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3.0 BEST-BASIS INVENTORY ESTIMATE 

Information about the chemical and/or physical properties of tank wastes is used to perform 
safety analyses, engineering evaluations, and risk assessments associated with waste 
management activities, as well as to address regulatory issues. Waste management 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 the wastes 
into a form that is suitable for long-term storage. 

Chemical inventory information generally is derived using two approaches: 1) component 
inventories are estimated using the results of sample analyses; and 2) component inventories 
are predicted using a model based on process knowledge and historical information. The most 
recent model was developed by Los Alamos National Laboratory (LANL) (Agnew et al. 
1997). Not surprisingly, information derived from these two different approaches is often 
inconsistent. 

An effort is underway to provide waste inventory estimates that will serve as standard 
characterization information for the various waste management activities (Hodgson and 
LeClair 1996). Appendix D contains the complete narrative regarding the derivation of the 
inventory estimates presented in Tables 3-1 and 3-2. 

Table 3-1. Best-Basis Total Inventory Estimates for Nonradioactive Components in 
Tank 241-AN-105 as of May 31 , 1996. (2 sheets) 

. . . _Tot~l inv~~(ori : .: . · ::-' :. ·:. , :. _.:: · . ._i: .. \ ·.\. · :: . : :Ba,sis . ·: .. 't ··.: .. :· . :i · .. : : 
•, :. . (~g) :.: ... _·: :•, . _., _: (S, M~ or E) ,.-,:· . . ·· .. .' . 

Al 156,000 S 

Bi < 281 s 
Ca < 1,100 s 
Cl 40,800 s 
TIC as C03 197,000 s 
Cr 6,060 s 
F 4,340 s 
Fe 306 s 
K 25,400 s 
La < 581 s 
Mn < 59.4 s 
Na l.10E+06 s 
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Table 3-1. Best-Basis Total Inventory Estimates for Nonradioactive Components in 
Tank 241-AN-105 as of May 31, 1996. (2 sheets) 

1•11111111111111• •· 
< 129 . S 

504,000 S 

728,000 s 
214,000 s 
265 s 
20,300 s 
950 s 
22 ,900 s 
< 32.1 s 
30,000 s 
242 s 
< 43 .5 s 

Percent water 46.6 s 
Density, g/mL 1.56 s 

Notes: 
1S = Sample-based, M = Hanford Defined Waste model-based , E = Engineering assessment-based. 

Table 3-2. Best-Basis Inventory Estimate for Radioactive Components in Tank 241-AN-105 

3H 1410 M 
14c 198 M 
s9Ni 11.1 M 
60Co 124 s 
63Ni 1090 M 
79Se 21.9 M 
90Sr 33 600 s 
90y 33 600 s based on 90Sr 
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Table 3-2. Best-Basis Inventory Estimate for Radioactive Components in Tank 241-AN-105 
Deca ed to Janu 1 1994 ffective Ma 31 ==== 

!tl• Jlill.li 
93mNb 77.6 M 
93zr 106 M 
~c 1,170 s 
106Ru 0.056 M 
mmcd 552 M 
125Sb 1330 M 
126Sn 33.2 M 

1291 11.0 s 
134Cs 208 M 

137mBa 794,000 s based on 137Cs 
137Cs 836,000 s 
151Sm 77200 M 
1s2Eu 26.9 M 
154Eu < 565 s 
1ssEu < 2,260 s 
226Ra 9.14 E-04 M 
221Ac 0.00565 M 
22sRa 2.03 M 
229Th 0.0471 M 
231Pa 0.0249 M 
232Th 0.212 M 
mu 6.32 M 
mu 24.2 M 
234u 5.5 M 
mu 0.216 M 
236u 0.249 M 

231N 25.8 s 
23Spu 11.8 M 
mu 6.53 M 

239t24°J>u 6.43 s 
241Am 10.1 s 
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Table 3-2. Best-Basis Inventory Estimate for Radioactive Components in Tank 241-AN-105 

