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PRELIMINARY TANK CHARACTERIZATION REPORT
FOR SINGLE-SHELL TANK 241-SX-104:
BEST-BASIS IN+ .NTORY

This document is a preliminary Tank Characterization Report (TCR) and contains only
the current best-basis inventory (Appendix D) for single-shell tank 241-SX-104. No TCRs
have been previously issued for this tank. Consequently, the best-basis inventory is based on
an ir pendent assessment of waste type, process flow sheet data, early sample data, and
other available information.

The Standard Inventories of Chemicals and Radionuclides in Hanford Site Tank Wastes
(Kupfer et al. 1997) describes stan ethodology used to derive the tank-“—-tankt -
basis in rtories. This preliminar, . _.. will be updated using this same mewodology when
additional data on tank contents become available.
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APPENDIX D
EVALUATICN TO ES1AB" 1SH BEST-BASIS

- INVENTORY FOR SINGLE-SHET ¥ .
TANK 241-SX-104
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APPENDIX D

EVALUATION TO ESTABLISH BEST-BASIS INVENTORY FOR
SINGLE-SHELL TANK 241-SX-104

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 single-shell
tank 241-SX-104 was >rformed, and a best-| s 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

There is no previous Tank Characterization Report (TCR) for tank 241-SX—104
Avallable information for tank 241-SX-104 includes the following:

¢ Analytical data from other S and U Tank Farms with similar Supernatant Mixing
1 del S Plant (SMMS) salt cake waste and Reduction and Oxidation
(REDOX [R]) sludge waste types.

¢ he Hanford Defined Waste (HDW) model document (Agnew et al. 1996)
provides tank content e nates.

D2.0 COMPARISON OF COMPONENT INVENTORY VALUES

Hanford Defined Waste odel inventories, generated by HDW model, are shown in
Tables D2-1 and D2-2. No samples have been taken from tank 241-SX-104 that can be used .
to estimate tank inventories for comparison with the HDW model estimate. © e tank volume
used to generate the L. W inventory is 2,324 kL (614 kgal) waste which is partitioned into
640 kL (169 kgal) sludge, 1,684 kL (445 kgal) salt cake (Agnew et al. 1996), which differs
from the 2,324 kL (614 kgal) waste which is partitions into 515 kL (136 kgal) sludge,

1,809 kL (478 kgal) salt cake reported by Hanlon (1996). The HDW model sludge density
used is 1.49 g/mL and salt cake density used is 1.60 g/mL. (The chemical species are
reported without charge designation per the best-basis inventory convention.)
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D3.0 COMPONENT INVENTORY EVALUATION

3.1 WASTE HISTORY TANK 2¢ $X-104

Tank 241-SX-104 was filled with waste from the REDOX facility from the first quarter
of 1955 until the third quarter of 1971. Tank 241-SX-104 was a primary receiver of R1
waste directly from the REDOX Plant. Waste was cycled through the evaporator between
1971 and 1976. Some of the waste supernatants were evaporated in the tank to salt cake
during a period that the waste in tank 241-SX-104 was self-boiling. Periodically waste was
received and removed from the tank between 1976 and 1983. Receipt of the last transfer of
waste was in 1980 from tank 241-S-103. The tank was removed from service and labeled
inactive in 1980. The tank was partially isolated in June 1985. Between June 1988 and
Jupe 189, 428.5 kL (113.2 kgal) of liquid were salt well jet pumped.

D3.2 _IONTRIBUTING WASTE YPES

The HDW model (Agnew et al. 1996) predicts that the tank contains a total of
2,324 kL (614 kgal) of waste which consists of first-cycle REDOX process high-level waste
(375 kL [99 kgal], R1), RSItCk (265 kL [70 kgal]), and 1,684 kL (445 kgal) of salt cake
(v IMS1) predicted from the SMM. '

The Sort on Radioactive Waste Type (SORWT) model (Hill et al. 1995) lists R
(high-leve] REDOX waste), and evaporator bottoms (EB) as the primary and secondary waste -
types respectively. EB waste is the SORWT definition for salt cake that is equivalent to the
SMM waste type. SORWT also lists REDOX Ion Exchange (RIX) waste as a tertiary waste
contributor.

Hanlon (1996) indicates 2.324 kL (614 kgal) of waste which consists of 515 kL
(136 kgal) of sludge and 1,805 L (478 kgal) of salt cake. No description of the source of
the sludge and salt cake : given.

D3.3 INVENTORY EVALUATION

The following evaluation provides an engineering assessment of tank 241-SX-104
contents. For this evaluation, the following assumptions and observations are made:

* Tank volumes listed in Hanlon (1996) are used over Agnew et al. (1996). Both
sources. use the same total waste volumes but differ in the breakdown of sludge
and salt cake volumes.

¢ Only the SMMSI1, RSItCk, and R waste streams contributed to solids formation.
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Manganese. Potassium permanganate was used in the REDOX process until 1959,
thus manganese is expected to be found in tanks. 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
s engineering assessment for Mn was 1,330 ug/g. Interestingly, the SMMSI salt cake
composition estimate for Mn 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 SMMS1
and R1 data sets for Mn.

The HDW model predicts essentially no Mn in the Sludge (0.8 kg) in tank 241-SX-104
and 148 ug/g in the salt cake layer. The HDW model inventory estimate for Mn is 400 kg.
- Based on the discussion above, the 3,230 kg inventory estimate developed in this engineering
assessment is likely to be closer to the true value.

