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3.0 BEST-BASIS INVENTORY ESTIMATE 

Information about chemical, radiological, and/or physical properties is used to perform safety 
analyses, engineering evaluations, and risk assessment associated with waste management 
activities, as well as regulatory issues. These activities include overseeing tank farm operations 
and identifying, monito]jng, and resolving safety issues associated with these operations and with 
the tank wastes. Disposal activities involve designing equipment, processes, and facilities for 
retrieving wastes and processing them into a form that is suitable for Jong-term storage. 

Chemical and radiological inventory information are generally derived using three approaches: 
1) component inventories are estimated using results of sample analyses, 2) component 
inventories are estimated using the HDW model based on process knowledge and historical 
information, or 3) a tank-specific process estimate is made based on process flowsheets, reactor 
fuel data, essential material usage, and other operating data. Not surprisingly, the information 
derived from these different approaches is often inconsistent. 

An effort is underway to provide waste inventory estimates that will serve as the standard 
characterization for the various waste management activities (Hodgson and LeClair 1996). 
As part of this effort an evaluation of chemical information for tank 241-BY-107 was performed, 
including the following: 

• Data from two push mode 1996 core samples (see Appendix B) 

• An inventory estimate generated by the HDW model (Agnew et al. 1997) 

• Comparing the summation of individual waste types and total waste concentrations 
with similar BY tanks. 

Based on this evaluation, a best-basis inventory was developed for tank 241-BY-107. For the 
following reasons, the sample-based inventory was selected as the best basis for analytes for 
which sample-based analytical values were available: 

• The sampling-based inventory analytical concentrations compared favorably to those 
of other BY tanks. 

• No methodology is available to fully predict BY saltcake or PFeCN from process 
flowsheet or historical records. 

• Waste transfer records are not always complete and accurate. 

• The engineering assessment supports the assumption that sample-based data appear 
reasonable and substituted additional information only for analytes for which high 
"less than" values were reported by the sample-based data. 
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• For analytes having no available values from the sample-based inventory or the 
engineering assessment-based inventory, the HDW model values were used. A note 
was made that they were of lower reliability (as were the engineering 
assessment-based values). 

The best-basis inventory for tank 24 l-BY-107 is presented in Tables 3-1 and 3-2. The inventory 
values reported in Tables 3-1 and 3-2 are subject to change. Refer to the Tank Characterization 
Database (TCD) (LMHC 1998) for the most current inventory values. Appendix D contains the 
complete narrative regarding the derivation of the inventory estimates shown in Tables 3-1 and 
3-2. . . 

Best-basis tank inventory values are derived for 46 key radionuclides (as defined in Section 3.1 
of Kupfer et al. 1997), all decayed to a common report date of January 1, 1994. Often, waste 
sample analyses have only reported 90Sr, 137Cs, 2391240Pu, and total uranium, or (total beta and total 
alpha) while other key radionuclides such as 60Co, 99Tc, 1291, 154Eu, 155Eu, and 241 Am, have been 
infrequently reported. For this reason it has been necessary to derive most of the 46 key 
radionuclides by computer models. These models estimate radionuclide activity in batches of 
reactor fuel, account for the split of radionuclides to various separations plant waste streams, and 
track their movement with tank waste transactions. (These computer models are described in 
Kupfer et al. 1997, Section 6.1 and in Watrous and Wootan 1997.) Model generated values for 
radionuclides in any of 177 tanks are reported in the Hanford Defined Waste Rev. 4 model 
results (Agnew et al. 1997). The best-basis value for any one analyte may be a model result, a 
sample, or an engineering assessment-based result, if available. For a discussion of typical error 
between model derived values and sample derived values, see Kupfer et al. 1997, Section 6.1.10. 
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Table 3-1. Best-Basis Inventory Estimates for Nonradioactive Components in 
Taruc 241-BY-107 (Effective January 31 , 1997). (2 Sheets) 

72,200 

81 

3,470 

4,970 

s 
E 

E 

s 

Sample reported < 3,500 

Based on engineering assessment. Sample 
reported < 6,000 

TIC as C03 82,000 s 
Cr 6,540 

F 7,380 

Fe 9,400 

Hg 7.65 

K 6,680 

La 0.0 

Mn 119 

Na 473,000 

Ni 7,500 

N02 80,500 

N03 416,000 

OHTOTAL 274,000 

Pb 628 

P04 47,500 

Si 2,360 

S04 31,300 

Sr 2,690 

s 
s 
s 
E 

s 
E 

E 

s 
s 
s 
s 
C 

E 

s 

s 

s 

s 

3-3 

Simpson (1998) 

Did not receive 224 waste 

Sample reported <458 

Calculated by mass balance difference 

M reported 663 

Determined by I CP. Corrected waste 
volume. 

Determined by IC. Corrected waste 
volume. 
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Table 3-1. Best-Basis Inventory Estimates for Nonradioactive Components in 
Tanlc 241-BY-107 (Effective January 31 , 1997). (2 Sheets) 

TOC 8,400 S 

8,540 s 
Zr 94.9 E S reported< 350 

Note: 
1S = sample-based, M = HOW model-based, or E = engineering assessment-based. 

