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Table A3-3. Rl Sludge Concentration Estimate. (2 Sheets) 

9.71 <DL <DL 9.7 NR 

127,000 117,000 56,400 100,000 107,000 

63.1 26.6 49 46.2 NR 

<38.8 <45.7 NR <42.2 0 

322 247 234 268 5,020 

2,050 3,200 1,860 2,370 1,040 

2,230 2,350 1,180 1,920 1,830 

<65.7 . 145 150 <120 0 

1,960 ·1;720 1,160 1,613 32,200 

NR <0.126 NR <0.126 0 

539 300 457 432 .250 

<19.5 <2.07 NR. <10.8 0 

2,750 1,150 83 1,330 0 

112,000 121,000 60,400 97,800 106,000 

90.7 56 206 118 1,690 

31,100 25,,900 34,300 30,433 38,200 

119,000 191,000 57,600 122,500 187,000 

37 ·29.6 33 33.2 0 

1,360 <2,190 1,630 < 1,730 0 

278 93.2 391 254 NR 

343 472 293 369 NR 

1,360 1,330 1,060 1,250 129 

897 2,270 1,300 1,489 569 

456 424 378 420 0 

NR 4,140 NR 4,140 99.7 

NR 1,730 NR 1,730 0 

7,684 6,_690 8,685 7,690 207 

25.1 NR 2.4 13.8 NR 
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0.13 

1,340 

0.62 

<0.57 

3.59 

32 

25.7 

< 1.61 

21.6 

<0.0017 

5.8 

<0.145 

17.8 

1,310 

1.58 

407 

1,641 

0.44 

23.2 

3.4 

4.9 

16.7 

20 

5.6 

55.5 

23.2 

103 

0.18 



Zr 

· density
(g/mL)

36 

1.77 

Radionuclidesr (µCi/g) 

- OOSr . .NR 

98-

NR = Not reported 
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�13.6 131 

1..64 .1.90 

301 276 

60.5 . · 74 

HDW = Hanford Defined Vvaste 
• Kruger et al. (1996)
b DiCenso et al. (1994)

66.9 0 0.90 

1.77 1.76 1.77 

288 529 3,860 Ci 

77.6 31.9· 1,040 C1 

c Statistically determined median Rl sludge concentra,tions for tank 241-S-107 
contained in the attachment to Simpson et al. (1996) 

d Average of analyte concentrations for tank.241-S-101., 241-S-104, and 241-S-107 
�- Agnew et al. (1997) for Tank 241-SX-113 (Rl Waste portion only) 
r Radionulcides decayed to January 1, 1994. 

A3.4.2.2 Contribution to hLventory from Diatomaceous Earth. In 1972 three truck 
loads, approximately (4.08 E+04 kg) of diatomaceous earth were added to tank 241-SX-113 
(Buckingham and Metz 1974). 

The.nominal composition of diatomaceous earth is as follows (all wt%): 

Al203 - 1.1 Al - 0.:58 
CaO - 0.9 Ca - 0.64 
F�03 - 2.0 Fe - 1.4 
SiO2 -· 92.3 Si - 43 .1 
MgO - 0.4 (Mg not reported in best-basis) 

Given this composition and assuming that all the ·components of the diatomaceous earth 
remained in the tank, 45 tons (4.08 E+04 kg) of diatomaceous earth contributed the 
following listed quantities of material (stated on an elemental basis) to the inventory of waste 
in tank 241-SX-113: 
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SiO2 - 92.3- Si - 43.1 
MgO - 0.4 (Mg not reported in best-basis)

Given this composition an� assuming that all the components of the diatomaceous �rth 
remained in the tank, 45 tons (4.08 E+04 kg) of diatomaceous earth contributed the 
following listed quantities of-material (stated on an elemental basis) to the inventory of waste 
in tank 241-SX-113: 

Sample calculation for Al: 0.0058 x 40,800 kg = 237 kg 

Element 
Al 
Si 
Ca 
Fe 

kg 

237 
17,600 
261 
571 

The inventory from diatomac:eous earth for these four analytes is added to those for the 
sludge and are shown in Table A3-4. 