_1osphate. There is a large difference between the engineering assessment tank
inventory estimate (102,000 kg) and the HDW  1del estimate (15,800 kg). The engineering
assessment value is biased high because of one extremely high phosphate value in data set
used to develop the SMMS] salt cake composition estimate (see Table D3-2). If the
phosphate data from tank 241-S-102 are eliminated from the SMMS1 composition estimate,
then the engineering assessment and the HDW estimate would be in reasonable agree :nt.
However, since the HDW model failed to predict the high phosphate value for 241-S-102,
should not be taken as a reliable indicator for | isphate in tank 241-SX-104.

Calcium. The calcium found in tanks containing REDOX waste is believed to have
been an impurity in the commercial grade sodium hydroxide used in the neutralization of
high-level waste in the process. The calcium value developed in this engineering assessment
(1,080 kg) is about one sixth of the HDW model value (6,560 kg). Since many calcium salts
of anions such as carbonate, oxalate and phosphate are insoluble and the concentrations of
these anions are essentially unknown, it is not surprising that Ca values differ between this
engineering assessment and the HDW model.

Fluoride. The fluoride ion inventory estimate is about a order of magnitude higher in
the engineering assessment (14,200) than in the HDW model (2,440). However, as shown
by the data in Table D3-2, the fluoride values in one of the four tanks agree reasonable with
the HDW model value. The other three tanks are different than the HDW model. The
SMMS analytical data ranges from 500 pg/g to 13,600 pg/g. Without analytical data from

tank 241-SX-104, it is difficult to defend the choice of one value over the other.

Iron. The Fe inventory estimate is about 3.5 times lower in the engineering .

- assessment than in the HDW model. ‘The Fe value determined in the engineering assessment
for the salt cake is approximately 6 times the HDW model value. As shown in Table D3-2,
the data set used to estimate Fe in the SMMSI1 salt cake varies from 3,096 ug/g to less than
the tection limit. Without analytical data from tank 241-SX-104 it is difficult to defend the
choice of one value over the other. '
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Nickel. The nickel inventory from the engineering assessment is approximately
one-fourth the value of the HDW model inventory. The HDW model predicts the majority
of the Ni to be in the sludge, this is were the major differences in the two evaluations is
seen. The salt cake engineering assessment value and the SMM modeling from the HDW
salt cake estimate agree very well with each other. The HDW model predicts a sludge
concentration of 1,420 ug/g which is more than an order of magnitude greater than the
118 ug/g predicted in the engineering assessment. ' '

Total Hydroxide. Once the best-basis inventories were determined, the hydroxide
inventory was calculated by performing a charge balance with the valence of other analytes.
In some cases, this approach requires that other analyte (e.g., sodium or nitrate) inventories
be adjusted to achieve the charge balance. During such adjustments, significant figures are
retained. This charge balance approach is consis! ° with that used by Agnew et al. (1997).
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D4.0 DEFINE THE BEST BASIS AND ESTABLISH COMPONENT INVENTORIES

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

Chemical and radiological inv “ory information are generally derived using three
approaches: (1) component inventories are estimated using the results of sample analyses,
(2) component inventories are predicted using the HDW model, process knowledge, and
historical information, or (3) a tank-specific process estimate is made b :d on process
flowsheets, reactor fuel data, essential material usage, and other operating data.

As part of this effort, an evaluation of available chemical information for tank 4
241-SX-104 was performed, including the following:

* The inventory estimate generated by the HDW model (Agnew et al. 1996)

* An engineering evaluation which produced a predicted SMMS1 salt ¢ ~ 2
inventory and R-sludge inventory based on methodology developed by evaluation
of similar S and U Tank Farm tanks.

ased on this evaluation, a best-basis inventory was developed for tank 241-SX-104
since sampling information is not available. The engineering evaluation inventory was
chosen as the best basis for those analytes for which sample-based analytical values were
available, from similar S and U ank Farm tanks, and tank 241-S-104, for the following
reasons:

* The sample-based inventory analytical concentrations of the other S and U tanks
containing SMMS1 and R waste compared favorably with each other for SMMS|1
salt cake and R sludge.

¢ No methodology is available to fully predict SMMS1 salt cake from process
flowsheet or historical recoi

¢ No methodology is available to fully predict R1 waste from process flowsheet or
historical records for this tank. REDOX first cycle R1 waste changed
composition-during the process and accurate records of these changes are not
available at this time. Also R1 waste was cascaded and transferred into and out
of many S, SX, and U tanks between 1972 and 1978 which makes it hard to -
predict precipitation.
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e For those few analytes where no values were available from the sample-based
inventory of similar tanks, the HDW model values were used.

Tﬁe best-basis inventory for tank 241-SX-104 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
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 *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 of the 46 key radionuclides by computer models. These models estimate
radion i« activity © ba ~  of reactor fuel, count for " split of radionuclides to
various separations plant 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 or !|inthe 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
re i 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 érror between model derived values and sample derived values, see
Kupfer et al. (1997) Section 6.1.10.

Best-basis tables for chemicals-and only four radionuclides (**Sr, *’Cs, Pu and U) were
being generated 'in 1996, using values derived from an earlier version (Rev. 3) of the HDW
model. When values for all 46 radionuclides became available in Rev 4 of the HDW model,
they were merged with draft best-basis chemical inventory documents. Defined scope of
work in FY 1997 did not permit Rev. 3 chemical values to be updated to Rev. 4 chemical
values. :
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