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Executive Summary

This report documents the initial algorithm for use by Hanford Tank Waste Treatment and Immobilization
Plant (WTP) in batching low-activity waste (LAW) and glass-forming chemicals (GFCs) in the LAW
melter feed preparation vessel (MFPV). Algorithm inputs include the chemical analyses of the pretreated
LAW in the concentrate receipt vessel (CRV), the volume of the MFPV heel, and the compositions of
individual GFCs. In addition to these inputs, uncertainties in the LAW composition and processing
parameters are included in this algorithm.

Using the above inputs, the algorithm calculates the following outputs: 1) the volume of LAW to be
transferred from the CRV to the MFPV, 2) the volume of any required dilution water, 3) the mass of each
GFC for addition to the MFPV batch, 4) the composition of the glass that will be produced, and 5) the
predicted properties, with associated uncertainties, of the resulting immobilized low-activity waste
(ILAW) on a batch and lot scale.

The GFC additions are determined using a glass-formulation correlation (Muller et al. 2004) that
produces an interpolation using glasses that were successfully demonstrated at pilot scale. Developing
the ILAW correlation entailed fitting functions to glasses that met all property constraints and were
demonstrated in the Duratek LAW pilot melter (DM3300). Many glass oxide components have constant
concentrations in the ILAW glass; i.e., (ALOs [6.1 wt%], B,O; [10], Fe,O5 [5.5], TiO; [1.4], ZnO [3.5],
and ZrO, [3]). The concentrations of other components (CaO, Li,O, and MgO) were determined from
fitted curves as functions of alkali content of the glass. These glass formulation rules were supplemented
by two set of additional rules (Halide, Chromate, and Phosphate Impacts on LAW Glass Salt Limits, CCN
150795), with one set based on the mass fractions of Cl, F, and SO; and the other based on the mass
fractions of Cr,03, K,O, and P,Os in the CRV waste transferred to MFPV.

The algorithm also incorporates process measurement and property prediction uncertainties. Estimates of
the various process and measurement uncertainties that affect glass compositions and predicted glass
properties have been previously estimated (Piepel et al. 2005) and the impact of these estimated
uncertainties on the product quality and processing-related properties were evaluated.

The details of work performed to date to develop this preliminary GFC addition and batching algorithm
are summarized along with a statement of the required work to achieve a final operational control
algorithm. This document will be updated as needed, as new data are available or changes to
approaches/constraints are made.
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Abbreviations and Acronyms

BNI
BOF
CCN
CFR
CI
CRV
DM3300
DOE
EC
EPA
FSO
G2
GFC
GFSF
HLW
ILAW
ISARD
LAW
LCCI
LL
MDL
MQL
MFPV
MFV
ORP
PCT
PQR
PT
QAM
QAP
RMSE
RPD
RSD
SD
SPC
SUCI
T
TCP
TRU
uccl
UL
VHT
VSL
WAC
WQR
WTP

Bechtel National, Inc.

balance of facilities
correspondence control number
code of federal regulations
confidence interval

concentrate receipt vessel

LAW pilot-scale melter (designed, built, and operated by Duratek in Columbia, MD)

U.S. Department of Energy

electrical conductivity

Environmental Protection Agency

full scale output

WTP dynamic flowsheet model

glass forming chemical

glass former storage facility

high-level waste

immobilized low-activity waste

integrated sampling and analysis requirements document
low-activity waste

lower combined confidence interval

lower limit

method detection limit

minimum quantification limit

melter feed preparation vessel

melter feed vessel

Office of River Protection

product consistency test

product qualification report

pretreatment facility

quality assurance manual

quality assurance program

root mean squared error

relative percent difference

relative standard deviation

standard deviation

statistical process control

simultaneous upper confidence interval
temperature

treated LAW concentrate storage process system
transuranic

upper combined confidence interval

upper limit

vapor hydration test

Vitreous State Laboratory at the Catholic University of America
Washington Administrative Code

waste form qualification report

Hanford Tank Waste Treatment and Immobilization Plant
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Key Definitions

Algorithm — a term “algorithm” used in this report signifies the process control methodology to formulate
processable and compliant glass composition and generate data for production records.

CL% — a confidence level percent. This term is used in combination with other terms such as “CL%
confidence interval (CL% CI)”, which is an interval that includes the true mean value of a quantity with
CL% confidence.

ec — electrical conductivity. The “ec” notation is used as a superscript for various symbols to specify that
the symbols are for electrical conductivity, e.g., U ;::e , 1s the prediction uncertainty for electrical

conductivity.

GFC — glass forming chemical(s), solid materials added to the LAW to form a suitable glass when melted
and solidified in an ILAW container. Current GFCs include mined minerals (kyanite, wollastonite,
olivine, silica, zincite, and zircon) and processed chemicals (boric acid, hematite, sodium carbonate,
lithium carbonate, rutile, and sucrose).

GFC components —11 glass components that are supplied from GFCs by design, Al,O3;, B,O;, CaO,
Fe,05, Li,0, MgO, Na,0, SiO,, TiO,, ZnO, and ZrO,. Every GFC component has one corresponding
source GFC although some GFCs may contain additional GFC component(s) as major constituents (e.g.,
kyanite is a source for Al,O; with roughly 57wt% Al,O; but also contains 41 wt% SiO, supplying a
portion of SiO,, which is primarily supplied by silica sand). Non-GFC components include all glass
oxide components other than 11 GFC components and are originated from the waste (not intentionally
added) although some components are supplied as impurities from GFCs (e.g., Cr,0;, K,0).

Glass oxides — a method or convention for reporting the composition of a glass, also called “oxides” in
short. The notation used in this report to identify glass composition is to assume single element oxides
that are represented in their most prevalent oxidation state (e.g., Fe,0s3, Na,O, SO;3). Halogens are
represented as single, neutrally charged, elements (e.g., Cl, F). This notation is used not to imply
structure or local bonding of elements within the glass/melt, but rather, to give a simple, standardized
method to identify glass or melter feed composition.

ILAW formulation algorithm — a set of steps to develop a successful LAW MFPV batch composition. A
successful MFPV batch composition is one that is processable and results in an acceptable glass when
vitrified. The algorithm also produces the data necessary for the glass composition related production
records.

MPFPV batch — a batch of material, consisting of the waste transferred from the CRV and the glass
forming chemicals added, in either of the two melter feed preparation vessels. The Melter Feed
Preparation Vessel (MFPV) batch becomes the smallest identifiable batch of melter feed. The MFPV
does not completely drain and leaves behind some of the previous MFPV batch, which is called the heel.

Monte Carlo — Monte Carlo methods are a class of computational methods that rely on repeated random
sampling to compute their results. Monte Carlo method is often used when simulating physical and
mathematical systems; it is used here to estimate the distribution of possible solutions.

pct — product consistency test (PCT). The “pct” notation is used as a superscript for various symbols to
specify that the symbols are for PCT releases, e.g., U’ and U are the prediction uncertainties for

PCT-B and Na normalized releases.
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Processing property — those properties that are used as measures of the ability to process a given glass
melt and/or melter feed. These properties typically include melter feed rheology, melt viscosity, melt
electrical conductivity, and salt formation.

Product compliance — the activities performed during production to ensure and document compliance
with contract and disposal system requirements for the ILAW waste form.

Product quality — those properties that are used as measures of the ability to dispose of the glass once it
has been fabricated. These properties typically include chemical durability, regulatory compliance, and
related contract requirements.

Production lot — as stated in WTP contract Specification 13, the certification and acceptance of ILAW
product will be done on a lot basis. Currently, the proposed lot size is the amount of glass contained in
three canisters as discussed in Section 5.5.

R’ (after Hrma et al. 1994) — R? estimates the fraction of the variability in the property data accounted for
by the fitted model. R’ Adjusted adjusts R” to the number of terms in the model and the number of data
points used to fit the model. It is useful for comparing models fitted with a different number of model
terms. R’ Prediction is the R where each data point is left out of the fit in evaluating how well the model
predicts that data point (one-point-at-a-time). It is useful in estimating the fraction of variability that
would be explained in predicting new observations drawn from the same model composition region. R’
Validation is the R calculated using data not used to fit the model. In this report it is taken as the

average R” Validation from 5 individual R? Validation values calculated from five separate modeling and
validation subsets of data. Each modeling and validation subset of data was obtained by taking every fifth
data point out of the model fit data set and using them for model validation.

Relative standard deviation — a relative standard deviation (RSD) is a standard deviation divided by a
mean value. %RSD = 100xRSD.

Retention factor — a fraction of component mass retained in glass after melting to the mass in the feed
that entered the melter.

Root Mean Squared Error — a root mean squared error (RMSE) is the square root of the mean square for
error in a model. It estimates the standard deviation of the model random error.

Selected — “Selected” used in the property model equations means that only some of the model terms are
included in the model.

Transformed — a term “transformed” used in this report has two meanings. (1) “transformed” property
means that the property unit was converted to the natural logarithm of the property unit used by the
property models, i.e., g/L to In(g/L) for PCT, mg/L to In(mg/L) for TCLP, P to In(P) for viscosity and
S/cm to In(S/cm) for electrical conductivity, (2) a “transformed” value of component mass fractions
means the calculated value of component mass fractions according to the appropriate basis for the specific
model terms such as Al,O3xAl, O3, Al,O3;%xSi10,, Al,O5/(T/ 1000)2.

Validity range — component concentration range or property value range within which property models
are valid.

Variance-covariance matrix — a variance-covariance matrix is calculated for the estimated coefficients of

prop

2
rmse of ) i)
a model fitted by regression according to, 7% = [S'"Odd j [(X” oyt X P ] where X7 is the

rmse of

variance-covariance matrix for the “prop” model, Szzr’jf;el is the RMSE for the “prop” model, and X is

the matrix of glass composition vectors for all the data points (glasses) used to fit the “prop” model.
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Vector/matrix notation used in this report — the notation in bold face is used in this report to represent
vectors and matrices. Vectors are treated as column vectors (a matrix consisting of a single column of

elements) in this report. An example of a vector is X in Equation (8), which represents the vector form
of the component mass fraction in glass or transformed value of component mass fractions to the
appropriate basis for the model terms in the PCT models. An example of a matrix is X7 in Equation(8),
which represents the variance-covariance matrix for the PCT normalized release models given in Tables
A-7 and A-8.

vis — viscosity. The “vis” notation is used as a superscript for various symbols to specify that the symbols

. . vis - .. .. . .
are for viscosity, e.g., U rea 18 the prediction uncertainties for viscosity.

