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1.0 INTRODUCTION 

The U.S. Dcpartmcnt of Encrgy (DOE), the U.S. Environmental Protcction Agcncy (EPA), and 
thc Washington Statc Dcpmment of Ecology (Ecology) s i p c d  a comprchcnsive cleanup and 
compliancc agrccmcnt (Ifart/brl Federal Facility Agrcct?iettt nttd Cot~sc~lr Ordcr ([HFFACO]) 
(Ecology ct al. 1989) in 1989 for the Hanford Sitc in south-ccntral Washington Statc. Thc 
HFFACO, also known as thc Tri-Party Agccment, is a legally cnforccable agrccmcnt for 
achieving compliancc with thc Cot~tprcltcnsivc Enviro~u~tetlfal Responsc Cotnpetrsariott and 
Liability Act of 1989 rcmedial action provisions and with the Resottrcc Cortscvation and 
Rccovcty Act of 1976 treatment, storage, and disposal unit regulations and corrcctivc action 
provisions. 

HFFACO Milcstonc scrics M-15 requires DOE to rctricve, "...as much tank wastc as tcchnically 
possiblc...", which cstablishcs quantitative objcctivcs for thc maximum volume of wastc that can 
be Icfl in cach singlc-shcll tank (SST), and cstablishcs a proccss in HFFACO Appcndix H for 
variancc from tltc numcrical ol)jcctivcs if they cannot be mct for any spccilic tank. Appcndix I i  
also rcquircs DOE to " ... intcrfacc with the U.S. Nuclcar Regulatory Commission, and rcach 
formal agrccmcnt on the rctricval and closurc actions for single-shcll tanks with rcspcct to 
allo~vablc waste residuals in the tank and soil column." Appcndix H aIso rcquircs DOE to 
"rcvicw relcvant liccnsc issucs" if DOE sccks a variancc to the M-45 numcrical objcctivcs for a 
spccilic SST. 

In addition to thc IIFFACO, DOE 0 435.1, Racliooctive IYasre h4atragc~?jctd, and its associated 
manual and guidcs also include rcquircmcnts and guidancc for managing thcsc wastcs. The 
Ficld Elcmcnt Managcr is rcsponsiblc for cnsuring as low as rcasonably achievable (ALARA) 
principles for radiation protcction arc incorporated in the conduct of radioactive wastc 
manclgcmcnt activities. A U R A  is the approach to radiation protcction to manage and control 
cxposurcs (both individual and collcctivc) to the workforce and to thc gcncml public to as low as 
is rcasonablc, taking into account social, technical, economic, practical, and public policy 
considcralions. A L A M  is not a dosc limit but a proccss which has thc objcctivc of attaining 
doscs as far bclow thc applicable limits of this part as is rcasonably achievable (10 CFR 835.2, 
"Definitions"). 

SST wastc is classifid as mixcd wastc that contains both a radioactive componcnt and hazardous 
(nonndioactivc) componcnt, Thus, SST wastc rctricval actions arc conducted in accordance 
with thc rcquircmcnts in thc HFFACO, which govcrns thc managcmcnt of the hazardous wastc 
componcnts and DOE 0 435.1, which govcrns thc managcmcnt of tllc radioactive waste 
componcnts. Both the HFFACO and DOE 0 435.1 rccognize that 100% rcmoval of the Lank 
wastc may not bc achicvablc. 

This documcnt discusses the decision-making proccss used by the DOE Oficc of Rivcr . 
Pmtcction (OW) to dctcnninc completion of wastc rctricval for individual SSTs at the Hanford 
Sitc will1 rcspcct to allowable wastc residuals (sce Appcndix A for the SST C-I06 tank rctricval 
proccss). 
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2.0 TdlNK WASTE RETRIEVAL PROCESS 

Thc SST waste rctricval proccss is bascd on the HFFACO Appcndix H - Single-Shcll Tank 
Rctricval Critcria Proccdurc (scc Figure I), modificd to considct the radioactive componcnt of 
tlic tank waste residuals. The Appcndix H proccdurc consists of a scrits of stcps that: 
(a) cstitblish nurncrical critcria for the allowable residual waste volume following completion of 
rctricval (Figure 1, Stcps 1-5); and (b) providc a process to dctcrmine if the numcrical critcria arc 
mct, 011 a tank-by-tank basis, and the course of action to be followcd if the critcria are not mct 
(Figure 1, Stcps 6-14). The cnd result of the Appcndix H proccdurc is a dctermination that waste 
rctricval on a givcn SST is complete. 

