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EXECUTIVE SUMMARY 
 

A recommendation to eliminate all characterization of pour stream glass samples and the glass 
fabrication and Product Consistency Test (PCT) of the sludge batch qualification sample was 
made by a Six-Sigma team chartered to eliminate non-value-added activities for the Defense 
Waste Processing Facility (DWPF) sludge batch qualification program and is documented in the 
report SS-PIP-2006-00030.  That recommendation was supported through a technical data review 
by the Savannah River National Laboratory (SRNL) and is documented in the memorandums 
SRNL-PSE-2007-00079 and SRNL-PSE-2007-00080.  At the time of writing those 
memorandums, the DWPF was processing sludge-only waste but, has since transitioned to a 
coupled operation (sludge and salt). The SRNL was recently tasked to perform a similar data 
review relevant to coupled operations and re-evaluate the previous recommendations.  This report 
evaluates the validity of eliminating the characterization of pour stream glass samples and the 
glass fabrication and Product Consistency Test (PCT) of the sludge batch qualification samples 
based on sludge-only and coupled operations. 
 
The pour stream sample has confirmed the DWPF’s ability to produce an acceptable waste form 
from Slurry Mix Evaporator (SME) blending and product composition/durability predictions for 
the previous sixteen years but, ultimately the pour stream analysis has added minimal value to the 
DWPF’s waste qualification strategy. Similarly, the information gained from the glass fabrication 
and PCT of the sludge batch qualification sample was determined to add minimal value to the 
waste qualification strategy since that sample is routinely not representative of the waste 
composition ultimately processed at the DWPF due to blending and salt processing considerations.  
Moreover, the qualification process has repeatedly confirmed minimal differences in glass 
behavior from actual radioactive waste to glasses fabricated from simulants or batch chemicals.   
 
In contrast, the variability study has significantly added value to the DWPF’s qualification 
strategy.  The variability study has evolved to become the primary aspect of the DWPF’s 
compliance strategy as it has been shown to be versatile and capable of adapting to the DWPF’s 
various and diverse waste streams and blending strategies.  The variability study, which aims to 
ensure durability requirements and the PCT and chemical composition correlations are valid for 
the compositional region to be processed at the DWPF, must continue to be performed.  Due to 
the importance of the variability study and its place in the DWPF’s qualification strategy, it will 
also be discussed in this report. 
 
An analysis of historical data and Production Records indicated that the recommendation of the 
Six Sigma team to eliminate all characterization of pour stream glass samples and the glass 
fabrication and PCT performed with the qualification glass does not compromise the DWPF’s 
current compliance plan.  Furthermore, the DWPF should continue to produce an acceptable 
waste form following the remaining elements of the Glass Product Control Program; regardless of 
a sludge-only or coupled operations strategy.  If the DWPF does decide to eliminate the 
characterization of pour stream samples, pour stream samples should continue to be collected for 
archival reasons, which would allow testing to be performed should any issues arise or new 
repository test methods be developed.  
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1.0 Introduction 
In 2006 a Six Sigma team chartered to eliminate non-value added activities for the Defense Waste 
Processing Facility (DWPF) sludge batch qualification program identified two activities that were 
adding minimal value to information being compiled to demonstrate waste form compliance.  
That team recommended the elimination of the characterization of pour stream glass samples and 
the elimination of the glass fabricationa and Product Consistency Test (PCT) of the sludge batch 
qualification sample.1 
 
In 2007 the Savannah River National Laboratory (SRNL) issued two memorandums2,3 that 
provided technical justification, through data reviews, supporting the Six Sigma team 
recommendations.  However, no data existed for coupled operations (i.e., introduction of 
auxiliary streams from the Modular Caustic Side Solvent Extraction Unit (MCU) / Actinide 
Removal Process (ARP) or the Salt Waste Processing Facility (SWPF)) at the time the two SRNL 
memorandums were issued.  Nevertheless, in both documents, it was stated that the recommended 
compliance strategy changes (pour stream and sludge batch qualification sample elimination) 
would also apply to DWPF coupled processing because the strategy for coupled operation of 
sludge with an auxiliary salt processing stream, e.g., a Cs-137 laden stream, would utilize Slurry 
Mix Evaporator (SME) predictions and require characterization (to comply with the Waste 
Acceptance Product Specifications (WAPS)) of the batches to be processed in DWPF in the same 
manner as the sludge-only reporting process.  However, ultimately no compliance strategy 
changes were implemented based on the 2007 data review because of a Department of Energy – 
Headquarters (DOE-HQ) request to postpone any changes during the submittal of the disposal 
facility license application.  Salt streams (ARP/MCU) were introduced into DWPF in 2008 and 
SRNL was tasked again in 2011 to evaluate the existing DWPF Glass Product Control Program 
(GPCP) compliance strategies (specifically associated with pour stream sampling and sludge 
batch qualification) and determine whether strategy changes are warranted.4 
 
This evaluation was specifically intended to include the additional coupled operations data from 
the DWPF processing that had been generated since the initial SRNL memorandums were issued.  
The intent of evaluating these additional data was to assess whether the recommendations 
previously made are still valid given the transition from sludge-only to coupled operations 
processing in DWPF.  In addition, although the SWPF has not come on-line and hence, no 
experimental data are available, the SWPF will be integrated into the DWPF in the future and this 
report therefore will also evaluate the projected SWPF impact as it relates to the two 
recommendations.   
 
This work was performed in response to a Technical Task Request (TTR)4 from DWPF Waste 
Solidification Engineering (WSE) and was controlled under a Task Technical and Quality 
Assurance Plan.5 

2.0 Background 
The U.S. Department of Energy (DOE) Office of Environmental Management (EM) developed 
the WAPS for the canistered vitrified high-level radioactive waste (HLW) form by Producers 
[and Federal Waste Custodians] as the basis for their waste acceptance programs.  The WAPS are 
technical specifications the waste form Producers are required to meet in order to ensure 
acceptance of their vitrified HLW waste form into the DOE Civilian Radioactive Waste 

                                                      
a To complete the SME for sludge batch qualification, a frit will still have to be blended with the SRAT product to 
satisfy waste compliance and safety assessments for DWPF processing (e.g. measurements of rheology and hydrogen 
generation). 
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Management System (CRWMS).  The waste acceptance process requires demonstration of 
compliance with the WAPS via four different documents, each prepared by the Producers.  These 
four documents are: (1) the Waste Form Compliance Plan (WCP), (2) the Waste Form 
Qualification Report (WQR), (3) Production Records, and (4) Storage and Shipping Records.6   
 
The specific requirements associated with the waste form (HLW borosilicate glass) are outlined 
in Section 1 of the WAPS and require the DWPF tob:  
 

1.1 Report the oxide composition of the waste form for any element present at >0.5 
wt. %;  

1.2 Report the inventory of radionuclides that have half-lives longer than 10 years and 
contribute >0.05 percent of the total Curie inventory indexed to the years 2015 and 
3115; 

1.3 Demonstrate control of the waste form production by comparing, either directly 
(measurements) or indirectly (predictions), production samples to the Environmental 
Assessment (EA) benchmark glass; and 

1.6 Report the isotopic composition of uranium and plutonium in the waste form. 
 
The DWPF controls the melter feed composition at the SME in order to meet the WAPS 
requirements as documented in the DWPF’s WCP.  In order to demonstrate compliance of the 
waste form, the DWPF indirectly (non-experimental) makes use of predictive property models 
appropriate for the waste form.  As with any model, experimental evidence was used to validate 
its accuracy and usefulness.  However, when DWPF was developing its waste compliance 
strategy, the DWPF was the only HLW vitrification plant of its design in the United States and no 
experimental data existed for the waste form processed through the facility and only limited 
radioactive laboratory-scale data was available.  Consequently, the DWPF developed the GPCP 
as part of its compliance strategy to further ensure and demonstrate (as best as possible) the 
success of its compliance protocol and thereby produce a waste form compliant with the WAPS.  
During Waste Qualification Runs, the DWPF demonstrated the validity of the GPCP, and the 
results were documented in the WQRs. After radioactive start-up, the DWPF continued to use 
some of these same aspects (e.g., qualification sample analyses and processing, SME analyses 
and predictions of acceptability, the variability study, and pour stream sample confirmation) to 
demonstrate compliance.  Verification of compliance was provided in the DWPF’s Production 
Records and in the Storage and Shipping Records. 
   
The DWPF currently uses a combination of model predictions and experimental data to achieve 
the GPCP compositional control objectives.  The SRNL continues to support a significant portion 
of that effort both experimentally and computationally.  According to Section 3.5 of the GPCP, 
revision 6,7 for each sludge and salt batch, the SRNL will: 

 
 characterize the chemical composition and radionuclide inventory of samples received 

from the tank farm, 
 demonstrate that the waste from the tank farm will produce an acceptable glass, 
 demonstrate that chemical compositions and durability correlations are applicable to the 

waste to be processed through the DWPF, 
 characterize any pour stream samples that are taken,  
 archive pour stream samples, and 
 provide results to DWPF WSE for inclusion in the Production Records. 

