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Abstract

A parametric study of blending Hanford tank wastes identified possible benefits from blending
wastes prior to immobilization as a high level or low level waste form. Track Radioactive Components
data were used as the basis for the single-shell tank (SST) waste composition, while analytical data
were used for the double-shell tank (DST) composition. Limiting components were determined using

• the existing feed criteria for the Hanford Waste Vitrification Plant (HWVP) and the Grout Treatment
Facility (GTF). Results have shown that blending can significantly increase waste loading and that the
baseline quantities of immobilized waste projected for the sludge-wash pretreatment case may have
been drastically underestimated, because critical components were not considered. Alternatively, the
results suggest further review of the grout feed specifications and the solubility of minor components in
HWVP borosilicate glass. Future immobilized waste estimates might be decreased substantially upon a
thorough review of the appropriate feed specifications.
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Summary

Pacific Northwest Laboratory (PNL) conducted a preliminary evaluation of the benefits of blend-
" ing Hanford Site tank waste to be immobilized in the Hanford Waste VitrificationPlant (HWVP) and

the Grout Treatment Facility (GTF). Blending was considered because many feeds to the HWVP and
the GTF have chemical components that limit the waste loading in both forms to less than its
maximum. The basic concept is that a feed high in one component, relative to feed limits, would be
mixed with another feed that contains a low level of the same component, producing a blended stream
with a lower concentration of said component. The blend could be processed with greater overall
waste loading.

This report presents the results of work in which two cases were considered. Case I evaluated ali
tank waste currently included in the Tank Waste Remediation System (TWRS) planning basis for
retrieval and pretreatment prior to immobilization as a high-level waste form [ali single-shell tank
(SST) waste (149 tanks) and ten double-shell tank (DST) waste types (10 tanks); namely, complexant
concentrate (CC), neutralized current acid waste (NCAW), neutralized cladding removal waste
(NCRW), and Plutonium Finishing Plant (PFP) waste]. Case II evaluated eight selected tanks:
AY-101 (CC waste type), AY-102 (dilute waste type), AZ-101 (NCAW waste type), AZ-102 (NCAW
waste type), C-105 (SST), C-106 (SST), SY-101 (CC waste type), and SY-103 (CC waste type). The
eight tanks in Case II were selected because they are under consideration for early retrieval and
immobilization.

The volumes of immobilized waste were estimatedon the basis of sludge-washing flowsheets.
The most limiting components were used to determinethe allowablewaste loading andhence the
immobilized volumes. Case I used TrackRadioactiveComponents (TRAC) data as the basis for the
SST waste composition, while analytical data were used for the DST waste composition. Case II used
analytical data for ali tankcompositions. In both cases, the limiting components were determinedusing
the existing feed criteriafor the HWVP and the GTF. Evaluationof Case II also included the use of
the glass feed criteria models from the CompositionalVariability Study (CVS) to re-evaluateHWVP
loading and benefits of blending. Tables 5.1 throughS.4 summarize the quantityof final waste form
estimated for Case I and Case II.

The report is preliminary, and the results shouldbe viewed more qualitatively than quantita-
tively. Assumed tank compositions, sludge-washing partitioning factors, and uncertainties in some
technical aspects of the HWVP and GTF feed criteria ali add to quantitative uncertainty. Evaluation
will continue as new information becomes available. A computer optimization program is currently

" being developed which incorporates the CVS modeling and should provide more detailed information
on blending a large selection of tank wastes.



Case I

For waste to be immobilized in the HWVP, Table S. 1 displays a summary of the of the HWVP
waste-f_rm production using the HWVP reference feed composition model. The "25 wt% load" col-
umn is the widely used HWVP baseline for canister estimates. This baseline assumes that the immobi- °
lized waste volumes are only dependent on the total mass to be vitrified. The "no blend" and "teta2
blend" columns take into account the HWVP reference feed chemical composition range (without and
with the benefit of blending). The "limiting component (total blend)" column displays those compo-
nents in the "total blend" which limit waste loading due to their high concentration in the feed relative
to the limits. The potential benefit of blending is evident by comparison of the volume of glass associ-
ated with the bounding option of "no blend" and "total blend." This potential waste reduction, defined
as the percent difference between the "no blend" and "total blend," is a measure of the maximum bene-
fits blending may provide. The potential waste reduction is 25 % for the sludge-wash-only ease, 66%
for the sludge wash with PO43 leach, and 69% for the sludge wash with PO43"and other leach. Note,
in looking down the columns, that selected leaching and blending are both integral steps in reducing the
waste volume so that it approaches the 25 wt% load.

The following chemical species from the HLW feed¢_)("no blend" option) exceeded the HWVP
reference feed composition: A1203,BaO, CaO, Cr203, FeaO3,MnO2, Na20, NiO, P205, SO_, SiO_,
ZrO2, Other, CI, CO3, NO,, and total organic constituents (TOC). Every tank had at least one HWVP
outlier,Cb>and no tank's waste contents could be fully loaded (25 wt%) without blending or further
pretreatment. In order to approach the 25 wt% loading without blending, either pretreatments capable
of reducing the concentration of the 17 chemical outliers must be developed or examination of increas-
ing these waste concentrations must be evaluated. Blending can reduce the number of outliers from 17
to 3 (P2Os,others, and A1203).

Clearly, not ali of the outliers will actuallybe a problem for waste loading in glass, andmany of
these outliers, in the future, may be inconsequential when reviewed after CVS analysis. SiO2, for
example, is a large constituent in glass and compensation might be made in the composition of glass
frit. Similarly, NO, and TOC may not be a problem in the glass per so but in the off-gas system,
which might be engineered to handle larger off-gas rates.

Conversely, Cr203, P205, and SO3 have serious potential to negatively impactwaste loading.
CVS modeling uses limits identicalto the HWVP reference model for these three components, anda
more detailed blendinganalysis using CVS would certainly flag these components as outliers too.

(a) Note that the feed components are not actually converted to oxides until they are added to the
melter.

(b) An outlier is defined as a component outside the specified feed limit.
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Table S.1. Case I Waste ProductionSummary: HWVP

Quantity of waste Produced<')

"Total Potential Limiting
° 25 wt% Load "No Blend" Blend" Waste Component

Pretreatrnent HWVP (canisters) (canisters) (canisters) Reductionc*) ("total blend")

Sludge wash (SW) 34,100 267,000 200,000 25% P

SW w/P leach<¢) 28,000 139,500 47,000 66% Otherstd)

SW w/P & other leach<') 27,700 117,900 36,500 69% AI

(a) Waste Production from the HWVP is based upon washed sludge from DSTs and SSTs currently
included in the TWRS planning basis for retrieval and pretreatment prior to immobilization as a
high-level waste form.

(b) (volume from "no blend" - volume from "total blend")/(volume from "no blend")
(c) Fraction of P leached = 0.76. This value is the required fraction of P that must be removed so

that it no longer limits waste loading in the "total blend".
(d) "Other:' is defined as fission product elements and minor components.
(e) Fraction of P leached = 0.82. Fraction of other leached = 0.22. These are the required fractions

of P and other that must be removed so that they no longer limit waste loading.

For waste to be immobilized in the GTF, compare in Table S.2 the "5 M Na load" column,
which displays the widely used GTF baseline loading, with the "no blend" and "total blend" columns,
which take into account the grout waste feed acceptance criteria (without and with the benefit of blend-
ing). The potential benefit of blending is evident by comparing the volume of grout associated with the
bounding options of "no blend" and "total blend." Note, in looking down the columns, that selected
leaching and blending are both integral steps i_ reducing the waste volume so that it approaches the
25 wt% load.

The following grout feed acceptance criteria were exceeded in the low-level waste (LLW) feed
("no blend" option): Ca2+, Ni2+, Pb2., F, NOr, OH, PO43",SO42",TOC, Na+i(total cations), (NOr
+ NOf)/(total anions), and radiolytic heat content/unit volume. (By definition of the 5 M Na loading,
Na cannot exceed the limit.) In order to approach the 5 M Na loading without the aid of blending,
either pretreatmentscapable of reducing the concentration of the 12 differentoutliers must be devel-
oped or the potential for increasing these waste concentrations must be evaluated. Blending can reduce
the number of chemical outliers from 12 to 2 (F, Pb'+).

Again, not ali of the GTF outliers should actually be a problem for waste loading in grout, and
many of these outliers, in the future, may be inconsequential when reviewed. The current grout feed

, specifications are based upon three major considerations: a) thermal loading in the grout;
b) regulatory-based limits; and e) past experience. Item a is based on experimental evidence that the
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Table S.2. Case I WasteProductionSummary: GTF

Quantity of waste Produced¢')

Limiting °
Potential Component

5 M Na Load "No Blend" "Total blend" Waste ("total

GTF (m3) grout (m3 grout) (m3 grout) Reduction blend")

Water dilution of 5 m Na 473,000 3,610,000 1,890,000 48% F

Water dilution to 5 MNa 473,000 2,036,000 1,113,000 45% Pb
w/F removal

Water dilution to 5 M Na 473,000 977,000 473,000 52% No limiting
w/F & Pb removal component

(a) Waste production from the GTF is based upon the soluble mass from the SSTs only.
(b) (volume from "no blend" - volume from "total blend")/(volume from "no blend")

grout will have acceptable physical properties when the peak cure temperature is kept below 100°C.
Item b is based on specific regulatory guidance [e.g. land disposal restrictions (LDR) for organic con-
taminant] or on extrapolation of Extraction Procedure Toxicity (EPTOX) and Toxicity Characteristic
Leaching Procedure (TCLP) tests of actual grout formulations to define probable acceptance limits for
heavy metals3") Item c is the basis for file remainderof the grout limits, and the specified limit may
not be the maximum concentration that can be successfully grouted.

Regulatory limits are the basis for grout feed limitation of the following outliers: Pb 2+and TOC.
Without mitigating pretreatment or further evaluation of the regulatory-based limit, these outliers have
serious potential to negatively impact waste loading.

Case II

Table S.3 displays a summary of the HWVP waste-form productionof various blend options
using both the HWVP reference feed composition model and the CVS model. The HWVP reference
model indicates that the potential waste reduction ranges between 29 % and 44%, depending on the pre-
treatment and blend option chosen. Nearly ali the benefits blending may provide in terms of final
waste form reduction are gleaned from blend options 1 and 2 (see Table S.3), which blend wastes, by ,
tank, to obtain four and three discrete waste feeds, respectively. Results suggest that a minimum

(a) Hendrickson, D. W. 1991. Grout Treatment Facility Waste Feed Acceptance Criteria.
WHC-SD-WM-RD-019, Rev. 1, Westinghouse Hanford Company, Richland, Washington.
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Table S.3. Case II Waste Production Summary: HWVP Reference Model and CVS Model

HWVP Reference Model CVS Model

Potential Poteutial

" Waste waste waste

Load ing reduction reduction

Approach (°) Canisters (%) Canisters (%)

Pretreatment: SW Only

"No blend" 11,060 NA 8,620 NA

Option 1c*) 7,830 29 7,810 9

Option 2ct) 7,580 31 7,560 12

"Total blend" 7,470 32 7,470 13

Pretreatment: SW w/Cr Leach

"No blend" 5,980 NA 2,380 NA

Option 1 4,210 30 2,120 11

option 2 3,920 34 2,070 13

"Total blend" 3,360 44 2,080 13

(a) For comparison purposes, the number of canisters that would result from 25

wt% loading is 2820.

(b) Blend of tanks SY-101/C-106, SY-103/C-105, AZ-101/AY-101,

AZ-102/AY-102, resulting in four waste feeds.

(c) Blend of tanks SY-101/C-106/AZ-102, SY-103/C-105/AY-102,

AZ- 101/AY- 101, resulting in three waste feeds.

blending effort may provide near-maximum benefits to final waste-volume reduction. Note, in looking

down the columns, that selected leaching and blending are both integral steps in reducing the waste vol-

ume so that it approaches the 25 wt% load.

The results obtained using the CVS model are similar to those obtained using the reference

model. The potential waste reduction is substantially decreased to 9 % to 13% from 29 % to 44% as a

result of lowering the "no blend" canister estimate to 8,620 in the CVS model from 11,060 in the refer-

ence model. CVS model analysis indicates that the benefits of blending in terms of waste production

analysis are significant, although lower than that estimated from the HWVP reference model. Again

note, in looking down the columns, that selected leaching and blending are both integral steps in reduc-

ing the waste volume.
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For waste to be immobilized in the GTF, compare in Table S.4 the "5 M Na load" volume esti-
mate, which is the widely used GTF baseline, with the "no blend" and "total blend" volume estimates,
which take into account the grout waste feed acceptance criteria (without and with the benefit of blend-
ing). The potential benefit of blending is evident by comparing the volume of grout associated with the
bounding options of "no blend" and "total blend." Both blend option 1 and the "total blend" result in "
grout production equal to the 5 M Na load, eliminating the need for pretreatment beyond that necessary
to remove organics, and radiolytic heat generators.

b

Obviously, waste-form production estimates are highly sensitive to tank chemical composition
data and sludge-wash partitioning factors. Comparison of TR.ACdata with core sample data has shown
TRAC to be within an order of magnitude in some components and off by many orders of magnitude in
other components. As a result, greater emphasis should be placed on the observed beneficial trends of
blending, and less emphasis placed on the actual numbers predicted for immobilized waste volume.
Since the process of selecting tank feeds to blend is based upon finding compatible feed compositions,
more precise tank characterization data will be required. Tank characterization data should also
include experimentally determined component solubility data, as would occur in tank waste pretreat-
ment.

In addition to blending as a method for maximizing the waste loading, the non-regulatory limits
for the glass and grout should be reviewed and considered, if possible. For vitrification, consideration
should be given to designing experiments with waste simulants high in minor components whose load-
ing is limited by solubility constraints (Cr203, F, P205, and SO3) in an effort to extend these limits.

For grout, considerat'on should be given to designing experiments which test the regulatory-
based heavy metal limits, and the limits based simply upon experience.

Table S.4. Case II Waste Production Summary: GTF (post organic destruction and heat-loading
limits pretreatment)

Potential

Waste Loading Grout Limiting Waste
Approach (m3) Component(s) Reduction

5 M Na load 31,600 NA NA

"No blend" 44,600 F', Pb 2., SO42" NA

"Total blend" 31,600 None 29%

Blend option Ic°) 31,600 None 29%

(a) Blend of tanks SY-101/C-106, SY-103/C-105,
AZ- 102/AY-101, AZ-101/AY- 102, resulting in four
waste feeds.



Results from this study have shown that although blending can significantly increase waste load-

ing, blending is not a pretreatment step that can replace ali other pretreatments being considered. The

baseline quantities of immobilized waste projected for sludge-wash cases may have been drastically
underestimated, because critical components were not considered. Alternatively, the results suggest

, further review of the grout feed specifications and of the solubility of minor components in HWVP

borosilicate glass. Future glass and grout volume estimates might be decreased substantially upon a

thorough review of the feed specifications. The results of this study suggest that blending, selective

., leaching, and HWVP glass and GTF grout feed specifications should be evaluated further as an element
in the TWRS pretreatment strategy.
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1.0 Introduction

The Hanford Site has 177 double-shell tanks (DSTs) and single-shell tanks (SSTs) containing
" radioactive mixed waste that will be remediated. The waste volume in those 177 tanks is approxi-

mately 700,000 m3. Current planning calls for the transuranic (TRU) and high-level waste (HLW)
fractions to be immobilized by vitrification in the Hanford Waste Vitrification Plant (HWVP), with the

" resulting waste form taken to an offsite repository, while the low-level waste (LLW) fraction will be
immobilized in a grout waste form at the Grout Treatment Facility (GTF) or in other waste forms for
near-surface burial.

1.1 Background

Pretreatment alternatives are being studied to reducethe waste volume requiring immobilization
in the HWVP. Becauseof the large variety of chemical constituent concentrations in different tank
wastes and the composition limitations embodiedin HWVP and GTF feed acceptance criteria, blending
tank wastes is being considered. By blending tank wastes, components whose concentrationsexceed
the established waste feed criteria can be diluted, thereby increasingwaste loading. For example, a
waste whose phosphate concentrationsexceed feed limits may be blended with a waste whose phos-
phate concentrations are well below limits. If the blend feeds are judiciously chosen, the resultant
blend will also have a phosphateconcentrationbelow feed limits. In additionto decreased volume of
the finalwaste form, a pretreatmentstrategy that includes blending will simplify processing due to
decreased feed types.

Complexities involved in waste form qualification (WFQ) and in determining a suitable glass frit/
grout-forming material composition for each waste also make blending an attractive alternative. Fewer
waste types will result in a simpler WFQ process, and larger volumes of feed will provide more feed
continuity for sustained plant operations.

In 1991, Pacific Northwest Laboratory (PNL)c')examined combinations of simple pretreatment
and blending strategies on selected DSTs and SSTs. The results showed that blending wastes enhances
HWVP waste volume reduction over that of performing pretreatment alone. This study furthered that
work by extending the evaluation to include ali SSTs and selected DSTs and examining the subsequent
waste loading expected in the HWVP and the tiFF.

(a) Pacific Northwest Laboratory is operated for the U.S. Departmentof Energy by Battelle
Memorial Instituteunder Contract DE-AC06-76RLO 1830.
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1.2 Objectives

The objective of this study is to evaluate on a broad scale the magnitude of the potential benefits

provided from blending tank wastes.

1.3 Assumptions and SimpliDcations

The following assumptions and simplifications were used in this study:

1. The HWVP feed criteria have been established in the HWVP Technical Data Package,

Revision 5. Table 1.1 shows the criteria.

2. The grout feed acceptance criteria have been established by the Grout Treatment Facility

Waste Feed Acceptance Criteria. c) Table 1.2 shows the criteria.

3. The HWVP canisters used for analysis were cylindrical canisters 2 feet in diameter and

10 feet in length, with a mass of 1650 kg.

4. The 122,000-ppm Na limit given in Table 1.2 corresponds approximately to a 5 M Na con-
centration in a solution with a specific gravity of 1.0. In a higher specific gravity solution,

122,000-ppm Na converts to a higher molar Na solution; however, throughout this report
the concentration will be referred to as 5 M Na.

5. Assumptions on the solubility of chemicals and radionuclides during the pretreatment

sludge wash for SSTs are the same as those used in Systems Engineering Study for the

Closure of Single-SheU Tanks (Boomer 1991) and are shown_) in Table 1.3.

6. Tank availability or retrieval sequencing were not taken into account in the blending
analysis.

7. Safety issues that may result from blending incompatible wastes were not examined.

8. Tank wastes were assumed to be thoroughly mixed during the retrieval process.

(a) Hendrickson, D. W. 1991. Grout Treatment Facility Waste Feed Acceptance Criteria. WHC-
SD-WM-RD-019, Rev. 1, Westinghouse Hanford Company, Richland, Washington.

Co) The 99 % solubility of Na used by Boomer was reduced to 97 %.
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Table 1.1. Chemical Compositional Range for the HWVP Reference Feed

Minimum Maximum

Chemical Composition Range Limits Wt% of Total Nonvolatilew

(oxide basis) Oxides

A1203 2.0 26.0

° BaO 0.0 20.0
CaO 0.0 20.0
CdO 0.0 10.0

Fe203 8.0 60.0
(La, Nd)203 0.0 8.0

MnO 2 0.0 20.0

MoO3 0.0 8.0
Na_O 4.5 22.0
NiO 0.0 8.0

SiO 2 0.0 17.5
TiO2 0.0 4.0

U3Os 0.0 32.0
ZrO 2 0.0 40.0

Cr203 0.0 2.0

Noble metals (PdO, Rh203, Ru203) 0.0 1.0
P205 0.0 4.0
SO3 0.0 2.0
F" 0.0 6.9

Fission product elements and minor components 0.0 5.0(a)

Lbl 100 lb of Total Waste

Volatile Components Oxides

CI 0.0 0.3

C032 2.4 30.0
NOx (as NOi) 0.0 36.0
TOC 0.0 11.0

Overall Waste Loading Limits

Lb total nonvolatile oxides/gal 0.15 0.83

(a) Maximum value for the sum of fission product elements and trace

components is 5.0 wt%.
6
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Table 1.2. Summary of Grout Feed Acceptance Criteria

Feed Component Acceptable Limit

Organics loom) <')_ _ -

TOC 1,556

Cations/Metals fppm) c*)
Ag + 5,063
AI3+ 20,300
As3+ 0.15
B3+ 136

Ba2+ 46,154
Ca2+ 573

Cd2+ 80

CP + 21,000
Cu2+ 7

Fe 2+ 1,490
Hg2+ 20
K" 11,500
Mg2+ 320
Mnz+ 3,010
Mo 2+ 68

Na + 122,000
Ni2+ 30

Pb2+ 12.5
Se4+ 45
Si`+ 502

Zn z+ 2,930

Anions (ppm) (°)
CI 5,360
CO3z" 22,920
F" 562

NOr 186,000

NOz" 38,250
OH" 34,850
PO43" 18,430

so, 5,10o

Radionuclides (Ci/L) <d'')
3H 16/_Ci/L
14C 0.647
_°Co O. 1162

m,

79Se 80.6
9°Sr 0.2662
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Table 1.2. (contd)

Feed Component Acceptable Limit

Radionuclides (Ci/L)_d'°)(contd)
" _Nb 120.7

99"I'c 0.2617
l°6Ru 0.1855

, l_Sb 0.5399
129I 0.00107
t_*Cs 0.1761
137Cs 0.3718
1**Ce 0.2237

237Np Total TRU concentration < 100 nCi/g
2aSpu

239_

241Am
2¢4Cm

Other Parameters
pH (Standard Units) > 10
Total Solids (ppm) < 400,000
Heat Generators < 0.37 CsmBa heat equivalents Ci/L
Density < 1.4 kg/L

(a) Total organic constituents should not exee_ 3260 mg/L.
(b) Total Na should be greater than 75 % of total cations. Total Al should be

less than 20% of total cations. Waste limitations for As, Ba, Cd, Cr, Pb,

Hg, Se, and Ag are based on Extraction Procedure Toxicity (EPTOX) and
Toxicity Characteristic Leaching Procedure (TCLP) tests assuming linear-
ity between waste feed concentration and extract concentrations.

(c) Total nitrate-nitrite (NO_-NO9 should be less than 75 % of total anions.
Total chloride-fluoride-hydroxide-carbonate (CI, F, OH, CO32) should
be less than 20% of total anions.

(d) Performance goal is to limit maximum individual exposure from grout
through ali pathways to 5 mrem/yr or 0.8 mrem/yr from drinking water.

