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EXECUTIVE SUMMARY 

The strategy for the treatment of the Hanford Site tank wastes involves water and caustic 
washing of the tank waste sludges to reduce sludge mass and the corresponding mass of 
high-level waste (HLW) glass that will be generated by the Waste Treatment and Immobilization 
Plant (WTP). During fiscal year (FY) 2003 CH2M HILL Hanford Group, Inc. (CH2M HILL) 
developed revised water wash and caustic leach factors for chromium (RPP- 10222) and 
aluminum (RPP-11079) to estimate the waste treatment behavior of the tank waste compositions. 
Subsequently, the U.S. Department of Energy, Office of River Protection (ORP) requested that 
CH2M HILL evaluate the potential impacts to the HLW glass mass due to these revised water 
wash and caustic leach factors. ORP plans to use the results of this study in conjunction with 
separate information regarding the process impacts of implementing oxidative leaching at the 
WTP to determine whether oxidative leaching is adequate to mitigate potential increases in HLW 
glass production or whether additional strategies are required. 

The purpose of this sensitivity study of immobilized HLW glass mass to chromium and 
aluminum partitioning assumptions was to: 

Identify the impacts of the revised water wash and caustic leach factors for chromium 
and aluminum on the mass of HLW glass. 

Understand the effect of oxidative leaching on the mass of HLW glass. 

Identify the major influences for HLW glass mass and waste blending. 

Characterize the degree of pretreatment (water washing, caustic leaching, and oxidative 
leaching) assumed for different source tanks. 

Identify candidate tanks for opportunistic sampling and testing to confirm the inventory 
and better understand the behavior of chromium during retrieval, staging, and 
subsequent processing. 

The study concluded that: 

Application of the revised chromium and aluminum wash and leach factors will 
increase the HLW glass mass by about 60 to 100 percent (using the relaxed glass 
properties model) to about I50 to 300 percent (using the default glass properties model) 
above the baseline. 

The use of oxidative leaching for chromium removal, if implementable as assumed, will 
offset the increase in HLW glass mass resulting from the use of the revised chromium 
and aluminum wash and leach factors. The revised HLW glass mass estimate is 
comparable to the current ORP baseline. This study does not address the ability to 
implement an oxidative leaching process in the WTP, or impacts that such a process 
might have on pretreatment capacity or the overall process flowsheet ~ these factors 
should be addressed separately from this report. 

The major parameters affecting the glass mass will change from ( 3 2 0 3  solubility and 
spinel liquidus temperature ( TL) constraints to SO, solubility and spinel TL constraints. 
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The HLW glass mass will increase by about 15 percent (3,044 MT) if the transuranic 
(TRU) waste from fourteen single-shell tanks and three double-shell tanks currently 
designated for direct packaging is treated in the WTP as HLW, assuming a hypothetical 
total blend of all tank wastes. This represents an increase in mission duration of about 
20 months at a net HLW production rate of 5 MT glass per day. For the hypothetical 
processing of wastes on a tank farm blend basis, processing the TRU tank wastes in the 
WTP will increase the HLW glass mass by about 4,170 MT (14 percent) and increase 
the mission duration by about 28 months. The effect of incidental blending on the 
HLW glass mass was not evaluated for a case that did not include the TRU tank wastes. 

All of the HLW sludge was assumed to require water washing. The majority (-80%) of 
the tanks requires caustic leaching, either with or without oxidative leaching. Oxidative 
leaching provides a significant benefit when it is used in conjunction with caustic 
leaching. 

Ten of the fifty tanks allocated for early retrieval as part of the M-45 pool of tanks 
contain a significant quantity of chromium and, thus, are candidates for opportunistic 
sampling and analysis. 

8 

The following recommendations are made based on the results of this study: 

The revised water wash and caustic leach factors for chromium and aluminum should 
he adopted for mission planning purposes, either in conjunction with oxidative leaching 
or another strategy to produce an acceptable quantity of HLW glass. This 
recommendation will bring the planning basis into alignment with the current technical 
understanding of the major factors affecting HLW glass. 

Review and select the appropriate glass property models and limits for future HLW 
glass mass projections for mission planning purposes. Consider a combination of the 
models presented in PNNL-14060 and WTP-RPT-085. These models should he 
augmented with a Toxicity Characteristic Leaching Procedure (TCLP) property 
constraint for use in predicting HLW glass waste loadings. Together, these should 
provide more accurate estimates of the mass of HLW glass, the specific drivers for the 
glass mass, and waste blending behavior. 

The sulfate partitioning assumptions used for mission modeling should be evaluated to 
verify that SO3 really is limiting HLW glass waste oxide loading. Based on the results 
of this evaluation, studies to increase the sulfate loading in HLW may be determined to 
be beneficial in reducing the HLW glass mass. 

The feasibility of obtaining opportunistic samples to confirm the tank waste inventory 
and partitioning behavior of chromium during preparation of the process flowsheets for 
the ten high chromium content tanks identified for retrieval prior to commencing WTP 
operations (see Table 8) should be evaluated. 

Revisit the degree of pretreatment analysis on a feed batch basis rather than a source 
tank basis to see if there is an opportunity to apply less aggressive pretreatment to 
certain feed batches with little or no impact on HLW glass mass. 

4 
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Evaluate whether a simple blending strategy can be used to augment incidental blending 
to significantly reduce the HLW glass mass. The HLW glass mass for the incidental 
blend is about one-and-a-half times greater than the total blend; it may be possible to 
approach the total blend using simple blending strategies. 

5 
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degrees Celsius 
micrograms 

8 



RPP-20003 Rev. 0 

1.0 INTRODUCTION 

1.1 BACKGROUND 

The River Protection Project System Plan (ORP- 1 1242) identified key issues and uncertainties 
related’ to the potential increase in high-level waste (HLW) glass mass due to the recently 
revised water wash and caustic leach factors for chromium (Cr) (RPP-10222) and aluminum (AI) 
(RPP-I 1079). The System Plan identified oxidative leaching as a potential treatment step to 
offset the expected increase in HLW glass mass2. 

In addition, the U.S. Department of Energy, Office of River Protection (ORP) conducted a 
technical design oversight review (D-03-DESIGN-005) of the revised water wash and caustic 
leach factors for chromium (RPP-10222) and aluminum (RPP-11079) and of oxidative leach 
behavior (RPP- 15522). Three key conclusions from the oversight review were: 

The revised estimates are a significant improvement over the previous estimates. 

CH2M HlLL Hanford Group, Inc. should perform sensitivity studies on HLW glass 
estimates using the revised wash and leach factors and assuming oxidative leaching 
with permanganate. “Based on the results from the recommended sensitivify analysis, 
ORP should determine whether oxidative leaching is adequate to mitigate potential 
increases in HL W glass production or whether additional strategies are required. ‘ I  

ORP should capitalize on “opportunities to conduct selective testing to confirm 
inventory and predict the fate of chromium in tankfarms and Wasie Treatment and 
Immobilization Planf (WTP) sysfems. ” 

1.2 PURPOSE 

The purpose of this sensitivity study is to: 

Identify the impacts of the revised water wash and caustic leach factors for chromium 
and aluminum on the mass of HLW glass. 

Understand the effect of oxidative leaching on the mass of HLW glass. 

Identify the major influences for HLW glass mass and waste blending. 

Characterize the degree of pretreatment (water washing, caustic leaching, and oxidative 
leaching) assumed for different source tanks. 

Identify candidate tanks for opportunistic sampling and testing to confirm the inventory 
and better understand the behavior of chromium during retrieval, staging, and 
subsequent processing. 

See Table 4-2 of the River Protection Project (RPP) System Plan, kern numbers 3 and 4. 
See Table 4-2 of the RPP System Plan, Item number 4, Potential Mitigation Actions 2 and 3 

1 

2 
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1.3 ORGANIZATION OF REPORT 

The key technical assumptions are discussed in Section 1.4. 