The exact long-term chemical behavior of the diatoma�eous earth added to tank 
241-SX-113 is not known. Buckinigham and Metz (1974) noted that SiO2 in diatomaceous
ear� can undergo one of two principal reactions:

For charge balance purposes, Agnew et al. (1996) in th� HDW model assumed that the 
added SiO2 ·reacted to form NazSiO3 • The same assumption, made he�e in the independent 
engineering assessment, leads to the presence of 28 MT of sodium deriving from the 
stoichiometric amount of NaOH required to react with 17.5 MT of silicon. There is no 
evidence that the silicon in this tank reacted in either of the above ways to any significant 
degree. The measured sodium in the tank does not support such reactions of having occurre4 
to any significant degree. The purpose of adding the diatomaceous earth was to bind the 
sludge and having added additional sodium would have been counter productive as it would 
have solubilized the silicon. 

Total contributions to the tank 241-SX-113 inventory from both REDOX process HLW 
and diatomaceous earth are listed in Table A3-4. 

Inventory Comparisons 

The HDW, sample-based and the _engineering assessment inventories are compared in 
Table A3-4 and in the observations that follow the table. 
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_Table A3-4. Comparison of.Tank 241-SX-113 Historical Tank Content-Based Inventory 
Estimates for Selected Analytes with Engineeripg Assessment _Estimates.• 

Al . 1,660 

Bi 0.00 

Ca 4l9 

Cl 13.8' 

TIC as CO3
99.7 

Cr 24.3 

Fe 979 

Hg 0 

K 3.32 

La 0 

Mn 0.00 

Na 78,300 

Ni 22.5 

NO2 501 

NO3 2,480 

Pb 0.00 

PO4 0.00 

Si 17,500 

S04 7.5:5 

Sr 0.00 

TOC 0.0IO 

Zr 0.0ID 

Radionuclidee (Ci) 

�Sr 7,020 Ci 
137Cs 423 Ci 

HDW ='Hanford Defined ·waste 
NR

. 
= Not reported 

• Methodology for engineering assessment
1> Agnew et al. (1997)
c Temer and Villarreal (1997)
d Includes inventory from Diatomaceous Earth.
0 Radionuclides �ecayed to fanuary 1, 1994.
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<0.57 

265d

32.0 

55.5 

25.7 

593d 

<0.0017 

5.8 

<0.145 

17.8 

1,310 

1.58 

407 

1,641 

0.44 

<23.2 

17,6Q0d

20.0 

5.6 

23.2 

0.87 

3,860 Ci 

1,040 Ci 

1,190 

0.46 

211 

NR 

NR 

6.34 

1,360 

·NR

76.9

NR

36.6

95.9

0.60

. NR 

.NR 

0.68 

NR 

17,700 

NR 

3.28 

NR 

1.36 

NR 

NR 
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Alumiimm. Three values are listed in Table A3-4 for the aluminum content of tank 
241-SX-113. The HDW model predicts this tank to contain 1,660 kg of aluminum.
Calculations based upon analysis of auger samples indicate tank 241-SX-113 to contain
1,190 kg of alum�num. Finally, an independent engineering analysis based upon the
composition and amount of diatomaceou� earth and on the calculated composition (from data_
for tanks 241-S-101, 241-S-104, and 241-S-107) of the REDOX process sludge leads to a
value of 1,580 kg of aluminum.· Of this amount, 237 kg of aluminum arose from
diatomaceous earth added to the tank in 1972. The 1,580 kg froni the engineering
assessment was selected as the best-basis inventory estimate.

Bismuth. The HDW model predicts that waste in tank 241-SX-113 contains no· 
bismuth. This prediction is not correct since at least some of the REDOX process HLW 
contained bismuth, albeit at very low concentration. In point of fact, the HDW model 
simply did not include bismuth in REDOX process waste as one of its parameters. Based on 
analysis of auger samples for tank 241-SX-il3,- a bismuth inventory of 0.46 kg i$ predicted. 
This value is in reasonable agreement with the inventory of <0.57 kg predicted by an 
independent engineering analysis based upon the average composition of REDOX process -
sludge in tanks 241-S-101, 241-S-104, and 241-S-107. The engineering assessment value of 
<0.57 was selected as the best-basis inventory estimate. 