243Am 

920 M 
0.987 M 

0.00457 M 

0.0188 M 
< 4.27 s 

1 S = Sample-based 
M=Hanford Defined Waste model-based 
E = Engineering assessment-based 

3-4 



HNF-SD-WM-ER-678 Rev. 0-B 
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APPENDIXD 

EVALUATION TO ESTABLISH BEST-BASIS 
INVENTORY FOR TANK 241-AN-105 

An effort is underway to provide waste inventory estimates that will serve as standard 
characteriz.ation source terms for the various waste management activities (Hodgson and 
LeClair 1996). As part of this effort, an evaluation of available information for 
tank 241-AN-105 was performed, and a best-basis inventory was established . . This work, 
detailed in the following sections, follows the methodology that was established by the 
standard inventory task. 

D1.0 CHEMICAL INFORMATION SOURCES 

Available composition information for the waste in tank 241-AN-105 is as follows: 

• Steen (1997) and Appendix B of this report provides characterization results 
from the June 1996 core sampling event. 

• A feed projection document that supported grout treatment facility studies 
provides estimates of the waste in tank 241-AN-105 based on 242-A Evaporator 
slurry product data (Hendrickson 1994). 

• The HDW model document (Agnew et al. 1997) provides tank content estimates 
in terms of component concentrations and inventories. A complete lisi of data 
sources used in this evaluation is provided at the end of this section. 

A complete list of data sources used in this evaluation is provided at the end of this section. 

D2.0 COMPARISON OF COMPONENT INVENTORY VALUES 

There have been no transfers (with the exception of a small amount of flush water) into or out 
of tank 241-AN-105 since 1985. The HDW model provides composition estimates for the 
waste in tank 241-AN-105 as of January 1, 1994. Sample-based inventories derived from the 
June 1996 core samples and inventories generated by the HDW model (Agnew et al. 1997), 
are compared in Tables D2-1 and D2-2. (The chemical species are reported without charge 
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designation per the best-basis inventory convention). A tank volume of 4,270 kL (1,129 kgal) 
was used to generate the sample-based and HDW inventories. The sample based densities are 
1.42 g/mL for the liquid and 1.59 g/mL for the salt slurry. The sample based bulk density is 
1.56 g/mL. The HDW model bulk density is 1.88 g/mL. The sample-based inventories were 
taken from the inventory tables in Section B3.4.3. The liquid comprises 60 percent of the total 
volume; the salt slurry occupies 40 percent. The inventories that included the less than values 
(those having a "w" extension) but excluded the outliers ("ed") were used in this assessment. 

Table D2-1. Sampling and Hanford Defined Waste Model Inventory Estimates for 
Nonradioactive Components in Double-Shell 

Tank 241-AN 105 (2 sheets) 
. . .. -.·.·.· . ••· ::·:.:r:·<• ... :/:,\:<:•<.···. •::.. .•,:. 

.. ilbWModel> Analyte June 1996 · •• Junel996 ·.•• • I nventory based \ ··•· .. . . 

Inventory based on · Inventory Inventory {kg) ·: · on Evaporatcfr /. 
segment data from based on .... 

.·······~ •S:t:~;)? ;~l::···••::•······ both core samples ·••• · composite .of << 
(kg) X core 152 (k~) 

.. 
.. ·:::::::· 

·•·· 
.. > .· > .. 

Al 168,000 145,000 271,000 201 000 

Bi 196 < 242 1,670 NR 

Ca < 1,880 2 ,860 9,560 NR 

Cl 40,100 41 ,500 54,800 36,400 

col NR 197,000 234 ,000 93,000 

Cr 7,250 4 ,780 35 ,600 2 ,890 

F 5 ,760 2 ,900 8,720 NR 

Fe < 263 349 3,730 47. 1 

Hg NR NR 11.8 NR 

K 26,100 24,700 17,800 26,200 

La < 144 < 131 11.8 NR 

Mn < 71.8 < 47.1 2,200 NR 

Na l.13E+06 l.07E+06 2.02E+06 l.18E+06 

Ni < 141 116 2,660 NR 

NO, 485,000 523 ,000 609,000 513 ,000 

NO, 712 000 744 000 l.88E+06 826.000 
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Table D2- l. Sampling and Hanford Defined Waste Model Inventory Estimates for 
Nonradioactive Components in Double-Shell 

