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APPENDIX D
EVALUATION TO ESTABLISH BEST-BASIS

INVENTORY FOR SINGLE-SHEIL .
TANK 241-SX-115
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The accounting procedure used by Agnew et al. (1997) appears very arbitrary.
Thus, they assumed that the present solids volume quoted by Hanlon (1996), namely,
45.4 kL (12 kgal) is exactly correct. Then, they believe that of this total, 22.7 kL (6 kgal) is
REDOX process salt cake because of an unexplained gain in measured solids volun of
22.7 kL (6 kgal) which was recorded in the years 1974 to 1993 even though no waste was
added to the tank. ...ey ascribe the difference (22.7 kL [6 kgal]) between the measured total
solids volume (45.4 kL [12 kgal]) and the volume of salt cake to REDOX process sludge or
22.7 kL (6 kgal).

An altern: 7e way of accounting for the solid waste now in tank 241-SX-115 involves
the following analysis and evaluation:

* 24.2. kL (6.4 kgal) solids (4.4 vol% of 549 k L [145 kgal]) of REDOX process
HLW produced in 1958 under the conditions of REDOX process Flowsheet
No. 5, (Kupfer et al. 1997).

e 37.5 kL (9.9 kgal) solids (4.4 vol% of 855 kL [226 kgal]) of REDOX process
HLW produced in 1959 under the conditions of REDOX process Flowsheet
No. 6, (Kupfer et al. 1997).

e 101.4 kL (26.8 kgal) of solids (4.4 vol% of 2,309 kL {610 kgal]) of REDOX
process HLW produced in 1960 under the conditions of REDOX process
Flowsheet No. 6, (Kupfer et al. 1997).

¢ Negligible volume of REDOX process salt cake added in 1965, i.e., 3 vol% of
7.6 kL (2 kgal) of concentrated REDOX process supernatant liquid.

* Unexplained loss of 117.7 kL (31.1 kgal) of REDOX process sludge in the period
1960 through 1965. '

The second alternative, just as the first used by Agnew et al. (1997), accounts for
45.4 kL (12 kgal) of solid waste in tank 241-SX-115. But, in the second case all the solid
waste now measured to be in tank 241-SX-115 is assumed to be sludge while Agnew et al.
a qaean mixture of sludge and salt cake. What is the true situation? The answer to
tL_ Juestion can only be provided by core sampling and :.  ysis of the solid waste in "~ °
241-SX-115. The available historical transaction data allow for at least two interpretations of
what happened in the past and what is now in the tank.

Expected Solids in Waste
Anderson (1990): R
Agnew et al, (1997): RI, R SltCk
This Evaluation: R

= Reduction and Oxidation (REDOX]} Process high-level waste
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R1  REDOX high-level waste generated between 1952 to 1957

R2 = REDOX high-level waste generated between 1958 to 1966
SitCk = REDOX Process salt cake waste

Predicted Current Inventory

Agnew et al. (1997)

Waste Type Waste Vol 3 45.4 kL (12 kgal)
R1 22.7 kL (6 kgal)
R SitCk 22.7 kL. (6 kgal)
Hanlon (1996)
Y-+ Type Waste Volume 45.4 kL (12 kgal)
Sludge

This Evaluation .
W: :Type Waste Volume 45.4 kL (12 kgal)
R (1958 to 1960) 45.4 kL (12 kgal)

D3.2 EVALUATION OF TECHNICAL FLOWSHEET INFORMATION

In Table D3-2 (reproduced from information in Kupfer et al. 1997) are listed
compositions for REDOX process HLW produced according to Flowsheets No. 5 and 6.
Note that the compositions of REDOX process R1 and R2 waste (Agnew et al. [1997]
designations) are listed in Table D2-1 of the best-basis inventory document for tank
241-SX-108 (Kupfer and Schulz 1997).
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Table D3-3. Rl Sludge Concentration Estimate. (3 Sheets)

HDW! sludge Sludge
| Zsi;mst;;?sl (t204t:lwiilllgge 241-8-107) ~ Average concl:r):;;tion Inventory
Analyte it .2~ | segments® | Concentration for tank
7U-8L* |concentration) (ug/e) (ug/2) for tank 241-5X-115
(ng/®) (ug/g) HEE Helg 241-SX-115 ke)
. (ug/g)
density 1.77 1.64 1.90 1.77 1.73 1.78
(g/ml) .

HDW = Hanford Defined Waste

NR = Not reported

REDOX = Reduction oxidation process

R1 = REDOX waste generated between 1952 and 1957

*Kruger et al. (1996)

® DiCenso et al. (1994)

¢ Statistically determined median R1 sludge concentrations for tank 241-S-107 contained
in the attachment to Simpson et al. (1996)

4 Average of analyte concentrations for tank 241-S-101, 241-S-104, and 241-S-107

® Agnew et al. 1997

fRadionuclides decayed to January 1, 1994.