In ordcr to satisfactorily addrcss thc DOE 0 435.1 rcquircnicnts pertaining to the radioactive 
componcnt of thc rcsidual wastc, it is ncccssary to amplify the Appcndix I1 proccdure to include: 
(a) an analysis of the prcdictcd radiological impacts of leaving the residual waste in phce against 
radiological pcrformancc objcctivcs; and (b) an evaluation of the costs of rctricving additional 
wastc imd tlic rcsuldng risk rcrluction. 

The decision-making proccss for dctcrmining wastc rclricval is prcscntcd in Figurc 2 and 
includcs thc following stcps: 

1. Itctricvc Waste to Limits of Tccl~nolog 

Thc limits of rctricval technology can bc dctcnnincd by trcnding rctricval pcrformancc data 
against the nunlbcr of rctricval batchcs complctcd. As the retrieval performitncc efiicicncy 
dccrcascs with cvcry rctricval batch complctcd, eventually a point is rcachcd where thc 
rctricval systcm no longcr cffcctivcly rcmovcs waste. This rclalionship is i l l u ~ t ~ t c d  in 
Figurc 3. 

2. Dctcrminc if Rcsidud W:lstc Volumc Limit is Rlct 

Thc IIFFACO wastc rctricval goal is bascd on a post-rctricval maximum residual limit of 
99% of the total wastc in the SSTs, which results in an avcngc residual wastc volume goal of 
360 ft3 in tlic 100-scrics tanks and 30 ft' in thc 200-scrics tanks. Thc post-rctricval volume 
mcasurcmcnt is pcrformcd using a mcthod dcvclopcd through an approvcd data quality 
objcctivc proccss. 



Figure 1. Process for Assessing Percentage of Waste Retrieved from 
Wastc Rctricval Opcrations. 

(Adapkd from HFFACO, Appendix H) 
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3. Submit Eaccption Request 

If DOE dctcrmines thc retrieval goal is not achieved for a givcn SST aRcr thc limits of 
technology has bccn rcachcd, HFFACO Appendix H allows DOE to submit a rcqucst for 
cxccption to Ecology and the EPA. Thc rcqucst shall include, as a minimum, thc following 
information: 

Tlic rcason DOE docs not believe the retrieval criteria can be rnct. 

Tlic sclicdulc, using cxisting technology, to complctc rctricval to the critcria - if possible. 

0 T l ~ c  potential for future rctricval tccllnology dcvclopmcnts that could achicvc thc criteria, 
including cstimatd schcdulcs and costs for dcvelopmcnt and dcploymcnt. 

0 Tlic volunic of wastc proposed to bc IcR in placc, and it's cl~cmical and radiological 
chamctcristics. 

Expcctcd impacts to human l~calth and tlic cnvironmcnt if tlic rcsidual wastc is lcft in 
placc. 

0 Additional information as rcquircd by EPA andor Ecology. 

4. ApprovclRcjcct Exception Rcquest 

EPA and Ecology will cidicr approvc thc cxccption to the critcria, in which casc rctricval will 
bc considcrcd complctc for thc tanks in question, or thcy will dcny thc rcqucst. If thc rcqucst 
is denied, DOE must continue to attempt to rctricvc the tank wastes until the criteria is rnct 
for thc tank. 

5. EvaluatelSclect Additional Waste Rctrieval Tecl~nology 

DOE cvaluatcs altcrnatc tcclinologics to dctcrminc the feasibility of rcmoving additional 
wastc. Current rctricval tcchnologics that may bc dcploycd includc modificd sluicing, the 
mobilc rctricval syslcm, vacuum rctricval, and acid dissolution. If additional tcchnologics 
arc availablc, thcn onc or niore tcchnologics will be selcctcd and wastc rctricval resumcd. If 
additional tcchnologics arc not availablc, then ncw tcchnologics may bc dcvclopcd and 
dcploycd. 

6. Evaluate RisWDosc Kduction and Cost of Additional Retrieval 

DOE pcrforms an analysis of tlic prdictcd h m a n  hcalth impacts rcsulting from thc rcsidual 
tvastc if it wcrc lcR in placc. The rcsults of t l~c  analysis arc coniparcd against rclevant 
radiological pcrformancc objcctivcs. Additionally, altcrnativc rctricval tcchnologics arc 
cvaluatcd to dctcrminc how much morc wastc can possibly bc rcniovcd and thc cost to 
dcploy those tcchnologics. 
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7. Dctcrminc if Additional \Vastc Rctricval is Warranted (Radiological Sufficiency) 

DOE cvaluatcs the marginal dose reduction against the marginal cost of devcloping new 
tcchnology to achicve additional rcsidual rctrieval (scc F i y r c  4). DOE will dctcrmine 
wllctl~cr the potential incrcmcntal dosdrisk reduction attaincd from additional rctricval is 
warranted by the additional cost incurred. 

