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EXECUTIVE SUMMARY 

This Sampling and Analysis Plan presents the rationale and strategy for sampling and analysis 

activities to support removal of debris from the K-East and K-West Basins located in the lOOK 

Area at the Hanford Site. This project is focused on characteriz.ation to support waste 

designation for disposal of waste at the Environmental Restoration Disposal Facility (ERDF). 

This material has previously been dispositioned at the Hanford Low-Level Burial Grounds or 

Central Waste Complex. 

The structures that house the basins are classified as radioactive material areas. Therefore, all 

materials removed from the buildings are presumed to be radioactively contaminated. Because 

most of the materials that will be addressed under this plan will be removed from the basins, and 

because of the cost associated with screening materials for release, it is anticipated that all debris 

will be managed as low-level waste. Materials will be surveyed, however, to estimate 

radionuclide content for disposal and to determine .that the debris is not contaminated with levels 

of transuranic radionuclides that would designate the debris as transuranic waste. 

Debris that contains Resource Conservation and Recovery Act of 1976 I Washington State 

dangerous constituents above regulated levels will designate as mixed waste. These constituents 

may be present at levels that require treatment to comply with Land Disposal Restrictions. 

Debris composed primarily of pieces >60 mm that requires treatment for compliance with the 

Land Disposal Restrictions will be treated through macro-encapsulation as an approved 

alternative treatment technology for debris under 40 Code of Federal Regulations 268.45. 

Treatment via macroencapsulation is generally cheaper than chemical analyses. Debris .:::60 mm 

will be treated as appropriate, based on Resource Conservation and Recovery Act of 1976 

(RCRA) constituents. Only a small amount of debris ~ 60 mm is anticipated. 

06-19-00 K Basin SAP ES-1 06/19/2000 
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The sampling design for the debris uses facility or historical radiological sample data to establish 

the radionuclide/isotopic distribution of radiological constituents of concern. The radionuclide 

distributions are established for each waste stream and subsequently used to estimate the content . 
of constituents of potential concern, indexed to cesium-137. The cesium-137 content of the 

waste will be estimated using portable radiation dose-rate meters and gamma detectors. K Basin 

staff will use the correlation between surveys and individual radionuclide ratios to cesium-137 

when evaluating data from radiological dose rate, or gamma surveys to estimate radionuclide 

inventories for waste shipments. 

In cases where assumptions used to establish historical radionuclide ratios are not applicable. 

contingency sampling and analysis may be required. Section 2.4 presents methods to obtain 

contingency laboratory analysis of the debris to measure specific isotopes to allow creation of 

appropriate isotopic ratios for a waste stream. Section 2.4 also includes use of nondestructive 

analysis as a contingency analytical approach. It must be emphasized that Section 2.4 is for 

contingency analysis and not routine use. 

Analysis of the water from the basins and the outlet of the ion-exchange module will be used to 

determine the radionuclide content of the modules. Section 2.3 discusses the details of this 

approach and utilizes existing sampling and analysis procedures. 

For painted debris and rags with stripped paint. the waste larger than 60 mm will be 

encapsulated, as allowed by the current regulations. No new characterization is presented for 

this waste as historical data are available for the paint. The concentrations of RCRA constituents 

in the paint will be based on the entire mass of debris being disposed to assess whether the waste 

will be designated as RCRA hazardous. Waste smaller than 60 mm will be managed based on a 

determination of hazardous constituents. 

06-19-00 K Basin SAP ES-2 06/19/2000 
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This Sampling and Analysis Plan is based on the results of implementing the Data Quality 

Objectives Process as documented in the Data Quality Objectives Process for Designation of K 

Basin Debris (HNF 2000a). The following topics are summarized in Section 1.0: 

• historical data, 

• rationale for data collection, including surveys and sampling, and 

• results of the Data Quality Objectives Process. 

Section 2.0 includes the quality assurance project plan that includes details of the survey, 

analytical methods, detection limits, accuracy and precision criteria. 

Section 3.0 includes the field sampling plan that summarizes information needed by those 

collecting and shipping samples to the laboratory or those performing the surveys. 

06-19-00 K Basin SAP ES-3 06/19/2000 
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1.0 INTRODUCTION 

The U.S. Department of Energy (DOE) has developed a schedule and approach for removal of 
spent fuels, sludge, and debris from the K East (KE) and K West (KW) Basins, located in the 
100K Area at the Hanford Site. This Sampling and Analysis Plan (SAP) is focused on removal 
of debris from the Basins and onsite disposal of debris at the Environmental Restoration Disposal 
Facility (ERDF). The document identifies the waste streams, as well as field survey and 
sampling approaches to be used to characterize the debris. This material previously has been 
dispositioned at the Hanford Low-Level Burial Grounds (LLBGs) or Central Waste Complex 
(CWC). The Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA) Record of Decision (ROD) (Declaration of the Record of Decision for DOE Hanford 
100 Area [EPA et al. 1999]) for this material indicates this waste may to be disposed of at the 
ERDF if it meets that facility' s waste acceptance criteria (WAC). 

1.1 BACKGROUND 

The KE and KW Reactors and their associated fuel storage basins were constructed in the early 
1950s. The basins are located in the Hanford 100K Area within 420 m (1 ,380 ft) of the 
Columbia River. The fuel basins are large, open-topped concrete pools, each containing 
approximately 4. 9 million liters (1.3 million gallons) of demineralized water. The basins were 
originally used to store spent nuclear fuel (SNF) from the KE and KW Reactors until the early 
l 970s, when these reactors were removed from service and the fuel removed from the basins. 
The Basins subsequently have been used to store SNF from the Hanford N Reactor. The KE and 
KW fuel basins currently hold approximately 1,200 metric tons and 900 metric tons of N Reactor 
SNF, respectively. The spent fuel elements are contained in canisters placed in storage racks 
under 5 m (16 ft) of water for cooling and radiation shielding. 

The CERCLA ROD (EPA et al. 1999) for the K Basin defines debris qualitatively as all solid 
waste generated from the removal of materials from the KE and KW Basins, excluding SNF, 
sludge, and water. The project working definition of debris, as used in both the ROD and the 
Focused Feasibility Study for the K Basins Interim Remedial Action (DOE/RL 1999) is not to be 
confused with the Resource Conservation and Recovery Act of 1976 (RCRA) definition of debris 
provided in 40 Code of Federal Regulations (CFR) 268.2 (g). For purposes of establishing 
disposal requirements, RCRA defines debris as a solid material exceeding a 60 mm (2.34 in.) 
particle size. Thus, waste from the K Basins is subdivided into two categories, small particles 
(60 mm or less) that are subject to standard RCRA waste disposal requirements, and large debris 
(greater than 60 mm) that is eligible for disposal under the RCRA debris requirements. All 
project debris will be managed as required by the RCRA Land Disposal Restrictions (LDR). 

--------------------------·-·-· ·--... -- · ··-··· · ... . .. .. ··- ·-- ·--··- . ·-· · . . ... . 
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The project does not anticipate that a significant quantity of the smaller material (<60 mm) will 
be generated. These items will generally be byproducts from larger debris items and will be 
managed with the related waste stream(s). Equipment that is not an integral part of the basin 
structures will be decontaminated as appropriate, removed from the basin, drained, packaged, 
and disposed of as debris. 

Project debris includes items located both above and below the water in the basins, wastes 
generated from operation of the water and sludge treatment systems, and wastes generated during 
basin deactivation. Pressure washing and rinsing of debris will be used to remove the majority 
of sludge from the surface of debris removed from the basins. This approach will eliminate the 
majority of surface contamination associated with radionuclides, as well as polychlorinated 
biphenyls (PCBs), and regulated metals associated with the sludge. 

The Integrated Water Treatment System (IWTS) equipment and the structure in which it is 
installed will be removed, decontaminated as appropriate, packaged, and disposed as debris. 
Characterization of the IWTS, however, is not included in the sampling scheme discussed in this 
SAP. Debris also includes aluminum and stainless steel fuel canisters in the basins, fuel racks, 
and miscellaneous piping, tools, hose, scrap, and other materials. There are approximately 1,800 
empty and 7,400 full canisters in the two basins with an estimated waste volume of27,600 ft'. 
Full canisters will be managed for disposal only after the fuel has been removed. 

Debris management will depend on the waste designation. Because the K Basin structures are 
designated as a radioactive material area (RMA), all materials are anticipated to be low-level 
waste (LL W), unless they can be released through survey and analysis or contamination is 
detected that causes the material to be designated transuranic (TRU) waste. Debris might 
designate as LLW, mixed waste, TRU waste, or TRU mixed waste, depending on contaminant 
concentrations associated with specific items. 

1.1.1 Previous Investigations 

K Basin personnel have grouped debris into discrete waste streams for this project. Summaries 
of the historical data for these waste streams are provided below: 

Mixed Waste Debris. No waste-specific radiochemical laboratory analyses have been performed 
to date on this waste stream. An estimate of the cesium-137 content of the waste was performed 
for past shipments using established dose-to-curie relationships (WHC 1996a, WHC 1996b ). 
Radionuclides considered reportable in previous waste shipments included strontium-90, 
cesium-137, plutonium-239/240, americium-241, and plutonium-241. This entire waste stream 
was designated as low-level radioactive mixed waste. 

2 
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Inductively coupled plasma (ICP) total metals analysis (SW-846 Method 6010A [Test Methods 
for Evaluating Solid, Waste Physical/Chemical Methods, EPA 1997]) have been perfonned on 
nine paint chip samples, as well as multiple chip samples from the overhead crane. Toxic metals 
(silver, arsenic, barium, cadmium, chromium, lead, and selenium) were confirmed to be present 
in paint chips at total concentrations greater than screening limits for the toxicity characteristic 
(TC) criteria. 

Above-Water Waste. Radiochemical analyses for gross alpha, gross beta, cobalt-60, cesium-137, 
and americium-241 were perfonned on twenty 105-KE smears. Nondestructive assay (NDA) 
analysis of20 compacted drums and NOA of four boxes of waste was performed. Radionuclides 
in the resulting waste profiles included strontium-90, cesium-137, europium-I 52, plutonium-238, 
plutonium-239, plutonium-240, americium-241, plutonium-241, and curium-244. This waste 
stream was designated as low-level radioactive waste with the exception of one barrel, which 
was estimated to potentially contain TRU waste. Nonradiological sampling was limited to the 
same paint chip samples used for characterizing the mixed waste debris. Some of this above
water debris also could be designated mixed waste. 

Underwater Debris. Radiochemical analyses were performed on coupons from pipes that were 
rinsed and removed from the basin. Analyses included total alpha, gamma energy analysis 
(GEA), strontium-89/90, americum-241 , and total uranium. Radionuclides that were found 
above detection limits included cesium-137, cobalt-60, europium-154/155, strontium-90, 
uranium, plutonium-238, 239/240, and americium-241. In addition, NDA was used to evaluate 
11 boxes of rinsed debris on the 100 K Rad Pad for maximum cesium-13 7 content. All of the 
waste was determined to be low-level radioactive waste. 

Polychlorinated biphenyl analysis was conducted on waters from the KE and KW Basins; PCBs 
were not detected using a minimum detection limit (MDL) of 0.5 ug/ml. Inductively coupled 
plasma analysis for total metals was performed on water samples from both basins and on sludge 
from the KE Basin only. Although zinc, silicon, copper, and boron were detected in water 
samples, no TC metals were found above the TC levels, so the water is not a characteristic waste. 
Metals have been found in KE Basin sludge at concentrations that exceed the total concentration 
screening level. No Toxicity Characteristic Leachate Procedure (TCLP) analyses were 
performed on the sludge. Some of the above water debris also could be mixed waste. 

Canisters. In 1996, several empty fuel canisters were pressure washed and removed from the 
basin for characterization (Characterization of Empty Fuel Canisters in 105 KE Basin 
[WHC 1996c ]). Smears were obtained from the canisters and submitted for GEA. The pressure
washed canisters were analyzed by NOA (gamma and neutron analysis) and an estimate was 
derived for the radionuclide content of the canisters. The NOA results indicated that the rinsed 
canisters were contaminated with cesium-137, cobalt-60, amercium-241 , europium-154, 155, and 
antimony-·} 25 (WHC 1996d). 

Although the report concluded that the pressure washed canisters were not TRU waste, the NDA 
results did not report any data above the MDL for americium-241 or plutonium-239/240. 
Subsequent laboratory analysis of smears taken from nine of 11 canisters that were subjected to 
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NOA demonstrated a significant americium-241 content (up to 41% of the measured cesium-137 
activity). These smears were analyzed in the laboratory, but were only subjected to gamma 
analysis and, thus, did not detect any plutonium isotopes. The lack of apparent 
plutonium-239/240 detected by NDA was explained in the report by a hypothesis that the 
americium-241 reacted with the underlying canister metal, while the plutonium isotopes were 
associated more with the sludge that was presumed to be washed off. No data were presented to 
substantiate that hypothesis. 

Asbestos and Asbestos-containing material (ACM). No radiochemical or chemical analyses 
have been performed. 

Ion-exchange Modules. The radionuclide content of the ion-exchange modules (IXMs) was 
estimated from analysis of basin water and an assumption that 100% of the radionuclides, except 
tritium. measured in the water are removed by the DCM. Toxic metals were undetected in 
K Basin water (MDLs were less than TC levels); only zinc, silicon, copper, and boron were 
detected. The potential content of PCBs and toxic metals that may sorb onto the ion exchange 
(IX) resins was conservatively estimated based on the contaminants of concern (COCs) being 
present in basin water at reported detection limits. These calculations used the mass of the entire 
IXM to estimate potential concentrations and assumed that 100% of the metals and PCBs were 
sorbed to the exchange resin. The results showed that PCB and metal concentrations (arsenic, 
lead, and selenium) exceed TC and Toxic Substances Control Act of 1976 (TSCA) screening 
levels. Calculations were provided in Appendix C of the Data Quality Objective (DQO) Process 
Document (HNF 2000a) and assume metals concentrations are at the detection limit for the 
analysis. These calculations (based on the laboratory analytical detection limits) indicate that, 
based on this conservative approach, the IXM could be designated as hazardous waste and would 
be subject to treatment to meet LDR. 

1.1.2 Contaminants of Potential Concern 

Polychlorinated biphenyl concentrations in paint are assumed to be below levels of concern for 
disposal at ERDF (concentrations are based on the total mass for the item, not merely the paint 
itself). Some items, such as fluorescent light ballasts, are assumed to have regulated PCBs and 
will be managed appropriately. 

The SNF Project will estimate a TC COC to mass ratio for painted objects separately from this 
SAP. Painted debris, in general, will be assumed to not designate for metals, based on the total 
mass of the object(s). Based on the concentrations of TC metals that would be required to cause 
an object to designate as dangerous, the project believes that this is a more efficient approach 
than sampling the painted debris for characterization. The same approach may be used for other 
small-volume suspect waste streams, such as light bulbs. 

The Listed Waste History at Hanford Facility TSD Units (WHC 1996e) will be reviewed as 
specific waste streams are generated to verify that there are no listed waste concerns before 
designation. 
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Previous studies indicated that sludge is present in significant volumes in the KE Basin, resulting 
in potentially higher surface contamination concerns for debris from that location, due to contact 
with the sludge. Limited analysis of samples from the basins indicates the presence of PCBs in 
sludge from some locations. All debris will be pressure-washed and drained of free-flowing 
liquid as it is removed from the basins; after washing, the debris will not subsequently be 
regulated under the Toxic Substances Control Act of 1976 (TSCA), as approved in the CERCLA 
ROD (EPA et al. 1999). Debris that has been rinsed/washed must be visually inspected and field 
screened for radionuclides to confirm the effectiveness of this procedure for each piece. 

The OQO Process prepared for debris presented the rationale for exclusion of constituents of 
potential concern (HNF 2000a). Table 1-1 provides the final list of COCs for each waste stream 
with the rational for inclusion. The logic for selection of the radioisotopes is presented in the 
DQO Process report. Any changes to the list of COCs and the rationale for these changes are 
included in the project files through the comment/ response process. 

Lower detection limits achieved for basin waster samples collected in a one-time sampling event 
(May 2000) demonstrated that, for the RCRA metal constituents, the IXMs would not designate 
as hazardous waste. Analyses for PCBs were not conducted and, thus, the IXMs will be 
designated as TSCA waste. Ion-exchange modules will be drained of free-flowing liquids and 
managed as debris in accordance with the ROD (EPA et al. 1999) definition of debris. The U.S. 
Environmental Protection Agency (EPA) has indicated that the unit includes the IX column and 
concrete shell and constitutes a high integrity container (HIC), which is equivalent to 
encapsulation (see HNF 2000a, Appendix B). The project will proceed on this interpretation and 
the designation of the waste. 

1.2 DATA QUALITY OBJECTIVES 

Fluor Hanford (FH)/Waste Management conducted a DQO Process to support the development 
of this SAP and determine the appropriate approach for characterizing the debris for disposal. 

The scope of the DQO (HNF 2000a) included only characterization of debris from the K Basins 
and immediately adjacent areas, to allow the SNF Project to assign appropriate waste 
designation. The scope included characterization for disposal ofIXMs servicing the basin water, 
but not the sand filter and IXMs servicing fuel removal operations. The DQO did not consider 
the IXMs that are a part of the IWTS. The DQO Process was conducted to provide the strategy 
for characterizing and designating K Basin debris to determine if it meets the Environmental 
Restoration Disposal Facility Waste Acceptance Criteria, Revision 3 (BHI 1998). 