                                                      
b Although the WAPS includes specifications 1.4 and 1.5, they are not specifically satisfied with the sludge batch 
qualification sample glass or the pour stream sample. 
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As originally implemented, the GPCP included the variability study, the characterization of the 
sludge batch qualification glass product, and the characterization of the pour stream sample for 
each sludge and salt batch.  The characterization of the qualification sample glass product and the 
characterization of the pour stream sample were intended to be direct experimental confirmation 
of the models’ predictions for each macrobatch.  The variability study, on the other hand, was 
intended to demonstrate the durability models applicability to possible variations about the mean 
macrobatch composition for that particular sludge or macrobatch.  Although the form of the 
variability study is not explicit in the WCP or WQRs, the variability study has historically 
included model predictions over the expected glass composition range followed by experimental 
measurements on a matrix of glasses covering the anticipated waste compositions.   
 
Since production began, the relevance of the characterization of the qualification glass sample has 
diminished significantly as to question its usefulness.  Similarly, the characterization of the pour 
stream sample has confirmed the validity of the DWPF’s SME acceptability measurements and 
qualification/WAPS sample characterization, but ultimately results of the characterization have 
not affected the DWPF’s reporting requirements.  In contrast, the variability study has evolved to 
become a key aspect of the DWPF’s compliance strategy as it has been shown to be versatile and 
capable of adapting to the DWPF’s various waste streams and blending strategies. 
 

3.0 Procedure 
No experimental data were generated during this task.  Instead, the pertinent data were gleaned 
from pre-existing reports and compiled into this data review report.  The sources for material in 
this report were U.S. Government reports and memorandums, the DWPF Production Records, 
and personal communications.  As this report was being prepared, the DWPF operations data 
were current through Sludge Batch 6 (SB6).  This report therefore evaluates Sludge Batch 1A 
(SB1A) thru SB6. 
 
To provide a more complete data review and analysis and in turn recommendation, an attempt 
was made to compile complete data sets.  Therefore, some of the data that are presented in this 
report are redundant to those documented in the previous two memorandums.2,3  The purpose was 
to ensure that as complete a data set as possible was provided in this report by including any 
relevant information not included in the previous data reviews and updating data relevant to the 
sludge batches processed after the previous memorandums were issued. 
 
The intent of this report is to provide a technical analysis of historical data so that the DWPF can 
justify the elimination of the characterization of pour stream glass samples and the elimination of 
the glass fabrication and PCT of the sludge batch qualification sample.  At the same time, the 
variability study, which is the primary method for demonstrating acceptability and the correlation 
between the glass composition and its PCT response, will be examined as it applies to the 
DWPF’s WCP.  Ultimately, an encompassing recommendation for the activities performed with 
respect to this task for the DWPF to meet waste form compliance will be made. 

4.0 Discussion 

4.1 DWPF Operations 

There have been three major developments in the DWPF’s HLW processing plan with respect to 
sludge preparation and sludge feed.  The reasons for the process changes are many but, the 
combination of 1) the tank waste composition and 2) the limited transfer lines in the tank farm 
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between tanks and from the tank farm to the DWPF are among the most significant.  The 
discussion that follows is informative only and intended to explain the processing plans and 
strategy changes that have occurred at the DWPF since the start of radioactive operations with 
respect to the sludge batch qualification sample and the pour stream sample as they will be 
referred to later. 
 
The DWPF originally planned to have two feed tanks (Tank 40 and Tank 51) in which the waste 
in one tank would be prepared and qualified at the same time that the waste in the other tank was 
being processed.  The DWPF began processing sludge-only (Sludge Batch 1A (SB1A)) waste that 
was qualified in, and fed to the DWPF from, Tank 51.  Then, during SB1A processing the DWPF 
chose to blend material that had been previously qualified in a separate tank (Tank 42) with the 
remaining heel from SB1A in Tank 51 to form sludge batch 1B (SB1B).  SB1B signifies that very 
early into processing HLW, the DWPF had chosen to accept that a sludge batch prepared from a 
blend of previously qualified sludge material would itself be considered qualified.  The next 
sludge batch, Sludge Batch 2 (SB2), was processed similar to SB1A in that the waste was 
qualified in the same tank from which it was fed to the DWPF; in that case Tank 40.  At that time, 
the Savannah River Site (SRS) shifted focus to accelerated closure by increasing the DWPF’s 
throughput which reduced the time allowable to prepare a batch and perform a sludge batch 
qualification prior to processing.  As a result, the DWPF shifted to qualifying future sludge 
batches in one tank (Tank 51) while using the other tank (Tank 40) as the feed tank during 
processing of the sludge batch.  Sludge Batch 3 (SB3) was the first sludge batch to be processed 
using that revised processing plan; SB1B was effectively processed in the same way although for 
different reasons.  Towards the completion of processing Sludge Batch 4 (SB4) the DWPF 
initiated coupled operations in which it began feeding auxiliary salt streams in combination with 
the sludge stream.  Subsequent Sludge Batches 5 and 6 (SB5 and SB6) were both processed under 
coupled operations.  
 
Throughout the waste processing operation several waste samples are taken and characterized. 
The current DWPF compliance strategy utilizes information obtained from those samples to 
demonstrate compliance with Section 1 of the WAPS.  Figure 4-1 illustrates the evolution of the 
major processes and sample points for HLW processed through the DWPF to date.  The 
information obtained from each sample and the WAPS requirements addressed are summarized in  
Table 4-1.  Items in italic font are those directly associated with the TTR.4 
 



SRNL-STI-2012-00157 
Revision 0 

 
  

5

 

Figure 4-1.  Process Flow Diagrams for Waste Processed through the DWPF Showing 
Samples used to Support the GPCP as Part of the DWPF’s Compliance Strategy (WCP).  

Sludge Only Operations Denoted by (           ); Coupled Operations Denoted by (           ). 
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Table 4-1.  List of Experimental Samples Currently Supporting the GPCP as part of the 
DWPF’s Compliance Strategy (WCP). 

Sample Performer Information 
WAPS 

Specifications6  

(Tank 51) Sludge Batch 
Qualification Sample 

SRNL 

 chemical composition 
 radionuclide inventory 
 proof of vitrification 
 durability prediction 

 1.1 
 1.2 
 1.3 
 1.6 

Tank 40 (WAPS) Sample SRNL 
 chemical composition 
 radionuclide inventory 

 1.1 
 1.2 
 1.6 

Pour Stream Sample SRNL 

 chemical composition 
 radionuclide inventory 
 durability  
 archival record 

 1.1 
 1.2 
 1.3 
 1.6 

SME Sample DWPF 
 chemical composition 
 durability prediction 

 1.1 
 1.3 

*Italic font indicates those elements affected by potential compliance strategy changes related to eliminating the sludge 
batch qualification sample glass and the pour stream glass characterization. 

4.2 Sludge Batch Qualification Sample Glass 

The sludge batch qualification sample was originally intended to represent the sludge 
composition to be processed through the DWPF.  In principle, a sample is taken from the DWPF 
feed tank and analyzed by the SRNL in the shielded cells where the sample is processed through 
the typical DWPF Sludge Receipt and Adjustment Tank (SRAT) and SME cycles and a portion 
of the SME material is converted to glass.  That glass is then analyzed for composition and 
subjected to the PCT to determine durability.  The results of the sludge batch qualification glass 
are used to demonstrate production of an acceptable glass and to support the assessment of the 
applicability of the current durability models.  
 
Although the intent of the sludge batch qualification sample glass was to assess the final waste 
form performance, accelerated tank closures and coupled operationsc at the DWPF created a 
situation in which the composition of the sludge batch qualification sample was not representative 
of the waste processed through the DWPF.  To be clear, the sludge batch qualification changes 
were not considered a compliance strategy risk since SRNL would continue to analyze a separate 
WAPS sample,d and the sludge batch qualification would be performed on a sludge that would 
ultimately be blended with a previously qualified sludge (heel).e  
 
SB1A and SB2 are the only sludge batches (to date) in which the sludge batch qualification 
sample composition reflected the composition of the waste processed through the DWPF.  That is 

                                                      
c Coupled operations were instituted to process the high-level salt batches. 
d The WAPS sample is taken from the DWPF feed tank (currently tank 40) after all transfers have been completed and 
is analyzed for reportable chemical compositions (WAPS 1.1) and reportable radionuclides (WAPS 1.2). 
e The rationalization for blending in this way was that independently qualified sludge batches, when mixed, would 
constitute a qualified sludge batch.   
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to say, the DWPF’s feed tank (at that time) was the same tank from which the sludge qualification 
sample originated and no auxiliary salt streams were added.  For those sludge batches a review of 
the PCT data f  indicated that the PCT response of the glass made from each sludge batch 
qualification sample was acceptable.  In contrast, the sludge batch qualification samples for SB1B, 
SB3, SB4, SB5, and SB6 did not reflect the sludge composition to be processed in the DWPF 
(due to blending and coupled operations).g  Accordingly, the sensibility of performing the glass 
fabrication and PCT from the sludge batch qualification sample in those instances is ambiguous. 
 
