
WSRC-MS-2000-00104

http://sti.srs.gov/fulltext/ms2000104/ms2000104.html[7/14/2009 2:54:15 PM]

WSRC-MS-2000-00104

 

 

Savannah River Site Waste Characterization System Database
J. R. Hester

Westinghouse Savannah River Company
Aiken, SC 29808

 

This document was prepared in conjunction with work accomplished under Contract No. DE-AC09-96SR18500 with the U.S. Department of Energy.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government nor any agency thereof,
nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial
product, process or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring
by the United States Government or any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.

This report has been reproduced directly from the best available copy.

Available for sale to the public, in paper, from:  U.S. Department of Commerce, National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161, 
phone: (800) 553-6847,  fax: (703) 605-6900,  email:  orders@ntis.fedworld.gov   online ordering:  http://www.ntis.gov/support/ordering.htm

Available electronically at  http://www.osti.gov/bridge/

Available for a processing fee to U.S. Department of Energy and its contractors, in paper, from: U.S. Department of Energy, Office of Scientific and Technical
Information, P.O. Box 62, Oak Ridge, TN 37831-0062,  phone: (865 ) 576-8401,  fax: (865) 576-5728,  email:  reports@adonis.osti.gov

 

1.  Introduction

Information relating to the contents of Savannah River Site high level waste tanks is available from numerous and scattered sources. The
Waste Characterization System (WCS) database consolidates this information and provides for the orderly weighing of contradictory
information. WCS is a computerized system that tracks the inventory of selected chemicals and radionuclides in high level waste tanks.
These inventories are applied to high level waste problems, including:

Planning and scheduling high level waste system activities

Calculating radiolytic heat loads and hydrogen generation rates

Estimating source terms for accident analyses

Estimating residual inventories for tank closure studies

Reconstructing tank fill histories for waste removal planning

2.  Summary

WCS resides on an SRS local network server. WCS inventories cover approximately ninety non-radioactive chemicals and forty
radionuclides and are based on concentration estimates from sample analyses, process histories, composition studies, and theoretical
relationships.

The intent of WCS is to consolidate waste characterization information, which now exists in multiple locations, and to estimate the most
likely values of waste constituent inventories, which are based on the best-estimate compositions.
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3.  Discussion

3.1.  Background

The Savannah River Site has 51 underground high level waste tanks in the F and H Area Tank Farms. Forty-two of these million-plus-
gallon tanks currently contain stored waste. Three tanks have undergone waste removal, and six others are used to prepare waste for the
Defense Waste Processing Facility (DWPF).

All but a small fraction of SRS high level waste originated in the 221-F and 221-H Canyons and was transferred to the tank farms as an
alkaline sludge slurry. The bulk of the sludge settled, and the supernate was dewatered by evaporation to form saltcake. There were
incidental transfers of resins from cesium removal columns and of sand and coal from backflushing reactor sand filters. One of DWPF
feed preparation tanks contains an organic precipitate.

The following discussion covers how WCS treats major waste components (i.e., sludge, salt, supernate, organic precipitate, and
miscellaneous materials).

3.2.  Sludge

WCS tracks the inventory and composition of the sludge constituents listed in Table 1. The inventories and compositions of major sludge
constituents are based on tank fill histories. Minor constituent inventories are based on compositions developed during the DWPF design.
WCS sludge inventories are based on sludge transfers from the canyons to the tank farms and between tanks. This data is documented
electronically in an Excel workbook with a spreadsheet corresponding to each tank. (For completeness, WCS includes tanks that did not
receive sludge.)

These spreadsheets provide the following details about each sludge transfer:

Date

Source - canyon or tank

Destination - tank

Chemical Process - PUREX or SRS Modified PUREX (HM) Stream - High Heat Waste (HHW)*, Low Heat Waste (LHW), or
Mixed
*Waste from solvent extraction first cycle.
Volume

Major chemical compound weights - Fe(OH)3, NaAlO2, Ni(OH)2, and MnO2

Major actinide weights - Th-232, U-233, U-234, U-235, U-236, U-238, Np-237, Pu-238, Pu-239, Pu-240, Pu-241, and Pu-242

WCS combines this information with data on minor chemical and radionuclide compositions to compute the quantity of each sludge
constituent in each transfer. The overall inventory of each constituent in each tank is determined by combining the individual transfers
(including intertank transfers). The concentration of each constituent is determined by dividing its inventory (expressed as a weight or
activity) by the total weight of sludge in the tank. WCS sludge computations are described below and documented electronically in Excel
workbooks.