(e) The total mix of radionuclides in the grout feed must be evaluated to
assure that the net concentration in CsmBa equivalent curies is 370/m3.
The evaluationmethod is based on the sum of the fractions rule as

. described in Hendrickson._')

.q

(a) Hendrickson, D. W. 1991. Radiolytic Heat Loading Calculation Methods for the Hanford
Grout Disposal Facility. WHC-SC-WM-TI-455, Rev. 0, Westinghouse Hanford Company,
Richland, Washington.
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Table 1.3. PartitioningFactors For SST Waste Sludge-Washing Components

Soluble in Soluble in
Water Wash Water Wash

Component (%) Component (%) "

Ag 5 Si 1
Al 25 SO_ 98 "
B 50 Sr 1
Ba 1 TOC 90
Bi 25 U 5
Ca 5 Zn 10
Cd 50 Zr 5
CI 95 UlAm 10

CN 25 14C 99
Co 25 6°Co 10

COs 90 lSTCs 75
Cr 10 1291 99
Cu 10 239/U°pu 2
F 95 9°Sr 1

Fe 1 *9Tc 50

Hg 1 Cm 1
K 50 Nb 10

Mg 1 Np 10
Mn 5 Pa 1
Na 97 Pd 10
Ni 10 Ra 1

NO2 99 Sm 1
NOs 99 Sn 25

P 50 Th 1
Pb 25 La 1
Se 99

1.4 Approach for This Analysis

There are two models thatpredict waste loading for the HWVP. The first (shown in Table 1.1),
called the HWVP reference feed chemical compositional range, simply sets limits on volatile and
nonvolatile components expected in the feed. These limits are commonly referred to as "neutralized
current acid waste (NCAW) limits" because originally the limits were specified only for that waste
type. Because better modeling approaches were not available until recently, these limits were incorpo-
rated as the reference. The second model, the Composition Variability Study (CVS), is significantly
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more sophisticated and sets limits based on predicted glass properties and on limits on the solubility of
minor components (Cr203, F, P20_, and SO3)which are identical to the limits set in the HWVP
reference model for the same components.

, Ideally, this study would have evaluated ali tanks using the CVS model. Instead, ali tanks were
evaluated using the reference model, and a subset of tanks were evaluated using CVS and then com-
pared with the reference model. Such an analysis should indicate if the trends established using the
reference model are valid.

PNL conducted a preliminary evaluation of the benefits of blending Hanford Site tank waste.
This report presents the results of work in which two cases were considered. Case I evaluated ali tank
waste currently included in the Tank Waste Remediation System _RS) planning basis for retrieval
and pretreatment prior to immobilization as a high-level waste form [ali single-shell tank (SST) waste
(149 tanks) and 10 double-shell tank (DST) waste types; namely complexant concentrate (CC),
NCAW, neutralized cladding removal waste (NCRW), and Plutonium Finishing Plant (PFP) ]. Case II
evaluated eight selected tanks: AY-101 (CC waste type), AY-102 (Dilute waste type), AZ-101
(NCAW waste type), AZ-102 (NCAW waste type), C-105 (SST), C-1_5 (SST), SY-101 (CC waste
type), and SY-103 (CC waste type). These eight tanks were selected because they are being considered
for early retrieval and immobilization. The following sections explain the approach used in the blend-
ing evaluation for Case I and Case II.

1.4.1 Case I: HVdVP Feed Blend Analysis

Ali DSTs andSSTs currentlyincluded in the TWRS planningbasis for retrievaland pretreatment
prior to immobilizationas a HLW form were initially consideredas blendingcandidates. Because of
the limited core sample analysis of SSTs, chemical composition datawere takenfrom TrackRadioac-
tive Components (TRAC) data (see Appendix A). The chemical compositionof the DST waste was
taken from analytical datacompiled by Lowe.<')The sludge-washpartitioningfactor, which specifies
the soluble fraction of each listed constituent, was appliedto the composition data. The resultant com-
ponent quantities were converted to an oxide basis in the form in which they are expected to exist in
borosilicate glass.

First, the total mass of the oxides (see Appendix B) was used to determine the HWVP canisters
produced with a 25 wt% waste loading. This case is often used as a baseline case and represents an
estimate of the nominal waste loading in an HWVP canister. The data were then compared with the
chemical composition acceptance criteria for the HWVP reference feed and the limiting components for
each tank were identified. The number of HWVP canisters required to immobilize each tank's waste

, sludge was determined from the limiting component identifiedfor each tank. The summation of the
canisters required to immobilize waste from each tank individually represents the "no blend" case.

(a) Lowe, S. S. 1991. Preliminary Material Balances for the Pretreatment of NCAW, NCRW,
PFP, and CC Wastes. WHC-SC-TI-492, Rev. 0, Westinghouse Hanford Company, Richland,
Washington.
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The "total blend" case is represented by firstsumming ali the waste sludge constituents and then identi-
fying the number of canisters required to immobilize the limiting component of the blend. The benefits
of blending tank wastes (after sludge wash) were then evaluated and compared to the alternative pre-
treatment approach of blending with leaching of selected components.

1.4.2 Case I: GTF Feed Blend Analysis

An approach similar to that used for the HWVP blending analysis was used to evaluate the bene- "
fits of blending grout feed. Assuming that any waste mass not vitrified would be sent to grout, a sim-
ple mass balance sets the quantity of grout feed (see Appendix C). Radiochemical data is provided in
Appendix D. The water dilution necessary to make each tank's Na concentration 5 M was determined
for each tank. In some tanks, without any water addition, the tank's sludge composition was less than
5 M Na. Recognizing .*hatsome water was need for retrieval and grout formulation, water volume
equal to the waste volume was added to such tanks. The tanks whose sludge Na concentrationwas
greater than 5 M were diluted with the calculated water volume such that 5 M Na feed was obtained.
An expansion factor of 1.43 and a grout feed specific gravity of 1.3 were assumed in calculating grout
volume.

The data were then analyzed against the grout feed acceptance criteria, and the limiting compo-
nent for each tank was identified. An effective TRU filtering and removal pretreatment was assumed.
The volume of grout required to immobilize each tank's grout feed was determined from the limiting
component identified for each tank. The summation of the grout volume required to immobilize each
tank represents the "no blend" case. The "total blend" case is represented by first summing ali the
grout feed constituents and then identifying the volume of grout required to immobilize the limiting
component of the blend. The benefits of blending grout feeds were then evaluated and compared to the
blending of feeds from which selected components were removed.

1.4.3 Case II: HWVP and GTF Feed Blend Analysis

Case II feed blend analysis used the same approachas thatused for Case I. However, since
analytical data were used in Case II for both the solids andsupernatant,slightdifferencesexist.
Namely, ali supernatantin additionto the soluble fraction of the sludge was used as the LLW grout
feed (see Appendix E). Radiochemical dataare provided in Appendix F. A simple mass balance on
the washed sludge determinedthe composition and mass of the oxides serving as HWVP feed (see
Appendix G). Sludge washing partitioningfactorswere obtainedfrom Lowe for the CC and NCAW
waste types. Solubilitiesfor waste types and constituents not given by Lowe, were taken from
Table 1.3. Finally, solids and supernatanttank waste volume estimateswere obtained from the Tank
Farm Surveillance and Waste Status Summary Report for October 1991 (Hanlon 1992).
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1.4.4 CVS Case H Model Blend Analysis

The Ternary Waste Envelope Assessment Tool (TWEAT) was used to re-evaluate the eight
selected tanks and see what impact the CVS model would have on the blending analysis. TWEAT is

, designed to visually display the results of the CVS. TWEAT incorporates first-order empirical CVS
models fitted to glass and melt properties as a function of composition.

Briefly,c')the CVS model predicts melt and glass product properties as a function of ten glass
components: SiO2, B203, Na20, Li20, CaO, MgO, Fe203, A1203,ZrO2, and others (ali remaining
components). As of September 1992, 81 glasses have been tested, with the following properties meas-
ured: viscosity, electrical conductivity, glass transition temperature, thermal expansion, erystallinity,
and durability, based on the Materials Characterization Center 28-day leach test (MCC-1). Table 1.4
displays taken from Hrma and Piepel, the CVS acceptability criteria for glass properties.

In addition to glass productproperties defined as a function of the ten oxides, separate limits are
imposed, including crystallinity constraints and constraints on Cr203, F, P205, and SO3. These latter
constraints have limits identical to those defined in the HWVP reference model.

A spreadsheet incorporating first-order CVS empirical models was used to design a four compo-
nent frit (SiO2,B203, Na20, Li20) for each waste stream. The idea was to design a frit which, when
combined with the waste, would produce a glass with viscosity (at 1150°C) of 6 Pa.S, electrical con-
ductivity (at 1150°C) of 30 S/m, satisfactory crystaUinity constraints, and minimum boron release
based upon MCC-1 models. Because the liquidus temperature model is known to be inaccurate in its
current state of development, this property was not used in the design of the frit. c*)Each waste
stream composition and associated frit were entered into TWEAT. A recycle stream with set composi-
tion was also incorporated into the model. The results are displayed in a ternary diagram with the
waste stream, frit, and recycle at the vertices.

Waste loadings were determined using TWEAT in conjunction with both crystallinity constraints
and the solubility of minor components constraints (Cr203, F, P205, SO3).

(a) For a detailed model description, see P. R. Hrma and G. F. Piepel. 1992. Property/Composi-
, n'on Relationslu'psfor Hanford Waste Vitrification Plant Glasses-Preliminary Results Through

CVS-II Phase 2, PHTD-92-O3.01/K897, Pacific Northwest Laboratory, Richland, Washington.
(b) A new model is being developed for liquidus temperature and is expected to be out in the

second quarter of FY93.
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Table 1.4. HWVP AcceptabilityCriteria for Glass Properties

Property Acceptability Criteria

Viscosity at 1150°C 2 - 10 Pa • s "
Electrical conductivity at 1150°C !8 - 50 S/mt*)
Liquidustemperature _ 1050oC
Phase separation No liquid-liquidseparationin the melter -
Dissolution rate in deionized waterc*) < EA glass (TBD)(°)
Glass transition temperature_d) Descriptive
Devitrifieation during cooling(.) Descriptive
Other processability aspects_°

(a) S = Siemens ---ohm"1. These were the limits used in planning and conducting the
CVS up through CVS-II Phase 2. See the discussion in Section 3.2 for an expected
revision to these limits.

(b) Earlier versions of the (preliminary) Waste Acceptance Specifications 0VAPS) speci-
fied an upper limit of 1 g/m2 .day on normalized releases of sodium, silicon, boron,
cesium-137, and uranium-238 averaged over a 28-day MCC-1 leach test (A/V =
10 Mt).

(c) The June 1991 revision of WAPS (DOE 1991) specifies that elemental releases of
boron, lithium, and sodium be less than that of the Defense Waste Processing Facility
(DWPF) Environmental Assessment (EA) glass. Numerical limits foc the elemental
releases have not yet been determined, although preliminary results from the
Savannah River Technology Center (SRTC) (Hutson et al. 1992) indicate the EA glass
normalized boron release will be in the range of 5 to 10 g/m2.

(d) The WAPS do not specify an acceptability limit for glass transition temperature (Ts),
but they do require that it be reported and that glass producers certify that glass tem-
peraturedoes not exceed Ts - 100°C after initial cooldown.

(e) The WAPS has not set a limit on the amount of crystalline material in the glass, but
does require that crystalline materialexpected to be present be characterized.

(f) The CVS does not address other processability aspects, such as feed requirementsto
limit foaming and guarantee a stable cold cap that melts at an acceptable rate. Other
testing outside of the CVS will address such aspects.
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2.0 Preliminary Results

Sections 2. I and 2.2 discuss results from the Case I analysss, and Sections 2.3 through2.5 dis-
tr

cuss results from the Case II analysis.

" 2.1 Case I: B!_nding HLW Usir,g I-I]_VP Reference Feed Criteria

For w'_steto be immobilizedin the tIWVP, Table2.1 displays a summaryof the of the HWVP
waste form productionusing the HWVP referencefeed compositionmodel. The "25 wt% load" col-
urrmis the wi0ely used HWVP baseline for canisterestimate. This baseline assumesthat the immobi-
lized waste volumes are only dependentorJthe total mass to be vitrified. The "no blend" and "total
blend" columns take into account the HWVP referencefeed chemical compositionrange (without and
with the benefitof biending). The "limitingcomponent(total blend)" columndisplays those compo-
nents in the "totalblend" which limit waste loadingdue to their high concentrationin the feed relative
to the limits. The potentialbenefit of blendingis evident by comparison of the volume of glass asso-
ciated with the boundingoption of "no blend" and "totalblend." This potential waste reduction,

Table 2.1. HWVP WasteProductionSummary

Quantity Waste Produced(-)
, Limiting

25 wtr; "Total Potential Component
Load "No Blend" Blend" Waste "Total

Pretr_tment HWx.TP (canisters) (can_.sters) (canisters) Redu_ion_) Blend"

Sludge wash (SW) 34,100 267,000 200,000 25% P

SW w/P leach(°) 28,000 139,500 47,000 66% Other td)

SW w/P and other leach(.) 27,700 117,900 36,500 69% Al

(a) Waste produ_ion from the HWVP is based uponwashed sludge from DSTs and SSTs cur-
rendy included in the TWRS planningbasis for retrie-al andpretreatmentprior to immobili-
zation as a high-level waste form.

(b) (volume from "no blend" - volume from "total blend")/(vo_umefrom "no bl,end").
(c) Fractionof P leached ffi 0.76. This value is the required fractionof P that must be removedq

s,. thatit no longer limits waste loading in the "totalblend."
(d) "Other" is defined as fission productelements andminor components.
(e) Fractio_Jof P leached ffi 0.82, Fractionof other leached = 0.22. These are the required

" fractions of P andother _at must be removed so that they no l_mgerlimit waste loading.
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defined as the percentdifference between the "no blend" and "totalblend," is a measure of the maxi-
mum benefitsblending may provide. The potential waste reductionis 25 % for the sludge wash only
case, and 66% for the sludge wash with PO43leach, and 69% for the sludge wash with PO43and other
leach. Note, in looking down thecolumns, thatselected leaching and blending are both integral steps
in reducing the waste volume so that it approachesthe 25 wt% load.

2.1.1 Canister Estimate: Sludge-Wash ]P_reatment
al*

If ali the tanksludges were washed and then disposed of in the HWVP at 25 wt% loading,
approximately34,100 canisters (29,600 from the SSTs and4,500 from the DSTs) would result. This
estimate is lower than previous SST estimates of approximately34,500, _°)even though a Na+ solubil-
ity of 0.97 instead of 0.99 was assumed. If a 0.99 Na+ solubilityfactor is assumed, approximately
31,000 canisters (26,500 from SSTs and 4,500 from DSTs) are obtained.

The normalized Track Radioactive Components (TRAC) database used in this study is similar to
the database us_ by Boomer (1991) with the exception of cancrinitec')(not included in TRAC).
BecauseTRAC assigns waste mass by tank, it was used in this study. However, for comparison pur-
poses, if cancrinite mass is addedto the TRAC data base, and using a 0.99 Na+ solubility, approxi-
mately 33,000 canisters result from SSTs. The observed variance demonstratesthe obvious depend-
ence of canister estimateson sludge-washpartitioning(solubility) factors and chemical database
selection.

Estimates assuming 25 wt% loading neglect the fact that the borosilicate glass feed criteria, repro-
duced in Table 1.1, is restrictive in many waste oxides. As graphed in Figure 2.1, many more canis-
ters will be produced if the borosilicate glass limits are followed. If ali the washed sludge was disposed
of in the HWVP without any blending ("no blend"),267,000 canisters would be required. If the
washed sludge from ali the tankswas blended together("total blend") after a sludge wash, 200,000
canisters would be produced, limited in P205, others, and A1203.¢°) The concentrations of P205,
others, and A1203are so high thatno amountof blendingcan reduce these outliers' concentrations to
within limits. Thus, canister estimationsthat neglect the HWVP glass criteriamay underestimate
canister productionby an order of magnitude.

The magnitudeof the benefit that blending may provide is bounded by the c_nisters produced
from the "no blend" and "total blend"cases. Logistically, blending ali 159 tank waste sludges

(a) Boomer (1991) estimated that 23,000 cylindrical canisters, 2 ft in diameterby 15 ft long, or
34,500 cylindrical canisters, 2 ft in diameter by 10 ft long, would be produced after sludge
washing the SST waste (sludge wash A, IntegratedAlternative 10). Cylindrical canisters, 2 ft
in diameter by 10 ft long, were used in this study.

(13) Known silica additions are assumed to have reacted with aluminates and hydroxides to form
cancrinite (assumed to be 2NaAISiO4•0.52hiaNO3 •0.68H_O).

(C) P205, others, and A1203concentrations ali _xceed the borosilicate glass limit. However, relative
to the feed limits, the P2Osconcentration is 3ighest and thus sets the volume of HWVP glass.
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Figure 2.1. HWVP Canister Production: Sludge Wash Only

(149 SSTs and 10 DSTs) is not an option, but by judicious selection of tank blending partners, the

"total blend" case may be closely approached. The shape of the a curve, that might connect the set of

data points, is unknown. However, Case II analysis (see Sections 2.4 and 2.5) suggests a curve resem-
bling exponential decay.

Table 2.2 shows the number of tanks whose HLW feed exceeded the specified HWVP feed cri-
teria. The following chemical species from the HLW feed(.) ("no blend" option) exceeded the HWVP

reference feed composition: AI20_, BaO, CaO, Cr203, FelOn, MnO2, Na20, NiO, P2Os, SO3, SiO2,
ZrO2, other, CI', COl, NOx, and TOC. Every tank had at least one HWVP outlier, and no tank's
waste contents could be fully loaded (25 wt%) without blending or further pretreatment. In order to

approach the 25 wt % loading without blending, either pretreatments capable of reducing the concentra-
tion of the 17 chemical outliers must be developed or examination of increasing these waste concentra-
tions must be evaluated. Since blending can reduce the I7 outliers to 3 (P2Os, others, and Al2Oa), it is
clear that blending can provide great benefit to simple pretreatments.

Clearly, not ali of the outliers will actually be a problem for waste loading in glass, and many of
these outliers, in the future, may be inconsequential when reviewed after CVS analysis. SiO2, for
example, is a large constituent in glass and compensation might be made in the composition of glass

frit. Similarly, NOx and TOC may not be a problem in the glass pcr so, but in the off-gas system
which might be engineered to handle larger off-gas rates.

4

(a) Note that the feed components are not actually converted to oxides until they are added to the
melter.
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Table 2.2. HWVP Outliers: Before and After Blending

Numberof HLW Feeds (after sludge wash) Exceeding
the Specified HWVPReference Feed Criteria

"No "Total....
Blend" Blend''c.)

A1203 79 1 .
BaO 1 0
CaO 4 0
CdO 0 0
Cr203 25 0
F 0 0
Fe203 7 0
La203 0 0
MnO 2 6 0
MoO3 0 0
Pd, Rh, Ru 0 0
Na_O 57 0
NiO 9 0

P205 62 1
SO3 5 0
SiO 2 7 0

TiO2 0 0
U,O, 0 0
ZrO2 3 0
Other 48 1
CI 8 0

CO32" 2 0
NO_ (as NO,) 4 0
TOC 6 0

(a) Note that the "total blend" has only one HLW
feed.

Conversely, Cr20,, P2Os,andSO3have seriouspotentialto negatively impactwaste loading.
CVS modeling uses limits identicalto the HWVP referencemodel for these three components, and a
more detailedblendinganalysis using CVS would certainly flagthese components as outliers too.

TRAC dataare knownto have poor accuracyin representingtank contents, and therefore can

only be used to provide an indicationof the potentialbenefits of blending, not reliable quantifiedpre-
dictions.
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2.1.2 Canister Estimate: Sludge Wash with Selective Leaching

Significantquantities of P must be removed so that its concentrationno longer limits the waste
loading in HWVP glass. Figure 2.2 has two data points for pretreatmentscenarios considered, one for

- the "no blend" andone for the "totalblend" scenario. Startingat the left side of the figure, the left bar
representsthe sludge-wash-onlycase. The second barshows the reductionin caldstersthat results with
leaching a fractionof 0.76, of PO43"(0.76), resultingin both P2Osand others_°>being limiting in the

•, "total blend" (i.e., both P2Osand others cause the "totalblend" to produce 47,000 canisters). Approxi-
mately 139,500 canisters result for the "no blend" scenario and47,000 canisters for the "totalblend"
scenario. The third bar shows the reductionin canisters that results with removal of both PO43(0.82)
andothers (0.22). Approximately117,900 canistersresult for the "no blend'"case, and 36,500 canis-
ters resultfor the "totalblend"case (limited in AI20_). The shape of a curve that might connect the
sets of datapoints is unknown. However, since the endpointsof such a curve have already been estab-
lished, the potential benefit that blending may provide to each pretreatmenthas also been established.

2.1.3 Comparison of HWVP Reference Model with a CVS Model Approximation

The CVS loadingtrends(refer to Section 2.4) indicatethat if a minorcomponentsolubility limita-
tion does not restrict waste loading, 25 wt% loading may reasonablybe expected. Thus a decent,

SW Pretreatment II SW Pretreatmentwith _ SW Pretreatmentwith
P leach P & Other"Leach"

300000

250000

wlm
= 200000
.m
II

150000
e_

,100000 I50000

0 _ _
_r

No Blend Total Blend

Figure 2.2. HWVP CanisterProduction: Selective Leaching

(a) "Other" is defined as fission products andminorelements.
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although still conservative, approximation of loading expected from a CVS analysis would disregard ali

HWVP reference model component constraints with the exception of Cr203, F, P205, and SO3. Any
wastes not limited in these components may be loaded to 25 wt%. This loading model will be referred
to as the CVS approximation. Thus the CVS approximation is the relaxation of ali but four of the

q

HWVP reference model criteria.

Figure 2.3 compares the HWVP reference model and the CVS approximation. Two pretreat-
ments were considered: sludge washing and sludge washing with PO2- leach. Notice that the CVS
model estimates fewer canisters in the "no blend" but the same number of canisters in the "total blcnd"

scenario. The CVS model approximation estimates fewer canisters in the "no blend" case because not

every tank is limited by the solubility of minor components (P205 in particular). However, the "total

blend" is limited by P2Os. As a result both the CVS model approximation and the HWVP reference
model predict identical quantitites for the "total blend" case.

In the sludge-wash-only pretreatment, both models predict 200,000 canisters for the "total
blend," because in both models P20s concentration is limiting. The CVS approximation reduces the
"no blend" estimate from 267,000 to 233,000 and as a result the potential waste reduction is reduced to
14% from 25%.

300,000 -

HWVP Reference Model (SW only)

250,000 _'__"-___

200,000 /_l-_

._m CVS ADproximation(SW only)
lm

O 150,000 CVS Approximation( SW w/P Leach)n_

HWVP Reference Model (SW w/P Leach)

:= 100,000

50,000 T _(p25vv_%Load( SW only)

0 ,

No Blend Total Blend

Figure 2-_. Comparisonof HWVP Model with CVS Approximation
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For the PO43-leach (0.76) pretreatment, the reference model predicts 139,500 canisters, while the
CVS approximation estimates 86,000 canisters for the "no blend." In the "total blend" case, both the
reference model and CVS approximation estimate 47,000 canisters. The reference model is limited
equal ly in P205 and others, while the CVS approximation is limited in P20_. As a result, the potential

, waste reduction decreases to 45 % from 63%.