The parametric analysis which evaluates the impacts on HLW glass mass from the revised wash 
and leach factors and oxidative leaching is presented in Section 2.0. This section also discusses 
the impact that sending transuranic (TRU) waste to the WTP would have on glass mass. Ranges 
of glass masses are presented to account for different degrees of waste blending. 

The new drivers for HLW glass mass are discussed in Section 3.0 based on the Case 5 results. 
Section 3.3.1 examines the No Blend results, while Section 3.3.2 examines the Incidental Blend 
results. Observations on the glass properties models used in the analysis are discussed in 
Section 3.3.3 . 

Section 4.0 characterizes the degree of pretreatment required for different source tanks. 

Section 5.0 identifies candidate tanks for opportunistic sampling and testing 

Conclusions, recommendations, and caveats are presented in Section 6.0 

1.4 KEY ASSUMPTIONS 

The key technical assumptions used in this study are documented in this section. 

1.4.1 Starting Tank Inventory 

The starting tank inventory was taken from the Tunk Farm Contractor Operution und Utilization 
Plan (TFCOUP) (HNF-SD-WM-SP-012, Revision 5A, Appendix B). This inventory represents 
the waste inventory in the single-shell tanks (SSTs) and double-shell tanks (DSTs) as of July I ,  
2003, except for tanks AP-103 and AW-102. The effective date for those two tanks is July 4, 
2003 (HNF-SD-WM-SP-012, Revision 5A, Appendix A, A4. I ) .  This starting inventory is 
referred to as “All” in Table 3. Study Matrix for Parametric Analysis. The starting inventory for 
the SSTs and DSTs was taken from the TFCOUP to provide a common tank waste inventory to 
compare the previous analysis of HLW glass mass produced to the present analyses contained in 
this document. 

1.4.2 List of TRU Tanks 

Several tanks contain sludge that may potentially be treated and packaged as TRU waste for 
disposal at Waste Isolation Pilot Plant (WIPP), thus reducing the amount of solids that would be 
incorporated into the HLW glass. This sensitivity study used the same list of tanks containing 
TRU sludge as was used in the TFCOUP (HNF-SD-WM-SP-012, Revision 5A, Appendix A, 

10 
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A2.3.1), again, to provide a common basis of comparison. These tanks comprise’ AW-103, 

T-201, T-202, T-203, and T-204. The inventory that results when these tanks are excluded from 
the list of tanks to be treated as HLW is referred to as “Less TRU” in Table 3. 

1.4.3 

The water wash and caustic leach factors in the Tank Waste Information Network System 
(TWINS) on May 14,2003 were used for partitioning tank waste into solid and liquid phases to 
estimate the solids remaining after retrieval, staging, and caustic leaching. These water wash and 
caustic leach factors are the same as those used in Revision 2 of the System Plan (ORP-11242) 
and Revision 5A of the TFCOUP (HNF-SD-WM-SP-012) and are referred to as “Baseline 
W&L” in Table 3. Revised water wash and caustic leach factors for chromium and aluminum 
were obtained from RPP-10222 and RPP-11079, respectively, and supplant the baseline values 
for chromium and aluminum only. This set of wash and leach factors are referred to as “New 
W&L” in Table 3. 

AW-105, B-110, B-11 I ,  B-201, B-202, B-203, B-204, SY-102, T-104, T-l 10, T-11 1, T-112, 

Water Wash and Caustic Leach Factors 

The calculations for the No Blend, Total Blend, and Farm Blends assume that sufficient 
hydroxide (OH-) is present to allow the leach reactions to reach the extent of completion defined 
by the caustic leach factors. The Incidental Blend uses a degree of caustic leaching similar to 
that previously assumed in the WTP by using a 3 M free [OH-] starting concentration as 
discussed in the WTP’s Flowsheet Bases, Assumptions, and Requirements document 
(24590-WTP-RPT-PT-02-005, Rev. 2). Since the Incidental Blend model tracks the free OH-, in 
some cases leaching does not proceed to completion because the free OH- is depleted. Note that 
in a recent assessment (D-04-DESIGN-005), it was determined that additional caustic would be 
needed in order to properly leach the aluminum and maintain it in solution in downstream 
processes. 

1.4.4 Oxidative Leach Behavior 

Oxidative leaching of chromium from the waste was modeled per RF’P-15522, which states: 
“Independent of the starting concentration of chromium, oxidative leaching of Hanford tank 
waste will achieve less than 5000 pg Cr / g dried solids provided sufficient permanganate is 
added.” The leach reaction on page B-2 I of the reference was used to estimate the amount of 
permanganate to be added to the sludge - one mole of solid MnOz was formed for every mole of 
chromium leached from the sludge. Since a process flowsheet has not yet been developed for 
oxidative leaching, this sensitivity study did not address partitioning of analytes other than 
chromium during oxidative leaching, and no competing reactions were addressed. 

’ Three tanks (8-107, T-105, and T-107) in addition to those listed in the TFCOUP are being controlled as 
candidates for packaging as TRU waste per HNF-SD-WM-OCD-015, Rev I I ,  Appendix A, Table A-I, Feed 
Control List. These three tanks were treated as HLW in this sensitivity study to maintain consistency with the 
TFCOUP. Therefore, this analysis will understate the benefit from packaging this candidate TRU waste for 
disposal at WIPP. 

11 
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Property Lower Limit 

Liquidus Temperature (Spinel) 850 “C 

1.4.5 Solid-Liquid Separation 

The calculations for the No Blend, Total Blend, and Farm Blends assume perfect solid-liquid 
separation during washing, leaching, and oxidative leaching to simplify the analysis. The 
Incidental Blend assumes a more realistic degree4 of solid-liquid separation and post-leach wash 
effectiveness based on that expected in the WTP (HNF-SD-WM-SP-012, Revision 5A, 
Appendix A, A2.2.8). 

1.4.6 Glass Property Model (GPM) 

This study formulated HLW glass compositions using the same mathematical model and 
computer code that was used for the RPP System Plan (ORP-11242, Revision 2) and the 
TFCOUP (HNF-SD-WM-SP-012, Revision 5A). The references for the various property models 
and constraints are taken from a variety of sources and are consolidated in RPP-18592. The 
physical property constraints used in the analysis are summarized in Table 1. Glass Property 
Constraints. The terms “default” and “relaxed,” identified in Table 1, refer to two levels of 
parameters as used in Table 3. Study Matrix for Parametric Analysis (see Section 2.1). The 
“relaxed” levels, discussed in Section 2.3.6.4 of the System Plan (ORP-1 I242), incorporate 
potential improvements in the HLW waste oxide loading by relaxing the glass viscosity, 0 2 0 3  

solubility, and the spinel liquidus temperature constraints. The melter was assumed to operate at 
a nominal temperature of 1 150 “C. The “default” levels are the more conservative levels that 
had been previously used for HLW glass projections. 

Upper Limit 
1 100 “C (relaxed) 
1050 “c (default) 

Table 1. Glass Property Constraints. 

Liquidus Temperature (Zircon) I None IO50 “C 

PCT (B, Li, Na) 
Nepheline precipitation rule 

[Si021 
[SiO,] + [AI,O,]+[Na,O] 

10 Pas  (relaxed) 
5.5 Pas  (default) Melt Viscosity at 1150 “C I 4.5 P a s  1 

None 2 g/m’ 

0.62 None 

The requirements for Product Consistency Test (PCT) releases are 8.35,4.79, and 6.68 g/m’ for 
B, Li, and Na, respectively, based on the U S .  Environmental Protection Agency (EPA) 
Environmental Assessment (EA) glass standard material releases. However, it is typically set at 
2 g/m’ for all components to account for uncertainties involved in the model prediction. The 
nepheline precipitation rule included in the glass property constraints in Table 1 is used to help 
avoid the formation of nepheline (NaA1Si04) type crystals during slow cooling of glass in the 
canister. Formation of nepheline may significantly increase the PCT releases, which cannot be 

Using Case 0 as a reference, it was determined that the pretreated waste resulting from the Incidental Blend 
contains about IO‘% more waste oxides than the No Blend, Total Blend, or Farm Blends. 

