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3.0 BEST BASIS INVENTORY ESTIMATE

Although most of the waste was transferred from tank 241-AP-103 in 1994 for concentration
in the 242-A eva rator, the 1991 grab sampling data should be considered the best basis for
the present inventory in tank 241-AP-103 for the following reasons:

1. No other representative sample data exist, nor is there enough historical or
flowsheet information to derive a reliable historical estimate.

2.  The existing data indicate adequate precision, and an analysis of variance
showed that the waste was not vertically stratified before the bulk of it was
pumped out of the tank.

The HDW model predicts chemical concentrations far in excess of both the
mean concentrations and upper bounding concentrations reported by the
laboratories.

Best-basis inventory estimates for tank 241-AP-103 are presented in Tables 3-1 and 3-2.

These estimates are based on reported mean concentration values from the 1991 sampling
event and a residual heel volume of 87 kL (23 kgal). The quality of the = mates has been
designated as medium. As mentioned earljer, the sample data suggest that some stratification
of the waste may have existed when the tank was nearly full, so that when it was emptied from
the bottom, the composition of the remaining heel was commensurate with samples taken from
the top of the tank. However, the evidence for this, upon inspection, is inconclusive. This
uncertainty forces the quality of the estimate to be medium rather than high.

The inventory values reported in Tables 3-1 and 3-2 are subject to change. Refer to the Tank
Characterization Database (TCD) (LMHC) 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 ®Sr, ¥'Cs, Py, and total uranium, or (total beta and
total alpha) while other key radionuclides such as ®Co, *Tc, I, '*Eu, "*Eu, and *'Am, etc.,
have been infrequently reported. For this reason it has been necessary to derive most « : 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.
For a discussion of typical error between model derived values and saruple derived values, see
Kupfer et al. 1997, Section 6.1.10.
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Where analytical data was not available for an analyte, HDW model/Engineering estimates
were used for the best basis. HDW model inventory estimates were multiplied by the ratio of
Hanlon (1997) and Agnew et al. (1997) tank volumes (87:4,277 kL).

Table 3-1. Best-Basis Inventory Estimates for Nonradioactive Components in
Tank 241-AP-103 as ofMa 31 1997 (2 Sheets).

Al 21.5 S
 Bi 0 |E Bi is relatively insoluble in the !
, supernates added to this tank

Ca 21.8 M/E

Cl 4.43 S

CO, 226 S

Cr 0.379 S

F 11.2 S

Fe 0.073 S

Hg 0 E Simpson 1998

K 30.9 M/E

La 0 E | La is relatively insoluble in

coating wastes which were not
added to this tank

Mn 0.0026 S

Na 459 S

e 5.69 M/E

NO, 113 S ‘
NO, 355 S

OHq1orar 78.6 C

Pb 0.035 S/E Upper bound

PO, 12:.0 S

Si 29.9 M/E

SO, 31.5 S

Sr 4.08E-06 S/E 9I%stimated assuming 30% of Sr is

Sr
TOC 9.57 S
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Table 3-1. Best-Basis Inventory Estimates for Nonradioactive Components in
Tank 241-AP- 103Ias of Ma 31, 1997 (2 Sheets).

'S = Sample-based
M = Hanford Defined Waste model-based (Agnew et al. 1997)
E = Engineering assessment-based

C = Calculated by charge balance; includes oxides as hydroxide not including CO,, NO,,
NO,, PO,, SO,, and SiO,.

*Based on 1991 grab samples (see Appendix B).

Table 3-2. Best-Basis Inventory Estimates for Radioactive Components in
Tank 241-AP—103 asof Ma_‘31 1997 .”Deca_._ed () January 1, 1994). (4 Sheets)

‘H 0.45 S .

e 4.0 E-04 S

*Ni 0.00902 M/E Value based on 0.02 times
HDW value

“Co 0.96 S/E Upper bounding value

SNi 0.892 M/E Value based on 0.02 times
HDW value

Se 9.75E-01 S

%S¢ 0.170 S i

oy 0.170 S Based on *Sr

BZr 0.172 M/E Value based on 0.02 times
HDW value

SBMNb 0.135 " M/E Value based on 0.02 times
HDW value

*Tec 0.094 S
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Table 3-2. Best-Basis Inventory Estimates for Radioactive Components in
ayed to January 1, 1994