Comparison of the HWVP reference model to the CVS approximation indicates that the potential
,. canister reduction predicted by the HWVP model is higher than that predicted by the CVS approxima-

tion, simply because the CVS approximation has fewer loading restrictions. Clearly, in both models,
blending enhances waste loading.

2.2 Case I: Blending LLW Using Grout Feed Acceptance Criteria

Table 2.3 summarizesthe GTF waste productionexpected for SSTs after selected pretreatments
and compares the r_sultwith the 5 M Na load case. Compare in Table2.3 the "5 M Na load"
column, which displays the widely used GTF baseline loading, with the "no blend" and "totalblend"
columns, which take into account the groutwaste feed acceptance criteria(withoutand with the benefit
of blending). The potential benefit of blendingis evidentby comparingthe volume of grout associated
with the boundingoptions of "no blend" and "totalblend." Note, in looking down the columns, that
selected leaching and blending are both integral steps in reducing the waste volume so that it
approaches the 25 wt% load.

Table 2.3. GTF Waste Production Summary

Quantityof Waste Produced_')

5 M Na "Total Potential Limiting
Load (m3 "No Blend" Blend" (m3 Waste Component

Pretreatment grout) (m3 grout) grout) Reductionc°) "Total Blend"

Water dilutionto 5 M Na 473,000 3,610,000 1,890,000 48% F

Water dilution to 5 M Na 473,000 2,036,000 1,113,000 45% -Ph" _13
w/F removal

Water dilution to 5 M Na 473,000 977,000 473,000 52% No limiting
w/F & Pb2+removal component.

(a) Waste production from the GTF is based upon the soluble mass from the SSTs only.
(b) (volume from "no blend" - volume from "total b!end")/(volume from "no blend").

,L

2.7



2.2.1 Grout Volume Estimate

Ali the waste mass from the SSTs (aftera sludge washing) not disposed of in the HWVP was the

basis for the grout feed. If ali the grout feed from the SSTs were disposed of in the GTF at 5 M Na .i,

loading, 473,000 m3 of grout would be produced. This estimate is lower than published estir_:ates

(Boomer 1991) because of the differing Na . solubility assumption. If a 0.99 solubility factor were

assumed and specific gravity of 1.0 were assumed, 630,000 m3 of grout would be produced. This
m.

value agrees with Boomer.

The magnitude of the benefits that blending may provide is bounded by the grout volume pro-

duced from the "no blend" and "total blend" data points. Figure 2.4 shows data points for "no blend"

and "total blend" for different grout feed scenarios. Starting at the top of the graph, the top line repre-
sents the sludge-wash-only case. If ali the grout feed for the SSTs were disposed of in the GTF with-

out any blending, 3,610,000 m3 of grout would be produced. If ali the grout feed were blended,
1,890,000 m 3 Of grout (limited in F') would be produced. The second line shows the reduction in vol-
ume that results with either actual removal of F or raising the acceptance limit. Approximately
2,036,000 m 3 of grout results for the "no blend" scenario and 1,113,000 m3 of grout for the "total
blend" scenario. The third line,shows the volume that results with removal of both F"and Pb2+.

Approximately 977,000 m3 of grout results for the "no blend" case, and 473,000 m3of grout results for
the "total blend" case, which is equal to the 5 M Na load.

4000

3500 _ Grout Feed Criteria Followed

-m
=m== 3000o
¢ 2500

2000 _ -I

1500 F & Pb Removed6

N 1000 _

500 -_ o

0 i

No Blend 5 M Na Load Total Blend

% Blend

Figure 2.4. GTF Grout Production
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Estimates assuming 5 M Na loading neglect the fact that the grout feed acceptance criteria, repro-
duced in Table 1.2, are restrictive in radiolytic heat content and chemical constituent concentrations.
Both F and Pb:+ are listed in the TRAC data base and their concentrations in the grout feed come from
applying the solubility factors to the data base. The concentrations of F and Pb2+are so high that no

. amount of blending can reduce these outliers' concentrations to within limits. Thus, grout volume esti-
mates that neglecting the grout feed acceptance criteria may underestimate grout production.

. As shown in Table 2.4, out of the 28 constraints considered in the analysis of grout, 12 were
exceeded by at least one tank. The following grout feed acceptance criteria were exceeded in the LLW
feed ("no blend" option): Ca_+, Ni2+, Pb2+, F, NO2, OH', PO43, SO4_, TOC, Na+/(total cations),
(NOs+ NO3)/(total anions), and radiolytic heat content/unit volume. (By definition of the 5 M Na
loading, Na cannot exceed the limit.) In order to approach the 5 M Na loading without the aid of
blending, either pretreatments capable of reducing the concentration of the 12 different outliers must be
developed or the potential for increasing these waste concentrations must be evaluated. Blending can
reduce the number of chemical outliers from 12 to 2 (P, Pb2+).

Again, not ali of the GTF outliers should actuallybe a problem for waste loading in grout, and
many of these outliers, in the future, may be inconsequential when reviewed. The current grout feed
specifications are based upon three major considerations: a) thermal loading in the grout; b) regulatory
limits; and c) past experience. Item c is the basis for many of the grout limits. For example, it cer-
tainly may not follow that because the proven "groutability" of Ca_+ is 573 ppm, the limit in grout has
been established. However, this reasoning is how many of the grout feed specifications were estab-
lished (excluding regulatory compliance limits).

Regulatory limits are the basis for grout feed limitation of the following outliers: Pb2+and TOC.
Without mitigating pretreatment, these outliers have serious potential to negatively impact waste load-
ing. Twenty-one of the 149 SSTs considered met ali the constraints analyzed. There are 42 different
categories of tanks which have a unique set of outliers. Of the 42 categories, 16 contain two or more
tanks, leaving 26 tanks with a unique outlier set. Most tanks have multiple outliers, and the outliers
vary from tank to tank. In order to approach the 5 M Na loading without the aid of blending, pretreat-
ments must be capable of modifying the concentration of 12 different outliers. Since blending can
reduce the number of chemical outliers from 12 (in various combinations in the tanks) to 2, one must
conclude that from this consideration alone, blending would be substantially beneficial to grout.

2.3 Case II: Blending HLW Using HWVP Reference Feed Criteria

' Table 2.5 summarizes the HWVP canister production of differentwaste loading approaches
examined in Case II. Recall that Case II evaluated eight selected tanks: AY-101 (CC waste type),
AY-102 (dilute waste type), AZ-101 (NCAW waste type), AZ-102 (NCAW waste type), C-105 (SST),

" C-106 (SST), SY-101 (CC waste type), and SY-103 (CC waste type). These eight tanks were selected
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Table 2.4. GTF Outliers: Before and After Blending

Number of LLW Feeds
Exceeding the Specified Grout

Feed Acceptance Criteria

Grout Feed Acceptance "Total
Criteria "No Blend" Blend"C')

Ag + 0 0 "
AI3+ 0 0
Ba2+ 0 0
Ca2+ 4 0
Cd 2+ 0 0

Crs+ 0 0
Fe2+ 0 0
Hg2+ 0 0
K+ 0 0
Mn2+ 0 0
Na+ 0 0
Ni 2. 14 0
pb2+ 8 1
Se a+ 0 0

Si4+ 0 0
CI 0 0
F- 50 1

NO_ 9 0
NO3 0 0
OH- 33 0
PO43- 6 0
so, - 2 o
COs> 0 0
Watts 13 0
TOC 21 0
Na+< 75 % total cations 15 0
AP+> 20% total cations 0 0
Total NO_,>75 % total anions 58 0

(a) Note that the "total blend" has only one LLW feed.

due to their consideration for early retrieval and immobilization. The 25 wt% loading is the widely
used baseline approach which ignores the HWVP feed specifications, and canister estimates are based
on the total waste mass. For the eight tanks considered, 2,820 canisters of waste are produced. The
"no blend" option takes each tank waste as an individual feed, ml approachwhich results in the worst-
case canister production estimate of 11,060 canisters. In contrast to the "no blend" option, the "total
blend" option uses as feed a composite of ali tank wastes, and re,,sultsin 7,470 canisters. Thus a 32%
canister reduction may result from blending.
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Table 2.5. Waste Production Summary for Selected Tanks: HWVP

Potential

Total Limiting Waste
Waste Loading Approach Canisters Component(s) Reductionqp

25 wt% load 2,820 NA NA
"No blend" (after SW) 11,060 Cl, Cr, Fe, S, Si, Zr NA

, "Total blend" (after SW) 7,470 Cr 32%
Blend option 1,°'>after SW 7,830 CI,Cr 29%
Blend option 2, <_)after SW 7,580 Cr 31%

(a) Blend of tanks SY-101/C-106, SY-103/C-105, AZ-101/AY-101, AZ-102/AY-102,

resulting in four waste feeds.
(b) Blend of tanks SY-101/C-106/AZ-102, SY-103/C-105/AY-102, AZ-101/AY-101,

resulting in three waste feeds.

Blend options 1 and 2 blend wastes, by tank, to obtain four and three discrete waste feeds,
respectively. Comparison of the "total blend" case with blend options 1 and 2 shows that the level of
effort required to closely approach the optimum ("total blend") case is low. One can see that both

blend options 1 and 2 have high potential waste reductions (29 % and 31%, respectively) relative to the
"total blend" case after a modest blending effort. Thus, very substantial gains can be made simply by
the judicious selection of a few tank blending partners, as shown in Figure 2.5.

ooot
Blend Option 2

10000

M
i.-= 8000

m
6000

Ck.
>

_ 4000 100% Blend Blend Option 1

2000

0 , , ,

1 3 4 8

• Number of Waste Feed Streams

Figure 2.5. HWVP Canisters Required to Immobilize Various Blend Options
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Table 2.6 displays the eight tanks, the HWVP feed constraints considered, and the components

whose concentration exceeded the feed limit. A number in a cell indicates the factor by which the

component concentration in the feed exceeds the HWVP feed specifications. For example, feed from

tank C-105 has an AizO3 concentration 1.4 times the limit. Comparison of the individual tank waste
feed to the "total blend" waste feed demonstrates the number of waste oxides that can be diluted to

within an acceptable concentration by blending. Before blending, A1203, Cr203, FeaO3, Na_O, P205,

SO3, SiO2, ZrO2, other, and CI ali have concentrations exceeding the HWVP limit. After blending

only AI203, Cr203, and SiO2 exceed the limits/.) In this case blending reduced the number of HWVP
outliers from 10 to 3.

Table 2.6. HWVP Outliers from Selected Hanford Tank Wastes (after SW)

Tank(HWVP feed limit is exceeded by the factorindicated)
"Total

Component AY-101 AY-102 AZ-101 AZ-102 C-105 C-106 SY-101 SY-103 Blend"

A1203 1.4 1.8 2.0 I.I
BaO
CaO
CdO

Cr203 7.5 6.9 2.6
F

Fe_O3 1.3
(La,Nd)203
MnO2
MoO3
PdO,(Rh,Ru):Os
N_O 1.7 1.1
NiO

P205 1.1
SO3 2.3
SiO2 2.1 2.5 1.2
TiO2
U308
ZrO2 1.0
Other 1.7 1.3
Total oxides
CI 2.6 2.1 1.2
col
NO;
TOC ,,

(a) Glass is largely composed of SiO2, and the fact that SiO2 exceeds the limit demonstrates the
inadequacy of the HWVP reference model.
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Two blending options were evaluated and compared to the "total blend" case. Blend option 1
mixed waste (by tank) so that four discrete waste types resulted, while blend option 2 mixed waste (by
tank) so that three discrete waste types resulted. Obviously, many possible combinations of tanks will
result in three and four waste streams. By examining component concentrations, however, the tank

• combination which produces the fewest canisters was determined. These optimum combinations are
shown in Table 2.7, which displays for blend options 1 and 2 the waste feed streams whose concentra-
tion exceeds the HWVP constraints. Again a number in the cell indicates the factor by which the com-

" ponent concentration exceeds the HWVP feed specifications. Blend option 1 has six different HWVP
outliers (A1203,Cr2Os, F%Os, SiO2, CI, others), while blend option 2 has three (AI2Os,Cr203, and

Table 2.7. HWVP Outliers from Selected Hanford Tank Waste Blends (after SW)

Tank (HWVP limit is exceeded by the factor indicated)
Blend Option 1 Blend Option 2

SY-101 SY-103
SY-101 SY-103 AZ-101 AZ-102 C-106 C-105 AZ-101

Component C-106 C-105 AY-101 AY-102 AZ-102 AY-101 AY-101

AI203 1.1 1.7 1.5
BaO
CaO
CdO
Cr203 3.1 3.2 2.6 2.8
F
Fe203 1.0
(La,Nd)203
MnO2
MoOs
PdO, (Rh,Ru)2Os
Na20
NiO

P205
SOs
SiO2 1.5 1.2 1.3 1.1
TiO2
U30_
Zr02
Other 1.1
CI 1.1
CO?-
NOi
TOC
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SiO2). Blend option 2 collectively has the same outliers as the "total blend" case; however, examining
the option 2 waste streams individuallyreveals that one waste feed stream meets ali HWVP constraints,
the second waste feed stream is high in Cr203 and SiO 2 only, arid the outliers from the third waste
stream match the "total blend" case. These results accentuate the obvious fact that selected pretreat-
ments (e.g., Cr leach) may be more efficiently performed before blending because less waste will have °
to be processed.

h

2.4 Case II: Blending HLW Using CVS Modeling

The CVS models are incorporated into a visual waste loading model called Ternary Waste
Envelope Assessment Tool (TWEAT), which calculates glass properties of the chosen waste, flit, and
recycle as a function of composition, and displays the results on a ternary diagram. The diagram dis-
plays the dependence of glass durability, melt viscosity, and melt electrical conductivity on glass com-
position. The liquidus model currently used in TWEAT is known to be inaceurateff )and although
displayed, it wa._disregarded in the waste loading analysis. In lieu of the liquidus model, crystallinity
constraints were used. These were determined on the spreadsheet used to design the flit.

A spreadsheet, designed by Pavel Hrma (PNL), incorporating first-order CVS empirical models
was used to design a four-component flit (SiO2,B203, Na20, Li20) for each waste stream. The idea
was to design a flit which when combined with the waste would produce a glass with viscosity (at
1150°C) of 6 Pa.S, electrical conductivity (at 1150°C) of 30 S/m, zatisfaetory crystallinity constraints,
and minimum boron release based upon MCC-1 models. Because the liquidus temperature model is
known to be inaccurate in its currentstate of development, this property was not used in the design of
the flit. Each waste streamcomposition and associated flit were entered into TWEAT. A recycle
stream with set compositionwas also incorporatedinto the model. The resultsare displayed in a
ternarydiagram with the waste stream, flit, and recycle at the vertices. The assumedrecycle composi-
tion follows (weight fraction): SiO2- 0.4367; Na20 - 0.4253; CaO- 0.0030; MgO - 0.0032; Fe203-
0.0107; A1203- 0.0410; other - 0.0801.

Figures 2.6 through2.20 show the TWEAT-predictedglass properties. The glass propertykey is
shown at the top of each figure. TWEAT incorporatesT liquidus(spinel), viscosity (hi andlo), elec-
trical conductivity (hi and lo), and MCC-I (Si, B, Li) durabilitymodels. The model does not consider
solubility restrictionsof minor components. Since minor componentsof concern (Cr203,F, P205, and
SO3)may substantiallyrestrictwaste loading, these component concentrationsmust be examined
separately.

lP

(a) A more accurate liquidus temperature model is being designed and is expected to be complete in
the second quarter of FY93.
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Test T_rpo: MGG IBTLIQ(Splnel)-1000 mElee Cond(S/m):Lo- 18 I-']Na MCC(g/m^2)

Mignlt;olltlon: lX liVIsc @1150°C (Pa,s):Hi- 10 E_SI MOO(g/m^2) BBLiquidus(°C)-10;_0

IVisc @1150°C (Pa,s):Lo- 2 mB MCC(_]/m^2)= 28

_Elec Cond(S/m):Hi- 50 ["]Li MCC(g/m^2)
.,,. II _,, , n. , 1. ,,

AY1o1: o.a¢_ F r i t 11/23/92 1:23:58PM
Frlt: 0.6388

• Reoyole: 0.0171
- Gonltralnt Values • Pt -

TLIQ(Spinet) - 852.27
Vil_ • 1150"C (Pa,s): - 6.68

, Ele¢ Cond(Wrn): - 39.49
B MCC(g/m^2) - 9.41
Uquidul(°C) - 840.40

-- Glos| Gompooltlon
SIO2 - 0.5336
B203 - 0.0792
Na20 - 0.1355
U20 - 0.03_
CeO - 0.0116
MoO- 0.000"_
Fd04 - O.O008.<>exp Ilmll
N203 - 0.0820
ZrO2 - 0.0029
othem - 0.1488.<>exp

1 Reoyole

_'igurei.6. TWEAT Analysis: AY-IO1
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Test Type: MCC iliTUQ(Spinel).1000 iElec Cond(S/_):Lo- 18 I'-_Na MCC(g/m^2)

Magnification: lX livisc @1150"C (Pa-s):Hi- 10 Rsi MCC(g/m^2) - 28 iLIquidus(°C)-1000ilVIsc @11500C (Pa.s):Lo- 2 mB MCC(g/m^2)- 28

IaE,. so li., =8,,,,q , • ...... ,,, , ,,, , , , , ',, ,

AY102: 0.2881 Frlt 11/23/92 1:38:38 PM
Fr i t: 0.6972
Recycle: 0.0144

-Constraint Values • Pt-

TLIQ{Spinel) - 992.81
,, Vtsc 01150"C (PillS): - 5.90

BecC,ond(S/m):- 40.S5
Si MeG(g/m^2) - 10.78
B MCC(g#n^2) - 12.09
Li MCC(g/m^2) - 11.41
Liquidus(oC) - 909.72

m Glass Composition --
8_O2 - 0.56OO
B203 - 0.0545
Na,?.O- 0.0924
U20 - 0.0617
C410- 0.0177
MoO - 0.0116
Fe203 - 0.0948
N203 - 0.0431
ZrO2 = 0.0005
others - 0.0637

Recycle

F_ure2.7. TWEAT Analysis: AY-102
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Mit Typ*: MCC IBBTLIQ(Splnei).1000 IElec Cond(S/m):Lo,- 18 r-]Na MOC(g/rn^2)

..n,,,o.,,on.xImv,.o._o:o<_.>:.,-_o Bs,.oo<_^_>-_, B_,o_,_o.,oo,-,oooIlw,= o_soc (Pa,s):Lo- 2 mB MeG(g/m^2)- 28

......... IBE!_co2_,_/m_:.,-so ,,.....I1,,McO_m^2_-28.._,
Az101: o.=an f r i t 11/24/92 8:33:58AM
f r I t : 0.(1=78
Rocy¢le: 0.102_

-Conotralnt Values • Pt-

TLIQ(Spinel) - 993.41
• Vise 01150°C (Pa*s): - 4.91 f

Elec Cond(S/m): -- 36.49 /
Si MCO(g/m^2) - 13.05 /

B MGC(g/m^2) - 21.26 /
LI MCC(Iym^2) - 20.25
Liquldug(°C) - 915.25

Glaee Compooltlon
SiO2 - 0.4841
B203 - 0.1117
Na20 - 0.1102
ii20 - 0,0515
GaO- 0.0003
MgO = 0,0003
Fe203 - 0,1092
_203 - 0.0123
ZrO2 = 0,1092
others - 0.0111

AZI01 Re©yole

Figure2.8. TWEAT Analysis: AZ-IOI
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Tilt Type: MCC I ITLIQ(Splnel). 1000 IIElec Cond(S/m):Lo- 18 []Na MeG(g/m^2)

Magnification: lX ilivtl _ @1150"C (Pa.s):Hi- 10 Ill MCC(g/m^2) - 28 ILIquldus(°C)'100e

IIvIIc @1150oc (Paoa):Lo- 2 Ia MCC(g/m^2) - 28

, [BEt,_Cond(S_):H_-50 |L_ .CC(_^2)- 28_.._,.11 ,, , ' '" " "" '

Azlo=: o._7=1 FRIT 11/24/92 8:41:21AM
FRIT: 0.6694

" Rloyole: 0.1536
-- Gonstrllnt Values @ Pt -

TLIQ(Spinel) - 993.55
Visc @1150"C (Pa.li): - 4.99

" Elec Cond(S/m): - 42.67
Si MGC(g/m^2) " 17.74
B MCG(g/m^2) " 22.99
LI MCC(g/m^2) - 20.72
Liquldus(,C) - 898.43

-- Glass Composition --
SlO2 - 0.5630
B203 - 0.085O
Na20 - 0.1126
U20 - 0.0555
GaO= 0.0000
MgO - 0.0000
Fe203 - 0.I 422
A1203 - 0.0097
ZrO2 - 0.0182
others - 0.0137

AZ102 Re©y¢le

Figure 2.9. TWEAT Analysis: AZ-102
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Test Type: MCG IBBTLIQ(Splnel),1000 BBElec Cond(S/m):Lo- 18 I"]Na MCC(g/m^2)

Mlgniflcetion: lX Ilv,= =  5o°c(Pa,s):HI- 10 ==slMCC(g/m^2) - 28 ILiquldus(°C)'1000

Ilvisc @1150°C (Pa,s):Lo- 2 BIB MCC(g/m^2)- 28
IBiiE0_Cond(S/m):Hi- 50 mu MCC(g/m^2)- 28
i v I rl

C105: 0.8884 FRIT 11/24/92 9:01:02 AM
FRIT: o,lrdB33

- Recycle: 0.0"288
- Constraint Values • Pt -

TUO(Spir_) = 9O5.09
Vlsc @1150"C (Ps=e): - 7.21

. Elec Cond(S/m): - 38.49
Si MCC(g/m^2) - 6.93
B MCC(g/m^2) - 7.99
Li MCC(0/m^2) - 7.95
Uquidus('C) - 842.61

--. Glass Composition --
SiC2 - 0.4639
B203 = 0.1094
N820 = 0.1383
LI20 - 0.0407
GaO- 0.0171
MgO - 0.0100
Fe203 - 0.0250
AI203 - 0.1456
ZrO2 = 0.0015
others - 0.0486

C105 Recycle

Figure2.10. TWEAT Analysis: C-105
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Tilt Type: MCC I_TLIQ(Spinel)-1000 BIBElecCond(S/m):Lo- 18 i-'INaMCC(g/m^2)

Magnification: lX IBBvisc @1159°c (Pa.s):Hi- 10 BBSI MCC(g/m^2)-28 ILiquidus(°C)-1000