WCS assumes that sludge is homogeneous, that it contains a nominal 70 volume percent interstitial liquid (supernate), and has a nominal
bulk density of 1.95 pounds of dry solids per gallon of settled sludge (0.234 kilograms per liter).

3.2.1 Sludge Chemical Compound Inventory

WCS computes the sludge chemical compound inventory in a tank as follows:

1. The weight of each major compound (Al(OH)3, Fe(OH)3, Ni(OH)2, and MnO) in each canyon receipt is taken from the
appropriate transfer spreadsheet (tank01.xls, etc.). (WCS reports aluminum as insoluble, Al(OH)3, instead of soluble NaAlO2 as
reported previously in sludge transfer spreadsheets.) 

2. The weight of each minor compound in each canyon receipt is determined by multiplying the weight of Fe(OH)3 by the
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appropriate ratio from Table 2. (The weight ratios of minor compounds are known from analyses of sludge samples from the
various waste streams. WCS uses Fe(OH)3 as a reference because it is more abundant in waste than Ni(OH)2, and MnO and
because analyses for Fe(OH)3 are more reliable than for Al(OH)3, which is more soluble.) 

3. The weight of each compound slurried to another tank is determined by summing the weights preceding the transfer and
multiplying by the fraction of the sludge transferred. 

4. The final inventory of each compound is determined by adding the canyon receipts, subtracting the transfers to other tanks, and
adding the transfers from other tanks.

3.2.2.  Example: Sludge Chemical Compound Inventory

1. Tank 1F received its first waste transfer in November 1954, consisting of PUREX mixed HAW/LAW and containing 79 kilograms
Fe(OH)3, 95 kilograms MnO2, 9 kilograms NaAlO2, and 14 kilograms Ni(OH)2.

2. The weight of AgOH in the first transfer to Tank 1F is determined by multiplying the ratio of AgOH to Fe(OH)3 from the "PUREX
Mixed" Column of Table 2 by 79 kilograms to obtain 0.428 kilograms AgOH. Other minor constituent weights are determined
similarly. Tank 1F received 43 transfers from F Canyon between November 1954 and December 1966, which are treated as above.
When summed, Tank 1F received 16,211 kilograms Fe(OH)3, 68.520 kilograms AgOH, and the indicated quantities of other
components, for a total of 49,023 kilograms of sludge.

3. In May 1969, 77 percent of the sludge in Tank 1F was slurried out to Tank 7F removing 37,748 kilograms of sludge containing
commensurate amounts of each constituent.

4. The final inventory in Tank 1F contains 3,729 kilograms Fe(OH)3, 15.760 kilograms AgOH, etc., totaling 11, 275 kilograms of
sludge.

Table 3 summarizes the final inventory of sludge chemical compounds in each tank. This data resides electronically in and Excel
spreadsheet, SlgNonRadInv.

3.2.3.  Sludge Fission/Activation Product Inventory

WCS computes the inventory of fission/activation products (H-3 through Eu-154 in Table 1) in sludge using concentrations based on
fission yield distributions in SRS reactor assemblies and solubility data.

The sludge fission/activation product inventory in a tank is computed as follows:

1. The original activity of each fission/activation product is determined for canyon receipts by multiplying the volume of the transfer
by the appropriate concentration from Table 4.

2. The theoretical current activity of each fission/activation product in each canyon transfer is determined by decay calculation.

3. The activity of each fission/activation product in each slurry transfer to another tank is determined by summing the activities
preceding the transfer and multiplying by the fraction of the sludge transferred.

4. The final inventory of each fission/activation product is determined by combining the canyon receipts and the transfers to or from
other tanks.