Waste glass — a non-crystalline (i.e., vitreous) solid containing waste components chemically bound
within the structure of the solid — thereby immobilizing the waste. Typically an alkali-alumino-
borosilicate glass is used. The waste is initially dissolved in molten glass that is cooled quickly enough to
prevent crystallization. However, some minor amounts of crystals may be present in the glass.

Waste loading - the mass fraction of the glass that originated as waste (e.g., mass of calcined glass oxides
originated from waste divided by the glass mass).

Waste sodium — the sodium delivered to the WTP in waste batches from the tank farm system, plus the
sodium used in the pretreatment process to perform leaching of the waste solids.
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1 Introduction

The U.S. Department of Energy (DOE), Office of River Protection (ORP), has contracted with Bechtel
National, Inc. (BNI) to design, construct, and commission the Hanford Tank Waste Treatment and
Immobilization Plant (WTP) at the Hanford Site (DOE 2000). This plant is designed to operate for 40
years and treat roughly 50 million gallons of mixed hazardous high-level waste (HLW) stored in 177
underground tanks at the Hanford Site. The process involves separating the high-level and low-activity
waste (LAW) fractions through filtration, leaching, Cs ion exchange, and precipitation. Each fraction will
be separately vitrified into borosilicate waste glass.

Figure 1 shows a schematic of the LAW vitrification process. The LAW is transferred from the treated
LAW concentrate storage process system (TCP) in the pretreatment facility (PT) to one of two
concentrate receipt vessels (CRVs) in the LAW vitrification facility. The CRVs are sampled, and
samples are analyzed at the WTP laboratory. These analyses are required for batching of glass-forming
chemicals (GFCs), and for production records. LAW is transferred from the CRVs to the melter feed
preparation vessels (MFPVs) in batches where GFCs are added, and the melter feed is blended. The
blended melter feed is then transferred in batches to the melter feed vessels (MFVs), which continuously
provide melter feed to the melters. The melt is cast into containers where it cools and solidifies into LAW
glass, which is referred to as immobilized LAW (ILAW).

Figure 1. Schematic of the LAW Vitrification Process

Balance of Facilities LAW Vitrification
Off-gas
Melter A
Pretreatment
Off-gas
CRV ¥ I
MFPV MFV Melter B
B B
LAW
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Table 1. LAW Process Vessel Sizes (L)

Description CRV MFPV MFV

Batch volume (L) 34,504 12,870 12,870

Heel volume (L) 14,157 6,556 3,698

Working (=Batch+Heel) volume (L) 48,661 19,426 16,568

Volume up to overflow (L) 56,315 28,348 21,833

Vessel ID LCP-VSL-00001/2 | LFP-VSL-00001/3 LFP-VSL-00002/4

Reference 24590-LAW-M6C- | 24590-LAW-M6C- | 24590-LAW-M6C-
LCP-00001, Rev 1 | LFP-00001, Rev 1 LFP-00002, Rev 1

CRYV: concentrate receipt vessel
MFPV: melter feed preparation vessel
MFV: melter feed vessel

The key process vessel volumes are summarized in Table 1. Each ILAW container contains roughly
5,911 kg of glass (assuming 94% fill height, an effective density of 2,627 kg/m’, and a total fill volume of
2.394 m’) (Andre 2004). The mass yield of LAW melter feed ranges from 800 to 960 g of glass per L of
feed with a nominal average value of 880 g/L (CCN 116150).” With a nominal MFPV batch size of
12,870 L, it is expected that roughly 1.88 containers will be generated by each MFPV batch (assuming
nominal values). A CRYV batch is roughly 34,500 L, which is transferred to MFPV batches at roughly
8,700 L per batch (24590-LAW-M4C-20-00002) producing roughly four MFPV batches on average (may
range from 2,300 L to 10,000 L, producing from 3.5 to 15 MFPV batches, depending on sodium molarity
and waste loading). Therefore, a CRV batch will generate roughly 7.5 containers of glass (assuming
nominal values are achieved, but may range from 6 to 28 containers, depending on sodium molarity and
waste loading). The mass of glass in the LAW melter is estimated to be 17,240 kg of glass (24590-LAW-
MOD-LMP-00002), which translates to three containers.

The ILAW must meet a series of constraints to be acceptable for disposal in the Hanford Site integrated
disposal facility. The waste-acceptance-related constraints are in Specification 2 of the contract (DOE
2000). Additionally, key processing-related constraints will be used to ensure successful processing of
the LAW into glass at the design capacity rate. The combined constraint set is summarized in Table 2.
Although not listed in Table 2, ILAW must also meet the Dangerous Waste Limitations as specified in the
Contract Specification paragraph 2.2.2.20 (DOE 2000). The approach to meeting the Dangerous Waste
Limitations is described in detail in the petition for variance to land disposal restrictions (LDR) (24590-
WTP-RPT-ENV-03-003). The petition was submitted to DOE. After thorough review, DOE will submit
the petition to Environmental Protection Agency (EPA) and Washington State Department of Ecology. If
successful, the LDR variance will be technology based so the only restrictions would include processing
the waste by vitrification as described in the petition. This compliance strategy is specified in the ILAW
PCP (24590-WTP-PL-RT-03-001), “... During production, the WTP project will control the vitrification
process to adequately treat the waste in accordance with any conditions established as part of the
treatability variance.” This specification is not listed in Table 2 because there is no calculation required
to be performed by the ILAW algorithm under the current compliance strategy.

Along with the constraints listed in Table 2, there are potential issues that are not defined by numeric
values, such as corrosion rates of glass contact materials (bubblers, electrodes, refractories, etc.), redox
ratio, and salt accumulation. They are the issues that require attention for efficient and safe plant
operations but are not currently modeled.

() These mass yield values are valid for LAWs with Na molarity close to the current target values of 10 M Na for
envelopes A and C and of 5 M Na for envelope B. The target values for Na molarity are not finalized and may
change.
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Table 2. Summary of LAW Glass and Melt Constraints Used in ILAW Algorithm®
Constraint Description Constraint Source

Product consistency test (PCT) normalized 2 . DOE 2000
releases of Na, B, and Si <2 (g/m’) (for Na, B, and Si) (Spec. 2.2.2.17.2)
Vapor hydration test (VHT) 200°C 2 DOE 2000
alteration rate <0 (g/m7/d) (Spec. 2.2.2.17.3)
Viscosity at 1100°C <150 (P)® %‘(‘)%%%'IL‘;X'?S'AEOO'
Viscosity at 1150°C >20 (P) 3;‘?09 8 1_ Hé‘e\g_l(}gT_RT_
Viscosity at 1150°C <80 (P) 3‘5‘50981 H&g'I&BT'RT'

. .. o 24590-LAW-3PS-AE00-
Electrical conductivity at 1100°C >0.1 (S/cm) T00001, Rev. 4
Electrical conductivity at 1200°C < 0.7 (S/cm) 24590-LAW-3PS-AEQ0-

T00001, Rev. 4

DOE 2000
(Spec. 2.2.2.2)

> 14, 3, and 10 (wt%) for
Waste loading (wt% waste Na,O in glass) |envelopes A, B, and C LAW,

respectively
Waste classification < Class C limits as defined in  |DOE 2000
10CFR61.55 (Spec. 2.2.2.8)
9 .. . .3 DOE 2000
Sr activity per unit volume of glass <20 (Ci/m’) (Spec. 2.2.2.8)
B7Cs activity per unit volume of glass <3 (Ci/m’) DOE 2000

(waste form compliance)
B7Cs activity per unit volume of glass
(system maintenance)

(Spec. 2.2.2.8)

DOE 2000 [Section C.7
(d).(1).(ii1)]

DOE 2000

(Spec. 2.2.2.9)

(a) ILAW must also meet the Dangerous Waste Limitations (Contract Specification paragraph 2.2.2.20, DOE
2000) although this specification is not listed in this table because there is no calculation required to be
performed by the ILAW algorithm (see text above this table).

(b) Note that the lower limit of 10 P on viscosity at 1100°C, specified in 24590-LAW-3PS-AE00-T00001, Rev. 4,
is unnecessary given the lower limit of 20 P on viscosity at 1150°C. This is because viscosity decreases with
increasing temperature.

(c) The bases for glass viscosity constraint at 1150°C discussed for IHLW algorithm (Appendix G in 24590-HLW-
RPT-RT-05-001, Rev. 0) also applies to the ILAW algorithm.

< 0.3 (Ci/m’)

Canister surface dose rate <500 mrem/h

The Vitreous State Laboratory (VSL) at the Catholic University of America formulated ILAW glasses for
vitrification testing and demonstrations in the Duratek pilot-scale melter (DM-3300). Each formulation
was developed to meet all of the constraints listed above. The formulations were then demonstrated to
meet all the processing and product-quality constraints at scales up to pilot-scale. These compositions
span the range of waste compositions expected during the initial phase of WTP operation, and form the
basis of the glass-composition portion of the ILAW formulation algorithm. Following the results of
24590-LAW-M4C-LFP-00002 and 24590-WTP-MRQ-P0O-03-033, Muller et al. (2004) fit functions of
glass-component concentrations to the ratio of Na,O to SO; in the LAW.” The purpose of these

@ The notation used in this report to identify glass composition is to assume single electropositive element oxides
that are represented in their most prevalent oxidation state (e.g., Fe,Os3, Na,O, SO;). Halogens are represented as
single element concentrations (e.g., Cl, F). This notation is used not to imply structure or local bonding of
elements in the glass/melt, but rather, to give a simple, standardized method to uniquely identify composition.
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functions is to interpolate new acceptable glass compositions between glass compositions successfully
demonstrated in pilot-scale melter tests.

To implement the glass-batching equations during the LAW vitrification plant operation, several steps are
envisioned, including:

e LAW transfer from the TCP in the PT facility to the LAW CRV

e Sampling and chemical analyses of the LAW CRYV batch

e Determination of initial ILAW composition

e Estimation of ILAW properties using glass property-composition models

e Comparison of predicted glass properties with limits or constraints

e (Calculation of LAW and GFC masses for transfer to the LAW MFPV

e Transfer of LAW and GFCs to the LAW MFPV

o Transfer of the blended LAW melter feed to the LAW MFV

e Determination of final ILAW composition

e Generation of glass-composition-related portions of the ILAW Production Records.

