymer grouting, 
grOUting, =ma-25. VI: 97: V 2  38 
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in situ solidmtton using silicate-based 

in situ solidikatbn using thermoplastic 
ttchniques. rema-33. v 1 :  9 8  v2 39 

in situ treatment using in situ vimcatlon 

f O r m u l a t h n S .  rema-26. V1: 98: V2: 39 

m - 3 0 ,  Vi: 98; V2: 39 

Incineration, cement kiln. rema-14, V1: 99: V2: 35 

IpJner8tion. rema-12. v 1 :  9 9  v2: 34 

Incine-. rema-95. V1: 97: V 2  27 

IpJnemthn, RCRA reqdrancnt. for. V1: 186-188 

Information management for sunple handling. 
robs-56. V1: 116, 123; V 2  56 

krtrued spectr#copg (wavelength dispersion). 
char-18. V1: 60: V2: 6 

I n o r g d a .  technologics for. See 
Burled waste (inorganics). chamctulzation 

dtcmattvs for. in WACS 1, 3.4, 5, 6. 
and7 

Ground water and surface water (inorganics). 
charactulzation alternatives for, in WAGs 
2. 3. 4. 5. 6, 8. 9, 10. and 1 1  

Ground water and surface water (inorganlcs), 
rcmedkd action alternaavw for. in WAGs 
2 , 3 , 4 . 5 . 6 . 8 . 9 . 1 0 . a n d 1 1  

Hydrofracture (inorganics). characterkation 
dtematlvcs for, in WAG 10 

Impoundments (inorganics). characterization 
alternatives for, in WACS 1.5.8. and 9 

pipelines (inorganlcs). characterization 
dtcmathres for. in WACS 1. 4. 5. 7. and 8 

pits and trenches (inoganfcs). characterization 
alternatlvcs for, in WAG 7 

Soils and sediments (horganics), characterization 
dtrmattvs for. in WACS 1. 5.8. and 9 

Tanks (inorganic4. d t e r k a t i o n  alternatives 
for, in WAGs 1. 5, 8. and 9 

In situ activated cubon. rcma47. V1: 101: V2: 43 

In situ u u t r ~ b i c  d e e d d m  ~ m a - 7 1 .  V1: 101: 
V 2  46 

In situ biodegrddon. rema-1 10. V1: 96: V2: 26 

In situ biological d e n i t r i f d o n .  rema- 1 1 1, V2: 45 

In situ b i o b g i d  o x i d a m  rema-70. V1: 101: 
v2 45 

In situ biomedi. d~00rptiOs. rema-74. V1: 101; 
v2: 43 

In situ chemicd grouting, rema-2. v 1 :  96: v2: 28 

~n situ chemicrl oddation, mL-61. VI: 101: 
v2 45 

~n situ extraction, rema-39, V1: 9 8  V 2  37 

In situ -on, rema-57. V 3 W :  V2: 42 

In situ M* flov mete.  char-258. V1: 6 5  
V 2  18 

In Situ 
v2 47 

@I-). -42. V1: 9 9  

In situ grouting @it./trendlcs). rema-37. v 1 :  9 8  
v2 37 

In situ heating, rana-99. V 2  26 

In situ ion exchange. rema-64, V1: 101: V 2  43 

In situ soPd phase miaoextm& 'on of organics, 
char-2 10. v 1 :  59: v2: 3 

In situ puticoltte grouting. rema-3, V1: 96: V 2  27 

In situ predpitrtion. rema-62. V1: 101: V2: 62 

In situ soil flushing. rema-47. V1: 100: V 2  41 

In situ solidifidon. rema-5. V1: 9 5  V2: 23 

In situ solidifidon using ament-bascd 
mtlting. rema-25. V1: 97: V 2  38 

In situ solidifidon using polymer grouthg, 
m - 3 2 .  V1: 98; V2: 39 

In situ s o l i d i 6 d o n  using silicatebased 
formnlotions. rema-26. v 1 :  98: v2 39 

In situ solidi&ation using themwplastic 
techni-, E=-33. V1: 98: V 2  39 

In situ trutmcnt using in situ vitrification, 
rema-30. V1: 9 8  V 2  39 

In situ vitrificdon. rema-18. V1: 9 9  V2: 36 

In situ vitrification (buried waste). rema- 100, 
V1: 96: V2: 29 

In situ d t r i f i d o n  (impoundment.). r~ma-59. 
V1: 100: V 2  42 

In situ vitrification @ib/trmchcs). rema-35. 
v1: 9 8  v2: 37 

Integrated automated analytical, rob-55. V1: 116. 
123: v 2  55 

Intruder buriws. rema-94, V2: 24 

Ion cam~tognphy,  char-50, v 1 :  63; v2 15 
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Ion exchange, rcma-65. V1: 100 V2: 42 

Ion mobility PLU. .ptctromctry. char-264, V1: 59 
v2: 5 

-J-- 
Jet grOptjpQ. rem-85. V1: 95: V2: 26 

-L- 
Laad diepod restrictioam 

Contaminated soil, V1: 172 
Hazardous debrls. V1: 170. 172 
E R A  hazardous waste. V1: 170 

Land diepoul m t t i c t i o ~ .  See 
Resource Consewation and Recovezy Act 

Luer ionization mpu spectmmetry. char-4. 
V1: 61: V2: 8 

Laws, enviranmental. s&ctingnmedial action 
&tiU 

Ovcnriew of. V1: 133-136 

Liquid .dptill.tion counting, char-267. V1: 63: 
V 2  14 

Lttedmte. See 
Resource Consemtion and Recovery Act 

Lone- d q m  mbotic rob-9. 
V1: 115. 122; V 2  51 

~ong- t .n~e  alpha detector. char-65. V1: 62: V 2  12 

Loa-krelwte. see 
Radionuclides. regulatory compliance for 

Loa-ltrelwterc9(11ptloM.See 
Dqartmmt of Energy requhments 

Lov-lerel wte. tschnologiu for. See 
Buried waste (low-level waste). remedial action 

altcmattvcs for. in WAGS 1. 3.4, 5.6 
and7 

contaminated tank contents), remedial 
actlon altematlves for, in WAGS 1. 5.8. 
and9 

acUon altcmatlves for, in WAG 7 

Inacve low-level waste tanks (radtOlO@Cauy 

Pits and h n h  (low-level waste). remedhl 

soils and sediments (low-levtlwaste), reMdlal 
actton altemathres for, in WAGS 1. 5.8,  
and9 

bv-kvel w8mte tub, m b o t h  and aotsnutbn 
altemrtko# for, in WAGa 1.6.8. .ad B 

Controls--algorlthms technologies 

V1: 115. 122: V2: 53 
combined mob*/mantpulation, roba-34. 

control modes, roba-27. V1: 115. 122: m: 52 
emergency shutdown. roba-37, V1: 115. 1 2 2  

manipulation (Cartesian control). roba-31, 

manipulatton (joint control). roba-30. 

mantpulatlon (redundancy control), roba-33, 

manipulation (special purpose control). 

safety (collision avoidance). roba-35, V1: 115. 

safety (load/rate Itmiting). roba-36. V2: 53 
vehlcle/mobility drMng. rob-28. V1: 115, 

vehicle/mbility navigation. roba-29. 

v2: 53 

V1: 115. 122: V2: 53 

V1: 115. 122 V 2  53 

V1: 115. 122 V 2  53 

mba-32. V1: 115, 122 V 2  53 

122 v2 53 

122: V2: 52 

Vl: 115. 122: V2: 53 
Controls-human/machhe intrrface technologks 

console (data handling methods). roba-39. 

console (&ced/mobile/suitcase), mba-38. 

operator interfaQ ( c o d  input). mba-40. 

opuator inter&ce (operator assistance). 

operator Interface (siatus/alert system). 

V1: 116. 122: V2: 54 

V1: 116. 122: V 2  54 

V1: 116. 122 V2: 54 

mba-41, V1: 116. 123: 54 

mba-42. V1: 116. 123  V2: 54 
M e c h a n i ~ d - o f - a r m  tooling technologies 

end-effector changenut mechanisms. roba-24. 

end effcctors/altematives. mba-23, VI: 115, 

force limiwcompliant mechanisms. 

V1: 115. 122: V 2  52 

122 V2: 52 

mba-26. V1: 115. 122 V2: 52 
g e d  grlpper/tool hterhce. roba-25. 

compact high-capacity manlpuhtors, 

V1: 115, 122 V 2  5 2  
Mcchanica-manlpulation technologies 

mba-19. V1: 115, 122 V2: 52 

122 m. 51 
dexterous mantpuiator~. mba-16. VI: 115. 

Mcchanical-mechanism technologfes 
stabUzatton/support mechanisms or booms, 

tool caddies, mba-21. V1: 115. 122 V 2  52 

data/signal transmission. mba-13. V1: 115. 

Wure rwxnrrry systems for mobile platforms, 

long-am deployed robotic platforms, mba-9, 

power souroes for mobile platforms. mba-10. 

mba-22. V1: 115, 122 V2: 52 

Mechanid-mobtltty technologies 

122: V2: 51 

rob-11, V1: 115. 1 2 2  V 2  51 

V1: 115, 122: V 2  51 

00870~ V1: 115. 122: V 2  51 
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775 1 
spcdaltzed rohotic deployment platforms. 

transportation methods for mobile platforms. 

wheled/tracked vehlcle. rob-1,  VI: 115. 

rob-7. VI: 115. 122 V 2  51 

rob-12. V1: 115. 122 V2: 51 

122 V2: 51 
other technologies 

characterhtton sensor integration. roba-58. 
VI: 116. 123: V2: 56 

v2: 55 

handling, roba-56. VI: 116. 123; VZ: 56 

VI: 116, 123: V 2  55 

v2: 55 

V 2  56 

v2: 56 

field hardening. mba-53. V1: 116. 123: 

hfoxmation management for sample 

intcgmted automated ady-tical, roba-55, 

radiation hardentng. roba-54. V1: 116. 1 2 3  

sample collection. roba-57. VI: 116. 123: 

sample preparation. roba-59. VI: 116. 123: 

Sensom-control technologies 
fom/torque. roba-50. VI: 116. 123: V2: 55 
position/velodty sensors. roba-48. VI: 116. 

proxkntty probes as control semrs, roba-51, 

toow sensors, roba-52. V1: 116, 123: 

1 2 3  v2: 55 

V1: 116. 123: V 2  55 

v2: 55 
Scnsors--peraption technologies 

fom/torque sc~~sors, roba-46, Vl:  116, 123: 

proxlmity probes. roba-45. V1: 116.123: 
v2 55 

v2 54 
range hd-. mba-44. V1: 116.123: V2: 54 
vlsua/aural. roba-43, VI: 116. 1 2 3  V2: 54 

- 1 1 6 -  

Magnetics, char-128, VI: 6 0  V2: 6 

Mamgement of r a i d 4  ruliorctivc mrkrirl. see 
ksidual radioacttve material 

n5mUge-t of d o 8 c t h c  vu-. See 
Departmnt of Energy requirrwnts 

IKadplll.tion (Cutedaa control). mba-31. 
VI: 115. 122 V 2  53 

Manipulation uoht control). roba-30. V1: 115. 
122 v2: 53 

Manipulation (redundancy control)). roba-33, 
VI: 115. 122; V 2  53 

Metdo(p.phic .ccfiopZPg and -ti00 
char-67. v 1 :  5 9  m: 4 

Metah. technologies for. See 
Burled waste (metals). remedial action 

alternatives for, in WACS 1, 3. 4, 5. 6. 
a n d 7  

Impoundments (metals). remedial actton 
altcrnattves for, in WAGS 1.5.8. and 9 

Pipelines (metals). remedial action altcmattves 
for, in WACS 1. 4. 5. 7. and 8 

Pits and tmnches (metals), remedial action 
alternatives for, in WAG 7 

Soils and sediments (metals). rtIMdlal action 
altcmatives for, in WAGS 1. 5. 8, and 9 

IlbicrO@aviv metbod.. char-127. VI: 60: V2: 6 

Microtunnekd h i g h 4 d t y  polyethylene. 
rema-86. VI: 9 s  v2: 26 

lyicrow8lm digestioo char-19. v 1 :  5 9  v2: 4 

m e d m & m O M  
De&lltlons of, VI: 156 
LDR-FEI=A/ORR. VI: 132, 157 

Wed vu&. technologies for. see 
Burled waste (mlmd waste). remedial action 

alternatives for, in WAGS 1. 3.4. 5.6. 
a n d 7  

action alternatives for, in WAGS 1.5.8, 
and9 

Soils and sediments (mimd waste). remedial 

Modeling of volatile organic compound8 milp.tion 
h mrte-, char-53. VI: 61: m: 10 

M o d W  rtma-122. VI: 96; V2: 32 

Mol- glpU -mbP.tor, r~ma-15. VI: 9 9  m: 34 

Mddangle drUling for depth prom of 
con t.minmt.. char-64. v 1 :  5 9  v2 4 

M d t h u u o r  %on measurement .pltemr. 
char-222. VI: 62: V 2  1 1  
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R a t i d  Ambient Air Qudity Stuuluda. See 

Clean Air Act 

=EAR. see 
Radionuclides. regulatory compliance for 

H&~~rkuch€tccturevithiPtegrated 
a ~ r k t a t i ~ ~ .  char-221. V 2  8 

Neutron activation, char-107, V1: 6 3  V2: 13 

Neutron activation andydm. char-266, V1: 63-64; 
v2: 14 

Hi-, technologia for. See 
Ground water and surface water (nlbtes). 

rrmcdfal actton altemathes for, in WAGs 
2 . 3 . 4 . 5 . 6 . 8 . 9 . 1 0 . a n d 1 1  

Soils and sediments (nitrates). remedia action 
altcrnailvcs for. in WAGS 1.5.8. and 9 

??dear -tic raonIpcc. char- 1 1 ,  V1: 6 0  
v2: 7 

- 0 -  
o o e u p . t i 0 d ~ l i m i t a .  see 

OccPp.tioPrl rulirtian erpomre limit.. See 

Department of Energy requirements 

Department of Energy requlnxnents 

OCEPP.fj00.I &few and Health Mminirtration 
Asbestos. v 1 :  206 
H ~ O U S - W ~ C  operatlon~. V1: 206 
Worker protection V1: 206 

On-line a p p a u t t i u l  f w d  extraction 
muhidetector gas cbmmatography, char-1 15, 
V1: 64; Xk 17 

Ope- - ( c o d  input). roba-40. 
V1: 116. 122: V 2  54 

Operator interface (opemar uaistancc). roba-41. 
V1: 116. 123: V 2  54 

opC=m krtaf.oc Iabtua/.lert system). roba-42, 
V1: 116. 123: V 2  54 

Optical .b.orption apectroacopy, char-27, V1: 60: 
v2: 5 

Optid mi-pp, char-32. V1: 65; V2: 18 
-3 

-on of Umpiiqe duigas. char-71. V1: 5 9  
v2 3 

Orgudca. techpobgla Lr. &e 
BMcd waste (organics), charactcrfiation 

alternatives for, in WAGS 1. 3. 4. 5. 6. 
and7 

dtcmatives for, in WAGS 1. 3. 4. 5. 6. 
and7 

Cro~and watcr and surface water (organics), 
&am&rkaUon alternatives for, in WAGs 
2. 3. 4. 5.6. 8. 9. 10. and 1 1  

Ground water and surface water (organics). 
remedial action d t a n a t h n s  for, in WACs 
2 . 3 . 4 . 5 . 6 . 8 . 9 . 1 0 . a n d 1 1  

Hydrofracture (organics). charactcrkation 
dtcmatives for, in WAG 10 

Impoundments (organics). charactcrkauon 
alternatives for, in WACS 1. 5. 8. and 9 

Impoundments (organics). remedial actton 
alternatives for, in WACS 1. 5. 8, and 9 

mpdhes (Organics), charackdtion dternatfvts 
for. in WACS 1. 4. 5, 7. and 8 

PlpeuncS (organics). remedial action alkrnattvcs 
for. in WACS 1. 4. 5. 7. and 8 

Pits and trrnches (organics)). a t m f z a U o n  
altcmatfvcs for. in WAG 7 

Pits and trenches (organics). mmedlal actton 
altemattves for, in WAG 7 

Soils and sediments (organics). chaxacterkation 
altCmattvor for, in WACS 1. 5,8, and 9 

Soils and sedimnts (organics). remedial action 
altcmattves for, in WAGS 1.5.8.  and 9 

Tanks (organics). characterization altemattvcs 
for. in WAGs 1. 5. 8. and 9 

Burled waste (organtcs). rcIMcual actton 

OpcrrhOt  drilling. E--123. V1: 96; V2: 32 

- P -  
- d d  X q  -0- char-17. V1: 63; 
v2: 15 

Puticle a h  umlysia. char-26, V1: 65: V2: 18 

p...ive monitors for weak beta radionuclides. 
char-102. V1: 62: V 2  12 

Athog- BmPeiItnee. char-215. V1: 65: V2: 19 

PCB h m t o r u r p  kit, char-99. V2: 16 

PCBS. See 
Polychorlnatcd biphenyls 

! 
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permit. under CERCLA see 

CERCLA 

mm-1 mOdtow. char-52, VI: 60; V2: 6 

Pesticides. See 
Federal Insecticide. Fungicide. and Rodenticide 

Act 

Photon electmu rejecting .Iph liquid 
.dntitlrtion. char-97. V2: 14 

phyriort problem areas, technologies for. See 
Bu~led waste (physical problem arms). 

characterization alternatives for. in WAGs 
1, 3. 4. 5. 6, and 7 

problem areas). chaxactdzation 
dternatfves for, in WAGS 2, 3, 4. 5. 6. 8. 
9. 10, and 11 

characterkzation alternatives for, in 
WAG 10 

characterization alternatives for, in WAGs 
1. 4, 5, 7. and 8 

plts and trrnches (physical problem areas). 
characterfiation alternatives for, in 
WAG 7 

characterization alternatives for, in WAGs 
1, 5, 8. and 9 

Tanks (physical problem arras). charactcrtzatton 
alternatives for, in WAGS 1.5.8. and 9 

Ground water and surface water (physical 

Hydrofracm (physical problem arras). 

plpchts (physical problem areas). 

Soits and sediments (physical problem areas). 

Ph*d row. rema-121. VI: 96: V 2  30 

l4- 
Description of implementation needs for runedial 

Description of remedial action alternatives for, 

Description of scien- and technology needs for 

Problem dehition. V1: 17 

actLon alternatives, V1: 92 

VI: 83 

remedial action altemattves. VI: 88 

l4-a ( g e u d  problem utu), 
cbuactaiution dtenmtives for, in WAGS 1.4, S, 
7. and 8 

Data analysis mamgement technologies 
analysis of censored data char-249, VI: 61: 

m: 10 
application of a p p r o a t e  reasoning to data 

analysis/duation. char-234. V1: 61: 
v2 9 

englneexing drawings. dism-155. V1: 61: 
v2 9 

rrguktory guidelines. dism-153. VI: 61: 
V!k8 

cllent/servcr architecture for data base 
access. dism-157. VI: 61: V2: 9 

computer-aided task analysis and procedure 
preparation. dism-172. VI: 61: V2: 9 

automated scanning and conversion of 

chent/servcr access to standards and 

~ p ~ t c r - b a s t d  training systems. dism- 19 1, 

codgwatlon management system. char-229, 

crIUcality indices. char-. VI: 61: V2: 10 
data access Services. dism-154. VI: 61: V2: 8 
detection and measurement systems with 

VI: 61: V2: 9 

VI: 62: V2: 1 1  

feature e X t r a C U O e - 2 2 3 .  VI: 6 2  
v2 1 1  

char-255. VI: 62: V2: 1 1  

transport In porous mdfa char-225. 

dynamicmodellngofmatdaltxansporf 

fractals used to select models for material 

VI: 6 2  V2: 1 1  
geographic information system for DOE sites. 

dism-181. V1: 61: V 2  8 
M mis V r t  system. char-233, 

V1: 61: V2: 9 

VI: 61: m. 10 

migration In porous materials, char-53, 
VI: 61: V2: 10 

multisensor fusion mcasurrment systems. 

network architecture with integrated 
workstations. char-221. V 2  8 

project information acccss sexvices. 
dism-151, VI: 61: V2: 8 

quality control for measurement processes. 

simulated walkthrough f d t y  for robotics 

hypertext information systems. dism-158. 

modeling of V o W e  organic compounds 

char-222. V1: 6 2  V 2  1 1  

char-250. V1: 61: V 2  10 

task sequence analysis. dism-171. VI: 61: 
v2 9 

Vi: 61: V2: 10 
spatial sample and data analysis. char-253, 

statistical methods for the analysis of large 

shred material neural net idenucation 

subsurkce complexation d e l ,  char-45. 

data sets. char-251. Vl:  61: V2: 10 

systun. char-242. VI: 62; V2: 1 1  

V1: 6 2  V2: 1 1  

v2: 10 
task scheduling aids. char-241. VI: 61: 

Detectton/masurrmnt-fleld method 
technolo~iZ3 

afr m~nitoring. char-59. VI: 6 0  V 2  6 
electrlcal and electromagnetic detection of 
wd and gc~loglc features. char-125, 
V1: 60; V2: 6 

v2: 7 

v1: 5 9  v2: 5 

V 2  6 

v2 5 

dispersion). char-18. VI: 6 0  V2: 6 
ion mobility m a s  spcctmmetty, char-264, 

VI: 59 m: 5 

electrochemical methods. char-IO, VI: 60; 

fiber-optic Chemical SCIISO~S. char-25. VI: 65. 

P u n d - p e m h t h g  radar. char-124, V1: 6 0  

immunoassay detection. char-23, V1: 6 0  

infrared SPec-~W bvekngth 

-ti-, char-128. VI: 6 0  V 2  6 
mtcropvity methods, char- 127, V1: 60; 

V2: 6 
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I 

Pipehem (gmd problem Ut..). 
cbuactuhtion 
7, .nd 8 (a- 

for, in WACS 1.4.  I, 

optical absorption spectroscopy. char-27. 

personnel monltorlng. char-52, V1: 60: V 2  6 
portable hrminesocncc detection. char-92, 

poxtable Raman spcctrpmeter. char-84, 

Vl:  60; V2: 5 
' 

Vl:  6 0  V 2  7 

V1: 60: V2: 5 

d k c t b n ) .  char-126. V1: W V2: 6 

V1: 60; V 2  6 

sdsmic methods (rrtracuon, p m f b g #  

tomographic sdsmlc monitoring, char-60. 

ultmsonic ranging and data system, 

Detectlon/mtasurement-kboratory method 
char-123. V1: 6 0  V 2  6 

techno lo@^ 
contamhd3on control--anatytical equipment. 

Fourier transfbrm i n f m e d  spccbscopy, 

isotopic dilution mass spectroscopy, char-48, 

laser ionization mass spectrometry. char-4, 

nuclear magnetic rtsonance. char-1 1. V1: 60: 

secondary ion mass spectroscopy. char-3, 

char-204, Vl:  6 0  V2: 7 

char-8, V1: 60; V2: 7 

V1: 60; V 2  7 

V1: 61: V 2  8 

v2 7 

V1: 60; Vk 7 

V k  60; V2: 8 
ultraviolet/vkibk S ~ C C ~ S C O ~ Y ,  char-9. 

Sample collection technologks 
in situ solid phasc microatmction of 

membranes for sample collection and 

multlangle ddling for depth pmaUng of 

or&anics. char-210, v1: 59: v2: 3 

concentration, char-55. V1: 5 9  V2: 4 

contaminants, char-64. V1: 5 9  m: 4 

v1: 59; v2: 3 

v 1 :  5 9  V2: 4 

char-257. V1: 5 9  V 2  3 

sampling and mirdng m t h d s ,  char-81, 

sampling of heterOgeneOUS wastes. char-270, 

sampling USTs for volatile organics. 

SEAMIST fmrrrtcd mCmbMe. char-273. 
V1: 6 5  m: 19 

sediment samphghmrestrlcted access 

sofl/scdimcnt sampling for volatile organics 
andysis. char-=. v1: 5 9  v 2  3 

solid sorbent sampling in airborne organics, 
char-=. v1: 5 9  v2: 3 

bcgti011~. char-276. V1: 5 9  V2: 4 

Sample preparation ttchnologks 
adaptation of the EPA TCIP leaching test for 

use with radloacthre samples. char-209, 
v1: 59; v2: 4 

n 5  

char67. v1: 5 9  m: 4 

high-pre~surt ashing. char-203. V1: 5 9  

metallographic sectioning and preparation. 

microwan digestion, char-19. v1: 5 9  m: 4 
radioacttvc sampk prepamtion, char-205, 

v1: 59; V2: 4 

supcrcritical fluid cxhactbn of inorganics, 

supcrcritical fluid extraction of organics, 

optlmbtbn of sampling designs. char-7 1, 

sampling pm- conflguratbn management 

sequcnttal sampling plans. char-252, v 1 :  5 9  

char-201. v 1 :  59: v2 5 

char-208. Vl:  5 9  v2 4 
Sampling des@ tedmologks 

V1: 59; v2: 3 

system. char-228. V1: 5 9  V2: 3 

v2: 3 

Hpdinu (inorgudcs). d m m e d z d o n  
dteznathms for, in WACb 1.4,  I, 7, and 8 

FteM mthod technologles 
atomic cndssion spectroscopy. char-76, 

portable X-ray fluolescene. char-6. Vl: 63: 

X-ray fluortsancc for in situ ~~nitor ing of 

V1: 6 3  m: 14 

V2: 14 

m& heavy metals. char-219, VI: 63: 
V 2  14 

Laboratory method technologles 
atomic emission spectroscopy. char-76, 

auger electron spectroscopy. char-2. V1: 64: 

cold vapor b e m q )  analysis, char-24, 

clcctron d&tion, char-37, Vl:  6 3  m: 15 
electron spectroscopy for chemical analysis. 

V1: 6 3  V 2  15 

V2: 16 

V1: 64: V2: 15 

char-1. V1: 64: V 2  16 

char-35. V1: 63: Vk 15 

char-56. V1: 63: V2: 16 

spe*s~~py, char-78. V1: 6 3  V2: 14 

char-77. V1: 63: V2: 14 

energy dispetsfve x-ray spectroscopy. 

gbw dischage ionization mass spcctroscopy, 

inducttvcly coupled plasma- 

inductively coupled plasma specttpscopy, 

ion chromabgraphy. char-50. V1: 6 3  V 2  15 
neutron activation analysts. char-266. 

V1: 63-64: V2: 14 

V1: 6 3  V2: 15 

V 2  16 

V1: 6 3  m: 15 

V1: 63; m. 15 

partide-induccd X-ray emtssion. char-17, 

powder X-ray diffraction. char-31. V1: 64; 

wandng electron microscopy. char-33, 

transmission electron microscopy, char-34, 

wavelength dispcrsk X-ray spectroscopy. 
char-36. V1: 63: V2: 15 

Pipelinu (me-). remedial action dteraatives 
for. in WAO. 1.4.1.7. .nd 8 

-vation technologtes 

Fiwtion ttchnologtes 

v2: 47 

pipcline uocavatioon. lema-53, v1: 99: v2: 47 

in situ muting (pipellnes). rem-52. V1: 9 9  

! 
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Pipelha (orgmiu), characterization dtemathcs 
for, in W M .  1,4* 5.7. a d 8  

Field method tcchloglcs 
direct sampling ion trap mass spectrometry, 

gas chromatography in the field, char-262, 
char-90. V1: 64: V2: 16 

V1: 64; V2: 17 
PCB fmmunoas~ay kit. char-99. V2: 16 
portable gas chromatograph/electmn capture 

detector for analyling PC&, char-100. 
V1: 6 4  V2: 16 

portable volatile organic compounds 
detectors. char-5. V1: 64; V 2  16 

synchronous fluorescence screening for 
polycyclic ammattc hydrocarbons. 
char-101. V1: 64; V2: 17 

Laboratory method technologies 
analytical methods for chelators and 

decontamination agents, char-206. 
V1: 64: V2: 17 

V1: 64: V2: 17 
capillary zone electmphoresis. char-207. 

@S chromatography. char-94. V1: 64; V 2  18 
chromato@aphy-Foutkr transform 
i d h d  S~CC~IXXSCO~Y. char-66. V1: 6 4  
V 2  17 

gas chromatography--mass spectroswpy, 
char-88. VI: 64: V2: 18 

char-89. V1: 64: V2: 17 
laguid chromato@aphy-~s S ~ ~ C ~ I O S C O ~ Y .  

on-line supercritical fluid 
extractbn-multidetector gas 

V 2  17 
soHdphasemicmexhacUonanalyUcal 

method. char-2 11. V1: 65: V2: 18 
synchronous lluoresccncc screening for 

polycyclic ammatic hydrocarbons. 

Chlp~tography. char-1 15. V1: 64: 

char-101. V1: 64; V 2  18 

Pipelha (organics). remedid d o n  alternatives 
for. in W M .  1,4.5,7. and 8 

Excavation technologies 

-tion technologies 

v2 47 

pipeline excavation. rema-53, V1: 99; V 2  47 

in situ grouUng (pipelines), rema-52, V1: 9 9  

Pipelines (physical probkm u e d ,  
c h t r t d s m t i o n  rlte- for, in WAGS 1.4.1. 
7. ad 8 

Field method technologies 
gmund-water drschage location. char-259, 

tn situ ground-water flow meter, char-258, 
V1: 6 5  m. 18 

V1: 6 5  V2: 18 
Laboratmy method technologies 

o p t i d  ~ ~ C ~ O S C O P Y .  char-32. V1: 6 5  V2: 18 
particle size andysis. char-26. V1: 65: V 2  18 

Pipelines (rrdiortirt element.). characterization 
8ltenmthes for. in WAO. 1.4.1.7. and 8 

Field method technologies 
advanad radiation monitors. char-269, 

V1: 6 2  V2: 12 

alpha track etch detectors for surface alpha 
contamination, char-96. V1: 62; V2: 13 

bubble dostmeters for neutron nux. char-2 16. 
V1: 6 2  V 2  12 

electret passive surfaa alpha monitor. 

electromagnetic ofiset log SLUVCY. char-272. 
char-95. V1: 62: V 2  13 

v2 19 -4b 
&X+PUC ChedCa SCIISOR, char-25. VI: 65; 

v2 19 

char-274. V1: 65: V 2  19 

v2 12 

char-102. V1: 62; V2: 12 

char-263. V1: 62; V 2  13 

hydmfractun gmund water monitoring. 

long-range alpha detector, char-. V1: 6 2  

passive monitors for weak bcta radionuclides. 

portable gamma-ray scintillometers. 

pmpomonal counter for alpha and beta 
activity, char-108, V1: 63. V1: 62: V2: 12 

thermoluminescence dosfmeter array for 
spatial characterfiation of alpha 
contamination, char-103. V1: 6 2  V 2  12 

Labratoy method technologies 
--ray ~pectrometry. char-268. V1: 63; 

V2: 14 

V1: 63; V2: 14 
liquid sclnUllatfon counting, char-267. 

neutron activation. char-107. V1: 6 3  V 2  13 
neutmn activation analysis, char-266, 

photon electron rejecting alpha liquid 

proportional counter for alpha and beta 

V1:63-64;m: 14 

sdntillatlon. char-97. V2: 14 

activity. char-108. V1: 63. V1: 6 2  V2: 13 

V 2  13 
radioanalyulcal pmadurrs. char-202. v 1 :  63; 

sodium iodide-germanium gamma 
~pe~tro~copy.  char-106, V1: 63. V1: 6 2  
V 2  13 

Pipelines (radionuclides). remedid action 
dternatives for, in WAGS 1.4.5.7. ad 8 

Excavation technologies 

Fiwtion tcchnologi~ 

v2 47 

pipehe emvation. rema-53. VI: 99: V 2  47 

in situ @outing (pipelines). mma-52. V1: 99: 

Pipelines (d bora), rem& ection rlternmdvcm 
for, in WAGS 1.4* 1.7. d 8 

Plug and abandon technologics 
wtll plugging and abandonmenf rema-22. 

v2 47 

Pita and trmcha 
Description of implementation needs for remedial 

Description of I.uwdlal action altunaUvc3 for. 

Description of science and technolog needs for 

Problem de8nltlon. V1: 16 

action altemattves. V1: 92 

v1: 80 

remcdlal action altcrnatlws. V1: 87 

080706 
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Pit. and M u  (cont.mio.ted ddge/.oiD. 
. remedhlvltirmdtunativufor.inW~7 

Excavation technologtcs 

-tion technologies 

VI: 9 8  v2: 37 

v1:  9 8  v2 37 

rcmotc excavation. rema-38. VI: 9 8  v2: 37 

in situ grouting @its/trtnchcs). rema-37. 

in situ vitrl&ation (pits/tmnchcs). rema-35. 

Physical scparatlon technologtes 
in situ Uctracuon. rema-39. VI: 98: v2: 37 

Pi- and trenches (gad problem ueu). 
ch.eterintlon dtemrtiotr for. in WAQ 7 

Data analysis management tcchnologtes 
analysis of a n s o d  data char-249, VI: 61: 

v2 10 
application of a p p e t e  reasoning to data 

analysis/duaUon. char-234, V1: 61: 
v2: 9 

cnglnecrlng drawings. dism-155. V1: 61: 
v2 9 

regulatory guidelines. dism-153. V1: 61: 
V2: 8 

client/snver anhitecturc for data base 
access. dism-157, VI: 61: V2: 9 

computer-atdcd task analysis and procedure 
preparation. dism-172. VI: 61: V2: 9 

computcr-bascd traMng systems. dism- 19 1, 
V1: 61; W. 9 

codguratbn management system. char-229. 
V1: 62; v2: 1 1  

ultlcallty lndlas. char-44. V1: 61: m. 10 
data amss SQYIcts, dlsm-154. V1: 61: V2: 8 
detection and measurement systems with 

featUrr artraction, char-223. V1: 62; 
m: 1 1  

dynamic modeling of material transport, 
char-255. V1: 62: V 2  11 

fractals used to select models for ma- 
transport in porous d i a  char-225. 

automated scanning and convcrsion of 

client/server acass to standards and 

V1: 62; V 2  11 
gexgxaphic idonnation system for DOE sites, 

dlsm-181. V1: 61: V2: 8 
hazard d s i s  expert system. char-233. 

V1: 61: m: 9 

VI: 61: V2: 10 

mlgratbn in porous maMals. char-53, 
VI: 61: V2: 10 

multlscnsor fusion measucmcnt systems. 

network archikchur with htypatcd 

project fnfbrmation access services. 

quality control for mcasurcmQlt processes, 

simulated wdkthrough facility for robotics 

hypertaa fnformatlon systems. dism-158. 

modeling of volatile olganic compounds 

char-222. V1: 62: V 2  1 1  

~ ~ t a t l o ~ ,  char-22 1. V 2  8 

dlsm-151. VI: 61: V2: 8 

*-250. VI: 61: V2: 10 

tasksequcnccanalysis, dism-171. VI: 61: 
v2 9 

spatial Bample and data analysis. char-253. 
VI: 61: V!k 10 

statistical m t h d s  for the ana&& of large 
data sets. char-251, VI: 61; V2: 10 

stond makrial neural net identification 

subsurfaa complexatbn d e l .  char45. 
~~&ZIL char-242. VI: 62; V2: 1 1  

V1: 6 2  V2: 

v2: 10 
task ~chedullng aids. char-241. VI: 61: 

Dctection/mcammmcnt-fkld method 
technolo@cs 

air monitoring. char-59. VI: 60: V2: 6 
electrlca a d  electromagnetic detection of 

murmd and @~giC featurrs. char-125. 
VI: 60: m: 6 

v2: 7 

VI: 58. m: 5 

V 2  6 
immun-y detection. char-23, V1: 60; 

v2 5 
infrared spectroscopy [wavelength 

dispersion). char-18, Vl:  60 V2: 6 
ion mobility mass spectrometry. char-264. 

VI: 59; m: 5 

~ l - d d  mtthods. char-10. VI: 6 0  

flba-optic chemical ~~-19. char-25. VI: 65, 

@~und-penetratlng radat, char-124. V1: 6 0  

m a @ ~ l l c ~ .  char-128. V1: 6 0  V2: 6 
mi~~~gravlty methods. char-127. VI: 60: 

V 2  6 

V1: 60: m: 5 
opUd absorption spectroscopy. char-27, 

personnel m~nitorfng. char-52. V1: 60: V 2  6 
poxtable h m l n e s a n a  detection, char-92. 

V1: 60: V2: 7 

V1: 60: m: 5 
poltable Raman spectrometer, char-84. 

sdsmtc mthods [rclxactbn, profiling, 
reflection). char-126. V1: 60; V2: 6 

tomogmphic seismic monitoring. char-60. 

ultrasonic ranging and data system 

Dctection/masuRmnt-labomto~ method 

V1: 6 0  V2: 6 

char-123. V1: 60: V 2  6 

contamhatbn control-adyttcal equipment. 
char-204. VI: 60; V 2  7 

char-8. V1: 60: V2: 7 
Fourier transhrm in6arcd spec~scopy.  

isotopic dilution mass spectroscopy. char-48. 

bser ionfiati0n:mass spectrometry. char4. 

nuclear magnetic rcsonana. char-1 1. VI: 60; 

stcondary ion mass spectroscopy, char-3. 

ultraviolet/vlsible s p e c ~ s c o p y .  char-9, 

V1: 60: m: 7 

V1: 61: V2: 8 

v2: 7 

V1: 6 0  m: 7 

V1: 60: V2: 8 
Sample collection technalogtes 

in situ solid phase micrwxtractton of 
organics. char-210. v 1 :  59: v2 3 

membranes for sample collection and 
conccn-tion. char-55. V1: 5 9  V2: 4 

000707 
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- 7 7 5 1  - 
~ u c u v e l y  wuplcd plasma spectroscopy. 

char-77, V1: 63; V2: 14 
ion chromatogmphy. char-50, V1: 63; V2: 15 
neutron activation analysis. char-266, 

particle-induced X-ray emission, char-17. 

powder X-ray dith-n, char-31. VI: 61; 

scanning electron mfcroscoyy. char-33. 

transmission electron micIoscopy, char-%. 

VI: 6- V2: 14 

V1: 63; V2: 15 

V2: 16 

V1: 6 3  V2: 15 

V1: 6 3  V2: 15 
wavelength dispershre X-ray ~ p e ~ t r o ~ ~ ~ p y .  

char-36. V1: 63; V2: 15 

multhngle drilling for depth profiling of 
contamlnants. char-64. v 1 :  5 9  v2 4 

v 1 :  5 9  V2: 3 

v1:  5 9  v2: 4 

char-257. V1: 59: V 2  3 

Samphg and mMng nm~thods, char-81. 

samphg of heterogeneous wastes. char-270, 

sampling UsTs for volatile organics, 

SEAMIST inverted membrane. char-273. 

sediment sampling h m  rcstrfctcd amss 

soil/scdiment sampling for volatile organics 
analysis. char-256, v 1 :  5 9  v2 3 

solid sorbent sampbng in airborne organics. 
char-254, v1: 59; v2: 3 

V k  6 5  V2: 19 

l o c a t i ~ n ~ .  char-276. V1: 5 9  V2: 4 

Sample prepaxation technologies 
adaptation of the EPA TCIP leaching test for 

use with radioacthe samples, char-209. 
v 1 :  5 9  V2: 4 

v2 5 

char-67. v 1 :  59: v2: 4 

h t g h - p r ~ ~ s ~  a h g .  char-203. V1: 5 9  

metallographic sectioning and preparation. 

microwa~e digestion char-19. V1: 5 9  V2: 4 
dioactfve sample pnparation. char-205. 

supacritical fluid extraction of inorganics. 

supcrcrftical fluid extraction of organfcs. 

v1: 5 9  v2: 4 

char-201. v 1 :  5 9  v2 5 

char-208. v1: 59: v2 4 
Sampling design technologies 

optimlzaton of sampling designs, char-7 1. 

sampling progmn codguxation management 
v 1 :  59; v2: 3 

system. char-228. V1: 5 9  V2: 3 

v2 3 
sequential sampling plans, char-252. v 1 :  5 9  

Pits and treache~ (iiorgdcm). chuocteriution 
jtenmtivea for. in WAC3 7 

Field method technologies 
atomic emission spectroscopy. char-76. 

portable X-ray fluoxtsoena. char-6, V1: 63: 

X-ray fluorrsccna: for in situ monttoring of 

V1: 63; V2: 14 

V 2  14 

todc heavy metals, char-219. V1: 63; 
V 2  14 

Labratory method ttchnologies 
atomic emission spectroscopy. char-76. 

auger electron spectroscopy. char-2, V1: 64; 

cold vapor (mrcury) analysis, char-24. 

electron d h t i o n .  char-37. V1: 6 3  V2: 15 
electron spectroscopy for chemical analysis, 

en- dtspersWc X-ray spectroscopy, 

glow dischage iontzaton mass spectroscopy. 

V1: 63; V2: 15 

V 2  16 

V1: 64: V2: 15 

Char-1.Vl: 64; v2: 16 

char-35. V1: 63: V2: 15 

char-56. V1: 63: V2: 16 

~p~ctroscopy. char-78. V1: 63; V 2  14 
inductively wuplcd plasma--mass 

Pits and trencha 0 - M  wte). r e n r ~ d t t  
action dtunatba for, in WAG 7 

ExcavaUon technologies 

-tion technologies 

v1: 9 8  v2 37 

v 1 :  98; v2: 37 

remote excavation, rema-38. V1: 9 8  V2: 37 

fn situ gruuting @fts/trenches), rema-37. 

in situ vitdcation (pits/trcnches). rema-35. 

Physical separation technologies 
in situ ahaction. rema-39, V1: 9 8  V2: 37 

.Pits and trenches (metab). remedial d m  
dtemativcs for, in WAG 7 

Capping technologies 

v2 37 
capping @its/trenches). runa-36. VI: 9 8  

Pits and trenches (ogania). characterization 
dternrtiver; for, in W M  7 

Flcld method technologies 
dircct sampling ion trap mass spectrometry, 

char-90, V1: 64: V2: 16 
g a ~  chromatogmphy in the fleld. char-262. 

PCB immunoas~ay kit. char-99, V 2  16 
V1: 64; V 2  17 

portable gas chromatograph/electron capture 
detector for adyzing PCBs, char-100. 
V1: 64; V2: 16 

portable volaffle organic mmpounds 
detectors. char-5, V1: 61; V 2  16 

synchronous fluorescence screening for 
polyqclic aromatic hydrocxbons. 
char-101. V1: 64; V 2  17 

Labolatory method technologtes 
analytical methods for chelators and 

decontamination agents. char-206. 
V1: 64; m: 17 

V1: 64; V2: 17 
caprllary zone electrophoresis. char-207. 

gas chromato@aphy. char-94. V1: 64: V 2  18 
g a ~  chromato@aphy-Fo~~ transform 

infrared spectroscopy, char-66. v1: 61; 
V2: 17 

gas chmmato@aphy-~s ~ p e c t r o ~ ~ ~ p y .  

liquid c h r o m a t o ~ p h y - ~  ~pectrosc~py. 
char-88. V1: 64; V 2  18 

char-89. V1: 64; V2: 17 

000788 
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Fit. a d  M a  (organics), --tion 
.Itup.tirt. for. in W M  7 (a- 

on-he mpcrcritlcal fluid 
cxtmctbn-multtdetector gas 

V 2  17 
chromato~phy.  char-1 15. VI: 64; 

SOU phase mlnoextractlon meal 

synchronous fluorescence scr&ning for 
polycyclic aromatlc hydmcahons. 

method. char-21 1. VI: 65; V2: 18 

char-101, VI: 64: V2: 18 

plts and trea&es (organics), rernedid .ction 
d m m t h e 8 f o r . i n W M 7  

cappins technologies 
capping (pits/knches). rema-36. VI: 9 8  

v2 37 

Pit. amd trench- (physid problem ueu). 
chuac-tion dtematives for, in W M  7 

Fitld method tcchnologits 
ground-water discharge locatton. char-259. 

in situ ground-water flow meter, char-258, 
V1: 6 5  V 2  18 

VI: 6 5  V2: 18 
Laboratory method technologies 

optical ~ C S O S U J P ~ .  char-32. V1: 6 5  V2: 18 
particle S* a d p i s .  char-26, V1: 65: V2: 18 

pit. and trcachm (rdiomctioe elements), 
chuacterixation dtcmrtiPes for, in W M  7 

meld method technologilcs 
advan&d radktbn monitors, char-269, 

V1: 62; V2: 12 
alpha track etch detectors for surface alpha 

contardnaUon. char-96, VI: 62: V 2  13 
bubble dosimeters for neutron flux, char-2 16. 

V1: 62: V!k 12 
electret passive surfaae alpha monitor. 

char-95. VI: 62; V2: 13 

m: 19 

v2: 19 

char-274. V1: 6 5  V2: 19 

m: 12 

char-102. VI: 62; V2: 12 

char-263. VI: 62: V2: 13 

acthrity, char-108. VI: 63, V1: 62; V2: 12 

clectromagneuc offset log SUIvql. char-272. 

%ber-~ptlc ChCmiCa SCIW)TS. char-25. VI: 65, 

hydrofmctuxc gmund water monttoxtng, 

long-rangt alpha detector. char-65, VI: 62: 

passive prlnltors for weak beta radionuclides. 

portable gamma-ray scin~onreten3. 

proportional counter for alpha and beta 

thermohrminescenct dosimeter array for 
spattal characterization of alpha 
contamination. char-103. V1: 62; V2: 12 

Laboratory method technologies 
--ray Sp~CtrOmetry. char-268. V1: 63: 

V 2  14 

V1: 63: v2: 14 
liqutd scintillation munttng. char-267. 

neutron actfvaUon. char-107. V1: 63: V 2  13 
neutron actfvation analysis. char-266. 

V1: 63-64: m: 14 

photon electron rejecting alpha liquid 

proportional counter for alpha and beta 
~dnUllatbn. char-97. Vk 14 

acttvlty. char-108. VI: 63. VI: 6 2  V2: 13 

V2: 13 
radioanaytlcal proadures. char-202, v 1 :  63; 

sodium Wde-germanium 
8 ~ ~ ~ - 1 0 6 .  VI: 63. V1: 62; 
V 2  13 

uc frrrp.a. m - 1 7 .  VI: 99: V 2  35 

pt.ter. sse 
Buried waste (HFIR control plates). remedia 

action altemathm for. in WACS 1. 3.4.5.  
6. and 7 

Polychlorinated biphengk reepletiolu. See 
Toxic Substances Control Act 

Polychlorinated biphenyls, technologies for 
Ground water and surface water (PCBs). rclMdial 

actton altemattves for. in WACS 2 . 3 . 4 . 5 .  
6. 8. 9. 10. and 1 1  

altemaUvlcs for, in WACS 1, 5.8. and 9 
Soils and sedtmcnts (FCBs). remedial action 

POrLoblt g u  chmnutogrrph/ekctmn aptnre 
detector for andping PCB.. char-100, VI: 61: 
V 2  16 

Portable luminescence detection. char-92. V1: 6 0  
v2: 7 

Portable Run8n spectrometer. char-64. VI: 60: 
v2: 5 

Podtion/oeloJty sensors. roba-48. V1: 116,123; 
v2 55 

P o d -  x-p -tiom char-31. VI: 61: v2: 16 

Poacr sources for mobile platforms. roba-10. 
V1: 115. 122; V 2  51 

Redpitation. rema-34. VI: loo: V2: 44 

predrion uc.v.tlop, rema-90. VI: 96; V2: 31 
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'L . 
~ ~ w 8 t C r . t 9 a d a r d . . S e e  

Sak Drinking Water Act 

Project information roar d c t . .  dism-151, 
VI: 61: m. 8 

Proportional copnter for alpha .nd bet. activity. 
char-108, VI: 63. VI: 62; V 2  12 

-e pbes .  roba-45. V1: 116. 1 2 3  V2: 54 

-e mbes ..control .cP.oI.. roba-51, 
VI: 116, 123: V2: 55 

Public radiation exposure limit.. See 
Department of Energy requirements 

Public Pdirtion Protection st.ndud.. See 
Dcpartmcnt of Energy nqulrancnts 

- 9 -  
Quality control for mep.mmrmt pmCe8US. 
char-250. V1: 61: V2: 10 

- R -  
hudepiPg, roba-54. V1: 116. 123 V2: 55 

Radiation protection otendardo 
Department of Energy orders, VI: 162-168 
Department of Transportation mgulations. 

Environmental Rotection Agency rt@htions. 
V1: 161 

V1: 1 5 8 1 6 1  
Federal w m t n t s  and lea(nbtlan, V1: 157-158 
Generic below regulatory c o n a m  lcvels for 

radioacthe wastes. V1: 156-157 

Radioactive element.. technologies for. See 
Buried waste (radioactive ekmnts), 

characterfiation alternathres for, in WAGs 
1. 3. 4.5.6, and 7 

elements). characterkation alternatives 
for, in WAGs 2, 3. 4. 5. 6. 8. 9, 10. 
and 1 1  

chaactcrfiation alternatives for. in 
WAG 10 

chamctulzatlon alternatives for, in WAGs 
1. 5. 8. and 9 

Pipelines (doactive  elements). characterfiatlon 
ttchnologles for, in WAGs 1. 4. 5. 7. 
and 8 

charactcrfiatlon alkmattws for, in 
WAG 7 

Soils and sediments (radioacthrr elements). 
charactcrjzation technologies for. in 
WAGs 1.5,8.  and 9 

Ground water and surface water (radioactive 

Hydrof~acture (radioactive elements). 

Impoundments (radioactive elements), 

Pits and trenches (xadioacUvc elements). 

Tanks (radioacthrr elements), chaxactmlzatbn 
altemattves for. in WAGs 1. 5.8. and 9 

Radio.czi0tnlatd.b. see 
Departwnt of 'Itansportation 

Radio& m e  prqmmtion, char-205. VI: 59: 
v2 4 4b 

R a d i 0 m R 1 1  proced-. char-202. V1: 6 3  
V2: 13 

Radiologically contuuiaattd turL content., 
technologies for. See 

Impoundmnts (radiologically contaminated tank 
contents). remtdial action alternatives for. 
in WAGs 1.5.8.  and 9 

contamtnated tank contents). remedal 
actlon alternatives for, in WACS 1.5.8. 
and9 

Inacthie law-kvclwaste tanks (radiologtcz3lly 

Radionuclides. See 
safe Drfnldng Water Act 

Radionuclides, reguht0s-y compliaaa for 
Dose limits. VI: 162 
H f g h - 1 ~ ~ ~ 1  waste. V1: 159, 162-163 
b ~ - l d w a ~ t e .  VI: 160. 162, 164. 168 
Maximum contaminant levels, V1: 205 
NESHAPS. See 

Spent nuclear fuel, VI: 159. 162-163 
Transportation requircmts, V1: 161 
Transuranicwaste, VI: 159. 162. 163. 168 

Clean Air Act 

R a d i o d d e s .  technologies for. See 
Buried waste (radionuclides), d i a l  actlon 

alternatives for, in WACS 1. 3, 4. 5. 6. 
and7 

Ground water and surface water (radionuclides). 
d i a l  action altematlws for, in WAGs 
2 . 3 . 4 . 5 . 6 , 8 . 9 , 1 0 . a n d 1 1  

Impoundments (radionuclides). remedial action 
altemattves for, in WACS 1. 5, 8. and 9 

Pipelines (radionuclides). rcMdial action 
tshnologtes for. in WAGs 1. 4. 5. 7. 
and8 

Pits and benches (radionuclides). remedial actfon 
alternatives for, in WAG 7 

Soils and sedtments (radionuclides). remedial 
action alternaUves for, in WACS 1.5.8.  
and9 

Range find-. roba-44. V1: 116. 123 V2: 54 

-*-lorn 
Characterfiation technologies. VI: 59-65 

Remedial action technologies, V1: 95-101 
Robotics and automation technologles. 

Descrlpuons of Crita-kL VI: 44-46 

V1: 122-123 

Rue.  thrrrtened. or endangered oped-, V1: 2 15 

i 
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RCRAsee 
Rwoura Consenration and Recovery Act 

Remok uCmti00 ITXXI~-38. VI: 96.98: 
V 2  31.37 

Refirtoig organb, technologier for. &e 
Soils and sedimnts. rcIptdial action dtcrnatfves 

for, in WACS 1. 5. 8. and 9 

RemcdW.cttondtumths.See 
Burled waste (burled bulk equipment itcms). 

randial action altcmatlves for, in WAGs 
1. 3. 4. 5, 6, and 7 

action alternatives for, in WACS 1. 3, 4. 5. 
6. and 7 

Buried waste (high-spedc activity europium in 
HFlR TRU oxides. and concentxated 
low-levcl waste), remedial action 
alternatives for, in WAGS 1. 3. 4, 5. 6, 
and7 

dternatlves for, in WAGs 1. 3.4. 5. 6. 
and7 

dtemativcs for. in WAGS 1, 3, 4. 5. 6. 
a d 7  

dtanatlves for, in WAGS 1, 3, 4. 5, 6. 
and7 

dtmnatlves for. in WACS 1. 3. 4. 5, 6. 
and7 

Buried waste (radionuclides), remedial action 
alkrnatlves for, in WACS 1, 3. 4. 5, 6. 
and7 

action alternatives for, in WAGS 1. 3.4.5, 
6, and 7 

rrwdial action dtcmatlves for, in WAGS 
2. 3. 4. 5.6. 8. 9. 10. and 1 1  

Ground water and surface water (nitrates). 
rtmedial action dkmatlves for, in WAGs 
2.3.4.5.6.8.9.10.and11  

Ground watcr and surface water (organics). 
medial  action dtcmatives for, in WAGs 
2.3.4.5.6.8.9.10.and11 

Ground wata and surfact water (PCBs). remedfal 
actton altemativcs for, in WAGS 1. 3, 4, 5. 
6. 8. 9. 10, and 11 

Ground wata and surface water (radionuclides). 
rrmcdhl action alternatives for, in WAGs 
2. 3. 4.5. 6. 8.9. 10. and 1 1  

Ground water and surface water (~IIUUIU). 
d i a l  action alternattves for, in WAGS 
2. 3. 4. 5.6. 8. 9, 10. and 1 1  

Buxicd waste MFlR control platts). remedial 

Burled waste (low-lenl waste). medial  action 

Buried waste (metals). remedial action 

Buried waste (mixed waste). remedial action 

Buried waste (organics). remedial action 

Burled waste (trench subsidence), remedial 

Ground water and surface water (inorganics). 

7 7 5  1 
Ground water and surface water [volatile o r m c  

compounds). remedial action altanatives 
for. in WACS 2, 3.4. 5, 6, 8. 9, 10. 
and 1 1  

Hyd~fracturr (grout sheets). remedial action 
alternatives for, in WAG 10 

Impoundments (metals), rcIIltdial action 
a"cmaftvesfq lnWACS 1.5.8. and 9 

Impundmenb (organics). remedial action 
dtemattveS for, in WAGS 1. 5, 8. and 9 

Impoundments (radiol@caUy contaminated tank 
contents). rcmcdlal action alternattves for. 
in WAGs 1.5.8. and 9 

Impundrncnts (radionuclides), remedial action 
dtemathrrs for, in WACS 1. 5. 8. and 9 

contaminated tank contents). rcMdtal 
action dtcmatlvcs for, In WAGs 1, 5. 8. 
and9 

plpeltnes (metals). medial action alternatives 
for. in WACS 1, 4, 5. 7. and 8 

Pipelines (organics), remedial action altcmat~~es 
for. in WAGS 1. 4. 5. 7. and 8 

Pipelines (radionuclides). rcpltdtal action 
alternatives for, in WACS 1. 4, 5. 7, and 8 

Pipelines (well bores), remedial action 
alternatives for, in WACS 1. 4. 5. 7, and 8 

Plts and trenches (contaminated sludge/soil). 
remedial action alternatfvts for. in WAG 7 

Pits and trenches (low-level waste), mncdid 
action alternatives for, in WAG 7 

Pits and trmches (metals]. remedial action 
alternatives for, in WAG 7 

Plts and trenches (organics). remedial action 
ahnatives for, in WAG 7 

Pits and trenches (radfonuclldes). reMdial action 
alternatives for. in WAG 7 

action alternatives for, in WAGS 1. 5.8. 
and 9 

alternatives for, in WACS 1. 5.8. and 9 

action alternatives for. in WAGS 1.5.8, 
and 9 

Soils and sediments (nitrates), repEdfal action 
alternatives for, in WACS 1. 5.8. and 9 

Soils and sediments (organics). remedial action 
alternatives for, in WAGS 1. 5.8. and 9 

Soils and sediments (PCBs). remedial action 
alternatives for, in WAGS 1. 5. 8. and 9 

Soils and sediments (radionuclides). remedia 
action alternatives for, in WACS 1. 5. 8, 
and9 

m e d i a l  action alternatives for. in WAGs 
1. 5. 8. and 9 

hydrocarbons). remcdfal action 
alternatives for. in WAGS 1. 5. 8. and 9 

Inactive low-level waste tanks (radiologlcayr 

Soils and Scdimcnts (~OW-~CVC~ waste), r e d i a l  

Soils and sediments (metas). remedial actjon 

Soils and sediments (mixed waste), remedial 

Soils and sediments (refractory organics). 

Soils and sediments (volattle organic 

Rdddradioactivematcrid 
Ckanup crlterla. V1: 161. 165-166 
Management of. VI: 166-167 
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Residual rdhmdvity. See 
Department of Energy requirements 

R#orpeecOwR.tjon.pdRecoveryAct 
Action-spedc mgulatbns. V1: 176-204 
Chamcteristic waste. V1: 143 
Containment building, V1: 195-196 
Comcttvt Action. V1: 154. 172 
ComcUve Action Management Unit (CAMU). 

Hazardous debris, V1: 170, 172 
Hazardous waste, V1: 143. 169 

llstedwa-ste, V1: 143 
M a x h u m  concentration levels, V1: 138. 143 
Soil cleanup. V1: 154. 172 
Solid waste. V1: 143 
Subtitle C, V1: 169. 17S204 
Subtitle D, V1: 174 
Subtitle I. V1: 173 

v 1 :  172 

 and disposal mmctlons (LDR), v i :  170 

ROadmqphg methodology, v 1 :  2s 

ROboticlr urd automation alternatives. See 
Burled pipes. robotics and automation 

Burkd waste, robotics and automation 
alternatives for 

alternatives for, in WAGS 1. 3.4. 5. 6. 
and7 

automation al- for, in WAGS 2. 3. 
4. 5. 6, 8. 9. 10, and 1 1  

Impoundments, robotics and automation 
alternatives for, in WAGS 1. 5.8. and 9 

Low-kvel waste tanks. robotics and automation 
alternatives for 

Soils and scdtmtnts, mbotics and automation 
alternatives for, in WAGS 1. 5.8. and 9 

Ground watm and surface water. robotics and 

- s -  
SafeDrhkingwaterAct 

M- contaminant levels. V1: 138143.  158 
Maxhum contaminant level goals. V l :  1 3 8 1 4 3  
primary drinking water standards, V1: 1 3 8 1 4 3  
Radfonudfdes. V1: 158 
Secondary drfnldng water standads. V1: 

144-145 
Undergmund i n . t i o n  wntml. V1: 198-201.205 

Safety (collidon .voidance). roba-35. V1: 115. 122: 
m. 53 

safety (ld/r8te Ilmitine). rob-36. v 2  53 

--bed fmmrtiopr. V1: 207 

srwdome f o ~ o n 8 .  V1: 207 

SIIlrple collection. roba-57, V1: 116. 123: V 2  56 

-. rob-g9. V1: 116, 123: V 2  56 

9rmpllnB and d x h g  methods. char-81, V1: 5 9  
v2 3 

9.mpllne Of heterogtneom mta. char-270. 
v 1 :  5 9  m: 4 

S-~WploiP--~tionm~1~.ge-t 
symkm. char-228, v 1 :  59: v2 3 

&mpliag USTs for ml.tife organics. char-257, 
v 1 :  5 9  v2: 3 

-3 

&.~toq electma dcroocopy. char-33, VI: 63: 
V 2  15 

Scenic rhcn V1: 215 

SEAIIIIST -. char-273, V1: 65; 
v2 19 

Secondarydriakhgvrta.taudud8.see 
Safe Drinldng Water Act 

Secondary ion PLW spectroroopy, char-3, V1: 6 0  
v2: 7 

Sediment nmpling from ratrickd .CCM. 
1oCrti0=, char-276. V1: 5 9  m. 4 

Sehmic method. (retraction, prow, reflection), 
char-126. V1: 60; V 2  6 

Seq0cnti.l UpIPHpg p h ,  char-252. V1: 5 9  V2: 3 

Sheet pile vr9r. rema-41. V1: 95,100 m: 24.41 

Shndding and mryfnetic reparation. rema-93. 
V1: 96; V 2  30 

SimrrLoted walkthrough facility for robotia task 
*eQuePoe mdph, dism-171. V1: 61: m: 9 

Sld@ m. rema-56, V1: 100 V 2  41 

~=Y-llsithhieh-d-ityPolYeth~einruL, 
rema-83. v 1 :  9 5  m: 24 

shzywdb. rema-40. V1: 95.100; V2: 24,41 

Smtlting. wpm-111, V1: 97: m: 30 

Sodium iodidegernunirnn gamma spectmscqy, 
char-106. V1: 62.63: V 2  13 

soil clunup. see 
Resoura Conservation and Rewvrry Act 

soil &Up -OM 
PCBs. V1: 154-155 
LCad.Vl: 155 

008712 
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-. 

multlsensor fusion IlltasurcMnt systems. 

network atchitecturc wlth integrated 
workstations. char-221. V2: 8 

prajectinformationaccesssuviccs. 

quaity control for measurement processes. 

sfmulated walkthmugh facility for mbotio, 

char-222, V1: 62; V 2  11 

dism-151. V1: 61: V2: 8 

char-250, V$Sl; V 2  10 

task sequence analysis. dism-171. V1: 61: 
v2 9 

V1: 61: K2 10 
~paaal sampk and data e ~ i s .  char-253. 

statistical methods for the anatysis of largc 

stored material neural net tdentiilcatton 

subsurface complexation model. char-45, 

data sets, char-251. V1: 61: V2: 10 

sy~tcm char-242. V1: 6 2  V2: 11 

V1: 6 2  m. 1 1  

v2: 10 
task scheduling aids. char-241. V1: 61: 

Detection/mcammmcnt-field method 
t e c h n O b g t e S  

air monitorlng. char-59, V1: 60 V2: 6 
electrical and electromagnetic detection of 

murid and ge~lo@c featurrs. char-125. 
V1: 60 V2: 6 

v2 7 

v1: 59; V2: 5 

V 2  6 

v2: 5 

dtsperston). char-18, V1: 60; V2: 6 

v1: 5 9  v2 5 

e k c e h d d  methods. char-10. V1: 6 0  

B ~ C P O P U C  ChemiCa SCXISOIS. char-25. V1: 65. 

mund-p~~~etratlng radar, char-124. V1: 60: 

immunoassay detection. char-23, V1: 60; 

hfxared spectroscopy (wavelength 

ion mobflity mass spectmrnctxy. char-264, 

~ ~ @ x U C S .  char-128. V1: 60: V 2  6 
dmevity methods, char-127. V1: 60: 

optical absorption spectrosoopy. char-27. 

personnel monitoring. char-52. V1: 60; V2: 6 
portable lumtnesoencc detection. char-92. 

