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1.0 PURPOSE

The purpose of this report is to document the acceptability of the eighth Macrobatch (Salt 
Batch 8) of Tank 21 waste for feed to the Tank Farm, Defense Waste Processing Facility 
(DWPF), and Saltstone Production Facility (SPF) for operation of the Interim Salt 
Disposition Project (ISDP).  This Salt Batch 8 qualification evaluation is for the current 
contents of Tank 21 only and does not include Tank 49 contents.  Tank 49 does not 
currently have mixing capability; therefore, any mixing that may occur between the two 
salt batches will be passive.  The Salt Batch 8 material would likely sit on top of the Salt 
Batch 7 heel in Tank 49; therefore, the bulk Salt Batch 8 material feed to the Actinide 
Removal Process/Modular Caustic Side Solvent Extraction Unit (ARP/MCU) would 
likely have the same composition of Salt Batch 8 in Tank 21. The transfer of previously 
qualified feed from Tank 21 into the qualified feed in Tank 49 will provide a qualified 
feed regardless of the degree of mixing.  Therefore, no mixing of the heel of Salt Batch 7 
with the Salt Batch 8/Tank 21 material compositions is assumed.  For DWPF processing, 
this document evaluates Sludge Batch 8 coupled with Salt Batch 8.  

2.0 SUMMARY AND BACKGROUND

2.1 Summary

Salt Batch 8 feed meets the Waste Acceptance Criteria (WAC) requirements specified by 
References 1, 2, and 3.  Salt Batch 8 material is qualified and ready to be processed 
through ARP/MCU to the final disposal facilities.  

The following key attributes of the Salt Batch 8 feed to ARP/MCU are noted:

- The sum of the fractions for determining Hazard Category for MCU is 
calculated to be 0.67 and thus Hazard Category 3 is met.

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

- Nuclear Criticality Safety Evaluation (NCSE) criteria are met.
- Monosodium Titanate (MST) testing is not required for qualification based on 

WAC requirements met from feed concentrations (Refs. 3 and 6). 
- The Saltstone WAC LIMIT for Cs-137 (Ref. 3) is met with the use of a 

decontamination factor (DF) of 55.
- 4,480 gallons of Precipitate Reactor Feed Tank (PRFT) material can be 

processed at 44% waste loading and still be in compliance with the sulfate 
solubility limit.  However, the sulfate solubility WAC is no longer the limiting 
factor for Sludge Batch 8 processing at DWPF.  

                                                                
1Speight, B. A., “Waste Acceptance Criteria for Liquid Waste Transfers to the 241-F/H Tank Farms”, X-SD-G-00001, 
Rev. 35, November 2014
2Ray, J. W., “Waste Acceptance Criteria for Sludge, ARP, and MCU Process Transfers to 512-S and DWPF”, X-SD-G-
00008, Rev. 15, November 2014
3Dixon, K. D., “Waste Acceptance Criteria for Aqueous Waste Sent to the Z-Area Saltstone Production Facility”, X-
SD-Z-00001, Rev. 13, January 2014
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- In order to meet the glass quality and processability WAC, only 3,000 gallons 
of PRFT material per Sludge Receipt and Adjustment Tank (SRAT) can be 
processed to produce acceptable glass with an assumed operating waste 
loading window of 32 wt% to 40 wt%. 

- As shown in Attachment 10, there are compositional variations in each PRFT 
batch based on specific operations at 512-S, and therefore, it is recommended 
that each PRFT batch be sampled and a calculation performed to confirm that 
glass quality and processability WAC limits are met.  If the glass composition 
is outside of the Sludge Batch 8 variability study, the projected glass 
composition shall be checked to ensure that it is within the model or 
validation range of the durability model and passes Product Composition 
Control System (PCCS) for B, Li, and Na release rate limits.

2.2 Background

ISDP consists of two flowsheets that have been developed based on two technologies: 
ARP and MCU.  The ARP flowsheet involves two strike tanks where 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 
slurry 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, a MST/sludge 
solids slurry, a clarified salt solution (CSS), and solids wash water.  The MST/sludge 
solids slurry is transferred via the Low Point Pump Pit (LPPP) to the PRFT in 221-S for 
incorporation into the final glass product.  Wash water is used to wash the MST/sludge 
solids slurry after reaching five weight percent to a target sodium concentration of 0.5 M 
before transferring to DWPF.  The solids wash water is then transferred directly to Tank 
50.  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 boric acid solution containing concentrated cesium called Strip Effluent
(SE) and a decontaminated salt solution (DSS).  The DSS is sent to Saltstone via Tank 50 
for final disposition.  The SE is transferred to the SE Feed Tank (SEFT) in 221-S for 
incorporation into the final glass product.  

For Salt Batch 8, Tank 21 is used as a preparation tank (or blend tank) to receive material 
from different source tanks.  Tank 21 is then transferred to Tank 49 for feed to 
ARP/MCU.  

The following actions have occurred in support of Salt Batch 8 compilation in Tank 21
(Ref. 4):

1. Transfers listed below were made into Tank 23 before Tank 23 was 
transferred to Tank 21.
 Tank 41 dissolved salt solution
 Tank 22 supernate (DWPF recycle waste) 
 Tank 35 supernate (Tank 37 dissolved salt solution)

                                                                
4Meraw, H. J. and Le, T. A., “Salt Batch 8 Preparation and Qualification Strategy,” X-ESR-H-00706, Rev. 0, 
September 2014
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 Sodium hydroxide (19 M)
2. Tank 38 supernate was transferred to Tank 21.
3. Tank 35 supernate (Tank 37 dissolved salt solution) was transferred to Tank 

21.
4. Sodium hydroxide (19 M) was added to Tank 21 to prevent precipitation of 

aluminum hydroxide in Tank 21 (Ref. 4).           
5. Tank 21 contents were mixed using mixing pumps.
6. Qualification samples were pulled from Tank 21 and sent to Savannah River 

National Laboratory (SRNL) for characterization.

Characterization of the qualification sample was used to determine that an additional
12,000 gallons of 50 weight percent sodium hydroxide should be added to Tank 21 in 
order to prevent the precipitation of aluminum hydroxide in the ARP/MCU process (Ref. 
5).  The qualification sample was analyzed for the same list of constituents as the 
previous salt batches.  Monosodium Titanate/Extraction, Scrub, Strip (MST/ESS) testing 
was performed on the Tank 21 material.  The ESS testing included one test with the 
“pure” Next Generation Solvent (NGS) (MaxCalix) solvent and one test with a NGS 
blend (MaxCalix/BobCalixC6C6) trimmed with N-N’-N”-tris(isodecyl) guanidine
(TiDG) as needed (Ref. 6).

3.0 DISCUSSION OF RESULTS

The salt solution for Salt Batch 8 in Tank 21 consists of the Tank 21 Salt Batch 7 heel,
Tank 23 salt solution (Tank 41 dissolved salt solution, Tank 37 dissolved salt solution 
stored in Tank 35, and DWPF recycle material via Tank 22), Tank 38 supernate, Tank 37 
dissolved salt solution stored in Tank 35, and 19M sodium hydroxide sufficient to 
prevent aluminum hydroxide precipitation.  

Six 200 mL samples were pulled from Tank 21 in September 2014.  Four of these 
samples were surface samples and two were obtained approximately 62” from the bottom 
of the tank, transfer pump suction height.  The samples contained no visible quantities of 
solids. These samples were handled in the manner described in the Task Technical and 
Quality Assurance Plan (TTQAP) (Ref. 7) and results documented in a SRNL technical 
report (Ref. 6).  

Upon receipt of analyses of the qualification sample, Engineering performed OLI 
modeling and determined that the hydroxide concentration in Tank 21 was insufficient to 
prevent aluminum hydroxide solids from forming in MCU at lower temperatures (Ref. 5). 
An addition of 12,000 gallons of 50 weight percent sodium hydroxide was recommended. 
11,714 gallons (8,749 gallons added on 1/28/15 and 2,965 gallons added on 1/29/15 (Ref.
8)) of 50 weight percent sodium hydroxide was added.  As this additional volume reduces

                                                                
5Shafer, A. R. and Le, T. A., “Determination of Need for Additional Caustic to ISDP Salt Batch 8 in Tank 21”, SRR-
LWP-2014-00050, Rev. 0, January 2015
6Peters, T. B., and Washington, II, A. L.,  “Sample Results from the Interim Salt Disposition Program Macrobatch 8 
Tank 21H Qualification Samples”, SRNL-STI-2014-00561, Rev. 1, January 2015
7Peters, T. B., and Washington, II, A. L., “Task Technical and Quality Assurance Plan for ISDP Salt Batch 8 Sample 
Qualification”, SRNL-RP-2014-00839, Rev. 0, September 2014
8Tank Farm Morning Report dated 1/29/15 and 1/30/15
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the concentrations of all radiological constituents as well as all chemical constituents except 
for sodium and hydroxide, a blend was calculated as described below. 

Tank 21 level on January 12, 2015 was 363.4 inches (Ref. 9) with 13.1 inches of sludge 
in the bottom of the tank (Ref. 10).  The resultant supernate height is approximately 350.3 
inches (363.4 inches – 13.1 inches).  At 3,540 gallons per inch in Tank 21 (Ref. 11), the 
supernate volume is calculated to be 1,240,062 gallons.  Using data from Reference 6, a 
blend calculation was performed to determine the new values for certain cations and 
anions (including sodium and hydroxide), which are used in OLI simulations, to use in 
this qualification evaluation associated with WAC requirements for the facilities. These 
values are shown in Table 1. All other constituents are evaluated using SRNL sample 
data.  The full 12,000 gallons was used for qualification blend evaluation.  The difference 
in volume of sodium hydroxide is less than a tenth of percent difference in the Tank 21 
composition.

Table 1 : Chemical Concentrations Resulting from the Blend Evaluation

Units
Tank 21  

compositions
Caustic

New Tank 21 
compositions

Volume (gal) 1.24E+06 1.20E+04 1.25E+06
Al (mg/L) 5.41E+03 0 5.36E+03
Na (mg/L) 1.42E+05 4.40E+05 1.45E+05
Si (mg/L) 5.74E+01 0 5.68E+01

NO2 (mg/L) 3.84E+04 0 3.80E+04
NO3 (mg/L) 1.22E+05 0 1.21E+05
SO4 (mg/L) 5.27E+03 0 5.22E+03
C2O4 (mg/L) 1.87E+02 0 1.85E+02
OH (M) 2.24E+00 1.91E+01 2.40E+00
CO3 (M) 2.80E-01 0 2.72E-01
Cl (mg/L) 4.01E+02 0 3.97E+02
F (mg/L) 1.00E+02 0 9.90E+01

PO4 (mg/L) 5.45E+02 0 5.40E+02
TOC (mg/L) 2.16E+02 0 2.14E+02
TPB (mg/L) 5.00E+00 0 4.95E+00

K (mg/L) 6.43E+02 0 6.37E+02

The following assumptions were applied to the tank data: (1) if only a lower detection 
limit was reported, the detection limit was used; and (2) for actual measured values, the 
average was reported by SRNL and credited in calculations and comparisons except 
where noted. Qualification was performed without crediting the ARP/MCU process 
where possible.  

                                                                
9Tank Farm Morning Report dated 1/12/2015 
10 Transfer Jet/Pump/Waste Downcomer Levels and Adjustments Data Sheet, SW11.1-WTE, Section 7.2, Rev. 85 , 
December 31, 2014 
11\\Wg17\wcs1.5prod\ WCS 1.5 v003.1 xls, December 2014 
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Some chemical analytes used the process dilution (Ref. 12) or laboratory analysis from 
the PRFT where appropriate.  Process knowledge is credited for specific analytes not 
analyzed.  An uncertainty of 2 times the standard deviation was applied to the criticality 
calculations to ensure sufficient conservatism for the evaluation in accordance with the 
NCSE (Refs. 13 and 14).  All other evaluations and calculations were performed using 
the average value or the detection limit unless noted.  Where noted, a DF of 55 was 
applied to cesium and barium isotopes.

For Salt Batch 8, a minimum DF of 55 is required for Cesium 137 (Cs-137) and Barium 
137m (Ba-137m) to meet the Saltstone WAC limits for Cs-137 and Ba-137m.  MCU 
operation with BobCalix solvent for Salt Batch 1 through Salt Batch 6 has demonstrated 
an average DFs ranging from 139 to 289 for Cs-137 (Refs. 15 and 16).  Currently, MCU 
operates using a NGS blend solvent which results in much higher DFs for Cs.  The NGS 
demonstration in MCU showed an average DF of 1,129 for Cesium (Ref. 17).  For this 
qualification report, a conservative DF of 55 is assumed for Cs isotopes and Ba-137m 
when the salt feed is processed via MCU.  Spreadsheet Algorithm for Stage-wise Solvent 
Extraction (SASSE) model runs were conducted to project a DF for Salt Batch 8 using 
the NGS blend solvent.  Results indicate that MCU is expected to process Salt Batch 8 at 
DFs significantly higher than the minimum DF of 100 required to implement NGS (Ref. 
18).

This Salt Batch 8 qualification evaluation is for the contents of Tank 21 only and does not 
include Tank 49 contents.  Tank 49 does not have mixing capability; any mixing that may 
occur between the two salt batches will be passive and minimal. Mostly, Salt Batch 8 
material is expected to sit on top of the Salt Batch 7B heel; therefore, the bulk of Salt 
Batch 8 processing through ARP/MCU would have the composition of Tank 21—Salt 
Batch 8. The transfer of previously qualified feed from Tank 21 into the qualified feed in 
Tank 49 will provide a qualified feed regardless of the degree of mixing.  A material 
balance will be performed after the final transfer from Tank 21 to Tank 49 is completed.   

The following subsections document compliance with the different facility WACs.

                                                                
12Shafer, A. R., “Evaluation of Interim Salt Disposition Project (ISDP) Macrobatch Dilution Bases Experienced at 
Actinide Removal Process and Modular Caustic Side Solvent Extraction Unit (ARP/MCU)”, X-ESR-S-00724, Rev. 0, 
December 15, 2014 
13Barnett, M. H., “Nuclear Criticality Safety Evaluation:  Actinide Removal Process and Modular CSSX Unit (U)”, N-
NCS-H-00192, Rev. 11, February 2014 
14Barnett, M. H., “Nuclear Criticality Safety Analysis Summary Report, Salt Solution and Sludge Operations in 512-S 
Facility and DWPF”, N-NCS-S-00007, Rev. 13, April 2014 
15Peters, T. B. and Fink, S. D., “Results of Routine Strip Effluent Hold Tank, Decontaminated Salt Solution Hold Tank, 
and Caustic Wash Tank Samples from Modular Caustic-Side Solvent Extraction Unit during Macrobatch 4 Operation,” 
SRNL-STI-2012-00430, Rev. 0, October 2012 
16Peters, T. B., “Results of Routine Strip Effluent Hold Tank, Decontaminated Salt Solution Hold Tank, and Caustic 
Wash Tank Samples from Modular Caustic-Side Solvent Extraction Unit during Macrobatch 6 Operation,” SRNL-STI-
2013-00425, Rev. 0, October 2013 
17Smith, T. E., “Engineering Evaluation of the Next Generation Solvent Demonstration”, X-ESR-H-00665, Rev. 0, 
May 26, 2014 
18Isom, S. T., “Spreadsheet Algorithm for Stage-wise Solvent Extraction (SASSE) Model Runs for ISDP Batch 8”, X-
ESR-H-00735, Rev. 0, January 21, 2015
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3.1 Compliance with 512-S WAC (Ref. 2)

This section documents WAC compliance of the material to be transferred from 241-96H 
to 512-S.

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-S facility, the Cs-137 concentration cannot 
exceed 1.11 Ci/gallon.  Using the qualification value of the Salt Batch 8 material, the Cs-
137 is 2.13E+08 pCi/mL or 0.806 Ci/gallon (Ref. 6).  The Cs-137 concentration is 
approximately 73% 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 ARP stream to be transferred to 512-S shall have a 
total rem/gallon value less than or equal to 3.00E+06 rem/gallon, a Cs-137 concentration 
less than or equal to 1.11 Ci/gallon, and 512-S MST/sludge solids concentration less than 
or equal to 1.24E+08 rem/gallon. 

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 Salt Batch 8.  The reported Ci/gallon values are multiplied by the 
dose conversion factors (DCFs) 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 uses the eleven major inhalation dose radionuclides to calculate
inhalation dose in the Salt Batch 8 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.

The first method resulted in the inhalation dose being approximately 4.53E+04
rem/gallon or 1.51 % of the 512-S WAC limit of 3.00E+06 rem/gallon.  The second 
method resulted in the inhalation dose being approximately 6.17E+04 rem/gallon or 2.06
% of the 512-S WAC limit of 3.00E+06 rem/gallon.  Results of the calculations can be 
found in Attachment 1.  

The Cs-137 concentration of 0.806 Ci/gal meets the requirements of the 512-S WAC for 
inhalation dose potential.  The Cs-137 value is approximately 73% of the limit specified 
in the 512-S WAC.

Similarly to the IDP limit for the 512-S feed, the two methods described above are used
for the MST/sludge solids; however, the material is concentrated to 6 weight percent 
insoluble solids using a conservative concentration factor applied to all radionuclides 
except Cs-137, since Cs-137 is not adsorbed onto the MST. The methodology for 
determining the conservative concentration factor is described in N-ESR-S-00004 (Ref. 



X-ESR-H-00739
Revision 0

Page 13 of 103

19). The first method resulted in the inhalation dose being approximately 1.71E+07
rem/gallon or 13.8 % of the 512-S MST/sludge solids WAC limit of 1.24E+08
rem/gallon. The second method resulted in the inhalation dose being approximately
1.73E+07 rem/gallon or 13.9 % of the 512-S MST/sludge solids WAC limit of 1.24E+08 
rem/gallon.  Results of the calculations can be found in Attachment 1. 

3.1.3 Nuclear Criticality Safety   (DWPF WAC 5.3.3)

The waste to be transferred to 512-S shall have the following: a soluble uranium 
concentration less than or equal to 50 mg/L, a soluble plutonium concentration less than 
or equal to 0.3 mg/L, and U-235 (eq_sol) enrichment less than or equal to 3.0 wt%.  

Salt Batch 8 is compliant with the requirements from the ARP/MCU NCSE (Ref. 13).
The calculation was performed by applying two standard deviations to the reported 
constituent values and can be found in Attachment 2. The soluble U concentration was 
calculated to be 25.5 mg/L or 50.9 % of the WAC limit of 50 mg/L.  The soluble Pu 
concentration was calculated to be 0.0584 mg/L or 19.5 % of the WAC limit of 0.3 mg/L.  
The U-235(eq_sol) enrichment was calculated to be 0.79 wt% or 26.3 % of the WAC 
limit of 3.0 wt%.  

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 

H2/hr/gal at 25ºC.  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. 20).  Results are shown in Attachment 3.  

The  hydrogen generated for Salt Batch 8 material is 6.35E-07 ft3 H2/hr/gallon at 25oC or 
38.7 % of the WAC limit of 1.64E-06 ft3 H2/hr/gallon at 25oC.  

3.1.5 Organic Concentration (DWPF WAC 5.3.5)

The organic material present in the MST/sludge solids transferred to 512-S shall 
contribute less than 0.1% to the hydrogen Lower Flammability Limit (LFL).  

The analytical results of Tank 21 samples for Salt Batch 8 qualification found no 
significant measurable organic constituents (Ref. 6).  These results indicate a negligibly 
small amount of organic material is present in the ARP/MCU feed.  Previous analyses by 
Tank Farm Engineering concluded volatile organic content in the waste will not 
significantly contribute to flammability based on Tank Farm operational and processing
history (Ref. 21).  In addition, the MCU solvents have been evaluated, and it has been 

                                                                
19Elder, H. H., “Inhalation Dose Potential (IDP) Limit for 512-S MST/Sludge Solids”, N-ESR-S-00004, Rev. 0, 
October 2, 2012 
20Pitka, W. F., “Gamma Source Strength, Inhalation Dose Potential, Heat Rate and Hydrogen Generation Rate for 
DWPF Processing”, N-CLC-S-00099, Rev. 0, March 15, 2006 
21Britt, T. E., “Estimated Impact of Tank Farm Organics on Flammability in the Vapor Spaces of DWPF Receipt 
Vessels”, X-ESR-G-00016, Rev. 0, October 3, 2006 
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determined that they will not significantly contribute to flammability (Refs. 22 and 23).  
Therefore, the organic material present in ISDP Salt Batch 8 will not exceed the 0.1% 
contribution limit to the hydrogen LFL (Refs. 21, 22, and 23).

3.1.6 Temperature (DWPF WAC 5.3.6)

The waste to be transferred to 512-S shall be less than or equal to 45oC.  The Waste 
Compliance Plan (WCP) compliance strategy is direct measurement prior to and during 
transfer (Ref. 24).

3.2 Compliance with DWPF WAC (Ref. 2)

MST/sludge solids will be sent from ARP to DWPF.  The SE will be sent from MCU to 
DWPF.  These streams will be added to Sludge Batch 8 in the SRAT.  Compliance with 
the DWPF WAC is being evaluated against Sludge Batch 8 with the ARP/MCU material 
from Salt Batch 8.  

Sludge Batch 8 was qualified previously with Salt Batch 7 material and documented in 
X-ESR-H-00551, Revision 1 (Ref. 25).  Upon completion of Salt Batch 7 material 
processing at DWPF, X-ESR-H-00551 will no longer be valid for WAC compliance 
which will result in this qualification report being used for WAC compliance for blended 
WAC requirements.  The Sludge Batch 8 data was updated with the Waste Acceptance 
Product Specification (WAPS) analysis results in X-ESR-H-00551, Revision 1 (Ref. 25).  

3.2.1 NOx Emissions (DWPF WAC 5.4.1)

The estimated annual NOx emissions from DWPF shall not exceed 103.52 tons/year.   
Potential NOx emissions for the batch were determined using the algorithm provided in 
Reference 2.  The estimated NOx emission for Sludge Batch 8 sludge only is 20.7 tons 
per year.  This is approximately 20.0 % of the DWPF WAC target of 103.52 tons per 
year.  The algorithm assumes that at least 50% of the acid required will be added as nitric 
acid.  DWPF is adding more than 50% of the acid requirement as formic acid for Sludge 
Batch 8.  This percentage is significantly higher for Sludge Batch 8.  Details of predicted 
NOx emission calculations for Sludge Batch 8 can be found in Attachment 4.

For Salt Batch 8, the NOx emissions for the ARP contribution were calculated to be 17.2
tons/year which is approximately 16.6 % of the DWPF WAC limit.  This value is derived 
from PRFT sample results for the anions and the Tank 21 results for the cations.   Details 
of predicted NOx emission calculations for Salt Batch 8 can be found in Attachment 4.

The estimated NOx emission for Sludge Batch 8 with the ARP contribution is 37.9 tons 
per year.  This is approximately 36.6 % of the DWPF WAC target of no more than 
103.52 tons per year.  

                                                                
22Britt, T. E., “Impact of CSSX Organic Carry-Over on Tank Farm Operation”, X-CLC-H-00581, Rev. 3, December
2007
23Britt, T. E., “Flammability Potential of Next Generation Solvent in the Tank Farm and Saltstone”, X-ESR-H-00453, 
Rev. 0, December 2012 
24Arnold, J. P., “Waste Compliance Plan for Tank Farm Transfers to DWPF (U)”, X-WCP-H-00019, Rev. 14, 
November 2014 
25Shafer, A. R., “Evaluation of ISDP Salt Batch 7 Compliance to 512-S, DWPF, Tank Farm, and Saltstone Waste 
Acceptance Criteria”, X-ESR-H-00551, Rev. 1, August 2014 
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3.2.2 Canister Heat Generation (DWPF WAC 5.4.2)

The heat generation per canister produced in the DWPF shall not exceed 792
watts/canister as calculated from the radionuclide content of the glass.  

The projected canister heat generation was determined to be 301 watts per canister (105
W/canister for sludge, 54.7 W/canister for MST/sludge solids, and 142 W/canister for 
strip effluent at 12.1 Ci/gallon (see Section 3.2.3 for Cs-137). The calculated value is 
approximately 301 W/canister or 38.0 % of the DWPF WAC limit of 792 W/canister.   
Calculations for canister heat generation can be found in Attachment 5.  

3.2.3 Gamma Shielding (DWPF WAC 5.4.3)

The sludge to be transferred to DWPF shall not exceed specific gamma source strength 
values of 4070 mR/hr/gallon and 3.7 mR/hr/gram insoluble solids.  Transfers from MCU 
are limited to 16.5 Ci/gallon Cs-137.

A list of radionuclides, which were previously determined to be all inclusive of the 
radionuclides that contribute to 1% or more of the total gamma dose in the sludge slurry, 
is used to show that the design basis for shielding is not exceeded.  The radionuclides are 
Co-60, Ru-106, Sb-125, Cs-134, Cs-137, Ce-144, Eu-154, Eu-155, and Pu-238.   The 
reported µCi/g dried solids for each radionuclide from Sludge Batch 8 WAPS results 
have been multiplied by a conversion factor and the specific isotope gamma dose 
constant to obtain the contribution of each radionuclide.  The computed gamma source 
strength values for the nine radionuclides are then summed together.  In addition, the 
gamma source strengths were converted to a slurry gallon basis.  This is shown in 
Attachment 5 of Reference 25.  The calculated value for the sludge is 5.35E-01 mR/hr/g 
insoluble solids or 14.5 % of the WAC limit of 3.7 mR/hr/g insoluble solids and 2.66+02 
mR/hr/gal or 6.53 % of the WAC limit of 4070 mR/hr/gallon.

The MCU contribution to gamma shielding is limited to 16.5 Ci/gallon Cs-137.  The 
contribution from Cs-137 is the value of the Salt Batch 8 material (0.806 Ci/gal) 
multiplied by a concentration factor of 15 in accordance with Reference 2.  MCU 
contribution is thus nominally 12.1 Ci/gallon, which is 73.3 % of the WAC limit of 16.5 
Ci/gallon Cs-137.  Periodic sampling of the SE will monitor the cesium concentration 
(Ref. 24).

3.2.4 Neutron Shielding (DWPF WAC 5.4.4)

The total alpha curie per gram of solids value for the sludge feed to DWPF shall not 
exceed 1.5E-03 Ci/gram insoluble solids.

The neutron production rate is related to the total amount of alpha emitters.  The total 
alpha value calculated from adding the individual alpha contributors from Sludge Batch 8 
in terms of insoluble solids was compared to the limit.  Calculations are shown in 
Attachment 6 of X-ESR-H-00551, Rev. 1 (Ref. 25). The total alpha concentration of 
4.64E-04 Ci/g insoluble solids is approximately 30.9 % of the DWPF WAC limit of 
1.5E-03 Ci/gram insoluble solids.  
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The neutron production rate from the MST/sludge stream is insignificant compared to 
sludge based on the much lower alpha content and weight percent solids of MST/sludge 
solids.

3.2.5 Inhalation Dose Potential (DWPF WAC 5.4.5)

The inhalation dose potential for the streams to be transferred to DWPF shall have a total 
rem/gallon value less than or equal to 2.47E+08 rem/gallon for the sludge stream, a Cs-
137 concentration less than or equal to 1.34 Ci/gallon for the sludge stream, and a Cs-137 
concentration less than or equal to 16.5 Ci/gallon for cesium strip effluent transfers.

Inhalation dose potential is calculated by the two methods described in 3.1.2.  The first 
method resulted in the inhalation dose being approximately 3.98E+07 rem/gallon or 
16.1% of the WAC limit using the total alpha value calculated from adding the individual 
alpha contributors from Sludge Batch 8.  The second method resulted in the inhalation 
dose being approximately 3.99E+07 rem/gallon or 16.1 % of the DWPF WAC limit of 
2.47E+08 rem/gallon for the sludge stream.  Results of the calculations can be found in 
Attachment 6.  Both methods show Sludge Batch 8 well below the DWPF WAC limit for 
total IDP.  