As noted above, decisions that were documented through the DQO Process have, in some cases, 
been modified due to subsequent changes in project direction or based on discussions 
docwnented through the comment/response process. These changes are documented in project 
files and are noted, as appropriate in summaries of the DQO Process provided below. For 
additional details, the reader should refer to the DQO (HNF 2000a). 
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Table 1-J. Final List ofCOCs. (5 Pages) 

Material (Componi.,nt)/ CDC · R~tionale for Inclusion Cate2ory · 

Painted Debris radioactive COC list 1 Radioactive COC list 1 

TC metals - As, 13a, Cd, Cr, Pb, Metals confirmed to be present in 
Hg, Sc, Ag paint al concentrations above 

screening limits for TC. 

2-(2-methoxy)-Ethanol, 2-
Nonvolatile paint constituents. 
Toxicity must be cvc1luated to 

Phthalocyanilo-coppcr (copper dclennine the contribution to 
phthalocyaninc), 2,2,4- Dangerous Waste Criteria 
Trimcthyl-1 ,3- Equivalent Concentration per 
pcnlancdiolmonoisobutyrate, 2- Wa.1·hington Administrative< 'ode 
propoxyethanol, Dibutyl 17J-303- I 00 
Phthalatc, Naphthalene, 
I lydroxypropylmcthylcellu losc, *NOTE: Volatile paint constituents 

identified in Table 1-5 (HNF 
2000a) for exclusion cannot be 
excluded without objective 
evidence, sec Section 1.3 .2 item 6 
(HNr 2000a) . 

Rags Contaminated with ra<lioaclivc COC list' radioactive COC list' 
Stripped Paint Waste 

TC metals - As. Ba, Cd, Cr, Pb, Metals confirmed 10 be prest:nt in 
I lg, Sc, Ag paint at concentrations abnvc 

screening limits for TC. 

2-(2-methoxy)-Ethanol_ 2-
Nonvolatile paint constituents. 
Toxicity must be evaluated to 

Phthalocyanito-copper {copper determine the contribution to 
phthalocyanine), 2,2,4- Dangerous Waste Criteria 
Trimcthyl- 1,3- Equivalent Concentration per 
pcnlanediolrnonoisobutyratc, 2- Wushington Administrative 
prnpoxyethanol , Dibutyl Code I 73-303-100. 
Phthalatc, N- Naphthalene, 
I lydroxypropylmcthyl-ccllulosc *NOTE: Volatile paint constituents 

identified in T.iblc 1-5 (l!NF 2000) 
for exclusion cannot be excluded 
without objective evidence, sec 
Section 1.3 .'.! item 6 (HNF 2000). 

Mcthyl-2-pyrrolidone, D- Citristrip constituents. Toxicity 
Limoncnc must be evaluated to determine the 

contribution to Dangerous Waste 
(Cilristrip) Criteria Equivalent Concentration 

per Washingwn Admini.l'tralive 
('ode 173-303-100 

NOTE: D-Limoncnc is a 
Washington 'Toxic D" waste if 
present at 10% or greater. 
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Table 1-1. Final List of COCs. (5 Pages) 

Material (Component)/ 
Ca~egory . coc .Rationale for. incJusiori 

structural shielding that rndio;ictivc COC list' rnd ioactive COC I isl 1 

contains haz metals • • lead 
bricks, lead shidding 

Pb Major component in lead shielding 

Broken fluorescent and radioactive COC list1 radioactive COC list1 

incandescent light bulbs 
TC metals -As, Ba, Cd, Cr, Metals present in tluoresccnl and (ballasts/fixture assumed not 

present in the basin) Pb, Hg, Se,Ag incandcsccnl bulbs 

cartridge fillers , disposable radioactive COC list
1 radioactive COC list 1 

personal proleclive 
equipment, plastic, and other 

trash 

materials used for decon or radioactive COC list' radioactive COC list' 
equipment: cloth, paper, 

plastic 

process equipment: heal rad ioactive COC list' radioactive COC list' 
t:xchangers. piping 

Unpainted demolition radioactive COC list' radioactive COC list' 
debris, structural steel, 

rocks, gravel, metal, glass, 
concrete. ccrnmic, bricks, 

rnofing material, wood 
drywc1II, siding 

materials collected during radioactive COC list' radioactive COC list1 

general hous1.:kccping: soil, 
sawdust, vegetation, debris, 

glass, plastic 

high-cfliciency pc1rticula1e radioactive COC list' rad ioactive COC list' 
air (I !EPA) filters 

structurnl steel •- fuel storage radioactive COC list u radioactive COC list 1 

racks & hulkheads; 
PCBs, TC metals - As, Ba, Cd , Metals and PCBs have been 

structures used for fuel 
handling Cr, Pb. I lg, Se, Ag identified in KE Basin Sludge Ht 

concentrations exceeding the TCLP 
Total Concentration screening 
level. If sludge is incompletely 
removed or ir underwater items are 
porous, then the presence of 
residual sludge may cause the items 
to be designated us mixed waste. 
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Table 1-1. Final List of COCs. (S Pages) 

Material (Component)/ coc Rationale for -Inclusion · Category 

process equipment - pumps, radioactive COC I ist '· ·1 radioactive COC list 1 

old canister washer, piping 
PCBs, TC rnetal.s --As, 13a, Cd, Metals and PC13s have been and piping components. 

rubber hoses Cr. Pb, Hg, Sc. Ag identified in KE Ba~in Sludge al 
concentrations exceeding the TCLJ> 
Total Concentration screening 
11:vc:1. If sludge is incompletely 
removed or if underwater items are 
porous, then the prc!;ence or 
residual sludge 111ay cause the items 
to be designated us mixed waste. 

miscellaneous debris- radioactive Coe list I , l radioactiv~ COC list 1 

electrical cables, light 
PCUs. TC melals As, Ba, Cd, Metals and PCBs have been fixtures, long 1ools, brushes. 

personal prolcctivc Cr. Pb, Hg. Se. Ag idcntilied in KE Basin Sludge at 

equipment, metal, plastic concentrations exceeding \he TCLP 
Total Concentration screening 
level. If sludge is incompletdy 
removed or if underwater items are 
porous, then lhc presence of 
residual sludge may cause lhe items 
to be designated as mixed waste. 

Canisters/canister lids radioactive COC list 1.2 radioactive COC list' 

PCBs, TC metals -A~, Ba. Cd, Metals and PCBs have been 
Cr. Ph. Hg, Sc, Ag identified in KE Basin Sludge al 

concentrations exceeding the TCLP 
Total Concentration scrc.cning 
level. If sludge is incompletely 
removed or ifund1.:rwatcr items arc 
porous, lhen the presence of 
residua[ sludge may cause the items 
to be designated as mixed waste. 

IXMs radio.ictivc COC list' radioactive COC list' 

J>CBs, TC metals ·· As, Ba, Cd. l'CBs in water at concentrations at 

Cr, Ph. Hg\ Sc, Ag tir near the reported delcction limit 
may be expected to hind to the 
hydrophobic IXM resin material. 
Tuxic Metals in water at 
concentrations at or near the 
deteclion limit may conccntrntc to 
clev.itcd concentrations in the spent 
IXMs. 
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Table 1-l. Final List of COCs. (5 Pages) 

Mat~rial (Component)/ coc .Rationale rofl nclusion Category 

floor tiles/ceiling tiles; Pb, if painted Asbestos containing material 

sprayed on ceiling texture or {ACM} may be p.iinted. If lead 

acoustic surface coatings paint is applied, ACM must contain 
less lhan 0.05% wt. paint. 

asbestos The age of !he KE and KW Has in 
facilities indicates that asbestos is 
likely to be prt:sent in numerous 

radioactive COC li!.1 1 ma1erials. 

radioactive COC list1 

pipe and duct insu[ation and asbestos The age of the KE and KW Bnsin 
insulation mastic; mastic facilities indicates that asbestos is 

used as adhesive for plastic likely to be present in numerous 
baseboard moldings materials. 

radioactive COC list 1 

radioactive COC list1 

mineral based building asbestos The age of the KE and KW Basin 
insulation in walls and facilities indicates that asbestos is 

ceilings likely to be prc~cnt in numerous 

radioactive COC 1ist1 materials. 

radioactive COC list 1 

asbcslos hoard {tran:;itt·) asbeslos The age of the KE and KW Basin 
used in walls, ceilings, 

radioactive COC list 1 facilities indicat.:s thal asbestos is 
siding likely lo be present in numerous 

materials. 

radioactive COC list 1 

high temp ~askcts and seals asbestos The age of the KE and KW Basin 

radioactive COC list 1 fodlitics indicates that ;isbestos is 
likely to be present in numerous 
materials. 

radioactive COC list1 
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Table 1-l. Final List ofCOCs. (5 Pages) 

WS# 
Material (Component)/ coc : 

btionai~i~r lnchisj~n-Category 
1Radiological COCs arc H3, Co-60, Ni-63, Sr-90, Sl>- 125, Cs/Ba-137, Pm-147, Sm-151, Eu-152, Eu-154, 
Eu-155, U-235, U-238, Pu-238, l'u-239, Pu-240, Pu-241, t\m-241, and Cm-244. Each radionuclide has been 
included hccause they meet one or more of lhe following crih:ria (I) lhc radionuclide is part of the N-Reactor 
urnnium fuel cycle process, (2) the radionuclide is 1101 gaseous and has a half-life greater than I year, (3) the 
he la/gamma emilling rndionuclide was e:,tirnatcd lo he present at greater than 1% of the Cs-137 activity of the 
waste, and/or (4) the alpha cmilling or TRU radionuclide was estimated to be greater than 0.1 % of the Cs-137 
activity of the waste. The remaining radionuclides apply to all I..LW from the K Uasins. Sec I-INF (2000a), 
Appendix B, Table 13-1 . 

~l{adioact ivc/LLW could potentially designated as TIU! or mixed waste if the sludge is incompletely removed, 
or if the underwater dehris items are porous. 

1Mcrcury was not detected in sludge; therefore, is not included. 

t .2.1 Step 1: Statement of the Problem 

Debris has been broadly delined by the K Ilasin ROD (EPA et al. 1999) as all solid waste 
generated from the CERCLA interim remedial action of KE and KW Basins excluding SNF, 
sludge, and water. The debris has been previously disposed at the Hanfon.l LLBG or CWC. This 
debris must be characterized and designated to allow disposal at ERDF or segregation for an 
alternate disposal pathway. as appropriate. Because the K Basin structures have been designated 
as an RMA, all materials removed from this area arc assumed to be radioactively-contaminated. 
Most debris will designate as radioactive LLW, although some may designate as radioactive 
mixed waste, TRU, or mixed T[UJ . .t\.d<litional data arc needed to designate the waste and 
evaluate whether it can be disposed of at ERDF. 

1.2.2 Step 2: Identify the Decisions 

Slt:p 2 presents the logic pathway that is used to resolve the problem. Table 1-2 in the DQO 
(I INF 2000a) presents the Principal Study Questions, Alternative Actions, and Decision 
Statements to resolve the problem that was presented above. Figures 1-1 and 1-2 present the 
decision logic, based on Step 2, which will be ust.:J to assess whether waste may be disposed of 
al ERDP. These figures have been modified in the course of the comment/response process . 

t .2.3 Step 3: Identify Inputs to the Decisions 

Step 3 idcnti lied the data needed to resolve each of the Decision Statements identified in Step 2, 
as well as the analytical performam:c requirements (e.g., practical quantitation limit requirement, 
precision. and accuracy) to support the data. The reader is referred to the DQO for the logic 
behind the selection of inputs, analytical methods and field techniques, and tables which present 
tlu:se information needs. Because process knowledge will he used to designate wa.-,te streams for 
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TC metals, PCBs, and asbestos, no analyses will be conducted to support decisions related to 
these COCs. 

1.2.4 Step 4: Defme the Study Boundaries 

Step 4 identifies the geographic (spatial) and temporal boundaries of the facility under 
investigation, as well as practical constraints that must be taken into consideration in the 
sampling design. Table 1-5 in the DQO (HNF 2000a) defines the attributes that make up each 
population of interest. The populations of interest described in this section have been revised 
slightly to indicate that painted debris will be assumed to not designate for TC constituents. The 
project at this time does not anticipate a need to encapsulate any painted debris. The project will 
develop a ratio that considers the painted surface area and mass of an item to determine the need 
for encapsulation of painted debris. Segregation of the waste will occur by visual inspection. 
This procedure will use existing data for TC constituents in paint and will be developed 
independently from this SAP. 
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Figure 1-1. K Basin Debris Disposition Decision Logic. 
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1SNF staff will provide the necessary inputs for the ERDF to perform calculations. It is not 
anticipated that the proposed waste will present any problems for the ERDF inventory. 
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Figure 1-2. Chemical Waste Designation Decision Logic. 
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The geographic area of investigation includes the structures that house the KE and KW Basins, 
as discussed in the ROD (EPA et al. 1999). Table 1-6 in the DQO (HNF 2000a) defines the 
zones or materials within the facility under investigation that have certain similar characteristics. 

Decisions for debris disposition (i.e., scale of the decision) will be made for individual articles of 
equipment, components, or other debris or consolidated packages of debris removed from the 
facility being investigated. Decisions for the IXM are based on the entire module. 

The decisions identified in the DQO Process supporting this SAP (HNF 2000a) apply to removal 
of all debris covered by the ROD (EPA et al . 1999) during this initial phase of K Basin remedial 
activities. The decisions may or may not be appropriate for later debris removal activities, 
particularly for those associated with decontamination and decommissioning of structures not 
covered by the ROD. The large number of debris items and difficulty associated with collecting 
representative samples from the variety of matrices supports use of field radiological 
measurements over sampling and laboratory-based analysis of radionuclides for each item. 

1.2.5 Step 5: Decision Rules 

Step 5 combines information developed in DQO Steps 1 through 4 with a parameter of interest 
and an action level to provide a concise description of what action will be taken based on the 
results of data collected. Table 1-7 in the DQO (HNF 2000a) lists the final action level for each 
Decision Statement and COC; this information has been incorporated into analytical 
performance requirements later in this SAP. 

Table 1-2 (Table 1-8 from the DQO [HNF 2000a]) combines the parameter of interest, scale for 
decision making, action levels, and alternative actions into separate "IF ... THEN .. . " Decision 
Rules. These decision rules are the output from the DQO Process and describe actions that will 
be taken based on the results of data analysis. 
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Table 1-2. Decision Rules. 

Decision Rule . . 

If the estimated• TIW COCs in the waste do nol exceed JOO nCi/g, then the waste will be evaluated per 
DRs 112, 3, und 4 for disposal at ERDF. 

If the estimated TIUJ COCs in thi.: waste exceed !00 nCi/g, then the waste will not be si.:nt to ERDF. 

If the cs!imulcd radionuclide COC's in the waste do not exceed the radionuclide EROF WAC 
(BHI 1998) (Ci/m \ then the wnstc will be evaluated per DR.s ti 3, iind 4. 

If the estimated• r-adionuclidc COCs in the waste exceeds the radionuclide ERDF WAC (Bill 1998) 
(Ci!m\ then the waste will be evaluated on a case-by-case b(lsis lo determine if it may be sent lo 
ERDF. 

If process knowledge, or .single sample conccnlration.~ of the dctccled analytical value, indicates that 
the materials qo__l!o_! designate as TC or exceet.l l!RDF WAC (HI-II 1998), then they will be packaged 
for disposal at the ERDF as LL W. Wuste thut designates only as Washington Slate dangerous will not 
require treatment hcforc disposal. 

It' process knowledge, or single ~ample concentrations of'the detected analytical value, indicates that 
the materials designate as TC, stale dangerous extremely h,uardous waste (EHW), or excee<l EHDF 
WAC (Blil 199!1). then they will be managed through tht:: appropriate treatment or packaging 
requirement und disposed of at EROF. 

Ir process knowledge or any <letccted analytical sample value dictates I.DR imposed treatment, tht::n 
debris materials will be treated with macro-encapsulation and disposed al ERDF. Materials that do not 
qualily as debris will he mmwged appn>priatcly according to their de.~igrrnlion. 

If process knowledge (lr none of the detected analytical sample values dictate LDR imposed lrcatmenl 
or the mar.erials, the debris will be disposed in ERDF without udditional treatment. 

* Radionuclide contc111 c.~1imated from dose to curie conversions. 

OR -' Decision Ruic 

l .2.6 Step 6: Limits on Decision Error 

This section of a DQO generally i~ used to establish the parameters for a statistically-based 
sample design. The SAP at this time does not anticipate that a statistically-based approach will 
be used. Debris will be evaluated through surveys of all materials, coupled with judgmental 
sampling, as appropriate. The reader is n.:fcrred lo Step 6 in the DQO (HNF 2000a) for 
additional details. 
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1.2.6.1 Radioactive Waste. Each waste container will be surveyed or will contain previously
surveyed waste. An estimated COC inventory for that waste container will be derived from 
survey data versus isotopic ratios from previous or contingency sampling measurements. The 
sample design is judgmentally developed for the materials or components that will ultimately be 
placed in the shipping container. The project may use survey data to determine re1ationships 
between debris weight and CS-13 7 inventory. If such relationships are developed, their use may 
be proposed as a modification to this SAP. 

1.2.6.2 Potentially Chemically Contaminated Waste. No sampling for chemical constituents 
is currently planned for the debris . The Basin water flowing into the DCM currently is sampled 
routinely and the radionuclide load estimated (WHC l 996f). 