Table 3-2. Best-Basis Inventory Estimates for Radioactive Components in Tanlc 241-BY-107, 
Decayed January I, 1994 (Effective January 31, 1997). (3 Sheets) 

3H 74.6 M 

14c 19.3 M 

59Nj 3.07 M 

60Co 18 M 

63Ni 296 M 

79Se 1.64 M 

9osr 33,600 s 

90y 33,600 s Based on 90Sr 

93zr 7.90 M 

93~ 5.73 M 

99Tc 108 M 

106Ru 0.00358 M 

mmcd 41.5 M 
125Sb 80.4 M 

126Sn 2.45 M 

1291 0.209 M 

134Cs 0.882 M 

137Cs 241,000 s 
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Table 3-2. Best-Basis Inventory Estimates for Radioactive Components in Tank 241-BY-107, 
Decayed January 1, 1994 (Effective January 31, 1997). {3 Sheets) 

131mBa 228,000 s Based on 137Cs 

151Sm 5680 M 

1s2Eu 2.74 M 

1s4Eu 303 M 

"'Eu 170 M 

226Ra 8.54E-05 M Added model value. 

22,Ac 0.00114 M 

22sRa 0.959 M 

2291n 0.0221 M 

231Pa 0.00573 M 

232Th 0.0354 M 

mu 5.91 SIM Based on total U: used HDW isotopic 
ratios. 

233u 22.7 SIM Based on total U: used HOW isotopic 
ratios. 

2340 3.1 SIM Based on total U: used HOW isotopic 
ratios. 

mu 0.125 SIM Based on total U: used HDW isotopic 
ratios. 

236u 0.0686 SIM Based on total U: used HDW isotopic 
ratios. 

237Np 0.364 M 

23•Pu 0.924 SIM Based on total alpha: used HDW 
isotopic ratios. 

mu 2.85 SIM Based on total U: used HOW isotopic 
ratios. 

23'Tu 35.8 SIM Based on total alpha: used HDW 
isotopic ratios. 

240Pu 5.85 SIM Based on total alpha: used HDW 
isotopic ratios. 
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Table 3-2. Best-Basis Inventory Estimates for Radioactive Components in Tank 241-BY-107, 
Decayed January 1, 1994 (Effective January 31 , 1997). (3 Sheets) 

;i ~~ :\ r~~~~~:;'t;Jfj~;}:1:1,:I ,;,:;.: · ..... ;:;~,I "·: n ·:i 
241 Am 15.9 SIM Based on total alpha: used HOW 

isotopic ratios. Sample reported < 458 

241Pu 

242cm 

242pu 

243Am 

243cm 

244cm 

Notes: 

65.7 SIM 

2.75E-03 SIM 

3.16E-04 SIM 

5.44E-04 SIM 

5.64E-05 SIM 

1.02E-04 SIM 

1S = Sample-based 
M = HDW model-based (Agnew et al. 1997) 
E = Engineering assessment-based. 
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Based on total alpha: used HDW 
isotopic ratios. 

Based on total alpha: used HDW 
isotopic ratios . 

Based on total alpha: used HDW 
isotopic ratios. 

Based on total alpha: used HDW 
isotopic ratios. 

Based on total alpha: used HDW 
isotopic ratios. 

Based on total alpha: used HDW 
isotopic ratios. 
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APPENDIXD 

EVALUATION TO ESTABLISH BEST-BASIS 
INVENTORY FOR SINGLE-SHELL 

TANK 241-BY-107 
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APPENDIXD 

EVALUATION TO ESTABLISH BEST-BASIS INVENTORY 
FOR SINGLE-SHELL TANK 241-BY-107 

An effort is underway to provide waste inventory estimates that will serve as standard 
characterization source terms for waste management activities (Hodgson and LeClair 1996). As 
part of this effort, an evaluation of available information for tank 241-B Y -107 was performed, 
and a best-basis inventory was established. This work follows the methodology that was 
established by the standard inventory task. 

D1.0 CHEMICAL INFORMATION SOURCES 

Chemical waste information for tank 241-BY-107 included the following: 

• Data from two push cores samples collected in 1996 (see Appendix B). 

• Data from pre-1989 analyses evaluated only for information purposes. 

• The chemical and radionuclide inventory estimates for this tank generated from the 
HDW model (Agnew et al. 1997). 

• The analytical data from other tanks with the same saltcake and sludge waste types 
in the BY Tank Farm. 

D2.0 COMPARISON OF COMPONENT INVENTORY VALUES 

Sample-based inventories are derived from analytical concentration data from the 1996 core 
samples. The HOW model generates inventories based on waste transactions and historical 
process information. Tables D2-1 and D2-2 compare the sample-based and HDW model 
inventories. Table D2-1 compares nonradioactive components on a kilogram basis, and Table 
D2-2 compares the radioactive components on a total curie basis. The chemical species are 
reported without charge designation. 

The tank volume used to generate inventory values was 1,007 kL (266 kgal). There are two 
interpretations on the assignment of the waste phases. The HDW model assigns 443 kL 
(117 kgal) to sludge, 564 kL (149 kgal) to saltcake, and it assumes no supernatant (Agnew et al. 
1997). The sample-based inventory is the sum of solid fraction inventory and liquid fraction 
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inventory. The sample based inventory uses current surveillance data and assigns 1,007 kL 
(266 kgal) to the solids fraction, and 95 kL (25 kgal) to the liquid fraction (Hanlon 1996). The 
solids sample density used to calculate the solid fraction inventory is 1. 76 g/mL and liquid 
sample density is 1.46 g/mL. The HOW model uses a density of 1.65 g/mL. 

