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South Carolina Department of Health and Environmental Control

Waste Acceptance Product Specifications (for Vitrified High-Level
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ARP Actinide Removal Process
CSS Clarified Salt Solution
CSSX Caustic Side Solvent Extraction
DBP Dibutylphosphate
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DF Decontamination Factor
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1.0 PURPOSE

The purpose of this report is to document the acceptability of the first macrobatch of
Tank 49H waste to H Tank Farms, DWPF, and Saltstone for initial operation of the
Interim Salt Disposition Project (ISDP). This report is the basis for completing the M11
milestone.

20 BACKGROUND AND SUMMARY

BACKGROUND

The Interim Salt Disposition Project (ISDP) consists of two flowsheets that have been
developed based on two technologies: the Actinide Removal Process and the Modular
Caustic Side Solvent Extraction Unit (MCU). The ARP flowsheet involves two strike
tanks where Monosodium Titanate (MST) is added to the salt solution in the 241-96H
Tank Farm facility. The MST is added to remove the majority of the soluble strontium
and actinides from the salt solution. The MST/salt solution is then transferred to the Late
Wash Precipitate Tank (LWPT) in the 512-S facility for filtration. Three streams are
generated as a result of this filtration, an MST/sludge solids solution and a clarified salt
solution (CSS). The MST/sludge solid solution is transferred via the Low Point Pump Pit
(LPPP) to the Precipitate Reactor Feed Tank (PRFT) in 221-S for eventual incorporation
into the final glass product. The solids wash water is used to wash the MST/sludge solid
solution after reaching five weight percent before transferring to DWPF. The solids wash
water is then transferred directly to Tank SOH. The CSS is stored in the Late Wash Hold
Tank (LWHT) until it is transferred to MCU where it is processed through a solvent
extraction process. The products of this process are a nitric acid solution containing
concentrated cesium called strip effluent (SE) and a decontaminated salt solution (DSS).
The DSS is sent to Saltstone via Tank 50H for final disposition. The SE is transferred to
the Strip Effluent Feed Tank (SEFT) in 221-S.

On December 6, 2007, H Tank Farm completed a 458,125-gallon transfer and flush into
Tank 49H from Tank 23H. The salt solution from Tank 23H along with the heel of Tank
49H (heel is comprised of Tank 41H dissolution material) is the first batch of feed that
will be processed through the ARP and MCU. Prior to transfer of Tank 49H material to
the 241-96H facility, the salt solution must be qualified.

After the 23 to 49 transfer, six 200 ml variable depth samples (Sample A) were taken in
Tank 49H in accordance with the Tank 49H Sampling Strategy (Ref. 4). After 30 days of
settling, a Sample B was scheduled to be taken for risk reduction purposes, followed by a
Tank 49H to Tank 50H transfer. After this transfer, Sample C was scheduled to be taken
for the purpose of criticality analyses. Because the Sample A results showed limited
solids and were demonstrating favorable results, the Sample B was not taken and only
Sample C was taken 43 days after the 49H to 50H transfer.
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The variable depth samples (Sample A) were shipped to SRNL for qualification on
December 7, 2007 (Ref. 4). Tasks were performed by SRNL to demonstrate the
processability of the feed through the ARP and MCU flowsheets. Analyses were
performed in accordance with a Task Technical Quality and Assurance Plan (TTQAP)
(Ref. 5). The results of the analyses are documented in memo SRNL-CST-2007-00009
(Ref. 6).

N-NCS-H-00192 requires isolation of Tank 49H after taking the criticality samples, to
ensure no additional fissile mass is added to Tank 49H and to measure the equivalent U-
235 in the Tank 49H feed to assure an equivalent U-235 fissile mass is not accumulated
within the ARP/MCU boundary (Ref. 27). To accelerate the qualification process, two
sets of samples were taken from Tank 49H. The first set of samples was taken to begin
WAC analysis and to demonstrate the acceptability of the two flowsheets. The second
set of samples was analyzed to comply with NCSE requirements. The second set of
samples also demonstrated that a minimum 30 day settling time was more than sufficient
to settle solids that may have been suspended upon retrieval of the first set of samples.

Both radiological and chemical contributions are considered in this analysis. Tank 49
sample data are evaluated against criterion in References 1, 2, and 3. These references
are the WAC for Sludge, ARP, and MCU Process Transfers to 512-S and DWPF (Ref. 1),
the WAC for Liquid Waste Transfers to the 241-F/H Tank Farms (Ref. 2), and the
Saltstone WAC (Ref. 3). In addition, calculations based on initial feed predictions were
reviewed to ensure they were still bounded.

SUMMARY

Tank 49 feed meets the requirements specified by References 1, 2, and 3. Tank 49
material is qualified and ready to be processed through ARP/MCU to the final disposal
facilities.

The following key attributes of the Tank 49 feed to ARP/MCU are noted:

- The sum of the fractions for determining Hazard Category for MCU was calculated to
be < 0.3.

- Actinide removal is not required to meet waste acceptance criteria and it is not required
to maintain MCU as a Hazard Category 3 Facility.

- Cs-137 requires a Decontamination Factor (DF) of less than 2 to meet the Saltstone
WAC.

- NCSE criteria for Eq. U-235 fissile mass was met: 365g actual versus a limit of 1,070 g.

- Extraction, Scrub and Strip tests for Cesium removal criteria are met.

- MST testing demonstrated expected DFs for Pu and Sr.

- Solids formation testing indicated a low potential for NAS.

-The Tank 49 contents are also lower than the 0.4 Ci/gal criteria for additional shielding
over the SEHT and SED cells.
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3.0 DISCUSSION OF RESULTS

Analytical results of Tank 49H samples were used to compare against waste acceptance
criteria to determine compliance with the WACs. Variable depth samples (duplicate
samples taken at three depths) were taken from Tank 49H on December 7, 2007 (HTF-
49-07-145 thru 149 and HTF-49-07-151) and January 18, 2008 (HTF-49-08-17 thru 23).

The following activities were performed using the Tank 49H Samples taken on
December 7, 2007:

1. Each variable depth sample was visually inspected for solids and density
measurements were completed. The uniformity of these measurements was used to
demonstrate that the variable depth samples were representative of the tank contents.

2. Variable depth samples were then composited and chemical and radionuclide
characterization was performed.

3. Laboratory protocols developed by personnel at the Savannah River National
Laboratory (SRNL) were used to test the ARP and MCU flowsheets. The Tank 49H
composite sample was contacted with monosodium titanate (MST) for 24 hours. This
contact and filtration was used to demonstrate the strontium and actinide removal from
the liquid which is part of the ARP. Filtration then provided liquid for further testing as
well as solids to be analyzed. The filtrate was contacted with qualified MCU solvent so
that cesium decontamination could be assessed.

4. Salt solution was analyzed to meet the DWPF/512-S, Tank Farm/MCU and Saltstone
WAC:s.

5. MST/sludge solids slurry containing insoluble solids were analyzed.

6. Tank 49H feed was analyzed in order to provide data to determine if Tank Farm TSRs
and WAC and MCU Hazard Characterization are met.

7. A solvent extraction protocol consisting of an extraction, two scrubs, and three strips
were performed on material from the ARP (MST strike) test. Analyses of the SE and
DSS streams were performed.

The following activities were performed using the Tank 49H Samples (Sample C) taken
on January 18, 2008:

1. Each variable depth sample was visually inspected for solids and density
measurements were completed. The uniformity of these measurements was used to
demonstrate that the variable depth samples were representative of the tank contents.
2. Variable depth samples were composited and chemical and radionuclide
characterization was performed in accordance with the TTQAP (Ref. 5).

The WAC compliances were calculated using the Tank 49H analysis (Ref. 6). In all but
Saltstone evaluation and where the feed was not analyzed for a specific analyte, the Tank
49H material was used for qualification without crediting the ARP/MCU process.
However, bounding actinide and cesium concentrations were used where appropriate.
For conservatism, the average plus two standard deviations was used in calculations and
comparisons except where noted. When SRNL data reported an analyte below detection
limit, the highest detection limit was used as an actual value for calculations and
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comparison. If adding the two standard deviations results in a false high, the average
observed value was used and noted in the evaluation.

31 Compliance with 512-S WAC (Ref. 1)

This section documents WAC compliance of the material to be transferred from 241-
96H to 512-S. The average value plus two standard deviations were used in this section.

3.1.1 Gamma Shielding (DWPF WAC 5.3.1)

The 512-S WAC requires that in order to maintain a dose rate that does not exceed 0.5
mrem/hr for continuous occupancy in the 512-8 facility, the Cs-137 concentration cannot
exceed 1.11 Ci/gallon. Using the analytical results of the Tank 49H sample, the average
with two standard deviation of Cs-137 content of the composite samples from Table 3
(Ref. 6) averaged 7.18E+07 pCi/mL or 0.272 Ci/gallon. The Cs-137 concentration is
approximately 25% of the 512-S WAC of 1.11 Ci/gallon.

3.1.2 Inhalation Dose Potential (IDP) (DWPF WAC 5.3.2)

The inhalation dose potential for the MST/sludge to be transferred to 512-S shall have a:
a) Total rem/gallon value less than or equal to 3.00E+06 rem/gallon.
b) Cs-137 concentration less than or equal to 1.11 Ci/gallon.
¢) Soluble Pu-238 concentration less than or equal to 3.0E-03 Ci/gallon.

Tank 49H feed analyses were used for this evaluation.

Two methods have been specified in the WAC for the inhalation dose calculation. The
first method evaluates the dose by determining the total alpha and Sr-90 content of the
ARP/MCU feed from Tank 49H. The reported Ci/gallon values are multiplied by the
dose conversion factors to obtain a final rem per gallon value. For total alpha, the dose
conversion factor is the conversion factor for Pu-238. The rem per gallon values for total
alpha and Sr-90 are then summed and compared to the 512-S WAC limit.

The second method compares the eleven major inhalation dose radionuclides in the Tank
49H feed. These radionuclides are Sr-90, Ru-106, Cs-137, Ce-144, Pm-147, Pu-238, Pu-
239, Pu-240, Pu-241, Am-241, and Cm-244. Similar to the first method, rem per gallon
values are calculated for each radionuclide and then summed together. The rem per
gallon value is then compared to the 512-S WAC limit.

a. The first method resulted in the inhalation dose being approximately 3.47E+04
rem/gallon or 1.16% of the 512-S WAC limit of 3.00E+06 rem/gallon. The second
method resulted in the inhalation dose being approximately 5.54E+04 rem/gallon or
1.85% of the 512-S WAC limit of 3.00E+06 rem/gallon. Results of the calculations can
be found in Attachment 1. This evaluation was done using Tank 49H analytical values
(Table 3, Ref. 6).
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b. The Cs-137 concentration of 0.272 Ci/gal meets the requirements of the 512-S WAC
for inhalation dose potential. The Cs-137 value is approximately 25% of the limit
specified in the 512-S WAC.

c. The unfiltered Pu-238 concentration contains both soluble and insoluble Pu-238. The
value is 1.90E-04 Ci/gallon (Table 7 of Ref. 6). The filtered Pu-238 value representing
the maximum soluble fraction (Table 8 of Ref. 6) is 1.35E-04 Ci/gal. Both values meet
the soluble Pu-238 concentration criteria of less than or equal to 3.0E-03 Ci/gallon.

3.1.3 Nuclear Criticality Safety (DWPF WAC 5.3.3)

The waste to be transferred to 512-S shall have an Eq. U-235 fissile mass less than or
equal to a single subcritical U-235 (eq.) mass accumulated within the ARP/MCU
boundary.

A Nuclear Criticality Safety Assessment (NCSA) (Ref. 7) was performed that
demonstrates that the ISDP Batch 1 is compliant with the requirements from the Actinide
Removal Process/Modular Caustic Side Extraction Unit Nuclear Criticality Safety
Evaluation (ARP/MCU NCSE) (Ref. 27). This NCSA demonstrates that, by performing
a material balance for the ARP/MCU boundary, no more than a single subcritical 3By
equivalent [**U(eq)] mass can be accumulated within the ARP/MCU boundary for the
first macro batch. The >*°U (eq) enrichment is 8.27 wt%, and the maximum amount of
fissile material potentially present within the ARP/MCU boundary is 365 g of 235U(eq)
(Ref. 7). This is significantly less than a single subcritical mass of 1,070 g ** 5U(eq) (Ref.
27).

3.1.4 Radiolytic Hydrogen Generation (DWPF WAC 5.3.4)

The total radiolytic hydrogen generation rate (HGR) shall not exceed 1.64E-06 ft3/hr/gal
at 25°C. Compliance with this hydrogen generation rate for the 512-S feed material
ensures that the flammability controls for the downstream process vessels are protected.

The total hydrogen generation rate is based on the cumulative sum of a mixture of
radionuclide hydrogen generation conversion factors multiplied by the radionuclide heat
rate (Ref. 8). This evaluation was done using Tank 49H analytical values (Tables 2, 3,
and 7 of Ref. 6). Results are shown in Attachment 2.

The value of hydrogen generated for Tank 49H material is 2.18E-07 ft*/hr/ gallon and the
limit is 1.64E-06 ft'/hr/gallon at 25°C. The value is 13.3 percent of the limit.

3.1.5 Organic Concentration (DWPF WAC 5.3.5)

The organic material present in the MST/sludge transferred to 512-S shall contribute less
than 0.1% to the hydrogen LFL.
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Analysis of triplicate samples of Tank 49H material found no measurable organic (Ref.
6). The detection limit of volatile organic material is 0.25 mg/L and for semi-volatile
organic material 4 mg/L. These results indicate a negligibly small amount of organic
material is present in the ARP/MCU feed. Previous analyses by Tank Farm Engineering
conclude volatile organic content in the waste will not significantly contribute to
flammability (Ref. 9). Therefore, the organic material present in ISDP Batch 1 will not
exceed 0.1% to the hydrogen LFL (Ref. 9).

