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APPENDIX D

EVALUATION TO ESTABLISH BEST-BASIS INVENTORY
FOR DOUBLE-SHELL TANK 241-AP-102
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APPENDIX D

EVALUATION TO ESTABLISH BEST-BASIS
INVENTORY FOR DOUBLE-SHELL TANK 241-AP-102

An effort is underway to provide waste inventory estimates that will serve as standard
characterization source terms for the various waste management activities (Kupfer et al. 1995).
As part of this effort, an evaluation of ava ble chemical information for tank 241-/ -102
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.

D1.0 CHEMICAL INFORMATION SOURCES

Available composition information for the waste in tank 242-AP-102 is as follows:

. 2 Lorenzo et al. (1995) provides characterization results from the 1993 "bottle-
on-a-string" sampling event and summarizes the results of the statistical analysis of
data from the sample event.

o Thect acterization and test plan for the grouting of the waste in 241-AP-102
(' 'ndrickson et al. 1993) provides data on the waste heel in that tank before the
receipt of waste from tank 241-AN-106.

+  Characterization results for the waste existing in tank 241-AN-106 before being
transferred to tank 241-AP-102 (Welsh 1991) was used to compare with the
characterization results from the latest sampling event for tank 241-AP-102.

e  242A Evaporator Post Run Documents provide information about the waste before
it was sent to tank 241-AN-106 (Certa 1983, Gratny 1984a, 1984b).

« The HDW model document (Agnew et al. 1996) provides tank content estimates
derived from the LANL model, in terms of component concentrations and
inventories. A complete list of data sources used in this evaluation is provided at
the end of this section.
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Prior to being transferred to tank 241-AP-102, the phosphate-rich waste had stratified into two
layers, the result of ouring two batches of phosphate waste with markedly different specific
gravities into the tank. After transfer to tank 241-AP-102, is waste, with the addition of the
more-dilute phosphate heel, had been mixed for 53 days prior to sampling to homogenize the
waste and to ensure that the resulting temperature increase from the heat of mixing had
dissolved most ¢ the salt crystals. Both sampling events used bottles attached to strings to
collect multiple samples from the entire depth of the waste.

Provisions were made in the sampling plan for the characterization of tank 241-AN-106 to
obtain samples that did not over-represent any one layer. An objective of the characterization
effort was to locate 1e interface between these layers. A statistical analysis of the data could
not determine with confidence the location of the interface; furthermore, the analysis
concluded that equal volumes of each sample would represent t| contents of the tank (Welsh
1991), the inference being that the interface was in the mid-level of the waste. ..is
assumption does not hold up under scrutiny. Data from the samples of concentrated phosphate
(CP) waste taken from tank 241-AN-106 are shown in Table D2-4, supposedly in increasing
depth from the bottom of the tank. Sample 10, labeled by the sampling crew as having een
taken 533 cm (210 in.) from the bottom, has concentrations very much like samples from the
bottom rather than the top, which may indicate that the sample's location was misidentified.
Alternatively, it may be that sample 10 is labeled correctly and samples 7 and 11 between
sample 10 and the bottom of the tank are out of place and belong above sample 10.

The latter explanation is more likely the truth. The density for sample 7 corresponds with the
upper layer. The concentrations in sample 11 appear to reflect the interface region because
they lie between the concentrations found in the upper and lower regions. Additiona v, a
study of the 242A Evaporator records indicates that 508 cm (200 in) of CP waste with a
density of 1.35 g/cm’, and constituent concentrations similar to samples taken from the bottom
of tank 241-AN-106, were transferred to tank 241-AN-106 after Campaign 83-5 (Certa 1983).
A comparison of Table D2-4 with Table D2-5 shows that the composition of the product from
the 83-5 evaporator campaign compares very well with samples taken from the lower layer
tank 241-AN-106 represented by samples 3, 4, 8, 10 and 12.

Following evaporator campaigns 84-1 and 84-2, two additional batches totaling 394 cm

(155 in.) were transferred from the 242A Evaporator to tank 241-AN-106. This waste had a
lower average spec ¢ gravity than the first batch and the average concentrations for these
batches are not unlike the concentrations of the upper layer in tank 241-AN-106. The
Evaporator data for the 84-1 and 84-2 campaigns are shown in Table D2-5. The higher
concentrations in the upper layer of the tank 241-AN-106 data (Table D2-4) are likely due to
diffusion of waste from the bottom layer to the region of lower concentration.
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(81 °F)--the temperature at which Na,PQO,, the predominant species in the solid phase of
wastes of this type are observed to dissolve.