BIVisc @1150°C (Pa.s):Lo- 2 iS MCC(g/m^2). 28

_Elec Cond(S/m):HI- 50 liBEl MCC(g/m^2)- 28
................ ii

cloe: o.461= FRIT 11/24/92 9:05:44AM
FRIT: 0.5194

. Recycle: 0.0193
- Constraint Valuos • I=t -

TLIQ(Spinel) - 990.65
Visc @1150°C (Pa.s): - 7.92
Elec Cond(S/m): - 34.14
Si MCC(g/m^2) - 10.30
B MCC(g/m^2) - 12.57
Li MCC(g/m^2) - 12.36
Liquidu$(=C) - 896,97

m Glass Composition --
SIO2 - 0.5071
B203 - 0.0626
Na20 - 0.1383
LI20 - 0.0361
CaO = 0.0;
MgO - 0.0144
Fe203 - 0.0990
AI203 - )784
ZrO2 - 0.0037
others - 0.0392

C106 Re©y¢le

Figure 2.11. TWEAT Analysis" C-106
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Teal Type: MGC [BBTLIQ(Splnel)=I000 BBEIec Cond(S./m):Lo-18 [-]NaMCC(g/m^2)
Magnification: lX

IilvIsC@1150°C (Pa.s):Hi- 10 IBSI MCC(g/m^2) - 28 I Uqutdus(°C)-lO00

IIIv=oo,,_o.c (Pa.s):Lo- 2 IB MCC(g/m^2)= 28

.......... II,E, 50 iu Mcc(^2)- 28I II ,I ......................... ' ==_. i ....

sYl01: 0.27=s FRIT 11/24/92 9:17:59 AM
FRIT: 0.7000

_" Recycle: 0.0205
- Constraint Values @ Pt -

TLIQ(Spinel) - 863.66
Visc @1150°C (Pa_): - 5.81

= Elec Cond(S/m): - 42.14 .,
Sl MCC(g/m^2) - 7.17 /
O MCC(g/m^2) = 6.19
Li MCC(g/m^2) - 7.97
Liquldus(°C) = 820.39

-- Glass Composition --
SIO2 - 0.4798
B203 - 0.1324
Na20 - 0.1224
U20 - 0.0486
GaO- 0.0095
MgO - 0.0000
Fd03 - O.O045.<>exp Ill
/M203 - 0.1323
ZrO2 - 0.0000
others - 0.0705

8Y101 RecyGle

Figure2.12. TWEAT Analysis: SY-10I
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Tolt Type: MOO IITLIQ(Sp,nel).1000 lElec Cond(S/m):Lo-, 18 r"]Na MC.,C(g/m^2)

Mogniflcatlon: lX livisc @1150oO (Pa,s):Hi- 10 lsl MeG(g/m^2)" 28 IIl-lquidus(°C)-1000

IIVlsc @1150°C (Pa,s):Lo" 2 mB MeG(g/m^2) " 28

I_Elec Cond(S/m):Hi- 50 iu MCC({]/m^2). 28, , ,, llil I RSIi iii

sylos: o.s171 FRIT 11/24/92 9:24:59AM
FRIT: 0.6778

Recycle: 0.0051
- Gonstrolnt Veluel • Pt -

TLIQ(Splnel) " 883.38
Vise • 1150°C (Pa,s): - 6.32
Elec Cond(S/m): - 41.22
Si MCC(g/m^2) - 6.24
B MCC(g/m^2) " 6.99
LI MGG(9/m^2) - 7.05
Llquidus(OC) - 830.26

--- Glass Composition --
SiO2 - 0.4464
B203 = 0.1411
Na20 - 0.1216
L.J20- 0.0471
GaO- 0.0016
MgO - 0.0000
FdO3 - 0.0160,<>sxP Iii
AI203 - 0.1610,<>exp
ZrO2 - 0.0002
others - 0.0650

SY103 Recycle

Figure 2.13. TWEAT Analysis: SY-103
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T,=t Type: MCG ImTLiQ(Splne_)._000 BBElecCond(S/m):Lo- 18 ['-]Na MeG(g/m^2)
Magnification: 1X IIBVIs c @11500C (Pa-s):HI- 10 BBSI MCC(g/m^2)= 28 lLIquldus(°C)-1000

IlVIsc @1150°C (Pa-s):Lo- 2 la MCC(g/m^2)- 28

ImElec Con(:l(Si/ml:H,- 50 ILl MCC(g/m^2). 28,, ......... II'l ., .... J,L _ ,, ,,,,,

100% BLEND: 0.4412 FRIT 11/24/92 9:30:07 AM

IL FRIT: 0.5306
Recycle: 0.0282

- Gonstralnt Values @ Pt -

TLIQ(Splnel) - 981.43
Vlsc @1150"C (Pa.s): = 8.01

* Elec Cond(S_): - 35.07
Si MCC(g/rn^2) - 6.71
B MOO((;l/m^2) = 7.89
Li MOO(g/m^2) = 8.38
Liquidus(°C) - 892.28

--- Glass Gomposltlon
SiD2 = 0.4418
B203 - 0.0817
Na20 - 0.1313
LJ20= 0.0369
CaO - 0.0146
MgO - 0.0073
FS203 - 0.0793
N203 - 0.1316
ZrO2 = 0.0121
others -

100% BLEND Re©y¢le

Figure 2.14. TWEAT Analysis: "Total Blend"
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Test Type: MGC INTL=Q(Sp,ne=).1000 IElec Cond(S/m):Lo= 18 l-"lNa MCC(g/m^2)

Magnlfl¢otlon: lX IBBvIBc @1150=C (Pa,s):Hi= 10 ISI acc(g/mA2) . 28 ILIquldus(°C)-1000

ImBvIsc @1150°C (Pa,s):go- 2 la MCC(g/m^2)= 28
linE,accooa(s/m):Hi50 IlL, MCC(_n^2)-28I lIP I

AZl01/AY101: 0.=_= FRIT 11/24/92 9:41:43AM
FRIT: 0.67110
Reoy¢It: 0,0257

,, - Gonstrmint Values I Pt -

TLIQ(Splnel) = 993.12
Vlsc @1150°C (Pa,s): - 5.73
Elec Cond(S/m): - 40.27
SI MCC(g/m^2) - 12.25
B MCC(g/m^2) = 19.54
LI MCC(g/rn^2) - 18.87
Liquldus('C) - 922.07

-- Gins GomposlUon --
SIO2 = 0.4856
B203 - 0.0813
Na20 - 0.1323
U20 = 0.0472
GaO= 0.0005
MgO= 0.0001
Fe203 - 0.1146
AI203 - 0.0117
Zr02 - 0.1156
others - 0.0111

AZ101/AY101 Recycle

Figure2.15. TWEAT Analysis: AZ-101/AY-101
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Teet Type: MGG IIITuQ(Spine_).1000 IIIElec Cond(S/m):Lo- 18 i--INa MCC(g/m^2)
Magnlfloatlon: lX

IBv,sc @1150"C (Pa,s):HI- 10 [-'ISI MCC(o/m^2) II LIqol o,(°O)-1000
IBvisc @1150*C (Pa,s):Lo- 2 BB MCC(g/m^2)- 28

liiElec Cond(S/m):Hi- 50 BILl MGG(g/m^2). 28
I I I I '1 ,,

AZ102/AYI02: 0.2272 FRIT 11/24/92 9:45:10 AM
" FR IT: 0.7:278

Recyole: 0.0451
- Gonstralnt Values • Pt -

TLIQ(Spinel)., 996.12
- Vise Ol150"C (Pa, s): - 8.04

Elac Cond(S/m): - 43.61
B MCC(g/m^2) - 18.87
LI MCC(g/m^2) - 17.40
Llquldus('C) - 906.01

-- Glass Oomposltlon
$102 - 0.5631
B203 - 0.0547
Na20 - 0.1270
1.120- 0.0509
C,aO - 0.0059
MgO - 0.0O39
Fe203 - 0.1369
A1203 - 0.0185
ZrO2 - 0.0138
others - 0.0252

AZ 102/AY 102 Recycle

Figure 2.16. TWEAT Analysis' AZ-102/AY-102

2.35



Test Type: MOO ilITLIQ(Splnel).1000 llElecCond(S/m):Lo., 18 I-'INa MCC(g/m^2)
Idognlflcetlon: lX

IlVlsc @1150°C (Pa.s):Hi- 10 Rsi MGC(g/m^2)" 28 IILIqui u,(°C)-1000

lIvisc @1150°C (Pa:):Lo- 2 mB MCC(Q/m^2). 28
[i_Ele¢ Cond.(S/m):HI' ,5.0 ILl MCClg/m^2)- 28......... ' ' _" , ' , ,,, .... , IPl

sYlol/ctoe: o.4664 FRIT 11/24/92 9:54:59 AM
. FRIT: 0.6194

Rs©yell: 0.0241
-- Constraint Values • lit

TLIQ(Spinel) - 960.04
ViSe @1150"C (Pa,s): = 8.046

Elec Canal(S/m): - 35.24
Sl MCG(g/m^2) - 6.74
B MCC(g/m^2) - 7.76
LI MCC(g/m^2) - 8.12
Liquidu8(°C) - 878,94

--- Clams Composition --
SiO2 - 0.4555
B203 - 0.0812
Na20 = 0.1342
U20 - 0.0363
Ca(::)- 0.0189
MgO - 0.0068
Fe203 - 0.0626
AI203 - 0.1317
ZrO2 - 0.0022
others - 0.0686

SY101/C106 Recycle
lm

Figure 2.17. TWEAT Analysis" SY-I01/C-106
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Test Type: MCC il_TLIQ(Spinel)'1000 iElec Concl(S/m):Lo- 18 ['-]NaMCC(g/m^2)

Magnlflcitlon: lX iivIsc @1150°C (Pa,s):Hi- 10 iSI MCC(g/m^2)= 28 BLIquidus(°C)=1000

iVIsc @1150°C (Pa,s):Lo,- 2 mB MCC(g/m^2)= 28

I_Elec Cond(S/m):HI- 50 eLi MCC(g/m^2)- 28
I , I i "'l',,r ,,, , ' °' I1 ' ,, ,u,' ' II ,, , ,, ,li

SY103/C105: 0.3378 FRIT 11/24/92 9:58:21 AM
FRIT: 0.6028

. Recycle: 0.0595
- Conetrslnt Values • Pt -

TLIQ(Spinel) - 881.09
Visc @1150°C (Ps-s): - 5.92

• Elec Cond(S/m): - 44.14
Si MCC(g/rnA2) - 7.01
a MCC(g/m^2) - 8.23
Li MCC(g/m^2) - 8.20
Liquldus(=C) - 826.00

-- Glass Composition --
SIO2 = 0.4526
B203 - 0.1201
Na20 = 0.1440
Li20 = 0.0421
CaO - 0.OO92
MgO - 0.0050
Fe203 - 0.0201
hJ203 - 0.1483
ZrO2 = 0.0008
others - 0.0577

SY103/C105 Recycle

Figure 2.18. TWEAT Analysis: SY-103/C-105
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Test Type: MCC NBTLIQ(Splnel).1000 mElec Cond(S/,0:Lo- 18 [-]Na MCC(_tn^2)

Mognlfl¢otlon: 1X Iivi,c @1150"C (Pa,s):Hi- 10 ISI MCC(Wm^2). 28 iLiquidus(°C)-1000

IIIw,co_,sooc<pa._l:Lo-i lib.cc(_.^21-28le,:,.c?o,?_!_/,.!i.,......_o.... m.,,,,_oco/,.^.)-._i .............. ,ii

$Y 1011C 106/AZ 10_.4394 FRIT 11/25/92 8:32:43 AM
FRIT: 0.5405

,_ Recycle: 0.0201
- Gonstrelnt Velues • Pt -

TLIQ(Spinel) - 993.84
VlSc @11500C (Pa-s): = 7.60

4 Elec Cond(S/m): - 34.99
Si MCC(g/m^2) - 7.67
B MCC(I_/tn^2) - 9.37
Li MGC(g/Yn^2) - 9.77
Liquidus(oC) - 897.30

-- Glees Gompoeltlon
5102 - 0.4600
B203 - 0.0755
Na20 - 0.1299
1120 - 0.0376
Ca(::)- 0.0160
MgO - 0.0074
Fe203 - 0.0955
_203 - 0.1124
ZrO2 - 0.0074
others - 0.0583

,Y 101/C 106/AZ 102 Recycle

Figure2.19. TWEAT Analysis: SY-101/C-106/AZ-102
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Test Type: MCC IBTLIQ(Splnel).1000 lElec Cond(S/m):Lo- 18 ["lNa MCC(g/rn^2)

Magnification: lX livisc @1150° c (Pa,s):Hi- 10 RSI MCC(g/m^2)- 28 lLiquidus(°C)-1000

Illv==o,,6o.c _ BB MCClg/m^2)- 28

_ .,.., l[_Elec Cond(S/ml:Hl-, 5C BILl MCClg/m^2)- 28,... i q _ _ ,,

SY1031C1051AY10SI:3740 FRIT 11/25/92 8:35:25 AM
FRIT: 0.601Z
Recycle: 0.0"248

-- Constraint Values @ Pt -

TLIQ(Spinet) - 919.51
Visc 01150°C (Pa-s): - 7.14

8 Be(: Cond(_4m): - 38.78
Si MCC(w_n^2) - 6.46
B MCC(_^2) - 7.33
Li MCC(_/m^2) - 7.49
Liquidufl(=C) ,, 853.46

-- Glass Composition ---
SIO2 - 0.4526
B203 - 0.1075
Na2@- 0.1311
U20 - 0.0418
C.,aO- 0.0119
MgO- 0.00S0
Fs2@3- 0.0359
A1203 - 0.1479
Zr@2 - 0.0009
Others - 0.0637

Y 103/C 105lAY 102 Recycle

Figure 2.20. TWEAT Analysis:SY-103/C-105/AY-102
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The unacceptableregions in those diagramsare shadedwith colors in accordancewith the key
specified at the top of the diagram. The area within the bold blackpolygonc°)(if present) defines the
region in which the glass models have been experimentallytested and consequentlywere deemed to be
valid. The white space within the polygon (if present)definesthe region which satisfiesali of the
designated criteria. The lightly shaded region (outside of the polygon) defines the region(s) which
satisfy ali of the designated criteria, yet are outside t'ae model compositions tested to date in the CVS
envelope. Table 2.8 displays the compositional envei,,pe where CVS has been deemed valid

, (abstracted from Hrma and PiepelC*)).In each figure, error bands for each criterion are displayed by
a line of the same color as the parent criteria and parallel to the colored unacceptable region. The error
band, whose breadth from the unacceptable region depends on the model goodness-of-fit, indicates
areas "safe" within two standard deviations of the mean value.

Table 2.8. Region of CVS Property Model Validity

Individual Mass Fraction
Constraints Ad Hoc Crystallinity Constraintsc')

Lower Upper Lower Upper
Oxide Bound Bound Oxide Ratioor Sum Bound Bound

SiO2 0.42 0.52 SiO2/A1203 3.00 --
B203 0.05 0.2 MgO + CaO -- 0.10
Na20 0.05 0.2 FeaO3+ A1203+ ZrO2 + others -- 0.24
Li20 0.01 0.07 A1203+ ZrO2 - 0.16
CaO 0 0.1 MgO + CaO + ZrO2 - 0.18
MgO 0 0.08
FeaO3 0.02 0.15
A1203 0 0.15
ZrO2 0 0.1
Others 0.01 O.1

(a) This table is preliminary at this point and is based on the range of glasses studied
in CVS-I and up through CVS-II Phase 2. Changes to a few individual component
bounds and possibly other changes are anticipated based on CVS-II Phase 3.

(a) The black polygon would not display for Figure 2.7 (tank AY-102), although the chosen
composition was within the CVS valid envelope. Likewise, the shape of the polygon in Fig-

_t ure 2.19 (blend SY-101/C-106/AZ-102) incorrectly represents the CVS valid envelope. The
compositionchosen, althoughdisplayed outsid_,the polygon, is within the CVS valid envelope.
The TWEAT programis still under review. Furtherwork should rectify these graphicaldisplay

• errors.

(b) Hrma, P. R. and G. F. Piepel. 1992. Property/Composition Relationships for Hanford Waste
Vitrification Plant Glasses-Preliminary Results Through CVS-II Phase 2,
PHTD-92-03.01/K897, Pacific Northwest Laboratory,Richland, Washington.
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The blackpointwasplacedintheregionfelt to becloseto the "maximum"wasteloading,
althoughdeviationsfromthe pointmayoccurin the finalwasteloadinganalysis.The "constraint
valuesat Pt" showtheglassproperty'spredictedvalueswherethe"point" islocatedwithintheregion.

The "glass composition" section of the figures displays the glass composition (which includes waste, D
frit, andrecycle) at the blackpoint. If the blackpoint was outside of the CVS valid envelope, the com-
ponents violatingthe envelope show up in bold followed by ".< > exp limit." For example, Fig-
ure 2.6 (tankAY-101) glass compositionsection indicates thatthe Fe concentrationis low and the
"others" concentration is high relative to the CVS valid envelope.

Note that the percent recycle varies in Figures 2.6 through2.20. Realistically, the percent
recycle would not vary substantially from the nominal 3%. The fact that in the figures it does fluctuate
is an artifactof the frit design. The frit designed for the waste included four components (SiOz, B_O3,
Na20, Li20). Ideally, the frit design would also include Fe203 and "others." As a result, in waste feed
case_ that have low FeqO3and "others" concentrations, the recycle was allowed to "float" and resulted
in higher than ideal recycle, lt should he kept in mind that the high recycle is not actually proposed.

2.4.1 Loading Evaluation: "No Blend"

This section frequently refers to Figures 2.6 through 2.20 and describes the waste loading esti-
mates for each tank as made by TWEAT. These estimations are temperedby both the crystallinity con-
strain_ and the constraints on the solubility of minor components (Cr203,F', P2Os, SO3). Table 2.9
summarizesthe waste loading results and displays mass, and primaryand secondary loading limits, by
tank or blending option. The secondary loading limitations were displayed for information purposes.

AY-101. Based uponthe TWEAT analysis, there is no compositionthat is within the envelope
studied in the CVS m ',_elbecause of the low content of Fe (approximately 0.008 in the glass) and high
"others" content (approximately 0.1485 in the glass). Because of the low Fe and high "others" con-
tents, the CVS may not correctly predict the glass properties, and caution must be used in interpreting
the expected waste loading. However, because Fe is known to have so little effect on durability, it is
expected that a lower Fe content will have little effect. The composition of "others" is mostly U, and it
is known that U has little effect on durability. Therefore, based upon extrapolation of the properties
examined in TWEAT, one may expect 39% waste loading (see Figure 2.6). Crystallinity constraints
limit loading to 37%, while solubility of sulfate may limit loading to 11%.

In summary, loading is limited to 11% because of the high SO3content. If the problemof a high
SO3content can be overcome, 37% loading is realistic. Recommendations include conductingexperi-
ments with a high-SO3 waste simulant to assess processability of the glass. Tank AY-101 waste is a
good waste for blending with a low-sulfur-content waste.

AY-102. TWEAT analysis indicatesloadings of 29% are possible within the region of accepta-
bility (see Figure 2.7). Crystallinity constraints limit waste loading to 29%, while the PzOsconstraint
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Table 2.9. CVS Waste Loading Summary

Loading
Loading Limit_') Cans Cans

Oxide Mass Limit_'_ (second- Primary Secondary (pri- (see- Probable
Tank (g) (primary) at3') Limitation °'_ Limitation c°) mary) ondary) Canisters _°_

AY-101 2.32E + 06 0.108 0.37 SO3 Cry 13 4 4
AY-102 5.98E + 07 0.236 0.29 P205 Cry 154 125 125

'_ AZ-101 4.82E + 07 0.270 0.32 Cry Dur 108 91 108
(MCC/Li)

AZ-102 8.37E + 07 0.180 0.25 EC Cry 282 203 282
C-105 2.07E + 08 0.370 0.39 Cry Vise (hi) 339 322 339
C-106 3.67E + 08 0.327 0.42 P205 Cry 680 530 530
SY-101 2.35E + 08 0.033 0.30 Cr203 Cry, EC (hi) 4,277 475 475
SY-103 1.65E + 08 0.036 0.30 Cr203 Cry 2,770 333 333
Total 8,623 2,082 2,196

"Total blend" 1.17E + 09 0.095 0.34 Cr203 Cry 7,475 2,082 2,082

Blend Option 1

AZ-101/AY-101 5.05E + 07 0.280 0.33 Cry Model 109 93 109
bounds

AZ-102/AY-102 1.44E + 08 0.240 0.26 Model Cry 362 334 334
bounds

SY-101/C-106 6.02E + 08 0.082 0.37 Cr203 Cry 4,444 986 986
SY-103/C-105 3.72E + 08 0.078 0.34 Cr203 Cry 2,898 663 663
Total 1.17E + 09 7,814 2,076 2,093

Blend Option 2

SY-101/C-106/ 6.86E + 08 0.094 0.35 Cr203 Cry 4,445 1,187 1,187
AZ-102

SY-103/C-105/ 4.32E + 08 0.087 0.33 Cr203 Cry 3,008 793 793
AY- 102

AZ-101/AY-101 5.05E + 07 0.280 0.33 Cry Model 109 93 109
bounds

Total 1.17E + 09 7,562 2,073 2,090

(a) Mass fraction of wl_u_ in glass.

(b) Cry = crystallinity constant, EC = electrical conductivity, Vi_ = viscosity, Dur - durability.

(c) Estimate of canisters re_uifing ff solubility of minor component e.onm_ints are overcome.

limits loading to 24%. Because of the high P205 concentration, caution should be used; however, the

1% P2Os limit is felt to be conservative, and 29 % loading limited by the crystallinity constraint is felt
to be realistic.

In summary, tank AY-102 waste is a good waste for blending with a low P205 content waste;
. however, loading of this waste alone is limited to 24%.

AZ-101. TWEAT analysis indicates waste loadings of 32% are possible (see Figure 2.8).

Because tank AZ-101 waste has a low concentration of "others," 10% recycle was used to fall within
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the CVS experimental envelope. The crystallinity constraint limits loading to 27 % due to the relatively
high concentrations of Fe and Zr. This waste contains no loading restrictions due to minor compo-
nents, and overall has acceptable glass properties.

In summary, waste loadings of 27 % may be obtained. )

AZ-102. TWEAT analysis indicates waste loadings of 18% are possible, ignoring the liquidus
model constraint (see Figure 2.9). Again, tank AZ-102 waste has low concentration of "others" and a
very high concentration of Fe. In order to obtain a glass within the CVS experimental envelope, 13%
recycle was used to raise the concentration of "ethers." The durability is within the acceptable limit as
indicated by the MCC-I models. Waste loadings can be improved by blending with a low-Fe waste.
This waste contains no loading restrictions due to minor components. The crystallinity constraint limits
loading to 25%.