The Cs-137 concentration in the sludge stream is 6.42E-01 Ci/gallon (Ref. 67) which is 
47.9 % of the DWPF WAC limit of 1.34 Ci/gallon.

The MCU contribution is limited to 16.5 Ci/gallon of Cs-137.  The concentration of 12.1
Ci/gallon (0.806 Ci/gal * 15 (Ref. 2)) is approximately 73.3 % of the WAC limit.  

3.2.6 Nuclear Criticality Safety (DWPF WAC 5.4.6)

Compliance to the Nuclear Criticality Safety Criteria (NCSC) in Section 3.1.3 ensures 
that transfers from ARP and MCU will not challenge the NCSC for the DWPF facility as 
long as sludge transfers from the Tank Farm meet the four NCSC requirements listed 
below.  Calculations are shown in Attachment 8 of X-ESR-H-00551, Revision 1 (Ref. 
25).

1. The Pu-240 concentration shall exceed the Pu-241 concentration. 
2. The overall Fe to equivalent Pu-239 weight ratio shall be ≥160:1 and only Fe 

from the Tank Farm material shall be included in the calculation of the ratio. 
3. The eq. Pu-239 concentration shall be ≤ 0.59 g/gallon if non-Tank Farm Pu is 

included in the sludge batch.  Non-Tank Farm Pu was added to Sludge Batch 8; 
therefore, the limit is applicable. 

4. The eq. U-235 enrichment shall be ≤ 0.93 wt% or ≤ 5 wt% with a Mn:U-
235(eqSLU) mass ratio of ≥ 70:1.  

To ensure sufficient conservatism for the evaluation, the standard deviation associated 
with each applicable measured radionuclide weight percent value was applied within the 
NCSC calculations in the following manner:

1. Two standard deviations were subtracted from the Pu-240 concentration while the 
average Pu-241 concentration was chosen as the denominator value.

2. Two standard deviations were subtracted from the Fe concentration and two 
standard deviations were added to each radionuclide that comprised the eq. Pu-
239 concentration.
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3. Two standard deviations were added to each radionuclide that comprised the eq. 
Pu-239 concentration.

4. Two standard deviations were added to each radionuclide that comprised the eq. 
U-235 concentration while the average weight percent value of each uranium 
isotope was chosen when calculating the total uranium concentration.

Choosing the average radionuclide weight percent values when determining the 
denominator for criteria 1 and 4 is consistent with the calculation method used to 
determine the percent soluble uranium concentration in the salt solution.  It is considered 
sufficiently conservative to apply two standard deviations to the radionuclides that 
comprise the numerators of criteria 1 and 4 as appropriate, and, therefore, it is not 
necessary to account for the standard deviations of the radionuclides that comprise the 
denominators of criteria 1 and 4.

The results of the NCSC calculations are displayed in Table 2.  All NCSC were met.

Table 2:  Results of NCSC Calculations

WAC Limit
Sludge Batch 8
WAPS Sample

Criterion #1 Pu-240 > Pu-241 20.4:1

Criterion #2 Fe/ Eq. Pu-239 ≥ 160:1 1.20E+03:1

Criterion #3 Pu-239 Equivalent ≤ 0.59 g/gal 1.04E-01 g/gal

Criterion #4 Eq. U-235 ≤ 0.93 wt% 7.07E-01 wt%

3.2.7 Glass Solubility (DWPF WAC 5.4.7)

The concentration of the species shown below shall not be exceeded.  The results are 
shown below and the calculations are shown in Attachment 7.  

Since these limits are applied on a glass basis, they are uniquely dependent upon the 
waste loading. As such, the waste loading utilized as the input to this calculation is a 
parameter which is procedurally limited to ensure each of these limits is satisfied. 

As has been done in previous evaluations, DWPF Facility Engineering will target waste 
loading to attain an actual waste loading of 36%.  Thus, qualifying the batch with 40% 
waste loading or higher is conservative.  Table 3 summarizes the concentration of the 
species for the coupled operation of Sludge Batch 8 and Salt Batch 8.  
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Table 3:  Comparison of DWPF WAC Glass Solubility to Coupled 
Operation of Sludge Batch 8 and ISDP Salt Batch 8

Species
Limit
Wt. % 

in Glass

Value
Wt.% in 

Glass

Percent
Of

Limit

TiO2 2.00 0.558 27.9%

Cr2O3 0.30 0.048 16.2%

PO4 3.00 0.073 2.44%

NaF 1.00 0.164 16.4%

NaCl 1.00 0.122 12.2%

Cu 0.50 0.032 6.37%

SO4
-2 0.65 0.586 90.1%

3.2.8 Corrosive Species (DWPF WAC 5.4.8)

The concentration of SO4
2- in washed sludge shall not exceed 0.058 M slurry and the 

concentration of Hg shall not exceed 21 g/L slurry.  The sulfate concentration for the 
slurry is 0.0214 M for Sludge Batch 8, corresponding to a value of 36.9 % of the limit.  
The sulfate concentration for sludge coupled with Salt Batch 8 is 0.0267 M, 
corresponding to 46.1 % of the limit.  The mercury concentration for the slurry is 3.71
g/L for Sludge Batch 8, which is 17.7 % of the limit.  The mercury concentration for 
sludge coupled with Salt Batch 8 is 17.6 g/L, corresponding to 83.9 % of the limit.  

Detailed calculations for corrosive species can be found in Attachment 8. 

3.2.9 Sludge Solids Content (DWPF WAC 5.4.9)

The sludge feed sent to DWPF has a target range of 12-19 weight percent dry total solids.  
The blended Sludge Batch 8 weight percent dry total solids was determined to be 17.21
weight percent (Ref. 26).  The ARP process will transfer five weight percent total solids 
to the SRAT via the PRFT (Ref. 27); however, DWPF Facility Engineering will modify 
the amount of sludge solids transferred to the SRAT to maintain the target of 12 to 19.  
DWPF Facility Engineering will perform calculations on each SRAT and Slurry Mix 
Evaporator (SME) batch to ensure the product is consistent with the design basis.  
Therefore, the target weight percent of 12-19 will be monitored per SRAT batch basis.   

                                                                
26Bannochie, C. J., “Tank 40 Final Sludge Batch 8 Chemical Characterization Results”, SRNL-STI-2013-00504, Rev. 
0, September 2013 
27Drumm, M. D., “Radionuclide Inventories of the Actinide Removal Process for the Consolidated Hazards Assessment 
Process”, X-CLC-S-00126, Rev. 2, February 23, 2006
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3.2.10 Glass Quality and Processability (DWPF WAC 5.4.10)

SRNL verified the quality and processability of Sludge Batch 8 material.  The sample 
was processed at SRNL to match the planned processing at DWPF.  A glass variability 
study was performed for Sludge Batch 8 by Vitreous State Laboratory (VSL) prior to 
vitrifying the glass (Ref. 28).  The study demonstrated applicability of the current 
durability models to the Sludge Batch 8 composition region of interest as well as 
acceptability of the Sludge Batch 8 glasses with respect to the Environmental Assessment 
(EA) glass.  A frit recommendation for Sludge Batch 8 was made from the glass 
variability study—Frit 803 (Ref. 29).  Frit 803 was used to make glass with the prepared 
sludge based on the SRNL recommendation for qualification (Ref. 30).  The targeted 
waste loading was 36 weight percent sludge oxides (Ref. 30).

Leach rates were measured using the standard Product Consistency Test (PCT-ASTM 
2002) as required by the DWPF Glass Product Control Program (GPCP) (Refs. 31 and 
32) and met the durability standards by a wide margin.  The other quality and 
processability limits were met as seen in Tables 4A, 4B, and 4C. Details of these 
calculations for coupled Sludge Batch 8 can be found in Attachment 9.  The impact of the 
ARP stream and the MCU strip effluent stream on glass quality and the DWPF operating 
window has been evaluated for Sludge Batch 8 (Ref. 28).  There are minimal impacts 
(e.g., minimum compositional changes) on the DWPF flowsheet from these two streams 
compared to the sludge stream.  

As the waste loading increases, there is the potential of being out of the variability study 
ranges.  The glass model and validation ranges have been reviewed.  Because of the 
coupling of Na2O effects with Al2O3, Fe2O3, B2O3, and SiO2 individual ranges (model 
and/or validation ranges), the glass composition must be within the range for all 
constituents of concern including but not limited to Na2O, Al2O3, Fe2O3, B2O3, and SiO2

(Ref. 33).  The PCCS model will demonstrate the acceptability of the glass.  A PRFT 
addition of 3,000 gallons is recommended initially.  The WL range from 32 to 40 wt% 
was evaluated and determined to have acceptable glass quality; however, with increased 
waste loading the Na2O is above the EA glass.  Each PRFT may be sampled and a 
calculation performed to confirm an increase of the allowable amount meets the 
requirements of the glass quality and processability constraints.

                                                                
28W. K. Kot, I. L. Pegg, D. K. Peeler, and T. B. Edwards. “Sludge Batch 8 Variability Study with Frit 803”, VSL-
13R2580-1, Rev. 0, April 2013 
29Peeler, D. K., and Edwards, T. B., “Frit Recommendation for Sludge Batch 8”, SRNL-L3100-2012-00195, Rev. 0, 
November 15, 2012 
30Pareizs, J. M., and Crawford, C. L., “Sludge Washing and Demonstration of the DWPF Flowsheet in the SRNL 
Shielded Cells for Sludge Batch 8 Qualification”, SRNL-STI-2013-00116, Rev. 0, May 2013 
31J. W. Ray, A. V. Staub, S. L. Marra, and M. J. Plodinec, “DWPF Glass Product Control Program (U)”, WSRC-IM-
91-116-6, Rev. 7, June 2012 
32T. B. Edwards, D. K. Peeler, and K. M. Fox, “The Nepheline Discriminator:  Justification and DWPF PCCS 
Implementation Details”, WSRC-STI-2006-00014, Rev. 0, June 2006 
33Jantzen, C. M., and J.  C. Marra, “High Level Waste (HLW) Vitrification Experience in the US: Application of Glass 
Product/Process Control to Other HLW and Hazardous Wastes”, MRS Symposium Volume 1107, Materials Research 
Society Symposium Scientific Basis for Nuclear Waste Management XXXI, 183-190, 2008
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Table 4A:  Comparison of DWPF Glass Quality and Processability for 32% WL

Attribute Limit Value Evaluation
Boron Leach Rate 16.70 g/L 2.038 Passes

Lithium Leach Rate  9.57 g/L 1.758 Passes

Sodium Leach Rate  13.35 g/L 1.927 Passes

Liquidus Temperature 1050° Celsius 788.2 Passes

High Viscosity 110 poise 47.6 Passes

Low Viscosity  20 poise 47.6 Passes

Homogeneity Constraint
Al2O3  4 wt%

OR
5.154 Passes

Homogeneity Constraint
Al2O3  3 wt% AND M2O <

19.3 wt% where M2O = Na2O + 
Li2O + Cs2O + K2O wt%

Not Required, 
Primary 

Constraint Met
Not Required

Nepheline (Mass) Ratio
SiO2 / (SiO2+ Na2O+ Al2O3) > 

0.62
0.719 Passes

Table 4B:  Comparison of DWPF Glass Quality and Processability for 36% WL

Attribute Limit Value Evaluation
Boron Leach Rate 16.70 g/L 2.585 Passes

Lithium Leach Rate  9.57 g/L 2.131 Passes

Sodium Leach Rate  13.35 g/L 2.412 Passes

Liquidus Temperature 1050° Celsius 816.0 Passes

High Viscosity 110 poise 36.9 Passes

Low Viscosity  20 poise 36.9 Passes

Homogeneity Constraint
Al2O3  4 wt%

OR
5.666 Passes

Homogeneity Constraint
Al2O3  3 wt% AND M2O < 

19.3 wt% where M2O = Na2O + 
Li2O + Cs2O + K2O wt%

Not Required, 
Primary 

Constraint Met
Not Required

Nepheline (Mass) Ratio
SiO2 / (SiO2+ Na2O+ Al2O3) > 

0.62
0.695 Passes

Table 4C:  Comparison of DWPF Glass Quality and Processability for 40% WL

Attribute Limit Value Evaluation
Boron Leach Rate 16.70 g/L 3.226 Passes

Lithium Leach Rate  9.57 g/L 2.550 Passes

Sodium Leach Rate  13.35 g/L 2.973 Passes

Liquidus Temperature 1050° Celsius 850.4 Passes

High Viscosity 110 poise 27.1 Passes

Low Viscosity  20 poise 27.1 Passes

Homogeneity Constraint
Al2O3  4 wt%

OR
6.295 Passes

Homogeneity Constraint
Al2O3  3 wt% AND M2O < 

19.3 wt% where M2O = Na2O + 
Li2O + Cs2O + K2O wt%

Not Required, 
Primary 

Constraint Met
Not Required

Nepheline (Mass) Ratio
SiO2 / (SiO2+ Na2O+ Al2O3) > 

0.62
0.667 Passes
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3.2.11 H2 Generation/N2O Concentration (DWPF WAC 5.4.11)

The WAC criteria for hydrogen generation rate in the SRAT shall not exceed 0.65 lbs/hr 
for 6,000 gallons of SRAT product, and the SME shall not exceed 0.223 lbs/hr for 6,000 
gallons of SME product.  The nitrous oxide concentration in the SRAT vapor space shall 
not exceed 15 volume percent.  

The criteria were met during Shielded Cells testing at SRNL for Sludge Batch 8 (Ref. 
30).  The SRAT cycle during the Shielded Cells run yielded a hydrogen generation rate of 
0.028 lb/hr and a nitrous oxide concentration of 3.5 volume percent (Ref. 30).  The SME 
cycle during the Shielded Cell run yielded a hydrogen generation rate of 0.028 lbs/hr 
(Ref. 30).  

SRNL performed simulated Sludge Batch 8 SRAT/SME runs with the latest estimates of 
the ARP/MCU compositions (without entrained organics from MCU).  The results 
showed no processing changes for Sludge Batch 8.  Simulated DWPF sludge with the 
ARP/MCU additions did not negatively impact DWPF processing (Refs. 34 and 35).  

3.2.12 Radiolytic Hydrogen Generation (DWPF WAC 5.4.12)

The total radiolytic HGR in sludge shall not exceed 8.95E-05 ft3 H2/hour/gallon at 25ºC.

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.  This evaluation was done using feed values for blended Sludge Batch 8 material.  
Calculation results are shown in Attachment 12 of X-ESR-H-00551, Revision 1 (Ref. 
25).

The hydrogen generated is 1.22E-05 ft3 H2/hr-gallon for Sludge Batch 8.  This calculated 
value is 13.6 % of the DWPF WAC limit of 8.95E-05 ft3 H2/hr-gallon.  

3.2.13 Organic Contribution (DWPF WAC 5.4.13)

Organic material present in sludge feed transferred to DWPF shall contribute less than 
0.1% to the hydrogen LFL except for transfers from MCU.  

Transfers of strip effluent from MCU shall be tracked and characterized by the sending 
facility prior to entering the DWPF Chemical Process Cell (CPC):

a)  Transfers of strip effluent from MCU shall not exceed 87 mg/L Isopar L 
accounting for analytical uncertainty.

b)  In the event of a process upset, transfers of strip effluent from MCU may be 
greater than 87 mg/L Isopar L but shall not exceed 600 mg/L Isopar L 
accounting for analytical uncertainty.

c)  MCU may transfer a maximum of 1689 gallons of strip effluent prior to being 
characterized.

d) Transfers of strip effluent from MCU shall not result in a specific gravity 
exceeding 1.06 in the Strip Effluent Feed Tank (SEFT).

                                                                
34Koopman, D. C., “Key Results from SB8 Simulant Flowsheet Studies”, SRNL-STI-2013-00243, Rev. 0, April 2013 
35Peeler, D.K., et. al., “Summary of SRNL Sludge Batch 8 Testing and Recommendations for DWPF Processing”, 
SRNL-L3100-2013-00030, Rev. 0, May 2013 
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Based on Tank Farm operational history and sludge processing, the potential volatile 
organic content in the waste for DWPF sludge processing will not be a significant 
contributor to vapor space flammability (Refs. 21, 22, and 23). The organic material is 
negligible in Salt Batch 8, as shown in Section 3.1.5 for ARP/MCU.  The criterion for 
Strip Effluent will be tracked and characterized by MCU prior to entering the DWPF 
CPC (Ref. 24).  

3.2.14 pH (DWPF WAC 5.4.14)

Transfers from MCU must meet the following pH constraints:

a) Strip effluent with the BOBCalix-based solvent (based on a nominal 0.001 M 
nitric acid concentration and a bounding 0.006 M nitric acid concentration) shall 
have a pH ≥ 2 and ≤ 4 accounting for analytical uncertainty.  NOTE:  Compliance 
with the upper pH limit of 4 shall be shown by the sending facility prior to the 
strip effluent batch entering the DWPF CPC. 

b) Strip effluent with the NGS solvent (based on a nominal 0.01 M boric acid 
concentration and a bounding 0.0125 M boric acid concentration) shall have a pH 
≥ 2 and ≤ 11 accounting for analytical uncertainty. NOTE:  Compliance with the 
upper pH limit of 11 shall be shown by the sending facility prior to the strip 
effluent batch entering the DWPF CPC.

c) The boric acid concentration for the Strip Effluent with NGS or a blend of the two 
solvents shall be ≤ 0.0125M

d) A full line volume water or SE flush shall be transferred through the Strip 
Effluent Transfer Lines within 2 weeks after Contactor Cleaning Solution 
(nominally 3 M HNO3) is transferred.

e) The sodium concentration for the Strip Effluent with either the BOBCalix-based 
solvent, NGS, or a blend of the two solvents shall be ≤ 265 mg/L accounting for 
analytical uncertainty and shall be tracked and characterized by the sending 
facility prior to entering the DWPF CPC.

To account for analytical uncertainty, each Strip Effluent Hold Tank (SEHT) transfer 
produced under the NGS Flowsheet will be verified that the equivalent volume nearest to 
entering DWPF has been characterized to have a pH concentration from ≥ 2 to ≤ 11 and a 
sodium concentration no greater than 265 mg/L accounting for analytical uncertainty 
(Ref. 24).  Chemical concentrations for nitric and boric acids are verified prior to 
chemicals entering the MCU process (Ref. 24).  The full line volume water or SE flush 
will be controlled by procedural measurement (Ref. 24).

3.2.15 Temperature (DWPF WAC 5.4.15)

Wastes entering the DWPF facilities shall meet the following temperature limits:

a) Sludge transfers from Tank 40 shall be ≤ 45ºC
b) Strip Effluent transfers from MCU shall be ≤ 40ºC

The temperature limit for sludge transfers from Tank 40 will be met by direct 
measurement and process knowledge (Ref. 24).  The temperature limit for MCU strip 
effluent will be met by process control (Ref. 24).  
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3.2.16 Particle Size (DWPF WAC 5.4.16)

New product streams entering the DWPF facilities shall have a maximum particle size of 
80 mesh sieve or equivalent.  This criterion is for future non-sludge and non-salt streams 
(e.g., product stream from treatment of Tank 48 material) that may be transferred to 
DWPF for disposal.  Sludge Batch 8 coupled processing does not contain a non-sludge or 
non-salt stream.  

3.2.17 Fissile Concentration in Glass (DWPF WAC 5.4.17)

The sum of the concentrations of 233U, 235U, 239Pu, and 241Pu shall not exceed 897 gram 
per cubic meter of glass.  Department of Energy (DOE) required that DWPF control 
waste loading such that the total concentration of the specified radionuclides is less than 
897 grams per cubic meter (Ref. 36).  This limit was set to be consistent with the License 
Application for Yucca Mountain.  SRNL has developed a method by calculation that 
ensures that this criterion is met, allowing for uncertainties in the analytical 
measurements and the density of the glass.  During initial processing of Sludge Batch 8 
(i.e., prior to analysis of the Sludge Batch 8 WAPS sample and obtaining the Sludge 
Batch 8 SME production data), DWPF Facility Engineering will monitor and calculate 
fissile loading as documented in X-ESR-S-00134 (Ref. 37). However, as the WAPS 
results have been obtained, the fissile content is calculated from the SME product iron 
results compared to the WAPS fissile to iron mass ratio.  The fissile content of the 
MST/sludge solids stream is insignificant compared to the sludge stream.  Additionally, 
the only radionuclide of interest in the strip effluent stream is Cs-137 which is non-fissile.

3.3 Compliance with Tank Farm WAC (Ref. 1)

This section documents WAC compliance based on system feed of the material to be 
transferred from 512-S to MCU, 512-S to Tank 50 via MCU processing, and 512-S to 
Tank 50 without MCU processing.  

3.3.1 Requirements for Corrosion Prevention (Tank Farm WAC 11.1)

To prevent unacceptable rates of corrosion, waste solution in the Tank Farms must satisfy 
the specifications in Sections 11.1.1 through 11.1.4 of the Tank Farm WAC.  In the case 
of MCU, the primary product stream is DSS that will be sent to Tank 50.  Waste accepted 
by MCU will need to comply with the corrosion prevention requirements for Tank 50, 
since there are no corrosion prevention specific requirements for the MCU facility.  

After all the transfers were made into Tank 21 for Salt Batch 8, Tank 21 was evaluated in 
Waste Characterization System (WCS) 1.5 (Ref. 11) for corrosion control.  WCS 1.5 
showed that Tank 21 corrosion chemistry is compliant with the Corrosion Control
Program Description Document (PDD) (Ref. 38).  This is documented in Table L-5 of the 
Emergency Response Data document (ERD) (Ref. 39).  The qualification sample 
indicated more robust values than those evaluated in WCS 1.5, and therefore, are also 
                                                                
36 Letter to J. W. French, S. D. Langston, Contract DE-AC09-09SR22505—Fissile Limits in Defense Waste Processing 
Facility Canister (Letter Spears to French, WDPD-10-20, dated February 4, 2010), MGR-10-037, April 29, 2010 
37 Elder, H. H.,“Control of Fissile Concentration in Sludge Batch 8 Glass”, X-ESR-S-00134, Rev. 1, September, 2013
38Martin, K. B., CSTF Corrosion Control Program Description Document”, WSRC-TR-2002-00327, Rev. 8, July 2014.
39N-ESR-G-00001, High Level Waste Emergency Response Data and Waste Tank Data, Rev. 712, December 18, 2014 
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compliant with the Corrosion PDD.  In addition, Tank 49 will be evaluated for corrosion 
control prior to transferring Tank 21 into Tank 49.

The Salt Batch 8 material in Tank 21 was evaluated against the maximum allowable 
corrosive species concentrations addressed in Reference 1, Section 11.1.4. Table 5 shows 
that the Salt Batch 8 material in Tank 21 meets this requirement.

Table 5: Salt Batch 8 Compliance with Tank Farm Corrosive Species

Corrosive Species
Tank Farm Criteria
Concentration (M)

Tank 21 Material 
Concentration (M)

Cl ≤0.11 0.0112 

F ≤0.086 0.0050
NO3 ≤8.5 1.95
SO4 ≤0.18 0.054

Values converted from mg/l to moles/liter (M) for each value in Reference 6.

The minimum pH of waste that can be transferred into a facility governed by the Tank 
Farm WAC is greater than or equal to 12 (Ref. 1).  The transfer of the CSS to MCU must 
comply with this requirement.  As the only change to the salt solution is the dilution 
experienced at 241-96H, the pH can be calculated using the salt solution free hydroxide 
concentration and the 241-96H dilution.  Reference 12 documented a 2.83% dilution at 
241-96H.  Applying the dilution to the hydroxide concentration (from Table 1) and 
calculating the pH, the pH is 14.37.  

pH = 14 – (-log [OH]) = 14 – (-log [2.40 x (1- 0.0283)]) = 14.37

A minimum pH of 10.3 for influents into the waste tanks was established in the Corrosion 
Control Program (Ref. 38).  Reference 12 cites a maximum dilution factor of 25.84% to 
account for various dilutions.  Applying the dilution to the hydroxide concentration (from 
Table 1) and calculating the pH, the pH is 14.25.

pH = 14 – (-log [OH]) = 14 – (-log [2.40 x (1- 0.258)]) = 14.25  

The DSS stream that will be sent to Tank 50 has a pH of 14.25, meeting the requirement
and thus the WAC minimum requirement of greater than or equal to 12 (Ref. 1).  Tank 50 
was also evaluated in WCS 1.5 (Ref. 11) for the corrosion control inhibitor status.  WCS 
1.5 showed that Tank 50 corrosion chemistry is compliant with the Corrosion Control
PDD (Refs. 11 and 38).   
  
3.3.2 Organic Vapor Control (Tank Farm WAC 11.2.1)

A waste stream shall have less than, or equal to, a 5% organic contribution to the 
hydrogen LFL at 100oC.  Tanks 21 and 49 feed material meet this criteria as it is under 
the Tank Farm Flammability Control Program (Ref. 40), and the organic chemical 
analytical results at less than detection limits support this conclusion.  

                                                                
40Dixon, K. D., “CSTF Flammability Control Program”, WSRC-TR-2003-00087, Rev. 22, January 2014 
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The analytical results of Tank 21 samples for the Salt Batch 8 qualification indicate no 
significant measurable organic constituents (Ref. 6). These results indicate a negligibly 
small amount of organic material is present in the ARP/MCU feed.  Previous analyses by 
Tank Farm Engineering concluded volatile organic content in the waste will not 
significantly contribute to flammability (Ref. 21).  In addition, MCU solvents have been 
evaluated, and it has been determined that they will not significantly contribute to 
flammability (Refs. 22 and 23). Therefore, the organic material present in ISDP Salt 
Batch 8 will not exceed 0.1% contribution to the hydrogen LFL and are within the 5% 
limit (Refs. 21, 22, and 23).

The methanol value shown in Reference 6 is calculated from Total Organic Carbon 
(TOC) and is grossly conservative.  The calculated results should be considered a gross 
upper bound and most likely do not represent a realistic value as discussed in Reference 
21.

Volatile organic chemicals are added to the waste streams both at ARP and MCU.  The 
MST that is added at 241-96H contains small amounts of isopropanol and methanol as 
byproducts of MST manufacturing (Ref. 41).  Each batch of MST is analyzed for these 
alcohols and the results have been shown to be below Tank 50 limits, thus not 
challenging the 5% LFL limit.  Isopar carried over from the MCU process is analyzed in 
the DSS stream and a mathematical average is taken for the contribution to Tank 50.  
Also, Isopar concentration in Tank 50 is periodically rebaselined by sampling Tank 50 
and analyzing for Isopar.  Compliance with the “low Isopar” Saltstone limit is founded on 
blending the MCU DSS in Tank 50 with the existing heel in Tank 50 and other influent 
streams.  The heel and DSS blend will be maintained such that the solution in Tank 50, 
Saltstone feed, will meet the Saltstone WAC Isopar limitation (Ref. 42).  These organic 
contributions are all addressed in Reference 43.

3.3.3 Hydrogen Generation Rate (Tank Farm WAC 11.2.2)

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.  The hydrogen generation limit for transfer into Tank 50 is limited to 2.90E-08 ft3 

H2/hr/gal (with an NOeff of 1.70 minimum) at 43°C.  The bounding calculated hydrogen 
generation rate for ARP is 3.19E-06 ft3 H2/hr/gal at 25°C (Ref. 44), and for MCU feed the 
rate is 6.29E-07 ft3 H2/hr/gal at 50oC (Ref. 45).  In addition, transfers into MCU from 512-
S are to be ≤ 50oC for hydrogen generation rate (other lower temperature limits apply for 
other parameters) (Ref. 1).  