Tank 241-AN 105 2 sheets 

OH 

Pb 

PO 

Si 

so 
Sr 

TOC 

u 
Zr 

% water 

densit , /mL 

Notes: 

····i•·•··> 1JnJl996 •• 
lnv~htory b.~sed tih 
> segment data from 
/both.C<Jre saJ?ples 

NR 

266 

23,700 

920 

24,100 

26.6 

NR 

NR 

< 46.4 

46.6 

1.56 

NR = not reported 

1Hendrickson 1994. 

214 000 997 000 

< 264 1 540 

16,800 74,700 

980 13 600 

21,700 159 000 

< 24.2 0 

30,000 109,000 

242 13 800 

< 40.7 149 

46.6 17.2 

1.56 L88 

D-5 

264 000 

NR 

8 110 

NR 

28,000 

NR 

14 400 

NR 

NR 

NR 
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Table D2-2. Sampling and Hanford Defined Waste Model Inventory Estimates for 
Radioactive Components in Double-Shell Tank 241-AN-105. 

eca ed to Janu 1 .1994 

60Co NR < 124 253 NR 

90Sr NR 33 600 665 000 13 800 

90y NR 33 600 665,000 NR 

~c NR 1 174 1 500 NR 

1291 NR 11.0 2.89 NR 

137Cs NR 848,000 l.48E+06 215 000 
137mBa NR 805 000 l.41E+06 NR 

. 154Eu NR < 565 4,020 NR 

1ssEu NR < 2,250 1,660 NR 

231N NR < 25.8 5.28 NR 

2391240pu NR < 6.42 359 44.1 

241Am NR 10.1 429 NR 

244Cm NR < 4.27 0.92 NR 

Note: 

1Hendrickson 1994. 
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The HDW model estimates for tank 241-AN-105 were derived by combining the supernatant 
streams that were believed to have been concentrated in the 242-A evaporator and then sent to 
tank 241-AN-105. This part of the HDW model is called the supernatant mixing model 
(SMM). The compositions of the supernatants are derived largely from bulk compositions of 
process waste streams that left the various processing facilities. To obtain the supernatant 
fractions, these bulk compositions are multiplied by solubility factors determined from the 
highest concentrations found among supernatant sample analyses. The higher inventories 
HDW model inventories for .tank 241-AN-105 and other DST supernatants and slurries, when 
compared to their respective laboratory sample results, appear to be due to overestimation of 
the solubility of waste constituents in the process waste streams. 

The periods in which tank 241-AN-105 received DSSF from the 242-A Evaporator and other 
waste tanks are accurately known (See Table A3-1, Appendix A). Slurry product 
concentration data from 242-A Evaporator post run documents can be obtained for each batch 
of feed processed. This data combined with the fill history of tank 241-AN-105 can be used to 
estimate the composition of tank 241-AN-105. This can serve as a check againsrthe 
sample-based and HDW model inventories. 

In 1994, an analysis of the DSSF in tanks 241-AN-104 and 241-AN-105 was performed 
(Hendrickson 1994). The results for tank 241-AN-105 are shown in column 5 of Tables D2-1 
and D2-2. This table demonstrates close agreement between 242-A evaporator slurry data and 
the June 1996 core samples for all major components including Na, OH", NO2, and NO3. For 
K, and so~-. components present in lower concentrations, the June 1996 sample inventories 
and the inventories calculated from evaporator data are essentially the same. Al, Cl", Cr, Fe, 
PO!°, TOC, 90Sr, and 239124°I>u inventories determined from the evaporator post-run data are 
also in closer agreement to the June 1996 data than the HDW model. 