- C_alcium. Calcium entered tank 241-SX-l 13 both as a constituent of diatomaceous
earth added to the tank in 1972 and as an impurity in the commercial-grade NaOH used to 
neutralize the acidic REDOX process HLW added _to the tank in 1958. The diatomaceous 
earth ·added to the tank is estimated to have contributed 261 kg of calcium. The HDW model 
predicts tank 241-SX-l 13 to contain 4:19 kg of calcium while direct analyses of auger 
samples from the tank indicate a tank calcium inventory of 211 kg. The engineering 
ass�ssment value of 265 kg was selected as the best-basis calcium inventory estimate. 

Carbonate. Carbonate -in the waste in tank 241-SX-113 presumably formed by 
sorption of CO2 from the air by NaOH in the tank. The HDW model predicts that tank 
241-SX-113.contains 99.7 kg of carbonate. The.engineering assessment predicts 55.5 kg of
carbonate. This is accepted as the best-basis value.

Chloride. Auger samples from tank 241-SX-113 were not analyzed for chloride 
content. The HDW model predicts tank 241-SX-113 to contain 13.0 kg of chloride while an 
independent engineering assessment bas�d upon the assumption that the REDOX process 
HLW sludge in the tank has the same composition as the average composition of the sludges 
in tanks 241-S-101, 241-S-104, and 241-S-107 leads to a calculated 32 kg of chloride. Fot

best-basis inventory purposes the engineering assessment of 32 kg chloride is choseri.. 

Chromium. Throughout its operation, the REDOX process used sodium dichromate to 
oxidize plutonium to the extractable +6 state. When the REDOX process waste was made 
alkaline for interim storage most of the chromium remained as soluble Cr(VI) but some of 
the chromium was reduced to Cr(III) which precipitated as a hydrated oxide. 
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The HDW model (Rev. 4) predicts the solid waste in tank 241-SX-113 to contain 
24.3 kg of chromium, a value in close agreement with the 25.7 kg-predicted by an 
independent engineering assessment based upon the average composition of REDOX process 
sludges in tanks 241-S-101, 241-S-104, and 241-S-107. Direct analysis of auger samples 
from tank 241-SX-113 indicates that the tank only contains 6.34 kg of chromium. There is 
. the possibility that the auger samJple was _ not completely representative of all the waste in 
tank 241-SX-113. For this reason, the engineering assessment of 25. 7 kg was selected as the 
best-basis ·estimate of the chromium c_ontent of tank 241-SX-113. 

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. 
I!!. so!!le �es, �h:s a;,proact req::ires that_ other an�yte ·(e.g., .sodium or nitrate) inventories 
be adjusted to achieve the charge· balance. During such adjustments, the number o_f ._ 
significant figures is not increasedl. This charge balance approach is consistent with that used 
by Agnew et al. (1997). 

Iron. Three predictions of the iron content of tank 241-SX-113 are available 
(Table A3-4). The HDW model predicts tank 241-SX-113 to contain 979 kg of iron.· The 
HDW model prediction is in reasonable agreement with the value 1,360 kg calculated from 
analysis of auger samples taken from tank 241-SX-113. An independent engineering analysis 
based upon the assumption that th1e · composition of RED OX process sludge in tank 
241-SX-113 is the same as the average of the compositions of the same type of sludge in
tanks 241-S-101, 241-S-104, and 241-S-107 leads to a value of only 593 kg of iron in the
tank. This value also includes the iron contribution from diatomaceous earth added to the
tank. The sample based value of 1,360 was selected as the best-basis iron inventory in tank
241-SX-113.