The calculated hydrogen generation rates for Salt Batch 8 material are 5.85E-08 ft3 

H2/hr/gal at 25°C and 6.35E-08 ft3 H2/hr/gal at 50°C, as seen in Attachment 11-C.  The Salt 

                                                                
41McLeskey, S. P., “15 wt% Monosodium Titanate (MST) for 96H (ARP)”, X-SPP-H-00012, Rev. 6, November 2010 
42Harrison, E. W., “Isopar L Blend Strategy for Tank 50 Compliance to Saltstone WAC Limit,” X-ESR-H-00151, Rev. 
0, December 2008
43Harrison, E. W., “Tank 50 Waste Compliance Plan for Transfers to Saltstone”, X-WCP-H-00014, Rev. 16, January 
2014 
44McKibbin, B. A., “Consolidated Hazard Analyses for the Concentration, Storage, and Transfer Facilities”, WSRC-
TR-2006-00404, Rev. 14, September 2013 
45Aponte C. I., “Hydrogen Generation Rates for Modular Caustic Side Solvent Extraction Unit (MCU)”, X-CLC-H-
00583, Rev. 1, March 2006 
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Batch 8 material is 1.84% of the 3.19E-06 ft3 H2/hr/gal criterion for ARP at 25oC and 
10.1% of the 6.29E-07 ft3 H2/hr/gal criterion for MCU at 50o C.  The temperature limit will 
be met by direct measurement (Ref. 46).

The value of hydrogen generated for Salt Batch 8 material at 43°C is 6.21E-08 ft3 H2/hr-
gal, and the NOeff is 2.36 M. If the Cs DF is not applied to Cs and Ba, the Salt Batch 8 
hydrogen generation rate does not meet the Tank 50 limit of 2.9E-08 ft3 H2/hr/gal.  
Results are shown in Attachments 11-C. 

When the DF of 55 is applied for Cs and Ba, the value of hydrogen generated for Salt 
Batch 8 material at 43°C is 2.07E-09 ft3 H2/hr/gal.  This is about 7.15 % of the Tank 50 
limit of 2.90E-08 ft3 H2/hr/gal.   Applying a 16.33% dilution factor because of the ARP 
dilution and the scrub feed and caustic wash at an operating rate of 3.5 gallons per minute 
in MCU (Ref. 12), the NOeff is 1.98 M and the hydrogen generation rate is 2.50E-09 ft3 

H2/hr/gallon.  The hydrogen generation rate value is 8.61% of the Tank 50 limit.  In 
addition, a maximum dilution factor of 25.84%, for MCU caustic wash operating at 8.5 
gallons per minute, was applied to NOeff to account for various dilutions (Ref. 12).  The 
NOeff is 1.75 M and the hydrogen generation rate is 2.81E-09 ft3 H2/hr/gallon.  The 
hydrogen generation rate value is 9.67 % of the Tank 50 limit.  Results are shown in 
Attachments 11-A and 11-B.  The hydrogen generation rates, with Cs DF applied, were 
calculated at no dilution, 16.33% dilution, and 25.84% dilution.  Salt Batch 8 meets the 
Tank 50 WAC criteria for hydrogen generation rate when the MCU Cs DF was credited. 
The calculation for hydrogen generation should be considered conservative for dilution is 
only applied to the NOeff and not the radionuclides.  In reality, both chemicals and 
radionuclides will experience dilution through the ARP/MCU process.

3.3.4 Prevent Formation of Shock Sensitive Compounds (Tank Farm WAC 
11.3)

The Waste Acceptance Criteria prohibits additional shock sensitive compound transfers 
into the Tank Farm (e.g., significant quantity of silver).  Tanks 21 and 49 and the 
ARP/MCU process do not introduce any new shock sensitive compounds into the Tank 
Farm.

3.3.5 Requirements for Radionuclide Content for Waste Receipts (Tank Farm 
WAC 11.4)

Feed streams to 241-96H shall have an IDP less than or equal to 1.4E+06 rem/gal as 
documented in Chapter 3 (Section 3.3.3.3) of the Documented Safety Analysis (DSA)
(Ref. 50) which is protected by the Inhalation Dose Potential Specific Administrative 
Control (SAC 5.8.2.51) (Ref. 47).  Material transferred into the MCU facility shall have an 
IDP less than or equal to 1.69E+05 rem/gallon.  In addition, the radionuclide content 
transferred from 512-S to MCU shall maintain a sum of fractions less than 1 (as defined in 

                                                                
46Ray, J. W., “Waste Compliance Plan for Radioactive Liquid Waste Transfers from the DWPF to 241-H Tank Farm”, 
X-SD-G-00005, Rev. 29, November 2014 
47“Concentration, Storage, and Transfer Facilities Technical Safety Requirements”, S-TSR-G-00001, Rev. 45, 
December 2014 
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Reference 48) to protect the Hazard Category 3 status of MCU.  The Tank Farm WAC 
requires that the Cs-137 concentration be no more than 1.1 Ci/gal for salt batch material.  
Material transferred into Tank 50 shall not have an IDP greater than 2.09E+05 rem/gallon.  

The calculated IDP for Salt Batch 8 is 6.18E+04 rem/gallon.  The calculated IDP is 4.41
% of the 241-96H DSA limit of 1.4E+06 rem/gallon, 36.5% of the MCU WAC limit of 
1.69E+05 rem/gallon, and 29.6% of the Tank 50 WAC limit of 2.09E+05 rem/gallon.  
Salt Batch 8 complies with the WAC limit without crediting any removal of strontium 
and plutonium.  This feed radionuclide concentration will decrease slightly with process 
additions at ARP prior to transfer to MCU.  Calculation results are shown in Attachment 
12.

The sum of fractions is 0.67.  The sum of fractions is less than one when compared to the 
Hazard Categorization 2 threshold.   Therefore, Salt Batch 8 will not compromise the 
MCU facility hazard categorization of Hazard Category 3. Calculation results are shown 
in Attachment 13.

The average Cs-137 content shown in Reference 6 is 2.13E+08 pCi/mL or 0.806 Ci/gal.  
The Cs-137 concentration is approximately 73.3 % of the 1.1 Ci/gal limit of the Tank 
Farm WAC.  

3.3.6 Requirements for Regulatory Compliance (RCRA) (Tank Farm WAC 11.5)

The material in Tanks 21 and 49 are in compliance with the Tank Farm WAC; therefore, 
RCRA criteria are met.  Neither ARP nor MCU will contribute additional RCRA 
constituents that have not already been considered (Ref. 49).

3.3.7 Requirements for Criticality Safety (Tank Farm WAC 11.6)  

Waste received in the Tank Farm shall be inherently safe with respect to criticality for 
any concentration and mass in the uncontrolled geometry of the waste tanks.  The waste 
transferred as salt solution for processing at ARP/MCU shall have the following: a 
soluble uranium concentration less than or equal to 50 mg/L, a soluble plutonium 
concentration less than or equal to 0.3 mg/L, and U-235 (eq_sol) enrichment less than or 
equal to 3.0 wt.%.

Salt Batch 8 is compliant with the requirements from the ARP/MCU NCSE (Ref.13). The 
calculation was performed by applying two standard deviations to the reported 
constituent values and can be found in Attachment 2.  The soluble U concentration was 
calculated to be 25.5 mg/L or 50.9% of the WAC limit of 50 mg/L.  The soluble Pu 
concentration was calculated to be 0.0584 mg/L or 19.5% of the WAC limit of 0.3 mg/L.  
The U-235(eq_sol) enrichment was calculated to be 0.79 wt% or 26.3% of the WAC limit
of 3.0 wt.%.  

                                                                
48DOE-STD-1027-92, Hazard Categorization and Accident Analysis Techniques for Compliance with DOE Order 
5480.23, Nuclear Safety Analysis Reports 
49Braswell, A. D., “Modified Permit for the Savannah River Site (SRS) Z-Area Saltstone Disposal Facility – Facility ID 
No. 025500-1603 – Aiken County”, September 9, 2008
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In addition, the NCSE requires a minimum 1.68 M free hydroxide concentration to 
ensure uranium and plutonium precipitation salts are not precipitated out of the salt 
solution at MCU (Ref. 13). The free hydroxide concentration for Salt Batch 8 is 2.24 M
(Ref. 6) before additional caustic and 2.40 M after caustic addition (Table 1). To ensure 
the minimum free hydroxide is met, two standard deviation (molarity * (0.6 % (Relative 
Standard Deviation (RSD) from Reference 6) / 100)) is applied in the conservative 
direction, and the free hydroxide concentration for Salt Batch 8 used to qualify the batch 
against the Tank Farm WAC is 2.21 M or 2.37 M, respectively.  Therefore, the minimum 
free hydroxide concentration is met.    

3.3.8 Requirements to Protect Heat Generation Rate (Tank Farm WAC 11.7)

The Tank Farm DSA (Ref. 50) requires that the waste tanks contain waste with a heat 
generation rate less than 8.00E+05 BTU/hr, and the pump tanks in the facility contain 
waste with less than 2.1E+04 BTU/hr (Ref. 1). The 2.1E+04 BTU/hr value in the Tank 
Farm WAC is based on the DSA value of 3.0 BTU/hr/gal (Ref. 50) at the overflow 
volume for a pump tank.  This requirement has been determined to be bounding for all 
incoming waste streams, so no additional controls are necessary as stated in Ref. 1.  

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

Waste received in the Tank Farm shall be characterized sufficiently to demonstrate that 
the Tank Farm’s ability to meet various acceptance criteria imposed by the downstream 
processing and disposal facilities will not be impaired. 

Prior to transferring waste into Tank 50, a waste generator must demonstrate compliance 
with the Saltstone WAC Limits.  Saltstone WAC compliance is demonstrated in Section 
3.4.  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 Cs-137 concentration in Salt Batch 8 exceeds the Saltstone WAC.  A DF of 55 is 
utilized during salt batch qualification to show compliance with the Saltstone WAC for 
the cesium isotopes as well as Ba-137m.  Assuming a DF of 55, the Cs-137 concentration 
is reduced by MCU processing to 3.87E+06 pCi/mL.  The Cs-137 concentration in the 
DSS stream to Tank 50 is expected to meet the Saltstone WAC limits of 3.96E+06
pCi/mL, as shown below in Section 3.4.  MCU has attained an average DF from 139 to 
289 with BoBCalix solvent since Salt Batch 1 (Refs. 15 and 16) and has attained an 
average DF of 1,129 during NGS demonstration runs (Ref. 17).   The DF of 55 used here 
is a conservative value.  All other requirements are met based on the salt batch 
qualification values.

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 50.  Filter wash water, 
                                                                
50“Concentration, Storage, and Transfer Facilities Documented Safety Analysis”, WSRC-SA-2002-00007, Rev. 16, 
June 2014
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the chemical cleanings of the secondary filter, will also bypass MCU and be transferred 
directly to Tank 50.  For wash water and filter wash water transfers to Tank 50, some 
chemical species (e.g., Na+, nitrate, and nitrite molarity) and some radionuclide 
concentrations (e.g., Cs-137) may not meet the Saltstone limits.  NOeff may be below 
Tank 50 requirements as well.  A deviation is in place for the 512-S to Tank 50 waste 
stream (see Section 3.5) (Ref. 46).  Prior to the transfer to Tank 50, Tank Farm 
Engineering must evaluate the impact of the material on Tank 50.

For DWPF recycle waste being transferred to Tank Farm, the material must be free of the 
chemical Petro AG.  The material specification for DWPF recycle specifies sodium 
nitrite that does not contain Petro AG (Ref. 46).

As salt batch material enters DWPF, it can be transferred back to the Tank Farm in the 
DWPF recycle.  DWPF recycle material is fed to the evaporator systems.  The overheads 
of the evaporator are sent to the Effluent Treatment Project (ETP) for treatment prior to 
ultimate disposal at Upper Three Runs Creek or Saltstone (via Tank 50).  A comparison 
to the ETP WAC limits (Ref. 51) to ensure no detrimental impacts to ETP must be done.  
Historically, evaporator-processed DWPF recycle has not exceeded the ETP WAC limits 
(Ref. 52).     

3.3.10 Industrial Hygiene Safety (Tank Farm WAC 11.9)

This criterion is not applicable to the Salt Batch 8 feed qualification.  The feed is from 
Tanks 21 and 49 materials, which is already compliant with the Industrial Hygiene Safety 
program.

3.3.11 Tanker Trailer Waste Receipts (Tank Farm WAC 11.10)

This criterion is not applicable to the Salt Batch 8 feed qualification.  Waste will not be 
transferred by tanker trailer.

3.3.12 Transfer Requirements of Radioactive Waste into the Tank Farm 
(Tank Farm WAC 11.11)

Transfers to the Tank Farm must meet the following interface control requirements in 
order to protect the Concentration, Storage and Transfer Facility (CSTF) DSA (Ref. 50):

1. Notification shall be provided to the CSTF Shift Manager prior to 
intended transfers to the CSTF. 

2. The equipment needed to stop transfers, siphons, and liquid additions to 
the CSTF shall be available to respond to indications of a primary 
containment waste release.  

                                                                
51Dittmar, R. W., “E/H Effluent Treatment Project Waste Acceptance Criteria”, X-SD-H-00009, Rev. 6, June 2012
52Shafer, A. R., “DWPF Recycle Effect on ETP Waste Acceptance Criteria for the DWPF Waste Compliance Plan”, 
SRR-WSE-2011-00106, Rev. 1, May 10, 2011
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3. When transferring material to the CSTF with an inhalation dose potential 
greater than 2.0E+08 rem/gal  (High-Rem Waste Transfer), the following 
shall be required: 

a. For facilities that own the leak detection capability of a CSTF owned 
transfer line (e.g., H-Canyon transfers to the CSTF), leak detection 
with control room alarm shall be operable within the leak detection 
boxes associated with the Transfer Path. 

b. Two physically separated functional transfer isolation devices shall be 
identified. The transfer isolation devices shall be sufficiently separated 
(by distance) such that the availability of one isolation device is 
maintained. 

4. Transfers into the CSTF shall be secured as a result of a tornado warning, 
tornado watch, or high wind warning for the CSTF as issued by the 
Savannah River Site Operations Center. 

5. Transfers into the CSTF shall be secured following a seismic event.

6. Transfers into the CSTF shall be secured following notification of a CSTF 
wildland fire event. 

7. Transfers into the CSTF shall be secured following notification of a CSTF 
control room abandonment event. 

8. For evolutions not intended for the CSTF, sound isolation (single leak-
tested valve, double valve isolation, blank, or jumper removal) shall be 
required. Where sound isolation is not possible, notification shall be given 
to the CSTF Shift Manager of the potential for an unintended Waste 
Transfer prior to the intended transfer. 

9. Notification shall be given to the CSTF Shift Manager prior to performing 
excavations potentially affecting CSTF transfer lines.

Compliance with these requirements is documented in the Waste Compliance Plan (Ref. 
46).  Reference 46 describes interface controls # 3, 8, and 9 included in the CSTF DSA 
and Tank Farm WAC that were determined not to apply to DWPF.  The justification is 
documented in Section 11.7.2.2 of the DWPF Final Safety Analysis Report (Ref. 53).  

3.3.13 MCU Process Requirements (Tank Farm 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 the Tank 21 Salt Batch 8 qualification sample is 637 mg/L or
0.0163 M (Ref. 6).  This is 32.6% of the WAC limit.]  

 Salt feed solutions shall be filtered through a 0.1 or a 0.5 micron filter to remove 
solids.  [The crossflow filter at 512-S has a nominal pore size of 0.1 or 0.5 micron 

                                                                
53“Final Safety Analysis Report Savannah River Site DWPF”, WSRC-SA-6, Rev. 33, November 2014
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(Ref. 46). 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. 46).]  

 Analysis is required for the content of lipophilic anions.  [Trace amounts of 
lipophilic anions are in the Salt Batch 8 material.  The ARP process will not 
change the overall chemistry.  The trimethylamine (TMA) value is from the TOC
value reported for Tank 21 (Ref. 6).  For this evaluation, it is conservative to use 
the total organic carbon for TMA.  The lipophilic anion concentrations are below 
MCU WAC limits (see Table 6).  

Table 6: Comparison of MCU Process Requirement for Lipophilic Anions
to ISDP Salt Batch 8

Lipophilic Anions
Result 
(mg/L)

Concentration 
(mM)

MCU Limit 
(mM)

Tributylphosphate 
(TBP)

<1.00 <3.75E-03 3.00E+01

Dibutylphosphate
(DBP)

NA* 3.75E-03* 2.00E+00

TMA 2.16E+02** 3.63** 1.00E+01
Formate 4.68E+02 1.03E+01 1.00E+02

1-Butanol <7.5E-01 <1.01E-02 1.00E+01
Values for TBP, Formate and 1-Butanol are from Reference 6.

*The Organic Potential Inadequacy in the Safety Analysis (PISA) report states that 
the TBP content from the Canyon operation will be 7 mg/L or less (Ref. 54).  The 
molecular weight (MW) of TBP is 266.32 grams per mole, so the influent stream 
from the canyon will contain 2.62x10-5 mole of TBP per L of Canyon waste.  
Swingle, et. al., (Ref. 55) reported that TBP degrades to butanol and DBP in a caustic 
environment.  There will be one mole of DBP for every mole of TBP degraded.  
Swingle also observed that the hydrolysis was rapid to one butanol and no perceptible 
change beyond this.  This means that the concentration of DBP is bound by 3.75E-03
milli-mol DBP per L.

**TMA was not reported.  The TOC result from Reference 6 is assumed to be all 
TMA and was calculated as 216 mg/L or 59 mg/mM.]

 The sending facility (512-S) shall be in compliance with the Foreign Material 
Exclusion Program (FME).  [Maintenance operations upstream and at MCU have 
the potential to introduce chemicals and other foreign materials that are known to 
disrupt the MCU process. An FME program (Ref. 56) has been developed to 
control these activities and prevent the inclusion of such compounds into streams 
transferred to MCU.  The 512-S facility is configured in a way to prevent FME 
added to the process (Ref. 46).  In the event of needed additions to the process, 
DWPF Facility and Tank Farm Facility Engineering will jointly evaluate the 
material to be added.]

                                                                
54Britt, T. E., “Resolution of the Organic PISA”, WSRC-TR-2002-00094, Rev. 3, March 2003
55Swingle, R. F., and M. R. Poirier, “Tank Farm Organic PISA Study Final Report”, WSRC-TR-99-00333, Rev. 1, 
March 2000
56S4 ENG.31, Liquid Waste Operations Foreign Material Exclusion Measures for Protection of MCU
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 The temperature of the feed to MCU shall be between 20 and 29oC; and the 
specific gravity of the feed to MCU shall be between 1.16 and 1.3.  [Temperature 
and density measurements of the feed material are taken prior to transferring it to 
MCU (Ref. 46).]

3.4 Compliance with Saltstone WAC (Ref. 3)

Because DSS from Salt Batch 8 will be transferred into Tank 50, it must meet the 
Saltstone WAC.  The Cs-137 concentration in Salt Batch 8 does not meet the Saltstone 
WAC without MCU treatment.  Based on experience with salt batch processing and NGS
test results, the expected DF at MCU is greater than 100 (Refs. 15, 16, and 17).  A 
conservative DF value of 55 is used to show that the Cs-137 concentration in Salt Batch 8
does meet the Saltstone WAC.  In addition, the sampling program at MCU and the 
quarterly sampling program at Tank 50 will continue to confirm that the expectations for 
the DF for Cs-137 are met (Ref. 43).  

3.4.1 Inhalation Dose Potential (IDP) (Saltstone WAC 5.4.1)

The IDP for material to be transferred to Saltstone shall have a total rem/gallon less than 
or equal to 1.66E+05 rem/gallon (Ref. 3).  Also, concentrations for Sr-90, Cs-137, Pu-
241, Eu-154, and Total Alpha shall meet the limits in Table 7.

IDP for Saltstone based on Salt Batch 8 feed without actinides removed and with a 
cesium removal DF of 55 via ARP/MCU processing is 4.33E+04 rem/gallon or 26.1 % of 
the WAC limit; however, the overall IDP is still met without cesium removal.  Table 7
shows the IDP values calculated in Attachment 14.   Attachment 14 shows the IDP values 
at Cs DF of 55 for ARP/MCU.  The concentration for Cs-137 shown in Table 7 has taken 
into account the Cs DF of 55 for ARP/MCU.

Table 7: Comparison of Saltstone WAC Inhalation Dose Potential to
ISDP Salt Batch 8

Radionuclide
WAC IDP 

(rem/gallon)
Salt Batch 8

IDP (rem/gallon)
Sr-90 1.13E+03 1.77E+02

Cs-137 2.85E+02 2.79E+02

Eu-154 1.22E+00 1.50E-02

Pu-241 1.05E+04 2.79E+02

Total Alpha 1.54E+05 4.26E+04

Total 1.66E+05 4.33E+04

3.4.2 Limits for Chemicals Impacting SDU Flammability (Saltstone WAC 5.4.3)

The concentrations of Isopar L, tetraphenylborate (TPB), and ammonium given in Table 
8 shall not be exceeded to protect the assumptions used in the Saltstone Disposal Unit 
(SDU) explosion credibility calculation.  As seen in Table 8, ammonium (Ref. 6) meets 
this limit without crediting the blending that will take place with other influents to Tank 
50. Isopar L was not reported in the Salt Batch 8 feed material.  Isopar L is introduced to 
the Salt Batch during MCU processing.  The strategy for blending Salt Batch DSS with 
other influents to Tank 50 is documented in X-ESR-H-00151 (Ref. 42).  The Isopar L 
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concentration is controlled to meet the Tank Farm DSA Limit of 7 ppm (Refs. 50 and 
42).  The WCP states the total mass of TPB to be disposed in an SDU is 4.24 kg, and X-
ESR-H-00137 indicates the total mass limit for TPB is met (Refs. 57 and 43).  The TPB 
value in Tank 50 is expected to be less than 5.00E+00 mg/L (Ref. 6).    Tank 21 has no 
history of material containing TPB, nor do the influents into Tank 21 for Salt Batch 8
make up, Tanks 22, 23, 37, 38, and 41 (Ref. 58).  Based on the history of these tanks, the 
amounts of TPB are insignificant (Ref. 58).  The concentration of TPB for Salt Batch 8 is 
likely to be zero.  

Table 8: Comparison of Saltstone WAC Chemical Impacting SDU 
Flammability to ISDP Salt Batch 8

Chemical WAC LIMIT Salt Batch 8

Isopar L 1.10E+01 ppm
Not Reported,

Strategy given in
X-ESR-H-00151

Tetraphenylborate
4.24E+00 kg total mass 

and 5.00E+00 mg/L
4.24E+00 kg from 

Reference 33 

Ammonium 2.12E+02 mg/L
<1.00E+01 mg/L from 

Reference 6
    

3.4.3 Hydrogen Generation Rate (Saltstone WAC 5.4.4)

The hydrogen generation rate for the salt solution to be transferred to Saltstone shall be 
less than 1.41E-08 ft3 H2/hour/gallon of salt solution in grout at 95ºC (Ref. 3).  

The total hydrogen generation rate is based on the cumulative sum of individual 
radionuclide hydrogen generation conversion factors multiplied by the radionuclide heat 
rate.  This evaluation was done using Salt Batch 8 qualification values except for the 
cesium isotopes and Ba-137m (the daughter product of Cs-137) for which a DF of 55 was 
applied.  Calculation results are shown in Attachment 15.  The value of hydrogen 
generated for Salt Batch 8 material is 2.51E-09 ft3 H2/hour/gallon or 17.8% of the limit of 
1.41E-08 ft3 H2/hour/gallon.  The ARP/MCU process will experience a dilution in the 
range of 16.33% to 25.84% (Ref. 12).  The hydrogen generation rate is 4.45E-09 ft3 

H2/hour/gallon for 16.33% dilution or 31.6 % of the Saltstone WAC limit of 1.41E-08 ft3 

H2/hour/gallon.  The hydrogen generation rate is 4.89E-09 ft3 H2/hour/gallon for 25.84% 
dilution or 34.7 % of the Saltstone WAC limit of 1.41E-08 ft3 H2/hour/gallon.  The 
calculation for hydrogen generation should be considered conservative when dilution is 
applied as only the NOeff is diluted and not the radionuclides.  In reality, both chemicals 
and radionuclides will experience dilution through the ARP/MCU process.

                                                                
57Britt, T. E., “Estimated Residual Mass of Potassium Tetraphenylborate in the Heel of Tank 50H”, X-ESR-H-00137, 
Rev. 0, May 15, 2008
58Banazewski, C.D., “Final Report on Phenylborate Decomposition in Tank 49”, WSRC-TR-2001-00339, Rev. 1, 
August 2001
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3.4.4 “Other Organics” Contribution to SDU Flammability (Saltstone WAC 
5.4.5)

The volatiles in salt solutions other than Isopar L, benzene, ammonia, and hydrogen shall 
contribute less than ten percent to the Composite Lower Flammability Limit (CLFL) at 
peak CLFL concentration.  The “Other Organics” include butanol, isopropanol, methanol, 
NORPAR 13, and TBP.  These organics must be lower than the criteria listed in Table 9
or analysis consistent with S-CLC-Z-00067 for Vault 4 or S-CLC-Z-00080 for cylindrical 
SDU cell design (Refs. 59 and 60).  NORPAR 13 was not reported during Salt Batch 8
qualification sampling.  NORPAR 13 is found in Canyon transfers to H Tank Farm.  
Tanks 21 or 49 are not a direct receipt tank for Canyon wastes.  

Table 9: Comparison of Saltstone WAC “Other Organics” Contribution to SDU 
Flammability to ISDP Salt Batch 8

Chemical WAC Value (mg/L) Salt Batch 8 (mg/L)
Butanol 0.75 < 0.75

Tributylphosphate 1.0 < 1.0
Isopropanol 0.25 < 0.25
Methanol 0.05 <107 (See Below)

NORPAR 13 0.1 Not Reported
Data from Reference 6.

The source of isopropanol and methanol for Tank 50 is discussed in References 41 and 
61. The Tank 50 compliance strategy for methanol is through limiting the alcohols in 
MST. Methanol is a byproduct of the formation of MST which appears in a 1:8 
stoichiometric ratio to propanol (Ref. 41).  The evaluation performed on the Tank 50 
material demonstrated isopropanol to be below the Saltstone WAC limit (Ref. 61); while 
this evaluation was performed during ISDP Salt Batch 2, the influent stream to Tank 50 
compositions are projected to be consistent during ISDP Salt Batch 8 and would remain 
valid (Ref. 62).  The methanol result of less than 107 mg/L for Salt Batch 8 is considered 
an upper bound as no direct analytical method for methanol is available (Ref. 6).  Tank 
50 compliance strategy ensures the isopropanol analytical result of the Tank 50 quarterly 
sample meets the Saltstone WAC to ensure the methanol WAC Limit is also met.  Based 
on the relationship between isopropanol and methanol and having an isopropanol WAC 
Limit of 0.25 mg/L, the methanol concentration will be bounded at 0.0313 mg/L; 
therefore, the methanol WAC Limit of 0.05 mg/L will be met.  

3.4.5 Nuclear Criticality Safety (Saltstone WAC 5.4.6)

In order to ensure no credible criticality scenarios identified for activities involved with 
the processing and disposal of salt solution at Saltstone, the concentration of the U-233, 
U-235, Pu-241, and total alpha must meet the concentrations listed in Table 10 (Ref. 3). 

                                                                
59Brotherton, K. M., and M. R. Yeung, “Maximum Amount of Isopar L to Remain Below the Lower Flammability 
Limit”, S-CLC-Z-00067, Rev. 5, July 2012
60Allison, D. K. and Henley, E. A. R., “Saltstone Facility SDU 2 and SDU 3/5 Flammability Analysis (U)”, S-CLC-Z-
00080, Rev. 1, August 2013
61Britt, T. E., “Tank 50 Isopropanol Concentration Estimate”, X-ESR-H-00202, Rev. 0, August 2009
62Le, T. A., “Salt Batch Plan in Support of System Plan R-19”, SRR-LWP-2014-00003, Rev. 0, April 2014
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Table 10 shows that all the concentrations are met; therefore, no criticality concerns are 
present for Salt Batch 8 material.