3.1.6 Temperature (DWPF WAC 5.3.6)

The waste to be transferred to 512-S shall be less than or equal to 45°C. The WCP
compliance strategy is direct measurement prior to transfer (Ref. 39).

3.2  Compliance with DWPF WAC (Ref. 1)

MST/sludge solids will be sent from ARP to the DWPF. The SE will be sent from MCU
to the DWPF. These streams will be added to Sludge Batch 4 in the SRAT. Sludge
Batch 4 (Tank 40) will experience a decant before receiving ISDP material. The decant
is scheduled for mid March 2008. The decant will remove 100,000 gallons from Tank
40H (Ref. 40). Compliance with the DWPF WAC is being evaluated against the
decanted sludge with the ARP/MCU material. The average value plus two standard
deviations were used in this section unless noted otherwise.

3.2.1 NOx Emissions (DWPF WAC 5.4.1)

The estimated annual NOy emissions from DWPF shall not exceed 103.52 tons/year.
Potential NO, emissions for the batch were determined using the algorithm provided in
Reference 1. The estimated NOy emission for the decanted Sludge Batch 4 is 13.7 tons
per year. This is approximately 13% of the DWPF WAC target of 103.5 tons per year.
The algorithm assumes that at least 50% of the acid required will be added as formic
acid. This percentage is significantly higher for SB4. Details of predicted NOx emission
calculations for SB4 can be found in Attachment 3.

Waste Solidification Engineering has already evaluated the increased frequency of
equipment cleaning at MCU (Ref. 43). Less nitric acid will have to be added to each
SRAT batch for sludge adjustment as a result of the higher moles of nitric acid coming
from the cleaning solution stream. In summary, there will be no impact to NO, emissions
since the same moles of nitric acid will be in each SRAT batch-—only the source of the
nitric acid will be different.

The NO, emissions for ARP contribution calculated to be bounding at 65.5 tons/year.
This value is higher than the actual predicted ARP contribution. The calculated value
does not account that most of the soluble compounds will proceed to Tank S0H or the
MST/sludge solids are washed before entering DWPF. The expected NO, contribution is
less than 10 tons/year.
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silver present as a result of laboratory and/or analytical methods, or if the quantity
received is evaluated to have no impact on the tank farm.

There is an administrative control program prohibiting additional shock sensitive
compound transfers into the Tank Farm. Tank 49H and the ARP/MCU process will not
introduce any new shock sensitive compounds into the Tank Farm.

3.3.5 Requirements for Radionuclide Content for Waste Receipts (TF WAC 11.4)

Material transferred into the MCU facility shall be less than or equal to 1.69E+05
rem/gallon. The calculated value for Tank 49H feed is 5.54E+04 rem/gallon (see
Attachment 1). The calculated IDP is less than or equal to 32.8 percent of the WAC
limit. This feed will decrease in radionuclide concentration in 512-S, prior to transfer to
MCU.

In addition, the radionuclide content transferred from 512-S to MCU shall maintain a sum
of ratios less than 1 (as defined in Ref. 29) to protect the Hazard Category 3 status of
MCU. The sum of fractions is 0.294 (Ref. 16). The sum of the fractions is less than one
when compared to the Hazard Categorization 2 threshold. Therefore, the Tank 49H feed
will not compromise the MCU facility hazard categorization of Hazard Category 3.

Material transferred into Tank 50H shall not have an IDP greater than 2.09E+05
rem/galion. The calculated value is 4.42E+04 rem/gal using the Tank 49H feed material
(see Attachment 13). The calculated IDP is 21.1 percent of the WAC limit.

The TF WAC requires that the Cs-137 concentration be no more than 1.1 Ci/gal. Using
the analytical results of the Tank 49H sample, the average with two standard deviation of
Cs-137 content of the composite samples from Table 3 (Ref. 6) averaged
7.18E+07piCi/mL or 0.272 Ci/gal. The Cs-137 concentration is approximately 25% of
the TF WAC.

3.3.6 Requirements for Regulatory Compliance (RCRA) (TF WAC 11.5)

The feed is from Tank 49H material, which is in compliance with the TF WAC and,
therefore, RCRA compliant. Neither ARP nor MCU will contribute additional RCRA
constituents that have not already been considered (Ref. 33).

3.3.7 Requirements for Criticality Safety (TF WAC 11.6)

Criticality safety is controlled in ARP and MCU by ensuring that the total quantity of
Equivalent U-235 that may be within the ARP/MCU boundary at any time is less than a
single fissile mass equivalent for the uranium enrichment determined for each feed batch.

A Nuclear Criticality Safety Assessment (NCSA) (Ref. 7) was performed that
demonstrates that the Tank 49H macro batch is compliant with the requirements from the
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Actinide Removal Process/Modular Caustic Side Extraction Unit Nuclear Criticality
Safety Evaluation (ARP/MCU NCSE) (Ref. 27). This NCSA demonstrates that, by
performing a material balance for the ARP/MCU boundary, no more than a single
subcritical Z°U equivalent [* 5U(eq)] mass can be accumulated within the ARP/MCU
boundary for the first macro batch. The **°U (eq) enrichment is 8.27 wt%, and

the maximum amount of fissile material potentially present within the ARP/MCU
boundary is 365 g of *BU(eq) (Ref. 7). This is significantly less than a single subcritical
mass of 1,070 g *°U(eq) (Ref. 27).

3.3.8 Requirements to Protect Heat Generation Rate (TF WAC 11.7)

The TF DSA requires that the waste tanks contain waste with a heat generation rate less
than 8.00E+05 Btu/hr. This requirement has been determined to be bounding for all
incoming waste streams, so no additional controls are necessary.

3.3.9 Requirements to Satisfy Downstream Facility Acceptance Criteria
(TE WAC 11.8)

Prior to transferring waste into Tank 50H, a waste generator must demonstrate
compliance with the Saltstone WAC Limits. If a waste generator is unable to meet a
Saltstone WAC Limit on any single constituent, a deviation request to the Tank Farm
WAC will be made.

The concentrated MST/sludge solids will be washed to remove sodium and nitrates. The
wash water will bypass MCU and be transferred directly to Tank 50H. For wash water
transfers to Tank S50H, some chemical species (e.g., Na* molarity, nitrate, nitrite) and
some radionuclide concentrations (e.g., Cs-137) may not meet the Saltstone limits. NOg
may be below Tank 50H requirements as well. A deviation is in place for the 512-S to
Tank 50H waste stream. (See Section 3.5.)

The Cs-137 concentration in Tank 49H will not meet the Saltstone WAC. However,
SRNL ESS testing demonstrated acceptable cesium distribution factors (D) for
extraction (=8), scrub (0.6-2), and strip (<0.16) for the CSS from Tank 49H. D¢y values

in these ranges mean a DF greater than 12 should be possible in MCU (Refs. 6 and 17).
The Cs-137 concentration in the experimental DSS stream (3.0E+07 pCi/mL) meets the
Saltstone WAC limits (4.75E+07pCi/mL.), as shown below in Section 3.4.5.

3.3.10 Industrial Hygiene Safety (TF WAC 11.9)

This criterion is not applicable to the Tank 49H feed qualification. The feed is from Tank
49H material, which is already compliant with the Industrial Hygiene Safety program.

3.3.11 Tanker Trailer Waste Receipts (TF WAC 11.10)

This criterion is not applicable to the Tank 49H feed qualification. Waste will not be
transferred by tanker trailer.
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3.3.12 Transfer Requirements of Radioactive Waste into the Tank Farm

(TF WAC 11.11)

This criterion is not applicable to the Tank 49H feed qualification. The feed is from Tank
49H material, which is part of the Tank Farm.

3.3.13 MCU Process Requirements (TF WAC 11.12)

Feed to MCU shall meet the following process requirements:

Potassium molarity shall be less than or equal to 0.05 M. The potassium
concentration in Tank 49H material is 247 mg/l, or 0.006 M (247mg/1/
39000mg/mol). This is 12 percent of the WAC limit. Potassium concentration in
Tank 49H was measured by both atomic adsorption (AA) as well as inductively
coupled plasma-emission spectroscopy (ICP-ES). The analytical results for
potassium by AA is considered the more reliable measure for potassium (Ref. 6)
Feed shall be filtered through a 0.1 micron filter. The direct feed to MCU shall be
processed through a 0.1 micron filter. All salt solution transfers to MCU will be
made from the Late Wash Hold Tank which collects filtrate from the crossflow
filter at 512-S (Ref. 18). The crossflow filter at 512-S has a nominal pore size of
0.1 micron (Ref. 19)

Analysis is required for the content of lipophilic anions. Trace amounts of
lipophilic anions are in the Tank 49H material. The ARP/MCU process will not
change the overall chemistry. Phosphate was analyzed in the CSS stream (Table
32 of Ref. 6) and is assumed to be all TBP for the purpose of this evaluation.
TMA value is from a TOC analysis (Table 32 of Ref. 6). The value is
conservative to use the total organic carbon for TMA. The 1-butanol
concentration is based on 100% of the CSS volatile organic analysis (VOA)
(Table 32 of Ref. 6). The lipophilic anion concentrations are below MCU WAC
limits.
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Lipophilic Anions Result (mg/L) (mM) MCU Limit (mM)
TBP 1.06E+03* 1.03E+01 3.00E+01
DBP 9.30E+01 4.43E-01 1.00E+02
T™MA 4. 37E+02%* 7.41E+00 1.00E+01
Formate 5.29E+02 9.75E+00 1.00E+02
1-Butanol 2.50E-01 3.38E-03 1.00E+01

#Result for phosphate from Table 32 of Ref. 6. (1057mg/l / 103mg/mM)
##Result for Total Organic Carbon (TOC) from Table 32 of Ref. 6.

e The sending facility (512-S) shall be in compliance with the Foreign Material
Exclusion Program. Maintenance operations upstream and at MCU have the
potential to introduce chemicals and other foreign materials that are known to
disrupt the MCU process. A foreign material exclusion (FME) program (Ref. 38)
has been developed to control these activities and prevent the inclusion of such
compounds into streams transferred to MCU. This criterion is not directly
applicable to Tank 49H feed qualification.

34 Compliance with Saltstone WAC (Ref. 3)

Because a portion of the treated waste from Tank 49H will be transferred into Tank 50H,
it must meet Saltstone waste acceptance criteria. The Cs-137 concentration in Tank 49H
does not meet Saltstone WAC without MCU treatment; however, SRNL ESS testing
demonstrated acceptable cesium distribution coefficient (see Section 3.3.9). The average
value plus two standard deviations were used in this section.

3.4.1 Gamma Shielding (Saltstone WAC 5.4.1)

The specific gamma source strength value shall not exceed 9.05E+01 mrem/hr/gallon.
Table 5 shows that the gamma source strength values for the DSS stream are within the
Saltstone WAC limits. A comparison of Tank 49H material without ARP/MCU
treatment is shown in Attachment 12. The gamma source strength of DSS stream is
4.33E+01 mrem/hr/gallon or 48.11 percent of the Saltstone WAC limit of 9.05E+01
mrem/hr/gallon.

Table 5 — Comparison of Saltstone WAC Gamma Source Strength to
ISDP Batch 1 Analyses (DSS stream)

Radionuclide WAC Gamma Tank 49H Gamma
Source Strength Source Strength
(mrem/hr/gal) (mrem/hr/gal)
Co-60 5.84E+00 5.45E-10
Sb-125 5.17E+00 5.96E-04
Cs-134 4.26E+00 2.17E-01
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Cs-137 6.88E+01 4.33E+01
Eu-154 6.43E+00 3.43E-04
Total 9.05E+01 4.35E+01

3.4.2 Inhalation Dose Potential (Saltstone WAC 5.4.2)

The inhalation dose potential (IDP) for material to be transferred to Saltstone shall have a
total rem/gallon less than or equal to 2.09E+05 rem/gallon. IDP for Saltstone based on
Tank 49H feed without the Cs-137 and actinides removed via ARP/MCU process is
4.42E+04 rem/gallon. The value is 21.15% of the WAC limit. Also, concentrations for
Sr-90, Cs-137, Pu-241, Eu-154 and Total Alpha shall meet the limits in Table 6. Table 6
shows the IDP values calculated in Attachment 13.

Table 6 - Comparison of Saltstone WAC Inhalation Dose Potential to

Tank 49H Analyses
Radionuclide | WAC IDP Tank 49H
(rem/gallon) | IDP(rem/gallon)

Sr-90 8.08E+03 1.52E+02
Cs-137 8.55E+03 5.16E+03
Eu-154 1.70E+03 9.69E-02
Pu-241 1.05E+04 2.65E+02
Total Alpha 1.80E+05 3.86E+04
Total 2.09E+05 4.42E+04

3.4.3 General Processing Criteria (Saltstone WAC 5.4.3)

Transfers into the Saltstone Facility shall meet the known processing constraints shown
below:

pH > 10

35M<[Na']<7.0M

10°C < Temperature < 40°C

Total Insoluble Solids < 1.88E+05 mg/L (15 wt%)

The pH of the DSS stream was measured and is between 12.5 and 14, which meets the
criteria (Table 37 and pg 13 of Ref. 6). The pH of Tank 50H (feed to Saltstone) is

maintained to a pH greater than 10 as a part of the Tank Farm Corrosion Control Program
(Ref. 20).

Tank 49H material will have a sodium concentration of 5.05 M (Table 2, AA data for
Sodium in Ref. 6). Accounting for the 15% dilution rate when the Tank 49H material is
processed (Ref. 15), the sodium concentration is 4.29M and will meet the sodium
concentration criteria. Sodium concentration is monitored on the Tank SOH material
balance.
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The temperature criterion will be met by procedural control prior to transfer from Tank
50H to Saltstone.