1.2.6.3 Paint Waste, Painted Debris, and Underwater Debris. Paint waste will be 
encapsulated; therefore, no sampling is needed to designate those wastes. The lead and cadmium 
inventory of painted debris, based on the ratio of the painted surface area to the mass of debris 
being disposed, will be used to designate the painted debris for appropriate disposal. 

Debris removed from the basins will be rinsed and/or pressure washed to remove potential TC 
metals and PCBs. Previous studies have indicated that washing removes the metals and PCBs on 
debris that has been in contact with the sludge (WHC 1996d). Calculations supporting these 
studies, which were part of a previous profile used for disposal at the CWC, are presented in 
Appendix D of the DQO Process (HNF 2000a). 

Some debris removed from the basins may be contaminated from sludge. Because of the 
radionuclide contamination, PCBs, and metals concentrations in the sludge, residual sludge could 
potentially cause debris to designate as mixed, TRU, or mixed-TRU waste. Accumulated 
sludge on the debris will be removed through a pressure wash, conducted under water. This 
procedure is presumed to reduce sludge and associated chemical contaminants to levels that are 
below regulatory concern. The removal of sludge will be assessed visually. 

Lead bricks and shielding, debris designated as mixed waste, and debris that cannot be readily 
evaluated for compliance with LDR criteria after decontamination, will be designated as 
hazardous based on process knowledge, collected, and encapsulated for disposal at ERDF. 
Macro-encapsulation is a compliant alternative treatment technology for hazardous debris 
according to 40 CFR 268.45. 

Ion-exchange modules will be drained of free-flowing liquids and managed as debris in 
accordance with the ROD (EPA et al. 1999). The EPA has indicated that the unit, including the 
IX column and concrete shell, constitutes a HIC, which is equivalent to encapsulation (see I-INF 
2000a, Appendix B). The project will proceed, based on this interpretation. Section 2.3 
summarizes sampling frequencies and locations for collection of water used to calculate the 
constituent loading on the IXM. 

Table 1-3 summarizes sampling frequency and locations. 
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TabJe J-3. Summary of Sampling Frcquencic.~ and Locations. 

Material 
Sample Collection 

(Components)/ Methodology Sampling Frequency Sampling Location 
Categorif3 · 

All waste streams Measurement ot' cxternu l Every dchris for which an Survey mcawremcuts 
except fuel canisters dose rate, NDA, gamma estimate of radionucli<le content wi ll be perfonncd on the 
and IXMs spectroscopy, or sampling is (ksircd. waste packages. as 

and laboratory analysis ns described in 
appropriate lo dcte11ninc Section 2.2.6. 
THU and radiological Measurements may be 
enc content. taken on individual 

debris items, or a 
suitable container of 
debris. 

fuel canisters Measurement or external All (uc l canisters may be Survey measun:ments 
<lose rate, NDJ\. or measured individually or in will be perfom1ed on the 
gamma spectroscopy to larger containers. depending on waste, as described in 
determine TRU and lina\ survey calibration Section 2.2.6. 
radio logical COC content. availability. Measurements may be 

taken on individu,il 
debris items, or a 
sllitable container or 
debris . 

Water associated None Kadionuclidc load for each IXM See Section 2.3 
with IXM will be calculated based on the 

procedures on the SNF Project's 
"!Jas in Water Qunlity Control 
Procedure" (OP-02-025) and 
IXM charncterizalion plan 
(WIIC 1997). 
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2.0 QUALITY ASSURANCE PROJECT PLAN 

2.1 PROJECT MANAGEMENT 

The following section identifies the individuals or organizations participating in the project and 
discusses specific roles and responsibilities. This section also discusses quality objectives for 
measurement data and discusses special training requirements for staff performing the work. 

2.1.1 Project and Task Organization 

Figure 2-1 presents the organization chart for sampling/analysis and waste management 
interfaces to ERDF. 

2.1.2 Roles and Responsibilities 

This section identifies the responsibilities of various organizations supporting K Basin debris 
removal and disposal activities that collect, analyze, survey, or assess results of data for waste 
disposal. 

K Basin Operations Support Sample Management Representative 

• Maintain operating procedures as custodian, and revise such procedures to perform basin 
water sampling that include collection, chain of custody, packaging, and shipping procedure. 

• 

Maintain sample analysis records in a 2-hour-rated fire resistant file cabinet, along with 
trending and tracking IXM accumulation radionuclides during the operating life of each 
individual IXM. 

Receive data packages. 

Perform or contract data review. 

Maintain copies ofradiological survey records and assemble into files to support waste 
characterization and designation. 

Nuclear Process Operators 

Perform sampling. 
Document sampling activities in a controlled logbook. 
Initiate chain of custody. 
Package and ship samples to 222-S Laboratory, or other off-site laboratory. 
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Figure 2-1. Sampling/Analysis and Waste Management Organization Chart. 
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Laboratory(ies) (i.e., 222-S, Waste Sampling and Characterization Facility [WSCFJ, 
pre-selected off-site contract laboratories) 

• Receive samples and initiate internal chain of custody. 
• Provide specified radiological or non-radiological analyses. 
• Provide specified data package to the Operations Support Sample Management 

Representative. 

K Basin Operations Support Manager (or designee) 

• Oversees sample management program. 
• Authorizes new radionuclide ratios to be applied to waste as needed. 

Obtain additional analytical services such as non destructive analysis as needed. 

Radiological Control Organization 

Conduct specified surveys/NOA. 
• Provide dose rate data for sample collection, packaging, shipment. 

Provide the Radiological Work Permit. 

Waste Management 

Designate waste based on survey/laboratory results and calculated radionuclide content. 
• Ship waste or sample for analysis. 
• Review data used to designate waste. 

Quality Assurance Organization 

• FH quality assurance (QA) has the option to conduct random surveillance to verify 
compliance with requirements of this plan. 

2.1.3 Special Training Requireme.Qts/Certification 

Hazards associated with radiation and radiological contamination are well characterized in the K 
Basins. The Hanford Site Radiological Control Manual (HSRCM) (DOE-RL 1996) addresses 
worker training requirements, visitor training and escort requirements, dosimetry monitoring, 
posting, and required radiological surveillance. The specific training required by 29 CFR 
1910.120 is implemented in the HSRCM. Training requirements for this project are discussed in 
Section 7 of the K-Basins Interim Remedial Action Health and Safety Plan (HASP) 
(HNF 2000b). Project specific training requirements and references are discussed below. 
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In the event that a worker may have a reasonable possibility of exposure to hazardous chemicals 
while performing a specific remediation task in the K Basins, the Facility Operations Manager 
will ensure that the worker has the appropriate level of training, in accordance with 
29 CFR 1910.120, before the work is performed. 

SNF Project Administrative Procedure AD-14-004, "Radiological Area Access Control," defines 
training requirements for various circumstances applicable to entry into K Basins. Training 
requirements in this procedure apply to all individuals who are required to have access to the 
KBasins. 

Job-specific training requirements for SNF Project personnel are outlined in Procedure 
TN 8-001-08, "General Training Administration." This procedure covers facility orientation 
training, Hanford General Employee Training (HGET), facility emergency plan, SNF Project 
orientation, initial and continuing training, on-the-job training, required reading and drills. The 
training requirements for each employee are determined using a graded-approach and 
documented in the appropriate Training Matrix. 

All visitors, general employees, or members of the public, will have training or instruction prior 
to entry to the K Basins per the requirements of SNF AD-14-004. 

2.1.4 Quality Objectives and Criteria for Measurement Data 

The QA objective of this plan is to develop implementation guidance that will provide data of 
known and appropriate quality. Data quality is typically assessed by representativeness, 
comparability, accuracy, precision, and completeness. Definitions of these parameters are 
described below. The applicable quality control (QC) guidelines, quantitative target limits, and 
levels of effort for assessing data quality are dictated by the intended use of the data and the 
nature of the analytical method. A summary of COCs for each media is provided in Table 1-1 of 
the DQO (HNF 2000a). The analytical methods, laboratory detection limits, and sample size for 
COCs that will be measured are presented in Tables 2-5 for water samples that will be used to 
characterize IXMs. Table 2-6 provides the same information for contingency samples. The 
COCs that are not listed in these tables will be estimated based on radionuclide ratios in the 
waste as discussed in Section 2.2. Quality control parameters of accuracy and precision that are 
to be applied to water or contingency characterization samples are presented in Table 2-1. The 
nomenclature used to describe quality parameters is contained in the following discussion. 

Representativeness is a measure of how closely measured results reflect the concentration of 
radiological constituents distributed in the sample matrix. Sampling plan design, sampling 

. techniques, and sample handling protocols (e.g., storage, preservation, and transportation) have 
• been developed and are discussed in subsequent sections of this document. The documentation 

will establish that protocols have been followed and sample identification and integrity ensured. 

Comparability expresses the confidence with which one data.set can be compared to another. 
Data comparability will be maintained by using standard documented procedures, consistent 
methods, and units. Fixed laboratory methods for analytes and target detection limits are listed in 
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Table 2-5. Actual detection limits will depend on the sample matrix, constituent radionuclides, 
sample quantity availoble, and will be reported as defined for the specific samples. Detection 
limits arc runctions or the analytical rncthod utilized to provide the data and the quantity of 
sample available for analyses. In Che water and contingency sampling, sufficient sample quantity 
is expected to oe available with sufficient radionuclide activity to perform the analyses. 

J\ccuracy is an assessment of the closeness of the measured value to the true value. J\ccurncy of 
chemical test results is assessed by spiking s~unplcs with known standards and establ ishing the 
average recovery . A matrix spike is the addition to a sample or known amounts ofa standard 
compound similar to the compounds being measured. Radionuclide mt.:asurements that require 
chemical separations use this technique to measure method perfo rmance. For rndionuclidc 
measurements that arc analyzed by gamma spectroscopy, laboratories typically compare results 
of Laboratory Control Samples against known standards lo establish accuracy. lJsually. only a 
lew target analytcs are selc<.:tc<l for analysis for gamma spedroswpy {i.e., cesium-I 37, cobalt-60, 
etc,). V..ilidity of calibrations are evaJuatc<l by comparing results from measurement of standard 
to known values and/or by generation of in-house statistical limits. Table 2-1 lists the accuracy 
targets for fixed laboratory analyses for the project. 

Precision is a measure of the data spread when more than one measurement has been taken on 
the same sample. Precision can be expressed us the relative percent difference fbr duplicate 
measurements. Precision targets for lixcd laboratory analyses are li sted in Table 2-1. Monthly 
water sumplcs are collected as a timed composite, and thus there may not be enough sample for a 
duplicate. If that is the cusc, precision will be estimated from laboratory matrix spikes or other 
sui tably data. 

Completeness is a comparison of the valid data required to the amount of valid data obtained 
from the analytical measurement process and the complete implementation of defined field 
procedures. The completeness objective for this SAP is sc( at 90%. Completeness will be assess 
by waste stream on ,.rn analyte-speciJic basis. If the completeness objective is not met, additional 
samples will be collected and analyzed. 

Table 2-1. Target Accuracy and Precision of Laboratory Methods for Water and 
Contini.;cncy Sampling. 1 

Matrix 
Accuracy for Radionuclides 

(Percent Recovery/ 
Precision for Radionuclides 

{Relative Percent Difference/ 

Solids 70 - 130% ± 30% 
i-- ·- · ·- -- -·- ·- -

Water I.W - 120% t20% 
·-·- - ·-

1 Accuracy and precision are based on published analytic:;al methods for waste analyses (sec Tables 2-5 and 
2-6) . 

~ Percent recovery ,. ([amount me.isurcd in spiked sample-amount in unspikcd smnplc l / spike added)* 100. 
1 Relative percent difference ~ (lr.~suft I - result 2 I/average result)" I 00. 
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Field logbooks contain area and task specific information. Field logbooks that are used during 
collection of samples for waste characterization will be identified as a quality record and will be 
maintained as such. 

Maintenance of field documents will be in accordance with the Hanford Analytical Quality 
Assurance Requirements Documents (HASQARD) (DOE-RL 1998) Volume II, "Sampling 
Technical Requirements," Section 4.1.2, "Field Logbook," or equivalent. 

2.2 SURVEY /DATA ACQUISITION 

The following sections present the logic and requirements for radiological survey. The 
radiological dose rate survey data will be used to estimate radiological content of the waste. 
Periodic surveys with a hand held two channel gamma detector will also be performed, and if the 
waste is determined to be anomalous (as defined in Section 2.2.3), it will be set aside and 
subjected to more extensive NDA and/or sampling and analysis. The approach for contingency 
sampling and NDA is discussed in Section 2.4 of this SAP. The sections below address 
requirements for instrument calibration and maintenance, and data management. The project 
uses a graded-approach to characterize waste generated at the K Basin. 

Waste generated at K Basins will be processed to comply with ERDF WAC (BHI 1998) criteria 
and packaged according to Procedure OP-46-006 ("Processing Contaminated Waste for ERDF 
Disposal"). Most of the waste removed from the basin water will be treated as restricted 
contaminated waste (RCW) (OP-46-006) because of several considerations. This is in part a 
result of previous measurements of total and smearable contamination from the fuel canisters and 
pipe hangers washed and removed from the basin. These data indicate that the waste would not 
have passed the ERDF surface contamination criteria of 100,000 dpm/100cm2 beta/gamma and 
400 dpm/100 cm2 alpha (as listed in Procedure OP-46-006). It is also in part due to concern that 
it may be difficult to measure the loose and smearable contamination levels in the environs of the 
basin prior to wrapping the waste with plastic, putting it in a bag ( or other method of fixing 
radioactive contamination) and maintain as low as reasonably achievable (ALARA) 
considerations. In addition, all of the surfaces of each individual piece of waste being removed 
from the K Basins may not be accessible. If large pieces of waste are encountered above the 
water that have all of the surfaces accessible, some of the w&ste may be surveyed with portable 
handheld beta/gamma and/or alpha instrumentation and designated as non-restricted 
contaminated waste (NRCW) as appropriate. Such surveys will be conducted per the appropriate 
instrument procedure. Restricted contaminated waste will be wrapped in plastic, placed in 
plastic bags, as described in Procedure OP-46-006. Other alternatives to plastic wrap (e.g. , 
sprayed fixative) may be explored and used with ERDF agreement. 

Packaged waste (e.g., individual pieces, bags, barrels, boxes as appropriate) will be surveyed per 
appropriate instrument procedures to assure that the outside of the waste debris package meets 
surface contamination limits, documented per HNF-PRO-1892 ("Documentation of Radiological 
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Surveys") and weighed. The waste debris pa~kage will then be surveyed to obtain the dose rate 
(R/hr) from the waste package. The dose rate obtained from the waste package will be use to. 
estimate the cesium-137 curie content of the waste as discussed below. Utilizing the ratios of the 
COCs to cesium-137 as discussed in Section 2.2.1, the radionuclide content of the waste will be 
estimated. 

During waste removal operations, ten waste packages out of each 100 prepared will be randomly 
chosen (see Section 2.2.3) and measurements will be performed with a gamma detector that is 
capable of measuring at least two different energy regions of the spectra. It is anticipated that a 
hand-held sodium iodide (Nal) detector with an associated ratemeter/scaler, which has the ability 
to measure two gamma energy regions of interest, will be used. One region of the spectra will be 
centered on the cesium/barium-137m gamma peak at 666 keV. The other region will be an open 
window that includes the gamma emissions from europium-152/154/155, antimony-125, and 
cobalt-60, as well as cesium-137. Evaluation ofratios of counts from the two regions will be 
used to determine if the waste is anomalous. Anomalous waste is defined for this project as any 
waste where the ratio of cesium/barium-137m counts per minute to the combined counts per 
minute of cesium, cobalt, antimony, and europium.isotopes exceeds preset ratios that are 
considered characteristic of the waste. These ratios and their application are discussed in more 
detail in the following sections and presented in Table 2-4. 

Any waste that is considered anomalous will be set aside and may measured with a more 
sophisticated NDA approach or sampled and analyzed in order to establish an appropriate 
radionuclide mix for the waste in question. These contingency/NDA sampling approaches are 
discussed in Section 2.4. 

2.2.1 Dose Rate to Curie Conversion 

The measurement of dose rate on various sized containers will be obtained according to the 
methods discussed in WHC-SD-WM-PROC-020 (Procedure for Categorizing and Inventorying 
Waste in Standard Containers [WHC l 996g]). The technical basis for this procedure is 
presented in WHC-SD-WM-RPT-267, Basis for Dose Rate to Curie Assay Method (WHC 
1996a). Briefly, the method utilizes a family of curves that relate the measured dose rate (R/hr) 
to the cesium-137 curie content of the waste. Although the technical basis document (WHC 
1996a) was prepared for tank waste, the basic premise of the document is that the major 
contributor to the measured dose rate is cesium-13 7. That same premise is appropriate for the 
K Basin debris. Although other gamma emitters do exist in the K Basin debris, the most 
common ( cobalt-60, europium-I 52, europium-I 54, and europium-155) generally are less than 
10% of the cesium-137 content. By using the conservative assumption that all measured dose 
rate is from cesium-137, other gamma-emitting radionuclides, if present, would be lead to an 
overestimation of the cesium-137 content of the waste. All other radionuclides will be estimated 
based on use of specific ratios of COC radionuclides to Cs-137 for the waste in question. Thus, 
the final estimated radionuclide content would likely be overestimated if gamma-emitting 
radionuclides were present in greater abundance than anticipated. 
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Each size and type of waste container ( e.g., 55 gallon, 85 gallon, 4 ft by 4 ft by 8 ft box) has a 
specific curve that has been constructed by a combination of computer generation and 
measurement. The conversion is also dependent on the density of the waste material so the 
curves are displayed as curies of cesium-137 per R/hr versus net waste weight for each type of 
waste container. 