8. Complctc SST Rctricval 

Rctricval on a givcn SST is complctc whcn the following conditions are satislicd: 

0 Thc liniils of rctricval tcchnology have bccn rcachcd; or 

The numerical critcria for rcsidual wastc volume are mct, or an cxception rcqucst to the 
critcria has bccn approvcd by Ecology md thc EPA, and 

DOE has dctcrmincd additional waste rctricval is not warranted and the prcdictcd 
radiological impacts resulting from lcaving thc rcsidual wastc in place arc acceptable. 

Figure 2. Single-Shcll Tank Rctricval Critcria Evaluation Proccss. 
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Figure 3. Generic Retrieval Technology Effectiveness. 

Figure 4. Dose Reduction vs. Additional Residual Waste Removal. 

Marginal Dose Reduction vs. 
Additional Residual Removal 

Marginal Cost of New 
Technology Deployment 

- - 
Residual Waste Volume 
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Both HFFACO and DOE 0 435.1 rccoglizc that rcmoving 100% of thc tank waste may not be 
achicvablc. To dctcrmine completion ofwaste retrieval for SSTs with rcspcct to allowable wastc 
residuals, ORP must analyzc the prcdictcd radiological impacts of Icaving the rcsidual wastc in 
place against radiological pcrformance objcctivcs and cvaluate thc costs of retaining additional 
wastc and the rcsuldng risk reduction. 

Finally, ORP must cvaluatc altcrnatc tcchnologics to dctcrminc the feasibility of rcmoving 
additional waste and thc impacts to human hcalth and the cnvironmcnt if the rcsidual wastc is lcft 
in placc. 
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IiPPLICATION O F  TiWK IWTRI EVAL PROCESS 
TO SINGLE-SIIELL TANK C-106 

DOE has applicd thc tank waste rctricval proccss to SST 241-C-106 (SST C-106) in thc 
following documcnts: 

RPP-20110, Stage I Retrieval Data Report for Sitrgle-SlrcN Tarrk 241-C-106 

* RPP-20577, Stage II Re~riewl DUIU Report for Sitrgle-Slrcll Tatrk 241-C-106 

RPP-20658, Basisfor lkcption to the Ifarford Federal Facility Agreenre~rt arrd Cotrsc~t 
Ordcr Waste Retrieval for Single-Sl~ell Tank 241-C- 106. 

Built in  1944, SST C-I06 storcd rnixcd wastcs resulting T i m  rcactor fucl rcproccssing. 
SST C-I06 is locatcd in the south cnd of thc 200 East h a  on the Ijanford Sitc md has a 
maximuni dcsign capacity of 530,000 gal. Thc tank was rcmovcd from activc scrvicc in 
Novcmbcr 1973. Tllc highcst volumc of waste in thc tank was approximatcly 230,000 gal of 
plutoniunlluranium extraction first-cyclc wastc sludgc. Until 1998, the tank continued to rcceivc 
5,000 galhnonth of watcr for cvaporativc cooling. 

Initial retrieval bcgan in 1998 and lastcd througli 1999 using high-prcssurc sluicing nozzlcs. 
Wastc was rctricvcd by pumping to da limit of "standard" sluicing tcchnology. DOE dcvclopcd 
a variant to tlic standard sluicing tcchnology (rcfcrrcd to as modificd sluicing) and cornbincd this 
tcchnology with acid additions to "condition" thc rcsiduc in August 2003. A number of 
aciddniixcs wcrc rcvicwcd and oxalic acid was selcctcd. Thc oxalic acid washing method was 
usul until acid dissolution was dctcrmincd to bc incffcctivc. Rctricval of SST G I 0 6  was 
stopped in Dcccmbcr 2003 bascd on dctcrmining that thc limits of these tcchnologics had bccn 
rcachcd. Displaccmcnt masurcmcnts and vidco mapping wcrc conductcd to vcrify final rcsidual 
volumc and sampling of rcsidual contcnts was conductcd. Figure A-1 shows the cstiniatcd 
rcsidual wastc volumc following the various rctricval campaigns of SST C-106. 