The Tank 49H material has less than 0.01 weight percent of insoluble solids (pg 10 of
Ref. 6). The 512-S process concentrated solids up to 5 weight percent. Even if there is a
filter break through this weight percent solids volume is still one third of the Saltstone
limit (15 wt%). Total insoluble solids are monitored on the Tank 50H material balance.
The quarterly sampling plan for Tank SOH also monitors for weight percent of insoluble
solids.

3.4.4 Chemical Criteria Limits and Targets (Saltstone WAC 5.4.4 and 5.4.5)

The Limits and Targets concentrations of the chemicals shown in Table 7 and 8,
respectively, shall not be exceeded. Table 7 shows that the analytical values for Tank
49H are within Saltstone WAC limits. Table 8 shows that the analytical values for Tank
49H are within the Saltstone WAC targets; however, these are not required to be
analyzed prior to transfer into Tank SOH. Tank 50H is analyzed for Saltstone Limits and
Targets on a quarterly basis.
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Table 7 — Comparison of Saltstone WAC Chemical Contaminant LIMITS to
Tank 49H Analyses
Chemical Name Saltstone WAC LIMIT | Tank 49H Analytical
(mg/l) Value (mg/1)
Ammonium* 7.13E+03 5.00E+03
Carbonate 1.45E+05 1.89E+04
Chloride 9.68E+03 5.85E+02
Fluoride 4.94E+03 5.85E+02
Hydroxide 1.91E+05 1.29E+04
Nitrate 5.29E+05 1.75E+05
Nitrite 2.59E+05 1.27E+04
Oxalate 3.30E+04 5.85E+02
Phosphate 3.56E+04 5.85E+02
Sulfate 6.89E+04 1.23E+04
Arsenic 7.50E+02 1.00E+00
Barium 7.50E+02 1.54E+00
Cadmium 3.75E+02 2.83E+01
Chromium 1.50E+03 9.10E+01
Lead 7.50E+02 2.83E+01
Mercury 3.25E+02 9.75E+00
Selenium 4.50E+02 2.00E+00
Silver 7.50E+02 3.29E+01
Aluminum (VOA) 1.41E+05 1.04E+04
Butanol and Isobutanol (VOA) 2.25E+03 2.50E-01
Isopropanol (VOA) 2.25E+03 2.50E-01
Phenol (SVOA) 7.50E+02 4.00E+00
Total Organic Carbon** 5.00E+03 4.37E+02
Tetraphenylborate (TPB)* 3.00E+01 6.00E+00

Data collected in the feed, Tank 49H material (Tables 2, 4 and Table 6 of Ref. 6)
* Data collected in the Decontaminated Salt Solution stream (Table 37 of Ref. 6).
** Data collected in the Clarified Salt Solution stream (Table 32 of Ref. 6).

In order to protect assumptions associated with flammable gas accumulation in Vault 4,
Saltstone has set a maximum WAC LIMIT on the total mass of TPB to be received for
future disposal in Vault 4 at 17.2 kg. This is a Specific Administrative Control in the
Saltstone Documented Safety Analysis. TPB is below the detection limit of 6 mg/L in

the DSS.

Butanol, isobutanol, and isopropanol are below detection limits (VOA concentration
< 0.25 mg/L) in the Tank 49H material. Typically, these alcohols have been found in
concentrations less than 1 mg/L in canyon receipt tanks (Ref. 21).
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Table 8 —- Comparison of Saltstone WAC Chemical Contaminant TARGETS to

Tank 49 Analyses
Chemical Name Saltstone WAC Tank 49 Analytical
TARGETS (mg/l) Value (mg/l)
Boron 9.00E+02 8.62E+00
Cobalt 9.00E+02 4.93E-01
Copper 9.00E+02 5.65E+00
Iron 6.00E+03 1.30E+01
Potassium 3.67E+04 2.47E+02
Lithium 9.00E+02 1.01E+01
Manganesse 9.00E+02 3.30E+00
Molybdenum 9.00E+02 1.09E+01
Nickel 9.00E+02 7.87E+00
Silicon 1.29E+04 1.84E+02
Strontium 9.00E+02 1.44E+01
Zinc 9.75E+02 3.53E+01
Benzene (VOA) 3.75E+02 2.50E-01
Methanol (VOA) 2.25E+02 2.50E-01
Toluene (SVOA) 3.75E+02 4.00E+00
Tributylphosphate 3.00E+02 Not reported
EDTA 3.75E+02 Not reported

Data collected in the feed, Tank 49H material (Tables 2, 4, 5 and Table 6 of Ref. 6)

3.4.5 Radionuclide Criteria Limits and Targets (Saltstone WAC 5.4.6
and 5.4.7)

The limits and targets concentrations of the radionuclides shown in Table 9 and Table 10,
respectively, shall not be exceeded. Table 9 shows that the analytical values for Tank
49H within Saltstone WAC limits. Table 10 shows that the analytical values for Tank
49H are within the Saltstone WAC targets; however, these are not required to be
analyzed prior to transfer into Tank SOH. Tank SOH is analyzed for Saltstone Limits and
Targets on a semi-annual basis.
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Table 9 — Comparison of Saltstone WAC Radionuclide Contaminant LIMITS to
Tank 49H Analyses
Radionuclide WAC LIMIT Tank 49H
(pCi/ml) Analytical Value
(pCi/ml)
H-3 5.63E+05 3.78E+03
C-14 1.13E+05 9.68E+02
Ni-63 1.13E+05 2.74E+02
Sr-90 2.25E+07 4.50E+05
Tc-99 4.22E+405 7.44E+04
I-129 1.13E+03 1.88E+01
Cs-137* 4.75E+07 3.00E+07
U-233 1.13E+04 1.61E+02
U-235 1.13E+02 2.46E-01
Pu-241 8.38E+05 2.12E+04
Total Alpha 2.50E+05 5.37E+04
Data collected in the feed, Tank 49H material (Tables 2, 3 and 7 of Ref.
6).
*Data collected in the Decontaminated Salt Solution stream (Table 38 of
Ref. 6).

The Cs-137 concentration is based on one Extract, Strip, Scrub (ESS) stage testing and is
therefore higher than the expected DSS stream. Using the design basis of a minimum DF
factor of 12 (Ref. 17) and the Tank 49H Cs-137 concentration of 0.272 Ci/gallon, the Cs-
137 concentration is expected to be 0.023 Ci/gallon (6.08E+06 pCi/mL).
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Table 10 — Comparison of Saltstone WAC Radionuclide Contaminant TARGETS to

Tank 49H Analyses
Radionuclide WAC Target | Tank 49H
(pCi/ml) Analytical Value
(pCi/ml)
Co-60 1.13E+06 1.04E+01
Ni-59 1.13E+05 1.91E+02
Se-79 1.90E+04 5.41E+01
Nb-93m 2.85E+06 Not reported
Nb-94* 1.53E+04 8.72E+01
Mo-93 1.18E407 Not reported
Ru-106 1.13E+06 1.26E+02
Sb-125 2.25E+06 7.66E+01
Sn-126 1.80E+04 3.31E+02
Cs-134 1.13E+06 1.61E+05
Cs-135 1.13E+06 3.53E+02
Ce-144 1.13E+05 2.09E+02
Pm-147 5.63E+06 9.74E+02
Sm-151 2.25E+04 6.25E+02
Eu-154 2.25E+06 1.28E+02
Eu-155 1.13E+04 3.60E+02
Ra-226 7.97E+03 5.68E+02
Th-229 1.63E+05 Not reported
Th-230 6.26E+03 3.61E+02
Th-232 2.88E+03 1.42E-02
U-232 1.71E+05 Not reported
U-234 1.13E+04 2.94E+02
U-236 1.13E+04 3.29E+00
U-238 1.13E+04 6.31E-01
Np-237 2.50E+05 2.20E+01
Pu-238 2.50E+05 5.03E+04
Pu-239 2.50E+05 3.82E+03
Pu-240 2.50E+05 3.82E+03
Pu-242 2.50E+05 9.85E+01
Pu-244 7.02E+04 3.03E-01
Am-241 2.50E+05 2.98E+03
Am-242m 4.50E+05 9.18E+02
Am-243 2.50E+05 7.30E+02
Cm-242 1.13E+04 8.48E+01
Cm-244 2.50E+05 7.59E+02
Cm-245 2.25E+05 2.18E+03

Data collected in the feed, Tank 49H material
(Tables 2, 3 and 7 of Ref. 6).

* Data collected in the Decontaminated Sait Solution stream
(Table 38 of Ref. 6).
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3.5 WAC Deviations

Deviations may be experienced during transfer of wash water from 512-S to Tank 50H.

As described in 3.3.9, wash water transfers to Tank 50H may be below the 3.5-7M Sodium
concentration and above the curie limit of 0.2 Ci/gal. NOg¢ may be below Tank SOH
requirements as well. Prior to the transfer to Tank 50H, Tank Farm Engineering must
evaluate the impact via the Tank SOH Material Balance.

3.6 Other Evaluations

In addition to WAC compliance, the following were evaluated: process test results (Section
3.6.1), calculations that used ARP/MCU feed as key input (Sections 3.6.2 — 3.6.5), and
open items were identified and closed (Section 3.6.6). This section discusses these
evaluations.

3.6.1 Process Test Results

The Tank 49 qualification included actinide removal testing using MST and Extraction,
Scrub, and Strip (ESS) testing. Also, the CSS was measured for turbidity to determine
solids formation.

The actinide removal testing was performed on the Tank 49 sample material to determine
if it would process correctly in the ARP. Tests using MST with the Tank 49 sample
material gave acceptable decontamination factors (DF) for plutonium and strontium.

Material from the actinide removal testing was used in an ESS test. This test yielded
expected and acceptable distribution values.

The CSS was monitored for turbidity for formation of sodium aluminosilicate (NAS). The
resulting turbidity after 45 days was 6.93 NTU. This indicates a slow solids formation in
the sample material. Due to minimal hold-up time in the facility, potential for NAS
ingrowth is extremely small (Ref. 44). Strategies (Ref. 34) to address the potential for
solids formation remain valid based on this low formation rate.

3.6.2 Air Emissions Calculation

The air emissions calculation for MCU was revised based on the Tank 49 data (Ref. 26).
The estimated radionuclide air emission rates are below 0.1 mrem/yr. The chemical
emissions are below the pollutant criteria for the Standard 2 and Standard 8 pollutants.
The chemical emissions are less than 0.5 Ib/hr for the Standard 2 pollutants and less than
0.05 Ib/hr for the Standard 8 pollutants. Reference 26 demonstrates that MCU is a
Potential Impact Category (PIC) Level 4, which is the lowest classification under the SRS
Radionuclide NESHAP Program and does not require periodic sampling (Reference 45).
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3.6.3 Radiological Design Calculations

Radiological design calculations were reviewed for Tank 49 feed (Ref. 31). Current Tank
49 radionuclide activity will not impact the radiological design for ARP (96H and 512-S)
or MCU (Ref. 53).

The design basis feed concentration for MCU shielding is 1.1 Ci/gal Cs-137. All poured
concrete shield walls are designed to provide adequate protection for processing waste up
to the 1.1 Ci/gal limit. Due to the concentration of the cesium stream in the strip effluent
and the inevitable gaps between shielded cell covers, an increased dose potential exists
over the SEHT process cell at MCU. At feed concentrations <0.4 Ci/gal, Reference 46
determined only lead wool snakes must be used to fill the gaps between the SEHT cell
covers. At feed concentrations less than 1.1 Ci/gal, but >0.4 Ci/gal, Reference 47
requires steel shielding plates in addition to the lead wool snakes.

The contents of Tank 49 fall below the 1.1 Ci/gal limit, so the contents are acceptable
feed to MCU from a shielding perspective. The Tank 49 contents are also lower than the
0.4 Ci/gal criteria for additional shielding over the Strip Effluent Hold Tank (SEHT) and
Strip Effluent Decanter (SED) cells, so only lead wool snakes are required.

3.6.4 Requirements for 241-96H

The feed stream to 96H shall be less than or equal to 1.4E+06 rem/gal as documented in
Chapter 3 (3.3.3.3) of the DSA (Ref. 23) and protected by the Inhalation Dose Potential
SAC (5.5.4.2.48) (Ref. 24). The calculated IDP for Tank 49 feed is 5.54E+04 rem/gal (see
Attachment 1).

Reference 22 states that “If the soluble Pu-238 activity in the incoming feed is less than or
equal to 3.0E-03 Ci/gal, no feed would exceed the dose potential of design basis sludge. If
the incoming feed has a higher soluble Pu-238 dose than 3.0E-03 Ci/gal, further
calculations should be performed using the actual radiological composition of the feed to
ensure that the dose potential does not exceed that of design basis sludge.” The soluble
Pu-238 concentration in the Tank 49 feed is 1.35E-04 Ci/gal (Table 8 of the Ref. 6).
Therefore additional calculations need not be performed.

3.6.5 Hydrogen Generation

£}

The bounding calculated hydrogen generation rate for ARP is 3.19E-06 ft3/hr/gal (Ref. 35)
and for MCU feed the rate is 6.29E-07 ft3/hr/gal (Ref. 36). The calculated hydrogen

generation rate for Tank 49 material is 1.81E-08 ft’ /hr/gal (see Section 3.3.3). This is one
to two orders of magnitude below the bounding hydrogen generation rates for ARP/MCU.
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3.6.6 Closure of Open Items

There is an open item in the Evaluation of the MCU Feed Batch (Ref. 25) that states
“Phenol is expected in the feed at a very low concentration (46 mg/1 or 0.0006M). There
is no data available related to the effects of phenol to CSSX chemistry. It is expected that
phenol entrained in the solvent will strip to the aqueous phase in the CSSX process.
Testing will be performed with CSSX feed (Tank 49 current contents) to determine feed
effects to CSSX chemistry. Therefore, the effects chemistry of phenol is an Open Item.”