Table 2-2 lists the waste container types anticipated and whether or not there is a current dose to 
curie curve. The detection limits for cesium-13 7 that are listed assume that the lowest dose rate 
measurement that will be reported will be 0.5 mR/hr. This is based on discussion with K Basin 
radiological protection personnel. The achievable detection limits for cesium-137 will be 
directly proportional to the lowest net dose rate that can be reported. In order to list conservative 
detection limits for cesium-13 7, the curies of cesium-13 7 per R/hr that was used for each 
container type was chosen from the maximum weight on the specific curve. Only measurements 
performed on containers for which a dose to curie curve exists may be used to estimate 
radionuclide content of the waste. 

2.2.2 Cesium-137 Curie to Radionuclide Content Estimate for Above- and Below
Water Waste 

During the DQO Process, a final list of COCs was generated. The logic and approach for 
selecting the final list of COCs is discussed in Appendix B of the K Basin DQO (HNF 2000a). 
The estimate of radiological content for waste will rely on ratios of various COCs to a measured 
cesium-137 content. The cesium-137 content will be estimated through dose to curie 
conversions that are discussed above. The ratios of various COCs to cesium-137 have been 
estimated based on review of available analytical data and computer calculations of estimated 
content of fuel and sludge from the KE and KW Basins. The following sections discuss the use 
of estimated ratios to characterize waste. 

2.2.2.1 Waste Removed from the Fuel Storage Basin Water (Waste Streams 11-14) 
(HNF 2000a). Fuel in both basins was the primary initial source ofradioactive COCs in the 
water and in the basin sludge. Physical and chemical processes occurring as the basin water 
contacted the fuel are known to alter the ratios of various radionuclides to cesium-13 7 from those 
in the raw fuel. In KE Basin, fuel is the major contributor to basin floor sludge. In KW Basin, 
there fs a much less direct connection to the fuel since the fuel canisters remained largely intact. 
In both KE and KW Basins, it was assumed that fuel and basin floor sludge were the primary 
contributors to contamination of debris items within the basins. 
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For waste removed from beneath the water of the basins, available data indicate that the 
radionuclide mix remaining on fuel canisters and metallic waste (e.g., pipe hangers) would be 
similar (waste streams 11, 14, HNF 2000a). Both will be washed prior to removal. Observed 
isotopic ratios from smears and NDA on washed metal items were approximated more closely by 
the radionuclide ratios estimated in the fuel (105-K Basin Material Design Basis Feed 
Description for Spent Nuclear Fuel Project Facilities [HNF 2000b]) than in the basin sludge 
(HNF 2000c). This was based on the evaluation of data from several documents in concert with 
analytical results and smears. Thus, the estimated or measured cesium-137 radionuclide content 
will be multiplied by the ratios in column 3 (KE) and 6 (KW) of Table 2-3 . The data considered 
for this assessment and additional discussion are provided in Appendix A of this SAP. 

For debris other than power-washed fuel canisters or metallic items (waste streams 12, 13, HNF 
2000a), it was determined that the basin floor sludge would be the appropriate source term. This 
was based on reasoning that those items such as rubber hose, animal parts, and other · 
non-metallic debris would have been contaminated more by sludge particles lodging in the 
cracks of the material and washing would likely be much less effective than for the canisters and 
metallic waste. Thus, the estimated or measured cesium-137 radionuclide content will be 
multiplied by the ratios in columns 4 (KE) and 6 (KW) in Table 2-3. If contingency sampling or 
NOA provides direct measurement of alternative radionuclide ratios, they may be applied. The 
data considered for this assessment and additional discussions are provided in Appendix A. 
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Waste 
Package Volume(mj 

Description<'} 

Column 1 Column2 

Individual TBD 
waste pieces 

I Ba~ged waste TBD 
I ~ 

55-gallon 0.21 
drum 

85-gallon 0.32 
drum ; 

3 ft by 3 ft by 1.53 
6 ft metal box 

2 ft by 2 ft by 0.68 
6 ft metal box 

5 ftby 5 ft by 6.37 
9 ft metal box 

5 ft by 5 ft by 4.25 
6 ft metal box 

4 ft by 4 ft by 3 .62 I 

8 ft metal box 

4 ft by 4 ft by 3.40 
7.5 ft metal 
box 

4 ft by 4 ft by 3.62 

I 8 ft wood box 
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Table 2-2. Radiological Dose to Curie Conversion, Estimated Detection Limits, Waste 
Container Applicability. (2 Pages) 

Minimum 
Conversion 

Estimated Estimated Cs-137 
Ma:idmum Cs-137 Cs-137 ERDF 
Weight lbl 

Density Fador 
Detection Detection WAc<fl 

(kg) 
(glee) Cs-137 <cl 

Level (dl Level <•l (Cilm3
) 

(Curies pet 
(Ci) (Ci/m3

) 
R/hr) 

Column 3 Column 4 Column5 Column 6 Column 7 Column 8 

TBD TBD TBD TBD TBD .,, 
)_ 

TBD TBD TBD TBD TBD . ., .,_ 
408 l.97 5.88 0.0029 0.0]4 32 

600 1.88 10.75 I 0.0054 0.017 . ., .,_ 

700 0.457 2.68 0.00 13 0.00088 32 

500 0.735 1.99 0.0001 0.00]5 . ., 
)_ 

4500 0.706 156 0.078 0.012 32 

4500 l.06 150 0.075 0.018 32 

3000 0.829 9 0.0045 0.0012 31 

2500 0.735 14.44 0.0072 0.0021 32 

2200 

I 
0.607 13.8 0.0069 0 .0019 32 
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Conversion 
Factors for 
Measured 

C~l37 
Dose Rate to (nCi/g) w 

Curies of 
Cs-137 

Available? 

Column 9 Column JO 

TBD No 

TBD No 

7.1 Yes (h• 

9.0 Yes ih) 

1.9 Yes ih, 

3.28 Yes lhl 

17 Yes lnl 

17 Yes lhJ 

14 .S Yes rhi 

9.8 Yes lhi 

3. 1 Yes lh) 



Waste 
Package Volume(m') 

Description<•> 

Column 1 Column 2 

4 ft by 4 ft by 1.81 
4 ft wood box 

ERDFbulk 22.6 
roll-off 
container (5 ft 
by 8 ft by 
20 ft) 

Connex box 45 .3 
(8ftby10ft 
by 20 ft) 

Connex box 56.7 
( 8 ft by 8 ft by 
20 ft) 
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Table 2-2. Radiological Dose to Curie Conversion, Estimated Detection Limits, Waste 
Container Applicability. (2 Pages) 

Minimum 
Estimated Estimated Cs-137 

Maximum 
Conversion 

Cs-137 Cs-137 ERDF 
Weight lo) 

Density Factor 
Detection Detection WAC 1I) 

(kg) 
(glee) Cs-137 (cl 

Level (d) Level<•> (Ci/m3
) 

(Curies per 
(Ci) (Ci/mJ) 

R/hr) 

Column3 Column4 Column 5 Column 6 Column 7 Column 8 

TBD TBD TBD TBD TBD --, ..,_ 

TBD TBD TBD TBD TBD --, .,_ 

I 
i 
i 

TBD TBD TBD TBD TBD 32 

TBD TBD TBD TBD TBD --, .,_ 

. The shaded \laste packages are those that are listed m procedure OP-46-006 . 
h Maximum weight for which a dose to curie conversion may be obtained from the referenced procedure. 

Conversion 
Factors for 
Measured 

Cs-137 
Dose Rate to (nCi/g) !cl 

Curies of 
Cs-137 

Available? 

Column9 Column 10 

TBD No 

TBD No 

' 
TBD No 

TBD No 

' The highest conversion factor measured for each waste package type was used in this column . This was generally the conversion fac tor at the maximum 
weight and assuming a point source contamination. All other configurations (e.g .. less weight in the barrel, distributed source) would provide lower detection 
limits . 
d Column 5 times the estimated minimum dose rate that \\'OU Id be measured, 0.0005 R./hr. 
• Column 6 divided by column 2. 
r See Table 1-7 of HNF (2000a). 
g Conversion ofCi im' to nCi.1g. (Column 7)x (1000/Column 4) = nCiig 
h Per basis document WHC-SD-\VM-RPT-267, ·'Basis Dose Rate to Curie Assay Method:· and procedure WHC-SD-\.VM-PROC-020. --Procedure for 
Categorizing and Inventorying Waste in Standard Containers." 
TBD = to be detennined . A calibration curve must be prepared for these containers is a close to curie measurement is to be made for characterization of the 
waste . 
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2.2.2.2 Waste Generated Above Water Near the Fuel Storage Basin (Waste Streams 1-10, 
16-20, HNF 2000a). For areas above the basin water surface it was reasoned that the 
contamination would have come from a variety of activities resulting in basin sludge and basin 
water being deposited during various operational activities. The sludge and water would dry and 
some part of the contamination would become airborne. Thus, it was reasoned that the air filter 
data obtained from both KE and KW Basins would be a useful measurement of the radionuclide 
ratios for contamination in the above-water portions of the basins. Available air filter data were 
summarized as a percent of cesium• 13 7 and compared to ratios previously obtained by sampling 
and analysis (Characterization of Radionuclide Waste at JOO Area [WHC 1990]). A full listing 
of the data used is provided in Appendix A. If data were available in the WHC report (WHC 
1990) or from the air samp]es, the highest ratio of the two was used. If no data were available 
for a specific radionuclide, then the sludge ratio was used. Ifthere were no data for a specific 
radionuclide in the sludge, then fuel ratios were used. The final ratios selected are listed in 
column 5 (KE) and 7 (KW) in Table 2-3. Thus, the estimated or measured cesium-137 
radionuclide content will be multiplied by the ratios in Table 2-3 to estimate the radionuclide 
content of the waste. Appendix A provides additional discussion of this evaluation. 

2.2.2.3 Asbestos. Asbestos will be identified/managed through the FH asbestos abatement 
program per procedure HNF •PRO-408, "Asbestos-Facility Management/General Industry" and 
HNF-PRO-338, "Asbestos Control-Construction Industry." If asbestos is identified it will be 
surveyed and the radionuclide content determined the same way as discussed above for all of the 
other waste streams. 

2.2.3 Anomalous Waste 

In order to detect waste that deviates significantly from the expected ratios in Table 2-4, 
approximately 10% of the waste packages generated will be randomly selected and surveyed 
with a gamma detector. The 10 waste packages will be chosen by generating random mnnbers 
for groups of 100 packages. Ten random numbers will be generated. The random measurements 
performed on the waste packages should be on the same siz.e package as used to characterize the 
waste using dose-to-curie conversions. If measurements are being performed on bags of waste, 
then 10 bags out of each hundred will be measured. The gamma detector will be one capable of 
recording at least two different portions of the gamma spectrum. The two parts of the gamma 
spectrum will include one energy range centered on the 660 keV gamma emission of 
cesium/barium-137m and one portion that includes the gamma emissions from cobalt•60, 
antimony-125, cesium/barium-137m, and europium-152/154/155. The current estimated ratios 
of cesium-13 7 to the sum of the other radionuclide in the waste source terms are as shown in 
Table 2-4. Also shown in Table 2.4 is the ratio range that must be exceeded to indicate that the 
waste is anomalous. If below-water, pressure-washed waste (waste streams 11, 14, HNF 2000a) 
from KE falls below the anticipated 
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Radionuclide 
Name 

Column I 

Tritium 

Cobalt 

Nickd 

Stror1tium 

Antimony 

Ct:sium 

Promethium 

Samarium 

Europium 

Europium 

Europium 

Uranium 

lJrnnium 

Uranium 

Plutonium 

Plutonium 

Plu1onium 

Plutonium 

t\mericium 

Curium 
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Table 2-3. COC Radionuclic.Jc Ratios to Ccsium-137 for 
Characterization of K Basin Waste. 

Chosen Ratio for 
Chosen Ratio for 

Chosen Ratio 
Radionuclide KE Below Water 

KE Below Water 
for KE Chosen Ratio 

Symbol Washed Metal Unwashed or Above.Water for KW 
Non-Metal Washed Metal 

Debris 
Debris 

Debris 

Column 2 Column 3 Column 4 Column 5 Column 6 

11-3 0.26% 0.26'¼, 0.090% 0.26% 

Co-60 8.3°1., 0.53% 1.0% 0.025% 

Ni-63 0.036% 0.036% 0.34% 0.034% 

Sr-90 76% 105'1/c, l03% 78% 

Sh-125 3.3% 0.04% 0.16% 0 .16% 

Cs/Ba- I 37m 100% 100% 100% 100'¼, 

Pm-147 2.3% 2.3% 2.3% 2.0% 

Sm-15I 1.4% 1.4% 1.4% 1.3% 

Eu-152 0.0067'% 0.062% 0.062'¼, 0.0068°/4, 

Eu-154 2.6o/ .. 1.4% 1.4'1/o 0.72% 

Eu-155 l.8o/. 0.45% 0.45% 0.13% 

U-234 0.0074% 0.0074°/4, .0.027% 0.0064% 

U-235 0.00030% 0.00030% 0.0046% 0.00025% 

U-238 0.0061% (1.0061% 0.021 o/ .. 0.0050% 

Pu-238 0.95% 1.7% 2.1 o/o, 0.79"/,, 

Pu-239 1.9% 7.0% 13% 1.6% 

Pu-240 1.0'1/., 5.1% 5.1 'Vo 0.87% 

Pu-241 50% 174% 197% 47o/. 

Am-24I 8.2% 11% 17% 2.7% 

Crn-244 0.013'1/i, 0.013"/o 0.013% (1.0084% 

Chosen Ratio 
for KW Above 
Water Debris 

Column 7 

7.1% 

3.2"/o 

0.26% 

1()% 

0.16% 

100"/., 

2.0% 

1.3% 

0.0068% 

0.72% 

0.13'¼, 

0.0075% 

0.0010°1., 

().C)062% 

0.11% 

0.90% 

o.s1°1,, 
7.7"/4 

0.77'1/o 

0.0084% 

gamma ratio range in Table 2-4, the project will be allowed to default to column 4 (KE Below 
Water Unwashed or Nonmetal Dehris) in Table 2-3 for these waste streams. The reason for this 
is that column 4 is largely comprised or radionuclide ratios from the basin floor sludge and is a 
very conservative indicator of TRU content. Additional options arc discussed in Appendix t\. l, 
Section A.1.3. 
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Table 2-4. Designated Ratios and Ocfinition of Anomalous Waste. 

Esti1nated Ratio 1 If Ratio1 falls outside 

Source of Radionuclide 
ofCs-137 tu the Target Range 

Ratio/Waste Stream 
Sum of Co-60, Indicated, it is 

Cs-137, Sb-125, Considered 
Eu-J52,-J54,-155 Anomalous 

BelowW~ler 

Table 2-3, Column 3 for KE Below 116% 105 - 125% 

Waler Washed Metal Debris, waste 
streams 11,14 (IINF2000a) 

Table 2-3, Column 4 for KE Non- 103% 100-110% 
metal or Non-washed Below Waler 
Debris, waste strcamsl2,l3 (HNF 
2000,i) 

Table 2-3, Column 6 for KW Washed 103% 100 --110% 
Metal Below Water Debris, waste 
streams I l, 12, 13. 14 (HNF 2000a) 

Above Water 

Table 2-3. Co lumn 5 for KE Above 101% 100 - 105% 
Water Debris, wastt: streams 1-10, 
I 6-20 (I INF 2000a) 

.. 

Table 2-3 . Co lumn 7 for KW /\how 1()4% 100 -- 110% 
Water Debris. waste strcan1s 1-10, 
16-20 (I JNf 2000a) 
1 Sec Appendix A, 'f<1hle A-2 for a discussion of selected ratios and ranges . The target 
ranges shown arc estimated based on the selected ratios and hypnthctical gamma 
spectra. Once t1ctual instrument~ are obtained and c,llibrntcd, the target range may be 
adjusted to allow for specific detector efficiencies and instrument performance 
characlerist ics. 

2.2.4 Suspect TRll Waste 

In L1d<lition to considerat ion of the gamma rntios, any waste for which the estimated TRU 
rad ionuclide content is greater than I 00 nCi/g total may be subjected to contingency/ND/\ 
sampling and a mon: precise estimate of the TRU contcnl obtained. l fa more precise 
rneasurcmenl ofTRU content of the waste is obtained, the contingency/NOA sarnpling results 
will be used. If a more precise measurement or the waste are nol obtained or confirm that the 
waste is potentially TRU. alkrnativcs to disposal al ERDF will be explored. 
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2.2.5 Ion-Exchange Modules (Waste Stream 15, HNF 20OOa) 

The IXMs will be characterized as described in Section 2.3. Radionuclide content will be 
estimated from the routine monthly analysis of basin water and the calculation of maximum 
radionuclide content based on the measured water values and the measured flow rates over the 
service life of the IXM column. The dose rate to curie conversion approach will not be used on 
the IX.Ms. 

2.2.6 Radiological Survey Methods/Quality Control Requirements 

Surveys of the surface of the waste packages will be performed to the criteria discussed in 
Procedure OP-46-006 to determine if waste packages can be removed from the initial staging 
area and placed in a bulk waste container. Radiological protection technicians perform surveys 
and obtain smears from the surfaces of waste packages (typically wrapped or bagged in plastic) 
to assess compliance with the criteria in Procedure OP-46-006. It is anticipated that due to 
contamination levels on the waste and the general background in the bagging area, smears of 
waste package surfaces will be required before removal from the staging area. Appropriate scan 
speeds, survey techniques, and smear counting procedures are referenced in the instrument 
specific procedures that will be used (see Section 2.2.6.1 ). 