3.2.4.  Example: Sludge Fission/Activation Product Inventory

1. Tank 1F received 42,480 gallons of PUREX mixed HAW/LAW in its first waste transfer. The activity of Sr-90, for instance, in
this transfer was 134,619 curies, obtained by multiplying the volume by 3.169 curies per gallon from the "PUREX Mixed" Column
of Table 4. The activity of the other fission/activation products are determined similarly.

2. The theoretical current activity of Sr-90 in the first transfer to Tank 1F is 48,475 curies as of October 1996 by decay calculation.
Again, the current activity of the other fission/activation products are determined similarly.

3. In all, the 43 transfers to Tank 1F contained a decay-corrected 3,028,075 curies Sr-90, etc. In May 1969, 77 percent of the sludge
in Tank 1F was slurried out to Tank 7F removing a decay-corrected 2,331,618 curies Sr-90, etc.



WSRC-MS-2000-00104

http://sti.srs.gov/fulltext/ms2000104/ms2000104.html[7/14/2009 2:54:15 PM]

4. Accordingly, the final decay-corrected fission/activation product inventory in Tank 1F is 696,457 curies Sr-90, etc.

Table 5 lists the sludge radionuclide inventories in each tank. This data resides electronically in an Excel spreadsheet, SlgRadInv.

3.2.5.  Sludge Actinide Inventory

WCS computes the inventory of sludge actinides (U-232 through Cm-245 in Table 1) using a combination of the techniques used for
cold chemicals and fission/activation products. The weights of the major actinides in each canyon transfer are known from canyon
accountability records or process records. The concentrations of minor actinides have been estimated based on fission yield distributions
in SRS reactor assemblies.

The sludge actinide inventory in a tank is computed as follows:

1. The original activity of each major actinide in each canyon receipt is determined by multiplying the weight of each actinide by its
specific activity.

2. Canyon records do not cover U-232, Am-241, Am-242m, Cm-244, and Cm-245, so the activity of these minor actinides is
computed by multiplying the volume of the transfer by the appropriate concentration from Table 4.

3. The theoretical current activity of each actinide in each canyon transfer is determined by decay calculation.

4. The activity of each actinide in each slurry transfer is determined by summing the activities preceding the transfer and multiplying
by the fraction of the sludge transferred.

5. The final activity of each actinide is determined by combining the canyon receipts with the transfers to or from other tanks.

3.2.6.  Example: Sludge Actinide Inventory

1. Tank 1F received 128,030 gallons of PUREX mixed HAW/LAW in its third transfer in January 1955. Taking Pu-241, for instance,
this transfer contained 0.000623 kilograms. Originally, this transfer contained 64 curies Pu-241 (0.000623 kilograms * 1.030E05
curies per kilogram) or 8.57 curies in October 1996 accounting for decay. The activity of the other major actinides is determined
similarly.

2. The activity of Am-241, for instance, in this transfer was 546 curies, obtained by multiplying the volume by 4.270E-03 curies per
gallon from the "PUREX Mixed" Column of Table 4. The activity of other minor actinides is determined similarly. The theoretical
current activity of the original Am-241 in Tank 1F is 511 curies. Because Pu-241 decays to Am-241, an additional 52 curies of
ingrown Am-241 (iAm-241) is also present. Therefore, the current Am-241 activity in Tank 1F is 511 + 52 = 563 curies total.

3. Forty-three transfers to Tank 1F and one transfer to Tank 7F left a current inventory of 50 curies Pu-241 and 2,342 curies Am-241,
including the original and ingrown sources.

Table 6 lists the sludge actinide inventory for each tank. This data resides electronically in and Excel spreadsheet, SlgRadInv.

3.3.  Salt

WCS tracks the dry inventory of the salt compounds listed in Table 7. The salt compositions in the table are based on salt analyses. (The
insoluble solids in Table 7 are taken to be sludge entrained in the salt.)

Saltcake has a bulk density of about 1.45 kilograms of dry solids per liter and contains 22 percent interstitial liquid by volume.
Chemically, salt consists primarily of sodium salts.

WCS assumes that all of the radioactive constituents in saltcake are in entrained sludge or interstitial supernate, that is, the salt crystals
themselves are composed of nonradioactive chemicals. WCS will be revised if future studies show that radionuclides constitute a
significant proportion of salt crystals. Currently, WCS accounts for interstitial supernate but does not account for entrained sludge.