These steps of the formulation algorithm, including the preliminary set of mass-balance equations used
for feed batching and compliance with contract specifications, are described in this document.
Information relevant to the calculations is included in Appendix A (Inputs Used in Calculations) and
Appendix B (Results of Example Calculations). A summary of data requirements for this algorithm to be
complete is included in Appendix C. Approaches used to estimate the uncertainties for waste transfer
volume and GFC mass measurements are in Appendices D and E. Calculation of GFC and sucrose

volume contribution to the MFPV batch volume is described in Appendix F. A discussion on the use
PERT distributions for GFC composition and retention factors is in Appendix G.

This document will be updated as needed, as new data are available, or changes to approaches/constraints
are made.
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2 Symbols and Notation

Due to the large number of variables used in the ILAW formulation algorithm, it was necessary to develop a
consistent notation to track the numerous variables. The notation uses base symbols that represent the type
of value, with superscripts representing the location or vessel, and subscripts representing an index (e.g.,
component index, batch index). Table 3 lists the notation components that are incorporated in the symbols
used in this report. Table 3 is not a complete list of all subscripts and superscripts used in this report, and
includes only those that help to clarify the meaning of specific notations. A list of units is also included in
Table 3. The list of specific notations and their definitions are given in Table 4. Vectors and matrices are in
bold font. Note that there are changes in notation in Table 4 compared to that in Piepel et al. (2005).

Table 3. Summary of Notations used in this Report

Notation | Description

Base Symbols

a activity of radionuclides

A specific activity, i.e., activity per mass of radionuclide

B confidence interval in transformed predicted property (see Key Definitions section for the

definition of “transformed” properties)

c element in
. . .. CRV
concentration of individual component, e.g., ¢

i

is the concentration of i elemental

component in CRV

C oxidein
concentration of total components, e.g., C RV is the concentration of all glass oxide

components in CRV

d normalized alkali oxides (Na,O and K,0) mass fraction

f oxide conversion factor, i.e., glass oxide mass per mass of analyte

F F-distribution

g mass fraction of component in glass, GFC, or feed. The mass fraction for all glass
components sums to 1, i.e., igl. =1.

i=1

G mass fraction of feed constituent, such as waste, heel, and various GFCs, in the MFPV batch,
also referred to as “loading”, as in “waste loading” and “heel loading”
radionuclide inventory, activity per canister
limit

m mass fraction of component in GFC. Used for GFC only , which sometimes includes
volatiles that are not retained in glass (such as CO,, H,0), i.e., iml. #1 for some GFCs
where i represents glass component. -

M mass
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MW molecular weight

n number, for example number of samples, number of variables, number of model coefficients

p property model coefficient

P predicted value of a transformed property (see Key Definitions section for the meaning of
“transformed”)

0 percentile

r PCT normalized elemental release

R activity per volume

s standard deviation

SF sum of fractions

t t-distribution, target sodium molarity

t target MFPV batch composition vector

U uncertainty

V volume

w weighting factor

X mass fraction of model component. The x is different from g in that x is for model
components that includes “Others” as one model component whereas g is for all components
being tracked. (See Equations (3) and (4) for more information.)

& electrical conductivity

n viscosity
GFC composition matrix

A dilution factor

v retention factor

p density

)y variance-covariance matrix

A) fraction of waste sodium

Subscripts and Superscripts

2s two standard deviations

can within a canister

comp composition, components

d CRYV batch index

e canister index

ec electrical conductivity
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Notation | Description
flush flush or filter wash water
GFC glass forming chemical
h Model term index
CRV Low-activity waste concentrate receipt vessel
i chemical or radionuclide component (e.g., Al, B, Ca...) index
j MFPV batch index
k GFC (e.g., silica, borax, ...) index
[ sample index, analyses index, or lower in case of limits
leci lower combined confidence interval
m waste loading limit index
MFPV MFPV batch
MFPVw | working MFPV content, i.e., MFPV batch plus heel from the previous working MFPV
pctB Product Consistency Test normalized boron response
pctNa Product Consistency Test normalized sodium response
pred prediction
prop property
rad radionuclide
samp samples of a particular material
suci simultaneous upper confidence interval
T Temperature for viscosity or electrical conductivity
u upper
ucci upper combined confidence interval
Vis viscosity
Accent marks
- used to represent average (above the symbol as in g, )
' used to indicate that 7 # i’ in model coefficients for the quadratic model terms ( P."”)
~ used to indicate composition after applying component retention factors (above the symbol as
in g,)
A used to represent the activity of radionuclide and its standard deviation per unit volume of
glass instead of unit mass of glass (above the symbol as in &g'im and §§’ZM)
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Notation | Description
GFCin
used to represent the mass of GFC per g of glass (above the symbol as in M /""" "*")
. sucrosein

used to represent the mass of sucrose per liter of waste (above the symbol as in M JMF P targety
Units"”
°C degree centigrade
Ci curie
g gram
h hour

Kelvin
L liter
In natural logarithm
m meter
P poise
S siemens
wt% weight percent

(a) Non-italic fonts are used to distinguish units from base symbols, subscripts, and superscripts.