By comparing Tables D2-1 and D2-2, the differences are evident between the sample-based 
values and the HOW model inventories for tank 241-B Y-107 for the following components: Al, 
Bi, Cr, F, Fe, K, Na, Ni, NO3, NO2, oxalate, PO4, SO4, Sr, TIC, U, and percent water. Because of 
differences in mass basis, an approximately 16 RPO occurs between the two estimates for 
analytes with the same concentration; the sample-based estimate is higher. 

Table D2-1. Sample-Based and Hanford Defined Waste-Based Model Inventory Estimates 
for Nonradioactive Components in Tank 241-BY-107. 

Bi < 3,500 16,400 NO3 416,000 469,000 

Ca < 5,990 6,050 OH N/R 117,000 

Cl 4,970 3,270 Oxalate 24,300 0.1 13 

Cr 6,540 1,670 Pb N/R 663 

p3 7,380 1,470 Pas PO4 47,500 22,500 

Fe 9,400 23,200 Si 2,360 2,120 

FeCN/CN NR 8,350 s as so• 31 ,300 14,100 

Hg NR 5.80 Sr 2,690 0.0 

K 6,680 1,030 TIC as CO3 82,000 24,100 

La < 1,750 0.160 TOC 8,400 6,340 

Mn <459 100 UTOTAL 8,540 7,720 

Na 473,000 283,000 Zr <350 3.78 

Ni 7,500 2,620 H2O (wt%) 37.7 35.l 

NH4 NR 1,650 Density (kg/L) 1.76 1.65 

Notes: 
NR = Not reported 
1Sce Appendix B 
2 Agnew et al. (1997) 
3Fluoride is based on water soluble portion only. 

0-4 



HNF-SD-WM-ER-637 Rev. OB 

Table D2-2. Sample and Hanford Defined Waste Model Inventory Estimates 
for Radioactive Components in Tanlc 241-BY-107 (Decayed to January 1, 1994). 

90Sr 33,600 161,000 

137Cs 241,000 185.000 

2.391240pu NR 66.7 

Total alpha 93.2 NR 

Total beta 269,000 NR 

Notes: 
NR = Not reported 
1 See Appendix B 
2 Agnew et al. ( 1997) 

D3.0 COMPONENT INVENTORY EVALUATION 

For a detailed summary of the waste transfer history, see Appendix A. An overview and 
summary of the most relevant transfer history follows (Agnew et al. 1995). 

Tank 241-BY-107 is the first tank in a cascade that includes tanlcs 24I-BY-108 and 241-BY-109. 
Tank 241-BY-107 began receiving first cycle bismuth phosphate process waste from B Plant in 
the third quarter of 1952. Transfers continued_ until the cascade was filled in the first quarter of 

· 1951. The tank: was almost emptied in the second quarter of 1952. Uranium recovery 
supernatant from tanlc 241-BX-109 was transferred to tank 241-BY-107 in the first quarter of 
1953. By the third quarter of 1954, tank 241-BY-107 was pumped to prepare it for receiving 
ferrocyanide scavenged uranium recovery process waste. From 1954 to 1957, waste from the CR 
vault was sent to tanks in the BY Tanlc Farm for settling during the ferrocyanide scavenging 
campaign. Tank 241-BY-107 was a principal settling tank. 

Tank 241-BY-107 became part of the in-tank solidification bottoms loop (ITS#2) in 1969. A 
heater was placed in tank 241-BY-112, and concentrated supernatants were circulated in a series 
of BY Tank Fann tanks. The tan1c was removed from service in 1975, and it was interim 
stabilized in 1979. 

The following evaluation of tank contents is perfonned to identify potential errors and/or missing 
infonnation that would influenc~ the sample-based and HDW model component inventories. 
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D3.1 EXPECTED TYPE OF WASTE BASED ON THIS ASSESSMENT 

Agnew et al. (1996) and Hill et al. (1995) have reported on the waste types in tank 241-BY-107. 
Agnew et al. provided HDW model-based predictions of current waste types and volumes as 
follows: 

BY saltcake 
1C2 
UR 
PFeCNl 
PFeCN2 

564 kL (149 kgal) 
91 kL (24 kgal) 
76 kL (20 kgal) 
114 kL (30 kgal) 
163 kL (43 kgal) 

The following abbreviations were used to designate waste types: 

BY saltcake 

cw = 
1C2 = 

EB-ITS = 

PFeCNI = 

PFeCN2 = 

UR = 

= Saltcake resulting from in-tank solidification of supernatants 
(evaporation using in-tank heaters) 

BiPO4 process aluminum cladding waste 
First decontamination cycle BiPO4 waste (also contains CW to 
neutralize the 1C2 waste). Occurred 1950 to 1956. 
Hill et al. (1995) designation for evaporator bottoms, comparable to BY 
saltcake 
Ferrocyanide sludge produced by in-plant scavenging of waste from 
uranium recovery process (0.OOSMferrocyanide) 
Same as PFeCNl with 0.0025M ferrocyanide.- . 
Waste from solvent extraction process used to remove uranium from 
waste sludges in the 1950s, sometimes called tributyl phosphate process 

An examination of segment level data from core samples (see Appendix B, Section B2.4) 
indicates areas with high concentrations of Fe and Ni which indicate nickel ferrocyanide 
scavenged waste. These same areas also contain elevated concentrations of Ca, nonradioactive 
Sr, and PO4 which probably indicates scavenging of 90Sr by precipitation as SrlPO4) 2 and 
CaJCPO4) 2• Based on segment level data, approximately 1 S percent of the core profile consists of 
the nickel ferrocyanide scavenged waste. Assuming a total tank inventory of 1,0 IO kL 
(266 kgal), the volume of the sludge layer is estimated to be approximately 151 kL (40 kgal). 

