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APPEl..IX C

EVALUATION TO ESTABLISH BEST-BASIS INVENTORY FOR
SINGLE-SHELL TANK 241-U-202

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-U-202 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.

C1.0 CHEMICAL INFORMATION SOURCES

Available chemical information for tank 241-U-202 include the following:

¢ Data from push mode cores taken in 1995 (Section 4.0). Only safety screening
analyses were performed, therefore, the only data pertinent to this assessment were
the total alpha and percent water assays.

e Data from two push mode cores taken in 1995 from tank 241-U-204, a tank with a
closely related process history (Raphael and Tran 1995)

e Data from other tanks containing Reduction and Oxidation (REDOX) process
(R)/REDOX cladding waste (CWR1) sludge, tanks 241-S-104 and 241-S-107
(DiCenso et al. 1994, Simpson et al. 1996).

e The inventory estimate for this tank generated from the Hanford Defined Waste
T W) model (A w et al. 1997a), developed at L.os A~ os National Laboratory
(LANL).

C2.0 COMPARISON OF COMPONENT INVENTORY VALUES

No sample-based inventory estimate is available for this tank. The HDW model
estimates (Agnew et al. 1997a) for tank 241-U-202 are shown in Table C2-1 and C2-2. (The
chemical species are reported without charge designation per the best-basis inventory
convention.)
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been a combination of CWR1 and R waste types. For the remainder of its service life (from
1956 to 1977) tank 241-U-202 stored CWRI1 (Agnew 1997b).

Agnew et al. (1997a): CWR1
Hill et al. (1995): CW

CWRI1 = REDOX process cladding waste (aluminum clad fuel—1952 to 1960)

CW = cladding waste

Current surveillance data (Hanlon 1997) provides estimated volumes for these waste
types. Agnew et al. (1997a) uses these values for bases as well. There has been no change,

such as salt well pumping, to alter the volumes. These are the values in Table C3-1 used to
derive inventories. '

Table C3-1. Waste Volumes for Tank 241—U-202

15.1 4 sludge 15.1 4

ernarnatant 3.8 1 supernatant 3.8 1
| Trtag et 12.9 5 Total tank 18.9 5

HDW = Hanford Defined Waste
* Agnew et al. (1997a)
®Hanlon (1997).

C3.2 ASSUMPTIONS

The following evaluation provides an engineering assessment of tank 241-1J-202
contents. . or this evaluation, the following asst tions and observations are  1de:

e Tank waste mass is calculated using the measured average density from similar
tanks (1.62 g/mL) and the solids tank volume listed in Hanlon (1997). The Agnew
et al. (19972) estimates have the same overall density basis (1.62 g/mL).

e Only the CWRI1 and R sludge waste streams contributed to solids formation.

e No comprehensive analytical data is available from tank 241-U-202.
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* The sludge composition can be estimated by using sample-based concentrations
from similar wastes (e.g. tanks 241-S-104, 241-S-107, and 241-U-204 [DiCenso et
al. 1994, Simpson et al. 1995, and Raphael and Tran 1995]) for calculating the
predicted engineering data set.

* No radiolysis of NO, to NO, is factored into this evaluation.

C3.3 BASIS FOR CALCUL/..ONS USED IN THIS ENGINEERING EVALUATION

The general approach in this engineering assessment is to identify waste types and their
approximate volumes within the tank of interest. The sources of information may include
analytical data from samples taken from the tank of interest, analytical data from other tanks
believed to contain waste types similar to those believed to be in the tank of interest, and data
from models utilizing historical process records. The confidence level assigned to the best-
basis inventory values then depends on the level of agreement among the various information
sources. This approach is best suited for cases where extensive analytical data exist for
multiple sampling events from a number of tanks containing similar waste types.

The CWR1 sludge concentrations used in this engineering assessment were developed
with analytical data taken from tanks 241-U-204, 241-S-104, and 241-S-107. Some REDOX
process waste may be intermixed in tank 241-U-202. However, the same situation applies in
the tanks used to predict the R1 waste concentration. Thus, the waste is considered a mixture.
Data were selected based on Agnew et al. (1997a) predicted sludge location.

The concentrations from each tank and the segments used in the calculation are shown in
Table C3-2. In many cases, data from several sources were assessed and used, some data sets
were selected in favor of others (usually when evidence of bias or high variability was
observed), and some of the average values include detection limit values, where additional data
suggest the detection limits are high, The mean from each specified set of tank data was
averaged to obtain the projected concentration for each analyte for the sludge. The HDW
model values for CWRI1 sludge are also listed in Table C3-2 for comparison with the data-
derived values. '
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Table C3-3. Comparison of Hanford Defined Waste-Based and Engineering Assessment
Inventory Estimates for Tank 241-U-202. (2 Sheets)

Cs 35.8 1,120

9sr 31.1 4,710
2392400, 27.8 6.92
Total o | NR 10.1

HDW = Hanford Defined Waste
* Agnew et al. (1997a)
> Radionuclides decayed to January 1, 1994.