Value based on 0.02 times
HDW value
1B3mCy 0.656 M/E Value based on 0.02 times
HDW value
125gh 37.4 M/E Value based on 0.02 times
HDW value
1265n 0.0588 M/E Value based on 0.02 times
HDW value
R 1291 0.0029 M/E Value based on 0.02 times
HDW value
Bics 4.0 M/E Based on *’Cs. Used HDW
model] ratios
¥ 577 S
13ImBa 547 S Based on "¥'Cs
151Sm 135 M/E Value based on 0.02 times
- HDW value
26y 0.127 M/E Value based on 0.02 times
HDW value
14Eu 1.46 . S/E Upper bounding estimate
1$5Eu 2.31 S/E Upper bounding estimate
26Ra 1.9E-06 M/E Value based on 0.02 times
- HDW value
2Ac 1.13E-05 M/E Value based on 0.02 times
HDW value
28Ra 1.96E-04 M/E Value based on 0.02 times
HDW value
2Th 4.56E-06 M/E Value based on 0.02 times
HDW value
B1py 3.44E-05 M/E Value based on 0.02 times
HDW value
82Th 1.92E-05 M/E Value based on 0.02 times
HDW value

34
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Table 3-2. Best-Basis Inventory Estimates for Radioactive Components in
Tank 241-AP-103 as of Ma 31 ' 1997 (Deca ed to Janua

»y 3.08E-05 M/S Based on total U: Used HDW
isotopic ratios. }

By 1.18E-04 M/S Based on total U: Used HDW
isotopic ratios.

B4y 1.48E-04 M/S Based on total U: Used HDW
isotopic ratios. S = 70E-04
Ci.

BSY 5.66E-06 M/S Based on total U: Used HDW

isotopic ratios. S = 2.95E-05

ey 1.1E-05 M/S Based on total U: Used HDW
isotopic ratios.
®'Np 0.0185 M/E Value based on 0.02 times

HDW value. Sample value
high “less-than”

%py 2.77E-05 M/S Based on ®*Pu: Used HDW
isotopic ratios. Sample value
high “less-than”

1.07E-04 M/S Based on total U: Used HDW
isotopic ratios.

25py 4.88E-04 S/E/M

Hopyy 1.12E-04 S/EM

“lAm 9.87E-04 S ' HDW value corrected to current

B inventory equals 1.1 Ci

#ipy 0.00219 SIEM Ba on?Pu: ed HDW
isotopic ratios ]

%2Cm 8.99E-06 M/S Based on ) Am: Used HDW
isotopic ratios. Value corrected

. to current volume

2A2py, 1.19E-08 S/TEMM Based on **Pu: Used HDW
isotopic ratios

#3Am 7.29E-08 M/S Based on *'Am: Used HDW

isotopic ratios. Value corrected
to current volume
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Table 3-2. Best-Basis Inventory Estimates for Radioactive Components in
4 Sheets)

Based on 2'Am: Used HDW
isotopic ratios. Value corrected
to current volume

#Cm 2.81E-06 M/S Based on #*'Am: Used HDW
isotopic ratios. Value corrected
to current volume

Notes:
Is Sample-based
M Hanford Defined Waste model-based (Agnew et al. 1997) (The HDW model! inventory
values were multiplied by 0.02 {ic. 87/4,277] based on the current tank volume).
E Engineering assessment-based

Based on 1991 grab samples (see Appendix B).
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APPENDIX D

EVALUATION TO ESTABLISH BEST-BASIS
INVENTORY FOR DOUBLE-SHELL TANK 241-AP-103

An effort is 1 :rway to provide waste inventory estimates that will serve as standard
characterization source terms for the various waste management activities

(Hodgson et al. 1996). As part of this effort, an evaluation of available chemical information
for tank 241-AP-103 was performed, and a best-basis inventory was established. This work,
detailed in th= “~llowing sections, follows the methodology that was established by the
standard inve y task,

The following evaluation provides a best-basis inventory estimate for chemical and
radionuclide components in tank 241-AP-103.