D3.0 COMPONENT INVENTORY EVALUATION 

The evaluation of the core sample data in Appendix B noted that the relative percent 
differences (RPD) between the samples and duplicates, and spike recoveries for a number of 
analytes during individual segment analyses were outside the specified ranges (See 
Section B2.0). These discrepancies were attributed to the heterogeneity of the waste. Another 
factor for analytes such as 241Am, Ca, Li, Fe, Zr, Si, Mn, and Ni, whose RPDs were outside 
the required range is that their segment concentrations were at or near the detection limits. In 
Table D3-1, inventories for the supernatant and salt slurry portions based on the means of the 
segment data for both cores and the Core 152 composite are shown. Core 152 was taken from 
riser 12A near the center of the tank and Core 153 was taken from riser 7B twenty feet 
southwest of the center. 
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Table D3-1. Comparison of June 1996 Core Sample-based Inventories. 

ll• l!ll11!l!II 
Al 107,000 59,600 168,000 91,500 53,300 144,500 

Bi NR 196 196 < 134 < 97.7 < 232 

Ca < 154 1,730 1,880 2,250 606 2,860 

Cl 26,200 13,900 40,100 26,100 15,350 41,500 

CO3 NR NR NR 28,100 169,000 197,000 

Cr 576 6,670 7,250 573 4,300 4,780 

F 752 5,010 5,760 < 138 2,760 2,900 

Fe < 77.1 186 263 163 148 311 

K 16,800 9,300 26,100 16,700 8,040 24,700 

La < 77.1 < 66.7 < 144 < 77.1 < 54.02 < 131 

Mn < 15.1 56.7 < 71.8 < 15.4 31.7 < 47.1 

Na 633,000 493,000 1.13E+06 655,000 418,000 l.07E+06 

Ni < 30.7 110· 141 < 30.7 85.6 116 

NO2 313,000 172,000 485,000 334,000 189,000 523,000 

NO3 412,000 300,000 712,000 429,000 315,000 744,000 

OH NR NR NR 150,000 64,000 214,000 

Pb 138 128 266 < 154 < 110 < 264 

PO4 1,930 21,800 23,700 2,670 14,100 16,800 

Si 559 361 920 425 555 980 

SO4 7,190 16,900 24,100 2,480 19,200 21,700 

Sr NR 26.6 26.6 < 13.4 < 10.1 < 24.2 

TOC NR NR NR 15,600 14,400 30,000 

u NR NR NR 9.13 233 242 

Zr < 15.6 30.8 < 46.4 < 15.4 25.3 < 40.7 

Note: 
•Based on acid digest. Ni concentrations from fusion analyses are biased from Ni in the fusion crucible. 
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For major components (Al, Na, No2· , NO3"), the RPDs between the total inventories are less 
than 15 percent. For analytes with RPDs < 20 percent, an average of the results in columns 4 
and 7 are assumed to be appropriate for the best basis inventory. Generally, the mean 
concentrations from the segment data should be more accurate than the single core composite 
data because these means are based on concentrations taken from both cores. Reconciliation 
for analytes with RPDs > 20 percent are provided in the list below. 

1. Calcium (Ca) 

The RPD for the two total inventories is 41 percent. From Table B2-38, Ca liquid 
concentrations in all of the segments from both cores are below the detection limit 
( <42.3 µgig). The Ca liquid concentration in the Core 152 composite is 618 µgig. This 
number may be in error and may be a result of solids being present in the sample and included 
in the acid digestion. The < 154 kg value from the segment-based inventory is used for the 
best basis. 

The salt slurry inventory for Ca in the segment-based sample is 2. 85 times higher than the 
composite-based inventory. Table B2-31 for the solids acid digest results suggests horizontal 
heterogeneity between Core 152 and Core 153. An average of the salt slurry inventories in 
Table D3-1 is used in the best-basis inventory. 

2. Fluoride (F) 

The RPD for the two total inventories is 49 percent. Concentrations for F from the segment 
data vary considerably from segment to segment for both cores. An average of the 
segment-based data and the core 152 composite is used to determine the best-basis inventory. 

3. Manganese (Mn) 

The RPD for the two total inventories is 42 percent. The calculated inventories are < 
71.8 kg and < 47.1 kg. Both cores show wide variation in Mn concentrations in the salt 
slurry segment concentrations. An average of the segment-based data and the core 152 
composite is used to determine the best-basis inventory. 