The dose rate surveys on waste packages used for estimation of cesium-137 curie content (and 
subsequent estimate of other radionuclides) will be performed according to SNF-OPS-DI, 
"Perform Dose to Curie Calculations" (I-INF procedure in preparation based on 
WHC-SD-WM-PROC-020). Data will be reported to appropriate K Basin staff on a 
Radiological Survey Report form in the procedure. 

2.2.6.1 Radiological Surveys. Radiological surveys of the outside of waste packages for 
radiological control purposes and to comply with ERDF waste surface contamination acceptance 
criteria will be performed and reported per: 

OP-46-006 
• HNF-PRO-1892 

The instruments used will be per procedures: 

• Beta/gamma survey meter, "GM Portable Survey Instrument," HNF-PRO-632 
• Dose rate meter, "Eberline RO-3B (CP)," HNF-PRO-648 
• Alpha survey meter, "Portable Alpha Meter," HNF-PRO-633 
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Radiological surveys performed to measure gamma dose rate for subsequent estimation of 
cesium-137 content and surveys performed to detennine whether waste is anomalous, will be 
performed per procedures: 

Dose Rate Meter, WHC-SD-WM-PROC-020 (to be revised as HNF-specific procedure) 
• Multi-channel Gamma Survey Meter, such as Eberline 2221 with Nal detector 

(HNF procedure to be written) 

2.2.6.2 Quality Control Requirements for Radiological Surveys. This characterization effort 
relies heavily on field measurements to extrapolate current estimated radionuclide ratios based 
on past laboratory and NOA analyses to waste in the KE and KW Basin areas. Quality assurance 
is necessarily built into each phase of the characterization as field instrument operational checks 
that monitor field instrumentation performance. 

Alpha, beta/gamma surveys, gamma surveys and dose rate measurements will be used. 
Instruments will be calibrated against known standards representative of the instrument response 
to the identified analyte. The instrument will be within the calibration period specified by the 
instrument procedure. 

Quality control measures taken to support field operations performance, including daily 
calibration checks, which will be performed and documented on each instrument used to survey 
or characterize waste. These checks will be performed as defined in the appropriate instrument 
procedure. 

2.2.6.3 Instrument Testing, Inspection, and Maintenance Requirements. Measurement and 
testing equipment used in the field will be subject to acceptance testing and preventative 
maintenance measures to ensure minimization of measurement system downtime. Maintenance 
requirements, such as parts lists and instructions, and documentation of routine maintenance, will 
be performed according to the general program procedure ("Radiation Protection Instrument 
Program.'' HNF-PRO-436), as well as any additional measures that are specified in the specific 
instrument procedure referenced in Section 2.2.6.1. 

2.2.6.4 Instrument Calibration and Frequency. Instruments used for surveys and screening 
for off-site sample shipment will be calibrated in accordance with HNF-PRO-436. The results 
from all instrument calibration activities shall be recorded as defined in the program procedure. 
Control documents must specify when the instrument was last calibrated, the results of that 
calibration, and the due date for new calibration. 

2.2.6.5 Inspection/Acceptance Requirements for Supplies and Consumables. Procurement 
activities related to radiological survey will be limited to performing acceptance testing for all 
instruments and standards used as described in the program procedure HNF-PRO-436 and 
specific instrument procedures. 
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2.2.6.6 Field Survey Documentation. Field documentation will be kept in accordance with 
HNF-PRO-1892. Data used to characterize waste radionuclide content will be recorded as 
described in the procedure for categorizing and inventorying waste in standard containers 
(SNF-OPE-D1-005) or equivalent. 

2.2.7 Waste Handling and Custody Requirements 

All waste handling, shipping, and custody requirements will be met in accordance with 
Procedure OP-46-006, "Processing Contaminated Waste for ERDF Disposal." 

In addition, radioactive waste will be surveyed for shipment in accordance with HNF-PRO-1892. 
Radiological survey tags will be attached to individual bags of waste until they are placed in a 
larger container, such as a barreJ or box. The survey tags from bags that go into a larger 
container will be retained in order to provide a record of the surveys and associated estimate of 
curie content of the waste. 

2.2.8 Waste and Sample Shipping 

Waste and sample packaging for shipping will be performed in accordance with procedure 
OP-46-006, "Processing Contaminated Waste for ERDF Disposal." The samples or waste will 
be shipped per the procedure HNF-PRO-157, "Radioactive Material/Waste Shipments." 

The current process is that for samples shipped to onsite laboratories, unused samples are sent 
back to the generator. For samples shipped offsite, unused samples are not returned. The 
contracts with offsite laboratories specify that the laboratory disposes of any remaining sample 
and the waste associated with analysis. 

2.3 K BASIN WATER SAMPLING FORIXM WASTE DESIGNATION 

Currently process control samples are collected weekly from the KE and KW Basins per 
procedures OP-43-00SE, Rev 3D, Collect Routine Water Samples at 105-KE and OP-43-006W, 
Rev 4C, Collect Routine Water Samples at 105-KW. The samples are analyzed at the SNF 
Operations Counting Facility for cesium-137 and total alpha. Samples are taken to detect 
changes in the water quality, and to maintain efficiency of the various filtration units. Data 
obtained are used to determine the cesium-137 removal efficiency and TRU inventory of the 
IXM so that the unit can be removed from service before the IX resin is depleted or the TRU 
limit is reached. The referenced weekly process control sample procedures are not part of the 
scope of this SAP. 

There are two separate and distinct basin water treatment systems in place that use IXMs. One 
system is the skimmer system, which takes water near the surface of the basin. This system has 
been in service for many years and there is existing process knowledge. This is IXM Position 
No. 4. The other system is the new IWTS, which takes water near the canister decapping station, 
washing machine, and dump table. These are IXMs Positions 1, 2, and 3. A unique sampling 

34 



HNF-6495 
Rev.O 

plan will be performed during Phase 3 startup testing in the basin to develop a sampling strategy 
for IXM Positions 1, 2, and 3. The approach that is discussed in this SAP is specifically directed 
at the IXM in position 4, but it is anticipated that a similar approach may be used for the IWTS 
IXMs in positions 1, 2, and 3. 

2.3.1 Sample Requirements 

Samples are collected monthly from the center of the KE and KW Basins per procedure 
· OP-43-028, Rev OD, Collect Monthly Center of Basin Water Samples and are analyzed at the 
222-S Laboratory in accordance with Letter of Instruction 2000-SM-LOI-002 (Jochen 2000). 
Other analytical laboratories may be used when an appropriate Letter of Instruction is in place. 
These monthly samples are collected for additional radiochemical analyses required for waste 
characterization to ensure compliance with Process Standard 400. The samples are analyzed for 
gamma emitters (e .g., cesium-137, cobalt-60), as well as plutonium-238, plutonium-239/240, 
uranium, trjtium and strontium-90. The results from these samples will be used to estjmate 
radiochemical loading of the IXMs for waste characterization purposes. Based on the analytical 
results for a limited set of COCs, and estimated radionuclide ratios which relate the COCs that 
are not measured to those that are, the average concentration of the radionuclides in basin water 
is estimated for the time period that the IXMs were in service. Using the measured or design 
flow rates and length of service that are available through procedures provided, an estimated 
radionuclide content of the IXMs is calculated. 

2.3.2 Water Sample Handling and Custody Requirements 

Sample handling, shipping and chain-of-custody requirements will be performed in accordance 
with the following procedures: 

• OP-43-028, Rev OD, "Collect Monthly Center of Basin Water Samples" 
• OP-43-030, Rev OB, "Transport Water Samples to 222-S Lab." 

2.3.3 Water Sample Preservation, Containers and Holding Times 

Samples of liquids require acidification to pH of 2 for preservation for metal and radiological 
analysis. Containers are specified in sampling procedure OP-43-028. Addition of acid to the 
sample bottles is not currently part of the monthly water sampling procedure. The procedure will 
be modified to allow for acidification of the samples either prior to sampling or at the SNF 
operations counting facility. The holding times for radionuclide analyses and metals is 180 days. 
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2.3.4 Water Sample Shipping 
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All sample containers will undergo field radiological screening to determine proper shipping and 
handling requirements. In addition, the samples will be sent to the SNF counting facility for 
radiological screening prior to shipping. On-site transfers over nonpublic thoroughfares will he 
pcrl'ormcd in accordance with written procedurl.!s (OP-43-029, OP-43-030). The procedures 
include requirements for proper monitoring and control oflhe radioactive samples and shl)u]d he 
reviewed and approved by the Radiological Control Organization. Shipments of water samples 
over public thorough fores arc performed per l-lNF-PRO-157 for radioactive water samples. 

2.3.5 Analytical Methods Requirements for Water Samples 

Fi xed analytical laboratory parameters for water analys is arc listed in Table 2-5 . Laboratory
specific Standard Operating Procedures (SOJ>s) for analytical methods are in place. Laboratory 
SOPs and QA Plans to be used includ<! Analytical Procedures and QA Plans from 222-S 
Laboratory or equivalent procedures from other analyti<.;al laboratories . Changes or additional 
methods identilicd during future engineering or planning will be presented in page changes, 
addenda, or revisions Lo this SAP as appropriate. Detection limits achievable by the laboratory 
will be dependent on sample quantity available and may also be affected by the matrix and 
radi onuclide activity levels of the sample. 

Table 2-5. Water Sample Measurement Methods, Detection Limits, and Minimum 
Sample Volumes for Selected Radionuclide COCs. (2 pages) 

------ ---------------r-·--- ----------------- ---------
Contaminant of An:1lytic:1l Analytical 
Concern (COC) CRllout Technique 

Method 
Rererence• 

·---- --- - ··- iii-S-L-aborHtory -~ 

Detection Limits Volume 
Requirements 

i 
Liquid 
(pCi/L) 

Liquid 
(L) ' ~-- -- ·--- - --

1 .. -- - - - - -
1 l'u-231!, l'll-239/240 :i,u lsulopic 

Am-241 Am lsutupic 

Co-(,0 (,EA 

_!-ib- 125 (ii-:/\ 

- -· . - - · 
Cs-134 !<il-:A 

Cs-JJ7 (iEi\ 

liu-1 52 GJ-:i\ 

Eu-15•1 (jJ:i\ 

Radionuclides 
-- -- ------------··- ·-·--· . r ......... _ .. _. ---•r·-1-----------··· 

!Alpha Encq~y J.i\-953-104 ! I 
;Analysis 1 ' · 

i . . ·--· ··-··( 
Alpha Em:rg,y !L/\-953-104 : 
Analysis 

O,u111na li1t1.:rgy 
i\11alysis 

<imnrrm l·:m:rgy 
Analys is 

(iamma l·:1u:r~ 
Analys is 

:(iammu Em:rg,y 
-i\milysis 

Oamnla Em:rgy 
Analysis 

Oamm.i Energy 
Analysis 

: LA-548-1 2 1 40 
I 

LA-548-1 2 1 40 

• ·· 

I.A-548-121 40 

. . . . .. . . . ··· - ·- · - .. ·- · 
1.A-54X-1 2 I 40 

1.A-54X-12 I 40 

1.A-54X- 12 I 40 
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Table 2-5. Water Sample Measurement Methods, Detection Limits, and Minimum 
Sample Volumes for Selected RadionucJidc COCs. (2 pages) 

1 ··- ··· ·· .. -·- ····· ·-·- · . ·"·--·-·. ,... -·~· - ·--·- · ·, 
222-S Laboratory 

Method Detection Limits Volume 
Requirements I ContJ11ninant of 

Concern (COC) 
Analytical 

Callout 
Analytical 
Technique Reference• ··-·----·---- ------.... -··-· - ····- -

Liquid 
(pCi/L) 

Liquid 
(L) 

-·- ···· · ····---·· . - --
l\u.155 GI·:/\ ( hunma Em:rgy 1.1\-548- 12 I . 

Analysis I 
l
'Sr·90 Total Radiuactivc Ilda C\iunling I .i\~220- 104 . 

. ~ ! 

1
U-234~·ii~235:li-238. ICl'/MS IC 'l'/MS JLi\~·506- 101-: 1· 0. 1 µg/ml 

ll'u-2J8: l'u<:?:. P<:~1'/M·~···· ..... 11ci°;~~s ··· 1i_,A-.S(i6~·,,i,.l ·· -··· 0.1 µg/ml 
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• i\n c4uivnlcnt method m11y he used lkpcndcnt nn the lahorn1ory pcrlimning the unalysis. 

2.3.6 Laboratory Quality Control Requirements for Wa.tcr Samples 

2 

2 

2 

2 

Monthly ccnler-o(:.basin water samples arc collected via a proportional sampler. Field duplicates 
are not collected. 

E4uipmcnt rinsatc blanks are not used for basin water sampling as bottles fr>r collection or water 
are used once and disposed after analyses and no other equipment is used during waler sampling. 

Control measures taken lo monitor laboratory performance are: 

• One laboratory method blank for every 20 samples (5% of samples), analytical batch or 
sample delivery group (whichever is most frequent) will be carried through the complete 
sample preparation and analytical procedure. The method blank will be used to documcnl 
contamination resulting from the analytical process. 

One laboratory control sample or blank spike will be performed for every batch of samples 
for each analytical method criteria to monitor the effectiveness of the sample preparation 
process. The results from the analyses arc used to us.sess laboratory performance. 

A matrix spike ::.ample will be prepared and analyzed for every 20 samples (as applicabl e to 
method) of the .same .matrix or .sum pie preparation batch, whichever is most frequent. The 
matrix spike results arc used to document the bias of an analytical process in a given matrix. 

Laboratory t.luplicatcs or matrix spike duplicates will be used to assess precision and will be 
analyzed at the san1e frequency as the matrix spikes. 
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2.3.7 Instrument/Equipment Testing, Inspection, and Maintenance 

Measurement and testing equipment used in the field or in the laboratory that directly affects the 
quality of analytical data will be subject to preventative maintenance measures that ensure 
minimization of measurement system downtime and avoids inconsistencies in instrument 
performance. 

Laboratories and onsite measurement organizations must maintain their equipment. Instrument 
preventative maintenance consists of routine inspections, instrument maintenance, and corrective 
actions. Preventative maintenance is performed in accordance with a schedule based on 
manufacturer's recommendations, instrument performance history, and usage. Each instrument 
has a logbook to record maintenance events with date and name of person performing the 
maintenance. The logbook includes routine inspections, significant corrective actions, 
instrument maintenance and repairs. 

Spare parts inventories help ensure minimal loss of analytical capability. Spare parts include 
day-to-day consumables and manufactures recommended spare parts. 

2.3.8 Instrument Calibration and Frequency 

Laboratory measurement systems are subject to calibration and/or calibration verification before 
use for sample analyses. Calibrations are conducted in accordance with the specific analytical 
methods performed and in the applicable laboratory QA Plan. 

Instruments that fail acceptance criteria shall be investigated and re-calibrated. Instruments are 
not allowed to be used for sample analysis until they meet acceptance criteria. The responsible 
chemist or manager is required to take corrective action when measurement systems fail 
calibration QC criteria. · 

The minimum requirements of calibration, frequency, and acceptance criteria for radionuclide 
analyses presented in the tables listed below, which can be found in Section 7.4. l of the 222-S 
Laboratory QA Plan (HNF-SD-CP-QAPP-016, Markel 2000). 

• 

• 

Table 7-1. Minimum Requirements of Calibration, Background, and Counter Control for 
Alpha and Beta Counting (pages 7-7, 7-8) 

Table 7-2. Minimum Requirements of Calibration, Background, and Counter Control for 
Gamma Spectrometry (page 7-9) 

Table 7-3. Minimum Requirements of Calibration, Background, and Counter Control for 
Alpha Spectrometry (pages 7-10, 7-11) 

Table 7-4. Minimum Requirements of Calibration, Background, and Counter Control for 
Beta Spectrometry (pages 7-12, 7-13) 
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If other laboratories are contracted, performance shall be equivalent. 

2.3.9 Inspection/Acceptance Requirements for SuppJies and ConsumabJes 

The quality of reagent water is monitored by a resistivity check, assessments of sample blank 
data, and monthly analysis performed by ion chromatography and ICP. Reagent water checks 
are described more fully in laboratory procedures or the laboratory QA Plan. 

Percent purity levels of gases or reagents necessary for quality analysis are listed in each 
analytical procedure. The quality of gases or reagents is monitored by performance of the 
preparation blank. 

Standards that are prepared and used for the first time are verified against existing working 
standards or against an independent source to ensure accuracy of the standard. 

The Standards Laboratory maintains records that provide traceability of the prepared standards to 
original standard reference materials. 

Radioactive material standards are verified by preparing and counting mounts. The results of the 
count are compared to the calculated certified value. 

2.4 CONTINGENCY ANALYSES 

The purpose of contingency sampling and analysis or NDA is to verify radionuclide ratios. The 
purpose of verifying the radionuclide ratios may be to demonstrate that a waste is or is not 
anomalous. Contingency sampling may also be used if the waste is determined to be suspect 
TRU waste (dose to curie estimates indicate greater than 100 nCi/g TRU). Determination of 
anomalous waste is discussed in Section 2.2.3. 