The previous memorandum examined SB1A through SB4 and concluded the following:2  
 

…elimination of the fabrication and characterization of the qualification [glass] sample 
does not compromise the qualification process.   

 
This decision [recommendation] will not be impacted by the current salt processing 
strategy because the variability studies for those sludge batches will consider coupled 
operations.  
 
…these tests [fabrication and characterization of the qualification glass sample] have 
provided little added value to the information gained during the variability study, which 
is a required element of the DWPF GPCP and is the primary means for demonstrating 
the DWPF compliance with the WAPS specification 1.3.   

 
Since the previous memorandum was issued, SB5 and SB6 have been processed through the 
DWPF.  Those sludge batches were processed in a similar manner to SB4 illustrated in Figure 4-1 
and as such, the above listed recommendations remain credible.h  That is, vitrifying a portion of 
the sludge batch qualification sample and measuring the PCT response provide minimal added 
value to the DWPF’s compliance strategy if the sludge batch preparation plans continue to 
provide sludge batch qualification samples that do not represent the waste composition to be 
processed through the DWPF.   
 
Instead, an effectively designed variability study targeting a blend composition that includes 
auxiliary waste streams (MCU/ARP and SWPF) and the recommended frit covering a waste 
loading range of interest based on process control models, melt rate, and waste throughput can be 
used to meet compliance.  The variability study has always been used for confirming model 
applicability and glass acceptability.  With the accelerated closure efforts at the SRS, 
demonstration of the durability models’ applicability (WAPS specification 1.3) has increasingly 
shifted to the more encompassing variability study that evaluates a composition region focused on 
the blended feed and the impact of the salt streams.  The variability study will be further 
examined in Section 4.4. 

                                                      
f Refer to previous memorandum SRNL-PSE-2007-00080. 
g Although not obvious, frit changes within the DWPF can also contribute to the glass composition discrepancies.  
Indeed this was the case during SB4 in which Frit 510 was processed but, Frit 507 was used for the qualification glass 
since it was more suited for the qualification glass 
h Coupled operations do not change the SRNL recommendation since salt blending takes place in the SRAT and the 
sludge batch qualification sample continues to not represent the actual waste processed through the DWPF.  



SRNL-STI-2012-00157 
Revision 0 

 
  

8

4.3 Pour Stream Sample 

The DWPF has been collecting at least two glass pour stream samples from each macrobatch to 
submit to the SRNL for analysis as part of the DWPF’s compliance strategy.7  One glass sample 
has been used for characterization and one has been archived for possible future needs.  
Characterization of the glass pour stream samples at SRNL has been performed to provide 
supporting information to demonstrate waste form compliance with the WAPS6 for chemical 
composition, product performance, and radionuclide inventory.   
 
Although the DWPF began coupled operations during SB4 processing, to support this study it 
was necessary to determine whether each pour stream sample composition represented a coupled 
operation SME batch or a sludge only SME batch because the DWPF introduces auxiliary salt 
waste streams from the MCU and ARP into the SRAT intermittently.i  To do that, Cs and Ti 
concentrations in the pour stream samples were used to track salt stream additions through the 
DWPF process.  Specifically, the auxiliary salt streams from the ARP and MCU are laden with 
significantly higher concentrations of Ti and Cs, respectively, compared to their concentrations in 
the sludge.  This feature (of coupled operations) was used to track salt stream additions through 
the DWPF process and to link the analytical results of the pour stream samples to a coupled 
operations flow sheet. 
 
Table 4-2 summarizes the measured Ti (wt. %) and Cs-137 (Ci/kg) concentrations for the 
qualification sludge solidsj and pour stream samples from SB1A through SB6.  The measured Ti 
concentration in the sludge solids averaged 0.02 wt. % and remained relatively unchanged for all 
sludge batches listed.  The measured Cs concentration in the sludge solids had a larger standard 
deviation compared to the Ti values, but was also relatively constant and averaged 0.25 Ci/kg. 
 
To determine whether the pour stream samples represented coupled operations, the measured Ti 
and Cs concentrations from the pour stream samples were compared to the measured Ti and Cs 
concentrations from the sludge solids to obtain a relative concentration.  The relative Cs and Ti 
concentrations indicated that the SB4 pour stream sample was not representative of a coupled 
operation process.  However, SB5 and SB6 pour stream samples were representative of waste 
processed via a coupled operation as evidenced by an increase (~ 2x) in the relative Ti 
concentration measured in the SB5 pour stream sample and a larger increase (~ 10x) in the 
relative Ti and Cs concentrations measured in the SB6 pour stream sample.  It was concluded that 
the measured increase in relative Ti and Cs concentration indicated that the SB5 pour stream 
sample represented an ARP coupled operationk and the SB6 pour stream sample represented an 
ARP and MCU coupled operation.  
 
 

                                                      
i One reason for the intermittent salt additions is that the MCU and the ARP cannot process the salt volume to keep 
pace with the sludge volume.  Long term predictions indicate that the current salt processing capabilities are not 
adequate to process the remaining volume of salt waste in the same time period as the sludge can be processed.  The 
SWPF, which is currently being built, will alleviate that issue. 
j The qualification sludge solids represent solids prior to adding frit. 
k MCU may also have been added but, was not detectable from the Cs content. 



SRNL-STI-2012-00157 
Revision 0 

 
  

9

Table 4-2.  Ti and Cs Concentrations in the Pour Stream Samples and Corresponding SME Batches.* 

Macro 
Batch 

Sludge 
Batch  Operation 

Pour Stream  Ti (wt. %)  Cs‐137 (Ci/kg)†  Auxiliary 
Stream 

Represented 
in Pour 
Stream 

Source(s) Canister 
ID 

SME 
Batch 

Sludge 
Solids 

Glass Basis  Sludge 
Solids 

Glass Basis 

Solids‡ SME  Pour  Solids‡‡  SME  Pour

1i  SB1A  Sludge Only  S00834  81  0.02  ‐  0.02i  0.01    0.06  0.02  0.02ii  0.02 ‐  8-10 

2i  SB1B  Sludge Only  S01142  123  0.02  ‐  0.17i  0.04    0.16  0.06  0.05ii  0.05 ‐  11-14 

3ii  SB2  Sludge Only  S01913  254  0.02  ‐  0.03i  0.04    0.28  0.11  0.11iii 0.09 ‐  15-19 

4ii  SB3  Sludge Only  S02312  319  0.02  ‐  0.04i  0.04    0.32  0.15  0.15iii 0.15 ‐  20-22 

5iii  SB4  Coupled  S02902  435  0.02  ‐  0.04i  0.04    0.25  0.11  0.11iv 0.10 ‐  23-26 

6iiii  SB5  Coupled  S03317  520v  0.02  ‐  0.18  0.12    0.32  0.13  0.15vi 0.17 ARP  25,27-29 

7  SB6  Coupled  S03472  551  0.02  ‐  0.22vii 0.21    0.39  0.17vii  1.69vii 1.3  ARP/MCU  30-32 

*Values in this Table are the measured values transcribed from those reported in the source(s) if not otherwise indicated. 
† Cs-137 values are reported in various units.  The conversion factor 3.7 x 1010 Bq/Ci was used to standardize the units. 
‡The Ti solids values were not calculated because Ti is a Frit impurity and its measured concentration is significantly dependent on the analysis method. 
‡‡Cs-137 solids values were obtained by dividing the sludge solids by the Sludge Dilution Factor (SDF) reported in the Production Records inputs. (References 8,12,15,21,24,28) 
i Source:  Personal communication with Hank Elder. 
ii The DWPF did not begin measuring SME samples until SB2.  Therefore the ‘SME’ Cs-137 values are the reported measured values from the MFT samples in Reference 8 and 12 
respectively. 
iii During SB2 and SB3 the DWPF operated according to Revision 2 of the WQR volume 4.  In that Revision, MFT sampling was eliminated and Cs-137 inventories were no 
longer directly measured but, were calculated from measured sludge qualification samples.  The Cs-137 SME values were obtained using the reported average Ci/canister and 
equation (6) in Reference 15 and 21.   
iv The DWPF began measuring Cs-137 again at the start of SME batch 449 due to the addition of the MCU salt stream (strip effluent) to SB4.  However, the pour stream was taken 
while processing SME batch 435, before MCU was added.  The Cs-137 SME value was calculated using the reported total Ci for SME batches 402-448, equation (5), and the SDF 
in Reference 24. 
v Canister S03317 was being filled while the DWPF transferred SME batch 521 to the MFT.  Consequently some reports indicate that SME batch 521 was being fed to the melter 
during filling of that canister.  However, given the residence time in the melter (for an MFT batch) the material in canister S03317 was considered to be representative of SME 
batch 520 for analysis purposes.  
vi The DWPF continued to measure Cs-137 once coupled operations began.  The Cs-137 SME value was calculated from the concentration (Bq/g) reported in Reference 28. 
vii Source:  Personal communication with Hank Elder cross referenced to QA Batch Records.  The production inputs had not been issued for SB6 at the writing of this report. 
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The previous memorandum3 examined SB1A through SB3 and concluded: 

 
… the pour stream data are redundant 
 
1)  to chemical composition measurements that are derived from SME samples,  

 
2) to product performance predictions determined from the SME measurements, and 

 
3) to the Product Composition Control System (PCCS) models,33 and to the 

radionuclide inventory measured on a sample of the macrobatch of sludge being 
processed in the DWPF.   