4. Phosphate (PO/) 

The RPD for PO/- for the two total inventories is 34 percent. Table B2-59 shows that Core 
153 contained higher PO4 concentrations than Core 152, implying horizontal heterogeneity. 
An average of the segment-based data and the core 152 composite is used to determine the 
best-basis inventory. 
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D4.0 DEFINE mE BEST-BASIS AND ESTABLISH COMPONENT INVENTORIES 

Inventories based on the June 1996 sampling event should serve as the basis for the best 
estimate inventory to tank 241-AN-105 for the following reasons: 

1. The June 1996 sampling event provides the most recent data for the waste. 

2. Estimates based on 242-A Evaporator product sample data agrees with the June 
1996 data. 

3. The HDW model estimate overestimates slurry and supernatant inventories due 
to solubility assumptions that are biased high . 

Best-basis inventory estimates for tank 241-AN-105 are presented in Tables D4-1 and D4-2. 
Radionuclide values are decayed to January 1, 1994. The inventory values reported in Tables 
D4-1 and D4-2 are subject to change. Refer to the Tank Characterization Database (TCD) 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, 239124°I>u, and total uranium, or (total beta and 
total alpha) while other key radionuclides such as 6°Co, ~c, 1291, 154Eu, 155Eu, and 241 Am, etc., 
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 either a model result or a sample or engineering assessment-based result if available. 
(No attempt has been made to ratio or normalize model results for all 46 radionuclides when 
values for measured radionuclides disagree with the model.) 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 D4-l. Best-Basis Inventory Estimates for Nonradioactive Components in 
Tank 241-AN-105 Supernatant as of May 31, 1996. (2 sheets) 

11••·· Al 99,200 S 

Bi < 134 s 
Ca < 154 s 
Cl 26,100 s 
TIC as CO3 28,100 s Core composite data. 

Cr 573 s 
F < 445 s RPD > 20 percent 

Fe 120 s Segment-based < 77 .1 

K 16,700 s 
La < 77.1 s 
Mn < 15.2 s 
Na 644,000 s 
Ni < 30.7 s 

323 ,000 s 
420,500 s 

OH 150,000 s Core composite data. 

Pb < 146 s Composite < 154 

2,300 s 
Si 492 s 

4,840 s 
Sr < 13.4 s 
TOC 15 ,600 s Core composite data. 

9.13 s Core composite data. 

Zr < 15.5 s 
Percent water 51.9 s 
Density, g/mL 1.42 s 

Notes: 
1S = Sample-based, M = Hanford defined waste model-based , E = Engineering assessment-based. 
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60Co 
90Sr 

~c 

239t24°J>u 

241Am 

2431244cm 

Notes: 
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Table D4-2. Best-Basis Inventory Estimates for Radioactive Components in 
Tank 241-AN-105 Supernatant as of May 31, 1996. 

(Decayed to January 1, 1994) (2 sheets) 

112 s 
112 s 
701 s 
0.685 s 
1,290 s 
1,230 s 
< 250 s 
< 835 s 
< 0.0566 s 
0.0953 s 
0.100 s 
0.110 s 

1S = Sample-based , M = Hanford defined waste model-based, E = Engineering assessment-based 
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Table D4-3. Best-Basis Inventory Estimates for Nonradioactive Components in 
Tank 241-AN-105 Salt Slurry as of May 31, 1996. 

11111 
Al 56,500 s 
Bi < 147 s 
Ca 942 s 
Cl 14,620 s 
TIC as CO3 169,000 s Core composite data. 

Cr 5 ,490 s 
F 3,890 s 
Fe 186 s 
K 8,670 s 
La < 60.4 s 
Mn 44.2 s 
Na 456,000 s 
Ni 97 .8 s 
NO2 181,000 s 
NO3 308,000 s 
OH 64 ,000 s Core composite data. 

Pb < 119 s 
PO4 18,000 s 
Si 458 s 
SO4 18,000 s 
Sr < 18.7 s Core composite data. 

TOC 14,400 s Core composite data. 

UTOTAL 233 s Core composite data. 