2.4.1 When Contingency Analyses/Nondestructive Assay will be Required 

Contingency analysis or NDA may be required if the measured gamma ratios fall outside of the 
target range of Table 2-4 and the waste is determined to be anomalous as discussed in Section 
2.2.3. Contingency analysis could also occur if the waste is designated as potential TRU waste 
utilizing the dose to curie conversion factors previously discussed. Before conducting 
contingency sampling, K Basin project staff will determine ifthere are cost-effective 
alternatives. If contingency sampling or NDA is chosen, then a specific work plan for sampling 
or performing NDA wiH be developed. Sections 2.4.2 through 2.4.9 discuss the anticipated 
approach to contingency sampling and analysis. Section 2.4.10 discusses the anticipated 
approach to contingency NDA. The details of the approach may vary depending on the selected 
vendor and specific waste to be sampled. Before conducting a contingency sampling effort, 
representatives from ERDF would be consulted to ensure that the proposed process would 
provide acceptable data for waste designation. 
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2.4.2 Contingency Sample Locations, Handling and Custody Requirements 

Waste that has been determined to require sampling will be staged in a controlled area while a 
work plan is written to sample the waste and a contract is put in place for the analyses. If 
contingency sampling is required, it will occur on a representative sample of the waste in the 
package that is being sampled. The purpose of the contingency sampling is to determine the 
appropriate representative radionuclide ratios to cesium-137 through radiochemical analysis. It 
is recommended that beta/gamma and/or alpha survey instruments be used to select a piece of the 
waste that exhibits a relatively high count rate. This will ensure that adequate contamination is 
available so the analyses will not be reported as "less-than values." 

K Basin operators will be responsible for sample collection, packaging and shipment of samples 
to 222-S Laboratory, WSCF, or other private laboratory. Before sampling, procedures will be 
written as part of a work package or work plan. The work package will include a detailed 
description ( or reference an existing procedure) of the following activities: 

• Sample Identification 
• Chain of Custody 
• Sample Packaging 

Sample Shipment 
• Field Logbooks 

Procedures shall be written in accordance with the guidance presented in HASQARD, 
Volume II, Section 4.0. 

2.4.3 Contingency Sample Preservation, Containers, Size, and Holding Times 

Sample preservation is not applicable to these debris samples. Certified clean plastic or glass 
containers are not necessary for sample collection. Any clean container that is appropriate and 
available may be used. It is recommended that at least 200 g of sample be collected in two or 
more bottles. This will provide a backup sample if needed. The laboratory requires that the 
waste be cut into pieces of 1-2 in2 each or less. It is recommended that final sample weight is 
d1scussed with the laboratory before obtaining the samples. Holding times for radionuclide 
analyses are 180 days. 
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All sample containers will undergo field radiological screening to determine proper shipping and 
handling requirements. On-site transfers over nonpublic thoroughfares shall be performed in 
accordance with written procedures. The procedure includes requirements for proper monitoring 
and control of the radioactive samples and should be reviewed and approved by the Radiological 
Control Organiz.ation. Shipments of waste samples are performed per HNF-PRO-156, 
"Non-radioactive Hazardous Material/Hazardous Waste Shipments (HM/HW)," if the waste is 
known or suspected to be mixed waste samples, and HNF-PRO-157 for radioactive waste 
samples. 

2.4.5 Analytical Methods Requirements for Contingency Samples 

Fixed analytical laboratory parameters and methods for contingency samples are listed in 
Table 2-6. Laboratory-specific SOPs for analytical methods are in place. Laboratory SOPs and 
QA Plans to be used include Analytical Procedures and QA Plans from 222-S Laboratory. Other 
laboratories may be used. Changes or additional methods identified during future engineering or 
planning will be presented in page changes, addenda, or revisions to this SAP as appropriate. 
Detection limits achievable by the laboratory will be dependent on sample quantity available and 
may also be affected by the matrix and radionuclide activity levels of the sample. 

2.4.6 Quality Control Requirements for Contingency Samples 

This characterization effort relies on direct measurements to locate areas of higher beta/gamma 
contamination for subsampling requirements. Quality assurance is necessarily built into each 
phase of the characterization both as QC samp]es, which monitor sampling and laboratory 
performance, and field instrument operational checks that monitor field instrumentation 
performance. 

Quality control measures taken to support field operations performance are described in 
Section 2.2.6. 

For contingency samples collected to support fixed laboratory analyses, the following QC 
samples will be collected during sampling and sent to the laboratory. 

Equipment blanks will be collected on contingency samples to assess the potential for gross 
cross contamination of the sampling equipment, the effectiveness of the sample 
decontamination process, and potential sampling environment contaminant contribution. 
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Table 2-6. Contingency Sample Measurement Methods, Detection Limits, an<l Sample 
Volumes for Selected Radionuclide COCs. 
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80 

80 

XO 

• One laboratory method blank for every 20 samples (5% of samples), analytical batch or 
sample delivery gro up (whichever is most frequent) will be carried through the complete 
sample preparation and analytical procedu re. The method blank will be used to document 
contamination resulting from the analytical process. 

• One laboratory control sample or blank spike will be performed for every batch of samples 
for each analytical method criteria to monitor the elfoctivcness of the sample preparation 
process. The results from the analyses arc used lo assess laboratory performance. 
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A matrix spike sample will be prepared and analyzed for every 20 samples (as applicable to 
method) of the same matrix or sample preparation batch, whichever is most frequent. The 
matrix spike results are used to document the bias of an analytical process in a given matrix. 
It is assumed the matrix spike will be added after digestion. 

• Laboratory duplicates or matrix spike duplicates will be used to assess precision and will be 
analyzed at the same frequency as the matrix spikes. Replicate analysis of the etching 
solution (digestate) of pipe coupons will be used to monitor precision where appropriate. 

2.4. 7 Instrument/Equipment Testing, Inspection, and Maintenance 

See Section 2.3.7 for applicable criteria. 

2.4.8 Instrument Calibration and Frequency 

See Section 2.3.8 for applicable criteria. 

2.4.9 Inspection/Acceptance Requirements for Supplies and Consumables 

See Section 2.3.9 for applicable criteria. 

2.4.10 Nondestructive Assay 

Contingency NDA may be performed on waste that has been determined to be anomalous or 
suspect TRU. The K Basin Project staff will determine the efficacy of performing NDA on 
waste after consideration of djsposal options, cost and schedule. 

A primary purpose of the contingency NDA is to determine more accurately the gamma-emitting 
radionuclide mix of the waste. In addition, the NDA may employ neutron-counting 
instrumentation in order to obtain a more direct estimate of the TRU content of the waste. The 
NDA determination of gamma and/or neutron-emitting radionuclides will be on the entire waste 
package. 

Waste that has been identified as anomalous will be staged in a controlled area while an NDA 
vendor is contacted. For NDA determination of radionuclide content of the waste, the vendor 
will supply collimated detector systems that are capable of identifying and quantifying gamma 
and neutron-emitting radionuclides in the waste. Before use, the vendor wilJ supply FH with 
operational procedures, calibration procedures, estimated detection levels and assurances that the 
detection levels quoted can be met in the general background radiation fields present from the 
waste and surrounding areas. The vendor's procedures will be compliant with standard industry 
methods as described in NUREG/CR-5550, Passive Nondestructive Assay of Nuclear Materials 
(NRC 1991) and ANSI N42.14, Calibration and Use of Germanium Spectrometers for 
Measurement of Gamma-Ray Emission Rates of Radionuclides (ANSI 1991). as appropriate. 
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2.5 ASSESSMENT/OVERSIGHT FOR SURVEY SAMPLING AND ANALYSIS 

Quality assurance oversight requirements are described below. 

2.5.1 Assessments and Response Actions 

K Basin QA may conduct random surveillances and assessments in accordance with 
QA-11-006-02 "Quality Assurance Surveillances" to verify compliance with requirements 
outlined in this sampling and analysis plan, project work packages, procedures, and regulatory 
requirements. 

Deficiencies identified during the assessment will be reported in accordance with QA-11-006-02. 
When necessary, corrective actions will be taken by Operations Support Manager. 

2.5.2 Reports to Management 

Management Assessments are performed in accordance with MS-1-036-02, "Management 
Assessments." Management Assessment results are reviewed and analyzed by management to 
identify and implement appropriate actions. Management Assessment results are distributed to 
affected managers and deficiencies and are managed as required by HNF-PRO-052, "Corrective 
Action Management.'' 

2.6 DAT A REVIEW, VALIDATION AND USABILITY 

Requirements for review and evaluation of data usability are described in the following 
sections. 

2.6.1 Data Review and Verification Requirements 

Data verification will be performed on analytical data sets to assure that sampling and chain-of
custody documentation is complete, sample numbers can be tied to the specific sampling 
location, samples were analyzed within the required holding times, and analyses meet the data 
quality requirements specified in the characterization plan. 

Analytical personnel and the project team will review the data. Laboratory personnel will 
perform a peer review of all analytical data. Peer review will be conducted by a person trained 
to the particular analytical method being reviewed. HASQARD, Volwne 4 (DOE-RL 1998) 
describes the data review that will be performed by the laboratory. The laboratory will use its 
own data review procedures that meet the HASQARD criteria to review data before it is sent to 
the K Basin Project. 

Project personnel or their designee will review the data and the summary QC with respect to the 
criteria in this SAP. 
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Survey measurement systems will be verified by a review of 5% of the documentation to ensure 
that calibration checks are performed per the methods, dates of survey, and analysis locations are 
properly documented. The review should be performed by program personnel. 

2.6.2 Data Validation 

Analytical and survey data will not undergo a formal validation. 

2.6.3 Reconciliation With User Requirements 

Following review, the laboratory data will be assessed by the project team against the criteria in 
Tables 2-1, 2-5 , and 2-6. Assessment will include review of quantitative DQOs (e.g., accuracy, 
precision, completeness, and detection limits) and the preparation of a summary report. The 
final report will include an evaluation of the overall adequacy of the total measurement system 
with regard to the DQO of the data generated. These quantitative DQOs are defined below. 

Precision 

If calculated from duplicate measurements: 

where: 

RPD = ( C l - C 2 ) x 100 

(Cl+ C 2 )/2 

relative percent difference 
larger of the two observed values 
smaller of the two observed values. 

If calculated from three or more replicates, use RSD rather than RPD: 

where: 

RSD = 
s 

y 

RSD= (s!y)xlOO 

relative standard deVlation 
standard deviation 

mean of replicate analyses. 
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Standard deviation, s, is defined as follows: 

s== L n-1 

i = 1 
where: 

s = standard deviation 

YI = measured value of the ith replicate 

y = mean of replicate measurements 
n = number of replicates. 

Accuracy 

For measurements where matrix spikes are used: 

where: 

¾R = 
s = 
u = 
Csa = 

[S-U] 
%R=l00x C.,, 

percent recovery 
measured concentration in spiked aliquot 
measured concentration in unspik:ed aliquot 
actual concentration of spike added. 

For situations where a standard reference material (SRM) is used instead of or in addition to 
matrix spikes: 

where: 

¾R =Ioo[c,,. ] 
c_.,."' 

percent recovery 
measured concentration of SRM 
actual concentration of SRM. 
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Defined as follows for all measurements: 

where: 

¾C = 
V = 

T = 

Detection Limit 

%C=IOOx[}] 

percent completeness 
number of measurements judged valid 
total nwnber of measurements. 

Defined as follows for metals measurements: 

where: 

MDL 
s 
l(n-1, 1-a =0.99) 

MDL== t<11-1.1-a-o.99lxS 

= method detection limit 
= standard deviation of the replicate analyses 
= students' t-value appropriate to a 99% confidence level 

and a standard deviation estimate with n-1 degree of freedom 

2.7 DATA QUALITY ASSESSMENT 

(6) 

(7) 

Data quality assessment is performed by the project or project designee, after data review of the 
survey and standard fixed laboratory data per Section 2.6. The review by the Project or project 
designee must include evaluation of the method accuracy, precision, detection limits and 
completeness as required in Sections 2.1.4, 2,2.6, 2.4.5, 2.4 .6, and 3.3. 

Review the project DQOs. This includes the conceptual model and any assumptions that are 
included in the data collection design. Because data collection for this project is not determined 
by a statistical design, hypotheses and error tolerances will not be included in the original DQOs. 
However, qualitative assessment of both the fixed laboratory data and the survey data can be 
performed, implementing the procedures outlined below. 

No statistical data quality assessment will be performed because (1) no random sampling is 
conducted, (2) only one sample and duplicate (if composite sample volume is adequate) will be 
collected for water, and (3) few samples from the same material will be collected for contingency 
analysis. 
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The estimated concentrations of radionuclides will be compared by the project to the applicable 
ERDF WAC (BHI 1998) for designation. 

2.8 ANALYTICAL DATA REPORTS 

The type of data report required by this SAP is a summary report with QA review. This report 
includes a case narrative and analytical QC, such as percent recovery on laboratory control 
sample, matrix spikes, relative percent differences (RPDs) on duplicate or matrix spike/matrix 
spike duplicates and method blank results. 
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3.0 FIELD RADIOLOGICAL SURVEY AND 
SAMPLING OBJECTIVES 

3.1 RADIOLOGICAL SURVEY OBJECTIVES 

This section builds on the DQO Process developed previously (HNF 2000a) and summarized in 
Section 1.0. The sections below summarize the radiological survey and sample design discussed 
in previous sections. The project objective is to remove all of the debris (e.g., pipe hangers, fuel 
storage canisters, miscellaneous tools, hoses) from the KE and KW Basins. The material 
removed will be washed to remove adhering sludge and disposed as waste debris. Waste from 
above the basin water line (e.g., protective clothing, cloth, light metal, concrete, ceramic, brick) 
will also be generated. As discussed in Section 2.2, radiological survey of the waste will be used 
as the primary tool to characterize the waste for disposal. 

The objective of radiological survey is to characterize the waste with regard to radioactive 
COCs. The concentrations of COC radionuclide Cs-137 will be calculated from the measured 
dose rate and estimated Cs-137 content, assuming cesium-137 as the primary gamma isotope. 
As the waste is packaged, approximately 10% of the packages will be periodically surveyed 
using a gamma detector capable of measuring two or more portions of the gamma energy 
spectrum (Section 2.2.3). Anomalous waste is defined as waste that exhibits a ratio of all 
gamma-emitting radionuclides to the cesium-13 7 activity that is outside of preset limits (see 
Table 2-4). If the waste is determined to be anomalous or is estimated to contain TRU at 100 
nCi/g or more, it may be subjected to contingency NDA and/or sampling as discussed in 
Section 2.4 to more accurately determine the correct radionuclide mix to apply to the waste. 

The objectives of the radiological survey are to: 

• estimate the inventory of radionuclides for onsite disposal of the debris, 
• identify and prevent disposal of prohibited waste as defined by the ERDF WAC (BHI 1998). 

3.2 SURVEY LOCATIONS AND FREQUENCY 

All waste will be surveyed for dose rates for the purpose of estimating the cesium-13 7 
radionuclide content of the waste. Some of the waste may be surveyed for surface contrurunation 
as discussed in procedure OP-46-006 for purposes of designating the waste as NRCW or RCW. 

Dose rate meter survey locations for purposes of obtaining an estimate of the cesium-137 content 
of the waste will be performed as directed in the appropriate procedure (WHC 1996g, 1997b, 
SNF-OPS-D1-005). The survey will occur on each designated package of waste and consists of 6 
to fourteen measurements at predetermined locations. The measurements will occur in a 
relatively low background area so as to allow a minimum detectable net dose rate of 0.5 mrem/hr 
on each measurement. 
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Periodic gamma surveys will be performed as discussed in Section 2 .2 .3 in a low background 
area and will be performed on the entire waste package selected. It is anticipated that for every 
100 bags of waste that are removed from the basin, 10 randomly-picked bags will be subjected to 
gamma survey. 

3.3 RADIOLOGICAL SURVEY QUALITY CONTROL 

Radiological survey QC will consist of initial calibrations and operational checks in accordance 
with the applicable procedures discussed in Section 2.2.6.1. 

3.4 RADIOLOGICAL SAMPLING OBJECTIVES AND REQUIREMENTS 

The objective ofradiological contingency sampling for this project are to provide data to confirm 
(or establish appropriate) radionuclide ratios for anomalous waste as discussed in Section 2 .2.3 
(Anomalous Waste). Contingency sampling may also be employed to more accurately 
characterize suspect TRU waste as discussed in Section 2.4.1. 

The objective of the water sampling, as discussed in Section 2.3, is to provide data for use in 
characterizing IXMs that have been taken out of service. 
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Table 3-1. Radiological Suney Instrumentation QC Requirements. (2 Pages) 

Preliminary Detection 
Survey Method and Purpose Anal)'1e 

Typical 
Action Limit 

Instrument 
Level Requirement 

Dose rate Measurement for !Vhr to ' Gamma-emining Eberline 50 mRthr @ 0.5 mRihr 
Curie Cs-137 conversion and for radionuclides 1' 1 RO-3B. 30 cm from 
determination of restricted and Ionization i surface: 75 
nonrestricted waste classification. Chamber 

I 
mR.ihr at 
surface 

Portable In-situ Gamma Survey for Gamma-emitting · Eberline 2121 Various Various 
identification of anomalous waste radionuclides or equivalent depending on depending on 

with 3x3inch radionuclide radionuc I ide 
N al D_etector 

I 

Alpha Scintillation for determination i Alpha-emitting Bicron Fixed Fixed Activity: 
restricted and non restricted waste radionuclides Surveyor X Activity: <80,000 

with a 80,000 dpm 1100 cm1 

Scintillation dpm,' 100 cm: 
Detector Smears: <400 

Smears: 400 dpm/ 100 cm~ 
dpm.·100 cm1 

Beta'gamma pancake Geiger-Mueller Beta-emitting Bicron Fixed Fixed Activity 
(GM) for determination restricted radionucl ides Id ) Surveyor X. or Activity <80,000 
aod non restricted waste Eberline E-140 80.000 dpm lJO0 cm2 

Series with a dpm/1 00 cm2 

pancake GM Smears: 

detector. Smears: < 100,000 
100,000 dpm,'100 cm1 

dpm!J0O cm1 

NOA Gamma analysis for Gamma-emining Collimated 45 nCi/g < 45 nCi!g 
detennination of radionuclide content radionuclides Gamma Cs-137 f< l Cs-137 
of waste. Detector. multi-

channel 
analyzer. 
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Accuracy Precision 
Requirement Require-
(% of True ment 

Value) <•l ( 0/4RSD) (1,) 

Within Limits 20%, 
printed on source 
check assembly. 