Table 4. List of Symbols

Symbol Description Equation(s)
rad in specific activity of the i™ radionuclide in the e™ canister (mCi/g glass) (125) (127)
a (128) (130)
radin activity of the /" radionuclide per unit volume of glass in the e" canister | (128) (130)
(Ci/m’ glass) (131)
rad in specific activity of the i™ radionuclide in the m™ transfer waste (24) (53)
idm transferred from the 4™ CRV to MFPV (mCi/g oxides) (100) (106)
Rl e specific activity of the i™ radionuclide in the /™ MFPV batch from (53) (54)
a; algorithm calculation Step 1 or Step 3 before applying component (69) (70)
rad in Sep retention factors (mCi/g oxides) (100) (101)
a; (106) (107)
A specific activity of the i™ radionuclide in the /™ MFPV batch from (54) (70)
a; algorithm calculation Step 1 or Step 3 after applying the component (71) (75)
rad in retention factors (mCi/g oxides) (101) (108)
dij;/IFPV,Step3 (1 10) (125)
qradin, Stept activity of the /™ radionuclide per unit volume of glass in the /™ MFPV (71) (73)
a; batch from algorithm calculation Step 1 or Step 3 after applying (74) (75)
pradin Sep3 retention factors (Ci/m’ glass) (76) (83)
P (108) (110)
(111)
A; specific activity of the /" radionuclide (Ci/g) (23)
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Symbol Description Equation(s)
Bl'® CL% lower combined confidence interval for “prop” (applicable only to | (16)
cct ‘Gvis” and Géeci7
BponSer! CL% lower combined confidence interval for “prop” for the j MFPV (67) (104)
pm’; Step3 batch from algorithm calculation Step lor Step 3 (applicable only to
ucei, j “yis” and “ec”
o CL% upper combined confidence interval for “prop” (16)
B BM CLY% upper combined confidence interval for “pct” (In[rg, g/L], In[rya, (134) (135)
e e g/L)) and “vhr” (In[D, um)) for the € canister
prop,Stepl 67) (83
B iy CL% upper combined confidence interval for “prop” for the /™ MFPV 587; 51021)
B}P@P;Smﬂ batch from algorithm calculation Step 1
cci, ]
element in concentration of the i element in the @ CRV batch associated with the | (12) (14)
id /™ MFPV batch (mg/L)
_ lement in concentration of the i™ component in the waste of the " CRV batch (18)
id samps in
averaged over ngRV samples analyzed (mg/L waste)
element in concentration of the /™ component in the m™ transfer waste transferred (18) (21)
idm from the " CRV to MFPV (mg/L waste) (22) (23)
(65) (69)
(102) (106)
clement in concentration of Na in the m™ transfer waste transferred from the 4" (62) (92)
Na,dm CRYV to MFPV (mg/L waste)
element in concentration of nitrite, nitrate, and total organic carbon in the m" (59)
NO, .dm transfer waste transferred from the @" CRV to MFPV (mg/L LAW)
element in
Nowan »and
cg]ee/;ent in
TOC,dm
element in concentration of the i element in the /™ working MFPV (mg/L) (120)
i
oxides in concentration of total glass oxides in the m™ transfer waste transferred (22) (24)
Con from the " CRV to MFPV (g oxides per L waste) (53) (56)
(58) (63)
(96) (100)
(118) (122)
C(X%E;m concentration of total glass oxides in the /™ MFPV batch (g oxides per L) | (118) (119)
J
C%flg% concentration of total glass oxides in the /™ working MFPV (g oxides per | (119) (120)
j L)
oxides in concentration of total glass oxides in the j-I1™ (previous) working MFPV | (119)
Cj—l (g oxides per L)
d Na,O mass fraction plus 0.66 times K,O mass fraction (40) (41)
(42) (43)
D VHT alteration depth (um) General
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Symbol Description Equation(s)
fi oxide conversion factor, i.e., mass of the i™ glass oxide per mass of the (12) (21)
i™ element (22) (65)
(69) (102)
(106) (120)
. T ®)
100(1-a) percentile (=CL%) of an F-distribution with 7,7* numerator
datain termsin
degrees of freedom and n;if’,del - ;’;del denominator degrees of freedom
. o ©)
100(1—a) percentile (=CL%) of an F-distribution with 7,,’*" numerator
datain terms in
degrees of freedom and 1" —n"**"  denominator degrees of freedom
g, mass fraction of the /™ glass oxide component in glass 3@
oxide in mass fraction of the /™ glass oxide in the m™ transfer waste transferred (25) through
Eidm from the 4™ CRV to MFPV (g oxide per g CRV oxides) (30) (32)
(33) (40)
(44) (21)
(47) (50)
(51) (68)
(98) (105)
oxidein mass fraction of waste Na,O (waste Na,O loading) in the e canister (g (121)
ENa,0(w),e per g glass)
oxidein mass fraction of the /™ glass oxide in the /™ MFPV batch before applying | (12) (13)
i component retention factors (g oxide per g MFPV oxides)
- T - - th . - h .
%g’;yjimtm , initial mass frac.tlon of the i" glass oxide in the /" MFPV batch (g oxide | (33) through
i per g MFPV oxides) (45) (46)
(84) (84)
oxidein i adjusted initial mass fraction of the i™ glass oxide in the /™ MFPV batch | (82)
i (g oxide per g MFPV oxides)
- . h . B h -
Z%g;”mget target mass frac.tlon of the i"" glass oxide in the /" MFPV batch (g oxide | (46) (47)
i per g MFPV oxides) (82) (84)
oxidein g manual adjustment made to satisfy all the constraints for the target mass | (81) (84)
i fraction of the i glass oxide in the /" MFPV batch (g oxide per g MFPV
oxides)
— : 1h . : h
%gljg;f,mkgﬂ_ " target mass fractlor} of the i"" glass OXI.de in glass from GFC for the ;' (47) (48)
i MFPYV batch (g oxide per g MFPV oxides)
oxide ;npre preliminary minimum Na,O mass fraction in the /" MFPV batch (g per g | (25) through
8Na,0.j MFPV oxide) (32) (39)
(81)
oxidein initial mass fraction of Na,O in the /™ MFPV batch (g oxide per g MFPV | (33)
Na,0, oxides)
oxidein arger target mass fraction of Na,O in the /" MFPV batch (g oxide per g MEPV | (61)
Nay0. ] oxides)
oxidein g manual adjustment of Na,O concentration in the /" MFPV batch (81)
Nay0.j required to satisfy all the constraints (g per g MFPV oxide)
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Symbol Description Equation(s)
e i adjusted preliminary target Na,O concentration in the /™ MFPV batch (g | (81)
,pre—adj .
Na,0, per g MFPV oxide)
%glg{/ﬂ, Stepl mass fraction of the /" glass oxide in the /" MFPV batch from algorithm | (50) (52)
i calculation Step 1 or Step 3 before applying component retention factors | (54) (65)
oxidein (g oxide per g MFPV oxides) (66) (70)
§/[FPV,Step3 (98) (99)
(101) (102)
(103) (107)
(114) (122)
N;%g’;", Step! mass fraction of the i™ glass oxide in the /™ MFPV batch from algorithm | (13) (52)
i calculation Step 1 or Step 3 after applying the component retention (66) (83)
~%‘§;{/n&ep3 factors (g oxide per g glass), i.e., mass of i"™ glass oxide that will remain | (85) (86)
i in glass divided by the total mass of all glass oxides that will remain in (99) (103)
glass (123)
%%7, Stept mass fraction of waste Na,O (waste Na,O loading) in the /" MFPV batch | (68) (105)
Na,O(w), from algorithm calculation Step lor Step 3 (g per g glass) (121)
VP Stepa
Na,O(w), j
oxidein mass fraction of the i glass oxide in the ;™ working MFPV (g oxide per | (114) (120)
i g glass)
oxidein mass fraction of the i™ glass oxide in the j-I™ (previous) working MFPV | (114)
i,j-1 (g oxide per g glass)
oxidein mass fraction of the i™ glass oxide in the e™ canister (g per g glass) (123)
gie
wastein initial mass fraction of glass oxides originated from waste in the ;" (32) (33)
Gj ’ MFPYV batch, i.e. initial waste loading (g per g MFPV oxides) (40) (44)
;V;;;f;"mrget target mass fraction of glass oxides originated from waste in the /™ (47) (50)
G; ’ MFPV batch, i.e. target waste loading (g per g MFPV oxides) (51) (56)
(58) (63)
(68)
wastein Step! mass fraction of glass oxides originated from waste in the /™ MFPV (51) (53)
Gj ’ batch from algorithm calculation Step 1 or Step 3, i.e. waste loading (g (96) (97)
wastein per g MFPV oxides) (98) (100)
G v (105) (118)
IZZZ in inventory of the i™ radionuclide in the ¢™ canister (Ci) (127)
Jored expansion factor for radionuclide concentration specification (73) (74)
(79) (80)
(83)
L™ and L | upper and lower property limit for predicted “prop” transformed General
property value
% upper limit for specific activity of the i radionuclide (nCi/g glass) (75) (77)
! (110) (112)
(130) (132)
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Symbol Description Equation(s)
)& upper limit for the activity of the /™ radionuclide per unit glass volume (75) (76)
u (Ci/m’ glass) (77) (78)
(110) (111)
(112) (113)
(130) (131)
(132) (133)
ovide (12) (48)
My (50) (51)
mass fraction of the i glass oxide in the k™ GFC (g oxide per g GFC Egg; Egg;
including volatiles) (97) (98)
(102) (105)
(106) (122)
m. ...GFCin GFCs in (48)
/ vector of M ,34 FEVoPre for n;MFPV GFCs in the /" MFPV batch (g oxide
per g MFPV oxides)
GFCin h h ( 1 2)
Mlﬁ‘]{fFPV mass of the £ GFC to add to the ;" MFPV batch (g)
GFCin (57) (63)
MEFPV ,target,Stepl
Mg (65) (69)
target mass of ™ GFC to add to the /" MFPV batch resulted from (89)
M}?@ggjtargel, Step? algorithm calculation Step 1 or Step 2 (g)
Y
M.EZ;};);%?Ziget,Stepl (64) (90)
target mass of sucrose to add to the /™ MFPV batch resulted from
M%g’;‘:;zrgel, Step? algorithm calculation Step 1 or Step 2 (g)
J
Ml(l;lFFng,measured th th (96) (97)
K measured mass of £~ GFC added to the j° MFPV batch (g) (102) (106)
(116) (122)
sucrose in th (1 1 7)
MyFPVJ"eawed measured mass of sucrose added to the ;" MFPV batch (g)
i .. h th
M%;%/,pre preliminary target mass of the kt' GFC per g of glass to add to the /' (48) (49)
Ky MFPV batch (g per g MFPV oxides)
Mj?/[l;gzl,mrgez th th (49) (50)
I target mass of the £ GFC per g of glass to add to the j~ MFPV batch (g | (51) (56)
per g MFPV oxides) (58) (63)
(68)
Mj&;g;@;’gygﬂ target mass of sucrose required per L of waste (g/L) 849‘; (60)
J
Mg;f,’,;’ Stap3 mass of.the k™ GFC per g of glass in .the /™ MFPV batch from algorithm | (97) (98)
K calculation Step 3 (g per g MFPV oxides) (105)
oxidein
N[ MEPY Step3 mass of total glass oxides in the /™ MFPV batch after applying the 8;;; 8;423
/ component retention factors from algorithm calculation Step 3 (g) (125) (126)
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Symbol Description Equation(s)
glassin . th . ( 1 27)
M mass of glass in the e canister (kg)
MW, ., molecular mass of sucrose (g/mole) (59)
MW, atomic mass of sodium (g/mole) (62) (92)
MW, , molecular masses of nitrite, nitrate, and carbon (g/mole) (59)
MWy, , and
MW,
compsin number of model components in the “ec” model (7 (11)
compsin number of model components in the “pct” model 2)(®)
pct
compsin number of model components in the “vAr” model 5) 9
vht
compsin number of model components in the “vis” model (6) (10)
datain number of data points used to fit the “ec” model (11)
datain number of data points used to fit the “pct” model (8)
pct
datain number of data points used to fit the “vAr” model 9)
nvht
datain number of data points used to fit the “vis” model (10)
terms in number of model terms in the “prop” model (1)
prop
terms in number of model terms in the “ec” model (7)1
n@C
terms in number of model terms in the “pct” model (2) (8)
pct
terms in number of model terms in the “vAs” model 5) 9)
nvht
terms in number of model terms in the “vis” model (6) (10)
oxides in number of glass oxides tracked in the & CRV batch (12) (21)
d (22) (65)
(102)
samps in number of samples analyzed in the 4" CRV batch (14) (69)
y (106)
oxides in number of glass oxides in the k" GFC (96) (97)
n (122)
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Symbol Description Equation(s)
GFCsin number of GFCs used in the /™ MFPV batch (12) (50)
j (51) (56)
(58) (65)
(68) (69)
(96) (97)
(98) (102)
(105) (106)
(122)
oxides in number of glass oxides tracked in the mass balance calculations for the (45) (12)
: j" MFPV batch (13) (50)
(51) (52)
(54) (65)
(66) (68)
(70) (96)
(99) (101)
(102) (103)
(105) (106)
(107) (122)
MEPYsin number of MEPV batches that are assumed to be in the ™ canister (121) (123)
n, (124) (125)
(126)
prr coefficient of the 2™ model term for the “prop” model (1)
J2s coefficient of the 4™ model term for the “ec” model (S/cm). p* (7)
represents all forms of the model term, i.e., p*, p;. (selected), and
piec,T
pr coefficient of the 4™ model term for the “pcs” model (In[g/L]). p/“ (2)
represents all forms of the model term, i.e., p””, p?“(selected), and
pl(selected)
" coefficient of the 4™ model term for the “vA¢” model (In[g/L]). p;" (5)
represents all forms of the model term, i.e., p}™, p.*(selected), and
o (selected)
J2% coefficient of the 4™ model term for the “vis” model (P). p;” represents (6)
all forms of the model term, i.e., p* p.*(selected), p.* (selected),
and p" (selected)
e coefficient of the /™ model component in the “ec” model (represents (7
Pi AlL)O5 through Others terms in Table 8)
coefficients for the selected quadratic model terms in the “ec” model. (7)
“Selected” means that only some of the terms in curly brackets are
ec included in the model. (represent CaO%xLi,O, CaOxNa,O, and
p; (selected) p

Li;0xNa,0 terms in Table 8)
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Symbol Description Equation(s)
coefficient of the /™ model component for the model terms involving (7)
p; of temperature in the “ec” model. (represents A,O;/(T/1000) through
Others/(T/1000) terms in Table 8)
pr coefficient of the /™ model component for the “pcr” model (In[g/L]) (2)
(represents Al,O; through Others terms in Table 5)
pl(selected) | coefficients for the selected quadratic model terms. “Selected” means (2)
Dt that only some of the terms in curly brackets are included in the model
P (selected) (In[g/L]) (represent CaOxLi,O through (K,0) terms in Table 5)
vht coefficient of the /™ model component for the “vA#” model (In[g/L]) (5)
Pi (represents Al,O; through Others terms in Table 6)
p (selected) | coefficients for the selected cubic model terms. “Selected” means that )
pY/_qt (selected) only some of the terms in curly brackets are included in the model
i’ (In[g/L]) (represent (K,0)*xNa,O through B,03;xCa0xNa,O terms in
po(selected) | Table 6)
vis coefficient of the /™ model component in the “vis” model (represents (6)
Pi Al O5 through Others terms in Table 7)
s coefficients for the selected quadratic model terms in the “vis” model. (6)
p;; (selected) | «Selected” means that only some of the terms in curly brackets are
p;{'s (selected) | included in the model. (represent AL,O;xSiO, through (Li,0)* terms in
Table 7)
. coefficient of the selected i™ model component for the model terms (6)
p™" (selected) | involving temperature in the “vis” model. “Selected” means that only
some of the terms in curly brackets are included in the model.
(represents Al,O3/(T/1000)* through Others/(T/1000)* terms in Table 7)
pret transformed normalized release (= In[rg, g/L] and In[ry,, g/L]) for pct= | (2)
pctB and pctNa respectively
P transformed VHT alteration depth (In[D, um]) %)
prrop transformed property “prop”, which includes In(rg, g/L), In(rna, /L), (1) (16)