In summary, waste loadings of 18% can be obtained.

C-105. TWEAT analysis indicates waste loadings of 39% are acceptable, limited both by the
viscosity limit (high) and the experimental compositional envelope (see Figure 2.10). Crystallinity
constraints limit loading to 37 %. The glass has a relatively high A1203concentration, but is within
limits. Tank C-105 waste contains no loading restrictions due to minor components.

In summary, waste loadings of 37% are realistic.

C-106. TWEAT analysis indicates waste loadings of 46% are possible, limited by the viscosity
limit (high) (see Figure 2.11). Crystallinity constraints limit loading to 42%. P205 concentration,
however, further restricts loading to 33%. Again b_eause the limit is felt to be conservative, 42%
loading may be realistic. Conducting experiments with high P20_content waste to obtain definitive
limit on loading is recommended.

In summary, waste loadings are limited to 33%.

SY-101. TWEAT analysis indicates that "no blend" exists that would provide a glass composi-
tion within the CVS envelope. Designing a frit that included Fe would alleviate this problem. How-
ever, it is felt that the CVS model may be extrapolated to lower-Fe-content glasses. Again, caution
must be exercised because the models may not correctly predict property values. Ignoring the low Fe
content, TWEAT predicts waste loading of 30%, limited by high electrical conductivity (see Fig-
ure 2.12). The erystallinity limit also indicates 30% is the maximum waste loading. CrmO3concen-
tration in the waste is very high and limits loading to 3 %. Because there is so little Fe in the glass, "'
little Cr would dissolve. This may or may not be a problem. Cr203 limits are conservative estimates

of the solubility of Cr203 in glass, lt is unknown if Cr203 would cause problems in the melter; it would
not cause any corrosion problems or electrical conductivityproblems. Inclusions in the glass may not
degrade durability. Therefore, a high-Cr203 waste must be tested before drawing conclusions.
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In summary, until high-Cr203 wastes are tested experimentally, it seems prudent to adhere to the
set limit of 0.5% Cr203 in glass. Therefore, loading is limited to 3%. If the Cr203 problem can be
overcome through pretreatment or engineering, 30% waste loading is realistic.

4 SY-103. Tank SY-103 is similar in composition to tank SY-101. Both are very high in CrmO3
and low in Fe. Tank SY-103 exceeds the A1203limit in the region which satisfies ali of the CVS cri-
teria (with the exception of low Fe). A1203concentration in this region is 0.16 and the limit is 0.15, so

A again, assuming the CVS modelsmay be extrapolated, TWEAT indicates that 38 % waste loading is
possible (see Figure 2.13). However, crystallinity limits loading to 30%, and the high Cr203further
limits loading to 4%.

In summary, until the high-Cr203 wastes are tested experimentally, it seems prudent to adhere to
the set Cr203 limit and restrict loading of tank SY-103 to 4%. If the Cr203 problem can be overcome,
30% loading is realistic.

2.4.2 Loading Evaluation: Selected Blends

"Total Blend"

The "total blend" alleviates ali of the problems present in individual tank wastes, with the
exception of high concentrations of Cr203, which cannot be blended to be within acceptable concentra-
tions without considering other tank wastes to blend. The Fe, AI_O3,and "others," which were outside
CVS model envelope in certain tanks, ali fall within the envelope in the "total blend." Furthermore,
SO3and P205, which limited waste loading in individual tanks, are not a problem in the blend. The
acceptable composition envelope is very large and allows a great deal of latitude in selecting
waste:frit:recycle ratios.

TWEAT analysis indicates that 44 % waste loading is possible, limited by high viscosity con-
straints (see Figure 2.14). Crystallinity constraints limit loading of the blend to 34%, while Cr203
further restricts loading to 9 %. Based upon the significant impactof Cr203on waste loading and the
uncertainty of the effects of high concentrations of Cr203, a study should be made to assess the limit.

In terms of glass canister estimates, separately the eight tanks would require 8,620 cans for
immobilization of the waste. The blend, however, would require only 7,470, representing a 13%
decrease in the number of canisters required.

In summary, loading is restricted to 9 % due to a high concentration of Cr203. If the Cr20_ prob-
,. lem can be addressed, 34% waste loading of the blend is realistic.

Blend Option 1

AZ-101/AY-101. The blend of tanks AZ-101 and AY-101 favors the waste loading over treating
each waste individually. Not only is the SO3problem alleviated in tank AY'101, but the waste compo-
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sition of file blend falls within the CVS envelope, giving more credibility to the model-predicted glass
values. Tank AZ-101, which hadpoor durability,also benefits from the blend as evidenced by

increased durability. Notice how the acceptablecompositionregion is severely restricted by the elec-
tricalconductivity (hi) errorband (see Figure 2.15).

In termsof glass canister estimates, separatelythe two tankswould require 121 cans for immobili-
zation of the waste. The blend, however, would requireonly 109, representinga 10%decrease in the
number of canisters required.

AZ-102/AY-102. The blend of tanks AZ-102 and AY-102 favors the waste loading over treating

each waste individually. Not only is the P205 problem alleviated in tank AY-102, but the blend has a
lower concentration of Fe and a high concentration of "others" (see Figure 2.16).

In terms of glass canister estimates, separately the two tanks would require 436 cans for immobil-
ization of the waste. The blend, however, would require only 362, representing a 17% decrease in the
number of canisters required.

SY-101/C-106. The blend of tanks SY-101 and C-106 favors the waste loading over treating

each waste individually. Not only is the Fe problem alleviated in tank SY-101, but the waste composi-
tion of the blend falls within the CVS envelope, giving more credibility to the model-predicted glass
values. The blend also reduces the concentration of Cr203 (see Figure 2.17).

In terms of glass canister estimates, separately the two tanks would require 4,957 cans for
immobilization of the waste. The blend, however, would require only 4,444, representing a 10%
decrease in the number of canisters required.

SY-103/C-105. The blend of tanks SY-103 and C-105 favors the waste loading over treating

each waste individually. The blend alleviates the low Fe and high A1203problem present in tank
SY-103. Because of this, the waste composition of the blend falls within the CVS envelope, giving
more credibility to the model-predicted glass values. The blend also reduces the concentration of
Cr203 (see Figure 2.18).

In terms of glass canister estimates, separately the two tanks would require 3,109 cans for
immobilization of the waste. The blend, however, would require only 2,898, representing a 7%
decrease in the number of canisters required.

Blend Option 2

SY-101/C-106/AZ-102. The only improvementto be gained by blending tank AZ-102 waste
with waste from tanksSY-102 and C-106 is a greaterdilutionof Cr203, which improves the overall
waste loading (see Figure 2.19). Separatelythe three tanks would require 5,239 cans for immobiliza-
tion of the waste. The three-tank blend, however, would require only 4,445, representing a 15%
decrease in the number of canisters required. Notice that the blend of SY-101/C-106 results in 4,444
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canisters. Tank AZ-102 may be blended with those two tanks, a net increase of only one canister.
This is au artifact of the limitation of waste loading due to Cr203.

SY-103/C-105/AY-102. The additionof tank AY-102 to the blend of tanks SY-103 and C-106

increases the acceptable composition envelope overlay on the ternary diagram, allowing more latitude
in selection of waste:flit:recycle ratios (see Figure 2.20). The addition of Tank AY-102 also provides
a greater dilution of Cr20, which can improve the overall waste loading. Separately the three tanks

- would require 3,263 cans for immobilization. The three-tank blend, however, would require only
3,008, representing an 8% decrease in the number of canisters required.

AZ,-101/AY-101. This is the same blendpresented in option 2.

2.4.3 Comparison of HWVP Reference Model and the CVS Model

Figure 2.21 displays a comparison between the HWVP reference model and the CVS model for
the two pretreatments of sludge washing and sludge washing with a Cr leach. Examination of the esti-
mated canisters assuming the HWVP limits with the CVS limits is interesting. The two estimates are
very close for obvious reasons. In both cases, the loading criterion based upon solubility of minor
components (Cr203, P205, F, and SO3) forces lower waste loadings than could otherwise be expected.
Since the loading criteria for minor components are the same in both models, and since there is a rela-
tively large concentration of minor components in the tanks examined, the number of estimated canis-
ters is very similar.

The biggest difference in canister estimates between the two models occurs with "no blending"
(eight waste streams, as depicted in Figure 2.21). In the reference model ali eight tanks are limited in
loading because of outliers (the major outlier, of course, is Cr203), and the model estimate,s production
of 11,060 canisters. Looking at the "no blend" case using CVS limits, five of eight tank wastes are
limited by minor component constraints. Only tanks AZ-101, AZ-102, and C-105 have minor compo-
nent concentrations that are within limits. Becauseof the enhanced loading of these tanks, the CVS
model predicts production of 8,620 canisters, or 22% fewer canisters than estimated by the HWVP
model.

The differences between the two model canister estimates become very slight when examining the
blending options. The canister estimate for the "total blend" (one waste stream as depicted in Fig-
ure 2.20) are identical, because in both models loading is limited by the Cr203 concentration. In blend
option 1, where tanks are blended in pairs, three of four blends in the HWVP model have chemical
outliers, resulting in 7,830 canisters. Of the three tanks with outliers, two are limited by Cr203.

-" Similarly, in the CVS model two of four blends are limited by Cr20_, resulting in a similar canister
estimate of 7,810 canisters, representing 0.3 % fewer canisters than that estimated by the HWVP
model. In blend option 2, the results are similar. The NCAW model estimates 7,580 canisters, while

" the CVS model estimates 7,560 canisters. In both models two of three blends are limited by Cr203.
Finally, in the "total blend," both streams are limited by the same Cr203 constraint, and therefore
provide identical estimations of 7,470 canisters.

2.51



12000

10000

= 8000

m J

¢

o 6000
n_ HWVP Reference Model (SW w/Gr Leach) CVS Model (SW only) //

_P' 25 wt% Load
=: 4000 _ '

' 4. " J- ", I

_ iii

2000 o
cvs Model ( SW wlCr Lea'_)

0 I , I I

1 3 4 8

Numberof Waste Feed Strums

Figure 2.21. Waste Loading Estimate for the HWVP Reference and CVS Models

A Cr203 leach significantly reduces canister estimates in both models. With the aid of blending,

the HWVP model closely approaches the 25 wt% load. The CVS model estimates better than 25 wt%
loading, even for the "no blend" case.

For the CVS waste loadings, assuming that the solubility of minor components can be overcome

either through pretreatment or by relaxing the limit, greatly reduces the canister estimate. The "no
blend" would result in 2,200 canisters if the solubility of minor components criteria were overcome,

representing an average waste loading of 32%. The "total blend" case further improves waste loading:

2,080 canisters are estimated, representing an additional 5% reduction over the "no blend" case.
Estimates for blend options 1 and 2 are very similar to the "total blend" case and 2,090 canisters are
estimated.

Analysis indicates that the CVS model provides lower canister estimates than does the HWVP
model. Because of the strong influence of minor components on waste loadingin bothmodels, the two ,_
models predicted similar results after blending because of the overwhelming presence of Cr203.

Clearly, blending can decrease the estimated number of canisters as based on either model and should
be considered as a pretreatment step.
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2.5 Case II: Blending LLW Using Grout Feed Acceptance Criteria

Table 2.10 displays the eight tanks, the grout feed acceptance criteria considered, and the compo-

nents whose concentration exceeded the grout feed limit. A number in a cell indicates the factor by

which the component concentration in the feed exceeds the HWVP feed specifications. Comparison of

the individual tank waste feed to the "total blend" waste feed demonstrates the number of waste compo-

nents that can be diluted to within an acceptable concentration by blending. Before blending, AP +,

- B3+, Ca2., Cd 2+, Cu 2+, Ni2+, Pb2+, Si4+, CI', F, SO42, CO32, TOC, and radiolytic heat content ali

Table 2.10. GTF Outliers from Selected Hanford Tank Wastes

Tank (grout feed acceptance criteria are exceeded by the factor indicated)
-AY-101 AY-102 AZ-101 AZ-102 C-105 C,106 SY-101 SY-103 Total

Ag
Al 3.3 1.1
B 4.7
Ba
Ca 2.0 1.5
Cd 1.2
Cr
Cu 4.1 1.8
Fe

Hg
K

Mg
Mn
Mo
Na
Ni 1.4 14.2 3.6

Pb 1.1 5.4 13.9
Se

Si 14.2 3.4 3.0
Zn
CI 4.3
F 2.0 19.5 16.9 4.0

NO2 1.2
NO3
OH

PO4
SO4 1.1 3.9

CO3 1.3
• TOC 15.8 19.3 6.5 14.3 12.8 6.3

Heat 2.6 2.2 7.6 21.7 2.6 4.0
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have concentrations exceeding the grout feed acceptance criteria. After blending, TOC and radiolytic
heat content exceeded the limits. In this case, blending reduced the number of GTF outliers from
14 to 2.

Effective organic destruction and radiolytic heat removal pretreatments were assumed. There-
fore, the TOC and heat limits were disregarded. Table 2.11 summarizes the grout volume production
of different waste loading approaches. The 5 M Na load ignores the GTF feed specifications and the
grout volume estimate is a product of total Na mass. For the eight tanks considered, 31,600 m3 of
grout is produced. The "no blend" option takes each tank waste as an individual feed, an approach
which results in the highest volume (44,600 m3)of grout. In contrast, the "total blend" case uses as
feed a composite of ali tank wastes (after pretreatment), resulting in 31,600 m3 of grout. Blending ali
the waste, for any specified pretreatment, results in the least quantity of final waste form if the grout
feed specifications are adhered to. Comparison of the "total blend" case with blend option 1 (which
consists of four waste types produced from the following blends: SY-103/C-105, SY-101/C-106,
AZ-102/AY-101, and AZ-101/AY-102) shows that the level of blending effort required to reach the
optimum case is low. lt can be seen that blend option 1 has a potential waste reduction of 29%, match-
ing the "total blend" grout volume production of 31,553 m3. Again, very substantial gains can be made
simply by judicious selection of a few tank blending partners, as shown in Figure 2.22.

Table 2.11. Selected Tank Waste Production Summary: GTF (post-organic destruction
and heat-loading pretreatments)

Potential
Grout Limiting Waste

Waste Loading Approach (m3) Component(s) Reduction

5 M Na load 31,600 NA NA
"No blend" 44,600 F, Pb2., SO42+ NA
"Total blend" 31,600 None 29%
Blend otion 1c') 31,600 None 29%

(a) Blend of tanks SY-101/C-106, SY-103/C-I05, AZ-102/AY-101,
AZ- 101/AY-102, resulting in four waste feeds.
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3.0 Discussion

' 3.1 Evaluation of Case I and Case II

The benefits of blending were assessed in two case studies. The first case involved most of the
" tanks and demonstratedthe potential benefitsblending mayprovide in terms of decreasingthe esti-

mated final waste form and reducingthe demandfor pretreatment. Case I was so large thatwithout
the aid of a computermodel, or more time, the benefitsof blendingcould not ali be examined.

For example, the maximum reductiondelta between the "no blend" and "totalblend" scenarios
was established in Case I, but it was not established how much effort, in terms of blending,would be
requiredto approachthe maximum reductiondelta. Case II, which considered only six DSTs andtwo
SSTs, was smaller and more manageable, lt demonstratedthat near maximumbenefit in terms of
potential waste reductioncould be gleaned from minimal blendingeffort.

Another issue that was difficult to tackle in Case I was whether the CVS model would predict

trends similarly to the HWVP model. Would CVS analysis support the trends established by the
HWVP reference model, or would it provide its own trends and insight into the blending issue?
Case I! was analyzed using the CVS criteria and the results from the analysis were compared to the
HWVP reference criteria. The results clearly demonstrated that the same trends were evident in both
models. The potential waste reduction, although smaller, was evident in the CVS model evaluation.
Also, high blending efficiency was achieved with minimal blending effort.

A significant result was the similar numberof canister estimate made by both models. This is an
artifact of the identical limits on the solubilityof minorcomponents, which dominatedthe restrictions
in waste loading. The fact that minorcomponents so greatly restricted loading in Case II led to the
"CVS approximation"used in Case I, which only restrictedwaste loadingbased upon the limits of
Cr203, F, P205, and SO3. If tankwastes were not limited in these components, then 25 wt% loading
should be achievable. This somewhatconservative loadingmodel againpredicted canisterestimate
close to that those estimated by the HWVP referencemodel. Although the HWVP reference model has
been shown to be inadequate,its canister predictions are neverthelesssimilar to CVS canister predic-
tions because of the dominatingeffectof the restrictionson minor components.

3.2 HWVP Feed Acceptance Criteria.lt

The good agreementof the CVS model analysis with the HWVP reference model indicates that
the HWVP reference limits should provide similar qualitative trendsandreveal the possible benefits of,q

blending,even though the reference model may be quantitativelymisleading. Evaluationof Case I and
Case II revealed that two majoroutliers--P205and Cr203--causesevere loadingrestrictionsin both
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models. Further examination of waste simulants with high concentrations of P205 and Cr203 is recom-
mended. The following subsections discuss relevant individual constituent limitations<-)that are of
special interest. The information in these subsections was largely abstracted from Kurath.c*)

3.2.1 Phosphate

The 1 wt% P205 waste limit (4 wt% in the feed) will restrict overall loading of the blended
wastes to much below 25 wt%. Previous review in the Hanford Waste VitrificationRisk Assessment -
Final Report (Miller et al. 1991) indicates that there is low to moderate risk in assuming that the P205
limit can be raised to 2.5 wt% (10 wt% in the feed). Even small amounts of P2Os(<0.5 wt% feed)
are apparently immiscible in silicate melts on the molecular scale, lt is the coalescence of the
immiscible phases into droplets that can create potential problems. The droplets have been observed to
form a "scum" on the surface of the melter that reduces the throughput of the melter significantly. The
presence of calcium and, to a lesser extent, rare earths, promotes droplet formation. Glasses contain-
ing 4.58, 3.8, and 3.14 wt% PzOs (18.3, 15.2, and 12.6 wt% in the feed), but no CaO, have been sue-
cessfully processed in PNL melters. Calcium and rare earths are only minor constituents of DST
wastes. Thus with low to moderate risk, DST waste glass containing up to 2.5 wt% PzO5(10 wt% in
the feed) can be processed safely in the HWVP.

3.2.2 Chromium

That the 0.5 wt% Cr203 guidance limit for NCAW glass (2 wt% in the feed) should also apply to
other waste glasses is a judgment based on the following factors:

* Laboratory tests showed that solubility of chromium in NCAW glass is about 0.7 wt%
Cr203 (2.8 wt% in the feed). At higher concentrations, chromium begins to precipitate as
a spinel.

• Melter runs with about 0.2 wt% Cr203 (0.8 wt% in the feed) at PNL and the Defense
Waste Processing Facility (DWPF) show no spinel; melter runs with 1.3 to 1.6 wt% Cr203
(5.2 to 6.4 wt% in the feed) ali show spinel.

• Most of the spinel remains suspended in the glass and ends up in the canister. The prob-
lem is that a fraction of the spinel (perhaps 5%) has been observed to settle to the melter
floor.

(a) This section describes composition limits of the overall glass. The corresponding feed composi-
tion is four times the glass composition.

(b) Kurath, D. E., et al. 1991. Intermediate Processing Approaches to the Pretreatment of
Selected Double- and Single-Shell Tank Waste. Prepared for Westinghouse Hanford Company
by Pacific Northwest Laboratory, Richland, Washington.
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s The collection of spinel on the melterfloor raises another issue: How soon will enough
spinel accumulateon the melter floor to cause problems, and how severe will the problems
be? Two kinds of problems have been encountered: 1) melter pluggingand 2) potential
hot spots atthe melter floor. A melterat SavannahRiver became inoperablebecauseof
spinel accumulation. The spir.elprobablyfor'ned while the melter idled at a low tempera-
ture, a condition thataccentuatesthe formationof spinel. Hot spots at the melter floor may
have been observed in the Liquid-FedCeramic Melter (LFCM) at PNL, but the evidence

, that they were due to chromiumis unclear. Monofrax K3, the refractorymaterialto be
used for the HWVP melter walls andbottom, is a chrome spinel, but some spinels or spinel
relatives are known to have a much lower resistivity.

Some concern has also been expressedabou_the effect of spinels on the quality of the product
glass. Testing hasshown that spinels have only a minoreffect on leachability (Bibler 1983; Bickford
and Jantzen 1986; Zhu et al. 1986). Thus, the justificationfor the chromiumconcentration limit must
be based solely on the potential for chromiumto createoperationalproblems in the melter. Although
the evidence is not completely clear, the 0.5 wt% Cr203concentrationlimit in the glass seems a pru-
dent precaution.

3.3 Grout Feed Acceptance Criteria

Not ali of the GTF outliers should actuallybe a problemfor waste loading in grout, and many of
these outliers, in the future, may 0e inccaseqt,entialwhen reviewed. The currentgrout feed
specificationsare based uponthree majorconsiderations:a) thermal loading in the grout, b) regulatory-
based limits, and c) past experience. The information in this subsectionwas largely abstractedfrom
Hendrickson._')

Item a is based on experimentalevidence that one of the most criticalparameters that affects the
acceptabilityof the groutedwaste is the maximumcure temperature. The grout should have acceptable
physical propertieswhen the peak cure temperatureis kept below 100°C.

Item b is based on limitations imposed by regulatorylimits. Land Disposal Restrictions (LDR)
limit the concentrationof specific wastes in the waste stream and identify constituents for which pre-
treatmentmay be necessary. Organic contaminant restrictions underLDR must be met, as grouting is
not currently an acceptable treatment f,_rthese constituents. See Hendrickson¢')for constituentlisting.
Note that this study did not consider individualorganic limits as these data were not includedin the
data base used.

(a) Hendrickson, D. W. 1991. Grout Treatment Facility Waste Feed Acceptance Criteria. WHC-
SD-WM-RD-O19 Rev. 1, WestinghouseHanfordCompany, Richland, Washington.
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The concentrationsof toxic metals (Ag, As, Ba, Cd, Cr, Hg, Pb, Se) in the waste feed are

limited by the need to show compliancewith Toxicity CharacteristicLeaching Procedure (TCLP)test-
ing, as solidification and stabilizationis the preferredtreatmentoption for these contaminants. The
limits stated in the grout feed specifications were based on ExtractionProcedureToxicity (EPTOX) and
TCLP tests of actualgrout formulationsto defineprobableacceptance limits. The processes of
EPTOXor TCLP leachingwere assumed to follow a linear trend and the recommendedlimits for the
toxic metals were calculated from the observed test ratios (measuredconcentrationin waste
feed:measured concentration in EPTOX/TCLP extractant). This assumption is consideredto be con-
servative because the leachate concentration of individual metal species are expected to be governed by

solubility limits at a given pH rather than by initial inventory.