In consultation with SRNL, the best estimate at this time is that any phenol will be almost
completely converted to the sodium phenolate salt. This ionic species should have a very
low solubility in the organic solvent, and thus, should stay almost completely in the
aqueous phase.

The ESS test was performed to help ensure that less than detectable components will not
inhibit the scrub and strip process. Results from Tank 49 feed material (Ref. 6) reported
Dc values well within acceptable ranges. Therefore, the risk of phenol/sodium phenolate
being present and accumulating in the solvent phase is deemed low. In addition,
sampling for phenol potentially accumulating in the solvent will be performed per
Reference 30. Therefore, this item is closed.
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Attachment 1: Inhalation Dose Potential to Meet the 512-S Requirement (DWPF

WAC 5.3.2)
Method 1
Dose Potential
Radionuclide CEDE DCF (Rce;“:ltls) (reInI])/P al)
(rem/Ci) & &

Alpha 1.70E+08 2.03E-04 3.46E+04
Sr-90 8.90E+04 1.70E-03 1.52E+02
Total Dose 3 47E+04
512-S WAC limit 3.00E+06
% of WAC limit 1.16%

Method 2

Dose Potential
Radionuclide CEDE DCF (lgj“:s (reInI]’/P al)
(rem/Ci) g g

Sr-90 8.90E+04 1.70E-03 1.52E+02
Ru-106 2.40E+05 4.77E-07 1.14E-01
Cs-137 1 .90E+04 2.72E-01 5.16E+03
Ce-144 2.00E+05 791E-07 1.58E-01
Pm-147 1.90E+04 3.69E-06 7.01E-02
Pu-238 1.70E+08 1.90E-04 3.24E+04
Pu-239 1.90E+08 1.45E-05 2.75E+03
Pu-240 1.90E+08 1.45E-05 4.77E+01
Pu-241 3.30E+06 8.02E-05 1.28E+04
Am-241 1.60E+08 1.13E-05 1.80E+03
Cm-244 1.00E+08 2 87E-06 2.87E+02
Total Dose 5.54E+04
512-S WAC limit 3.00E+06

% of WAC limit

1.85%

Dose Potential CEDE DCEF references and defined in the DWPF WAC (Ref. 1).
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Attachment 2: Hydrogen Generation Rate from Tank 49H Material for 512-S
(DWPF WAC 5.3.4)

Radionuclide | Results Results "Q" R Heat Hydrogen
Value (ft: Hy/10° | Generation | Generation
(pCi/ml) (Ci/gal) (W/CH) BTU) (W/gal) (£t
H,/hr/gal)

Co-60 1.04E+01 3.94E-08 1.54E-02 48.36 6.07E-10 1.00E-13
Y-90 4.50E+05 1.70E-03 5.54E-03 48.36 9.44E-06 1.56E-09
Sr-90 4.50E+05 1.70E-03 1.16E-03 48.36 1.98E-06 3.26E-10
Ru-106 1.26E+02 4.77E-07 5.951E-04 48.36 2.84E-10 4.68E-14
Rh-106 1.26E+02 4.77E-07 1.894E-02 48.36 9.03E-09 1.49E-12
Sb-125 7.66E+01 2.90E-07 3.37E-03 4936 9.77E-10 1.65E-13
Cs-134 1.61E+05 6.09E-04 [.02E-02 48.36 6.21E-06 1.02E-09
Cs-137 7.18E+07 2.72E-01 1.01E-03 48.36 2.74E-04 4.53E-08
Ba-137m 6.75E+07 2.55E-01 3.94E-03 48.36 1.01E-03 1.66E-07
Ce-144 2.09E+02 7.91E-07 6.580E-04 48.36 5.21E-10 8.59E-14
Pr-144 2.09E+02 7.91E-07 7.338E-08 48.36 5.80E-14 9.58E-18
Pm-147 9.74E+02 3.69E-06 3.67E-04 48.36 1.35E-09 2.23E-13
Eu-154 1.28E+02 4.84E-07 9.08E-03 48.36 4.40E-09 7.26E-13
Pu-238 5.03E+04 1.90E-04 3.26E-02 134.7 6.21E-06 2.85E-09
Pu-239 3.82E+03 1.45E-05 3.02E-02 134.7 4.37E-07 2.01E-10
Pu-240 3.82E+03 1.45E-05 3.06E-02 134.7 4.42E-07 2.03E-10
Pu-241 2.12E+04 8.02E-05 3.20E-05 48.36 2.57E-09 4.24E-13
Am-241 2.98E+03 1.13E-05 3.28E-02 134.7 3.70E-07 1.70E-10
Cm-244 7.59E+02 2.87E-06 3.44E-02 134.7 9.87E-08 4.54E-11

Total (ft3 H2/hr/gal) 2.18E-07

512-S WAC limit (ft3 H2/hr/gal) 1.64E-06

% of WAC limit 13.28%

R values are defined in the DWPF WAC (Ref. 1).
Q values are defined in Reference 49.
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Attachment 3: NO, Emissions (DWPF WAC 5.4.1)

The computational technique for sludge processing for total NO, emission is described in
the WAC (Ref. 1).

NOj total =19.1(0.70 [OH ]+1.40[CO37]+1.86[NO, [+[NO;]+0.84[Mn**]+0.70[ Hg>*])

Result Factor NOy

(M) contribution

Hydroxide 1.85E-02 0.7 1.29E-02

Carbonate 8.53E-02 1.4 1.19E-01

Nitrite 2.23E-01 1.86 4.16E-01

Nitrate 1.01E-01 1 1.01E-01

Manganese ion* 7.47E-02 0.84 6.27E-02

Mercury ion* 5.40E-03 0.7 3.78E-03

NO, emission 7.15E-01
NO, Total (tons/yr)

(NO, total = 19.1 * NO, emission) 1.37E+01

Data from Reference 12.

Manganese and mercury ion were determined using elemental data in weight % dry
solids. *Data from Tables 2-6 of Reference 11.

Converting wt% dry solids to Molarity in slurry

M slurry = wt% dry solids/100*wt% total solids/100*SpG slurry*1000/MW
Wit% total solids = 12.33% (Ref. 12)
SpG slurry = 1.02 (Ref. 12)

The same principle is used in determining the ARP contribution. The factor of 19.1 is not
applicable. The ARP process is expected to feed DWPF at a rate of 0.151 gallon/min or
3.00E+05 L/yr (Ref. 28). The NO, emissions factor will lead to a total molarity of NO,.
Nitrite’s molecular weight (46g/mol) is used to convert to g/L.
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Attachment 3 (continued): NO, Emissions (DWPF WAC 5.4.1)
Result NOx

Result M) Factor contribution
Hydroxide 7.57E-01 M 7.57E-01 0.7 5.30E-01
Carbonate 1.89E+04 mg/L 3.15E-01 1.4 4.41E-01
Nitrite 1.27E+04 mg/L 2.75E-01 1.86 5.12E-01
Nitrate 1.75E+05 mg/L 2.82E+00 1 2.82E+00
Manganese ion 3.30E+00 mg/L 6.00E-05 0.84 5.04E-05
Mercury ion 9.75E+00 mg/L 4.86E-05 0.7 3.40E-05
Total NO, contribution (M) 4.30E+00
Total NO, contribution (g/L) 1.98E+02

Data from Tables 2, 4 and 6 of Reference 6.

The ARP contribution is determined by using total NOy contribution multiplied by the
feed from ARP to DWPF.

NOy = 1.98E+02 g/L * 3.00E+05 L/yr / 454.6 g/1b /2000 1b/ton

The total NOy contribution by ARP is 6.55E+01 tons/year.

Total NO, Emission

DWPF 1.37E+01 tons/year
ARP 6.55E+01 tons/year
TOTAL 7.91E+01 tons/year

WAC LIMIT 103.52 tons/year
Percent of Limit 76.5%
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The computational technique for sludge processing for canister heat generation is

described in the WAC (Ref. 1).

Canister Heat Generation (W/canister) = 2200 (0.00670{Sr-90] + 0.0195[Ru-106] +
0.00474[Cs-137] + 0.00800[Ce-144] + 0.0286[U-233] + 0.0326[Pu-238] + 0.0302[Pu-
239] + 0.0306[Pu-240] + 0.0328[Am-241} + 0.0344[Cm-244])

. . Species
. . Ci/g dried Cl{lb Canister Contribution
. nCi/g dried calcined Heat .
Species sludge . to Canister
sludge sludge Generation
slurry . Heat
solids factors .

Generation
Sr-90 8.62E+03 8.62E-03 3.48E+00 6.70E-03 2.33E-02
Ru-106 2.99E-01 2.99E-07 1.21E-04 1.95E-02 2.35E-06
Cs-137 2.67E+02 2.67E-04 1.08E-01 4.74E-03 5.11E-04
Ce-144 7.35E-01 7.35E-07 2.96E-04 8.00E-03 2.37E-06
U-233 1.91E-02 1.91E-08 7.70E-06 2.86E-02 2.20E-07
Pu-238 1.52E+02 1.52E-04 6.12E-02 3.26E-02 2.00E-03
Pu-239 1.55E+01 1.55E-05 6.23E-03 3.02E-02 1.88E-04
Pu-240 3.92E+01 3.92E-05 1.58E-02 3.06E-02 4.84E-04
Am-241 2.00E+01 2.00E-05 8.08E-03 3.28E-02 2.65E-04
Cm-244 1.03E+02 1.03E-04 4.15E-02 3.44E-02 1.43E-03
Total Species Contribution 2.80E-02
Canister Heat Generation (W/canister) 6.20E+01

Data from Reference 10

Ci/lb calcined sludge solids = Ci/g dried sludge slurry * (454g/lb) / Dried to Calcine
Factor
Dried to Calcine Factor = 12.33 (Ref. 12)/ 10.95 (Ref. 11)
= 1.23E+00

The MST sludge solids are not expected to contribute significantly to canister heat
generation. The ARP process is expected to feed DWPF at a rate of 0.151 gallon/min or
1522 gallons/week (Ref. 28). The ARP material balance flow sheet uses a concentration
factor of 22.287 of the feed to ARP to estimate the MST/sludge solids stream entering
DWPF (Ref. 28). DWPF nominally produces 5 canisters a week.
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Attachment 4 (continued): Canister Heat Generation (DWPF WAC 5.4.2)
- Feed Concentrated Q factor Heat
Species (pCi/mL) F.eed (W/Ci) Generated
(Ci/gal) (W/gal)
Sr-90 4 50E+05 3.86E-02 1.16E-03 4 48E-05
Ru-106 1.26E+02 1.08E-05 5.95E-04 6.43E-00
Cs-137 7.18E+07 6.16E+00 1.01E-03 6.22E-03
Ce-144 2.09E+02 1.79E-05 6.58E-04 1.18E-08
U-233 1.68E+02 1.44E-05 2.86E-02 4.11E-07
Pu-238 3.82E+03 3.27E-04 3.26E-02 1.07E-05
Pu-239 3.82E+03 3.27E-04 3.02E-02 9.90E-06
Pu-240 5.03E+04 4.31E-03 3.06E-02 1.32E-04
Am-241 2.98E+03 2.55E-04 3.28E-02 8.39E-06
Cm-244 7.59E+02 6.51E-05 3.44E-02 2.24E-06
Heat Generation (W/gallon) 6.43E-03
Heat Generation per canister (W/canister) 1.96

Data from Table 2, 3 and 7 of Reference 6.

Q values are defined in Reference 49.

ARP contribution = 3.43E-03 W/gallon * 1552 gallon/week / 5 canister/week
= 1.96 W/canister

MCU will feed SE to DWPF at a rate of 0.52 gpm or 5242 gallons/week (Ref. 15). The
contribution from Cs-137 is the value of the Tank 49H material (0.272 Ci/gallon)

multiplied by a concentration factor of 15 (Ref. 1). MCU contribution is 4.08 Ci/gallon.
DWPF nominally produces 5 canisters a week.

MCU contribution = 4.08 Ci/gallon * 1.01E-03 W/Ci * 5242 gallon/week /

5 canister/week = 4.32 W/canister

Total Canister Heat Generation

DWPF
ARP

MCU

TOTAL

WAC LIMIT

62.0 W/canister
1.96 W/canister
4.32 W/canister
68.2 W/canister

437 W/canister

Percent of Limit 15.6%
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Gamma Dose Gamma Gamma
Speci uCi/g dried Ci/g dried C Source Source
pecies onstant
sludge sludge (mR/hr/Ci) Strength Strength
(mR/hr/g) | (mR/hr/gal)

Co-60 9.10E-01 9.10E-07 1.37E+03 1.25E-03 5.94E-01
Ru-106 2.99E-01 2.99E-07 1.38E+02 4.13E-05 1.97E-02
Sb-125 1.86E-01 1.86E-07 3.80E+02 7.07E-05 3.37E-02
Cs-134 1.30E+00 1.30E-06 9.99E+02 1.30E-03 6.19E-01
Cs-137 2.67E+02 2.67E-04 3.82E+02 1.02E-01 4.86E+01
Ce-144 7.35E-01 7.35E-07 2.33E+01 1.71E-05 8.16E-03
Eu-154 1.18E+01 1.18E-05 7.56E+02 8.94E-03 4.26E+00
Eu-155 2.11E+00 2.11E-06 6.67E+01 1.41E-04 6.72E-02
Pu-238 1.52E+02 1.52E-04 7.90E+01 1.20E-02 5.71E+00
Gamma Source Strength (mR/hr/g) 1.26E-01
Gamma Source Strength (mR/hr/gal) 5.99E+01

Data from Reference 10.

