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PRELIMINARY TANK CHARACTERIZATION REPORT
FOR SINGLE-SHELL TANK 241-5-103:
BEST-BASIS INVENTORY

This document is a preliminary Tank Characterization Report (TCR). It only contains
s current best-basis inventory (Appendix D) for single-shell tank 241-S-103. No TCRs
have been previously issued for this tank, and current core sample analyses are not available.
The best-basis inventory, therefore, is based on an engineering assessment of waste type,
process flowsheet data, early sample data, and/or other available information.

The Standard Inventories 'cals and Radionuclides in Hanford Site Tank Wastes
X ' u ol t  tank-by-tank
vest-basis wventories. This preliminary TCR will be updated using this same methodology
when additional data on tank contents become available,
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APPENDIX. D

EVALUATION 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 single-shell
tank 241-S-103 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 C..:MICAL 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. 1996)

e 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
wasté 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
listed in Tables D2-1 and D2-2. Table D2-1 lists nonradioactive components on a kilogram
-(kg) basis, 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 waste, 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. (1996) 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 ki (103 kgal) of SMMS2 salt cake, 450.4 kL (119 kgal) of SMMS] 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

. sludge, 1.63 g/mL for SMMS]1 salt cake, and 1.56 g/mL for SMMS2 salt cake.
1uc mean density used for the HDW- model density for the total solid waste is 1.59 g/mL.
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D3.0 COMPONENT INVENTORY EVALUATION

The following evaluation of tank contents is performed to identify potential errors
and/or missing information that would influence the HDW model component inventories.

. Tank 241-S-103 was filled with waste from the REDOX facility from the fourth quarter

of 1953 until the fourth quarter of 1973. Tank 241-S-103 received a small amount (about
162.8 kL [43 kgal]) of a waste water early in 1955. Later in 1955, the tank received R
waste from 241-S-106. Anderson (1990) and Agnew et al. (1995) both have little
information about this tank. From the fourth quarter of 1973 until the second quarter of
1976, the tank received bottoms and recycle streams from the 242-S Evaporator/Crystallizer.
In the fourth quarter of 1976, the tank became a low-heat evaporator dump tank coptaining

_evaporator ~ =~ wa v oo T 1978 and the fourth quarter of 1980,
the tank was classified as having non-complexed, partial neutralized feed and double-shell

" slurry feed wastes.

_The tank was removed from service in 1980 and was partially isolated in December

1982. A jet pump was installed in 1978. New tank photos were taken in 1978 and 1979.
The tank level was adjustegl in November 1978, October 1979, and November 1980.

D3.1 EXPECTED TYPE OF WASTE BASED ON THIS EVALUATION

Agnew et al. (1996): R, SMMS1, SMMS2
Hill et al. (1995): R, EB, DSSF

R =  high-level REDOX waste -

SMMS1 =  Supernatant Mixing Model S, (early period), a mixture of supernatant -
coming from the 242-S Evaporator that are a blend of other waste
types, that upon cooling precipitated as a salt cake '

SMMS2 = Supernatant Mixing Model S (later period), a mixture of supernatant

' coming from the 242-S Evaporator that are a blend of other waste
types, that upon cooling precipitated as a salt cake '

-+ EB =  evaporator bottoms (same as salt cake)
DSSF = Double-shell slurry feed (more selectively concentrated EB)

Agnew et al. (1996) provides estimated volumes for these waste types, as does Hanlon
(1996), and these are addressed in Section D2.0. Agnew et al. projects essentially the same
* total volumes as does Hanlon. The only difference is'that Hanlon reports 3.78 KL (1 kgal)
more sludge and 3.78 kL (1 kgal) less salt cake than does Agnew et al. Since there are no
" sample-based inventories and the engineering assessment-based inventories will be compared
to the HDW model-based inventories, Agnew’s volume estimates will be used. Again, the
difference bi  een Hanlon and Agnew is too small to make any significant difference. '
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D3.2 ASSUMPTIONS USED
For this evaluation, the following assumptioné and observations are made:

" Tank waste mass is calculated using the measured average density of similar tanks
and the total tank volume listed in Hanlon (1996) and Agnew et al. (1996). The
Agnew et al. salt cake and sludge volumes are used as explained in Section D2.0.

e  Only the SMMS1 and SMMS2 salt éake ‘waste streams and the R sludge waste
streams contributed to solids formation.

¢ The salt cake and sludge can be estimated by using sample-based concentrations
or inventories from similar wastes for calcul~*-~~ “-- *-~'- *11-S-103 inventory.
The . " 7" e " linthis ' by - i t 1p sured
supernatant from tank 241-S-101. Tank 241-S-102 is the other tank in the same
cascade as tanks 241-S-101 and 241-S-103, and tank 241-S-102 does not have a
supernatant layer.

e No radiolysis of NO, to NO, and no additions of NO, to the waste for
corrosion purposes are factored into this evaluation.

D3.3 BASIS FOR CALCULATIONS USED IN THIS ENGINEERING EVALUATION

Table D31 shows the engineering evaluation approaches used on tank 241-S-103.
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Table D3-1. Engineering Evaluation Approaches Used On 241-S-103.