4 
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predicted by the current models for PCT responses. According to Li et al. (1996), glasses with 
[SO2]/([ Si021 + [A12031 + [Na20]) t 0.62 are less susceptible to nepheline formation, where the 
brackets [ ] represent the component concentration in mass fraction. 

Additional constraints (Table 2) were also applied to either limit the glass composition to the 
approximate region of validity (domain) of the various property models, or to limit the allowable 
concentration of components that impact the waste oxide loading in the resulting glass. The 
limits in Table 2 should not be confused with those in Table TS-1. I of the WTP contract 
(DE-AC27-01RV14136) which establishes minimum component limits in HLW glass for 
contractual purposes. 

Table 2. Glass Composition Constraints. 

The first nine constraints in Table 2 define the approximate composition range over which the 
glass composition property models are valid. 

The last four constraints in Table 2 address the solubility of components (Cr203, P205, and SO3) 
that could limit waste loading by causing product quality or glass processing problems, and 
noble metals (Rh203 + Rul03) that might precipitate from the glass. The solubility of these 
components strongly depends on glass composition. However, there are no models that 
accurately predict their upper limits as a function of glass composition. Therefore, it is 
customary to use a single limiting value for each troublesome component as given in Table 2. 
The upper limits of 1 wt% for Cr203 (“relaxed”) and 3.0 wt% for P205 are the same or close to 

An older limit of 2.5-wt% taken from the Composition Variability Study (PNL-10359, Vol. I )  was inadvertently 
used for this sensitivity analysis. This has a negligible impact on the results of the sensitivity analysis since only 
one source tank (TY-102) exceeded the 0.25-wt% limit with a concentration of 0 . 3 2 4 % .  This represents an 
increase in HLW (across all cases) of approximately 20 MT glass. 

5 
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the limits used in a previous study (PNNL-13582) (2.5 wt% for P205) .  However, the limit of 
0.5 wt% for SO, is lower than used in that study of 0.8 wt%. 

The limit on the combined concentrations of R h 2 0 3  and Ruz03 is used to avoid noble metal 
accumulation in the melter, which could cause melter operational problems. The limit of 
0.25 wt% is based on the WTP contract (DE-AC27-01RV14136) design basis. However, this 
concentration of noble metals has not been successfully processed in similarly designed melter 
systems. The previous study (PNNL-13582) used more conservative limit of 0.1 wt% which is 
not expected to make any practical difference because only three batches would become limited 
by noble metal constraint. 

14 
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2.0 IMPACTS ON HIGH-LEVEL WASTE GLASS MASS 

2.1 INTRODUCTION 

A parametric analysis of high-level waste glass (HLW) mass was performed. The HLW glass 
masses for a variety of blending Subcases (“Total Blend”, “No Blend”, “Farm Blend” and 
“Incidental Blend”) were calculated for various Cases (combinations of other factors). The 
factors and their associated levels for each Case and the blending Subcases are detailed in 
Table 3. Study Matrix for Parametric Analysis. The shaded cells indicate the factors and levels 
for each Case and the selected blending Subcases. 

Case 0 represents the current baseline (BL) as defined in the TFCOUP, Revision 5A. For this 
study, Case 5, which incorporates the revised wash and leach factors and oxidative leaching, is 
assumed to represent a future baseline. Therefore, Case 5 was used as an operating point‘ (OP) 
for further analysis in Section 3.0, Drivers for Glass Mass and Blending and Section 4.0, Degree 
of Pretreatment. Case 5 also includes a Farm Blend and Incidental Blend subcase. The 
Incidental Blend subcase for Case 5 required a rerun of the Hanford Tank Waste Operations 
Simulator (HTWOS) model used for TFCOUP, Revision 5A, using the updated factors and 
levels. 

The remaining cases are used to help understand the response of the HLW glass masses to 
changes in the other factors. 

In this context, an “operating point” is a reference case around which further calculations are performed 
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Table 3. Study Matrix for Parametric Analysis. 
I 7 

. .  

NiiIc. The  shaded cells indicatc thc fhctors and levels tbI cach Case and tlic selected blending Suhcasi.5 

2.2 ETHODOLOGY 

The approach used in this portion ofthe analysis w o calculate and compare the inass o f  HLW 
l h t  would be produced for the various cases, varying the f:ictors BS shown in Table 3, For 

exampic, ;I. ociniparison ofthe mass oi'f-ILW glass produced by Case 0 with Case 3 wil l  show the 
inipact of using the revised wash arid leach factors while a cornparison of Case 0 with Case 5 
will show the overall impact of  using the revised wash and leach factors along with oxidative 

coinparisorts are discussed in Section 2.3. 

One OI'IIII: iiiajor drivers for HL.W glass mass is the degree ofblending that occurs before 
vitrification oftlie waste. Therefore, a series o f  blending subcases [discussed in  Section 2. I ) 
wcre ~ J S C ~  lu i:ontrol for blending and to facilitate the comparisons. These Subcases were rhe 
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Total Blend, No Blend, Farm Blend, and Incidental Blend. The following is a detailed 
description of how these methods were employed. 

For the Total Blend, the wastes from all the tanks were blended together to create a single large 
uniform batch of feed. This feed was processed according to the specific case assumptions, and 
the corresponding amount of HLW glass was determined for each case. 

For the No Blend, the waste from each tank was kept segregated in separate batches. Each of 
these individual tank batches was processed separately according to the specific case 
assumptions, and the corresponding amount of HLW glass was determined for each tank for each 
case. The total amount of HLW glass produced for a given case was determined by summing the 
HLW glass produced from each of the tanks. 

The Total Blend and No Blend glass masses are hypothetical because neither subcase can be 
realistically achieved. For glass models that only include single component solubility limits and 
model domain limits, the Total Blend represents the minimum glass that can be produced and the 
No Blend represents the maximum glass. The introduction of non-linear glass properties as used 
by the current glass properties model confounds this interpretation in that the Total Blend and No 
Blend do not necessarily provide the absolute mathematical minimum or maximum glass masses. 
In any case, for most intents and purposes, the Total Blend and No Blend glass masses can be 
considered as representing the minimum and maximum glass masses for a given case. 

For the Farm Blend, the wastes from each tank within a given tank farm were blended together to 
create a uniform batch of HLW feed. Each of these tank farm batches was processed separately 
according to the specific case assumptions, and the corresponding amount of HLW glass was 
determined for each farm for each case. The total amount of HLW glass produced from all of 
the batches is determined by summing the HLW glass contributions from each tank farm. The 
Farm Blend is a hypothetical blending subcase that attempts to show how the tendency to want to 
retrieve and close tanks on a farm-by-farm basis, would, in the extreme, influence the HLW glass 
mass. 

For the Incidental Blend, the HTWOS model was used to simulate the delivery of HLW feed to 
the WTP using the baseline retrieval sequence logic, and waste feed staging and delivery 
strategy. The HTWOS model accounts for the blending that occurs during the retrieval, staging, 
and delivery of each feed batch to the WTP (most of this blending is incidental to those 
activities, hence the term Incidental Blending). Each of these individual feed batches 
(numbering between 400 - 500 feed batches with about 121 unique compositions) was processed 
separately according to the specific case assumptions, and the corresponding amount of HLW 
glass was determined for each batch for each case. The total amount of HLW glass produced for 
a given case was determined by summing the HLW glass produced from each of the feed 
batches. 