Table 10: Comparison of Saltstone WAC Nuclear Criticality Safety 
to ISDP Salt Batch 8

Radionuclide
WAC LIMIT

(pCi/mL)
Salt Batch 8

(pCi/mL)

U-233 1.13E+04 2.83E+01
U-235 1.13E+02 4.18E-01
Pu-241 8.38E+05 2.23E+04

(Total alpha) 2.13E+05 5.92E+04

      Data from Reference 6.  Total alpha was calculated in Attachment 1.

3.4.6 Chemical Criteria Limits and Targets (Saltstone WAC 5.4.7 and 5.4.8)

The limit and target concentrations of the chemicals shown in Table 11 and Table 12, 
respectively, shall not be exceeded.  Table 11 shows that the qualification values for Salt 
Batch 8 are within Saltstone WAC limits.  Table 12 shows that the qualification values of 
the selected targets analyzed for Salt Batch 8 qualification are within the Saltstone WAC 
targets that were reported, except for methanol.  The methanol discussion can be seen in 
Section 3.4.4 of this report.  The limit and target concentrations of the chemicals in Table 
11 and Table 12 are not required to be analyzed prior to transfer into Tank 50.  Tank 50 is 
analyzed for Saltstone Limits and Targets on a quarterly basis to verify the requirements 
are being met. A Process Improvement Project (PIP) was performed to improve salt batch 
preparation cycle time and identified limits to be analyzed as well as certain targets that 
were required for other facility requirements (Ref. 63).  Isopar L was not reported in the 
Salt Batch 8 feed material.  Isopar L is introduced to the Salt Batch during MCU 
processing.  The strategy for blending salt batch DSS with other influents to Tank 50 is 
documented in X-ESR-H-00151 (Ref. 42). The Isopar L concentration in Tank 50 is 
controlled such that the Saltstone WAC LIMIT (11 ppm) and the Tank Farm DSA Limit 
(7 ppm) are within compliance of the facility Limits (Refs. 50 and 42).  

                                                                
63Rios-Armstrong, M.A., “DMAIC Report for Liquid Waste Operations Salt Batch 3 Preparation Cycle Time Process 
Improvement Project”, SS-PIP-2009-00002, Rev. 0, April, 2009
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Table 11: Comparison of Saltstone WAC Chemical Contaminant LIMITS to 
ISDP Salt Batch 8

Chemical Name WAC LIMIT (mg/L) Salt Batch 8 (mg/L)
Ammonium 2.12E+02 1.00E+01
Aluminate 4.08E+05 1.89E+042

Carbonate* 1.20E+05 1.65E+042

Chloride* 7.95E+03 3.97E+02
Fluoride* 4.07E+03 9.90E+01

Hydroxide* 1.58E+05 4.09E+04
Nitrate* 4.37E+05 1.21E+05
Nitrite* 2.14E+05 3.80E+04

Oxalate* 2.72E+04 1.85E+02
Phosphate* 2.94E+04 5.40E+02

Sulfate* 5.69E+04 5.22E+03
Arsenic 2.30E+01 2.29E-01
Barium 6.19E+02 1.00E+00

Cadmium 3.10E+02 1.27E+00
Chromium 1.24E+03 7.24E+01

Lead 6.19E+02 1.30E+02
Mercury 3.25E+02 1.29E+02
Selenium 4.46E+02 2.05E-01

Silver 6.19E+02 1.94E+00
Aluminum 1.16E+05 5.36E+03
Potassium* 3.03E+04 6.37E+02

Nickel Hydroxide 1.17E+03 7.80E+00
Butanol and Isobutanol 7.73E+00 1.50E+00

Isopropanol 1.88E+00 2.50E-01
Phenol 7.50E+02 1.00E+02

Isopar L 1.10E+01ppm Not reported
Total Organic Carbon* 5.00E+03 2.14E+02

Tetraphenylborate (TPB) 1* 5.00E+00 4.95E+00

Data from Reference 6 and Table 1 (*).
WAC LIMITS found in Reference 3, Attachment 8.1
1 See discussion in section 3.4.2 for TPB.
2 Calculated using reported Molarity and Molecular Weight.
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Table 12: Comparison of Saltstone WAC Chemical Contaminant TARGETS to 
ISDP Salt Batch 8

Chemical Name
WAC TARGETS  

(mg/L)
Salt Batch 8

(mg/L)
Boron 7.43E+02 7.08E+01
Cobalt 1.75E+02 Not reported
Copper 7.43E+02 3.54E+00

Iron 4.95E+03 1.39E+00
Lithium 7.43E+02 1.95E+01

Manganese 7.43E+02 8.00E-01
Molybdenum 7.43E+02 2.49E+01

Nickel 7.43E+02 4.94E+00
Silicon 1.07E+04 5.68E+01

Strontium 7.43E+02 1.28E+01
Zinc 8.03E+02 5.13E+00

Benzene 3.10E+02 Not reported
Methanol 1.88E+00 1.07E+02

Dibutylphosphate 3.47E+02 Not reported
Tributylphosphate 7.50E+00 1.00

Toluene 3.10E+02 Not reported
Ethylenediaminetetraacetic 

Acid (EDTA)
3.10E+02 Not reported

NORPAR 13 1.00E-01 Not reported
     Data from Reference 6.
     WAC TARGETS found in Reference 3, Attachment 8.2.

3.4.7 Radionuclide Criteria Limits and Targets (Saltstone WAC 5.4.9 
and 5.4.10)

The limit and target concentrations of the radionuclides shown in Table 13 and Table 14, 
respectively, shall not be exceeded.  Table 13 shows that the qualification values for Salt 
Batch 8 are within Saltstone WAC limits.  Table 14 shows that the qualification values
for Salt Batch 8 are within the Saltstone WAC targets for the targets that were reported; 
however, these are not required to be analyzed prior to the transfer into Tank 50.  Tank 
50 is analyzed for Saltstone Limits and Targets on a quarterly basis to verify the 
requirements are being met. The PIP required limits to be analyzed as well as certain 
targets that were required for other facilities’ requirements (Ref. 63). 
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Table 13: Comparison of Saltstone WAC Radionuclide Contaminant LIMITS to 
ISDP Salt Batch 8

Radionuclide
WAC LIMIT 

(pCi/mL)
Salt Batch 8

(pCi/mL)
H-3 5.63E+05 2.01E+03
C-14 1.13E+05 6.48E+02
Ni-63 1.13E+05 1.81E+01
Sr-90 3.15E+06 4.91E+05
Tc-99 8.7E+04 5.76E+04
I-129 6.30E+01 4.53E+01

Cs-137 3.96E+06 2.13E+08 (*)
U-233 1.13E+04 2.83E+01
U-235 1.13E+02 4.18E-01
Pu-241 8.38E+05 2.23E+04

Total Alpha 2.13E+05 5.92E+04 (**)
Data from Reference 6.
WAC LIMITS found in Reference 3, Attachment 8.3   
(*) - The Cs-137 concentration is based on the Salt Batch 8 feed concentration and is 
therefore higher than the expected DSS stream.  Using a DF factor of 55 and the Salt 
Batch 8 Cs-137 concentration of 0.806 Ci/gallon (2.13E+08 pCi/mL), the Cs-137 
concentration is expected to be 0.0147 Ci/gal (3.87E+06 pCi/mL).  
(**) – Summation of alpha emitters as seen in Attachment 1
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Table 14: Comparison of Saltstone WAC Radionuclide Contaminant TARGETS to 
ISDP Salt Batch 8

Radionuclide WAC TARGET (pCi/mL)
Salt Batch 8

(pCi/mL)
Al-26 2.88E+03 Not Reported

Co-60 9.747E+02 6.17E+00
Ni-59 1.13E+03 3.56E+01
Se-79 1.90E+04 Not Reported

Y-90 3.15E+06 4.91E+05
Nb-94 1.53E+02 1.54E+01
Ru-106 1.13E+06 6.35E+01
Rh-106 1.13E+06 6.35E+01
Sb-125 7.988E+03 4.27E+01

Te-125m 1.828E+03 4.27E+01
Sn-126 1.80E+04 5.72E+02
Cs-134 1.82E+04 4.50E+04
Cs-135 2.50E+05 8.24E+02

Ba-137m 3.75E+06 2.01E+08
Ce-144 1.13E+05 1.36E+02
Pm-147 5.63E+06 7.56E+01
Sm-151 2.25E+04 3.68E+01
Eu-154 1.615E+03 1.98E+01
Eu-155 1.13E+04 7.02E+01
Ra-226 1.00E+03 5.76E+01
Th-229 1.63E+05 Not Reported
Th-230 6.26E+03 Not Reported

Th-232 2.88E+03 Not Reported

U-232 9.06E+03 3.24E+00
U-234 1.13E+04 1.18E+02
U-236 1.13E+04 1.57E+00
U-238 1.13E+04 8.42E+00
Np-237 1.00E+04 7.05E+00
Pu-238 2.13E+05 5.63E+04
Pu-239 2.13E+05 1.35E+03
Pu-240 2.13E+05 1.35E+03
Pu-242 2.13E+05 3.82E+01
Pu-244 7.02E+04 1.77E-01
Am-241 2.13E+05 5.85E+00

Am-242m 4.50E+05 Not Reported

Am-243 2.13E+05 7.07E+00
Cm-242 1.13E+04 Not Reported

Cm-244 2.13E+05 1.99E+00
Cm-245 2.25E+05 1.83E+01

Data from Reference 6.
WAC TARGETS found in Reference 3, Attachment 8.4
Note 1 – The Cs-134 and Ba-137m concentrations are based on the Salt Batch 8 feed concentration and are 
therefore higher than the expected DDS stream.  Using a DF factor of 55, the Cs-134 and Ba-137m 
concentrations are expected to be 8.18E+02 pCi/mL and 3.65E+06 pCi/mL respectively.
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3.4.8 General Processing Criteria (Saltstone WAC 5.4.11)

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

             pH > 10
2.5 M < [Na+] < 7.0 M
10oC < Temperature < 40oC
Total Insoluble Solids < 1.88E+05 mg/L (15 wt%)
Homogeneous and Consistent Feed

The pH of the DSS stream was estimated to be approximately 14, which meets the 
criteria (Section 3.3.1).  The pH of Tank 50 (feed to Saltstone) is maintained to a pH 
greater than 10 as a part of the Tank Farm Corrosion Control Program (Ref. 38).  ISDP 
Salt Batch 8 material has a sodium concentration of 6.3 M (Table 1).  Accounting for the 
16.33% and 25.84% dilution rate when the Salt Batch 8 material is processed (Ref. 12), 
the sodium concentration is 5.27 M and 4.68 M, respectively, and will meet the sodium 
concentration criterion.  Sodium concentration is monitored using the Tank 50 material 
balance.

The temperature criterion will be met by procedural control prior to transfer from Tank 
50 to Saltstone (Ref. 43).  

The Salt Batch 8 material has 0.014 wt% of insoluble solids (Ref. 6). The 512-S process 
concentrates solids up to 5 wt%.  Even if there is a filter breakthrough, this weight 
percent solids volume is still one third of the Saltstone limit (15 wt%).  Total insoluble 
solids are monitored on the Tank 50 material balance. The quarterly sampling plan for 
Tank 50 also monitors for weight percent of insoluble solids. 

Homogeneous and consistent feed strategies are discussed in detail in the Waste 
Compliance Plan (Ref. 43).  

3.4.9 Gamma Shielding (Saltstone WAC 5.4.12)

The specific gamma source strength value shall not exceed 5.82E+00 mrem/hr/gallon.  

Table 15 shows that the gamma source strength values for the DSS stream are within the
Saltstone WAC limits.  The gamma source strength of the DSS stream using the DF 
factor of 55 for cesium is 5.60E+00 mrem/hr/gallon or 96.24 % of the Saltstone WAC 
limit of 5.82E+00 mrem/hr/gallon.  A comparison of Salt Batch 8 material without 
ARP/MCU treatment is shown in Attachment 16.



X-ESR-H-00739
Revision 0

Page 41 of 103

Table 15: Comparison of Saltstone WAC Gamma Source Strength to 
ISDP Salt Batch 8 (DSS stream)

3.4.10 ARP/MCU Processing Requirements (Saltstone WAC 5.4.13)

The 2009 Saltstone Performance Assessment and Waste Determination require the salt 
solution processed at ARP/MCU prior to transfer to the Saltstone facility must meet the 
following four LIMITS.  

1. All material passed through ARP passes through a cross-flow filter (at 512-S) to 
remove and concentrate the insoluble solids.
[The crossflow filter at 512-S has a nominal pore size of 0.1 or 0.5 micron (Ref. 
46). All salt solution transfers to MCU will be made from the LWHT which 
collects filtrate from the crossflow filter at 512-S (Ref. 46).]  

2. The concentrated solids heel in the filter feed tank (at 512-S) is washed and 
filtered to remove soluble sodium salts.
[The solids wash water is used to wash the MST/sludge solids solution after 
reaching five weight percent before transferring to DWPF.  The solids wash water 
is filtered through the cross-flow filter and transferred directly to Tank 50 (Ref. 
64).]

3. Monosodium Titanate strikes are conducted at ARP.
[MST strikes will be performed at ARP. ARP operating procedures will specify 
the amount of MST to be added to each batch (Ref. 64).]

4. MST strike tanks contents are agitated between 4 and 24 hours. 
[Following the addition of MST to a strike tank, the contents will be mixed at a 
minimum of 4 hours.  This will be controlled procedurally (Ref. 43).]  

                                                                
64“Consolidated Hazards Analysis for the Defense Waste Processing Facility (DWPF):  Modular CSSX Unit 
(MCU)/249-96H Actinide Removal Process (ARP) Integration (Waste Transfer Line Project) (U)”, WSRC-TR-2006-
00201, Rev. 4, September 2013

Radionuclide
WAC Gamma Source 

Strength 
(mrem/hr/gal)

DSS Gamma Source 
Strength 

(mrem/hr/gal)

Co-60 5.06E-03 3.20E-05
Sb-125 1.15E-02 6.14E-05

Te-125m 1.58E-03 3.68E-05
Cs-134 6.89E-02 3.09E-03
Cs-137 5.73E+00 5.60E+00
Eu-154 4.62E-03 5.67E-05
Total 5.82E+00 5.60E+00
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3.5 WAC Deviations

Deviations may be experienced during the transfer of wash water from 512-S to Tank 50.  
As described in 3.3.9, wash water transfers to Tank 50 may be below the 2.5-7 M Sodium 
concentration and above the Cesium-137 limit of 0.015 Ci/gal (Ref. 46).  NOeff may be 
out of the Tank 50 requirements as well.  Prior to the transfer to Tank 50, Tank Farm 
Engineering must evaluate the impact via the Tank 50 Material Balance.  
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Attachment 1: Inhalation Dose Potential to Meet the 512-S Requirement	(DWPF 
WAC 5.3.2)

Radionuclide
Concentration

(pCi/mL)
(Ref. 6)

Concentration
(Ci/gal) % RSD

Standard 
Deviation 
(pCi/mL)

Concentration 
with 2 sigma

(pCi/mL)

Concentration 
with 2 sigma

(Ci/gal)

Sr-90 4.91E+05 1.86E-03 6.40E+00 3.14E+04 4.91E+05 2.10E-03

Ru-106 6.35E+01 2.40E-07 --- --- 6.35E+01 2.40E-07

Cs-137 2.13E+08 8.06E-01 2.20E+00 4.69E+06 2.13E+08 8.42E-01

Ce-144 1.36E+02 5.15E-07 --- --- 1.36E+02 5.15E-07

Pm-147 7.56E+01 2.86E-07 --- --- 7.56E+01 2.86E-07
U-233* 2.83E+01 1.07E-07 --- --- 2.83E+01 1.07E-07
U-234* 1.18E+02 4.47E-07 4.80E+00 5.66E+00 1.18E+02 4.90E-07
U-235* 4.18E-01 1.58E-09 5.00E-01 2.09E-03 4.18E-01 1.60E-09
U-236* 1.57E+00 5.94E-09 6.10E+00 9.58E-02 1.57E+00 6.67E-09
U-238* 8.42E+00 3.19E-08 3.00E-01 2.53E-02 8.42E+00 3.21E-08

Pu-238 * 5.63E+04 2.13E-04 9.10E+00 5.12E+03 5.63E+04 2.52E-04
Pu-239* 1.35E+03 5.11E-06 1.20E+01 1.62E+02 1.35E+03 6.34E-06
Pu-240* 1.35E+03 5.11E-06 1.20E+01 1.62E+02 1.35E+03 6.34E-06
Pu-241 2.23E+04 8.44E-05 8.90E+00 1.98E+03 2.23E+04 9.94E-05
Pu-242* 3.82E+01 1.45E-07 --- --- 3.82E+01 1.45E-07
Pu-244* 1.77E-01 6.70E-10 --- --- 1.77E-01 6.70E-10

Am-241* 5.85E+00 2.21E-08 --- --- 5.85E+00 2.21E-08

Am-243* 7.07E+00 2.68E-08 --- --- 7.07E+00 2.68E-08

Cm-244* 1.99E+00 7.53E-09 9.10E+01 1.81E+00 1.99E+00 2.12E-08
Cm-245* 1.83E+01 6.93E-08 --- --- 4.91E+05 6.93E-08

Total Alpha 5.92E+04 2.24E-04 2.65E+04 2.65E-04

Total alpha is calculated from the addition of all alpha emitters denoted with (*) in table.
The calculated value is greater than the reported total alpha value (4.33E+04 pCi/mL 
(Ref. 6), and therefore, will be used in determining IDP.

The standard deviation for each radionuclide was determined by multiplying the sample 
value by the percent relative standard deviation (% RSD).  

Sample value * % RSD/100
U-234:  1.18E+02 pCi/mL * 4.8% / 100 = 5.66E+00 pCi/mL

Convert pCi/mL to Ci/gal
Concentration pCi/mL / 1.00E+12 pCi/Ci * 1000 mL/L * 3.785 L/gal
U-234: 1.18E+02 pCi/ mL / 1.00E+12 pCi/Ci * 1000 mL/L * 3.785 L/gal 

= 4.47E-07 Ci/gal

The average plus two standard deviations
Concentration + (2 * standard deviation) 
U-234: 1.18E+02 pCi/mL + 2*5.66E+00 pCi/mL = 1.29E+02 pCi/mL
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Attachment 1 (continued): Inhalation Dose Potential to Meet the 512-S Requirement 
(DWPF WAC 5.3.2)

Method 1

Radionuclide
512-S Feed 

Concentration    
(Ci/gal)

512-S Feed 
Concentration
with 2 sigma

(Ci/gal)

Dose Potential 
CEDE DCF 

(rem/Ci)

512-S Feed IDP
(rem/gal)

Sr-90 1.86E-03 2.10E-03 8.90E+04 1.87E+02
Total Alpha 2.24E-04 2.65E-04 1.70E+08 5.51E+04

512-S Feed Total Dose (rem/gal) 4.53E+04
512-S Feed WAC limit (rem/gal) 3.00E+06

% of WAC limit 1.51%

Method 2

Radionuclide
512-S Feed 

Concentration    
(Ci/gal)

512-S Feed 
Concentration
with 2 sigma

(Ci/gal)

Dose 
Potential 

CEDE 
DCF 

(rem/Ci)

512-S Feed IDP
(rem/gal)

Sr-90 1.86E-03 2.10E-03 8.90E+04 1.87E+02

Ru-106 2.40E-07 2.40E-07 2.40E+05 5.77E-02

Cs-137 8.06E-01 8.42E-01 1.90E+04 1.60E+04

Ce-144 5.15E-07 5.15E-07 2.00E+05 1.03E-01

Pm-147 2.86E-07 2.86E-07 1.90E+04 5.44E-03

Pu-238 2.13E-04 2.52E-04 1.70E+08 4.28E+04

Pu-239 5.11E-06 6.34E-06 1.90E+08 1.20E+03

Pu-240 5.11E-06 6.34E-06 1.90E+08 1.20E+03

Pu-241 8.44E-05 9.94E-05 3.30E+06 3.28E+02

Am-241 2.21E-08 2.21E-08 1.60E+08 3.54E+00

Cm-244 7.53E-09 2.12E-08 1.00E+08 2.12E+00

512-S Feed Total Dose (rem/gal) 6.17E+04
512-S Feed WAC limit (rem/gal) 3.00E+06
% of WAC limit 2.06%

Dose potential committed effective dose equivalent (CEDE) DCF references are
defined in the DWPF WAC (Ref. 2).
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Attachment 1 (continued): Inhalation Dose Potential to Meet the 512-S Requirement 
(DWPF WAC 5.3.2)

Determination of bounding concentration of the ARP product stream using the 
methodology in N-ESR-S-00004 (Ref. 19).

Minimum possible sludge solids:  0 ppm sludge solids in the salt feed (Ref. 19)
Density of Salt Batch 8:  1257 g/L (Ref. 6)
ARP contribution:  0.2 g/L MST
Wt% solids of ARP product at concentration end point:  6 wt% (Ref. 19)

This is conservative as 512-S only concentrates to 5 wt% for field operations.

Amount in the LWPT for each batch
0.2 g/L MST + (0 ppm sludge solids * 1 g solids/1.0E+06 total slurry mass * 1257
g/L) = 0.2 g/L 

Amount in the LWPT at concentration end point of 6 wt%
1257 g/L * (6 wt% / 100) = 75.42 g/L

Concentration Factor is the LWPT at concentration endpoint divided by the LWPT for 
each batch 

75.42 g/L / 0.2 g/L = 377.1
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Attachment 1 (continued): Inhalation Dose Potential to Meet the 512-S Requirement 
(DWPF WAC 5.3.2)

Method 1

Radionuclide
512-S Feed

Concentration    
(Ci/gal)

512-S MST/SS
Concentration with 

2 sigma (Ci/gal)

Dose Potential 
CEDE DCF 

(rem/Ci)

512-S 
MST/SS IDP

(rem/gal)
Sr-90 2.10E-03 7.91E-01 8.90E+04 7.04E+04

Total Alpha 2.65E-04 1.00E-01 1.70E+08 1.70E+07

512-S Feed Total Dose (rem/gal) 1.71E+07

512-S MST/Sludge Solids WAC limit (rem/gal) 1.24E+08

% of WAC limit 13.8%
   

Method 2

Radionuclide
512-S Feed 

Concentration with 
2 sigma (Ci/gal)

512-S MST/SS 
Concentration 
with 2 sigma 

(Ci/gal)

Dose Potential 
CEDE DCF 

(rem/Ci)

512-S 
MST/SS IDP

(rem/gal)
Sr-90 2.10E-03 7.91E-01 8.90E+04 7.04E+04

Ru-106 2.40E-07 9.06E-05 2.40E+05 2.18E+01

Cs-137* 8.42E-01 8.42E-01 1.90E+04 1.60E+04

Ce-144 5.15E-07 1.94E-04 2.00E+05 3.88E+01

Pm-147 2.86E-07 1.08E-04 1.90E+04 2.05E+00

Pu-238 2.52E-04 9.50E-02 1.70E+08 1.61E+07

Pu-239 3.81E-06 1.44E-03 1.90E+08 2.73E+05

Pu-240 1.69E-06 6.39E-04 1.90E+08 1.21E+05

Pu-241 9.94E-05 3.75E-02 3.30E+06 1.24E+05

Am-241 2.21E-08 8.35E-06 1.60E+08 1.34E+03

Cm-244 2.12E-08 8.01E-06 1.00E+08 8.01E+02

512-S MST/SS Total Dose (rem/gal) 1.73E+07
512-S MST/SS WAC Limit (rem/gal) 1.24E+08
% of WAC limit 13.9%

*Note:  As Cs-137 is not concentrated at 512-S and processed at MCU for cesium extraction 
in the SE product stream to DWPF, the Cs-137 value is not concentrated for IDP limit for the 
MST/sludge solids stream.
Dose potential committed effective dose equivalent (CEDE) DCF references are defined in 
the DWPF WAC (Ref. 2).
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Attachment 2: Nuclear Criticality Safety from ARP/MCU Material (DWPF WAC 
5.3.4 and Tank Farm WAC 11.6.2)

Radionuclide
Concentration

(pCi/mL)
% RSD

Specific 
Activity
(Ci/g)

Standard 
Deviation 
(pCi/mL)

U-233 2.83E+01 0.00 9.680E-03 0.00E+00
U-234 1.18E+02 4.80 6.248E-03 5.66E+00
U-235 4.18E-01 0.50 2.161E-06 2.09E-03
U-236 1.57E+00 6.10 6.468E-05 9.58E-02
U-238 8.42E+00 0.30 3.362E-07 2.53E-02
Pu-238 5.63E+04 9.10 1.712E+01 5.12E+03
Pu-239 1.35E+03 12.00 6.216E-02 1.62E+02

Pu-240 1.35E+03 12.00 2.279E-01 1.62E+02

Pu-241 2.23E+04 8.90 1.030E+02 1.98E+03
Pu-242 3.82E+01 0.00 3.818E-03 0.00E+00
Pu-244 1.77E-01 0.00 1.774E-05 0.00E+00

Data is from Reference 6.  
Specific Activities are defined in Reference 65.

The standard deviation for each radionuclide was determined by multiplying the sample 
value by the percent relative standard deviation (% RSD).  

Sample value * % RSD/100
U-234:  1.18E+02 pCi/mL * 4.8% / 100 = 5.66E+00 pCi/mL

The concentration and standard deviation of salt solution in terms of mg/L  
Sample value pCi/mL * 1000 mL/L * 1.00E-12 Ci/pCi / Specific activity Ci/g 

* 1000 mg/g
U-234:  1.18E+02 pCi/mL *  1000 mL/L * 1.00E-12 Ci/pCi / 6.25E-03 Ci/g * 

1.00E+03 mg/g = 1.89E-02 mg/L

The average plus two standard deviation 
Concentration + (2 * standard deviation)

U-234: 1.89E-02 mg/L + 2*0.96E-04 mg/L = 2.07E-02 mg/L

                                                                
65DOE/RW-0006, Rev. 13, December 1997, Integrated Data Base Report—1996: U.S. Spent Nuclear Fuel and 
Radioactive Waste Inventories, Projections, and Characteristics
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Attachment 2 (continued): Nuclear Criticality Safety from ARP/MCU Material
(DWPF WAC 5.3.4 and Tank Farm WAC 11.6.2)

Radionuclide
Concentration

(mg/L)
Standard Deviation (mg/L)

Concentration +             
2 Standard Deviation (mg/L)

U-233 2.92E-03 0.00E+00 2.92E-03
U-234 1.89E-02 9.06E-04 2.07E-02
U-235 1.94E-01 9.68E-04 1.95E-01
U-236 2.43E-02 1.48E-03 2.72E-02
U-238 2.51E+01 7.52E-02 2.52E+01
Pu-238 3.29E-03 3.00E-04 3.89E-03
Pu-239 2.17E-02 2.60E-03 2.69E-02
Pu-240 5.92E-03 7.11E-04 7.34E-03
Pu-241 2.17E-04 1.93E-05 2.55E-04
Pu-242 1.00E-02 0.00E+00 1.00E-02
Pu-244 9.98E-03 0.00E+00 9.98E-03
Total U 2.53E+01 2.55E+01

Total Soluble U  (mg/L) 2.55E+01
Salt Batch Nuclear Safety Criticality U WAC limit (mg/L) 5.00E+01
Percent of the limit 50.91%

Total Soluble Pu  (mg/L) 0.0584
Salt Batch Nuclear Safety Criticality Pu WAC limit (mg/L) 0.30
Percent of the limit 19.46%
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Attachment 2 (continued): Nuclear Criticality Safety from ARP/MCU Material
(DWPF WAC 5.3.4 and Tank Farm WAC 11.6.2)

The U-235(eq_sol) concentration and U-235(eq_sol) enrichment calculated per equations 
described in the NCSE (Ref. 14).  