V1: 6 0  V2: 7 
portable Raman spectrometer. char-84, 

V1: 60 V 2  5 
sdsmic methods (retraction. profiling, 

rrflection). char-126. V1: 60; V2: 6 
tomog~~phic seismic monitoring. char-60, 

V1: 6 0  V2: 6 
ultrasonic rangtng and data system, 

DetecUon/masumncnt-laboratory method 

V 2  6 

V1: 60; V2: 5 

char-123. VI: 60; V2: 6 

t e c h n O l O g k 3  
contamination control-adytical equipment 

Fourier transform tnfrarrd spectmscopy. 

isotopic dilution mass spectrosoopy. char-. 

Laser ionization mass spectrometxy, char-4. 

char-204. V1: 60: V2: 7 

char-8. VI: 60 V2: 7 

V1: 60 W. 7 

sou ...r. rrma-88. v1: 95; v2 25 

8011 +.par atmctiop rema-78. V1: 98; V2: 33 

SOU mbhg, m-6. V2: 30 

SOU v..blpo. m - 5 1 .  V1: 1 0 0  V 2  41 

soil mhipl, rema-55. v 1 :  98: v2: 33 

8oih.nd.tdimcntr 
Description of implemcntatton needs for rtm#llal 

Description of rcMdial action alternathres fbr. 

Description of sckna and technology nceds for 

Problem dewtion. Vk lB.2Cb23 

action alttmathrcs. V1: 92 

V1: 81-82 

d t a l  actlon altcrna&cs. V1: 87 

S o h  mud sediment. (general problem mu), 
ch.t..ctclt.tion . for. in W M S  1.6.8, 
rod9 

Data anaiysis lllaMgemcnt technologtcs 
analysis of censored data. char-249, V1: 61: 

application of approximate rrasoning to data 
v2 10 

anatySiS/&tion. cbar-234. V1: 61; 
v2: 9 

engtneatng drawings. dism-155, V1: 61: 
v2: 9 

regulatory guidehcs. dism-153. V1: 61: 
V 2  8 

automated scannfng and conversion of 

client/server access to standards and 

client/scrvtr architecture for data base 

computer-ddcd task analysis and procedure 
prqmation. dism-172. V1: 61: V2 9 

computcr-based training systems. dtsm-191. 
V1: 61; V2: 9 

codgumtion management system. char-229, 
V1: 6 2  W. 11 

aittcaltfy Indices. -4%. V1: 61: V 2  10 
data a- savices. dfsm-154. V1: 61: V2: 8 
detection and measurement systems with 

ams~, d h - 1 5 7 .  VI: 61: m. 9 

featurr extraan. char-223. V1: 6 2  
m: 1 1  

char-255. V1: 62: V 2  1 1  
dynamic modelfrig of maMal transport 

tiansport in porous d k  char-225, 
fractals used to athxt models for material 

V1: 62: V2: 11 
geographic hformation system for DOE sttes, 

dfsm-181. V1: 61: V 2  8 
hazard anaysfs Wrt system char-233. 

V1: 61: W. 9 

V1: 61: V2: 10 

mlgration in porous materfals. char-53, 
V1: 61: VZ: 10 

hypcrtuct Informanon systems. dtsm- 158. 

modeling of volatile organic compounds 

V1: 61: V2: 8 
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nuclear magnetic resonana. char-11. VI: 60: 

saxmdary ion mass spectroscopy. char-3. 
v2 7 

V1: 6 0  v2: 7 

V1: 6 0  V 2  8 
ultraviol~t/vfsibl~ ~ p e ~ t r o ~ ~ p y .  char-9. 

Sampk collection technologies 
in situ solid phase miatxxbaction of 

membranes for sample collection and 

multiangle drilling for depth profiling of 

oganics. char-210. v1:  59: v2 3 

concentration. char-55, VI: 5 9  W. 4 

contaminants. char-64, V1: 5 9  V 2  4 

v 1 :  5 9  m. 3 

v 1 :  5 9  m: 4 

char-257. V1: 59: V 2  3 

-ling and mbdng methods. char-81. 

sampling of hetcmgcncous wastes, char-270. 

sampling USTs for volatik organics, 

SEAMIST fmrcrted membrane. char-273. 
V1: 65: V2: 19 

sediment sampling from rnmcted access 

soil/sedimnt sampling for volatile organics 
analysis. char-256, v1:  5 9  v2 3 

solid sorknt sampling in airborne organics. 
char-254. v 1 :  59: v2 3 

10cati0n~. char-276. V1: 5 9  V2: 4 

Sample pnparatlon tcchnologics 
adaptatlon of the EPA TCLP leaching test for 

 US^ wtth radioacttve ~ a m p b .  char-209, 
v 1 :  5 9  m: 4 

v2: 5 

char-67. v 1 :  5 9  m: 4 

h i g h - p r r ~ ~ ~ ~  a~hing. char-203. V1: 5 9  

m e t a l l o ~ p h i c  sectioning and prcpamtlon. 

microwave digestion. char-19. V1: 5 9  V2: 4 
radioacttvc sample prrparatlon char-205. 

v 1 :  5 9  v2: 4 

char-201. v1: 59: v2: 5 

char-208. v 1 :  59: v2 4 

suptraltical fluid extmction of inorganlcs. 

supcrcritfcal fluid extraction of organtcs. 

Sampling design technologies 

v 1 :  59: v2: 3 

systrm char-228, V1: 5 9  V2: 3 

v2: 3 

optimization of sampling designs, char-7 1, 

samplins P r o w  conflguratlon managunent 

sequential sampling plans. char-252. VI: 5 9  

S o h  and oediment. (inorgdcr). characterization 
.Iten1dvesfor.inWMS1.8.8,.nd9 

Field method technologies 
atomic emission spectroscopy. char-76. 

portable X-ray fluorrsoena. char-6. V1: 63: 

X-ray fluorrsccna for in situ monitoring of 

V1: 63; V2: 14 

V 2  14 

toxic heavy mttals. char-219, V1: 63: 
V 2  14 

Laboratory mcthod technologtes 
atomic emission spectroscopy, char-76, 

auger electron spectroscopy. char-2, V1: 64; 
V1: 63: m: 15 

V2: 16 

cold vapor (mcrcuxy) analysis. char-=. 

electron d h t i o n  char-37, V1: 63: m: 15 
electron spectroscopy for chemical analysis. 

V1: 61; V2: 15 

char-1. V1: 62: V2: 16 

char-35. V1: 63: V2: 15 

char-56. V1: 63: V2: 16 

S ~ C ~ ~ I O S C O ~ ~ .  char-78, V1: 6 3  V 2  14 

char-77. V1: 63: m: 14 

energy dispersive x-ray spectroscopy. 

glow dischage i o d n  mass spectroscopy, 

inductively coupled plasma-mass 

inducthdy coupled plasma spectroscopy, 

ion chromatography. char-50. V1: 63: V 2  15 
neutron acttvatlon analysis. char-266, 

particle-induced X-ray emission. char-17, 

powder X-ray diffmction. char-31. V1: 64: 

scanning electron microscopy. char-33. 

transmission electron microscopy, char-34. 

wavelength dispersive X-ray spectroscopy. 

V1: 6- Kk 14 

V1:63;V2: 15 

V2: 16 

V1: 63; V2: 15 

Vi: 6 3  V2: 15 

char-36. V1: 63, V 2  15 

S o h  and sediment. (low-level waste). remedirl 
action rltanrtira for. in WMS 1.8.8, md 9 

capping ttchnologies 
capping. runa-46. v1: 98: v2: 33 

S o h  and oediment. (metals). remedial action 
dtemtivea for, in WMS 1, 5,8. and 9 

Barrier ttchnologies 

capping ttchnologies 
cryogenic barriers. --58, V1: 98: v2: 33 

capp- rcma-46. v1: 98; m: 33 

electrokinetic moval. rema-19. v1: 9 8  

soils treatment using solvent urtractlon. 

Chemtca sqwation tcchnologies 

V 2  36 

rema-119. v 1 :  9 8  v2: 36 ’ 

Destruction technologics 
chem char proass. rema-20. v 1 :  99: v2: 34 

soils inatmcnt using oxidation o r  duction. 
plasma a r ~  furna~~.  --17. V1: 9 9  V2: 35 

rema-120. v1: 9 8  v2: 35 
Excavation technologies 

entombed clamshell. rema-124. V l :  99; 
V 2  36 

FYwtion technologies 
in situ vltr&ation. rema-18. V1: 99: V2: 36 
stabiliza&n/fixation by gmuttng, rema-54. 

v2: 36 
wall technologies 

cry~gentc -US. m - 5 8 .  V1: 9 8  Vk 33 

S o h  and wdiment. (mixed aute), remedi.1 
action dtandves for. in WAGS 1.5.8. md 9 

capping t c ~ l o g i c s  
capping. runa-46. v1: 98: m: 33 
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soib .nd .edimtnt. (nitratC.1, rapedid action 
.Iternrttr#h, kr WALk 1. I, 8, rod 9 

Destructton technologlc?3 
molten glass combustor, rrma-15, V1: 99: 

v2 34 

Soib and .edimmt. (orgenia). chamctenlution 
d n u t i ~ ~  h,krWAGs 1. I, 8, rod 9 

meld mtthod technologtes 
dinct sampling ion trap mass spectrometry, 

char-90. V1: 64; V2: 16 
gaS chromato@phy in the W. char-262. 

PCB immunaassay kit, char-99. V 2  16 
V1: 61: V2: 17 

portable gas chromatograph/ekctmn capture 
detector for adyzing PCBs. char-100. 
V1: 61: V2: 16 

portable vohtile organic compounds 

s y n b n o u s  ftuorcsuna scruning for 
polyqcltc aromatic hydrocaxhns. 

dtttctors. char-5, V1: 6): V 2  16 

char-101. V1: 64: V2: 17 
Laboatory method technologics 

axmlytid methods for chelators and 
decontamination agents. char-206. 
V1: 64; V 2  17 

V1: 64; V2: 17 
capillary zone electrophoresis, char-207. 

&as bmato@apb.  char-94. V1: 64: V 2  18 
gaS bm&gtaphy-Fourkr transform 

infiad specttpscopy, char-66. v1: 64: 

gas chromatograPhy-mw3 spcctro-py. 

lisutd ~ ~ W p h y - - m a s S  s p e ~ ~ s c ~ p y .  

on-line supercrttical fluid 

V 2  17 

char-88. V1: 64; V2: 18 

char-89. V1: 64: V2: 17 

cxhactbrr-multfdetector gas 
chromatography, char-1 15. V1: 64: 
V 2  17 

solid phase miaoextraction analytical 

synchronous fluorescence screening for 
polyqchc aromatic hydrocarbons. 

method. char-211. V1: 65; V2: 18 

char-101. V1: 62; V2: 18 

Soib and sediments ( o r g d u ) ,  remedid action 
. I t e m  for. in WAGS 1. S, 8, md 9 

Barrfer technologie3 

capping technologies 
cly~SQltc barriers. ~-ema-58. V1: 9 8  V2: 33 

capping. rrma-46. v1: 98: v2: 33 

soils treatment using solvent cxbactfon. 
Chemical separation technologics 

m-119 .  V1: 98: V2: 36 
Destruction technologies 

molten glass combustor. rema-15. V1: 99: 
V2: 34 

plasma a r ~  furnace. m - 1 7 .  V1: 9 9  V2: 35 
soils treatment using biorcmcdiation. 

soils treatment using oxidation or reduction. 
1 t~~-118.  V1: 99: V2: 35 

rrma-120. V1: 98: V2: 35 

ExcavaUon tcchnologtes 

v2: 36 
FYxation technologies 

entombed clamshell. v - 1 2 4 .  V1: 99; 

in situ vimflcatlon. rtma-18, VI: 99; V2: 36 
stabikatbn/fixation by gmuting. rema-54; 

indmration, rrma-12, v1: 99: v2: 34 

cry~genlc  barriers. rtma-58. V1: 98: V2: 33 

v2: 36 
Physical sepamtlon ~ l o g i e s  

wall tcchnologks 

and .edinwpt. QCB.1. remedirt action 

indncration. xuna-12. v1: 99; m: 34 
molten glass combustor. rema-15. VI: 99: 

e m k . h W A Q .  1,6,8,.nd9 
Destruction tcchlogies 

V2: 34 
plasma a r ~  furnace. rema-17, V1: 9 9  V2: S 

low-temperaturr thermal treatment rema- 13. 

thermal desorption. rema-16. V1: 98; V2: 34 
thermally enhand soil vapor extraction,, 

Physical separation technologies 

v1: 98; v2: 33 

rcma-80. V1: 98: V2: 34 

Soib and redimen- (physical problem ueu), 
chrrctrxhtion m b n m t h s  for. in WAO. 1. 5.8. 
and9 

Field method technologies 
ground-water discharge location, char-259, 

in situ ground-water flow meter. char-258, 
V1: 6 5  V2: 18 

V1: 65; V2: 18 
Laboratory method technologfes 

optical m i n ~ ~ ~ ~ p y .  char-32. V1: 65: V2: 18 
particle ~k char-%, VI: 6 5  V 2  18 

soils and Wdiments (rdiorctioe clupepta). 
characterintion dtemaiives for, in Wfi 1.1.8. 
d 9  

Field method technologies 
advanad radiation monitors, char-269, 

V1: 6 2  V2: 12 
alpha track etch detectors for surface alpha 

contaminaton. char-96, V1: 62: V 2  13 
bubble dosimeters for neutron flux. char-2 16. 

V1: 6 2  V 2  12 
electret passive surface alpha monitor. 

char-95. V1: 62: V2: 13 

v2 19 

v2: 19 

char-274. V1: 6 5  V2: 19 

v2: 12 

char-102. V1: 62; V2: 12 

char-263. V1: 62: V2: 13 

C l e c t r O ~ t l C  offset log sumy. char-272. 

fiber-optic chemical strwrs. char-25, v1: 65: 
hydrofracavt ground water monitoring. 

long-range alpha detector. char-65. V1: 6 2  

passtve m~nitors for weak beta radionuclides. 

portable gamma-ray scintillometers, 
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proporttonal counter for alpha and beta 

tha-molumintsane dosimeter array for 
spatial characterkamn of alpha 
contaminaUon. char-103, V1: 62: V2: 12 

actfvity, char-108. V1: 62.63: V 2  12 

Laboratory method technologies 
--ray Sptctrometfy. char-268. V1: 63: 

V 2  14 

V1: 6 3  V2: 14 
liquid scintillation counting. char-267. 

neutron actfvation. char-107, V1: 63: V 2  13 
neutron acttvation analysis, char-266. 

V1: 6- V2: 14 
photon electron rejecting alpha liquid 

sdntillatlon. char-97, V2: 14 
pmportlonal counter for alpha and beta 

acttvity. char-108. V1: 62.63: V 2  13 

V 2  13 

S~CC&SCOPY, char-106, V1: 62.63; 
V 2  13 

radioanaytical proctdllres. char-202. v1: 63; 

d i ~ m  iodide-germantum gamma 

Soib and sediment. ( d o n u c l i d u ) .  nmedirt 
action a h m a t h a  for, in WAGS 1.5.8. and 9 

Barrkr technologies 

Chemical separatton technologies 
cryogenic ~~ITICXS. m-58.  V1: 9 8  V2: 33 

electroldnetic removal. rema-19. v1: 98; 

soils treatment using solvent uctraction. 

chem char procors. rema-20, v1: 9 9  v2 34 

V 2  36 

lema-1 19, v1: 98: v2: 36 
Destruction tcchnolo@es 

plasma 811: Zumacc. rema-17, V1: 9 9  V2: 35 
Excavation technologt~~~ 

entombed clamshell. rema-124, V1: 99: 
v2: 36 

Fixatton technologies 
in situ VitrIIIcatton. rema-18, V1: 99: V2: 36 
stabilfzation/fixatton by grouting, rema-54, 

V2: 36 
Wall technologies 

cryogenic barrim. n - 5 8 .  V1: 9 8  V2: 33 

Soib and sediment. (nfrrctory orgdcs), 
remedid action dternativem for, in WAGS 1. 5, 8, 
a d 9  

Destruction technologies 
chem char proms, =ma-20. V1: 99: V 2  34 

Soib and 8edimtnts. robotic8 and 8 t r t o ~ o n  
alterJldvesfw. in WAGS 1,5,8. d 9 

Controls-algoxtthms technologies 

Vl: 115. 122; V2: 53 
combined mobility /manipulation, roba-34. 

wntrol modes. roba-27. V1: 115. 122 V2: 52 
~ ~ C X I C Y  Shutdown. robs-37. V1: 115. 122 

v2 53 

V1: 115. 122 V 2  53 

V1: 115. 12% V 2  53 

V1: 115. 122: V 2  53 

manipulation (Cartesian control), roba-31, 

mantpulation (joint control). roba-30. 

manipulation (redundancy control), rob-33. 

manip**n (special purpose control). 

safety (cobion avoidantx). roba-35. V1: 115. 
mba-32, V1: 115. 122 V 2  53 

122 m: 53 
safely (load/late llmiw, mba-36. v2: 53 
~&d~/mobillty drhrlng. mba-28. V1: 115. 

Vehi&/mObility MWmn, mba-29, 
122 V2: 52 

V1: 115. 122; V 2  53 
ControMuman/machine interface technologies 

console (data handling methods), roba-39, 
V1: 116. 122; V2: 54 

V1: 116. 122: V 2  54 

V1: 116. 122; V2: 54 

roba-41, V1: 116, 123: V2: 54 

roba-42. V1: 116, 123: V2: 54 

console (exed/mobik/sui-), mba-38. 

operator interha (command input), roba-40. 

operator interface (operator asslstane). 

operator interface (status/alert system]. 

M ~ h a n i C a k d - 0 f - m  tooling technologie~ 
end-effector changeout mechanisms. rob-24. 

end effectors/altemaUves. mba-23, V1: 115. 

force llmithg/compliant mechanisms. 

e n d  grlpper/tool interface. roba-25. 

V1: 115. 122: V2: 52 

122; V2: 52 

mba-26. V1: 115. 122 Kk 52 

V1: 115. 122; V 2  52 
Mechanid-manipulatlon technologtes 

compact. high-capacity manipulators. 
mba-19. V1: 115. 122 V2: 52 

dexterous  manipulator^. mba-16. V1: 115, 
122 V2: 51 

M e c h a n i h c h a n i s m  tcchnologtes 
stabhtion/support mechanisms or booms. 

mba-22, V1: 115, 122 m. 52 
tool caddies. mba-21, V1: 115.122 V 2  52 

Mechanical-mobuity technologies 
data/signal transmission, roba-13. V1: 115. 

failure recovery systems for mobile platforms. 

long-arm deployed mbouc platforms. roba-9. 

power sources for mob& platforms, rob-10. 

sptdallzed robotic deployment platforms. 

transportation methods for mobile platforms. 

122; V 2  51 

roba-11. V1: 115. 122 V 2  51 

V1: 115. 122: V 2  51 

V1: 115. 122 V 2  51 

mba-7. VI: 115. 122: V2: 51 

rob-12. V1: 115. 122 V2: 51 

122 V2: 51 
Wheeled/tracked vehicle. mba-1, VI: 115. 

other technologies 
characterfiation sensor inntegration. roba-58. 

V1: 116. 123; V 2  56 

v2 55 

V1: 116. 123 V2: 55 

field hardening. mba-53. V1: 116. 123: 

intcgmtal automated analyttcal mba-55, 

information management for sample 

radiation hardening. roba-54. V1: 116. 123 
handling. rob-56, V1: 116, 123: V 2  56 

v2 55 

0007zQi 
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Soib rpd .ediment.. robotics d mtonution 
dterp.tio# for. in WAG8 1. I, 8, d 9 (00nUnuedl 

sample collection. rob-57. Vl: 116. 123: 

sample prcpataUon, roba-59. V1: 116. 123; 
V 2  56 

V 2  56 
Sensors--control technologies 

fOrCe/torque. rob-50. V1: 116. 123: m: 55 
position/velodty sensors, roba-48. V1: 116, 

p-ty probes as control senson, robad 1. 

tooling sensors. roba-52, V1: 116. 123: 

1 2 3  V2: 55 

V1: 116. 123; V 2  55 

v2 55 
SensoIs--paaption technologies 

forcc/torque sensors, mba46. V1: 116. 123: 

pmdmlty probes, roba45. V1: 116. 123: 

range Mas, roba-44. V1: 116, 123: V2: 54 
vlsual/aural. mba43. V1: 116, 123: V2: 54 

v2 55 

V 2  54 

Soil/sediment ULIIPLlog for volptile o r g d a  
Umlpis, char-256. Vl: 5 9  v2: 3 

Soils and sediments (volatile organic 
hpdrocubonas). remedial action alternatives for. in 
WAG8 1. I, 8. d 9 

Chemical separation 

Destructton tcchnobgks 
soil washing, =ma-%. V1: 98: V 2  33 

lndnuaUon. ament kitn. rema-14. V1: 9 9  
v2: 35 

Physical scparauon 
soil vapor extraction. rema-78. V1: 98: m. 33 
soil washing. =ma-55, v1: 9 8  v2 33 
thermal desorption. rema-16. VI: 98, V 2  34 
vapor extractionwith radio frequency. 

rana-11. v 1 :  9 8  v2 34 

Soh treatment using bioremediotion. rema-1 18. 
v 1 :  9 9  m: 35 

Soib tmwanent rnipo oxidation or reduction, 
nma-120. v1: 9 8  v2 35 

SoIid phme mi-on analytical method, 
char-211. V1: 65: V2: 18 

Solid .orbent umpfipg in airborne organics, 
char-254. v 1 :  5 9  v2: 3 

Solid waste. See 
Resource Conservation and Recovcly Act 

Solid mte v i :  174 

Sp.tirt ..mple and d.t. e b ,  char-253. 
V1: 61: V2: 10 

Speci.lted robotic deployment pl.tfoams. 
roba-7, V1: 115. 122: V 2  5 1 

Spedes. rm. threatened, or end.nqaed, V1: 215 

Spent noclw fuel. see 
Radionuclldts. regulatory compliance for 

spent n- M. & p o d  8 - d .  see 
DOE requkmenta 

St.Bllicstlan/&ation by grouting, =ma-54. V 2  36 

St.Biiization/mpport m e c h u h n s  or booau. 

state regpktionr. 

rob-22. V1: 115. 122 V2: 52 

&.Vk 174 
Groundwater. V1: 137 
Hazardous waste. V1: 176-204 
Soltd waste, V1: 174 
Surface water. V1: 146.205 

Statistical mtthod~ for the rnrlprt of luge dab 

steam stripping, rema-77. v1: 100: v2 44 

.et.. char-251. V1: 61: V 2  10 

Stored materld n e d  net identi6cation system. 
char-242. V1: 62: V 2  1 1  

stroeturalcsp.. see 

c a p p i n s  
RCRA closure requtrements. See 

S W d  up.. =ma-96. V1: 95: V 2  23 

Sb.whce complexation d e l ,  char-45. V1: 62; 
v2: 11 

Subtitle C. See 
Resource Conservation and Recovery Act 

Subtitle D. See 
Resource Conservation and Recovery Act 

subtitle L see 
Resource Consenration and Recovery Act 

Splfm otmmt. rtma-114. V1: 97; m: 28 

Sppercriticrl fhdd -on of inorganics. 
char-201, v1:  5 9  v2 5 

S9pucri t id fhdd utrectr 'on of organics. 
char-208. v1: 5 9  v2: 4 

Sprcbpge. E--82. V1: 95: V 2  23 

Srpfpce water cleanup, V1: 137 

S y n c h r o ~ p .  fluorescence screeningfor 

V1: 64; V 2  17. 18 
polycgeti~ U O ~ C  hgdroo9rbolu. char-101. 
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T~contentsremodu8inghodrrpllc 
techniw. rema-29. VI: 97: V 2  38 

TuIk content. remod using pneumatic 
tw-, rema-28. VI: 97: V 2  38 

TULb 
Description of implementation necds for remedial 

Description of remedial action al- for, 

Description of science and technologv needs for 

Problem dehition. V1: 16 
RCRA tank storage and closure requirements, 

action alternatives, V1: 90 

VI: 80 

&ia action alternattvts, VI: 86 

V1: 191-193 

TULb (general problem areas). c h u r c M u t i o n  
rltematives for. inwM. 1,s. 8. rpd 9 

Data analysis management technologies 
analysis of censored data, char-249. VI: 61: 

application of approximate reasoning to data 
v2 10 

analy~is/eVaUati~n, char-234, VI: 61: 
v2 9 

engineering drawings. dism-155. V1: 61: 
v2: 9 

regulatory guidelines. dism-153. V1: 61: 
V 2  8 

cllent/server architecture for data base 
access. dism-157. VI: 61: V 2  9 

computer-afdcd task analysis and procedure 
preparation. dism-172. VI: 61: V2: 9 

computer-based trafning systems. dism-191. 
VI: 61: V2: 9 

configuration management system. char-229, 
VI: 6 2  V2: 1 1  

criticaltty indices, char44. VI: 61: V2: 10 
data access servias. dism-154. VI: 61: V2: 8 
detection and measurement systcms with 

featurr extraction. char-223, VI: 62; 
v2: 1 1  

dynamic modellng of makxtal transport. 
char-255. VI: 62: V 2  1 1  

Eractals used to select models for material 
transport in porous &fa. char-225. 

automated scanning and conversion of 

cllent/setver access to standards and 

V1: 6 2  V2: 1 1  
gcogmphic lnformation system for DOE sites, 

h - 1 8 1 .  V1: 61; V 2  8 
hazard analysis u ~ p e r t  sy~tem. char-233, 

VI: 61: v2: 9 

VI: 61: V2: 10 

-tion in pornus materials. char-53, 
VI: 61: V2: 10 

hyputext information systems, dism-158. 

modeling of volatile oganic compounds 

multhnsor fusion mcasuxemcnt systems. 

network architecture with intqpted 

project idonnation access services. 

quality control for measurement processes. 

simulated wauahrough Wty for robotics 

char-222. VI: 62: V 2  1 1  

w ~ r k s t a t i ~ n ~ .  char-221. V 2  8 

dism-151. V1: 61: V 2  8 

char-250. VI: 6 m 2  10 

task scqucnce analysis. dism-71. VI: 61: 
V!k9 

V1: 61: V 2  10 
sample and data analysis. char-253, 

statistical methods for the aMfysis of large 

stored maMa neural net identi0cation 

subsurfaa complexation d e l ,  char-45. 

data sets. char-251. VI: 61: V2: 10 

-tern. char-242. VI: 6 2  V2: 11 

VI: 6 2 v 2 :  1 1  

v2 10 
task scheduling aids. char-241. VI: 61: 

Detection/masurrm+nt-fleld method 
t t c h O l 0 g r e S  

air monitodng, char-59, VI: 60; V 2  6 
electrical and electromagnetic detection of 

p u n d  and g~010gic featurrs, char-125, 
VI: 6 0  V2: 6 

v2 7 

V k 5 9 m : 5  

V 2  6 

v2 5 
i n h d  spectroscopy (wavelength 

dispersion). char-18, VI: 60; V 2  6 
ion mobility mass spectrometry, char-264. 

v1: 59; m: 5 
magnetics. char-128, VI: 60; V 2  6 
mlaqpvlty methods, char-127. V1: 6 0  

optical absorption spectroscopy. char-27, 

personnel monitortng. char-52, VI: 60: V 2  6 
portable luminescence detection char-92, 

VI: 60; V2: 7 
portable Raman spectrometer. char-64, 

v1: 60; m: 5 
sdsmic methods (retraction, p m f h g .  

reflecUon), char-126, VI: 60: V2: 6 
tomowphic seismic monitoring. char-60. 

V k  60; V2: 6 
ultrasonic ranging and data system. 

Detection/masurement-labomtory method 

electrochdcal methods, char-IO, V1: 6 0  

flkr-opti~ chemical SCIISOIS. char-25, VI: 65. 

Wund-pmetrating radar. char-124. Vl:  60: 

immunoassay detection, char-23. V1: 60; 

V2: 6 

V1: 60; V2: 5 

char-123. VI: 60: V 2  6 

tcChnologies 
contamtnation C o n t r o l - a d y U d  cquipmcnt, 

Fouritr transform infI.ared spectroscopy. 

isotopic dilution mass spectroscopy. char-48. 

laser ionization mass spectrometry. char4. 

char-204, V1: 6 0  V 2  7 

c h a r 4  VI: 6 0  V!& 7 

VI: 6 0  V 2  7 

VI: 61: V2: 8 
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T u b  (geucrd pmttiem areas), characterhation 
dbxmths for. in WAQs 1.5.8. .od 9 (anUnued) 

nuclear magnetic resonance, char-1 1. V1: 60: 

sawndary ion mass spectroscopy. char-3. 
v2 7 

V1: 60; m: 7 

V1: 60; m: 8 
ultravlokt/vMbk ~pe~trosc~py.  char-9. 

Sample collection technologies 
in situ solid phase mi-n of 

organics. char-210. v 1 :  59: v2 3 
memblanes hr sample collection and 

multiangle drilling for depth pro!Ung of 
Qlncentratlon, char-55, V k  5 9  V 2  4 

contaminants. char-, v 1 :  5 9  V2: 4 

v1: 59: m. 3 

v1: 59: m: 4 

char-257. V1: 59: V2: 3 

sampling and mixing mthds, char-81. 

Of hctnogmeoUS wa~tcs. char-270. 

sampling USTs for volatile organics, 

SEAMIST in- membrane, char-273, 
V1: 6 5  V2: 19 

sediment sampling from restricted access 

soil/sediment sampling for volatile organics 

solid sorbent sampling in e r n e  organics. 

locatlon~. char-276. V1: 5 9  V 2  4 

ana3rgig, char-256. v 1 :  5 9  v2 3 

char-254. v1: 59: v2: 3 
Sampk p m t b n  tcchnologics 

adaptation of the EPA E L P  leachfng test for 
u8e with d i m  ~ p l e s .  char-209. 
v1: 5 9  m: 4 

n 5  

char-67. v1: 5 9  m: 4 

high-prcssurt ashing. char-203. V1: 5 9  

wtsllogmphic sccttontng and pnparatfon. 

miutnvavc digcsihn, char-19, V1: 5 9  Xk 4 
radfoacthre sample pnparatton, char-205, 

supercritical fluid cxtmctton of inorganics. 

supercrltical fluid extraction of organtcs. 

V1: 5 9  V!k 4 

char-201. v1: 59: v2: 5 

char-208. v1: 59: v2 4 
sampling dwiv technologits 

optimtzatlon of sampling designs. char-71. 

sampling program configwatton management 

ssquenttal Sampling phns. char-252, v1: 5 9  

v1: 5 9  m: 3 

wtcm. char-228. V1: 5 9  m. 3 

m 3  

T u b  (inorgadu), chuaetcriz8tion.Ikrmtivca 
for. in WM3. 1.1,8, urd 9 

Field method technologies 
atomic emission spectroscopy, char-76, 

portable X-ray fluorescence, char-6. V1: 63: 

X-ray fiuorcsance for in situ m o n i t o ~ g  of 

V1: 63; m: 14 

m 14 

MC heavy metals. char-219. V1: 6 3  
14 

Laboatoy method t e c h n O l O g i ~  
atomk cmtssion spectroscopy, char-76, 

V1:63;V2 15 

auger electron spectroscopy. char-2. VI: 64, 

cold vapor Immwy) analysb. char-=. 

electron dtfhction. char-37, V1: 6 3  V2: 15 
electron spectroscopy for chemical analysis, 

V 2  16 

V1: 64; V 2  15 

char-1. V1: 64; V2: 16 

char-35. V1: 63: V2: 15 

c h - 5 6 .  V1: 63: V2: 16 

~ p e c b s c ~ p y .  char-78, V1: 6 3  V2: 14 

char-77, Vl: 63; V 2  14 

enefgy dispcrstvS)X-ray ~Pectros~py, 

glow dischagc ionization mass spectmsmpy. 

tnducmdy coupled plasma--mass 

Mucmdy coupled plasma spectroscopy. 

ion chromatography, char-50, V1: 63: V2: 15 
neutron acttvatlon analysts. char-266, 

V1: 63+g V 2  14 

V1: 63; V2: 15 

V 2  16 

V1: 63: V2: 15 

V1: 63; V2: 15 

partide-ind~ced X-ay emls~ion, char-17. 

powder X-ray dimaction. char-31. V1: 64: 

scanning electron microscopy. char-33, 

transmission electron mimscopy. char-% 

wavcltngth d b F W e  X-ray ~p~c t roscop~ .  
char-36. V1: 63: V2: 15 

Tanks ( o r g h ) ,  chu8cteriution d t u n d v u  
for. kr W e  1.1.8. and 9 

Field method technologies 
d k c t  sampling ion trap mass spectrometry. 

gas chromatography in the 5dd. char-262, 
char-90, V1: 61; V2: 16 

V1: 64; V2: 17 
ECB Lmmunoassay Mt, Jlar-99. V2: 16 
portable gas chromatograph/elcctron capture 

ddector for amlyzbg PCBs, char-100. 
VI: 64: V 2  16 

portable volatile organic compounds 

synchronous fluorescena screening for 
detectom. char-5. V1: 64; V2: 16 

palyqclic aromatic hydrocarbons. 
char-101. V1: 64: V 2  17 

Labolatory method ttChnologres 
analytical methods for chelatom and 

decontaminatton agents. char-206. 
V1: 64; V2: 17 

V1: 64; m: 17 
capillary zone electrophoresis, char-207, 

gaS chromato~phy. char-94, V1: 64: V 2  18 
chromato@aphy-Fourier transform 
fnfrad spectroscopy, char-66. v 1 :  61; 
V2: 17 

g a ~  chromatograpy-~s spe~trosc~py. 

Muid chromato@aphy--maSS ~pe~t rosc~py,  
char-88. V1: 64: m: 18 

char-89. V1: 61; V2: 17 
on-line supcrcxtttcal fluid 

urtractlon-mdttdetector gas 
chromato~phy. char-1 15. V1: 64: 
V 2  17 
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solid phase miaoextraction analyttcal 

synchronous fluorescence screening for 
polycyclic aromatic h y d r o e n s .  

method. char-211, V1: 65: V2: 18 

char-101. V1: 64: V 2  18 

T d  (physicrl problem ucu). chamctcrtrtion 
8lte~fm.ipWM.l.I.8..pd9 

Fkld method ttchnologlcs 
ground-water discharge location. char-259, 

V1: 6 5  m. 18 

V1: 6 5  V2: 18 
in situ ground-water flow meter. char-258, 

Laboratory method technologies 
optical IDICIOSCO~Y, char-32. V1: 6 5  V2: 18 
particle S& analy~b. char-26. V1: 65: V 2  18 

T.aL.(doactbeelementr),churcterlvtion 
dtemafhm for. in WAG8 1, I, 8, md 9 

Field mcthd technologies 
advanced radlatlon monitors. char-269, 

V1: 6 2  V2: 12 
alpha track etch detectors for swf- alpha 

contamination. char-%. V1: 6 2  V 2  13 
bubble dosimeters for neutron flux, char-2 16. 

V1: 6 2  V2: 12 
electret passive s&ce alpha monitor. 

clectromagnetlc offset log sunrey. char-272, 
char-95. V1: 62: V2: 13 

v2 19 

v2 19 

char-274. V1: 65: V 2  19 

v2 12 

char-102. V1: 62: V2: 12 

char-263. V1: 62: V2: 13 

fiber-optl~ chemical SCI~SOR~, char-25. V1: 65: 

hydrofracture gmund water monitoring. 

long-range alpha debtor, char-65, V1: 62: 

passive monibrs for weak beta radionuclides. 

portable gamma-ray scinnllomtters. 

proportional counter for alpha and beta 
actfvlty. char-108. V1: 62.63: V 2  12 

thermoluminescence dosimeter anay for 
spatial thuactedzation of alpha 
contamination. char-103. V1: 62; V2: 12 

--ray spectrometry. char-268. V1: 63: 

liquid scintillation counting. char-267. 

neutron actlvatlon. char-107, V1: 63: V 2  13 
neutron acttvatton analysis, char-266, 

V1: V2: 14 
photon electron rejecting alpha licpld 

sdnUlIatlon. char-97, V2: 14 
proporttonal counter for alpha and beta 

d i o a d y u c a l  procedures. char-202. v 1 :  63: 

sodim fodide-g-um gamma 

Laboratoly method technologies 

Wk 14 

V1: 63; V2: 14 

m t y .  char-108. V1: 62.63: V 2  13 

V2: 13 

spectroscopy. char-106. v 1 :  62.63: 
V 2  13 

T U L  .chddhg rid.. char-241. V1: 61: V 2  10 

TDEC. see 
Tennessee Department of E n v h n m n t  and 

Conservation 

TechniCrlTaskPl~8 
Relevana to charactedzation technologies. 

Relevana to =medial *n ~hnologies,  

Relevance to robotics and automatton 

Search data-base lis- v1: 221-222 

V1: 67-73 

v1:  106-110 

tcchnologks. Vl: 125-127 

Tenneuet DepuLmmt of Enriropment and 
CoMtrP.tion 8ir rt.nbU&. See 

Clean Air Act 

Tennessee Overs-t Agreement. V1: 131 

T h e d  demrption. rema-16. V1: 9 8  V 2  34 

T h e 4  demrptim, --92. V1: 96; V 2  30 

T h e d  .et resin bpqpmtim. rrma-97. v1: 9 5  
V 2  23 

T h e r m a n y m b r s c e d s o i l ~ r r o n .  
rema-80, V1: 98; Vk 34 

T h e r m o l ~ p c e  dosimeter uray for s p d d  
characterization of alpha contamhation. 
char-103. V1: 62: V 2  12 

~hermoplutic tpc.p.91.tion. mna-112. V1: 97; 
V2: 28 

Thermoset arcapr9lrtion. rema-1 13. V1: 97: 
V 2  28 

Tomogmphic &dc m d b d n g ,  char-60. V1: 60: 
V 2  6 

Tool caddies. mba-21. V1: 115. 122: V2: 52 

TOOW 8-m. robs-52. V1: 116. 123: V2: 55 

Tadc Substance# Control Act 
FCBs. V1: 154-155.205 

Spffl cleanup policy. V1: 155 
soil cleanup. v1:  154 

w o n  electron micm8copy. char-34, 
V1: 6 3  V2: 15 

E--127. V1: 97: V2: 29 

Transportation methods far mabile pktfomu. 
mba-12. V1: 115. 122 V2: 51 

Transportation requirements. See 
Radionuclides. regub*oly compliance for 
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I I I  
I .  

I 

Trumudcrp..te.see 
Radlonuclldes. regulatory compliance for 

Trumudcmta 
Wpod standards. V1: 159 

hmch .pkidence. technologies for. see 
Buried waste (mch subsidence). remedial 

actfon alternatives for, in WAGs 1. 3.4. 5. 
6. and 7 

Tritipm, tecb9obgie.S for. see 
Ground water and swface water ( m u d .  

Ttmedial action dternattves for, in WAGs 
2. 3. 4. 5. 6. 8, 9. 10. and 1 1  

-Pic md dot.  *tern char-123. 
V1: 6 0  V2: 6 

Ultraviolet/viaible spectroscopy. char-9, v 1 :  60: 
V 2  8 

Underground injection control. See 
safe Drinking Water Act 

Undergmund mines. V1: 207 

Underground storage tmk, v i :  173.201-202 

- V- 
v.cmmr lordet (buried 9..tt). rema-101. VI: 96; 
v2: 33 

V- Id-. =ma-49. Vl:  1 0 0  V2: 42 

vapor extraction wiith radio -kquency. rema- 1 1. 
V1: 98: V2: 34 

Vehicle/mobility driving. roba-28. V1: 115. 122: 
V 2  52 

Vehich/mobility ~ v i g a t i o n .  roba-29. VI: 115. 
122 m: 53 

vtbrrted *tic bottom rema-87. 
v 1 :  9 5  m. 26 

VtoJ/aumI. roba-43. V1: 116. 1 2 3  V2: 54 

Vim- ~ema-117. V1: 97; V2: 29 

voc.. see 
Vohtik organic compounds 

VOH.. see 
vohffle organic hydrocarbons 

Volatile organic compormd., k h o l o g h  for. see 
Ground water and sul.faa water (volatile organic 

compounds). remedial action altenmtives 
for. in WAGS 2. 3. 4. 5. 6, 8. 9. 10. 
and 1 1  

-pounds). remedial action alternatives 
for. in W e  1. 5. 8. and 9 

S o h  and sediments (volatile organic 

VohtiIe organic hydmcubons. technologies for. 
see 

for, in WACS 1. 5. 8. and 9 
Soils and sedimnts. rtmtdhl acmn altemaums 

- w -  
WAG 1. see 

Buried waste (buted bulk equipment items). 
remedial action altematlves for, in WAGs 
1. 3. 4. 5. 6. and 7 

characterlzatlon alternatives for, in WAGs 
1. 3. 4. 5, 6. and 7 

characterlzatron dtcmatives for, in WAGs 
1. 3, 4, 5. 6. and 7 

action alternathres for, in WACS 1. 3. 4. 5. 
6, and 7 

Burled waste (high-spedflc actMty europium in 
HFlR TRU oxtdes. and conccntzated 
low-level waste). remedial action 
dternattves for. in WACS 1. 3.4. 5. 6, 
a n d 7  

dtemathres for. in WACS 1. 3. 4. 5. 6. 
a n d 7  

alternathres for. in WACS 1. 3, 4. 5. 6. 
and7 

alternatives for, in WACS 1. 3, 4. 5. 6. 
a n d 7  

alternatives for, in WAGS 1. 3.4, 5. 6. 
a n d 7  

alternatives alternatives for, in WAGs 1. 
3. 4. 5.6. and 7 

alternatives for, in WACS 1. 3. 4, 5. 6. 
and 7 

charactertzatlon alternathrts for. in WAGs 
1. 3. 4. 5, 6. and 7 

characterfiation altematks for, In WAGs 
1. 3. 4. 5. 6. and 7 

Burled waste (radionuclides). remedial action 
alternatives for, in WACS 1. 3.4. 5. 6. 
a n d 7  

Burled waste (composition detexmtnation]. 

Burled waste (genexal problem amas]. 

Buried waste (HFIR control plates). remedfal 

Buried waste (Lnoganfcs), characterfiation 

Burled waste flow-level waste), remedial action 

Burled waste (metals). remedial action 

Burled waste (mimd waste). remedial action 

Burled waste (organics), characterfiatlon 

Burled waste (organics). remedial action 

Burled waste (physical problem artas). 

Burled waste (radioactive elements), 
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Burled waste. robotics and automation 
dternatives for, in WAGS 1. 3, 4. 5. 6. 
and7 

actlon alternatives for, in WACS 1. 3.4.  5. 
6, and 7 

characterkation dtcmatives for, in WAGs 
1. 5, 8. and 9 

alternatives for, in WACS 1, 5.8. and 9 

altematlvcs for, in WAGS 1. 5.8. and 9 

dternatlves for, in WACS 1, 5.8. and 9 

dternatives for, in WACS 1, 5.8. and 9 

characterkation altcmatlvcs for. in WAGs 
1. 5. 8. and 9 

characterfzation alternatives for, in WAGs 
1, 5. 8. and 9 

Impoundments (radiologically contaminated tank 
contents). remedial action alternatives for. 
in WACs 1.5.8.  and 9 

altematlves for, in WACS 1. 5.8, and 9 

alternatives for, in WACS 1. 5.8. and 9 

contaminated tank contents). rrmtdial 
action alternatives for, in WACS 1 . 5 . 8 .  
and9 

alternatlvcs for, in WAGS 1. 5.8. and 9 

dmactcrhtlon altematfvcs for, in WAGs 
1. 4. 5. 7, and 8 

alternatives for. in WAGS 1. 4.5. 7. and 8 

for, in WACS 1. 4. 5, 7. and 8 

for, in WACS 1. 4. 5. 7, and 8 

for, In WACS 1. 4. 5. 7. and 8 

charactalzation alternatives for, in WAGs 
1, 4, 5. 7. and 8 

Pipelines (radioacttve elemcnts), c h a r a c e t i o n  
alternatlvcs for, in WAGS 1. 4.5. 7. and 8 

Pipelines (radtonuclides), remedial action 
alternaUvcs for, in WACS 1. 4.5. 7. and 8 

Pipelines (well bo-). remedial action 
alternatlvcs for, in WACS 1. 4.5.  7. and 8 

Soils and sediments (general problem areas). 
characterization altematfvcs for. in WAGs 
1. 2. 3.4. 5. 6. 7, 11. and 13 

Soils and sediments (tnorganics). characterization 
alternallves for, in WACS 1. 2.3.  4. 5.6. 
7. 11.  and 13 

alternatives for, in WAGS 1. 2.3.  4. 5.6.  
7. 11. and 13 

Burled waste (trench subsidence). remedial 

Impoundments & n d  problem areas). 

Impoundments (tnorganics). characterfiatlon 

Impoundments (metals). rrmtdial action 

Impoundments (organics). c b t c r t z a t i o n  

Impoundments (organics). medial action 

Impoundments (physical problem areas). 

Impoundments (radioactive elements). 

Impoundments (radionuclides). remedial action 

Impoundments, robotics and automation 

Inactive low-levcl waste tanks (radiologtcauy 

h - l e V e i  waste tanks. robotics and automation 

Pipelines (general problem areas). 

Pipelims (inorganics). characterization 

Pipelines (metals). remedial action alternatives 

Pipelines (organics). characterization alternatives 

Pipelines (organics). remedial action alternatives 

Pipelines (physical problem arcas). 

Soils and sediments. robotics and automatton 

Soils and sediments (low-levcl waste). remedial 

Soilsand sediments (metals). nzxdtdactton 

action alternatives for, in WACS 1. 2.3. 4. 
5. 6. 7. 11. and 13 

alternatives for. in WAGS 1. 2. 3. 4. 5.6. 
7. 11. and 13 

action d t e m a m r .  in WACS 1.2.3.4.  
5.6. 7. 11. and 13 

alternatives for. in WACS 1. 2, 3. 4. 5.6. 
7. 11, and 13 

Soils and sediments (organics). chatacterfiation 
altmnaUvcs for. in WACS 1.2.3.  4. 5.6. 
7. 11. and 13 

Soils and sediments [organla). remedial action 
dtmnatives for. in WAGS 1, 2. 3. 4, 5.6. 
7, 11. and 13 

Soils and sediments (physical problem artas). 
& m c t d z a t i o n  alternaUvw for, in WAGS 
1. 2. 3. 4. 5. 6. 7. 11, and 13 

Soils and sediments [PCBs). remedial action 
alternatives for. in WACS 1. 2, 3. 4. 5,6. 
7. 11. and 13 

Soils and sediments (radioactive elements), 
chaxacterizatbn alternaUves for. in WACs 
1. 2, 3, 4. 5. 6. 7. 11. and 13 

Soils and sediments (radionuclides), remedial 
action alternatives for, in WACS 1, 2.3.4.  
5. 6. 7. 11,  and 13 

medial action alternatives for, in WAGs 
1. 2. 3.4. 5. 6. 7. 11. and 13 

hydrocarbons). rrpltdial action 
alternatives for. in WACS 1, 2.3. 4,5,6,  
7. 11.  and 13 

Tanks (general problem artas), CharaCMaation 
alternatives for. in WACS 1.5.8.  and 9 

Tanks (inorganics). charactcrlzation altemattvcs 
for. in WAGS 1. 5. 8, and 9 

Tanks (organics), characterization altematlves 
for. in WAGS 1. 5. 8. and 9 

Tanks (physical problem artas). characterization 
alternatives for. in WACS 1.5.8.  and 9 

Tanks (radioacttve elements). charactcrkation 
alternatives for. in WACS 1.5.8.  and 9 

Soils and sediments (mixed waste), remedial 

Soils and sediments (nihates). remedial d o n  

Soils and sediments (rc6actory organics), 

Soils and sediments (wlaffle organic 

wAG2. see 
Ground water and surfarx water (general 

problem areas). characterization 
alternatives for. in WACS 2.3.4.  5.6.8. 
9. 10. and 1 1  

&uacterlzaUon alternatfvcs for, in WACs 
2 , 3 . 4 . 5 . 6 . 8 . 9 . 1 0 . a n d 1 1  

Ground water and surface water (tnorganics), 
remedial action alternathes for, in WAGs 
2 , 3 . 4 . 5 . 6 . 8 . 9 . 1 O . a n d l l  

Ground water and surface water (nitrates). 
remedial action altematlves for, in WAGs 
2 . 3 . 4 . 5 , 6 . 8 . 9 . 1 O . a n d l l  

Ground water and surface water (organics). 
characterization alternaUvw for. in WACs 

Ground water and surface water (inorganics). 

2 . 3 . 4 . 5 . 6 . 8 . 9 . 1 0 . a n d 1 1  
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WAG 2 fwnihued) 
Ground water and surface water (oganicsl. 

remedial action altcrnaUves for, in WAGs 
2. 3. 4. 5. 6. 8. 9, 10, and 1 1  

Ground water and surfact water (physical 
problem areas), characterlzatton 
alternatives for, in WACS 2. 3. 4. 5. 6, 8. 
9, 10. and 11 

Ground water and surfact water (PCBs). rrmedial 
action alternatives for, in WACS 2, 3.4. 5. 
6, 8. 9. 1 O . d  1 1  

elements), characterfiatton altemat!vcs 
for, in WACS 2. 3. 4. 5. 6. 8. 9. 10. 
and 11 

Ground water and sufacc water (radionuclides). 
medial action altcrnattves for, in WAGs 
2 . 3 . 4 . 5 . 6 . 8 . 9 . 1 0 . a n d 1 1  

automation dtemallves for, in WAGs 2.3.  
4.5.6.8,  9. 10. and 1 1  

Ground water and surface water (trlttum). 
remedial action alternatfves for, in WAGs 
2.3,4.  5. 6, 8. 9. 10. and 1 1  

Ground water and surface water (volatile organic 
compounds). remedial action alternams 
for. in WACS 2. 3 . 4 ,  5. 6.8. 9. 10. 
and 11 

Ground water and sufacc water (radioactbe 

Ground water and surhcc water, robotics and 

W M S . S e e  
Buried waste (burial bulk equipment items). 

runedial action dtcrnattvcs for, in WAGs 
1, 3.4.5.6,  and 7 

characterfiation dternallves for, in WAGs 
1. 3. 4. 5. 6. and 7 

characterlzatlon dternathes for, in WAGs 
1.3.4.5,  6. and 7 

actlon alternatives for. in WAGS 1. 3. 4, 5. 
6. and 7 

Buried waste (hlgh-spedc actMty europium in 
HFIR TRU oxides. and concentrated 
low-kvd waste). remedial action 
alternatives for, in WACS 1. 3. 4. 5. 6. 
and7 

dkrnatives for, in WACS 1. 3. 4. 5. 6. 
and7 

alternatives for. in WACS 1. 3. 4. 5.6. 
and7 

alternattves for. in WACS 1. 3. 4. 5. 6. 
and 7 

alternatives for, in WACS 1. 3. 4, 5. 6. 
and7 

alternatives for. In WACS 1. 3.4.  5. 6. 
and7 

alternatives for. in WACS 1. 3. 4. 5. 6. 
and 7 

Buried waste (composition determination). 

Buried waste (general problem areas), 

Burled waste (HFIR control plates), remedial 

Buried waste (inogantcs). characterization 

Burid waste (low-kvtl waste). remedial action 

Buried waste (metals). rcmedtal action 

Buried waste (mimd waste). remedial action 

Buried waste (organics). characterization 

Buried waste (organics). remedial action 

Buried waste (physical problem arcas). 
characterfiation altunaths for. in WACs 
1. 3, 4, 5, 6, and 7 

characterlzatlon alternatives for, in WACs 
1. 3. 4. 5. 6. and 7 

Buried waste (radtonuclidcs). remedial actton 
dtmnat!vcs 6. in WACS 1. 3.4,  5. 6. 
and7 

alternatives for, in WACS 1. 3.4, 5, 6. 
and 7 

actton alternattves for, in WAGS 1.3.4.  5. 
6. and 7 

problem areas). chamckrktion 
altemathres for, in WACS 2. 3.4. 5. 6. 8. 
9. 10, and I1 

chamckrhtion alternatives for, in WAGs 
2,3,4.5,6,8.9.10.and11  

Ground water and surface water (inorgantcs). 
remedial action alternatives for, in WAGs 
2,3,4,5,6,8.9,  10,and 11 

Ground water and surface water (nitrates). 
medial action alternatives for, in WAGs 
2. 3, 4. 5.6. 8.9. 10. and 11 

Ground water and surface water (organics), 
-n altemattves for, in WACS 
2. 3. 4. 5. 6. 8, 9. 10,and 1 1  

Ground water and surface wate~ (organics). 
remedial action alternatives for, in WAGs 
2.3.4.5.6.8,9.10,and11  

Ground water and surface water (phpical 
problem areas). chaxactcrkation 
altematlvcs for, in WACS 2. 3.4. 5.6.8.  
9. 10, and 1 1  

Ground water and surface water (PCBs). rrmedial 
action altemattves for, ln WAGS 2.3.4.5,  
6, 8. 9. 10. and 1 1  

elements). characttrlzatlon alternam 
for, in WAGS 2. 3. 4. 5. 6. 8. 9. 10. 
and 1 1  

Ground water and surface water (radionuclides), 
remedial action altexnatives for, in WAGs 
2. 3. 4. 5. 6, 8. 9. 10. and 1 1  

automation alternatks for. in WAGs 2.3.  
4. 5. 6. 8. 9. 10. and 1 1  

randial actfon alternatives for, in WAGs 
2. 3. 4. 5. 6. 8. 9. 10. and 1 1  

Ground water and surface water (volatile organic 
compounds). remedial action altemattves 
for, in WAGS 2. 3. 4. 5. 6. 8. 9. 10. 
and 11 

Soils and sediments (general problem artas), 
dmm3mkatlon altexnatives for, in WAGs 
1. 2. 3.4.  5. 6. 7. 11.  and 13 

Soils and sedtments (inorgantcs). draractafiatIon 
alternatives for, in WAGS 1, 2.3.4.  5.6. 

Buried waste (radtoacthh elements), 

Buried waste. robotics and automation 

Buried waste (hnch subsidence). rcmedfal 

Ground water and surface water (general 

Ground water and surface water (inorganics). 

Ground water and surface water (radioactive 

Ground water and surface water, robotics and 

Ground water and surface water (trftium). 

7. 11. and 13 
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Soils and sediments (low-level waste). remedial 

Soils and sediments (metals). remedal  action 

action alternatives for, in WAGS 1, 2.3.  4, 
5, 6, 7. 11, and 13 

dternatives for. in WACS 1. 2. 3. 4. 5. 6, 
7. 11. and 13 

action dternatives for, in WACS 1. 2, 3. 4. 
5. 6. 7. 11. and 13 

dternatives for. in WACS 1. 2. 3. 4. 5. 6. 
7. 11. and 13 

soils and sedimnts (organics). characterization 
dtematlvcs for, in WACS 1. 2. 3. 4. 5.6. 
7. 11. and 13 

Soils and sediments (organics). remedial action 
dternalfves for, in WACS 1. 2. 3. 4. 5.6.  
7. 11.and 13 

Soils and sedtmcnts (physical problem areas). 
-tion alternatives for. in WAGs 
1 . 2 . 3 . 4 . 5 . 6 . 7 . 1 1 . a n d 1 3  

Soils and sediments (PCBs), remedial action 
alternatives for. in WACS 1. 2. 3. 4. 5. 6. 
7. 11.and 13 

Soils and sediments (radioacthe elements), 
charactulzation alternatives for, in WAGs 
1 . 2 . 3 . 4 . 5 . 6 . 7 . 1 1 . a n d 1 3  

Soils and sediments (radionucltdes). remedial 
action alternalfvs for, in WACS 1.2.3. 4. 
5.6. 7, 11. and 13 

medial action altcmativcs for, in WAGs 
1 . 2 , 3 , 4 . 5 . 6 , 7 , 1 1 . a n d 1 3  

Soils and sediments. robotics and automation 
dternaks for. in WAGS 1. 2. 3.4, 5.6.  
7, 11. and 13 

hydrocarbons). remedial action 
dternattves for. in WACS 1, 2. 3. 4. 5.6.  
7. 11. and 13 

Soils and sediments (mtxcd waste). remedial 

Soils and sediments (nitrates). remedial action 

Soils and sediments (rcfxactory organics), 

Soils and sediments (volatile organic 

WAG 4. see 
Buried waste (burled bulk equipment items). 

medial action alternatives for, in WAGs 
1. 3. 4.5.  6. and 7 

charactulzation alternatives for, in WAGs 
1. 3. 4. 5. 6. and 7 

characterization alternatives for, in WAGs 
1. 3, 4.5.  6, and 7 

action alternatives for, in WAGS 1.3.4.  5. 
6. and 7 

Burled waste (high-spedfic actMty europium in 
HFlR 'IRU oxldcs. and concentrated 
low-lad waste), remedial action 
dtemativcs for, in WACS 1. 3. 4, 5. 6. 
a n d 7  

dkrnatives for, in WACS 1, 3.4. 5, 6. 
and 7 

alternalfves for. in WACS 1, 3. 4. 5. 6. 
a n d 7  

Buried waste (composition determination). 

Burled waste (general problem areas). 

Burled waste (HFIR contml plates). remedial 

Buried waste (inorganics). characterization 

Buried waste (low-level waste). remedial action 

Buried waste (metals), remedial action 
altcmaUvw for, in WACS 1. 3.4. 5. 6, 
and7 

dtemativcs for, in WACS 1. 3.4. 5.6. 
and7 

dtcmatives for, W A C S  1, 3. 4, 5. 6, 
and7 

altcmativs for. in WACS 1, 3.4. 5, 6. 
and7 

cham3mhtbn albmmthes for. in WAGs 
1. 3, 4, 5. 6. and 7 

chararMaation albmmthes for. in WAGs 
1, 3, 4. 5.6. and 7 

Buried waste (radionuclides). medial actlon 
dtemaUvcs for, in WAGs 1. 3.4. 5.6, 
and7 

dtcmalivcs for, in WACS 1. 3. 4. 5. 6, 
and7 

action ~tcmattves for, in WACS 1.3,4,5.  
6. and 7 

problem amas), charactmka!ion 
dtematlvcs for, in WACS 2.3.4.  5.6.8, 
9. 10. and 1 1  

characMzation alternatives for. in WAGs 
2, 3.4,5.6,  8.9. 10. and 1 1  

remedial action altunathm for, in WAGS 
2. 3. 4. 5. 6. 8, 9, 10. and 11 

Ground water and surface water (nitrates), 
rcmedlal action altemattvw for, in WAGs 
2,3,4,5.6.8.9.  lO.and11 

Ground water and surface water (organics). 
charactertzatlon alternatives for. in WAGs 
2. 3. 4. 5. 6. 8. 9. 10. and 11 

Ground water and surface water (organics), 
remedial action alternathes for, in WAGs 
2. 3. 4. 5. 6. 8. 9. 10. and 1 1  

Ground water and surface water (physid 
problem amas), characterkation 
dtematlves for, in WACS 2. 3. 4. 5. 6.8. 
9. 10. and 1 1  

Ground water and surface water (PCBs). rtplcdlal 
action altemathres for, in WACS 2. 3.4,5.  
6. 8. 9. 1O.and 1 1  

elcmcnts). chamctcrkatlon altmnattvw 
for, in WACS 2. 3, 4. 5. 6. 8. 9. 10. 
and 11 

Ground water and surface water (radionuclides). 
d i a l  action alternatives for, in WAGs 
2. 3, 4. 5, 6. 8, 9. 10. and 1 1  

automation alkmativcs for, in WACS 2.3. 
4. 5. 6, 8, 9. 10. and 1 1  

Burled waste (mixed waste), rcmcdial action 

Burled waste (organics). charackrkallon 

Burled waste (organics)). rcmbdia action 

Buried waste (physical problem areas). 

Buried waste (radioactbe elements). 

Burled waste, robotics and automation 

Burled waste (trench subsidence), medial 

Ground water and surface water (general 

Groundwattrandsurfacewater(in0rgantCs). 