Manganese. The HbW model (Rev. 4) does not predict tank 241-SX-l 13 to co.p.tain
any manganese. This result is the expected one since the composition of REDOX process 
HLW (Rl) used in model calculations _did not specify that manganese was present. Th_is 
latter composition· is in error because RED.OX process HL W generated through the fall of 
1959 is· known to have contained at least some manganese. From direct analyses of aug�r 
samples of the waste in tank 241-SX-1_13 the tank is estimated to contain 36.6 kg of 
manganese. An_ independent engineering assessment based on the ave�age of the composition 
of REDOX process sludge in tanks 241-S-101, 241-S-104, and 241-S-107 leads to a value of 
17.8 kg of manganese in tank 241-SX-113. Finally, a separate calculation based upon the 
volume of REDOX process waste added to tank 241-SX-113 at an assumed manganese 
concentration of 0.0034M leads to a value of 50.9 kg. For. best-basis inventory purposes, the 
sample-based value of 36.6 kg was s.elected� 

Nickel. The HDW model predicts tank 241-SX- l 13 to contain as much as 22.5 kg of 
nickel. The other two prediction bases, i.e., assessment based upon analysis of auger 
samples and calculations based upon an assumed average composition of REDOX process 
sludge (tanks 241-S-101, 241-S-104, and 241-S-107), account for very much less nickel, 0.60 
and 1.58 kg, respectively. Nickel ii.n REDOX process sludge is believed to have arisen from 
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two sources, namely corrosion of stainless steel equipment and as a minor component in 
Al-clad uranium metal fuel. It is; also believed that the HOW model seriously overestimates 
th�. amount of stainless steel corrnsion which occurred in REOOX process operation. The 
engineering assessment of 1.58 k;g was selected as the best-basis inventory of nickel in tank 
241-SX-113.

Nitrate. The HOW model predicts tank 241-SX-113 to contain 2,480 kg of nitrate.
The indep�ndent engineering assessment bas_ed upon the assumption that the REOOX sludge 
in tank 241-SX-113 has the same composition as the average of the sludges in tanks · 
241-S-101, 241-S-104, and 241-S-197 leads to a predicted nitrate inventory of 1,.641 kg.
Note that the auger samples taken from tank 241-SX-113 were not analyzed for their nitrate
content. The J:>est-basis estimate of the nitrate inventory in tank 241-SX-113 js 1,641 kg, the
engineering assessment value.

Nitrite. The HOW model predicts tank _241-SX-113 to contain 507 kg of nitrite. The 
independent engineering assessment based upon the assumption that the REDOX process 
sludge in tank 241-SX-113 has the same composition as the average of the REDOX process 
sludge in tanks 241-S-101, 241-S-104, and 241-S-107 leads to a predicted nitrite inventory of 
407 kg, a value in reasonable agreement with ·the HDW model prediction. Note that the 
auger samples taken from tank 241-SX-113 were not analyzed for their content of nitrite. 
The best-basis inventory estimate of nitrite in tank 241-SX-113 is 407 kg, the engineering 
assessment value. 

Potassimn. Potassium was ilntroduced into tank 241-SX:-113 by two mech�nisms: 

1. Known KMnO4 added to REDOX process feedstock

2. As an impurity in the commercial-grade NaOH used. to neutralize acidic REDOX
process HLW.

The HDW model did not take� into account any KMnO4 present in waste added to the 
tank. Thus, the HOW estimate of 3.32 kg potassium presumably reflects the impurity level 
in the NaOH added to the REOOX process waste. The two other predictions (Table A3-4) 
of the potassium inventory of tank 241-SX-113 are both higher than the HDW model 
estimate, namely 5.8 and 76.9 kg. The sample-based estimate of 76.9 kg was picked as the 
best-basis to be conservative, since that is the amount �easured in the sample. 