U-235(eq_sol) = U-235 + 1.4 x U-233
         = 1.95E-01 + 1.4 * 2.92E-03
         = 2.00E-01

For conservatism, the U-235(eq_sol) enrichment was determined by adding two standard 
deviations to calculated U-235(eq_sol) concentration and using an average value for each 
concentration to calculate total uranium.

U-235(eq_sol) enrichment = U-235(eq_sol) / U * 100
= 2.00E-01 / 2.53E+01 *100
= 0.79%

Nuclear Criticality Safety for ARP/MCU
Salt Batch        0.79 %
WAC LIMIT        3.00 %
Percent of Limit          26.29 %
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Attachment 3: Hydrogen Generation Rate from Salt Batch 8 Material for 512-S
(DWPF WAC 5.3.4)

Radionuclide
Salt Batch
(pCi/mL)

Salt Batch
(Ci/gal)

"Q" 
Value
(W/Ci)

R
(ft3

H2/106

BTU)

Heat 
Generation

(W/gal)

Hydrogen 
Generation

(ft3 H2/
hr/gal)

Co-60 6.17E+00 2.34E-08 1.54E-02 48.36 3.60E-10 5.94E-14
Y-90 4.91E+05 1.86E-03 5.54E-03 48.36 1.03E-05 1.70E-09
Sr-90 4.91E+05 1.86E-03 1.16E-03 48.36 2.16E-06 3.56E-10

Rh-106 6.35E+01 2.40E-07 1.89E-02 48.36 4.55E-09 7.51E-13
Sb-125 4.27E+01 1.62E-07 3.37E-03 48.36 5.45E-10 8.99E-14
Cs-134 4.50E+04 1.70E-04 1.02E-02 48.36 1.74E-06 2.86E-10
Cs-137 2.13E+08 8.06E-01 1.01E-03 48.36 8.14E-04 1.34E-07

Ba-137m 2.01E+08 7.61E-01 3.94E-03 48.36 3.00E-03 4.95E-07
Ce-144 1.36E+02 5.15E-07 6.58E-04 48.36 3.39E-10 5.59E-14
Pr-144 1.36E+02 5.15E-07 7.33E-03 48.36 3.78E-09 6.23E-13
Pm-147 7.56E+01 2.86E-07 3.67E-04 48.36 1.05E-10 1.73E-14
Eu-154 1.98E+01 7.49E-08 9.08E-03 48.36 6.81E-10 1.12E-13
Pu-238 5.63E+04 2.13E-04 3.26E-02 134.7 6.95E-06 3.19E-09
Pu-239 1.35E+03 5.11E-06 3.02E-02 134.7 1.55E-07 7.10E-11
Pu-240 1.35E+03 5.11E-06 3.06E-02 134.7 1.56E-07 7.18E-11
Am-241 5.85E+00 2.21E-08 3.28E-02 134.7 7.27E-10 3.34E-13
Cm-244 1.99E+00 7.53E-09 3.44E-02 134.7 2.59E-10 1.19E-13

Total  (ft3 H2/hr/gal) 6.35E-07
512-S WAC limit (ft3 H2/hr/gal) 1.64E-06
% of WAC limit 38.70%

Data from Reference 6.
R values are defined in the DWPF WAC (Ref. 2).
Q values are defined in Reference 65.
1 BTU/hr = 2.93E-01 W
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Attachment 4: NOx Emissions (DWPF WAC 5.4.1)

The computational technique for sludge processing for total NOx emission is described in 
the DWPF WAC (Ref. 2).

NOx total =19.1(0.70 [OH-]+1.40[CO3
=]+1.86[NO2

-]+[NO3
-]+0.84[Mn4+]+0.70[Hg2+])

Result
Sludge 

Batch Result        
(M)

Factor
NOx 

Contribution

Hydroxide 0.194 mol/kg 2.25E-01 0.70 1.58E-01
Carbonate** 1180 mg/kg 2.28E-02 1.40 3.19E-02

Nitrite 0.312 M 3.12E-01 1.86 5.80E-01
Nitrate 0.140 M 1.40E-01 1.00 1.40E-01

Manganese ion* 5.29 wt% 1.92E-01 0.84 1.61E-01
Mercury ion* 1.86 wt% 1.85E-02 0.70 1.30E-02

NOx emission 1.08E+00

NOx Total   (tons/yr)
                  (NOx total = 19.1 * NOx emission)

20.71

DWPF WAC Limit (tons/yr) 103.52
% of Limit 20.00%

Data from Reference 26.
  * Manganese and mercury ion were determined using elemental data.  
  ** Carbonate is from the Total Inorganic Carbon (TIC) analysis.

Data from Reference 26.
Mn = 5.29 wt% dry solids TS = 17.21 wt% 
Hg = 1.86 wt% dry solids SG = 1.16 kg/L

Converting wt% dry solids to Molarity in slurry
M slurry = wt% dry solids/100*wt% total solids/100*SpG slurry*1000/MW
       Mn = 5.29/100 * 17.21/100 * 1.16kg/L * 1000g/kg / 54.94 g/mol = 1.92E-01 M

Hydroxide = 0.194 mol/kg * 1.16 kg/L = 2.25E-01 M

Carbonate = 1180 mg/kg / 1000 mg/g / 60 g/mol * 1.16 kg/L = 2.28E-02 M

       
Sludge Only NOx Emission                                          
DWPF        20.71 tons/year
WAC LIMIT        103.52 tons/year
Percent of Limit          20.0%
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Attachment 4 (continued): NOx Emissions (DWPF WAC 5.4.1)

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. 66).  The NOx emissions factor will lead to a total molarity of NOx.  
Nitrogen dioxide’s molecular weight (46 g/mol) is used to convert to g/L.

Salt Batch 
Result

Result  
(M)

Factor
NOx 

Contribution
(M)

Hydroxide* 9.10E-01 M 9.10E-01 0.70 6.37E-01

Carbonate* 4.55E-01 M 4.55E-01 1.40 6.37E-01
Nitrite* 8.82E-02 M 8.82E-02 1.86 1.64E-01
Nitrate* 3.74E-01 M 3.74E-01 1.00 3.74E-01

Manganese ion** 3.02E+02 mg/L 5.49E-03 0.84 4.61E-03
Mercury ion** 4.86E+04 mg/L 2.43E-01 0.70 1.70E-01

Total NOx contribution (M) 1.99E+00
Total NOx contribution (g/L) 9.14E+01

*Data from Attachment 10.  
** Data from Reference 6.  A conservative concentration factor of 377.1 (no sludge 
solids case) was determined in Attachment 1 using the methodology described in
N-ESR-S-00004 for the 512-S MST/Sludge Solids (Ref. 19).

The results given in mg/L are converted to mole/L by dividing by 1000 mg/g and 
dividing by the molecular weight (g/mole). 

The ARP contribution is determined by using total NOx contribution multiplied by the 
feed from ARP to DWPF.  The flowrate in gallons per minute can be found in 
Attachment 10. 

NOx = 9.14E+01 g/L * 0.0856 gal/min * 3.785 L/gal * 60 min/hr * 24 hrs/day * 365 
days/ yr * lb/453.6 grams * tons/2000 lbs  = 17.16 tons/year

The total NOx contribution by ARP is 17.16 tons/year.

Total NOx Emission
DWPF        20.71 tons/year
ARP        17.16 tons/year
TOTAL              37.86 tons/year
WAC LIMIT        103.52 tons/year
Percent of Limit           36.58%

                                                                
66Subosits, S. G., “Actinide Removal Process Material Balance Calculation with Low Curie Salt Feed”, X-CLC-S-
00113, Rev. 0, October 2004
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Attachment 5: Canister Heat Generation (DWPF WAC 5.4.2)
The computational technique for sludge processing for canister heat generation is 
described in the DWPF WAC (Ref. 2).
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 
Sludge 
Slurry

Ci/lb 
Calcined 
Sludge 
Solids

Canister 
Heat 

Generation 
Factors 
(W/Ci)

Species 
Contribution 
to Canister 

Heat 
Generation 

(W/ lb 
Calcined 

solids)

Percent 
contribution 
to the total 
Canister 

Heat 
Generation

Sr-90*,α 9.85E-03 5.86E+00 6.70E-03 3.93E-02 82.398%
Ru-106*,β 1.47E-07 8.75E-05 1.95E-02 1.71E-06 0.004%
Cs-137*,α 8.52E-04 5.07E-01 4.74E-03 2.40E-03 5.042%
Ce-144*,β 6.44E-07 3.83E-04 8.00E-03 3.07E-06 0.006%

U-233α 6.00E-08 3.57E-05 2.86E-02 1.02E-06 0.002%
Pu-238α 1.99E-04 1.18E-01 3.26E-02 3.86E-03 8.100%
Pu-239α 7.78E-06 4.63E-03 3.02E-02 1.40E-04 0.293%
Pu-240α 2.82E-06 1.68E-03 3.06E-02 5.14E-05 0.108%
Am-241α 2.74E-05 1.63E-02 3.28E-02 5.35E-04 1.122%
Cm-244α 6.81E-05 4.05E-02 3.44E-02 1.39E-03 2.925%

Total Species Contribution (W/lb calcined solids) 4.75E-02

Canister Heat Generation (W/canister) 1.0486E+02

WAC Limit       (W/canister) 792
% of Limit 24.0%
Data from References 67 (α) and 68 (β).
* These radionuclides’ Decay Heat Generation (W/Ci) contain daughter products in 
secular equilibrium. 

Ci/lb calcined sludge solids
       = Ci/g dried sludge slurry * (454 g/lb) * Dried to Calcine Factor

Dried to Calcine Factor = Total Solids wt% / Calcine wt% (Ref. 26)
= 17.21 / 13.13 = 1.31

  
Total Canister Heat Generation (sludge only)
DWPF        105W/canister
WAC LIMIT        792 W/canister
Percent of Limit         13.19%

                                                                
67 Bannochie, C. J., “Tank 40 DWPF Sludge Batch 8: Tritium and Total Beta/Gamma Data to Support Recycle 
Collection Tank Purge Modification”, SRNL-L3100-2013-00200, Rev. 0, November 2013
68Bannochie, C. J., “Tank 40 DWPF Sludge Batch 8: Radioactive Decay Calculation Input Values”, SRNL-L3100-
2014-00026, Rev. 0, March 2014
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Attachment 5 (continued):  Canister Heat Generation (DWPF WAC 5.4.2)

Radionuclides Coefficients

Salt 
Solution
pCi/mL

MST - Salt 
Ci/Gallon

Ci
Ci/lb of 
Calcine 

Mass

Coefficients*Ci/lb 
Calcine Mass

Sr-90 0.0067 4.91E+05 7.01E-01 2.10E+03 1.55E+00 1.04E-02

Ru-106 0.0195 6.35E+01 9.06E-05 2.72E-01 2.00E-04 3.90E-06

Cs-137* 0.00474 2.13E+08 8.06E-01 2.42E+03 1.78E+00 8.43E-03

Ce-144 0.008 1.36E+02 1.94E-04 5.82E-01 4.28E-04 3.43E-06

U-233 0.0286 2.83E+01 4.04E-05 1.21E-01 8.91E-05 2.55E-06

Pu-238 0.0326 5.63E+04 8.04E-02 2.41E+02 1.77E-01 5.78E-03

Pu-239 0.0302 1.35E+03 1.93E-03 5.78E+00 4.25E-03 1.28E-04

Pu-240 0.0306 1.35E+03 1.93E-03 5.78E+00 4.25E-03 1.30E-04

Am-241 0.0328 5.85E+00 8.35E-06 2.50E-02 1.84E-05 6.04E-07

Cm-244 0.0344 1.99E+00 2.84E-06 8.52E-03 6.27E-06 2.16E-07
Total (Watts/ lb Calcine Mass) 2.48E-02
Canister Heat Generation (Watts/ Canister) 5.466E+01

*No concentration factor applied per N-ESR-S-00004. (Ref. 19)

To perform the Salt Batch 8 evaluation for the ARP contribution, Reference 6 was used.  
This data was converted to a Ci/gallon basis by multiplying concentrations provided in 
Reference 6 by:

 A conversion factor for pCi or Ci (1.0E+12 pCi = 1.0 Ci)
 Multiplying by conversion factor for mL to gallons (3785 mL = 1 gallon), and 
 A conservative concentration factor of 377.1 (no sludge solids case) was 

determined and documented in Attachment 1 of this report.  This is calculated 
using the methodology described in N-ESR-S-00004 (NOTE:  per N-ESR-S-
00004, Cs-137 is not multiplied by this factor) for the IDP limit for 512-S 
MST/sludge solids.

An example using Sr-90 is provided below. 

Per Reference 7, Sr-90 = 4.91E+05 pCi/mL

Sr-90 Ci per gallon = 4.91E+05 pCi/mL * (1 Ci/1.0E+12 pCi) * 3785 mL/gal * 377.1 =  
7.01E-01 Ci/gallon

To determine the total Curies, the volume of PRFT generated in one week must be 
determined.  Attachment 9 of this document provides a value of 3,000 gallons of PRFT 
per week.  An example of this conversion is shown below using Sr-90:

Sr-90 Ci = 7.01E-01 Ci/gal * 3,000 gallon = 2.10E+03 Ci

This volume is then converted to pounds of calcine mass by using Attachment 10 based 
on 1,000 K gallons of salt solution.  This calculation for conversion to pounds of calcine 
mass is shown below:

Lbs of Calcine Mass = 3,000 gallons * 3.785 L/gallon * 1.07 kg/L * 2.2046 lb/kg * 5.60 
wt% calcine / 100 = 1,494 lb Calcine Mass
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Attachment 5 (continued):  Canister Heat Generation (DWPF WAC 5.4.2)

The total curies are divided by the calcine mass of PRFT to provide a Ci/Calcine mass 
basis.  An example of this conversion is shown below for Sr-90.

Sr-90 Ci per lb Calcine Mass = 2.10E+03 Ci / 1,494 lbs Calcine Mass = 1.55E+00 Ci/lb 
Calcine Mass

Sr-90 W / lb Calcine Mass = 1.55E+00 Ci/lb Calcine Mass *0.0067 = 1.04E-02 W / lb 
Calcine Mass

The MCU contribution to the watts per canister

Radionuclides Coefficients
MST - Salt 
Ci/Gallon

Ci
Ci/lb of Calcine 

Mass 

Coeff*Ci/Lb = 
Watts/Lb Calcine 

Mass

Cs-137 0.00474 1.21E+01 1.81E+05 1.36E+01 6.44E-02

Total 6.44E-02

Canister Heat Generation (Total*2200) 1.4175E+02

*Note: Concentration Factor of 15 Applied.

To perform the MCU piece of the Salt Batch 8 evaluation, Reference 6 was used.  This 
data was converted to a Ci/Gallon basis by the methodology described above for Sr-90 
(Note: Concentration Factor of 377.1 is not applied).  For MCU, the Cs-137 
concentration factor is limited to 15 (Ref. 2).  Thus, the Ci/Gallon for Cs-137 was 
multiplied by this factor.  To obtain the total curies the Cs-137 Ci/gallon value was 
multiplied by 15,000 gallons (Ref. 69).  This is currently the maximum allowable amount 
of strip effluent that can be added to one SRAT batch.  The calcined mass of 13,344 
pounds for one SRAT batch was used.  The calcined mass was derived from the 
following data:

Calcine Mass = 10,500 gallons * 3.785 L/gallon * 1.16 Kg/L * 17.21 Kg calcine/Kg slurry * 
2.2045 Lbs/Kg = 13,344 Lbs
Where: 
Volume of SRAT = 10,500 gallon (Ref. 2, Section 5.4.6)
Density of SRAT = 1.16 Kg/L (Ref. 26)
Calcine Wt.% Solids = 17.21 wt.% (Ref. 26)

Total Canister Heat Generation
DWPF: 105 W/canister
ARP: 54.7 W/canister
MCU: 142 W/canister
Total: 301.3 W/canister
WAC LIMIT 792 W/canister
Percent of Limit    38.0%

                                                                
69Fordham, D. H., “Input Deck Used for DWPF Safety Analyses”, S-CLC-S-00070, Rev. 7, December 2006
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Attachment 6: Inhalation Dose Potential to Meet the DWPF Requirement

(DWPF WAC 5.4.5)

Radionuclide
Concentration

(Ci/gal)
RSD (%)

Standard 
deviation 
(Ci/gal)

Concentration plus 2 
standard deviation

(Ci/gal)
Sr-90α

7.42E+00 5.26E+00 3.90E-01 8.20E+00

Ru-106β
1.11E-04 0.00E+00 0.00E+00 1.11E-04

Cs-137α
6.42E-01 1.75E+00 1.12E-02 6.64E-01

Ce-144β
4.85E-04 0.00E+00 0.00E+00 4.85E-04

Pm-147α
9.43E-02 0.00E+00 0.00E+00 9.43E-02

Pu-238α
1.50E-01 3.26E+00 4.89E-03 1.60E-01

Pu-239α
5.86E-03 3.42E+00 2.00E-04 6.26E-03

Pu-240α
2.13E-03 1.56E+01 3.32E-04 2.79E-03

Pu-241α
4.32E-05 5.42E-01 2.34E-07 4.37E-05

Am-241α
2.06E-02 3.74E+00 7.70E-04 2.21E-02

Cm-244α
5.13E-02 1.52E+01 7.80E-03 6.69E-02

Total Alpha* 2.30E-01 --- --- 2.30E-01
Data from References 67 (α), 68 (β) and X- ESR-H-00551 (Ref. 25), Attachment 6 (*).
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Attachment 6 (continued):  Inhalation Dose Potential to Meet the DWPF 
Requirement (DWPF WAC 5.4.5)

Method 1

Radionuclide

Concentration
plus 2 

standard 
deviation
(Ci/gal)

Dose 
Potential 

CEDE DCF 
(rem/Ci)

IDP
(rem/gal)

Sr-90 8.20E+00 8.90E+04 7.30E+05

Total Alpha* 2.30E-01 1.70E+08 3.91E+07

Total Dose (rem/gal) 3.98E+07
DWPF WAC limit (rem/gal) 2.47E+08
% of WAC limit 16.1%

Method 2

Radionuclide

Concentration
plus 2 

standard 
deviation
(Ci/gal)

Dose 
Potential 

CEDE DCF 
(rem/Ci)

IDP
(rem/gal)

Sr-90α
8.20E+00 8.90E+04 7.30E+05

Ru-106β
1.11E-04 2.40E+05 2.66E+01

Cs-137α
6.64E-01 1.90E+04 1.26E+04

Ce-144β
4.85E-04 2.00E+05 9.70E+01

Pm-147α
9.43E-02 1.90E+04 1.79E+03

Pu-238α
1.60E-01 1.70E+08 2.72E+07

Pu-239α
6.26E-03 1.90E+08 1.19E+06

Pu-240α
2.79E-03 1.90E+08 5.31E+05

Pu-241α
4.37E-05 3.30E+06 1.44E+02

Am-241α
2.21E-02 1.60E+08 3.54E+06

Cm-244α
6.69E-02 1.00E+08 6.69E+06

Total Dose (rem/gal) 3.99E+07
DWPF WAC limit (rem/gal) 2.47E+08
% of WAC limit 16.1%

Dose Potential CEDE DCF references are defined in the DWPF WAC (Ref. 2).  
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Attachment 7:  Glass Solubility (DWPF WAC 5.4.7)

DWPF Facility Engineering will target waste loading to attain an actual waste loading of 
36 %, thus qualifying the batch with 40% waste loading or higher is conservative.  While 
36% is the target, some variance in the waste loading is anticipated.  In order to calculate 
the oxide mass during coupled operations, the calcine masses of the ARP and sludge 
streams are needed.  Since the ARP contribution is calculated on a weekly basis in 
Attachment 10, the oxide contribution from the sludge stream will be put on a weekly 
basis.  The oxides of concern are limited to TiO2, Cr2O3, PO4, NaF, NaCl, Cu, and SO4

both from a glass quality (TiO2, Cr2O3,and Cu) and safety perspective (PO4, NaF, NaCl, 
and SO4).

Determine the mass of glass; assume a waste loading of 40% or greater.  

In order to calculate the glass solubility of certain components for Sludge Batch 8, the 
amount of calcine mass in Tank 40 is calculated.  In this evaluation, it is assumed DWPF 
produces 5 canisters a week at 100% attainment using a batch process (SRAT volume of 
10,500 gallons (Ref. 2)).  The mass of each canister is assumed at 4,000 pounds.  This 
produces 20,000 pounds of glass a week or 9.07E+06 g/week.  This mass is used to 
calculate weight percent for some of the insoluble species.  

Determine the mass of the elementals in Sludge Batch 8 

The volume of Tank 40 has a specific gravity of 1.16 kg/L, total solids weight percent of 
17.21 %, and calcine solids weight percent of 13.13 % (Ref. 26).  

The PRFT sample results and flow rates are provided in Attachment 10.  Attachment 10
also discusses the adjustment of the analytical data for the PRFT.  Presented in a table 
below is the calcine mass of each of the solubility elements/compounds of concern based 
on the maximum gallons of PRFT to meet the sulfate limit in the glass at a waste loading 
of 44%— 4,480 gallons.  The calcine mass for the PRFT is calculated below along with 
example calculations for Ti and SO4.  The Ti is the average concentration since the ARP 
reduced the amount of MST to the process in X-ESR-S-00228 (Ref. 70).  The SO4 value 
for this calculation is the maximum SO4 concentration provided in Attachment 10 plus 2 
standard deviations.

Calcine mass of the PRFT = 3.785 L/gal * 1.06 kg/L * 5.14 kg calcine / 100 kg slurry *  
4,480 gallon = 921  kg calcine

Ti kg of calcine = wt% calcine * mass of calcine = [(4.78 kg Ti/100 kg dried slurry) * 
6.67 kg dried slurry / 100 kg slurry / (5.14 kg calcine TS / 100) * 100] * 921 kg calcine = 
7.06E+00 wt% calcine / 100 * 1,175 kg calcine = 57.2 kg

SO4 = 1130 mg/kg * 100 kg slurry/ 5.14 kg calcine * 1 kg/1.0E06 mg * 921 kg calcine = 
20.3 kg SO4
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Attachment 7 (continued):  Glass Solubility (DWPF WAC 5.4.7)

PRFT Stream Ti Cr PO4 F Cl Cu SO4

Wt.%* 4.78E+00 - - - - -

mg/Kg* - - 4.87E+02 4.98E+02 4.98E+02 - 1.13E+03

Calcined Wt.% 6.21E+00 - 9.48E-01 9.70E-01 9.69E-01 - 2.21E+00
Total Calcine Mass 
(Kg) Based on 4,480

Gallons of PRFT 5.72E+01 0.00E+00 8.73E+00 8.93E+00 8.92E+00 2.03E+01
*Data Taken from Attachment 10

Provided in the tables below are the concentrations based on 10,500 gallons of sludge 
slurry.  The volume is based on DWPF WAC, X-SD-G-00008, (Ref. 2), Section 5.4.6.  
An example calculation is provided for Tank 40 calcine mass and TiO2 and SO4

calculations.  

Calcine mass for Tank 40 = 3.785 L/gal * 1.16 kg/L * 13.13 kg calcine / 100 kg slurry * 
10,500 gallons = 6053.1 kg calcine

Tank 40 Ti kg = 1.40E-02 kg Ti/100 kg dried slurry * 17.21 kg dried slurry/100 kg slurry 
* 100 kg slurry / 13.13 kg calcine * 6053.1 kg calcine = 1.11 kg

Tank 40 PO4 = 87.0 mg/ kg * 100 kg slurry/13.13 kg calcine * 1 kg/1.0E+06 mg * 6053.3 
kg calcine = 4.01 kg

Tk 40 Sludge Stream Ti Cr PO4 F Cl Cu S

Wt.% 1.40E-02 7.29E-02 - - - 7.00E-02 3.44E-01

mg/Kg - - 8.70E+01 8.70E+01 8.70E+01 - -

Total Calcine wt% 1.84E-02 9.56E-02 6.63E-02 6.63E-02 6.63E-02 9.17E-02 4.51E-01
Total Calcine Mass 

(Kg) Based on 10,500 
Gallons of Sludge 

Slurry

1.11E+00 5.78E+00 4.01E+00 4.01E+00 4.01E+00 5.55E+00 2.73E+01

Data from Reference 26
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Attachment 7 (continued):  Glass Solubility (DWPF WAC 5.4.7)

To convert elemental masses to an oxide basis, the following conversion factors can be 
used:

Conversion Ratio of Molecular Weights to Multiply

Ti to TiO2* =79.878/47.88=1.668

Cr to Cr2O3** =151.99/52/2=1.461

F to NaF* =41.99/19 = 2.210

Cl to NaCl* = 58.44/35.45=1.649

S to SO4* =96.06/32.06=2.996

Based on this information and the elemental information (presented above), the total 
kilograms of each analyte can be calculated for the sludge with PRFT material.  These 
calculations are found below: 

Total TiO2 (PRFT + Tank 40) Kg = 57.2 Kg * 1.668 + 1.11 Kg * 1.668= 97.3 Kg + 1.85 
Kg                     = 58.3 Kg

Total TiO2 (Sludge Only) Kg = 1.11 Kg * 1.668 = 1.85 Kg 

Total Cr2O3 (PRFT + Tk 40 Sludge) = 0 Kg* 1.461 + 5.78 Kg * 1.461 = 0 Kg + 5.78 Kg 
                                                            = 8.45 Kg

Total Cr2O3 (Sludge Only) = 5.78 Kg * 1.461 = 8.45 Kg 

Total PO4 (PRFT + Tk 40 Sludge) = 4.01 Kg + 8.73 Kg = 12.7 Kg  

Total PO4 (Sludge Only) = 4.01 Kg

Total NaF (PRFT + Tk 40 Sludge) Kg = 8.93 Kg * 2.210 + 4.01 Kg * 2.210 = 23.21 Kg + 
8.86 Kg = 28.6 Kg 

Total NaF (Sludge Only) Kg = 4.01 Kg* 2.210 = 8.86 Kg

Total NaCl (PRFT + Tk 40 Sludge) Kg = 8.92 * 1.649 + 4.01 Kg *1.649 = 17.4 Kg + 
6.61 Kg = 21.3 Kg

Total NaCl (Sludge Only) Kg = 4.01 * 1.649 = 6.61 Kg 

Total Cu (PRFT + Tk 40 Sludge) = 0 Kg + 5.55 Kg = 5.55 Kg 

Total Cu (Sludge Only) = 5.55 Kg 
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Attachment 7 (continued):  Glass Solubility (DWPF WAC 5.4.7)

Total SO4 (PRFT + Tk 40 Sludge) = 20.3 Kg + 27.3 Kg * 2.996 = 23.9 Kg + 81.8 Kg = 
102 Kg 

Total SO4 (Sludge Only) = 27.3 * 2.996 Kg = 81.8 Kg 

In order to calculate the solubility of the components listed above

Calcine mass for the Blend and PRFT = 6,053 kg calcine Tank 40 + 921 kg calcine PRFT 
= 6,974 kg calcine

To calculate a glass mass for a given waste loading, the calcine sludge mass with or 
without PRFT material is divided by the waste loading (WL).  An example calculation is 
provided below along with an example for calculating the concentration of TiO2 in glass 
at a given WL.  This methodology was used to determine the values provided in the 
Sludge Only and Coupled Operation tables.