Specification for some elements that are expected to be present in the waste feed (Be, Bi, Ce, La,
Li, Nd, Pd, Sb, Ta, Ti, U, V, W, CN, Np, Pu, Am, and Cre) could not be defined because of insuffi-
cient data. Analyses of waste constituents in product grouts will be used to define acceptance criteria
for those constituents currently identified as "To Be Determined" (TBD), and to refine acceptance
criteria for other constituents.

Item c is based on past experience, and a specified limit may not be the maximum concentration
that can be successfully grouted.

3.3.1 Impact on Grout Volume Estimates

In Case I, both F and Pb are chemical outliers in grout. Fluorine's acceptance limit of 562 ppm
is based upon past experience. Grout has been successfully produced with a F feed content of
562 ppm. Clearly, the fact that 562 ppm of F can be grouted does not exclude higher concentrations of
this component in the feed. However, this assertion will have to be experimentally tested. If the F
limit were increased to the point that the F concentration was no longer limiting, the Pb concentration
would become limiting. The "total blend" lower bound would be reduced to 1,113,000 m3 from
1,890,000 m3. This value, however, is still 2.4 times higher than the volume estimate assuming
5 M Na loading.

The limit for Pb (12.5 ppm) is a regulatory-based limit obtained from an experimental ratio of
the measured Pb concentration in the feed:the measuredconcentration in the EPTOXextraetant. The
method assumed the leachateconcentration will vary linearly with Pb inventory in the feed. This
definition of a probableacceptancelimit is conservative for two reasons: first, because the leachate
concentrationof an individualmetal species is expected to be governed by solubility at a given pH
rather than by initial inventory; second, because the EPTOXtest (which is no longer the preferred test)
produces higher toxic metal concentrations in the ieachate than does the TCLP test (which is now the "
preferred test). One of the primarydifferencesbetween the two tests is the fact that acetic acid is
added to maintainpH duringthe EPTOXtest. In contrast, the TCLP procedureuses a single batch
addition of acetic acid which is bufferedupon contact with the grout. Thus, even assuming a linear
trend in the leaehate with initial inventory, the 12.5-ppm limit for Pb is conservative and could prob-

ably be increased.
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If the Pb limit can be increased, the 5 M Na limit is achievable because there are no other chemical
outliers preventing full loading in the "total blend." Clearly, blending will be required for any simple
pretreatment scenario to approach the 5 M Na loading for grout volume production.

,, To obtain more realistic grout volume estimates, the grout feed acceptance criteria should be crit-
ically examined to expand the feed acceptance envelope, thus maximizing LLW loading.

wt

3.4 Benefit to Waste Form Qualification (WFQ)

This section describes the backgroundand potential benefitsof tankwaste blending to the program for
qualifying vitrifiedHanford defense HLW for acceptanceinto the Civilian Radioactive Waste
Management System (CRWMS) in accordance with the Waste AcceptanceSystem Requirements
Document (WA-SRD) to be issued by the DOE Office of Civilian RadioactiveWaste Management
(OCRWM).

3.4.1 WFQ Background

In order to ensure that the vitrified HLW from Hanford (and from DOE's other two HLW vitrifi-
cation projects) meets the applicable WA-SRD requirements, the DOE Office of Environmental Restor-
ation and Waste Management (EM) has recently drafted Waste Acceptance Production Specifications
(WAPS). These specifications include requirements derived from the WA-SRD in the following five
areas: (1) waste form, (2) canister, (3) canistered waste form, (4) listed hazardous waste determination,
and (5) quality assurance (including nonconformance notification) requirements.

Compliance with the WAPS will require substantial waste sampling, analysis, and reporting for
each "waste type" to be fed to the vitrification plant. The WAPSdefines waste type as "The waste
material fed to each vitrification facility that can be assumed to remain relativelyconstant in composi-
tion and properties for an extended period of time." Therefore, the numberof waste types that are sub-
ject to the WAPS couldbe impactedby proposed blendingschemes. The WAPS that include sampling,
analysis, and reporting specificationsexplicitly or implicitly tied to a "waste type" are summarized as
follows:

Waste Form Specifications:

• chemical composition, projected and measured, including range anduncertainty

" • radionuclideinventory, projected andmeasured, includingrange and uncertainty

• PCT (a short term "leach" test), projectedand measured, includinguncertainty; ali with
' respect to a reference standard

• phase stability (glass transition temperature and time-temperature-transformation diagram).
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CanisteredWaste Form Specifications:

• heat generationrate

• dose rate(gamma andneutron)

• chemical compatibility(glass and canister)
W

• subcriticality.

Listed HazardousWaste Determination:

• Hazardouschemical and element content analysis

• PossibleTCLP testing [may be exemptunder best demonstratedavailabletechnology
(BOAT)].

3.4.2 Potential Blending Benefits to WFQ

As described in the HWVP Waste Form QualificationProgramPlan (Randldev 1993), the WFQ
programfor each waste type will be a multi-milliondollar, multi-yeareffort. Therefore, substantial
savings might be achieved in WFQ as a resultof blendingschemes that reduce the numberof waste
types subject to the specificationslisted in the precedingsection. For example, reducing the numberof
waste types should simplify the database requiredfor developmentof a predictive model for defining
acceptableglass-forming frit andfinal glass compositions for compliance. However, the actual impacts
cannotbe quantitativelyprojectedat this time.

3.5 Drawbacks to Blending

The benefitsof blendinghave beenoutlined. However, there also may be some drawbacksto
blending. Blending tank wastes wouldrequire significant capital expense to develop a system(s) that
could blend solid wastes and soluble wastes. Blending a soluble LLW fractionin a GTF feed-staging
tank should lead to few problems;however, blending the HLW fraction in a solid or slurryform may
require more elaborate mixing equipmentand testing to ensure consistency andhomogeneity. Feed
staging tank(s) would have to be filled with blend feed approximately18 months in advance to properly
characterizethe waste feed and to determine the glass frit/grout-formingmaterial composition. To
avoidgaps in waste form production, multiplefeed-staging tankswouldbe required. These are neces-
sary so that while one tank is providingfeed, the other tankscan be refilledwith the blend feed. The
numberof tanksrequireddepends on the size of the blends (in terms of mass), the time requiredfor
WFQ, and the waste form productionrate of the HWVP and GTF.
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Blending may also require more analytical samples for waste characterization. In order to deter-
mine which tanks could be beneficially blended, a detailed waste characterization would be required for
each contributing tank waste. Once the wastes have been blended, further samples may be required to
ensure waste composition and homogeneity.

,N

Blending grout feed has different implications than does blending HWVP feed. The feed criteria
considered in blending HWVP feed are process limitations, not regulatory limitations. The difference

• between process and regulatory limits is that blending chemical concentrations is acceptable for process
feed limits but is unacceptable for regulatory feed limits. Process limits are set to ensure the quality of
the final waste form or to prevent the expected capacity of a processor from being exceeded (e.g.,
HWVP off-gas processing). Process limits may be overcome if an engineering solution can be
developed. Thus, blending HWVP feed results in a more concentrated waste product of suitable qual-
ity that is within regulatory guidelines. In contrast, the grout feed acceptance criteria are a combina-
tion of process and regulatory limitations. For example, the total content of radiolytic heat generators
is based on a process limit, while the total TRU concentration is based on a regulatory limit. Blending
grout feed to address a process limitation may also lead to the dilution of a regulatory-based limit. For
example, a feed with a high TRU content and considered to be unacceptable for grout might be blended
with a feed acceptable for grout, producing a blend that also may be acceptable for grout. However,
this approach is not acceptable from a regulatory standpoint. This example emphasizes the need to
consider the effects from a process-based alteration on the regulatory limits.
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4.0 Conclusions and Recommendations

The benefits of blending tank wastes in terms of reducing the final waste form are substantial.
"' The data examined showed that blending may substantially decrease HWVP and GTF production, com-

pared with the same pretreatment without blending. Blending can reduce the number of HWVP out-
liers from 17 to 3 and the number of GTF outliers from 12 to 2. The good agreement of the CVS

• model analysis to the HWVP reference model indicatesthat the HWVP reference limits should provide
similar qualitative trends and reveal the possible benefits of blending, even though the reference model
may be quantitatively misleading.

Case II showed that nearly ali the benefits that blending may provide in terms of final waste-form
volume reduction are gleaned from blend options 1 and 2, which blend wastes, by tank, to obtain four
and three discrete waste feeds, respectively. Results suggest that a minimum blending effort may pro-
vide near maximum benefit to final waste-volume reduction.

HWVP canister productionestimates, which assume 25 wt% loading and ignore the feed criteria,
significantly underestimate final waste-form volume. Both the HWVP reference model and the CVS
model have constraints, which limit loading below 25 wt%. CVS is exploring an acceptable HWVP
feed composition envelope of 10 waste components known to affect glass processing requirements.
However, the two components P20._and Cr203, which have been shown in this study to limit waste
loading below 25 wt%, need further research. Experimental evidence suggests that more P205 can be
loaded in glass in concentrations greater than either model allows, lt is not clear whether the Cr203
limit may be raised without exploring higher temperature glasses. Therefore, it is recommended that
the limits of the solubility of minor components (Cr203, F, P205, and SO3), particularly both P205 and
Cr203, be examined in order to establish definitive loading limits for these limiting oxides.

Grout production estimates which assume 5 M Na loading and ignore the grout feed acceptance
criteria significantly underestimate grout volume production. The data examined indicate that F and
Pb2+and, in some instances, TOC, SO42",and radiolytic heat content limit waste loading. In order to
maximize waste loading, it is recommended that the limits be examined to expand the feed acceptance
envelope.

Blending may also provide benefits in terms of WFQ. It is not possible at this time to quantify
the savings related to WFQ; however, the potential savings in terms of cost and schedule appear to be
significant.

" Obviously, waste-form productionestimates are highly sensitive to tank chemical composition
data and sludge wash partitioning factors. Comparison of TRAC data with core sample data has shown
TRAC to be within an order of magnitude in some components and off by many orders of magnitude in

' other components. As a result, greater emphasis should be placed on the observed beneficial trends of
blending, and less emphasis placed on the actual numbers predicted for immobilized waste volume.
Since the process of selecting tank feeds to blend is based upon finding compatible feed compositions,
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more precise tank characterization data will be required. Tank characterization data should also
include experimentally determined component solubility data as would occur in tank waste
pretreatment.

Results from this study have shown thatalthough blending can significantly increase waste load- "
ing, blending is not a pretreatment step that can replace ali other pretreatments being considered. The
baseline quantities of immobilized waste projected for sludge-wash cases may have been drastically
underestimated, because critical components were not considered. Alternatively, the results suggest •

further review of the grout feed specifications, and of the solubility of minor components in HWVP
borosilicate glass. Future glass and grout volume estimates might be decreased substantially upon a
thorough review of the appropriate feed specifications. The results of this study suggest that blending,
selective leaching, and HWVP glass and GTF grout feed specifications should be evaluated further as
an element in the TWRS pretreatment strategy.
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Appendix A

Normalized TRAC Data



_ 000000 O00o0000 _ _00 O0 O0 O0000 oO o oO
0 • . . . I . . . . . I . I . I I I I . . I I I . I . I I + I I .

_ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 _-¢ _ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1,0 + + + + I + + + + + I + I + I I I I + + I I I + I I I + 4- I I +

0 0 ,_ ,-_ 0 0 0 0 0 _N 0 0 0 0 0 ,.-_0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0I,/I + 4. I I I I + 4- + I + + 4- I I I + 4. I + 4- + + 4,, + + + + + + +

I + I I I + + + + I I + I + I I I I I + I + + + I I I + + + + +

- 0 0 0 0 0 0 0 0 0 _ 0 0 0 0 0 _-_ 0 0 0 0 ,-_ 0 0 0 0 0 0 0 0 0 0 0
l_l 4" 4" 4" 4" "4- 4" 4" 4- 4- I + 4" + + I I + 4- I '4- I + + + 4" + + + + + + "l",
O _ _ _ _1 _11_1Er.l"_ _11_1 _ I_1_ _1_ _ _ _ Br,1_1 _ _ _ I_.1_ _1 _1 _ I_.1_1 _,1 _1

0 O00 O0 O00000000 _0000 O0 O00 O000000
C_I . + + + + + + + + + + + + + I I + + + + + + + + + + + + + + + +

0 0 0 0 _ 0 0 0 0 0 _ 0 _ 0 0 ,'_0 _ 0 0 0 _ _ _ 0 0 _ 0 0 _ _,_0
,'_ + . + I I + . + + + I + I + + I + I + + I I I I + + I + + I I +



_0 O0000 O0000 O0000000 O0 O0000 O0 O00+ I + + + . + + . + + + + I + + I I + I + + + + I . + + + + .

_ooooooooooooooooooooooooooooooo.++++++++++++ , +++ , +++++++++++++

, _o__oo_oo___ooooooo_oo_ooo

oooooooooooooooooooooooooooooooo

000000 ,-_ 00000000 _ 0000000000000000
_, + + . + + I + + + + + ++ I I + + + + + + + + + + + + + + + +
0 _ _ _ _ _ _ r_ _ _ _ _ _ r_ _ _ _ _ _ _ _ _ _ r_ r_ _ r_ _ _ _ _ _ _

I _1 0 00_ _.'1r,. 00_ _n t'_l _.'_I11 _rl tN _ ff'l 0 _1 0 0 _P a) f_, _ _ _ _ _ 0 _ _ _

000000000000000_0000000000000000
C_I . . . . -I- . . . + + . + . + I | . I . . I 4" + + + + + + + + + +

_10 rn _ t_l t_l _ 0 t_l r_ t_l _ r_l _D _D _ _p u_ _ _1_0 _ 0 r_ _P _D 0 u3 _D 00 _

0 O00_00000_000__00_000 _0 _00 O00
_+ + + + I + + I + + I + i + I I I I + + I + I + I + I I + . + +

oooooooooooooooooooooooooooo oo++.++++++++
I 0__0_

_ooooooooooooooo_oooooooooooooooo
o++++++++++++++ _ I ++++++++++++++++

o++, ,++.++,+ I I + I I I I I I I I +

A.2



°oo_o_o_ooo_o_oooooooo_oo_°°°°°°°°°°oooooooo_ooooooo_++++++++++++++++++,++++.++_ooooo
o__________ ++.++_ooomoo moo _o_mooo__ _ _ _

______ooo_o_oo_o_oooo_oo_°ooooooooooooooooooooooooooooooo

e

oooooooo_ooooooooooooooooooo_oo_°°oooooooooooooooooooooooooooooo
oooooooo oooooooooo ooo _oo__°ooooooomoooooooooooooooooooooo_

°°oooooooooooooooooooooooooooooo_+++' +++_++++++, +++++++++++++++++

___o_®o®___oooo___o_°°_ooooooooooooooooooooooooooooo_++,++++++++++,,+++,++++++.++++++
=================================

0000_0000000_0000000000000000000
O+ + + + I + + + + + + I I + I + + + + + + + + + + + + + + + + +

0 O0000 _0000000000000000000000 O00
_+ ++ + + + I + + + + + + + I + + + I + + + + + . + + + + + + +

00000000000000000000000000000 O00
_ + + I + + + + + + + + + + + I + + + I + + + + + + + + + + + + +

_0__0_0_ __00_0___0_ _

00000000000000000000000000000000
_ + + . + + + + . + I . + + + I + + + I + + + + + + + + . + + . +

A.3



_000000000_0000000000000 O00000000
0+_ ! + +..+ . I +.+ . I ... I ..+ + +e+.+ +++ .

I O___OO__O_m _OOOOOO_O_OmOO_

r. O O O O O O O O O O O O O O O O O O C30 O O O O O O O O O o O O
0+ + + + + + + + + 4" + + + + I . + + I . + + + + + + + + + + + +

I _ _ O _P m,_ O O o_ O _ m ¢_ _D _ r- _ O r_ O O O O _D oo O r- m m O O m

_000000_00000000_0000000000000000
O+ + . + + + I + + + + + + + I I + + + + + + + + + + + + + + + +

I f_ _ O _ _ r_ _ m _ _00 t_ m _0 r_ r- o_ _ r- O r_ m _o _D _r _ O O _ _ _ O

mOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
O++ + I + + + + + + ++ + . I I + + + + ++ + + + + + + + + . +

_ O m _r o0 _0 _r O _D O O r- O _D _P _ ,-_ _ _ _O O _ O 00 m O r_ ,-I O_ _ O _ _

_OOOOOOOOOOOOOOO_OOOOOOOOOOOOOOOO
O+ + + I + . . . + . + . . . I I + + I . . . . + . . . . . + . +

_000000000000000_0000000000000000
O+ + + I + + + + + + + + + + I I + + I + + + + + + + + . + + + +

_ 0 _ 0 r- 000 ¢_1u_ r- u_ _ 0_ 0 _P 0 _ 0 c_l 000000_ _'1 _ _IP O000 _

_000000000000000_0000000000000000
O+ + + ! + + + + + + + + + + I I ++++++++++++++4-+

r_ r_ _D 0 _r _0 0 _1 _D _D _ m _ _ _ r_ m _ _D 0 O0 0 0 _D m _ m _ _ 0 m _

O + + + . I + + I + + I + I + I I I I + + I + I + I . I I + + I +

0 0 0 _ m o m _D _D 0 m _ 0 0 O _ 0 _D _ o 0 0 o 0 0 0 o _D _D 0 0 r,
O00000000000 O00000_O000 O000000 O0

_ + . + + + + + + + + + + + + + + + + I + + + + + . -l- + . . + + +

C_lO O O _0 _P O O r- _ O U_ r_l O O O r_l O _ f_ O O O O O O O O 00 _ O O m
I O O O O r- O _D _ O_ O r- O O O O r- O m r_ O O O O O O O O r_ _D O O m

A,4



mO °°00 o oo00 oo o0000ooo 00oo o O0 o 0ooo
o. . + + + . + + . . + + + . I + + + + + + . + + . + + + + . + +

#

_00000000000000000000000000000000
O. . . .. . .. . . .+ . + I .. . . . . + + . . .+ . . . + .

mO O00000000000 O000000000000000000
0 . . . I + + + + + 'f'+ "- -l-+ I I + . . . . . . . . + . . . . . .

_0 O0 _000000000 O0 _000000000000 O0 O0
0 + + + I . + + + + + + + . + I I . + + + + + + + + + + + + . + +

I _O__O__m_ _ _0 mO _0_ __ _mO _ m

,'q000 "q 00000000000 ,-I0000000000000000
0 + + + I + + 4- + + + + + + + I I + + + + + 4- + + + + + + + + + +

| O_ _';_0 I_ _I'IZ_0 In In 0 _; I_ _,__ r,.,.q0 _i,_00 p. 00_ _g _ _ _ _ 0000

_ _ 0 "_ m _ 00 r_ _ _ _D m m m m _00 _D 00 00 _ _p _ _ _ _ 0 0 _
_ 000000000 _I 000000000000000 ,_ 000000
,-.4 + + + + + + + + + ! + + + + I + + + I + + . + + + I + + + + + +

I m _ ° m _o _ o c 00 'q' m _o m c_,e o_ _0 0 _ o o o o r., p. m r_ 00 r_ o o r_
_ _'I_I 00 H I_ 000 oO _0 ¢0 P- m ,-q0 m 0 _,I0000 _, o_ _ _ _ _ 00 _

r_ m 0 m _o _o 0 m oo ,-_r_ r.._o ,_,m ,e _o m o o _, o r,.r. m m oo oo m o m _
_o oO 000 Oo o0oo00o o0o00oo0 O00oo oo oO
f'l + + + + + + + + + + + + + + I + + + + + + + + + + + + + + + + +

_ e0 q' 0 _I_m m 0 m ,'q'_ _0 m m r_ _0 m 0 i._lH 0 m 00 r_ i_lm i_ _i r_ 00_ 0

O000000000000000000000000000000 O0
,-4 + + I + + + + + + + + + + + I + + + + + + + + + + + + + + + -I- +

I IZl _0 _0 i_l I/10_ 0 t'l IZl _0 r" I_1 ,_P_P aO I%1O0 ,_p ¢0 0 0 0 _ _ _ _ _ _ _ 0 _ _

_. O_ 00000000000000000000000000000000
0 + + I + + + + + + + -t- + + + I "4- + + I + I + + + + + + + + + + +

I ':' m m _ r" 0 0 0 m 0 r... _. 0 _ m m r_ 0 _ o e_ 0 0 ,._ ,:, m _ un _0 0 o m

A.5



00_000000_0_0__0000000_000000
_+ + I ! + + + . + I I + I + I I I + I + + + + + I I I I + + + _0 _MM MNM_N _MMMN _MM_N_ _M _ _M _ _

_00000000000000000000000000000000
_+ + +" I + + + + + + + + + + I + + I + + + + + + + + + + + + +

e
o

%

_000 _00000000000_0000000000000000
_. + I I + . + . . ++ . + . I I + ++ . . . + ++ + + + . + + +

i m _ m _ m _ o _ m _m _ o _ m _ _ _ 0 0 _) 0 m m _ _ _,0 _ m

. oOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

e

_

_00000000000000000000000000000000
0.+ . I + . +. . + . + + + I I . . . + ++ . + + + + + + + . +

I mmm _OmOmm_m___m_momo'om___°_m
__m_mmomm__mm_m_m_OmO_mm_m_mO0_

_00000000000000000000000000000000
_ 0 + + + + + + + + + + + + + + I . + + ' + . + . + + + + + + + + .

_000000000000000000000_00000_0000
0 + + . + + . + + + + . + + + I + + . I + . + + + . + + + + . + +

J

_000 O0000 O000000000_ 000 O00 O00 O000
O+ + + I . + + . + + + + + . I I + " . + + + + + + + + + + + +

i

..... Hl' '1_ .... III '1_1' _'



OO O O O O O O O O O OO O O OOOOO O O oO O O O O o O O O
_+ + . + . + + + . . + . . + I + + + I + + . + . + + + + + + + .

O O ,-.I O O O O O O O O O O O _-_ O O O O O O O O O O O O O O O O O
O . + I . I ,I, + . + I + + I . I + I I ! + I 4. + ! I I I I + + + +

i f_l m _0 _,_ _ O O o_ u_ _ ffl ,-_ _ _1 _ _ _t m O O_ O O _ 0_ _ _) _ O O O _

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
o_+ + . + + ++ + + + . + + + I + + + I + + + ++ + + + . + + + +

! _0 ,-t o_ _,1 url ,-_ O O _r O 0_ _30 _ r_ r_ _D _ _lP O _lP O O O_ _D rn _0 _ _ O O O

OOOOOOOOOOOOOOOOOOOOOOOO OOOOO OOO
cO + + I + + . + + + I + + + + I + + + I + I + + + + I + + + + ,.:. .