 
In order to assess the validity of the previous conclusions with respect to coupled operations, the 
reportable chemical compositions, product performance predictions, and reportable radionuclide 
concentrations were compiled for SB1A through SB6 and are discussed in turn. 

4.3.1 Reportable Chemical Compositions 

Table 4-3 lists the WAPS reportable chemical compositions measured from the SME batches 
compared to those measured in the pour stream sample.  The chemical compositions listed for the 
SME batches in Table 4-3 are an average of the DWPF’s individual SME measurements over the 
course of the specified sludge batch.  For all sludge batches, the pour stream sample and the 
average SME sample compositions were in good agreement (± ~20%).l  Those results confirmed 
that the DWPF’s compliance plan adequately inventoried the reportable chemical compositions in 
the waste form and demonstrated the redundancy of the pour stream sample characterization for 
SB1A through SB6. 
 

                                                      
l The average difference for all oxides (for a given sludge batch) was less than 10%. 
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Table 4-3.  Reportable Chemical Compositions Measured from SME and Pour Stream Samples.* 

  Macrobatch 1  Macrobatch 2  Macrobatch 3  Macrobatch 4  Macrobatch 5  Macrobatch 6  Macrobatch 7 
  SB1A  SB1B SB2 SB3 SB4 SB5 SB6

Oxide  SME 
19‐93 

Pour 
Stream 
S00834 

SME 
94‐207 

Pour 
Stream 
S01142 

SME 
208‐
271 

Pour 
Stream 
S01913 

SME 
272‐
401 

Pour 
Stream 
S02312

SME 
402‐
467 

Pour 
Stream 
S02902 

SME 
468‐
530 

Pour 
Stream 
S03317 

SME 
531‐
569i 

Pour 
Stream 
S03472 

Al2O3  4.58  4.28  5.94  5.37  4.82  4.34  5.51  4.79  8.34  7.78  6.86  6.71  9.05  8.63 

B2O3  8.57  8.19  8.06  8.18  5.8  4.44  4.68  4.44  8.16  8.92  5.19  5.58  4.69  4.55 

CaO  1.21  1.3  1.33  1.39  1.35  1.31  1.03  1.03  0.88  0.72  0.77  0.70  0.56  0.61 

Fe2O3  11.98  12.56  11.13  10.50  13.44  12.17  11.26  10.80  9.53  8.21  8.77  8.53  8.78  8.74 

Li2O  3.65  3.57  3.41  3.53  4.58  5.27  4.76  4.96  5.12  5.25  5.33  5.55  4.88  4.92 

MgO  2.12  2.10  2.04  2.16  1.5  1.16  1.23  1.16  0.9  0.78  N.R.  0.51  N.R.  0.33 

MnO  1.09  1.11  1.51  1.76  1.54  1.47  2.01  2.09  1.84  1.62  1.84  1.73  2.35  2.19 

Na2O  11.93  12.08  11.16  11.50  11.03  11.31  11.8  11.90  10.91  11.5  12.65  13.40  13.86  14.86 

NiO  N.R.  N.R.  N.R.  N.R.  N.R.  0.55  N.R.  0.55  N.R.  N.R.  0.97  0.96  1.05  1.02 

SiO2  50.64  48.1  50.96  52.40  48.05  49.31  50.86  51.00  50.15  50.7  52.52  54.60  48.37  49.10 

ThO2  N.R.  N.R.  N.R.  N.R.  N.R.  N.R.  N.R.  N.R.  N.R.  N.R.  N.R.  N.R.  1.07  1.00 

U3O8  1.28  1.03  1.31  1.06  3.67  3.36  3.58ii  3.51  2.51  2.23  2.3  2.22  1.82  1.83 

Source  34  3,9  35  3,13,14  36  3,37  21,38  3,20,39  40,41  25  42  25  43  32,44 

*Values in this Table are the measured values transcribed from those reported in the source(s) if not otherwise indicated.  WAPS specification 1.1 requires all elemental (except for 
oxygen) concentrations > 0.5 wt. % in glass to be reported as an oxide basis. 
N.R. = Not reportable. 
i Source:  Personal communication with Hank Elder cross referenced to QA Batch Records.  The production inputs had not been issued for SB6 at the writing of this report. 
ii Calculated using the reported U wt. % in glass reported in Reference 21 and the gravimetric factor 1.1792 to convert from elemental to oxide weight percent. 
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4.3.2 Product Performance Predictions 

Table 4-4 lists the predicted PCT results for the macrobatches and SME samples, the measured 
PCT results for the pour stream samples, and the PCT response of the Environmental Assessment 
(EA) benchmark glass.  All of the pour stream glasses exhibited nominal elemental release rates 
below the WAPS requirement.  The predictability of the PCT results for the glass pour stream 
samples is demonstrated by showing that the measured values for the PCT were within the 
appropriate uncertainty intervals for the values that were predicted by the THERMO™ models.45  
Figure 4-2 shows the THERMO™ models for B, Li, and Na with a 95% confidence interval (the 
shaded region) for the PCT for an individual glass. These plots were generated using JMP 
Version 7.0.2.46  The ΔGp (del Gp) values were calculated from the pour stream compositions 
listed in Table 4-3 and the common logarithms of the PCT response (in g/L) for each element are 
listed in Table 4-4. The PCT response for a given glass would be expected to fall on the solid 
straight line. The solid green squares (■) are the measured PCT values for the pour stream glass 
samples.  All of the measured PCT values were within the confidence intervals indicating that the 
PCT results for the pour stream glass samples were predictable from the SME compositions by 
the THERMO™ models.  Those results confirmed that the use of DWPF’s product composition 
correlations adequately produced an acceptable waste form and demonstrated the redundancy of 
the pour stream sample characterization for SB1A through SB6. 



SRNL-STI-2012-00157 
Revision 0 

 
  

13

Table 4-4.  Normalized Elemental Releases (g/L) Predicted for Macrobatch and SME 
Samples and Measured for Pour Stream Samples. 

Macro 
Batch 

Sludge 
Batch  Sample  NLB 

(g/L) 
NLLi 
(g/L) 

NLNa 
(g/L)  Source 

MB1  SB1A  MB Predicted  0.61  0.66  0.61  34 

     SME (average of 5)  0.74  0.77  0.74  47 

     SME 19‐93  0.67  0.72  0.67  34 

    Pour Stream (average of 5)  0.89  0.88  0.86  9,48‐51 

MB2  SB1B  MB Predicted  0.37  0.44  0.38  35 

    SME 123  0.45  0.52  0.46  35 

    SME 94‐207  0.40  0.47  0.41  35 

    Pour Stream S01142  0.63  0.78  0.59  13,14 

MB3  SB2  MB Predicted  0.53  0.59  0.54  36 

     SME 254  0.49  0.55  0.50  36 

     SME 208‐271  0.58  0.63  0.59  36 

     Pour Stream S01913  1.18  1.10  1.11  37 

MB4  SB3  MB Predicted  0.64  0.69  0.65  38 

    SME 319  0.58  0.64  0.59  38 

    SME 272‐401  0.69  0.73  0.69  38 

    Pour Stream S02312  1.09  1.03  0.94  20,39 

MB5  SB4  MB Predicted  0.42  0.49  0.44  40,52 

     SME 435  0.73  0.76  0.73  40,52 

     SME 402‐467  0.45  0.52  0.46  40,52 

     Pour Stream  0.67  0.76  0.71  25 

MB6  SB5  MB Predicted  0.78  0.81  0.78  42 

    SME 520  0.70  0.74  0.70  42 

    SME 468‐530  0.86  0.87  0.85  42 

    Pour Stream S03317  0.72  0.88  0.81  25 

MB7  SB6  MB Predicted  0.82  0.84  0.81  43 

     SME 551  1.07  1.04  1.05  43 

     SME 531‐569  0.91  0.91  0.90  43 

     Pour Stream S03472  0.69  0.81  0.85  32,44

EA Benchmark Glass  16.7  9.6  13.3  53 

 