No other discernible sludge waste types were observed, for example, no areas with elevated 
bismuth concentrations were observed indicating that 1C2 waste solids are unlikely. An 
examination of segment level data indicated that the remaining waste (approximately 855 kL 
[226 kgal]) was probably BY saltcake. 

The sample data indicated that the HDW model over predicts the volume of sludge in 
tank 241-BY-107 with the actual volume being closer to that predicted by Hanlon (1996). Based 
on the sample information, this assessment assumes 151 kL (40 kgal) ferrocyanide scavenged 
sludge and 855 k.L (226 kgal) BY saltcake. 
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D3.2 ASSUMPTIONS 

For this evaluation. the following assumptions and observations were made: 

• Tank waste mass was calculated using sample-based densities and the total waste 
volumes listed in Hanlon (1996). 

• Only the BY saltcake and the PFeCN waste streams contributed to solids formation. 
The 1 C2/CW waste was not observed and was assumed absent. 

• Based on evaluation of the segment level profile of components from the core 
samples of tank 241-BY-107, the assumed BY saltcake volume is 855 kL (226 kgal), 
and the assumed PFeCN sludge volume is 151 kL (40 kgal). 

• No accurate and complete bulk component information exists for the ferrocyanide 
sludge layer from process flowsheet information for calculating the predicted 
engineering data set. 

• No radiolysis ofN03 to N02 and no additions of N02 to the waste for corrosion 
purposes are factored into this evaluation. 
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D3.3 BASIS FOR ASSESSING SALTCAKE INVENTORIES IN TANK 241-BY-107 

The BY saltcake represents salt waste supernatants that are evaporated and concentrated using in
tank heaters. In-tank solidification (ITS) campaigns were performed in the BY Tanlc Farm from 
1965 through I 976. Waste supematants that were evaporated originated primarily from BiPO,. 
process operations in 8 Plant. Heaters were placed in tanks 241-BY-101 , 241-BY-102, and 
241-BY-l 12. Certain BY Tank Farm tanks were designated as feed tanks. Concentrates from 
heated tanks were transferred to other tanks in the BY Tank Fann and some tanks in the BX 
Tank Farm where they cooled and crystallized (Agnew et al. 1995). 

Agnew et al. (1997) provides a defined waste composition for BY saltcake. Because of the 
complicated waste supernatant transfer history of feed to the ITS campaign and the lack of 
flowsheet basis for the waste, it is difficult to perform an independent assessment to estimate a 
saltcake composition that can be compared to the model-based BYSltCk composition. However, 
samples that contain BY saltcake from BY Tank Fann tanks and from tank 241-BY-107 have 
been analyzed and reported. Table D3-1 summarizes the composition of saltcake layers from 
tanks 241-BY-105, 241-BY-106, and 241-BY-110 based on segment-level analysis reported, 
respectively, in Simpson et al. (1996a), Bell et al. (1996), and Simpson et al. (I 996b). For 
comparison, the waste component concentrations for the BY saltcake layer for tank 241-BY-107 
(see Appendix B) are shown. The BY saltcake defined waste composition from Agnew et al. 
(1997) is also shown. The mean analyte concentrations from the top three-and-one-half segments 
of the two four-segment core samples from tank 241-BY-107 (see Appendix B) were used as the 
BY saltcake basis for this tank. 

As indicated in Table D3-l , the average concentrations of most major components for the three 
BY Tank Farm saltcake samples compare within approximately a factor of two to the tank 
241-BY-107 saltcake components. Exceptions include Al, Fe, Ni, and Cr which are significantly 
more concentrated in the BY saltcake of tank 241-BY-107. A possible explanation is that the 
core sample segments used as the basis for the tank 241-BY-107 saltcake composition contained 
some sludge mixed with saltcake. 

The average BY saltcake compositions based on sample analyses compared well to the predicted 
BY saltcake HDW model compositions for most major components (see Table D3-1). Note, 
however, that the sample fluoride concentrations were consistently about six to seven times 
higher than the HDW model concentrations. 
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Table D3-1. Concentrations of Components in BY Tank Fann Saltcake Samples (µgig). (2 Sheets) 

~)\~fflf Jlif iiii f \!lil~l1ililllii i\f.!• ,1~111f E iit& i 
Al 18,400 20,400 14,100 17,633 33,400 34,973 

Bi 55.6 NR NR 55.6 NR 114.9 

Ca 216 308 400 308 <2,900 1,791 

Chloride 897 2,060 2,250 1,736 2,400 2,859 ~ 
Cr 321 855 2,900 1,359 3,850 1,754 'Tl 

I 
Cf.l 

Fluoride 4,100 5,130 5,420 4,883 4,432 649 
t:, 
I 

Fe 476 215 924 538 1,450 749 ~ 
t, I 

I Pb 50.3 64.5 130 82 < 2,000 721 ~ 1,0 

°' Mn 54.8 9.57 52.8 39.1 <244 109 I.,.) 
....;a 

Ni 75.9 47.9 193 106 2,220 487 r 
N03 491,000 329,000 184,000 334,667 245,000 248,782 