Ground water and surf' water (inorganics), 

Ground water and sur€ace water (radioactive 

Ground water and surface water. robotics and 
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w-4 (- 
Chxmd water and surface water (tritium). 

remedial action alternatives for, in WAGs 
2, 3. 4.5, 6. 8. 9. 10. and 1 1  

Ground water and surface watcr (volatile organtc 
compounds), remedial action a l t e m a ~ ~ s  
for, in WAGS 2, 3.4. 5. 6. 8. 9. 10. 
and 1 1  

chm9mkation altanafks for, in WAGs 
1. 4. 5. 7. and 8 

alternatives for, in WACS 1.4. 5. 7. and 8 

for, in WAGS 1. 4. 5. 7. and 8 

for, in WACS 1. 4, 5. 7. and 8 

for, in WAGS 1, 4. 5. 7, and 8 

chamckhation dternathns fbr. in WAGs 
1. 4, 5, 7, and 8 

Pipelines (radtoactfve elemcnts). charactaization 
dtemaavts for, in WACS 1. 4.5. 7. and 8 

pipelines (radionuclides). rcpltdtal action 
alternatives for, in WAGS 1, 4, 5. 7. and 8 

PipeUneS (well bores), remedial action 
alkmattves for, in WACS 1, 4. 5. 7. and 8 

Soils and sediments (general problem amas), 
characterlzation alternatives for. in WAGs 
1.2.3,4.5,6,7.11.and13 

Soils and sediments (inoganics), characterizaaon 
d t e m a h  for, In WAGS 1. 2, 3, 4. 5. 6. 
7, 11. and 13 

soils and sedimnts (low-lwtl waste). remedial 
action alternatives for. in WAGS 1. 2. 3. 4. 
5. 6. 7. 11,  and 13 

soils and sediments (metals). rtpltdial action 
alternattves for, in WAGS 1. 2. 3. 4, 5. 6. 
7, 11. and 13 

soils and sediments (mixed waste). r e d i a l  
action alternatives for. in WAGS 1.2.3.4, 
5, 6, 7. 11. and 13 

Soils and sediments (nitrates)). reMdial action 
dkmaUves for, in WACS 1. 2. 3. 4. 5.6. 
7. 11. and 13 

soils and sediments (organtcsl. chaacterfiation 
dtcmativcs for, in WAGS 1. 2.3. 4. 5. 6. 
7, 11, and 13 

Soils and sediments (organics). remedial action 
dtcmatlvcs for, in WACS 1. 2, 3. 4. 5. 6, 
7. 11. and 13 

chaactcrfiaton dtcrnatives for. in WAGs 
1, 2. 3.4, 5.6. 7. 11. and 13 

soils and sediments (PCBs). remedial action 
dtemaUvcsfor. In WAGS 1.2.3. 4. 5. 6. 
7. 11. and 13 

soils and sediments (radioacttvc elements). 
CharacteIIzation dtnnathics for, in WAGs 
1, 2. 3. 4. 5. 6. 7. 11. and 13 

Soils and sediments (radionuclides). r e d i a l  
action altemattves for. in WAGS 1. 2. 3.4. 
5. 6, 7. 11, and 13 

Pipelines (gemad problem arcas). 

pipelines (inorganic& characterhtion 

pipelines (metals), remedial action alternathes 

prpelines (organics). charactmtzation altemattves 

Plpellnes (organics), remedial action dterna~es 

prpelcnes (physical problem areas). 

Soh and sediments (physical problem areas], 

soils and sediments (reflacbry organics), 
remedial action alternattveS for. in WACs 
1.2. 3.4, 5. 6.7. 11.and 13 

altemattves for, in WACS 1, 2. 3. 4. 5, 6. 
7. 11, and 13 

~ o r . i n W A G s l . 2 . 3 . 4 . 5 . 6 .  
7. 11. and 13 

Soils and sediments. robotics and automation 

Soils and sedLments (vola& organic 
1. action 

WAG 1. see 
Buritd waste (burial bulk equipment items). 

remedial =ion alkmalives for. in WAGs 
1, 3.4. 5.6. and 7 

chamctcrkation altcrnatfves for. in WACs 
1. 3. 4. 5.6. and 7 

characterlzatlon alternatives for, in WAGs 
1. 3. 4. 5. 6. and 7 

action alternatives for. in WAGS 1. 3.4, 5. 
6. and 7 

Buried waste (high-spedtic activity europium in 
HFIR TRU oxides. and concentrated 
l o w - 1 4  waste). d i a l  actton 
altcmaaveS for, in WAGS 1. 3.4. 5. 6, 
and7 

dkmatlvcs for, in WACS 1, 3,4, 5.6. 
and7 

dkmatlves for, in WAGS 1.3.4.5.6, 
and7 

alkmathes for, in WACS 1. 3.4. 5. 6. 
a d 7  

dtmnaUves for, in WACS 1, 3.4, 5. 6. 
and7 

albtmatlves for, in WACS 1. 3.4, 5, 6. 
and7 

alkmatlvcs for, in WACS 1. 3.4. 5. 6. 
and7 

chatacttrlzation alternatives fbr. in WAGs 
1. 3. 4. 5. 6, and 7 

CharactwlzaUon alternatives for. in WAGs 
1. 3. 4, 5. 6. and 7 

Buried waste (radionuclides). re!medial action 
alternatives for. in WACS 1. 3. 4. 5. 6. 
and7 

dternattves for. in WACS 1, 3.4.5.6. 
and7 

action altemathnts for. in WAGS 1. 3. 4. 5. 
6. and 7 

Buried waste (composition determination), 

Buried waste (general problem amas). 

Buried waste (HFIR control plates). remedial 

Buried waste (inorganfcs). chaxactaizatton 

Buried waste (low-level waste), remedial action 

Buried waste (metals). remedial action 

Buried waste (mtxed waste), remedial action 

Buried waste (organics). characterization 

Buried waste (organics). remedial action 

Buried waste (physical problem arcas)). 

Buried waste (xadioacthrt elements). 

Buried waste. robotics and automation 

Buxled waste (trtnch subsidence). remedial 

O O Q 7 2 5  

- -- 
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Ground water and surface water (general 

p h l a  arras). characterization 
dkrnattves for, in WACS 2. 3. 4. 5. 6. 8. 
9. 10. and 1 1  

characterization alternatives for, in WAGs 
2. 3. 4.5.  6. 8. 9. 10. and 1 1  

runedial action alternatives for, in WAGs 
2 . 3 . 4 . 5 . 6 . 8 . 9 . 1 0 . a n d l l  

Ground water and surface water (nitzates). 
remedial action alternatfves for. in WAGs 
2. 3. 4.5. 6, 8. 9. 10, and 1 1  

G~dwaterandsurfaccwater(ogantcs). 
charactcrfiation alternatives for. in WAGs 
2, 3. 4, 5. 6. 8. 9. 10. and 1 1  

Ground water and surface water (organics). 
remedial action alternatives for, in WAGs 
2 . 3 . 4 . 5 . 6 , 8 . 9 , 1 0 . a n d 1 1  

Ground water and surface water (physical 
problem areas), characterization 
altematfves for. in WACS 2, 3.4. 5. 6. 8. 
9, 1 0 . 4  1 1  

Ground water and surface water (PCBs), remedial 
action alternattves for, in WAGS 2. 3.4. 5. 
6, 8, 9. 10. and 1 1  

ekments). characterkation alternatives 
for, in WAGS 2. 3, 4. 5. 6. 8, 9, 10. 
and 1 1  

Ground water and surface water (radionuclides), 
remedial action alternatives for, in WAGs 
2. 3. 4. 5, 6. 8. 9. 10. and 1 1  

automation alternatives for, in WAGs 2.3.  
4. 5, 6.8. 9. 10. and 1 1  

Ground water and surface water (tritium). 
remedial action alkmattves for, in WAGs 
2 . 3 . 4 . 5 . 6 . 8 . 9 . 1 0 , a n d l l  

Ground water and surface water (volatile organic 
compounds), remedial action alternatives 
for. in WAGS 2. 3, 4. 5. 6. 8. 9. 10. 
and 1 1  

characterkation alternatives for, in WAGs 
1. 5. 8. and 9 

altematfvcs for, in WAGS 1. 5.8, and 9 

altemathrcs for. in WACS 1.5.8,  and 9 

alternatives for. in WACS 1. 5,8. and 9 

alternatives for. in WAGS 1.5.8.  and 9 

-terkation alternatives for, in WAGs 
1. 5. 8, and 9 

Characterization alternatives for. in WAGs 
1. 5. 8. and 9 

Impoundments (radiologtcally oontaminatexl tank 
contents). ramdfal action alternatives for, 

Ground water and surface water (inorganics), 

Ground water and surface water (inoganics). 

Ground water and surface water (radioactive 

Ground water and surtace water, robotics and 

Impoundments (general problem areas), 

Impoundments (tnorganics). characterization 

Impoundments (metals). remedial action 

Impoundments (organics), characterfiation 

Impoundments (organics), remedia action 

Impoundments (physical problem areas). 

Impoundments (radioactfve elements), 

in WAGS 1.5.  a and 9 
Impoundments (radionuclides). remedial action 

alternatives for. in WACS 1. 5.8. and 9 

Impoundments. robotica and automation 
alternatives for, in WACS 1, 5.8. and 9 

contamtnated tank contents). remedial 
action alttrnattves for, in WACS 1.5.8,  
and9 

alternattves for. *WACS 1.5.8.  and 9 

charactertzatin altemathm for, in WAGs 
1, 4, 5. 7. and 8 

alternatives for, in WACS 1. 4, 5. 7. and 8 

for, in WACS 1. 4. 5. 7. and 8 

for, in WACS 1. 4. 5. 7. and 8 

for, in WACS 1. 4. 5, 7. and 8 

c-on dternatlves for, in WAGs 
1. 4. 5. 7, and 8 

Pipelines (radioactive elements), characterization 
dternattvcs for, in WACS 1. 4. 5. 7. and 8 

Pipelines (radionuclides). remedial action 
alternatives for, in WAGS 1.4.5.  7. and 8 

Pipclines (well bo-). remedial action 
alternattvcs for, in WACS 1. 4.5.  7. and 8 

Soils and sediments [general problem areas). 
charactafiation altemattves for. in WAGs 
1. 2. 3. 4. 5, 6, 7, 11, and 13 

Soils and sediments (inorganics). charactafiatln 
dternaWes for, in WACS 1. 2. 3. 4, 5. 6. 
7, 11, and 13 

action dkrnatives for, in WAGS 1. 2.3.  4, 
5.6. 7, 11. and 13 

alternatives for, in WACS 1. 2.3.4.  5.6. 
7. 11. and 13 

action alternatives for, in WACS 1 . 2 . 3 . 4 ,  
5. 6. 7. 11 ,  and 13 

alternaUves for, in WAGS 1. 2 .3,  4. 5.6. 
7, 11. and 13 

Soils and sediments (organics). characterization 
dtemthres for, in WAGS 1, 2. 3. 4. 5, 6, 
7. 11. and 13 

Soils and sediments (organics), remedial action 
dternaUves for. in WAGS 1. 2.3.  4. 5.6. 
7. 11. and 13 

Soils and sedfmemts (physical problem areas), 
characterfiation altcrnah for, in WACs 
1. 2, 3. 4. 5. 6. 7. 1 1. and 13 

Soils and sediments (PCBs), remedial action 
alternatives for, in WACS 1. 2.3.  4. 5.6. 
7. 11.  and 13 

Soils and sediments (radioactive elements). 
characterization alternatives for. in WAGs 
1. 2. 3. 4, 5. 6. 7. 11. and 13 

Soils and sediments (radionuclides). lemedfal 
action altcxnattves for. in WAGS 1 . 2 . 3 . 4 .  
5. 6. 7. 11.  and 13 

Inactfvt low-lml waste tanks (radiologtdly 

Low-level waste tanks, robotics and automation 

Pipelines @nerd problem artas). 

P i m a  (Lnorgantcs), characterization 

Pipelines (metals). remedial action alternatives 

Piplines (organics), characterfiatton alternathns 

Piplines (organics). remedial action alternatives 

Pipelines (physical problem areas), 

Soils and sediments (low-le~el w a ~ t ~ ) ,  d i a l  

Soils and sediments (metals), rcmedfal action 

Soils and sediments (mixed waste). remedial 

Soils and sediments (nitrates). remedial action 
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WAG 5 ~conttured) 
Soils and sediments (rehctoxy organics), 

Soils and sediments. robotics and automation 

medial action altunatives for, in WACs 
1. 2. 3. 4, 5. 6. 7. 11. and 13 

altemathm for, in WACS 1. 2. 3. 4. 5.6. 
7. 11. and 13 

hydrocarbons). mnxlial action 
dternathrcs for, in WACS 1, 2.3. 4. 5.6. 
7, 11, and 13 

Tanks (general problem areas). charackrkatkm 
akmathm for, in WACS 1. 5.8. and 9 

Tanks (tnorganics). characterkation altanamcs 
for. in WACS 1, 5. 8. and 9 

Tanks (organics). characterfiation altunathm 
for, in WACS 1. 5. 8. and 9 

Tanks (physical problem areas). charactertzation 
alternatives for, in WACS 1, 5, 8. and 9 

Tanks (radioactive elements), characterization 
dtematives for, in WACS 1, 5.8. and 9 

Soils and sediments (volade organic 

WAG 8. see 
Buried waste (burled bulk equipment items). 

remedial action alternatives for, in WAGs 
1. 3. 4, 5, 6, and 7 

characterkatbn alternailves for, in WACs 
1. 3. 4.5.6. and 7 

chaacterfiation alternatives for, in WAGs 
1. 3. 4. 5. 6. and 7 

action alternatives for, in WACS 1. 3. 4. 5, 
6. and 7 

Buried waste (high-spedflc actMty europium in 
HFlR TRU oxides, and concentrated 
low-level waste). remedial action 
alkmames for, in WACS 1. 3.4. 5. 6. 
and 7 

dtemauvcs for, in WACS 1, 3.4. 5. 6. 
and 7 

alternathm for, in WAGS 1. 3. 4, 5. 6. 
and 7 

alternames for. in WACS 1. 3, 4. 5. 6. 
and 7 

dkrnathm for. in WACS 1. 3. 4, 5. 6. 
and 7 

dtemathns for. in WACS 1. 3.4. 5. 6. 
and7 

dternaUves for. in WACS 1. 3.4. 5. 6. 
and 7 

charactaization dternathrts br. in WAGs 
1. 3. 4. 5. 6. and 7 

characteTfiation alternatives for, in WAGs 
1. 3, 4.5,  6. and 7 

Buried waste (composition determination). 

Burled waste (general problem arcas). 

Burled waste (HEIR control plates). rcpLcdhl 

Burlced waste (tnorganics), characterJzatbn 

Buried waste (low-level waste), remedial action 

BuIled waste (metals), remedial action 

Buried waste (mixed waste). remedial action 

Buried waste (organics). characterkation 

Buried waste (organics), remedial action 

Build waste (physical problem areas). 

Buried waste (radioactive elements). 

Buried waste (radionudtdes), remedial action 
alternatives for. in WACS 1. 3.4. 5. 6. 
and7 

altmnathrcs for. in WACS 1, 3.4. 5. 6, 
and7 

action a l t e e e s  for. in WACS 1. 3.4. 5, 
6. and 7 

ptoblem areas). characterfiation 
dtCmaaveS for. in WAGS 2. 3.4. 5. 6. 8. 
9. 10. and 11 

Ground water and surface water (inorganics). 
characterization alternatives for, in WAGs 
2. 3.4.5.6. 8. 9. 10,and 11 

remedial action alternatives for, in WACs 
2. 3, 4, 5, 6. 8. 9. 10, and 11 

Ground water and surface water (nitrates), 
remedial action dternatlves for, in WACs 
2. 3. 4. 5, 6, 8. 9. 10. and 11 

Ground water and surface water (organics). 
characterization alternatives for, in WAGs 
2. 3. 4. 5, 6. 8. 9. 10, and 11 

Ground water and surfact water ( o m - ) .  
remedial action dtcmathes for, In WACs 
2, 3. 4. 5, 6. 8. 9. 10. and 11 

Ground water and surfact water (physical 
problem areas), characterization 
dkmattvcs for, in WACS 2. 3.4. 5. 6. 8. 
9. 10. and 11 

Ground water and surfacc water (PCBs), rcmcdial 
actton alternatives for, in WACS 2.3.4, 5. 
6. 8. 9. 10. and 11 

clemnts). charactcrtzation alternatives 
for. in WACS 2. 3. 4, 5. 6, 8. 9, 10, 
and 11 

Ground water and surface water (radionuddes), 
remedlal action altcrnatfves for, in WACs 
2, 3. 4. 5. 6, 8. 9. 10. and 11 

automatton altematlvcs for. in WAGs 2.3, 
4, 5. 6. 8, 9. 10. and 11 

Ground water and surface water (tritium), 
remedial action alternatives for, in W a s  
2, 3. 4, 5, 6. 8. 9. 10. and 11 

Ground water and surface water (volaUle organic 
compounds). remedial action alternatives 
for, in WAGS 2, 3.4, 5, 6, 8. 9, 10. 
and 1 1  

Soils and sedlmcnts (general problem areas), 
charactaldlon dtcmatlves for, in WAGs 
1. 2, 3.4, 5. 6. 7. 11. and 13 

S o h  and sediments (tnorgantcs). charactmkation 
alternatlves for, in WACS 1, 2.3.4.5.6,  
7. 11. and 13 

actton alternatives for, in WACS 1. 2. 3. 4. 
5.6. 7. 11. and 13 

alternatives for. in WACS 1. 2.3.4. 5.6. 
7. 11. and 13 

Burled waste. robotics and automation 

Burled waste (trench subsidence), remedial 

Ground water and surfacc water (general 

Ground water and surfact water (inorganics). 

Ground water and surfacc water (radioacttve 

Ground water and surface water. robotics and 

Soils and sediments ( l0w-W waste). r e d i a l  

Soils and sediments (metals). nmedial action 
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Soils and sediments (mtx#i waste). r e d i a l  

Soils and sediments (nitrates). rtpItdlal action 

action alternatives for. in WACS 1. 2 . 3 .  4, 
5, 6. 7. 11. and 13 

dternatives for. in WACS 1. 2. 3. 4. 5. 6. 
7, 11. and 13 

Soils and sediments (organics). c b m o n  
dttmatives for. in WAGS 1. 2. 3. 4. 5.6, 
7, 11. and 13 

Soils and sediments (organics). remedial action 
alternatives for. in WAGS 1. 2. 3, 4, 5.6. 
7. 11. and 13 

-tion alternathrrs for, in WAGs 
1. 2. 3. 4. 5. 6. 7. 11. and 13 

Soils and sediments (PcBs). d i a l  action 
alternatives for, in WACS 1. 2. 3. 4, 5. 6. 
7. 11. and 13 

Soils and sediments (mdbacmc dements). 
characterization alternathrts for, in WAGs 
1. 2, 3, 4. 5. 6. 7. 11. and 13 

Soils and sediments (radionu&dcs). remedial 
action alternaUvcs for. in WACS 1. 2. 3. 4. 
5.6. 7, 11, and 13 

m e d i a l  action alternatives for, in WAGs 
1, 2. 3.4, 5. 6. 7. 11. and 13 

alternatfves for. in WAGS 1. 2. 3. 4. 5, 6. 
7. 11. and 13 

hydrocarbons). rrmcdial action 
alttmatfves for, in WACS 1. 2.3.4. 5,6.  
7. 11. and 13 

Soils and sedimnts @ h y s l d  problem amas). 

Soils and sediments (rcfxactory organics), 

Soils and sediments. robotics and automation 

Soils and sediments (volatile organic 

WAG 7. s?e 
Burled waste (burled bulk equipment items), 

medial action alternatives for, in WAGs 
1. 3. 4, 5. 6. and 7 

chamcterkation alternatives for, in WAGs 
1, 3. 4, 5. 6. and 7 

characterkatbn alternatives for, in WAGs 
1, 3. 4. 5. 6. and 7 

action dternathes for, in WACS 1. 3, 4. 5. 
6. and 7 

HFIR TRU oxides. and concentrated 
low-level waste). remedial action 
alternatives for. in WACS 1. 3.4, 5. 6. 
and7 

alternatives for. in WAGS 1. 3.4. 5. 6. 
and 7 

alttmatives for, in WACS 1. 3. 4. 5. 6. 
and 7 

alternatives for, in WACS 1. 3. 4. 5. 6. 

Burled waste (composition determination). 

Buried waste (general problem areas), 

Burled waste (HFlR control plates). remedial 

Burled waste [high-~peCi8~ actMty europium in 

Burled waste (inoganics). h c t c r k a t i o n  

Burled waste [low-level waste), remedial action 

Burled waste (metals). remedial action 

and7 
Buried waste (mixed waste). remedial action 

alternatives for. in WACS 1. 3. 4. 5. 6. 
and7 

Burled waste (organics). characterization 
dtcrnatfves for. in WAGS 1, 3, 4. 5. 6, 
and7 

dtcmatives for, in WACS 1. 3. 4. 5. 6 .  
a d 7  

-n for, in WAGs 
1. 3. 4, 5.6. and 7 

charactertzatton dkmatiws fbr. in WAGs 
1. 3. 4. 5, 6, and 7 

Burled waste (radionuclides). remcdial action 
alternatfves for, in WAGS 1. 3.4. 5. 6, 
a d 7  

dtcrnatives for. in WAGS 1, 3.4. 5.6. 
a n d 7  

action altcmattves for, in WACS 1. 3. 4, 5. 
6. and 7 

characterlzatlon alternatives for, in WAGs 
1. 4. 5.7.  and 8 

alternatives for. in WACS 1, 4, 5, 7. and 8 

for, in WACS 1. 4. 5, 7, and 8 

for, in WAGS 1. 4. 5, 7, and 8 

for, in WAGS 1, 4. 5. 7. and 8 

charactcrfiation alternatives for. in WAGs 
1. 4. 5. 7. ad 8 

Pipelines (radioacttvt elements), h c t d z a t i o n  
alternatives for. in WACS 1. 4, 5. 7. and 8 

Pipelines (radionucltdes), remtdtal action 
dtcrnatives for, in WAGS 1. 4. 5. 7. and 8 

Pipelines (well bores). remedial action 
alternatives for, in WAGS 1. 4. 5. 7. and 8 

Pits and trenches (contaminated sludge/soil). 
remedial action alternatives for, in WAG 7 

Pits and trenches (general problem areas). 
chaxactdzation alternatives for, in 
WAG 7 

Pits and trenches (inorganics)). characterization 
alternatives for. in WAG 7 

Pits and trenches [low-level waste). rrmcdlal 
action altemattves for. in WAG 7 

Pits and trenches (metals). remedial action 
alternatives for. in WAG 7 

Pits and trenches (organics). characterkation 
alternatives for, in WAG 7 

Pits and trenches (organics). remedial action 
alternatives for. in WAG 7 

Pits and trenches (physical problem areas). 
chamctaizatbn alternatives for, in 
WAG 7 

charactafiation alternatives for, in 
WAG 7 

Pits and trenches (radionucltdes). reMdtal action 
alternatives for. in WAG 7 

Burled waste (organics). reMdia action 

Burled waste (physical problem m). 

Burled waste (radioactive elements). 

Burled waste. mbotics and automation 

Burled waste (trench subsidence). remedial 

Pipelines (general problem areas), 

Pipeuncl (inorganics). characterization 

Pipelines (metals). remedial action alternatives 

Pipelines (organics). cimacterkation alternatfves 

Pipelines (organics). remedial action alternatives 

Pipclincs (physical problem m). 

Pits and trenches (radioactive elements), 
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WAG? I- 
Soils and sedtmnts [general problem areas), 

characterization alttmathres for. in WAGs 
1. 2. 3. 4. 5. 6. 7, 11.  and 13 

Soils and sedimnts (inorganics). characterization 
alternatives for, in WAGS 1. 2 . 3 . 4 .  5 . 6 .  
7. 11.  and 13 

action alternatives for, in WACS 1. 2. 3. 4. 
5.6. 7. 11. and 13 

alternattvcs for. in WACS 1. 2.3. 4. 5.6,  
7. 11. and 13 

actlon altemattves for, in WACS 1, 2. 3, 4. 
5. 6. 7. 11. and 13 

alternatives for. in WAGS 1. 2.3.  4. 5.6,  
7. 11. and 13 

Sous and sedlmtnts (organics). characterization 
alternatives for. in WAGS 1. 2.3,  4, 5.6.  
7. 11. and 13 

Soils and sediments (organics). remedial action 
dternatlves for, in WACS 1. 2.3,  4. 5.6.  
7, 11. and 13 

characterization alternatives for, in WAGs 
1. 2. 3.4, 5, 6, 7, 11,  and 13 

Soils and sedlmtnts (PCBs), remedial action 
alternames for. in WACS 1, 2. 3. 4. 5. 6. 
7. 11. and 13 

Soils and sedimnts (radioactive elements), 
&mctm&aUon alternatfves for, in WAGs 
1 . 2 . 3 . 4 . 5 , 6 , 7 . 1 1 , a n d 1 3  

Soils and sediments (radionucltdes).   medial 
action alternatives for, in WACS 1. 2. 3. 4. 
5. 6. 7. 11. and 13 

rrmedlal action dternatlves for, in WAGs 
1, 2. 3.4. 5. 6. 7, 11. and 13 

altemattvcs for. in WAGS 1. 2. 3. 4. 5. 6, 
7. 11. and 13 

hydrocahns). I.emedial action 
alternatives for, in WACS 1. 2, 3. 4. 5. 6. 
7, 11. and 13 

Soils and sedtmnts ( low-14 waste). remedial 

Soils and sediments (metals). ltMdial action 

Soils and sediments (mixed waste). remedial 

Soils and sedtmcnts (nibates). TcIIltdlal actbn 

Soils and sedhmnts (physical problem m). 

Soils and sediments (rehctory organics)). 

Soils and sediments, robotics and automation 

Soils and sediments (volatile organic 

WAG8. See 
Ground water and water (general 

problem areas). characterization 
dternatives for, in WAGS 2, 3. 4. 5, 6. 8. 
9. 10. and 11 

-Uon altematbes for. in WAGs 
2 . 3 , 4 . 5 . 6 . 8 . 9 . 1 0 . a n d 1 1  

-edM action alternatives for. in WAGs 
2. 3, 4, 5.6. 8. 9. 10. and 1 1  

Ground water and surface water (nitrates). 
runedial action alternatives for, in WAGS 
2 . 3 . 4 . 5 . 6 . 8 . 9 . 1 0 . a n d l l  

Ground water and surfacx water (organics). 
charackrkatlon alternatives for, in WAGs 
2 . 3 . 4 . 5 . 6 . 8 . 9 . 1 0 . a n d 1 1  

Ground water and surfarx water (inorganics). 

Ground water and surfsux water (inorganics). 

Ground water and surface water (organics). 

Grodwaterandsurfacewater(phySid 

d i a l  action altematfvts for. in WAGs 
2 . 3 . 4 . 5 . 6 . 8 . 9 . 1 0 . a n d 1 1  

problem artas). c-tion 
dkrnatives for, in WACS 2. 3.4, 5. 6. 8, 
9. LO. and 11 

action alternatives for, in WAGS 2, 3, 4, 5. 
6, 8. 9. LO. and 1 1  

elements). characttrtzation altemathm 
for. in WACS 2. 3. 4. 5. 6. 8. 9. 10, 
and 1 1  

Ground water and surface water (radionuclides). 
rrmedial actton altcmatives for, in WACS 
2. 3. 4. 5. 6. 8. 9. 10. and 11  

automation alternattves for. in WAGS 2.3. 
4. 5. 6. 8. 9. 10. and 1 1  

Ground water and surface water (muum]. 
medM action alternatives for, in WAGs 
2. 3. 4, 5. 6. 8. 9. 10. and 11 

Ground water and surface water (volatile organtc 
compounds), remedial action alternatives 
for, in WACS 2. 3. 4. 5. 6, 8. 9. 10. 
and 1 1  

charactuization altcrnathrrs for, in WAGs 
1, 5, 8, and 9 

Impoundmcnts (inorganics). charactcrkatbn 
dtcmatives for, in WACS 1. 5, 8. and 9 

Impoundments (metals), remedfal action 
alternatives for, in WAGS 1.5.8,  and 9 

Impoundments (organics). chamctcrkation 
dtematives for, in WACS 1.5.8.  and 9 

Impoundmtnts (organics). Fewdial action 
dtemativcs for, in WACS 1.5.8.  and 9 

Impoundmcnts (physical problem m). 
characterfiatlon altcmatives for. in WAGs 
1. 5. 8, and 9 

Impoundments (radioactive elements). 
characterization dternattvcs for. in WACs 
1. 5. 8. and 9 

Impoundments (radiologically contaminated tank 
contents). remdtal action alternatives for. 
in WAGs 1.5.8.  and 9 

Impoundments (radionuclides). rrmedial action 
dternatives for. in WACS 1. 5.8. and 9 

Impoundments. robotics and automation 
dtematives for. in WACS 1. 5. 8. and 9 

contambated tank contents). rtmtdial 
action alternatives for, in WACS 1. 5.8, 
and 9 

alternatives for, in WACS 1.5.8.  and 9 

chamcterization alternatives for, in WAGs 
1. 4. 5. 7. and 8 

alternatives for. in WACS 1.4.5.  7. and 8 

for. in WAGS 1. 4. 5. 7, and 8 

G r o u n d w a t a a n d ~ a c e w a t e r ~ s ) . r r n a c d i a l  

cmundwaterandsurfaccwater(lad~~ ' 

Ground water and surface water, mbothx and 

Impoundments (general problem m). 

Inacth low-level waste tanks (ladiologlcalty 

Low-1-1 waste tanks. robotics and autmuation 

Pipelines (general problem areas), 

ptpelines (brganics)). characterkamn 

Pipelines (metals). remedial action altrrnatfves 
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plpelincs (oganics). characterkation alternatives 

Rpebes (organics). =medial action alternatives 

Pipelints (physical problem arcas). 

for, in WAGS 1, 4, 5. 7. and 8 

for. in WAGS 1. 4. 5. 7. and 8 

characterization alternatives for, in WAGs 
1, 4, 5. 7. and 8 

Pipelines (radioactive elements). characterlzatfon 
altematlves for. in WACS 1, 4. 5. 7. and 8 

Pipelines (radfonuclides). nmtdial action 
altcmatfva for. in WAGS 1, 4. 5. 7. and 8 

Pipelines (well h). remedial action 
altcmatfva for, in WAGS 1, 4. 5. 7. and 8 

Tanks [general problem artas). -n 
altcmatlves for, in WAGS 1. 5. 8. and 9 

Tanks (inorganic& characterfiatton al- 
for, in WAGS l, 5. 8, and 9 

Tanks (organics). characterlzatlon alternatives 
for, in WAGS 1. 5. 8. and 9 

Tanks (physical problem areas), characterfiatlon 
alternatives for. in WAGS 1. 5.8.  and 9 

Tanks (radioactive elements). characterization 
altematfves for. in WAGS 1, 5, 8. and 9 

wma.see 
Ground water and surface water (general 

problem areas), characterization 
dtemattveS for, in WAGS 2. 3. 4. 5, 6, 8. 
9. 10. and 11 

charactcrkation alternatives for. in WAGs 
2. 3. 4.5. 6, 8.9, 1O.and 11  

remedial action alternatives for. in WAGs 
2, 3.4.5.6.  8. 9. 1 0 . d  11  

Ground water and surface water (nitrates). 
remedial action alternatives for. in WAGs 
2 . 3 . 4 . 5 . 6 . 8 , 9 . 1 O , a n d l l  

Ground water and surface water (organics). 
charactcrfiation altcmatks for. in WAGs 
2.3.  4.5.6. 8. 9. 10,and 1 1  

Ground water and surface water (organics). 
remedial action alternatives for, in WAGs 
2. 3, 4, 5. 6. 8. 9. 10. and 1 1  

Ground water and surface water (physical 
problem areas). characterization 
altematfva for, in WACS 2. 3, 4. 5. 6. 8. 
9. 10. and 11  

Ground water and surface water (PCBs). remedial 
action altematlves for, in WACS 2. 3.4. 5. 
6. 8. 9. 10. and 1 1  

elements), charactcrlzaton alternatfvts 
for, in WACS 2. 3. 4. 5. 6. 8. 9. 10, 
and 1 1  

Ground water and surface water (radionuclides), 
medial action alternatives for, in WAGs 
2, 3. 4, 5, 6. 8. 9. 10. and 1 1  

automation alternatives for. in WAGs 2.3.  
4. 5. 6.8. 9. 10. and 1 1  

Ground water and surface water (tritium). 
medial action alternatlvcs for. in WAGs 
2. 3. 4. 5. 6. 8, 9. 10, and 1 1  

Ground water and surface water (iraorganics)). 

Ground water and surface water (inorganics). 

Ground water and surtace water (radioactive 

Ground water and surface water, robotics and 

Ground water and surface water (wWe organic 
compounds). remedial action altcrnattves 
for. in WAGS 2. 3. 4. 5. 6. 8. 9. 10. 
and 1 1  

charactcrizatton dtcmatks for, in WAGS 
1. 5. 8. and 9 

altemattves for. in WAGS 1. 5, 8. and 9 

altemattves for. in WAGS 1. 5. 8. and 9 

dtemaw for, In WAGS 1. 5. 8. and 9 

alternatives for, in WACS 1. 5, 8, and 9 

-n altcmatks for. in WAGs 
1, 5, 8. and 9 

chamcterfFation dtcmatfvw for, in WAGs 
1. 5. 8. and 9 

Impoundments (radiologidly contaminated tank 
contents). rrmdial action alternatives for, 
in WAGs 1 . 5 . 8 ,  and 9 

Impoundments (radionuclides). rcmedfal action 
altemattves for. in WAGS 1. 5. 8. and 9 

Impoundments. robotics and automation 
altemathrrs for, in WAGS 1. 5. 8. and 9 

contaminated tank contents), rcMdhl 
action alkmattvo, for, in WAGS 1,5,8.  
and9 

L o w - l d  waste tanks. robotics and automiion 
altrmattves for, in WAGS 1. 5. 8. and 9 

Tanks (general problem artas). characterizatdon 
altcmauves for. in WAGS 1, 5. 8, and 9 

Tanks (inorganlcs). chaxactcrkation altcrnathres 
for, in WAGS 1. 5. 8, and 9 

Tanks (organics). charactcrfiaton altemathres 
for, in WAGS 1. 5, 8. and 9 

Tanks (physical problem artas), charactertzatton 
altemattves for. in WAGS 1. 5.8. and 9 

Tanks (radioacthe elements). charactcrkation 
altcmathrrs for. in WACS 1. 5, 8. and 9 

Impoundments (general problem areas). 

Impoundments (inor-. chamcterization 

Impoundments (metals), rrpwdlal action 

Impoundments (organics). charactalzation 

Impoundments (organics), remedial action 

Impoundmnts bhyslcal problem arras), 

Impoundments ( r a d b a c ~  elements). 

Inacttve low-lcvel waste tanks (radiologlcauy 

WAG 10. see 
Ground water and surface water (general 

problem areas). chaaactdzation 
altemattves for, in WAGS 2. 3. 4. 5.6. 8. 
9. 1o.and 1 1  

Ground water and surface water (inorganfcs). 

2. 3, 4. 5. 6. 8. 9. 10. and 1 1  

remedial acmn altanatfvts for, in WAGS 
2. 3. 4. 5. 6. 8. 9. 10. and 1 1  

Ground water and surface water (nitrates). 
remedial action dternathm for, in WAGS 
2. 3. 4. 5. 6. 8. 9. 10. and 1 1  

Ground water and surface water (organics). 
charactcrlzaUon altcmatks for, in WAGs 
2 . 3 . 4 . 5 . 6 . 8 , 9 . 1 O . a n d l l  

Ground water and surface water (organics). 
remedial action alkrnatlves for. in WAGs 

. characMzation altcmatks for, in WAGs 

Ground water and surface water (inorgardcs). 

- .. 
&'. 

2 . 3 . 4 . 5 . 6 . 8 . 9 . 1 0 . a n d 1 1  
000730 
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WAG 10 (wntinueru 

Ground water and surface water (physical 
problem arras). characterization 
altematlvcs for, in WACS 2. 3, 4. 5. 6, 8. 
9. 1o.and 11  

Ground water and surface water (PCBs). remedial 
actlon altematlves for, in WAGS 2, 3. 4, 5, 
6. 8. 9. 10. and 1 1  

elcmemts), characterfiation altematks 
for. in WACS 2. 3. 4. 5, 6, 8. 9, 10. 
and 1 1  

Ground water and sUrGza water (radbnudides). 
remedial action alternatives for. in WAGS 
2. 3. 4, 5, 6. 8, 9. 10. and 1 1  

automation dternathrrs br. in WAGs 2.3, 
4. 5, 6. 8. 9. 10. and 11  

remedial action alternatives for, in WAGS 
2 . 3 . 4 . 5 . 6 . 8 . 9 . 1 0 . a n d 1 1  

Ground water and surface water (volatile organic 
compounds). remedial action alternatives 
for, in WACS 2. 3.4. 5. 6, 8. 9. 10. 
and 1 1  

-on alternatives for. in 
WAG 10 

Hydrofracturr (grout sheets). remedial action 
alternatives for, in WAG 10 

Hydrofmcturc (inorganic& charactcrkation 
alternallves for, in WAG 10 

Hydrofracture (organics), chaxactdzation 
altcmatlves for, in WAG 10 

Hydrofracture (physkal problem anas). 
chaactcrfiation alternatives for, in 
WAG 10 

charactafiation alternatives for. in 
WAG 10 

Ground water and surface water (radioactive 

Ground water and surfact water, mbollcs and 

Ground water and surface water (txitium). 

Hydrofracture (general problem BTC(IS). 

Hydrofracture (radioactive elements). 

WAG 11. see 
Ground water and surface water (general 

problem areas). characterization 
altemattvts for, in WAGS 2. 3. 4. 5. 6, 8. 
9, 10. and 1 1  

chasactaiation alternatives for, in WAGs 
2. 3. 4. 5. 6. 8, 9. 10. and 1 1  

Ground water and surface water (inorganics). 
mnedlal acUon alternatives for, in WACs 
2 . 3 . 4 . 5 . 6 . 8 . 9 . 1 0 . a n d l l  

Ground water and surface water (nitrates). 
remedial actlon alternatives for. in WAGs 
2 . 3 . 4 . 5 . 6 . 8 , 9 . 1 0 , a n d 1 1  

Ground water and surface water (organics). 
-n dternatlves for. in WAGs 
2 . 3 . 4 . 5 , 6 . 8 , 9 . 1 0 . a n d 1 1  

Ground water and surface water (organics). 
remedial action alternatives for, in WACs 
2. 3.4. 5, 6. 8. 9. 1O.and 1 1  

Ground water and surface water (physical 
problem areas). characterkation 
alternatives for. in WACS 2. 3. 4. 5, 6, 8, 
9. 10. and 1 1  

Ground water and surface water (inorgantcs). 

Ground water and surface water (PCBs). remedid 
action altematfvcs for, in WACS 2, 3,4.  5. 
6. 8.9. 10. and 1 1  

elements). charactertzation a l t c m a ~ ~ ~  
for, in WACS 2. 3. 4, 5.6.8. 9. 10. 
and 1 1  

Ground water and *ace water (radionuclides), 
remedial action altemaUves for, in WAGs 
2. 3. 4.5. 6. 8, 9, 1 O . d  1 1  

automation altemathzs for. in WACS 2.3.  
4. 5. 6.8. 9. 10. and 1 1  

Ground water and surfact water (tritium). 
remedial action altemathnts for, in Wffis  
2. 3. 4. 5. 6, 8, 9. 10. and 1 1  

Ground water and surface water (volatile organic 
compounds), remedial action alteinattves 
for, inWAGs 2. 3, 4. 5. 6.8. 9. 10. 
and 1 1  

Soils and sediments (general problem areas), 
charactcrbtion altemaaves for, in WAGS 
1, 2. 3. 4. 5. 6. 7. 1 1. and 13 

Soils and sediments (inorganics). charactcrtzation 
dtematlvcs for, in WAGS 1.2.3.4.  5.6,  
7. 11,and 13 

action altematlvcs for. in WACS 1.2.3.  4. 
5. 6. 7, 11.  and 13 

dtcmathrrs for, in WACS 1. 2. 3, 4, 5. 6. 
7. 11, and 13 

action alkmatfvcs for, in WACS 1,2.3.  4. 
5.6. 7. 11. and 13 

alkmatfvcs for, in WACS 1.2.3.  4, 5.6.  
7. 11. and 13 

Soils and scdlmnts (organtcs). characterization 
altematlvcs for, in WACS 1.2.3,  4. 5.6,  
7. 11. and 13 

Soils and sediments (organics). remedial action 
altemattves for, in WAGS 1. 2. 3, 4. 5. 6. 
7. 11,  and 13 

characterization altematks for, in WAGs 
1. 2. 3. 4, 5. 6. 7, 11. and 13 

Soils and sediments (PCBs). remedial action 
dtematives for, in WAGS 1. 2. 3, 4. 5.6. 
7, 11. and 13 

Soils and sediments (radfoactivc elements). 
chaxactdzatlon altemattvc~ for. in WAGs 
1. 2. 3.4. 5.6, 7. 11. and 13 

Soils and sediments (radionuclides). r e d i a l  
action alternatlves for, in WAGS 1.2.3.  4. 
5. 6. 7. 11,  and 13 

remedial action alternatives for. in WAGs 
1. 2. 3.4. 5.6. 7. 11. and 13 

altematlves for, In WACS 1. 2.3.  4. 5.6.  
7. 11.and 13 

Groundwaterandsurfacewater(~adioa~ 

Ground water and surface water. robotics and 

Soils and sedlmCnts ( l o w - 1 ~ ~ ~ 1  waste), mmdlal 

Soils and sediments (metals). rrmedtal actton 

Soils and sediments (mixed waste). d i a l  

Soils and sediments (nitrates). rtMdfal action 

Soils and sediments (physical problem areas). 

. 

Soils and sediments (refracto~~ organics)). 

Soils and sediments. robotlcs and aubmatlon 
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Soils and sediments (volaffle organic 
hydrocarbons), nmedial -on 
dternatives for, in WACS 1, 2. 3. 4. 5. 6. 
7. 11. and 13 

w m  1s. see 
Soils and sediments (general pmblem areas). 

characterization dtematks for, in WAGs 
1. 2. 3.4. 5. 6. 7. 11. and 13 

Soils and sediments (inorganics), c h t e r k a t i o n  
dternattves for, in WACS 1, 2.3. 4. 5.6. 
7, 11. and 13 

action alternatives for, in WAGS 1. 2.3. 4. 
5. 6. 7. 11. and 13 

alternatives for, in WACS 1, 2. 3, 4, 5. 6, 
7. 11. and 13 

action alternatives for, in WAGS 1. 2. 3, 4. 
5, 6. 7. 11.  and 13 

dternatives for, in WAGs 1. 2.3, 4, 5.6. 
7, 11. and 13 

Soils and sediments (organics]. characterkation 
alternatives for, in WAGS 1. 2. 3, 4, 5.6. 
7. 11, and 13 

Soils and sediments (organics). remedial action 
alternathrrs for, in WAGs 1. 2, 3, 4, 5. 6, 
7. 11. and 13 

Soils and sediments (physical pmblem areas). 
charactuhtton alkrnatlves for, in WAGs 
1. 2. 3, 4, 5, 6, 7, 11. and 13 

Soils and sediments (PCBs). remedia action 
alternatives for, in WAGs 1. 2. 3. 4, 5. 6. 
7. 11. and 13 

Soils and sediments (radioacthre elements), 
characterkation altemativts for, in WAGs 
1. 2, 3.4. 5. 6. 7, 11. and 13 

Soils and sediments (low-1~~~1 waste)). r e d i a l  

Soils and sediments (metals), Tep1(.Alal action 

Soils and sedimemts (mixed waste), remedial 

Soils and sediments (nihtes), remedial action 

.r. 

Soils and sediments (radionuclides). r e d i a l  
action alternatives for, in WACS 1, 2. 3.4. 
5. 6, 7, 11,  and 13 

remedia action altanatks for, in WAGS 
1. 2. 3. 4. 5. 6. 7, 11.  and 13 

dternatives for. W A G S  1. 2, 3. 4, 5.6. 
7, 11. and 13 

hydrocarbons), remedial actlon 
alternatives for, in WACS 1. 2.3.  4. 5.6. 
7. 11. and 13 

Soils and sediments (&kctory organics), 

Soils and sediments. mbotics and automation 

soils and sediments (volaffle organic 

WAGS, d d p t i w  of. V1: 7-14 

W.ter -fino ~m dth h-dc cryfe, rtma-21, 
v 1 :  9 9  v2: 46 

Wen borer. kchnologies for. See 
Rpeljnes (weU bores), remedial action 

tcchnolo@es for, in WAGs 1. 4. 5. 7. 
and8 

Well pl- md rb.ndoment. =ma-22. V 2  47 

wireline W e t  recovery, mna- 125. V1: 96: V 2  32 

Wheeled/tracked vehicle. rob-I. V1: 115. 122; 
V 2  5 1  

- x -  
b 

X - I ~  fluorescence for in situ monitoring of todc 
heavy m e w ,  char-219. V1: 63; m. 14 
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HOW TO USE THIS INDEX 

The Waste Management 0 Index provides a comprehensive list of site problems, 
problem area/constituents. remedial technologies, and regulatory terms discussed in the 
WM sections of the Oak Ridge National Laboratory Technology Lugic Diagram All entries 
provide specific page numbers. or cross-reference entries that prdbide specific page 
numbers, in the WM volumes (Vol. 1, R. C: Vol. 2, Pt. C: and appropriate parts ofVol. 3). 

Page numbers are located at the end of main entries or at the end of subentries. 
References to the WM Vol. 1, pt. C (Techmlogy Eunbmtinnl, are indicated by ‘Yl:” and 
followed by a page number, while references to the W M  Vol. 2, Pt. C (Technology hgtc 
Diagrams), are indicated by ‘“2:” and followed by a specific page number. Specific 
locations in Vols. 3 (Technology Evnltlntinn Data Sheel) are given by the technology code 
numbers (e.g., wpro-117) because pages in this volume are unnumbered. 

Cross-references are indicated by a See at the end of the main entry. Following the 
See is a list of other rnain entries, which provide specific page numbers. 

Examples of index entries are provided below. 

A main entry (a specific technology), which consists of a title in bold and a locator. 
The locator gives specific page numbers-”wpro-ll‘ir (Vol. 3): ‘Yl: 111” (Vol. 1, 
pt. C): and ‘772: 44, 143” (Vol. 2, R. C). 

Tahnology Technology VoL Page Vol. Page 
name codeno. no. no. no. nos. 

U 8 u u u u  
Bhd~@d&m wpro-117. V1: 11 1: V2: 44, 143 - 

locator 

’ b o  main entries that cross-reference. The f h t  example consists of an OFWL 
Problem and a See reference: the second example is the entry referenced, which 
provides specific page numbers: 

xatrogcn oxide criteri. pori-t. see 
Waste off-gases (NOx criteria pollutantj. waste management 

dtcmattves for 

W a s h  0ff-g- (loo, criteria pollutant). waste management 
.rtermtives for 

Chemical treatment technologies 

Thermal tr*atmat technologies 
deNO, p r o c s ~ c ~ .  wpm-307. V1: 123. 126: W: 132 

indneratlon. wpm-108. V1: 124. 127: W: 133 
molten salt oxidation, wpro-113, V1: 127: V 2  133 
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INDEX C WASTE MANAGEMENT 

- A -  
Acid. See 

Melton Valley and R E X  caustic aqueous wastes. 
mixed waste contaminated (RCRA 
hazardous and/or RAD contaminated). 
waste management alternatives for 

Melton Valley and REDC caustic aqueous wastes. 
RAD and/or TRU contaminants only. 
waste management altematives for 

REDC addic aquwus wastes, mixed waste 
contaminated (RCRA hazardous and/or 
RAD contaminated). waste management 
alternatives for 

REDC acidic aqueous wastes. RAD and/or TRU 
contaminants only, waste management 
alternatives for 

management alternatives for 
Waste off-gases (entrained vapors/adds), waste 

Acid digestion. wpro-127. V1: 109 V2: 137 

Acid pit.. See 
Historical waste disposal sites, burial grounds, 

add pits, retention basins, and bulk 

scrap metals. asbestos, FCB. organic and 
inorganic constituents). waste 
management alttrnattvts for 

waste in storage tanks (RAD.  scrap^ 

Maptation of the EPA todcity charactcrirtic 
leaching process for use with radioactivt samples. 
char-209. V1: 4 5  V2: 4 

Admrb8ble RAD con8tittocnt.. see 
waste off-gases (adsorbable RAD constituents). 

waste management alternatives for 

Admrption, wpro-202/203. V1: 109. 116. 118. 119. 
121. 123, 125: V2: 89.96. 100. 108. 114. 124. 126. 
127. 129, 130. 133. 134 

M - 4  electric t h m r p d . .  wpm-120. V1: 117. 
120 V2: 117 

Mornced radiation monitors, char-269, V1: 48: 
v2 12 

Aerobic digestion. wpro-224. V1: 11 1. 118. 122: 
V 2  35.94. 104. 118. 121. 139 

Air ~ n i t o ~ .  char-59, V1: 46: V2: 6 

Air @tp hum (Tu~acuce) 
Compliance wlth. V1: 188-189 

Air ~MPpipg. wpm-200. V1: 116: V 2  100. 108, 
111. 114. 121 

Alpha track etch detectors for rtufacc alpha 
C M  trminrtion. char-96, V1: 48: V2: 12 

Anaerobicdigestion. wpro-225. V1: 101. 111. 118. 
122. V2: 36,94. 104. 118. 121. 140 

hdpt of m n d  b b - 2 4 9 .  V1: 47; V2: 9 

Analytical methods for chelators urd 
decontamination agents, char-206. V1: 50; V 2  17 

Aaimdaumsme8.See 
Biological wastes. animal carcases and beddhg 

material (contaminated and 
uncontaminated). waste management 
alternatives for 

Application of appmximatc reasoning to d.t. 
.pplp.i./evphrotion. char-234. V1: 47; V2: 8 

Aqueous waste. caustic. see 
Melton Valley and REDC causttc aqueous wastes, 

mixed waste contaminated (RCRA 
hazardous and/or RAD contaminated). 
waste management altemahres for 

Melton Valley and REDC caustic aquwus wastes. 
RAD and/or TRU contaminants only. 
waste management alternahres for 

REDC acidic aqueous wastes. mixed waste 
contaminated [RCRA hazardous and/or 
RAD contaminated). waste management 
alternatives for 

REDC addic aqueous wastes. RAD and/or TRU 
contaminants only. waste management 
alternaUves for 

kbe8torrcgdatioru 
Clean Air Act V1: 200-20 1 
DOE orders, V1: 202 
OSHA. v1: 201 
Tennessec regulations. V1: 201-202 

kbestor. waste shipment alternativa for 
waste packaslng technologies 

POP FGIII and POP %XI, wpht-108. V2: 150 

kphalt. see 
Asphalt and building materials. mixcd waste con- 

taminated (debris. RAD. PCBs. organics, 
inorganics), waste management 
alternatives for 

taminated (6berglass insulation. RAD, 
PCBS. oils, organics. inoganics). waste 
management altanathm for 

Asphalt and building materials. TRU 
contamination only. waste management 
alternatives for 

Asphalt and building materials, uncontaminated 
(no RAD or RCRA hazardous waste 
contamination). waste management 
alternatives for 

Asphalt and building materials. mixcd waste con- 
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Asphalt and building mated&, mixed mte 
COp-d (debrim. RAD. PCB.. orgad-, 
inorgudcs). mte mro.gemept dtcnmrtiver for 

Chemical treatment technologies 
electropolishhg/osmosis/mtgraUon. dam-20. 

V1: 99; V2: 27 
radiolysk wpm- 100. V1: 9 9  V2: 27 

leaching and smpptng. wpm-213. vi: 99; 

solvent cxtlactloh wpro-111. v1: 100 v2: 26 
V2: 27 

supercrlllcal fluid cxtm3lon. wpro- 118, 
V1: 100: V2: 26 

Thermal treatment technologies 
caldnation/roasting. dmnd0. VI: 100: 

V2: 25 

V 2  25 
, chem char p r ~ c c s ~ .  wpm-114. V1: 100 

indnaatlon. wpm-108. V1: 100: V 2  24 
molten glass combustor. wpm-116. V1: 100: 

plasma arc furnacc. wpro-107, V1: 101: 
V 2  26 

V2: 25 
pyrolysis. wpm-110. v1: 101: v2: 25 
thermal desorption. wpro-106. V1: 101: 

V!& 25 
Waste stabilization technologtes 

encapsulation. V1: 99; m: 24 

Asp- d btdlding mrkrtrb, mixed mte 
C O p ~ d  (rebe- b p l t i o n ,  RAD, pcB.. 

~ m a t i v c 8 f o r  
oh, organic8, inorgMic8). va8tc m8Mguncnt 

Chemical treatment technologics 
leaching and smpping. w&n-213. V1: 99; 

V 2  27 
supercrltical fluid extraction. wpro- 118. 

V1: 100:V2:27 
Waste stabilizauon technologics 

cnoapsulatlon. V1: 99; V2: 27 

k p h r l t d b n i l d i n s -  - .mu 
contadnation only, m t e  management 
8ltenutivea for 

Chemical treatment tcchnologles 

Physical trratment ttchnologics 

Thermal treatment technologies 

package to mat WIPP WAC, wpro-128. 
V1: 105; V2: 69 

indnaathn, wpm-108. V1: 103: V 2  70 
molten glass combustor. wpm-116, V1: 104; 

plasma arc furnace. wpro-107. V1: 104; 
V 2  70 

V 2  70 
Waste stabilizatbn technologies 

encapsulation. V1: 102: v2.69 

Asphalt d bdldhg mrkrtrb. omcont.minrkd 
(no RAD or R6RA hruprdoua mte 
cont.mio.tion), vute management 
for 

Physical matment ~ o l o g k s  
landfill disposal. wpm-131. V1: 106; V2: 135 
recycle/mse. wpro-130. V1: 106: IQ 135 

& O d C  C d 8 d O p  8pe-W. char-76. VI: 49: 
V2: 14 

&gu ekctron rpectmscopy, char-2. V1: 50 
V2: 15 

h - h i n g .  wpm-119, v1: 112. 113 v2: 104 
9 

AatormtedePQineeripesymtcmIlbecyck 
p-, dism-174. V1: 4 8  V2: 11 

Antoumtcd --ling u l d  conver8ion of 
engincaing dmwiag8. dism-154. V1: 47; V2: 8 

Antomrttd .p.tem nlirbility aud 8dcty andysb. 
dism-175. V1: 48: V2: 11 

- B- 
Rnrinr, retention. See 

Historical waste disposal sites. burial grounds. 
add pits, retention basins. and bulk 

scrap metals. asbestos. PCB. organic, and 
inorganic constituents). waste 
management alternattves for 

waste in storage tanks (RAD. scfapwwd. 

BeddingMteri.t See 
Biological wastes. animal carcasses and bedding 

-Mal (contaminated and 
uncontamtnated). waste maMgemcnt 
albtmattvts for 

BiodenitriflcrtiOn. wpm-229. V1: 117. 121: V2: 114 

Biologkd -tu. a n h d  cucuaco and bedding 
mrkripl (cont.minrted 8nd uncont.mip.ted), 
waste IMMgemart rlternatiVe8 for 

T h d  tmatment technologies 
i n d n a a t l ~ ~ ~ ,  wpm-108. V1: 100: V2: 137 
molten glass combustor. wpm-116. V1: 100: 

molten salt oAdation. wpm-113. V1: 10 1; 
V 2  137 

V 2  137 

v2 138 
plasm arr: furnace. wpm-107. V1: 101: 

Biosorption. wpro-226. V1: 101. 104. 111. 121; 
V 2  35.39.57.60.64.82. 110 

M k c  pro-. wpm-228. V1: 116. 119: V2: 112 

Bubble dosimeters for neutron flux. char-2 16, 
v1: 48; v2: 12 

B e b d  &mf.trg. wpm-101. V1: 116. 125; 
V 2  117. 130 
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Bmi.lgro9nd.. See 

Historical waste disposal sites. burial grounds. 
add pits, retention basins, and bulk 

snap metals. asbestos, FCB. organic. and 
inorganic constituents). waste 
management alternatives for 

waste in storage tanks (RAD. scrap d, 

- c -  
cAA.See 

Asbcstos regulations 

C.fdnrtion/-thg, dcon-60. VI: 100, 103 
V 2  24.25.50.69 

cAIw./TIJ.. see 
Corrective Action Management Unitflemporary 

Unit 

winply LOPC tiectrophoreri., char-207, V1: 50; 
V 2  17 

carcuSe8.raimrlSee 
Biological wastes. animal carcasses and bedding 

material (contaminated and 
uncontaminated). waste management 
altematfvcs for 

d a . t n r t i O 0  wpm-109. V1: 99, 109, 116. 
121, 123: V2: 22.86, 100. 103, 106, 125. 126 

cementitiooar w l i d u i u t i o n / r t 8 b ~ o n ,  
w~ta-100.V2: 147 

Characteristics of huudooar waste, V1: 162-163 

Chuacterhtion 
Discussion of implementation needs. V1: 43 
Discussion of science and technology needs, 

Discussion of technology options. V1: 38-41 
Technology ranldngs. V1: 44-5 1 

V1: 42 

Chuacterhtion alkrpetiver for mte 
m8nagemmt. see 

Gaseous waste (general problem 
area/constituents). characterization 
alternatlvcs for 

Gaseous waste (lnorgantc constituents). 
characterization alternatives for 

Gaseous waste (organic constituents). 
characterization alternatives for 

Gaseous waste (pathogenic constituents). 
characterization alternatives for 

Gaseous waste (physical characteristics). 
characterization alternatives for 

Caseous waste (radioact3ve constituents), 
characterkatlon alternatives for 

Idquid wastes (geneml problem 
area/constituents). characterization 
alternatives for 

Liquid wastes (inorganic constituents), 
characterfiation alternattves for 

Liquid wastes (oganic constituents). 
charactcrlzation alternatives for 

Uquid wastes (pathogenic constituents). 
characterization alternatives for 

Liquid wastes (physical characttristics). 
characterizationwternatives for 

Uquid wastes (radioactive constituents). 
characterization alternatives for 

area/constituents), characterization 
altematfves for 

chamddzation alternatives for 
Solid-liquid wastes (organic constituents). 

-tion alternatives for 
Solid-liquid wastes (pathogenic c ~ n s t i t u ~ t s ) .  

characterization alternattves for 

characterization alternatives for 
Solid-liquid wastes (radioactive constituents). 

characterization alternatives for 
Solid wastes (general problem 

areas/constituents). characterization 
altemam for 

Solid wastes (inorganic constituents). 
characterization alternatives for 

Solid wastes (organic constituents), 
characterization alternatives for 

Solid wastes (pathogentc constituents), 
characterization alternatives for 

Solid wastes (physical characMstics). 
characterization alternatives for 

Solid wastes (radioactive constituents). 
characterization alternatives for 

Solid-liquid wastes (general problem 

S o l i d - l i w  wastes (inorganic ~ o ~ t i t u ~ t s ) .  

Solid-liquid wastes (physical ~haracterfsti~~), 

~harmcterirrtion sumor integmtiop mba-58, 
V1: 141, 147;V2 162 

Chem char proc#.. wpro-114. VI: 100. 117.120. 
122: V2: 25.28.34.39,42,43.46,62. 104. 118. 
139 

Chemical dechlorination. wpro-209. V1: 116 
V 2  98 

Chemicrl ~ d d . t i ~ n / r e d u e t i ~ e  wpm-209, V1: 109. 
113. 116, 119: V 2  112, 115 

Chemical pr+ciPit.ti~- wpm-210. V1: 109. 116. 
119 V2: 87.89. 112. 115 

Chemical r e d ~ ~ t i 0 0  wpm-209. V2: 110 

CleanAirAct.See 
Asbestos reguhtions 

C l e a n A i r A c t . n d T e ~ e u e e A h Q d ~ L . a r .  
v1: 188-190 

Clean Water Act 
Dredge or fill material actMtes and permitttng. 

v1: 205 
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C k M  w.kr h t  (C0- 

mEs permits. v1: 205206 
Radioacthre materials. v1: 205206 
Tcnnessce Water Quality Control Act. V1: 205 

Client/.ara .c~ct. to staadardm rpd ngthto~ 
gaidelln#, dism-152. V1: 46: V2: 7 

client/- d t e c t o r e  for d.tr bue .tau, 
dism-157. V1: 47: V2: 9 

corlyud ranoff sludge. mrcontrminrkd wamte. 
mte management rttenmtives for 

Physical treatment technologies 
r~~~de/rcuse (reusc in steam boiler), 

rccyde/reuse (sell as roadbed 
wpm-130. V1: 112: m. 107 

aggm@c/fJller). wpm-130, V1: 112: 
V 2  107 

V 2  142 
shallow bnd b d .  wpm-132. V1: 113; 

CoM vapor (memamy) umly~is, char-24, V1: 49: 
V 2  15 

Combmstibk debris, m t e d  waste contaminated 
(RAD, PCB., mgdo, inorg-1. -te 
~ m e p t r t t e r a a t i v t m f o r  

Biological treatment technologks 
aerobic digestion, wpro-224. V2: 35 
anaerobic digestion, wpm-225. V1: 101; 

bfosorptton. wpm-226. V1: 101: V 2  35 

gamma radiolysis. wpro-loo. v1: 9 9  m: 34 
leaching and smpping. wpm-213, vi: 99; 

V 2  36 

Chemical treatment technologks 

v2 33 

v1: loo: m: 33 
Thermal treatment technologies 

s~percritlcal fluid extraction wpro- 118. 