Figure 4-2.  THERMO™ Models with a 95% Confidence Limit for an Individual PCT 
Measurement. 
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4.3.3 Reportable Radionuclides 

The reportable radionuclides are determined by analyzing a sludge slurry sample from the 
macrobatch  termed the WAPS sample.  The WAPS sample is taken from Tank 40 after all 
transfers have been made to the tank. The WAPS sample is extensively characterized for as many 
radionuclides as possible in order to determine the radionuclides meeting the criteria of WAPS 
Specification 1.2.6 (The chemical composition of the WAPS sample is also measured, providing 
an additional check on the reportable elements that were identified from the qualification sample 
for the sludge batch.)  The majority of the radionuclide characterization must be performed by 
SRNL since DWPF does not have the capability to extensively characterize the potential 
radionuclides present in the glass.  The DWPF measured Pu-238, U-238, Sr-90, and Cs-137 
during SB1A and SB1B processing and confirmed that the characterization performed by SRNL 
was considered sufficient in determining the reportable radionuclides for the sludge to be 
processed through the DWPF.54  Once coupled operations began, the DWPF resumed measuring 
Cs-137 to inventory the additional Cs-137 received from auxiliary salt streams which is not 
present in the sludge WAPS sample.  Likewise, Ti from the auxiliary ARP stream is currently 
measured in the SME and is used to inventory additional radionuclides received from that waste 
stream.   
 
Table 4-5 through Table 4-12 list the WAPS reportable radionuclides for SB1A through SB6 
determined from the sludge solids from the WAPS sample characterized by the SRNL.  The 
concentrations in glass for radionuclides were transcribed from the SRNL pour stream reports 
except for the calculated concentrations of those radionuclides that were also measured.  The 
calculated concentrations in glass for radionuclides that were measured were calculated using the 
sludge dilution factor (SDF) reported in the DWPF’s records.  The reason for this was to make a 
more appropriate comparison of the radionuclide concentration between that measured in the pour 
stream and that calculated from the sludge solids.  All the radionuclides identified as reportable in 
the WAPS sample were verified in the pour stream samples.  The measured concentrations of the 
radionuclides (identified as reportable) in the pour stream glasses were in good agreement with 
the expected concentrations calculated from the dried solids.m  Those results confirmed that the 
DWPF’s compliance strategy of measuring radionuclides in the WAPS sample adequately 
inventoried the reportable radionuclides in the waste form and demonstrated the redundancy of 
the pour stream sample characterization for SB1A through SB6.    
 

                                                      
m Good agreement should be understood to mean “approximately the same order of magnitude”.  The error in the 
precision of those measurements is generally considered to be approximately 20%.  However, the error in the 
measurement value (accuracy) depends on several factors including volatilization and measurement interference.  
Furthermore, many radionuclides require difficult and complex separation steps to obtain an accurate measurement and 
cost can be a prohibitive factor in obtaining the most accurate measurement.  Considering the measurement error, 
volatilization, and measurement interferences, a more reasonable approximation of the total error in a reported value 
can be taken to be 2 – 5 times. 
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Table 4-5.  Reportable Radionuclides Measured in the Sludge and the Pour Stream Sample 
from Macrobatch 1 (SB1A)* 

Macrobatch 1 
SB1A       

Radionuclide  Sludge 
Measured 

Glass 
Calculatedi   Measured 
SDF = 2.87  Pour Stream S00834 

  Ci/kg  Ci/kg   Ci/kg 

Am‐241  6.20E‐03 2.16E‐03 2.40E‐03 
Am‐243  3.80E‐05 1.32E‐05 2.40E‐05 
Cm‐244  1.20E‐02 4.18E‐03 2.80E‐03 
Cm‐245  5.70E‐07 1.99E‐07 n.m. 
Cm‐246  5.50E‐06 1.92E‐06 n.m. 
Cs‐137  6.30E‐02 2.20E‐02 2.10E‐02 
Nb‐93m  4.20E‐05 1.46E‐05 n.m. 
Ni‐59  1.90E‐05 6.62E‐06 n.m. 
Ni‐63  3.70E‐03 1.29E‐03 n.m. 
Np‐237  1.40E‐05 4.88E‐06 5.10E‐06 
Pu‐238  1.40E‐01 4.88E‐02 2.90E‐02 
Pu‐239  6.80E‐03 2.37E‐03 1.90E‐03 
Pu‐240  1.80E‐03 6.27E‐04 6.80E‐04 
Pu‐241  3.20E‐02 1.11E‐02 1.00E‐02 
Pu‐242  1.60E‐06 5.57E‐07 1.30E‐06 
Se‐79  1.10E‐05 3.83E‐06 n.m. 
Sm‐151  1.20E‐02 4.18E‐03 6.60E‐03 
Sn‐126  6.50E‐06 2.26E‐06 n.m. 
Sr‐90  6.10E‐01 2.13E‐01 2.00E‐01 
Tc‐99  2.20E‐04 7.67E‐05 8.00E‐05 
Th‐229  1.30E‐07 4.53E‐08 n.m. 
U‐233  2.60E‐05 9.06E‐06 1.10E‐05 
U‐234  2.60E‐05 9.06E‐06 9.40E‐06 
U‐235  3.50E‐07 1.22E‐07 1.10E‐07 
U‐236  8.40E‐07 2.93E‐07 2.80E‐07 
U‐238  1.10E‐05 3.83E‐06 2.90E‐06 
Zr‐93  5.30E‐05 1.85E‐05 2.00E‐05 
Source  8,10  8  3,9 

*Values in this Table are the measured values transcribed from those reported in the source(s) if not otherwise indicated.  
WAPS specification 1.2 requires the inventory of radionuclides that have half-lives longer than 10 years and contribute 
> 0.05 % of the total Curie inventory indexed to the years 2015 and 3115.  (n.m. = not measured) 
i The calculated values for radionuclides were obtained by dividing the sludge concentration by the SDF 2.87. 
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Table 4-6.  Reportable Radionuclides Measured in the Sludge and the Pour Stream Sample 
from Macrobatch 2 (SB1B)* 

Macrobatch 2 
SB1B       

Radionuclide  Sludge 
Measured 

Glass 
Calculatedi   Measured 
SDF = 2.62  Pour Stream S01142 

  Ci/kg  Ci/kg   Ci/kg 

Am‐241  6.65E‐03 2.54E‐03 2.30E‐03 
Am‐243  5.65E‐05 2.16E‐05 2.00E‐05 
C‐14ii  4.41E‐06 1.68E‐06 <7.4E‐08 
Cm‐244  4.43E‐03 1.69E‐03 2.50E‐03 
Cm‐246  4.05E‐05 1.55E‐05 1.60E‐05 
Cs‐137  1.59E‐01 6.07E‐02 5.00E‐02 
I‐129ii  1.09E‐06 4.16E‐07 4.10E‐08 
Nb‐93m  6.55E‐05 2.50E‐05 n.m. 
Ni‐59  4.78E‐05 1.82E‐05 n.m. 
Ni‐63  8.42E‐03 3.21E‐03 n.m. 
Np‐237  1.29E‐05 4.92E‐06 5.90E‐06 
Pu‐238  9.95E‐02 3.80E‐02 3.30E‐02 
Pu‐239  4.89E‐03 1.87E‐03 1.90E‐03 
Pu‐240  1.78E‐03 6.79E‐04 6.60E‐04 
Pu‐241  2.84E‐02 1.08E‐02 1.60E‐02 
Pu‐242  3.73E‐06 1.42E‐06 1.10E‐06 
Se‐79  <4.16E‐05 <1.6E‐05 n.m. 
Sm‐151  6.32E‐02 2.41E‐02 2.10E‐02 
Sn‐121m  1.27E‐03 <4.8E‐04 n.m. 
Sn‐126iV  <1.42E‐05 <3.0E‐06 n.m. 
Sr‐90  4.24E+00 1.62E+00 1.40E+00 
Tc‐99  1.88E‐04 7.18E‐05 7.00E‐05 
Th‐229  6.57E‐08 2.51E‐08 n.m. 
U‐233  4.35E‐05 1.66E‐05 1.70E‐05 
U‐234  2.89E‐05 1.10E‐05 1.30E‐05 
U‐235  2.81E‐07 1.07E‐07 1.20E‐07 
U‐236  7.38E‐07 2.82E‐07 4.10E‐07 
U‐238  6.46E‐06 2.47E‐06 3.00E‐06 
Zr‐93  8.22E‐05 3.14E‐05 1.00E‐04 
Source  11,12  12  3,13,55 