;< 
0 
0:, 

N02 9,410 32,100 30,600 24,037 37,000 47,143 

Ox~ate 11,300 8,990 13,600 11,297 14,200 0.15 

P04 4,890 5,270 14,200 8,120 12,600 3,998 

p 1,010 1,032 4,650 2,231 < 6,600 NR 

K 712 2,470 1,930 1,704 3,770 956 

Si 180 184 451 272 < 1,100 1,319 

Ag 17.4 14.5 17.5 16.5 <200 NR 

Na 198,000 203,000 237,000 212,667 258,000 184,674 



Table D3-1. Concentrations of Components in BY Tank Fann Saltcake Samples (µg/g) . (2 Sheets) 

Sr 88.3 44.4 58.1 64 < 415 0.0 

so .. 10,600 11,300 18,400 13,433 16,800 11,373 

s 3,140 3,280 5,950 4,123 5,770 NR 

TIC NR 7,359 31,800 19,580 9,620 4,198 

TOC 3,250 . 2,500 5,920 3,890 4,080 4,465 

u 261 164.2 697 374 755 3,930 

t:1 
Zr 5.23 6.28 14.4 8.64 < 200 1.30 

1 -0 Density (g/mL) NR 1.71 NR 1.71 1.561 1.63 

wt%, H2O 16.1 25.5 23 .2 21.6 36.6 36.3 

137Cs NR 106 60 83.0 128 92.2 
90Sr NR <4.26 22.5 22.5 17.9 78 

23912•<>pu NR NR 0.0192 0.0192 NR 0.0572 

Total alpha 0.0168 < 0.00945 0.0434 0.0301 .018 NR 

Note: 
NR = Not reported. 
1Inc1udes solids and drainable liquid (see Appendix B). 
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D3.4 BASIS FOR ASSESSING SLUDGE INVENTORIES INT ANK 241-BY-107 

A defined waste composition for PFeCNl and PFeCN2 is provided in the HOW model (Agnew 
et al. 1997). The HOW model defined waste reflects the addition of potassium ferrocyanide, 
sodium ferrocyanide, and nickel sulfate to remove 137Cs from supernatants in uranium recovery 
wastes. The 137Cs was coprecipitated with the N!½NiFe(CN)6 precipitate. If the waste 
supematants contained high concentrations of9()Sr, nonradioactive strontium nitrate and/or 
calcium nitrate was added to coprecipitate the 90Sr as the insoluble phosphate. Scavenging ofU 
Plant waste was performed from 1954 to 1957 with the ferrocyanide sludges settling primarily in 
tanks 241-BY-106, 241-BY-107, 241-BY-108, or 241-BY-110. The accumulated sludges in 
these tanks were periodically transferred to tank 241-BY-104 or 241-BY-105. 

Tanks other than tank 241-BY-107, which contain ferrocyanide scavenged uranium recovery 
process sludges, have been sampled and analyzed (tanks 241-BY-104, 241-BY-105, 
241-BY-106, 241-BY-108, and 241-BY-110). In particular, segment-level evaluation of analyses 
from tanks 241-BY-106 and-241-BY-110 have provided clear evidence of solids compositions 
consistent with the defined waste basis for PFeCN. This assessment compares the average 
analyte concentrations for the ferrocyanide sludge component of tanks 241-BY-106 and 
241-B Y-110 to the analyte concentrations for the ferrocyanide components of tank 241-B Y -107 
(see Table D3-2). The average component concentrations for the bottom half segment of the two 
(four-segment) tank 241-BY-107 core samples were used because they appeared to represent the 
expected flowsheet basis for the ferrocyanide waste (see Appendix B). 

The average concentrations for most major components in the two BY Tank Farm PFeCN sludge 
samples compare within approximately a factor of two to the component concentrations in tank 
241~BY-107. The component concentrations also compare within an approximate factor of two 
to those of the HDW model PFeCN defined waste. A major exception is Ni which is 
approximately three•fold higher in the tank 241-BY-107 sludge layer than in the two comparison 
tank PFeCN samples or the HDW model PFeCN waste. An additional exception is that the 
HDW model predicts a much higher nitrate concentration for the PFeCN waste than found in the 
tank samples. 
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Chloride 

Cr 
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Fe 
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TIC 
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Zr 
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wt%H20 
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Table D3-2. Concentration of Components in BY Tank Fann 
Sludge Samples (,ug/g). (2 Sheets) 

30,800 28,300 29,550 46,750 

8,150 14,200 11,175 14,180 

NR 3,570 3,570 2,580 

1,120 2,220 1,670 2,075 

NR 4,220 4,220 1,705 

33,000 20,000 26,500 33,300 

NR 1,880 1,880 <2,000 

NR 228 228 725 

6,960 6,670 6,815 18,275 

NR 111 ,000 111 ,000 95,500 

NR 43,200 43,200 40,700 

NR 5,870 5,870 9,110 

NR 32,100 32,100 14,100 

20,500 10,500 15,500 25,600 

NR 2,930 2,930 3,700 . 