C~CZII char p r ~ c e ~ s ,  wpm-114. V1: 100; 
V 2  34 

indneratlon. wpm-108. V1: 100; V 2  34 
microwave treatment wpm-115. V1: 100: 

molten glass combustor. wpm-116. V1: 100: 

molten salt oxidation. wpm-113. V1: 101; 

phsma arc furnace, wpro-107. V1: 101; 

v2: 35 

v2: 35 

V 2  34 

v2: 35 
Waste stabilization technologies 

encapsulation, V1: 9 9  V2: 33 

Combustible debris. RAD contpminrtion only. 
mtemumgementrttemativesfor 

Biological tmabnent technologies 

Chemical treatment technolog~es 
bbsorption. wpm-226. V1: 104; V 2  57 

leaching and smpping. wpm-213. vi: 103; 
V2: 56 

Thermal treatment technologies 
in-a wpm-108, V1: 103: V 2  56 
microwave treatment wpm-115. V1: 103: 

molten glass combustor, wpm-116, VI: 104: 

molten salt oxidation. wpm-113, V1: 104; 

v2 57 

v2: 57 

v2:56 ;$, 
plasma arr: furnace. Vro-107. V1: 104; 

v2: 57 
Waste stabikation technologies 

encapsuiation V1: 102 V2: 56 

Combustible debris. TRU cont.minrtion only, 
a u t e a u M g e m e n t . I t e ~ f o r  

chemical trratmnt ttchnologles 
leaching and smpping. wpm-213. vi: 103; 

v2 75 
Physical tmatmcnt technologies 

V1: 105: V2: 75 
Thermal treatment technologies 

package to meet WIPP WAC, wpm-128. 

incinemuon, wpm-108. V1: 103; V2: 75 
miuuwave treatment wpm-115, V1: 103: 

molten glass combustor, wpm-116, V1: 1 0 4  

molten salt oxidatton, wpm-113, V1: 104: 

v2: 75 

V 2  76 

v2: 75 

V 2  76 
plasma an: furnace. wpm-107. V1: 104; 

Waste stabilization technologies 
encapsulation. V1: 102: V 2  75 

Combumtibk debris, uucontcrminrtcd (no RAI) or 
RCRA hazardous waste cont9miootion), wmste 
management dtenmtiws for 

Biological katmcnt technologies 
aerobic digestion. wpro-224, V 2  139 
anatT0bic d t g e s t i ~ ~ ~ ,  wpm-225, V2: 140 

Physical tmatmcnt technologies 
dkposal. wpm-131, Vl: 106; V 2  138 

recyde/rcusc. wpro-130. V1: 106: V2: 138 
ell a~ s~rap,  ~ p - 1 3 0 ,  V1: 106; V2: 138 

c h m  char p r~oe~s .  wpro-114, V2: 139 
incineration. wpm-108. V1: 106: V 2  138 

Thermal treatment technologies 

microwave treatment wpm-115, V1: 106: 

molten salt oxidation. wpm-113. V1: 107; 

plasma arc furnace. wpro- 107. V1: 107; 

V2: 139 

V2: 139 

V2: 139 

Commercial RCRA I.odtin Utes. wdh-103. 
V2: 152 

Compact high-capcity dpulators. .  rob-19,  
V1: 139. 145V2:  158 

Compactible debris. m t e d  w u t e  cont.mtuted 
(RAD, PCB.. o g m i o .  inorgenia). waote 
management for 

Chemical treatment technologtes 
gamma radiolysis, wpm 100. v1: 9 9  m: 36 
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leaching and stripping, wpro-213. v i :  9% 
V 2  36 

s~p-~tical nuid extractton. wpro- 118. 
VI: loo: v2 36 

Thermal treatment technologies 
indnrration. VIP-108. VI: 100 V2: 37 
mtcrowave treatment wpro-115. V1: 100; 

molten g b s  combustor. wpro-I 16, V1: 100: 

p k m a a r c  furnace, wpro-107. V1: 101: 

v2: 37 

v2: 37 

v2 37 
Waste stabilization technologies 

encapsulation. VI: 99; m: 36 

Comp.ctible debris. RAD contpminrtion only, 
mte management .Itemathem for 

Chcmical treatment technologies 
leaching and smpping. wpm-213. v i :  103: 

v2 57 
Thermal treatment technologies 

incineration. wpm-108. V1: 103: V 2  58 
microwave treatment wpro-115, VI: 103: 

molten glass combustor. wpro-116. VI: 104: 
V 2  58 

V 2  58 

V 2  58 
phi- ~IE fumaa, wpm-107. VI: 104: 

Waste stabilization technologies 
encapsulation. V1: 1 0 2  V 2  57 

Comp.ctible debris, TRU contpminrtion only, 
mte management alternatives for 

Chemical treatment technologies 
and stripping, wpm-213. VI: 103; 

V 2  76 
P h y s i d  treatment technologies 

V1: 105: V2: 76 
Therms treatment technologies 

package to m e t  WIPP WAC, wpro-128. 

microwave treatment wpro-115. VI: 103: 

molten glass combustor. wpro-116. VI: 104; 
V 2  77 

v2: 77 

V 2  77 
plasma arc furnace, wpm-107, Vl:  104: 

Waste stabilization technologies 
encapsulation. VI: 1 0 2  V2: 76 

Compactible debris. omeontamana ' ted(noRADor 
RcRA huudous waste contunination). waste 
mumgemmtdtenutivcofor 

Physical tRatment technologies 

T h d  treatment technologies 

r r c y c l ~ / r r ~ ~ e .  wpm-130. VI: 1%: V2: 140 
dl as snap. wpm-130. VI: 106; V2: 140 

microwave treatment VI: 106: wpro- 115. 

molten glass combustor. wpro-116. V1: 107; 

pbsma arc fumaa. wpro-107. VI: 107; 

V2: 141 

v2 140 

v2 140 

Comprrta-cided task malyds and procedure 
preparmtion, dism-172. V1: 47: V2: 9 

Compptet-bued trripiDg rp.tePu, dism-191, 
v 1 :  47: v2: 9 

Compututomogmphy. char-41. V1: 51: V2: 18 

Concrete. see 
Concrete rubble and gravel, TRU contamtnation 

only. waste +merit alternatives for 
Concrete rubble and gravel. uncontaminated (no 

RAD or RCRA hazardous waste 
Contamtnation)), waste management 
altema~es for 

Concrete rubble, mimd waste contaminated 
(asbestos. FCBs. oils. RAD. organics, 
inorganics). waste management 
alkmatives for 

Concrete rubble, mixed waste contaminated 
(RAD, PCBs. organics, inorganics). waste 
management alternatives for 

Concrete rubble. RAD wntamtnation only, waste 
management altemattves for 

Concrete rabble and gravel, TRU contrminrtion 
only, waste management dternatives for 

Chemical treatment technologies 
electropollshing/osmosis/mlgration. dwn-20, 

VI: 102; V 2  67 
gamma dio€y~fS.  wpm- 100. V2: 67  
lcaching and stripping. wpro-213, VI: 103 

V 2  67 
Thcrmal treatment technologies 

microwave treatment wpro-115. VI: 103: 

plasma arc furnace, wpro- 107, V1: 104: 
V2: 67 

V 2  66 

V 2  66 
thermal desOrptiOn, wpm-1%. V1: 104: 

Waste stabilization technologies 
encapsulation. V1: 102: m: 66 

Concrete rubble and gravel, uncontaminated (no 
RAD or RCRA hasadous waste cont9minrtion). 
waste management dtcmativcs for 

Physical treatment technologies 
landftll disposal. wpm-131. VI: 106: V2: 135 
recycle/reuse. wpro-130. V1: 106; V2: 135 

Concrete rubble. mixed wustc contpmterstd 

waste mwgemept dtcnmtivcs for 
(ambest#. PCB.. oh, RAD. O r g d c s .  inorg.nicr). 

Chemical treatment technologies 
catalytic destruction. wpm-109. VI: 9 9  

elcctmpolishing/osmosis/m#atton. dcon-20. 
v2 22 

VI: 9 9  v2: 22 
Waste stabilization technologies 

encapsulation. VI: 9 9  V2: 22 

Concrete rabble, mixed aute contaminated (RAD, 
FCB.. organics. inorgdcs). waste nunaganent 
a l t e r n a h  for 

Chemical treatment technologies 
ekctropolishhg/osmosis/migmtton. dwn-20. 

gamma radiolysis. wpro- 100. VI: 9 9  m: 22 
VI: 99; m: 22 
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Coacntcmbblc,mixedwutecontrminrtrd(RAD. 
PCB.. OrgMiCs. inog.nicr), auk m-pt 
pltenmtiwe8 for kamnnld 

v2 22 

VI: loo: v2 21 

leaching and stripping. wpm-213. V1: 99; 

supercrltical fluid uctractlon, wpm- 1 18. 

Thermal treatment technologies 
microwave treatment wpm-115. V1: 100 

v2: 21 

v2 21 

v2 21 

plasma a r ~  f u m a ~ ~ ,  wpm-107. V1: 101: 

thermal desOrpti0n. wpm-106, V1: 101: 

Waste stabilization technologlcs 
encapsulation, V 2  21 

Concrete nabble. RAD contPminrtion only, aute 
mumgementjtcraativufor 

Chemical treatment technologies 
electropohhing/osmosfs/migration, dcon-20. 

v1: 102: V2: 49 
radi~lpis. wpm- 100. V2: 48 

~cachtng and stripping. wpm-213. vi: 103; 
V 2  48 

Thermal treatment technologies 
miauwavc treahent. wpm-115. V1: 103: 

V 2  48 

v2: 48 

m48 

pbs- an: furnace, wpm-107. V1: 104: 

thermal desorption. wpm-106. V1: 104: 

Waste stabillzatlon technologies 
encapsulation. V1: 102; V2: 48 

Console (data handling methods). mba-39. 
v1: 140.146:v2 160 

Coxmole ( 5 x e d / m o b ~ / a d ~ ) ,  roba-38. V1: 140. 
146 :V2  160 

Control modes, mba-27. V1: 139. 146: V 2  158 

Comctipe action mamgcment d t / t e m p o r u y  
d t ,  V1: 171-172 

Corrective action requ&uncnt.. V1: 17&172 

C o d  mtu, mired waste contunbated 
(RUU buudous and/or RAD contrminated). 
a u t e ~ w n t r l t e ~ f o r  

Chemical trratmcnt technologies 
chemical prrdpltation. wpro-2 10. V2: 87 
electrochemical X I E ~  ~ I X I O ~ ~ .  wpm-205. 

v1: 9 9  m: 88 
ion exchange, wpro-217/218. V2: 87 
ncuhakition. wpro-230. V1: 110: V2: 87 

inorgantc mictPpomus filters. wpro-207. 
Physical treatment technologies 

V1: 109: V2: 87 
revmzse osmosis. WpTO-206. v1: 109 V2: 87 

Thermal treatment technologies 
eMpolaaon wpro-223. v1: 110 m: 88 

Waste stabilfiatlon technologies 
encapsulation. VI: 109 

Cormrive -tu. RbD and/or TRU cont.nrip.tion 
ody.  wute mamgemcat rltcrmativa for 

Chemical t m a t m e n t - ~ o l o g i c s  
ion exchange. wpm-2 17/218. Vl: 11 1 
neutralization wpro-230, V1: 11 1 

Cormrive aut#, omoontmniaated wute (no RAD. 
TRU. or RcRb/TScb copt.IpiDlllt.), only, wutc 
mumgemeat .rtunrtto# for 

Physical treatmznt technolo* 
lnorgantc m t ~ p o m u s  ffltcxs. wpnr-207. 

rmrst osmosis. wpm-206. v1: 
v1: 112 

rccycle/rrust. wpro-130. V1: 112 

Chemical treatment technologies 
lon exchange. wpm-2 17/2 18. V1: 1 13  
neutmhauon. wpro-230, V1: 113 

criticality indicer. char-44. v1: 47; v2: 9 

CWA. see 
Clean Water Act 

-ne 8epurtioe wpro-302. V1: 123. 126. 129 
v2 128 

mt. a c a u  aerrices. dism-153, V1: 46; V2: 8 

mt./rigPI1 truunruu * 'on. rob-13. V1: 139. 1 4 5  
V2: 157 

Debris. &e 
Asphalt and building materhls, mixed waste 

contaminated (debris, RAD. FCBs. 
organics. horganics), waste management 
alternatives for 

Combustible debris. mixed waste contaminated 
(RAD. XBS. organics. inorganics). waste 
maMgemnt altemauves for 

Combustible debris. RAD contamination only. 
waste management alternathres for 

Combustible debris. TRU contamhation only, 
waste management alternatives for 

Combustible debris. uncontaminated (no RAD or 
RCRA hazardous waste contamination). 
waste management alternatives for 

waste management alternattves for 
Compactible debris. TRU contamination only. 

Compactible debrls. mlxcd waste contaminated 
(RAD. PCBS. organics. inorganiol). waste 
management alternatives for 

Compactible debrls. RAD contamination only. 
waste management alternattvcs for 

Compactible debrls. uncontaminated (no RAD or 
RCRA hazardous waste contamination). 
waste management alternatives for 
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- 
a. 

ThermaltreatmcnttechnologIts 
them char P~CCSS.  wpm-114. V1: 100; 

v2: 39 
incinrration. wpm-108. V1: 100 V2: 38 
microwave treatment wpm-115. V1: 100 

molten glass combustor. wpm-116, V1: 100 

molten salt oxidation, wpm-113, V1: 101: 

plasma arc fumacc. wpro-107. V1: 101: 

V2: 38 

v2 39 -3 
V 2  38 

v2: 39 
Waste stabilization technologies 

encapsulation. V1: 9 9  W: 38 

Final residues from D&D. ER and WM 
operations (clean debrts), waste disposal 
altcmam for 

Debting petition8. v1: 164 

Demolition. V 2  145 

DcXUO= pmccssu. wpro-307. V1: 123. 126: V 2  132 

Deputment of Energy orders, V1: 182-188 

Department of Energy order8 
Asbestos, v1: 202 
H i g h - 1 ~ ~ ~ 1  mdioa~ttve waste. V1: 193 
Law-level r a d i a t t v e  waste. V1: 194 
Mlxed-waste management V1: 197-198 
NEPA V1: 212 
Radioacttve-waste managemen& v1: 182-188 
mu waste. v1: 191 
Waste lninimlzation . V1: 204 

Develop cask to ship spent fuel elements to 
Savannah River Site for storage. wpm- 125. 
v1: 105m: 121 

DerLerOpl d w m ,  mba-16. V1: 139. 145 
V 2  157 

Direct sampling ion trap pu.. spectrometq, 
char-90. V1: 50: m. 16 

Discarded u k . t o s  trudtc. TRU contamination 
only, mte mamgrment dtenutives for 

Chemical treatment technologies 
elcctropolishing/osrnosis/migratlon. dwn-20. 

gamma radiolysfs. wpro- 100. V2: 68 
solvent uctractlon. wpro-211/212. V1: 103; 

V1: 102: lCk 68 

V 2  68 
Physical treatment technologies 

V1: 105: V2: 67 
Thermal treatment technologies 

package to meet WIPP WAC. wpm-128. 

caldnation/masting. dwn-60. V1: 103: 
V 2  69 

inctneration. wpm-108. V1: 103: V2: 69 
plasma arc fumaa. wpro-107. V1: 104: 

V 2  69 
Waste stabiUzatlon technologies 

encapsulation. V1: 102; V2: 67 

Discarded futur. mired aute  contadnatd 
(RAD, PCB.. organics. illorgdcs). Wa8k 
Inuugemmt rlternrtivt. for 

Biological treatment technologies 
bioosorption. -1-0-226. V1: 101: V2: 39 
miaobial dcchlorlnatlon. wpro-227. V 2  39 

leaching and stripping, wpm-213. V1: 99: 

supercritical fluid exhaction. wpro- 1 18. 

Chemical treatment technologies 

V 2  38 

V1: 100: V2: 38 

Disarded atus. RAD contadnation only. m t e  
management rtternmtiws for 

Bblogical treatment 

Chemical treatment technologies 

Thermal treatment technologies 

biosorptbn. wpm-226. V1: 104: V 2  60 

1-g and smpping. wpm-213. vi: 103: 
v2 59 

indncraton. wpm-108. V1: 103: V 2  59 
microwave treatment wpm- 115. V1: 103; 

molten glass combustor. wpm-116. V1: 104; 

molten salt oxidation, wpm-113, V1: 104; 

v2: 59 

v2: 59 

v2 59 
Waste stabilkation technologies 

encapsulation. V1: 102; V2: 59 

Diocuded am. TRU contadnation only, mte 
muugemeptdternmtiwsfor 

Chemical treatment technologies 
leaching and Stripping. wpm-213. V1: 103: 

v2: 77 
Physical treatment tcchnologies 

package to m a t  WIPP WAC, wpro-128. 
V1: 105: V2: 77 

Thermal treatment technologies 
incineration. wpm-108. V1: 103: V2: 78 
microwave treatment wpm-115. V1: 103: 

molten glass combustor. wpm-116. V1: 104: 

plasma arc furnace. wpro-107. V1: 1oQ: 

V2: 78 

V2: 78 

V2: 78 
Waste stabilkation technologies 

encapsulation. V1: 102; v2: 77 

Discarded 6ltus. uncontsmip.ttd (no RAD or 
RCRA huudous m t e  contcrminrtion). waste 
management rltern.tioes for 

Physical treatment technologies 
landfill disposal. wpm-131. V1: 106: V2: 141 
dl 89 s ~ r a p .  wpm-130. V1: 106: v2: 141 

Thermal trtatment technologies 
incineration. wpm-108. V1: 106: V 2  141 
microwave treatment wpm-115. V1: 106; 

V2: 142 
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M.cudcd 81ters. rmcontuniaatcd (no RAD or 
RCRA huudoms mte contadnation). mte 
-meat Jtenmtivcs for (wntinud 

molten salt oxidation. wpm-113. V1: 107; 
V2 141 

V2 142 
plasmaar~ furna*r. wpm-107. V1: 107: 

Di.tiIldop, wpro-222. V1: 110. 117. 120, 122: 
V 2  93. 99. 103. 110,118 

DOE ode-. See 
Department of Energy orders 

Dry sbnge. wpro-123. v1: 105; v2: 121 

- E- 
Electrochemical metal nmov8l. wpm-205, V1: 99. 
102. 119 V2: 30.31.53.55,72,74.88. 110. 113 

Electrochemical methods. char-10, V1: 46: V 2  6 

E l ~ ~ b .  wpm-205. V1: 116. 11% K k  108. 11 1 

Electron beam deatraction. wpm-304, VI: 124; 
v2: 125 

Electron -on. char-37, V1: 49: V2: 14 

Electron spectmscopy for chemical analpis. 
char-1. V1: 5 0  W. 15 

Electropol€shiug/on~/migr~tion, dcon-20, 
V1: 99. 102: Kk 22. 27. 49, 67.68 

Emergency shutdown, roba-37, V1: 140. 146: 
v2: 160 

Encapodation.Vl: 99, 102. 109. 112 
V2 21. 22. 24. 27. 29. 31. 33. 36. 38. 40. 42. 44, 
48. 49. 51. 52. 53. 54.56. 57, 59. 60. 62. 64.66. 
67. 69. 71. 72. 73. 75. 76. 77. 79. 80. 83. 143 

Endiffeztor cbagcout mechpniaop.. roba-24. 
V1: 139. 145V2: 158 

End efllecton/.lten&ks. mba-23. V1: 139. 145: 
v 2  158 

Energy dispasive X-my spectro.copy, char-35. 
V1: 4 9  Vi?: 15 

Entrained ..pon/rd&. see 
Waste 0ff-g- (entrain& MporS/adds). waste 

management alternaUvcs for 

-. Ut.h wdk-104. V2: 153 

E r r p o d = .  wpm-223. V1: 110. 117. 120: V2 82. 
88.90, 110. 113. 121 

Failure recovery mysttnu for mobile phthmu. 
mba-11. V1: 139. 145 V2: 157 

F e d d  Insecticide, Fungicide, and Rodenticide 
Act 

Regulation of ~ t t c i ~ ,  V1: 208 

Fiberglass inmlrtion. See 
Asphalt and building materials. mixed waste 

contaminated (fiberglass Insulation. RAD. 
PCBS. oils. oganiol. inoganics). waste 
managemt altesnattves for 

~fibcrglass. RAD. PCBS. oils. ogantcs. 
Fiberglass insulat~on mtmd waste contaminated 

tnorganics). waste management 
altcmattvts for 

Fiberglass insulation. RAD contamlnation only, 
waste management alttrnattvts for 

Fiberglass insulation. 'IRU wntamination only. 
waste management alternatives for 

Fiberglass insulatton. unwntaminated (no RAD 
or RCRA hazardous waste contamlnation). 
waste management altcmattves for 

Fiberglass insulation. mixed m t e  contaminated 
(fiberglass. RAD. PCBs, 03s. organics, inorgdcsl, 
wastemanagement dternrttvt. for 

T t l m  trcakncnt technolagles 
chem char P~OCCSS. wpm-114. V1: 100 

V2 28 

V2: 28 

V2 28 

V2: 28 

V2 28 

microwave treatment. wpm-115. V1: 100: 

molten glass combustor. wpm-116. V1: 100: 

plasma arc furnace. wpro-107. V1: 101: 

t h d  desorption, wpro-106. V1: 101: 

Fiber- insulation. RAD contadamtion only. 
waste mMsgemerrt dte- for 

Chemical treatment technologies 

Thermal trcatmcnt tcchnologits 

leaching and stripping. wpm-213. V1: 103: 
V2: 52 

mlcrowavc treatment. wpm-115. V1: 103: 

molten glass combustor. wpm-116. V1: 104: 

plasma arc furnace. wpro-107. V1: 104: 

V2 52 

V2: 52 

V2 52 
Waste stabilization technologies 

encapsulation. V1: 102: V2: 52 

Fiberglass insulation, TRU contamination only, 
mte managemcat dtematives for 

Chemical trmtment technologies 
leaching and stripping. wpm-2 13. V1: 103: 

V 2  71 
Physical treatment technologies 

package to meet WIPP WAC. wpm-128. 
V1: 105: V2: 71 
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Thermal treatment technologlts 
microwave treatment wpm-115. VI: 103: 

molten glass combustor. wpm-116. V1: 104: 
V 2  71 

V 2  71 

V 2  71 
plasma a r ~  furnace. wpm- 107. VI: 104: 

waste stabilization technologies 
Encapsulation V1: 102: V2: 71 

FibergJan insulation, pncontpmio.ted (no RAD or 
RCRA huudop. waste contrminrtian), waste 
Ip.p.Qtmalt dtenmtivw for 

Physical mzatment ttchnologic3 
landfill disposal. wpm-131. V1: 106; V2: 135 
rccycle/reusc. wpm-130. V1: 106: V2: 135 

microwave trcafment wpm-115. VI: 106: 

molten glass combustor. wpm-116. V1: 107; 

Thermal treatment technologies 

v2 136 

V 2  135 

v2 136 
plasma a r ~  furnace. wpm-107. V1: 107; 

Fiber-optic detection m d  monitoring system 
(intelligent mrrtuirlr). char-240. VI: 48; W: 10 

Fiber-optic s y & c ~ u  for meammug ' multiple 
P h @ d  VUhblCS, char-248. V1: 51: W: 18 

a d d  bud-, robs-53. V1: 140. 147; V2: 161 

Fibdm. wpm-201. V1: 109. 116. 118. 123. 125. 
126; V 2  9 1 , s .  100. 107. 109. 111. 114. 119. 125. 
128. 129. 130 

Final residua from D&D. ER, md WM operations 
(clean debris). waste & p o d  alternatives for 

Landfill ttchnolo@es 
Y-12 Plant InduShId L a n d U  wdis-101. 

V 2  151 

Final residua from D&D, ER. m d  WM operations 
(lov-iml mixed waste), waste disposal 
dtenuttrt. for 

Landtlll ttchnologies 
Envlmcare. Utah LanW. wdis-104. V2: 153 

Underground disposal technologies 
bornhole dispod  wdis- 100. V 2  153 

Fkd ruidua from D&D, ER, md WM operations 
(low-kvclRAD waste), -te & p o d  altanativca 
for 

Trench disposal technologies 
Nevada test site. wdis-102. V!2 151 

Finrl residues from D&D, EdL md WM operation8 
(RCRA rute). waste disposal alternatives for 

Landfill technolo@cs 
~mmcrdal RCRA landw Sites. wdis-103. 

V 2  152 

Underground disposal technologies 
borehole disposal. wdis- 100. V 2  152 

Final residua from D&D, ER. md WM operatiorp~ 
(acrap asbC8to8). v ~ t e  dispod dternativa for 

Ialdfu technologics 
Y-12 Plant industrial lanm. wdis-101. 

4b V 2  151 

Final residua fmm D&D, ER. and WM operations 
(TRU waste), waste disposal dtenutba for 

Underground waste rrtrieval facilities 
Waste Isolation Hot Plant New M d c o .  

wdis-105. V 2  153 

Fiuile mrterirt. RAD contamimted. waste 
mrpseemmt .Iternatbe8 for 

Chemical treatment technologies 
transmutation. wpm-219. V1: 105: V2: 123 

F b ~ l e ~  t h d  od-. wpm-305, V1: 124: 
V 2  125. 127 

Flue gas desulfmirrtion procesa. wpm-308. 
V1: 124. 126V2: 132 

Fluid systems. V2: 145 

Fo- Wthg/=&t m m .  roba-26. 
V1: 139. 1 W V 2  158 

Force/torquc .ep.~f.. mba-50. V1: 140. 146. 147; 
V 2  161 

- G -  

Gamma radi0ly.i.. wpm-loo. v1: 99, 109, 111. 
117, 119: V2: 22,23.27,31.34.36.48.50,67.68. 
92.89.98. 101. 106. 120 

Gammaay . p e c t r o ~ ~ .  char-268. V1: 49: V2: 13 

GM b m t o w p h y ,  char-94. V1: 50: V 2  17 

GM c h r o m ~ t o ~ y  in the field, char-262. V1: 50: 
V 2  16 
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7 1 5  1 
Oueoor r v t e  ( q t d  problem area/ 
constitoart.), chvrcttrirrtion dtenmhs 
for 

Data adysls/managemtnt tcchnologlcs 
analyas of ccnsond data char-249, v 1 :  47; 

analysis/evaluation. char-234, VI: 47; 

automated cnglneering system Me q d e  plan- 

automated scanning and conversion of 

v2 9 
application of approximate reasoning to data 

m : 8  

ning, dism-174. Vl:  4 8  V!k I1 

engineering drawings, dism-154. VI: 47; 
v2 8 

automated system rcllability and safety 
analysis. dism-175. VI: 4 8  V2: 1 1  

cltent/scmr acccss to standards and 
regulatory guidelines. dism-152. V1: 46: 
v2 7 

chent/scnnr architectun for data base 
access. dism-157, VI: 47; V2: 9 

computer-aided task analysis and procedure 
pnqxuation, dism-172, V1: 47; V2: 9 

computer-based training systems. dism-191. 
v1: 47; m: 9 

crltlcallty indicw. char-44. VI: 47; v2: 9 
data access 8eJyias. dism-153, V1: 46: V2: 8 
lib~r-opti~ detectton and monitoring system 

(lntdllgcnt matcrlals)), char-240. v 1 :  4 8  
v2: 10 

=. dism-173, VI: 48; V 2  1 1  

dism-181. V1: 47: V 2  8 

v1: 47; v2 8 

v 1 :  47; m: 9 

for radioacttve waste storage containers. 
char-260. VI: 48: v2 10 

migration in porous materials, char-53, 
v 1 :  47: m: 10 

n e ~ r k a r c h t t e c t u r r w i t h i n ~ t e d  
workstations, char-221. VI: 46; V2: 7 

project informaiion access services. char-220. 
v2: 7 

quality control for measurement protxss. 
char-250. VI: 47: v2 9 

simulated walkthmugh facility for robotics 
task sequence analysis, dism-171, VI: 47; 
V2: 8 

char-253. VI: 47: v2 9 

data Wts. char-251. V1: 47; V2: 9 

m: 10 

structurrs. dlsm-156. v 1 :  4 8  v2 10 

- m t  system. char-230. m: 10 

genedizcd object-oriented simulation soft- 

m h i c  information system for DOE sites. 

haprd expert system. char-233. 

hypcrtact information systems, dism-158, 

integrated mkmpmassor/scnsor monitoring 

modeling of volatile organic compounds 

spatbl Sample and data analysis phns. 

statistical methods for the analysis of large! 

task aids. char-241. VI: 47; 

3-D CAD data base of buildings and 0th- 

waste management cordgumtion 

Detection/mcasuremcnt field methods 
atr m~nitorlng. char-59. V1: 46: V2: 6 

electrochemical methods. char-10. VI: 46: 

fibCrQptiC Chemical SCT~SOW. char-25. V1: 46: 
V2: 6 

v2: 5 

v2 5 
immunoassay detection, char-23. V1: 46: 

lnfrand sptctro~~py. char-18. VI: 46: V 2  6 
ion mobility m& spectrometry. char-264. 

luminescence detection, char-92, VI: 46: 

optical absorption spectroscopy, char-27, 

pc~onnel monitoring. char-52, VI: 46: V 2  6 
portable Raman spectmmter. char-84, 

VI: 46: V2: 5 

V2: 6 

v 1 :  46: m: 5 

V1:46;=5 
Detection/masuremcnt laboratory methods 

contamination contro&am&&al equipment. 

Fourier transform infrartd spectroscopy. 

isotopic dilution mass spectroscopy. char-48, 

laser ionization mass spectrometry. char4, 

nuclear magnetic resonance. char-1 1. V1: 46: 

secondary ion mass spectx~~copy, char-3, 

ultraviolet/visible spectmscopy. char-9. 

char-204. V1: 46: V 2  6 

char-8. V1: 46; V2: 6 

v 1 :  46: v2: 7 

V1:46:V!k7 

v2: 7 

V1:46;Wk7 

VI: 46: m: 7 

in situ solid phasc miuuexhaction of 
organics. char-210, VI: 45; v2: 3 

membranes for sample collection and 
concentration. char-55. VI: 4 5  W: 3 

multlangle drilltng for depth profiling of 
contaminants. char-, V1: 45: m. 4 

VI: 45; m: 3 

v 1 :  4 5  v2: 4 

contamination by organics, char-271. 
v 1 :  45: v2: 4 

sampling underground storage tanks for 
~ ~ h f f l ~  organics. char-257. V1: 45; V2: 3 

sediment sampling &om reshictcd access 
lo~ation~. char-276. VI: 4 5  V2: 4 

solid sorbent sampllng for airborne organics, 
char-254, VI: 45: v2 4 

ultrasonic extraction. char-20, V1: 45; V 2  3 

extraction methods. char-62. VI: 45: 
v2 3 

Sample collection technologtes 

sampling and mlxlng ~ t h d s .  chat-81, 

sampllng heterogenous wastes, char-270, 

sampling intuikce system for surface 

vacuum-assisted ~vuse  now. sohrent 

Sample preparation technologies 
adaptation of the EPA to$city charactalstic 

leachtngprocss forusewith mUoacttvc 
samples. char-209. v1: 45; v 2  4 

high-pressure ashing for sample preparation, 

metallographic sectioning and prepaxation. 

m k r w ~ v e  digestion. char-19, VI: 4 5  V2: 4 

char-203. VI: 45: V 2  5 

char-67. VI: 45: m: 4 
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radioactive sample preparation. char-205, 

superultical fluid extraction of inorganics, 

superultical fluid extraction of organics. 

v 1 :  45; v2: 4 

char-201. v 1 :  45: v2 5 

char-208, v 1 :  45: v2 4 
Sampllng design technologies 

opthizatbn of sampling designs. char-7 1. 

sampling program codguration management 

sequential sampling plans. char-252. V1: 4 5  

v1: 4 5  v2 3 

SYS- char-228. V1: 4 5  V2: 3 

v2 3 

W W  W8Sb (hOrg& COMut-b). 
c h u r t e r t . t i o n  dtenmtives for 

Field methods 
atomic emission spectroscopy. char-76. 

X-ray fluonsance for in situ monitoring of 
V1: 4 9  V2: 14 

todc heavy metals. char-219 and char-6. 
V1: 49; V2: 14 

Laboratory methods 
atomic emission spectroscopy, char-76. 

auger electron spectroscopy, char-2, V1: 50: 

cold vapor (mercury) analysis, char-24. 

electron difii-action. char-37, V1: 4 9  V2: 14 
ekctron spectroscopy for chemical analysis. 

energy disperslve x-ray spectroscopy. 

V1: 4 9  V2: 14 

V 2  15 

V1: 49; V2: 15 

char-1. V1: 5 0  V 2  15 

char-35. V1: 4 9  v2: 15 

char-56. V1: 50. v2: 15 

~ p e ~ t r o ~ c ~ p y ,  char-78. V1: 4 9  V2: 14 

char-77. V1: 49: m: 14 

glow dischage ionization mass spectroscopy, 

inductively coupled plasma--mass 

inductively mupled plasma spectroscopy. 

ion chromatography. char-50, V1: 4 9  V 2  14 
neutron activation analysis, char-266, 

parttde-induced X-ray emlssion, char- 17. 

powder X-ray difhction. char-31. V1: 5 0  

scanning electron microscopy, char-33. 

transmission electron microscopy. char-34. 

wavelength dispersive X-ray spectroscopy. 

V1: 5 0  V2: 15 

V1: 4 9  V2: 15 

V 2  15 

V1: 4 9  V2: 15 

V1: 4 9  V2: 15 

char-36. V1: 4 9  V 2  14 

Gucotu mte (organic CoIutituents), 
-tubation dtenmtives for 

Field methods 
direct sampling ion trap mass spectrometry. 

gas chromatography in the 5eld. char-262. 
V1: 5 0  V2: 16 

portable gas chromatograph/electron capture 
detector for m g  PCBs. char-100. 
V1: 5 0  V2: 16 

char-90. V1: 50: v2: 16 

... 
portable volatile organic compound detectors. 

synchronous fluorescence saecning for 
polyqclic aromatic hydrocarbons. 

char-5. V1: 5 0  V2: 16 

char-101. V1: 50: V 2  16 
laboratory methods 

analytical methods for chelators and 
d e w n t a m h a t i o ~ t s .  char-206. 
V1: 50: Vk 17 

V1: 50; m: 17 
capillary mne electrophoresis. char-207. 

g a ~  chromatography. char-94. V1: 5 0  V 2  17 
gas chromabgraphy-Fourkr tmnsfom 

infrarrd spectroscopy. char-. V1: 50: 
V 2  17 

gas chromatography--s spectrometry. 

liquid chromatography-Inass spectromttry, 
char-88, V1: 50; V 2  17 

char-89, V1: 50; V 2  17 

extraction-multidetector gas 
chmmatography. char-1 15. V1: 50: 
V 2  17 

on-line supexcritical h i d  

solid phase microextrartion method, 
char-211. V1: 50: V 2  17 

OUeoum mte (phymid chuaateriatiu). 
characterhation dtenmtivu for 

meld methods 
5bcr-optic systems for measusing multiple 

physical variables. char-248, V1: 51: 
V 2  18 

instrument response models for remote 
Sensing, char-246. V1: 50 V 2  18 

Laboratory methods 
computer tomography. char41. V1: 51: 

V 2  18 
optical microscopy. char-32. V1: 51: V 2  18 
parttcle size analysis. char-26, V1: 51: V 2  18 

G8umOr vute (rrdlo.ctiot Constitaalts), 
characterhation dtenmtivu for 

Field methods 
advanccd radiation monitors. char-269, 

v 1 :  4 8  m: 12 
alpha track etch detectors for surface alpha 

contamination. char-96. V1: 48; V 2  12 
bubble dosimeters for neutron flu. char-2 16, 

V1: 48: W. 12 

V 2  13 

and delayed neutron counting. char-200, 
V 2  13 

integrated micmproassor/sensor monitoxlng 
for radioactive waste storage contahers. 
char-250. v 1 :  47; v2 12 

long-range alpha detector. char-65. V1: 48; 
v2 1 1  

gamma-ray spectrometry. char-268, v1:  4 9  

gross fissile analysis by neutron activation 
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7 15 1 
Gueoum waste (doactive cop.titrrentr). 
chrrctsrirrtion .lttmativts for (cunthued 

neutron activation, char-266. V1: 49.50: 

passive monitors for weak beta radionuclides. 

passive neutron detectloh char-104, VI: 4 9  

photon electmn rejecting alpha liquid 

portable gamma ray sdntillomtcrs. 

plpportiod counter for alpha and beta . 

V2: 13 

char-102. V1: 48: V2: 1 1  

V2: 13 

~dntihtioh char-97, V1: 49: V2: 13 

char-263, v1: 48; v 2  12 

acttvlty. char-108. V1: 48.49: V 2  11.  13 

V 2  13 
d l o a d y u c a l  produre3. char-202. v 1 :  49: 

Sodium iodide-germanhrm &amma 
~ p e c t r p s c ~ p ~ .  char-196. V2: 13 

thamolumincsance dostmeter array for 
spatial chamctntzatlon of alpha-mn- 
tamtnation. char- 103, V1: 4 8  V2: 1 1  

waste curie monitor (bag or band counter for 
law-level gamma radioacthnty). char-109, 
v2 12 

Laboratory methods 
liquid scintLUation counting. char-267, 

V1: 4 9  V2: 14 

~ o l . - . r p . . t e ~ O M  

 US wastes. Vl:  188-190 

Gu 
v2: 55 

(UFJ &eatmeat. dcon-16. V1: 103: 

G u  phue trutmmf dcon-16. V1: 99; V 2  32 

Gemd @-/tod btaf.ce, mba-25. V1: 139, 
146;V2: 158 

Generrrllted object+rfented simulation wftwnre, 
dism-173. V1: 48; V2: 1 1  

Generation of hazardous and mixed vu-. waste 
m u m g e m e p t d t e n h a ~ f o r  

wmin-loo. m: 146 

Waste minimtzation technology 
waste minlmizatlon evaluation system. 

Generrtor requiremepts d e r  subtitle c. 
V1: 166-167 

~eogmpbic idonnation .p.tem for DOE sites. 
dism-181. V1: 47: V 2  8 

Glow dischuge ioniution umsa spectroscopy, 
char-56. V1: 50: V2: 15 

Gmphite maderrtor, RAI) con- . waste 
pI.D.QtpLLpt dtenmtives for 

Thermal trealment technologies 
Lndmratioh wpro-10a v 1 :  1 0 3  v2: 122 
molten ghss combustor. wpm-116. V1: 104: 

v2 123 

molten salt d U o n ,  wpro-113, V1: 104: 

plasllla arc filmam. wpro-107. V1: 104: 
v 2  122 

v 2  122 

onvel. see 
Concrete rubbk and -1. TRU contamination 

only. waste nInagemcnt alternatives for 
Concrete rubble and gravel. uncontaminated (no 

RAD or RCRA hazardous waste 
contamination). waste maMgemnt 
alternatives for 

Gross M e  andpis by neutron advation and 
delayed neutron copncing, char-200, V2: 13 

-I€- 
aeurd MdyBis expert symtem. char-233, v 1 :  47: 
V 2  8 

E a z u d o u s h h t d a l s ~ p o r t . t i o n A e t  
DOE orders. V1: 209-210 
Regulatory requlremcnts. V1: 209 

-0- N k  -OM. VI: 1 5 S 1 8 1  

High-gmdieat amgnetic upurtion. wpro-204. 
V1: 109. 118. 123. 126: V2: 88. 108. 128, 129 

Historical mte disposal sites, b d  grounds. 
acid pits. retention basins, and bulk vue in 
storage t.nt OUD. scrqmmod, scrap metab. 
ubestos. PCB, organic, and inorganic 
c o ~ t i t o ~ ~ t s ) .  vute mpnseement dternltiper for 

Hydraulic rrtricval technologtes 

Mechanical rctrfeva technologks 
fluid systems. V 2  145 

demolition. V 2  145 
wheeled tracked vehicles, V2: 145 

Hypertext information systems. dism-158. V1: 47: 
v2 9 
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- I- 
Ignitable r+rtioe -tu. &e- mte 
contunhat& (RCRA h u u d o u s  and/or RAD 
wntrminrtrd), wute murryEement alternatives 
for 

biodegradation. wpro-117. V1: 11 1 
Bblogical txcatment technologies 

Chemical trcatmmt technologies 
leaching and stripping. wpm-213, vi: 110; 

solvent uctraction. wpro-211/212. v1: 110; 
v2: 85 

V2: 85 

v1: l l O V 2 :  85 
supcrcrltical fhrid e m U o n .  wpro- 118. 

wet air oxfdation. wpro-215. v2: 97 
Thtrma trcabnmt technologies 

catalyUc destruction, wpm-109. V1: 109; 

-UO% wpm-108. V1: 110; V2 85 
m86 

molten glass combustor. wpm-116, V1: 110; 

molten salt dation. wpm-113. V1: 110; 

plasma arc furnace. wpro-107, V1: 110; 

thermal desorption. wpm-106. V1: 111 
Waste stabtlization technologies 

encapsulation. V1: 109 

V 2  86 

V 2  86 

V 2  86 

Ignitablertrtioe~tu,uncontaduatdumste 
(no RAD. TRU. or RcRb/TSCA con* * ts). 
waste management a l t e x a a t h s  for 

Physical txcatment technologies 

Thtrma trcatmcnt technologies 

recycl~/rrus~. wpm-130. V1: 112 
dl a~ s ~ r a p .  wpm-130. V1: 113 

indnaaU011, wpm-108. V1: 114 

na~lten salt oxidation. wpm-113. V1: 114 
pbs- a r ~  furnaa. wpm-107. Vl: 114 

molten glass combustor. wpm-116. V1: 114 

Waste stabilization technologies 
encapsulation. V1: 112 

Inununomuay detection. char-23, V1: 46; V2: 5 

in cine do^. wpro-108. V1: 100. 103. 106. 110. 
112. 114. 118. 120, 122. 124. 127.207; V2: 24.32. 
34. 37. 38. 40. 43, 45. 50. 51. 55. 56. 58. 59.61. 
63.65.69. 70. 74. 75. 78. 80.81.83. 85. 90.93. 
95. 102. 104. 105. 122. 125, 127. 132. 133. 137. 
138. 141. 143. 144 

Idactively coupkd plauma-mass spectrorcopy. 
char-78. V1: 49; V2 14 

Indolctirely coupled plum spectrocrcopp. 

Infectioa~ m d  medical wastes. m i n d  waste 
cOnt.mtuted (RCRA hazardous and/or RAD 
contunbatcd), arate mamgcmrnt alternatives 
for 

char-77. V1: 49; m. 14 

Thermal tTcaiment technologies 
autoclavhg, wpro-119.01: 112; V2: 104 
inch-ti~~~ wpm-108. V1: 112; V2 104 

molten glass combustor. wpm-116, V1: 112: 

molten salt oxldathn. wpm-113. V1: 112: 

plasma arc furnace. wpro- 107. V1: 112 

v 2  105 

v2 104 

V2 105 

Infectious and m d d  -. RAD and/or TRU 
wntmri.lrtrd only, mte mrpsgement 
dtenmtives for 

Chemical treatment technologies 
gamma radiolysis. wpro-100. v1: 111 
ion archange. wpm-2 17/218. V1: 11 1 

autodavhg, wpro-119. V1: 112 

molten glass combustor. wpm-116. V1: 112 
molten salt oxidation. wpm-113. V1: 112 

Thermal treatment technologles 

inch- wpm-108, V1: 112 

plasma furnace. wpm-107, V1: 112 

Infectious and medical wastes. pnconkmtukd 
vute, waste mamgtment dtundva for 

Chemical treatment technologies 
chemical oxtdation/mduction. wpro-209. 

ion archange, wpm-217/218. V1: 113 

autoclaving. wpro- 119. V1: 113 
incineration. wpm-108. V1: 114 
molten glass combustor. wpm-116. V1: 114 
molten salt oxIdation. wpm-113. V1: 114 

V1: 113 

Thermal treatment technologies 

plasma arc furnace. wpm- 107. V1: 114 

Information management for sample handling, 
mba-56. V1: 141. 147; V2: 162 

Infrutd S ~ ~ ~ ~ T O O C O ~ P ,  char-18, V1: 46; V2: 6 

I n o g d c  -dm -the wpm-300. 
V1: 123. 125. 126;V2: 124. 125. 126, 127. 129 

I n o g d c  d ~ p o ~ u s  6Item. wpm-207. V1: 109. 
112. 116. 119: V2: 87. 88. 91. 97. 107. 111, 114. 
118. 133 

Inogania. See 
Asphalt and building materials. mixed waste 

contamhated (debris. RAD. PCBs. 
organtcs. inorganics), waste management 
alternatives for 

contamlnated(8bcrglass insulation. RAD, 

management altemaths for 
Combustible debris. mixed waste contamlnatcd 

(RAD. PCBs. organics, inorganics). waste 
management altanaths for 

(RAD, PCBs. organics. inorganics). waste 
management alternatives for 

Concrete rubble, mixed waste contaminated 
(asbestos. FCBs. oils. RAD, organics. 
inorgantcs). waste management 
alt~mattvea for 

Asphalt and building materfals. mimd waste 

PCBS. oils. organics, inoganics), waste 

Compactible debrls. mixed waste mntamlnatcd 
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7 7 5  1 
Inoro.pia (00- 

Concrete rubble. mixed waste contaminated 
[RAD. PCBs. organics. tnorgantcsl. waste 
management alternatives for 

Inscarded filters. mixed waste contaminated 
(RAD. FCBs. organics. inorganics). waste 
managemQlt altanatives for 

Fibcglasstnsulatlon. mixed waste contaminated 
(-, RAD. PCBS. oils. organics, 
inorganics). waste management 
alternatiws for 

Gaseous waste (inorganic constituents). 
characterization al- for 

Historical waste disposal sites. burial grounds. 
add pita. retcntlon bastns. and bulk 
waste in storage tanks 0. scrapwood. 
s ~ a p  metals. asbestos. PCB. organic, and 
inorganic constituents). waste 
management alternattvcs for 

Lab packs (organics, inorganics. RAD). waste 
management alternauves for 

Laquid wastes (inorganic constituents). 
characterkation alternatives for 

scrap f m u s  mctals. mixed waste contaminated 
(steel. RAD, organics, inorganics. PCBs). 
waste management al- for 

Scrap nonferrous metals. mixcd waste 
contaminated (RAD. PCBs. organics. 

alternatives for 

insulation mixedwaste contaminated 
(asbestos. PCBs, oils, RAD. organics. 

altemattves for 
Solid-liquid wastes (inorganic constituents). 

chamcterfzauon alternatives for 
Solid wastes (inorganic cons~tuents). 

al- hr 

inorganics). waste management 

scrap tlansite and 9-p asbestos pipe and 

inorganics), waste management 

Spentionucchange media mixcd waste 
contaminated (RAD, FCBs. organics, 
inorganics). waste management 
altcmattves for 

d-gases (inorganic constituents). waste 
management altanatks for 

amtaminated (RAD. FCBs. organics, 
inorgani~l). waste management 
altematiws for 

Waste proassing solid residuais. mixed waste 

waste ProcCSsing sludges, mfxcd waste 

con- [RAD. ogantcs. inoganics). 
waste management alttrnathrrs for 

In situ d i d  phue micraxtroction of orgmic~,  
char-2 10. v1:  45: V2: 3 

Inntrameat mponre mod& brranott  -. 
Intyprted rptompted -4 1Pboratory. 

char-246. VI: 50; V2: 18 

r~ba-55. V1: 140. 147: V2: 162 

Iffklp.ted microproceuor/~enn~r monitoring for 
rrdiorctive putt storage contain-. char-250. 
VI: 4 7 . 4 8  v2: 10. 12 

Ion mobility mum spectrometry, char-262. VI: 46; 
v2: 5 

Isotopic dilution IMSS -* spectm.copy, char+. 

VI: 46: v2: 7 

-L- 
L.b p u h  ( O r g d c s ,  tnorganicr, RAD), waste 
management dtemrtivt. for 

Chemical trtatmtnt tcchnologtes 
kaching and stripping. wpm-213. VI: 99; 

solvent urtraction. wpro-211/212, V1: 100. 
V 2  94 

103; m: 95 
Thermal treatment kchnologtes 

incineration. wpm-108. V1: 100. 103; V2: 95 
molten glass combustor. wpm-116. VI: 100: 

molten salt oxIdation. wpm-113. V1: 101; 
v2 96 

v2 95 

v2 96 
plasma a r ~  furnace, wpr~-107. VI: 101: 

Land disposal restrictions. VI: 172-177 

h d h n  d t p O d   pro-131. VI: 106; V2: 138. 135. 
136. 141. 143 

L u e r  ionization mum spectrometry, char4. 
VI: 46; v2: 7 

Liquid .dntillotiop c~mting. char-267. VI: 49: 
V2: 14 

Liquid wastes (general problem u e m /  
constituents), churreteriution altemativa 
for 

Data analysis/managcment technologtes 
analysis of ansored data. char-249. VI: 47; 

application of approximate masoning to data 
v2: 9 

anatysis/dLlation. char-234, VI: 47: 
V2: 8 

ning, dism-174. VI: 48; V2: 1 1  
automated engineering system life cycle plan- 
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automated scanning and conversion of 
engineering drawings. dlsm-154, VI: 47; 
V2: 8 

automated system reliability and safety 
analysis. dism-175. V1: 4 8  V 2  1 1  

client/senrer access to standards and 
regulatory guidelines. dism-152. VI: 46: 
v2 7 

client/servcr architecture for data base 
access, dism- 157. V 1: 47; V2: 9 

preparation dism-172. V1: 47; V2: 9 
computer-based training systems, dism- 19 1, 

v 1 :  47; v2: 9 
criticality indias. char44. VI: 47; V2: 9 
data arxess SeTVIas, dism-153. V1: 46: V2: 8 
fiber-optic detection and monitoring system 

(intdltgcnt ma-). char-240, V1: 4 8  
v2 10 

g c n m a k d  object-orknted simulation soft- 
ware. dism-173, V1: 4 8  V 2  1 1  

geographic information system for DOE sites, 
dism-181. V1: 47; V 2  8 

V1: 47; V2: 8 

v 1 :  47; m: 9 

for radioacttve waste storage containers. 
char-260. v1: 4 8  v2 10 

migration in porous materials. char-53, 
v1: 47; v2 10 

network architecture with integrated 
workstations. char-221. v 1 :  46; V2: 7 

project infbrmatlon access scrvins. char-220. 
v2 7 

quality control for measurement process. 
char-250. v1: 47; v2 9 

slmulatcd walkthrough W t y  for robotics 
task sequence ana€ysis. dism-171. V1: 47; 
V 2  8 

spatial sample and data analysis plans. 
char-253. v 1 :  47; v2: 9 

statistical methods for the analysis of large 
data sets, char-251. v 1 :  47; v2 9 

task scheduling aids. char-241. V1: 47; 
v2 10 

structures. dism-156. V1: 48: V 2  10 

computer-aidcd task andpis and p d ~ r e  

hazard analysis orpert system. char-233. 

hypertuct lnformation systems. dism-158. 

intqpated mimproassor/sarsor monitoring 

modeling of volatile ogantc compounds 

3-D CAD data basc of buildings and other 

waste management codgumtion 
- m t  system char-230. V2: 10 

Detection/measurrmnt field methods 
air monitoring. char-59. V1: 46: V2: 6 
elatrochemical methods. char-10, v 1 :  46; 

flberopti~ chemical S ~ ~ S O I S .  char-25, V1: 46: 

idad  S ~ C C ~ T O S W ~ ~ .  char-18. V1: 46: V 2  6 

V 2  6 

v2 5 

h m u m a s a y  detection, char-23, V1: 46: 

ion mobility mass spectrometry. char-264, 

luminesana detection. char-92, V1: 46; 

v2 5 

v 1 :  46; v2: 5 

V 2  6 

o p t i d  absorption spectroscopy. char-27, 
VI: 46; v2: 5 

personnel monitOrlng. char-52. VI: 46: V 2  6 
portable Raman spectrometer. char-84. 

v1: 46; v2: 5 
Dettction/measuremtnt laboratoIy methods 

contamination ControLamdytical equipment, 

Fourier transform infrared spectroscopy. 

isotopic dilution mass spectroscopy. char-48. 

lascr ionization mass spectrometry. char-4. 

nuclear magnetic resonance. char-1 1. VI: 46: 

s#pndary ion mass spectroscopy. char-3, 

char-204. V1: -2 6 

char-8. V1: 46; V 2  6 

VI: 46; V2: 7 

VI: 46:m: 7 

v2: 7 

V1:46;m:7 

V1: 46; V2: 7 
ultlavblet/vlsible spectroscopy. char-9, 

Sample collection technologies 
in situ solid phase micrwxtraction of 

membranes for sample collection and 

multiangle drilling for depth pro!Ung of 

organics. char-210. v 1 :  45: v2 3 

concentration, char-55, V1: 45: V2: 3 

contaminants, char-64. V1: 4 5  V2: 4 

VI: 4 5  m: 3 

V1: 4 5  m: 4 

contamhation by organics, char-271, 
v 1 :  4 5  V2: 4 

sampling underground storage tanks for 
vohffl~ oganics. char-257. V1: 45: V2: 3 

sediment sampling h m  resmctcd aocess 
 location^. char-276. V1: 4 5  V2: 4 

solid sorknt sampling for airborne organics. 
char-251. v 1 :  45; v2 4 

ultrasonic cxtzaction. char-20, V1: 45; V 2  3 
vacuum-assisted revcrst flow, solvent 

exhaction methods. char42, V1: 45: 
v2 3 

Sampling and mMng methods. char-81. 

sampling heb-0- char-270. 

sampling interhce system for surfarx 

Sample preparation technologtes 
adaptation of the EPA toxicity chaxactcristic 

leaching process for use with radioacttvc 
samples. char-209. v1:  45: v2 4 

high-pressure ashing for sample preparation, 

metallographic sectioning and prepaxation. 

microwave digestion. char-19, V1: 4 5  V2: 4 
r a d i o a c ~  sample pnparatton. char-205, 

supercritical fluid exhaction of inorganics. 

superultical fluid extraction of organics. 

char-203, V1: 45: V 2  5 

char-67. v1: 45; v2 4 

v 1 :  4 5  m: 4 

char-201, v1: 45: v2 5 

char-208. V1: 45: Vk 4 
Sampling design technologies 

v 1 :  45: V2: 3 

system. char-228, V1: 4 5  V2: 3 

v2 3 

optimjzation of sampling designs, char-71. 

sampling pro- conflguramn maMgement 

sequential sampling plans. char-252. v1:  4 5  
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Liquid mtu (inorg.nic coamtituenta). 
c h r r r t a t r t i o n  rltcmrtfot. for 

Field methods 
atomic emission spectroscopy, char-76. 

X-ray fluorrscence for in situ monitoring of 
V1: 4 9  V2: 14 

toMc h- IUC~~S. char-2 19 and char-6. 
V1: 4 9  V2: 14 

Laboatolymethods 
augcr elcctron spectroscopy. char-2, Vl:  5 0  

cold vapor (macury) analysis. char-24, 

electron difiiaction. char-37, V1: 4 9  V2: 14 
ekctmn spectroscopy for chemical analysis. 

en- dispersive X-ray spectroscopy, 

glow dischagc ionization mass spectrosmpy, 

V 2  15 

V1: 4 9  m: 15 

char-1. V1: 5 0  V2: 15 

char-35, V1: 49: m: 15 

char-56, V1: 5 0  V2: 15 

SpectID~c~py. char-78. V1: 4 9  V2: 14 

char-77. V1: 49; V 2  14 

Mucttvely coupled plasma--mass 

inductively coupled plasma spectroscopy. 

ion chromatography. char-50. V1: 4 9  V 2  14 
neutron activation analysis, char-266, 

particle-induced X-ray emission, char- 17. 

powder X-ray dif!kction. char-31. V1: 50: 

scanning eltctron mfcroscopy, char-33, 

txammission electron microscopy, char-34. 

V1: 49.50; V2: 15 

V1: 4 9  V2: 15 

V 2  15 

V1: 4 9  V2: 15 

V1: 49; V2: 15 
wavelength dispersfvc X-ray ~ p e ~ t r o ~ ~ ~ p y .  

char-36. V1: 49: V 2  14 

Liquid wastes (organic C O M ~ ~ ~ I I C I ~ ~ S ) .  

--tion rltenmtivcs for 
Fkldmthods 

direct sampling ion trap mass spectrometry. 

gas chromatography in the field. char-262. 
Vl:  50: m. 16 

poxtable gas chromatograph/electron capture 
detcctor for analyling PCBs. char-100. 
VI: 5 0  V2: 16 

portable volatilt organic compound detectors, 

synchronous fluorescence srreenhg fbr 
potyqdic aromatic hydrocarbons, 

char-90. V1: 50: V2: 16 

char-5. V1: 5 0  V 2  16 

char-101. V1: 50: V2: 16 
Laboratory natthods 

analytical methods for chelators and 
decontamination agents. char-206. 
V1: 5 0  V2: 17 

V1: 5 0  m: 17 
capillary zone clechpphoresis. char-207, 

gas chromatography. char-94, V1: 50: V2: 17 
c h r o ~ b ~ p h y - F O ~ ~  transform 
lnfhcd sptctroScopy. char-66, V1: 50: 
v2: 17 

char-88, V1: 50: V2: 17 
@S c h r o m a t o ~ p h y - ~ s  ~ p e c h p ~ ~ & ~ .  

l l q d  chromatography-~s spectrometry, 
char-89. V1: 50: V2: 17 

on-line supercritical fluid 
exeaction-multidctector gas 

V2: 17 
Chmato@phy. char-1 15. V1: 50; 

solid phase micmxtractlon method. 
char-2 11, V w O  V2: 17 

Liquid wastes (pathogenic constituent.), 
chuactat.tion dtenmtivea for 

Labolatory methods 
pathom s e c t .  char-215. V1: 51: 

V 2  18 

Liquid -tu @pial chua&Aatiu). 
ch.I..etairrtion dtenmtivea for 

Field methods 
llber-optic systems for measuring multiple 

physical Mllables. char-248. V1: 51: 
V2: 18 

instrument response models for  mote 
sensing. char-246. V1: 50; V2: 18 

Labolatflry methods 
computer tomography. char-41. V1: 51: 

V 2  18 
opt id  ~ ~ ~ s c o ~ Y .  char-32. V1: 51: V2: 18 
particle S& analysis, char-26. Vl:  51: V2: 18 

Liquid -tea (radioactive constituent.), 
chanctexhtion rltcmatives for 

Field methods 
advanced radtatlon Iponttors. char-269, 

v 1 :  48; m: 12 
alpha track etch detectors for surfaoe alpha 

contamination. char-96, V1: 48; V 2  12 
bubble dosimeters for neutron flux, char-2 16. 

v1: 48; m: 12 

V 2  13 

and delayed neutron counting. char-200, 
V2: 13 

integxatal micropmassor/sensor monitoring 
for xadtoacthre waste storage containers. 

long-range alpha detector. char-65. V1: 4 8  

neutron activation. char-266. V1: 49.50: 

passive monitors for weak beta radionuclides. 

pass* neutron detection. char-104. V1: 4 9  

photm electIDn rejecting alpha liquid 

portable gamma ray sdntillomettrs, 

proportional counter for alpha and beta 
acttvity. char-108. V1: 4 8 . 4 9  V 2  11.  13 

m i t o a d y t i c a l  pmcedms. char-202. Vl: 4 9  
V2: 13 

gamma-lay spechpmtly. char-268, v1: 4 9  

gross flssile analysis by neutron activation 

char-250. V1: 47: V2: 12 

v2 1 1  

V 2  13 

char-102. v 1 :  4 8  v2 1 1  

V 2  13 

sdnUlIaUon, char-97. V1: 49: V2: 13 

char-263, v 1 :  4 8  v2: 12 

d i ~ m  iodide-germanium gamma 
S ~ C C ~ ~ ~ S C O ~ Y .  char-196. V2: 13 

ooo’sso 
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7 15 1 
thcrmolumtnesccncc dosimeter array for 

spatial characterization of alpha- wn- 

waste curie monitor (bag or barrel counter for 
tamtnat~h char-103. V1: 48; V2: 11 

low-level &amma ladioacttvity). char-109. 
v 2  12 

Laboratory methods 
liquid scintillation counting, char-267. 

V1: 49; V2: 14 

Listed solid waste, V1: 163 

Ltted~ta(hrlogenritcd.okmts),mkedwaste 
cont.miolted (RcRlr hpurdora and/or RAD 
--d). waste management dtenutivu 
for 

Biological trtatmnt technologies 
Wcrobial dechlorination, wpro-227. V1: 118 

v2: 100 
Chemical treatment technologies 

chemical dechlorination, wpm-209, V1: 116; 
V 2  98 

gamma radiolysis, wpro-100. V1: 117; V2: 98 
leaching and stripping, wpm-2 13. V1: 117; 

V 2  98 
ozonation photolysis, wpro-214. V1: 117; 

v2 99 
solvent extraction, wpro-211/212. VI: 117; 

v 2  97 
supcrcrltlcal water oxIdation, wpm-2 16. 