The modilicd sluicing removal cmcicncy curvc for SST C-106 is shown in Figurc A-2. As thc 
figure illustrates, the limit of tcchnology for modificd sluicing was rcachcd aftcr four rctricval 
campaigns. 
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Figure A-1. SST C-106 Retrieval Volume Reduction. 

Figure A-2. Estimated Waste Removal Efficiency for Modified Sluicing. 
C-106 Waste Removal ETficimcy EwluaUon 

The retrieval of SST C-106 resulted in a 99% reduction in radiological inventory from 
10.1 million Ci pre-retrieval in 1996 to 0.14 million Ci in 2004. 
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Thc radiological rcmoval cficicncy of thc SST C-106 rctricval campaign for thc modifid 
sluicing tcchnology was confirn~cd bascd on thc post-rctricval snmplc rcsults shown in 
Tablc 12-1. 

Table A-1. Post-Rctricval San~plc Results. 

Ucscriplion 

I 

Total mass of residual waste 1 15.900 Kg 
CTvonic (+6) I 3.76 Kg t 

Curic 
(Ci) 

Total curies 

y c  
1zvl 

137Cs/13713a 

TRU 
- 

0.024 oftotal nuss 
Note: 

TRU - tnnsur~nic. 

Percent 
(=a 

"srm I 132.200 96.7 1 Low rnobili~y, short half life. 

136,700 I -- I -- 

0.165 
0.00063 
2,830 

96 

A.1 RISK 1IEI)UCTION I'EIWOILiIANCE 
AlETKICS OF \VAS'I'E AlANAGEillENT 
AREA C AND SST C-I06 

Conmcnt 

I 

SST C-106 is located within Wastc Managcmcnt Arm (WMA) C, which includcs 1 1 othcr 
100-scrics tanks and four 200-scrics tanks. Thc pcrformancc objective for all pathways dosc is 
25 mrcdyr and is dctcnnincd at thc fcncc linc of WMA C. Bascd on the assumption that only 
thc volume goals are achicvcd in thc WMA C tanks (360 f13 for 100-scrics tanks and 30 f13 for 
thc 200-scrics tanks) it has bccn dctcrmincd that the resulting dosc for all pathways is 
0.17 mrcmlyr for WMA C. Thc post-rctricval dose for SST C-106 tank rcsidual is 
0.0025 mrcndyr. Figurc A-3 illustmtcs dosc rates for all pathways ovcr time. 

1.2 8-04 

4.6 E-07 
2.1 

0.07 

Tllc pcrformancc objcctivc for rcsidcntial and industrial drinking watcr dosc is 4 mrcmfyr. For 
thcsc pcrformancc mctrics, WMA C produccs a dose of 0.09 mrcmlyr and 0.03 mrcdyr, 
rcspcctivcly. Thc post-rctricval dose for SST (2-106 is 0.0015 mrcm/yr and 0.00052 mrcmlyr, 
rcspcctivcl y. 

EPA h:n cstablishcd that thc groundwater conccntralion of'?c is not to cxcccd 900 pCi1L. Thc 
WMA C tank residuals (assuming 360 f13 and 30 ft3) is 63 pCi/L and thc post-rctricval 
SST C-106 tank rcsidual is 1.3 pCi/L. 

- 
- -- 

-- 
Plutonium md Americium 

! 
I 
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Figure A-3. Radiological Dose for the All-Pathways Farmer at WMA C Fence Line. 
.. .-.p....p-.- 

DOE has determined, based on the retrieval efficiency and the reduction in risk achieved, that the 
deployment of the next available technology for further residual waste retrieval from SST C-106 
is not justified. The cost of deployment of the next technology is approximately $8.6 million and 
does not significantly reduce the radiological dose from the residual waste that would remain. 
This cost does not include operational costs for the additional residual waste removal. 
Figure A-4 shows the relationship between cost of additional retrieval/residual waste removal 
and radiological dose reduction. 
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Figure A-4. All Pathways Farmer at the WMA Fence Line 
(Performance Objective = 25 mredyr). 

nr! 
A.3 CROSS WALK WITH APPROACH 

Waste was retrieved from SST C-106 by pumping to the limit of "standard" sluicing technology. 
DOE combined this technology with acid additions to "condition" the residue and the limit of 
technology for modified sluicing was reached after five retrieval campaigns. 

DOE has determined that the deployment of the next available technology for further residual 
waste retrieval from SSC C-106 is not justified. 
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