The degree of incidental blending is driven by the specific SST retrieval sequence and timing, 
and the overall configuration of the waste retrieval and staging system. The Incidental Blend 
represents our best estimate of the HLW glass mass that would result given the assumptions for 
each Case. 
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2.3 DISCUSSION 

The detailed results (Total Blend, No Blend, Farm Blend and Incidental Blend glass masses, 
along with the contributions from each farm and tank) for each case are shown in Appendix A. 
Table A- I and summarized on Figure 1. 

Figure I depicts the HLW glass mass7 ranges defined by the Total Blend and No Blend results 
for each combination of factors and levels, along with the Farm Blend and Incidental Blend 
results for select cases. The figure also shows the major differences between the cases to 
facilitate comparison. 

The following discussion reviews the results with several case-by-case comparisons. The 
percent change in HLW glass mass is given as a range that represents the minimum and 
maximum percent difference based on the different blending scenarios. 

RPP-20003 Rev. 0 

Case 5 versus Case 0. Case 0, the baseline case, calculated the HLW glass mass using the 
baseline wash and leach factors, no oxidative leaching, the relaxed GPM limits, and an inventory 
which does not include the TRU tanks (“less TRU”). Case 5 calculated the glass mass using the 
revised wash and leach factors, oxidative leaching, the relaxed GPM limits, and the “less TRU” 
inventory. Comparing these two cases showed that the revised wash and leach factors together 
with oxidative leaching had almost no impact on the mass of HLW glass produced. 

Case 1 versus Case 0. Case 1 shows the effects of using the complete inventory, which includes 
the TRU tanks. Case 1 results showed that the HLW glass mass increased by 14 - 16% over that 
in Case 0 with the addition of the TRU tanks. 

Case 2 versus Case 0. Case 2 shows the effect of using the default GPM limits with the baseline 
wash and leach factors. With all other factors the same, Case 2 resulted in a 19 - 21% increase 
of HLW glass over that in Case 0. 

Case 3 versus Case 0. Case 3 was modeled using the revised wash and leach factors, no 
oxidative leaching, the relaxed GPM limits, and the “less TRU” inventory. Comparison with 
Case 0 shows that the addition of the revised wash and leach factors increases the HLW glass 
mass by 63 - 106 YO. 

Case 4 versus Case 0 and Case 3. Case 4 calculated the HLW glass mass using the revised 
wash and leach factors, no oxidative leaching, the default GPM limits, and the “less TRU” 
inventory. Using Case 0 as a comparison shows that the revised wash and leach factors coupled 
with the default GPM limits results in a 150 - 300% HLW glass increase. Comparison with 
Case 3 shows that the increase in glass mass solely due to returning to the default GPM limits 
was 57 - 100%. 

7 The equivalent number of HLW canisters can be calculated from the glass mass by dividing by 3.2 MT glass per 
thin-walled canister (see assumption C3.4.1 I ,  Appendix C ,  of the RPP System Plan). 
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Case 5 versus Case 3. Case 5, as described above, was modeled using the revised wash and 
leach factors, oxidative leaching, the relaxed GPM limits, and the “less TRU” inventory. 
Comparing Case 5 with Case 3 shows that oxidative leaching results in a 40 - 5 1% decrease of 
HLW glass. 

Case 5 versus Case 0 and Case 3. An overall comparison of Case 5 versus Case 0 showed that 
the increase in HLW glass caused by the revised wash and leach factors as seen in the Case 5 
versus Case 3 comparison can be offset with the addition of oxidative leaching. 

Case 6 versus Case 5. Case 6 calculated the HLW glass mass using the revised wash and leach 
factors, oxidative leaching, the default GPM limits, and the “less TRU” inventory. A 
comparison with Case 5 shows only a 2 - 5% increase in HLW glass was caused by the default 
GPM limits. Switching to the default GPM limits had almost no effect on the mass of HLW 
glass produced when the revised wash and leach factors were coupled with oxidative leaching. 

Case 7 versus Case 5. Case 7 was modeled using the revised wash and leach factors, oxidative 
leaching, the relaxed GPM limits, and the complete inventory. A comparison with Case 5 shows 
that adding the TRU tanks’ to the inventory results in a 15% increase (3,044 MT based on the 
total blend subcase) to the HLW glass mass. This is roughly the same percent increase as was 
seen in Case 1 with the baseline wash and leach factors and no oxidative leaching. 

Relaxed versus Default GPM Limits. Three case comparisons were made that looked at how 
the change in HLW glass mass was affected by two sets of GPM limits. The Case 2 (default) 
versus Case 0 (relaxed) comparison showed a 19 - 21% glass mass increase; both used the 
baseline wash and leach factors and no oxidative leaching. The Case 4 (default) versus Case 3 
(relaxed) comparison showed a 57 ~ 100% increase; both used the revised wash and leach factors 
and no oxidative leaching. The Case 6 (default) versus Case 5 (relaxed) comparison showed 
only a 2 ~ 5% increase; both used the revised wash and leach factors and oxidative leaching. 

The relative impact of the two sets of GPM limits is driven by the amount of chromium that has 
been removed from the waste. Setting the GPM limits to the default changes the Spinel Liquidus 
Temperature, the maximum Cr203 weight percent, and the maximum viscosity. Both the Spinel 
Liquidus Temperature and the Cr203 weight percent are sensitive to the increase in chromium. 
Therefore, more glass was produced with the revised wash and leach factors which remove less 
chromium from the waste. 

Three tanks (8-107, T-105, and T-107) in addition to those listed in the TFCOUP are being controlled as 
candidates for packaging as TRU waste per HNF-SD-WM-OCD-0 15, Rev 11, Appendix A, Table A- I ,  Feed 
Control List. These three tanks were treated as HLW in this sensitivity study to maintain consistency with the 
TFCOUP. Therefore, this analysis will understate the benefit from packaging this candidate TRU waste for 
disposal at WIPP. 

x 
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3.0 DRIVERS FOR GLASS MASS AND BLENDING 

3.1 INTRODUCTION 

The glass limit report for the Case 5 was reviewed to identify the specific constraints and 
analytes that may be driving the HLW glass mass under the assertion that oxidative leaching will 
diminish the importance of chromium in driving the HLW glass mass. Patterns in the 
distribution of these analytes among the different tanks may suggest alternative approaches 
towards blending or segregation and suggest which water wash and caustic leach factors should 
be reevaluated in future work. 

3.2 METHODOLOGY 

In each HTWOS run, glass formulation is optimized for each waste feed batch by adjusting the 
composition and fraction of glass additive until the maximum waste loading (minimum glass 
mass) is achieved while satisfying the glass property and glass composition constraints listed in 
Table 1 and Table 2. For example, if a certain property constrained the loading of a particular 
waste, the additive composition would be adjusted until at least one additional property 
constraint or model validity constraint is met. The optimization stops when no additional 
adjustment of additive composition (within the tolerance limits for model convergence) can be 
found that will increase the waste loading while meeting the model validity constraints. 
Therefore, when the waste loading is limited by property constraints, at least one of the model 
validity constraints is always met. In this case, the glass formulation results in a unique glass 
composition. If the waste loading is limited by one of the composition constraints before any 
property constraint is met, that is the only constraint, and optimization does not generate a 
unique glass composition. 

The 153 waste feed batches involved in Case 5 ~ No Blend were divided into different groups 
depending on the constraints that limit the waste loading of each batch. These are discussed in 
the next section. 

3.3 DISCUSSION 

3.3.1 

As explained in the previous section, the 153 waste feed batches involved in Case 5 ~ No Blend 
were divided into different groups depending on the constraints that limit the waste loading of 
each batch. Table 4 summarizes the number of waste feed batches, waste oxide mass, glass 
mass, and waste loading for each group of waste batches that are limited by the same constraint. 
More details are provided in Table B- 1, Appendix B. 