In(D, pm), In(#7, P), and In(er, S/cm)

pct vht
PP

predicted transformed property for “pct” (In[rg, g/L], In[ry,, g/L]) and
“yht” (In[D, um]) for the ™ canister

(134) (135)

prrop-Stepl predicted transformed property “prop” for the ;™ MFPV batch from (67) (104)
! o Stens algorithm calculation Step 1 or Step 3, which includes In(#g, g/L), In(rx,,
P g/L), In(D, um), In(y7, P), and In(er, S/em)
ppmp termsin (1)
vectors of p/"” values for the set of n;”,”o‘:fl terms
pr(;p rIAms;gf‘ (15)
L% CL% [=100(1—a)] percentile of the distribution of n*"™"“**" property
values
o median predicted property value or CL% = 50% percentile of the (15)
° runs 0_/"
distribution of #*"™““" property values
B PCT normalized boron release (g/L) General
"Na PCT normalized sodium release (g/L) General
7'si PCT normalized silicon release (g/L) General
dosein measured maximum surface dose rate from e canister (mrem/h) General

can,max ,measured
e
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Symbol Description Equation(s)
_rad in activity (per unit volume) of the i™ radionuclide in the waste of the d™ (23) (24)
Ry samps in . (53) (69)
CRYV averaged over n, samples analyzed (mCi/L) (100)
element in relative standard deviation (RSD) in the concentration of the /™ element | (14)
RSD 1, for chemical analysis in CRV batch
element in RSD in the concentration of the i™ element for mixing and sampling in (14)
RSDmix&samp,i CRYV batch
g’;’;‘m’ in RSD in the concentration of the i™ element for correction of mixing and | (14)
RSDascom sampling biases in CRV batch
element in standard deviation in the concentration of the /™ element in the " CRV | (14)
id batch (mg/L)
~%g]§3’ Step SD for the mass fraction of the /" glass oxide in the /" MFPV batch after | (124) (126)
i applying the component retention factors from algorithm calculation
Step 3 (g per g glass)
oxidein SD for the mass fraction of the /" glass oxide in the ™ canister (gperg | (124)
Sie glass)
~]"%;‘;1V, Stepl SD for the specific activity of the i radionuclide in the ;" MFPV batch | (72) (77)
S from algorithm calculation Step lor Step 3 after applying retention (109) (112)
rad in factors (mCi/g glass) (126)
§1§MFPV,Step3
pradin Stept SD for the activity of the i radionuclide per unit volume of glass in the | (72) (73)
S; ™ MFPV batch from algorithm calculation Step 1or Step 3 after (74) (78)
pradin, st applying retention factors (Ci/m’ glass) (83) (109)
s, (112)
rad in SD for the specific activity of the i radionuclide in the ™ canister (126) (129)
Sie (mCi/g glass) (132)
radin SD for the activity of the i radionuclide per unit volume of glass in the | (129) (132)
Sie ™ canister (Ci/m’ glass) (133)
WPy Sipt SD f . y - o (77) (79)
e or thf.: sum of fractlpns of activity to .the. limit of .eac}.l ra(.honuchllde (83) (112)
radSF in for long-lived radionuclides for Class C limit determination in the j
ZF;’V Step3 MFPYV batch from algorithm calculation Step 1 or Step 3
NPy Stept . . . . (78) (80)
s P SD for the. sum of .fractlo.ns of activity to t.he.hmlt of §ach radmnuchde (83) (113)
radSF in for short-lived radionuclides for Class C limit determination in the jth
SA;F;’V Step3 MFPYV batch from algorithm calculation Step 1 or Step 3
radSF in SD for the sum of fractions of activity to the limit of each radionuclide (132)
Sipe for long-lived radionuclides for Class C limit determination in the e™
canister
radSF in SD for the sum of fractions of activity to the limit of each radionuclide (133)
SSi.e for short-lived radionuclides for Class C limit determination in the ™
canister
rad in Stept sum of fractions of activity to the limit of each radionuclide for long- (75) (79)
SF, ILj lived radionuclides for Class C limit determination in the /™ MFPV batch | (83) (110)
rad in from algorithm calculation Step 1 or Step 3

MFPV Step3
SF LL.
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Symbol Description Equation(s)
rad in Stept sum of fractions of activity to the limit of each radionuclide for short- (76) (80)
SFq,; lived radionuclides for Class C limit determination in the /™ MFPV batch | (83) (111)
rad in from algorithm calculation Step 1
SFMEPV,StepS
SL,j
rad in sum of fractions of activity to the limit of each radionuclide for long- (130)
SFyp. lived radionuclides for Class C limit determination in the ¢™ canister
rad in sum of fractions of activity to the limit of each radionuclide for short- (131)
SFy, lived radionuclides for Class C limit determination in the ™ canister
vl target sodium molarity of the melter feed (M) (61) (62)
’ 92)
t) e g e 48)
/ vector of g, "¢ for nj components in the ;" MFPV batch
(g oxide per g MFPV oxides)
t e | 100(1~a) percentile (=CL%) of a two-sided t-distribution with (11)
2(170{),11;’;"‘1“] 7;12"6""“1 datain termsin
n"% "% degrees of freedom
¢ wen | 100(1=a) percentile (=CL%) of a two-sided t-distribution with (10)
2(1_0,),”"”’{3‘/"1 _n"”szIEI datain termsin
nret —po%t degrees of freedom
T absolute temperature in Kelvin (K) (6) (7)
yrep composition uncertainty for “prop”, i.e., uncertainty in predicted “prop” | (15) (16)
o due to glass composition uncertainty (in property model units)
prop,Stepl composition uncertainty for “prop” for the ;™ MFPV batch from (67) (104)
comp, j

U prop,Step3

algorithm calculation Step 1 or Step 3 (in property model units)

comp, j
ur composition uncertainty for “pct” (In[rg, g/L], In[rn., g/L]) and “vAr” (134) (135)
c;:p . (In[D, um]) for the e™ canister
Ucomp,e
urr model prediction uncertainty for “prop” (calculated per Section 4.2.1) (16)
e (in property model units)
ue, prediction uncertainty for electrical conductivity (in In[S/cm]) model, (11)
e which is given as a model uncertainty half width for a CL% two-sided
CI
ur, prediction uncertainty for PCT response (PCT-B or Na normalized (8)
pre release, in In[g/L]) model, which is given as a model uncertainty half
width for a CL% SUCI
thfd prediction uncertainty for VHT alteration depth (in In[um]) model, 9)
e which is given as a model uncertainty half width for a CL% SUCI
U;L y prediction uncqtainty for' viscosity (in In[P]) model, which is givenasa | (10)
model uncertainty half width for a CL% two-sided CI
Ul’lf:g’Stepl model prediction uncertainty for “prop” for the /™ MEPV batch from (67) (104)
1; p’JS e algorithm calculation Step 1 or Step 3 (in property model units)
U 70) . ¢
pred,j
Upctd thfd model prediction uncertainty for “pct” (In[rg, g/L], In[rn,, g/L]) and (134) (135)
pred,e? pred e

“vht” (In[D, pm]) for the ™ canister
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Symbol Description Equation(s)
V’&f{/ volume of the @™ CRV heel required for normal operation (L). The (20)
heel

nominal value of ¥®" is 15,581 L (Table 1).

Vg;gd"g working volume of the 4" CRV measured before the sampling line flush | (19)

working
water is added to the CRV (L). The nominal value of VR is50,085
L (Table 1). The CRV working volume for each CRV batch includes the
heel
CRYV heel volume (VdCRV ) required for normal operation plus the CRV

batch
batch volume (VdCRV ) transferred from TCP.

Vglé?;/ﬁﬂwh volume of the sampling line flush water used for the d™ CRV batch (L) (19)
current current volume of the @ CRV measured after the m-1" (previous) waste | (19) (20)
Vi transfer to MFPV (L).
transflush volume of the CRV-MFPV transfer line flush water used for the @ CRV | (19)
Vima after the m-1" (previous) waste transfer to MEPV (L).
ranswaste volume of the m-I1" (previous) transfer waste transferred from the 4" (20)
Vi CRV to MFPV (L).
(55) (56)
(58) (60)
th th (62) (63)
Iranswaste volume of the m™ transfer waste to be transferred from the &~ CRV to
1% (64) (65)
. MFPV (L).
(69) (89)
(90) (91)
(93) (94)
working volume for the /" MFPV batch (L). The MFPV working (55)

heel
volume includes the MFPV heel volume ( VjMF ") required for normal

working

VMFPV batch
/ operation plus the MFPV batch volume ( V/MF ?V") prepared.
working )
I/jMFPV,m)mmal — 12’ 444 L
batch 114) (115
 MEPY volume of the /™ MFPV batch (L) El 18; El 19;
J
total volume of GFCs to be added to or in the /" MFPV batch in (55) (56)
N (93) (95)
. . . Sy st [ (115) (116)
ore algorithm calculation Step 1, Step 2, or Step 3, i.e., z V
VMFPV,Stepl
n‘yFPAL}n S Step2 MFH S Step3 1(1;4FF%V Stepl
MFPV ,Stej MFPYV ,Stej ,Stej
V%g”,&eﬂ 2V o Z V" (L) where V7
j k=1
GFC GFC
V?{FFgV’S’M Jy MEPV.Step2 VkMFPV’S’e” 3 is the volume of k™ GFC to be added to or in

the /" MFPV batch (L) in algorithm calculation Step 1, Step 2, or Step 3.