_D _ O O O _D O _D r_ _) O r_l _0 _10 ,._ _IP _) _00 _D O O u_ O O _D _ r'. O O _
O O O O O O O O O _-_ O O _10 O ,..I _,1 _ O O O O O O O O _10 O O O O

r_ . + + + . + + + + I + + I + + I I ! I + I + . ._ + . I + + + + .

I o_ _D O O O _ O _ _ r_ O _ m m O _D r. m O _D O O _ O O _ _ o_ O O :--

OOOOOOOOOOOOOOO_OOOOOOOOOOOOOOO
_o+ . + + + + + + + + + + + + I i + + + + + + . + + + + + + . + +

0000_000000000_000000000000000
In @ + + + I + + -i- + -I- I + I + I I I I I + I I I + I I I + + I I +

0000 C_ 00000 C_ 000 _'_ _ 0000000000000000
_I' .I- + + I @ 4- + @ + + + + | + I | I I + + I I 1 4- I I 1 4" 4- I I +

" 00000000000000 _"_,-_ 0000000000000000
t_1 + + + I + + + + + + + + I + I I I I + + I I I + I I I + + i I +

A,'/



000000000000000_00000000 O00 O00 O0
_+ . . . . . + . + . + . . . I I .. I .. + . . . . + . . . . .

,oooooooooooooooooo ooo

000000 r40000000 _,-I 0000000000000000
_ . -I-. . I . I l . + . -I- I . I I I I . + I I I I I I I + . I I .

I q, O_ 0 _1' I_ _IP tq O_ r'l _P _P r_ r4 _P _ 0 _,-t _P 0 r_ r4 _o t_l _ _ 0 _ _ _ _ _

000000_00000000_0000000000000000
_. . I . . . I . . . . . . . I I . . . . . . . . . . . . . . . .
0 _MM_M MMMMMM_M _M_MMMM MM_ _M _M_MM_
__O0_O______O__mO_O_O_

0 _1 o 0 o 00 o r_ 0 ,-_ _ 0 _ 0 _) 0 o (_ 0 o o 0 _10 o o ,_ _ o 0 _1
00000000000000_00_0000000000000

,,_1'+ ! + + 4- + + + + + + + + I | I 4,. + I 4- .I,. + + + + + + + + + + +

r_ 0 _ 000000 m 0 _o _10 m _ r- 00 _) 0000 _ o 00 o_ o_ 00 _
I 0 _ 000000 _ 0 r- _ 0 _ _ r_ 0000000 _ 000 u_ _ 00 u_

0 _q 000000 _ 0 _ 000 _ _P 000_ 0000 _ 000 _ r40 O;<P
00000000000000_0000000000000000

r'l + + + + + + + + + + I + + + I I + + I + + + + + + + + I + + 4,. +
0 _ r_ _ _ IZr,Z IILI Ilzl r,,,,l_ r,,tl _ M lzl i,l _ _ _ r,zl r,zl IZr,lr,L1 r,,;l _ _ r,,,,1_ _l r,zl _ r,zl _ _
t_ 0 _ 000000 _ 0 _q r- 0 _0 r- O_ 00 r40000 _10000 o_ 00 _
I 00000000 _ 0 _ _ 00 _ _000 _ 0000 _o 000 _0 _ 00 _

0 _ 000000 u_ 0000 _ _1 _P 00 _00000 u_ 000 _0 _100 u_
0000000000_000_0000000000000000

t'_l .I,. + + + ..t...t. + .1,. + .I,, I -I- + I I I 4. + _ 4,, + + + + + + + I + ,4,. + +

r_ 0 oo 000000 _ 0 _ u_ 0 r- r_ _ 00 _ 0000 _IP 000 _ _100 _)
I 00000000 M) 0 m _O 0 _1 _ Ml 00 ffl 0000 I_ 000 (:0 _O 00 _)

0 _, 000000 _ 0 _1 _100 o_ Ml 0000000 _1000 _1 r400 _P
000000000000000_00_0000000000000

,-I 4. I + + + + + + + + 4- + + + I I + 4- I + ._ . + + .i- + + + . + + -I-

r_ 00000000 _10 _1 _ 0 r_ _o o_ 000 o 000 u_ 000 _ r" 00 o_
I 0 ¢0000000 oO 00 _) 00 m 000 _ 0000 _ 0000 ul 00 r"

COO000000000o 0000oo00 o00 oo000o00
t"_l . 4,, . . 4,, ,I,' ,,I,' + 4" -I,' "1,'4" . 4" I + 4- + I + '4" + + + + + + + + + + +

A.8

J

=



_00_O00mO000000 _0 o00000000 O0000o
0 . + I + I . I I + + I + I + I I I I + + I I I I I + I + + I I +

g

000000000000000_000000000000000_
_. . _ + . . + + . . + + + . I I + + + . + + . . . + + + + . + +

I ___0 __ ____O__m_O_ _ 0

"

_m°mm_om_mm_mmm_m_om___mmmmm
000000000000000_00000000000000 O0

_+ .+ . + + + + + ++ ++ + I I . + + + + + + + + + + . + + + +

_mmOm_Om_mmm__om 0_____0_ m
I mm_ooo_m_m_m_m__oo_o_Ommm_om

000000000000000_000000000000 O0 O0
O+ + + + + + + + . . + + + + I I . . + . . . + + + + . + + + + +

e

°oooooooooooooooooooooooooooooo

O00000mOO000000_OO00000000000000
_ + + I + + + I + + . + . + + I I + . . + + + + + + + + + . . + +

I _ O_ 0 _ _ _ ____ _ _0 _0 _0 _ __ 0 _

°oooooooooooooooooooooooooooo,, ,++,, ,,,+,++, ,+
I __0_0______0_0__0 _ _

000000000000000_000000000000 O0 O0
_+ . | . . + . + + . +'_ . + I I . . + + I + _ + + . . + . + . +

e

_omomOOmOO_m_oomooooooO_m_oom
00 O000000000000 _000000000000 O0 O0

. m_ . . . . + . + + + + + + + I I + . I + + + + + + + + + + . + +
_O_o_O0_O0_m_m_O0 0o0 _oo_

I _O0_O_O0_O0___OOmOOOOOOOO_mO O_• o

A.9



0000000_0 O0 O000_0000000000 O000 O0
_ + + + + I + I I + + I + I + I I I I I + I I I I I I I + + I I +

ooo®oo     oo®ooooooo  ®oo oooooooooooooo oooooooooooooooo°o............ ,., ,.. , .+..... , .....
000000 _ _0 _ 000_

:_,._ m m 0_ 0 r. 00 m 00 r- m 0. m _ o o _ o 0 o o o o o _ _ _ o o m

mO+ 0000000000000_00000000000000000 + + + . + + + + + + + ! + ! I + + I + + + + + + + ! + + + + +

I ,._ m _ r. 0 _ 00 _000 r- c_ 0 _ m 00 ,-_ 000000000 m m 00 _

r. O00000_O0000000_O00000000000oO00
o++ I +.+ I +++ ++++ I ! ++++++ ++ +++++++ +

_000000000000000_0000000000000000
O+ + I + + + + + + + + + + + I I + + + + + + + + + + + + + + + +

m 000000000000000 ,'_ 0000000000000000
0 + . I + + + + + + + . . + + I I . + + + . + -I- + + + + + + + + +

_000000_00000000_0000000000000000
0 + + I + . + I + + + + 4- + + I I .i. + + + + + + + + + + + + + . +

moooooo_ooooo_oo_ooooooooooooo°°°
o++++++ i +++++++ I ! ++.+++ ++ +++++ ++ +

r_ o o o o o o r_ o o o o o o o o "_ o o o o o ° ° ° ° ° ° ° ° ° ° °
o+ + ++ + + I . + + + + + + I I + . + + + + ++ + + + ++ + + +

>_ _ r_ m 0 r_ m m m m _ o m _ r_ m m _ _ r" 00 m _ _ _ _ m _ _ m _ me

A.IO



O0 O00000000000o000 O0000 O0 O0 O000o
_. . . . . . . . . . . . . . I . . . ! . . . . . . . . . . . . .

000_000000000 O0 _0000000000000 O00
_. . ! I . . . . . . . . . . ! ! . + ! + I . . . . . . . . . . +
0 _ _ ___ _ _ _ _ ___ __ _ _

000 _ 00 ,_ 00000000 ,-_0000000000000000
l_i . . I I . . | . . . . . + I | I . . I + I . . . . . . . . . . .

000 ,_ 00 _ 00000000 ,_ 0000000000000000
,"_ + + . I + . I . + + + + . + ! I + + + + + + + -1- + + + + + . . +

r.._ 0 _ o _ 00 oo 00 _ 0 _ _ _ 00 r_ 00000000 o_ r_ 00 _
m 000000000000000 ,"_0000000000000000
_.t + + . + . . + ._. + . + + + + I I + + I + + + + + + + + 4- + + + +

I _ m 0 _ 0 _ 00 r_ 00 _ 0 _ _0 _ 0000 o 0 o o o 0 o ,_ _ 0 o _
_ m OI 0 ,._0000 r_ 00 r_ 0 _ _ _ 00000000000 _0 i_l00 r_

_ ¢;,0 r_ 0 _ 00 _ 0 r_ _ 0 _ O_ _i 00 r_ 0000 r_ 00 o_ o_ oO 00 o_
_ 0000 _100000 _ 0 l_l 0 ,-_ ,_ 0000000 l_l 00 _ 00000
,._ . -(- -i- . I + + 4" + + I . I 4" I I . . I + + + t- I . -I- I + + + 4- +

r_ _ 0 _ 0 m o o _000 _ r_ _ _ _ 00 r_ o 0000 o 000_ r_ 000_
_ 0000000 _ 0000000 ,-_0000000000000000
,.._ . + + . + + + . + + -I- + . + I I + . I + . . . + + + + . . + + +

_ _ _ 0 m 0,_ 00 _ 0 0 _ m m _ m 00 mO 00 0 00 00,_,_ 00 _0

r_ _,_0 _ o _ o 0 _ o 0 _I'o m,_ _I o o _o 0 o 000 o 0 o _o _o 00 _o
_ O0 o0000000000 O0 _000000000 O000000
,-i + + + + + + + -I- + + + + + + I I + + I + + + + 4. + + + + + + + +

I m _0 0 m 0 _ 0 0 r. o 0 r. 0 r.. 0 m 0 0 _ o o 0 o 0 0 0 o ,_,._ 0 0 oo
_ _ i_l0 m 0 _I 00 _000 ,e 0 _ O0 i'_00 _ 00000000 _ ,'_000_

_ 0 0 ,._ 0 _ 0 0 0 0 0 _ 0 ,._ 0 ,-_ ,-_ 0 0 0 0 0 0 0 ,-_ 0 0 ,-I 0 0 0 0 0
"_ _1 + + I + I + + + + + I + I 4. I I + + I + + + + I + + I + + + + +

I _'_ _ m'_ °° _ 0 0 _ 0 _ _ _ °l 0 0 0 0 0 0 0 0 0 _ 0 0 _ r_ _; 0 0 °°

A. ll



OO OOO OO O _OOOOOOO ooooooOOOO Oo _O O_
OO O OO OO OOO OOOOOOOOOOOOOOOOOO OO O O

_+ + + + + + + + + + + + + + + + + + . + + + + + + + + + + + + +

_OO O oO OO O_O OO OOOOOOOOOOOO oO o O _OO _
I OOOOO OO O_O OO OOOOOOOOOOOOOO OO_O O _

OOOOOOOOOOOO_OOOOOOOOOOOOOO_OOOO
_+ I + + + ++ + ! + + I I + + + + + I + + + + + + + + I + + + +

_O_O___OO__OOOO_OOOOOOOOOmOO_
I O_O___O__O_OOmOOOOOOOO_OO_

O O O m _r r_ _o _D O O O_ O O _._ O _ O O _00 O O O O O O C30 r_ O O O_
OOOOO OOOOO OOOOOOOOOOO OO C30 O OOOO O O

,"4 . . . . .I- + . . . . . . . . . . . + I + + + + + 4. + + + + + + +

,.'_ O O O _D O O_ _0 _P O O _ O O q' O _D O O q' O O O O O O O O O u_ O O _1'
I O O O _0 _1' _ _-_ O O O O O O ,.'_ O r,. O O _ O O O O O O O O O O_ O O _-_

0 ,.._ 0 m m r, 0 0 _O 0 m _ ,_ _ m r'. 0 0 _O 0 0 0 0 0 0 0 0 _D r.. 0 0 0_
O O O O O O O O O O O O O O r-(O O O O O O O O O O O O O O O O O

O+ I + + + + + + + + + I I + I + + + ! + + + + + + + + + + + + +

,-_ O r.. O m _o o_ O O _o O u_ r_ r.. _0 r_ _D Q O O O O O O O O O O _ _ O O _P
I O _1, O _0 ,.-_ _ O O r.- O O _ o_ r_ _D r_ O O r_ O O O O O O O O r_ ,_1,O O _-_

OO_OO OO OOO OO OOOOOOOOOOOOOOOOOOOO
O_ + + I + + + + . + I . + + + I + + + I . + . + . + + + + + + + +

_ t_l O _ U'I U_ O O _D O r,. U'l rn _ _D _ _r _P o_ O O O O _ _P _1' _1' u3 _D O O r_
OO_OO OOOOO OO OOOOOOOOOOOOOO OOOOOO

(30 + + I + + + + + + + + + . + I . + + I + + + + + + + + + t- + + +

I ,_' _r u_ ,-_ u3 t_ O O O O O _0 _D q' ul CO_1 c_l _00 O O O _O O_ O4 r_. _3 _ O O _

r_ t_ 0 ,_f 0 _O 0 0 un _D _O c_l t'_ _O ,._ un o_1oi _0 0 0 0 0 m t'_l t'_l _.q _L__ 0 0 _
O O O O _-I O O O O ,-'_ O O _'_ O _ O _'-__-t O O O O O O _'_ ,.-I ,'-_ O O O O O

r_ + + .5 + I + + + + I + + I + I + I I ! + + + + . I I I I + + + .

u3 ¢_10 r_ r,- u_ O O _00 _ q:r _P _P _ _ ,_P O O_ O O O O _ O O _o P. _D O O _
OOO OO OO OOO OOO OOOOOOOOOO _OOOOOOOO

_D + + + + + + + + + . + + + + I + + + I + + . + I -1- + + '4- + -I- -t- +

I O_ P-I 0 _ _ 0 0 0 _ 0 m _ _ U_ _ 0 U_ 0 _ 0 0 0 0 _ 0 00_ t_l 0 0 00_

0 0 0 0 _ 0 0 0 0 _ 0 0 _ 0 _ 0 _ _"10 0 0 0 0 _ _-I _ _ _ 0 0 0 0 .,
U'I + + + 4- I '4" + + + I + + I + I '4" I I I + + + + I I I I I + + + +

A.12



_0_0000_0___00_0000_00__00_
_000_00000000000_0000000000000000
O+ + + I + + + + + + I + I I I I + + I + + + + I + + I + + + + +

I N_O_O000_O___O0_O000_O0_O_O0_
_mO_O000 _0_0_0000_0000_00__00_

_m__om_m_mom_oo_o___m_Omm
mooo_ooo000000oo_oooooo00oooooooo
O+ + I I + + ++ + + +++ + I I + + + + I + + + + I + + + + + +

I _ mmm_mOm m_Omm_m_moooommmO_mom m

rn m 0 ,.-_ rn m 0 ,q, t_ m o4 ('_ m ,-I ,._ m rn ,q, ch 0 o_ 0 r_l _ m tn oi ,.._ _, o m _
_, 00 ,-._ o_ 00000 ,-_ 0000 ,.4 ,-_ 0000 ,-_ 00000000000
0 + + I I I I + l + I I + I + I I I I I + I + I I I I I I + + I +

I m r_,_o _ _o _ 0 _0 m _ _ _ m _0 0_ m _ _ _ 0 _ 0 _ 0 ,_I,0_ _ _0 _ 0 m o_

m 000 ,=_ 00 _ 00000000 ,'_ 000000000000000 o
o++ I ! ++ I +++++++ I I ++ I + ! ++++ I +++ +++

I m m oo m m _o r.. ,.._ m o_ o_ m r.. r.. m r.. _ _ m o m o _o ,-_ o m m m _ o m m

mm_mmmom _mm_mmmO mOmm_m _ o_ _
_000_00000o0o000_0000000000o00000
0 + + I I + + + + + I + + + I i I + + I + I + + + + + + + + + + +

_00000000000000_0000000000000000
0 + + + I I + + I + + I + I + I I I I + + I I I + I + I + + I I +

_m_mm_O__Om_O_mO___O__

00000000 _10000000000000000000 O_ 00 _
0000000000000 O0 O0000000000000 O00

XI'++++++++++++++++++++++++++++++++

O_ 00000000 m 0000000000000000000 r.. 00 e_
I 0 0 0 0 0 0 0 0 _0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 _1 0 0 0

ooooooooooooooooo  .ooooooooooooooooooooooooooooooooo+++++++++++++
oooooooooooooooooooo,ooooooooo=ooooooooooo

0 0 0 _ m 0 _ U_ _0 0 m _ 0 0 0 m 0 _0 m 0 0 0 0 0 0 0 0 _0 m 0 0 r_
000000000000000000 ,-_ 0000000000000

" _+ + + + + + + + + + + + + + + + + + I + + + + + + + + + + + + +

O_ 000 _"_ _' 0 r". r.. _,'_ 0 _1 _o 000 r.. 00 r.. 000000000_ c_ 00 e_
I 0 0 0 _P _ 0 _D _,-_m 0 _:P 0 0 0 0 t'_l 0 P" _0 0 0 0 0 0 0 0 0 t_l _0 0 0 0

A.13



_ OO OOO Oo O OOO OO OOO OO OOOOOOOO OOO OO O
_ + + . + + + + + + + . + + + + + + I + . + + + . + . + . + + +

! mOO__OO _o__mm_o _ooooomom_o oo_
_o__oo_o_mo_O_o _oooomoOom_ooO

_D _ O ,_. m _D O O m O r_ r. _ m _ _ _D O r_ O O O O r_ _D O _D r. _D O O O0
_rOOOOOOOOOOOOOOOooooooooooooooooo
_++++++++++++++ +++ I ++++++++++ +++

I m _ O _ m _ O O O O _ _ _ _ m _ r_ O m O O O O _D m O _ _0 _ O O _1
_ r_ m o ,-_ O O o o o o m o t_ o _r O o o m o o o o r_ _r O m r. m o o ,_

_D t_ O m r_ r_ O O _ O _0 r_ r_ _D m m r_ O _D O O O O r.. _D O r_ _ r_ O O o_
_ OO OOO OOOOOOOOOOOOO OOOOOOOOOOO OOO
_1 + + + + + + + + + + + . + + + + + I + 4- + + + + + + + + + + +

I 00 _ O _ m _ O O m O _ O ,_ _P _ _ m O ,_ O O O O _D _ O o_ r- _D O O ,-_

_oooooooooooooooooooooooooooooooo,..4 + + I + + + + + + + + + + + + I + I + + + + + + + + + + +
r.i r_ b,_ r,_ r,, ._ r., r_ r_ b._ rz_ _ r_ b,_ r_ r_ b,_ b,_ r,_ rzl r._ r_ r_ b,_ ra.1b,_ r,_ _ _ _ _ _

_-_ O O O O O O _ O O O O O O O O O O O O O O O O O O O O O O O O O
,.._ . + I + . + I + + + + . + + + + + I + + + + + -I- .4- + + + + + +

O OO C3000_O OOO OO OOO OO OOO OOOOOO OO OOO
r._ -I- . ! + . -1- I . . . . . . . . . + + -I- -t- + . . . -I- . . . . . .

O_ OO O OO O_O OOO OO OOO OO OOOOOOO OOOO OOO
O -I- . I . . + I . . "1- . . . . I . . . . + . + . . . . + . . . . +

r_ r_ un _ _D m O O _00 r_ r_ _D ,-_ _ _1 r_ O r_ O O O O _D m O r_ 00 _ O O _
00 O O O _ O _,._O O O O O O O O O _ O O O O O O O C30 O O O O O O O
O++ + I + I + + + + . + + + I I ++ I + + + + + + + + + + + + +

>_ 0 _ 0 m m _0 0 0 _ 0 0 r_ m 0 r_ 0 m 0 r_ 0 C3 0 0 r_ m 0 u3 _ _D C3 0 _

O u_ O O O O O O _10 _-_ ,-_ O u_ _ O O O m O O O O ,-._ O O O _ _ O O r_l ._
r_ O O O O O O O O O O O O O O ,-_ _ O O ,-._ O O O O.O O O O O O O O O
0 4' I . + . -I- + . + . I I + I I I + + I + 4- + + I . . . I 4- + + +

I O _P O O O O O O _r O O_ _D O _0 _0 _ O O r_ O O O O _r O O O _1U_ O O O_
>_ O _ O O O O O O t_l O O_ _D O t'_l C_ tN O O t'_l O O O O _1, O O O _ 0_ O O O

A.14



_O_O00pON___O_OOOO_O_H_O0_
_O00_O000000000H_O000000000000000
0 + + + I I + + + + . I + + + I I I + I + . + + . I . I I + + + +

moo 0_00000000000_o000000000o000 O0
O+ + + I + . + . + + + . . + I I + + I + + + + + + + + + + + + +

I _mOm_mOOm ___H_ONOOOO_O_m_O0_
_m_O__O O_Om_O0_ 000000HmO _ m_ 00_

___o_____o_oo___oo_
_oooooooooooooooooooooooooooooooo
o++ _++++++_+++_+++_+,+++++++++++

_00000000000000000000000000000000
0 + + I + + + + + + I + + + + I + + + I + I + + + + + + + + + + +

I H Url _D O O_ t'_ O H _ 00 O lt10_ ¢0 _P O O_ O r_l O _D O O_ _3 _P O_ O_ t'q h O _ O

_00000000000000000000000000000000
0 . . I . + . . . . I . . . . I + + + I + I + + + + + + + + + + +

m _ 0 _1' m _ 0 0 _00 r,. _ m _ m m m 0 r- 0000 _0 m 0 m 00 r" 00 ¢0
,..400000000000000000000000000000000
0+. + + . .+ ++ .+ . + + I . + + I . + + + + + + + + + + ++

I H ¢00 t_l P' I_ O (D r_l _D O000 O 00 ¢1, _D O _D O O O O 00 ¢_10 _-_m _-_ O O O
_ 00 P. O _i, _D _ O O _ O _ a:) _0 P. _ _ _00 m O O O O P" P" O c0 o_ c_ O O 0_

¢o o 00000 r_ 00 c300000 o o 00 o 0000 C3000000 _
el + + + + + + I . . + + + + + I I + + + + + + + . + + + + + + + +

un ¢_ o r_ r- r- 0 o ¢o 0 oo _ r_ c_ un _o _ o r- o o o o _ u_ 0 _o _o m o o _
p. O O O O O ,.-t O O O O O O O O O O O O O O O .") O O O O O O O O O O
H + + + I + I + + + + + + + + I I + + I + + + . + + + + + + + + +

I t'_l ,_ O O m _1, O C3 _-I ,-I m C o_ 00 _ 0 _o 00 o o t'_l 00 m.o_ _lP00 o0
>¢ _ _ O el000 _D O O P. O _O _D _ _D rO m I_ O _ C30 O O H ul O ¢0 _ _ O O Ul

_o ¢_ 0 ,-_ r_ a) o o oo o oo r_ r.. _ un _ _D 0 r_ 0 0 0 0 r_ _ 0 _0 a_ q, o o o_
_D O O O r_ O _ O O O O O O O O O _ O O O O O O O O O O O O O O O O

" ,..i + . + I + I + + + . . + + + I I + + I + + + + + + + + . + + + +

I _r _ 0 oo _lP H 0000 _ _IP _ 0 m _o r- 0 _10000 un _ 0 _ m un 00 r_
X O _ O P4 ,_1,P. O C3 _ C> _ r._ O_ _1' _D O m O m O O O O m _ O _ P" _' O O P"

Ao15



OOO_OOOOO OO OO OO_ OOOOOOOO OOO O O o OO
_+ + + I + + + + + + + + + + I I + + I + + + + . + + + + + + + +

OOO_OOOOOOOOOOO_OOOOOOOOOOOOOOOO
_. . + I . . . . + + . . . . I I . . I . . . . + + . + . . . . .

