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Abstract: The best-basis inventory provides waste inventory estimates
that serve as standard characterization source terms for the various
waste management activities. To establish a best-basis inventory for
single-shell tank 241-S-103, an evaluation of available information was
performed. This work fol )ws the methodology established in Standard
Inventories of Chemicals and Radionuclides in Hanford Site Tank Wastes,
HNF-SD-WM-TI-740, Rev. OA (Kupfer et al. 1997).
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APPENDIX D

EVALUA xxON TO ESTABLISH BEST-BASIS INVENTORY
FOR SINGLE-SHELL TANK 241-S-103

An effort is underway to provide waste inventory estimates that will serve as standard
characterization source terms for the various waste management activities (Hodgson and
LeClair 1996). As part of this effort, an evaluation of available information for s gle-shell
tank 241-S-103 was performed, and a best-basis inventory was established. This work,
detailed in the follov ~ g sections, follows the methodology that was established by the standard
inventory task.

D1.0 CHEMICAL INFORMATION SOURCES

There is no previous Tank Characterization Report (TCR) for this tank. Available waste
(chemical) information for tank 241-S-103 includes the following:

« The inventory estimate for this tank generated from the Hanford Defined Waste
(HDW) model (Agnew et al. 1997)

= TCRs from other tanks with the same Supernatant Mixing Model 242-S Evaporator
salt cake generated from 1973 until 1976 (SMMS1) and from 1977 until 1980
(SMMS2) and Reduction and Oxidation (REDOX [R]) process sludge waste types
(Baldwin 1996, Brown et al. 1997, DiCenso et al. 1994, Eggers et al. 1996, Hu et
al. 1996, Kruger et al. 1996, and Simpson et al. 1996).

D2.0 COMPARISON OF COMPONENT INVENTORY VALUES

The non radioactive and radioactive HDW model inventories for tank 241-S-103 are
lis . Tables D2-1 and D2-2. Table D2-1 lists nonradioactive components on a kilogram
k is, and Table D2-2 lists the radioactive components on a curie basis. The tank volume
used to generate the inventories is 938.7 kL (248 kgal) total waste. Hanlon (1996) reports
938.7 kL (248 kgal) total v  te, with a sludge layer of 37.8 kL (10 kgal), 836.5 kL (221 kgal)
of salt cake, and 64.3 kL (17 kgal) supernatant. Agnew et al. (1997) in the HDW model
reports the same 938.7 kL (248 kgal) of total waste, 34.1 kL (9 kgal) of R sludge, 389.9 kL
(103 I _ 1) of SMMS?2 salt cake, 450.4 kL (119 kgal) of SMMS]1 salt cake, and 64.3 kL (17
kgal) of supernatant. The mean sludge density, including interstitial liquid, used to calculate
the engineering estimate component inventories (from similar tanks) was 1.77 g/mL for sludge,
1.63 g/mL for SI vS1 salt cake, and 1.56 g/mL for SMMS2 salt cake. The mean density
used for the HDW model density for = total solid waste is 1.68 g/mL. (The chemical species
a orted wi >ut charge designation per the best-' s inventory convention.)
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Sludge
Engineering Assessment

R (assumed for all sludée)
Volume = 34.1 kL (9 kgal)
Density = 1.773 g/mL

*er  of 241-S-104, 241-§-

1U7, anu 241-S-101 tank
densities)

Sample concentrations from other
TCR Based tanks with R sludge were

used to predict the sludge inventories.

Waste records for tank 241-8-103
indicate that the sludge in this tank
should be similar to those used to
predict the inventories. The
calculations are explained just before
and within Tables D3-4 and D3-6.
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Since there is no sample-based
inventory, none was used.
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At this time, there is no way to accurately predict the salt cake analytical values through
an engineering assessment, other than by using analytical data from other tanks containing
S. . and SMMS2. The majority of this tank's inventory is from salt cake with small
cC itions from R sludge and supernatant. Best-basis evaluations dealing with different
sludge waste types have shown that the solubilities of some analytes determined from flowsheet
and sample data do not agree with the HDW model treatment of solubilities. Solubility
assumptions affect the Agnew et al, salt cake predictions because flowsheet anal: s not found
in the sludge are placed by the HDW model in the salt cakes. This can be true in the reverse
case also, in that analytes predicted to remain in the sludge can in reality be carried over into
the salt cake. Specific prot s cannot be fully isolated at th1s time, however an attempt is
made to discuss the two inventories for this tank.

g T F™W -
basec to be somewnat comparaoie 1n e following analytes: Bi, Cl, K,
Nitrite, Nitrate, Sulfate, Cr, Pb, Si, Fe, Na, TOC, *Sr, and 'Cs. Individual discussions
will follow about other analytes where larger percentage differences occurred.