The salt inventory in a tank is computed as follows:

1. The overall salt weight is determined by multiplying the salt volume (from soundings or tank inspection) by the nominal density of
salt, 1.45 kilograms of dry solids per liter.
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2. The weight of each constituent is determined by multiplying the concentrations in Table 7 by the overall weight.

3.3.1.  Example: Salt Inventory

1. Tank 25F contains 1,108,000 gallons (6,081,463 kilograms dry weight) of saltcake.

2. The inventory of CaSO4, for instance, in Tank 25F is 86 kilograms, using the weight fraction of 1.42E-05 from the "F Area"
Column of Table 7. The inventory of the other salt compounds is determined similarly.

Table 8 lists the current salt dry weight inventories for each tank. This data resides in an Excel spreadsheet, SalInv.

3.4.  Supernate

Chemically, supernate consists primarily of dissolved sodium salts in alkaline solution. Because of corrosion concerns, the concentrations
of anions, such as hydroxide, nitrate, nitrite, and aluminate ions, are determined by regular analysis. WCS uses these concentrations to
determine the tank-to-tank inventory of these anions.

On the other hand, analytical data for cations is sparse. Because of this sparsity, WCS uses solubility models to estimate cation
inventories in the tanks. Although the concentrations derived from solubilities are only approximate, the overall inventory of most
cations is little affected by any errors because, other than sodium and potassium, cations are fairly insoluble in an alkaline medium and
most of them are tied up as sludge compounds.

Cs-137 is the predominant radionuclide in supernate because of its high solubility. Sr-90, which (like Cs-137) has a moderately half life,
is insoluble, and other fission/activation products, such as Ru-106, have short half lives and have effectively decayed away.

Actinides are essentially insoluble, but even at low concentration, alpha-emitting actinides like Pu-238 and Np-237 are major dose
contributors in supernate.

WCS assumes that supernate is homogeneous and that the concentration of each constituent is uniform. Under this assumption, the first
step in computing the supernate inventory for a tank is to determine the volume of supernate as follows:

1. The partial volume of free supernate is determined by subtracting the interstitial sludge and salt volumes from the total volume.

2. The partial volume of interstitial supernate in salt is determined by multiplying the salt volume salt liquid fraction, 0.22.

3. The partial volume of interstitial supernate in sludge is determined by multiplying the sludge volume sludge liquid fraction, usually
0.7.

4. The total supernate volume is computed by summing the partial volumes.

3.4.1.  Example: Supernate Volume

1. Tank 33F contains 419,094 gallons, with 227,000 gallons of salt and 39,000 gallons of sludge. By difference, the partial volume of
free supernate is 153,094 gallons.

2. The partial volume of interstitial supernate in the salt in Tank 33F is 0.22 * 227,000 gallons = 49,940 gallons.

3. The partial volume of interstitial supernate in the sludge in Tank 33F is 0.7 * 39,000 gallons = 27,300 gallons.

4. Accordingly, the total supernate volume in Tank 33F is 230,334 gallons.

3.4.2.  Supernate Ion Inventory

Supernate ions are either positive (cations) or negative (anions). There is extensive analytical data available on anions concentrations
through Tank Chemistry (corrosion program) reports. Supernate samples are drawn at regular intervals and routinely analyzed for OH-,
CO3-, AlO2-, NO2-, NO3-, F-, Cl-, PO4-, SO4-, and C2O4-. Data for cations and less common anions, such as chromate, is scarce, and
less direct means are used to estimate their concentrations.

Sodium is the most abundant supernate cation, with concentrations ranging from about 5 to 20 moles per liter, which can be estimated
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using the empirical relation:

Density (grams/milliliter) = 0.04413 [Na+] (moles/liter) + 1.010

3.4.3.  Example: Supernate Na+ Concentration From Density Correlation

1. Tank 32H supernate has a specific gravity of 1.26.

2. The supernate Na+ concentration in Tank 32H is, therefore, (1.260 - 1.010)/0.04413 = 5.665 moles per liter (0.130 kilograms per
liter).