80-120 20% 
t) picatly from 
operational 
calibration 

I Within Limits 20% 
printed on source 
check assembly. I 

I 

Within Limits 20% 
printed on source 
check assembly. 

80-120 20% 
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Table 3-1. Radiological Survey Instrumentation QC Requirements. (2 Pages) 

Data Type Survey Method and Purpose Analyte 

]\;eutron NOA Thermal Neutron analysis for TRu Radionuclides 
activity detem1ination of TRU radionuclides. 

• Source check must be wJthm these lm11ts per applicable procedure. 
i, Multiple source checks must within 20% of each other. 

Typical 
Instrument 

Collimated 
neutron detector 

Preliminary Detection 
Action Limit 
Level Requirement 

100 nC•g I TBD rr, 

TRU I 
I 

Accuracy Precision 
Requirement Require--
(% of True ment 

Value) C•l (•feRSD) (bl 

80-120 20% 

'Although the instrument is capable of measuring the dose from a wide variety of gamma and beta emitting radionuclides. for purposes of this SAP, the measurements 
will be made with the window closed and all of the dose will be ascribed to Cs-13 7. 
d Although the instrument is capable of measuring gamma emitters with a very low efficiency the response of the instrument will be assumed to be entirely from beta 
emitting radionuclides. 
'if the waste is such that the radionuclide ratios for KE-Basin above water waste are applied, the estimated TRU content of the waste is about 0.4 times the measured 
Cs-137 activity. Thus. if the method can detect 45 nCi 'g Cs-137. then the estimated TRU content would be about 20 nCi/g. 
' Acceptable detectio_n limit for neutrons will be such that the detection limit of TRU in waste is equivalent to <50 nCiig TRU based on estimated TRU content of KE 
and KW Basin sludge or fuel as appropriate to the waste being measured. 

52 



HNF-6495 
Rev. 0 

4.0 HEALTH AND SAFETY 

All field operations required by this SAP will be conducted in accordance with the HASP 
(HNF 2000b ). 

The HASP identifies the primary hazards associated with debris management activities. Some of 
the hazards included direct radiation exposure, potential personnel contamination, potential 
inhalation of airborne concentrations of radioactive materials, and exposures to hazardous 
substances. Rather than list the requirements to mitigate and control radiological and haz.ardous 
chemical exposures, the HASP references documents which provide the necessary direction to 
mitigate and control these hazards. To assist in the development of sub-tier or task-/subproject
specific implementation of the HASP, the Project Management Hanford Contract (PHMC) 
Automated Job Hazards Analysis (AJHA) will be used in accordance with HNF-PRO-079, "Job 
Hazard Analysis". The AJHA is a computer-based application to help planners identify the 
potential hazards associated with a job task, and to implement the proper controls based on the 
hazards identified. Proper use of the AJHA in conjunction with the project HASP (HNF 2000b), 
plus specifics associated with the task, will constitute acceptable sub-tier or task-/subproject
specific implementation of the HASP. In accordance with 29 CFR 1910.120(6)(l)(v) 
(OSHA99A), the HASP (HNF 2000b) shall be made available to PHMC employees and any 
contractor/subcontractor involved with hazardous waste operations. 

The PHMC has a robust and mature radiation protection program. This program is described in 
the HSRCM (DOE-RL 1996). The HSRCM fully implements 10 CFR 835, Occupational 
Radiation Protection, as currently amended. The planning of work involving radiation and 
radioactive materials hazards is further described in HNF-PRO-1623, "Radiological Work 
Planning Process." Implementation of radiological work and radiation protection activities is 
detailed in procedures. Procedures address roles and responsibilities, qualifications, training, 
implementation of the ALARA philosophy, external and internal dosimetry, monitoring and 
surveillance, work control mechanisms (e.g., radiation work permits, and access and entry 
requirements), self-assessments, and use of specific radiation monitoring devices and meters. 

The PHMC Chemical Management Program (CMP), as described in HNF-PRO-2258 
("Chemical Management"), in conjunction with implementation of the PHMC AJHA in 
accordance with HNF-PRO-079, will be relied upon to protect the worker, general public, and 
the environment from specific chemical substances and their associated hazards. The CMP 
provides direction for the acquisition, storage, transportation, use, final disposition, record 
keeping, and management review of program performance for chemicals at the Hanford Site. 
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MS-1-036-02, ''Management Assessments," Effective Date: July 8, 1999, Spent Nuclear Fuel 
Project Administrative Procedure. 

OP-02-025, "Basin Water Quality Control,'' Spent Nuclear Fuels Operations Project Technical 
Procedme. 

OP-43-005E, "Collect Routine Water Samples at 105-KE," Rev. 3D, Issue Date: October 1, 
1996, Spent Nuclear Fuels Operations Project Technical Procedure. 

OP-43-006W, "Collect Routine Water Samples at 105-KW," Rev. 4C, Issue Date: February 18, 
1999, Spent Nuclear Fuels Operations Project Technical Procedure. 

OP-43-028, "Collect Monthly Center of Basin Water Samples," Rev. OD, Issue Date: 
December 9, 1996, Spent Nuclear Fuels Operations Project Technical Procedme. 

OP-43-030, "Transport Water Samples to 222-S Lab," Rev. OB, Issue Date: December 9, 1996, 
Spent Nuclear Fuels Operations Project Technical Procedme. 
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OP~6-006, "Processing Contaminated Waste for ERDF Disposal," Rev. 0/A, Issue Date: 
December 13, 1999, Spent Nuclear Fuels Operations Project Technical Procedure. 

QA-11-006-02, "Quality Assurance Surveillances," Effective Date: October 4, 1999, Spent 
Nuclear Fuel Project Administrative Procedure. 

1N 8-001-08, "General Training Administration," Spent Nuclear Fuel Project Administrative 
Procedure, Effective Date: February 11, 2000. 

5.2 PROJECT HANFORD MANAGEMENT SYSTEM PROCEDURES 

HNF-PRO-052, "Corrective Action Management," Rev. 4, Effective Date: April 15, 2000. 

HNF-PRO-079, "Job Hazard Analysis,'' Rev. 5, Effective Date: May 5, 2000. 

HNF-PRO-156, "Non-radioactive Hazardous Materials/Hazardous Waste (HM/HW) 
Shipments," Rev. 1, Effective Date: April 15, 2000. 

HNF-PRO-157, "Radioactive Material/Waste Shipments,'' Rev. 1, Effective Date: 
April I 5, 2000. 

HNF-PRO-338, "Asbestos Control-Construction Industry," Rev. 1, Effective Date: 
May 23, 2000. 

HNF-PRO-408, "Asbestos-Facility Management/General Industry," Rev. 1, Effective Date: 
May 18, 2000. 

HNF-PRO-436, "Radiation Protection Instrument Program," Rev. 1, Effective Date: 
April 15, 2000. 

HNF-PRO-632, "GM Portable Survey Instrument," Rev. 1, Effective Date: March 29, 2000. 

HNF-PRO-633, Rev. 1, "Portable Alpha Meter," Effective Date: April 3, 2000. 

HNF-PRO-648, Rev. 2, "Eberline RO-3B (CP);' Effective Date: March 30, 2000. 

HNF-PRO-1623, Rev. 2, "Radiological Work Planning Process,'' Effective Date: April 15, 
2000. 

HNF-PRO-1892, Rev. 2, "Documentation of Radiological Surveys," Effective Date: April 15, · 
2000. 

HNF-PRO-2258, Rev. 0, "Chemical Management," Effective Date August 31, 1998. 
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5.3 WASTE MANAGEMENT LABORATORY ANALYTICAL PROCEDURES 

LA-220-103, Rev. F-7, "90Strontium in Leachates of Soil, Vegetation, Air Filters and Other 
Solid Samples," Release Date: November 8, 1999. 

LA-220-104, Rev. E-7, "90Strontium in Water by Carbonate Precipitation," Release Date: 
November 8, 1999. 

LA-506-101, Rev. A-3, "Determination of Trace Elements and Radionuclides by Inductively 
Coupled Plasma-Mass Spectrometry using TJA Poems," Release Date: November 10, 
1999. 

LA-548-121, Rev. F-2, "Preparation of Sample Mounts for Gamma Energy Analysis," Release 
Date: November 15, 1999. 

LA-953-104, Rev. B-3, "Determination of Plutonium and Americium by Extraction with 
TRU•SPEC Resin," Release Date: December 21, 1999. 
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APPENDIX A 

INFORMATION SUPPORTING DEVELOPMENT OF RADIONUCLIDE 
RATIOS FOR CHARACTERIZATION OF 

K BASIN DEBRIS AND IXMs 
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Toe source-term for all of the radionuclides that could reasonably be expected in the K Basin is 
from N Reactor fuel and associated activation products. The selection of constituents of concern 
(COCs) was discussed in Appendix B of the Data Quality Objectives Process for Designation of 
K-Basin Debris (HNF 2000a). The selection was performed by listing all of the radionuclides 
that have been reported as present in the fuel or measured during historical characterization of 
the K East (KE), K West (KW), N, or 105-C fuel storage basins. Several selection criteria were 
applied to define the Environmental Restoration Disposal Facility (ERDF) Waste Acceptance 
Criteria (WAC) (BHI 1998) that all "Radioactive waste constituents shall be adequately 
characterized to permit proper segregation, treatment, storage, and/or disposal. This 
characterization shall ensure that the major radionuclide content of the waste is known and 
recorded during the waste management process, ..... "(ERDF WAC, Section 3.2.1.1). As a result 
of that effort, 20 radionuclide COCs were selected. The sections below discuss the application 
ofradionuclide ratios to estimate the radionuclide content of K Basin debris for those 
radionuclides that are not measured from radionuclides that are measured. 

A.1 RADIONUCLIDE RATIOS FOR CHARACTERIZATION 
OF K BASIN DEBRIS 

Subsequent to the DQO report (HNF 2000a), an additional two-volume document was obtained. 
These documents were entitled: 

1. HNF-SD-SNF-TI-009, Rev 3, 105-K Basin Material Design Basins Feed Description for 
Spent Nuclear Fuel Project Facilities, Volume 1, "Fuel" (HNF 2000b) and 

2. HNF-SD-SNF-TI-009, Rev 3, 105-K Basin Material Design Basins Feed Descriptionfor 
Spent Nuclear Fuel Project Facilities, Volume 1, "Sludge" (HNF 2000c). 

These two documents formed the basis for the selection of radionuclide ratios for the purpose of 
estimating the radionuclide content of above and below water waste from the' K Basin. A WHC 
report (WHC 1990) contained extensive analyses of samples from the_ KE and KW Basin areas 
above the water line. These data provided valuable estimates of several radionuclides that had 
not been estimated from other sources (e.g., nickel-59, chromium-51, and manganese-54). In 
order to put all of the radionuclides from the various sources on a normalized basis, all final 
estimates ofradionuclide content of the fuel (HNF 2000b, HNF 2000c) or samples from KW and 
KE Basins, were converted to a percent of the estimated cesium-13 7 concentration. For instance, 
if the reference indicated that the fuel would contain 500 Ci of strontium-90 and 1,000 Ci of 
cesium-137, the percentage entered into Table A-1 would be 50%. 
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In addition to the reports mentioned above there were several sampling efforts that had been 
conducted on various waste streams. The data from these various sampling efforts was tabulated 
and reviewed and ratios of each radionuclide measured were tabulated in Table A· 1. Based on a 
review of the data from the various sources and the conceptual model for the waste stream it was 
determined that the following logic would be used to select the applicable ratio for each waste 
stream. Each basin, KW and KE could have three sets of ratios that could be applied to the 
waste depending on the origin of the waste. These three sets of ratios would be; 

1. Ratios applicable to metallic waste that originated from below the water line of the basin 
and was washed before removing it from the water. The ratios used on this waste would 
be primarily fuel ratios (HNF 2000b) based on the data available and the conceptual 
model of how contamination occurred. Nondestructive assay (NDA) and laboratory 
results were also considered for this waste. Examples of this waste include fuel 
canisters, basin pipe racks, and any other pressure washed metal. 

2. Ratios applicable to non-metallic or non-washed waste that originated from below the 
water line or the basin. The ratios used for this waste would be primarily those observed 
from measurement of basin floor sediments (HNF 2000c). 

3. Ratios applicable to waste that originates from above the water line of the basin. The 
ratios used for this waste are primarily an amalgamation of data from WHC (1990) and 
data from recent air sampling data (Slotemaker 1999). 

Additional discussion regarding the selection of applicable radionuclide ratios is provided below. 

A.1.1 Below-Water Waste 

The data reviewed and shown in Table A-1 indicated that washed metal items ( e.g. pipe hangers 
and fuel canisters) more closely demonstrated the radionuclide ratios estimated for fuel (HNF 
2000b) than for sludge (HNF 2000c). If ratios of specific -radionuclides to cesium-137 were 
available on samples applicable to a specific waste stream, the data were used. If no data were 
available, then fuel ratios calculated from fuel (HNF 2000b) were be used as appropriate. 

For non-metal items or non-washed metal items, professional judgement determined that the 
most appropriate source term was basin floor sludge (HNF 2000c). If there were no sludge ratios 
available from either sample data or published sources, then fuel ratios were selected as default. 
In Table A-1 the available ratios that were deemed appropriate are tabulated along with a column 
that provides the chosen ratios for application to the K Basin debris. 

For KW there was no sludge data available on the basin floor sludge. Spent nuclear fuel (SNF) 
management has determined (HNF 2000c, Appendix D) that the KE Basin floor sludge data 
sufficiently bounds the KW Basin floor sludge data. While this is undoubtedly correct as far as 
safety and processing concerns, it was not deemed appropriate for waste characterization for this 
project. The KW Basin sludge is thought to be made up primarily of dirt and debris from 
sources other than the corrosion of fuel. The basin floor sludge from KE is enriched in 
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transuranic (TRU) radionuclides due contact of the stored fuel directly with the basin water, 
removal of soluble radionuclides such as cesium-137 and precipitation of the TR Us. Thus, using 
KE Basin sludge radionuclide ratios on items in KW that have only contacted the KW Basin 
floor sludge would likely cause a significant overestimation ofTRU radionuclides. As a result of 
these considerations, KW fuel ratios (I-INF 2000b) will be used to estimate contamination of all 
below water waste removed from KW. Table A-2 provides a summary of the final selected 
ratios. 

A.1.2 Above-Water Waste 

Significant differences from radionuclide ratios found in fuel and found in KE versus KW were 
noted in historical analyses of samples from above water portions of the KE and KW 
(WHC 1990). Another source of data that was used was the air sampling data from 1998 
(Slotemaker 1999). It was reasoned that the data obtained from collecting high volume air 
samples would provide a reasonable estimate of the radionuclide mix that might be encountered 
from continued operations around the fuel basins. In selecting the final ratios to use, the highest 
ratio from either the WHC (1990) report or the air data were used if available for a specific 
radionuclide. Not all of the COC radionuclides were measured on the samples from either 
source. If there were no measured ratios, then KW fuel data radionuclide ratios (HNF 2000b) 
were selected. Table A-2 provides a summary of the final selected radionuclide ratios. 

A.1.3 Estimate of Gamma Survey Ratios to Defme Anomalous Waste 

The purpose of estimating a ratio of all COC gamma emitters to cesium-13 7 is to allow the use 
of a hand-held portable gamma detector to survey waste as it is corning out of the basin and 
being bagged or boxed. The survey will alert project staff to the presence of waste that is outside 
of the anticipated ratios that were discussed above. It is assumed that if the measured 
contamination levels (dpm per package) of the six major anticipated gamma emitters (including 
cesium-137) to the measured cesium-137 activity (dprn/package) is within a certain range, then 

. the waste is presumed to contain contamination that can be adequately estimated using the listed 
ratios in Table A-2. If the gamma survey ratio is outside of the estimated range, then the waste is 
considered anomalous and will be subjected to additional NDA measurements and/or sampling. 