*Values in this Table are the measured values transcribed from those reported in the source(s) if not otherwise indicated.  
WAPS specification 1.2 requires the inventory of radionuclides that have half-lives longer than 10 years and contribute 
> 0.05 % of the total Curie inventory indexed to the years 2015 and 3115.  (n.m. = not measured) 
i The calculated values for radionuclides were obtained by dividing the sludge concentration by the SDF 2.62. 
ii C-14 and I-129 were identified as being reportable in the sludge analysis; however, C-14 and I-129 did not meet the 
reporting requirements due to volatilization at the DWPF. 
iii Several revisions were made to reports associated with SB1B.  There are several reported concentrations for Sn-126 
in the sludge and glass that appeared to result from rounding error.  The sludge value was taken from the DWPF 
production records, the greatest reported concentration.  The concentration in glass was calculated using the SDF which 
encompasses (greater than) the reported values in the pour stream reports. 
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Table 4-7.  Reportable Radionuclides Measured in the Sludge and the Pour Stream Sample 
from Macrobatch 3 (SB2)* 

Macrobatch 3 
SB2       

    Glass 

Radionuclide  Sludge 
Measured 

Calculatedi   Measured 
SDF = 2.49  Pour Stream S01913 

  Ci/kg  Ci/kg   Ci/kg 

Am‐241  3.27E‐02 1.31E‐02 1.03E‐02 
Am‐243  5.34E‐04 2.14E‐04 1.92E‐04 
Cf‐251  1.19E‐05 4.78E‐06 n.m. 
Cm‐244  4.42E‐02 1.78E‐02 n.m. 
Cm‐245  3.86E‐06 1.55E‐06 n.m. 
Cm‐246  2.48E‐05 9.96E‐06 n.m. 
Cs‐137  2.75E‐01 1.10E‐01 8.64E‐02 
Ni‐59  3.13E‐04 1.26E‐04 n.m. 
Ni‐63  2.05E‐02 8.23E‐03 n.m. 
Np‐237  1.33E‐05 5.34E‐06 5.74E‐06 
Pu‐238  3.85E‐02 1.55E‐02 1.24E‐02 
Pu‐239  7.68E‐03 3.08E‐03 4.02E‐03 
Pu‐240  2.38E‐03 9.56E‐04 1.27E‐03 
Pu‐241  2.80E‐02 1.12E‐02 8.48E‐03 
Pu‐242  4.59E‐06 1.84E‐06 3.01E‐06 
Se‐79  6.23E‐05 2.50E‐05 n.m. 
Sm‐151  1.77E‐01 7.11E‐02 6.95E‐02 
Sn‐121m  3.64E‐03 1.46E‐03 n.m. 
Sn‐126  4.49E‐05 1.80E‐05 n.m. 
Sr‐90  4.52E+00 1.82E+00 1.47E+00 
Tc‐99  1.26E‐04 5.06E‐05 4.63E‐05 
U‐233  1.07E‐05 4.30E‐06 5.12E‐06 
U‐234  3.57E‐05 1.43E‐05 1.64E‐05 
U‐235  6.57E‐07 2.64E‐07 2.96E‐07 
U‐236  9.44E‐07 3.79E‐07 4.53E‐07 
U‐238  2.53E‐05 1.02E‐05 9.65E‐06 
Zr‐93  1.36E‐04 5.46E‐05 1.51E‐04 
Source  16,17  16  3,16 

*Values in this Table are the measured values transcribed from those reported in the source(s) if not otherwise indicated.  
WAPS specification 1.2 requires the inventory of radionuclides that have half-lives longer than 10 years and contribute 
> 0.05 % of the total Curie inventory indexed to the years 2015 and 3115.  (n.m. = not measured) 
i The calculated values for radionuclides were obtained by dividing the sludge concentration by the SDF 2.49. 
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Table 4-8.  Reportable Radionuclides Measured in the Sludge and the Pour Stream Sample 
from Macrobatch 4 (SB3).* 

Macrobatch 4 
SB3       

Radionuclide  Sludge 
Measured 

Glass 
Calculatedi   Measured 
SDF = 2.09  Pour Stream S02312 

  Ci/kg  Ci/kg   Ci/kg 

Am‐241  1.85E‐02 8.85E‐03 7.86E‐03 
Am‐242m  <8.93E‐05 <4.27E‐05 n.m. 
Am‐243  1.55E‐03 7.42E‐04 7.53E‐04 
Cf‐249  <2.83E‐05 <1.35E‐05 n.m. 
Cf‐251  <2.24E‐05 <1.07E‐05 n.m. 
Cm‐244  7.00E‐02 3.35E‐02 n.m. 
Cm‐245  1.09E‐05 5.22E‐06 n.m. 
Cm‐246  1.62E‐05 7.75E‐06 n.m. 
Cm‐247  <2.65E‐05 <1.27E‐05 n.m. 
Cm‐248  <2.77E‐05 <1.33E‐05 n.m. 
Cs‐137  3.15E‐01 1.51E‐01 1.45E‐01 
Ni‐59  6.63E‐04 3.17E‐04 n.m. 
Ni‐63  5.41E‐02 2.59E‐02 n.m. 
Np‐237  3.30E‐05 1.58E‐05 n.m. 
Pu‐238  2.59E‐02 1.24E‐02 1.32E‐02 
Pu‐239  1.37E‐02 6.56E‐03 7.55E‐03 
Pu‐240  4.80E‐03 2.30E‐03 2.40E‐03 
Pu‐241  5.42E‐02 2.59E‐02 2.83E‐02 
Pu‐242  5.46E‐06 2.61E‐06 1.72E‐06 
Se‐79  <1.97E‐05 <9.42E‐06 n.m. 
Sm‐151  1.96E‐01 9.38E‐02 8.89E‐02 
Sn‐121m  2.34E‐03 1.12E‐03 n.m. 
Sn‐126  1.42E‐05 6.79E‐06 n.m. 
Sr‐90  4.85E+00 2.32E+00 1.89E+00 
Tc‐99  1.96E‐04 9.38E‐05 5.92E‐05 
U‐233  1.56E‐05 7.46E‐06 4.30E‐06 
U‐234  3.03E‐05 1.45E‐05 1.35E‐05 
U‐235  7.29E‐07 3.49E‐07 3.66E‐07 
U‐236  8.46E‐07 4.05E‐07 4.16E‐07 
U‐238  2.26E‐05 1.08E‐05 9.94E‐06 
Zr‐93  4.43E‐05 2.12E‐05 2.13E‐04 
Source  20,21  20  3,20 

*Values in this Table are the measured values transcribed from those reported in the source(s) if not otherwise indicated.  
WAPS specification 1.2 requires the inventory of radionuclides that have half-lives longer than 10 years and contribute 
> 0.05 % of the total Curie inventory indexed to the years 2015 and 3115.  (n.m. = not measured) 
i The calculated values for radionuclides were obtained by dividing the sludge concentration by the SDF 2.09. 
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Table 4-9.  Reportable Radionuclides Measured in the Sludge and the Pour Stream Sample 
from Macrobatch 5 (SB4).* 

Macrobatch 5 
SB4       

Radionuclide 
Sludge 

Measured 

Glass 

Calculatedi  
SDF = 2.21 

Measured 
Pour Stream S02902 

Ci/kg  Ci/kg   Ci/kg 

Am‐241  1.76E‐02 7.96E‐03 7.66E‐03 
Am‐242m  7.00E‐05 3.17E‐05 n.m. 
Am‐243  1.64E‐03 7.42E‐04 n.m. 
Bk‐247  <1.36E‐05 <6.15E‐05 n.m. 
Cf‐251  <1.88E‐05 <8.51E‐06 n.m. 
Cm‐244  9.07E‐02 4.10E‐02 n.m. 
Cm‐245  <3.49E‐05 <1.38E‐05 n.m. 
Cm‐246  1.90E‐05 8.60E‐06 n.m. 
Cm‐247  <5.65E‐06 <2.56E‐06 n.m. 
Cm‐248  <5.91E‐06 <2.67E‐06 n.m. 
Cs‐137  2.49E‐01 1.13E‐01 1.03E‐01 
Nb‐93m  2.09E‐04 9.46E‐05 n.m. 
Ni‐59  5.67E‐04 2.57E‐04 n.m. 
Ni‐63  6.58E‐02 2.98E‐02 n.m. 
Np‐237  2.60E‐05 1.18E‐05 9.33E‐06 
Pu‐238  1.22E‐01 5.52E‐02 3.78E‐02 
Pu‐239  1.03E‐02 4.66E‐03 4.45E‐03 
Pu‐240  4.51E‐03 2.04E‐03 1.87E‐03 
Pu‐241  1.08E‐01 4.89E‐02 <1.27E‐02 
Pu‐242  5.83E‐06 2.64E‐06 <1.60E‐05 
Se‐79  1.61E‐05 7.29E‐06 n.m. 
Sm‐151  1.13E‐01 5.11E‐02 n.m. 
Sn‐126  <3.24E‐04 <1.47E‐04 n.m. 
Sr‐90  7.23E+00 3.27E+00 2.85E+00 
Tc‐99  1.41E‐04 6.38E‐05 <5.51E‐05 
U‐233  <1.91E‐05 <8.64E‐06 <2.36E‐05 
U‐234  3.40E‐05 1.54E‐05 1.64E‐05 
U‐235  6.41E‐07 2.90E‐07 2.41E‐07 
U‐236  8.12E‐07 3.67E‐07 3.27E‐07 
U‐238  1.77E‐05 8.01E‐06 6.36E‐06 
Zr‐93  2.64E‐04 1.19E‐04 1.76E‐04 
Source  23‐25  24  25 

*Values in this Table are the measured values transcribed from those reported in the source(s) if not otherwise indicated.  
WAPS specification 1.2 requires the inventory of radionuclides that have half-lives longer than 10 years and contribute 
> 0.05 % of the total Curie inventory indexed to the years 2015 and 3115.  (n.m. = not measured) 
i The calculated values for radionuclides were obtained by dividing the sludge concentration by the SDF 2.21. 