Solubility data can be used to obtain a rough estimate of the concentration of limited solubility ions, such as iron. A simple linear
regression fit of iron solubility data yields the following relation to the hydroxide concentration:

[Fe3+] (milligrams per liter) = 2.102 [OH-] (moles/liter) - 0.186

3.4.4.  Example: Supernate Fe3+ Concentration From Solubility Data

1. Tank 32H has a supernate hydroxide concentration of 1.240 molar.

2. The supernate Fe3+ concentration in Tank 32H is, therefore, 1.240 * 2.102 - 0.186 = 2.420 milligrams per liter.

The supernate ion inventory in a tank is computed as follows:

1. The inventory of each ion in a tank is determined by multiplying the total supernate volume by the respective ion concentrations. 

3.4.5.  Example: Na+ and Fe3+ Inventory

1. Tank 32H contains 1,166,798 gallons (4,416,680 liters) of supernate.

2. The Na+ inventory in Tank 32H is 4,416,680 liters * 0.130 kilograms Na+ per liter = 575,224 kilograms Na+.

3. The Fe3+ inventory in Tank 32H is 4,416,680 liters * 2.420 milligrams Fe3+ per liter = 10.688 kilograms Fe3+. The inventory of
other ions is determined similarly.

Analysis of Tank 32H supernate indicates, however, that the Fe3+ concentration is less than 0.2 milligrams per liter, which would yield
an inventory of about 1 kilogram instead of more than 10 kilograms as above. This indicates a difficulty in modeling the data using
solubilities. Therefore, WCS supernate cation inventory estimates must be used with caution.

(Errors in estimating the supernate inventories of low solubility constituents, such as Fe3+, do not significantly impact overall tank
estimates because these constituents reside primarily in sludge. Errors in other constituents are a problem, however, because they are
highly soluble, i.e., potassium, or they are toxic, i.e., mercury, and are important even at low concentration.

Table 9 lists the inventory of supernate cations, and Table 10 lists the inventory of supernate anions for each tank. This data resides in an
Excel spreadsheet, SupInv.

3.4.6.  Supernate Fission/Activation Product Inventory

A recent study has shown that Cs-137/Ba-137m contribute approximately 99% of the activity in aged supernate; therefore, WCS tracks
only Cs-137/Ba-137m in supernate.

The supernate Cs-137/Ba-137m inventory for a tank is computed as follows:

1. The curie concentration of Ba-137m in the supernate is inferred from the gross gamma concentration determined by sample
analysis. (See example below.)

Ba-137m emits a strong gamma, which accounts for essentially all the gamma in aged supernate. Cs-137 is in equilibrium with Ba-
137m in a ratio of 1:0.946, so the Cs-137 beta concentration is determined by ratio with the (measured) Ba-137m gamma
concentration.
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2. The Cs-137/Ba-137m inventory is determined by multiplying the concentration by the supernate volume.

3.4.7.  Example: Cs-137/Ba-137m Inventory

1. Tank 34F supernate contains 3.1374 curies Ba-137m per gallon. The corresponding Cs-137 concentration is 3.1374 curies per
gallon ÷ 0.946 = 3.3165 curies per gallon.

2. Tank 34F contains 3.1374 curies Ba-137m per gallon * 1,084,773 gallons = 3,403,367 curies Ba-137m and 3,597,639 curies Cs-
137.

Table 11 lists the inventory of supernate fission/activation products for each tank. This data resides in an Excel spreadsheet, SupInv.

3.4.8.  Supernate Actinide Inventory

The supernate actinide (U-232 through Cm-245 in Table 12) inventory for a tank is computed as follows:

1. The curie ratio of each actinide to alpha in the supernate is determined from the actinide to alpha curie ratio in the sludge. This
assumes that the supernate actinide isotopic assay is identical to that in the underlying sludge and that the actinides are equally
soluble.

2. The supernate concentration of each actinide is determined by multiplying the respective curie ratios by the supernate total alpha
concentration determined from sample analysis.

3. The supernate inventory of each actinide is determined by multiplying its respective concentration by the supernate volume.

Example: Tank 35H Pu-238 Inventory

1. Tank 35H sludge contains 389,723 curies Pu-238 and 573,275 curies total alpha from Table 6. The curie fraction of Pu-238 to total
alpha in Tank 35H is 0.681.