Calcium. The engineering assessment-based inventory generally was close to the
sample-based inventory for the other two tanks in the cascade (241-S-101 and 241-S-102). The
HDW model calcium solubility for salt cake is much lowe~ *han in other waste types This
would cause an over-prediction of calcium in the tank by e model.

Nickel. It appears that the higher corrosion source term in the HDW model contributes
to its over predic n of nickel in these waste types The HDW solubility prediction for nickel
may not be accurate.

Manganese. Potassium permanganate was used in the REDOX process until 1959, thus
manganese is expected to be found in ks containing waste from that process. It is most
likely present as highly insoluble manganese dioxide in the alkaline waste materials and would
be expected to be in the sludge. The R1 sludge composition estimate developed in this
engineering assessment for manganese was 1,328 ug/g. Interestingly, the HDW SMMSI slat
cake composition estimate for manganese was 684 pg/g, much higher than would be expected
based on solubility considerations. It should be noted that there are large ranges in both the
SMMSI1 and R1 data sets for manganese.

Phosphate. This analyte is quite variable in this cascade. It is very high in 241-S-102,
which was a "receiver” tank, and it was about 15 times lower in tank 241-S-101, than in 241-
S-102. It is assumed that 241-S-103 would be more similar to 241-S-101 for this analyte, since
this tank was not a "receiver” tank. Therefore, the engineering estimate was revised to
eliminate the tank 241-S-102 S1 salt cake layer phosphorus concentration from the calculations.
The recalculated tank 241-S-103 phosphate inventory is 13,200 kgs.
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Fluoride. The fluoride sample-based data for tanks 241-S-101 and 241-S-102 are also
quite variable in this cascade. In this tank, the engineering-based inventory is about 3.8 times
that of the HDW model-based inventory. The engineering assessment-based value is being
used as'the best basis for tank 241-S-103, but the actual inventory could be between these two
values.

Aluminum. The situation with aluminum is similar to that of phosphate and fluoride in
this cascade of tanks. The HDW model predicted 50 percent high in 241-S-102 and 50 percent
low in 241-S-101. The engineering assessment-based value was used as the besi  asis.

Uranium. The HDW model inventory for this tank is about 37 percent higher than the
engineering assessment-based inventory. Based on volume and waste type comparisons to the
other twa ~ ksinc w" o k241-S-177 7 lower “i° two' " essee re

reasonable. '

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).

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 a :ssment 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 the waste into a form that is
suitable for long-term storage/disposal.

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
flow...2ets, 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 standard
characterization source terms for the various waste management activities (Hodgson and
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LeClair 1996). As part of this effort, an evaluation of available chemical information for tank
241-S-103 was performed, including the following:

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

e Aner eering evaluation that produced a predicted SMMSI1 and SM {S2 salt cake
and R sludge inventory based on comparisons developed by evaluation of similar
tanks

Based on this evaluation, a best-basis inventory was developed for tank 241-S-103 for
which sample information was not available. The engineering assessment-based evaluation
invet  yv  generally chosen as the best basis for those analytes for which sample-based
¢ " rticalt ¢ fr m: for followir \SOnS:

+ The sample-based inventory analytical concentrations of the other tanks compared
favorably with each other for SMMS1 and SMMS?2 salt cakes and R sludge

o No methodology is available to fully predict SMMS1 and SMMS2 from process
flowsheet or historical records

» The engineering assessment supported the assumption that the sample-based data
and engineering assessment-based data from similar tapks appear reasonable

» - For those few analytes where poorer agreement was observed bety nthe
engineering assessment-based data and the sample-based inventory of the similar
tanks, the HDW model values were used.

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, '®], **Eu, *Eu,
and ' 1, 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 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.
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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