In Table A-2, the calculated gamma ratio is provided at the bottom of each set ofratios. Also 
tabulated is a target ratio. The measured ratios cannot fall below 100% unless there is an 
instrument malfunction. If the measured ratio for one of the waste streams that has a lower 
bound greater than 100% (columns 3 and 7) falls below the target ratio indicated. then the project 
may elect to use one of the other sets of ratios that is more conservative and consistent with the 
measured gamma ratio and waste. If the ratio falls above the target range (columns 4, 5, 6, and 
7), then the project may elect to use the ratios in column 3. If the measured gamma ratio of the 
waste is greater than the highest target ratio (Table A-2, 125% for KE), the waste will be set 
aside and contingency NDA and/or sampling performed to establish the appropriate set of 
radionuclide ratios to apply to the waste. 
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It should be noted that the gamma spectrum-measuring instrument that is used must be calibrated 
against cesium-137, Cobalt-60, europium-152, europium-154, europium-155 and antimony-125. 
Ratios of expected cpm in the cesium-13 7 portion of the spectra compared to broader portion of 
the gamma spectrum that includes all of the calibrated radionuclides would be estimated based 
on the calibration data and would replace those in Table A-2, which are based on dpm. 
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_ ___ __ _ _ ___________ Table .-\-l. Comprehensive List of Radionuclide Contaminants Concern and Ratios to Cs-137 for K Basin Waste. 
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Table A-2. Summary List of Radionuclide Contaminants Concern and Ratios to 
Cs-137 for K Basin Waste. 
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Tritium H-3 0.26% 0.26% 0.090% 0.26% 7.1 % 

Cobalt Co-60 8.3 % 0.53% 1.0% 0.025% 3.2% 

Nicke] Ni-63 0.036% (1.036% 0.34% 0.034% 0.26% 

Strontium Sr-90 76% 105% 103 % 78% 10% 

Antimony Sb-125 3.3% 0.04% 0.16% 0.16% 0.16% 

Cesium Cs/Ba-137m 100°/e 100% 100% 100% 100% 

Promethium Pm-147 2.3% 2.3% 2.3% 2.0% 2.0% 

Samarium Sm-151 1.4% 1.4% 1.4% 1.3% 1.3% 

Europium Eu-l 52 0.0067% 0,062% 0.062% 0.0068% 0,0068% 

Europium Eu-154 2.6% 1.4% 1.4% 0.72% 0.72% 

Europium Eu-155 1.8% 0.45% 0.45% 0.13% 0.13% 

Uranium U-234 0.0074% 0.0074% 0.027% 0.0064% 0.0075% 

Uranium U-235 0.00030% 0,00030% 0.0046% 0.0002!\0/e 0.0010% 

Uranium U-238 0.0061% 0.0061% 0.021% 0.0050% 0.0062% 

Plutonium Pu-238 0.95% 1.7% 2.1% 0.79% 0.11% 

Plutonium Pu-239 1.9% 7.0% 13% 1.6% 0.90% 

Plutonium Pu-240 1.0% 5.1% 5.1% 0.87% 0.87% 

Plutonium Pu-241 50% 174% 197% 47% 7.7% 

Americium Am-241 8.2% 11% 17% 2.7% 0.77% 

Curium Cm-244 0.013% 0.013% 0.013% 0.0084% 0.0084% 

Estimated Gamma Ratios 116% 103% 103¾ 101% 104% 

Target Gamma Ratio 105-125% 100-110% 100-110% 100-105% 105-110% 
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A.2 RADIONUCLIDE RATIOS FOR CHARACTERIZATION OF K BASIN IXMs 

The current process for estimating the radionuclide content of ion-exchange modules (IXMs) that 
have been removed from service is generally described in the Characterization Plan for Spent 
KE, Basin Ion Exchange Modules (HNF-SD-SNF-TI-039) (WHC 1997). The characterization 
methodology described in that document uses cesium-137 and total alpha to calculate by ratio, 
the inventory of all reportable radionuclides in the lXM. Radionuclide ratios for radionuclides 
measured were obtained from previous process data and were supplemented by radionuclide 
ratios for radionuclides that were not measured from WHC-EP-0063-4, Appendix K (WHC 
1996). The end result was an approach that estimated the radionuclide loading of the IXMs 
solely from gross alpha and cesium-137 data. The current approach, as implemented on a 
controlled spreadsheet through instruction SNF-OPS-Dl-004, entitled "IXM Curie Loarung 
Calculations" has been modified from the initial characterization plan. The current desk 
instruction uses monthly center of basin data containing additional analytical results from several 
more of the COCs (uranium, plutonium-239/240, plutonium-238, strontium-90, tritium, and 
americium-241 ). 

A recent revision of the Hanford Site waste acceptance document (HNF-EP-0063, Rev. 5, 
[HNF 1998]) has deleted the Appendix K tables that were still used . In addition, as discussed in 
the sections above, a new documents that describe the specific fuel source terms in the K Basin 
in detail has become available (HNF 2000b). The data used to establish new ratios include the 
new fuel source term data (HNF 2000b) and 12 routine monthly center-of-basin samples that 
were collected in KE and KW January 1999 to December 1999. 

Table A-3 lists the K Basin fuels data for both KE and KW as well as the average of the 12 
monthly center of basin samples. Also listed for comparison is the Table K-1 (WHC 1996) 
values currently used. All of the data has been converted to % of the estimated cesim-13 7 
activity for ease of comparison. 

In general application, the results of all of the radionuclides that are measured will be used 
directly. Those that are not measured will be estimated by applying the ratios in Table A-3 to 
those radionuclides that are measured . In the case of plutonium-239/240, the isotopic mix for 
plutonium isotopes that is provided in the fuel (HNF 2000b) is applied to the measured 
plutonium-239/240 in order to estimate individual plutonium isotopes. The plutonium-23 8 
isotope measured is often very low and, thus, if the data are censored and the detection limit data 
are used, the estimate will be a significant overestimate of plutonium-238 in the water. If 
plutonium-23 8 levels in the water are below detection limits, then the plutonium-239/240 data 
and predicted isotopic ratios from fuel are used to predict the plutonium-238 concentrations in 
the water. Similarly, the uranium concentrations for each COC isotope are estimated from the 
total uranium activity multiplied by the appropriate specific activity for each of the uranium 
isotopes. Curium is estimated by assuming that the ratio % in the water is the same as in the 
fuel. 

A-8 



HNF-6495 
Rev. 0 

Tritium is not concentrated by the ion exchange resin and is not currently reported as a waste 
constituent in the IXMs. However since tritium is a COC identified in this Sampling and 
Analysis Plan (SAP) and data are available from the analytical results of the monthly center of 
basin samples, it will be reported in IXMs characterized under this SAP. Recent calculations 
(Appendix B) have estimated the maximum amount of water that is likely to be held up in the 
IXM after it is drained and sealed. These calculations will be used to establish a direct 
calculation that relates the measured or estimated concentration of tritium to the total amount of 
tritium that is held up in the IXM. The calculations in Appendix B that estimate the maximum 
amount of water in the IXM will be used to establish that factor. 

The approach applied through this SAP will employ the same general radiochemical analysis and 
spreadsheet currently used and utilizes the radionuclide measurements that are performed on the 
basin water during the operational life of the IXM. Ratios that have been measured on monthly 
basin water samples in 1999 by the 222-S Laboratory are shown for comparison and for use if 
analytical data are not available for specific radionuclides. The estimate of radionuclide content 
for the lXMs may be based on the radionuclide concentration that are measured in the center of 
basin samples or a or a net (inlet-outlet) water concentration. The estimated concentration in the 
water is combined with the total measured flow of basin water through the DCM. The calculation 
that is currently used has locations to enter the flow rate, time of service and subsequently 
calculate the estimated total curies ofradionuclide using the DCM flow rate data and analytical 
results (sheet 1 in the current spreadsheet). The current calculation worksheet labeled "DCM 
Cales." provides the applicable ratios to estimate radionuclides other than those measured. The 
current calculation will be placed into instruction SNF-OPS-DI-004 to include the COCs ratios 
that are listed in Table A-3 and to include a calculation for the tritium content of the IXM. 

The major changes for IXMs characterized under this SAP are that gross alpha measurements are 
not used to estimate radionuclide content of the IXM, tritium will be reported, and new 
radionuclide ratios will be used for those radionuclides not measured based on revised fuel 
source terms and historical water data. 
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Table A-3. Comparison of I.XM Water Ratios and Historical Ratios and Final Recommended Ratios. 

Gross Alpha alph<1 - - ~--~------ ='-'/=1------ -1--- 0..:·...c4_6"_Y•_ --1'------+--------1·\ 1--------+---1_1._0_42_•¼_'• _ _ ,_ _ ____ _,_ _ _ ____ .... 
% 0.26% 84"/n 0.33% 34•/. /f 0.26% 38°/t, Tritium 1-f.J 

Cobalt Co-6<) 
Nickel Ni-63 

=========:=:===========:f~i;- -o-_0_2_J_¾-.-+--o-_-00_90_•_Yn_-+-- ----+-o-.-o-o-90- ·-:1.- ---1 .•. t .. ~.-.:._',,,'_·,,.•·.:_:,:==o:.~0=2s=•=Yo==:====o=.=o=L=J•=v.====:===========:=============: 
=.;;...._ ___ .:.._....;_ _____ +fi1---o_.o_J_6_¾_. ___ ___ --1'-----+---'o_.o_J6_•1,_., __ --1.' o.034% 

0.33% 38"/o 
0.013°/. 
0.034°/. 

Strontium Sr-90 
Antimony Sb--125 
Cesium Csfl3a. 137m 

------------,T~~ 
0
~~:;. 42% 86% 

0
~~io~. ~~}.~- -

0
1 __ ~-:-~-.--+-__ &_._~_Y. _ _ -+-------+---"-'-C.-- ----1 

-,-~'-----t..,,.-=-- -------t'{j: 100% 100% 100% 10-0"/• =,~:;;;'1---I-O_O'l_Y._n_-+---I-O....,O'l-V.-.--t---...,..,...,.....-+---------i 

86% 8.9"/. 
0.16% 

100"/4 
Promethium Pm-147 ~,,: l----'2-.J-'¼-.- -+------+-- ----+--'-2-.J;...•1,-.- ---1;r.;;·1---2-.-0')-¼-.--+-------------4--::.....C:..:.C----1 

- - ---+---- ----1::;~~i $/~=-----,---+-------t------+---- ---- -l 

100·1. 
2.02°1. 

Samarium Srn• 151 
Europium Eu•l52 

1.4% 2.03¾ 1.4°/. f i]/ 1.3% .;..;cc.c.;.;..;.__-+.:.._-------Itf'l------+-------lf------+--..c....-----l::.::t.l----'---4--- -----lf---'-'---+--::.:.C....;..;. _ _ ---I 
_,.__ _ _ ______ ___ 1~, 0.0067% 0.10% o.0025¾ 0.10% M/1--_o_.006_ ,_8_%_. ____ o_. 1_2_'¼_._--11------- +--...;c.c------1 

20% t.J•/. 
0.0025% 0.12¾ 

Europium Eu.154 
Europium Eu-155 

J;·-~_:.·_;;:_,. 0.12% o.031% o.JJ¾ 0.032•1. 'Vil o.72% o.ll40% 
~----=-...,..,=----- 'ii, 0.13% 0.12% 0.12¼ ,iJI---=0-.1,..,3=--='¼-.--t---o-. 1,...6c-'¼-.--------+---------l 
_.._--"---+--------..J;i<¾:1--- ---+-- 0-.000-2_0_'¾-.--i~-- --+-o-.o-00_2_0_•1,-.--,-(,c-,_;;:;l<;: 0.00010% (e) 

0.33% 0.040°/. 
0.16"/. 

U-Total U-total 
Uranium U-234 
Uranium u.235 

='--=-----+''-------1.l_:_• 00.0.00007248~'. 0.000024% 0.00.0000000411·11:,. i/:~lj t-• - 0-.0:-:06:-:_,.-,4-=-%:--+-------+-----.,..,--+-------' ............ 
.....;_-----------f.~·::'1-----"'-+--------1- o_.0_00_7_5_¾_.-+-------'-'-s f 1--o_.0_00_2_s

0
_v.--lf--------+'- - -'-'-- --4-;.....:---.:......c....:..._--1 

0.00010'¼ 
0.000024% 0.000055¼ 
0.00075% 0.0000020·1. 

Uranium U-238 
Plutonium Pu-238 

p,-. o.0061% 0.014¾ · o.oooos9•r. =,=.,1'=' o.ooso% --,----=--:-:-=------mt,1---'--'----l--------l-'--------.:..;.c---.C..C..:;_;_;....__ 4 .. ... . _--=-=~--t----=-=-.,....,...,......------,----- -----1 
-----+'-- -----+m ~~::.· ~:~i~ 0. \2% 

0o~:.:· ;~ ii,;J---=02:-'7-:-:;,~~---t---::-~-:::~c-::-=-!:::c~:----,t----- ---,-..,....:.,.:.,:.,co...:....:;-_;i>..;c~l)y) 
0.014% 0.00004~;-f. 
0.12% 0.0()61 •/. 

Plutonium Pu-239n40 
Plutonium Pu-239 --:---- -=--:-:-----,Ht 1.9% 2.10% 0.14•1. i~('.\t----=-1.-=6-%----11-----------...,....---- ---_,,,"'-I 

--'-"-"'----4-'-- ------1~?~=,------- -------- ---+--------• .r:t%[- - ----+---------...::....;..:..... __ +-___ :..c...::;::_:_..:..... _ _ -l 

0.018"/. 
2.1% 0.012¼ 

Plutonium Pu-240 
Plutonium Pu-241 

-'-------+'-------t·'._:.~_'_.t.1_. l.0''/4 0.50% 0.074•/. '·w, __ o_.8_7'l_¼_n -+-------+-----------1-- -'-"-;...;;..c-'----1 
---- -+-------:+.=t-' __ so __ •1,_•- -+--,---,---+--.,..1....,s,...,n;,_. ____ J_.6_0_v. ___ -i ';t'i: _ _ 4,...7",=-Y•_---1f------- -+---~ ---+--------1 

0.50"1. 0.0065¼ 
15% 0.41•1. 

Americium Am•24I 
Curium Cm-244 

, s .2¾ 0.19% 0.11% 0.1,•1. lb 2.7% 0.010% .,------+=--.,...,..----tfi1--- ---+----..:..:;...._--1-------+--:..;.c:.:;_c_.:....._---1-: ·.-.·<·t---::-::-::-:-c-.,...--t----- --1-------+----- --
::rn o.0\3% 0.00068% 0.0l3"/. it o.0084% 

0.71¾ 0.010-; • 
0.00068% 0.0084•/a 

(a)Data from Tal,le J.6 "I05•K Basin Ma.tecial Design Ba~is Feed De.,cription for Spent Nueleac Fuel Project Fa.c ilitici:, Fuel", HNF-SD-SN F-Tf-009, Volu111e I, Rcv.3 (I!NF 20001,) 
(h)Aver•ge of 1999 Rou(ine Monthly water ~pies, Jan-Dec. 
(c)WHC-EP·0063-4, Re,· 4, "Hanford Solid Wute Acceptance Criteria" Appendix: K. Table K•I (WHC-1996) 
(d)Data from Table 3.7 "105-K Basin Material ~.;g11 Basis Feed Description for Spent Nuclear Fuel Project Facilities, Volume I, Fuel''. HNF-SD-SNF-Tl-009, Rev.3 (IINf•200<Jb). 
(e)Fud isofopic ratim arc applied to !he tobl uranium re,ults to obtain estimates o[isotopic uranium. 
(f)Because measured v•lue.~ were very low, fuel i~topic ratios •rplied to Pu-239/240 were determined to be moce ll(lplicablc to Pu-238 even lhoogh it is measured. 
(g)Pu isotope:< are estimated by applying the isotopic ratios predicted in the fuel to the Pu·239/240 analytical re:<Ulls. 
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The calculations below provide a basis for estimating the water content of the drained IXMs. 
The example shown below estimates the maximum tritium content of an IXM from the 
maximum tritium content measured in KE Basin water over the time period indicated. The 
calcu]ation is shown to demonstrate the likely upper bound of tritium in an DCM. For purposes 
of waste characterization under this SAP, the estimate of 501.8 kg of water in the resin and 24.3 
kg of water in the bottom of the IXM will be used in conjunction with the measured tritium 
concentration in the basin water over the life of the IXM to obtain an accurate accounting of the 
H-3 in an IXM. As discussed in Appendix A, Section A.2, this calculation will be integrated into 
the current spreadsheet use to estimate radionuclide content of the total IXM package. 

These estimates of water in the IXM package will be valid unless there is a configuration change 
or a change in the type of resin that is in the IXM. 

Assumptions: 

1. IXM Mixed Bed(MB) Volume= 6 vessels/IXM X 3.5 ft3/vessel = 30 ft' 
2. IOOKE basin uses Purolite MB resin NRW-35 which consists of 60% by volume (A-600) 

anion and 40% resin by volume cation resin. 
3. The 80% moisture content is higher than Purolite mfg. Literature indicated. 
4. The maximum tritium cone. used is from lO0KE basin which is typically two orders of 

magnitude higher than for 1 OOKW basin. 

46 lbs./ft3 X 30 ft3 = 1,380 lbs.(627.3 kg) 

80%(moisture content of resin beads) X 627.3 kg= 501.8 kg of water 

3.44E-3 uCi/gm (maximum basin water tritium cone. '95-'99) X 5.02E+5 gm= 1.73E+3 
uCi or 1. 73E-3 Ci 

5. Total volume ofIXM including the concrete = 7.83 M3 

2.21E-4 Ci/M3 (tritium cone. In moisture trapped in MB resin beads including 
the concrete volume) 

The volume of water remaining in the bottom of each vessel was previously estimated to be 

246 in3/vessel X 6 = 1,480 in3 or 2.43E+ 1 Liters 

3.44E+0 uCi/L(maximum basin water tritium cone. '95-'99) X 2.43E+ 1 Liters= 
8.36E+ 1 uCi or 8.36E-5 Ci 
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1. 81E-3 Ci= Total Estimated tritium in a spent IXM (includes water in the resin 
plus water remaining in bottom of vessel) 

Calculation done by: Bill Klover 

Reviewed by: Rod°Jochen 
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