NR 1,190 1,190 2,920 

130,000 161,000 145,500 222,000 

NR 6,840 6,840 10,300 

NR 18,400 18,400 18,640 

NR 5,360 5,360 3,000 

5,580 6,430 6,005 2,130 

20,400 11 ,100 15,750 8,270 

NR 20,900 20,900 32,600 

589 19.7 304.35 < 192 

1.76 1.76 1.79 

37.3 30.5 33.9 37.6 

D-1 2 

NR 

6,483 

818 

53 .6 

1,284 

29,559 

NR 

NR 

4,469 

360,520 

36,000 

NR 

18,440 

NR 

208 

373 

163,669 

NR 

5,656 

NR 

1,942 

4,415 

117 

NR 

1.75 

28.4 



137Cs 
90Sr 

2391240Pu 

Total alpha 

Note: 
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Tab]e D3-2. Concentration of Components in BY Taruc Farm 
Sludge Samples (µgig) . (2 Sheets) 

508 140 324 NR 

763 348 555.5 NR 

0.0997 0.061 0.08035 NR 

0.253 NR 0.253 0.176 

206.2 

.183.5 

0.0021 

NR . 

NR = Not reported. 
1The average of PFeCNl and PFeCN2 is shown for comparison. 

D3.5 COMPARISON OF INVENTORY ESTIMATES 

Table D3-3 summarizes the estimated chemical inventories for tank 241-BY-107. The sample
based inventory for tank 241-BY-107, the predicted engineering assessment inventory, and the 
HDW model estimated inventory are shown. The engineering assessment inventory is based on 
the average analytical concentrations for the three BY Tank Fann saltcake comparison tan1cs and 
the two BY Tank Farm PFeCN comparison tan.ks. The calculated inventories for the saltcake 
and sludge components were added together to provide the total tank inventory estimate in 
Table D3-3. 

The engineering assessment assumed the average density of 1.71 g/mL_for the three BY Tank 
Farm saltcake comparison tanks and an average sludge density of 1.79 g/mL for the two BY 
Tank Fann PFeCN comparison tanks. As noted earlier, the assumed saltcake volume was 855 kL 
(226 kgal), and the assumed sludge volume was 151 kL ( 40 kgal). 

Toe following is an example calculation for the Na inventory shown in Table D3-3 for the 
engineering assessment: 

KgNa: 212,667 µgig x l.OE-06 g/µg x 1.71 kg/L x 855 kLsALTCAKE x 1,000 L/kL + 
145,500 µgig x l.OE-06 g/µg x 1.79 kg/L x 151 kLsLUDGE x 1,000 L/kL = 
350,000 kg 

Comments and observations about the inventories of selected components shown in Table D3-3 
are provided in the following text. 
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Aluminum. The Al inventory based on the tank 241-BY-107 sample analyses was 
approximately twice that of the engineering assessment and the HDW mode]. Tank 241-BY-l 07 
analytical data were considered the best basis because high Al concentrations were consistently 
found in the sludge and saltcake portions for both core samples. 

Bismuth. The Bi inventory predicted by the HDW model is significantly higher than the sample
based inventory. The major contribution of Bi from the HOW model is from IC2 waste. This 
assessment assumed that 1 C2 waste was not present in the tank becaus~ no areas with elevated Bi 
concentrations were found when examining tank 241-BY-l 07 segmeµt-level data. 

Potassium. The sample-based K inventory is significantly higher than predicted by the HDW 
model. High concentrations ofK were found in sludge and saltcake samples from the BY Tank 
Fann tanks. The HDW model assumes that ferrocyanide scavenging of 137Cs was performed by 
the addition of Na4Fe(CN)6 rather than K4Fe(CN)6• Records show, however, that significant 
quantities ofK,.Fe(CN)6 were also used. 

Nickel. The major source ofNi in tank 241-BY-107 is from the Ni ferrocyanide scavenging of 
uranium recovery waste to precipitate 137Cs. The profiles from both core samples from tank 
241-BY-107 showed a very high concentration of Ni in segment 4 (see Appendix B) which 
indicates the PFeCN sludge layer. The Ni concentrations for this layer were significantly higher 
than for other tanks containing the same PFeCN waste type. The reason for the higher Ni 
concentrations cannot be explained at this time. 

Sodium. The sample-based Na inventory is approximately twice that predicted by the HDW 
model because this assessment assumes a much higher contribution of saltcake to the tank 
inventory (855 kL [226 kgal]) than the HOW model (564 kL [149 kgal]). In addition, the Na 
concentrations in BY saltcake samples are consistently higher than the predicted Na 
concentration for the HDW model BY saltcake. 

Nitrate. The sample-based NO3 inventory is approximately the same as that predicted by the 
HDWmodel. 

Phosphate. The PO4 inventory for the BY Tank Fann comparison tanks (engineering 
assessment) and the HDW model inventory are comparable. However, the PO4 inventory based 
on sample analysis of tank 241-BY-107 is approximately double the engineering assessment and 
HDW inventory. Because the contribution of PO4 in the saltcake and sludge components for tank 
241-BY-107 core samples is consistently high, the sample-based inventory was selected as the 
best-basis inventory. 
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Fluoride. The sample-based fluoride inventory is approximately four times higher than the 
HOW model inventory. The sample analyses for the three BY saltcake comparison tanks and 
tank 241-BY-l 07 consistently show five to six times higher fluoride concentrations than 
predicted for the HOW model BY saltcake. 