D1.0 CHEMICAL INFORMATION SOURCES
Available composition information for the waste in tank 242-AP-103 is as follows:
e Characterization results from the 1991 "bottle-on-a-string” sampling event.

e The HDW model document (Agnew et al. 1997). 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

Sample-based inventories derived from 1991 analytical concentration data, and HDW model
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 designation per the best-basis
inventory convention). Sample-based inventories derived for comparison with HDW values are
based on a ta—' volume of 4,315 KL (1,140 kgal). This was the tank inventory in 1991 when
samples were wken. The HDW model tank volume basis is slightly lower at 4,277 kL

(1,130 kgal). The density calculated by the HDW model is 1.07 g/mL compared to a mean
analytical result of 1.00 g/mL.

During 1994, all but 87 kL (23 kgal) of the waste in tank 241-AP-103 was transferred to
tank 241-AW-102 to be concentrated in the 242-A Evaporator (Hanlon 1997). The inventory
shown in tables D2-1 and D2-2 thus no longer exist in 241-AP-103. They are shown for
comparison purposes only. However, the relative proportions of the remaining analytes are
assumed to still exist (see Section D3.0).

D-3
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Table D2-1. Sampling and Hanford Defined Waste Model Inventory Estimates for
Nonradioactive C ts in DST 241-AP-103.

NR 0.285

As 2.07E-04 NR Pb 0.00171 0.00891
Ba < 2.78E-04 [NR Se 8.56E-05 NR
Cd 4.75E-04 NR Si NR 1.49
Ca NR 1.09 U 0.0158 0.351
Cr -+ 10.0188 0.703 Zn 0.00189 NR
Fe 0.00528 0.341 Zr NR 0.016
K NR 1.55 NH, 0.164 0.973
Mg 0.00511 NR Co, 11.0 27.4
Mn 1.85E-04 0.0465 Cl 0.212 4.43
Na 22.7 152 NO, 5.56 9.77
| CN 0.00236 NR PO, 0.595 2.41
F 0.552 0.359 SO, 1.50 8.47
NO, 17.3 135 TOC 0.479 8.81
Notes:

MT = metric ton
NR = not reported

'Based on 2 1991 tank volume of 4,315 kL (1,140 kgal) for comparison with HDW only. The current tank
volume is 87 kL (23 kgal).
2Agnew et al. (1997)
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Table D2-2. Sampling and Hanford Defined Waste Model Inventory Estimates for
Radioactive Components in Double-Shell Tank 241-AP-103.

decayed to January 1, 1994

e

R SRR Bk S
#Am 0 0488 29240py, - 10.0301 53.2
(e 0.0191 15.2 ] 0.0479 1.88
BICs 28,000 2.66E405 8/%08r 11.2 57,200
2y 6.0E-04 ‘ 0.162 *Tc 4.62 72.8
By 2.95E-05 6.22E-03 *H 22.4 1,010
=y 1.07E-04 0.127
Notes:

'Based on 2 1991 tank volume of 4,315 KL (1,140 kgal) for comparison with HDW only. The current tank
volume is  kL.(23 kgal).
*Agnew et al. (1997)

Tables D2-1 and D2-2 show that the HDW model estimates are higher for all components
except fluoride. In many cases, estimates generated by the model are over one order of
magnitude higher than the analytical result. This is true for major and minor components
alike.

D3.0 COMPONENT INVENTORY EVALUATION

Some of the waste mixtures added to tank 241-AP-103 were fairly complex; consequently, any
estimate based on transfer information would have a large uncertainty. For example, waste
added to the tank often included miscellaneous wastes from B plant and T plant via

tank 241-AY-102, for which there are only poorly defined mean compositions.

Except for the high range of values for analyte concentrations in some instances, there is little
reason to suspect that the analytical results for tank 241-AP-103 did not accurately reflect the
waste's composition when the tank was nearly full. Thus, the mean sample-based inventories
from the 1991 grab sample event are still considered the best-basis inventory for the small
liquid heel remaining.