How Calculated

Check Method

Type of Waste
Supernatant

Volume = 64.3 kL (17 kgal)

WGALE AN
Engineering Assessment

SMMS1
Volhume = 450.4 XL (119 kgal)

Density = 1.63 g/mL (average of
241-5-101, 241-S-102, 241-U-106,
and 241-U-109 tank densities)

SMMS2

Volume  389.9 kL (103 kgal)

Density = 1.56 g/mL (average of

241-8-101, 241-5-102, 241-U-102,

241-U-107, and 241-U-109 tank
densities)

Based on a simple volume ratio
with tank 241-S-101. The
supernatant from 241-S-101 was
measured and represented 45.4 kL
(12 kgal) of liquid. Tank
241-8-103 is reported to contain
64.3 KL (17 kgal) of supernatant.
Therefore the supernatant
inventories for tank 241-S-101 were
multiplied by 17/12 = 1.4167 to
obtain the 241-S-103 engineering
assessment-based inventories for
-------- sot Spa Tahla D3.S,

waupic concentrations from other
TCR Based tanks with SMMS1 and
SMMS?2 salt cake were used to
predict the salt cake inventories.
Waste records for tank 241-S-103
indicate that the salt cake in this
tank should be similar to those used
to predict the inventories. The
calculations are explained just
before and within Tables D3-2 and
D3-3.

None available. It is noted that
supernatants from tank to tank are
quite variable and this is the best
estimate for this supernatant, but
may not be very reliable. This
portion of the waste contributes
very little to the total inventory.

Since there is no sample-based
inventory, none was used,

Sludge

Engineering Assessment

R (assumed for all sludge)
Volume = 34.1 kL (9 kgal)
Density = 1.773 (average of

241-5-104, 241-S-107, and
241-5-101 tank densities)

Sample concentrations from other
TCR Based tanks with R sludge

. were used to predict the sludge

inventories. Waste records for tank

-241-S-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.

Since there is no sample-based
inventory, none was used.
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| comparing individi ~ inventories between the engineering assessment-based
inventories and the HDW model-based inventories, several considerations must be evaluated.
In this tank, three predominate waste types, R, SMMS1 and SMMS2 contributed to solids
formation. Having this many waste types makes comparisons more difficult as numerous
interactic : can cause variances from what would be expected from a single waste type. -
Agnew et al. (1996) in the HDW model-based inventories does not show separate
concentrations for SMMS1 and SMMS?2, but rather a summation of both. This makes
comparison on the concentration level more difficult.

The actual contributions (volumes) of each of these types is unknown and only -
estimated. Both the engineering assessment and the HDW model use the same volumes; this
makes them easier to compare in this regard. The supernatant is a small contributor to the
total 1nventory There 1s 1o way to accurately predlct the supernatant at this time, since

e Are T p 81 v
atant concenmauon from the other two tanks (241-S-101 and 241-5-102) in
. the same cascade with tank 241-S-103. Only tank 241-S-101 had supernatant, and its '
concentrations were used to predict the supernatant values for this tank (241-S-103). 1t is
recognized that the error in this approach is higher but the inventory is affected only slightly.

The HDW model assumes a less dense solids mass and used one density for the entire
solids mass (1.59 g/mL). The engineering assessment is based on actual average sample
density 1 asurements frc  similar tanks for each of the three solid wastes. The engineering
assessment densities were R = 1.77 g/mL, SMMS1 = 1.63 g/mL and SMMS2 =
1.56 g/mL. Overall, the density differences are minor and would not cause significant
dlfferences in co Harative inventories.

At is time, there is no way to accurately predlct the salt cake analytical values
through an engineering assessment, other than by using analytical data from other tanks
containine SMMS1 and SMMS2. The majority of this tank’s inventory'is from salt cake
with smz contributions 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
analytes not four 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 problems cannot be fully isolated at this
time, however an attempt is made to discuss the two inventories for this tank.

The inventories for the engineering assessment-based inventory and the HDW model-
based inventory were found to be somewhat comparable in the 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.

D-18
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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.
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, the number of
significant figures is not increased. This charge balance approach is consistent with that used
by Agnew et al. (1996).

D4.0 DEFINE THE BEST-BASIS AND ESTABLISH COMPONENT INVENTORIES

Information about chemical, radiological, and/or physical properties is used to perform
e w v e
management actvities, 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
flowsheets, 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
" LeClair 1996). As part of this effort, an evaluation of available chem1ca1 information for
tank 241-S-103 was performed, including the following:

e An inventory estimate generated by the HDW model (Agnew et al. 1996)

* An engineering evaluation that produced a predicted SMMS1 and SMMS2 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
. inventory was generally chosen as the best basis for those analytes for which sample-based
an: ‘tical values were available from similar tanks for the following reasons:

* 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

D-20
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e No methodology is available to fully predict SMMS1 and SMMS2 from process
* wsheet or historical records

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

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

Be 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 *'~ "™Cs, ®**Py, and total uraninm (or
total | | total alpha), while other key radiom such as ¥Co, * .., I, 5 .4, 1,
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
radionuc le 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 m=y be either a model resuit 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 best-basis inventory for tank 241-S-103 is presented in Tables D4-1 and D4-2.

and is subject to change. Refer to the Tank Characterization Database (TCD) for the most
current inventory values.

D-21
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Table D4-1. Best-Basis Inventory Estimates for Nonradioactive Components in
Tank 241-S-103 (Effective May 31, 1997). (2 Sheets)

' -Total inventory Basis '
Analyte (ke) S, M, E, or O)F Comment
Urora | 1,740 _ E | The model predicts 3,060 (may be
e between these two values) _
Zr 46 E The model predicts 85.3

IS = Sample-based _
? Hanford Defined Waste model-based (Agnew et al. 1996)
'F E1 aeerii assessment-based
C  Calculated by charge balance; includes oxides as hydroxides, not including
CO;, NO;, NO,, PO,, SO, and SiO,.

D-23
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