Silicon. All the three different prediction bases (Table A3-4) state that tank 
241-SX-113 contains about 17,600 kg of silicon. That all these assessments should lead to

· the same stlicon inventory· is not surprising since all are based upon. the addition of 45 tons
of diatomaceous earth to the tank. The fact that direct analysis of the auger samples also
provides a silicon inventory of about 17,700 kg is good evidence that at least the top material
in the tank was satisfactorily sampled.
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Sodium. Inspection of the sodium data in Table A3-4 quickly reveals a wide disparity 
is · the tht:ee predictions of the inventory of sodium in tank 241-SX-l l 3. Analysis of auger 
samples from the tank indicate an impossibly low value of 95.9 kg. Conversely, the HOW 
model �timate ·of 28,300 kg sodium is highly questionable since Agnew et al. (1997) 
assumed this quantity of sodium was required for charge balan� purposes assuming all the 
silicon was present as the doubly ntgative charged Si� species. The best-basis inventory 
value of 1,310 kg sodium derives: from the independent engineering assessment which 
assumes that the composition of REDOX process sludge in tank 241-SX-113 is the same ·as 
the average composition of RED(jX process sludge� tanks 241-S-101, 241-S-104, and 
241-S-107.

Sulfate. Toe HDW model ,assumes that sulfate· ion, derived from ferrous sulfamate
used in REDOX process operations, was largely soluble in neutralized REDOX process 
HLW. On this very reasonable b:asis, the HDW model predicts tank 241-SX-113 to only 
contain 7.55 kg of sulfate. An independent engineering analysis based upon the assumption 
that the composition of REDOX process sludge in tank 241-SX-113 is the same as the 
average composition of REDOX process sludge in tanks 241-S-101, 241-S-104, and 
241-S-107 leads to a calc:ulated sulfate inventory of 20 kg. The engineering assessment value
of 20 kg, was selected· as the best--basis inventory value.

Uranium. The HDW model predicts tank 241-SX-113 to only contain 2.75 kg (9.19 
E-04 Ci) of uranium (as 238U). Conversely, an independent engineering analysis based upon
the average composition of the REDOX process sludge in tanks 241-S-101, 241-S-104, and
241-S-107 predicts the tank to contain 103 kg of uranium. Uraniull! in auger samples
resulted in a predicted inventory of 14.2 kg. The engineering assessment value of 103 kg,
was selected as the best-basis uranium inventory ·es·timate for tank 241-SX-113.
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A4.0 DEFINE THE BEST-BASIS AND ESTABLISH COMPONENT INVENTORIES 

An effort is underway to provide was� inventory estimates that will serve as standard 
characterization source terms for the various waste management activities (Hodgson and 
LeCiair 1996). As part.of this effort, an .evaluation of chemical information for tank 
241-A-1()2 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. The following information was utilized as part of this evaluation:

• Inventory estimates generated by HDW model (Agnew et al. 1997)

• Inventory estimates generated by a tank-specific assessment process :utilizing
chemical process flowsheets and a -detailed historical tank waste transaction data
base.

. . 

• A combination of inventory estimates provided by a partial chemical analysis of
analytes in auger samples data fro?3 tan)< 241-SX-113.

The results from this evaluation support Qsing a predicted inventory based primarily �n 
results from the tank-specific assessment process �upplemented, in a few instances, by 
predictions of the HDW model and analytical data for the followin� reasons: 

• The waste in tank 241-SX-113 has not been adequately sampled, -it is not possible
· to predict a high quality inventory based on available analytical results.

• Both the HDW model and the tank-specific assessment approaches correctly
postulate that solids in tank 241-SX-113 arose from addition of diatomaceous.
earth and REDOX process HL W to the tank.

• Published and we)l-established REDOX process chemical flowsheets were used in
tank-specific inventory calculations. Conversely, chemical flowsheets used in
developing the HDW model for tank 241-SX-113 differed significantly from the
published versions.

• Available analytical data, in many instances, support analyte inventory predictions
based on the_ HDW model and/or the independent engineering analysis·.

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 comnion report �te of January 1, 1994. 
Often, waste sample analyses hav� only reported 90Sr, 137Cs, 239™°I>u, and total uranium (or 

. total beta and .total alpha), while other key radionuclides such as 60Co, 99Tc, 1291, J54Eu, 155Eu, 
and 241Am, 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· 
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various separations plant waste· streams, arid track their movement with tank waste 
transactions. (These computer �odels 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 HDW 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 norniaUz.e 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. 1_997, Sectio� 6.1.10. 