C3.5 DOCUMENT ELEMENT BASIS

This section compares the engineering assessment and the inventory estimate calculated
by the HDW model for selected analytes. Many of the differences observed between the
estimates can be attributed to the differences in their respective mass bases. In other cases, the
source term for the analyte in the waste type does not appear to be accurately described.
Several analytes such as bismuth, nickel, manganese, phosphate, and TOC are not principal
process.chemicals in the CWR1 waste, but may be present in larger than expected amounts as a
result of mixing with the first cycle bismuth phosphate process waste present in tank 241-U-

110.

Aluminum. The two estimates are reasonably close. The engineering assessment is
about 29 percent lower than the HDW estimate. They qualitatively agree that aluminum is a
principal contributor to the waste in this tank. The difference in concentration between the
E... .. model and the average concentration based on other ___:s is approximately 26 percent,
accounting for most of the discrepancy. The data-based estimate may be biased low because of
the acid-digestion result used from tank 241-S-107. The aluminum value from that tank could
be much higher because of incomplete quantitation of the samples. However, given the
assumptions of the HDW model and the measurement uncertainty, these values are in

agreement.

Nitrate. The engineering assessment is about four times higher than the HDW estimate.
They qualitatively agree that nitrate is a principal contributor to the waste in this tank. The
source concentrations are approximately a factor of four different, accounting for nearly all of
the discrepancy. Thus, there appears to be a source term error in the HDW model.
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Nitrite. The two estimates are reasonably close. The engineering assessment is about
22 percent lower than the HDW estimate. They qualitatively agree that nitrite is a principal
contributor to the waste in this tank. The source concentrations are approximately 17 percent
different, accounting for much of the discrepancy. However, given the assumptions of the
HDW model and the measurement uncertainty, these values are in agreement.

Sodium. The engineering assessment is 40 percent lower than the HDW estimate. They
qualitatively ag : that sodium is a principal contributor to the waste in this tank. The source
concentrations are approximately a factor of two different, accounting for nearly all of the
discrepancy. However, the contributing waste data were highly variable, and significant
differences wer :vident between the data from the two S Tank Farm tanks and tank
241-U-204. Thus, there may be a source term error in the HDW model, or the sample data
available may not be representative of the waste in the tank.

Total Hydroxide. Oncé 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. (1997a).

Water. The two estimates are very close. They qualitatively agree that water is a
principal contributor to the waste in this tank. However, because of the volatility of water
over time, the relatively small magnitude of the discrepancy observed is unexpected. This
suggests that the heat load in the tapk is small and the degree of air exchange with the outside

is restricted.

C-12




WHC-SD-WM-ER-484
Revision OE

C4.0 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 assessment associated with waste
management activities, as well as regulatory issues. These activities include overseeing tank
farm operations »nd identifying, monitoring, and resolving safety issues associated with these
operations and '....h the tank wastes. Disposal activities involve designing equipment,
processes, and facilities for retrieving wastes and processing them 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
flowsheets, reactor fuel data, essential material usage, and other operating data. The
information derived from these different approaches is often inconsistent

An evaluation of available chemical information for tank 241-U-202 was performed,
including the following:

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

e A data-based inventory developed from concentration information from similar
tanks.

Based on this evaluation, a best-basis inventory was developed for tank 241-U-202. No
sampling information was available for tank 241-U-202; however, several tanks which were
believed to contain similar wastes were used to derive an inventory. The data-based evaluation
inventory was chosen as the best basis for those analytes for which sample-based analytical
values were available for the following reasons:

No i _ o v s are availat to:  lict CWRI1 compositions from
process flowsheet or historical records

e The engineering assessment inventory estimates appear reasonable, given the
process knowledge available.

¢ For those few analytes where no values were available from the data-based
inventory, or the estimate was considered suspect, the HDW mode] values were

used.
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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, Z*?*Py, and total uranium
(or total beta and total alpha), while other key radionuclides such as ®Co, *Tc, I, **Eu,
'%5Eu, 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 computt  nodels are described in Kupfer et al. 1997, Section 6.1 and in Watrous and
Wootan 1997.) ~ Todel generated values for radionuclides in any of 177 tanks are reported in
the HDW Rev. 4 model results (Agnew et al. 1997a). The best-basis value for any one analyte
may be either a odel result or a sample or engineering assessment-based result if available.
For a discussio  f typical error between model derived values and sample derived values, see

Kupfer et al. 1997, Section 6.1.10.

The best-basis inventory for tank 241-U-202 is presented in Tables C4-1 and C4-2. The
inventory values reported in Tables C4-1 and C4-2 are subject to change. Refer to the Tank
Characterization Database (TCD) (LMHC 1998) for the most current inventory values.
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