GFCsin

;™" is the number of GFCs used in the /" MFPV batch.
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Symbol Description Equation(s)
G . NEE
J volume of water added to control GFC dusting in the /" MFPV batch in | (58) (62)
de]v';;;% Step?2 algorithm calculation Step 1 or Step 2 (L) Egg (92)
dist cred measured volume of water added to control GFC dusting in the /" MFPV | (115)
Vit batch
Sucrose (55) (60)
J MEPY Step! (94) (95)
/ (115) (117)
sucrose volume of sucrose addition to the /" MFPV batch (L) in algorithm
VJMFPV’S’E” ? calculation Step 1, Step 2, o Step 3 (L)
V];ZIC" ;}2;/6: Step3
heel volume of heel in the /™ MFPV batch measured prior to waste transfer (55) (95)
Vi L) (114) (119)
transflush volume of water used to flush the CRV-MFPV transfer line in the /" (55) (62)
4 MEPV batch (L)
s measured volume of water used to flush the CRV-MFPV transfer line in | (92) (95)
Vi the /" MFPV batch (L) (115)
samp/lush volume of water used to flush the MFPV sampling line in the /" MFPV | (55) (62)
Vj batch (L) (92) (95)
sampflush measured volume of water used to flush the MFPV sampling line in the | (115)
Vit /" MEPV batch (L)
dilute . . . . . . (55) (62)
V/MFP V. Stepl volume of dilution water required to maintain satisfactory melter-feed (92) (95)
dilute rheological properties in the /™ MFPV batch in algorithm calculation
V]MFPV,StePZ Step 1 or Step 2 (L)
e asured measured volume of dilution water added to maintain satisfactory (115)
S melter-feed rheological properties in the /™ MFPV batch
waste volume of waste transferred from CRV to the jth MFPV (L) (12) (89)
Vi (90) (91)
(92) (93)
(94) (95)
(96) (102)
(106) (115)
(118) (122)
ijnifial initial waste loading for the jth MFPYV batch determined from the Na,O- | (27) (28)
oxide in oxide in
S05-K,0 and CI-F-SOs rules ( gy, o ;7" and gy o ") by
Equations (25) and (26)
W minK minimum waste loading for the jth MFPYV batch when 0.54 wt% of K,O (27) (29)
! limit is assumed
yy minCr minimum waste loading for the /™ MFPV batch when 0.08 wt% of Cr,0; | (27) (30)
/ limit is assumed

Page 19



ORP-56321, Rev. 0

24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

Description

Equation(s)

component mass fraction in glass or transformed value of component
mass fractions to the appropriate basis for the 2™ model term in the “ec”
model

(7

component mass fraction in glass or transformed value of component
mass fractions to the appropriate basis for the 2™ model term in the “pcr”
model

2)

component mass fraction in glass or transformed value of component
mass fractions to the appropriate basis for the 2™ model term in the
“prop” model

(1)

component mass fraction in glass or transformed value of component
mass fractions to the appropriate basis for the 2™ model term in the “vhr”
model

)

component mass fraction in glass or transformed value of component
mass fractions to the appropriate basis for the 4™ model term in the “vis”
model

(6)

mass fraction of the i™ model component in glass for the “ec” model,

comps in
model
ec

i=1

(7

mass fraction of the i™ model component in glass for the “pct” model,

comps in
model
pet

> =
i=1

n

2)

0
xr

mass fraction of the i™ model component in glass for the “prop” model

3)

prop
thhers

mass fraction of the “Others” model component in glass for the “prop”
model

4)

ht
x

mass fraction of the /™ model component in glass for the “vAr” model,

comps in
model
vht

()

mass fraction of the i model component in glass for the “vis” model,

comps in
model
VIS

(6)

ec

termsin
model
ec

vector of x,° values for the set of n terms, where x;,° is

component mass fraction in glass or transformed value of component
mass fractions to the appropriate basis for the 2™ model term in the “ec”

model (note that X is temperature dependent)

(11)

t
x>

termsin
model

pct
component mass fraction in glass or transformed value of component
mass fractions to the appropriate basis for the 2™ model term in the “pcr”
model

vector of x/ values for the set of n terms, where x/' is

(®)

70,
XP P

termsin
model

prop  tETMS

vectors of x;'” values for the set of n

(1)
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Symbol Description Equation(s)
th; " termsin (9)
vector of x]" values for the set of n/** terms, where x;" is
component mass fraction in glass or transformed value of component
mass fractions to the appropriate basis for the 2™ model term in the “viz”
model
x" vis model vis 1 (10)
vector of x,” values for the set of n """ terms, where x," is
component mass fraction in glass or transformed value of component
mass fractions to the appropriate basis for the 2™ model term in the “vis”
model (note that X" is temperature dependent)
o a small fraction typically less than or equal to 0.1 used to represent the General
probability that a “100(/— a) confidence interval” does not contain the
true value
o a unitless constant larger than zero and typically smaller than 0.01 (83) (85)
introduced to accommodate the variations resulting from Monte Carlo (86) (87)
calculation of composition uncertainties
£1100 melt electrical conductivity at 1100°C (S/cm) General
£1200 melt electrical conductivity at 1200°C (S/cm) General
71100 melt viscosity at 1100°C (P) General
1150 melt viscosity at 1150°C (P) General
& electrical conductivity (S/cm) at temperature 7 (K) (7)
n, viscosity (P) at temperature 7 (K) (6)
H oxidein (48)
11x11 matrix of mgFC for GFC composition (for i = Al,O3, B,0;,
Ca0, Fe,0;, Li,0, Mg0O, Na,O, SiO,, TiO,, ZnO, and ZrO,, with a
corresponding GFC per each glass oxide component, g per g GFC
including volatiles)
A dilution factor caused by the addition of flush waters for the m™ transfer | (18) (23)
waste transferred from the " CRV to MFPV (24) (53)
(69) (100)
Ay dilution factor caused by the addition of flush waters for the m-I1" (19)
’ (previous) transfer waste transferred from the @™ CRV batch to MFPV
(dilution factor for the waste transferred previously)
V. retention factor for the i™ component (fraction) (13) (52)
’ (54) (66)
(68) (70)
(99) (101)
(103) (105)
(107) (122)
glass in density of glass in the ™ canister (g/L) (128) (129)
pe
glass in density of glass in the /" MFPV batch (g/L glass) (71) (72)
P, (108)
yo particle density of the ™ GFC (g/L) (56) (116)
Lorerose particle density of sucrose (g/L) (60) (117)
yee variance-covariance matrix for the “ec” model (11)
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Symbol Description Equation(s)

ypet variance-covariance matrix for the “pcf” model (8)

vt variance-covariance matrix for the “vAs” model 9)

Vs variance-covariance matrix for the “vis” model (10)

o, fraction of the sodium in the ™ CRYV batch that is classified as waste (68) (105)
sodium (unitless)
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3 Description of Process Steps

Figure 2 is a preliminary process flow diagram for the ILAW product compliance process.

Figure 2. Preliminary ILAW Product Qualification Process Flow Diagram

*Sample CRV +Analyze I Formulate glass *Transfer waste 2 Caleulate Q1€
LAW (3%) o .| and calculate al from CRV to » masses and <
(3x 7 samples LAW transfer MEPV 7| dilution water
volume volume
|
I
No
Y
*Weigh and +Analyze 3. Calculate 4. Wil glass *Transfer feed
transfer GFCs o sample final et N ransfer fee
from GFSF fo P (for batching composition ’ Yes from MFPV to
firmati ) constraints? MEV
MFPV confirmation) and properties
5. (ienerat; *  Facility Operation (PT/LAW/BOF)
compdpr(?e y +  Laboratory Operation.
production 1-5 Algorithm Function
records

The ILAW formulation algorithm steps (those numbered activities in Figure 2) are highlighted below.

1. In the first step of the ILAW product compliance process, analytical data from the LAW CRYV samples
will be screened and evaluated prior to calculating glass formulation. The data screening should include,
at a minimum, outlier identification, and trending evaluation. The analytical data given in concentration
of chemical elements and activity of radionuclides will be converted to the forms used in glass
formulation.

Glass formulation will be performed based on the composition of CRV waste and the composition of
GFCs. Glass formulation does not include the content of the heel from a previous MFPV batch. The
target glass composition will be calculated following the glass formulation rules described in Section
5.1.3. The glass properties with uncertainties will be calculated from the target glass formulation and
compared with the constraints. The formulation will also be checked to make sure that it meets all the
constraints described in Section 4.3. The resulting glass formulation will be used to calculate volume of
waste transfer and the mass of GFCs including sucrose. The volume relation will be solved to calculate
the waste transfer volume. The output of Step 1 calculation is the waste transfer volume.

2. Inthe second step, after waste transfer to the MFPV, the actual measured waste transfer volume will be
used to calculate the masses of GFCs based on glass formulation completed in Step 1 (i.e., glass
formulation is not performed in this step, instead the Step 1 formulation results are used to calculate the
GFC masses.) The volume of dilution water will also be recalculated after accounting for changes in
other process water volumes.

3. The final glass-composition estimate associated with a completed MFPV batch will be made in Step 3.
The actual measured volume of waste transfer, actual measured volumes of various process waters, and
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the actual measured masses of GFCs are used to calculate the final composition and predict the
properties of the glass with uncertainties using glass composition-property models.

The MFPV contents including heel and newly added MFPV batch will be sampled and analyzed for
major glass components to confirm proper GFC addition, but this is not a process hold point. Trending
analyses will be performed on the differences between the analytical results and calculated values to
detect potential errors in the MFPV batch preparation.

4. In Step 4, the projected LAW glass composition and predicted properties (corresponding to the MFPV
batch) will be statistically compared (i.e., accounting for uncertainties) to composition and property
constraints summarized in Section 4.3. If the constraints are met, then the MFPV batch will be
transferred to the MFV for processing. If any constraint is not met then an operator will be alerted for
intervention. If a product quality constraint is not met then the process may return to Step 2.

5. In Step 5, the appropriate waste form compliance quantities will be recorded for inclusion in the
Production Records for ILAW containers within the current lot.

The calculation logic and equations required to implement Steps 1 through 5 are presented in detail in
Section 5 and illustrated in Section 6.
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4 Description of Property Predictions, Uncertainties, and
Constraints

The objective of glass formulation for a given waste is to calculate the acceptable glass composition that
meets various processing and product-quality related constraints. For LAW, the initial glass composition is
estimated using the glass formulation rules developed by Muller et al. (2004) and supplemented by CCN
150795, described in Section 5.1.3. Several of the processing and product-quality related constraints are
based on LAW glass properties implemented by property-composition models. The following subsections
present the property predictions, associated uncertainty calculations, and constraints used to meet the key
ILAW formulation algorithm steps, as described in Section 3.