HNF-SD-WM-ER-359, Rev. 1B

Where analytical data was not available for an analyte, HDW model/Engineering estimates
were used for the best basis. HDW model inventory estimates were multiplied by the ratio of
Hanlon (1997) and Agnew et al. (1997) tank volumes (87:4,277 kL).

D4.0 DEFINE THE BEST BASIS AND ESTABLISH COMPONENT INVENTORIES

Although most of the waste was transferred from tank 241-AP-103 in 1994 for concentration
in the 242-A evaporator, the 1991 grab sampling data should be considered the best basis for
the present inventory in tank 241-AP-103 for the following reasons:

1. No other representative sample data exist, nor is there enough historical or flowsheet
information to derive a reliable historical estimate.

2. The existing data indicate adequate precision, and an analysis of variance showed that
the waste was not vertically stratified before the bulk of it was pumped out of the
tank.

3. The HDW model predicts chemical concentrations far in excess of both the mean
concentrations and upper bounding concentrations reported by the laborataries.

Best-basis inventory estimates for tank 241-AP-103 are presented in Tables D4-1 and D4-2.
These estimates are based on reported mean concentration values from the 1991 sampling
event and a residual heel volume of 87 kL (23 kgal). The quality of the estimates has been
designated as medium. As mentioned earlier, the sample data suggest that some stratification
'of the waste may have existed when the tank was nearly full, so that when it was emptied from
the bottom, the composition of the remaining heel was commensurate with samples taken from
the top of the tank. However, the evidence for this, upon inspection, is inconclusive. This
uncertainty forces the quality of the estimate to be medium rather than high.

The inventory values reported in Tables D4-1 and D4-2 are subject to change. Refer to the
Tank 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 *Sr, **’Cs, #**Pu, and total uranium, or (total beta and
total alpha) while other key radionuclides such as ®Co, **Tc, I, '*Eu, '**Eu, and *'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
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be either a model result or a sample or 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.

Where analytical data was not available for an analyte, HDW model/Engineering estimates
were used for the best basis. HDW model inventory estimates were multiplied by the ratio of
Hanlon (1997) and Agnew et al. (1997) tank volumes (87:4,277 kL).

Table D4-1. Best-Basis Inventory Estimates for Nonradioactive Components in
Tank 241--103 asof Ma 2 31 1997 (2 Shcets)

S
Bi 0 _ E Bi is relatively insoluble in the
supernates added to this tank
Ca 21.8 M/E
Cl 443 S
CO, 226 S
Cr 0.379 S
F 11.2 S
Fe 0.073 S
Hg 0 E Simpson 1998
K 30.9 M/E
La 0 E La vr=e not added tn thic tanl 1
Mn 0.0026 S
Na 459 S
Ni 5.69 M/E |
NO, s
NO, 355 S
OHrorar 78.6 ’ C i
Pb 0.035 S/E Upper bound
PO, 12.0 S
Si 29.9 M/E
SO, 31.5 S
Sr 4 .08E-06 S/E Sstimated assuming 30% of Sr is
St
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Table D4-1. Best-Basis Inventory Estimates for Nonradioactive Components in
Tank 2417AP-103 as of May 31, 1997 (2 Sheets).

0! 1‘°§§x< R e

IR
t.p K"S 3‘-‘»&?,:5 3 PR

5

1S = Sample-based

M = Hanford Defined Waste model-based (Agnew et al. 1997)

E = Engincering assessment-based

C = Calculated by charge balance; includes oxides as hydroxide not including CO,, NO,,
NO,, PO,, SO,, and SiO;.

*Based on 1991 grab samples (see Appendix B).