SRNL-STI-2012-00157 
Revision 0 

 
  

20

Table 4-10.  Reportable Radionuclides Measured in the Sludge and the Pour Stream 
Sample from Macrobatch 6 (SB5).* 

Macrobatch 6 
SB5       

Radionuclide  Sludge 
Measured 

Glass 
Calculatedi   Measured 
SDF = 2.49  Pour Stream S03317 

  Ci/kg  Ci/kg   Ci/kg 

Am‐241  3.25E‐02 1.31E‐02 1.06E‐02 
Am‐242m  <4.54E‐04 <1.75E‐04 n.m. 
Am‐243  9.64E‐04 3.87E‐04 n.m. 
Cf‐251  <2.31E‐05 <9.28E‐06 n.m. 
Cl‐36  <9.75E‐04 <3.92E‐04 n.m. 
Cm‐244  4.61E‐02 1.85E‐02 n.m. 
Cm‐245  <4.29E‐04 <1.72E‐04 n.m. 
Cm‐246  1.29E‐05 5.18E‐06 n.m. 
Ce‐144  < 7.22E‐04 < 2.90E‐04 n.m. 
Cs‐134  < 8.86E‐04 < 3.56E‐04 n.m. 

Cs‐137  3.23E‐01
1.30E‐01
ii1.45E‐01

1.67E‐01 

Nb‐93m  3.93E‐04 1.58E‐04 n.m. 
Ni‐59  1.30E‐03 5.22E‐04 n.m. 
Ni‐63  1.11E‐01 4.46E‐02 n.m. 
Np‐237  6.92E‐05 2.78E‐05 1.91E‐05 
Pm‐147  < 7.22E‐04 < 2.90E‐04 n.m. 
Pu‐238  2.76E‐01 1.11E‐01 1.66E‐01 
Pu‐239  2.04E‐02 8.19E‐03 6.69E‐03 
Pu‐240  6.59E‐03 2.65E‐03 2.06E‐03 
Pu‐241  9.74E‐02 3.91E‐02 3.49E‐02 
Pu‐242  6.82E‐06 2.74E‐06 < 1.58E‐05 
Rh‐106  < 3.13E‐04 < 1.26E‐04 n.m. 
Ru‐106  < 3.13E‐04 < 1.26E‐04 n.m. 
Sm‐151  1.82E‐01 7.31E‐02 n.m. 
Sn‐126  < 3.60E‐04 < 1.38E‐04 n.m. 
Sr‐90  2.25E+01 9.04E+00 5.03E+00 
Tc‐99  1.53E‐04 6.14E‐05 4.74E‐05 
U‐233  2.22E‐05 8.92E‐06 < 1.56E‐05 
U‐234  6.15E‐05 2.47E‐05 2.38E‐05 
U‐235  7.00E‐07 2.81E‐07 2.79E‐07 
U‐236  1.34E‐06 5.38E‐07 5.29E‐07 
U‐238  1.67E‐05 6.71E‐06 6.37E‐06 
Zr‐93  5.23E‐04 2.10E‐04 3.53E‐04 
Source  25,28  25  25 

*Values in this Table are the measured values transcribed from those reported in the source(s) if not otherwise indicated.  
WAPS specification 1.2 requires the inventory of radionuclides that have half-lives longer than 10 years and contribute 
> 0.05 % of the total Curie inventory indexed to the years 2015 and 3115.  (n.m. = not measured) 
i The calculated values for radionuclides were obtained by dividing the sludge concentration by the SDF 2.21. 
ii Measured Cs-137 concentration from the DWPF Production Inputs for SME batch 520 (see Table 4-2).   
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Table 4-11.  Reportable Radionuclides Measured in the Sludge and the Pour Stream 
Sample from Macrobatch 7 (SB6).* 

Macrobatch 7 
SB6       

Radionuclide  Sludge 
Measured 

Calculatedi   Measured 
SDF = 2.35  Pour Stream S03472 

  Ci/kg  Ci/kg   Ci/kg 

Am‐241  3.3E‐02 1.4E‐02 1.4E‐02 
Am‐242m  2.3E‐04 9.8E‐05 n.m. 
Am‐243  4.3E‐03 1.8E‐03 n.m. 
Cf‐249  <2.3E‐05 <9.8E‐06 n.m. 
Cf‐251  <5.5E‐05 <2.3E‐05 n.m. 
Cm‐244  1.5E‐01 6.4E‐02 n.m. 
Cm‐245  2.0E‐05 8.5E‐06 n.m. 
Cm‐246  6.5E‐05 2.8E‐05 n.m. 
Cm‐248  <7.1E‐06 <3.0E‐06 n.m. 

Cs‐137ii  3.9E‐01
1.7E‐01

iii1.7E+00
1.3E+00 

Nb‐93m  3.8E‐04 1.6E‐04 n.m. 
Ni‐59  1.1E‐03 4.7E‐04 n.m. 
Ni‐63  1.1E‐01 4.7E‐02 n.m. 
Np‐237  3.6E‐05 1.5E‐05 1.7E‐05 
Pu‐238  3.8E‐01 1.6E‐01 1.4E‐01 
Pu‐239  1.8E‐02 7.7E‐03 7.7E‐03 
Pu‐240  6.5E‐03 2.8E‐03 2.9E‐03 
Pu‐241  <8.3E‐02 <3.5E‐02 3.7E‐02 
Pu‐242  <1.5E‐05 <6.4E‐06 <1.4E‐05 
Se‐79  9.1E‐06 3.9E‐06 n.m. 
Sm‐151  2.6E‐01 1.1E‐01 n.m. 
Sn‐121m  <4.7E‐03 <2.0E‐03 n.m. 
Sn‐126  <1.5E‐04 <6.4E‐05 n.m. 
Sr‐90  1.9E+01 8.1E+00 5.9E+00 
Tc‐99  <1.1E‐04 <4.8E‐05 <1.3E‐04 
Th‐232  2.4E‐06 1.0E‐06 9.3E‐07 
U‐233  9.0E‐05 3.8E‐05 7.0E‐05 
U‐234  8.4E‐05 3.6E‐05 4.2E‐05 
U‐235  6.0E‐07 2.6E‐07 2.3E‐07 
U‐236  1.3E‐06 5.5E‐07 6.3E‐07 
U‐238  1.2E‐05 5.1E‐06 5.1E‐06 
Zr‐93  4.60E‐04 2.0E‐04 5.30E‐04 
Source  32  43  32 

*Values in this Table are the measured values transcribed from those reported in the source(s) if not otherwise indicated.  
WAPS specification 1.2 requires the inventory of radionuclides that have half-lives longer than 10 years and contribute 
> 0.05 % of the total Curie inventory indexed to the years 2015 and 3115.  (n.m. = not measured) 
i The calculated values for radionuclides were obtained by dividing the sludge concentration by the SDF 2.35. 
ii The measured Cs-137 is higher than calculated due to salt stream additions. 
iii Measured Cs-137 concentration from the DWPF Production Inputs for SME batch 551 (see Table 4-2).   
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4.4 Variability Study 

Compositional uncertainties in the waste feed, projected waste loading ranges and the frit 
composition define a glass composition region over which a sludge batch may ultimately be 
processed at the DWPF.  The variability study is intended to address the compositional 
uncertainties in the waste to be processed at the DWPF and attempts to ensure the uncertainties 
about a nominal waste feed composition once coupled with the recommended frit over waste 
loadings of interest will not put at risk the properties of the waste form.  The variability study 
measures the PCT response for glasses in the possible compositional range that will be processed 
as a sludge batch and assesses the applicability of the durability models.  In contrast, the sludge 
batch qualification sample glass evaluates a single composition which may, or may not, 
ultimately be processed.  (see Section 4.2).    
 