The inventory values reported in Tables A4-l and A4-2 are subject. to change. Refer to
the Tank Characterization Database (TCD) for the most current inventory values. 
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Table A4-l. Best-Basis Inventory Estimates for Nonradioactive Components in 
Tank 241-SX-113 (Effective January 31, 1997). (2 Sheets) 

Al E 

Bi <0.57 E 

Ca 265 E 

Cl 32.0 E 

TIC as CO3 55.5 E 

Cr · "25.7 E 

F < 1.61 E Not determined in S 

Fe 1,360. s 

Hg <0.0017" E 

K 76.9 s E reported 5. 8 

La <0.145 E 

Mn 36.6 s E reported 17. 8 

Na 1,310 ·E

Ni 1.58 E S reported O. 60 

NOz 407 E

NO3 1,640 E

OHTOTAL 3A20* C *Assumed only 2 kgal of DE for Si
(1,220 kg) interacted with sludge for
charge balance purposes

Pb 0.68 s E reported 0.45 

PO4 <23.2 E Not determined in S or M 

Si 17,700 s Known amount of diatomaceous earth 
added 

so4 20 E 

Sr 5.6 E S reported 3. 28 

TOC 23.2 E Not determined in S

UTOTAL 103 E 
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Table A4-1. Best-Basis. Inventory Estimates for Nonradioactive Components in 
Tank 241-SX-113 (Effective January 31, 1997). (2 'Sheets) 

Zr 
1S = Sample-based 
M = Hanford Defined Waste model-based, Agnew et ·ar. (1997) 
E = Engineering assessment-based 
C = Calculated by charge balance; includes oxides as hydroxides, not including C03, 

N02, N03 , P04, S04, and Si03 • 
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Table A4-2. -Best-Basis Inventory Estimates for Radioactive Components 
in Tanlc 241-SX-113 Decayed to January 1, 1994 (Effective January 31, 1997). (2 Sheets) 

3H 0.221 M 

14C 0.0171 M 

59Ni · 0.112 M 

60Co 0.00675 M 

- 63Ni 10.5 M .  

79Se 0.00363 M 

90Sr 3,860 E 

90Y 1,040 E · From 90Sr

93Z;r 0.0171 M 
93mNb 0.0140 M 

99'fc 0.120 M 
106Ru 1.89 E-08 M 

mmcd 0.0582 M 

125Sb 0.00992 M 

126Sn 0.00558 M 

1Z9J · 2.30 E-04 M 
134Cs 2.05 B-04 M 
m

es 1,040 E 
137mBa 984 E From 137Cs 

msm 13.0 M 
"2Eu .0.0592 M 

t54Eu 0.163 M 

1ssEu 2.50 M 
�6Ra 8.17 B-06 M 
271Ac 3.60 E-05 M 
m� 7.00 E-11 · M 

229Th L34 E-08 M 

23tpa 5.43 E-06 M 

Z32rfh 4.47 B-12 M 
232u 3.96 E-08 M 
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. Table A4-2. Best-Basis Inventory Estimates for Radioactive Components 
in Tank 241-SX-113 Decayed to January 1, 1994 (Effective January 31, 1997). (2 Sheets) 

233U. 1.51 E-09 M 
234u 9.01 E-04 M 
23su 3.88 E-05 M 
Z36u 1.42 E-05 M 
231Np 7.77 E-04 M 

238Pu 0.0500 M 
Z3su 9.'19 E-04 M 

23Slpll 3.57 M 

240pu 0.511 M 

241Am 0.0612 M 
241Pu. 3.00 M 

u2cm 0.00122 M 
· 242pu 1.38 E-05 M 

243Am 5.72 E-07. M 
243Cm 2.79 E-05 · M 
244Cm 2.04 E-05 M 
1S = Sample--based 
M = Hanford Defined Waste model-b_ased, Agnew et al. (1997) · 
E = Engineering assessment-based 
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