Gamma Source Strength (mR/hr/gal) = mR/hr/g*(Grams dried solids/gallon of slurry)
Grams dried solids/gallon of slurry = SpG slurry *1000*3.785%(wt% total solids/100)
=1.021 * 1000 * 3.785 * (12.33/100) = 476.48

(Ref. 12)

(Ref. 12)

The total Gamma Source Strength for insoluble solids is determined by the addition of
Gamma Source Strength in Ci/g dried sludge multiply by the ratio of total solids to

insoluble solids (12.33/9.65) (Ref. 12).
Gamma Source Strength = 1.26E-01 * (12.33/9.65) = 1.61E-01 mR/hr/g insoluble solids

Gamma Source Strength

WAC LIMIT

Percent of Limit

Gamma Source Strength

WAC LIMIT

Percent of Limit

5.99E+01 mR/hr/gallon
4070 mR/hr/gallon

1.47 %

1.61E-01 mR/hr/g insoluble solids
3.7 mR/hr/g insoluble solids

4.35 %




X-ESR-H-00120
Revision 0
Page 44 of 68

Attachment 6: Neutron Shielding (DWPF WAC 5.4.4)

The contribution from the decanted sludge is the following:
Total Alpha 2.82E+02 uCi/g TS (Ref. 10)

Total Solids (TS) = 12.33 (Ref. 12)
Insoluble Solids = 9.65 (Ref. 12)

Ci/g insoluble solids
=2.82E+02 puCi/g TS * (1 Ci/1E+06 pCi) * (12.33 TS/ 9.65 1S)
=4.52E-04 Ci/g insoluble solids

Neutron Shielding 3.60E-04 Ci/g insoluble solids

WAC LIMIT 1.50E-03 Ci/g insoluble solids

Percent of Limit 24.0%
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Attachment 7: Inhalation Dose Potential to Meet the DWPF Requirement (DWPF
WAC 54.5)

The decanted sludge contribution to the IDP WAC limit.

Method 1
Dose
Radionuclide Potential Re.sults Rgsults IDP
CEDE DCF (uCi/lg TS) (Ci/gal) (rem/gal)
(rem/Ci)
Alpha 1.70E+08 2.82E+02 1.34E-01 2.28E+07
Sr-90 8.90E+04 8.62E+03 4.11E+00 3.65E+05
Total Dose 2.32E+07
DWPF WAC limit | 247E+08
% of WAC limit 9.40%
Method 2
Dose
Radionuclide Potential Re_sults Re.sults IDP
CEDE DCF (uCi/g TS) (Ci/gal) (rem/gal)
(rem/Ci)
Sr-90 8.90E+04 8.62E+03 4.11E+00 3.65E+05
Ru-106 2.40E+05 2.99E-01 1.42E-04 3.42E+01
Cs-137 1.90E+04 2.67TE+02 1.27E-01 2.42E+03
Ce-144 2.00E+05 7.35E-01 3.50E-04 7.00E+01
Pm-147 1.90E+04 1.60E+01 7.62E-03 1.45E+02
Pu-238 1.70E+08 1.52E+02 7.23E-02 1.23E+07
Pu-239 1.90E+08 1.55E+01 7.37E-03 1.40E+06
Pu-240 1.90E+08 3.92E+01 1.87E-02 3.55E+06
Pu-241 3.30E+06 1.26E+02 5.99E-02 1.98E+05
Am-24] 1.60E+08 2.00E+01 9.55E-03 1.53E+06
Cm-244 1.00E+08 1.03E+02 4.90E-02 4.90E+06
Total Dose 2.42E+07
DWPF WAC limit | 2.47E+08
% of WAC limit 9.81%

Dose Potential CEDE DCEF references and defined in the DWPF WAC (Ref. 1). Data
from Reference 10.

To convert from uCi/g TS to Ci/gal multiply by Grams dried solids/ gallon of slurry /

1E+06 nCi/Ci

Grams dried solids/ gallon of slurry = SpG slurry * 1000* 3.785 * (wt% dried solids/100)
=1.021 * 1000 * 3.785 * (12.33/100) = 476.48



X-ESR-H-00120
Revision 0
Page 46 of 68

Attachment 8: Nuclear Criticality Safety (DWPF WAC 5.4.6)

Species Weight %
Total Solids
U-233 1.97E-04
U-235 2.96E-02
Pu-239 1.85E-02
Pu-240 1.66E-02
Pu-241 1.05E-04
Am-242m* 7.20E-07
Cm-244 1.12E-04
Cm-245% 2.03E-05
Fe 1.39E+01
U 4.95E+00

Data from Ref. 10 and Table 2-6 of Ref. 11

* Data from Ref. 42
The Fe and U use average value minus two standard deviation. This allows for
conservatism in this calculation.

Eq. Pu-239 = Pu-239 + Pu-241 + Cm-244 + 15(Cm-245) + 35(Am-242m) + U-233 + U-
235

U-233 and U-235 can be neglected in the Pu-239 equivalency equation as long as the
uranium enrichment is < 1.5% and the U-235 to Pu-239 weight ratio is <2.5.

Pu-240 to Pu-241: 1.66E-02 / 1.1E-04 = 1.58E+02

Eq. Pu-239 = Pu-239 + Pu-241 + Cm-244 + 15(Cm-245) + 35(Am-242m)
= 1.90E-02 wt% dried solids

Eq. U-235 = U-235 + (1.4*[U-233]) = 2.99E-02 wt% dried solids

U-235 to Pu-239 weight ratio = 1.57E+00
This is less than weight ratio is <2.5.

To calculate % Eq. U-235 Enrichment, Divide Eq. U-235 by the U concentration to
calculate Eq. U-235 Enrichment:

% U-235 Enrichment = (Eq. U-235/U)*100 = 6.04E-01%
This is < 1.5%

WAC Enrichment LIMIT is 0.7%
Percent of Limit is 86.2%

U-233 and U-235 can be neglected in the Pu-239 equivalency equation.

Fe/Eq. Pu-239 = 1.39E+01 / 1.90E-02 = 7.30E+02
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Attachment 9: Glass Solubility (DWPF WAC 5.4.7)

Assume DWPF produces 5 canister a week at 100% attainment. The mass of each
canister is assumed at 4000 pounds. This produces 20000 pound of glass a week or
9.07E+06 g/week. This mass is used to calculate weight percent at some of the insoluble
species. DWPF currently produces nominally 186 canisters annually.

These data are used to calculate the elemental mass in Sludge Batch 4. The WAPS
sample was taken on October 11, 2007. Tank 40H had the following properties (Ref. 12):
Level 128.6 inches or 451386 gallons,
Total Solids 14.44%,
Specific Gravity 1.09E+00 kg/L.

The total mass of Tank 40 material (including water)
451386 gallons * 3.785 L/gal *1.09E+00 kg/L = 1.86E+06 kg

The Mass of the Total Solids is the weight % total solids multiplied by the mass.
14.44 wt% TS * 1.86E+06 kg = 2.68E+05 kg TS

Masses Based on WAPS sample

Species wt. % TS Basis Elemental Mass Calcine Factor Mass of Oxide
(kg) (kg)

Al 9.52E+00 2.55E+04 1.8895 4.82E+04
Ba 4.79E-02 1.28E+02 1.1165 1.43E+02
Ca 1.41E+00 3.78E+03 1.3992 5.29E+03
Ce 4.01E-02 1.08E+02 1.1713 1.26E+02
Cr 7.67E-02 2.06E+02 1.4616 3.01E+02
Cu 3.31E-02 8.87E+01 1.2518 1.11E+02
Fe 1.43E+01 3.83E+04 1.4297 5.48E+04
K 3.16E-02 8.48E+01 1.2046 1.02E+02
La 3.00E-02 8.04E+01 1.1728 9.43E+01
Mg 1.17E+00 3.14E+03 1.6583 5.20E+03
Mn 3.18E+00 8.53E+03 1.2912 1.10E+04
Na 1.10E401 2.95E+04 1.3480 3.98E+04
Ni 8.94E-01 2.40E+03 1.2726 3.05E+03
Pb 4.17E-02 1.12E+02 1.0772 1.20E+02
Si 8.99E-01 2.41E+403 2.1393 5.16E+03
Ti 1.66E-02 4.45E+01 1.6685 7.43E+01
U 5.29E+00 1.42E+04 1.1792 1.67E+04
Zn 4.49E-02 1.20E+02 1.2447 1.50E+02
Zr 4.22E-02 1.13E+02 1.3508 1.53E+02
Total Mass of Elementals 1.29E+05 kg
Total Mass of Oxide Elementals 1.91E+05 kg

Data from Reference 10
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Attachment 9 (continued): Glass Solubility (DWPF WAC 5.4.7)
To determine the mass of glass, assume a waste loading waste loading of 40 percent.

Divide the total mass of oxided elements.
1.91E+05 /7 0.40 = 4.77E+05 kg

To determine the amount of insoluble solids in the decanted sludge:
The fraction of material remaining at the time Tank 40H will be decanted is estimated as
below

Mass of Insoluble solids on WAPS sample date (Ref. 12) = 1.97E+05 kg
Mass of Insoluble solids in decanted sludge (Ref. 12) = 1.36E+05 kg

1.36E+05 kg / 1.97E+05 kg = 6.92E-01
During the decant of 100,000 gallons, both Al and Na will be removed.

Before Decant
[Na] =4.47E-01 M and [Al] = 6.37E-03 M (Ref. 12)

[Na] = 4.47E-01 mol/ L * 100000 gallons * 3.785 L/gal / 2 mol Na/mol Na,O Na
*61.97 g/mol Na,O /1000 g/kg
=5.25E+03 kg
For Na,O 1n the sludge = 3.98E+04 kg * 6.92E-01- 5.25E+03 kg = 2.23E+04 kg

[Al] = 6.37E-03 mol/ L * 100000 gallons * 3.785 L/gal / 2 mol Al,Os /mol Al
*101.96 g/mol ALOs /1000 g/kg
= 1.23E+03 kg
For AlOs in the sludge = 4.82E+04kg * 6.92E-01- 1.23E+02 kg = 3.33E+04 kg
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Attachment 9 (continued): Glass Solubility (DWPF WAC 5.4.7)

Mass of Oxide | Decanted Mass Percent in
Species (as seen above) of Oxide Glass for
(kg) (kg) Coupled
Al 4.82E+04 3.33E+04 10.3%
Ba 1.43E+02 9.92E+01 0.030%
Ca 5.29E+03 3.66E+03 1.13%
Ce 1.26E+02 8.72E+01 0.027%
Cr 3.01E+02 2.08E+02 0.064%
Cu 1.11E+02 7.69E+01 0.024%
Fe 5.48E+04 3.79E+04 11.7%
K 1.02E+02 7.07E+01 0.022%
La 9.43E+01 6.53E+01 0.020%
Mg 5.20E+03 3.60E+03 1.11%
Mn 1.10E+04 7.62E+03 2.34%
Na 3.98E+04 2.23E+04 6.85%
Ni 3.05E+03 2.11E+03 0.649%
Pb 1.20E+02 8.34E+01 0.026%
Si 5.16E+03 3.57E+03 1.10%
Ti 7.43E+01 3.64E+03 1.12%
U 1.67E+04 1.16E+04 3.556%
Zn 1.50E+02 1.04E+02 0.032%
Zr 1.53E+02 1.06E+02 0.032%
Total Mass of Decanted Oxide Elementals 1.30E+05 kg
Mass of Glass using a 40% Waste Loading 3.26E+05 kg

The Ti includes the mass of Ti from MST, which will increase the mass of the glass.
The ARP contribution of TiO; is from the MST. ARP will be sending 0.774 1b/hr MST
(NaTi,OsH). The feed rate is adjusted to a design basis at 0.6 g MST/L.

0.774 Ib/hr * 24 hr/day * 7 day/wk * (0.6/0.4) =1.95E+02 Ib/wk

199.7 Ib/Ibmol NaTi;OsH * 2 Ibmol TiO»/Ibmol NaTi,OsH * 79.9 Ib/Ibmol TiO,
=0.8009 Ib TiO,/ Ib NaTi,0Os

1.92E+02 Ib/week NaTi,Os * 0.800 1b TiO,/ Ib NaTi,0s = 1.56E+02 1b TiO,/ wk

Assuming using the entire batch (no heel), 181 canisters can be produced. This will take
0.97 years to produce these canisters.

Add the mass (kg) of oxide sludge with the mass of TiO; in MST equals 3.64E+03 kg
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The concentration of TiO;

The mass of titanium oxide is 7.43E+01 kg in the sludge
Wt % of TiO, = 7.43E+01 * 6.29E-01 / 3.26E+05 *100 = 1.60E-02 %

The ARP contribution of TiO» is from the MST. ARP will be sending 1.161 Ib/hr MST
(NaTi,OsH) at 0.6 g MST/ L in the 241-96H strike tanks.

From above, 1.56E+02 1b TiO,/ wk

1.56E+02 Ib TiOy/wk / 2.00E+04 1b glass/wk * 100 = 7.80E-01%
Total TiO, = 1.6E-02 + 7.80E-01 = 7.96E-01%

TiO; 7.96E-1%
DWPF WAC Limit 2
Percent of the Limit 39.8%

The concentration of Cr,0;
The sludge contribution is 0.064% as seen above in the second table.

The ARP/MCU contribution
Using a feed rate of 1.68 gpm for each MST strike tank (Ref. 28).