These calculations utilized data presented in Tables D3-1 and D3-2. Inventories (kg) of
each analyte were calculated as the product of the following factors:

Volume (kgal) of waste slurry added to tank in respective times periods

(Table D3-1)

Molarity of analyte in waste stream (Table D3-2)

omic weight of analyte (g)
1.0 E+03 gal/kgal--conversion factor
3.785 L/gal--conversion factor

Kg/1.0 E+03 g--conversion factor

D-13




HNF-SD-WM-ER-684
Revision 0

Results of these calculations are summarized below; in all cases, quantities are given
as kg.
59
Iron: 145 kgal x 0.0074 mole/L x 3.785 L/gal x 1.0 E+03 gal/kgal x
kg/1.0 E+03 g x 55.85 g/mole = 227 kg
Manganese: 103 kg
Uranium 483 kg
1959:
Iron: 226 kgal x 0.0074 mole/L x 3.785 L/gal x 1.0 E+03 gal/kgal x
kg/1.0 E+03 g x 55.85 g/mole = 354 kg
Manganese: 160 kg
Uranium: 753 kg
1960
Iron: 610 kgal x 0.0075 mole/L x 3.785 L/gal x 1.0 E+03 gal/kgal x
kg/1.0 E+03 g x 55.85 g/mole = 967 kg
Bismuth: 23.6 kg
Uranium: 368 kg
Manganese: 431 kg
Total inventories of precipitable metals calculated by the alternate inventory
determination method are:
Iron: 1,548 kg
Bismuth: 23.6 kg
Manganese: 694 kg
Uranium: 1,604 kg
But, these totals are for all the iron, bismuth, manganese, and uranium added to tank
241-SX-115. As noted earlier, 117.3 kL (31 kgal) of solid sludge somehow appears to
have disappeared from the tank. Taking this loss into account, only 12/43.16 fraction of
the orig™ ' solids remain, or:
Iron: 430 kg
Bismuth: 6.56 kg
Manganese: 193 kg
Uranium: 446 kg

The inventory values calculated for bismuth and manganese are about two to three
times the values listed in Table D3-3. The uranium is two-thirds the value in Table D3-3.
Such agreement supports use of the average of analyte concentration data for tanks 241-S-
101, 241-S-104, and 241-S-107 to estimate the inventory of analytes in the sludge = tank

[-SX-115.
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Bismuth. The HDW model (Rev. 4) predicts tank 241-SX-115 to contain only
0.0326 kg of bismuth whereas the independent engineering assessment shows the presence of
as much as an 100 fold high inventory of bismuth, namely <3.33 kg. The HDW model
estin e is considered incorrect because at least some of the REDOX process HLW
introduced into tank 241-SX-115 is known to have contained a small, but measurable,
concentration of bismuth. The engineering assessment value of 3.33 kg is taken as the
best-basis estimate of the bismuth content of tank 241-SX-115.

Chromium. The HDW model predicts the waste in tank 241-SX-115 to contain about
six times as much chromium as does the independent assessment, 1,040 kg versus 151 kg.
This difference reflects, to some extent, the difference in the amounts of chromium in
REDOX process HLW assumed to partition to the solid phase. Also, in the HDW model a
significant amount of chromium was contributed to the solids in the tank from the REDOX
process salt cake assumed to be present in the tank; the independent assessment is made on
thet s that REDOX process salt cake is not present in tank 241-SX-115. The 151 kg
value is accepted as the best-basis inventory estimate.

Iron. The independent assessment value for the inventory of iron in tank 241-8X-115
is only about one-tenth the amount predicted to be in the tank by the HDW model. The
HDW model assumes that the concentration of iron in the REDOX process HLW added to
the tank was a factor of five to six times higher than the published Flowsheet 5 and 6 values,
0.048M versus 0.0075 M. The value of 127 kg iron is selected as the best-estimate inventory
number even though a separate analysis, based upon the volume of waste added to the tank
and the estimated concentration of iron in the waste, indicates that the iron content of tank
241-SX-115 could be as high as 1,548 kg.

Manganese. The HDW model (Rev. 4) predicts that tank 241-SX-115 contains only

0.0624 kg of manganese. This value is absurdly low considering the presence of at least
- 0.0034M manganese in most of the REDOX process HLW added to the tank. The 0.0624 kg

value either reflects an incorrect calculation or an erroneous assumption about the solubility
of manganese. Manganese surely would have precipitated when REDOX process HLW was
made alkaline. The best-estimate value for the manganese inventory of tank 241-SX-115 is
105 kg, a value derived in the indepenc - -~~~ -1t and one in reasonable agreement with
a separate analysis, based upon the vobh ade | to the tank 1d the estimated
concentration of manganese in the waste, which indicates the mai _ nese content of 1
241-SX-115 could be as high as 694 kg.