Case 5 (No Blend Subcase) 
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Table 4. Summary of Case 5 (No Blend Subcase) Results. 
I I I I 

Constraints 
Glass Waste 
mass loading in 
WT) glass* 

Number Waste 
of waste oxide 

feed mass 
batches (MT) 

Model validity limited 

Note: *Represents the weighted average waste loading in the glasses with the hatches that are limited by the same 
(or same group of) constraints. 

Among glass composition constraints, SO3 constraint was the main driver that limited waste 
loading based on the large number (52 out of 153) of waste feed batches and the low weighted 
average waste loading of 0.15. This very low average waste loading in these glasses implies that 
any relaxation of the SO, constraint (or increase in SO, incorporation in glass) has a very high 
potential for waste loading increase. Likewise, any changes in the partitioning assumptions for 
sulfate would affect the HLW glass mass. The next significant composition constraints that have 
impact on waste loading were the A1203 and Fez03 constraints. The average waste loadings in 
these glasses are moderate (e.g., compared to the spinel TL involved glass property constraint), 
which suggests that the reduction of glass mass expected from expanded model validity (i.e., 
relaxed A1201 and Fez03 constraints) will not he significant (e.g., compared to SO3 limited 
wastes). In addition, there is not much room to expand the model validity range considering that 
such an expansion can shift the composition to outside of the glass forming region (easy and fast 
crystallization). If additional aluminum was removed during caustic leaching, then the HLW 
glass mass would be reduced. The Cr203 constraint was not a significant driver at all with only 
three batches limited by Cr203 and the high weighted average waste loading at 0.43, suggesting 
that the oxidative leaching is effective in preventing the chromium concentration from being a 
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major constraint for waste loading. However, only a limited number of HLW sludges have been 
tested to support the oxidative leaching assumptions. 

As mentioned before, the wastes that are limited by the property constraints are limited by more 
than one constraint with at least one of the model validity constraints involved. For the current 
Case 5 (No Blend), the waste loading is limited by one, two, or three constraints in addition 
model validity constraint(s). Among the 42 batches that are limited by property constraints, 
38 batches involved the spinel TL constraint which was the major limiting property in Hanford 
Site waste in aprevious study (PNNL-13582). It was shown in PNNL-13582 that the increase of 
waste loading by relieving or removing the constraints other than TL is smaller compared to the 
Spinel TL constraint. Based on this past study, it is expected that the spinel TL constraint would 
be the most dominant driver for glass mass in the 38 batches with the TL spinel constraint 
involved. There are four batches that are limited by the constraints other than spinel TL and 
account for only a very small fraction of glass mass. As expected, the zircon TL constraint was 
never met. This is because the high zirconium waste contained in tanks AW-103 and AW-105 
are designated as remote-handled TRU tank waste. Since both the remote-handled and contract- 
handled TRU tank wastes are assumed to be treated and packaged for disposal at WIPP, the 
WTP does not receive a HLW feed that would be constrained by the zircon TI. property 
constraint. 

The distribution of waste feed mass and glass mass for four major groups of wastes are plotted in 
Figure 2. Figure 2 shows that the solubility limited glass composition constraints are the main 
drivers for the glass mass and account for 53.3% of total glass mass resulting from 38.40/0 of 
waste feed. Especially, as shown in Table 4, it can be seen that the SO, constraint is the single 
most dominant driver for the glass mass. Recently, the study of sulfate loading in Hanford Site 
low-activity waste (LAW) glasses by Vienna et al. (2004) (PNNL-14649) concluded that it is 
possible to process the glass with 0.8 wt% SO3 without sulfate segregation. The same 0.8 wt% 
SO; loading was used as an upper limit in a previous sensitivity study on HLW glass volume 
(PNNL- 13582) although there are differences in chemical compositions between LAW and 
HLW. However, the PNNL-14649 study also suggests that the 0.8 wt% SO, loading may only 
be achieved through careful glass formulations within certain composition region, which may not 
be feasible for some wastes due to other constraints, especially for HLW. If it is concluded that 
the SO; is still the major driver in the final pretreatment plan, it would be necessary to perform a 
systematic study to accurately predict the SO3 loading as a function of glass composition. 
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~ i ~ u ~ e  2. Distri ution of Waste Oxide Mass and Glass Mass for Each ~ ~ r o u ~  of Bslrhes in 
Case 5 (No Blend), 

Waste feed oxrde mass (MT) 
191 

2,777 
31.2% 

Class mass (MT) 

So!ubi!ity limited glass cornposition constraints 
Model validity limited glass composition constraints 

u Spinel T,. involved glass property constrainii 
n Spinel 7;. NOT iiivoived glass properly conr.traints 

I n  ~ u n ~ I ~ a l y  of the Case 5 (No Blend) results, SO, concentration is a major coirstraint whereas 
ntration is limiting for only 3 out of the 153 waste feed batches, less than 106 nftlie 

ass fix the No Blend subcase. 'This is reversed from ?he previous result 
~ ~ ~ N l , ~ - 1 ~ ' ~ ~ 2 )  In that the Crz03 was the inah driver, and no waste was limited by SO;. which 
car: he ma,iiily attributed to the cffect of oxidative leaching. 

Beiow i s  ii qualitative discussion on the effect of various blending scenarios, specifically 
i ~ l ~ s t r ~ j ~ g ~  for the current Case 5 results, to identify the major factors that need to be c o ~ ~ i d e ~ e d  
for developing a sensible blending strategy without performing tinie, .eonsum~~~ qumtit:itive 
calcuhinns. For simplicity of discussion, the scenario of blending two wastes is illustrated, The 

discussion also assumes the wastes being blended have similar inasses to fwtlier 

1 .  ~ l c ~ i d i n g  of waste feeds limited by glass composition constraint:,. 

* I f  both wastes have fhe same constraint (e.g., SO? concentr~t~on), there wi l l  he no impact 
of  blending on waste loading. 

If the wastes have different glass composition constraints, them is a high p o i ~ n r ~ ~ l  To: 
increased waste loading based on the dilution of the concentration ofliniiting components 
in eaclr waste by the other waste. The benefit will be iiiaxiintim wlien the c~lncentratlons 
of the constraint component in the other feed is zero in each waste (e.g.? the wasti: with 
SCil constraint has zero PzOs while the waste with P$Js constraint has zero SO3)% 

* 
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assuming the glass properties are relatively away from the limits. For the present Case 5, 
it is likely that the glass property constraint will be met only after significant increase of 
waste loading provided that the concentration of other major components in these wastes 
are not grossly different from those in the wastes limited by glass property constraint. 
This assumption is reasonable considering a very low average waste loading in feeds 
limited by SO3, A1203, or Fez03 constraints as compared to feeds limited by glass 
property constraints. 

2. Blending of waste feeds limited by glass property constraint in at least one waste. 

Ln principle, blending of the wastes with the same property constraint will not increase the 
waste loading significantly. Minimal increase of waste loading is possible due to the 
dilution effect of major components that limit the waste loading by model validity range 
constraints. In Case 5 (No Blend) results, the majority of the wastes involve spinel T,  
constraint, which implies that the blending of the wastes limited by property constraints 
would not cause any significant increase of waste loading. 

In the case of blending of wastes with different property constraints or blending of a waste 
limited by glass composition constraint with a waste limited by glass property constraint, 
the increase of waste loading will be determined by the difference between the predicted 
property or limiting component concentration and the limiting constraints. This case has, 
in general, a greater potential for increased waste loading than the case of blending of the 
feeds with the same property constraint discussed above. 