Feed Rate =2 * 1.68gpm * 60min/hr * 24 hr/day * 7 day/wk * 3.785 L/gal
= 1.29E+05 L/wk

The Tank 49 material has 99.7 mg/L or 1.28E+04 g/week (Table 5 of Ref. 6)

Cr,0; = 1.28E+04 g/week Cr * (152 g/mol Cr203)/ 52 g/mol Cr / 2 mol Cr,O3/ mol Cr
= 1.87E+04 g/wk

Percent of Cr,O3in glass
= 1.87E+04 g/wk / 9.07E+06 g/wk *100 =2.07E-01

Sludge plus ARP/MCU contribution
6.40E-02 + 2.07E-01 = 2.72E-01

Cl‘203 2.72E-01
DWPF WAC Limit 0.3
Percent of the Limit 90.7 %
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Attachment 9 (continued): Glass Solubility (DWPF WAC 5.4.7)

However, Cr,Os is soluble so the contribution from ARP/MCU is negligible.
6.50E-02 /0.3 ¥ 100 =21.7%

Cr,04 6.03E-02

DWPF WAC Limit 0.3

Percent of the Limit 21.7%

The concentration of POy

The sludge contribution
The weight percent total solids (Ref. 11) = 0.30 wt% TS

0.30 * 2.68E+06 kg = 8.04E+02 kg

The mass of POy
= 8.04E+02 kg P / 30.97 kg/kmol P * 1 kmol POs/kmol P * 94.97 kg/kmol PO,
=2.47E+03 kg PO,

Percent of PO, in decanted sludge
=2.47E+03 kg * 6.92E-01 / 3.26E+05 kg * 100 = 0.523%

The P in the ARP/MCU feed is 433 mg/L or 3.05E+04 g/week(Table 6 of Ref. 6).

PO, = 1.28E+04 g/week P * (94.97 g/mol PO4)/ 30.97 g/mol P/ mol PO/ mol P
= 1.71E+05 g/wk

Percent of POy in glass
= 1.71E+05 g/wk / 9.07E+06 g/wk *100 = 1.88%

Sludge plus ARP/MCU contribution.
0.523% + 1.88% =2.40%

PO, 2.40
DWPF WAC Limit 3
Percent of the Limit 80%

However, POy is soluble so the contribution from ARP/MCU is negligible.

PO, 0.52
DWPF WAC Limit 3
Percent of the Limit 17.3%
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Attachment 9 (continued): Glass Solubility (DWPF WAC 5.4.7)
The concentration of NaF
The sludge contribution (Ref. 11) = 0.03 M NaF

0.03 mol/L NaF * 4.51E+05 gal * 3.785 L/gal * 41.98 g/mol NaF / 1000 g/kg
=2.15E+03 kg F

Percent of NaF in decanted sludge
=2.15E+03 kg * 6.92E-01 / 3.26E+05 kg * 100 = 4.62E-1

Fluoride is present in the sludge slurry currently being fed to DWPF and poses a
solubility concern in the glass if the concentration of fluoride is too high. The fluoride
concentration for Sludge Batch 4 has been evaluated previously and has posed no
concern. Based on the upcoming 100,000 gallon decant from Tank 40H, sludge only
poses no concern as seen above.

A decanted Sludge Batch 4 and the processing of the salt solution contained in Tank 49H,
the concentration of fluoride in the glass must be evaluated again to confirm there are no
solubility issues. The detection limit provided for the projected decanted composition of
the sludge slurry is well within the 1 weight percent limit of the glass. However, this
mass of fluoride must be added to the mass of fluoride potentially coming from the salt
solution contained in Tank 49H. Because it is unknown at this time how much fluoride
will be added from processing the salt material, a conservative approach was used that
assumes all of the fluoride in Tank 49H will be incorporated into the glass product.
However, the detection limit reported in SRNL-CST-2008-00009 for fluoride is not
sensitive enough to provide a realistic detection limit (greater than 1 weight percent) to
evaluate fluoride solubility in the glass. Thus, historical sample data reported in WSRC-
TR-2005-00336 (Ref. 50) and WSRC-TR-2005-00192 (Ref. 51) and projected transfer
volumes from Tank 23H to Tank 49H will have to be used to determine the fluoride
concentration. Based on the historical sample results and the projected tank volume
transfers, the fluoride concentration for Tank 49H is projected to be 0.00494M fluoride
(Ref. 52).

At the time of the evaluation the Tank 49 level was 216.1 in or 7.59E+05 gallon (Ref. 52
and Ref. 48)

0.00494 mol/L * 7.59E+05 gal * 3.785 L/gal * 1 mol F/1mol NaF * 41.98 g/mol NaF /
1000 g/kg = 5.96E+02 kg NaF

The feed to ARP is 3.63 gpm or 1.77E+06 gallons/yr (Ref. 28)

To determine the mass of NaF in ISDP Batch 1:
7.59E+05 gallon / 1.77E+06 gallons/yr = 4.29E-Olyr

0.97 yr / 4.29E-Olyr * 5.96E+02 kg NaF = 1.34E+03 kg NaF
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Attachment 9 (continued): Glass Solubility (DWPF WAC 5.4.7)

ARP/MCU contribution
1.34E+03 kg NaF / 3.26E+05 * 100 = 4.16E-01

Sludge plus ARP/MCU contribution
4.62E-01 + 4.16E-01 = 8.78E-01

NaF 0.878
DWPF WAC Limit 1
Percent of the Limit 87.8%

The concentration of NaCl

The sludge contribution
The Molarity of Cl" (Ref. 11) = less than 0.016 M

The mass of NaCl
=0.016 mol/L Cl *4.51E+05 gal * 3.785 L/gal * 58.45 NaCl/ 1000 g/kg
= 1.60E+03 kg NaCl

Percent of NaCl in decanted sludge
= 1.60E+03 kg * 6.92E-01 / 3.26E+05 kg * 100 = 0.340%

Feed Rate of ARP/MCU = 1.29E+05 L/wk
The Tank 49 material has Cl" 526 mg/L or 6.79E+04 g/week (Table 6 of Ref. 6)

Percent of NaCl in glass
= 6.79E+04 g/wk Cl/ 35.5 g/mol CV/ * 58.49 g/mol NaCl / 9.07E+06 g/wk *100
=1.23%

Sludge plus ARP/MCU contribution
0.340 + 1.23 =1.57

NaCl 1.57
DWPF WAC Limit 1

However, NaCl is soluble and goes to Tank SOH for final disposal at Saltstone. ARP is
fed at 0.151 gpm to DWPF and 4.13 gpm to CSS and DWPF combined (Ref. 28). The
feed concentration of Na is 5.05M and will be washed to 0.6M before entering DWPF
(Ref. 28).

=6.79E+04 g/wk Cl/35.5 g/mol CI * 58.49 g/mol NaCl *0.151 gal/min DWPF
/ 4.13 gal/min (DWPF + CSS) *0.6M Na/5.05 M Na
=4.85E+02 g NaCl /wk
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Attachment 9 (continued): Glass Solubility (DWPF WAC 5.4.7)

Percent in glass
= 4.85E+02 g/wk NaCl / 9.07E+06 g/wk *100 = 0.00535%

Sludge plus ARP/MCU contribution
0.340 + 0.00535=0.35 %

Na(Cl 0.345%
DWPF WAC Limit 1
Percent of Limit 34.5%

The concentration of Cu
The sludge contribution is 0.024 wt %.

The ARP/MCU contribution

The Tank 49 material has Cu 5.65 mg/L or 7.27E+02 g/week (Table 6 of Ref. 6)

Percent of Cu in glass
=7.27E+02 g/wk C1/9.07E+06 g/wk *100
=0.008%

Sludge plus ARP/MCU contribution
0.024 + 0.008 = 0.032%

Cu 0.032%
DWPF WAC Limit 0.5%
Percent of the Limit 6.4%

The concentration of SO4'7‘

The sludge contribution
The weight percent total solids (Ref. 11) =0.33 wt% TS

0.33 * 2.68E+05 kg = 8.90E+02 kg

The mass of SO4'2
= 8.90E+02 kg S / 32.065 kg/kmol S * 1 kmol SO4/kmol SO4?
* 96.065 kg/kmol SOy
= 2.66E+03 kg
SO.7 in decanted sludge
=2.66E+03 kg * 6.92E-01 = 1.84E+03 kg SO4”

SO4‘2 removed from decant of Tank 40H
The [SO4‘2] in Tank 40H =0.0111M (Ref. 12)
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Attachment 9 (continued): Glass Solubility DWPF WAC 5.4.7)

0.0111 mol/L S * 100000 gallons * 3.785 L/gal * 1 mol SO42/1mol S
#96.1 g S04~/ mol SO, /1000 g/kg = 4.03E402 kg SO~

1.84E+03 kg — 4.03E+02 kg = 1.45E+03 kg SO,

Percent of SO4~ in decanted sludge
= 1.45E+03 kg / 3.26E+05 kg * 100 = 0.444%

The S in the ARP/MCU feed is 5440 mg/L (Table 5 of Ref. 6) or 3.64E+04 kg S/yr at a
feed rate of 3.36 gpm (Ref. 28).

Assuming 100% Utility,
3.64E+04 kg S/yr *0.151 gal/min DWPF / 4.13 gal/min (DWPF + CSS) * 0.6M
Na/5.05 M Na *100 Utility /100 / 32.1 kg/kmol S * 1 kmol SO42/ 1 kmol S
#96.1 kg SO4~ / mol SO472 = 4.72E+02 kg SO,

= 4.72E+02 kg SO4~ /yr to DWPF * 0.96

= 4.49E+02 kg SO, for Sludge Batch 4

Percent in Glass
4 49E+02 kg / 3.26E+05 kg *100 = 0.142%

Sludge plus ARP/MCU contribution
0.444 + 0.142 = 0.586%

S042 0.586
DWPF WAC Limit 0.6
Percent of the Limit 97.7%

The concentration of Na,SO4 Na,SO,is the same as the percent of limit as the sulfate.

Summary:
Limit Percent
Wt. % in Of
Species glass Value Limit
TiO, 2 3.03E-01 15.14
Cr,03 0.3 6.03E-02 90.7
POy, 3 5.20E-01 17.3
NaF 1 8.78E-01 87.8
NaCl 1 3.45E-01 34.5
Cu 0.5 3.20E-02 6.40
SO~ 0.6 5.80E-01 | o -
Na,SO,4 (.88) 8.60E-01 '
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Attachment 10: Hydrogen Generation Rate for DWPF (DWPF WAC 5.4.12)

Radionuclide | Results Results "Q" R Heat Hydrogen
Value (ft Hy10° | Generation | Generation
(uCi/g TS) | (Ci/gal) (W/Ci) BTU) (W/gal) (ft3
H,/hr/gal)
Co-60 9.10E-01 4.34E-04 1.54E-02 48.36 6.68E-06 | 1.10E-09
Y-90 8.62E+03 4.11E+00 5.54E-03 48.36 2.27E-02 | 3.75E-06
Sr-90 8.62E+03 4.11E+00 1.16E-03 48.36 4.76E-03 7.86E-07
Ru-106 2.99E-01 1.42E-04 5.95E-04 48.36 8.48E-08 1.40E-11
Rh-106 2.99E-01 1.42E-04 1.89E-02 48.36 2.70E-06 4.45E-10
Sb-125 1.86E-01 8.86E-05 | 3.37E-03 49.36 2.99E-07 5.03E-11
Cs-134 1.30E+00 6.19E-04 1.02E-02 48.36 6.31E-06 1.04E-09
Cs-137 2.67E+02 1.27E-01 1.01E-03 48.36 1.29E-04 | 2.12E-08
Ba-137m 2.51E+02 1.20E-01 3 94E-03 48.36 471E-04 | 7.78E-08
Ce-144 7.35E-01 3.50E-04 6.58E-04 48.36 2.30E-07 | 3.80E-11
Pr-144 7.35E-01 3.50E-04 7.34E-08 48.36 2.57E-11 | 4.24E-15
Pm-147 1.60E+01 7.62E-03 3.67E-04 48.36 2.80E-06 | 4.62E-10
Eu-154 1.18E+01 5.64E-03 9.08E-03 48.36 5.12E-05 | 8.45E-09
Pu-238 1.52E+02 7.23E-02 3.26E-02 134.7 2.36E-03 1.08E-06
Pu-239 1.55E+01 7.37E-03 3.02E-02 134.7 2.23E-04 1.02E-07
Pu-240 3.92E+01 1.87E-02 3.06E-02 134.7 5.71E-04 2.63E-07
Am-241 2.00E+01 9.55E-03 3.28E-02 134.7 3.13E-04 1.44E-07
Cm-244 1.03E+02 4 .90E-02 3.44E-02 134.7 1.68E-03 | 7.74E-07
Total (ft3 H2/hr/gal) 7.02E-06
DWPF WAC limit (ft3 H2/hr/gal) 8.95E-05
% of WAC limit 7.84%

R values are defined in the DWPF WAC (Ref. 1). Data from Reference 10.
Q values are defined in Reference 49.

To determine the total hydrogen generation rate for DWPF

The WAPS sample was taken on October 11, 2007. Tank 40H had the following
properties (Ref. 12):

Level

Total Solids
Specific Gravity

128.6 inches or 451386 gallons,

14.44%,

1.07E+00 kg/L.

The mass of Tank 40 material
451386 gallons * 3.785 L/gal *1.09E+00 kg/L = 1.86E+06 kg

The Mass of the Total Solids is the weight % total solids multiplied by the mass.
14.44 wt% TS * 1.86E+06 kg = 2.68E+05 kg TS
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Attachment 10 (continued): Hydrogen Generation Rate for DWPF (DWPF WAC
5.4.12)

To determine the concetration of each radionuclide for Sludge Batch 4 contribution,
mulitiply the concentration in pCi/g by the Mass of the total solids and divided by 1000
g/kg and 1E4+06 nCi/Ci.