2. By averaging the alpha concentrations of similar tanks, Tank 35H supernate contains approximately 7.10E-03 curies total alpha per
gallon * 0.681 = 0.00484 curies Pu-238 per gallon.

3. The Pu-238 inventory in Tank 35H supernate is 0.00484 curies Pu-238 per gallon * 1,209,651 gallons = 5853 curies Pu-238. The
inventory of other actinides in other tanks is determined similarly.

Table 12 lists the inventory of supernate actinides for each tank. This data resides in an Excel spreadsheet, SupInv.

3.5.  Precipitate

Currently, WCS contains data only on Cs-137/Ba-137m and Pu-238 in Tank 48H, the primary ITP process tank. Information on chemical
constituents, such as tetraphenylborate, is not yet available on the system.

The Cs-137/Ba-137m inventory is taken from pre-precipitation analysis that showed gross gamma at 0.86 curies per gallon in 442,000
gallons of supernate, which is equivalent to 0.86 * 442,000 = 380,120 curies of Ba-137m and 401,818 curies of Cs-137, using the ratio
of 1:0.946 for Cs-137/Ba-137m.

The Pu-238 inventory is taken from an analysis that showed a total alpha inventory of 1350 curies in Tank 48H with and isotopic assay
of 99.8 percent Pu-238.

3.6.  Miscellaneous Materials

WCS tracks sand and coal from backflushing reactor sand filters in Tank 7F; resin (primarily Zeolite) from Cesium Removal Column
(CRC) drops in Tanks 19F, 24H, 25F, 27F, 32H, and 42H; and Zeolite from RBOF transfers in Tank 23H.

The sand and coal inventories in Tank 7F are from a waste composition study, resin inventories in Tanks 19F, 24H, 25F, 27F, 32H, and
42H are from monthly data reports, and the Zeolite inventory in Tank 23H is from a special composition study.

WCS data on miscellaneous materials in the tanks resides in an Excel spreadsheet, MiscInv.
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3.7.  Applications And Uncertainties

WCS inventories are best-estimates of the most likely values of constituent, based on available waste composition. The uncertainties in
WCS inventories have not been evaluated quantitatively; therefore, engineering judgment is required when applying the estimates.

Sludge major chemical and actinide inventories, which are based on separations historical records, should be reliable except that
evaporator system tank inventories need to be corrected to account for small amounts of entrained sludge. Sludge minor constituent
inventories are probably accurate only within a factor of three, perhaps greater.

The principal uncertainty in salt inventories is the assumed bulk density. The observed bulk density of dry salt ranges from 1.2 - 1.7
kilograms per liter, and WCS uses the average value of these values, 1.45 kilograms per liter. Changing this value will affect the saltcake
inventory, but not its composition.

Analytical results for major constituents in supernate samples should be reliable, but unfortunately, little data is available on the
variability of supernate composition within a tank. A statistical study of Tank 48H, which is a well-mixed ITP precipitate tank, showed
an uncertainty of about 36% in the Cs-137 concentration. As a rough estimate, supernate major constituent inventories in ordinary tanks
are probably accurate within a factor of two.

WCS estimates have undergone considerable technical and peer review, and they continue to be improved and refined. Also, new
information is being constantly developed that will help resolve the uncertainties and improve the estimates.

 

Table 1.  Sludge Constituents
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Table 2.  Sludge Chemical Compositions
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Table 3.  Sludge Cold Chemical Inventories (October 1996)
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Table 3. Sludge Cold Chemical Inventories (October 1996) (CONTINUED)
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Table 4.  Fresh Waste Sludge Radionuclide Compositions
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Table 5.  Sludge Radionuclide Inventories (October 1996)
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Table 6.  Sludge Actinide Inventories (October 1996)
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Table 7.  Salt Compositions*
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*Assumes 2 volume percent (2.58E-03 weight fraction) sludge solids.

 

 

Table 8.  Salt Inventories (October 1996)
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Table 9.  Supernate Cation Inventories (October 1996)
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Table 10.  Supernate Anion Inventories (October 1996)
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Table 11.  Supernate Fission/Activation Product Inventories (October 1996)

 

 

Table 12.  Supernate Actinide Inventories (October 1996)
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