In summary, the blending of wastes with different glass composition or glass property constraints 
is likely to offer significant increase in waste oxide loading, whereas little or no increase of 
waste loading is expected from blending of the wastes with the same glass composition 
constraints or with the same glass property constraints. The above discussion is based on a 
simplified qualitative discussion of blending two wastes. In principle, blending of multiple 
wastes with different constraints has better potential for increased waste loading compared to the 
blending ofjust two wastes, eventually leading to a theoretical maximum in the Total Blend 
subcase in Case 5. Table 4 shows that the Total Blend subcase decreases the glass mass by 47% 
from 37,501 MT in Case 5 No Blend subcase to 20,055 MT (see also Figure I). 

3.3.2 Case 5 (Incidental Blend Subcase) 

Table 5 summarizes the number of waste feed batches, waste oxide mass, glass mass, and waste 
loading for each group of waste batches for the Case 5 Incidental Blend subcase. The incidental 
blending decreases the glass mass by 21% from 37,501 to 29,750 MT, which corresponds to the 
increase of total weighted average waste loading from 0.237 to 0.354 wt%. Figure 3 shows the 
distribution of waste feed mass and glass mass for four major groups of wastes for the Case 5 
Incidental Blend subcase. The Incidental Blend subcase involves several model assumptions that 
are different from those used in all other subcases including the No Blend and Total Blend'. 

These differences include less than perfect solid-liquid separation during the post-leach wash, insufficient free 
hydroxide to complete some of the leaching reactions. the treatment of remote-handled TRU heels, the addition of 
SI  and Mn for Envelope C processing, and an immobile heel in tank AY-102. 

Y 
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This increased the total waste feed oxide mass by 18% from 8,902 to 10,539 MT as shown in 
Table 5. More importantly, there is no one-to-one correspondence between the feed batches for 
the Incidental Blend and the source tanks for the No Blend subcase. Therefore, it is not possible 
to perform a “batch-to-batch” analysis of how the waste loading and its drivers change between 
the No Blend and Incidental Blend subcases on an absolute basis; relative comparisons must be 
used. The following discussion is based on the comparison of waste feed and glass mass 
fractions in each group of waste feeds for baseline and Incidental Blend subcases. 

Compared to the Case 5 No Blend subcase shown in Figure 2, the Incidental Blend subcase 
shown in Figure 3 decreases the mass fraction of the waste feeds with the model validity limited 
glass composition constraints and corresponding glasses, apparently shifting this group of waste 
feeds to the remaining three groups, especially to two major groups of waste feeds: solubility 
limited glass composition constraints and spinel TL involved glass property constraints. The 
incidental blending increases the waste loading in all groups and subgroups of waste feeds. The 
most significant increase is achieved in the waste feeds limited by the SO3 constraint, increasing 
the waste oxide loading from 0.152 in the No Blend to 0.300 wt%. This is in general agreement 
with the qualitative discussion above in Section 3.3.1 that the most potential benefit is likely 
from blending of wastes with different glass composition constraints. Another significant 
increase in waste loading is observed in the waste feeds with spinel TL NOT involved glass 
property constraints from 0.282 to 0.489 wt%. However, the fraction of the waste feeds in this 
group is much smaller than those in the two major groups of waste feeds. 

The increase of waste loading by current incidental blending based on the baseline retrieval 
sequence and feed delivery logic is roughly at a point halfway to the theoretical maximum of the 
total blending. In general, the retrieval sequence and staging strategy will affect the extent of 
blending and, therefore, the glass mass. The decision on additional efforts to increase the extent 
of blending should be made based on the balance between the required resowces and associated 
constraints imposed on the SST retrieval and closure plans for the additional blending and the 
benefit gained from the increased waste loading. This balance is especially important 
considering that the benefit of any further increase in the extent of blending is likely to diminish 
as the average waste loading increases. 
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Table 5. Summary of Case 5 Incidental Blend Subcase Results. 

Spinel TL involved 

>lass 
:omposition 
:onstraints 

43 Glass 
property 
;onstmints 

Soinel T, NOT involved 

Constraints 

Solubility limited 

Model validity limited 

8 

Numb 
of was 

feed 
batch, 

Glass property constraints subtotal 

Subtotal 

A1203 

CaO 
Na20 
Si02 0 
Subtotal 17 

51 

70 Glass composition constraints 
subtotal 

Total 121 

- 
Waste 
oxide 
mass 
(MT) 

1006.1 
1407.0 

5413.1 
547.2 
156.7 

36.4 

990.3 

5403.4 

3434.0 
701.0 
1135.0 
10538.5 

Glass 
mass 
(MT) 

13349.4 
4278.5 

17627.9 
1909.3 
688.5 

205.9 

2803.7 

2043 I .7 

7885.1 
1432.9 
9318.0 
29749.7 

- 
Was1 

Io ad i n 1 
glass 
- 
1.300 
1.329 

- 
1.307 
1.339 
1.373 

1.420 

1.353 

1.313 

~ 

__ 
__ 

1.436 
1.489 
1.444 
1.354 

- 
__ 
- - 

Note: *Represents the weighted average waste loading in the glasses with the batches that are limited by the same 
(or same group of) constraints. 
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F ~ ~ ~ r ~  3. ~istribw~ion of Waste Feed Oxide Mass and Glass Mass for Eac 
atches in I n ~ i d e ~ ~ a l  Blending Subcase of Case 5. 

Waste ked ovrde inass (MT) GIass inass (MT) 

1,433 
4.8% 

70 1 
6.7% 

3 434 
32 6'>" 5,413 

5 1.4% 17,628 
59 3% 

9 4% 
Solubility limited glass composition constraints 
Model validity limited gbdss composition constra nts 

u Spinel ?;, involved glass property constraints 
u Spinel TL. NOT involved glass property constrain1.s 

l~se~vations on Glass Model 

compositiou-proi~ery models ~tsed in this sensitivity study, and preseiite 
RPP- 1x592 are out-of-date. Vienna et al. (2002) ( P ~ ~ - l ~ O ~ ~ ~  developed and reported updated 
property niodels that are applicable to both HLW and LAW glasses for major ~ r o p e ~ ~ i e s  
including viscosity, PCT responses, and liquidus temperatures (.T,) f x  spinel and zircon. The 
FILW melter study conduci.ed by Perez et al. (2001) (PNNL-I 3582), similar to the current. 
sensitivi1.y study, showed that the spinel T ,  constrailit is one ofthe major limiting c~~ns~r : i i i i t~~  for 
Haanford Site HLR be.cause of relatively high concentrations of FezCI3, NiO, and Cr20:. A 
study by Vienna et al. (2003) ( W T P - ~ T - 0 8 5 )  focused only on the liquidus ~ e i ~ ~ p e ~ ~ ~ ~ u ~ e  of  
spinel crystals and developed the improved models using additional data. These updated models 
should give a more accurate estimate of the glass properties and, therefore, the glass mass for 
similar sticdies in the future. 

The TI. co~s t r~ in t , s  o f  1050 "C ("default") or 1 100 "C ("relaxed") u s d  in this study are higlier 
than used in the previous study (PNNL-13582). Recently, Vienna et al. (2003) ~ W ~ ~ - ~ ~ T - i ~ ~ S j  
suggested that i t  i s  more appropriate to use a constraint based on Zj.01, defined as the ~e,mper~iture 
at. which tihe total voluine fraction ofcrystals in glass i s  0.01, rather than Ti .  This is, based m 
past st.rtdies by Ffrma and colleagues (Hnna et al. 2001: Scliil'i et a]. 2.001; arid V ~ L - . O I ~ 5 4 0 - 2 ) ,  
who repol-led that crystal layer growth at the melter bottom i s  much inore sensitive to crystal size 
and fraction than TI.. The current proposed eons~aint at the WTP is that 
below the h i t  of950 "C. i t  is likely that this constraint would resiilt in higher waste Izradint;: 
tharr the ciirreni the Ti, 5 1 100 "C ("relaxed) constraint. 

should renrain 
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The viscosity constraint of 4.5 to 5.5 P a s  (“default”) or 4.5 to I O  Pas  (“relaxed”) at 1150 “C 
used in this study is much tighter than that used in the study by Perez et al. (2001) 
(PNNL-I 3582), which used more typical range of 2 to10 Pas  at 1150 “C. The lower viscosity 
limit of 4.5 Pas  seems too conservative and may also be relaxed to provide higher waste loading 
in future studies. 