Percent water 44.7 s 
Density, g/mL 1.59 s 
Zr 28 .1 s 

Notes : 
1S = Sample-based, M = Hanford defined waste model-based , E = Engineering assessment-based. 
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60Co 
90Sr 

~c 

2391240pu 

2431244cm 

Notes: 
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Table D4-4. Best-Basis Inventory Estimates for Radioactive Components in 
Tank 241-AN-105 Salt Slurry as of May 31, 1996. 

(Decayed to January 1, 1994) 

33,500 s 
33,500 s 
473 s 
10.3 s 
835,000 s 
793,000 s 
< 315 s 
< 1,420 s 
< 29.9 s 
6.33 s 
9.97 s 
< 4.16 s 

1S = Sample-based, M = Hanford defined waste model-based, E = Engineering assessment-based. 

Table D4-5. Best-Basis Total Inventory Estimates for Nonradioactive Components in 
Tank 241-AN-105 as of May 31, 1996. (2 sheets) 

::: t:: ::::::1:mij1 :mi1ni~1:11:::;111:::::Iij::111::r :::j:::j:1:111:1:11111:::::1::::::1:::::t::i:i::1i1:1111111:1:1:1:1::t: :rtr@ 
:: Ii :::,~gg\}I::::Jt::::::::::tit't :::t::::::I:::l(llIS:~Iir!11'1Nit f : 

Al 156,000 S 

Bi < 281 S 

Ca < 1,100 s 
Cl 40,800 s 
TIC as CO3 197,000 s 
Cr 6,060 s 
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Table D4-5. Best-Basis Total Inventory Estimates for Nonradioactive Components in 
Tank 241-AN-105 as of May 31, 1996. (2 sheets) 

_: ·:·:/_:=: ._ =·::~ota~-:::re~~Y_:;.i·,\),i:i::.. :·.-.,:.:- _i>=/:<~ji:S:--~f \i :·;:-:::: .::: ::: . 
F 4,340 S 

Fe 306 s 
K 25,400 s 
La < 581 s 
Mn < 59.4 s 
Na 1.10E+06 s 
Ni < 129 s 

504,000 s 
728 ,000 s 

OH 214,000 s 
Pb 265 s 

20,300 s 
Si 950 s 

22,900 s 
Sr < 32.1 s 
TOC 30,000 s 

242 s 
Zr < 43.5 s 
Percent water 46.6 s 
Density, g/mL 1.56 s 

Notes: 
1S = Sample-based, M = Hanford Defined Waste model-based, E = Engineering assessment-based. 
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Table D4-6. Best-Basis Inventory Estimate for Radioactive Components in Taruc 241-AN-105 
Deca ed to J anua 1, 1994 ffective Ma 31, 1996 . 

1w11,111•1 
3H 1410 M 
14c 198 M 
S9Nj 11.1 M 
60Co 124 s 
63Ni 1090 M 
79Se 21.9 M 
90Sr 33,600 s 
90y 33,600 s based on 90Sr 

93mNb 77.6 M 
93zr 106 M 
99Tc 1,170 s 
106Ru 0.056 M 
mmcd 552 M 

125Sb 1330 M 
126Sn 33 .2 M 

1291 11.0 s 
134Cs 208 M 

131mBa 794,000 s based on 137Cs 
137Cs 836,000 s 
lSlSm 77200 M 
1s2Eu 26.9 M 
154Eu < 565 s 
155Eu < 2,260 s 
226Ra 9.14 E-04 M 
221Ac 0.00565 M 
228Ra 2.03 M 
229Th 0 .0471 M 
231Pa 0.0249 M 
232Th 0.212 M 
232u 6 .32 M 
mu 24.2 M 
234u 5.5 M 
mu 0.216 M 
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Table D4-6. Best-Basis Inventory Estimate for Radioactive Components in Tank 241-AN-l 05 

2391240pu 

241Am 

243Am 

M 
· 25 .8 s 

11.8 M 
6.53 M 

6.43 s 
10.1 s 
920 M 

0.987 M 
0.00457 M 
0.0188 M 
< 4.27 s 

1 S=Sample-based 
M=Hanford Defined Waste model-based 
E=Engineering assessment-based 
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