Radionuclide (uCi/g TS) (Ci/batch)
Co-60 9.10E-01 2.44E+02
Y-90 8.62E+03 2.31E+06
Sr-90 8.62E+03 2.31E+06
Ru-106 2.99E-01 8.02E+01
Rh-106 2.99E-01 8.02E+01
Sb-125 1.86E-01 4 99E+01
Cs-134 1.30E+00 3.49E+02
Cs-137 2.67E+02 7.16E+04
Ba-137m 2.51E+02 6.73E+04
Ce-144 7.35E-01 1.97E+02
Pr-144 7.35E-01 1.97E+02
Pm-147 1.60E+01 4.29E+03
Eu-154 1.18E+01 3.17E+03
Pu-238 1.52E+02 4.07E+04
Pu-239 1.55E+01 4.15E+03
Pu-240 3.92E+01 1.05E+04
Am-241 2.00E+01 3.37E+04
Cm-244 1.03E+02 5.37E+03

Data from Table 3 of Reference 10.

The ARP and MCU contribution use the feed to ARP to determine the concentration of
Ci/yr for each radionuclide.

The Ci/yr is determined using the Tank 49H feed material with the feed rate to
ARP/MCU from Tank 49H.
ARP feed rate is 1.68 gpm for each MST strike tank (Ref. 28).

Feed Rate =2 * 1.68gpm * 60min/hr * 24 hr/day * 365 day/yr = 1.77E+06 gal/yr

The concentration of the ARP/MCU contribution to the hydrogen generation is found by
multiplying the results in Reference 6 by the feed rate to ARP from Tank 49H by 1000
mL/L by 1E+12 pCi/Ci.

DWPF decant was estimating 177 canister production at a 40% waste loading. The
nominally DWPF production rate is 186 canister a year.

The contribution over the entire salt batch is determined by multiplying the concentration
of the radionuclide in Ci/yr by the ratio of estimated canister production at 40% waste
loading by the nominally canister produce a year.
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Attachment 10 (continued): Hydrogen Generation Rate for DWPF (DWPF WAC

54.12)
Radionuclide (pCi/mL) (Ci/yr) (Ci/batch)
Co-60 1.04E+01 6.95E-02 6.62E-02
Y-90 4.50E+05 3.01E+03 2.86E+03
Sr-90 4 .50E+05 3.01E+03 2.86E+03
Ru-106 1.26E+02 8.42E-01 8.01E-01
Rh-106 1.26E+02 8.42E-01 8.01E-01
Sb-125 7.66E+01 5.12E-01 4.87E-01
Cs-134 1.61E+05 1.08E+03 1.02E+03
Cs-137 7.18E+07 4 80E+05 4.57E+05
Ba-137m 6.75E+07 4.51E+05 4.29E+05
Ce-144 2.09E+02 1.40E+00 1.33E+00
Pr-144 2.09E+02 1 .40E+00 1.33E+00
Pm-147 9.74E+02 6.51E+00 6.20E+00
Eu-154 1.28E+02 8.56E-01 8.14E-01
Pu-238 5.03E+04 3.36E+02 3.20E+02
Pu-239 3.82E+03 2.55E+01 2.43E+01
Pu-240 3.82E+03 2.55E+01 2.43E+01
Am-241 2.12E+04 1.42E+02 1.35E+02
Cm-244 2.98E+03 1.99E+01 1.90E+01

Data from Table 3 of Reference 6

Combine by adding the concentrations of decanted Sludge Batch 4 and ARP/MCU
contributions in Ci/batch.

Hydrogen generation rate can be determined using the method above with the results of
ft” Hy /hr/batch. The sum of the radionuclide contribution is determined using the volume
of the remaining Tank 40H volume following decanting. The estimated Tank 40H level

after the March 2008 decant is 99.19 inches or 3.48E+05 gallons of slurry.
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Attachment 10 (continued): Hydrogen Generation Rate for DWPF (DWPF WAC

5.4.12)
. . Total . "Q" Value 3 R 6 Heat. (i};l‘l:':%ieonn
Radionuclide Conc.entratlon (W/Ci) (ft’ Hy/10 Generation (ft’ H,
(Ci/batch) BTU) (W/batch) /hr/batch)
Co-60 2.44E+02 1.54E-02 48.36 3.76E+00 6.21E-04
Y-90 2.31E+06 5.54E-03 48.36 1.28E+04 2.11E+00
Sr-90 2.31E+06 1.16E-03 48.36 2.68E+03 443E-01
Ru-106 8.10E+01 5.95E-04 48.36 4.82E-02 7.95E-06
Rh-106 8.10E+01 1.89E-02 48.36 1.53E+00 2.53E-04
Sb-125 5.04E+01 3.37E-03 48.36 1.70E-01 2.80E-05
Cs-134 1.37E+03 1.02E-02 48.36 1.40E+01 2.31E-03
Cs-137 5.28E+05 1.01E-03 48.36 5.34E+02 8.80E-02
Ba-137m 4.97E+05 3.94E-03 48.36 1.96E+03 3.23E-01
Ce-144 1.98E+02 6.58E-04 48.36 1.31E-01 2.15E-05
Pr-144 1.98E+02 7.34E-08 48.36 1.46E-05 2.40E-09
Pm-147 4.30E+03 3.67E-04 48.36 1.58E+00 2.60E-04
Eu-154 3.17E+03 9.08E-03 48.36 2.88E+01 4.75E-03
Pu-238 4.10E+04 3.26E-02 134.70 1.34E+03 6.14E-01
Pu-239 4.17E+03 3.02E-02 134.70 1.26E+02 5.79E-02
Pu-240 1.0SE+04 3.06E-02 134.70 3.22E+02 1.48E-01
Am-241 3.38E+04 3.20E-05 48.36 1.08E+00 1.79E-04
Cm-244 5.39E+03 3.28E-02 134.70 1.77E+02 8.14E-02
Hydrogen Generation (ft’ H, /hr/batch) 4.31E+00
Total Hydrogen Generation (ft3 H2/hr/gal) 1.24E-05
DWPF WAC limit (ft3 H2/hr/gal) 8.95E-05
% of WAC limit 13.9%

Q values are defined in Reference 49.
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Attachment 11-A: Hydrogen Generation Rate from Tank 49H Feed Material for
Tank SO0H (TF WAC 11.7)

Radionuclide | Results Results "Q" R, RB—] Heat Hydrogen
Value (ft (ft Generation | Generation
(pCi/ml) | (Ci/gal) | (W/Ci) | Hy10° | Hy10° (W/gal) ft’

BTU) BTU) H,/hr/gal

H-3 3.78E+03 | 1.43E-05 | 3.37E-05 321E+00 | 4.82E-10 5.28E-15
C-14 9.68E+02 | 3.66E-06 | 2.93E-04 3.21E+00 1.07E-09 1.18E-14
Co-60 1.04E+01 | 3.94E-08 | 1.54E-02 3.21E+00 6.07E-10 6.64E-15
Ni-59 1.91E+02 | 7.23E-07 | 3.98E-05 3.21E+00 2.88E-11 3.15E-16
Ni-63 2.74E+02 | 1.04E-06 | 1.01E-04 3.21E+00 1.05E-10 1.15E-15
Se-79 5.41E+01 | 2.05E-07 | 3.13E-04 3.21E+00 6.41E-11 7.02E-16
Sr-90 4.50E+05 | 1.70E-03 | 1.16E-03 3.21E+00 1.98E-06 2.16E-11
Y-90 4.50E+05 | 1.70E-03 | 5.54E-03 3.21E+00 9.44E-06 1.03E-10
Tc-99 7.44E+04 | 2.82E-04 | 5.01E-04 3.21E+00 1.41E-07 1.54E-12
Sb-125 7.66E+01 | 2.90E-07 | 3.37E-03 3.21E+00 9.77E-10 1.07E-14
Sn-126 3.31E+02 | 1.25E-06 | 1.08E-03 3.21E+00 1.35E-09 1.48E-14
1-129 1.88E+01 | 7.12E-08 | 4.77E-04 3.21E+00 3.39E-11 3.72E-16
Cs-134 1.61E+05 | 6.09E-04 | 1.02E-02 3.21E+00 6.21E-06 6.80E-11
Cs-135 1.23E-06 | 3.32E-04 3.21E+00 4.09E-10 448E-15
Cs-137 7.18E+07 | 2.72E-01 | 1.01E-03 3.21E+00 2.74E-04 3.01E-09
Ba-137m 6.79E+07 2.57E-01 3.94E-03 3.21E+00 1.01E-03 1.11E-08
Pm-147 9.74E+02 | 3.69E-06 | 3.67E-04 3.21E+00 1.35E-09 1.48E-14
Eu-154 1.28E+02 | 4.84E-07 | 9.08E-03 3.21E+00 4.40E-09 4.82E-14
Th-232 1.42E-02 | 5.36E-11 | 2.38E-02 | 2.34E+01 1.27E-12 1.02E-16
U-233 167.948 | 6.36E-07 | 2.86E-02 | 2.34E+01 1.82E-08 1.45E-12
U-234 2.94E+02 | 1.11E-06 | 2.83E-02 | 2.34E+01 3.14E-08 2.51E-12
U-235 2.46E-01 | 9.30E-10 | 2.71E-02 | 2.34E+01 2.52E-11 2.02E-15
U-236 3.29E+00 | 1.24E-08 | 2.66E-02 | 2.34E+01 3.31E-10 2.65E-14
U-238 6.31E-01 | 2.39E-09 | 2.49E-02 | 2.34E+01 5.95E-11 4.76E-15
Np-237 2.20E+01 | 8.32E-08 | 2.88E-02 | 2.34E+01 2.40E-09 1.92E-13
Pu-238 5.03E+04 | 1.90E-04 | 3.26E-02 | 2.34E+01 6.21E-06 4.96E-10
Pu-239 3.82E+03 | 1.45E-05 | 3.02E-02 | 2.34E+01 4.37E-07 3.50E-11
Pu-240 3.82E+03 | 1.45E-05 | 3.06E-02 | 2.34E+01 4.42E-07 3.53E-11
Pu-241 2.12E+04 | 8.02E-05 | 3.20E-05 3.21E+00 2.57E-09 2.81E-14
Pu-242 9.85E+01 | 2.50E-05 | 2.90E-02 | 2.34E+01 7.26E-07 5.81E-11
Am-241 2.98E+03 | 1.13E-05 | 3.28E-02 | 2.34E+01 3.70E-07 2.96E-11
Cm-244 7.59E+02 | 2.87E-06 | 3.44E-02 | 2.34E+01 9.87E-08 7.90E-12
Cm-245 2.18E+03 | 8.25E-06 | 3.33E-02 | 2.34E+01 2.75E-07 2.20E-11
Sm-151 6.25E+02 | 2.37E-06 | 7.41E-04 3.21E+00 1.75E-09 1.92E-14
Ra-226 5.68E+02 | 2.15E-06 | 2.84E-02 | 2.34E+01 6.10E-08 4.88E-12
Eu-155 3.60E+02 | 1.36E-06 | 7.59E-04 3.21E+00 1.03E-09 1.13E-14
Th-230 3.61E+02 | 1.37E-06 | 2.77E-02 | 2.34E+01 3.77E-08 3.02E-12
Pu-244 3.03E-01 | 1.15E-09 | 2.71E-02 | 2.34E+01 3.11E-11 2.49E-15
Am-242m 9.18E+02 | 3.47E-06 | 4.05E-04 | 2.34E+01 1.41E-09 [.13E-13
Am-243 7.30E+02 | 2.76E-06 | 3.15E-02 | 2.34E+01 8.70E-08 6.96E-12
Cm-242 8.48E+01 | 3.21E-07 | 3.59E-02 | 2.34E+01 1. 15E-08 9.21E-13
Ce-144 2.45E-01 | 9.27E-10 | 6.58E-04 3.21E+00 6.10E-13 6.68E-18
Pr-144 2.45E-01 | 9.27E-10 | 7.34E-08 3.21E+00 6.80E-17 7.45E-22
Ru-106 5.37E+04 | 2.03E-04 | 5.95E-04 3.21E+00 1.21E-07 1.32E-12
Rh-106 5.37E+04 | 2.03E-04 | 1.89E-02 3.21E+00 3.85E-06 4.21E-11
TOTAL at 0°C 1.57E-08

at 43°C 1.81E-08

Q values are defined in Reference 49.
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Attachment 11-A (continued): Hydrogen Generation Rate from Tank 49H Material
for Tank 50H (TF WAC 11.7)

The hydrogen generation rate shall be calculated using the following formulas (Ref. 23):

For alpha particles:

R, =1347-823+ [NOl;f ]1/3 —13.6 % [NO(;f ]2/3 +11.8% lNoF"ffJ

where [NO,, |=|NO; |+ 05+ [NO; |

For beta/gamma:

/3 /3 _
R,B /)" 4836 — 52.78 * [NO(W. +14.1% [NOW ] +0.572 [NOW
where R is expressed as ft’ H,/ 10° Bru.