Glass Mass for Coupled Glass @ WL of 32% = 6,974 kg calcine / (32 kg slurry / 100) 
                                                          = 21,793 kg calcine

Coupled Operation TiO2 @ WL of 32% = 97.3 kg TiO2 / 21,793 kg calcine * 100
                                                                = 0.45 wt%

As can be seen the table below for Sludge Only Coupled Operation, a 40% WL can be 
achieved without exceeding the solubility limit for sulfate in the glass.  
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Attachment 7 (continued):  Glass Solubility (DWPF WAC 5.4.7)

Sludge Only

WL
Mass of Glass

(kg)
TiO2

(Wt.%)
Cr2O3

(Wt.%)
PO4

(Wt.%)
NaF

(Wt.%)
NaCl

(Wt.%)
Cu

(Wt.%)
SO4

(Wt.%)

32 18,916 9.80E-03 4.47E-02 2.12E-02 4.69E-02 3.50E-02 2.94E-02 4.32E-01

33 18,343 1.01E-02 4.61E-02 2.19E-02 4.83E-02 3.60E-02 3.03E-02 4.46E-01

34 17,803 1.04E-02 4.75E-02 2.25E-02 4.98E-02 3.71E-02 3.12E-02 4.59E-01

35 17,295 1.07E-02 4.89E-02 2.32E-02 5.13E-02 3.82E-02 3.21E-02 4.73E-01

36 16,814 1.10E-02 5.03E-02 2.39E-02 5.27E-02 3.93E-02 3.30E-02 4.86E-01

37 16,360 1.13E-02 5.17E-02 2.45E-02 5.42E-02 4.04E-02 3.39E-02 5.00E-01
38 15,929 1.16E-02 5.31E-02 2.52E-02 5.56E-02 4.15E-02 3.49E-02 5.13E-01

39 15,521 1.19E-02 5.45E-02 2.58E-02 5.71E-02 4.26E-02 3.58E-02 5.27E-01

40 15,133 1.22E-02 5.59E-02 2.65E-02 5.86E-02 4.37E-02 3.67E-02 5.40E-01

41 14,764 1.26E-02 5.73E-02 2.72E-02 6.00E-02 4.48E-02 3.76E-02 5.54E-01

42 14,412 1.29E-02 5.87E-02 2.78E-02 6.15E-02 4.59E-02 3.85E-02 5.67E-01

43 14,077 1.32E-02 6.00E-02 2.85E-02 6.30E-02 4.70E-02 3.94E-02 5.81E-01

44 13,757 1.35E-02 6.14E-02 2.92E-02 6.44E-02 4.81E-02 4.04E-02 5.94E-01
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Attachment 7 (continued):  Glass Solubility (DWPF WAC 5.4.7)

Coupled Operations

WL
Mass of Glass 

(kg)
TiO2

(Wt.%)
Cr2O3

(Wt.%)
PO4

(Wt.%)
NaF

(Wt.%)
NaCl

(Wt.%)
Cu

(Wt.%)
SO4

(Wt.%)

32 21,794 4.46E-01 3.88E-02 5.85E-02 1.31E-01 9.78E-02 2.55E-02 4.68E-01

33 21,133 4.60E-01 4.00E-02 6.03E-02 1.35E-01 1.01E-01 2.63E-02 4.83E-01

34 20,512 4.74E-01 4.12E-02 6.21E-02 1.39E-01 1.04E-01 2.71E-02 4.98E-01

35 19,926 4.88E-01 4.24E-02 6.39E-02 1.44E-01 1.07E-01 2.79E-02 5.12E-01

36 19,372 5.02E-01 4.36E-02 6.58E-02 1.48E-01 1.10E-01 2.87E-02 5.27E-01

37 18,849 5.16E-01 4.48E-02 6.76E-02 1.52E-01 1.13E-01 2.95E-02 5.42E-01

38 18,353 5.30E-01 4.61E-02 6.94E-02 1.56E-01 1.16E-01 3.03E-02 5.56E-01

39 17,882 5.44E-01 4.73E-02 7.12E-02 1.60E-01 1.19E-01 3.11E-02 5.71E-01

40 17,435 5.58E-01 4.85E-02 7.31E-02 1.64E-01 1.22E-01 3.19E-02 5.86E-01

41 17,010 5.72E-01 4.97E-02 7.49E-02 1.68E-01 1.25E-01 3.26E-02 6.00E-01

42 16,605 5.86E-01 5.09E-02 7.67E-02 1.72E-01 1.28E-01 3.34E-02 6.15E-01

43 16,219 6.00E-01 5.21E-02 7.85E-02 1.76E-01 1.31E-01 3.42E-02 6.30E-01

44 15,850 6.14E-01 5.33E-02 8.04E-02 1.80E-01 1.35E-01 3.50E-02 6.44E-01
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Attachment 7 (continued):  Glass Solubility (DWPF WAC 5.4.7)

Presented below are the glass solubility limits for sludge only and coupled operations at a 
40% waste loading limit.  As can be seen below, sludge only and coupled glasses are 
below the solubility limits for specified elements.

Comparison of DWPF WAC Glass Solubility to Coupled 
Operation of Sludge Batch 8 and 4,480 gallons of ISDP Salt Batch 8 

Sludge Only
Coupled 

Operation
WAC 
Limits

% of Limit % of Limit

Element Wt.% at 40 WL Wt.% at 40 WL Wt%
Sludge 
Only

Coupled 
Operation

TiO2 0.0122 0.558 2.00 0.61% 27.89%

Cr2O3 0.0559 0.048 0.30 18.62% 16.16%
PO4 0.0265 0.073 3.00 0.88% 2.44%
NaF 0.0586 0.164 1.00 5.86% 16.41%

NaCl 0.0437 0.122 1.00 4.37% 12.23%
Cu 0.0367 0.032 0.50 7.34% 6.37%
SO4 0.5404 0.586 0.65 83.14% 90.10%

In the past, the sulfate solubility WAC is the limiting factor for processing.  With the 
increased WAC limit for sulfate to 0.65 wt% in glass, glass quality and processability is 
now the limiting constraint.  Therefore, while 4,480 gallons of PRFT material can be 
processed at a 44% WL and still be within compliance, only 3,000 gallons can be added 
to stay within the glass quality and processability constraint.  The same methodology is 
used to determine the glass solubility limits for sludge only and coupled operations at a 
40% waste loading limit with 3,000 gallon addition of PRFT material.

Comparison of DWPF WAC Glass Solubility to Coupled 
Operation of Sludge Batch 8 and 3,000 gallons of ISDP Salt Batch 8

Sludge Only
Coupled 

Operation
WAC 
Limits

% of Limit % of Limit

Element Wt.% at 40 WL Wt.% at 40 WL Wt%
Sludge 
Only

Coupled 
Operation

TiO2 0.0122 0.405 2.00 0.61% 20.27%

Cr2O3 0.0559 0.051 0.30 18.62% 16.90%
PO4 0.0265 0.059 3.00 0.88% 1.97%

NaF 0.0586 0.132 1.00 5.86% 13.24%

NaCl 0.0437 0.099 1.00 4.37% 9.87%

Cu 0.0367 0.033 0.50 7.34% 6.66%

SO4 0.5404 0.572 0.65 83.14% 88.01%
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Attachment 7 (continued):  Glass Solubility (DWPF WAC 5.4.7)

Coupled Operations

WL
Mass of Glass 

(kg)
Mass of 

Glass (kg)
TiO2

(Wt.%)
Cr2O3

(Wt.%)
PO4

(Wt.%)
NaF

(Wt.%)
NaCl

(Wt.%)
Cu

(Wt.%)

32 20,843 3.24E-01 4.06E-02 4.73E-02 1.06E-01 7.90E-02 2.66E-02 4.58E-01

33 20,211 3.34E-01 4.18E-02 4.88E-02 1.09E-01 8.14E-02 2.75E-02 4.72E-01

34 19,617 3.45E-01 4.31E-02 5.02E-02 1.13E-01 8.39E-02 2.83E-02 4.86E-01

35 19,056 3.55E-01 4.44E-02 5.17E-02 1.16E-01 8.64E-02 2.91E-02 5.01E-01

36 18,527 3.65E-01 4.56E-02 5.32E-02 1.19E-01 8.88E-02 3.00E-02 5.15E-01

37 18,026 3.75E-01 4.69E-02 5.47E-02 1.22E-01 9.13E-02 3.08E-02 5.29E-01

38 17,552 3.85E-01 4.82E-02 5.62E-02 1.26E-01 9.38E-02 3.16E-02 5.43E-01

39 17,102 3.95E-01 4.94E-02 5.76E-02 1.29E-01 9.62E-02 3.25E-02 5.58E-01

40 16,674 4.05E-01 5.07E-02 5.91E-02 1.32E-01 9.87E-02 3.33E-02 5.72E-01

41 16,268 4.16E-01 5.20E-02 6.06E-02 1.36E-01 1.01E-01 3.41E-02 5.86E-01

42 15,511 4.36E-01 5.45E-02 6.35E-02 1.42E-01 1.06E-01 3.58E-02 6.15E-01

43 15,880 4.26E-01 5.32E-02 6.21E-02 1.39E-01 1.04E-01 3.50E-02 6.01E-01

44 15,022 4.50E-01 5.63E-02 6.56E-02 1.47E-01 1.10E-01 3.70E-02 6.35E-01



X-ESR-H-00739
Revision 0

Page 70 of 103

Attachment 8:  Corrosive Species (DWPF WAC 5.4.8)

The concentration of SO4
2- in washed sludge shall not exceed 0.058 M slurry.  The 

concentration of Hg shall not exceed 21 g/L slurry.

From Attachment 7 the sulfate mass can be calculated for Tank 40.  The sulfate mass 
contained in 10,500 gallons of Tank 40 sludge only is 81.8 kg and for Tank 40 coupled 
operation 102 kg on a bounding basis adding 4,480 gallons of PRFT material to each 
SRAT batch and meeting the 0.65 wt% in glass for sulfate.  Note: the PRFT amount is 
limited by the quality and processability constraints and thus only 3,000 gallons will be 
added.  Based on this information the sulfate concentration can be calculated as follows:

Molarity for SO4 for Tank 40 = 1000 g/ kg * 1gal/3.785L * mol / 96.06 g SO4 * 81.8 kg / 
10,500 gallons = 2.14E-02 M

Molarity for SO4 for Coupled Operation = 1000 g/ kg * 1gal/3.785L * mol / 96.06 g SO4 
* 102 kg / 10,500 gallons = 2.67E-02 M

SO4 M for Blend Sludge Only: 2.14E-02 M
WAC LIMIT: 0.058 M
Percent of Limit: 36.9%

SO4 M for Blend with PRFT: 2.67E-02 M
WAC LIMIT: 0.058 M
Percent of Limit: 46.1%

At 3,000 gallons of PRFT, the couple sulfate concentration is 2.50E-02 M or 43.1% of
limit. 
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Attachment 8 (continued): Corrosive Species (DWPF WAC 5.4.8)

Mercury Concentration

For the PRFT contribution, the results for Hg reported in Reference 6 will be used.  The 
Hg concentration will be multiplied by a volume 3,000 gallons (Attachment 10) and a 
concentration factor of 377.1 (Attachment 1).  This mass will be added to the mass of Hg 
determined from the sludge only stream to determine what the Hg concentration will be 
for coupled operations.  The mass of Hg from the Tank 40 sludge only stream can be 
calculated from the data in Reference 26 and assuming a volume of 10,500 gallons in a 
SRAT batch (Ref. 2, Section 5.4.6).  The calculations can be found below.

Kg Hg for PRFT = 1.29E+02 mg Hg/L * 377.1 * 3000 gallon * 3.785 L/gal * g/1000 mg 
* kg/1000 g = 552.4 kg 

Kg Hg for Tank 40 = 1.86 kg Hg/100 Kg dried * 17.21 kg Dried/100 kg * 1.16 kg/ L * 
10,500 gallons * 3.785 gallons = 147.57 kg

Total Hg (PRFT + Tk 40 Sludge) = 552.4 Kg + 147.57 Kg= 699.9 Kg 

g/L for sludge only = 147.574 kg Hg / 10500 gallon * gal/3.785 L * 1000 g/kg = 3.71 g/L 

g/L for Coupled Operation = 699.9 kg Hg / 10500 gallon * gal/3.785L * 1000 g/kg 
                                            = 17.6 g/L 

Hg for Sludge  Only: 3.71 g/L
WAC LIMIT: 21 g/L
Percent of Limit: 17.7%

Hg for Coupled Operation: 17.6 g/L
WAC LIMIT: 21 g/L
Percent of Limit: 83.9%
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Attachment 9:  Glass Quality and Processability (DWPF WAC 5.4.11)

Assume DWPF produces 5 canisters a week at 100% attainment.  The mass of each 
canister is assumed at 4,000 pounds.  This produces 20,000 pounds of glass a week or 
9.07E+06 g/week.  This mass is used to calculate weight percent for some of the 
insoluble species.  

Determine the mass of the elementals in Sludge Batch 8 

The volume of Tank 40 has a specific gravity of 1.16 kg/L, total solids weight percent of 
17.21 %, and calcine solids weight percent of 13.13 % (Ref. 26).  

Calcine mass for SRAT
= Volume * (3.785 L / 1 gal) * SpG * (wt% CS / 100)
where the volume of the SRAT is assumed a nominal 6,300 gallons.  Reducing 
the volume of sludge is conservative for quality as the Na2O constraint in glass 
is now the limiting factor.

= 6,300 gallons * 3.785 L/gal * 1.16 kg/L * 13.13 kg calcine / 100 kg slurry 
= 3631.9 kg calcine

Calcine mass of the PRFT 
= Volume * (3.785 L / 1 gal) * SpG * (wt% CS / 100)
= 3,000 gallons * 3.785 L/gal * 1.031 kg/L * 3.73 kg calcine / 100 kg slurry 
= 436.3 kg calcine

The total calcine mass = 3631.9 kg + 436.3 kg = 4,068.2 kg

The Mass of glass for sludge only, with PRFT addition, and mass of frit are listed in the 
table below.  An example is shown for a waste loading (WL) of 32 wt%.

              Sludge only = calcine mass sludge only (based on volume of SRAT) / (WL /100)
= 3631.9 kg / (32/100) = 11350 kg

              Coupled = total calcine mass with ARP addition / (WL /100)
= 4,068 kg / (32/100) = 12,713 kg

               Amount of Frit added = Mass of Glass (coupled at WL) – Calcine mass with 
    ARP addition

= 12,713 kg - 4,068 kg = 8,644.5 kg
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Attachment 9 (continued):  Glass Quality and Processability (DWPF WAC 5.4.11)

Waste Loading 
wt%

Sludge Only      
kg calcined

Coupled             
kg calcined

Mass of Frit 
for Coupled

kg
32 11,350 12,713 8,645
33 11,006 12,328 8,260
34 10,682 11,965 7,897
35 10,377 11,623 7,555
36 10,089 11,301 7,232
37 9,816 10,995 6,927
38 9,558 10,706 6,638
39 9,312 10,431 6,363
40 9,080 10,170 6,102
41 8,858 9,922 5,854

The sodium value will be used as the example calculation as sodium is contained in 
sludge, MST sludge solids (ARP contribution), and frit.

The mass of the elemental oxide for sludge
= Calcine mass * wt. % elemental/100 * Gravimetric Factor / 

                         (wt% CS / wt% TS)

        Sodium = 3631.9 kg * 1.45E+01 / 100 * 1.348 / (13.13 / 17.21) = 930.5 kg

Mass of Oxide with ARP contribution.  
Only sodium and titanium are added in MST/sludge solids.  Sample results are provided 
in Attachment 9.  Average values are used for sodium and titanium.

= mass of the elemental oxide + mass of sodium oxide or titanium dioxide 
Mass of sodium oxide
= (wt % Na in PRFT/100) * calcine mass of PRFT /* Gravimetric Factor / 

                         (wt% CS / wt% TS for PRFT)
= 36.4/100 *436.3 kg * 1.348 / (3.73 / 5.57) = 319.7 kg

Mass of Oxide with ARP contribution of sodium oxide
= 930.5 kg + 319.7 kg = 1250.2 kg

Mass of oxide with Frit addition
Frit is comprised of B2O3, Li2O, MgO, Na2O and SiO2 with a weight percent of 8, 6, 0, 8, 
and 78, respectively for Frit 803 (Ref. 59). The total mass of frit added was determined in 
the table above.  

= Mass of Oxide with ARP contribution + Mass from Frit

Mass of sodium oxide
= (wt % Na2O in Frit /100) * mass of Frit added at 32 wt% WL
= 8/100 * 8,645 = 691.6 kg
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Attachment 9 (continued):  Glass Quality and Processability (DWPF WAC 5.4.11)

A summary of the Frit 803 additions is show below

Waste 
Loading 
(wt%)

mass Frit 
(kg)

B2O3

(kg)
Li2O
(kg)

MgO
(kg)

Na2O
(kg)

SiO2

(kg)

32 8,645 692 519 0 692 6,570
33 8,260 661 496 0 661 6,277
34 7,897 632 474 0 632 6,002
35 7,555 604 453 0 604 5,742
36 7,232 579 434 0 579 5,497
37 6,927 554 416 0 554 5,264
38 6,638 531 398 0 531 5,045
39 6,363 509 382 0 509 4,836
40 6,102 488 366 0 488 4,638
41 5,854 468 351 0 468 4,449

Mass of oxide with Frit addition for sodium oxide at 32 wt% WL
= (930.5 kg + 319.7 kg) + 692 kg = 1,941.8 kg

Mass of Oxide Elemental
= Mass of oxide with Frit addition / Gravametric Factor

Mass of Oxide Elemental for sodium oxide
= 1,941.8 kg / 1.348 = 1,440.5 kg

Weight Percent of Oxide Elemental
= Mass of Oxide Elemental / Total Mass of Oxide w/ Frit addition * 100
where Total Mass of Oxide w/ Frit addition is the summation of all mass oxide 
with frit addition (shown in table below)

Weight Percent of Oxide Elemental for sodium oxide
= 1,440.5 kg / 12,466 kg * 100 = 11.556 wt%

The elemental weight percent in glass are then statistically analyzed to determine the 
quality and processability of the glass using Production Composition Control System 
(PCCS) using target weight percent solids, weight percent calcine solids, and a density of 
approximately 40 weight percent, 33 weight percent, and 1.30 specific gravity, 
respectively.  The elemental weight percent in glass shown below has significant figures 
required for PCCS.
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Attachment 9 (continued):  Glass Quality and Processability (DWPF WAC 5.4.11)

Waste Loading of 32 wt%

wt %
Elemental

Factor
Mass of 
Oxide
(kg)

Mass of 
Oxide w/ 
ARP 
addition

Mass of 
Oxide w/ 
Frit 
addition 
(kg)

Mass of 
Oxide 
Elemental
(kg)

wt. % 
Elemental
(kg)

Al 6.98E+00 1.8895 627.84 627.84 627.84 332.28 2.665534%
B 0 3.2199 0.00 0.00 691.59 214.79 1.723038%
Ba 3.80E-04 1.1165 0.02 0.02 0.02 0.02 0.000145%
Ca 9.68E-01 1.3992 64.48 64.48 64.48 46.08 0.369661%
Ce 2.12E-01 1.1713 11.82 11.82 11.82 10.09 0.080959%
Cr 7.29E-02 1.4616 5.07 5.07 5.07 3.47 0.027839%
Cu 7.00E-02 1.2518 4.17 4.17 4.17 3.33 0.026728%
Fe 1.69E+01 1.4297 1,150.21 1,150.21 1,150.21 804.51 6.453800%
K 1.06E-01 1.2046 6.08 6.08 6.08 5.05 0.040479%
La 5.18E-02 1.1728 2.89 2.89 2.89 2.47 0.019781%
Li 0 2.15253 0.00 0.00 518.69 240.97 1.933065%
Mg 2.29E-01 1.6583 18.08 18.08 18.08 10.90 0.087451%
Mn 5.29E+00 1.2912 325.16 325.16 325.16 251.83 2.020154%
Na 1.45E+01 1.348 930.47 1,250.20 1,941.79 1440.50 11.555681%
Ni 1.64E+00 1.2726 99.35 99.35 99.35 78.07 0.626286%
Pb 3.39E-02 1.0772 1.74 1.74 1.74 1.61 0.012946%
Si 1.10E+00 2.1393 112.02 112.02 6682.16 3123.53 25.056973%
Ti 1.40E-02 1.6685 1.11 54.59 54.59 32.72 0.262487%
Th 8.16E-01 1.1379 44.20 44.20 44.20 38.85 0.311615%
U 3.74E+00 1.1792 209.94 209.94 209.94 178.04 1.428237%
Zn 2.67E-02 1.2447 1.58 1.58 1.58 1.27 0.010196%
Zr 6.58E-02 1.3508 4.23 4.23 4.23 3.13 0.025128%

Total Mass of Oxide w/ Frit addition (kg) 12,465.7

B Leaching:  2.038 g/L
Li Leaching:  1.758 g/L
Na Leaching:  1.927 g/L
Liquidus: 788.216 ºC
Viscosity: 47.601 poise
Homogeneity: 210.945 wt% oxide
Al2O3: 5.154 wt% oxide
Conserv: 99.876 wt% oxide
Frit: 78.273 wt% oxide
R2O: 19.743 wt% oxide
Nepheline: 0.719 ratio
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Attachment 9 (continued):    Glass Quality and Processability (DWPF WAC 5.4.11)

Waste Loading of 33 wt%

B Leaching:  2.181 g/L
Li Leaching:  1.857 g/L
Na Leaching:  2.055 g/L
Liquidus: 788.266 ºC
Viscosity: 45.667 poise
Homogeneity: 211.611 wt% oxide
Al2O3: 5.194 wt% oxide
Conserv: 99.995 wt% oxide
Frit: 78.282 wt% oxide
R2O: 19.959 wt% oxide
Nepheline: 0.716 ratio

Waste Loading of 34 wt%

B Leaching:  2.306 g/L
Li Leaching:  1.943 g/L
Na Leaching:  2.166 g/L
Liquidus: 796.865 ºC
Viscosity: 42.650 poise
Homogeneity: 213.164 wt% oxide
Al2O3: 5.351 wt% oxide
Conserv: 99.978 wt% oxide
Frit: 77.624 wt% oxide
R2O: 20.131 wt% oxide
Nepheline: 0.709 ratio
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Attachment 9 (continued):    Glass Quality and Processability (DWPF WAC 5.4.11)

Waste Loading of 35 wt%

B Leaching:  2. 439 g/L
Li Leaching:  2.033 g/L
Na Leaching:  2.283 g/L
Liquidus: 807.065 ºC
Viscosity: 39.754 poise
Homogeneity: 214.716 wt% oxide
Al2O3: 5.508 wt% oxide
Conserv: 99.987 wt% oxide
Frit: 76.967 wt% oxide
R2O: 20.303 wt% oxide
Nepheline: 0.702 ratio

Waste Loading of 36 wt%

B Leaching:  2.585 g/L
Li Leaching:  2.131 g/L
Na Leaching:  2.412 g/L
Liquidus: 815.991 ºC
Viscosity: 36.944 poise
Homogeneity: 216.278 wt% oxide
Al2O3: 5.666 wt% oxide
Conserv: 99.989 wt% oxide
Frit: 76.315 wt% oxide
R2O: 20.4481 wt% oxide
Nepheline: 0.695 ratio

Waste Loading of 37 wt%

B Leaching:  2.728 g/L
Li Leaching:  2.226 g/L
Na Leaching:  2.538 g/L
Liquidus: 824.888 ºC
Viscosity: 34.321 poise
Homogeneity: 217.821 wt% oxide
Al2O3: 5.823 wt% oxide
Conserv: 99.797 wt% oxide
Frit: 75.651 wt% oxide
R2O: 20.646 wt% oxide
Nepheline: 0.689 ratio
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Attachment 9 (continued):  Glass Quality and Processability (DWPF WAC 5.4.11)

Waste Loading of 38 wt%

B Leaching:  2.871 g/L
Li Leaching:  2.320 g/L
Na Leaching:  2.663 g/L
Liquidus: 961.441 ºC
Viscosity: 31.781 poise
Homogeneity: 219.374 wt% oxide
Al2O3: 5.980 wt% oxide
Conserv: 100.751 wt% oxide
Frit: 74.994 wt% oxide
R2O: 20.819 wt% oxide
Nepheline: 0.682 ratio

Waste Loading of 39 wt%

B Leaching:  3.050 g/L
Li Leaching:  2.437 g/L
Na Leaching:  2.820 g/L
Liquidus: 841.815 ºC
Viscosity: 29.363 poise
Homogeneity: 220.925 wt% oxide
Al2O3: 6.138 wt% oxide
Conserv: 99.972 wt% oxide
Frit: 74.336 wt% oxide
R2O: 20.990 wt% oxide
Nepheline: 0.675 ratio

Waste Loading of 40 wt%

B Leaching:  3.226 g/L
Li Leaching:  2.550 g/L
Na Leaching:  2.973 g/L
Liquidus: 850.374 ºC
Viscosity: 27.060 poise
Homogeneity: 222.447 wt% oxide
Al2O3: 6.295 wt% oxide
Conserv: 99.974 wt% oxide
Frit: 73.678 wt% oxide
R2O: 21.162 wt% oxide
Nepheline: 0.667 ratio
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Attachment 10:  Summary of DWPF Precipitate Reactor Feed Tank (PRFT) Lab Data from October 2012 to August 2014

Assumptions used in Calculations using PRFT Data (collected  in X-ESR-S-00228 (Ref. 70):
 Since free hydroxide and carbonate are not individually reported, the base equivalents can be used in lieu of actual measurements of 

these species.

 Conservative assumptions were made for the NOx Emissions calculation in regards to the salt contribution.  These are found below:

o Since NaOH is added at 512-S during processing evolutions and is present in the salt solution, it is assumed that the average 

base equivalents for the PRFT results is equal to the hydroxide concentration.  This is conservative due to the fact that there are 

other species present in the PRFT sample that will consume acid during the titration of the PRFT sample such as Na2CO3 and 

NaNO2.

                                                                
70Elder, H. H., “PRFT Composition Data Measured in the DWPF Laboratory,” X-ESR-S-00228, Rev. 0, September 2014 
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Attachment 10 (continued):  Summary of DWPF Precipitate Reactor Feed Tank (PRFT) Lab Data from October 2012 to August 2014

o The highest value (Sample ID 200018208) reported for the PRFT Base Equivalents has been adjusted by multiplying the 

standard deviation by two to produce a value of 0.910 M (0.7 + 2 * 1.05E-01).  This value bounds the base equivalent data 

reported above. 

o Carbonate is present in the salt solution at ~0.3 M and is expected to remain soluble and partition to the Clarified Salt Solution 

during Salt Processing.  Since a small amount could be present (as Na2CO3) from trapped interstitial supernate in the MST 

solids, and CO2 absorption is possible in the PRFT, the carbonate cannot be removed from consideration in the NOx Emissions 

calculation.  A value of 0.5 was applied to the adjusted value for base equivalents to produce a value of 0.455 M (0.910 M * 0.5) 

for carbonate.  This is conservative since the carbonate is approximately 1.345 times higher than the salt solution.

o The highest values for nitrate and nitrite (Sample ID 200017699) have been adjusted by multiplying the standard deviation of 

each by two to produce values of 23,176  ppm (17,356 ppm + 2*2,909) and 4,059 ppm (3,164 ppm + 2*448).  These values 

bound the data reported above.

 The average density, weight percent solids, and weight percent high temperature calcined solids have been adjusted by multiplying the 

standard deviation of each by two to produce values of 1.06 g/mL (1.031 g/mL + 2*1.33E-02), 6.67  wt.% solids (5.565 wt.% 

+2*5.53E-01), and 5.14 wt. % high temperature calcine solids (3.728 wt.% +2*7.04E-01), respectively.  This was done to bound the 

majority of the individual sample results reported for these measurements.  

 Average values were used for the Ti, fluoride, chloride, and phosphate.  This is conservative because fluoride, chloride, and phosphate 

are at or below the detection limit of the instrument.  Using average Ti concentration is conservative due to the reduction (0.2 g/MST/L) 

of MST at 241-96H operations.  Ti concentration has dropped in accordance with this reduction in MST (see sample data reported from 

October 2012 to August 2013).  Above the average Ti for October 2012 to August 2014 is 4.921E+00 wt.%.