V1: 117; v2: 98 
ant alr oxidation. wpm-215. V1: 117; V2: 97 

Physical treatment technologies 
adsorption, wpro-202/203. VI: 116 m: 96 
filtmtion. wpro-201. m: 96 
inorganic micropomus fflters. wpro-207, 

Thermal treatment technologies 
v2: 97 

catalytic destruction. wpm-109, V1: 116 

distillation, wpro-222. V1: 117; V2: 99 
indnuation. wpm-108. V1: 118 
molten g k s  combustor. wpro-116, V2: 100 
molten salt oxidation, wpro-113. V1: 118 

plasma arc furnace. wpro-107. V1: 118 

v2: 100 

v2: 99 

v2 99 

Listed -tes (nonh9logeaated solvents), mkcd 
mte cont.mip.ted (RCRA huudora and/or 
RAD cont.minrted). waste management 
altcrnotircrfor ' 

Biological katment technologies 
aerobic digestion. wpm-224. V1: 118 V 2  104 
anaerobic digestion. wpm-225. V1: 118 

v2 104 
Chemical treatment technologies 

gamma radiolysis. wpro- 100, v2 101 
ozonation photolysis, wgm-214. V1: 117; 

solvent exhaction. wpro-211/212. V1: 117; 

supacritrcal water oxidation. -1-0-2 16. 

ant air oxidation. wpro-215. V1: 117; V2: 101 

v 2  102 

v2 101 

v1: 117; v2: 101 

Physical treatment technologks 
adsorption, wpm-202/203. V1: 116 V2: 100 

filmtion. wpro-201. V2: 100 

cahlytic destruction. wpm-109. V1: 116 

air smpping, wpm-200, vi: 116: v2 io0 

Thermal treatment technologies 

v2 103 

v2 104 
C h w  char p r o ~ ~ . - + p t O - l 1 4 .  V1: 117: 

distillation wpro-222, V1: 117; V2: 103 

low-tcmpaatum separation. wpro-220. 
i n c i n ~ t b ~ ~  wpm-108, V1: 118 V2: 102 

V1: 118 V2: 103 
118: molten gla& combustor. wpro-116. V1 

molten salt oxidation. wpm-113. Vl: 1 
v2 103 

v2: 103 
8: 

Listed wastea (nonhrlogenated s o h t s ) ,  
uacont.mfnrted waste (no RAD. mu, or 
RCRA/TSCAconQ * b ) , w a s t e ~ c m m t  
altcmatives for 

Biological Qeatment technologies 
aerobic digestion. wpm-224. VI: 122 
anaerobic digestion, wpro-225. V1: 122 

ozonatlon photolysis, wpm-214, V1: 121 
solvent extraction. wpro-211/212. VI: 121 
supercrltlcal water oxidation. wpro-2 16. 

wet air oxidallon. wpm-2 15. V1: 122 

Chemical treatment technologies 

VI: 121 

Physical treatment technologies 
adsorption, wpr0-202/203. V1: 12 1 
air smpping, wpm-200. vi: 121 
rccycle/mst. wpro-130. V1: 121 

cahlytic destruction, wpro-109. VI: 121 

distillation. wpro-222, VI: 122 
inchmatton. wpm-108. V1: 122 
low-tcmpcrature sepamtion. wpro-220. 

molten glass combustor. wpm-116. V1: 122 
molten salt oxidatton. wpm-113. V1: 122 

Thermal treatment technologies 

c h ~  char ~ I X S S .  wpm-1 14. V1: 122 

v1: 122 

--arm deplow tobotic p l e t f ~ m .  rob-9.  
V 2  157 

hag-rangc rtph. detector. char-65. VI: 4 8  V 2  11 

Lov-led d-th wte. V1: 193-194 

Lmr-teoei rrdioactive-lpute regdatioas. 
v1: 193-194 

L o v 8 ~ . c t h r i t y m r t e l i r l . p l o c ~ i a g .  
preparation. and p.clolpne - , wpht-102. V2: 149 

Loa-temperatmr separation. wpm-220. V1: 118. 
124V2: 103. 122. 124. 125. 127 

LOmrincacma detection. char-92. V1: 46: V2: 6 
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U p a h t i o n  (Cuteaha contd). rob-3 1. 
v1: 140. 146;V2: 159 

Ilk.nipdation bht control), mba-30. V1: 139. 
146;V2: 159 

Madpadation ( n d m r h c p  control). mba-33. 
V1: 140.146:V2 159 

Muking 8nd labeling rrqrrtepltnt.. V1: 207 

M e d h l m t e S e e  
Infectlous and medical wastes. mimd waste 

contaminated (RCRA hazardous and/or 
RAD contaminated). waste management 
alternatives for 

contaminated oniy. waste management 
alternatjves for 

waste. waste management altemattves for 

Infectious and medtcal wastes, RAD and/or ?RU 

Infectious and medtcal wastes. uncontamtnated 

Melton Valley and REDC caustic 4ueoru wastes. 
mixed wamte coatambated [RcRAhpWdoum 

dternrtirt. for 
.0d/orRADcoot.minrkd).wutemanageIm%lt 

Bfologlcal treatmnt technologies 
bidenitrification wpm-229, VI: 117; 

V2: 114 
Chemical treatment technologies 

v1: 116 m: 112 

m: 112 

V2: 113 

m: 111 

B d t e ~  P ~ C C S S .  wpm-228, V1: 116 V 2  112 
chemical oxidation/duction. wpro-209, 

chemical predpitation, wpm-210, V1: 116; 

eltctrtxhdcal -tal -IO-205, 

ton exchange, wpm-217/218. V1: 117; 

mutrakation. wpro-230. V1: 117 
n i t l a k - m n i a - c ~  WAC) p m c t s ~ .  

wpxw106. v1: 117; v2: 112 
ozonatfon photolysis. wpro-214, V 2  113 
solvent artraction, wpm-2 1 1 /2 12, V2: 1 13 

Physical treatment tcchnologies 
air smpping. wpm-200. v2: 11 1 

ffltlation, wpro-201. v1: 116 m: 11 1 

rmrse osmosis. wpro-206, v1: 116 m: 11 1 

dtctrolysis. wpm-205. V1: 116 m: 11 1 

inoganic mi~pomus flltem, wpro-207. 
v1: 116 v2: 111 

Thermal treatment technologies 
eMpomtbn, wpm-223, V1: 117: V2: 113 
mta-tnva~ m t m e n t  wpm- 115. V2: 114 

Melton Valley md REDC caustic 4tacoru wastes, 
RAD and/or TRU 0ont.minUrts only. waste 
management alternatives for 

Biological treatment technologies 

C h d d  treatment technologies 
btodenitrl6cation. wpro-229. V1: 121 

B d t e c  p m c t ~ .  wpm-228. V1: 119 

chemical oxtdatton/duction. wpro-209. 

chemtcal prtdpttation. wpro-210, V1: 119 
v1: 119 

e1ectroChemld =tal Rmvd, WID-205, 
v1: 119 

ton archange. wpm-2 17/2 18. V1: 119 
neutralizatton. wpro-230. VI: 120 
nitmte-amm0-c WAC) process. 

azonatlon photolysis. wpro-214. VI: 120 
wpr0-106,Vl: 120 

solvent exhction, wpro-211/212. v1: 120 
Physical trratment technologies 

adsorption. wpm-202/203. V1: 118 
electrolysis. wpro-205. V1: 119 
ffltnatlon. wpm-201. V1: 118 
high-gradient magnetic separation, wpm-204. 

V1: 118 

v1: 119 
inorganic mtaopomus filters, wpro-207. 

reverse osmosis. wpm-206. V1: 119 

evaporation. wpro-223. V1: 120 
microwave h-eabncnt wpro-115, V1: 120 

Thermal trea-ent technologies 

Membrura for sample collection .nd 
conantration. char-55, V1: 4 5  V2: 3 

MetpIlographic sectioning aud preparation. 
char-67, v1: 45: V2: 4 

Microbid dechlohtion,  wpm-227. V1: 118 
v2 39. 100 

Microwave treatment. wpro-115. V1: 100, 103. 
106. 120; V2: 21.28,35,37.38,43.46,48.52,57. 
58.59.63,65.67.71.75,77,78.81. 83, 114. 117. 
120. 136, 139. 141, 142. 143 

wed W t e .  see 
Asphalt and bullding materials. mixed waste 

contaminated (debris, RAD. PCBs. 
organtcs. inorganics), waste management 
alternatives for 

con- (fiberglass insulation, RAD. 
PCBS. oils. organics. tnoganics). waste 
management alternatives for 

[RAD. PCBs. organtcs. inoganics). waste 
managemt altunathrts for 

[RAD. PCBs. organics. inorganics), waste 
management alternatives for 

Concrete rubble, mixed waste contamhated 
(asbestos. FCBs. oils, RAD, organics, 
inorganics). waste management 
alternatives for 

Concrete rubble, mixed waste mntaminatd 
(RAD. PCBs. organics, tnorganics). waste 
management alternattws for 

Discarded fllb. mixed waste contaminated 
(RAD. PCBs. organics, inorganics). waste 

Asphait and bullding materials. mixed waste 

Combustible debris. mixed waste contaminated 

Compactible debris. mixed waste contaminated 

ooo'p,A"z management alternattves for 
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Fiberglass insulation. mixed waste contaminated 

(fiberglass. RAD. FCBS, oils. organiw. 
inorganiw). waste management 
alternatives for 

Flnal residues from DW. E R  and WM 
operations (low-level mored waste). waste 
disposal alternatives for 

Generation of hazardous and mixed wastes. 
waste management a l t e m a ~ ~ ~ ~  for 

Scrap ferrous metal. mixed waste contaminated 
(steel. RAD. organics. inorganics. FCBs). 
waste management altunattves for 

contaminated (RAD. FCBs. organics, 

alternatives for 
Scrap transite and scrap asbestos pipe and 

insulation, mixed waste contaminated 
(asbestos. FCBs. oils, RAD. organics. 
inorganics), waste management 
alternatives for 

contamtnated (RAD, FCBs. organics. 
inorganics), waste management 
alternatives for 

Waste management dehiUons of problems for 
Waste processing sludges, mixed waste 

contaminated (RAD. FCBs. organics. 
inorganics)), waste management 
alkrnathm for 

Waste proassing solid rtsfduals. mixed waste 
contaminated (RAD. organics. inorganics). 
waste management altemam for 

Scrap nonferrous metals. mixed waste 

inorganiw). waste management 

Spent ion exchange media. mfxed waste 

M i x e d - a u t e ~ o n 8  
DOE orders, V1: 198 
DOES National C o m p h a  Plan, V1: 197 
Federal Facilities C o m p h a  Act of 1992. 

V1: 196-197 
LDR-FFCA/ORR, V1: 196 
M i x e e d - @ ~ ~ ~ ~  waste, V1: 188-189 
Mimd-waste oils, v1: 199 
Treatment. V1: 196 

Modeling of volatile o g d c  compound. migration 
in porous mrterialo. char-53. v1: 47; v2: 10 

Molten Qw COdUStm. wpm- 116. V1: 100. 104. 
107. 110, 112. 114. 118. 121. 122.: V2: 26. 28. 35. 
37. 39.41.44.47.51. 52.57. 58. 59.61. 63. 65. 
70.71.76.77.78.80.82.&1.86.94,96. 100. 103. 
105. 106. 123. 135. 137. 140 

Molten .rlt oridatha wpro-113. V1: 101. 104. 
107. 110. 112. 114. 118. ‘121. 122. 127,: V2 34. 38. 
41,46.56.59.61.75.86,91.93.95.99. 103. 104. 
105. 122. 125. 127. 128. 132. 133. 137. 139. 141 

Mond process. wpro-112. V1: 100. 103; V2: 32.55. 
74 

Mo-ted robotic pl.tfom. rob-8. V1: 139. 145 
V2: 157 

Mplthagk d d b g  for depth profiling of 
cop tuuiMnt8, char-64. v1: 45; v 2  4 

- N -  
~ationJEnampment.lpoii~y~et 

categorical exclusions, v1: 2 11-212 
DOE Order 5440.1E. V1: 2 12 
Emrlronmentalhsessmtnts. V1: 212 
Environmental Impact ~ h e n t s .  V1: 212 

Network uchitccttpe with integrated 
vorkstationr, char-221. v1: 46: v2: 7 

N-tioo wpm-230. V1: 110, 11 1. 113. 117. 
120 v2: 87 

Neutron advathe char-266. V1: 49.50 V2: 13 

Neutron activation u d p i m ,  char-266. VI: 49.50 
V2: 13. 15 

Nepod. TUt  Site, wdis-102, V2: 15 1 

Nitrate-unmoda-ccrunic 0 proceu. 
WID-106. V1: 100. 103. 117. 120: V2: 32.55.74. 
112 

Nitrogen &de critairpoXlutaut. &e 

management alternatives for 

NoMdsorb9ble RAD wllstitaents. see 
waste off-gascs (nonadsorbable RAD 

waste off-gases [No, crlterla pollutant). waste 

ConsUtUents~. waste manageIIlMt 
alternatives for 

N o n f i u i k e c o n c e n t r r t e d m t u & ~ t o t . l  
8ctivities@.tath.nType-Ap.el.geWts, 
mte shipment dternatkes for 
waste packaging t e c h n O l O g i ~  

W - B  radiOaCtfvc materfal transport 
packages. wpht-105. V2 149 

Nonfiuik concentrated mtu having total 
activities leu thus Typc-d package limits, waste 
shipment dtenmtive8 for 
waste packagtng technologies 

--A radioactfvc material transport 
packages. wpht-104. V2 149 

Nonfk.ile radiortiot Mtcrtrt having lov 
activity. waste shipment rltenmtiva for 

waste packaging tcchnolo#es 
low-spedflc-activity materials processing. 

preparation, and packaging. wpht-102. 
V2: 149 

No*ile radioactive Mtcrtrt, smfacc 
cop tamhated objects. waste shipment 
.Itemativcs for 
waste packaging technologics 

surfacecontaminattd objects processing, 
p-ti~n, and packaging. wpht-103. 
V 2  149 000753 
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loonrrdiortipe hamdoll8 -, rp..te ahipntept 
*mrtir# for 

waste packgng technologits 
RCRA nonbuk POP PCI. 11. III specillcation 

padcqhg bulk4trong tight containers. 
Vht-109. V2: 150 

loo- sef3 
waste off-gascs (No, criterla poUUtant)). waste 

management altrrnaaves for 

lodear magnetic tt.op.oce. char-11, v1:  46: 
v2 7 

- 0 -  
O ~ ~ u p d d  Safety and E d t h  Mminirtration 

Asbestos. v1: 201 
Worker protectlon, V1: 2 1 4  

0%. see 
Asphalt and building materfals. mixed waste con- 

taminated (flberglass insulation. RAD. 

management alternathres for 
Concrete rubble. mixed waste contaminated 

(asbestos. FCBs. oils. RAD, organics. 

alternaUves for 

PCBs. oils. organics. inorganlcs). waste 

inorganics), waste management 

~flbcgbss. RAD. PCBS. oils. oganics. 
inorganics), waste management 

Fikglass insulation. mimd waste contaminated 

alternatives for 
Scrap transite and scrap asbestos pipe and 

insulation, mixed waste wntamiMted 
(asbestos. FCBs. oils. RAD, organics, 
inorganics).wastemuragemtnt 
alternattves for 

on-line muperwitid fluid extmction- 
muhidetector gas chromatography, 

Operator interface (command hput), roha-40, 
v1:  1 4 0 . 1 4 6 : v 2  160 

Operator inkrf.ee (operator .ui.tOnce). roba-4 1, 
v1: 140.146;v2: 160 

char-115. V1: 50; V2: 17 

optid .koxption spectroscopy, char-27, VI: 46; 
v2: 5 

O H d  d-Pg. char-32. Vl:  51: V2: 18 

of..mpling designs. char-71, vi: 4 5  
v2: 3 

0xg.nia. see 
Asphalt and building m a t e d .  mixed waste 

contaminated (debris. RAD. PCBs. 
organics, inorganicsl. waste management 
alternatives for 

Asphat and building materials. lalxed waste 
contaminated (flbcrglass insulation. RAD, 
PCBS. oils. oganics. inoganics), waste 
management alternatives for 

Combustibk deb*. mixed waste contaminated 
(RAD. PCBs. organics. tnorganics). waste 
management alternattves for 

Compactible deb- waste contaminated 
(RAD, PCBs, oganics. inorganfcs). waste 
management alternatives for 

Concrete xubbk mixed waste wntaminatcd 
(asbestos, FCBs, oils. RAD, organics. 

alternatives for 
Concrete rubble. mixed waste contaminated 

(RAD. PCBs, organics. tnorwcs).  waste 
management alkmatives for 

Discard4 ffltcrs. mixed waste con- 
(RAD. PCBs. organics. inorganics). waste 
management alternatives for 

Fiberglass insulation, mixed waste contaminated 

inorganics). waste management 

(flkghss. RAD. PCBs. oils, ogantcs. 
inorganics). waste management 
alternatives for 

Gaseous waste (organic constituents). 
charactrrlzation altcmattvcs for 

Historical waste disposal sites. burlal grounds, 
acid pits. retention basins. and bulk 
waste In storage tanks WAD. scrapwood. 
scrap mctals. asbestos. FCB. organic. and 
inorganic constituents). waste 
management alternatives for 

Lab packs (organics. inorganics. RAD), waste 
management alternatives for 

Liquid wastes (organic constituents), 
characterlzatton altcmattvw for 

contaminated (RCRA hazardous and/or 
RAD contaminated). waste management 
altcmattves for 

Scrap ferrous metals. mixed waste contamhated 
(steel. RAD. organics. inorganlcs. PCBs), 
waste managemtnt altcmatjves for 

contaminated (RAD, FCBs, organics, 

alternatives for 
Scrap transite and scrap asbestos pipe and 

insulation. mlmd waste contaminated 
(asbestos. FCBs. oils. RAD, organics. 

altcmattvcs for 

charactertzatfon altemattvcs lor 
Solid w a s h  (organic constituents), 

charactPization alternattvw for 
Spent ion exchange media. mixed waste 

contamhated W. FCBs. organics, 
inorganics). waste management 
alternatives for 

(RCRA hazadous and/or RAD 

alternatives for 

REDCllquidOrganiCwas~.mixedwaste 

Scrap nonferrous metals. mixed waste 

inorganics). waste management 

inorganics). waste management 

Solid-liquid ( O ~ C  o~n~t i tu~n t s ) ,  

TOXIC organic w a s h .  mked waste contaminated 

Oontalninatai). waste management 

0007S4. 
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waste off--gases (SemtMlatlle organic 
constituents). waste management 
alternatives for 

Waste processing sludges. mixui waste 
contaminated (RAD. PCBs. organics, 
inorganics). waste management 
alternatives for 

Waste pro'cessing solid residuals, mimd waste 
contaminattd (RAD, organics. inorganics), 
waste management alternatives for 

Other RCRAhazudous wutcs, mixed mte 
cont.minrted (RCRA h u u d o u s  and/or RAD 
contrminrtrd), mte management dknutkcs 
for 

Biological txeatmcnt technologies 
aerobic digestion, wpro-224, V1: 11 1 
anaerobic digestion. wpro-225. V1: 11 1 

chemical oXIdation/reduction. wpro-209, 
Chemical treatment technologies 

v1: 109 

v2 106 

v1: 110 

gamma radiolysis. wpro-100. v1: 109: 

supercritical water oddation. -1-0-2 16. 

W t  air ~XIdation. wpro-215. V1: 110 

~atalyUc destruction. wpm-109. V1: 109 

incineration, wpm-108. V1: 110; V 2  105 

Thermal treatment t e ~ l o g i e s  

v2 106 

molten glass combustor. wpro-116. V1: 110: 
v2 106 

V 2  105 

v2 106 

molten salt OXIMOII. wpm-113. V1: 110: 

plasma a r ~  fumaa. wpm- 107. V1: 1 10: 

OtherpputegortcdtmLnoanmtcs,mte 
nunrlfement 8ltcm8tiVes for 

Physical treatmtnt technologies 
rechamctaize and dispose of/reuse. 

WID-130. V 2  106 

Orondon photolysis. wpro-214. V1: 117. 121. 
120. 124; V2: 99. 102. 109. 113. 120. 124. 126 

- P- 
Package to meet WIPP WAC. wpro-128, v1: 105 
V 2  67. 69. 71. 72, 73. 75, 76. 77. 79. 83 

p.etsgfne technologies. See 
Asbestos, waste shipment alternatives for 
Asphalt and building materials. TRU 

contamination only, waste management 
alternatives for 

Combustible debris. TRU contamination only, 
waste managewnt alternatives for 

Compactible deb*. TRU contamination only, 
waste managewnt alternatives for 

Discarded asbestos transite. TRU contamination 
only, waste management alternatives for 

Discarded filh. TRU contamlnauon only, waste 
management altematins for 

Fiberglass insulation. ?RU contamination only, 
waste nranagcment a l t a n a ~ ~ ~  for 

Nonhsfle concentrated wastes havhg total 
acttvttics greater than --A package 
limits. waste shipment alternatives for 

activities less than ?Lpe-A pachge limits. 
waste shipment alternatives for 

Nonhsile concentrated tbtcs havhg total 

Nonhsile radioaclive matedah having low 
spcd.%c activity. waste shipment 
alternatives for 

contaminated objects. waste shipment 
alternatives for 

altemathres for 

alternatives for 

waste management alternatives for 

only. waste management alttrnattvts for 

only, waste management alternatives for 

automation alternatives for 

contamhation only, waste management 
alternatives for 

Wastes containtng fissile material. waste 
shipment altcmam for 

Nodssile radioactive materials. surface- 

N o ~ o a c ~  hazardous waste. waste shipment 

PCB-contaminated wastes. waste shipment 

Scrap ferrous metals. TRU contamination only, 

Scrap nonferrous metals. TRU contamination 

Spent ion urchange media TRU contamination 

Waste handling and p a .  robotics and 

Waste proassing solid residuals, TRU 

m & - h d o C e d  X- d d 0 0  char-17. V1: 4 9  
V 2  15 

putich &C char-26. VI: 51: m: 18 

PuLicPI.te constituent.. see 
waste off-gases (particulate constituents). waste 

management alternatives for 

p..Me modtorn for weak beta radionuclides. 
char-102. v1: 4 8  v2: 11 

p..ripe neutron detection. char-104. V1: 4% 
V 2  13 

hthogm ~ m i n n . I M ,  char-215, V1: 51: V 2  18 

PCBcont.mip.ted wastes. waste shipment 
dternrtfvt. for. see 

Polychlorinated biplunyl-contaminates wastes. 
waste shipment alternatives for 

PCB rcgulatioxu. see 
TOXIC Substances Control Act 

E%. see 
Polychlorinated biphenyls 

Performuroe oriented poJ.gine [pop) -aging 
Grorrp m) II, Porn. bulk. wpht-107. V2: 150 
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Pei.0-1 mdbrinQ. char-52, VI: 48; V2: 6 

Photon electron rejecting alpha liquid 
rdntiflrtion. char-97, V1: 49; V2: 13 

P h m a  arc fmruoe. wpro-107. V1: 101. 104. 107. 
110. 112. 114, 118. 121: V2 21. 24. 25. 28. 29. 35. 
37. 39.41. 44.47.48, 51, 52.53, 57. 58.62.64, 
65. 66.69. 70. 71, 72. 76. 77. 78. 82. 84, 86. 91. 
94.96.99. 105, 106. 122. 136. 138. 139. 140. 142 

Polychlor&atcdbiphcnpdcont.minrted rp..ta. 

wute  ahipmcat dtenutiot. for 
waste packaghg ttchnologlts 

perzormance orlented Packaging pop) 
Packaging Group [pc) 11. POIII, bulk. 
wpht-107, V2: 150 

PotpChl0-d b i P h t 4  -OM. 
Toxic Substances Control Act 

Polychlori~td biphenyh. See 
Asphalt and building materlals. mixed waste 

contaminated (debris. RAD, PCBs. 
organics, inorganics), waste management 
altematlves for 

contaminated (fiberglass lnsulatlon, RAD, 

management altcmatives for 

Asphalt and building materials. mixed waste 

PCBS. oh, organics. inolganics). waste 

(RAD. PcBs. organics. inorgantcs). waste 
Combustible debris, mixed waste contaminated 

management dkmattves for 

(RAD, XBs. organics, inorganic& waste 
management alternatives for 

Concrete rubble. mixed waste contamhated 
(asbestos, PCBs. oils. RAD, organics. 
inorgantcs), waste management 
altematives for 

Concrete rubble, mixed waste contaminated 
(RAD, PCBs, organtcs. inorganics). waste 
management alternatives for 

MsCardtd5lters. mixedwaste contaminated 
@AD. PCBs. organics, inorganics). waste 
management alternattves for 

Fiberglass insulation, mixed waste contaminated 

Compactible debris. mixed waste contaminated 

wu-gbs. RAD. PCBs. oils. organics, 
inorganics). waste management 
altemativcs for 

add pits. retention basins, and bulk 
waste in storage tanks (RAD. scrap wood. 
scrap metals. asbestos, FCB, organic and 
inorganic conslltuents). waste 
management altcmatives for 

PCB-contaminated wastes. waste shipment 
alternatives for 

Scrap ferrous metals, mixed waste mntaminated 
(steel. RAD, organics. inorganics. PCBs). 
waste management alternatives for 

contaminated [RAD. FCBs. organics, 

alternatives for 

Historical waste disposal sites. burial grounds. 

Scrap nodemus metals. mixed waste 

inorganics). waste management 

scrap transitc and scrap asbestos pipe and 
insulation. mixed waste contamhatd 
(asbestos. FCBs, oils, RAD. organics, 
inorganid. waste management 
altemathrcs for 

Spent ton exchange media. mixed waste 
contaminated (RAD. PCBs, organics, 
inorganicsh*temanagrment 
altcmttvcs for 

waste pmccssQ sludges, mlx#l waste 
contaminated (RAD, PCBs, organtcs. 
inorganics). waste management 
dtemattves for 

p0-r-a c~pcrrtc. mta-101, v2: 147 

Pool atorage, wpro-124, VI: 105: V2 121 

POP PQIII M d  POP POII. wpht-108. V2: 150 

PoYtablri ganuna m y  acintillometar, char-263, 
v1: 4 8  v2: 12 

Portabk llnmnn spectrometer, char-84. v1: 46: 
v 2  5 

Portable volrtile organic compound detectom. 
char-5. VI: 50; V2: 16 

Fwition/vclocity aenaorm. roba-48. V1: 140, 147; 
V2: 161 

Powder X-ray d i f h c t i o a  char-31, VI: 5 0  V2 15 

PDm sourcea for mobile platfornu. roba-lo. 
Vl: 139, 145V2: 157 

Reciae programmable motiona. rob-20, V1: 139. 
145 V2 158 

Proau/dilnte liquid loa-ktel mte. mixed aute 
contunbated (RCRA h9t.tdoua d / o r  RAD 
contadn8ted). V..k management d t c x ~ t i v a  
for 

Biological treatment technologtes 

Chemical treatment tcchnologtes 
biosorption. wpm-226. V2: 110 

chemical predpitatlon wpm-2 10. V2: 109 
chemical reductton. wpm-209. V2: 110 
electrochemical metal nmoval. wpm-205. 

ion exchange. wpro-2 17/2 18. V2: 108 
ozonation photolysis. wpro-214. V2 109 

v2: 110 

sobent extraction. wpro-211/212. V2: 109 

adsorption. wpro-202/203. V2: 108 
air smpplng. wpm-200. m. io8 
electrolysis, wpro-205. V2: 108 
fflbation. wpro-201. V2: 107 
high-gxadfent rnagnetlc separation. wpm-204, 

Physical trtatmcnt technologies 

v 2  108 
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inorganic mlcroporous filters, wpro-207. 

reyc~se osmosis. wpro-206. V2: 107 

distillation. wpro-22. V2: 110 
evaporation. wpro-223. V 2  110 

V 2  107 

Thermal treatment technologies 

Procao/dihrk liquid lov-lml m t e .  RAD and/or 

. I t e m  for 
TRU contrmtnmtr o w .  waste ImMgexnent 

Biologtcal -bent technologies 

Chemical treatment technologies 
bb~rption. wpm-226. VI: 121 

chemical oxidation/reduction. wpro-209, 
v1: 119 

Chemical pmdpibtion. wpm-210. V1: 119 
el~~bchemical  -tal r ~ m ~ v a l  wpm-205, 

VI: 119 
b n  exchange. wpm-2 17/2 18. V1: 119 
omnation photolysis. wp-214. V1: 120 
solvent txtraction. wpro-211/212. V1: 120 

adsorption. wpro-202/203, V1: 118 

fflbation. wpro-201. V1: 118 
high-gradient magnetic scparathn. wpro-204. 

Physical treatment technologies 

electrolysis.  pro-205. V1: 119 

V1: 118 

v1: 119 
inorgantc m i c s ~ p o ~ ~ ~ ~   filter^. wpm-207. 

rmrsc osmosis. wpro-206. V1: 119 

evaporation. wpm-223. V1: 120 
Thermal treatment technologies 

project infonuation acceu savicu. char-220. 
v2 7 

proportional counter fbr alpha and beta activity, 
char-108. V1: 48.49; V 2  11. 13 

Prodmity prober. roba-45. V1: 140, 146: V2: 161 

prodmity probes as control .earom. robadl. 
V1: 140. 147:V2 161 

mlpi8. wpro-110. VI: 101; Kk 25 

- Q -  
Quality control for PLtuprtWpt proceu. 
char-250. V1: 47; V2: 9 

- R -  
R d h t i ~ n  hudepiag, rob-54. V1: 140. 147; 
V 2  161 

Rdio.etiresunpleptepprr*r 'OP. char-205. V1: 45; 
v2 4 

- 715 1 - 
R8diorctirew88te. see 

Asphalt and building materfals. mtmd waste 
contaminated (debris. RAD. PCBs. 
organtcs. inorganics), waste managancnt 
alkmathres for 

contaminated (fiberglass insulation, RAD. 

management alternatives for 
Combustibk debris. mixed waste contamtnatcd 

(RAD. PCBS. organics. tnorganics). waste 
maMgement alternatives for 

waste maMgement alternatives for 

(RAD. PCBs. organics. inorganics). waste 
managemnt alternatives for 

Compactible debris. RAD contamination only, 
waste management alternatives for 

Conate  rubble. mixed waste contaminated 
(asbestos. FCBs, oils. RAD, organics, 
inorganics). waste management 
alternatives for 

Concrete rubble. mixed waste contaminated 
(RAD. PCBs. organics, inorganics). waste 
management alternatives for 

Concrete rubble, RAD contamination only. waste 
management alternatives for 

Corrosive wastes, mixed waste contaminated 
(RCRA hazardous and/or RAD 
contaminated). waste management 
alkmathrts for 

Discarded %l-. mixed waste contaminated 
(RAD. PCBs. organics. inorganics). waste 
management alternatives for 

management alternatives for 

Asphalt and building materfals. mtmd waste 

PCBS. oils. orgadb,  inoganics). waste 

Combustible debris, RAD contamination only. 

Compactible debris. mixcd waste contaminated 

Discarded ffl-. RAD contamination only. waste 

Fiagkss insulation, mixed waste contaminated 
~8bergiaSs. RAD. PCBS. oils. oganics. 
inorganics). waste management 
altemattves for 

waste management alternatives for 
Fiberglass insulation. RAD contamination only, 

Final residues from D&D. ER and WM 

disposal alternatives for 
Fissile matniats. RAD contaminated. waste 

management alternatives for 
Gascous waste (radioacthe constituents). 

characterkation alternatives for 
Graphite moderator. RAD contaminated. waste 

management alternatives for 
Historical waste disposal sites. burial grounds. 

add pits. retention b a s h .  and bulk 

scrap metals. asbestos. FCB. organic and 

management alternatives for 

con- (RCRA hazardous and/or 
RAD contamtnated)). waste management 
altemathres for 

operations (low-level RAD waste). waste 

waste in storage tanks (RAD, scrap wood. 

inorganic constituents). waste 

Ignitable rcacUve wastes. mixed waste 
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Rdi- W u t e  (rammed) 
Infectious and mcdical wastes. mlmd waste 

contaminated (RCRA hazardous and/or 
RAD contamtnated). waste management 
altematfves for 

Lab packs (organics, inorganics. RAD). waste 
management alternatives for 

muid wastes (radioacthrc constituents). 
chamdmkatton alternatives for 

waste contaminated (RCRA hazardous 
and/or RAD contaminated). waste 
management alternattvw for 

Idstedwastcs (nonhalogeMttd sohfents). mixed 
waste contaminated (RCRA hazardous 
and/or RAD contaminated), waste 
manageMnt alternatives for 

Melton Valley and REDC caustic aqueous wastes. 
mixed waste mntamtnated (RCRA 
hazardous and/or RAD contaminated), 
waste management alternatives for 

Melton Vallcy and REDC caustic aqueous wastes, 
RAD and/or TRU contaminants only. 
waste management alternatives for 

Nonflsslle radioactive matdals having low 

b t e d  (halogenated SOhfCdS), mtxcd 

specific acthrity. waste shipment 
alternatives for 

mntaminated objects. waste shipment 
altemattves for 

contamfnated. waste management 
altemattves for 

waste mntaminated (RCRA hazardous 
and/or RAD contaminated). waste 
management alternatives for 

REDC addic aquuxls wastes. mixed waste 
contaminated (RCRA hazardous and/or 
RAD contaminated). waste management 
altemathres for 

REDC addic aquams wastes. RAD and/or TRU 
contaminants only. waste management 
alternatives for 

contamlnated (RCRA hazardous and/or 
RAD contaminated). waste mamgcmmt 
altemattves for 

contamhated (RCRA hazardous and/or 
RAD contamlnatcd). waste management 
alternatives for 

Scrap buildtng materials, RAD contamination 
only. waste management altanattves for 

Scrap f'us metals. mi~d waste contaminated 
(stteL RAD. organics. inorganics. FCBs), 
waste management a l t e m a t ~ ~ ~ ~  for 

Scrap ferrous metals. RAD contamination only. 
waste management alternatives for 

Scrap nonfmus  metals. mixed waste 
contaminated (RAD. FCBs. organics, 
inorganicsl. waste management 
alternatives for 

Scrap nonferrous metals. RAD contamination 
only. waste management alkmatives for 

Non&Ssllt radioactive matexiah, surface 

Other RCRA hazardous wastes. mixed waste 

procesS/dil~te liquid l~w-lwtl waste. mlmd 

REX liquid organic wastes. mixed waste 

Sanitary/industrfal wastewater. mimd waste 

Scrap m i t e  and scrap asbestos pipe and 
insulation. mixd waste contaminated 
(asbestos. E B s .  oils. RAD, organics. 
inogantcs). waste v e n t  
alternatives for 

Solid-liquid wastes (radloactlvt constituents), 
*n altcrnattvcs for 

-tion alkmattvw for 
Spent ion orchange media mixed waste 

contaminated (RAD. PCBs. organics. 
inorgallics).wastemaMgement 
alternatives for 

Spent ion acchange media, RAD contamination 
only, waste management alternatives for 

Toxic metal wastes. mixed waste con- 
(RCR4 hazardous and/or RAD 
contamihatcd), waste management 
altemattves for 

Toxic organic wastes. mixed waste contaminated 
NCRA hazardous and/or RAD 
contaminat#). waste management 
altemathx for 

solid wastes (-e OonsUtUents), 

Waste management definttions of problems for 
waste off-gascs (adsorbable RAD constituents). 

waste management altanatives for 

mnstituents)). waste management 
altemattvcs for 

Waste off-gascs (radtoacttve constituents). waste 
management alternatlvts for 

contaminated (RAD. PCBs. organlcs. 

alternattvcs for 

only, wastt managememt altemattves for 

contaminated (RAD. organics. inorganics). 
waste mmagcment alternatives for 

contamination only, waste management 
altemattves for 

Waste off-gascs (nonadsorbable RAD 

waste processing sludges. mixed waste 

inorganics). waste management 

Waste processing sludges, RAD contamtnatton 

Waste pmcesstng solid residuals, mixed waste 

Waste pmcessfng solid residuals. RAD 

Radioadm-wa8te I n a M g ~ c l l t  regulations 
General Raphmcnts 

Clean &Act and T e ~ e s ~ e e  Air Quality 
Laws, v 1 :  188-190 

DOE ordcrs. V1: 182-188 
Regulation of radfoacttve waste 

hlgh-levtl ~ ~ I ~ U V C  w e ~ t e .  V1: 193 
low-lwcl radioacttvc waste. VI: 193-194 
special-case waste. VI: 194 
spent nuclear fuel. V1: 194-195 
TRU waste. V1: 1-193 

R.dioanalytical  prod^. char-202, v 1 :  4 9  
V2: 13 

R u l i o c h d c d  Enginaring Development Center 
IrreDc). see 

Melton Valley and REX caustic aqueous wastes. 
mixed waste contaminated (RCM 
hazardous and/or RAD contamhahi)). 
waste management altemauves $SOc;lSS 

~- 

Page C-28 

~ _ _  . . . - . .- 

Waste Management Index . 
September 1993 



Melton Valley and REDC caustic aqueous wastes. 
RAD and/or TRU contamtnants only, 
waste management alternatives fbr 

REDC acidic aqueous wastes. mtxed waste 
contaminated (RCRA hazardous and/or 
RAD contaminated). waste management 
alternatives for 

REDC acidic aqueous wastes, RAD and/or TRU 
contaminants only, waste management 
alternatives for 

contamLnatcd (RCRA hazardous and/or 
RAD contaminated)). waste mamgemmt 
alternatives for 

REDC liquid organic wastes. RAD and/or TRU 
contaminants only, waste management 
alternatives for 

REX liquid organic wastes. mixed waste 

Range M u s ,  roba-44. V1: 140. 146; V2: 160 

RMLlne., t e b l o g y  
Descrlption of crlterfa, V1: 30-32 

RCRA. See 
Resource Conservation and Recovery Act 

RCRAauudoprvute.  See 
Corrosive wastes. mixed waste contaminated 

(RCRA hazardous and/or RAD 
contaminated), waste management 
alternatives for 

waste management alternatives for 

contaminated (RCRA hazardous and/or 
RAD contaminated), waste management 
alternatives for 

contaminated (RCRA hazardous and/or 
RAD contaminated). waste management 
alternatives for 

waste contaminated (RCRA hazardous 
and/or RAD contaminated). waste 
management alternatives for 

Listed wastes (nonhalogenated solvents), mixed 
waste contaminated (RCRA hazardous 
and/or RAD contaminated), waste 
management alternatives for 

Melton Valley and REDC caustic aqueous wastes. 
mtxed waste contaminated (RCRA 
hazardous and/or RAD contaminated)). 
waste management alternatives for 

NonradioacUve hazardous waste. waste shipment 
alternatives for 

Other RCRA hazardous wastes. mixed waste 
contaminated. (RCRA hazardous and/or 
RAD contaminated) waste management 
alternatives for 

waste contaminated (RCRA hazardous 
and/or RAD contaminated). waste 
management alternatives for 

Gcnexation of hazardous and mixed wastes, 

Ignltable reactlve wastes, mixed waste 

Infectious and medical wastes. mixed waste 

Listed wastes (halogenated solvents)). mixed 

Ronss/dil~te liquid 1 0 w - 1 ~ 1  waste. mixed 

REDC addlc aqueous was&. mlxed waste 
contamhated (RCRA hazardous and/or 
RAD contaminated)), waste management 
alternatives for 

contaminated (RCRA hazardous and/or 
RAD contaminated). waste management 
alternatives for -3 

TOXIC metal wastes, mlxd waste contaminated. 
(RCRA hazardous and/or RAD 
contaminated). waste management 
alternatives for 

TOXIC organic wastes. mfxd waste contaminated 
(RCW hazardous and/or RAD 
contaminated). waste management 
alternatives for 

Sanitary/industrial wastnvater. mixed waste 

Waste management dt&litions of problems for 

RCRA noabuk POP PGI. XI. IXI m-cation 
p.Jpeine bulk-mtroag tight containers. 
wpht-109. V2: 150 

RechPlrctehation and d t p o d .  wpro-303. 
V2: 131 

Recherocteh and atp0.e Of/=-. wpm-130. 
V1: 1 2 3 . 1 3 0 V 2  106 

~econlketpine a d  reportine requirements. 
V1: 207 

Recycle/=pre (d u mdbed aggregate/fihr). 

135. 136. 138. 140. 142 
wpm-130. V1: 106. 112. 121. 125: V 2  107. 131. 

Repro-. wpm-122. V1: 105: V 2  121 

Resource CowR.tion and Recovery Act 
DMsion by subtitles. V1: 158 
Hazarrlous-waste management regulations 

CAMUS/TUS. V1: 171-172 
characteristics of hazadous waste. 

comctlve action rrquirements. V1: 170-172 
delisting petitions. V1: 164 
generator rtquhmcnts under Subtitle C, 

V1: 166-167 
hazardous constituents regulated under 

RCRA, V1: 163-164 
land disposal restricttons. V1: 172-177 
listed solid waste. V1: 163 
transporter requirrments under Subtitle C. 

treatment s t o w  disposal iacillty 

Vl: 162-163 

v1: 167 

permi- requirrments under RCRk 
V1: 169 

treatment storage. disposal haty 
requirements under Subtitle C. 
V1: 168-170 

underground storage tanks under Subtitle I. 
V1: 17G181 

waste mixhues (m d e .  derived-from 
rule. contained-in policy, and mixed 
waste), v1: 164-166 

wastes excluded finm Subtitle C. V1: 164 
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~ t U C e C o n 8 u v d o n a a d R c c m c r p A c t  
(continue& 

Mlxed-waste v1: 196-199 
Solid-mte mgulation~. V1: 159-162 
Tenntssct reguhtions. V1: 159 
Waste mhhka tbn .  V1: 203 

REDC ridic r~peop. wmstu. mixed mte 
contudmted (RCRA hazardous .nd/or RAD 
contrmtrrted]. v..k -cat dtenmtivu 
for 

Biological hatmmt technologies 
bio&dtdcatlon. wpm-229. V1: 117; 

V 2  114 
Chemical treatment technologies 

B d t e c  PIOOZSS. ~pm-228. V1: 116 V 2  112 
chemical olddation/xuiucUon. wpro-209, 

chemical prcdpitation. wpm-210. V1: 116 
v1: l l 6 V 2 :  112 

v2: 112 

V 2  113 

v2: 111 

electrochemid metal remod,  wpm-205. 

ion exchange. wpm-217/218. V1: 117; 

neutralfZaton. wpro-230. V1: 117 
n l t r a t e - - n i a - c ~  WAC) P~OC~SS. 

wpro-1ffi.Vl: 112v2 112 
ozonatbn photolysis. wpro-214. V 2  113 
s o k t  extaction. wpro-211/212. V 2  113 

Physical treatment ttchnologks 
alr smpping. wpm-200. m: 11 1 
ek&~lpis.  wpm-205. V1: 116: V2: 11 1 
fflbtbh wpr0-201. V1: 116: V2: 111 
inorganic mtcrpporous filters. wpro-207, 

reverse osmosis. wpro-206, V1: 116 V2: 11 1 
v1: ll6rn: 111 

mermal tmatmnt technologies 
e v a p ~ r a t i o ~  T - 2 2 3 ,  V1: 117; W. 113 
mtcrowave treatment wpm-115. V2: 114 

REDC acidic -09. wastes. RAD and/or TRU 
contrminrnts ow. mtt pupseemcat 
dterer*io# for 

Biological treatment technologies 

Chemical treatment technologies 
biodcnitrification. wpro-229. V1: 121 

B d t e c  prooes~, -IO-228. V1: 119 
chemical oxidaUon/mduction, wpm-209. 

chemiml pmdpltation. wpro-2 10. V1: 119 
v1: 119 

~lectrochemid -tal I E I I I O ~ ,  VKO-205. 
v1: 119 

ion exchange, wpm-217/218. V1: 119 
mtrakatbn. wpl-04230. v1: 120 
ni~te-ammonia-mamic (NAC) proass, 

Wpro-106.Vl: 120 

Physical treatment technologies 

fflbtion. wpm-201. V1: 118 

omnation photolysis. wpro-214. V1: 120 
solvent urtraction. wpro-211/212. V1: 120 

ekchlysis. wpm-205. v1: 119 

inoganic miappor~us filters. ~ p - 2 0 7 .  
v1: 119 

reverse osmosis. wpro-206. V1: 119 

Thermal treatment technologies 
evaporation. wpm-223, V1: 120 
microwave treatment wpro-115. V1: 120 

REM: liquid o r g d c  vu-. mtd mte 
coatPmi..rtrd (RCRA hazardous and/or RAD 
coatrminrttd), m t e  mumgemcat dtemativw 
for -3 

aerobic digestion. wpro-224, V1: 118 
Blologtcal tsatment ttchnologies 

m b i c  digestion. wpm-225. V1: 118 
Chemical treatment tcchnologt~~ 

V1: 116 V2: 115 

V 2  115 

V 2  115 

chcmical oxidation/reduction. wpm-209. 

chemical precipitation. wpro-210. V1: 116 

solvent extraction. wpm-211/212. V1: 117; 

Physical treatment technologies 
adsorption. wpro-202/203. V1: 116 W: 114 
afr smpping. wpm-200. m: 114 
ffltratlon. wpro-201. m. 114 
Inorganic micropomus filters. wpro-207. 

advanced electric thermolysis, wpro-120. 

V2: 114 
Thermal treatment technologies 

V1: 117; V2: 117 

V 2  117 
Bucky ball chemistry. wpm-101. V1: 116; 

c h ~ m ~ h a r p r ~ c c ~ ~ .  WID-114, V1: 117 
distillation. wpro-222. V1: 117 
incineration. wpm-108. V1: 118 
microwave treatment wpm- 1 15. W. 117 
molten glass combustor. wpm-116, V1: 118 
molten sak oxidation. wpm-113. V1: 118 
plasm arc furnace. wpro-107, V1: 118 
~ ~ p a n i t i c a l  fluid Urtraction, wpm- 118. 

V1: 117; m: 117 
wetairoxidation. wpm-215. V1: 117; m: 116 

REDC liquid organic wastes. RAD and/or TRU 
contuninants only, W t e  management 
altemrtiv# for 

Chemical treatment technologles 
chemical oxidation/duction. wpro-209. 

chemical precipitation, wpro-210, V1: 119 
solvent exhaction. wpmd11/212. VI: 120 

Physical treatment technologies 
adsorption. wpro-202/203. V1: 118 
filtration. wpm-201. V1: 118 
inorganic micropomus filters. wpro-207. 

advanced elecmc thermolysis, wpro-120. 

v1: 119 

v1: 119 
Thermal treatment technologits 

v1: 120 
Buckyball chemistry. wpm-101. V1: 119 
chtm char P~OCSS. wpr0-1 14. V1: 120 
distillation. wpm-222. V1: 120 
lncimration. wpm-108. V1: 120 
molten glass combustor. wpro-116. V1: 121 
rnoli.cn salt oxidation. wpm-113. V1: 121 
plasma arc fiunace. wpro-107. V1: 121 
supercrltiml fluid extmction. wpro- 1 18. 

v1: 120 000768 
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L.  

&aituy/industrid vastewmter. mixed waste 
contunhated (It- h u u d o u s  &/or RAD 
contrmkuted). vuk management dtuaatives 
for 

Biological treatmtnt technologies 
aerobic digestion. wpro-224. V 2  118 
anaerobic digestion, wpro-225. Kk 118 

@mxm radiolysis. wpro-100. v2 120 
Chemtcal treatment t e c ~ l o g i e s  

OzonaUon photolysis, wpro-214. V 2  120 
s o h t  exhction, wpro-2 11/2 12. Kk 1 19 
supcrnltlcal water oxidation. wpro-2 16, 

wtt air oxIdation, wpro-215. V2: 120 
Physical tmatment technologies 

adsorption. wpro-202/203. V2: 119 
fflbatton. wpro-201. V2: 119 
inorganic mlcroporous fflters. wpro-207, 

reverse osmosis. wpro-206, V2: 118 

v2 120 

v2 118 

T h d  treatment technologies 
c h a  char process. wp1~-114, V 2  118 
distillation. wpro-222. V 2  118 
evapolation. wpro-223. V2: 121 

8mitprg/&drutrid wastewater, RAD and/or TRU 
con- a t. only, w u t e  management 
dtenmtivc~ for 

Biological treatment technologtes 
aerobic digestion. wpro-224. V2: 121 
anaerobic digestion. wpm-225. V2: 12 1 

Chemical treatment technologies 
gamma radiolysis. wpro-100. v1: 119 
solvent extraction, wpro-211/212. V1: 120 
supercritical water oxidation. wpro-2 16. 

wet air oxidation. wpro-215. V1: 120 

adsorption. wpro-202/203. V1: 118 
ffltmtion. wpro-201. VI: 118 ' 

inorganic microporous fflters. wpro-207. 

reverse osmosis. wpro-206. V1: 119 

evaporation, wpm-223. V1: 120 

v1: 120 

Physical tmatment technologks 

v1: 119 

Thermal treatment technologies 

scamhg electron microroopy. char-33, V1: 49; 
V 2  15 

Resid-. see 
Final residues from D&D. ER and WM 

operations (clean debris). waste disposal 
alternatives for 

Final residues from D&D. ER and WM 
operations (low-level mixed waste), waste 
disposal alternatives for 

Final residues from D&D. ER and WM 
operations (low-level RAD waste). waste 
disposal alternatives for 

Final residues from D&D, ER and WM 
operations (RCM waste). waste disposal 
alternatives for 

Final residues from D&D. ER and WM 

disposal alternatives for 
Final residues from D&D. ER and WM 

operations mu waste), waste disposal 
alternatives for 

operations ( saap  asbestos). waste 

Reverse osmosis, wpro-206, V1: 109. 116, 119 
V 2  87. 88. 107. 111. 118 

Robotkm and r u t d o n  
Discussion of implementation needs, V1: 144 
Discussion of science and technology needs, 

Dfscussion of technology options. V1: 138141 
Technology rankings. V1: 145-147 

V1: 142-143 

Robotics and autonution dtmmhves - for waste 
nmMgement. see 
Waste hand- and p a ,  robotics and 

Waste surveillance and inspection. robotics and 
automation alternatives for 

automation alternatives for 

- S -  

Safety (collision avoidance). roba-35. V1: 140. 146: 
V 2  159 

safety Q d / r a t e  limiting). roba-35. V1: 140,146: 
V 2  159 

sample conection. roba-57. V1: 141, 147; V 2  162 

SMple -on, roba-59. V1: 141. 147; V 2  162 

srmpline urd mixing methods, char-81. V1: 45; 
v2 3 

h e t e r o g ~ r o ~ ~  mtt~. char-270. V1: 4 5  
v2 4 

5.mpllne interfPee wtem for  surf^^^ 
con-on by o r g d a ,  char-271, V1: 4 5  V2: 4 

SunpUng program configuration management 
ryDtrm, char-228. v1: 45: v2 3 

SunpUng undugmund storage tnuh for volatile 
o r g d a .  char-257, V1: 45; V2: 3 

&rap ukstos pipe inr91.tion m d  transitc. 
uncontaminated (no RAD or RCRA hazardous 
wute contamhution), waste mmmgtmcnt 
dtern.tivt.for 

Physical treatment technologies 
hd f i l l  d i s p d .  wpm-131. V1: 106 V 2  135 

QuPpbuildingmaterial8,RADcont * Yon 
only, m t e  management dtenutivu for 

Chemical treatment technologies 
leaching and stripping. wpm-213. V1: 103 

V 2  52 
Thermal treaiment technologies 

inhemtion, wpro-108, V1: 103: V 2  51 
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SfmPbuUdiogmrterirl.,RdDcont.minrtion 
only. waste muuqement dtcrmativu for 
b- 

molten glass combustor. wpro-116. VI: 104: 

plasma a m  furnacc. wpm-107. VI: 104; 
V2: 51 

V2: 51 
Waste stabilhtion technologies 

encapsulation, VI: 102: m: 51 

Scrap fernas me-. mired rpute contadmtd 
(steel. RAD. orgUdc8. inorgdcs. peg.), mte 
~ e m e p t r l t e r n r t i o t . f o r  

Chemical trcatmtnt tcchnobgics 
C a h e m l c a l  m e d  r t m ~ d ,  wpm-205. 

VI: 9 9  m: 30 

s o h t  extraction. wpro-211. v1: 100 v2: 30 
supercritical fluid extraction. wpro- 118. 

VI: 100: V2: 30 
Physical trcatmcnt ttchnologies 

Thermal treatment technologies 
sodcation. wpro-121. VI: 9 9  V 2  29 

plasma arc furnace. wpro-107. V1: 101: 
V2: 29 

~ ~ ~ ~ l t l n g ,  wpm-I l l ,  VI: 101: V 2  29 
thermal desorption, wpro-106. VI: 101: 

V2: 29 
Waste stabiltzation technologies 

encapsdatton. VI: 9 9  V2: 29 

SfmP bumas metab, RAD contrminrtion only, 
wastemanagement .Itemathesfor 

Chemical treatment technologics 
electrochemical metal I C ~ O ~ .  wpm-205. 

VI: 102: v2: 53 

m: 54 
leaching and smpptng. wpm-2 13. VI: 103: 

s o h t  extraction, wpro-211/212. VI: 103: 
v2 54 

Physical treatment technologies 

Thermal treatment technologies 
sanification. wpro-121. V1: 102 V2: 53 

plasma arc furnaa. wpm-107. V1: 104: 
v2: 53 

S m l t l n g .  wpro-111. v1: 104: m. 53 
Waste stabilization technologies 

encapsulation. VI: 102: m: 53 

SfmP femora metab. TRU cont.minrtion only, 
waste mMAgepLcpt dternativw for 

Chemical treatment technologies 
~kctrochemical metalrtmOydL wpm-205. 

V1: 102: m: 72 
1ta3llng and stripping, wpro-2 13. VI: 103: 

v2 73 
s o h t  extraction. wpro-2 11/2 12. VI: 103: 

package to meet W P  WAC, wpro-128. 

plasma arc furnace. wpro-107. VI: 104: 

m: 73 
Physical treatment technologtcs 

Thermal lrcatment tcchnologles 
VI: 105: V2: 72 

V2: 72 
smelting. wpro-Ill .  v1: 104; v2: 72 

Waste stabikatton technobg~cs 
encapsulation. VI: 102 V2: 72 

ScrapnonfelTop.met.h.mtedautc -- (RAD. PCB.. org.pia, iaorg.n2a], 
autemrp.gemtpt  d t e n m t h s f o r  

chemtcal trcahcnt ttchnologles 
electrochcdcd metal m m d .  wpm-205. 

VI: 99: v2: 31 
gamma radiobls. wpm-100, VI: 9 9  m: 31 
gas phase frcatment dcon-16. VI: 9% V 2  32 
leaching and s m p w ,  wpro-213. vi: 99: 

V 2  31 
mond pmccss. wpm-112. V1: 100: V2: 32 
n i h t e - m n k - m ~  WAC) p r ~ ~ e s s .  

supercrltical fluid extraction. VI: 100: W: 31 

sodcation. wpro-121. VI: 9 9  V 2  31 

incineration. wpro-108. V1: 100 V 2  32 

t h d  desorption. wpm-106. VI: 101: 

encapsulation. VI: 9 9  m: 31 

wpro-105. V1: 100: m: 32 

Physical tmatment technologies 

Thermal treatment technologks 

s m l w  Wpm-Ill. VI: 101: m: 33 

V 2  33 
Waste stabilizatton technologies 

Swap non6urous m e w .  RAD cont.minrtion 
only, waste ammaganent dteraatives for 

Chemical treatment technologies 
elcctrochemid =tal ~ I D O ~ .  wpm-205. 

v1: 102: m: 55 

v2: 55 

V 2  54 

gas phase (CIFJ treatment dcon-16. VI: 103: 

leaching and stripping. wpm-213, V1: 103: 

mond pmcess. wpro-112. VI: 103: V2: 55 
nitratt-ammonia-ceramic WAC] pmass. 

wpro-105. VI: 103: V2: 55 
Physicai tnatmcnt technologles 

s o d c a m n .  wpro-121. VI: 102 m: 54 
Thermal treatment technologles 

indnm~n. wpm-108. VI: 103 V2: 55 
smlttng. Wpro-ll1. VI: 104: m: 56 

Waste stabthation technologies 
encapsulation. Vl: 102: V2: 54 

Scrap nonferroas metab, TRU c o n t u n b t h  
o e ,  waste maaagement dtcrxmtivu for 

Chemtcal treatment technologies 
elcc-cal metal rtmoval. wpm-205. 

leaching and sblpping. wpm-213. VI: 103: 

m ~ n d  p m .  wpro-112. VI: 103: V 2  74 
nitratt-ammonk-cerami~ mAC1 P ~ C C S S .  

VI: 102; m: 74 

v2: 73 

wpro-106. VI: 103: m: 74 
- 
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Physical tnzatmtnt ttchnologies 

V1: 105: V2: 73 
Thermal treatment technologies 

package to m a t  WIPP WAC. wpm-128. 

indnrratloh wpm-108. V1: 103: V2: 74 
s d t t n g .  wpm-111. V1: 104: V2: 74 

Waste stabilkatton technologies 
encapsulation. V1: 102: V2: 7 3  

Scrap nonferrous metah. umcoatamimted (no 
IUD or ILCELA huudous vaste cont.minrtion). 
mste maamgemeat altenmtives for 

chemical treatmnt technologies 

Physical treatment tcchnologles 
acid digestion. wpm-127. V2: 137 

W disposaL wpm-131. V1: 106; V 2  136 
recyck/rrust. wpro-130. V1: 106; V2: 136 
sell as scrap, wpro-130. v 1 :  106: v2 136 

Scrap trumite rad scrap asbestos pipe and 
iprtll.tion, mixed waste contauhated (cubato.. 
=Bo, oh, RAD. orgaaia. i n o r g d a ) .  waste 
DL.D.gepLtpt altenmtives for 

chemical -t technologies 
gamma radiolysis. wpro- 100. v 1 :  9 9  v2: 23 
solvent extraction (general), wpro-211/212. 

supetcriiical fluid extraction. wpro- 118. 
V1: 100; V2: 23 

V1: 100; V2: 23 
Thermal treatment technologies 

ddnation/masthg, dwnbO. V1: 100: 
V 2  24 

hdnerati~n. wpm-108. V1: 100: V 2  24 
plasma furnace, wpm-107. V1: 101: 

v2: 24 

Scrap trumite rad scrap &tor pipe and 
hmlation, RAD contauhation only. waste 
==w?--t- - .for 

Chemical treatment technologies 
electropollshing/osxmsis/mtgration. dam-20. 

&amma radiolysis. wpro-100. V 2  50 
s o h t  ~ U O n .  wpro-211/212. v1: 1 0 3  

v 1 :  102; m: 49 

v2 49 
Thermal tmatmcnt technologies 

caldnation/roasttng. dwnbO, V1: 103: 
V 2  50 

indnnation. wpm-108. V1: 103: V 2  50 
plasma arc furnace. wpro- 107. V1: 104; 

V 2  51 
Waste stabllfiatlon technologies 

encapsulation. V1: 102; V2: 49 

-, ~pr0-211/212, V1: 1 2 3  V2: 131 

-. ~ p m - 3 0 1 .  V1: 123. 125. 1 2 6  V2: 124. 
126. 128. 130 

secondary ion mass s-pp. char-3, V1: 46; 
v2 7 

S e d t n e n t . . m p l i n e f m m w t r i c t e d ~  
1 4 0 m .  char-276. V1: 45; V2: 4 

8en u .CI.P. wpro-130. v i :  106. 113: v2: 1%. 138. 
140. 141 

8edVOktile OG& C0Mtit-b. &f 

Waste off-gasea (semivolatile organic 
constituents). waste management 
altcrnattves for * 

Sequential omnapling plans. char-252, V1: 45; V2: 3 

Shdbv h d  b d d .   pro-132. V1: 108. 113. 1 4 2  
V 2  107. 142 

Simabted v.llthrough facility for robotics task 
sequence mudydm. dism-171. V1: 47; V2: 8 

Sldge. see 
Coal yard runoff sludge, waste manaBemQlt 

dtematives for 
Waste proassing sludges, mixed waste 

contaminated (RAD, FCBs, organics. 
inorganits). waste management 
alternatives for 

Waste proassing sludges, RAD wntaminaUon 
only. waste management alternatives for 

Waste processing sludges, TRU wntamination 
only, waste management alternatives for 

Waste processing sludges, uncontaminated (no 
RAD or RCRA hazardous waste 
contamination). waste management 
altematives for 

Smelting, wpro-111, V1: 101.104; V 2  29.33.53, 
56.72.74 

Sodium iodide-gumaaium gamma 0pectrorcoyp. 
char-196. V2: 13 

Solid-liquid wastes ( o e w d  problem uu/ 
constituents). chuacterirrtion rltunrtiver 
for 

Data analysis/management technologies 
analysis of censored data. char-249, V1: 47; 

appltcation of approximate reasoning to data 
analysfs/evaluation. char-234, v1:  47; 

v2 9 

V 2  8 
automated engineering system Me-cycle 

phnning. dism-174, V1: 48: V2: 11 
automated scanning and conversion of 

engtneulng dxawtngs. dism-154. V1: 47: 
V 2  8 

automated system reliability and safety 
analysis. dism-175. VI: 4 8  V2: 1 1  

cltent/server access to standards and 
rtgulatory guidelines. dhm-152. V1: 46: 
v2 7 

client/sernr architecture for data base 
access. dism-157. V1: 47; V2: 9 

computer-aided task analysis and proccd~rr 
prepamtion, dism-172. V1: 47; m: 9 

computer-based trainlng systems. dism- 19 1,  
v1: 47; va 9 

cdticality indices, -44. V1: 47: V2: 9 
data a& services. dism-153. V1: 46- V2: 8 
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Solid-liquid w n t a  (general problem uu/ 
cop.titaent.), ch.trctertrtion rlkmrtivt. 
for foontttued) 

5bcr+ptrc detection and monitoring system 
(intelligent materials). char-240. V1: 4 8  
v2 10 

g c m r a k d  object-orkntcd simulation soft- 
warr. dism-173. V1: 48; V 2  1 1  

geographic information system for DOE sites. 
dism-181. V1: 47; V2: 8 

hazard analysis expert system char-233. 
VI: 47: m: 8 

VI: 47: m: 9 

for radioactive waste storage containers. 
char-260. v 1 :  48: v2 10 

migmtion in porous matuials. char-53, 
v1: 47; m: 10 

network architecture with integrated 
workstations. char-221, V1: 46; V2: 7 

project information access services. char-220, 
v2 7 

quality control for measurement process. 
char-250. VI: 47: v2 9 

simulated walkthmugh facility for robotics 
task sequence analysis, dism-171. Vl:  47: 
V 2  8 

char-253, v 1 :  47; v2 9 

hypertext information systems. dism-158, 

integrated microprocessor/sensor xmnitoring 

modeling of mlatile organic compounds 

spatial sample and data analysis plans. 

statistical methods for the analysb of large 
data sets. char-251. V1: 47; V2: 9 

v2 10 

structures, dism-156. V1: 48: V 2  10 

task schcdullng aids. char-241. V1: 47: 

3-D CAD data base of buildings and othm 

waste nwagement codgunition 
-malt ~y~tem char-230, Vk 10 

Detcction/measurement field methods 
air mon(torin& char-59, V1: 46: V 2  6 
elcctrochemtcal methods, char-10. v1: 46; 

V 2  6 

v2: 5 
5k*ptlc chemical sensors, char-25, V1: 46: 

infrad ~pect rps~py,  char-18. V1: 46: V 2  6 
immunoassay detection. char-23. VI: 46: 

ion mobility mass spectrometry. char-264. 

lumincsccna detection. char-92, VI: 46; 

o p t i d  absorption spectroscopy. char-27, 

pcrsonnd monitoring, char-52. V1: 46: V 2  6 
portable Ftanmn spectrometer. char-&. 

v2: 5 

VI: 46; V2: 5 

V 2  6 

V1: 46; V2: 5 

v 1 :  46; v2: 5 
Dctcction/measurrmcnt laboratory mthods 

contamination m n t r o l e c a l  equipment. 