The model validity composition range should also be changed if the updated glass composition- 
property models are used. The newer models with more glass data are likely to expand the valid 
concentration ranges. 

Not included in this study is the constraint on the release of toxic metals from the glass. The 
HLW glass is intended for disposal at the proposed geologic repository, which will not accept 
hazardous wastes for disposal. One of the criteria typically applied to determine whether a 
material is toxic is the release of certain toxic elements under the conditions of the EPA Toxicity 
Characteristic Leaching Procedure (TCLP) (62 FR 26041). Recently, models to predict the 
TCLP releases have been developed and reported in PNNL-14061 and VSL-03R3780-1. 
Preliminary observation of glass compositions from the Case 5 results suggests that the TCLP 
constraints may limit the oxide loading of some of the waste batches. It is recommended to 
include the TCLP constraints in future studies for more accurate estimation of the glass mass. 
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4.0 DECREE OF PRETREATMEILI 

4.1 I ~ T R ~ D l ~ C T l O ~  

This scctiotr identifies which tanks contain waste that could benefit from different degrees o f  
pretreai.mcrit (caustic and/or ox,iciative leaching). Since tank waste is not delivered without 
significant amounts of incidenral blending, this infomiation cannot he used to prcdict the 

only a simple screening process was used - a cost / benefit analysis was not perfonned, 

p~etre~1'~~iieiit. 

iegree ofpretrcatcnent for a specifk batch of feed delivered to the WTP. i\dditionally. 

-less, this tank-by-tank analysis may suggest general trends i n  the required degrce of 

i'rt screened by comparing tank-by-tank glass masses under different pretreatrnent 
10 , assumptions ~~. wrater wash only (Case A ), water wash plus caustic leach 

wash, caustir: leach and oxidative leach (Case C); and water wash plus ox 
e R): and \mer  
re leach ( C h c  t)). 

cs used the revised wash fzictors, the relaxed glass property model limits, and the 
vcntory. The revised caustic leach factors were used for cases in which a caustic 

lcach i:i performed; the oxidative leach assumptions were used for the cases in which an 
oxidative iea.cli is performed. Case C is the same as Case 7 from Section 2.0, hipacts on 

- I  Waste Glass Mass. 

selected to compare rhe different ca 
greater than tnaximuin of 10% ofthe rnini1n~ii~ glass inass for a : 
0% of the ininimurti for the No Blend Case were 

is the percent increase in HLW gI 

difference, 'The degree o f  pretreatment was 
inass not significantiy differe 
sed in inore detail in Appendix C. 

timed to be the least amount of pretl-eatnient that 
om the minimum glass mass for :I specific rank, 

Table 6. Study Matrix for Degree o f  Pretreatment. 

.~ ___ . 

Note. Shaded cells indicate the selcctcd levels 
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4.3 

Tabic 7 atid Figure 4 summarize the assumed degree of pretreatment for Manford Site rank waste 
-- the more detailed tank-by-tank results are presented in Table C-1 i n  Appendix C. All ofthe 
waste waa assumed to require water washing. The imjority of the tanks (about 80%) requires 
causiic leaching, either with (Case C) or without (Case B) oxidative leaching. Oxidative 
leaching provides a significant benefit when it is used in conjunetiori with caustic lcaching. 

The overa.11 inass o f  glass resulting from the selected degrees of pret::eatment (43,278 MT) i,; less 
than 1 "kii larger than the water-washed, caustic-leached, oxidative leached No Blend mass for  
Case C (42,993 MT). 

Table 7. Assumed Degree of  Pretreatm~~nt. 

Figure 4. Assumed Degree o f  Pretreatme~t. 

Number of Tanks Benefiimg fram Various Degrees Of 

Pretreatment 

15 

B A  Water Wash 

D C  - Water Wash Caustic Leach oxidative Lea'h 
U D  - Water Wash Oxidative Leach 

B .Water Wash, Caustic Leach 
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Tank 
sx-101 
SX-106 
SX-105 

5.0 OPPORTUNISTIC SAMPLING 

Cr (Kg) Comments 
26,625 Cr inventory is sample-based. 
9,617 Cr inventory is sample-based. 
7,462 Cr inventory is sample-based. 

Oxidative leaching studies with S- 107 sludge 

5.1 INTRODUCTION 

S-103 

sx-108 

s- 102 

T-l I1 

A list of candidate tanks for opportunistic sampling and testing to confirm the inventory and 
better understand the partitioning behavior of chromium during retrieval, staging, and subsequent 
processing was developed. In this context, opportunistic sampling refers to taking additional 
grab samples during planned retrieval activities or sharing of samples that will be taken to 
support other activities such as retrieval and closure. 

5,657 None. 

4,380 

4,303 None. 

Oxidative leaching studies with SX-108 sludge 
samples have already been conducted and are 
reported in PNNL- 1 157 1 and PNNL- 1 1908. 

The waste in tank T-111 is designated as TRU 
waste and is planned for treatment and packaging 
for disposal at the WIPP. Tank T-1 1 1 contains a 3,510 

mixture of 2C and 224 waste tvDes. Only one other 

5.2 METHODOLOGY 

The 177 tanks were sorted by decreasing chromium inventory. The tanks with the highest 
chromium inventory, that together account for 80% of the total inventory, are shown in Figure 5. 
Tanks which may be retrieved early in the mission, before the WTP begins operation, are 
identified with solid red bars. These tanks were taken from the draft pool of tanks selected for 
early retrieval as part of the M-45 negotiations. The rationale for this pool is described in 
RPP-2 1217. Table 8 is a list of the high chromium content M-45 pool tanks taken from Figure 5 .  

samples have already been conducted and are I I 6J570 I rmorted in PNNL- 1 157 1. 
AX-101 I 6,219 I None. 

.I 

tank, T-110, contains both these waste types. 
A- 106 I 3.262 1 None. 
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As expiained in Section 5 .  I ,  the purpose o~opportunistic sampling i s  to coniinn the inventory 
and obtain a better Linderstanding o f  the partitioning behavior of chr,xnium during retrieval, 

d subsequent processing. In order to do this (short o f  pulling full tank cores and 
performing ~ ~ b ~ r a ~ o r y  testing), sufficient samples would need to be taken during and aRer 
retrieval to establish a mass balance around chromium. The d ~ f ~ i ~ u ~ ~ y  and cos 
vary depending on the selected retrieval technology and the details cof the proc 
developed for that tank and the specific questions being asked. Therefore, at this time. no 
definitive statements can be made about the ability to obtain meaningful ~ p ~ ~ ~ ~ L ~ n i ~ t i ~  samples. 

Figure 5. ~ h r o m i u ~  Inventory by Tank - Top RO Percent. 

Tank 
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6.0 CONCLUSIONS, RECOMMENDATIONS AND CAVEATS 

6.1 CONCLUSIONS 

The following conclusions, addressing the points made in Section 1.2, Purpose, were reached: 

0 

0 

6.2 

Application of the revised chromium and aluminum wash and leach factors will 
increase the HLW glass mass by about 60 to 100 percent (using the relaxed glass 
properties model) to about 150 to 300 percent (using the default glass properties model) 
above the baseline. 