Another reason that may account for some of the variance between the historical estimate and
the sample data frc  tank 241-AP-102 is that the waste in tank 241-AN-106 was not mixed -
before transfer. Because the lower layer of waste was pumped out first, the liquid heel that
was left on top of the accumulated solids consisted mostly of the upper waste layer. If the
volume of waste transferred to tank 241-AP-102 was 3,679 m® (972 kgal) (De Lorenzo et al.
1994) out of a total volume of 3,929 m’ (1,038 kgal) (Douglas et al. 1996), then the residual
heel in tank 241-AN-106 was 250 m* (66 kgal) of which 185 m® (49 kgal) were liqui .

_2.1.2 Predicted Waste Inventories

A new historical estimate, based on information in the previous discussion, was established
and compared to the results of the 1993 sampling event. The following assumptions and
observations were used to generate the historical estimate:

» The location of the interface between the waste layers in tank 241-AN-106 before
transfer was located at 508 cm (200 in.) from the bottom of the tank.

o Samples 7 and 11 from the 1989 sampling of tank 241-AN-106 are assumed to
have come from the upper layer of the tank.

+  The volume in tank 241-AN-106 decreased 3 percent from evaporation before the
transfer to tank 241-AP-102. The total volume at the time of transfer was 3,929
m’® (1,038 kgal).

« 64.4 m’ (17 kgal) of solids precipitated in tank 241-AN-106 before the transfer of
liquids to tank 241-AP-102. No assumptions were made about the amount of
solids transferred with the liquid to tank 241-AP-102 or its composition.

« 185 m® (49 kgal) of liquid composed of waste from the upper layer of
tank 241-AN-106 was left in tank 241-AN-106 after the transfer to
tank 241-AP-102.

»  No radiolysis of nitrate to nitrite and no addition of nitrite to the waste for
corrosion purposes are factored into this assessment.

« 88 percent of the waste volume in tank 241-AP-102 is from the waste transferred
from tank 241-AN-106; the remainder is the dilute phosphate heel from previous
waste additions.
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Tal :D2-6. Comparison of Historical Estimate and Analytical Estimates of the Composition
of Waste in Tank 241-AP-102.

8990812 (uCi/L) 1,510 1,410 1.07

Notes:
'De Lorenzo et al. (1994)
*Constituent concentrations reported for the heel only.
*Decayed to January 1, 1994,

1€ two estimates are in agreement with each other for most components. Phosphate, sulfate,
and ammonia appear to have the largest discrepancies. The phosphate and sulfate differences
are probably due to solids formation; these and other discrepancies are discussed below.

Because of the agreement between the sampling events, and the extensive sampling
preparations for the 1993 sampling of tank 241-AP-102 (such as mixing for 53 days,
temperature controls, the sample-based data is a better basis than the HDW model although the
HDW estimates for several major components like sodium and phosphate are reasonably close
to the sample estimates.

D3.0 COMPONENT INVENTORY EVALUATION |

D3.1 PHOSPHATE

The PO, inventory predicted by the historical data is 45 percent higher than the
tank 241-AP-102 sample result. Sodium phosphate salts have been observed to crystallize
from CP waste on many occasions. During evaporator operations, sodium phosphate solids
were found plated on the walls of the evaporator receipt tank; sodium phosphate solids were
0 found in samples taken from tank 241-AN-106 and 241-AP-102. The lower phosphate
concentrations in the sample result likely reflect the formation of sodium phosphate salts in
tank 241-AN-106 before the transfer. Salts that may have precipitated in tank 241-AP-102
should have been redissolved when the temperature was elevated above 80 degrees Fahrenheit
although it's conceivable that-smaller patches-of solid material remained plated to the walls of
the tank. It's more likely that phosphate salts continued to form in tank 241-AN-106 before
the waste was transferred. This explanation does account for the lower phosphate
concentrations in the tank 241-AP-102 samples. The HDW model value agrees very well with
the sample; it is 10 percent higher. The sample value is assumed to be correct.
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D4.0 DEFINE THE BEST-BASIS AND ESTABLISH COMPONENT INVENTORIES

The results from this evaluation support using the sample results as the basis for the best
estimate inventory to tank 241-AP-102 for the following reasons:

1. Data from samples of essentially the same waste taken at two different times in
two- different tanks show excellent agreement.

2.  The contents of tank 241-AP-102 were well mixed before sampling and the
elevated temperature that resulted from this mixing should have dissolved
p tated salts.

Best-basis inventory estimates for tank 241-AP-102 are presented in Tables D4-1 and D4-2..
DW model values are used where sample values were not available. Radionuclide values are
decayed to January 1, 1994,

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, ****°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. 1997a). 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 normalize 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. 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 Hanford
Defined Waste 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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