Fourlcr transform inbred spectrosmpy. 

isotopic dilution mass spectroscopy. char-48. 

char-204. V1: 46; V 2  6 

char-8. V1: 46; V2: 6 

v1: 46; m: 7 

- 7 1 5 1  

laser ionization mass spcctrometqr. char-4. 

nuclear magnetic rcsonana. char-1 1, VI: 46: 

secondary ion mass sptctroscopy. char-3. 

V1: 46; V 2  7 

v2 7 

V k  46; V2: 7 
ulhvlolet/visible ~ p ~ ~ t r o s c o p ~ ,  char-9. 

v1: 46: v215 

in situ solid phase dcmextraction of 
organics. char-2 10, v 1 :  45: v2: 3 

membranes for sample collattion and 
concentration. char-55, V1: 4 5  V2: 3 

multianglc drilling for depth p r o w  of 
contaminants. char-64. V1: 4 5  V 2  4 

sampling and HMng methods, char-81. 
v1: 4 5  v2 3 

V1: 4 5  m: 4 

contamination by organics. char-27 1, 
v 1 :  4 5  V2: 4 

sampling underground s t o w  tanks for 
volatile organics, char-257. VI: 4 5  V 2  3 

scdfmtnt sampling h m  r&t-ktd access 

solid sorbcnt sampling for airborne organtcs. 

ultrasonic attraction. char-20. VI: 45; V2: 3 
Mcuum-assistcd rtvcrse flow, solvent 

udactton mthods, cha.r-62. VI: 45: 
v2 3 

Sample collection technologies 

sampling hetaogenouS wastes. char-270. 

sampling interhoe system for surface 

locatfon~. char-276. V1: 4 5  V2: 4 

char-254, v 1 :  4 5  v2: 4 

Sample prrparatlon tcchnologia 
adaptation of the EPA toxlcity charactalstic 

leaching process for use with radioactive 
samples. char-209. v 1 :  45: v2 4 

high-pressure ashing for sample preparation, 
char-203. VI: 45: v2 5 

metallographic sectioning and pnparatton, 
char-67. v1: 45: m: 4 

microwave digestion. char-19. VI: 4 5  V2: 4 
radioactlve sample preparation. char-205, 

supercritical fluid extraction of inoganics. 

supacritical fluid extraction of oganlcs. 

optimization of sampling designs. char-7 1, 

sampling pro- collrtguratron management 

v1:  4 5  m: 4 

char-201. v 1 :  45: v2: 5 

char-208. v 1 :  45: v2 4 
Sampling design technologies 

v 1 :  4 5  v2: 3 

SYSUZII, char-228. V1: 45: V2: 3 

v2: 3 
sequential sampling plans. char-252, V1: 45: 

Solid-liqdd w u t a  (inorganic constituent.). 
chuactuirrtion rltemativea for 

Field methods 
atomic emission spectroscopy. char-76. 

X-ray fluorrsccnce for in situ monitoring of 
V1: 49: V2: 14 

todc heavy IIIC~~S. char-219 and char-6. 
V1: 4 9  Kk 14 
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Laborably methods 
auger electron spectmscopy. char-2. V1: 50: 

atomic emission spectroscopy. char-76, 

cold vapor (mercury) amdysis. char-24, 

electron dithction. char-37. V1: 4 9  V2: 14 
electron spectroscopy for chemical analysis. 

en- dispersive X-ray spectroscopy. 

glow dfschage iontzation mass spectroscopy. 

V 2  15 

V1: 4 9  V2: 14 

V1: 4 9  V2: 15 

char-1. V1: 5 0  V2: 15 

char-35. V1: 49: V2: 15 

char-%. V1: 50; V2: 15 

~ p ~ c t r o ~ ~ ~ p y .  char-78. V1: 4 9  V2: 14 

char-77. V1: 49: m: 14 

inductively coupled phsIm4las.s 

inductively coupled pbslKi spectroswpy. 

ion chromatogmphy. char-50. V1: 4 9  V 2  14 
neutron activation analysis. char-266, 

parttcle-induced X-ray emission. char- 17, 

powderx-ray difhction. char-31, V1: 5 0  

scanning electron micrcscopy, char-33, 

transmission electron microscopy. char-34, 

V1: 49.50 V2: 15 

V1: 4 9  V2: 15 

V 2  15 

V1: 4 9  V2: 15 

V1: 4 9  m: 15 
wavcl~ngth disperstve X-ray ~ p ~ c t r o ~ ~ ~ p y ,  

char-36, V1: 4 9  m: 14 

Solid-liquid wastes (09- constituents). 
characterization dtenmtivu for 

Field methods 
direct sampling ion txap mass spectrometry, 

char-90. V1: 50; Vk 16 
chromatogmphy h the field. char-262. 

V1: 5 0  V2: 16 
portable gas chro&gxaph/electron capture 

detector for adyzfng PCBs. char-100, 
V1: 5 0  V2: 16 

portable volatile organic wmpound detectors, 

synchronous fluortsccnu screening for 
char-5. V1: 5 0  Vk 16 

polycyclic ammatic hydrocarbons. 
char-101. V1: 50: V 2  16 

Laboratory methods 
analytical methods for chelators and 

decontamination agents. char-206. 
V1: 5 0  V2: 17 

V1: 50; V2: 17 
captuary zone electrophoresis. char-207. 

gas chro~togxaphy. char-94. V1: 5 0  V 2  17 
gas chromatogxaphy4ourlcr transform 

infmd spectroscopy. char-66. V1: 50: 
V 2  17 

gas chromatogmphy-rmss spectrometry. 
char-88. V1: 50: V2: 17 

char-89. V1: 5 0  V2: 17 
liquid chromatography-xmss spectrometry. 

on-line supercritical fluid 
ahaction-multidetector gas 

V2: 17 
chromato@aphy. char-1 15, V1: 50: 

solid phase micnxxhction method. 
char-211. V1: 5 0 V 2  17 

Solid-liquid -* @.thwerrfc comtitmt.). 
characterization rltendives for 

Laboratory methods 
pathow sundihnot, char-215. V1: 51: 

V 2  18 -9 

Solid-liquid vastem (phydcal ch.rrtattia). 
characterization rlterrutivt. for 

Field mcthods 
fiber-optic systems for m&asurfng multiple 

ptrysid variables, char-248. V1: 51: 
V 2  18 

instrument response mod& for remote 
SCZU&I& char-246. V1: 50; V2: 18 

Laboratory methods 
computer tomocpaphy. char41. V1: 51: 

V 2  18 
0 p U d  ~~IXOSCOPY,  char-32. V1: 51: V2: 18 
particle ~ f i c  a d y ~ i s ,  char-26. V1: 51: V2: 18 

Solid-iiquid p..tc. ( d o r c t k e  comtituenta). 
characterization dtexnatives for 

Field methods 
advanced radiation monitiors. char-269, 

v1: 48: m: 12 
alpha hack etch detectors for surface alpha 

contaminatton. char-96, V1: 48: V2: 12 
bubble dosimeters for neutron flux, char-2 16. 

VI: 48; m: 12 

V 2  13 

and delayed neutron counting, char-200, 
V2: 13 

integrated micloproassor/sensor monitoring 
for radiaacth~~ waste storage containers. 
char-250. v 1 :  47; v2 12 

long-range alpha detector. char-65. V1: 4 8  
v2 1 1  

neutron activation. char-266, V1: 49.50: 
V 2  13 

passive m~nitors for wcak beta radionuclides. 
char-102. v 1 :  4 8  v2 1 1  

passive neutron detection. char-104. V1: 4 9  
V2: 13 

photon electmn refectlng alpha liquid 

gamma-lay specmmctry. char-268, v 1 :  4 9  

gross ibstle analysis by neutron activation 

~dnUllaU~n. char-97. V1: 4 9  V 2  13 

char-263. v1: 4 8  v2 12 

acttvity. char-108, V1: 48.49: V 2  11. 13 

V 2  13 

portable gamma ray Sdntillometcrs. 

proportional counter for alpha and beta 

ladioanaiyucai proadurrs. char-202. v 1 :  49: 

sodium iodide-germanium gamma 

thermoluminescence dosimeter array for 
spatial characterization of alphacon- 

waste curie monitor (bag or barrel counter for 

~ p e ~ t r o ~ ~ ~ p y .  char-196. V2: 13 

tamination. char- 103. V1: 48; V2: 1 1  

low-level gamma radfoacttvity), char- 109. 
v2 12 000765 
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I 

Solid-Hqdd wta (rrdiorctht corutitacnta). 
c b u r t a t . t l o n  rltcnmtivem for (wnunued) 

liquid sdntUlatlon counw, char-267. 
Laboratory methods 

V1: 49: V2: 14 

Solid phne mia#xtrrstion metbod. char-21 1. 
V1: 50; V2: 17 

Solid sorbent umpblpg for airborne o r g d c ~ .  
char-254. v 1 :  45: v2: 4 

Solid Waste M.ponI Act 
As amended by the FFck v 1 :  196-199 
Mimd waste. v 1 :  196 

Solid Waste Disposal Act. 
Rtsoura Conservation and Iiccxrvery Act 

Solid-putc reguhtiona. V1: 159-162 

Solid m t e s  (gmurl problem 
ueu/constitucnts), characterisation .itexnatives 
for 

Data analysis/management technologies 
analysis of ansored data. char-249. V1: 47; 

v 2  9 
application of approximate masoning to data 

analysis/evaluation. char-234, VI: 47; 
V2: 8 

automated er@mdng system Me cycle plan- 
ning. dism-174. V1: 48: V2: 1 1  

automated SCaMfng and conversion of 
engimering dmwings. dism-154. V1: 47; 
v2:8 

automated system mllability and safety 
analysh. dism-175. V1: 4 8  V2: 1 1  

clknt/server access to standards and 
rrgulatory guidellnes, dism-152, V1: 46: 
v2: 7 

cllent/scmr architecture for data base 
accc99, dism-157. V1: 47; V2: 9 

computer-aided task analysis and proccdurr 
pqaration. dism-172. V1: 47: V2: 9 

computer-based training systems. dism-191. 
v1: 47; v2: 9 

dticality indias, c h a r 4 .  V1: 47; V2: 9 
dataacass snvfas. dism-153. V1: 46: V2: 8 
fibcroptic detection and monito- system 

(intelligent materials). char-240. V1: 48: 
v2: 10 

Sncraltzed objectoriented simulation soft- 
wam. dism-173. VI: 48; V 2  11 

jpgmphic information system for DOE sites, 
dism-181. V1: 47; V2: 8 

V1: 47: V2: 8 

v 1 :  47; V2: 9 

for radioacthn waste storage containers. 
char-260. v 1 :  48: v2 10 

migtation in porous materials. char-53. 
v1: 47; v2: 10 

hazard analysis expert ~ystem. char-233. 

hypukxt information systcms. dism-158. 

integrated micmproassor/scnsor monitorkg 

modeling of volatile organic compounds 

network architecture with intcgmed 
workstations. char-221. V1: 46: m: 7 

project information amss mas, char-220. 
v2 7 

quality control for mcasurrment proass. 
char-250. v1:  47; v2 9 

simulated walkthrough Wty for robotics 
task s c q u c n ~ s i s .  dism-171. V1: 47; 
V 2  8 

Spaual sample and data analysis phns. 
char-253. v1:  47; v2: 9 

statistical methods for the analysis of large 
data sets. char-251, V1: 47; W. 9 

v2: 10 

st~~ctur ts .  dlsm-156. Vl:  48: V2: 10 

task scheduling aids. char-241. V1: 47; 

3-D CAD data base Of bdd- and 0th- 

waste lllanagcment codguatfon 
managcmt ~ystem. char-230, V2: 10 

Detection/mcasuruncnt Bcld methods 
air monitoring, char-59. V1: 46: V 2  6 
electrochemical methods. char-lo. v 1 :  46: 

V 2  6 

v2 5 
Bberoptk chemical SCIISOIS. char-25, V1: 46: 

lnfrartd ~ p e c t r o s ~ p ~ .  char-18. V1: 46: V 2  6 
ion mobility mass spectmmetq. char-264. 

immunoassay detection. char-23, V1: 46; 

lumincsaxxe detection. char-92, V1: 46: 

optical absorption spectroscopy. char-27. 

portable Raman spectrometer, char-84. 

V1: 46: V2: 5 

v2 5 

V 2  6 

V1:46:m:5 
pers~nncl monitoring. char-52. V1: 46: V 2  6 

v 1 :  46: m: 5 
Dettction/mcasuremcnt laboatoxy methods 

contamination control-adytical equipment 

Fourier transform infrarrd spectroscopy, 

isotopic dilution mass spectroscopy, char-48, 

laser ionkation mass speztmmetty, char-4. 

nuclear magnetic msonana. char-1 1. V1: 46: 

secondary ion mass spectroscopy. char-3, 

char-204. V1: 46: V 2  6 

char-8. V1: 46; V2: 6 

v1:  46: v2: 7 

v1:  46: v2: 7 

v2 7 

v1:  46: v2: 7 

v1:  46: v2 7 

in situ solid phasc miauexhaction of 
oT&anlcs, char-210, v1: 45; v2: 3 

membranes for sample collection and 

multlangle drilling for depth profiling of 

sampling and mixing methods. char-81. 

sampling heterogenous wa~tts.  char-270. 

dtravlol~t/visibl~ ~ p ~ ~ t r o ~ m p y ,  char-9. 

Sample collection technologies 

concentration. char-55. V1: 4 5  V2: 3 

contaminants. char-64. V1: 4 5  V2: 4 

V1: 45  V!k 3 

v1:  45; V2: 4 

contamination by organics, char-271. 
V1: 4 5  V!k 4 

sampling interha system for s d a a  
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sampling undemund storage tanks for 

scdimcnt sampling h m  resrnct.4 access 

solid sorbent sampling for airborne organics, 

ultrasonic cxtmction. char-20. VI: 45: V 2  3 
vacuum-assisted reverse flow, solvent 

extraction methods. char-62. V1: 45: 
v2 3 

V O ~ U ~ C  organics, char-257. V1: 45: V2: 3 

lo cat lo^. char-276. VI: 4 5  V2: 4 

char-254. v1: 45: v2 4 

Sample preparation technolo#es 
adaptation of the EPA toxlcity CharaCMsUc 

leaching process for usc with d o a c t h e  
samples. char-209. v 1 :  45: v2 4 

char-203. v1: 45: v2 5 

char-67. v 1 :  45; V2: 4 

high-pressure ashing for sampk preparation. 

metallographic sectlodng and preparation. 

microwave digestion. char-19, V1: 45; V2: 4 
radioactive sample preparation. char-205. 

supercritical fluid extraction of inorganics 

supercrltical fluid extraction of organics. 

v 1 :  4 5  v2: 4 

char-201, v 1 :  45: v2 5 

char-208. V1: 45: V 2  4 
Sampling design technologies 

optimization of sampling designs. char-7 1, 

sampling program configuration management 

sequential sampling plans. char-252, V1: 4 5  

v 1 :  4 5  v2: 3 

~ystcm.  char-228. V1: 45: V2: 3 

v2 3 

Solid wastes (inorganic conmtituents). 
chumctert.tion .Iternativea for 

Field methods 
atomic emission spectroscopy. char-76. 

X-ray fluonscence for in situ monitoring of 
V1: 4 9  Tk 14 

toxk heavy metals. char-219 and char-6, 
V1: 4 9  V2: 14 

Laboratory methods 
atomic emission spebroscopy. char-76, 

auger electron spectrosmpy, char-2, V1: 50: 

cold vapor (mercury) analysis. char-24. 

electron dffiction. char-37. V1: 4 9  V2: 14 
electron spectroscopy for chemtcal analysis. 

cmrgy dispersive X-ray spectroscopy, 

glow dischage ionfzatton mass s ~ t r o s c o p y ,  

V1: 4 9  V2: 14 

V2: 15 

V l : 4 9 T k  15 

char-1. V1: 5 0  V2: 15 

char-35. V1: 49: V2: 15 

char-56. Vl: 50: V2: 15 

S ~ C C ~ ~ ~ S C O ~ Y .  char-78. V1: 4 9  V2: 14 

char-77. V1: 49: V2: 14 

inaucmly coupled plasma--nrass 

inductively coupled plasma spectrosmpy, 

ion chromatography. char-50, V1: 4 9  V 2  14 
neutron activation analysis. char-266, 

particle-induced X-ray emission. char- 17. 
V l :  49, 5 0  V2: 15 

V1: 4 9  V2: 15 

powder X-ray diffraction, char-31, V1: 5 0  

scanning electron mimcopy. char-33, 

transmission electron microscopy. char-34. 

wavelength dis-tve X-ray ~pectro~copy. 

V 2  15 

V1: 4 9  V2: 15 

V1:49V2: 15 . 

char-36. V1: 4 9  14 

Solid VUtM (organic constitments). 
c h u a c ~ t i o n  atternah8 for 

Flfdd methods 
direct sampling ion trap mass spectrometry. 

char-90, V1: 50: V2: 16 
gas chromatography in the fidd. char-262, 

V1: 5 0  V2: 16 
portable gas chromatograph/electron capture 

detector for analyhg FCBs. char-100, 
V1: 5 0  V2: 16 

portable volaUle organic mmpound detectors. 

synchronous fluonscence screening for 
polyqclic aromatic hydrocarbons. 

char-5. V1: 5 0  V2: 16 

char-101. V1: 50; V 2  16 
LaboIatory methods 

analytical methods for chelators and 
damntamhation agents. char-206, 
V1: 5 0  V2: 17 

V1: 5 0  V 2  17 
capiUary zone electrophoresis. char-207, 

gas chromatography. char-94. V1: 5 0  V 2  17 
&as h ~ ~ ~ & ~ g r a p h y - F ~ ~ l ~ r  transform 

infrad spectroscopy, char-66. V1: 5 0  
V 2  17 

char-88. V1: 50; V2: 17 
&as chromatography-~s ~pectrom~try. 

liquid chromato~phy-mass ~ p e ~ t r o m ~ t r y ,  
char-89. Vi:  50; V2: 17 

on-he supercritical fluid 
e.xtmctior+mdtidetector gas 

V 2  17 
chrot~W~@aphy, char-1 15. V1: 50: 

solid phase miawxhaction method, 
char-211. V1: 50: V 2  17 

Solid anrte8 @.thogenic constituents), 
characterization dtenmtives for 

Laboratory methods 
pathogen survdllancc. char-215, V1: 51: 

V2: 18 

Solid m t e s  (physical dumctd~t&a), 
cbuoctuivtlon .Itup.tir# for 

Field methods 
fiber-optic systems for masuring multiple 

physical variables. char-248, V1: 51: 
V 2  18 

instrument response models for remote 
sensing. char-246. V1: 50; Tk 18 

Laboratory methods 
computer tomography. char41. V1: 51: 

V2: 18 
o p t i d  mic~o~copy. char-32. V1: 51: V2: 18 
partlcl~ ~lze -is. char-26. V1: 51: V 2  18 
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80116 wastes (mdhadve conrtituent& 
chrcretakrtion dtelnathea for 

meld mthods 
advanad mdiatlon monitors. char-269, 

v1: 48: m: 12 
alpha track etch detectors for surfaa alpha 

mntaminatlon. char-96. V1: 48: V 2  12 
bubble dosimeters for neutron flux, char-2 16, 

v1: 48; m: 12 

V 2  13 
gamma-ray spectrometry. char-268, v1:  49: 

gross fissile analysis by neutron activation 
' and delayed neutron counting, char-200. 

V 2  13 
lntegrakd dmprocessor/sensor monitoring 

for radioacthe waste storage containers. 
char-250. v1: 47; v2 12 

long-range alpha detector. char-65. V1: 48: 
v2 1 1  

neutron acttvatlon. char-266, VI: 49.50; 
V2: 13 

pas& monitols for weak beta radionuclides, 
char-102. v 1 :  4 8  v2 1 1  

pas& neutmn detection. char-104, VI: 49; 
V 2  13 

photon electron rejtcttng alpha liquid 
sdntlllatioh char-97. V1: 49: V 2  13 

portabk gamma ray sdnttllometcrs. ' 

proportional m u t e r  for alpha and beta 
char-263, VI: 48: v2: 12 

acthrity. char-108. V1: 48.49 V 2  11. 13 
radbamiytical proadurcs, char-202. v1:  4 9  

sodium iodide-germanium gamma 
V 2  13 

S-SCO~~, char-196, V2: 13 
thermolumints~ence dosimeter array fdr 

spatial c h a r a c m t t o n  of 
dpha-contamination. char-103, V1: 48: 
v2 11 

waste curk monitor (bag or barrel counter for 

Laboratory mthods 
liquid sdntlllatlon counting, char&. 

V1: 49: V 2  14 

Solid wastes. mte managemart .Iternr*ioer for 
Waste stabiltzatton technologies (soltdlfication. 

macrocncapsulation. microcncapsulatjon. 
and chemtcal fixation) 

ccmntltious solidiiIcation/stabilization, 
Wta-100, V2: 147 

mta-105. m: 148 
high-tempcraturr crystalline materials. 

sotvent cxtmdon tgmerrl). wpro-211/212. 
V1: 100. 103, 110. 117. 120. 121: V2: 23.26.29. 
30.31.42.45.49. 53.54. 62.68. 85. 73. 81. 90. 
92.95.97. 101. 109. 113, 115. 119 

Sonificrtion. wpro-121. V1: 99. 102: V 2  29.31.53, 
54 

-3 
Sprti.l 
v 1 :  47; v2: 9 

.nd drt. mdysim p h m .  char-253, 

Speci.l-cuc mte. V1: 194 

Specidcue mte ngploti~~. V1: 194 

spent fuel ctement. mad components. wamte 
nunrrQemmt dtcnmtives for 

Physical trratment technologies 
develop cask to ship spent fuel elements to 

Savannah Rtver Site for storage, 
wpro-125, V1: 105: m: 121 

dry 
pool stow, wpm-124. V1: 105: V2: 121 
reprocessing. wpro- 122, v 1 :  105; v2 12 1 

wpro-123. V1: 105: V2: 121 

Spent ion exchange media, mixed waste 
cont.minrted (RAD. PCB., organics. IDorganiu). 
a u t e  malmgement .Itenutip# for 

Chemical treatment technologies 
leaching and Stripping. wpm-2 13. V1: 99: 

V 2  40 

V1: 100: V2: 40 

V1: 102: V2: 40 

supcrcrItical fluid extraction. wpro- 1 18. 

supcraitical water oxldatlon, wpro-216. 

Thermal treatment technologh?s 
c h ~ n  char P~OCCSS,  pro-1 14, V1: 100; 

indnrration. wpm-108. V1: 100; V 2  40 
TCk 42 

molten glass combustor. wpm-116. VI: 100: 

molten salt oxldatlon. wpm-113. VI: 101: 

plasma arc -. wpro-107. V1: 101: 

V 2  41 

V2: 41 

V2: 41 
thermal desorption, wpm-106. V1: 101: 

V 2  41 
Waste stabilization technologies 

encapsulatlon, V1: 9% m: 40 
Spent ion cxchage medir. RAD contrminrtion 
only. waste management altexaativw for 

Chemical txatment technologtts 
leaching and smpptng. wpm-213. v i :  103: 

V 2  60 
high-tcrnperaturr noncrystalline rmtcrials. 

wsta-106. m: 148 
polymer-impregnated concrete. wsta-101. 

V2: 147 
thermophtic encapsulation. wsta-102/103. 

th-sttting  plastic^ encapsulation. 
V 2  147 

Wsta-lorl.V2: 147 

Thermal treatment techno lo^ 
c h ~ m  char P~OCCSS. wpm-114. V2: 62 
incineration. wpro-108. V1: 103: V 2  61  
molten glass combustor. wpm-116. V1: 104; 

molten salt oxidation. wpm-113. V1: 104: 

plasma arc furnact. wpro-107. V1: 104; 

t h e m 4  desorption. wpm-106. V1: 104; 

V2: 61  

V 2  61 

V 2  62 

V 2  61  
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Waste stabilization technologies 

encapsulation V1: 102: V2: 60 

Spent ion ucb.lye medi., TRU cont.minrtion 
o w ,  rvte ammagrmmt altenutiva for 

Chemical treatment technologies 
kaching and stripping. wpm-213, V1: 103; 

v2 79 

V1: 105: V2: 79 
supercritical water olddatlon. wpro-2 16. 

Physical trtatmnt technologies 
packagc to m a t  WIPP WAC, wpm-128. 

V1: 105: V2: 79 
Thermal treatment technologies 

hdnaation wpm-108. V1: 103: V 2  80 
molten glass combustor, wpro-116. V1: 104: 

v2: 80 
Waste stabilfiation technologies 

mcapsulatton v1: 102: V2: 79 

Spent nnclrrr fuel, V1: 194-195 

Spent nuclear fuel regulations. V1: 194-195 

Stabiion/support  mechanisms or booms. 
mba-22. V1: 139. 145 V 2  158 

sui.ticrl methods for the ulaly8b of large dot. 

steam ptDt ash (cod ash). waste mplo.ganent 
dtematiwem for 

set., char-251. V1: 47; V 2  9 

Physical treatment technologies 
SMOW iand burial. wpm-132, V1: 108 

V 2  107 

Storage .nd dispomd. V1: 207 

Sulfer d d e  criteria pollutant. See 
waste off-gascs (so, C r i M a  pollutant). waste 

management alterna%s for 

Saperwi t id  fhdd extraction. wpro-118, V1: 110. 
120 V2: 21.23,26.27,30,31.33.36.38.40.42. 
44.85. 117 

SupuwMcd fluid extraction of inorganica. 
char-201. v1: 45; v2: 5 

supraitid fhdd extradon of organics, 
char-208. v1: 45: v2 4 

S u p r a i t i d  water oddation. wpro-216. V1: 102. 
105. 110. 117. 120. 121: V2: 40. 79. 98, 101, 120 

Surfmce cont.minrted objects processing. 
pnpursion. and P.cl.gi. wpht-103. V2: 149 

Synchronop. f l o o ~ n c e  screening for 

V1: 50; V!k 16 
p o w  M& h-. char-101. 

- T- 
T&. 8bwt. See 

Historical waste disposal sites. burial grounds, 
add pits, retention basins, and bulk 
waste in storage tanks 0. scrap wood. 
snap metals. asbestos. FCB. o'&anic and 
inorganic constnhmts). waste 
management alternatives for 

Underground storage tanks 

TUL .Cheddhg dd.. char-241. V1: 47; V 2  10 

T h e 4  dwrpuoll. wpm-106. V1: 101. 104. 111: 
V 2  21. 25, 28, 29. 33. 41. 43. 46. 48. 61. 66. 142, 
144 

Thermoplastic enupodntion. wsta-102/ 103. 
V 2  147 

To01 d d i - .  rob-21. V1: 139. 145: m. 158 

T O O W  SWUOI~. mba-52. V1: 140. 147; V2: 161 

T d c  metal wastes, mixed waste cont.minrrted 
(Rcru hazardous d / o r  RAD cont.minrted), 
waste management alternative8 for 

Biological treatment technologlcs 

Chemical treatment technologies 
biosorptbn. wpro-226. V1: 11 1 

c h d d  pmdpitatlon. wpm-2 10, V1: 109 
V 2  89 

gamma radtob~is. wpm-100. V2: 89 
ion exchange. wpm-2 17/2 18. V1: 109 m: 89 
solvent extraction. wpm-2 11/2 12. V1: 110; 

v2: 90 
Physical treatment technologies 

adsorption. wpm-202/203, V1: 109 W k  89 
filtration. wpro-201. V2: 109 
high-gradient magnetic separatton. wpro-204. 

v1: 109: v2: 88 

v1: 109: v2: 88 

Thermal technologies 

inorganic mlcr~pol~us filters. wpm-207. 

reverse osmosis, wpro-206. v1: 109 m: 88 

evaporation. wpm-223. V1: 110 V2: 90 

molten salt oxidation. wpro-113. V1: 110: 

plasma arc furnace. wpro- 107. V1: 110 

in~in-tb~~, wpm-108. V1: 110: V 2  90 

v2: 91 

v2: 91 
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... c w 5  1 
Todc organic waster. mixed v u t e  contnminrtcd 
(RCRAhuudoor .Pd/orILdD cont.mkuted), 
mte mumgemcat dtenmtive8 for 

BiologicaI trtatment technologies 
m b i c  digestion, ~ p m - 2 2 4 .  V1: 1 1  1: V2: 94 
m b i c  dfgestlon. wpm-225. V1: 1 1  1: 

v2 94 
Chemical treatment technologies 

add digestton. wpm-127. V1: 109: V 2  137 
gamma radiolysis. wpro-100. V1: 109: V2: 92 
leaching and SmppinB. wpm-2 13. v i :  1 i o  

V 2  92 
sobent extractlo= wpTo-211/212. V2: 92 
supcrultical water olddation, wpro-216, 

v1: 110 
Physical treatment tcchnologits 

adsorption wpm-202/203. v1: 109 

inorganic micropomus filters. wpro-207. 
ffltratbn, wpro-201. V1: 1 0 9  V2: 91 

Vl:  109: v2: 91 
Thermal treatment technologies 

distillation, wpro-222. V1: 110: V2: 93 

molten glass combustor. wpm-116. V1: 110: 

molten salt oxidation, wpm-113. V 2  93 

in~in-ti~n, wpm-108. VI: 110; V 2  93 

v2 94 

plasm arr: fumarr, wpm-107, V1: 110: 
v2: 94 

Tadc Sllkt.neer Control Act 
Regulation of PCBs 

incinemuon. V1: 207 
marldng and labeling mpinxnmts. V1: 207 

sbregc and disposal, V1: 207 

h k e e p i n g  and reguirrments. 
VI: 207 

TM.mllon electron microscopy. char-34. 
V1: 4 9  V 2  15 

WID-219. V1: 102. 105: V2: 45.64, 
83. 123 

?mruportrtion off-dte. for. See 
Hazardous Materials Txansportation Act 

Tmnspartatian myatema for mobile Plrtfomm. 
mba-12. V1: 139. 1 4 5  V2: 157 

?mrupmta requirements d a  subtitle c. 
v1:  167 

TRuvute. See 
Asphait and building materials. TRU 

contamlnatton only. waste management 
altematfves for 

waste management altcmattves for 
Combustible debris, TRU contamination only, 

Compactible debris. TRU contamination only. 
waste management altcmathrcs for 

Concrete rubble and gravel, TRU contamination 
ody. waste managemnt altemattvcs for 

Discarded asbestos transite. l R U  contaminatton 
only, waste management altemattvcs for 

Mscarded filters. l R U  contamtnation only, waste 
m a n a g e e t e r n a t h r e s  for 

Fiberglass insulation. lRU contamination only, 
waste management altemauvw for 

Final residues from D&D, ER and WM 
opuatfons CIRU waste). waste disposal 
altemathres for 

S a a p  fcrrous metals. TRU contamination only, 
waste management a l t e r n a ~ ~ ~ ~  for 

Scrap nonferrous metals. TRU contamination 
ody.  waste management altemathrcs for 

Spent ion exchange media. TRU contamination 
only. waste management altemathrcs for 

Waste pmassing sludges, TRU contamination 
only. waste management altcmattvcs for 

Waste proassing soUd residuals. TRU 
contamination only, waste management 
altcma~~cs for 

mtmsonic extraction. char-20. v i :  45: v2: 3 

Underground otomgc t.nk. V1: 176-181 

Underground 8-e tank8 under Subtitle I, 
V1: 176-181 

- v -  
V A t e d  rmme flow. r o k t  extraction 
methods, char-62. V1: 45: V 2  3 

Vehide/mobility driving, mba-28. V1: 139.146: 
V2: 159 

Vehiclc/mobUty aadgation. mba-29. V1: 139, 
146;V2 159 
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I 

VOkt3.k arg-ic compopnd. in g-. see 
waste off-gascs woc constituents). waste 

management altemaUves for 

- W -  
Waste contabhag fiulle mmtehl, waste shipment 
rlttnutt.# for 
waste packaghg technologies 

--A or ?Srpe-B fissile radioactive material m. Vht-106, V 2  149 

W-k d e  monitet (bag or b u n 1  oounter for 
Im-lerel g.mmr d o m d v i t y ) ,  char-109. v2: 12 

WUk handling .nd p.et.lpne - , robotics and 
8Ptoumtion dkrnatives for 

Controh-dgo~thms 
combined mobfflty/manipdation, roba-34. 

control modes. roba-27. V1: 139. 146; 
V1: 140. 146:V2 159 

v2 158 

v2 160 

V1: 140. 146:V2: 159 

V1: 139. 146:V2: 159 

V1: 140. 146:V2 159 

C-CY shutdown, mba-37. V1: 140, 146: 

manipulatbn (Cartwian control), mba-31. 

manipulation (joint control), roba-30. 

manipulation (rrdundancy control). roba-33. 

manipulation (special purpose control). 

safety (collision avoidance), roba-35, V1: 140. 

safety (load/xate Ilmiting), roba-35. V1: 140. 

vchicle/mobfflty drfving. roba-28. V1: 139, 

vehtcle/mobfflty navigation. roba-29. 

mba-31. V1: 140. 146; V2: 159 

146; V2: 159 

146;V2: 159 

146;V2: 159 

V1: 139. 146:V2 159 
~ntrols-human/machhe interface 

console (data handling methods). roba-39. 
v 1 :  1 4 0 . 1 4 6 : v 2  160 

console (hcal/mobfle/suitcase), roba-38, 
v 1 :  140.146;v2 160 

operator intuface (command input), roba40. 
v 1 :  140.146:v2: 160 

operator intcrfaa (opuator assistance), 
roba41.Vl: 140. 146;Kk 160 

operator interface (status/alert system), 
roba42. V1: 140. 146; V2: 160 

Mehanl-d-Of-arm tooling teCh010gi~~ 
end-effector changeout mechanisms, roba-24. 

end e f f e c t o r s / a l t s ,  roba-23. Vl:  139. 

force Wttng/comphnt mechanisms. 

g e n d  grlpper/tool interface. roba-25. 

V1: 139. 145:V2: 158 . 

145V2: 158 

rob-26. V1: 139. 146; m. 158 

V1: 139. 146:V2 158 

Mechanlcal-manipulation technolo#es 
compact htgh-capadty manlpuktors. 

rob-19. V1: 139. 1 4 5  V2: 158 
d w s  manipulators. mba-16. V1: 139. 

145V2: 157 
Mechanlcal-mcchanism technologies 

V1: 139. 1 4 5 V a 5 8  
predsc proglammable motlons. roba-20. 

stabilkation/support mechanisms or booms. 
rob-22. V1: 139. 1 4 5  V2: 158 

tool caddies. mba-21. V1: 139. 145: V 2  158 
Mechanlcal-mobility tcchnologtts 

data/signal transmtssfon. roba-13. V1: 139. 

hilure rrmvc~y systems fbr mob& pIatforms, 
145V2: 157 

rob-11. V1: 139. 145: Vk 157 
10ng-an11 deployed robotic  platform^. rob-9. 

V 2  157 

145V2: 157 

V1: 139. 145:V2 157 

mounted robotic platform, roba-8, V1: 139. 

power sources for mobile platforms. mba- 10. 

transportatton systems for mobile platforms. 

whecled/backed vehicle. roba-1. V1: 139, 
rob-12, V1: 139. 1 4 5  V2: 157 

1 4 5  V2: 157 
other technologies 

characterkatton sensor integmtton. roba-58, 

&Id hardening, mba-53. V1: 140. 147: 

informatton management for sample 

integrated automated analytical laboratory. 

radiation hardening, rob-54. V1: 140. 147; 

sample collection. roba-57. V1: 141. 147; 

sample preparation. roba-59, V1: 141. 147; 

V1: 141, 147:V2 162 

V 2  161 

handling. roba-56, V1: 141, 147: V 2  162 

rob-55. V1: 140. 147: Vk 162 

V 2  161 

V 2  162 

V 2  162 
Sensors-contml 

f o ~ / t o ~ c  s e n s ~ r ~ .  robs-50. V1: 140. 147: 
V 2  161 

147: V2: 161 

V1: 140. 1 4 7 V 2  161 

V2: 161 

posltion/velodty s~1so~s. roba-48. VI: 140. 

proximity probes as control stnsors. roba-51. 

toow SUISOIX, mba-52. V1: 140. 147: 

Sensors--perception 
force/torquc sensors. roba-46. v 1 :  140.146. 

V 2  161 

V2: 161 
proxlmtty probes. roba-45. V1: 140, 146; 

range & I d a .  mba-44. V1: 140. 146; m: 160 
vhud/aural systems, roba-43. V1: 140.146: 

v2 160 

Waste bolation PUot Plant. New W c o .  
wdis-105. V2: 153 
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W u t e  nmamgcmexlt 
Mscussion of implemenbtion needs. V1: 97 
Mscussion of sciena and technology needs. 

Mscussion of technology options. V1: 64-94 
Technology ranldngs, V1: 98-127 

v1: 9- 

W u t e  nmamgcmexlt conegmcrtion mumgrment 
qmttm. char-230, m: 10 

W u t e  nmamgcmexlt, dddtionm of problems for 
Hazardous-waste management V1: 10-1 1 
Mlxed-waste management V1: 11-13 
Radioacttve-waste management V1: 7-10 

W u t e  -on Evaluation Sy~tcm. 
wrrrin-loo. v2: 146 

Waste m&im&tion n g u l o t i o ~  
DOE orders, V1: 204 
Mixed waste. v1: 196 
RCRA requhments. V1: 203 
Re- v1: 204 
Recycling refrigerants, v1: 204 
Tennessee Hazardous Waste Reduction Act 

Used oLI, V1: 203 
v1: 204 

W..k mixtarem (mttme rple, derived-* role. 
C0ntained-h policy, utd mixed waste), 
v1: 164-166 

W u t e  off-gua ( h z b a b l e  RAD conmtitaentr). 
mte mrnrgtment dtenmthca for 

Chemical treatment technologies 
kaching and stripping. wpm-2 13. m: 134 

Physlcal tnatment technologies 
adsorption. wpm-202/203. V2: 134 

Waate o f f - g w  (entrained vaporo/dds). vute 
Inumgcament dtenmtivc8 for 

Chemical treatment technologies 
leaching and stripping. wpm-213. V1: 126; 

v2: 134 
Physical treatmnt technologies 

adsorption. wpm-202/203. V1: 125 V2: 133 
inorganlc membrane separation, wpm-300. 

v1: 126 

v2: 133 
inorgantc micropomus fflters, wpm-207. 

Wute Off-gascs (inorgmic constituent.). W u t c  
management .Iternathem for 

Chemical treatment ttchnolo@cs 
-and ~t~Ipping. wpm-213, V1: 126; 

scrubbers. ~pr0-211/212. V1: 123 
v 2  129 

Physical tmatment technologies 
adsorption. wpm-202/203. VI: 123. 125: 

cyclone separation. wpm-302. V2: 129 
V2 129 

7 15 1 
fflttation wpm-201. V1: 123. 126; V2: 129 
high-gdient magnetic scparation. wpm-204. 

inorganlc membrane separation, wpm-300. 
V1: 123. 126:V2 129 

V1: 123. 126;V2 129 

V1: 124, 1 2 7 r  

Thermai treatmtnt technologies 
l0W-taupelaturc tion wpm-220. 

W u t e  off-gua mo= &telia p-t), - 
muugemalt&rImtivufor 

Chemical treatment technologies 

Thermal treatment technologies 

DeNO, processe~, wpm-307. V1: 123. 126; 
V2 132 

incineratton wpm-108, V1: 124. 127; 
v2: 133 

v 2  133 
molten d t  o & U O ~  wpm-113. V1: 127: 

W u t e  o f f - g m  (nonrrborhbtt RAD 
constitomt.), waste management dtunatives for 

Chemical treatment technologies 

Physical treatment technologies 
fflttation. wpm-201. V2: 125 
fugitive atmospheric discharge, wpm-306. 

inorganic membrane separation. wpm-300. 

leaching and smpping. wpm-213. v2: 125 

v2 134 

v 2  125 

W u t e  off-gua (orphan g u  cytinea), waste 
muugemcnt dterImtivu for 

Chemical treatment techrmbgks 
leaching and stripping. wpm-213. V1: 124. 

126 
Physical katmcnt technologies 

rtcharacterize and dispose of/reuse. 

rccycle/reuse. wpro-130. V1: 125 
wpm-130. V1: 123 

Scrubbets. wpm-301. V2: 126 

W u t e  off-ga8m (puticuhte con8titrrtnt.). waste 
m8Mgement dternrtivt. for 

leaching and smpping. wpm-213. vi: 123. 
Chemical treatment technologies 

1 2 5 v 2  128 
Physical treatrnmt technologies 

adsorption. wpm-202/203, V1: 123. 125; 

cyclone separation. wpro-302. Vl: 123. 126; 

fflttation. wpro-201. V1: 123. 125. 126; 

high-gradient magnetic separation. wpm-204, 

inorganic membrane sepaxaUon. wpm-300, 

V2: 127 

v 2  128 

v2: 128 

v1: 123.126V2 128 

V1: 123. 125. 126V2: 127 

v 2  128 
Scrubbers, wpm-301. V1: 123. 125. 126 

Thermal treatment technologies 
molten salt oxidation. wpm- 113. Vl: 127; 

v2: 128 
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Wuk off-gua (rrrdio.etive constituent.). w88te 
nrrsrgement alternatives for 

Chemical treatment technologies 
BUclly ball chemistry. wpm-101. V1: 125: 

leachtng and Stripping. wpm-213, V1: 125: 
V 2  130 

V 2  130 
Physical treatment technologies 

adsorption, wpro-202/203, V1: 125 V2: 130 
ffltmtlon. wpm-201. V1: 125; V2: 130 
inorganic membrane separation. wpm-300. 

v1: 125 
Scrubbers. wpro-301. V1: 125 V2: 130 

W U k  off-gua (semipoktik O r g M i C  

Chemical treatment technologies 
copltituent.), waste management dtamdms for 

destruction  pro-109. V 2  126 
leaching and stripping. wpm-213. vi: 124 

v2: 126 

v2 126 
ozonation photolysis. wpro-214. V1: 124: 

Physical treatment technologies 
adsorption. wpm-202/203. V1: 123; V2: 126 
inorganic membrane sepamtion. wpm-300, 

low-temperature separation. wpm-220. 
V1: 123:V2: 126 

V1: 124; V2: 125 
scrubbers. 9r0-301. V1: 123. 126: V2: 126 

T h d  b t m e n t  technologies 
electron beam destruction. wpm-304. 

V1: 124: V 2  127 

V1: 124;Vk 127 
~ e l e s s  thermal oxidizers. wpro-305. 

i n ~ i n ~ t i ~ ~ ~ ,  wpm-108 V1: 124; V2: 127 
molten salt oxidation. wpm-113. V 2  127 

wute off-gua (so, criteria polhltant). aute 
lMMgement 8ltenmtives for 

Chemical treatment technologies 
flue gas desulfurfiatlon process. wpm-308. 

V1: 124. 126:VZ 132 
Thermal lreatmcnt technologies 

incineration. wpm-108. V1: 124. 127; 

molten salt oxidation. wpm-113. VI: 127; 
V 2  132 

V2: 132 

waste o f f * u a  ~rmLnoan cburrctCri.tic8). w u t e  
muulgemmtrltemtivesfar 

Chemical treatrmnt technologks 
scrubbm. wpro-211/212. V2: 131 ~ 

P h y s t d  treatment technOlOgi~ 
re&aracterkatton and disposal. wpm-303. 

V 2  131 
rrCycle/rr~st. wpm-303. V 2  131 

Waste off-gua (VOC constituents). v u t e  
ZMmgemult dtemtives far 

Chemical treatment technologies 
leaching and stripping. wpm-213. V1: 124. 

monatton photolysis. wpro-214, V1: 124: 
125V2:  124 

v2 124 

Physical treatmmt technologies 

flltration wpm-201. v1: 125 
inorganic membrane separation. wpm-300. 

low-tempcrature separation. wpm-220. 

adsorption wpm-202/203. V1: 123. 1%: 
v2 124 

V1: 123. 125:V2 124 

v1: 1*v2: 124 
scrubbers. wpro-301. 

T h d  txeatment technologies 
Buckyball chemistry. Vm-101, V1: 125 

3 : 123.125: V2: 124 

c+rtatytic destruction. wpro-109. V1: 123; 

elcctron beam destructton. wpm-304, 
v2: 125 

V1: 124:V2: 125 

V1: 124;V!k 125 
flameless thermal oxidhrs. wpro-305. 

wpm-108. V1: 124: V2: 125 
molten salt oxIdation. wpm- 113. V2: 125 

w u t e  proccuing sludges. mted W u t e  
contnminrtrd (RAD. PCB.. o g d a .  ieorgda). 
auk management rlterprtivlM for 

Biological treatment technologies 

Chemical treatment technologies 
biodegmdation. wpm-117. V2: 44 

leaching and stripping, wpm-2 13, V2: 42 
solvent exhction. wpm-211/212. V2: 42 
supercrlttcal fluid extraction. wpm- 118. 

V1: 100; V2: 42 
Thermal treatment technologies 

chem char ~~OCCSS. wpr~-114. V 2  43 
indneration. wpm-108, V1: 100 V 2  43 
mlcruwavc treatrmnt wpm-115. v2: 43 
molten glass combustor, wpm-116, V2: 44 
plasma arc furnace, wpro-107. V 2  44 
thermal desorption. wpm-106. V 2  43 
wet air oxidation. wpm-2 15. V 2  43 

mcapsulaUon. V1: 109: V2: 42 
Waste stabikation technologies 

Waste processing ddgca, RAD cantamination 
only. waste management dternativer for 

Biological katment technologies 
biosorption. wpro-226. V2: 64 

Chemical treatment technologies 
leaching and stripping, wpm-2 13. V2: 63 
solvent extraction. wpro-211/212. V 2  62 

incincfatlon. wpm- 108. V 2  63 
microwave treatment wpm- 115. V2: 63 
molten glass combustor. wpm- 1 16. V2: 63 
plasma arc furnace. wpro-107, V 2  64 

encapsulation. V 2  62 

Thermal treatment technologies 

Waste stabikation technologies 

waste procemhg m a .  TXU contamination 
only. waste mamqgement dtemativcs for 

Biologid treatment technologies 
biosorption. wpm-226. V2: 82 

Chemical treatment technologies 
leaching and stripping. wpm-213. V2: 81 
solvent urbraction. wpm-2 1 1/2 12. V2: 8 1 
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W u t e  proceuing dudgu. TRU contrminrrtton 
onty, vute  -emcat rltcrnritipa for 
~oontfnraecu 

Thermal treatment technologies 
~ p ~ m t l ~ n .  wpm-223. V2: 82 
incineration. wpm-108. V2: 81 
microwave treatment wpm-115, m: 81 
molten glass combustor. wpm-1 16, V2: 82 
plasma am furnace. wpro-107. V 2  82 

Waste stabilization technologies 
encapsulation. v2 80 

Waste proceuiug dudgu, mcont.mtuted (no 
RAD or RcRd hamdous waste cont.minrtion). 
w8StemUmgemmtrlternrtivesfor 

Physical tmamt  technologies 

Biological t m a m t  technologies 
biodegradation. wpm-117, V2: 143 

r e C y c l ~ / r e ~ ~ e ,  wpm-130. V 2  142 
shallow land b d .  wpm-132. V2: 142 

n--rmal treatment technologies 
incineration. wpro-108. V1: 106: V 2  143 
microwave treatment wpm-115. V2: 143 
thermal desorption. wpm-106, V2: 142 

W u t e  -ing solid redd&. mixed waste 
contrmkuted (R&D. orgmia, inorganics)). waste 
mumgemeat .Itermaths for 

Chemical treatment technologies 
kaching and stripping. wpm-213. V1: 99; 

solvent extraction. wpro-211/212. V1: 100; 

supcrcxitical fluid extraction. wpro- 118. 

transmutation. wpro-219. V1: 102; V2: 45 

V 2  44 

v2: 45 

VI: loo: m: 44 

Thermal treatment technologies 
chem char pr~ctss. wpm-1 14. V1: 100; 

m: 46 
incineration, wpm-108. V1: 100: V2: 45 
microwave treatment wpm-115. V1: 100: 

molten glass combustor. wpm-116. V1: 100: 

molten salt oxidation. wpm-113. V1: 101: 

n 4 6  

v2: 47 

V 2  46 

v2 47 

v2: 46 

plasma a r ~  furnace. wpm-107, V1: 101: 

thumal desorption. wpro-106. V1: 101: 
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Foreword 

The Oak Ridge National Laboratory Technology Logic Diagram (TLD) was developed to provide a decision-support tool 

potential technologies that can remediate these problems. The TLD uses information from the Strategic Roadmap for the Oak 
Ridge Reservation and a previous Hanford TLD. 

The TLD identifies the research, development, demonstration, testing, and evaluation needed to develop these 
technologies to a state that allows technology transfer and application to decontamination and decommissioning (D&D), remedial 
action (RA), and WM activities. It is essential that follow-on engineering studies be conducted to build on the output of this project. 
These studies will begin by selecting the most promising technologies identified in the TLD and finding an optimum mix of 
technologies that will provide a socially acceptable balance between cost and risk. 

The TLD consists of three fundamentally separate volumes: Vol. 1 (Technology Evaluation), Vol. 2 (Technology Logic 
Diagram) and Vol. 3 (Technology Evaluation Data Sheets). Part A of Vols. 1. and 2 focuses on D&D. Part 6 of Vols. 1 and 2 
focuses on the RA of contaminated facilities. Part C of Vols. 1 and 2 focuses on WM. Each part of Vol. 1 contains an overview Of 
the TLD, an explanation of the program-specific responsibilities, a review of identified technologies, and the rankings of remedial 
technologies. Volume 2 (pts. A, B, and C) contains the logic linkages among EM goals, environmental problems, and the various 
technologies that have the potential to solve these problems. Volume 3 (Pts. A, B, and C) contains the TLD data sheets. 

Decontamination and decommissioning is the focus of Vol. 2, Pt. A, which has been divided into the four necessary 
subelements of D&D: characterization, dismantlement, decontamination, and robotics and automation. Each of these sections 
address general ORNL problems, which are then broken down by problem aredconstituents and linked to potential D&D 
technologies. The diagrams also contain summary information about a technology's status, its science and technology needs, 
and its implementation needs. The diagram structure is explained in detail in the Explanation and Understanding Key that follows. 

The TLD Index, a stand-alone volume, facilitates information searches on specific technologies. The Index actually 
comprises three separate indexes, one for each of the corresponding parts (A, B, and C) of Vols. 1 and 2. Information can be 
searched by specific ORNL problem, problem aredconstituents, or technology name. 

The technology evaluations contained in these volumes are based on the best information available during compilation of 
the TLD. New or more accurate information is solicited to improve the TLD data base. Please send comments to R. L. Fellows, 
Editor, Oak Ridge National Laboratory Technology Logic Diagram, Martin Marietta Energy Systems, Inc., P.O. Box 2003, Oak 
Ridge, TN 37831 -7274. FAX (61 5-576-8558). 

- ..that relates environmental_restoration=(ER) andmaste management,(WM).problems at -Oak Ridge National =L&or-atory=(ORNL) to I = . _ _  = 

Page vii September 1993 

000782 



. . . - -- ._ .- 

Clean Up Legacy 
Waste 

Prevent Future 
. Insult 

Develop 
Environmental 
Stewardship 

Faality 
Decontamination 
and 
Decommissioning 
( o w  

Remedial Action 
(RA+Soils, 
Ground Water 
and Surface 
Water 

’ waste 
s e m e n t  

Explanation and Understanding Key for the Technology Logic Diagram 
The logic elements described in the “Technical Approach” section of Chap. 1 of the Executive Summary serve as column headings in this diagnm. 

. c- - . , a  -. 

bsts needs in Saenca and 
Technology where suppon should c~lcem 

Addresses a subelement-specific spedfies the ditrerent Pmvdes a speafic technology 
list of problems, all of which are componMs that must be that may reasonably be applied to 
vaceable drectly to the ORNL addressed to solve the EM remediate the problem. be applied to develop an 

‘nnmature’ technology to a field- Technorogy Evaluation Data problems. For example. me problem. For example, D8D 
deployable state. Sheet(lE0S) codes. located digram for decontaminabon ~arewoaatedwllf l  

after the technology names in this defines the problems/const~t~ents CharaderRdbOn, decon- 
Scierm needs are related to the column. refer to E O %  in in terms of (hazardous) taminabon. dsmantlement. 
fundamental understanding of the Vol. 3. The E D S  address each contaminants and the substrate disassembly. matenals 
saenbfic phenomena that form the on whch the comamiMnts drspasibon. roboticslaummabon. technology in more detal. Each 
basis for the technology. These TEDS contam a single. unque resde. In comast. the and regulatory compliance. The 
needs are typically tor labamtory dsmantlement diagram-ddefines comparable subelements for RA kgii path fmm the Diagrams. 

are ctwacteruabon. is or bench-scale expenments. and, dev the problerns‘consbtuems in 
terms of massive concrete. comnmentlwlation. treatment. Rankngs appear after the TEDS when posuble. expenments 

code for each technology. The addressing speatc areas of struUural steel. metal equipment. retrieval. materials disposbon, 
uncertalmy are suggested. technologies are ranked according etc. In both examples. the robobcslautDmabon. and 

to the follovnng cntena: 
Technology development (TD) 

problemlconsbtuent IS the regulatory oompliance. The 

conversion of a saentifically 
dominating technical factor in subelemems for WM are waste 

understood phenomenon into an selmon of technologies to retrieval: charactenzabon; usefulness (E-essenbal. 
Operabng system (technology) needs mat remediate the problems. processing; stabillranon; I th igh,  h e d i u m .  L--bw) 

that can be applied to, and can 
minimnabcn: packaging, 

remediate an EM problem. suchashneitems 
handling. and transpoltabon 

Technology improvement needs 
relate to improvements thal make 
a current technology more 
economical to apply. safer, and 
more effechve or effiaent The 
demonsvatton of a technology on 
a stespeafic problem is 
dassifiedasatechnology 

If scienofc needs are specified. it 
should be understocd mat the 
needs of scienbfic technobgy 
development or impmvement are 
necessary to implement newly 
developed saentific 
undemanding. bkemse. tesbng a 
TD opportunrty implies that 
technology improvements are also 

--- - . . a -  

- 

- Overall assessment of 

Ranldng of the we  problem 
(1-5 fmrn lowest signficance to 

Time required to bnng the 
technology to commercial or 
malum state at the SRe- 
expssed in years. - cost for bringing the technology 
trom I& present state to large- 
scale commeraal use (milltons 
[W) or thousands [SKJ of 
dollars). 
Rojected unit processing cost 
for mature technology ($ per W 
or other unit or N for no 
esbmate). 

(PH&T); and dsposal. highest) 

An example of a tanlang follows: 

has a high overall usefulness; the 
problem IS of highest significance 
to the site; the technology is 
esmated to take 5 years before it 
is ready for applicabon at the We; 
an approamate expenditure of 
$3.5 million wll be required to 
bnng the technology to this state 
of readiness; and the unit 
processing cost cannot be 
projected at the present Pme. 

H-55 (85M;N). This technOlOgy 

likely to be needed. 

Past and currently funded 
Technical Task Plans (TIP) were 
correlated wth the technologies. If 
a match was found, Match’ 
appem in UIIS column. The TTP 
number and technology number 
matches can be found in me lTP 
tabtesof Vol 1. Pt  A, R 6. and 

- _ -  - - -- - _ -  
~ 

b 7 1 5 1  
I- 
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useful Litetary sampling searches designs for finding from 

invostigations in other fields. 
New statistical methods for  
sampling design. 
Available at all siftes. 

Optimization of Sampling 
DwPs 

Ranking:' 

CHAR-714L 

H-5.5 ($. 1M;N) 

Ubasonic Extraction 
CHAR-204L 

Ranking:' 
~ - 4 - 1  ~ $ . m , w m e )  

Faality - 
Decontamination 
and 
Decommissioning 
( D W  

Testing needs to be performed 
to establish the enhancement 
of material retrieval from 
porous medii using various 
solvents. acids, and bases 

M e m o m  akn, 
technology not yet 
demonstmted. 
m Match 

In S i  Solvent Extaction 
CHAR-624L 

Ranloirg::' 
M-4-2 ($.4M,N) 

Model mdies are needed to 
devalop the technique. 

Need to oplimize memods for 
collection of representative 
samples and to mix samples 
into a homogeneous state. 

Sampling and Mixing Methods 
CHARSI-OL 

Ranking:' 
E-5-1 ($.2M;N) 

Membranes Collection and for Concentration Sample 

CHAR-5WL 

Ranking::' 
No Ranhing. 

Aaepted 
Match 

A- 
Membranes are predominantly 
permeable to sekcted 
components in mixtures 
allowing separation fo! , 

accumulation or to faalltate 
analysiideteclion. m Match 
Demonstration 

System development of 
adaptation for spec& 
applications; validation. 

Remedial Action 
(RAl-Soils, 
Ground Water 
and Surface 
Water 

Punchcores 
CHAR-82-OL 

Ranloirg::' 
#5-1($.3M;N) 

None 

Metallographic Sectioning and 
Preparation 
CHAR-674L 

Ranking:' 
H-4-0 ($OM;&OWSUl7@8) 

Mulli-angle Drilling for Depth 
Profiling of Contaminants 
CHAR64-0L 

Rmkblg::' 
H 4 1  I$..?M;N) 

Accepted Procedure development for 

needed: then protocols for 
standardized preparation 
should be developed. 

specific applications are 

Availabable at X-10, K-25. 

Model studies need to be 
performed. 
Available at K-25. 

Demonstration 

waste 

-0 
MaMgernent ~ 
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Development of rapld heatins 
interface and SO- for rapid 
ContamiMnt IdentifiatiOn by 
direct sampling ton trap m a s  

sampling Interface system for 
Suriaw Contamination by 

k e r  Ablation for sample The technology tor laser 
abhbon IS just now becoming 
available, and a program 
would be needed to devebp 
the teChnque for practtcing 
appliaon of the analpis. 

Adaptatton of €PA and other 
methods. and development of 
n ~ w  technologies for the sate 
and radioactive etfident samples preparabon tor of 

Extracbon be optimued condibons for the Speafic need to 
m e t  aMlytes and matrices at 
the ORNL site. 
Available at X-10. 

-IS. Available at X-10. 

Supercritlcal fluid Extracbon of 

Adaptation of the EPA To- 
C hamtenstic Leaching 
Pmcess Radioactive for Use Samples with 

Need to determine optimum supemcal fluid ExtracbOn of 

This technology shows much 

promse amount of in waste reduang produced the in 
analyzing samples as well as 
inaeasing me quality of the 

H - 5 - 1 ( $ . 2 M ; b l W ~ )  dataobtamed. 
Available at X-1 0. 

High Pressure Ashng (HPA) IS 
usetul for the dlssolubon of 

meet QA requirements. Some 
swcdsampletypesmaybe 
at Avaihble the development at X-10. stage. 

- ~ ~ -  
~ -_ - - ___ 

*seeme€xphamnandundersgnmng 
Key descrlpom m ma hmf O l m S f a d r q ~ E  of ms doamenl tor a 
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Characterization for Decontamination and Decommissioning 

F b r  Optic Chemical Senson 
CHAR-25-OL 

Ranking::' 
H-5 1 ($1 MS1 WMpIe)  

Ion Mobility Mass 
Spectrometry (IMMS) 
CHAR-264-OL 

Ranking::' 
M-5-2 ( $ I M S W M P W  

Immunoassay Detection 
CHAR-234L 

Rankingj:' 
H-5-3 ($IM;WMPle) 

Portable Raman Specb.ometer 
CHAR-&O-OL 

Ranking:' 
H-5-1 (SGMS5WsaWe) 

Air Monitoring 
CHAR-590L 

Rankit?# 
H-50 ($.25M;$5WSatnpIe) 

Infr=@spectrOseDW 
(Wavelength Dispersion) 
CHAR-18-0L 

Personnel Monitoring 
CHAR-524L 

Ranking..:' 
H-5 1 ($2M;N) 

A combination of waveguides 
and spctroswpic techniques 
are needed that have been 
matched n d  only for each 
other bul also for spciric 
monitoring scemios. 

software control of high-speed 
data acquisition, interpretation 
and instrument control. 
Available at X-10. 