000000.'400000000."40000000000000000
r,. + . I 4- 4. + I + + .f. . + + + I I + + ! + + . . + . I . . + + . +

O O _ ,_ ,_ O O O O _ O O O O ,_,_ ,_ O ,_ O O C) ,_ o _ _ O O O o O O
_) 4- -I- I I I 1 4- I + I 1 4- 1 4- I I I I 1 4- I I I I I I ; -¢. + I I +

cP ._ O _ O O O O _P O _ _ _ ,_ r_ m O O O O O O O _10 O _P _n _ O O m
O o o ,_ o O o O O O o o o O o ,_ o O ,_ o O o o o o o o o o o o o

m+ + + I + + + + + ++ + + + I I + + I + + + + + ++ + + + + + +

,-_,_ r_ O _n O O O O _D O _l _ _D _D O r_ O O oq O O O O _ O O _r_O_ m O O o0
oi ._ O _ O O O O _D O _r O_ _ m _ t_l O O O O O O O r_ O O _ _0 m O O _D

O _D C30 O O O O r_ O _1 t_l r_ _ t_l._ O O m O O O O r_l O O O _1 o_ O O _0
O O O O O O O O O O O O O O ,_ _10 O ,_ O O O O O O O O O O O O O

_' 4. I @ @ @ -t- .l- @ @ @ I 1 4- I I 1 4- 4- I @ 4- 4- 4. 1 4- 4- 4- 1 4- 4- 4- 4-

_ O O O O O O O o_ O,_r _D m O _ _00 O _ O O O O _00 O O _D r_ O O O_
O _D O O O O O O _P O _ r_ _1, r_ _ u30 O _00 O O O O O O O _' o_ O O _-_

_ m ,_ _ O O O O _ O _ r_ _ m _0 r_ _ O O O O O O _ _D O _P _0 _ O O o0
OO_,_OmOOO OOOOOO_OO _OO OOO OO OO OOOO

m + + I l 4- I . 4- 4- . 4- + 4. I I 1 4- 4- 1 4- 4- 4- 4- 4- I .I- 4. . + -I- + +

_ _D O_ ,_ r_ _ m O O _ O r_ O _ _O _ _ _ O o_ O O O O ,_ _ O O o_ _r O O O
_ _ _ _D _r r_ O O _ O _P _ r_ _1 r_ _D _P O O_ O O O O O _00 ,-_ O O O O _

O O O O O O OOO OO OO O O _100000000 OO O O O O O O
t_+ + I ! + + + + + + + + + + I I + + I + + + + + + + + + + + + +

_ r_l O _ _D O O O _ O _D _ _D t_l q, _3 m O _30 O O O _D O O m _ _r O O _0
O O O O ,_ O O O O O O O ,..I O O r._ _10 O O O O O O O O r._ O O O O O -"

,-'I 4- 4- 4- I I -I- -I- 4- 4- 4- 4- 4- I 4- I I I 4- I 4- .I- 4- 4. -I- 4- 4- I 4- 4- 4- @ 4-

_ O_ O _D O O O O _ O _ m _ O _1 t_l m O _00 O O O _l O O O _0 _ O O _D

A.16



000000 O0 _000000000000000000_000 _
_+ . + . + . . . . . . . . . I . . . . . . . + . . . . . . . + .

000 _0_ 000000000_0000000000000000
_. .+ I + + + + . . + . . I I I . . I . . . . + . . . . . + . .

ooo_ooooooooooo_oooooooooooooooo
_+++ _ +++++++++ _ _ _ ++ _ +++++++++++++
__o_ oo_o_o__o_oooo_oo__oo_
_ _o_oo_o_o_o__o_oooo_oo_ooo_

_D ra 0 e_ _lr 000 r- 00D u_ _ t_l tn e_l t_ 00_ 0000 t4100 qP _ _ 00 _
000 _00000000000 f_O 000000000 O0 O0 O0

r4 + + -I- I + "4- + + + + + + + I I I '4" + I ',4- + + "4" + + + + + + + + +

_ _0 ,,:1,0 _0 r4 0 0 0 0 0 r_l O_ ,q' _ _0 U'l"_r 0 ,,-'00 0 0 0 _0 0 0 _ 0 nO 0 0 CO
I r- O00 _ _i' 0000_ 0 _lr _10 _¢__ _0 O00 _00000 e_l 00 _lr _p e_ 00 _

oooooooooooooooooooooooooooooo++.++++++, , , ++ , +++++++++++++

O0000000000000000000000000000000
_ + + + + + + + + + + + + + + I + + + I + + + + + + + + + + + + +

000000,"40000000000000000000000000
,,'-4+ + I + "4"+ I + + + + + + '4" I + '4' 4- I + 4" + + + + I + 4" + + + +

,"_ tn r- no _ _,o 0 0 ,-,4 r,, r,, _ _o ,"4 no ,'-4 r,,I q' 0 r" 0 _') _o o0 _ 'q' _ _ _ _ m m 0

O0 O000000000000000000000000000 O0
'- 0 + + -4- + + + + + + + + + + + I + + '4" I + + + + + + + 4- + + + + +

A.17



lt

Appendix B

Case I HWVP Tank Composition Data



B.1



o 8 8 ZI8

81g_8_ _ _ 800
+.+++ ,.+ *** +...uJ _J uJ

i _I_ _+r. _ I

o g8 g_,, og _ g_ go o 88_ioo.+ , ,= ,= • , +,, + ++, .+..+...+i.
....... _, 88 _,,,

_.- l00 m,m m _r ,qr eq .--.-_._o ¢_ _ ...: o o.- m

+4-+++ 4"4.+ "4-4.++

IM M.iMJ tLi i_i UJ li,LI M,,I

..o oo_! ,-88 80.0 0 '-0000 00,- 0000

--'_.. ,.+,..*..++.+ +.+ ++++
iu, .": -_ o _ '_ ®"" _ _ _ _• ' ,. _ _ _ ml--, ,-

•- + ..*. . + . . + _- + + . + +

_. uJ . idl.I uJ Id_ idtJI&i MJ uJ uJ iAl U.i i&i Id_J" . . . 9qq'_,q o_.q :q,o!gq
N 0 lO _81m!O , eq N ,- lO _ ,- _" .mitr ,- m

-I !

+ ++,.,.+++ .'. ooo.++ 8g"

• • . _ • . "

ooo88oo:_ 88_8g _ ooo
o ..+.+.;';_+ ++.++ . ...+

,.:o_ 0 ,..:_ ,.: " ,,.:e4i,,__ ,.: ,.- ,,.:,_ e,i'e4,,.:

_o_ gl_ _ _ _ 8
_0 + ' . + + ._ l+

.... mi_
m 0 01,- m .- 0 0 _l'_ ,- _ m ,- ,-i_r _ e_ ,-:io

E! oooo
. . . ._ + . . . . . . +: .

• . ' . . _!. ...... u!.....
" M O'P'* U} m O;N _DIN _ 1181 I_[NIM N -- (_1, IN

......, _,. .... _8.
r,, *_ o o _,-. o o i,.- o r-._i_ qt_q_ _ _ ,..: o

ooo o oo_ oooo.,,ogg8 : .-.. o_, _ "
=aZo" " ="'ii:,= "'" ""._m ,ni,- m ,.: o ,,,m- m m ,,. ,,,

,,,: _ _ _ _;,,,:,_ ,-: _ ,_,_ _:, ,=,_, _ ,,,i_i_;

, u,j iffj . 0 i_ N,. _ _!_ L e-., . I_,i i_
ioooooo!o,_,_ g_:_;_ ooo, o_,._e_ll+ 4. + . . . . + + . + . . ._ ..4-.

i_: e_ w _ _ _ ,"_m _ iu,.. W Li.* U.I la.* _ r_iUd' UJ tu
• . . , ,,

B.2



B.3



B.4



.,!,,, oI ua w
_., uJ

m N
, '0 Iii"- .

81_18:8 _.7.' _

0 0000000 _ 0!_ _" 0 _ 0_- 0

+ ,.+,_+I,.";+ Z+ + .,,,,,_...,
• :li: . r.,,:,f!._1._f!.f!.8_ _.,,;,.,:_. ...o. . . .

0 _- 0000000 m 0 0 In _" Oi _- 0

o ,,,w iii ,.-,w_,w o_ ....... q ,,i,_ ,_..:q _8
,-,0 0 0 0;0 ,-0 0 ,'- ,= C;

-,

G..+. I+;_ + + + + + ' + + + + +irt-- i . W Ua m ,m ua ua uJ w m-- w w ua m

0 00000,00 _ 0 P,. _10 _ _- 0 r_ _ 0

o_8gg_88 ooo"' " "' "" " _""o***.***.. ..,,o..io, o o _o_+ +i+ + +ilm

..... i_. lll,_.l . m _ m

"" + . + + + + + + +

,.>_ ,..o. o. o _:|; ,,.,,.,.BL,,,,........ .._ _2_;_
I_ t_-- 0 _"!_ _ 0 O _ I_ _I,_N I_ _-- _ (_1 et _ i-- 0

o , . o+ _>_,- + + + ua

uq_.,.rg _o .,:,-.i.; m . ,._;
_"_ IOw" _"00 I'_ _1 _- e_l _,- I0

o o_!8

,,..,,. .+.+ .+.+ , ,,,,,,,, ,.,,,.,,
.o8. 8.rt ,r,ii ,-. _ li o _ _._i ,.: _ _r el ,- el .,-.

o +_ . 2 8g_8' + + + +

ill, iii: _....... .._ . -.....
¢1t e- 0 0 0 0 I_.! 0 'q' _ 0 *-- ,,lr, _ 0 m p" 0

lOo _ _ 8 o_IG,.i _:
o o _ooo

...... qlPI • "

....

_ _ _ 8,o1:" oo" "" T '-

.... ' • rl " _i q u_

w I+ + +
tt.I

uJ lM Iki llkl uj I_ I&l uJ ID

d°=_.8,;°_ 8= '"....... l_ _lrt o i_ u_ ,-.• .i _. ,-: _ _ r- r- _i m.,m.,.:

B.5



B.6



• • . • . . . • . i.- . . . . .
I'_.N 0 _'1_ t'_ qr m o ..-. ol NN _,.,. I_0 i,,,-

,. 0 0 0 0 0 OiO 0 0 0 0
0 '"'!+ + I_:+ + + + + +

U.I u,_., _i + + +

. -- ,,'- m m _l_i q"I,, I'L .i (,,j ,,-"_1... _ o 0 m m qr r,a _ o. . ,-

...og88 _,8 88 _88_8 " " _"., _ _ _.;,:._ ,,, , , . + 1.,. o_ 88_.,..,..,.
, - . . . _._,-: gS_"

"_88_'_88 _ 8""" _+"•- .i+ + + +,.', + + + + +,,', +_,.,, _ + +,,', +

•-: ..:c_c;.-: 'o c; ' _,i ,_!'i_ o .-:

. ____ _,__ _i__o-_ --_,- ,-.,+,+**+.+ +. o_o _:_o+ + +
0

r,,,,, i_
,,,oo88_8_88 _8898 "'"
.._.... .. .. . . .. .. o_o ee_

...... _- . ,_-" 8

_ _8 - _ ---.=o!o ..,, + +_ +.,', +, + ..',,+

w _ ,.. ic_: _ c; _c; _ '_"_ _,,;i-.. . _ _._" lO I",. f,,. 0 ,"

...... • • .(_1 II), _: _ •
"" ," _ 0 r.. ,li' m ,- m m ,_i ,- _1" .¢¢

tD _10_"_ _i

.i.+ J + . ._ o_o

"" " ' " _ ,6 oi o ,-: c

. o_8_8_88 _ g 88_

.... e._ _lc0_ u..i u..i

"2 _ + ..'., ,++,+ ++, +,+,_0

U1
• . . .l_l: , II_ 0 , 01,_ _ _..

,- r8 I ,oooo o o o_ " "_®'"00iO C
0 + + + + + -I- + + + + + + + + 4" + + +++'t

.,,2.-. _",_"

" Z 8o o,o_ o o 0 o _ m• +,,+++., + o_
II), I_, m mm, mV) ..... I_. _ r.. ,q'l_ 0 I/I It) trill'.. CO CC.- _:.- o m r_ _r o ,- " • ,_,,_ ........

+ + + ,,'. +! +: + + + + + + + -_

.... ' " II) _ I_ (10 qlr _fm_ o.-u_ I u_ _ r_ _r_ _,_:_

B.?



.,::+.,,....,. .., .,..
lOiO 0 0 0 0 0 0 0 _ 0 0 0 0 _' 0 0 0

uj uJ u_ ._I_,

..... o. . ;_
0 0 ; _ m i " i " m 0 _ _ J 0 O_ m [_ ' _

• "_ ,.: ,.:dd_d d,_o_ "c_:,_

,,- + +I +1 + + + + + +_

_ ua + + + + ua _ + + + -',

,- _ o _ ": ® ® 8 ®" . ..... _ u',u_ ,.,; o ,"- _ ,=i_

+ , +

..... .: 8 _. 8 _0,. 88
o o o o,,_ _ _ '_1"- " o _ d _i ,,,i,,,,: 'o,d d

g: _ _ _¢_1¢_ ooo 188_8
0 + + + _'m_m + + +

+4.+ + .t- + + + + +• , i .,,_ ...... _
e_l_ 0 _" _8 _' 0 O ,Oi ,*" I",,, ,-- ,F"lm _1" _-- _D _" 0

0 0 + ++ . + + + +++'4-

g 8_o. 88 ,..o .® 8• " ..... _ _ , ,_. . ,
•--_ o,-. _,- o o _ ,...:_ _ r,i ,-. _. u_ _o_ r., o

ioo88_ _ _ ooo

....... r...,.: _ _:_
•.. _1o o - .-.oo e,iei ,= r.i ,- .-: c_

_i,.:dd,- ,,.oo r-,... _J_ o

•' 8 _8_ '_" " "_ _, 8!8_!8
o g 8 8 _ _ 81..,' o o o

_gZ " ooooo _o _ _
_ + ,.', + + + + + + + + + + + + + +

B.8



++ _i .8 ++ .++ +.,.+
,-o _,,_ _ w ,.,,..qp,- IDqr i,_1_ _p IN 4-qiu')• , , , , , , , , , , , , ,
e- _ O _... e- iii O *,-ilo Oi _ ,qr!l_) _ u'l i_l

_!88_88 _8 ®o_ _ o _ _o:OO
•- + + . "1- . . + .t- .I. +-1- ..+ +4-+ 4.4-4-

.... _qo_,- _o _-- . * . • aO 0_1_

OOO OOO
," + w + + + + + + + + + + + + + +

p. O IN P- r,,. _1_ _ iu u.i su uJ uJ iu• I_ I_ I_ (_ v.. ("1i
• . '- _r O: iv) _ i,_ 0 (_; ¢0 0

,,-.m c_ ,_i,6 _ "_: ,-: _ ,_ _u_ _ir, i r,: ,.:I_

_ i01 0 000 000

.+ ._ +++_. +.i+i++' +++ +++

0 + + + +._ + 00000 om;_m m,om0 000
," + + + + + + + + + + +

• • . _ 0 *" _0m,-. o . _i r.: ,6 o;.'; m_ _,. .-: u_r.:

0 +w + + _ I00_ _++++4. + + + + + +

• , ,_ , , , ,, ,, , , , ,

_ __o°'" __ 88 _8+_ _i " " " -_'_'- 000 000

+ + +.+''+''I,I + ++ + + + + + +
!. . . ®; m_ ,_m

...... _ _ ,-t.)m ec_.

Iu OIU

; 88_88 _.8::8. ;,_o .;(

_" 4 mo ".,r_ • ,.: o. _r,
_,-oo oooo _o _ _ c_ K_-

............ • :_

_o , ..,, + +++++ +++ +++:_
_I . ,t; .- o. ,- o .-- m _.- oo _ _o_ _,

m I_ m _ i_ _ _ ua u_,uJ

uJ uJ G) iJJ lD uj _.'4_

_°++'u _+ '"'+ +++++ +i++ +++.,
• _ll

...... 0_' I_ _ ¢0 I',,.

o +'_ ..'. + + _ggg "'" -++4-+

• , _ll_

O + w OOO_u + +
Uml_-

.... _,_ ,_ _ '" '0 u_
-- ,_ -- o .;c; _ _ "'_ _ "

B.9



B.IO



0 0 0 O 000 0

_i+i . + + + + + + +
u,l l_J u4 iu I_.I _ I_I uJ

0 0 000 0

+ + 4. + + + + +ILU: ,Ua iU iU LU UJ_Itu Ua

' , ,lm IN
z <" ,.- _ ,_ _'.-i4 r.

888+ "4-+ lm ° + + + +

,-_ oo mooo" " _d,_.-:4 4,_ d_ie;c

_I o_, -:_' '_"

e_,- o'o _ d o o -: d _ii,6 ,.: ,.: in ld;,-: _ c_

+ '+ ++.+. +.+++
IUJ I.IJ _J lM

, . . . . '_. . . . r'-
_,_ o _. d ,- o e) r- ,- ,,iu) d ,.: ,; o

o:,+ ..+. "g 818_ g_ .-., ,o
+ + + +

., . t_) __ IN ql' .
=_.-oo 4odd ,.. _,.: riu_ o,-.®o

++++. +.i.... ..:. . . .- o ®,. ,., _ ._;_ 8 8 '_i_

_ + + +'' + + + 4" + + + + + + +_+ +

ooo 8_8
,_, +, +, + + + + + + + +

8+ ooo !8_8:.o . +++.,. +++ ++++
;;_eO 9,- ,.,- _0 l,lr)_0 i_ _. I.I.I lal,J i,_ Ma i,i,i M,I tu u,l.,.. _- eq t,q 10 e,,l

o, _,--8 _ _ ooo o_o"
,+: +..+ ++++.,. +++ .,.+ 1

....... m. mo. _. ...... ,.: , _m o

_ " _ • _ _ _ i_ 0 _, _" _i _ _ " _1_i f_i p_ _

ua u_,l_ UI u.i:_ + + 4- ,t-

....... '_ "!. ® o

B.11

" "' ' III ....



C-20 :0.8 0-10 0.12 B-68
PFP CC Eest CC West CC West NCRW............

SY-101 SY-103 Total

1.14E+08 1.03E+08 1.10E+08 1.02E+08 2.65E+07 3.92E+09
O.OOE+O0 5.79E+05 2.20E+03 5.66E+05 1.82E+Q_ *... ,

1.08E+07 8.47E+08 1.23E+08 1.05E+06 1.98E+06 1.97E+OB
, .....

1.54E +06 O.OOE+00 1.54E +06

3.20E+07i.17e:_073.40E+¢)s2.1_E+076._OE,O02.23E+0.
1.74E+06 6.63E+OS 3..26E+OE 1.77E+05 1.ilE+07 i 5.42.E+07
4.78.E.+07 3.41E+07 7.31E.06 3.99E+061 1.07.E+09
7.43E+05 4.63E+06 1.56E+OS 2.23E+06 9.93E+06

1.93E+07 1.56E+07 2.85E+06 1.59E+06 .2.20E+08
2.12E+05 6.81E+06 7.52E+05 5.20E+04 7.83E+06
1.91E+06 2.33E +05 2.14E +06
5.55E+07! 8.93E+07 5.03E+07 4.27E+07 1.62E+08 2.51E+09,, ,,

1.15E+06 .5.68E+06 1.23E+06 6.25E+05 5.08E+05 2.13E+08
3.17E+07 1.81E+06 2.19E+06 8.57E+05 O.OOE+O0 3.30E+09........

9.65E+061 2.leE+Q6 .7.90E+.05 3.S1E+OS 1.31E+06 4.26E.+07
7.30E+06 6,2SE+07 3.51E+06 2.46E+07 s.70E+08
3.85E +05 2.61E +OS 6.26E +05
2.50E+06 0 7.60E+04 2.66E+07 2.92E+07,,

7.39E+05 6.50E+02 3.93E+08 7.38E+08
2.03E+07 5.30E+08 6.BIlE,eS 2.34E+06 .5.26E+08 9.71E+08
3.60E+08 3.52E..+08 1.6.8E+08 1.86E+08 6.68E+08 1.411_+10

,, | ,,

_7.72E+05 1.1BE+06 1.25E+06 8.23E+05 O.OOE+O0 6.02"E+06
1.61E+07 0 OI 0 6.68E+05 1.78.E+08
1.79E+07 O.OOE+O00.OOE+O01 o.OoE+O0 3.40E+06 1.07E+09
O.OOE+O0 0 00.OOS+O0 2.83.E+08
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Sort of Tanks by HWVP Outliers
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Appendix E

GTF Grout Feed Data
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Appendix F

Radiochemical Data for SSTs



F.1



*ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL ACTUAL

Solid Uquld Solid Liquid Solid Liquid Solid
C-I05 C-I06 C-I06 SY-I01 SY-101 SY-I03 SY-I03

97021.38 5050.704 1063.607 509835.5 1567093 0.000265 955896.3 _,
7603.308 299.772 21.11219 3511.931 1372.181 ,, ..

44.00063 25.6168B 0.074639
14.96021 177.683 0.065043 0.121101 1.122694 4.334039
132.0019 2.525352 0.111959 0.726606 74.84626 4.57E-09 180.1034 ,l

Total Total Total
C-106 SY-101 SY-103

37.15772 10048.07 4614.32| ,

180.3854 ........ 76.81666 184.437,4

F.2
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Appendix G

Case II HWVP Tank Composition Data
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