The mass balance equations and statistical methods and formulas used in several steps of the formulation
algorithm are based on compliance strategy development work in Piepel et al. (2005) and estimates of
variation and uncertainty in Piepel et al. (2006). Citations are given to specific sections of those documents
in subsequent sections of this report for those who want additional details contained in those documents.

4.1 Property Predictions
The melter feed should be both processable and yield an adequate product, i.e., the resultant glass should
have properties within acceptable ranges. Therefore, the properties of the target glass are predicted using

glass-composition property models.

The property-composition models were developed for processing and product-quality properties of LAW
glasses and melts, including (Piepel et al. 2007):

. Normalized B and Na releases by PCT (rg and ry,)

. Alteration depth by VHT at 200°C (D)

. Viscosity as a function of temperature (77)

. Electrical conductivity as a function of temperature (&)

A general form of all the property-composition models above is given as:

terms in

n mod e/

prop. T
Ppp:zpf px;?p:(pp p) xProp (1)
=1
where prror _ transformed property “prop”, which includes In(rg, g/L), In(rn., g/L), In(D,
um), In(x7, P), and In(ez, S/cm)

termsin
model = pumber of model terms in the “prop” model
prop
pf P = coefficient of the 4™ model term for the “prop” model

PP component mass fraction in glass or transformed value of component mass
h fractions to the appropriate basis for the 2™ model term in the “prop” model
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termsin

prop prop  _ del
p~ " and x vectors of p;"” and x;"” values for the set of n,” " terms

The property models are valid only over the region of component mass fractions where experimental data
were available to develop them. Thus, extrapolation beyond currently tested compositional bounds will not
be done and the model validity ranges become constraints for formulating acceptable glass composition
discussed in Section 4.3. Refer to Piepel et al. (2007) for detailed information on the data and methods used
to develop the models and the limitations that need to be considered when using these models.

4.1.1 Product Consistency Test

The model for PCT normalized releases as a function of LAW glass composition is [Piepel et al.
2007, see Equation (5.2)]:

terms in
model
pet

_ pet .pct _ ppct
In(ry,ry,) = Z pyx, =P
=

comps in comps in comps in comps in (2)
model model model -1 model
pet pet pet N et

n
— z p[})ctxipct+selected z p[;i)ct(xipct)2+ z z pﬁctxipctxfct
i< 0

i=1 i=1

n

where 75,1y, = normalized release for B or Na (g/L)
prt = transformed normglized release (= In[rp, g/L] and In[ry,, g/L]) for pct = pctB
and pctNa respectively
termsin
nodl = number of model terms in the “pct” model

pct

et coefficient of the 4™ model term for the “pcr” model (In[g/L]). p/* represents

P = all forms of the model term, i.e., p*, p?“(selected), and p’”(selected)

i i’

Pt component mass fraction in glass or transformed value of component mass
h fractions to the appropriate basis for the 4™ model term in the “pcr” model
compsin .
model = pumber of model components in the “pcs” model

pct

pee _ coefficient of the i™ model component for the “pcr” model (In[g/L])
pi (represents Al,O; through Others terms in Table 5)

pr(selected)  coefficients for the selected quadratic model terms. “Selected” means that
y = only some of the terms in curly brackets are included in the model (In[g/L])
pi (selected) (represent CaOxLi,O through (K,0)” terms in Table 5)

mass fraction of the i model component in glass for the “pcf”” model,

comps in
. model
et — g

i - .
5 i
i=1

Page 26



ORP-56321, Rev. 0 24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

Existing data has shown that the rg; values are always below the 7 and ry, values due to Si solubility limits
in the leaching solution (Piepel et al. 2007). Therefore, rg; is predicted to be less than the minimum of 75 and
rne and the models for the rg; values are not needed.

The PCT model coefficients ( p/“") are listed in Table 5 (from Table 5.9 and Table 5.14 in Piepel et al.

rmse of
model

2007). Table 5 also lists the model statistics including R” statistics, s et

(root mean squared error

datain

[RMSE] for the model), and n;“:[del (number of data points used to fit the model).

For all “prop” models, the mass fraction of the i model component is given as the mass fraction of the i"
glass oxide component in glass (g oxide per g glass) for all model components except for “Others”
component, i.e.,

x" = g, (i # Others) 3)

where x”” is the mass fraction of the i model component in glass for the “prop” model and g, is the mass

i
fraction of the /™ glass oxide component in glass. The mass fraction of “Others” component is a sum of mass
fractions of remaining components not included in the model components and is calculated as:

comps in
model
M prop -1

xOptr;l}fm :1_ z gi : (4)

i=1

where x/” is the mass fraction of the “Others” model component in glass for the “prop” model.

Table 5. PCT Release-Composition Model Coefficients and Selected Statistical Parameters

Model Coefficients
Model Term (g /L) | In(raes g/)
AlLO; —31.3612 —20.7142
B,0; 11.8101 —6.5489
CaO —13.8404 0.0151
Fe,0; —16.5948 —8.4617
K,0 7.9687 —0.8724
Li,O 83.3036 44.7604
MgO —21.2343 —13.8667
Na,O 46.1599 9.9942
P,0s —19.254 —14.5324
Si0, -1.6161 —4.8834
710, —6.6289 —0.62
Others -5.169 3.345
CaOxLi,0 —251.2654 —232.1695
CaOxFe,0; 212.0947 182.6191
B,0;xMgO 488.8612 437.4267
B,0;xLi,0 —374.9533 N/A
Na,0xSi0, —74.3462 N/A
B,03xNa,0 N/A 87.6716
(K,0)* N/A 315.6867
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Statistic Value Value
R® 0.866 0.870
R” Adjusted 0.857 0.861
R? Predicted 0.835 0.840
R? Validation® 0.769 0.804
rmse of
model
s , In(g/L) 0.291 0.255
comps in
model 1 2 1 2
pct
termsin
model 1 7 1 7
pct
datain
model 244 244
pct

N/A: not applicable

(a) Based on data splitting method (see Table 5.9 and Table 5.14 in Piepel et al. 2007).

4.1.2  Vapor Hydration Test

The model for VHT alteration depth as a function of LAW glass composition is [Piepel et al. 2007, Equation

(6.4) without the partial quadratic model terms]:

terms in
mode/
Myt

ln(D) _ z p}vlhtx}\:ht — tht

comps in comps in comps in
model mud:[ model
vht v —1n Moy
comps in ht ht ht ht \2 ht 5
e z P (M) + z z P (") x; ()
_ vht vht i=1
- p + SeleCted comps in comps in comps in
i-1 %ag/ ) :,;Zae/ 1 iz;sdel
+ Z z z pl\;hltxvhlxvhtxvht
i o< i < i"
where D = VHT alteration depth (um)
P = transformed VHT alteration depth (In[D, pm])
termsin number of model terms in the “vir” model coefficient of the 2™ model term
del =
Ry for the “vA#” model (In[g/L]) pvm represents all forms of the model
p = term,ie., p™, py'(selected), p (selected) and p (selected)
o component mass fraction in glass or transformed value of component mass
h fractions to the appropriate basis for the 4™ model term in the “vAr” model
compsin .
plodelt = number of model components in the “vi#” model
vht
P = coefficient of the /™ model component for the “vA” model (In[g/L])
i

(represents Al,O; through Others terms in Table 6)
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o (selected) _ _
coefficients for the selected cubic model terms. “Selected” means that only
po! (selected) = some of the terms in curly brackets are included in the model (In[g/L])

e (represent (K,0)*xNa,O through B,0;xCa0xNa,O terms in Table 6)
D, (selected)

mass fraction of the i™ model component in glass for the “vA#” model,

i=1

The VHT model coefficients ( p;’" ) are listed in Table 6 (from Table 6.11 in Piepel et al. 2007). Table 6

rmse of
model

vht

also lists the model statistics including R” statistics, s (root mean squared error [RMSE] for the model),
datain
model

and n,,~ (number of data points used to fit the model).

Table 6. VHT Alteration Depth-Composition Model Coefficients and Selected Statistical Parameters

Model Term Clﬁflf)i:lcl:f:)t’
Al,O3 19.5685
B,0; 18.5336
CaO 38.2412
F6203 —8.4126
K,O —39.3124
Li,O —17.8250
MgO —8.3068
Na,O —20.6518
SiO, —0.5137
710, —62.8457
Others —0.4293
(K,0)**Na,O 10138.2817
(Na,0)’ 872.6563
Li,0xNa,0xSi0, 2139.8048
B,0;xCa0xNa,O —1943.0687
Statistic Value
R’ 0.744
R’ Adjusted 0.720
R’ Predicted 0.696
R’ Validation® 0.677
rmse of
S;”C"tdd , In(g/L) 0.848
model 11
pct
termsin
model 15
pct
datain
n;’c”,del 165

(a) Based on data splitting method (see Table 6.11 in Piepel et al. 2007).
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4.1.3  Melt Viscosity

The model for viscosity as a function of melt temperature and LAW melt composition can be expressed as
[Piepel et al. 2007, see Equation (8.2)]:

terms in
model
Vis.

111(777) — z p;isxi\:is — Pvis
h=1

comps in comps in comps in comps in
mode model model 1n model
Vis Vi Vis

! Myjs n
p;”x;” +Selected z P (x ) + Z z D X x," (6)
i=1 i < i’

i=1

n

comps in
model .
nyg X vis

where nr
PviS

termsin
model
Vis

Vis

Dy
vis
X

compsin
model
Vis

Vis

P;

p.” (selected)
p.7 (selected)

7 (selected)

Vis

+ Selected vl i
Z] P 71000y

viscosity (P) at temperature 7' (K)

transformed viscosity at temperature 7 (K) (In[P])

number of model terms in the “vis” model

vis

coefficient of the 2™ model term for the “vis” model (In[P]) . p, represents

all forms of the model term, i.e., p;* p.”(selected), p. (selected) , and

12

™" (selected)

component mass fraction in glass or transformed value of component mass
fractions to the appropriate basis for the 4™ model term in the “vis” model

number of model components in the “vis” model

coefficient of the ™ model component in the “vis” model (represents Al,O;
through “Others” terms in Table 7)

coefficients for the selected quadratic model terms in the “vis” model.
“Selected” means that only some of the terms in curly brackets are included
in the model. (represent Al,05xSiO, through (Li,O)” terms in Table 7)

coefficient of the selected i™ model component for the model terms involving
temperature in the “vis” model. “Selected” means that only some of the
terms in curly brackets are included in the model. (represents
ALO5/(T/1000)* through Others/(T/1000)* terms in Table 7)

mass fraction of the i™ model component in glass for the “vis” model,

comps in
model
s )
xvts _ 1

i
i=1

absolute temperature in Kelvin (K)
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Vis

The viscosity model coefficients ( p,"~ ) are listed in Table 7 (from Table 8.8 in Piepel et al. 2007). Note that

Vis

some of the model terms (x," ) are temperature dependent so that the viscosity is estimated as a function of

rmse of

temperature. Table 7 also lists the model statistics including R? statistics, §model (RMSE for the model), and

Vis

datain
model

n,. (number of data points used to fit the model).