This is a mature and emerging 
technology. Kits are designed 
to streams. perform DOE in specialized has calibrated waste 

PCB kit in the Amiy t id  Field 
Saeening Program. 

Need portable equipment 
(laser.etc) for in-situ use. 
Develop methods which exploit 
surface enhancement and 
resonance excitation for vastly 
impmved sensitivity. 

Mature. fieldportable 
technology available in IR. UV. 
Available at all sites 

This is a mature samp4ing 
technology with €PA protmls. 
Available at all sites. 

No units currently exist on-site. 
Several vendon are marketing 
equipment Software 
development would enhance 
site-specific applications. 
Available at aU sites. 

Model studies are needed to 
mrrelate exposure and 
quantitative anaiysis fmm 
various human fadon. 
Available at all sites. 
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Laser PhotoaCOUStiC 
spectroscopV (PAS. PAS) 
CHAR-15-OL 

Ranking:' 
M-5-2 ($.4M;N) 
H-3-3 ($. 775M;N) 

Portable Luminescence 
Defedon 
CHAR-92-0L 

Uecaochemical Methods 
CHAR-1 0 0 L  

Ranking:' M-4-2 ($.5M;$lOW-) 

Contamination Control- 
Analytd Equipment 
CHAR-2060L 

Ranking:' 
H-5-2 ($.5M;N) 

Secondary Ion Mass 
spectroscopy CHAR-3-oL ( S I W  

Ranking:' 
~ - 4 - 0  ( $ o M , - $ S O 4 O W ~ e )  

Laser deteaion combinations 
~WPlYtosPadf ic  
decontamination and 
decommissioning waste or 
monitoring scenarios are 
needed. 

The technology is mahae, but 
may not provide absolute 
identification of compounds in 
complex Available mixtures. at all sites. 

Adaptation and protocols for 
model studies to be performed 
on complex systems are 
needed. 

Contamination control for 
analvtical 

frequentiy instrument requires modiWon extensive to 

contain radiochemical the equipment hoods. gloves in 

boxes, or hot cells. 
Available at X-10. 

Data base fur rapid materials 
identification and model 
studies of materials interadion 
is Available needed. at all sites 

Models studies are needed to 
enable qui& analysii. 
Availabla at X-10. 

None, available on-site. 
Available at X-10. 

Thii is a mature technology. 
Model studies are needed to 
calibrate for depthprofiling 
studies. 
Available at all sites. 



Clean Up Legacy 
Waste 

prevent Future 
insuit 

Develop 
Environmental 
Stewardship 

- FaciMy 
Decontamination 
and 
Decommissioning 
( D W  

1 Remedial Action 
(RAbSoils, 
Ground Water 
and Surface 
Water 

8 Waste 
Management 
(WM) 

:- 775 1 Characterization for Decontamination and Decommissioning 

b s e r  Ionization Mass 
Spectromeay (LIMS. LAMMA 
LIMMA) 
C H A R e O L  

R-:' 
~ - 4 - 0  ($oM;$l Owsample) 

Fourier Transform Infrared 
spectroscopy (mR) 
CHAR-S-OL 

R ~ : : '  
H-M (8.1 ~;$50-2wsam~W 

Uectmchemical Methods 
CHAR-10-OL 

Ranking:' M 4 1 ( $ . 2 5 M , = - $ l O W ~ )  

This is a mature technology. 
Model studies are needed to 
cptimbe resuits interpretation. 

Model studies and application 
desiin. 
Available at all sites. 

Adaptation and protocols for 
model studies to be performed 
on complex systems are 
needed. 

Project Services Information (Needed Enabling Access 

Technologies) 
DISM151-0L 

Ranicing:' 
No Ranking. 

Technology to implement such 
a system is commercially 
available. 

Net~~fkhdl iWl !J~wi th  
lmegtated workstations 
CHAR-221 -0L 

Rankiq:' 
M-4- 1 ($.25M,=-$l Wsample) 

The greatesl obstade to use of 
thii technology is the current 
legacy of older operating 
systems (DOS. M a s )  not 
designed to support integration 
of desktop applications with 
each other and with netwOrk 
services. Available at X-10. 

Technology development 
needs are greatest in 
developing or m i r i n g  a 
good. common user interface 
to component support integration technologies. of the 

Some software will be 
available commercially; some 
will have to be developed 
locally. 

Page 7 
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and drawing displays on 
desktop computers. 

Improvements are needed in 
the speed and accuracyof 
converting scanned images to 
graphical representations that 
will meet the needs (e.g.. 
ability to change scale to show 
more detail) of the 
environmental restoration 
program. 

Availability of and access to 
specification and design tods 
for developing the knowledge 
base and mcture  of the tules 
are the biggest needs. 

Development is needed of 
tools (e.9.. a range of graph& 
models designed to assist in 
visualking relationships) to 
assist with conceptual analysis 
or to examine consequences 
of (e.g., choosing automated a logical theorem strategy 

provers) in the analysis of  
Problems. 

Development of support 
reference databases (e.g.. 
human taclors. ergonomics) to 
increase the effectiveness 01 
this technology is an area of 
med. 

Further development is 
needed in the area of 
auchorirgsupport. 

More natural language 
analysis tools are needed to 
assist with analysii of 
information used for planning. 
much of w h i i  is provided in 
text form. 



Facility - 
Decontamination 
and 
Decommissioning 
( D W  

1 Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
(WM) 

b .- 
September 19% i 

~ypertea Information Systems 
(Needed Enabling 
Technologies) 
DISM15&OL 

Ranking:' 
€ 4 - 1  ($.3M: $15OKaml 

Spatia! Sample and Data 
Analysis Plans 
CHAR-253-OL 

Ranking::' 

statistical Methods for the 
Analysis of Laqe Data Sets 

H-3-25 ($. 1 MS.5-j 

CHAR-251-OL 

Ranking:' 

&alii Control for 
Measurement Recesses 

Ranking:' 
€4.25 ($..05M;$5-) 

~nalysis of Censored Data 

Ranking:' 

Cr i t im l i  Indices (CI) 
CHAR44-OL 

Ranking:' 

M-3-3 ($.5M;$5Kam) 

CHAR-250-OL 

CHAR-24WL 

H4.25 ($.05KW 

L-2-1 ($25M,N) 

Modeling of Volatile orsanic 
Compounds Migration in 
Porous Materials 
CHAR-53-OL 

Ranking:. 
M 4 1  ( S A W )  
Task-scheduling Aids 
CHAR-241 -OL 

R m : '  
M 4 1  (0.5M;N) 

Authoring and design tools are 
neaded 

Personnel and computer time, 
access to survey data 
Available at X-10. 

To areas. allow statisbcal far the survey methods Of manY to 

take advantage of new parallel 
p~oarssors may need to be 
develqmd. Available at X-10. 

Datahumstandards 
evaluafions 
Available at X-10. 

computer work staton with 
aaess to app rowe  data 
basas 
Available at X-10. 

The program must be 
implemented to specitically 
address the D8D technologies 
to be implemented and 
suggest the modiitions that 
are needed for low- velsus 
how-enrichment materials. 

Models need to be developed 
that are applicable to site 
speciticsamarios. 

A ambination of automated 
analysis tools (e.g., automated 
reasoning, theorem p m n )  
and a cortQpbJal framework 
br representins regulafory 
developed requirements that needs can identity to be 

possible logical conflicts that 
arise in scheduling tasks on 
jobs for which many 
requirements must be met 

Page 9 

0007i)l 



Clean Up Legacy 
Waste 

Prevent Future 
Insult 

- Develop 
Environmental 
Stewardship 

1 Facility - 
Decontamination 
and 
Decommissioning 
(D&D) 

1 Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
(WM) 

Characterization for Decontamination and Decommissioning 

Page10 ~ 

and' Beta Activity 
CHAR-1084L 

Ranking::' 
H-5-0 ($. lM;$lw/san@e) 

Passive Monitors for Weak 
Beta Radionuclides 
CHAR-102-oL 

Ranking::' . 
M-4-2 ($.M;weJ 

Thermoluminescence 
Dosimeter h a y  for Spatial 
Characterization of Surtace 
Alpha Contamination 
CHAR-103-oL 

Ranking::' 
M4-3 ~8.6h4;wsdWd 

Long-Range Alpha Detector 
(W) 
CHAR65-0L 

Ranking::' 
M-4-1 ($.4M;$lWsa@e) 



Clean Up Legacy 
Waste 

Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

w b  Dosirneten for Neutron 
Flux 
CHAR-21WL 

Facility - 
Decontamination 
and 
Decommissioning 
(Daw 

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

'Waste 
w e n t  

TritiumlBeWGaIIIm Floor 
Scanner 

Ranking:' 
Hd-0 (S0M;N) 

CHAR-1050L 

Portable Gamma-Ray 
Scintillometers 
CHAR-263-OL 

Advanced Radiation Monitors 
CHAR-26WL 

Ranking:* 

Electret passive surface Alpha 
Monitor 

Md-2 ($.M;-@e) 

CHAR-95-OL 

Ranking::' 
~ d - 1  ($.3M;$lYSample) 

Alpha Trad Etch Detectors for 
Surface Alpha Contamination 

Ranking:' 

CHAR-964L 

Hd-1 ($.4M;$lWmple) 

Neutron Activation 
CHAR-1 0 7 4 L  

Ranking:' 
Hd- 1 ($2M;SOtVsanQW 

The technique is well 
enablished in measuring 
neutron flux around personnel. 
It must be evaluated in 
potential confounding effects 
in less benign environments. 

None 

Robotic technology needed for 
remote control applications. 

Development of additional 
probes is needed. 
AWlablt, ill X-10. 

The effects of potential 
confounding factors (e.g.. dust. 
evaluated moisture, oils) and need ameliorated. to be 

Technique is well-established 
for (Le.. measuring cornmerdally alpha avmlable) activity in 

indoor air. Potentially 
confounding facton in sutfam 
or soil applications indude: 
inhomogeneous~ sized 
partides. moisture, o i k  and 
tadon in soil. 

Development is needed for 
containers that are larger than 
%-gal drums. Separate 
calibration standards am 
needed foreach mabix. 

Page 11 
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Radioactive Elements Sodium IodideGennanium 
Gamma 

Ranking:. 
H4-0 ($OM,fU) 

Upgrade of W i  
Procedures 
CHAR-2020L 

Ranlding:' 

CHAR-1OWL 

H 4 2  ($f MM 

proportional Counter for 
Acrivity 

Ranldng:' 

CHAR-10- 

H-5-0 ($. 1 M;$l OWsample) 

Photo Electron Rejecting 
Alpha Liquid Scintillation 
( P E W )  
CHAR-974L 

Neutfun Actbation Analysis 
CHAR-2664L 

Ranlding:' 
H 4 1 ( $ 2 M ; ~ ~ )  

Gamma-Ray Spectrometry 
CHAR-268-oL 

Ranking:' 
H-5-0 ($. 1 M;$l O W ~ P l e )  

Liquid Scintillation Counting 
CHAR-2674L 

Radiographic Imaging 
CHAR-40L 

Ranldng:' 
M4-1 (N;N) 

Atomic Emission Spectroscopy 
CHAR-76-0L 

Rankhg:' 
M4-1 ($AWN) 

needs to be published. 

, m i e r a b l e  new technology 
validation is available to but meet lacks QA sufficient 

requirements. Other areas are 
at the basii development 
stme. Aveibbb at X-10. 

This is a well-established 
technology. Some minor 
development may be needed 
to distinguish Technetium 
activity from uranium. Probes 
for measuring vettical or 
overhead items are needed. 

cost effective. timely analysis 
of seW aIpha emitling 
radionudides in large numbers 
of samph is needed to verify 
nornfbkuion of deanup 
standards. 
Available at X-10, Y-12 

W r e  technology, startup 
studies to be done to evaluate 
possiMe interferences, 
~~aimb at x-io. 

Commercially available and 
AVaihbb mature. at X-10. 

Commercially available and 
mature. 
Availabla at X-10. 

fadors Scarteting that and the attenuation host m b i x  

e x h i i  on the radiograph 
need to be better understoad. 

The developed technology and applicable is well- as 

is 
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&e, &&ent 
Available at K-25. 

This is a mature technology 
which needs to be part of a 
motile IakaatOry. 

Maturetechnology. startup 
studies to be done to evaluate 
possible interferenc8S. 
Availabte at X-10. 

This is a mature technology. 
Available at all sites. 
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Capture Detection for 
Ana)yung PCBs in SoivDUst 

Ranking:. 
H-4-0 ($25MW@e) 

CHAR-1 O W L  

Portable Volatile Organic 
Compound Detectors 
CHAR-SOL 

Ranking. 
H-50 ($25M;$l W e )  

Direct Sampling Ion Trap Mass 
Spectrometry (DSITMS) 
CHAR-SOOL 

Ranking::' 
H-5-2 ($2M;s5(vsample) 

Gas Chromatography in the 
F& 
CHAR-262-OL 

Ranking:' 
H-50 (S.ZSM;SWsan@e) 
H-34 (&?SM;SWsan@e) 

Synchronous Fluorescence 
Saeening Aromatic Hydrocarbons for Polycyclic 

CHAR-101-OL 

Rankinpr' 
M-Q- 1 ($..?M&Wmple) 

standard procedures need to 
be written. 
Available at Y-12 

This is a mature technology. 
Available at X-10, Y-12. 

Methods need to be developed 
for specific applications. 
Arotlable at X-10. 

Technology needs are 
minimal. While improvements 
cdn be made, in general. the 
technology is ready to use. 
Available at all sites. 

Technology needs to be 
validated in the EPA program. 
Numerous situations at X-10 
have involved used oils and 
lukicants. 
Available at X-10. 

~dap t  arrent methods to the 
speafic constituents and 
sample matrices at the ORNL 
site. conduct method 
prformance validation. and 
prepare an analytical Protocol. 

Page 15 
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On-line Supercritical fluid 
Emaction-Multidetector Gas 
Chromatography (SPE-GC) 

Ranking:' 

Gas Chromatography-Fovrier 
Transtom Infrared 
SWPY ( G G F W  
CHAR-66-OL 

Ranking:' 
M 4 2  ($.Shf;WsampIe) 

Liquid Chromatography-MasS 
Spearosco~~ ( L G W  
CHAR-EWL 

Ranking:' 
M4- 1 ($.3M;SOWsan@e) 

Gas Chromatography--Mass 
Spectroscopy (GGMS) 
CHARg8-0L 

Ranking:' 
E-5-0 (mLf,$zoO4OW/sampre) 

Synchronous fluorescam 
Screening for Polycydii 
Aromatic Hydrocartmns 
(PAW 

CHAR-llWL . 

H-5-1($2SM:$3lW/sampIe) 

CHAR-101 -0L 

Ranking::' H-5-1 ($2M;$lWsample) 

Gas Chromatography 

Ranking:' 
H-5-0 ($OM,SO~p4e) 

CHAR-94-OL 

Laser Ablation Organic Mass 
Spe*mmetry CHAR-93-0L 

Ranking:' 
E-5- 1 ($3h4;< SOWsan@8) 

surface Enhanced Raman 
Scanering (SERS) 
CHAR-ZSOL 

Ranking::' 
€4-1 ($. 15M;N) 

* -  7 1 5 1  
.b. 

the specific target compounds 
and sample matrices a! the 
ORNL site. 
Available at X-10. 

The technology requires 
optimization for the moa 
M a e ?  chromatography extraclion of and boM totai 

petroleum hydrocarbons and 
PCBs in a single operation. 

Specific methods for targeted 
anmes for unknown and identification general methods need 

to be developed. 
Available at X-10. 

Case-byase development 
and demonstration for specific 
applications is needed. 
Avallable at X-10, Y-12 

Technology is applicable as is. 
Benefa would be derived from 
faster chromatography to 
shotten anaiysii time. 
Available at all sltes. 

Technology needs to be 
validated Numerous in situations the EPA pmgram. at X-10 

have involved used oils and 
lubricam. 
Available at X-10. 

Technology needs are 
minimal. While improvements 
can be made, in general, the 
tachn~logy is ready to us. 

Development of a sampling 
methodology (perhaps using a 
wipe of the surface) and test it 
on target compounds. 
Available at X-10. 

System development and 
validation for specific needs. 
Available at X-10. 



Clean Up Legacy 
Waste 

Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

1 
1 Facility - 

Decontamination 
and 
Decommissioning 
( D W  

Remedial Action 
(FlA)--soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
ONM) 

b. ' - 7 7 5 1  
Characterization for Decontamination and Decommissioning 

l m m e n t  Response hiod& 
for Remote Smsmg 
CHAR-246-OL 

F h r w  Systems for 
Measuring Multiple Physical 

Parnde Sue AM)ysis 
CHAR-2M)L 

Ranking::' 
M 4 - 0  ($oM%lOOWsample) 

optical M i  
CHAR-32-OL 

Magnetic Resonance Imaging 
CHAR-58-OL 

Holographic Imaging 
CHAR46-OL 

Inorganic Cementitious Matrix 
CompmitesModel 
CHAR3WL 

NondestNctive Testing for 
Concrete 
CHAR- 

Information twmsary for 
developing models of the 
instrument subsystems and 
measurement processes must 
be prwided. 

A range of applications can be 
developed using thii 
technology. 
Available at X-10. 

None, thii is a mature 
technology. 
Available at all sites. 

A partide atlas of site-specific 
materials is needed to allow 
rapid identification. 
Available at all sites. 

Model studies are needed for 
waste fom andvarious 
equipment pans. 

This is a mature technology. 

Characterization of variations 
in the Cement for the various 
st~chlres of interest is 
needed: and 
matrixlwntaminant interaction 
studies need to be performed. 

Testing evaluating protocols and characteriring for 

large concrete structures are 
needed. 

An eqwimental design. 
models need to be 
established. 

Astudyneedstobe 
performed. 
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Radiation-Induced Segregation 
Model (RIS) 
CHAR-42-OL 

Ranking::' 
H-4-2 ($SM;N) 

Infrared Absorption (Laser 
Based sourn) 
CHAR-EWL 

Ranking:' 
M-3-2 ($.SM;N) 

Compound Portable Volatile Detectors Oqanii 

Ranking::' 

CHAR-5-OL 

H-3-0 ( $ . 2 S M ; $ l W e )  

Direct Sampling Ion Trap Mass 
Spectrometry ( D S N )  

Ranking::' 

CHAR-OWL 

H-3-2 ( $ I M ; W / e )  

Sampling Interface System for 
Surface Contamination by 
Organics 

Ranking::' H-4-3 ($.nSM;N) 

Fiber-optic Chemical Sensors 

Ranking:' 
H-3-1 ( $ l M ; $ l W ~ e )  

CHAR-271-OL 

CHAR-2!SL 

lnfraredSpedroseOw 
(Wavelength Dispersbn) 
CHAR-1WL 

Ranking:' 
M-3-1 ($.m;$rcWsan@e) 

Gas Chromatography--Mass 
Spectrometry (GCMS) 
CHAR-88-OL 

Ranking:' 
E-34 ($OM;F200-soosatnple) 

determine if, in reador 
equipment, the high radiion 
fields and temperature 
combinations allow for an 
enhancement of defect sites, 
which may cause variabili in 
demntamiMtion or 
dismantlement 

Laser soum would enhance 
sensitivity. krt cost and size 
would increase appreciably, 

This is a mature technology. 
For quick screening and 
surveying, instruments am 
available commercially. 
Interfacing the instruments 
with spectrometer an ion mobilii would mass allow 

detection of individual 
compounds (-WOK). 

Methods need to be developed 
for speafic applications. 
Available at X-10. 

Development of rapid heating 
interface and software for rapid 
contaminanl identification by 
direct sampling ion trap mass 
-metry. 

A combination of waveguides 
and speumsspic techniques 
that have been matched not 
only for each other but also for 
specific monitoring scenarios 
are needed. 

No units wnently exist on-site. 
Several vendors are marketing 
equipment. Software 
devetopmern would enhance 
site-spedfic applications. 
Available at all sites. 

Technology is applicable as is. 
Benefit would be derived from 
faster chromatography to 
shorten analysis time. 
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Clean Up Legacy 
Waste 

Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

1 Facility - 
Decontamination 
and 
Decommissioning 
( o w  

1 Remedial Action 
( R A W i l s ,  
Ground Water 
and Surface 
Water 

Waste 

(WM) 
Management 

/&&on Capture De tson  for 
Analyzing PCBs 
CHAR-1-L 

Ranking:' 
H-3-0 ($.25M;S5W~amPk) 

PCB Immunoassay Kit 

Ranking:' 
H-3-0 ($2SM;$8O//samp) 

Direct Sampling Ion Trap Mass 
Spectromelv ( D S W )  

Ranking:' 

Sampling Interface System for 
Surface Contamination by 
Organics 

Ranking:' 
No Rmkjng 

CHAR-SeOL 

CHAR-SDOL 

H-3-2  ($2M;S5Oham@e) 

CHAR-271 4 L  

m e  technOtcsy requires 
optimization for the most 
efficient extraction and 
chromatography of both total 
petroleum PCBs in a hydrocarbons single operation. and 

methodology Development (perhaps of a sampling using a 

wipe of the surface) and test it 
on target compounds. 
Available at X-10. 

Adapt wrrent methods to the 
specific constituents and 
sample matrices at the ORNL 
site, conduct method 
performance valiition. and 
prepare an analytM protocol. 

Available at Y-12 

None Available at X-10, K-25. 

Methods need to be developed 
for specific applications. 
Available at X-10. 

Development of rapid heating 
interface contaminant and identification software for rapid by 

direct sampling ion trap mass 
spectromeay. 

Technology needs are 
minimal. While improvements 
can be made, in general. the 
technology is ready to use. 

The technology requires 
optimization for the most 
efficient extraction and 
chromatography of both total 
petroleum hydrocarbons and 
PCBs in a single operation 
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*-CleZn-Up-Eegacy- 
Waste 

Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

Facility - 
Decontamination 
and 
Decommissioning 
( o w  

. I t r -  7 7 5 1  
Dismantlement for Decontamination and Decommissioning 

Needs: 

1 : Need to develop a high effi- 
ciency fluid recovery system. 

2: Need to address contami- 
nated uads in concrete. 

Technology Impmvemml 
Needs: 

1: Method of cumng urg. 
rebar must be - 
2: High effiaency M r u u w  
efysystem muslm gMc 
oped. 

Technology lm- 
Needs. 

1 : Final phase d QMCO 
ment. 
Available in Rinm S a & .  

Technology lm- 
Needs: 

aency 1: Need fluid to develop rewver a system. hgn e?& 

2: Need to address contam* 
nated cracks in concrete. 
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(Reactor Pools) 
OISM-26-OL 

aanloirg:. 
No Ranking 

. 

Technology Improvement' 
Needs: 

1 : Method of aming large 
rebar must be developed. 

2: High efficiency fluid reaiv- 
ery w e m  must be devek 
Oped. 

Technology Improvement 
W S :  

1 : Crane system to remove 
large sections of conmate. 

2: Remote method of Cutting 
rabar in large amounts Of 
debris is needed. 

Technology Improvement 
Needs: 

I: Demonstration is required 
using a lightly reinforced 
building. 

2: Hole geometty needs to be 
determined. 

Tech~ylogy Improvement 
Needs: 

1 : Vacuum system to handle 
dust must be mated. 

2: Crusher to down size con- 
crete sections must be devel- 
oped. 
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Clean Up Lqacy- 
-waste 

Prevent Future 
insult 

Develop 
Environmental 
Stewardship 

Facility 
Decontamination 
and 

Remedial Action 
( W-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
(WM) 

t 

hlember 1993 

Dismantlement for Decontamination and Decommissioning 

Technology Improvement 
Needs: 

1 : Final phase of develop 
ment 

Technology Improvement 
Needs: 

1 : Need to develop a high effi- 
aency fluid recovery 
system. 

2: Need to address contami. 
nated cracks in concrete. 

Technology Improvement 
Needs: 

1: Method of cutting large 
rebar must be developed. 

2 nigh efficiency fluid recov- 
ery system must be devel- 
cped. 

Tanks) 
DISM-33-OL 

Ranking::' 
M 4 7  ( $ Z S M . ' $ d )  

Technology Improvement 
Needs: 

1: Crane system to remove 
large sections of concrete. 

2: Remote method of anting 
rebar in large amounts of 
debris is needed. 

Technology Improvement 
Needs: 

1: Demonstration is required 
using a IighUy reinforced 
building. 

2: Hole geometry needs to be 
determined. 
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Facility - 
Decontamination 
and 
Decommissioning 
( o w  

Remedial Action 
(FlA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 

(WM) 
Management 

(Structural-Onty Concrete) 
DISM-42-OL 

Ranking:' 
H-24.5 ($l.SM;$l&) 

dust musl be created. 

2: Crusher to down size con- 
crete sections must be devel- 
Oped. 

Technology 
Needs: 

1: Final phased 
mew 

Technology Im- 
Needs: 

aency 1: Need fluid to deveroo recowv J r r u m  ngn 

Technology l m p o r r r r n l  
Needs: 

1:Methodofaminglarga 
rebar must be develoeed 

2: Hgh efficiency fluid TBcov- 
ery system must be devel- 
oped. 
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*Clean Up-Legacy 
Waste 

_ _ _ _ ~ -  
Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

9 Facility 
Decontamination 
and 
Decommissioning 
( D W  

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
(WM) 

Dismantlement for Decontamination and Decommissioning 
7 75 1- *. 

W y y l B E m m  - *- - I .. - -  - ...- . -  . - . . -  

_ -  . _ _  - 
Technology lmpmvement 
Needs: 

1 : Vacuum system to handle 

.~ -~ 
D i s h m  - Convention-adc Headache Ball. etc. ~ a m ~ & - -  

- ~ . (.StructuraI9nly_Cona)-. 
D I S M M L  

Rankmg:' 
H-2-0 ($OM;&) 

- 
mlosive Cmng (Structural- 
Only Concrete) 
DISM-SOL 

Ranlung:' 
nor ranked 

Demolrbon Compounds 
(Structural-Only C o m W  
DISMd6-0L 

Rankng:' 
M-2-2 ($l.SM;&) 

M i i v e  Demolition 
(SrmcturaI-Only Concrete) 
DISM47-OL 

Ranking:' 
norranked 

Grappler (Strudural-Only 
Concrete) 
DISh4-48-OL 

Ranking::' 
H-2- 1 ($1 M S d )  

d u d  must be created. 

2: Crusher to down sue con- 
crete sections must be devel- 
oped. 

t 

Technology Improvement 
Needs: 

1 : Crane system to remove 
large sections of concrete. 

2: Remote method of cutting 
rebar in large amounts of 
debris is needed. 

Technology Improvement 
Needs: 

1: Demonstration is required 
usirig a lightly reinforced 
building. 

2: Hole geometry needs to be 
determined. 

Technology Improvement 
w s :  

1 : Final phase of develop 
ment. 

Technology Improvement 
Needs: 

1 : None 
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Facility - 
Decontamination 
and. 
Decommissioning 
( o w  

Remedial Action 
(RA+Soils, 
Ground Water 
and Surface 
Water 

' Waste 
Management 
(WM) 

Tethnoiogy Imprdveknt: 
A remote controlled manipula- 
tor 

Science Development: 
Recydabie abrasives 
A recovery system for lhe 
abrasives and water 
Technology Improvement: 
A remote controlled manipula- 
tor 
Longer lasting nozzles, hoses 
and intensifier pumps 

Science Development: 
Cryogenic liquid culting 
Technology Improvement: 
A remote controlled manipula- 
tor 
Long lasting nozzles and 
hoses 

Science Development: 
Technology Computer aided Improvement: procass 

A remote controlled manipula- 
tor 
Longer lasting nozzles 
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--Clean Up-Legacy- WmF-- 

Prevent Future 
Insult 

Develop 
Environmental 
Stewards hip 

1 Facility - 
Decontamination 
and 
Decommissioning 
(D&D) 

i Remedial Action 
(FiA)-Soils, 
Ground Water 
and Surface 
Water 

' Waste 
Management 
(WM) 

Dismantlement for Decontamination and Decommissioning 

tor manipulate to view the the cutting nozzle and to 

Remote control of the amount 
of oxygen and fuel gases 
being consumed 
Available at all sites. 

sdence Development: 
Technology Computer aided Improvement: process 

A remote controlled manauk- 
tor 
Different sizes of M OkSm 
mat are interch- 

Science Developma 
T e c h n o b g y I Y :  Computer aided pocw 

A remote controW mrr~w 
mr 

The science capability Development to capture Ute 

contaminants exiting the ked 
Technology Improvement: 
A remote controlled manlpula- 
tor 
Availabk at all Site% 
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tor 

Science Development: 
A method of buttering the 
shodc wave and i t s  noise 
A method to contain the cont- 
amination that explodes of the 
Technology material Improvement: 

A remote mntruUed manipula- 
tor that will placa the mes 

!Science Development: 
The appropriate power level 
for A fiber-optic the laser d a l i r y  system 

Mente Devekpment 
Recyclable abrasives 
A recovery system for the 
Technology abrasivesandwafer bnprovement: 

Longer lasting nozzles, hoses 
and Available intensifier In Rivate pumps SectDr. 



_ _  Clean-Up_Legacy- - 
-Waste 

Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

1 
' Facility - 

Decontamination 
and 
Decommissioning 
( D W  

' Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
(WM) 

Dismantlement for Decontamination and Decommissioning 

Available at Y-12 

None 
Available at all sites and 
Private Sector. 

Science Development: 
A method to contain the cont- 
aminidion 
Available in Rhrate sector.  

Science Development: 
The capability to capture the 
contaminants exiting the kerf 

None 
Available in Private Sector. 

Science Development: 
A method of buffering the 
shock wave and its noise 
A method to contain the cont- 
amination that explodes of the 
material 
Available in Private sector. 
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Dismantlement for Decontamination and Decommissioning 

~~aihble in Private Sector. 

None required 
Available at Y-12 

Pipe hangers dose to *IBr 
Pipes dose to wails 

Study to deterrmn sua 
capacity for disporr 
System to process -4 
into workable suo 

Confirmation of w w  d.. 
persenlent 
Confirmation of all cldlv.. 
tion 

High effiency watm 
and recyde system m a  D. 
developed. 
lrnprovemem of we= on n ~ 1 -  
zles, hoses. and psng, rr)n 

abrasives are used 

Technology Improvmnmt 
None 
Science Development 
None 
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Clea-Up.Legaw- 
-Waste 
_ _ ~  

Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

1 
Facility - 
Decontamination 
and 
Decommissioning 
( o w  

Remedial Action 
(RA)-Soiis, 
Ground Water 
and Surface 
Water 

Waste 
Management 
(WM) 

Dismantlement for Decontamination and Decommissioning 

None 
Seience Development: None 
Available at all sites. 

Technology Improvement: 
None 
Science Development: None 
Available at all sites. 

Technology Improvement: 
Waveguide improvements - 
fiberoptic5 
Science Development None 

Technology Improvement 
None 
Science Development None 
Available at all sites. 

Technology Improvement 
Nomr 
science Availabk Development: at all sites None 
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Waste 
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(WM) 

a. - '4 95 1 
Dismantlement for Decontamination and Decommissioning 

Water Jet (Major Equiipment 
Removal) 

Ranking::' 
not ranked 

DISM-974L 

science Development: None 
Available at all sites. 

Technology lmpmvement: 
Scaling h s e r  system to 
required levels 
Sdence Development: None 

Technology Improvement: 
A means of beff ering the 
associated shock wave. 
s*ena,Davelopment: 
Nom, 
Available at all sibas. 

Technology Improvement: 
None 
!Science Development: None 
Avallable at all Sit= 
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Facility - 
Decontamination 
and 
Decommissioning 
( D W  

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
(WM) 

Dismantlement for Decontamination and Decommissioning 

Removal) 

Ranking::' 

DISM-101-OL 

Saw design for material thick- 
nesses>100mm will require 
development 
Science Development: None 

Technology I-: 
None 
Science D e v e b p m :  Norr 

Technology I-: 
None 
Sdeme DevelopnnC. ?#me 
Available at all r*r 

Technology Im-: 
Significant devekmma .norl 
required. 
Science Developmom: 
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Waste 
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WM) 

age 36 

Dismantlement for Decontamination and Decommissioning 

GrabMer/Gross Shearing and 

Dismantlement Thennoset Polymermennal 
Plastic stablli ion 

Ground Water Diversion 

6 

None 
Wince Avallable Development: at all sites. None 

Technology Improvement: 
None Wenm Development: None 

Available at all sites. 

Evaluation prior to use to 
insure compatibility with the 
waste being stabilized. 

None 



*-Clean-Up-l;egacy- 
Waste 

Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

t 

w 

,I 
Facility - 
Decontamination 
and 
Decommissioning 
( D W  

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
(WM) 

6 -  7'15 1 
L a  

Dismantlement for Decontamination and Decommissioning 

-Temporary EntombmenVClay 
Qon needs and molmuiang of 
day to prevent drying and 
aadang need to be 

In order to ensure stable ISO- 
lation of contaminated Srmc- 
tures. application-speafic 
be hydraulic developed. isdabon These caps bamen must 

Encasement4ubsurface Lmle or no development 
IntegraQOn of hydraulic isola waste storage with vod 
QOn, sobddicabon. senlor reduction (Entombment) 

DISM-113-OL technology, etc needed. 
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*-Cleat-Up-Legacy- 
Waste 

Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

Facility 
Decontamination 
and 
Decommissioning 
( o w  

Remedial Action 
(RA+Soils, 
Ground Water 
and Surface 
Water 

I Waste 
Management 
(WM) 

Dismantlement for Decontamination and Decommissioning 

DISWl14QL 

Rankina::' 

. Engineered Storage-foi very 
nor items. future disposal 
(Entombment) 
DISM-1lx)L 

Ratlkhg:' 
H-44 ( $ 7 M S 4 d )  

Hydraulic Isolation 
(Entombment) 

Rankkg:' 

DISM-116-OL 

oolauon. sensors, erc. are 
needed. 

Development and evaluamns 
of great formulations. 
Demonstration of capabdtbes 
of needed other approaches are 



-Clean Up-Legacy- 
-Waste 

Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

1 
Facilii 
Decontamination 
and 
Decommissioning 
( D W  

Remedial Action 
(RA )-Soils, 
Ground Water 
and Surface 
Water 

Waste 

(WM) 
Management 

Soliion/Stabilization 
DISM-120-OL 

Ranking::' 
not ranked 

Dismantlement for Decontamination and Decommissioning 

shkders Auld be useful. 
are Less also labor needed. intense systams 

Development of application 
specific senson. deployment 
appmaches. and testing for 
survivability (and senior pro- 
jected Me) are needed. 

Develop mixing requirements 
and test preforms for use with 
casting mate&&. Also 
assess cast block size for 
optimization of handling. stor- 
age, and relocation. 

Develop bener understand- 
ing of needs for assuring vali- 
dation of solidification and 
s t a b i l i i n  of lhe composite. 
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Dismantlement for Decontamination and Decommissioning 

Facility - 
Decontamination 
and 
Decommissioning 
( D W  

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

9 Waste 
Management 
(WM) 

Enabling Technologies) 

Ranking:' 
H 3 - 3  (S.SM;&) 

DISM-143-OL 

ashone Lighter weght mbconshlcbon materials such 

may handle Z V e k  and cheaper. e a e r  to 

Inflatable panels may be 
applicable. 

Develop prototype and 
demonsme efficacy. cmt to 
develop -$SOOK. 

specific pmgms. tedurol- 
ogy development needs, 
and technology improve- 
ment needs. 



. - -  
Waste 

43event.Future- 
Insult 

Develop 
Environmental 
Stewardship 

Facility - 
Decontamination 
and 
Decommissioning 
( D W  

Remedial Action 
(RA)--Soils, 
Ground Water 
and Surface 
Water 

9 Waste 

(WM) 
Management - 

Dismantlement for Decontamination and Decommissioning 

moa advantageous swte 
of hardware and sottware 
that allow ease of use. hgh 
accuracy and definltion. 
and me capability to select 
and view these images and 
display them in publica- 
bons me needs that should 
be addressed in a pmto- 

nor to inrbd- 
%o?:&?am wde set 
of GIF image speofics- 
ti0I-S. 

Speuftc detailed somum 
that integrates th. 3 0 
mapping to an ex- 
Q t a b a s e f o r u s e m r o a n  
or remote manlplvoon 
applrcahom WJI b. 
required. Maniprraor, d 
thedatabaseandacha 
mentldibration OC n u  a u +  
sots in a real-time 
mode of operawn rl D. 
cess n v  of this to prognm a m  u 

Enabling TkK-noiogies) 
DISM-147-OL 

Ranking:' 
Not Ranked 

Technol y d e v e l o m  
needs My of an in%de,the imaginq/comDuler assem 

system, software deverop 
ment. procedure dev- 
ment, and personnel tram 
ing. 
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-Prevent.Euture- 
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Develop 
Environmental 
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Facility - 
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Decommissioning 
(Daw 

Remedial Action 
(RA)--Soils, 
Ground Water 
and Surface 
Water 

Waste 

(WM) 
Management 
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NeTwork Archltechlre with 

ClienWServer Accass to 
Standards and Regulatory 
Guidelines (Needed Enabling 

Automated Scanning and 
Conversion Drawings (Needed of Engineenng Enabling 

3-D CAD Data Base of 
Buildings and Structures 
(Needed Enabling 

Client/Server Architecture for 

See Um €@ambm and Undestandng 
Keym the lmmof tho dopunem for a 

such a system is commerdal- 
ly available and is found typi- 
cally in financial services 
companies.and.some-kqe- 
corporations. 
Available at X-10. 

None 
Available at X-10. 

A vides product network is needed access Mat to the pro- 

databases on CD-ROM using 
the protocols TCPAP between communications dient and 

server. 
Available at X-10. 

Some software will be avail- 
able commercially; some will 
have to be developed locally. 

Improvements are needed in 
the speed and acarracy of 
converting scanned images to 
graphical representations that 
will meet the needs (e.g.. abil- 
ity to change scale to show 
more detail) of the envirun- 
mental restoration program. 
Available at Y-12 

Integration of this technology 
with the other supporting 
technologies that must work 
together with it to pmvide the 
high level of automation 
needed to assure proper 
compliance with envimnmen- 
tal legislation governing 
reStOraton activities will be 
the main technology need. 

This technology will beneft 
most from impmvements in 
network technology (higher 
m i s s i o n  speeds. 
impmed transmission proto- 
cols and data accBss 58f- 

vices) needed to support it 
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9 Facility 
Decontamination 
and 
Decommissioning 
( D W  

Remedial Action 
(RAkSoils, 
Ground Water 
and Surface 
Water 

.c 

h 
c. 

0 li- 

Methods will be needed to 
evaluate and sort historical 
records according to their like 
ly usefulness. 

More natural language analy- 
sis tools are needed to assist 
with analysis of intonnation 
which used for is provided planning, in much text form. of 

Available at X-10. 

Improvements are needed 
most in graphical display sup- 
port systems. 
Available at X-10. 

Improvements are needed to 
provide new types of suppoti 
in order to satisfy regulatory 
requirements. 

Few automated analysis tools 
exist since much of the effort 
for these analysis requires 
checking for consistency, cor- 
rectness. completeness. toler- 
ance of designs to various 
knds of system failures, and 
unintended function. 

Existing technology must be 
enhanced by adding a tag- 
ging mechanism to permit the 
system to be used for tracking 
acthities and to link informa- 
tion in databases assodated 
with a physical location to 
dSplayS appropriate On desMop map and COITIP~~- drawing 

err. 
Available at X-10. 

Page 43 

OOQ823 



9 Facility - 
Decontamination 
and 
Decommissioning 
( D W  

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

1 Waste 
Management 
(WM) 

~ 

.ge 44 



. -  
.< .. . . 

. .  

. .. 

, .  

.. 

,. .. 

. ,_ . 
s .  

i 



Prevent Future 
Insult 

Develop 
Environmental 
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1 Facility 
Decontamination 
and 
Decommissioning 
(Daw 

1 Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste - 

Management 
(WM) 

p 1 7 5 1  
t- 

I. 

Decontamination I I 

Shot Blasting 

Ranking:. 

DCON-36-OL 

H-3-0 (4.1; $lm) 

ScabblerslScafifkn 
DCON-370L 

Ranking:' 
H4-2 (0.5: a) 

Grit Blasting 
DCON-380L 

Ranking:' 
H4-0 (4.1; $5W) 

Centrituge Cryogenic CO, 
Pellet Blasting . 
DCON-340L 

Ranking::' 
H-5-2 (1.0; c$lKE) 

~utornatio~: esp'eciaiy for 
walls and ceilirigs 

To minimlte waste genemon. 
a system IS needed to treat the 
water somat n can be 

Flssm Products, Cornion 
Products. Induced Radiaeon 

C-137. Sr-90. cod0 

Sr-90, Cs-137, Co-60.1-129 

Fe-55. Cs-137. Sr-90. Ca-60. 
A m b o n  Products 

Aanration Products 

Fission Products, Pu. C-14, 
Fe-55. Cs-137, 3-90, Co-60. 
Acbvabon Products 

Fission Products. Conosion 
Products, Actnration Products 

Technology Improvement: 
Automation, especially for  
walls and ceilings 

Technology Improvement: 
Automation. especially for 
walls and ceilings. 

Technology Improvement 
automation, especially for 
walls and ceilings. 

Development: Demonstration 
of mobile system with hgh 
vekcity pellets delivered at a 
sufficient m e  and adequate 
collection of removed 
contaminants. 

Technology Improvement 
1) DemomVaton of an on-line, 
real time contaminant Sensor 
which would minimize the 
decontamination effort and 
l iml  the waste stream; 2) 
automation 
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Decontamination 

roducts, Corrosion 

-Automa~olumbobcs;especially- - -  
for MIS, corners. etc. 

Pm147. -241 

43 BeWGamma Eminerr Development: Invesbgate W e  
effect of operanng parameters 
on removal rates and remoMl 
and collwbon effiaemes for 
contaminants. Demonstrate 
efficacy for contaminants of 

Hm-Denslhr CQOmtE 
Fssion Products, Comion 
Products, Induced Radianon 

Technology Improvement: 
Devebp and demonstrate 
system for processing waste. 
Technology Improvement: 
Minimize Mast media emson 
lo minimize waste; 

for walls etc.; improve 
comnment of waste and 
removed contaminants. 

U. Th. Molten Salt 

aUtOMQOnlrObobCs. eSpeOally 

Fe-55. Cs-137.3-90. cobo. 
Amvation Products 

Fssion Products, Pu. C14. 
Fe-55. Cs-137.3-90. CO-60. 
-tion Products 

Fmion Products. Pu. C14, 
Fe-55. Cs-137.3-90. cobo, 
Activation Products 

Fission Products. Pu. C-14, 
Fe-55. Cs-137. Sr-90. -60, 
Amvation Products 

Development: The 
applicabilRy of thls technology 
to ltems with rad contaminahon 
should be demomted. 

Products, Actlvabon Products 

Supercritical CO, Blasting 
DCON-41-OL 

Ranking:' 
H-5- 1 (0.7%; dim) 

Plastic Pellet Blasting 
DCON-42-OL 

Ranking:' 
M40 (4. I; 81IW) 

Hand Grinding, Honing, 

DCON43-OL 
saapins 

Ranking:' 
H-2-0 (ccO. 1; 81m) 

Automated Grinding 
DCON-44-OL 

Ranking:' 
H-2-1 ( -. $1; N) 
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and 
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1 Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

*-Waste 
Management 
(WM) 

I L .  - 1 ? ' 5 1  
Decontamination 

_ .  - 

--.. _- .- - .. 
Fission Products, Cm-244. 
Pm-147, Am-241 

43 BeWGamma E m i i  

Fission Products. Conoslon 
Products, Induced Radlahon 

C137.Sr-90, cod0 

Sr-90.C~-137. Co-60, C129 

Amtabon Products 

Acewon Products 

Mianwave Scabbling 

Fe-55. Cs-137. Sr-90. M. 
Activation Ptuducts 

Fe lon  Products. Pu. C14. 
Fe-55. Cs-137. Sr-90. M. 
Acevaaon Products 

Fission Products. C o r n  
Products, Acwabon Producrs 

Development: Improvements 
in the methods of applying 
explosives and in the 
unifonnlty of the detonation are 
needed. The explosion will 
generate toxic organic vapors. 
The technology to control toxic 
vapors formed by the 
explosion must be developed 
and demonstratd. 

development Development: and The testing of a 

mobile prototype microwave 
concrete removal machine 
needs to be completed. 
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Facility 
Decontamination 
and 
Decommissioning 
( D W  

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

science.-Laboratory tests are- 
needed efficacy to of evaluate vaporning the or 

decomposing organics, 
-determine the decompos l i ok -  

sunable reacbon for by-products. rapping materials. and 
Laboratory tests ot thermal 
stress-induced spalling of 
concrete are also needed. 
Computer modeling ot plasma- 
surface intemcnons and heat 
transfer in concrete are 

Development: Plasma 
torches having geometnes and 

decomamimon need to be 
developed along mth sumble 
collecbon systems. Available and gas lreatment at Y-12 

Fasion Products. Cm-244. 
Pm-147. Am241 

43 Beta/Gamma Emmers 

and condeons sumble for 

Flssron Products. Conosin 
Products. Induced Rad ion  Development: Current 

C-137, Sr-90. co-60 
prototype needs to be 
evaluated tor possible use on 
contaminated areas. Systems 
WlM drfferent operational 
parameters pulse duranons) (e.g.. should wavelength. be 

evaluated as well. 
Sr-90. Cs-137, cobo. 1-129 

Acbvation Produds 

Development: Exlsbng 
lasers, deflvefy systems. and 
filttation systems need to be 
integrated into a prototype 
system for demonstranon. 

Acevation Pmducts 

Acbvation Pmducts 

Fasion Products. Pu. (2-14. 
Fe-55. Cs-137. Sr-90. cobo. 
Acbvation pmduas 

Fasion Products. Cornsion 
Products, Actnabon Products 

Development: Commeraally 
avalable tlashlarnp systems 
need to be evaluated for 
radiological contamimon 

DCON-724L 

Ranking::' HAd(zSlnt2)- 

Laser Heating 
DCON-73UL 

Ranking:' 
M-4-4 (3; Slm) 

Laser Etching and Ablation 
DCON-740L 

Rankrirg:' 
M-4-4 (3.5: SlH) 

Flashlamp Cleaning 
DCON-77-OL 

Ranking:' 
H-3-3 (2.5; -$lm) 

September 1993 
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and 
Decommissioning 
(DaD) 

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
WM) 

Decontamination-- 

Cs-137. Sr-90. co-60, lr-192 

Flssion Products. Corrosion 
Products, Induced Radiabon 

U. Th, Molten San 

Fission Products. Pu, C14, 
Fe-55. Cs-137. Sr-90. Co-60. 
AcbMtion Products 

Superheated Water 
Fe-55. Cs-137. Sr-90, cobo. DCON-53-OL 
Acbwon Products 

M 4 1  (1.4; blM) 

Fe.55. Cs-137. Sr-90, Co-60. 
AcbMtion Products 

ACbvahon Products 

automation and improvements 
in pellet delivery. 

Technology Improvement 
To minimize waste generation, 
a water treabnent system is 
needed for decontamination of 
the water wastewater can be reused. so that the 

Technology Improvement: 
Remote operation will 
necessitate the ada@ahn of 
the high pressure water and 
vawum robotic system collection control. systems to 

Technology Improvement: 
To minimize waste generation, 
a water treatment system is 
needed for decontamination of 
the WaSTBwaterso thatthe 
water can be reused. 
Technology Improvement 
Remote operation will 
necessitate the adaptaton of 
the superheated water and 
vawum robatic system collection control. systems to 

Technology Improvement 
To minimize waste generation, 
a water treatment system is 
needed for decontamination of 
the wastewdter so that the 
watercan be recycledand 
reused in the hot water 
deanimg operation. 
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Y E ! % ? ! o g y - ! ! ! L -  To minimue waste generabon. 

a water treatment system IS 
the needed wastewater for deCOntamvlabOn so that me Of 

water can be reused. 
Remote Opembon wll 
necessitate Ute adaptation of 
the mllecbon steam systems and vacuum to mbobc 

Fssion Products, Cm-244, 
Ptn-147. Am-241 

a BetYGamma Emmers 

Fssion Products. Corrosion 
Products, Induced Radabon 

C-137. Sr-90, C0-60 
Development: Tests to 
demonstrate lhat thIS 
technology IS effeCbve for the 
problems at ORNL 

s-90. cs-137. cobo. 1-129 

Fe-55, Cs-137. Sr-90. cobo, 
Actnabon Products 

AcbMton Pmducts 
Technology Impmvement: 
To minimue waste genembon. 
a water treatment system IS 
needed for decuntaminabon of Acbvamn Produds 

Fe-55. Cs-137.3-90. Co-60. 
Actwabon Products 

fission Products, Cornsion 
Products, Acbvaeon Products 

s*ents: sohem that 
less damagng to the 
emnmnment need to be 
idenhtied and demonstrated. 
Available in Rivate Sector. 

Ranlring::' 
M-4-l(l.3; -$ln) 

Hand Brushing Used to 
Remove Surtace 
Contamination 
DCON-5WL 

Ranlring:' 
H-20 (0; $ln) 

Automated Brushing 
DCON-574L 

Ranking:' 
M-3-2 (1; buMn) 

SpongeBlasting . 
DCON-SOL 

Ran*:' M-3-1 (1.3; $NE) 

Solvent Washing to Remove 
Radiological Contamination 
DCON-61 -0L 

M-3-2 Ranldng:' (1; N) 
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and 
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(Dew 

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
(WM) 

ease of application: 

- 

Fission Products. Cm-244. 
Pm-147. Am-241 

43 Beta/Gamma Emmen 

Biah-De- 
Fssion Products, Conwiin 
Products, Induced Radlabon 

C-137, Sr-90. cod0 

Sr-90. Cs-137. Cb60.1-129 

Actwatton Products 

Acmfatmn Products 

Fission Products. Pu. C14. 
Fe-55. Cs-137. Sr-90. cobo, 
Acevatmn Products 

Fission Products, Pu. C14, 
Fe-55. Cs-137, Sr-90. cobo. 
Actwation Products 

Fission Products. Corrosion 
Products, Achvabon Products 

Ranking:' M-3-0 ( 4 . 1 ;  >$lH) 

Vacuum (Low Pressure) 
DCON-7-OL 

Chemical Foams 
DCONML 0' 

Ranking:' 
M 4 1  (3; $.%XW) 

fluoboric Acid Trealment 
DCON-1 1 -OL 

RZ3lkhg:' M 4 2  (2; N)  

None 

Development: up'devetopment scale- of the process 

to a size appropriate for ORNL 
use. inexpensive. The technology bul development itself is 

and scale-up will probably 
Technology require suppoh Improvement: 

Full control over the mean 
bubble dimensions and the 
volume swell factor are 
basic needed, research indicaring will that be some 

necessary. 

Developmant Although the 
method has seen application 
at Chemcbyl with good resub. 
development work is needed 
to test applicability at ORNL 
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(Daw 

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
ONM) 

Decontamination 

M 4 2  (1.5; &&?) 

Cs-137, Sr-90. co-60. lr-192 

Gd-153. -241 

F w o n  Products. Conosion 
Products, Induced Radianon 

F s m n  Products, Pu, C14. 
Fe-55. Cs-137, Sr-90, C0-60. 
Acbvamn Pmduds 

Fe-55, Cs-137.3-90. C0-60, 
Amvamn Produds 

Fe-55, Cs-137. Sr-90. C0-60, 
Acbvabon Produds 

Acovatlon Products 
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.-Clean-Up Legacy- 
-Waste 

Prevent Future 
Insult 

Develop 
Environmental, 
Stewardship 

1 
Facility - 
Decontamination 
and 
Decommissioning 
( o w  

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

. Waste 
Management 
ONM) 

Fission Products, Cm147. 
Pm-241 .Am 

Cs-137, Sr-90. co-60, lr-192 

43 Beta Gamma W e n  

Gd-153. Fun-241 

P-32, Fun-241 

H-3, Kr-85 

Cs-137, Sr-90 

Cs-137. Sr-90, C0-60 

u. Th. coolant san 

U. Th. Molten Salt 

Sr-90. Cs-137. co-60.I-129 

Fission Products, ?RU 

Fission Products 

Fission Produds 

Cs. Sr. Co. Cm. Eu. Am. Pu 

Fission Products. Cornion 
Pro6ucLS. Cs. Sr, TRU. 
Co, Cm. ELI. Am, Pu 

U-233. Pu-239. F&n 
ProduCtS 

Fission Products. Pu. C-14. 
Fe-55. Cs-137. Sr-90, 
Co-60. Activation Products 

Decontamination 
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Development DemonsLrabon 
01 mobile system with high 
velody pellets delivered at a 
suffiaent rate and adequate 
mllecnon of removed 
COflWlllnants. 

Technology Improvement: 
1) Demonsbanon of an on-line, 
real hme amtarninant sensor 
which would minimue the 

Ranking:' 
H - I l ( l . 7 ;  $in] 

Shot Blasting 
DCON-3WL 

Ranking:' 
H-3-0 ( 4 . 1 ;  -$ME) 

ScabblerslScarifien 
DCON-374L 

IQdllking:' 
H4-2 (0.5; W)  

Grit Blasting 
D C O N - m L  

Ranking:' 
H4-0 (4.1 SI%?) 

centrifuge Cryogenic CO, 
Pellet Blasting 
DCON-39UL 

Ranbng:' 
H-5-2 (1.0; 4/32) 

-To a system - is needed gene- to treat the 

water 50 that it can be 
recycled. 
Technology Improvement 
Automabon. especially !or 
walls and ceilings. 

Technology Improvement. 
walls Automation, and ceilings. especially for 

Technology Improvement: 
Automation, especially !or 
walls and ceilings. 

Technology Improvement: 
automation. especially !or 
walls and ceilings. 



Decontamination 
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Develop 
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Facility - 
Decontamination 
and 
Decommissioning 
( o w  

9 Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
(WM) 

-Fmton produas. TRU - 
Fission Products. Cm147, 

I Pm-241.h 

Cs.137. Sr-90, C0-60, lr-192 - 
43 Beta. Gamma Emmers 

66153. Am-241 

Development: lnvesbgate the 

- 
Cs-137. Sr-90, C0-60 - 
u. Th, coolant san - 
U. Th, Molten Salt 

Sr-90. Cs-137. Co-6O,l-l29 - 
Fison Products. TRU - 
Fission Products - 
Fisslon Products 

Cs, Sr. CO. Cm. Eu. Am, Pu - 
Fission Products, Corrosion 
Products, Cs, Sr, TRU, 
Co. Cm. Eu, Am, Pu - 
U-233. Pu-239. Fisslon - 
Fission Products, Pu, C14, 
Fe-55.  Cs-137. Sr-90. 
Co-60. Actrvabon Products 

RdCillg:' 
H-5-1 (<l.O;$l/?E) 

supemcal C Q  B M n g  
DCON-41 -0L 

Raflkif?g::' 
H-5- 1 (0.75+; Slm) 

Plastic Pellet Blasting 
DCON-42-0L 

Ranking:' 
M-4-0 (4.1; -$ME) 

Hand Grinding. Honing. 
saapins DCON-43-OL 

Ranking:' 
H-2-0 (4.1; dim) 

Automated Grinding 
D C O N M L  

Ranking:' 
H-2-1 ( $ 1 ;  N) 

effect of operating pa6neters 
on removal rates and removal 
and collection efficiencies for 
contaminants. Demonstrate 
efficacy for contaminants of 
interest 

Technology Impmentent 
Develop and demonstrate 
system for processing waste. 
Technology Improvement: 
Minimize bbn media erosion 
to minimize waste; 
automation/rubotics. especially 
for walls. etc; improve 
containment of waste and 
removed contaminants. 

None 
Available at X-10, K-25. 

Development: 
The applicability of this 
technology to items with tad 
contamination should be 
demonmated. 
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-0-Clear-Up-Legacy- 
-Waste 

Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

1 
Facil i  - 
Decontamination 
and 
Decommissioning 
( o w  

Remedial Action 
(FiA)-Soils, 
Ground Water 
and Surface 
Water 

1 Waste 
Management 
(WM) 

- 
Pm-241 ,Am 
Fission Pmducts, Cm-147. 

Cs-137. Sr-90, Co-60. lr-192 - 
43 Beta, Gamma Emitten 

Gd-153. Am-241 

P-32, Am-241 

H-3, E85 

Cs-137, Sr-90 

Cs-137, Sr-90. cod0 

u. Th. coolant salt 

U. Th, Molten Salt 

Sr-90. Cs-137. co-60.1-129 

Fission Products, TRU 

Fission Prducts 

F&on Products 

Cs. Sr. Co, Cm. Eu, Am. Pu 

Fission Pmducts. Corrosion 
Products. Cs. Sr, TRU, 
CO. Cm, Eu. Am, Pu 
m 
U-233, Pu-239. Fission 
Products 

Fission Products, Pu, C14, 
Fe-55. Cs-137. Sr-90. . 
co-60, Activation Products 

'r. - 7 1 5 1  

I Decontamination 

Explosive 
D C O W L  

Ranking:' 
L-2-5 (4; $5W) 

Microwave Scabbling 
DCON-714L 

Rankng::' 
H-3-2 (2.5; dim) 

ii developed and ' 
demonstrated. 

Development: lmpmments 
in the methods of applying 
explosives and in the 
uniformity of the detonation are 
needed. The explosion will 
generate toxic organic vapors. 
The technology to control toxic 
vapors explosion formed must by be the developed 

and demonstrated. 

Developmant: The 
development and testing of a 
mobile prototype microwave 
conmete removal machine 
needs to be completed. 
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Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

- 1  
Facility - 
Decontamination 
and 
Decommissioning 
(Daw 

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
WM) 

Fission Products, -147. 
Pm-241 .Am 

43 Beta, Gamma E m i r s  

Gd-153. Am-241 

P-32. -241 

H-3. Kr-85 

Cs-137. Sr-90 

Cs-137. Sr-90. Co-60 

u. Th. coolant salt 

U, Th. Molten San 

Sr-90, Cs-137. C0-60.1-129 

Fission Products. TRU 

fission Products 

Fission Pmducts 

CS. Sr. Co. Cm. Eu. Am. Pu 

Fission Products, Cormsion 
Products, Cs, Sr. TRU, 
Co. Cm. Eu, Am. Pu 

u-233. Pu-239. FiSsion 
Products 

Fission Products. Pu. C14. 
Fe-55, Cs-137. Sr-90, 
co-60, Activation Pmduds 

Decontamination 

wwmm - a , . -  . * a  - _  e -  - . . - -  
- . - - - . - . - ..- . 

- 
a Torch -sciice:-~aboratory tests ar- 

DCON-720t --needed to evaluate the - 
etflcacy of vaporzing or 
decomposing determine the organla. decompowhon 

reacbon by-products. and 
surtable for mpping mate&. 

c o n m e  are also needed. 
Computer surtace intetat3ons modeling and of plasma- heat 

transfer in concrete are 

strm-tnduwd Laboratory tests spalling of thermal of 

needed. Development Plasma 

torches hawng geometries and 
comAnons sunable tor 
demntaminabOn developed along mth need surtable to be 

mlleCOon systems. Available and gas treatment at Y-12 

DeVelOpmult: Current prototype needs to be 

evaluated for possible use on 
contaminated areas. Systems 
mth parameters dltferent (e.9.. operahonal wavelength, 

pulse duranons) should be 
evaluated as well. 

Development: 
systems, Exsbng lasen. and finranon deliieiy systems 

need to be integrated into a 
prototype system for 
d e m o w o n .  

Development 
Commeraally avahble 

evaluated tor deposit remal. 
tlashlamP systems need to be 

Ranking:' 
U-4-1 (0.5; 81m) 

Laser Heating 
DCON-73-OL 

Laser Etching and Ablation 
DCON-744L 

R m : '  
M 4 d  (3.5; Slm) 

Rashlamp Cleaning 
DCON-T-OL 

Ranking:' 
H-3x3 (25; $lM) 
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H-3. Kr-85 

cs-137. sr-90 

CS-137, Sr-90. c0-60 

u. Th. coolant salt 

U. Th, Molten Salt 

Sr-90. Cs-137, M O ,  1-129 

Fission Products, TRU 

Fission Products 

Fission Products 

Cs, Sr. Co, Cm, Eu, Am, Pu 

Fission Products, Conwion 
Products. Cs. Sr. TRU, 
Co, Cm, Eu. Am, Pu 

U-233. Pu-239. Fission 
Products 

Fission Products, Pu. C14, 
Fe-55. Cs-137, Sr-90, 
Co-60. Activation Products 

if 

a 
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Decontamination 

- __._____ Clean Up Legacy 
-Waste 

Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

Facility 
Decontamination 
and 
Decommissioning 
(Daw 

b Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
WM) - 

September 1w 

- 
Improvement: To-minimie- 

needed to treal the water so 
that It can be recyded. 
espxaally Improvement: for walls Automanon, and 

Ultratpgh--re Water 
-DCON-350L- ~ 

- cetlngs. -. 

Improvement: AutomaDon. 

Improvement: automaDon, 
especially for walls and 
ceilings. Belter vacuum system 
demonmatlon. 

Development: Demonsnanon 
of mobile system with high 
vekaty pellets delivered at a 
sufhaent rate and adequate 
wllecbon of removed 
contaminants. 