 The highest value for sulfate (Sample ID 200016692) has been adjusted by multiplying the standard deviation by two to produce a value 

of 1133 ppm (878 ppm + 2*128) for sulfate.  This value bounds the sulfate data reported above.
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Attachment 10 (continued):  PRFT Flow Rate in Gallons Based on Salt Processing 

Volume

Calculation to Determine Flow Rate to PRFT based on Salt Processing Rate:  
To calculate the total volume sent to the PRFT that correlates to a salt processing 

volume, Appendix K of X-CLC-S-00113 is used. The flow rates for Case K 

support a salt processing mass of 3.7308E07 pounds (lb) per year (two strike 

tanks, 1.8654E07 pounds per year per tank) and 1.332E06 pounds per year of 

PRFT material.  The density of the salt solution is 10.81 lb/gallon and the density 

of the PRFT material is 8.6 lb/gallon.  Using this information the following 

calculations can be made to determine a ratio of gallons of PRFT to Salt Solution:  

�������	��	����	��������	���	����	����	����	49 = 	
1.8654�07	���

����
∗ 2 ∗ 	

������

10.81	���

= 3.4513�06	
���	��	����	��������	

����

�������	��	����	��������	��������	��	����	���	���� = 	
1.332�06	���

����
∗
������

8.6	���

= 1.549�05	
���	��	����	

����

�����	��	�������	��	����	��	����	��������	����	����	49	

= 	
1.549�05	

���	��	����	
����

3.4513�06	
���	��	����	��������	

����

=
0.04488	�������	��	����		

������	��	����	��������
	

Assumption:

 Revision 19 of SRR-LWP-2009-00001 (Ref. 71), Appendix H contains a table of 

salt solution that is to be processed via ARP/MCU.  Fiscal Year (FY) 2015 the 

salt solution volumes is assumed to be 2,451 K gallons.  However, process history 

of salt solution, the planning estimate is not expected to be met.  Salt Batch 8 is 

approximately 1,000 K gallons; therefore, 1,000 K gallons will be used to 

estimate the volume of PRFT.

                                                                
71Chew, D. P., B. A. Hamm, “Liquid Waste System Plan”, SRR-LWP-2009-00001, Rev. 19, May 2014
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Attachment 10 (continued):  PRFT Flow Rate in Gallons Based on Salt Processing 
Volume

Based on the PRFT to Salt Solution to be processed, an annual volume can be 

calculated for the PRFT based on 1,000 K gallons of salt solution.  From the 

annual amount, a weekly volume amount can then be determined.  This 

calculation is shown below:

������	������	���� =	
0.04488	�������	��	����		

������	��	����	��������
	∗
1.00�06	������

����

= 	
4.49�04		���	��	����	

����

������	������	���� =	
4.49�04		���	��	����	

����
	∗

1	����

52	�����

=
863.03		���	��	����	

����	

������	���	������	������	���	����

=
4.49�04		���	��	����	

����
∗

1	����

52	�����
∗
1	����

7	����
∗
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24	ℎ����
	

∗
1	ℎ���
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= 0.0856
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Attachment 11-A: Hydrogen Generation Rate from Salt Batch 8 Material for Tank 
50 (Tank Farm WAC 11.2.2)

The hydrogen generation rate shall be calculated using the following formulas (Ref. 50):

For alpha particles:

          *8.11
32

6.13
31

3.827.134 


eff
NO

//
R effeff NONO


where         50 23


 NONONO .eff

For beta/gamma:

        5720
32

114
31

78523648


 effeffeff NONONO .
/

.
/

..R


where R is expressed as ft3 H2/106 Btu.  

NOeff =  1.948 M + 0.5 (0.827 M) = 2.36 M

Rα =      M
//

MM 365.2*8.11
32

6.13
31

3.827.134 36.236.2  = 28.85

Rβ/γ =      MMM .
/

.
/

.. 36.236.236.2 5720
32

114
31

78523648  = 4.43

Molarity for NO3 and NO2 was determined by conversion of units from data found in 
Reference 6.

Q values are the Heat Generation factors and are defined in Reference 65.
1 BTU/hr = 2.93E-01 W

Radionuclide concentrations in the following tables are from Reference 6.  Cesium 
isotopes and Ba-137m have a DF of 55 applied to the feed value.  

To change the HGR from 25 ºC to 43ºC

HGR @ 43 ºC = HGR @ 25 ºC * [(273+43) / (273+25)]
                       = 1.95E-09 ft3 H2/hour/gallon * [(273+43) / (273+25)] 

       = 2.07E-09 ft3 H2/hour/gallon

See table below:

Hydrogen Generation 2.07E-09 ft3 H2/hour/gallon @ 43ºC
Tank 50 WAC Limit 2.90E-08 ft3 H2/hour/gallon @ 43ºC
Percent of Limit 7.15%
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Attachment 11-A (continued): Hydrogen Generation Rate from Salt Batch 8
Material for Tank 50 (Tank Farm WAC 11.2.2)

Radionuclide
Results

(pCi/ml)
Results
(Ci/gal)

"Q" Value
(W/Ci)

Rα

(ft3 H2/106

BTU)

Rβ-γ

(ft3 H2/106

BTU)

Heat 
Generation

(W/gal)

Hydrogen 
Generation

(ft3 H2 

/hr/gal)
H-3 2.01E+03 7.61E-06 3.37E-05 4.43 2.56E-10 3.87E-15
C-14 6.48E+02 2.45E-06 2.93E-04 4.43 7.19E-10 1.09E-14

Co-60 3.56E+01 1.35E-07 1.54E-02 4.43 2.08E-09 3.14E-14
Ni-59 1.81E+01 6.85E-08 3.98E-05 4.43 2.73E-12 4.12E-17
Ni-63 6.17E+00 2.34E-08 1.01E-04 4.43 2.36E-12 3.56E-17
Sr-90 4.91E+05 1.86E-03 1.16E-03 4.43 2.16E-06 3.26E-11
Y-90 4.91E+05 1.86E-03 5.54E-03 4.43 1.03E-05 1.56E-10

Nb-94 1.54E+01 5.83E-08 1.02E-02 4.43 5.95E-10 8.99E-15
Tc-99 5.76E+04 2.18E-04 5.01E-04 4.43 1.09E-07 1.65E-12

Ru-106 6.35E+01 2.40E-07 5.95E-04 4.43 1.43E-10 2.16E-15
Rh-106 6.35E+01 2.40E-07 1.89E-02 4.43 4.54E-09 6.87E-14
Sb-125 4.27E+01 1.62E-07 3.37E-03 4.43 5.45E-10 8.23E-15

Te-125m 4.27E+01 1.62E-07 8.69E-04 4.43 1.40E-10 2.12E-15
Sn-126 5.72E+02 2.17E-06 1.08E-03 4.43 2.34E-09 3.53E-14
I-129 4.53E+01 1.71E-07 4.77E-04 4.43 8.18E-11 1.24E-15

Cs-134 8.18E+02 3.10E-06 1.02E-02 4.43 3.16E-08 4.77E-13
Cs-135 1.50E+01 5.67E-08 3.32E-04 4.43 1.88E-11 2.85E-16
Cs-137 3.87E+06 1.47E-02 1.01E-03 4.43 1.48E-05 2.24E-10

Ba-137m 3.65E+06 1.38E-02 3.94E-03 4.43 5.45E-05 8.24E-10
Ce-144 1.36E+02 5.15E-07 6.58E-04 4.43 3.39E-10 5.12E-15
Pr-144 1.36E+02 5.15E-07 7.34E-03 4.43 3.78E-09 5.71E-14
Pm-147 7.56E+01 2.86E-07 3.67E-04 4.43 1.05E-10 1.59E-15
Sm-151 3.68E+01 1.39E-07 7.41E-04 4.43 1.03E-10 1.56E-15
Eu-154 1.98E+01 7.49E-08 9.08E-03 4.43 6.80E-10 1.03E-14
Eu-155 7.02E+01 2.66E-07 7.59E-04 4.43 2.02E-10 3.05E-15
Ra-226 5.76E+01 2.18E-07 2.84E-02 4.43 6.19E-09 9.36E-14
U-232 3.24E+00 1.23E-08 3.15E-02 28.85 3.86E-10 3.80E-14
U-233 2.83E+01 1.07E-07 2.86E-02 28.85 3.06E-09 3.02E-13
U-234 1.18E+02 4.47E-07 2.83E-02 28.85 1.26E-08 1.24E-12
U-235 4.18E-01 1.58E-09 2.71E-02 28.85 4.29E-11 4.22E-15
U-236 1.57E+00 5.94E-09 2.66E-02 28.85 1.58E-10 1.56E-14
U-238 8.42E+00 3.19E-08 2.49E-02 28.85 7.94E-10 7.81E-14

Np-237 7.05E+00 2.67E-08 2.88E-02 28.85 7.69E-10 7.57E-14
Pu-238 5.63E+04 2.13E-04 3.26E-02 28.85 6.95E-06 6.84E-10
Pu-239 1.35E+03 5.11E-06 3.02E-02 28.85 1.54E-07 1.52E-11
Pu-240 1.35E+03 5.11E-06 3.02E-02 28.85 1.54E-07 1.52E-11
Pu-241 2.23E+04 8.44E-05 3.20E-05 4.43 2.70E-09 4.08E-14
Pu-242 3.82E+01 1.45E-07 2.90E-02 28.85 4.19E-09 4.13E-13
Pu-244 1.77E-01 6.70E-10 2.71E-02 28.85 1.82E-11 1.79E-15
Am-241 5.85E+00 2.21E-08 3.28E-02 28.85 7.26E-10 7.15E-14
Am-243 7.07E+00 2.68E-08 3.15E-02 28.85 8.43E-10 8.30E-14
Cm-244 1.99E+00 7.53E-09 3.44E-02 28.85 2.59E-10 2.55E-14
Cm-245 1.83E+01 6.93E-08 3.33E-02 28.85 2.31E-09 2.27E-13

Total at 25°C 1.95E-09
at 43oC 2.07E-09
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Attachment 11-B: Hydrogen Generation Rate from Diluted Salt Batch Feed 
Material for Tank 50 (Tank Farm WAC 11.2.2)

With the 16.33% dilution rate expected with the ARP/MCU process, the following apply:

NOeff =  1.63 M + 0.5 (0.692 M) = 1.976 M
Rα = 33.33
Rβ/γ = 5.46

Hydrogen Generation 2.50E-09 ft3 H2/hour/gallon @ 43ºC
Tank 50 WAC Limit 2.90E-08 ft3 H2/hour/gallon @ 43ºC
Percent of Limit 8.61%

With the 25.84% dilution rate expected as the bounding condition for the ARP/MCU 
process, the following apply:

NOeff =  1.445 M + 0.5 (0.613 M) = 1.75 M
Rα = 36.4
Rβ/γ = 6.23

Hydrogen Generation 2.81E-09 ft3 H2/hour/gallon @ 43ºC
Tank 50 WAC Limit 2.90E-08 ft3 H2/hour/gallon @ 43ºC
Percent of Limit 9.67%

In the following tables:
Data from Reference 6.  Cesium isotopes and Ba-137m have a DF of 55 applied to the 
feed value.

Molarity for NO3 and NO2 was determined by conversion of units from data found in 
Reference 6.

Q values are the Heat Generation factors and are defined in Reference 65.
1 BTU/hr = 2.93E-1 W
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Attachment 11-B (continued): Hydrogen Generation Rate for Tank 50 (16.33% 
Dilution)

Radionuclide
Results

(pCi/ml)
Results
(Ci/gal)

"Q" Value
(W/Ci)

Rα

(ft3 H2/106

BTU)

Rβ-γ

(ft3 H2/106

BTU)

Heat 
Generation

(W/gal)

Hydrogen 
Generation

(ft3 H2 /hr/gal)

H-3 2.01E+03 7.61E-06 3.37E-05 5.46 2.56E-10 4.78E-15
C-14 6.48E+02 2.45E-06 2.93E-04 5.46 7.19E-10 1.34E-14
Co-60 3.56E+01 1.35E-07 1.54E-02 5.46 2.08E-09 3.87E-14
Ni-59 1.81E+01 6.85E-08 3.98E-05 5.46 2.73E-12 5.08E-17
Ni-63 6.17E+00 2.34E-08 1.01E-04 5.46 2.36E-12 4.40E-17
Sr-90 4.91E+05 1.86E-03 1.16E-03 5.46 2.16E-06 4.02E-11
Y-90 4.91E+05 1.86E-03 5.54E-03 5.46 1.03E-05 1.92E-10
Nb-94 1.54E+01 5.83E-08 1.02E-02 5.46 5.95E-10 1.11E-14
Tc-99 5.76E+04 2.18E-04 5.01E-04 5.46 1.09E-07 2.04E-12
Ru-106 6.35E+01 2.40E-07 5.95E-04 5.46 1.43E-10 2.67E-15
Rh-106 6.35E+01 2.40E-07 1.89E-02 5.46 4.54E-09 8.47E-14
Sb-125 4.27E+01 1.62E-07 3.37E-03 5.46 5.45E-10 1.02E-14
Te-125m 4.27E+01 1.62E-07 8.69E-04 5.46 1.40E-10 2.62E-15
Sn-126 5.72E+02 2.17E-06 1.08E-03 5.46 2.34E-09 4.36E-14
I-129 4.53E+01 1.71E-07 4.77E-04 5.46 8.18E-11 1.52E-15
Cs-134 8.18E+02 3.10E-06 1.02E-02 5.46 3.16E-08 5.89E-13
Cs-135 1.50E+01 5.67E-08 3.32E-04 5.46 1.88E-11 3.51E-16
Cs-137 3.87E+06 1.47E-02 1.01E-03 5.46 1.48E-05 2.76E-10
Ba-137m 3.65E+06 1.38E-02 3.94E-03 5.46 5.45E-05 1.02E-09
Ce-144 1.36E+02 5.15E-07 6.58E-04 5.46 3.39E-10 6.31E-15
Pr-144 1.36E+02 5.15E-07 7.34E-03 5.46 3.78E-09 7.04E-14
Pm-147 7.56E+01 2.86E-07 3.67E-04 5.46 1.05E-10 1.96E-15
Sm-151 3.68E+01 1.39E-07 7.41E-04 5.46 1.03E-10 1.92E-15
Eu-154 1.98E+01 7.49E-08 9.08E-03 5.46 6.80E-10 1.27E-14
Eu-155 7.02E+01 2.66E-07 7.59E-04 5.46 2.02E-10 3.76E-15
Ra-226 5.76E+01 2.18E-07 2.84E-02 5.46 6.19E-09 1.15E-13
U-232 3.24E+00 1.23E-08 3.15E-02 33.33 3.86E-10 4.39E-14
U-233 2.83E+01 1.07E-07 2.86E-02 33.33 3.06E-09 3.48E-13
U-234 1.18E+02 4.47E-07 2.83E-02 33.33 1.26E-08 1.44E-12
U-235 4.18E-01 1.58E-09 2.71E-02 33.33 4.29E-11 4.88E-15
U-236 1.57E+00 5.94E-09 2.66E-02 33.33 1.58E-10 1.80E-14
U-238 8.42E+00 3.19E-08 2.49E-02 33.33 7.94E-10 9.02E-14
Np-237 7.05E+00 2.67E-08 2.88E-02 33.33 7.69E-10 8.74E-14
Pu-238 5.63E+04 2.13E-04 3.26E-02 33.33 6.95E-06 7.90E-10
Pu-239 1.35E+03 5.11E-06 3.02E-02 33.33 1.54E-07 1.75E-11
Pu-240 1.35E+03 5.11E-06 3.02E-02 33.33 1.54E-07 1.75E-11
Pu-241 2.23E+04 8.44E-05 3.20E-05 5.46 2.70E-09 5.03E-14
Pu-242 3.82E+01 1.45E-07 2.90E-02 33.33 4.19E-09 4.77E-13
Pu-244 1.77E-01 6.70E-10 2.71E-02 33.33 1.82E-11 2.06E-15
Am-241 5.85E+00 2.21E-08 3.28E-02 33.33 7.26E-10 8.26E-14
Am-243 7.07E+00 2.68E-08 3.15E-02 33.33 8.43E-10 9.59E-14
Cm-244 1.99E+00 7.53E-09 3.44E-02 33.33 2.59E-10 2.95E-14
Cm-245 1.83E+01 6.93E-08 3.33E-02 33.33 2.31E-09 2.62E-13

at 25oC 2.35E-09
at 43°C 2.50E-09
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Attachment 11-B (continued): Hydrogen Generation Rate for Tank 50 (25.84% 
Dilution)

Radionuclide
Results

(pCi/ml)
Results
(Ci/gal)

"Q" Value
(W/Ci)

Rα

(ft3 H2/106

BTU)

Rβ-γ

(ft3 H2/106

BTU)

Heat 
Generation

(W/gal)

Hydrogen 
Generation

(ft3 H2 /hr/gal)

H-3 2.01E+03 7.61E-06 3.37E-05 6.23 2.56E-10 5.45E-15
C-14 6.48E+02 2.45E-06 2.93E-04 6.23 7.19E-10 1.53E-14
Co-60 3.56E+01 1.35E-07 1.54E-02 6.23 2.08E-09 4.41E-14
Ni-59 1.81E+01 6.85E-08 3.98E-05 6.23 2.73E-12 5.79E-17
Ni-63 6.17E+00 2.34E-08 1.01E-04 6.23 2.36E-12 5.01E-17
Sr-90 4.91E+05 1.86E-03 1.16E-03 6.23 2.16E-06 4.58E-11
Y-90 4.91E+05 1.86E-03 5.54E-03 6.23 1.03E-05 2.19E-10
Nb-94 1.54E+01 5.83E-08 1.02E-02 6.23 5.95E-10 1.26E-14
Tc-99 5.76E+04 2.18E-04 5.01E-04 6.23 1.09E-07 2.32E-12
Ru-106 6.35E+01 2.40E-07 5.95E-04 6.23 1.43E-10 3.04E-15
Rh-106 6.35E+01 2.40E-07 1.89E-02 6.23 4.54E-09 9.65E-14
Sb-125 4.27E+01 1.62E-07 3.37E-03 6.23 5.45E-10 1.16E-14
Te-125m 4.27E+01 1.62E-07 8.69E-04 6.23 1.40E-10 2.98E-15
Sn-126 5.72E+02 2.17E-06 1.08E-03 6.23 2.34E-09 4.97E-14
I-129 4.53E+01 1.71E-07 4.77E-04 6.23 8.18E-11 1.74E-15
Cs-134 8.18E+02 3.10E-06 1.02E-02 6.23 3.16E-08 6.71E-13
Cs-135 1.50E+01 5.67E-08 3.32E-04 6.23 1.88E-11 4.00E-16
Cs-137 3.87E+06 1.47E-02 1.01E-03 6.23 1.48E-05 3.15E-10
Ba-137m 3.65E+06 1.38E-02 3.94E-03 6.23 5.45E-05 1.16E-09
Ce-144 1.36E+02 5.15E-07 6.58E-04 6.23 3.39E-10 7.20E-15
Pr-144 1.36E+02 5.15E-07 7.34E-03 6.23 3.78E-09 8.03E-14
Pm-147 7.56E+01 2.86E-07 3.67E-04 6.23 1.05E-10 2.23E-15
Sm-151 3.68E+01 1.39E-07 7.41E-04 6.23 1.03E-10 2.19E-15
Eu-154 1.98E+01 7.49E-08 9.08E-03 6.23 6.80E-10 1.45E-14
Eu-155 7.02E+01 2.66E-07 7.59E-04 6.23 2.02E-10 4.29E-15
Ra-226 5.76E+01 2.18E-07 2.84E-02 6.23 6.19E-09 1.32E-13
U-232 3.24E+00 1.23E-08 3.15E-02 36.40 3.86E-10 4.80E-14
U-233 2.83E+01 1.07E-07 2.86E-02 36.40 3.06E-09 3.81E-13
U-234 1.18E+02 4.47E-07 2.83E-02 36.40 1.26E-08 1.57E-12
U-235 4.18E-01 1.58E-09 2.71E-02 36.40 4.29E-11 5.33E-15
U-236 1.57E+00 5.94E-09 2.66E-02 36.40 1.58E-10 1.96E-14
U-238 8.42E+00 3.19E-08 2.49E-02 36.40 7.94E-10 9.86E-14
Np-237 7.05E+00 2.67E-08 2.88E-02 36.40 7.69E-10 9.55E-14
Pu-238 5.63E+04 2.13E-04 3.26E-02 36.40 6.95E-06 8.63E-10
Pu-239 1.35E+03 5.11E-06 3.02E-02 36.40 1.54E-07 1.92E-11
Pu-240 1.35E+03 5.11E-06 3.02E-02 36.40 1.54E-07 1.92E-11
Pu-241 2.23E+04 8.44E-05 3.20E-05 6.23 2.70E-09 5.74E-14
Pu-242 3.82E+01 1.45E-07 2.90E-02 36.40 4.19E-09 5.21E-13
Pu-244 1.77E-01 6.70E-10 2.71E-02 36.40 1.82E-11 2.26E-15
Am-241 5.85E+00 2.21E-08 3.28E-02 36.40 7.26E-10 9.02E-14
Am-243 7.07E+00 2.68E-08 3.15E-02 36.40 8.43E-10 1.05E-13
Cm-244 1.99E+00 7.53E-09 3.44E-02 36.40 2.59E-10 3.22E-14
Cm-245 1.83E+01 6.93E-08 3.33E-02 36.40 2.31E-09 2.86E-13

at 25oC 2.65E-09
at 43°C 2.81E-09
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Attachment 11-C: Hydrogen Generation Rate from Salt Batch 8 Material for 
ARP/MCU (Tank Farm WAC 11.2.2)

The hydrogen generation rate shall be calculated using the following formulas (Ref. 50):

For alpha particles:

          *8.11
32

6.13
31

3.827.134 


eff
NO

//
R effeff NONO


where         50 23


 NONONO .eff

For beta/gamma:

        5720
32

114
31

78523648


 effeffeff NONONO .
/

.
/

..R


where R is expressed as ft3 H2/106 Btu.  

NOeff =  1.95 M + 0.5 (0.826 M) = 2.36 M

Rα =      M
//

MM 36.2*8.11
32

6.13
31

3.827.134 36.236.2  = 28.85

Rβ/γ =      MMM .
/

.
/

.. 36.236.236.2 5720
32

114
31

78523648  = 4.43

Q values are the Heat Generation factors and are defined in Reference 65.
1 BTU/hr = 2.93E-01 W

Molarity for NO3 and NO2 was determined by conversion of units from data found in 
Reference 6.

Radionuclide concentrations in the following tables are from Reference 6

See table below:

Hydrogen Generation 5.85E-08 ft3 H2/hour/gallon @ 25ºC
ARP Limit 3.19E-06 ft3 H2/hour/gallon @ 25ºC
Percent of Limit 1.84%

Hydrogen Generation 6.35E-08 ft3 H2/hour/gallon @ 50ºC
MCU Limit 6.29E-07 ft3 H2/hour/gallon @ 50ºC
Percent of Limit 10.09%
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Attachment 11-C: Hydrogen Generation Rate from Salt Batch 8 Material for 
ARP/MCU (Tank Farm WAC 11.2.2)

Radionuclide
Results

(pCi/ml)
Results
(Ci/gal)

"Q" Value
(W/Ci)

Rα

(ft3 H2/106

BTU)

Rβ-γ

(ft3 H2/106

BTU)

Heat 
Generation

(W/gal)

Hydrogen 
Generation

(ft3 H2 /hr/gal)

H-3 2.01E+03 7.61E-06 3.37E-05 4.43 2.56E-10 3.87E-15
C-14 6.48E+02 2.45E-06 2.93E-04 4.43 7.19E-10 1.09E-14

Co-60 3.56E+01 1.35E-07 1.54E-02 4.43 2.08E-09 3.14E-14
Ni-59 1.81E+01 6.85E-08 3.98E-05 4.43 2.73E-12 4.12E-17
Ni-63 6.17E+00 2.34E-08 1.01E-04 4.43 2.36E-12 3.56E-17
Sr-90 4.91E+05 1.86E-03 1.16E-03 4.43 2.16E-06 3.26E-11
Y-90 4.91E+05 1.86E-03 5.54E-03 4.43 1.03E-05 1.56E-10

Nb-94 1.54E+01 5.83E-08 1.02E-02 4.43 5.95E-10 8.99E-15
Tc-99 5.76E+04 2.18E-04 5.01E-04 4.43 1.09E-07 1.65E-12

Ru-106 6.35E+01 2.40E-07 5.95E-04 4.43 1.43E-10 2.16E-15
Rh-106 6.35E+01 2.40E-07 1.89E-02 4.43 4.54E-09 6.87E-14
Sb-125 4.27E+01 1.62E-07 3.37E-03 4.43 5.45E-10 8.23E-15

Te-125m 4.27E+01 1.62E-07 8.69E-04 4.43 1.40E-10 2.12E-15
Sn-126 5.72E+02 2.17E-06 1.08E-03 4.43 2.34E-09 3.53E-14
I-129 4.53E+01 1.71E-07 4.77E-04 4.43 8.18E-11 1.24E-15

Cs-134 4.50E+04 1.70E-04 1.02E-02 4.43 1.74E-06 2.63E-11
Cs-135 8.24E+02 3.12E-06 3.32E-04 4.43 1.04E-09 1.56E-14
Cs-137 2.13E+08 8.06E-01 1.01E-03 4.43 8.14E-04 1.23E-08

Ba-137m 2.01E+08 7.61E-01 3.94E-03 4.43 3.00E-03 4.53E-08
Ce-144 1.36E+02 5.15E-07 6.58E-04 4.43 3.39E-10 5.12E-15
Pr-144 1.36E+02 5.15E-07 7.34E-03 4.43 3.78E-09 5.71E-14
Pm-147 7.56E+01 2.86E-07 3.67E-04 4.43 1.05E-10 1.59E-15
Sm-151 3.68E+01 1.39E-07 7.41E-04 4.43 1.03E-10 1.56E-15
Eu-154 1.98E+01 7.49E-08 9.08E-03 4.43 6.80E-10 1.03E-14
Eu-155 7.02E+01 2.66E-07 7.59E-04 4.43 2.02E-10 3.05E-15
Ra-226 5.76E+01 2.18E-07 2.84E-02 4.43 6.19E-09 9.36E-14
U-232 3.24E+00 1.23E-08 3.15E-02 28.85 3.86E-10 3.80E-14
U-233 2.83E+01 1.07E-07 2.86E-02 28.85 3.06E-09 3.02E-13
U-234 1.18E+02 4.47E-07 2.83E-02 28.85 1.26E-08 1.24E-12
U-235 4.18E-01 1.58E-09 2.71E-02 28.85 4.29E-11 4.22E-15
U-236 1.57E+00 5.94E-09 2.66E-02 28.85 1.58E-10 1.56E-14
U-238 8.42E+00 3.19E-08 2.49E-02 28.85 7.94E-10 7.81E-14

Np-237 7.05E+00 2.67E-08 2.88E-02 28.85 7.69E-10 7.57E-14
Pu-238 5.63E+04 2.13E-04 3.26E-02 28.85 6.95E-06 6.84E-10
Pu-239 1.35E+03 5.11E-06 3.02E-02 28.85 1.54E-07 1.52E-11
Pu-240 1.35E+03 5.11E-06 3.02E-02 28.85 1.54E-07 1.52E-11
Pu-241 2.23E+04 8.44E-05 3.20E-05 4.43 2.70E-09 4.08E-14
Pu-242 3.82E+01 1.45E-07 2.90E-02 28.85 4.19E-09 4.13E-13
Pu-244 1.77E-01 6.70E-10 2.71E-02 28.85 1.82E-11 1.79E-15
Am-241 5.85E+00 2.21E-08 3.28E-02 28.85 7.26E-10 7.15E-14
Am-243 7.07E+00 2.68E-08 3.15E-02 28.85 8.43E-10 8.30E-14
Cm-244 1.99E+00 7.53E-09 3.44E-02 28.85 2.59E-10 2.55E-14
Cm-245 1.83E+01 6.93E-08 3.33E-02 28.85 2.31E-09 2.27E-13

Total at 25°C 5.85E-08
at 43oC 6.21E-08
at 50oC 6.35E-08
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Attachment 12: IDP to Meet MCU and Tank 50 WAC (Tank Farm WAC 11.4), and 
the 241-96H DSA Criteria

IDP Based on Salt Batch 8 Feed Material 

Radionuclide
Concentration + 2

sigma
(pCi/mL)

Concentration +2
sigma (Ci/gal)

Dose Potential 
CEDE DCF (rem/Ci)

IDP
(rem/gal)

Sr-90 5.54E+05 2.10E-03 8.90E+04 1.87E+02

Y-90 5.54E+05 2.10E-03 5.60E+03 1.17E+01

Cs-137 2.22E+08 8.42E-01 1.90E+04 1.60E+04

Pu-238 6.65E+04 2.52E-04 1.70E+08 4.28E+04

Pu-239 1.67E+03 6.34E-06 1.90E+08 1.20E+03

Pu-240 1.67E+03 6.34E-06 1.90E+08 1.20E+03

Pu-241 2.63E+04 9.94E-05 3.30E+06 3.28E+02

Am-241 5.85E+00 2.21E-08 1.60E+08 3.54E+00

Cm-244 5.61E+00 2.12E-08 1.00E+08 2.12E+00

Total Dose (rem/gal) 6.18E+04

241-96H  limit (rem/gal) 1.40E+06

% of WAC limit 4.41%

MCU WAC limit (rem/gal) 1.69E+05

% of WAC limit 36.54%

Tank 50 WAC limit (rem/gal) 2.09E+05

% of WAC limit 29.55%

Data from Reference 6.  
Note:   The Pu-239 and Pu-240 numbers were based on Pu239/240 analysis

The Dose Potential is defined in Reference 72. 