The intent of the variability study is to demonstrate applicability of the durability models to the 
composition range of the glass processing region.  The variability study has evolved purposefully 
to evaluate a glass composition region dependent on the sludge batch processing plan in order to 
accommodate the various possible waste processing scenarios for each sludge batch.  The 
variability study has been shown to be a robust method of predicting the product performance 
(durability) over a composition region given the current models used in developing a series of 
glasses for the variability study.  Table 4-12 summarizes the reportable oxide components 
measured in the pour stream samples (wt. %) and the minimum and maximum oxide quantities 
(wt. %) evaluated in the corresponding variability study.n  All of the oxide percentages measured 
in the pour stream samples were encompassed by their respective variability study ranges 
(percentages) indicating that the variability studies thus far have been designed correctly to 
evaluate the compositional regions of interest that included the pour stream samples. 
 
Whereas the sludge batch qualification sample is a very narrow assessment of the applicability of 
the durability models to the compositional region (i.e. one data point) that could ultimately be 
processed in DWPF, the variability study provides an assessment of the applicability of the 
models over a broad composition region for the expected glass system to be processed based on 
waste composition predictions.  (The Tank Farm provides predictions to SRNL based on its 
planned blending strategy for a given sludge batch).  Because the variability study is dependent 
solely on compositional inputs, the variability study can be performed independent of the 
DWPF’s macrobatch processing plan.  In that way, the variability study has the flexibility to 
adjust for glass compositions as sludge composition predictions change, as new frits are defined, 
and as additional waste streams are added to the sludge stream.  Moreover, because the variability 
study design does not depend on the processing methods operating upstream from the melter, any 
blending, mixing, and processing of the waste in the tank farm, in auxiliary units, or at the DWPF 
are inherently accounted for.  The variability study therefore, is adequate to assess sludge-only 
operations, coupled operations, and foreseeable operations such as the incorporation of the salt 
streams from SWPF or the small column ion exchange (SCIX) processes.  
 
 

                                                      
n The variability study evaluates many more constituent oxides than listed in Table 4-8.  Only those components greater 
than 0.5 wt.% (in glass) are shown for simplicity.  
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Table 4-12.  Target Composition Ranges for the Variability Studies Compared to the Measured Pour Stream Samples for WAPS 
Reportable Chemical Compositions for SB1A through SB6.* 

Oxide 

SB1A (wt. %)  SB1B (wt. %)  SB2 (wt. %)  SB3 (wt. %)  SB4 (wt. %)  SB5 (wt. %)  SB6 (wt. %) 

Variability 
Study  

Pour 
Stream† 

Variability 
Study 

Pour 
Stream

Variability 
Study 

Pour 
Stream

Variability 
Study 

Pour 
Stream

Variability 
Study 

Pour 
Stream

Variability 
Study 

Pour 
Strea

Variability 
Study 

Pour 
Stream

Min  Max   Meas.  Min  Max Meas.  Min  Max  Meas.  Min  Max Meas.  Min  Max  Meas.  Min  Max Meas.  Min  Max  Meas. 

Al2O3  3.1  5.4  4.3  2.5  7.9  5.4  3.1  7.4  4.3  4.4  8.3  4.8  7.4  11.4 7.8  5.1  8.1  6.7  8.3  10.9 8.6 

B2O3  4.9  9.7  8.2  7.9  9.8  8.2  4.1  9.0  4.4  4.1  13.9 4.4  4.5  9.8  8.9  4.8  6.0  5.6  4.4  5.3  4.6 

CaO  0.8  1.8  1.3  0.4  2.4  1.4  0.9  1.9  1.3  0.8  1.7  1.0  0.7  1.2  0.7  0.5  1.0  0.7  0.3  0.9  0.6 

Fe2O3  7.8  18.7  12.6  5.2  15.0 10.5  8.8  16.0 12.2  8.3  16.4 10.8  7.0  11.5 8.2  6.7  10.6 8.5  6.2  9.2  8.7 

Li2O  3.4  5.8  3.6  3.1  4.2  3.5  3.3  6.2  5.3  2.0  6.1  5.0  4.3  5.7  5.3  4.7  5.7  5.6  4.5  5.3  4.9 

MgO  1.7  2.2  2.1  1.2  2.9  2.2  0.0  2.8  1.2  0.0  1.4  1.2  0.7  1.2  0.8  0.3  0.8  0.5  0.1  0.6  0.3 

MnO  0.8  1.7  1.1  0.6  1.9  1.8  0.6  2.9  1.5  1.5  2.8  2.1  1.5  2.5  1.6  1.5  2.2  1.7  2.1  3.2  2.2 

Na2O  7.4  12.4  12.1  8.8  13.9 11.5  9.3  15.0 11.3  8.9  18.8 11.9  9.7  14.7 11.5  11.3 15.4 13.4  12.9 19.4 14.9 

NiO        0.1  0.6  0.2  0.4  0.8  0.6  0.3  0.6  0.6  0.3  0.8  0.5  0.7  1.2  1.0  0.8  1.5  1.0 

SiO2  41.1  67.0  48.1  47.0  55.8 52.4  43.0 54.8 49.3  41.4 56.6 51.0  41.8  55.2 50.7  47.4 57.2 54.6  45.0 54.1 49.1 

ThO2                                      0.9  1.1  1.0 

U3O8  0.5  1.1  1.0  0.0  1.3  1.1  1.9  4.6  3.4  2.1  4.0  3.5  2.2  3.6  2.2  1.8  3.0  2.2  1.4  2.4  1.8 

Source  9,56  13,14,57  37,58,59
i
  20,59,60

i
  25,61‐64  25,65  32,66 

* Non-values indicate the chemical was not reportable for that sludge batch. 
† Values were transcribed from the pour stream sample S00834. 
i Reference 59 is a report applicable to both SB2 and SB3. 
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5.0 Conclusions and Recommendations 
This report specifically assessed the impact of the proposed elimination of the characterization of 
pour stream glass samples and the elimination of the glass fabrication and PCT of the sludge 
batch qualification sample on sludge batches processed using coupled operations.  SB4, SB5 and 
SB6 were processed with auxiliary MCU and ARP streams, and the pour stream data for SB5 and 
SB6 were determined to be representative of SME batches with the auxiliary waste streams added.  
An evaluation of the sludge-only operation and coupled operation data has not identified any 
insufficiency in the SRNL qualification activities or DWPF process control or reporting activities 
of the GPCP.   
 
The data generated by the characterization of pour stream samples taken from the sludge batches 
processed to date in the DWPF have provided confirmation that the DWPF has consistently met 
WAPS Specifications 1.1, 1.2, 1.3, and 1.6.6 The GPCP has been successful in directing activities 
that produce a waste form that is compliant with the WAPS, and under the direction of that 
program the DWPF should continue to produce a compliant waste form that does not rely on the 
characterization of pour stream samples or the glass fabrication and PCT of the sludge batch 
qualification sample. 
 
The impact of the SWPF startup is not anticipated to change the fundamental conclusions 
presented in this report.  The SWPF is essentially a higher volume capacity MCU and ARP and as 
such, the effect of the SWPF on the coupled operation is to increase the amount of salt fed into 
the DWPF by providing for a more continuous auxiliary salt stream feed.  A new solvent system 
which uses boric acid is being considered for use in the MCU and the SWPF.  A preliminary 
evaluation indicated that the addition of boric acid to the waste stream would be expected to have 
minimal effect on the overall waste composition (provided the concentration is less than ~ 0.01 
molar) since the B2O3 contribution to the glass could be controlled with frit adjustments.67,68  
Furthermore, the variability study will address the impact of these auxiliary streams (SWFP, 
SCIX, boric acid, etc) on waste form performance and model applicability.      
 
The DWPF has been producing an acceptable product for sixteen years under the direction of the 
GPCP and the WCP.  The DWPF’s compliance strategy for the waste form to meet the WAPS 
specifications is derived from process control information69, but, historically, has been supported 
by the characterization of pour stream glass samples and the glass fabrication and PCT 
measurement of the sludge batch qualification samples.  The elimination of the characterization 
of pour stream glass samples and the elimination of the glass fabrication and PCT of the sludge 
batch qualification sample does not compromise the DWPF’s compliance strategy provided the 
variability study remains a key component of the GPCP. 
 
The DWPF’s fundamental philosophy for waste form compliance has not changed; however, the 
DWPF has made several changes to its compliance strategy from a practicality standpoint since 
production began sixteen years ago.  Some of those changes are reflected in the WCP whereas 
others are not.  The DWPF should update the WCP to reflect changes that have been 
implemented over the previous years as well as any changes that would be associated with the 
elimination of pour stream sample characterization and the sludge batch qualification sample 
characterization.
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