Table D4-2. Best-Basis Inventory Estimates for Radioactive Components in
Tank 241—AP—103 as of Ma 31 1997 (Deca ed t0 Janua 1, 1994). (4 Sheets)

4c 4.0 E-04 S

¥Ni 0.00902 M/E Value based on 0.02 times
HDW value

“Co 0.96 S/E Upper bounding value

ONi 0.892 M/E Value based on 0.02 times

"Se 9.75E-04 __'s

2Sr 0.170 S

©y 0.170 S Based on ®Sr

BZy 0.172 M/E Value based on 0.02 times
HDW value

3mNDb 0.135 M/E Value based on 0.02 times
HDW value

PTe 0.094 . S
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Table D4-2. Best-Basis Inventory Estimates for Radioactive Components in
Tank 241-AP-103 as of Ma 31 1997 (Deca ed to January 1, 1994). (4 Sheets)

'°6Ru 1.60E—04 M/E Value based on 0.02 times
. HDW value
1B3mcq 0.656 M/E Value based on 0.02 times
HDW value
125gh 37.4 M/E Value based on 0.02 times
HDW value
2%Sn 0.0588 M/E Value based on 0.02 times
HDW value
1291 0.0029 M/E Value based on 0.02 times
HDW value
PCs 4.0 M/E Based on *"Cs. Used HDW
‘ model ratios
2Cs 577 S
37mBa 547 S Based on *'Cs
151Sm 135 M/E Value based on 0.02 times
HDW value
152 0.127 M/E Value based on 0.02 times
HDW value
MEau ' 1.46 ‘ S/E Upper bounding estimate
135Ey 2.31 S/E Upper bounding estimate
225Ra 1.9E-06 M/E Value based on 0.02 times
HDW value
2IAc 1.13E-05 M/E Value based on 0.02 times
HDW value
225Ra 1.96E-04 M/E Value based on 0.02 times
HDW value
29Th 4.56E-06 M/E Value based on 0.02 times
HDW value
Blp, 3.44E-05 M/E Value based on 0.02 times
HDW value
BITh 1.92E-05 M/E Value based on 0.02 times
HDW value
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Table D4-2. Best-Basis Inventory Estimates for Radioactive Components in
_ %41—AP-19_3 a;of Ma 31, 1997 (Dc?ca ed to January 1, 1994). (4 Sheets)

L Vel

s ¥ 3.08E-05 M/S Based on total U: Used HDW
isotopic ratios.

3y 1.18E-04 M/S Based on total U: Used HDW
isotopic ratios.

By 1.48E-04 M/S Based on total U: Used HDW
isotopic ratios. S = 5.70E-04
Ci.

By 5.66E-06 M/S Based on total U; Used HDW
isotopic ratios. S = 2.95E-05
Ci.

»éy 1.1B-05 M/S Based on total U: Used HDW
isotopic ratios.

Np 0.0185 M/E Value based on 0.02 times

HDW value. Sample value
high “less-than”

B3Py 2.77E-05 M/S Based on ®°Pu: Used HDW
isotopic ratios. Sample value
high “less-than”

a0 1.07E-04 M/S Based on total U: Used HDW
isotopic ratios.

Zpy 4.88E-04 S/EM
#opy 1.12E-04 S/E/M
2#1Am 9.87E-04 S. HDW value corrected to current
inventory equals 1.1 Ci
“ipy 0.00219 S/E/M Based on ®°Pu: Used HDW
isotopic ratios ,
22Cm 8.99E-06 M/S Based on *'Am: Used HDW
isotopic ratios. Value corrected
to current volume
#1py 1.19E-08 S/E/M Based on *°Pu: Used HDW
isotopic ratios !
WAm 7.29E-08 M/S Based on *'Am: Used HDW ;

isotopic ratios. Value corrected
to current volume
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Table D4-2. Best-Basis Inventory Estimates for Radioactive Components in
Tar!- ?41-AD.103 7~ ~“May 31, 1997 (Decayed to January 1, 1994). (4 Sheets)
g5 DO :t¢ 0 ; LA R O O DT R R DR SROLET

#Cm 1.42E-06 M/S Based on *!Am: Used HDW
isotopic ratios. Value corrected
to current volume

24Cm 2.81E-06 M/S Based on #*'Am: Used HDW
isotopic ratios. Value corrected
to current volume

Notes:
's Sample-based
M Hanford Defined Waste model-based (Agnew et al. 1997) (The HDW model inventory
values were multiplied by 0.02 [ie. 87/4,277] based on the current tank volume).
E Engineering assessment-based

3Basec 1991 grab samples (see Appendix B).
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