Iron. The HOW inventory is two- to three-fold higher than the sample-based inventories. The 
HDW model assumes a much higher sludge content in this tank (538 kL (142 kgal] versus 
I 51 kL [ 40 kgal]) which provides the majority of the Fe contribution. 

Oxalate. The sample-based oxalate inventory is much higher than predicted by the HOW model. 
The analytical data show oxalate as a major organic degradation product, but the HOW model 
assumes that organic components are degraded to higher molecular weight species. 

Strontium. The sample-based Sr inventories are much higher than the HOW model predicted 
inventory. The HOW model does not assume that nonradioactive Sr was added to scavenge 90Sr 
as Sr3(P04)i during the ferrocyanide scavenging campaigns. Sample analyses and process history 
records provide substantial evidence that calcium and strontium were used for scavenging 90Sr 
from certain tank supematants. 

Total Hydroxide. Once the best-basis inventories were determined, the hydroxide inventory 
was calculated by performing a charge balance with the valences of other analytes. This charge 
balance approach is consistent with that used by Agnew et al. (1997). 

Table D3-3. -Comparison of Selected Component Inventory Estimates for 
Tank 241-BY-107 Waste. (2 Sheets) 

if i~~il ~ll - if i j\'ffli itijll !• llf !T 
Bi 81 <3,550 16,400 

K 3,280 6,670 1,030 

Ca 3,470 <5,990 6,050 

N03 519,000 416,000 469,000 

N02 46,800 80,500 62,600 

Ni 2,000 7,500 2,620 

so,. 24,600 31,300 . 14,100 

Cr 24,400 6,540 1,670 

P04 20,500 47,500 22,500 

F 8,280 7,380 1,470 
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Table D3-3. Comparison of Selected Component Inventory Estimates for 
Tank241-BY-107 Waste. (2 Sheets) 

;1'~~~l~~~ f :mlili1,: !'iiB~Jil1fflt=;= 
Al 33,800 72,200 33,200 

Fe 7,950 9,400 23,200 

Sr 1,940 2,690 0.0 

TIC 30,300 16,400 4,820 

TOC 9,940 8,400 6,340 

Oxalate 18,100 24,300 0.113 

u 6,200 8,540 7,720 

Na 350,000 473,000 283,000 

~O (percent) 23.5 37.7 35.1 

D4.0 DEFINE THE BEST-BASIS AND ESTABLISH 
COMPONENT INVENTORIES 

Information about chemical, radiological, and/or physical properties is used to perform safety 
analyses, engineering evaluations, and risk assessment associated with waste management 
activities, as well as regulatory issues. These activities include overseeing tank farm operations 
and identifying, monitoring, and resolving safety issues associated with these operations and with 
the tank wastes. Disposal activities involve designing equipment, processes, and facilities for 
retrieving wastes and processing them into a form that is suitable for long-term storage. 

Chemical and radiological inventory information are generally derived using three approaches: 
1) component inventories are estimated using results of sample analyses, 2) component 
inventories are estimated using the HDW model based on process knowledge and historical 
information, or 3) a tank-specific process estimate is made based on process flowsheets, reactor 
fuel data, essential material usage, and other operating data. Not surprisingly, the information 
derived from these different approaches is often inconsistent. 

An effort is underway to provide waste inventory estimates that will serve as the standard 
characterization for the various waste management activities (Hodgson and LeClair 1996). 
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As part of this effort an evaluation of chemical information for tank 241-BY-107 was performed, 
including the following: 

• Data from two push mode 1996 core samples (see Appendix B) 

• An inventory estimate generated by the HDW model (Agnew et al. 1997) 

• Comparing the summation of individual waste types and total waste concentrations 
with similar BY tanks. 

Based on this evaluation, a best-basis inventory was developed for tank 241-BY-107. For the 
following reasons, the sample-based inventory was selected as the best basis for analytes for 
which sample-based analytical values were available: 

• The sampling-based inventory analytical concentrations compared favorably to those 
of other BY tanks. 

• No methodology is available to fully predict BY saltcake or PFeCN from process 
flowsheet or historical records. 

• Waste transfer records are not always complete and accurate. 

• The engineering assessment supports the assumption that sample-based data appear 
reasonable and substituted additional information only for analytes for which high 
11 less than" values were reported by the sample-based data. 

• For analytes having no available values from the sample-based inventory or the 
engineering assessment-based inventory, the HDW model values were used. A note 
was made that they were oflower reliability (as were the engineering 
assessment-based values), 

The best-basis inventory for tank 241-BY-l 07 is presented in Tables D4-1 and D4-2. The 
inventory values reported in Tables D4-1 and D4-2 are subject to change. Refer to the Tanlc 
Characterization Database (TCD) (LMHC 1998) for the most current inventory values. 