Nickel. The independent assessment predicts only 9.3 kg of nickel in tank 241-SX-115
whereas the HDW model prediction is 87.7 kg. The HDW model nickel inventory reflects
an incorrect assumption concerning the amount of corrosion of stainless steel equipment in
the REDOX plant.
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Nitrate. The independent assessment predicts tank 241-SX-115 to contain only about
half as much nitrate as predicted by the HDW model. This result is the expected one since
the salt cake assumed to be present in the HDW model analysis should have contributed
much nitrate. T/ independent assessment value of 9,670 kg nitr: = is taken as the best-basis
estimate. ‘ '

Potassium. The independent assessment predicts tank 241-SX-115 to contain 34.0 kg
of p¢ ssium, whereas the HDW model predicts 38.4 kg of potassium are present. The
HDW model did not take into account potassium added as KMnO, (see discussion on
manganese); in spite of this fact, the HDW model estimate is in excellent agreement with the
value obtained in the independent engineering assessment. The independent assessment value
of 34.0 kg is selected as the best-bas1s estimate of the inventory of potassium in tank
241-SX-115.

Sodium. The independent engineering assessment predicts tank 241-SX-115 to
contain slightly over half as much sodium as predicted by the HDW model. This result
which parallels the situation with the nitrate content of this tank is not unexpected since the
salt cake, assumed to be present in the HDW model base assumption, would contain
considerable amounts of both sodium and nitrate. In any event, the engineering assessment
value of 7,720 kg sodium is taken as the best-basis estimate.

Sulfate. The sulfate content of the solids in tank 241-SX-115 as determined by the
independent engineering assessment is 117 kg. This value is in excellent agreement with the .
“value of 111 kg of sulfate predicted by the HDW model. Such agreement must be considered
fortuitous considering that different prediction bases were used in the two prediction
approaches. The value of 117 kg of sulfate is chosen as the best-basis estimate.

Uraniu The HDW model predicts the waste in tank 241-SX-115 to only contain
82.7 kg of uranium, whereas the independent assessment, based upon the average analyti 7
determined uranium content of sludges in tanks 241-58-101, 241-S-104, and 241-S-107
predicts tank 241-SX-112 to contain 607 kg of uranium. On the other hand, an engineering
assessment based upon the volume of REDOX process HLW added to the tank leads to a
calculated uranium inventory of 1,609 kg. The value of 598 kg u~~"um is selected as the
best-basis invi ~ry timate.

Total Hydroxide. Once the best-basis inventories were determined, the hydroxide
inventory was calculated by performing a charge balance with the valences of other amalytes.
In some cases, this approach requires that other analyte (e.g., sodium or nitrate) inventories
be adjusted to achieve the « arge balance. During such adjustments, the number of
significant figures is not increased. No such adjustments were needed in this tank. This
charge balance approach is consistent with that used by Agnew et al. (1997).
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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 assessment 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 retnevmg wastes and processmg them into a form that is suitable
for long- term storage.

Chemical and radiological inventory 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 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.

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
'Clair 1996). As part of this effort, an evaluation of chemical information for tank
= 11-SX-115 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. The following information was utilized as part of this evaluation:

* Inventory estimates generated by HDW model (Agnew et al. 1997)

. AVerage of analyte concentrations in REDOX process HLW sludges in tanks
241-S-101 (Kruger et al. 1996), 241-S-104 (chenso et al. 1994), and 2411 07
(Simpson et al. 1996)

e Inventory estimates generated by a tank-specific assessment process utilizing
chemical process flowsheets and a detailed historical waste transaction data base.

..e. ults frc__ thiseva ionsupy  usi ybi [prin ~ly
results from a tank-specific assessment process ut wnalyte concentrations
for REDOX process waste sludges in tanks 241-S-101, 241-S-104, and 241-S-107 for the
following reasons:

1. The wasté in tank 241-SX-115 has not been analyzed; it is not possible to use a
predicted inventory based on analytical results.
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2. The tank-specific assessment correctly predicts, based upon a careful and
" meticulous review of historical waste transaction records, that only REDOX
process HLW of all the wastes introduced into t ": 241-SX-115 contributed to the
solid waste in the tank.

3. The HDW model incoirectly attributes part of the solids now in tank 241-SX-115
to salt cake precipitated from one addition of concentrated REDOX process HLW
supernatant. Such analysis ignores the large volumes of water that were added to
the tank subsequent to precipitation of any salt cake solids. Experimental
evidence exists (Schulz 1980) that strongly suggests any precipitated salt cake
would have readily dissolved. .

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 heta 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 HDW Rev. 4 model results (Agnew et al. 1997). The best-basis v e 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.

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.
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