The use of oxidative leaching for chromium removal, if implementable as assumed, will 
offset the increase in HLW glass mass resulting from the use of the revised chromium 
and aluminum wash and leach factors. The revised HLW glass mass estimate is 
comparable to the current ORP baseline. This study does not address the ability to 
implement an oxidative leaching process in the WTP, or impacts that such a process 
might have on pretreatment capacity or the overall process flowsheet - these factors 
should be addressed separately from this report. 

The major parameters affecting the glass mass will change from ( 3 2 0 3  solubility and 
spinel liquidus temperature (TL) constraints to SO, solubility and spinel TL constraints. 

The HLW glass mass will increase by about 15 percent (3,044 MT) if the TRU waste 
from fourteen SSTs and three DSTs currently designated for direct packaging is treated 
in the WTP as HLW, assuming a hypothetical total blend of all tank wastes. This 
represents an increase in mission duration of about 20 months at a net HLW production 
rate of 5 MT glass per day. For the hypothetical processing of wastes on a tank farm 
blend basis, processing the TRU tank wastes in the WTP will increase the HLW glass 
mass by about 4,170 MT (14 percent) and increase the mission duration by about 28 
months. The effect of incidental blending on the HLW glass mass was not evaluated for 
a case that did not include the TRU tank wastes. 

All of the HLW sludge was assumed to require water washing. The majority (-80%) of 
the tanks requires caustic leaching, either with or without oxidative leaching. Oxidative 
leaching provides a significant benefit when it is used in conjunction with caustic 
leaching. 

Ten of the fifty tanks allocated for early retrieval as part of the M-45 pool of tanks 
contain a significant quantity of chromium and, thus, are candidates for opportunistic 
sampling and analysis. 

RECOMMENDATIONS 

The following recommendations, listed in no particular order, should be considered for future 
implementation (see PER 2004-3058). 

The revised water wash and caustic leach factors for chromium and aluminum should 
be adopted for mission planning purposes, either in conjunction with oxidative leaching 
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or another strategy to produce an acceptable quantity of HLW glass. This 
recommendation will bring the planning basis into alignment with the current technical 
understanding of the major factors affecting HLW glass. 

Review and select the appropriate glass property models and limits for future HLW 
glass mass projections for mission planning purposes. Consider a combination of the 
models presented in PNNL-14060 and WTP-RPT-085. These models should be 
augmented with a Toxicity Characteristic Leaching Procedure (TCLP) property 
constraint for use in predicting HLW glass waste loadings. Together, these should 
provide more accurate estimates of the mass of HLW glass, the specific drivers for the 
glass mass, and waste blending behavior. 

The sulfate partitioning assumptions used for mission modeling should be evaluated to 
verify that SO3 really is limiting HLW glass waste oxide loading. Based on the results 
of this evaluation, studies to increase the sulfate loading in HLW may be determined to 
be beneficial in reducing the HLW glass mass. 

The feasibility of obtaining opportunistic samples to confirm the tank waste inventory 
and partitioning behavior of chromium during preparation of the process flowsheets for 
the ten high chromium content tanks identified for retrieval prior to commencing WTP 
operations (see Table 8) should be evaluated. 

Revisit the degree of pretreatment analysis on a feed batch basis rather than a source 
tank basis to see if there is an opportunity to apply less aggressive pretreatment to 
certain feed batches with little or no impact on HLW glass mass. 

Evaluate whether a simple blending strategy can be used to augment incidental blending 
to significantly reduce the HLW glass mass. The HLW glass mass for the incidental 
blend is about one-and-a-half times greater than the total blend; it may be possible to 
approach the total blend using simple blending strategies. 

CAVEATS 

The following limitations should be considered when interpreting or applying the results of this 
report: 

No assessment on the ability to implement an oxidative leaching process in the WTP, or 
impacts that such a process might have on pretreatment capacity or the overall process 
flowsheet has been made. The WTP has not completed an assessment of the 
partitioning of radionuclides, such as Pu and Am, from the sludge during oxidative 
leaching. These factors should be addressed as part of selecting a strategy for 
producing an acceptable quantity of HLW glass. 

The degree of pretreatment analysis does not take into account the incidental blending 
that will occur during retrieval and feed staging. It is not obvious if the results of a 
similar analysis using as-delivered feed batches would produce similar results. 

No assessment of the impact of the newer glass property models, including the TCLP 
model, on HLW glass mass was performed as part of this study. 
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APPENDIX A 

IMPACTS TO HLW GLASS MASS 
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Table A-1 presents the mass of HLW glass for each of the cases defined in Table 3 (Section 2.1). 
First, the glass mass for each of the blending subcases (Total Blend, No Blend, Incidental Blend, 
and Farm Blend) are stated. Combinations of cases and subcases that were not included in 
Table 3 are indicated with a "--". Then, for cases which include the Farm Blend, the 
contributions from each farm are shown, otherwise a "--" is shown. Finally, for the No Blend 
subcase, the contributions from each tank are provided. A "--" is shown for tanks that are 
designated as candidate for TRU processing when those tanks are excluded from the inventory of 
waste to be treated at the WTP. 

Table A-1. HLW Glass Production for Each Case. 
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Table A-1. HLW Glass Production for Each Case. 

A-4 



- TY-101 400 400 430 397 427 397 427 397 
TY-I02 31 31 31 31 31 31 31 31 
TY-103 367 367 392 371 397 37 1 397 371 
TY-104 97 97 103 98 I04 98 104 98 
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Table A-1. HLW Glass Production for Each Case. 
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Table A-1. HLW Glass Production for Each Case. 
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APPENDIX B 

DRIVERS FOR GLASS MASS AND BLENDING 
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This appendix contains key glass properties and results from the various blending subcases for 
Case 5.  Table B-1 contains glass output results for the Total Blend and No Blend Subcases; 
Table 8 - 2  contains results from the Incidental Blend Subcase. 

Cells which have been shaded indicate values that are at the lower limit (green) or upper limit 
(red). If the parameter is a glass additive (frit oxide) and enough of that oxide had been added to 
the glass to reach its upper limit, then its value is colored red and no other shading applied. 
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APPENDIX C 

DEGREE OF PRETREATMENT 
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This appendix contains the results of the four cases (Cases A, B, C and D) that were used to 
identify the degree of pretreatment that each tank could benefit. Table C-1. Degree of 
Pretreatment Case Results contains that calculated glass mass for the Total Blend, No Blend, and 
individual tanks for each Case. The shaded cells highlight the glass mass associated with the 
selected degree of pretreatment for the waste in each tank. 

The right hand side of the table contains the calculations that were used to select the degree of 
pretreatment. A straw man cut-off value was computed, which represents the maximum amount 
of glass that would be accepted from a given tank before switching to a more aggressive degree 
of pretreatment. The cut-off was set equal to the sum of the minimum glass produced for that 
tank for any case (degree of pretreatment) plus the maximum of the following two terms: 

“Tol-1”: 10% of the minimum glass produced for that tank for any case (degree of 
pretreatment), and 

“Tol-2”: 1/177‘h of 10% of the minimum glass for the No Blend Case. 

The assumed degree of pretreatment was selected by using the least aggressive degree of 
pretreatment for which the corresponding glass is less than or equal to the cut-off for that tank. 
For purposes of this study, the degrees of pretreatment, in increasing degrees of aggressiveness, 
are: 

Case A ~ Water Wash, 

Case D ~ Water Wash and Oxidative Leach, 

Case B ~ Water Wash and Caustic Leach, and 

Case C - Water Wash, Caustic Leach and Oxidative Leach. 
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Table C-1. Degree of Pretreatment Case Results. 

I I 
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Table C-1. Degree af Pretreatment Case Results. 
r - - - -~ 
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Table C-1. Degree of  Pre~reatmen~ Case Results. 
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Table C-1. Degree of ~ r e ~ r e ~ t r n e n ~  Case R e s ~ l t s ~  

Percent decrerse 
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