Best-basis tank inventory values are derived for 46 key radionuclides (as defined in Section 3.1 
of Kupfer et al. 1997), all decayed to a common report date of January 1, 1994. Often, waste 
sample analyses have only reported 90Sr, 137Cs, 2391240Pu, and total uranium, or (total beta and total 
alpha) while other key radionuclides such as 6°Co, 99Tc, 1291, 154Eu, 155Eu, and 241Am, have been 
infrequently reported. For this reason it has been necessary to derive most of the 46 key 
radionuclides by computer models. These models estimate radionuclide activity in batches of 
reactor fuel, account for the split of radionuclides to various separations plant waste streams, and 
track their movement with tank waste transactions. (These computer models are described in 
Kupfer et al. 1997, Section 6.1 and in Watrous and Wootan 1997.) Model generated values for 
radionuclides in any of 177 tanks are reported in the Hanford Defined Waste Rev. 4 model 
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results (Agnew et al. 1997). Tue best-basis value for any one analyte may be a model result, a 
sample, or an engineering assessment-based result, if available. For a discussion of typical error 
between model derived values and sample derived values, see Kupfer et al. 1997, Section 6. t .10. 
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Table 04-1. Best-Basis Inventory Estimates for Nonradioactive Components in 
Tanlc 241-BY-107 (Effective January 31 , 1997). (2 Sheets) 

ifil~im~~· ;~~i,11!1i :fflillil~i!1rnJi".l!·.!l':·•t':;~ ': ... :; rI[\St:•i:l~~/K .; :l!1~!, 
Al 72,200 S 

Bi 81 E 

Ca 3,470 E 

Cl 4,970 s 
TIC as CO3 82,000 s 
Cr 6,540 s 
F 7,380 s 
Fe 9,400 s 
Hg 7.65 E 

K 6,680 s 
La 0.0 E 

Mn 119 E 

Na 473,000 s 
Ni 7,500 s 
N02 80,500 s 
N03 416,000 s 
OHmTAL 274,000 C 

Pb 628 E 

P04 47,500 s 

Si 2,360 s 
S04 31,300 s 

Sr 2,690 s 
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Sample reported< 3,500 

Based on engineering assessment. Sample 
reported< 6,000 

Simpson (1998) . 

Did not receive 224 waste 

Sample reported <458 

Calculated by mass balance difference 

M reported 663 

Determined by ICP. Corrected waste 
volume. 

Determined by IC. Corrected waste 
volume. 
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Table D4-1. Best-Basis Inventory Estimates for Nonradioactive Components in 
Tank 241-BY-107 (Effective January 31 , 1997). (2 Sheets) 

8,400 s 
8,540 s 
94.9 E S reported < 3 50 

'S = sample-based, M = HOW model-based, or E = engineering assessment-based. 

Table D4-2. Best-Basis Inventory Estimates for Radioactive Components in 
Tanlc 241-BY-107, Decayed January 1, 1994 (Effective January 31 , 1997). (3 Sheets) 

3H 74.6 M 

l•c 19.3 M 

S9Ni 3.07 M 
60Co 18 M 

63Ni 296 M 
79Se 1.64 M 
90Sr 33,600 s 
90y 33,600 s Based on 90Sr 

93zr 7.90 M 

93mNb 5.73 M 
99Tc 108 M 

106Ru 0.00358 M 

mmcd 41.5 M 
125Sb 80.4 M 

126Sn 2.45 M 

1291 0.209 M 
134Cs 0.882 M 
137Cs 241,000 s 
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Table D4-2. Best-Basis Inventory Estimates for Radioactive Components in 
Tank 241-BY-107, Decayed January 1, 1994 (Effective January 31, 1997). (3 Sheets) 

:i.m~ illl !!tl{llll lilli}llitilil!J: mi: !I[i .11tli!iii::1'!1' 11
;
1
!'.;'··•·:1rnill]l!l!U: 

137mBa 228,000 S Based on 137Cs 

151 Sm 5680 

1s2Eu 2.74 

is4Eu 303 

mEu 170 

226Ra 8.54E-05 

221Ac 0.00114 

228Ra 0.959 

229Th 0.0221 

231Pa 0.00573 

mTh 0.0354 

232u 5.91 

mu 22.7 

234u 3.1 

mu 0.125 

236u 0.0686 

237Np 0.364 

mpu 0.924 

mu 2.85 

mpu 35.8 

24opu 5.85 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

SIM 

SIM 

SIM 

SIM 

SIM 

M 

SIM 

SIM 

SIM 

SIM 
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Added model value. 

Based on total U: used HDW isotopic 
ratios. 

Based on total U: used HDW isotopic 
ratios. 

Based on total U: used HDW isotopic 
ratios. 

Based on total U: used HDW isotopic 
ratios. 

Based on total U: used HDW isotopic 
ratios. 

Based on total alpha: used HOW 
isotopic ratios. 

Based on total U: used HDW isotopic 
ratios. 

Based on total alpha: used HDW 
isotopic ratios. 

Based on total alpha: used HDW 
isotopic ratios. 
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Table D4-2. Best-Basis Inventory Estimates for Radioactive Components in 
Tank 241-BY-107, Decayed January 1, 1994 (Effective January 31, 1997). (3 Sheets) 

241Am 

24lpU 

242Cm 

242Pu 

243Am 

243cm 

244Cm 

Notes: 

15.9 SIM 

65.7 SIM 

2.75E-03 SIM 

3.16E-04 SIM 

5.44E-04 SIM 

5.64E-05 SIM 

l.02E-04 SIM 

1S = Sample-based 
M = HDW model-based (Agnew et al. 1997) 
E = Engineering assessment-based. 

Based on total alpha: used HDW 
isotopic ratios. Sample reported < 458 

Based on total alpha: used HDW 
isotopic ratios. 

Based on total alpha: used HDW 
isotopic ratios. 

Based on total alpha: used HDW 
isotopic ratios. 

Based on total alpha: used HDW 
isotopic ratios. 

Based on total alpha: used HDW 
isotopic ratios. 

Based on total alpha: used HDW 
isotopic ratios. 
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