1) Demomtrabon of an on h e .  
real nme contaminant sensor 
which would minimize the 
decontamination effort and 
lima the waste stream: 2) 

Shot Blasting 
DCON-3WL 

Rankl?g:' 
H-30 (<o.lM;$lKt2) 

Grit W n g  
DCON-3&OL 

Ranking:' 
H-W (4. 

Centrifuge Cryogenic COr 
Pellet Blasting 
DCON-390L 

Ranking:' 
H-5-2 (l.OM;<$l/W) 

Ice Blasting 
D C O W L  

Ranldng:' 
H-5-1 (<l.OM;$l/W) 
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Decontamination 

on removal rates and removal 
and wllecnon effiuenues for 
contaminants. Demonstrate H-5-1(0.75cMSlIM) 

Plastic Pellet Blasttng 
DCON-42-oL 

.3029,celiPWaa M-40 (CO.lM;$lm) 

adg. 3028ECharging 

H-2-1 ($lM;SlM;N) 

Improvement: Develop and 
demonstrate system for 
processing waste. 
Improvement: Minimize b M  
medii erosion to minimize 
waste; automationlrobotics, 
especially for walls. etc.; 
improve containment of waste 
and removed contaminants. 

None 
Available at X-10, K-25. 

Developnent: 
The applicabilii of this 
technology to items with rad 
contamination demonstrated. should be 

Improvement 
The technology to operate this 
equipment remotely needs to 
be d e v e l m  and 
demonstrated. 
Available at K-25. 
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-Waste 

Prevent Future 
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Stewardship 

1 
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Water 

'Waste 
Management 
(WM) 

1993 

Decontamination 

Plasma Torch 
DCON-72-OL 

Rmkhg:' 
H-4-1 (OSM;$lA92) 

Laser Heating 
DCON-734L 

Rmkjng:' 
M4-4 (3M.SlR2) 

Laser Etching and Ablation 
OWN-7-L 

Ranldng:' 
M4-4 (3.5M;>blAz) 

Plasma Surface Cleaning 
DCON-75-OL 

Ranking::' 
H 4 2  (l.OMHlrlt2) 

Computer mi&i ig of plasma- 
surface interactions and heat 
transfer are needed. 
Devdopment: Plasma 
torches having geometries and 
conditions suitable for 
decontamination need to be 
developed along with suitable 
collection and gas treatment 
systems. 
Available at Y-12 

Development 
Current protoiyp needs to be 
evaluated for possible use on 
contaminated areas. Systems 
with different operational 
parameten (e.g.. wavelength, 
pulse durations) should be 
evaluated as weli. 

Development: 

systems. and firnation systems 
need to be integrated into a 
prototype system for 
demonstration. 

Exiing laser$ delivery 

Science: Data on cleaning 
rates for contaminants and 
subsbates of interest are 
needed. 
Development - The capabirii 
of plasma generation and 
cleaning on complex internal 
surfaces of mntamimed 
equipment with large surface 
areas needs to be established. 
Available at Y-12 
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Decontamination 

recent& been demonstrated in 
Depamnent of Defense 
pmgrams automatton regding and improvements 

in pellet delivery. 

Improvement: To minimne 
waste genefatton, a water 
treatment system is needed for 
decontamination of the 
wastewater so that the water 
can be reused. 
Improvement - Remote 
opefanon mll necemtate the 
adaptanon of the high pressure 
water and vacuum collecnon 
systems to robotic system 

Improvement: To minimtze 
waste genefaDon. a water 
treabnent system is needed for 
demntaminauon of the 
wastewater so that the water 
can be reused. 
opemon Improvement wll - necesstate Remote the 

adaptabon d the 
superheated water and 
vacuum w l lmon  systems to 
robonc system contool. 

* Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

Facilii - 
Decontamination 
and 
Decommissioning 
( o w  

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
WM) 

Compressed-Air Cryogenic 
CO, Pellet Blasing 
DCONdl4L 

Ranking:' 
H-4-1(0.7M>Slm) 

High-Pressure WaBr 
DCON-524L 

Rankiflg:' 
M-3-1 (1.3M;dlm) 

superheated water 
DCON-53-OL 

Ranking:' 
M-4-1 (1.4M;blm) 



* Prevent Future 
insult 

Develop 
Environmental 
Stewardship 

1 
Facility - 
Decontamination 
and 
Decommissioning 
( o w  

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
WM) 

Decontamination 

- 

_ _  ~ 

can be recyded and reused in 

waste Improvement generabon. - To a mintmue water 

treatment system IS needed for 

Hand Brushing Used to 
Remove Surfam 

H-2-0 (OM;$l/7E) 

Automated Brushrng 

treatment system IS needed for 
decontaminaon of the 
wastewater so that the water 
can be recyded and reused u1 
the spange b U n g  operabon. 

decontamination of the 
wastewater so that the water 
can be reused. 
Remote operation will 
necessitate the adaptation of 
the steam and vacuum 
collection systems to robotic 
system contml. 

None 
Available at K-25. 

Development: Testst0 
demonstrate technology is that effective this for the 

problems at ORNL 

Improvement: To minimize 
waste generation. a water 
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Facilii - 
Decontamination 
and 
Decommissioning 
( D W  

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
ONM) 

DCONBIUL 
Ranking:' 

Solvent Washing to Remove 
Organics 
DCON-6ZC)L 

Ranking:' 
H-2-2 (?MN 

Strippable Coatings 
DCON63-OL 

Ranking:' M-3-0 (Co.lMs$l~lE) 

Vacuum (Low Pressure) 
DCON-64-OL 

Ranking:' 
M4-0 (Co.lM;$117!2) 

identified and demonstrated. 
Available in Private sector. 

Sciamxt. Solvents that are 
less damaging to the 
environment need to be 
identified and demonstrated. 

co&ngs with lower material 
costs and greater ease of 
application. 

None 



Facility - 
Decontamination 
and 
Decommissioning 
( D W  

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
ONM) 

Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

Decontamination 

- -- - -. m,-wmm ~ e * * -  . e .  - _  e -  - . 0 _ -  
- _ -  - 

_. 
. . __ 

. . _ _  -- 

-- - ____ - 
Ultrasonic Cleaning 

Radang:' 

- D C O N W L  -acceptable-deaning liquids 
hich  (1) are nor hazardous, 
(2) can be separated from the 
contaminants. and (3) can be 
reused to rmnimw secondary 

M-Z-l(O.lM;-) 

Development: Attempt to 
demonstrate fluxing agent for 
remmng ra&onuclides of 

radionucldes of interest on a 

Smelt Punficabon 

Ranlong:' interest. If passible. 
H-3-3 (100M;blb) demonstrate removal of 

DCON314L 

Eledrorehning Development: Demonstate 

Rankfng. ' (2) recyde elwolyte 

(1) separaeon for radionuclides 
and substrates of interest and 

DCON-324L 
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Prevent Future 
Insult 

Develop 
Environmental 
- Stewardsbp- 

Facility 
Decontamination 
and 
Decommissioning 
( D W  

Remedial Action 
@A)-Soils, 
Ground Water 
and Surface 
Water 

' Waste 
Management 
(WM) 

and recycle ot the electmlytk 
solubons. The development 
work by SEG may sat~sfy 
some of this requirement. 

Chemical Foams 

Chemical Gels 

Cs-137. Pu. Sr-90, Co-60 

Development: up!development Scale of the process 

to a size appropriate for ORNL 
use. The technology itset is 
inexpensive. but development 
and scaleup will probably 
require Impmvement support. Fullcontrol 

over the mean bubble 
dimensions and the volume 
swell factor are needed, 
indicating that some basic 
research will be necessary. 

Development Complex gel 
formulation with a number of 
compounds may be required, 
depending Laboratory on optimization the objectives. will be 

"7. with any change in 
Vanables. 
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Decontamination 

*-Ctean-Up-l;egacy- 
=Waste 

Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

Facility - 
Decontamination 
and 
Decommissioning 
( D W  

I Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
(WM) 

columns) to venfy that we can 
meet our standards and 
reguhDons. More fundamental 
studies are needed In 
secondary waste dsposal 

Development: Although me 
method has seen applicatmn 
at Chernc4)yl wlth good results. 
development work is needed 
to test appl~cability at ORNL 

lnorgarnc Aad Treatments Improvements: Adaptabon of 
DCON-12-OL modkcabons to system (1.e.. 

scrubbers. Men, treatment tor 
nltrates and heavy metals) In 
order to meet regulatory 
requirements. P&le 
development of HNQMF 
decomaminabon methods. twth 
or *ut ultasonic agmon. 
deve(opmem Contming research waste tmnnent and 

and volume reducbon. 
Posvble research and 
development in contml of base 
metal dlssolubon. 
Available at X-10, K-25. 
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- ~ ~ . e - ~  T~-*-~- - - 
- D(.&N-,3a'--- - =  -=:- 

- -- 

Development All REDOX 
techniques demonstration wll to require determine 

their usefulness to 
demntaminaDOn of ORNL 

various contaminant films. 
operations and appllcaklny to 

Science: Lneralure study and 
bench-scale tests of microbes 
on contamiMnts of interest. 
Development - Develop 
methods for applying a layer of L-2-Unhom microbes. suppiying needed 

nutnents. and moving  the 
microbe layer from the 
decontaminated Item. 



Prevent Future 
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Decontamination 
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( D W  
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(RA)-Soils, 
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and Surface 
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Waste 
Management 
(WM) 

&%%%%s, Cm-147, 
Pm-241. Am 

Decontamination 
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ConneteBlodc 
fission Products. Conosion 
Products 
Concrete Bl& 
Fission Products 

lhcua&a 
Cs-137. Sr-90. Co-60. lr-192 

Conaetealodc 
Gd-153, Am241 - 
Cs-137. Sr-90 

Sr-90. CS-137. CO-60. 1-129 

!hma&b& 
Cs-137, Sr-90, Co-60 
likdQm& 
Cs. Sr. TRU. c0-60 - 
Fssion Products, ConosDn 
ProdUCtS 

Fission Products 

Fission Products. TAU - 
Cs-137, Sr-90, CO-60, lr-192 - 
43 Beta. Gamma Emilten 
likdQm& 
Gd-153, Am241 

l&GQme@ - 
H-3. Kr-S.5 - 
Cs-137. Sr-90 

Cs-137, Sr-90, Co-60 
ped concretg. 
U, Th, Molten Salt 
l&GQme@ 
U, Th, codant salt - 
Sr-90. CS-137. c0-60. 1-129 

P-32. Am-241 

Ranking:' 
H-5-1 (17h4,SlIW) 

Shot Bksting 
DCON-36-OL 

Ranking:' 
H-3-0 (-dlM:$lIW) 

Grit Blasting 
DCON-38-OL 

Centrifuge Cryogenic CO, 
Pellet Blasting 
DCON-394L 

R.Wtking:' 
H-5-2 (l.OM;<$lIW) 

needed to treeat the water so 
Mat it can be recycled. 
Improvement: Automation. 
especially for walls and 
ceilings. 

Improvement: Automation, 
especially for walls and 
ceilings. 

Improvement: Automalion, 
especially for walls and 
ceilings. 

Improvement: automation, 
especially for walls and 
ceilings. 

Development: Demonstration 
of mobile system with high 
velocity pellets delivered eat a 
suftiient rate and adequate 
collection of removed 
contaminants. 
Improvement: 
1) Demomtration of an on-line. 
real Sme contaminanl Sensor 
which would minimize the 

dssumes tile has been removed 

000851 
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Decontamination 
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Decommissioning 
( o w  

I Remedial Action 
(RA)-Soils, 
Groundwater and 
Surface Water 

Waste 
Management 
WM) 

cQam!m& 
P-32, Am-241 

!2mmwQ& 
cs-137, Sr-90 
iamQBkk 
Sr-90, CS-137. CO-60, 1-129 - 
Cs-137, Sr-90, CO-60 
l-&smmB 
Cq Sr, TRU. cod0 

Fssion Products, Cowion 
Products 

Fssion Products 

liMQnm@ 
fission Products, TRU 

liMQnm@ 
Cs-137. Sr-90. C0-60, lr-192 

43 Beta. Gamma Emittecs - 
Tiled c€im 
H-3. Kr-85 
ljled C o n e  
Cs-137. Sr-90 

Cs-137. Sr-90, CO-60 

U. Th, Molten Salt 

U, Th, codant Salt 

P-32. Am-241 

Fled co- 

luhl.m@ 
Sr-90. CS-137, CO-60, C129 

September 1993 

m. 

Decontamination 

supercritical co, Blasting 
DCON-41GL 

RZUlkhg::' 
H-5-1(0.75+M:Sl1Tt2) 

Plastic Pellet Blasting 
DCON-420L 

RWhg:' M-4-0 (CO.lM;$lm) 

Hand Grinding, Honing, 
Sawing 
DCON-L 

Ranking::' 
H-2-0 (<4.1M;$l/?E) 

Automated Grinding 
DCON-44-OL 

Flankirrg:' 
H-2-1 ($lM;$lM;N) 

and collection efiencies for 
contaminants. efficacy for contaminants Demonsfme of 

interest. 

Improvement: Develop and 
demonstrate system for 
processing waste. 
Improvement: Minimize blast 
media erosion to minimize 
waste; especially automatiormbotks. for walls. etc; 

and improve removed containment contaminants. of waste 

None 
Available at X-10, K-25. 

Development: 
The applicability of this 
technology to items with rad 
contamination should be 
demonstrated. 
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Ranldng:' 
M-1-2 (<lM;SO.7W) 

Explosive 
D C O N M L  

Ranking:' 
L-2-5 ( 4 M $ 5 W )  

Microwace Scabbling 
DCON-71-OL 

Ranking:' 
H-3-2 (2.5+M,SlW 

Development: Improvements 
in the methods of applying 
explosives and in the 
unitormity of the detonation are 
needed. The explosion will 
generate toxic organic vapors. 
The vapors technology formed by to the control toxic 

explosion must be developed 
and demonstrated. 

Development: The 
development and testing of a 
mobile prototype microwave 
concrete removal machine 
needs to be completed. 
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7 7 5 1  .-- - 'L. 

Decontamination 

!aKmma& 
sr-90. cs-137, co-60,1-129 
!aKmma& 

rlhmmaB 
Cs-137, Sr-90. cobo 

Cs, Sr, TRU, Co-60 

Fission Products, Conovon 
Products 

Fission Products 

liMQnmb 
Faion Products, TRU - 
Cs-137. Sr-90. co-60, lr-192 

43Beta.GammaEmmers - 
nkxGmm@ 

IJeuwa& 
H-3. Kr-85 
liMQnmb 
Cs-137. Sr-90 - 
Cs-137. Sr-90. cod0 

U, Th, Molten sah - 
U.Th.coOlantsan - - - 

libmmam 
Sr-90. CS-137, cobo. 1-129 

-153. Am-241 

P-32, Am-241 

DCON-72-OL 

Ranking:' 
H4-1 (O.SM,.$lt2) 

Laser Heating 

Ranking:' 
M-4-4 (3MSlR2) 

DCON-73-OL 

Laser Etching and Ablation 
DCON-74-OL 

Flashlamp Cleaning 
DCON-77-OL 
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Facility 
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Decommissioning 
( D W  

e Remedial Action 
(RA)-Soils, 
Groundwater and 
Surface Water 

1 Waste 

(WM) 
Management 

Decontamination b' - 7 7 5 1  

fission Products, TRU 

Cs-137. Sr-90, cobo. If-192 

Improvement: To minimue 
waste genetabon. a water 
treatment decontaminaUon system of is the needed tor 

wastewater so mat the water 
can be reused. 

M-3-1 (1.3M;<$lm) 

SI-90. CS-137. C0-60. 1-129 

systems to robotc system 

cs. Sr. mu. co-60 

F w n  Products. Cornion 

Aslon Products. TRU 
Superheated Water Improvement: To minimue 

waste generation. a water 
treatment system is needed for 
decontaminabon wastewater so that of the the water 

operabon will necesstate the 
adaptation of the 

robobc system wnLrol. 

43 Beta Gamma Emirs 
can Improvement be reused. - Remote 

superheated vacuum collecmn water systems and to 

Improvement: To minimize 
waste genetabon. a water 
treatment system is needed for 
decontamination of the 
wastewater so that the water 

u.Th.coolamsan - can be recyded and reused in. 
the hot water cleaning 



Prevent Future 
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Decontamination 
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(RA)-Soils, 
Groundwater and 
Surface Water 
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(WM) 

' c 7 1 5 1  
.b. 

Decontamination 

sa!akm& 
!hEakm& 

i2mmaMs - 
Cs-137, Sr-90 

Cs-137.3-90, CO-60. b-192 

66153. Am241 

P-32. Am241 

u 
SI-90. CS-137. cobo, C129 

c a a k R k %  
Cs-137, Sr-90. cod0 - 
Cs, Sr. TRU. C0-60 

Fission Produbs. Conosion 
PmducG - 
Fission Produas - 
FBion Pmducts. TRU 

liMmm& 
Cs-137. Sr-90. cobo. lr-192 - 
43Beta.GammaenimIs 
Iikumak 
-153, -241 - 
P-32. Am-241 

H-3, Kr-85 

l M i a c a Q  
Cs-137. Sr-90 - 
Cs-137. Sr-90. C0-60 - 
U, Th, Molten Salt - 
U,Th.coolant~ 

Sr-90. Cs-137, cobo. I-129 

~- 
- 

- . _ _  . 

treabnent system IS needed for 
decontaminabon of the 
wastewater so that the water 
can be recyded and reused in 
the sponge bbsbng operabon. 

Science: Sotvents that are 
less damaging to the 
environment ~denmied and need demonstrated. to be 

Available at all stes 

Ranking:' 
M 4  1 (1.3M;$mn) 

Hand Brushing Used to 
Remove Surface 
COntamiMtion 
DCON-564L 

Ranking:' 
H-2-0 (OM,$lm) 

Automated Brushing 
DCON-570L 

R.?lnking:' 
M-3-2 ( lM$3M) 

Sponge Blasting 
DCON-58-OL 

Solvent Washing to Remove 
Radiological Contamination 
D C O N I l 0 L  

Ranking:' 
M-3-2 (1M;N) 

decontamidon of the 
wastewater so that the water 
can be reused. 
Remote operation will 
necessitate the adaptah of 
the steam and vacuum 
collection systems to robotic 
system contml. 

None 
Available at K-25. 

Development: Tests to 
demonstrate that this 
technology is effective for the 
problems at ORNL. 

Improvement: To minimize . 
waste generation, a water 
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w- _ _ _  
Cs. Sr. TRU. Ce-60 

Fission Products, TRU 

likmmm@ 
Cs. Sr, TRU, cod0 

Development: We- 
upldevelopment of the proQss 
to a sue appropnate for ORNL 
use. The technology *elf IS 
inexpenswe. but development 

Cs-137, Sr-90. cobo. lr-192 

over the mean bubble 
dunensons and the volume 
swell tactor are needed. 
indicating that some basic 
resBarch will be necessary. 

Development: Although the 
method has seen applicabon 
at Chemcbyl with good resuh. 
development to test applicabilty work is at needed ORNL 

U, Th, Molten Salt 

Vacuum (Low Pressure) 
D C O N - 7 a  

Ranking:' 
L- 1-2 (2M;N) 

Chemical Foams 
DCONB-OL 

M41(3MSM@=) Ranking:' 

Fluoboric Add Treatment 
DCON-1 l-OL 

Ranking:' 
H-4-2 (2M;N) 

000856 
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(RA)-Soils, 
Groundwater and 
Surface Water 

Waste 
Management 
(WM) 

September 1993 

P 

H-3, Kr-85 

l jhsmaB 
Cs-137, Sr-90 
3iMQmab 
Cs-137. Sr-90, C0-60 
Tiled concrQ& 
U, Th. Molten Salt - 
u. Th, coolant salt - 
Sr-90. Cs-137. cobO.1-129 

Decontamination 

-__ 
- ._ . -  - -~ 
- ~ -  
-- 

=-science: Ltteratwe shrdy and .. - 
bench-scale tests of microbes 
on radionuchdes of interest 
methods Development: for applying Develop a layer of 

microbes. supplying needed 
numents. and r e m n g  me 
microbe layer from the 
decontaminated mm. 

Fsion Products. TRU 

None for removal of srnearable 
contaminanon carbonates. 

Available at X-10, K-25. 

Cs, Sr, TRU, cod0 

Cs-137. Sr-90. Co-60, lr-192 

Development: Validanon of 
updated chehbng agents LS 
needed and is currenUy 
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Gomete 
Fission Products, Conosicn 
Products 

ConmkB lds  
Fission Produds 

v 
Flssion Products. TRU 

&EwmQGk 
CS-137. Sr-90. co-60. If-192 
w e  Block 
Gd-153. Am241 

mxEtawJ 
P-32. Am-241 

!ammma& 
cs-137, sr-90 
Conwet- 
sr-90. cs-137. co-60. 1-129 

v 
CS-137, Sr-90. 

likumae 
Cs. Sr. TRU. Co-60 
Tiled Con- 
Fission Products. Conosion 
Products 
Pled C o m  
Fission Products 

Iikmmme 
Fission Products. TRU 

CS-137. Sr-90. Co-60, If-192 

-* 
43 Beta, Gamma E m i  

Gd-153, -241 

P-32. Am-241 
Tiled Co- 
H-3. Kr-85 

likummb 
cs-137. 3-90 - 
cs-137. sr-90, -0 - 
U. Th, Molten Salt 
Tiled conaete. 
u, Th, Coom salt 

sr-90, (2.9137. cobo, 1-129 

Decontamination 

Development: Survey and 
tests of speafic extractants 
applicable to PCB- 
contaminated coruxete. 
translte and metal are needed. 
A portable 'spot- remover can 
be developed or adapted horn 
commercial devices. 

and, if appropriate because of 
solvent seledron, an offgas 
treatmentsystem. 

A p p l i i h t y  contractor. solvent of rotary recycle 

Available at K-25. 

Science: The charactenstm 
of the specific materials and 
their contaminants must be 
defined before a 
decontaminab'on plan can be 
charademtics formuw. m e  of the Specmc 

contammansmustbe 

technd basis s shown. the 
pnmary opnmned process for worker could safety be 

andeffiaency. Secondary 

Ranking::' 
M-3-3.5 (1.2M;?/W) 

Solvent Extraction 
DCON-1-OL 

Ranking:' 
M-2-? (c2M;N) 

Inaneration 
DCON-2-OL 

Ranking:' 
M-2-12 (30M;$1LMbJ 

Biological 
DCON-J-OL 

Ranking:' 
L-2-UnkKmn 

Dry Heal (Bulk Roasting) 
D C O W L  

Rankhg:' 
L-1-1 (Wfl) 



Prevent Future I Insult 

Develop 
Environmental 
Stewardship 

Facility 
Decontamination 
and 
Decommissioning 
( D a w  

1 Remedial Action 
(RA)--Soils, 
Groundwater and 
Surface Water 

Waste 
Management 
(WM) 

Decontamination 
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Facility 
Decontamination 
and 
Decommissioning 
( o w  

i Remedial Action 
(RAl-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
(WM) 

I 

Decontamination 

September 1993 

Hand Grinding, Honing. 
SaaPinS 
DCON-43-OL 

Rmking:' 
H-2-0 (CCO. lM,$lAW) 

None 
Available at X-10, K-25. 

Automated Grinding 
DCON-44-OL 

Ranking::' 
H-2-1 ($lM;SlM;N) 

Concrete Milling 
DCON-47-OL 

Ranking:' 
M-1-2 (<lM,'$0.75W) 

Development: 
The applicabilii of this 
technology to items with tad 
contamination should be 
demonstrated. 

Improvement: 
The technology to operate this 
equipment remotely needs to 
be developed and 
demonstrated. 
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F a c i l i  
Decontamination 
and 
Decommissioning 

Remedial Action 
(RA)-Soils, 
Ground Water 
and  Surface 
Water 

Waste 
Management 
(WM) 

I- L 

Decontamination 

solvent selection, an off-gas 
treatment system. 

None 
Available at K-25. 

Science: The characterisria 
of the specific materials and 
their contaminants must be 
defined before a 
decontamination plan can be 
formulated. The 
characteristics of the specific 
contaminants must be 
matched to me 
decontaminating advantages 
of roasting. 
Development: Aher a sound 
technical basis is shown, the 
primary process could be 
opbmhed for worker safety 
andeftciency. Secondary 
waste logistics need to be 
defined. 

Science: Benchdetests 
are needed to determine which 
chemicals would be effective 
and what secondary waste 
treatment would be necesary 
to recyde chemicals. 
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Wood/Sheetrodc 
Cs. Sr, TRU. Co-60 
Wood/Sheetmdc 
Fission Products 

WoodlSheetrodc 
Fission Prcducts, TRU 
Wood/Sheem 
Cs-137, Sr-90. Co-60, lr-192 

WoodlSheetrodc 
43 Beta. Gamma Emitters 
WoodlSheetrodc 
66153, Am-241 

Wood/Sheetrodc 

Wood/Sheerrodc 
Cs-137, Sr-90 

Wood/Sheetrodc 
Cs-137, Sr-90. Co-60 

Jar and Fell RQQEQQ 
Cs, Sr, TRU, Co-60 

P-32. -241 

- 
Fission Products 
Tar and Felt Roofing 
Fission Products. lRU 

Jar and Felt RQQfhQ 
Cs-137, Sr-90. Co-60. lr-192 

Jar and Felt Rppfino 
43 bta. Gamma Emitters 
Tar and Felt RoQfiQg 
Gd-153. Am-241 

P-32. Am-241 

H-3.m-85 
Tar and Felt RoPfino 
Cs-137, Sr-90 

Ia r  and Felt RQQfhQ 
Sr-90. Cs-137. -40, 1-129 
Tar and Fell RoQfiQg 
Cs-137. Sr-90. Co-60 

Concrete 
Uranyl Sulfate, Fs ion  Products 

. . . - - - - . -. - - - 
Scince: Lab edJ5tlori- -~-~-E-. -~ 

'DCONep= ---- 
onProcess - effectiveness on the=-- 

radionuddes of interest and 
on the materials of interest 
Development: Demonstrate 
ef fweness contaminants for of interest materials and 

Development: The 
chatactensbcs of the speafic 
contaminants must be 
matched to the advantages of 
decontamination by 

Vacuum (Low Pressure) 

Development: Validabon of 
updated chelating agents IS 
needed underway and at is ORNL currently to confirm 

Chelation Treatment 

. 



Clean-Up-Legacy 
=Waste-- 

- Prevent Future 
Insult 

Develop 
Environmental 
Stewardship 

Facili i  
Decontamination 
and 
Decommissioning 
( o w  

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
(WM) 

Decontamination 
+ - -  

Fission Ptudud~. Corrosion 
Produds 

cs-137. sr-90 
-1 Pim Lntedpr 

U, Th, Molten W 
Steel PiDe lntadpc 
U, Th, Coom W 

U. Th, Molten W 

U, Be. L F. TIE) 
Aluminum Pioino In- 
Fission Products. corrosim 
ProduUS 

Tubim 
U. Th, H-3. Molten W 

Metal 
Heavy Water 

September 1993 
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Decontamination 

- 0  Clean Up-Legacy- 
=Waste-- 

* Prevent Future 
insun 

Develop 
Environmental 
Stewardship 

Facility 
Decontamination 
and 
Decommissioning 
( D W  

1 Remedial Action 
(RA)--Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
ONM) 

processing wane. 
Improvement Mnimue Mast 
medla e m o n  tu mirnmue 
waste; automboWroboba 
improve a~ntammenl of waste 
and removed cornaminants. 

&el Pme Img[rp[ 

sktmmmw 
U. Th. Molten Sah - 
u. Th, coolant san 
&el PlOe ~ ~ e n p r  
U. Th, Molten Salt 

7 
U, Be, L F, Kf-3 
~ l u m i n u m ~  

S;PPDer lubina In- 
U, Th. H-3, Molten  an demonstmed. 

evaluaed for possible use on 
contaminated WIUI drfferent operational areas. Systems 

parameters (e.9.. wavelength, 
pulse dumbom) should be 
evaluated as well. 

systems and f ibnon systems 
promlype need to be system integrated for mto a 

demonstrabm. 

Ranking:' M4-0 (Co.lM;$lt2) 

Automated Grinding 
DCON-44-OL 

Ranlung:' 
H-2-1 ($lM;$lM;N) 

Laser Heating' 
DCON-7- 

Ranking:' 
M4-4 (3M:$lt2) 

Laser Etching and Ablation' 
DCON-74-OL 

Ranking::' 
M4-4 (3.5MSl/lp2) 
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Decommissioning 
( D W  
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Management 
W M )  

September 1993 
* ~f mahnnimun pipe inmior. 

Decontamination 

plasma ~utface Cleaning' 
DCON-75oL 

Rd&Ig::' 
H-4-2 (l.OM,3lm) 

Plasma Etchinq/Fluorination 
DCON-7WL 

Ranking:' 
M-3-3 (SM-) 

Flashlamp Cleaning 
DCON-77-OL 

Rmking..' 
W3-3 (2.5M,31&2) 

.I 
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Corrosion pmduas 

Fosion Pmducts, Corrosion 
PmduQs 

Cs-137. Sr-90 
-1 Pioe 1- 

-1 Pioe 1- 
u, Th. Molten San 

Pioe Inter& 
u. m. coolant  an 

U. Be. L, F. liF3 
r\luminum Pioina lmedpc 
F w o n  Products, Corrosion 
Products 
m r  Tubim lnteripl 
U. m. H-3. Molten m an 

Metal 
Heavy Water 

Decontamination 
b 

--Edllale technaiogy mat has 
recently been deronstrated I 
Depamnent of Defeme 

aummabon and improvements 
in pellet dehry. 

PrOgamS r e g h n g  

Improvement: To minimue 
waste treatment generatmn. system is a water needed for 

deccntaminaon of the 
wastewater so mat the water 
can be reused. 
Improvement - Remote 
opetaeon wll necestate the 

vacxrum robooc system CoIIBChon control. systems to 

adaptabon superheated of water the and 

Improvement: To minmue 
waste genemmn. a water 
treatment system is needed for 
decontaminaon of the 
wastewater so that the water 
can be recycled and reused in 
the hot water dearung 

Improvement -To minimize 
waste generation. a water 
treatment system is needed for 
decontaminabon of the 
wastewatersomattnewater 
canbemused. 
Remote operabon mll 
necBSutate the adaptabon of 
the steam and w m  

:- 



C o d o n  Products 

Fission Products. Corrasicm 
PKJdUCtS 

cs-137. sr-90 

U, Th, Molten San 

U. Th. Molten San 

U. Be. L, F. TiF3 
U i n u m  Pioino lntedpr 
Fission Products, Co- 
Produds 
m r  Tubina latedpr 
U. Th, H-3. Molten San 

m a l  
Heavy Water 

September 1993 

7 75 1. 
Decontamination 

Facility 
Decontarninatior 
and 
Decommissionin 
( D W  

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Naste 

cygernent 

Dry Heat (Bulk Roasting) 
DCON-4-OL 

RanMrg:. 
L-1-1 (2M;NJ 

Sotvent Washing to Remove 
Radiological Contamination 
DCON-61 O L  

Ranking:' 
M-3-2 ( I  M f l )  

Vacuum Cleaning 
DCON-64-OL 

RSnkif&7:' 
M-4-0 (<O.lM;$lmj 

Develop&-nt- TI& to 
demonstrate that this 
technology problems at is O W L  effective for the 

Science: The characteristics 
of the specific materials and 
their contaminants must be 
defined before a 
decontamination plan can be 
formulated. The 
characteristics of the specific 
contaminants must be 
decontaminating matched to the advantages 

Of roasDng. 
Development After a sound 
technical basis is shown. the 
Primary Pmcess could be 
optimized for worker safety ' 

andefficiency. secondary 
waste logistics need to be 
defined. 

S c i :  Solvents that am 
less damaging to the 
environment need to be 
identified and demomtrated. 
Available in Private Sector. 

None 
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Page 92 

Products 

Cs-137. Sr-90 

steel Pm3 1-npL 
skAm&mm 
U. Th. Molten salt 

&el Pioe Intenor 
u. Th, coohnt salt 

steel hkQu 
U. Th. Molten salt 

U. Be. L F. XF3 
Aluminum PiDioo I- 
Fisslon Products. Conwon 
Products 

r Tub- 
U, Th, H-3. Molten salt 

mal 
Heavy Water 

- 

-~ 

Flssion Pmducts. Conowon 

Improvement: More 
aggmssve deaning achon. 

Development: Attempt to 
demonstrate fluxing agent for 
remmng radionudtdes of 
intern. If possible. 
demonmate removal of 

Development: Demonstrate 
(1) separahon of radionudtdes 
and substrates of interest arid 
(2) recycle electrolyte 

Ranking:' M-2- 1 (0.1 M,S2&?) 

Smeit Puftcation 
DCON91-0L 

Rkrking:' 
H-3-3 (1WMSlAb) 

Electrorefinir 
DCON-32-01 

Ranking:' 
M-2-5 (200MSm) 



Facility 
Decontamination 
and 
Decommissioning 
( D W  

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
WM) 

September 1% 

Corrcslon ProQcts - 
Fission Products. Conoscon 
P r O d U d s  

I P m  1- 
Cs-137, Sr-90 

Pioe Intern 

SteelPlDelntenor 
U. 3%. Motten San 
&el Pioe In- 
u, Th, coolant salt 

U. Th, Molten Salt 

U. Be, L. F. liF3 
Aluminum Pioina lnt& 
Fission Products, Corrosion 
Produds 
m r  Tubina In-r 
U. Th. H-3, Molten Salt 

Metal 
Heavy Water 

Decontamination 

Chemical Foams 
DCON-8-OL 

Organic DCON-IO-OL Acid Treatments 

Ranking:' 
H4-2 (2M;ff) 

Development: Pilot-scale 
testing of this method is 
needed with special anenlion 
to the leachina orocess. 

and recycle of the electroi;tc 
solutions. The development 
worlc by SEG may saMy 
some of this requirement 

Development: Scale- 
up/developmenl of the process 
to a size appropriate for ORNL 
use. The technology itsen is 
inelcpensive. and scale-up but will development probably 

require support. 
Improvement: Full control 
over the mean buWk 
dimensions and the volume 
swell factor are needed, 
indicating that some basic 
research will be necessary. 

Development: Pilot plant 
development for waste 
treatments (ion exchange 
columns) meet our standards to verify that and we can 

regulations. More hrndamental 
studies secondaty are waste needed disposal. in 

71 Page 93 0008' 
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Steel Pioe 
Fsion Products. Corrosion 
PrOdUCtS 

cs-137, Sr-90 

%el Pice Inter& 
U. Th, Molten San 
&el PiDe Int- 
u. Th, coolant salt 

U. Th. Molten San 
NOR PnucU&rh 
U. Be. L F. TiF3 
Aluminum PiDina lnte ria 
Fission Products, Corrosion 
Products 
-r Tubino Int & 
U. Th, H-3. Molten Sah 

MQtal 

-1 Pim lmaripc 

. .  

Heavy Water 

Decontaminat ion 
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Decontamination 
and 
Decommissioning 
(D&D) 

1 Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Waste 
Management 
(WM) 

September 1993 

Decontamination 

U. Th. Molten SaR 
S M  Plrn Medg 
u. Th. coolam san 

U. Th. Molten  sal^ 

B[ymlnum P i m a  Iruecia 

-1- 
U. Th, H-3, Molten San 

Rsslon Producrs. Conosion ~ 

Ranking:' 

Eledropolishing 
DCON-1SOL 

Ranking:' 
M 4 2  (3Mdlm) 

Gas Phase Decontamination 
DCON-16-OL 

Ranking:' 
M-4-4 (5M;c$O.W) 

their decontamination usefulness to of ORNL 

operations and applicabili to 
various contaminant film. 

Primary and secondary waste 
treatment and solution recycle 
need to be developed. 
Cleanup principles (e.g.. ion 
exchange and filtering) are 
well established, so that only 
design and demonstration are 
needed. 

Science: The effectiveness of 
the process on the problem 
areas and contaminants at X- 
10 must be investigated. 
Development: Full-scale 
develcpment and 
demonsttation of the 
decontamination process 
equipment is needed. 
Development of mechanical 
methods and chemical 
methods to remove reaction 
byproducts so that CIF, can be 
recycled are needed. 

000873 pages 
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U. Th, Motten Salt 
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Decontamination 

Rallkhgi 
H-5-2 (l.OM;<$ME) 

Superaib;cal CO2 Blasting 
D C O M l - O L  

Rallkhg:' 
DcON-Ql-oL 
H-5-1(0.75+4&$1~) 

Plastic Pellet Blasting 
DCON-Q-OL 

Rallkhg:' 
M-4-0 (4.1 M;$lm) 

mr 1993 

real time contaminant s e r w r  
which would minimize the 
decontamination effort and 
limit the waste stream: 2) 
automation 

Development: Investigate the 
effect of operating parameters 
on  removal rates and removal 
and collection efficienaes for 
contaminants. efficaq for contaminants Demonstrate of 

interest. 

Improvement Develop and 
demonstrate system for 
processing waste. 
Improvement: Minimize blast 
media erosion to minimize 
waste: automationlrobotics, 
especially for wails, etc: 
improve containment of waste 
and removed contaminants. 
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I Remedial Action 
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Waste 
Management 
ONM) 

Decontamination 

Water flushing 
DCON-54dL 

Raking::' 
M-4-1 (1.3M;<$l/W) 

Steam Cleaning 
DCON454L 

Ranking::' 
M-4-1 (1.3M;$l/R2) 

Automated Brushing 
D C O W 7 4 L  

Raking::' 
M-3-2 (lM,S3W) 

Dry Heat (Bulk Roasting) 
D W W L  

L-1-1 Ranking:' (2M;N) 
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Decontamination 

Ranking: 
M-4-0 (.O.lM;$lm) 

Ultrasonic Cleaning 
DCON65-OL 

RankjEg:' 
M-2- 1 (0.1 M , S W 2 )  

Smelt Purification 
DCON-31-OL 

aanldng- 
H-3-3 (I WM;$l/lb) 
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and Surface 
Water 

Yaste 
Management 
WM) 

Decontamination 

soaps. 
Available at X-10. K-25. 

Development: All REDOX 
techniques will require 
demonstration to determine 
their usefulness to 
decontamination of ORNL 
operations and applicability to 
various ContamiMnt films. 

Development: Primary and 
secondary waste treatment 
and solution recycle need to 
be developed. Cleanup 
principles (e.9.. ion exchange 
and filtering) are weU 
establiied. 50 that only 
design and demonstration are 
needed. 
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Decontamination 

Ranking:' 
H-5-2 (l.OM;&l,W) 

Ice Blasting 
DCOK4(ML 

Ranking::' 
H-5-1 (cl.OM;$l,W) 

__ I75 f 
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contaminants. Demonstrate 
efficacy for contaminants of 
interest. 

Improvament: Develop and 
demonstrate system for 
processing waste. 
Imprwement: Minimize b M  
medii erosion to minimize 
waste; automation/robotics. 
espedally for walk. etc.; 
improve containment of waste 
and removed contaminants. 

None 
Available at X-10, K-25 

Development: 
The a p p l i i l i t y  of thii ' 

technology to items mth rad 
contamination should be 
demonstrated. 

IrnpmVefItent 
The technology to operate this 
equipment remotely needs to 
be developed and 
demonsbated. 

000884; 
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Laser Etching and Ablation 
DCON-744L 

RlUl&iRg' 
M-4-4 (3.5M,SltW) 

flashlamp Cleaning 
DCON-VaL 

Ranldng:' 
H-3-3 ( Z S M . ~ l ~ )  

Compressed Air Cryogenic 
GO2 Pellet Bhsvlg 
DCON-Sl-OL 

Ranking::' 
H 4 - 1  (0.7MSl/W) 

Devdopment: 
of lmprovments applying explosives in the methods and in 

the uniformity of the detonation 
are needed. The explosion will 
generate toxic organic m n .  
The technology to control toxic 
vapors fomed by the 
explosion must be developed 
and demonstrated. 

Development: 
Existing lasen, delivery 
systems, and filbation systems 
need Prototype to be system integrated for into a 

demonstration. 

Development: 
Comrneniatiy available 
flashlamp systems need to be 
decontamination. evaluated for radiological 

Development: 
Evaluate technology that has 
recently been demonstrated in 
Department of Defense 
prOg-reg*g 
automation and improvements 
in pellet delivery. 
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Decontamination 

High-pressure Water 
DCON-52-0L 

Ranking:' 
M-3-1(1.3M;4lh72) 

Superheated Water 
D C O N 4 3 4 L  

Ranking:' 
M 4 l  (1.4M;$l/ll2) 

Water Rushing 
DCON-54-OL 

Ranking:' 444-1 (1.3M;&h72) 

Steam Cleaning 
DCON-55-OL 

Ranking:' 
M 4 - 1  (1.3M;$lm) 

Hand Brushing Used to 
Remove Surface 
Ccntamination 
DCOFC56-OL 

Ranking:' 
H-2-0 ( O M W W  

I 

wewater  so that the water 
can be reused. 
Improvement - Remote 
operation will necessitate the 
adaptation of the hQh pressure 
water and vacuum collection 
systems to robotic system 
control. 

Improvement To minimize 
waste generation, a water 
treatment system is needed for 
decontamination of the 
wewater  so that the water 
can be reused. 
Improvement - Remote 
operation will necessitate the 
adaptation of the 
superheated water and 
vacuum robotic system collection control. systems to 

Improvement: To minimize 
waste generation, a water 
treatment system is needed for 
decontamination of the 
waStewater 50 that the water 
can the water be recyded flushing and operation. reused in 

Improvement - To minimize 
waste generation. a water 
treatment system is needed for 
decontamination of the 
wastewater so that the water 
canbereused. 
Remote operation will 
necessitate the adaptation of 
thesteamandvacuum 
collection systems to robotic 
system .contml. 

None 
Available at K-25. 
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Deco nta rn i na t io n 

R*:' 
M-3-2 (lM;bU)(MtJ 

R*:* 
M-3-1 (1.3M-) 

Solvent Washing to R e m  
Radiological Contamination 
DCOMl-OL 

M-3-2 Ranking::' (1M;N) 

Strippable Coatings 
DCON-63-OL 
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Fac i l i  
Decontamination 
and 
Decommissioning 
( o w  

Remedial Action 
(FiA)-Soils, 
Ground Water 
and Surface 
Water 

1 Waste 
Management 
(WM) 

1. Characterhtion DOE&and 
WA provides methods of deploy- 
in9 sensors and instnmrents 
required for in-utu chmenza- 
bon. monmnng. and smyng as 
descnbed by the Chatactemation 
Data Sheets contained in Vol. 3. 
WA pmdes methods for deploy- 
ing tools to collect and prepare 
samples for subsequent analysis 
in anarybcal laboratones. These 
technologies are described in 

WA prowdes the technologies 
required for the au to~na t~~  of ana- 
lyacal laboratones as descnbed in 

II. Decontamination 
Pmvujes methods of deploying 
decantammanon tools andlor per- 
forming tasks in areas maent!y 
hamdous to preclude human 
access. Most of these high hazard 
areas mil be encountered in hot 
cells or shutdawn reactors. 
WA mll illso be required for moSe 
tasks that generate secondary 
emtunmental hazards, e.g.. gnnd- 
ing. e n  dionde bksbng. etc. 
Ill Dismantlemat 
Pmdes methods of deploying 
dmanUemnt tools andlor per- 
forming tasks in areas Whin build- 
ings or StNCtltres that am suifi- 
aently hazardous to preclude 
human acc~ss. Similar to the de- 
contaminahon activmes, most of 
these tasks mll be in hot cell or 
shutdown reactors. 
IV. Waste Retrkval 
WA provides the vehicles. mobtle 
platforms. or exmalton systems 
necessary to retneve r a d ~ o l m l y  
or chemuaJiy hazard wastes or 
soils from waste fields OT impound- 
ments. Mobile platforms sunable 
for these tasks are descnbed in 

n- 

for 

ROBA-57 and -5WL 

ROBA-55 and -!X-OL 

ROBA-1 -OL 
v. waste sorting and Packaging 
WA pmdes the bridgemounted 
robotlc systems (ROBA44L). the 
manipulabon sy3enu. (ROBA-18 

required for the sorhng and 

VL Suwefllanca and Inspection 
WA provides the vehldes or 
mobile plarrOrms (ROBA- la)  

46-OL) required for the penodic 

wane containers in aboveqround 
storage areas. 

OL). and the Enbof-Ann T ~ ~ l h g  
(ROBA-23 through -264L) 

repackaging of RH-TRU waste. 

and sensors (ROSA43 thwgh - 
SUNel[lanCe and lnSpeCbM of 

Transportah0 ' n S y s t w f o r  
Mobile P l a t f m  
ROBA-12-OL 

Ranking:' 
M-3-1 (S.SM;N) 

light-weight Development containers for 

medium and heavy duty 
mobile platfotm. 
Containers that can be easily 
decontaminated. 

Data/Signal TranvnissDn 
ROSA-13-OL 

Ranking::' 
E-5-1 ($lM;N) 

Long-Reach Manipuhor-tigt 
ourv 
ROBA-1-L 

Ranking::' 
H-4-2 ($2M;N) 

Dexterous ManipuratDIs 

Ranking::' 

ROBA-16-OL 

E-5-1 ($lM;N) 

Compact, High C w c W  
Manipulators 
ROBA-194L 

Ranking:' 
H-5-1 ($lM;N) 

Precise ProgrammaMe 
MotiollS 
ROSA-20-0 

Ranking:' 
H-5-1($0.5M;N) 

Tool Caddies 
ROSA-21 -OL 

Ranking::' 
H-4-1 ($O.SM;N) 

Stabiliition/Support 
Mechanisms or Booms 
ROBA-Z-OL 

Ranking::' 
M-3-1 (S..5M;N) 

-. .. 
. . . :.' . . . ~ : - .. .:*;: 

a 

Nane 

-Flexible Development: body control 

-Endpoint sensing. 
Collision -LigM-weight. avoidance. ~ n a l l ~ o 5 s  

e o n  design. 

Development 
-Flexible body control 
-Endpoint sensing. 
Collision avoidance. 
-Weght-to-payload ratio 
reduction 

-1OpmenE 
-Redundant manipulator 
planning and control. 
-Modular design. 
hlonreplii master/slave 
operabbn. Gooperating and coordinated 

dwlarmcontrd. 

Develcpment 
Compact. highoutprt, 
dedrical motors. 
-DesignltabricatiorVtesting of 
Compact arms. 

Improvement 
-Standardization of 
mecharucal ' interfaces. 

Imprwement: 
use Of high-strength 
advanced materials. 
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RoboticslAutomation 

decontammabon. and dismantle 
ment aumes. Speafidly sup 
port 15 pmvlded for the lolbwmg 

RIA PIoVdes memods of deploy- 
ing sellsols and instruments 
required for m-sm charaaenza- 
non. monrtonng. and surveying as 
desatbed by the Charactenaton 
Data Sheets mntatned in Vol. 3. 
RIA provrdes methods for deploy- 
ing tools to mllect and prepare 
samples for subsequent analysis 
In anlllybcal laboratones. These 
technologies are descnbed in 
ROBA-57 and -5WL 
WA pro- the technologies 
required fa the automation of ana- 
IYWal IabaatDnes as descnbed m 

IL Dccontaminatlon 
h w d e s  memods of deploying 

forming tasks in areas sufficiermy 
hazardws to preclude human 
access. Mostofthesehighhatard 
areas will be encountered in hot 
cells or shutdown readers. 
WA wll also be reqlnred for those 
tasksmatgeneratesecondasy 
e n v m m m  hazards. e.g., grind 
ing, carbon dmude Mastmg. etc. 
IIL Msmantlement 
P r O W d e s ~ o f ~  
drsmantlement tools and/or per- 
forming tssks m areas within build 
tngs or mchues mat am SUM- 
aentry harardous m predude 
human access. Sirnib to the de  
mmamtnabon acmes. most of 
these tasks mll be in hotcell or 
shut-downrealbws. 
I v . W a s t e W  
WA provides the vehicles. mobile 
platforms. or excavanon systems 
necessary to retneve ta&ologically 
or chemically hazard wastes or 
soils from waste fields or impound- 
ments. Wle platforms suitable 
for these tasks am descnbed in 

V. Waste sortlng and Pachghg 
WA pIovdes lhe bndgeinounted 
robobc systems (ROBA-SOL). the 

OL). and the Enbof-Ann Tooling 

reqwedfathesolbngand 
repadcaqing of RH-TRU waste. 

WAprovdesthevehldesor 

Prevent Future 

AOBA-55 and -56s)L 

decontarmMbon tools and/or per- 

~nrpllabon S Y S & ~ .  (ROBA-16- 

(ROBA-23 ttvough -26oL) 

&le plakmns (ROBA-1OL) 
and sensols (ROBA43 through - 
4M)L) requued for the periodic 
sunreitlance and tnspechon of 

' 

September 1993 

waste amtamen in aboveground 
storage areas. 

Improvement: 
-Robotic compatibility of 
tooling. 

None 

None 

None 

Development: 
-Operator assistance 
technologies. -Sensor interpretation. 

-Task planning. 
Improvement: 
-Better humawmachine 
interfaces. 

Development: 
algorithms -Integration with of driving human- 

machine interface. 
-Fuzzy logic driving 
algorimms. 

Development: 
-Path planning with 
nonholonomic constraints. 
-Real-time sensor feedbadr 

Development 
sped& purpose mnbpI 
algorithms. 

None 
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- Robotdautomanon(WA)sa  - Refer to Val. 1. PL A, 
-n9 t e c h n o w  mat plo- 
wdes support to charactenzabon. 
decontamimon. and dismantle 
mem m e s .  Speafically sup 
port IS promded for the follmng 

chap. 7, for potefmauy 

rad&lnpoQBcbon 

nonregtlhmy v. AS 

' arepovided 

raslcs. 

LCharactcrbatian DOEOrderrand 
WA provides methods of deploy- 
ing sensors and iNtruments scte-andwae5w3k 
required for lrrsltu charaaemh 
hon. montonng. and sumng as 
descnbedbytjn?Characteruamn 
Data Sheets contatned in Vd. 3. 
WA pmvldes methods for deploy- 
mg tools to colled and prepare 
samples for subsequem ~MIYSIS 
in analybcal laboratones. These 
technologes are described in 

WA p m d e s  the technologies 
required for the automata of ana- 
lyl~cal laboratones as deyxlbed in 

II. DBcOntaminatlon 
Pmdes  memods of deploying 
decontaminanon tools andlor per- 
forming tasks m areas sumclentty 
hazardous to predude human 
aaess. Moa of these hgh harard 
areas mll be encountered in hot 
cells or shutdown reacms. 
WA WU also be required for Wse 
tasks that generate secondary 
enwmnmental hazards, e.9.. g n n d  
ing. carbon &oxide blasnng. etc 
01. Dismantkrrnt 
Prowdes methods of deployins 
dtsmantlement tools andlor per- 
forming tasks in areas mthin hid- 
ings or sbllctllres that am SUM 
aenUy hazardous to predude 
human access. Similar to the de- 
conraminahon acnwties. most of 
these taw  mll be in hot cell or 
shutdown reactors. 
N. Waste Retriwal 
WA provtdes the vehcles. mobile 
platforms, or excavahon systems 
necesary  to retneve rad~ologicdy 
or chemically hazard wastes or 
soils fmm waste fields or impound- 
ments. Mobile platforms sultaMe 
for these tasks are desmbed in 

V. Waste Sorting a n d  padcaging 
WA provdes the bndgemounted 
robow systems (ROBA-S-OL). the 
manlpulabon systems. (ROBA-1B 

requued forme sorbng and 

VI. Sunreillance and Inspeaion 
WA pmvdes the vehides or 
&le platforms (ROBA-l€)L) 
and sensors (ROBA-43 through - 
46-OL) requued for the penodic 
sunrelllance and lmpechon of 
waste c o m n e r s  in abovegmund 
storage areas. 

1 F-, 

ROBA-57 and -54oL 

ROBA-55 and -56-OL 

ROW-1 -0L 

OL). and the Endof-Arm TwIW 
(ROBA-23 t h w h  -26-oL) 

repackagmg Of RH-TRU Waste. 

9 SpacialpurpOseCo~ 
ROW-32-OL 

Ranking:' 
H 4 2  (S1.sM;N) 

Redundomty Control 
ROBA-33-OL 

Ranking::' 
M3-2 ($2MNJ 

Development: 
-Advanced testbeds for tasting 
and evaluating candidate 
algorithms. 

-Advanced Development: teslbeds for testing 

and evaluating candm 
algomms. 

Development: 
.-Redundancy resolution. 
-real-time task planning. 

None 

Improvement: 
-Testing of load and ra!e 
limiting algorithms. 

None 

Improvement: 
-Reliability and capacity of 
data links requires 
improvements 

Development: 
- W i n  of heterogeneous 
data base managemant 
systems. 
-Integration of heterogeneous 
data sources. 
-Data fUSiM. 

Development: 
-Language e m o n .  
-Validation of eye-gaze 
measure9parameters. 
-Head tracking 

September 1993 
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Robotics and Automation for Decontamination and Decomissioning 
' i . L 9 r 5 1  

- StabilhedHotCelk - 
AbandonedHotcelk . 

RoboticslautDmation (WA) is a - 
aossartlingtechmlogythatpm 
vides support to baraderirati4 n. 
decontamination. and dhmantle 
mentacWties. speaficallysup 
port is provided for the following 
tasks. 
1. charadubatton 
WA provides memods of deploy- 
ing sensors and instruments 
required for imitu CharaEterira- 
tion. monitoring. and surveying as 
desaibed by the Characterizah 
Data Sheets contained in Vol. 3. 
WA provides methods for deploy- 
ing tools to cnlkc! and prepare 
samples for w e n t  analysls 
in analybcal laboratones. These 
technologies are described in 

WA pmvdes the technologies 
required for the automabon of ana- 
lybcal laborarones as descnbed in 

11. Decontamination 

decontaminabon took andlor per- 
forming tasks in areas Sumoently 
harardoustopredudehuman 
aaes~. Mosto f theseh iham 
areas mU be encountered in hot 
cells or shutdown readors. 
WA mll also be required tor those 
tasks that g e n a e  secondary 
enwmmental hazards. e.g.. grind- 
ing. carbon dmxtde biastmg. etc. 
111. Dlsmantlemnt 
PtWldeSmemodsofdepbyarg 
dmantlementtoolsandlorper- 
forming tasks in areas Whin build 
ings or smchlres that are sum- 
aently harardous to predude 
human aocess. Sunilaf to the de- 
contarninanon acbvrties. most of 
these tasks mll be in hot cell or 
shutdown reactors. 
N.Waste Retrkval 
WA prowdes the vehides. mobile 
platforms. or excavabon systems 
necesafy to r e m e  mdiologdly 
or cherndly hazard wastes or 
soils from waste fields or impound- 
ments. Mobile plaaorms su!bblle 
for these tasks are descnbed in 
ROW-1-OL 
v. waste sorting and Padrsging 
WA pmvldes the bndgWllOUnted 
m W c  systems (ROBA+-OL). the 
manipulabon systw. (ROBA-16- 
OL). and the Endof-Arm Toolins 

required for the satang and 

VI. Sunraillance and Inspection 
WA prowdes the vehldes or 
mobile platforms (ROBA-I-OL) 
and sensors (ROSA43 through - 
46-OL) requ~red fur the penode 
s u n r e i ~ ~  and ~nspechon of 
waste comners in aboveground 
storage areas. 

ROSA-57 and -5-L 

ROBA-55 and --L 

ProVldeSlTh3modsofdepbying 

(ROBA-23 thwgh -264L) 

repackaging of RH-TRU waste. 

, ,  . ....... . . .  :> . .  :. .... . . . . .  

ROBA-41-OL 

Ranking? 
H-3-2 ($1.5M;N) 

operator Status/Alert Interface System 

ROBA42-OL 

Ranking:' 
E-5- 1 ($O.SM;N) 

VionlAUral systems 
ROBA434L 

Ranking:' 
E-5- 1 ($1 M;N) 

Range Finders 
R0BA-L 

Ranking::' 
M-3-2 ($l.SM;N) 

Proximity Probes 
ROSA-L 

Ranking::' 
h4-2-2 (81M;N) 

F o d o q u e  Sensors 
ROBA-46-OL 

Ranhing:' 
M-2-1 ($O.SM;N) 

PositionNelodty Sensors 
R O B A M L  

Ranking::' 
E-5-1 (S.5M;N) 

F o d o q u e  Sensors 
ROBA-50-OL 

RdChg:' 
H-3- 1 (S .5M;N)  

Proximity Sensors 
ROBA-SlaL 

Development: 
-EdabliMMityand 
=VJ--ofkDwtedge 
bases. 
conffidresdution. 
-Hytndartifrialinteltigence 

- D y n a m i c m o f -  

Development: -Display navigation. 

-Sensor/data fusion. 

Development: 
-Sensor fusion. 
-Increased pmcessing speed. 
-Advanced visual ion.  

Improvement: 
- w = r a c y  
improvement. 

. . .  Ranking:' 
H-3-1 ($lM;N) 

. . .  
. . . .  - :  

Impmvement: 
-1nueased f a n g e e  
improved presentatmn to 
operator. 

Improvement: 
-Testing of force sensing 
systen=. 

None 

Improvement: 
-Impulse force redution: 
stabilii. 

Improvement: -Increased range and better 

signal quality. 

-NO unusual needs 

. . . . . . .  . . . . . . . .  .... : -,. . . . . . . . . .  -.... . . .  
. ............ >>....:....I. . t . .  \:I*: .,.__. ..,. 
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Development 
-I)evelopmentnesting of tactile 

sensors. and proximity 
sensing sensors, force 

sensors. 

-- - Tooling Sensors 

GI 
Ranking::' 
US1 ($O.SM;N) 

Clean Up Legacy 
Waste cmssartting technology that pro- 

vides support to characterization. 
decontamination. and dismantle 
mentactivaies. Specificallysup 
port is provided for me following 
tasks. 

Prevent Future 
imun 

1. - 
WA provides methods of deploy- 
ingsensorsandimtNmetltS 
required for in-situ Characteb- 
b n .  monitoring. and surveying as 
desaibed by the Charadetizatbn 
Data Sheets comained in VOI. 3. 
WA provides memods for deploy- 
ing tools tocolled and prepare 
samples for sutsequent ar!Aysis 
in amtylid laboratories. These 
technologres am described in 

WA provides the technologies 
required for the automation of ana- 
lyt~cal laboratories as desaibed in 

ROW-57 and -SOL 

ROW-55 and -!SOL 

Develop 
Environmental 
Stewardship 

None ,- FieldHardenmg 

El 
Rankirrg:' 
M-3- 1 ($OSM;N) 

,I 
Facilii - 
Decontamination 
and 
Decommissioning 
( D m  

None 
ROW-54-OL 

Ranking::' 
E-5-2 ( S M f l )  

IL DecontsmbrsEion 
Pmwdes memods of deploying 
decontammanon tools andlor per- 
forming tasks tn areas suffiaenUy 
hazardous to pfedude human 
arxzss.Mostoflhesehtghh;uard 
areas mll be encountered in hot 
cells or shul-dom reactors. 
RIA mll also be required for moSe 
tasksthat generate secondary 
mronmental harards, e.g., grind 
ing. carbon dmade blasMg. etc 
Ill. Dismantkmant 
Rondes memods of d e p l m  
dtsmannement mds and/or per- 
forming tasks in areas mthin bus 
ings or stmctms that are suffi- 
aemty hazardous to preclude 
human aa~ss. Stmiku to the de- 
wntaminabon acmbes. most of 
these tasks mll be in hot cell or 
shut-downr-. 
IV. Waste Retrieval 
WA pnn&s the vehiies. mobile 
platforms. or excawton systems 
necessary to retneve radtologically 
or chemically hazard wastes or 
soils from waste fieMs or impound- 
ments. Mdnle platforms suttable 
for mese tasks are descnbed in 
ROBA-1 -0L. 
v. waste sorting and Packaeins 
WA prondes the bndgemounted 
mime systems (ROBAg-OL), the 
manipukmn systems. (ROBA-16- 
OL), and the W - A r m  Tooling 

required fa the somng and 
repackaging of RKTRU waste. 
VI. Surveillanceand Inspection 
WA prwdes the vehldes  or 
mobile platforms (ROW-l-OL) 
and sensors (ROBA-43 thmgh - 
4M)L) requtred tor the penodic 
unveillance and ntspecbon of 
waste wntatners in aboveground 
storage areas. 

(ROBA-Z3 th- -264L) 

Development: 
-Development of Standard 
Laboratory Modules (SLM) for 
Sample Preparation. 
Analytical Instruments. and 
Data Interpretation. 

Integrated Automated 
~nalybcal Laboratory 
ROBA-55-OL 

E-5-2 Ranking:' (SMN) 

Development 
-Automatic dam enby 
systems. 
-Improved reliability and 
audttabilty. 

lnfonnation Management for 
Sample Handling 
ROBASG-OL 

Ranking:' 
E-5-1 ($lM;N) 

Remedial Action 
(RA)-Soils, 
Ground Water 
and Surface 
Water 

Sample Collection 
ROW-V-OL 

Rallkiflg:' 
E-5-1 ($1.5M;N) 

Development: 
-Mobile platforms to deploy 
and manipulate sample 
collection tools. 
-Suitable robotic end- 
effectors. 

CharacterizatonSansor 
Integration 
ROBA-58-OL 

Ranking:' 
M-3-2 (SlMfl) 

Development: 
-Signal conditioning. 
-DatalSignal transmission. 

Santple Prepamion 

Ranking:. 

ROW-59-OL 

E-5-1 (S1M;N) 

None 
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