NO¢r= 2.82M+0.5(0.28M)=296 M
Ro = 1347 -823+[2.96M "> —136+[2.96M |

Ry, = 4836 -5278 < [2.96M | 1 141+ [2.96M

3 118+ [296M] =2.34E401

12 +0572+[2.96M] = 3.21E+00
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Attachment 11-B: Hydrogen Generation Rate from Diluted Tank 49H Feed
Material for Tank SOH (TF 11.7)

With the 15% dilution rate expected with the ARP/MCU process, the following apply:
NO¢r= 240M +0.5(0.23 M) =251 M

Ra = 2.73E+01
Rpyy = 3.99E+00
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Attachment 11-B (continued): Hydrogen Generation Rate from Diluted Tank 49H
Feed Material for Tank S0H (TF WAC 11.7)

Radionuclide | Results Results "Q" R, R,;? Heat Hydrogen
Value (fe (ft Generation | Generation

(pCi/mly | (Ci/gal) | (W/Ci) | Hy10° | Hy/10° (W/gal) (f* H,

BTU) BTU) /hr/gal)
H-3 3.78E+03 | 1.43E-05 | 3.37E-05 3.99E+00 4.82E-10 6.56E-15
C-14 9.68E+02 | 3.66E-06 | 2.93E-04 3.99E+00 1.07E-09 1.46E-14
Co-60 1.04E+01 | 3.94E-08 | 1.54E-02 3.99E+00 6.07E-10 8.25E-15
Ni-59 1.91E+02 | 7.23E-07 | 3.98E-05 3.99E+00 2.88E-11 391E-16
Ni-63 2.74E+02 | 1.04E-06 | 1.01E-04 3.99E+00 1.05E-10 1.42E-15
Se-79 541E+01 | 2.05E-07 | 3.13E-04 3.99E+00 6.41E-11 8.72E-16
Sr-90 4.50E+05 | 1.70E-03 | 1.16E-03 3.99E+00 1.98E-06 2.69E-11
Y-90 4.50E+05 | 1.70E-03 | 5.54E-03 3.99E+00 9.44E-06 1.28E-10
Tc-99 7.44E+04 | 2.82E-04 | 5.01E-04 3.99E+00 1.41E-07 1.92E-12
Sb-125 7.66E+01 | 2.90E-07 | 3.37E-03 3.99E+00 9.77E-10 1.33E-14
Sn-126 3.31E+02 | 1.25E-06 | 1.08E-03 3.99E+00 1.35E-09 1.84E-14
I-129 1.88E+01 | 7.12E-08 | 4.77E-04 3.99E+00 3.39E-11 4.62E-16
Cs-134 1.61E+05 | 6.09E-04 | 1.02E-02 3.99E+00 6.21E-06 8.45E-11
Cs-135 0.00E+00 | 3.32E-04 3.99E+00 | 0.00E+00 0.00E+00
Cs-137 7.18E+07 | 2.72E-01 | 1.01E-03 3.99E+00 2.74E-04 3.73E-09
Ba-137m 6.79E+07 2.57E-01 3.94E-03 3.99E+00 1.01E-03 1.38E-08
Pm-147 9.74E+02 | 3.69E-06 | 3.67E-04 3.99E+00 1.35E-09 1.84E-14
Eu-154 1.28E+02 | 4.84E-07 | 9.08E-03 3.99E+00 4.40E-09 5.98E-14
Th-232 1.42E-02 | 5.36E-11 | 2.38E-02 | 2.73E+01 1.27E-12 1.19E-16
U-233 167.948 | 6.36E-07 | 2.86E-02 | 2.73E+01 1.82E-08 1.69E-12
U-234 2.94E+02 | 1.11E-06 | 2.83E-02 | 2.73E+01 3.14E-08 2.93E-12
U-235 2.46E-01 | 9.30E-10 | 2.71E-02 | 2.73E+01 2.52E-11 2.35E-15
U-236 3.29E+00 | 1.24E-08 | 2.66E-02 | 2.73E+01 3.31E-10 3.09E-14
U-238 6.31E-01 | 2.39E-09 | 2.49E-02 | 2.73E+01 5.95E-11 5.54E-15
Np-237 2.20E+01 | 8.32E-08 | 2.88E-02 | 2.73E+01 2.40E-09 2.23E-13
Pu-238 5.03E+04 | 1.90E-04 | 3.26E-02 | 2.73E+01 6.21E-06 5.78E-10
Pu-239 3.82E+03 | 1.45E-05 | 3.02E-02 | 2.73E+01 4.37E-07 4.07E-11
Pu-240 3.82E+03 | 1.45E-05 | 3.06E-02 | 2.73E+01 4.42E-07 4.12E-11
Pu-241 2.12E+04 | 8.02E-05 | 3.20E-05 3.99E+00 2.57E-09 3.49E-14
Pu-242 9.85E+01 | 3.73E-07 | 2.90E-02 | 2.73E+01 1.08E-08 1.01E-12
Am-241 298E+03 | 1.13E-05 | 3.28E-02 | 2.73E+0l 3.70E-07 3.45E-11
Cm-244 7.59E+02 | 2.87E-06 | 3.44E-02 | 2.73E+01 9.87E-08 9.20E-12
Cm-245 2. 18E+03 | 8.25E-06 | 3.33E-02 | 2.73E+01 2.75E-07 2.56E-11
Sm-151 6.25E+02 | 2.37E-06 | 7.41E-04 3.99E+00 1.75E-09 2.38E-14
Ra-226 5.68E+02 | 2.15E-06 | 2.84E-02 | 2.73E+01 6.10E-08 5.68E-12
Eu-155 3.60E+02 | 1.36E-06 | 7.59E-04 3.99E+00 1.03E-09 1.41E-14
Th-230 3.61E+02 | 1.37E-06 | 2.77E-02 | 2.73E+01 3.77E-08 3.52E-12
Pu-244 3.03E-01 | 1.15E-09 | 2.71E-02 | 2.73E+01 3.11E-11 2.90E-15
Am-242m 9.18E+02 | 347E-06 | 4.05E-04 | 2.73E+01 1.41E-09 1.31E-13
Am-243 7.30E+02 | 2.76E-06 | 3.15E-02 | 2.73E+01 8.70E-08 8.11E-12
Cm-242 8.48E+01 | 3.21E-07 | 3.59E-02 | 2.73E+01 1.15E-08 1.07E-12
Ce-144 2.45E-01 | 9.27E-10 | 6.58E-04 3.99E+00 6.10E-13 8.30E-18
Pr-144 2.45E-01 9.27E-10 | 7.34E-08 3.99E+00 6.80E-17 9.25E-22
Ru-106 1.26E+02 | 4.77E-07 | 5.95E-04 3.99E+00 2.84E-10 3.86E-15
Rh-106 1.26E+02 | 4.77E-07 | 1.89E-02 3.99E+00 9.03E-09 1.23E-13
Total 1.93E-08
at 43°C 2.23E-08

Q values are defined in Reference 49.
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Attachment 12: Gamma Source Strength to Meet Saltstone WAC (Saltstone WAC

54.1)
Gamma Source Strength Based on the DSS Material
DSS Concentration | Dose constant | Gamma Source
Strength

Radionuclide pCi/ml Ci/gal mrem/hr/Ci mrem/hr/gal
Co-60 1.05E+02 | 3.97E-07 1.37E-03 5.45E-10
Sb-125 2.59E+02 | 9.80E-07 6.08E+02 5.96E-04
Cs-134 5.74E+04 | 2.17E-04 9.99E+02 2.17E-01
Cs-137 3.00E+07 | 1.13E-01 3.82E+02 4.33E+01
Eu-154 1.20E+02 | 4.54E-07 7.56E+02 3.43E-04
Gamma Source Strength 4.35E+01
Saltstone WAC limit 9.05E+01
% of WAC limit 48.11%

Data for this table is from Table 38 of Ref. 6
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Attachment 13: IDP to Meet Saltstone WAC (Saltstone WAC 5.4.2 and TF WAC

11.4)

IDP Based on Tank 49H Material

Dose
Radionuclide Potential Results IDP
CEDE DCF (Ci/gal) (rem/gal)
(rem/Ci)
Sr-90 9.50E+04 1.70E-03 1.62E+02
Cs-137 1.90E+04 2.72E-01 5.16E+03
Eu-154 2.00E+05 4.85E-07 9.69E-02
Pu-241 3.30E+06 8.03E-05 2.65E+02
Total alpha 1.90E+08 2.03E-04 3.86E+04
Total Dose 4.42E+04
Saltstone WAC limit 2.09E+05
% of WAC limit 21.15%

Data for this table is from Table 3 of Ref. 6
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Attachment 14: E-mail from M. E. Stone (Ref. 41)
Michael Stone/SRNL/Srs To Herbert Elder/SUB/Srs@Srs
‘ 03/10/2008 10:38 AM ¢¢ Amanda Shafer'WSRC/Srsi@Srs, Connie
Herman/SRNL/Srs@5rs, David Koopman/SRNL/Srsi@Srs,
Jeff Ray/WSRC/Srs@Srs
bce

Subject SB4 Decant CPC Testing

Hank,

The hydrogen evaluation results have been technically reviewed. SRNL testing indicates that excessive
hydrogen generation will not occur during DWPF processing with SB4 after a 100 kgal decant for the
recommended acid window (130 to 170% stoichiometry).

Michael Stone

999-W

Savannah River National Laboratory
Aiken, SC 29808

803-819-8410

803-819-8416 (fax)

Hank,

SRNL has completed 6 SRAT/SME tests to verify the acid window for the projected composition of SB4
after a 100K galion decant. The testing included evaluations of the impact of adding NaOH to raise the
Na concentration and tests with the latest estimates of the ARP/MCU compositions {w/o entrained
organics from MCU). The following are preliminary conclusions from the testing:

¢ CPC processing recommendations from the Initial SB4 Flowsheet study remain valid for
decanted Tank 40 feed

e Proposed NaOH addition can be made to Tank 40 without exceeding initial flowsheet study acid
demands

e ARP/MCU additions in CPC did not negatively impact any of the recommendations

These results have not been technically reviewed. A report will be prepared with the final results and
conclusions from the testing.

Michael Stone

999-W

Savannah River National Laboratory
Aiken, SC 29808

803-819-8410

803-819-8416 (fax)
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Attachment 15 — E-mail from C. J. Bannochie (Ref. 42)
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To Je¥ RayWSRC!Srs@Srs

ce Amanda ShaferWWSRC/SrsfDSrs, Caroline
A1seHWSRLSrs@5rs. Connie Herman/SRNL/Srs@Srs,
Herben Elder/SUB/Srs ®Srs, John

bec

Subject Re: 5B4 WAPS Rad Resubs[ ]

Here is the data on the two additional isotopes you requested today {shown in Red in the table). wie'll
revise the memo, referenced below and sent on 229, to inciude Am-242m and Cm-245. These values
did appear in a lict of isotopes requested by Barbara Hamm and sent to her, Hasmukh Shah. and Hank

Elder on 2/14.
isotope Wil TS uCilg TS
Ni-59 7.02E-04 5.67E-014
Co-60 7.57E-08  8.56E-01
$r-90 5.37E-03 7.32E+03
Y90 1.35E-08 7.32E+D3
Tc-99 8.31E-08 141E-01
Ru-106 2 94E-09 <2.99E-01
Sb-125 181E-08 <«<1.86E-01
Te-125m 1.04E-03 «1.836E-O1
1129 2 95E-04 5.20E-04
Cs-134 1.00E-07 <41.30E+00
Cs-137 2.687E-04 2.49E+02
Ba-137m 4 45E-11  2.39E+02
Ce-t44 a 231E-08 <7.35E-01
Pm-147 b 1.73E-06 1.60E+{1
Eu-154 4 28E-06 1.15E+01
Eu-155 261E-07 1.22E+00
U-233 <1.97E-04 <1 31E-02
U-234 5.44E-04 340E-02
U-235 2.96E-02 G41E-04
Np-237 3.69E-03 260E-02
u-238 5.25B+00 1 77E-02
Pu-238 7.13E-04 1.22E+02
Pu-239 1.85E-02 115E+{1
Pu-240 1.66E-02 3.77E+D1
Pu-241 1.05E-04 1.08E+02
Am-241 S 14E-04 1.76E+01
Am-242m 7 20E-07  T.00E-02
Cm-244 1.12E-04 9.07E+01
Cm-245 2 04E-05  «3.49E-02
total alpha na 2.82E+02

Std. Dev.

2.65E-02
2.70E-02
£ 45E-02
£ 49E-02
8.41E-03

na

na

na
1.00E-04

na
S.06E+00
8 70E+00

na

na
1.66E-01
4.47E-01

na
3.61E-02
1.23E-05
§.81E-04
5.55E-04
1 45E+01
1 97E+00
7.73E-0Y
8 852E+00
1.22E+00
32ZEG2
§ 0€E~0Q

na

%RSD

47
32
893
83
[
na
na
na
21

na
36
A6
na
na
14
37
na
11

1.4
34

31
12
17

20
82

6.9
4€
67
na
na

Method

Wi-59/-63
Cs Removed Gamma
Sr-90
secular equil wt Sr-90
ICP-MS
Cs Removed Gamma
Cs Removed Gamma
secuiar equil w/ Sb-125
1-128
Gamma
Gamma
096 * Cs-137
Cs Removed Gamma
catculated from waste age
{s Removed Gamma
Cs Removed Gamma
ICP-MS
ICP-MS
ICP-MS
ICR-MS
ICP-MS
Pu-238/-241
ICP-MS
ICP-MS
Pu-238/-241
Cs Removed Gamma
ASmCm
Am/Cm
ArCm

a The tota: radioactivity of the slurry due to this radionuclide is twice this value
pecause of the radioactive daugher that is in secutlar equilibrium with this
radionuciide and thus aiso present in the slurry.

b Calculated from the age of the tank waste based on 5r-80



Attachment 16 — Technical Reviews

X-ESR-H-00120
Revision 0

Page 68 of 68

Section | Reviewers
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3.1 J. W. Ray

3.2 J. W. Ray

33 E. W. Harrison

3.4 J. W. Ray

3.5 J. W. Ray E. W. Harrison
3.6 E. W. Harrison

4.0 J. W. Ray E. W. Harrison