                                                                
72 East, J. M., “Radiological Dose Potential for Unit CST Source Terms”, S-CLC-G-00268, Rev. 0, February 15, 2002
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Attachment 13: Hazard Categorization Evaluation Salt Batch 8 Feed Qualification 

Using the selection of isotopes for Hazard Category determination as defined in 
References 48 and 73, the Hazard Category for Salt Batch 8 was determined.  Total 
gamma, cesium-removed total alpha, and cesium-removed total beta results were not 
used in this calculation.  Since some of the radioisotopic analytical values were reported 
as less than the detection limit, the sum of the calculated blend value of the contributing 
isotopes is greater than the calculated total blend value for some cases.  The radioisotopes 
addressed for the referenced hazard category calculation comprised approximately 80% 
to 99% of the total contribution, and it is assumed that a similar distribution exists in Salt 
Batch 8.  Thus, it is conservatively assumed that other alpha and beta contributors equal 
25% of the total contribution. The other unknown gamma contributors are assumed to be 
equal the known gamma contributors (excluding Cs-137).

Upon review of the analyses, Pu-238 accounts for a majority of the total alpha (see Table 
15).  In addition, Pu-239, -240, and -242 were included as alpha contributors.  For 
gamma-contributing constituents, Cs-137 is typically considered equal to the total 
gamma.  However, other species known to contribute to total gamma include Cs-134, Cs-
135, Eu-154, Eu-155, Co-60, I-129, and Sb-125.  Sr-90 is the major contributor to total 
beta, but it is in secular equilibrium with Y-90, which is another beta-contributor.  Thus, 
Sr-90/Y-90 combination accounts for the majority of the total beta.  Other species known 
to contribute one percent or more to the total beta include Pu-241 and Tc-99.  

The dominant alpha, beta, and gamma emitters are listed in Table 16.  The Hazard 
Category 2 (Haz-CAT 2) threshold values in Table 16 are taken from Reference 74 and 
listed for the specific radioisotope.  For the remaining alpha, gamma, and beta activity 
(listed as “other α, γ, β”) the appropriate lowest listed threshold value is applied.  Also 
note that for cesium, the Cs in the strip effluent is estimated by increasing the feed Cs 
activity by a factor of 15, which is the maximum concentration factor expected for the 
process (Ref. 73).  Likewise, the decontaminated salt stream is estimated by decreasing 
the Cs feed activity by a factor of 55 which is the minimum Cs DF to get the Cs-137 in 
the Salt Batch 8 feed to meet the Cs-137 Saltstone WAC without crediting the dilution in 
the ARP/MCU. Actinide removal in 241-96H/512-S was not considered in this 
evaluation (DFs = 1).  This is conservative as historical DFs are above 1.  Based on 
SRNL evaluation of ISDP Salt Batches 1 thru 5, the DFs in ARP are highly dependent on 
the sorbate and sodium concentrations (Ref. 75).  The reported DFs are based on a 
maximum sodium concentration of 7.5 M and the total plutonium, total uranium, and 
neptuminum-237 concentrations (Ref. 75).  If future ARP Feed solutions have sorbate 
concentrations outside of the ranges listed in SRNL-STI-2012-00299, the expected MST 
performance and thus the DFs should be reassessed (Ref. 75). 

                                                                
73Aponte, C. I., “Evaluation of MCU Feed Batch”, X-CLC-H-00685, Rev. 0, January 2008
74Campbell, S. G., “MCU Hazard Category Determination”, X-CLC-H-00577, Rev. 2, September 2007
75Hobbs, D. T., D. T. Herman, and M. R. Poirier, “Decontamination Factors and Filtration Flux Impact to ARP at 
Reduced MST Concentration”, SRNL-STI-2012-00299, Rev. 0, June 2012
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Attachment 13 (continued):  Hazard Categorization Evaluation Salt Batch 8 Feed 
Qualification 

Sum of the ratios is determined by:

(InvA/TA) + (InvB/TB)+…(Invn/Tn) = Sum of the Ratios

Where:
InvA, B…n = the inventory of the radionuclide in Tank 21
T = the threshold quantity of the radionuclide
Sum of the Ratios = the summation of radionuclide threshold ratios

When using Hazard Category 2 thresholds, if the sum of the ratios is less than one, then 
the facility is Hazard Category 3.  If the sum of the ratios is greater than one, then the 
Hazard Category is 2.

The inventory of the individual nuclides is determined by multiplying the curie 
concentration in Tank 21 by the maximum volume of material that could be present in 
MCU.  This volume is based on the overflow volumes of all waste containing tanks in 
MCU (Ref. 76).

The results are presented in Table 16.  The sum of the ratios is 0.67.  This correlates with 
the expected outcome demonstrated in Reference 74.  The same dominant radionuclides 
are the same expected from fission yield, elemental solubility in salt solutions, and prior 
sample analyses of waste.  As demonstrated in Reference 74, when the Cs-137 
concentration is low, the expected sum of fractions would be low, especially in aged 
waste.  This is true even though plutonium is near its saturation concentration.

The sum of the fractions is less than one when compared to the Hazard Categorization 2 
thresholds.  Therefore, the Salt Batch 8 feed will not compromise the MCU facility 
hazard categorization of Hazard Category 3.

                                                                
76Campbell, S. G., “MCU Material Balance”, X-CLC-H-00554, Rev. 0, October 4, 2006
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Attachment 13 (continued):  Hazard Categorization Evaluation Salt Batch 8 Feed 
Qualification

Table 15: Radioisotopic Results

Radionuclides pCi/mL Ci/gal

Alpha
Pu-238 5.63E+04 2.13E-04
Pu-239 1.35E+03 5.11E-06
Pu-240 1.35E+03 5.11E-06
Pu-242 3.82E+01 1.45E-07
Sum Pu 2.23E-04
Other α 5.59E-05
Gamma
Cs-134 4.50E+04 1.70E-04
Cs-135 8.24E+02 3.12E-06
Cs-137 2.13E+08 8.06E-01
Eu-155 7.02E+01 2.66E-07
Co-60 6.17E+00 2.34E-08
Eu-154 1.98E+01 7.49E-08
Sb-125 5.72E+02 2.17E-06
I-129 4.53E+01 1.71E-07

Sum known γ's (*) 1.76E-04
Other γ 1.76E-04

Beta

Sr-90/Y-90 9.82E+05 3.72E-03
Pu-241 2.23E+04 8.44E-05
Tc-99 5.76E+04 2.18E-04

Sum known β's 4.02E-03
Other β 1.00E-03

Data from Reference 6.  Note the Pu-239 and Pu-240 numbers were based on Pu239/240
analysis.  
(*): Cs-137 is not included in the know γ's.
List of Radionuclides are used based on Reference 77.

                                                                
77Chandler, M. C., “Method for High Level Waste Facility Hazard Category Compliance”, M&O-2008-00006, 
February 2008
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Attachment 13 (continued):  Hazard Categorization Evaluation Salt Batch 8 Feed Qualification

Table 16: Hazard Category Determination for Salt Batch 8 Feed

Over Flow Volume 
(gal)

24,474 8,231 1,328
Total

Haz-CAT 2 
Threshold
(Ref. 74) Fraction

Radionuclides

SSRTs, SSFT, 
CDT, piping

DSSHT/DSS 
Decanter

SEHT

(Ci/gal) (Ci/gal) (Ci/gal) (Ci) (Ci)

Pu-238 2.13E-04 2.13E-04 2.13E-04 7.25E+00 6.20E+01 0.117

Pu-239 5.11E-06 5.11E-06 5.11E-06 1.74E-01 5.60E+01 0.003

Pu-240 5.11E-06 5.11E-06 5.11E-06 1.74E-01 5.60E+01 0.003

Pu-242 1.45E-07 1.45E-07 1.45E-07 4.92E-03 5.95E+01 0.000

Other α 5.59E-05 5.59E-05 5.59E-05 1.90E+00 1.80E+01 (*) 0.106

Cs-134 1.70E-04 3.10E-06 2.55E-03 7.59E+00 6.00E+04 0.000

Cs-135 3.12E-06 5.67E-08 4.68E-05 1.39E-01 6.35E+05 0.000

Cs-137 8.06E-01 1.47E-02 1.21E+01 3.59E+04 8.90E+04 0.403

Eu-155 2.66E-07 2.66E-07 2.66E-07 9.04E-03 7.30E+05 0.000

Co-60 2.34E-08 2.34E-08 2.34E-08 7.95E-04 1.90E+05 0.000

Eu-154 7.49E-08 7.49E-08 7.49E-08 2.55E-03 1.10E+05 0.000

Sb-125 2.17E-06 2.17E-06 2.17E-06 7.37E-02 4.30E+05 0.000

I-129 1.71E-07 1.71E-07 1.71E-07 5.84E-03 3.17E+02 0.000

Other γ 1.76E-04 1.76E-04 1.76E-04 5.99E+00 3.17E+02 (**) 0.019

Sr-90/Y-90 3.72E-03 3.72E-03 3.72E-03 1.26E+02 2.20E+04 0.006

Pu-241 8.44E-05 8.44E-05 8.44E-05 2.87E+00 2.90E+03 0.001

Tc-99 2.18E-04 2.18E-04 2.18E-04 7.42E+00 3.80E+06 0.000

Other β 1.00E-03 1.00E-03 1.00E-03 3.42E+01 2.90E+03 (***) 0.012

Total Fraction 0.67
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Data from Reference 6.  
Overflow volumes and Haz-CAT 2 Threshold values are from Reference 74.
(*) – The lowest Haz-CAT 2 threshold value of α emitters, Th-232, is used for other α.
(**) - The lowest Haz-CAT 2 threshold value of γ emitters, I-129, is used for other γ.
(***) - The lowest Haz-CAT 2 threshold value of β emitters, Pu-241, is used for other β.
Based on the mass separation analysis, the sum of fractions 0.67 and Hazard Category 3 
applied.
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Attachment 14: IDP to Saltstone (Saltstone WAC 5.4.1)

  
IDP Based on Salt Batch 8 Feed Material 

Radionuclide
Concentration 

(pCi/mL)
Concentration 

(Ci/gal)

Dose 
Potential 

CEDE 
DCF 

(rem/Ci)

IDP
(rem/gal)

Sr-90 4.91E+05 1.86E-03 9.50E+04 1.77E+02
Cs-137 2.13E+08 8.06E-01 1.90E+04 1.53E+04
Eu-154 1.98E+01 7.49E-08 2.00E+05 1.50E-02
Pu-241 2.23E+04 8.44E-05 3.30E+06 2.79E+02

Total alpha 5.92E+04 2.24E-04 1.90E+08 4.26E+04
Total Dose (rem/gal) 5.84E+04

Saltstone WAC limit (rem/gal) 1.66E+05
% of WAC limit 35.16%

Gamma Source Strength Based on the DSS Material

Radionuclide
Concentration 

(pCi/mL)
Concentration 

(Ci/gal)

Dose 
Potential 

CEDE 
DCF 

(rem/Ci)

IDP
(rem/gal)

Sr-90 4.91E+05 1.86E-03 9.50E+04 1.77E+02
Cs-137* 3.87E+06 1.47E-02 1.90E+04 2.79E+02
Eu-154 1.98E+01 7.49E-08 2.00E+05 1.50E-02
Pu-241 2.23E+04 8.44E-05 3.30E+06 2.79E+02

Total alpha 5.92E+04 2.24E-04 1.90E+08 4.26E+04
Total Dose (rem/gal) 4.33E+04

Saltstone WAC limit (rem/gal) 1.66E+05
% of WAC limit 26.10%

Data from Reference 6.  
The radionuclides used for Inhalation Dose Potential is defined in Reference 78. 
* Data using a DF factor of 55 on feed material Cs-137.

                                                                
78Culbertson, B. H., “Gamma Source Strength and Inhalation Dose Potential for Saltstone Processing”, N-CLC-Z-
00012, Rev. 1, October 4, 2006
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Attachment 15-A: Hydrogen Generation Rate from Salt Batch 8 Material for 
Saltstone    (Saltstone WAC 5.4.4)

The hydrogen generation rate shall be calculated using the following formulas (Ref. 3):

For alpha particles:

         *8.11
32

6.13
31

3.827.134






eff
NO

//
R effeff NONO


where         250 23 NONONO .eff 


For beta/gamma:

        5720
32

114
31

78523648 effeffeff NONONO .
/

.
/

..R 


where R is expressed as ft3 H2/106 Btu.  

NO-
eff=  1.95 M + 0.25 (0.826 M) = 2.16 M

Rα =      M
//

MM 16.2*8.11
32

6.13
31

3.827.134 16.216.2  = 31.13 (ft3 H2/106 BTU)

Rβ/γ =      MMM .
/

.
/

.. 16.216.216.2 5720
32

114
31

78523648  = 4.94 (ft3 H2/106 BTU)

See table below:

Hydrogen Generation 2.51E-09 ft3 H2/hour/gallon @ 95ºC
Saltstone WAC Limit 1.41E-08 ft3 H2/hour/gallon @ 95ºC
Percent of Limit 17.8%

Q values are the Heat Generation factors and are defined in Reference 65.
1 BTU/hr = 2.93E-01 W

Molarity for NO3 and NO2 was determined by conversion of units from data found in 
Reference 6.

In the following tables:
Data from Reference 6.  Cesium isotopes and Ba-137m have a DF of 55 applied to the 
feed value.  
Per the Saltstone WAC, Ref. 3, the following isotopes are considered for hydrogen 
generate rate:
Ba-137m, Y-90, Total Alpha, Cs-137, Rh-106, Eu-154, Co-60, Sr-90, Sb-125, Cs-134, 
Tc-99, Pm-147, U-233, U-234, U-236, U-238, U-232, Pr-144, Ru-106, and Te-125m.
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Attachment 15-A (continued): Hydrogen Generation Rate from Salt Batch 8
Material at 95°C for Saltstone WAC   (Saltstone WAC 5.4.4)

Radionuclide
Results

"Q" Value Rα Rβ-γ

Heat 
Generation

Hydrogen 
Generation

(pCi/ml) (Ci/gal) (W/Ci) (ft3 H2/106 BTU) (W/gal) (ft3 H2/hr/gal)

Co-60 6.17E+00 2.34E-08 1.54E-02       4.94 3.60E-10 7.49E-15
Sr-90 4.91E+05 1.86E-03 1.16E-03       4.94 2.16E-06 4.49E-11
Y-90 4.91E+05 1.86E-03 5.54E-03       4.94 1.03E-05 2.14E-10
Tc-99 5.76E+04 2.18E-04 5.01E-04       4.94 1.09E-07 2.27E-12

Ru-106 6.35E+01 2.40E-07 5.95E-04       4.94 1.43E-10 2.98E-15
Rh-106 6.35E+01 2.40E-07 1.89E-02       4.94 4.55E-09 9.48E-14
Sb-125 4.27E+01 1.62E-07 3.37E-03       4.94 5.45E-10 1.13E-14

Te-125m 4.27E+01 1.62E-07 8.69E-04       4.94 1.40E-10 2.92E-15
Cs-134 8.18E+02 3.10E-06 1.02E-02       4.94 3.16E-08 6.57E-13
Cs-137 3.87E+06 1.47E-02 1.01E-03       4.94 1.48E-05 3.08E-10

Ba-137m 3.65E+06 1.38E-02 3.94E-03       4.94 5.45E-05 1.14E-09
Pr-144 1.36E+02 5.15E-07 7.34E-03       4.94 3.78E-09 7.87E-14
Pm-147 7.56E+01 2.86E-07 3.67E-04       4.94 1.05E-10 2.19E-15
Eu-154 1.98E+01 7.49E-08 9.08E-03       4.94 6.81E-10 1.42E-14
U-232 3.24E+00 1.23E-08 3.15E-02          31.13 3.86E-10 5.06E-14
U-233 2.83E+01 1.07E-07 2.86E-02          31.13 3.06E-09 4.01E-13
U-234 1.18E+02 4.47E-07 2.83E-02          31.13 1.26E-08 1.66E-12
U-236 1.57E+00 5.94E-09 2.66E-02          31.13 1.58E-10 2.08E-14
U-238 8.42E+00 3.19E-08 2.49E-02          31.13 7.94E-10 1.04E-13

Total alpha 4.33E+04 1.64E-04 3.72E-02          31.13 6.10E-06 8.00E-10
Total at 95°C 2.51E-09

Saltstone WAC limit 1.41E-08
Percent of WAC limit 17.79%
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Attachment 15-B: Hydrogen Generation Rate from Salt Batch 8 Material for 
Saltstone    (Saltstone WAC 5.4.4)

With the 16.33% dilution rate expected with the ARP/MCU process, the following apply:

NOeff =  1.63 M + 0.25 (0.69 M) = 1.80 M
Rα = 91.77 (ft3 H2/106 BTU)

Rβ/γ = 6.04 (ft3 H2/106 BTU)

Hydrogen Generation 4.45E-09 ft3 H2/hour/gallon @ 95ºC
Saltstone WAC Limit 1.41E-08 ft3 H2/hour/gallon @ 95ºC
Percent of Limit 31.56%

With the 25.84% dilution rate expected as the bounding condition for the ARP/MCU 
process, the following apply:

NOeff =  1.445 M + 0.25 (0.613 M) = 1.60 M
Rα = 98.14 (ft3 H2/106 BTU)

Rβ/γ = 6.84 (ft3 H2/106 BTU)

Hydrogen Generation 4.89E-09 ft3 H2/hour/gallon @ 95ºC
Saltstone WAC Limit 1.41E-08 ft3 H2/hour/gallon @ 95ºC
Percent of Limit 34.68%

Q values are the Heat Generation factors and are defined in Reference 65.
1 BTU/hr = 2.93E-01 W

Molarity for NO3 and NO2 was determined by conversion of units from data found in 
Reference 6.

In the following tables:
Data from Reference 6.  Cesium isotopes and Ba-137m have a DF of 55 applied to the 
feed value.



X-ESR-H-00739
Revision 0

                                                  Page 100 of 103

Attachment 15-B (continued): Hydrogen Generation Rate from Salt Batch 8
Material for Saltstone at 16.33% Dilution and 95°C (Saltstone WAC 5.4.4)

Radionuclide

Results
"Q" 

Value
Rα Rβ-γ

Heat 
Generation

Hydrogen 
Generation

(pCi/ml) (Ci/gal) (W/Ci) (ft3 H2/106 BTU) (W/gal) (ft3 H2/hr/gal)

Co-60 6.17E+00 2.34E-08 1.54E-02 6.04 3.60E-10 9.16E-15

Sr-90 4.91E+05 1.86E-03 1.16E-03 6.04 2.16E-06 5.49E-11

Y-90 4.91E+05 1.86E-03 5.54E-03 6.04 1.03E-05 2.62E-10

Tc-99 5.76E+04 2.18E-04 5.01E-04 6.04 1.09E-07 2.78E-12

Ru-106 6.35E+01 2.40E-07 5.95E-04 6.04 1.43E-10 3.64E-15

Rh-106 6.35E+01 2.40E-07 1.89E-02 6.04 4.55E-09 1.16E-13

Sb-125 4.27E+01 1.62E-07 3.37E-03 6.04 5.45E-10 1.39E-14

Te-125m 4.27E+01 1.62E-07 8.69E-04 6.04 1.40E-10 3.57E-15

Cs-134 8.18E+02 3.10E-06 1.02E-02 6.04 3.16E-08 8.03E-13

Cs-137 3.87E+06 1.47E-02 1.01E-03 6.04 1.48E-05 3.77E-10
Ba-137m 3.65E+06 1.38E-02 3.94E-03 6.04 5.45E-05 1.39E-09

Pr-144 1.36E+02 5.15E-07 7.34E-03 6.04 3.78E-09 9.61E-14

Pm-147 7.56E+01 2.86E-07 3.67E-04 6.04 1.05E-10 2.67E-15

Eu-154 1.98E+01 7.49E-08 9.08E-03 6.04 6.81E-10 1.73E-14

U-232 3.24E+00 1.23E-08 3.15E-02 91.77 3.86E-10 1.49E-13

U-233 2.83E+01 1.07E-07 2.86E-02 91.77 3.06E-09 1.18E-12

U-234 1.18E+02 4.47E-07 2.83E-02 91.77 1.26E-08 4.89E-12

U-236 1.57E+00 5.94E-09 2.66E-02 91.77 1.58E-10 6.12E-14

U-238 8.42E+00 3.19E-08 2.49E-02 91.77 7.94E-10 3.07E-13

Total alpha 4.33E+04 1.64E-04 3.72E-02 91.77 6.10E-06 2.36E-09

Total at 95°C 4.45-09

Saltstone WAC limit 1.41E-08

Percent of WAC limit 31.56%
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Attachment 15-B (continued): Hydrogen Generation Rate from Salt Batch 8
Material for Saltstone at 25.84% Dilution and at 95oC (Saltstone WAC 5.4.4)

Radionuclide

Results
"Q" 

Value
Rα Rβ-γ

Heat 
Generati

on

Hydrogen 
Generation

(pCi/ml) (Ci/gal) (W/Ci) (ft3 H2/106 BTU) (W/gal) (ft3 H2/hr/gal)

Co-60 6.17E+00 2.34E-08 1.54E-02 6.84 3.60E-10 1.04E-14

Sr-90 4.91E+05 1.86E-03 1.16E-03 6.84 2.16E-06 6.21E-11

Y-90 4.91E+05 1.86E-03 5.54E-03 6.84 1.03E-05 2.97E-10

Tc-99 5.76E+04 2.18E-04 5.01E-04 6.84 1.09E-07 3.15E-12

Ru-106 6.35E+01 2.40E-07 5.951E-04 6.84 1.43E-10 4.12E-15

Rh-106 6.35E+01 2.40E-07 1.894E-02 6.84 4.55E-09 1.31E-13

Sb-125 4.27E+01 1.62E-07 3.37E-03 6.84 5.45E-10 1.57E-14

Te-125m 4.27E+01 1.62E-07 8.69E-04 6.84 1.40E-10 4.05E-15

Cs-134 8.18E+02 3.10E-06 1.02E-02 6.84 3.16E-08 9.09E-13

Cs-137 3.87E+06 1.47E-02 1.01E-03 6.84 1.48E-05 4.27E-10

Ba-137m 3.65E+06 1.38E-02 3.94E-03 6.84 5.45E-05 1.57E-09

Pr-144 1.36E+02 5.15E-07 7.34E-03 6.84 3.78E-09 1.09E-13

Pm-147 7.56E+01 2.86E-07 3.67E-04 6.84 1.05E-10 3.03E-15

Eu-154 1.98E+01 7.49E-08 9.08E-03 6.84 6.81E-10 1.96E-14

U-232 3.24E+00 1.23E-08 3.15E-02 98.14 3.86E-10 1.60E-13

U-233 2.83E+01 1.07E-07 2.86E-02 98.14 3.06E-09 1.27E-12

U-234 1.18E+02 4.47E-07 2.83E-02 98.14 1.26E-08 5.22E-12

U-236 1.57E+00 5.94E-09 2.66E-02 98.14 1.58E-10 6.54E-14

U-238 8.42E+00 3.19E-08 2.49E-02 98.14 7.94E-10 3.28E-13

Total alpha 4.33E+04 1.64E-04 3.72E-02 98.14 6.10E-06 2.52E-09

Total at 95°C 4.89E-09
Saltstone WAC limit 1.41E-08

Percent of WAC limit 34.68%
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Attachment 16: Gamma Source Strength to Meet Saltstone WAC (Saltstone WAC 
5.4.12)

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 6.17E+00 2.34E-08 1.37E+03 3.20E-05
Sb-125 4.27E+01 1.62E-07 3.80E+02 6.14E-05

Te-125m 4.27E+01 1.62E-07 2.28E+02 3.68E-05
Cs-134* 8.18E+02 3.10E-06 9.99E+02 3.09E-03
Cs-137* 3.87E+06 1.47E-02 3.82E+02 5.60E+00
Eu-154 1.98E+01 7.49E-08 7.56E+02 5.67E-05

Gamma Source Strength (mrem/hr/gal) 5.60E+00
Saltstone WAC limit (mrem/hr/gal) 5.82E+00

% of WAC limit 96.24%
   Data from Reference 6.
   * Data using a DF factor of 55 on feed material Cs isotopes.

Gamma Source Strength Based on the Feed Material, Tank 21 Salt Batch 8

Feed Concentration Dose constant
Gamma Source

Strength

Radionuclide pCi/ml Ci/gal mrem/hr/Ci mrem/hr/gal

Co-60 6.17E+00 2.34E-08 1.37E+03 3.20E-05
Sb-125 4.27E+01 1.62E-07 3.80E+02 6.14E-05

Te-125m 4.27E+01 1.62E-07 2.28E+02 3.68E-05
Cs-134 4.50E+04 1.70E-04 9.99E+02 1.70E-01
Cs-137 2.13E+08 8.06E-01 3.82E+02 3.08E+02
Eu-154 1.98E+01 7.49E-08 7.56E+02 5.67E-05

Gamma Source Strength (mrem/hr/gal) 3.08 E+02
Saltstone WAC limit (mrem/hr/gal) 5.82E+00

% of WAC limit 5293%
   Data from Reference 6.   
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Attachment 17: Technical Reviews

Section Reviewers

1.0 D. L. McWhorter, H. H. Elder
2.0 D. L. McWhorter, H. H. Elder
3.0 D. L. McWhorter, H. H. Elder
3.1 H. H. Elder
3.2 H. H. Elder                      
3.3 D. L. McWhorter
3.4 H. H. Elder                      
3.5 D. L. McWhorter, H. H. Elder
4.0 D. L. McWhorter, H. H. Elder

The reviewers also reviewed the corresponding attachments to the sections.

The following pages attached to the end of this evaluation are the Technical Report 
Checklists completed by the document reviewers. 




