Table 7. Viscosity-Composition Model Coefficients and Selected Statistical Parameters

Model Term Coefficient, Statistic Value
ln(’] b} P)

AlLO; 5.5124 R’ 0.988

B,0; —42.3772 R’ Validation® 0.983

rmse of

CaO —10.6445 S In(P) 0.147

Fe,0; ~4.6220 rodel” 12

K,0 ~0.8689 nw’ 26

datain

Li,O 10.9390 e 171
MgO —5.6188
Na,O 0.9073
P,0;s —0.8081
SiO, 1.5575
710, —12.0741
Others —9.3903
(B,0;) 198.7360

17 .

(Li,0)* 133.6906
A1203XLi20 _1365095
(MgO)* -179.8249
AlLO,/(T/1000) 24.6423
CaO/(T/1000) 13.7793
Fe,0/(7/1000” 15.2036
Li,O/(7/1000) —82.4815
MgO/(T/1000)° 22.7608
Na,O/(7/1000)° —14.5621
P,05/(7/1000) 24.0339
Si0,/(7/1000)> 24.4077
71r0,/(7/1000) 48.2286
Others/(7/1000) 17.3800

(b) Based on data splitting method (see Table 8.8 in Piepel et al. 2007).
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4.1.4  Melt Electrical Conductivity

The model for glass melt electrical conductivity as a function of melt temperature and glass composition can
be expressed as [Piepel et al. 2007, see Equation (7.2)]:

terms in

n Z‘Udé!/

1H(€T) — Z phecx;’c — Pec
h=1

madd mndel “1n mndel mndd C‘C

ec _.ec 1 ec ec CC
Zp + Selected Z Z D X Zpl (T/lOOO)

i=1

where &, = electrical conductivity (S/cm) at temperature 7 (K)

P = transformed electrical conductivity at temperature 7 (K) (In[S/cm])

termsin

model = pumber of model terms in the “ec” model
ec

coefficient of the 2™ model term for the “ec” model (S/cm). p,’ represents all

ec
ph = : C e C
forms of the model term, i.e., p, p: (selected), and p”
(e — component mass fraction in glass or transformed value of component mass
h fractions to the appropriate basis for the 2™ model term in the “ec” model
compsin .
pmedel = number of model components in the “ec” model

ec

e _ coefficient of the i™ model component in the “ec” model (represents Al,O;
Pi through Others terms in Table 8)

coefficients for the selected quadratic model terms in the “ec” model.
«(selected) = “Selected” means that only some of the terms in curly brackets are included in
i the model. (represent CaOxLi,O, CaOxNa,0, and Li,OxNa,O terms in Table
8)

coefficient of the /™ model component for the model terms involving
p; = temperature in the “ec” model. (represents A,O3/(T/1000) through
Others/(T/1000) terms in Table 8)

x¢ = mass fraction of the i™ model component in glass for the “ec” model,

comps in
model
ec

i=1

T = absolute temperature in Kelvin (K)

The electrical conductivity model coefficients ( p,°) are listed in Table 8 (from Table 7.10 in Piepel et al.

2007). Note that some of the model terms ( x, ) are temperature dependent so that the electrical
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conductivity is estimated as a function of temperature. Table 8 also lists the model statistics including R

rmse of datain

statistics, se’,f;”del (RMSE for the “ec” model), and ne";"del (number of data points used to fit the “ec” model).

Table 8. Electrical Conductivity-Composition Model Coefficients and Selected Statistical Parameters

Model Term 1(1':1 (():iﬁg;g:lt)’ Statistic Value
ALO; 2.3854 R? 0.951
B,0; 7.9750 R? Validation® 0.936

rmse of
Ca0 5.2093 s, In(P) 0.151
compsin
Fe,0, 4.3935 nye 1
termsin
K,0 7.6774 ni 2
datain
Li,O 4.2464 e 171
MgO 15.1675
Na,O -2.0291
SiO, 3.6811
710, 7.8740
Others 11.2069
CaOxLi,O 144.9519
CaOxNa,O 79.0190
Li,OxNa,O —130.1441
ALO5/(T/1000) -9.0593
B,04/(7/1000) —11.0983
CaO/(7/1000) -30.6535
Fe,05/(7/1000) -9.2407

K,O/(7/1000) —11.5299

Li,0/(7/1000) 30.4827

MgO/(7/1000) ~25.0634

Na,O/(7/1000) 12.3822
Si0,/(7/1000) -10.1563
Zr0,/(T/1000) ~16.5390
Others/(7/1000) -17.7117

(a) Based on data splitting method (see Table 7.10 in Piepel et al. 2007).

4.2  Uncertainties for Predicted Properties
The use of the property-composition models introduces model prediction uncertainties (U7 ) and

composition uncertainties (U”"”") that must be accounted for in comparing the predicted properties to their

comp
limits ( L"?). The following subsections present the equations used to calculate prediction uncertainties of

property-composition models and composition uncertainties, expressed in property units, resulting from
uncertain values used to estimate the glass composition. The total uncertainty combining model prediction
uncertainty and composition uncertainty is also presented. A block diagram in Figure 3 summarizes the
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prediction and composition uncertainties and the sources of composition uncertainties discussed in the

following subsections.

Figure 3. Block Diagram Showing the Sources of Uncertainties Applied To Glass Formulation

Uncertainties

Prediction Uncertainties
(Property model uncertainty)
(Section 4.2.1)

Composition Uncertainties
(Expressed in property units)
Monte-Carlo simulation
(Section 4.2.2)

Sources of composition uncertainties

Chemical analysis
Volume measurement
Mass measurement
GFC composition
Retention factor

4.2.1 Prediction Uncertainties for Predicted Properties

A confidence level percent (CL%) simultaneous confidence interval (SUCI) is used to account for prediction
uncertainties for PCT and VHT as discussed in Piepel et al. (2005). A CL% two-sided confidence interval
(CI) is used for viscosity and electrical conductivity that have both upper and lower limits. In summary, two

types of confidence interval methods are used:

e Model uncertainty half width for a CL% simultaneous upper confidence interval (CL% SUCI) for
PCT an VHT (Piepel et al. 2005, Section 5.4.3.2)

e Model uncertainty half width for a CL% two-sided confidence interval (CL% two-sided CI) for

viscosity and electrical conductivity

The prediction uncertainty for PCT is calculated:

termsin
pet model
Upred =.,/" pct F termsin  datain

model __ model )
> pet

l-a,(n

model
pet

terms in

pct T pet o, pet
(x ) 2%

pet

®)

prediction uncertainty for PCT response (PCT-B or Na normalized

t
where ur

width for a CL% SUCI

termsin
model

pct

datain

number of model terms in the “pct” model

model = pumber of data points used to fit the “pcr” model

pct

F

termsin  datain terms in

1—ar (el model _ymotety = 100(1—a) percentile (=CL%) of an F-distribution with 7

pet > pet pet

= release, in In[g/L]) model, which is given as a model uncertainty half

termsin
model
pct
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datain termsin
del del .
numerator degrees of freedom and n; /™ —n) /™  denominator degrees

of freedom

a small fraction typically less than or equal to 0.1 used to represent the
probability that a “100(/—a) confidence interval” does not contain the
true value

S
Il

termsin
model

pct
component mass fraction in glass or transformed value of component
mass fractions to the appropriate basis for the 2™ model term in the
“pct” model

pct

vector of x; values for the set of n terms, where x,' is

pet =

Y7 = variance-covariance matrix for the “pcs” model

A variance-covariance matrix, X7 | is calculated for the estimated coefficients of a model fitted by

rmse of 2 rmse of

-1
regression according to, X% = (S'"Odd j [(Xp KL Gl ] where 57" is the RMSE for the “prop”

prop prop

model, and X" is the matrix of glass composition vectors for all the data points (glasses) used to fit the

“prop” model (Piepel et al. 2008). The variance-covariance matrices for PCT models (X”?, 27 are
listed in Tables A-7 and A-8 of Appendix A.

The prediction uncertainty for VHT is calculated:

termsin

T
vht model vht vht  vht
U pred = nvh t F termsin  datain  termsin ( X ) 2 X ( 9)

model model model
1=a,(ny, Sone T he )

AL prediction uncertainty for VHT alteration depth (in In[um]) model,

where rred - which is given as a model uncertainty half width for a CL% SUCI

termsin

n"];odel = number of model terms in the “vAf” model
vnt

datain

pnodel = number of data points used to fit the “vi#” model
vht

termsin
. e . del
100(1—a) percentile (=CL%) of an F-distribution with n,,""
termsin  datain  termsin  — datain termsin

F
model model ____model ) model model
numerator degrees of freedom and n -

>"vht vht

1=a,(ny, n .
' e n,, — denominator degrees

of freedom

a small fraction typically less than or equal to 0.1 used to represent the
o. = probability that a “100(/—a) confidence interval” does not contain the
true value

termsin

del
vector of x'™ values for the set of 7%
vht — h vht

component mass fraction in glass or transformed value of component
mass fractions to the appropriate basis for the 4™ model term in the

ht -+
terms, where x," is
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“vht” model

YV = variance-covariance matrix for the “vi#’ model

The variance-covariance matrix for VHT model (X"") is listed in Table A-9.

The prediction uncertainty for viscosity as a function of temperature is calculated:

. AT . .
vis _ vis VIS VIS
pred - t datain terms in (X ) Z X (10)
231 a)’nﬂfuel _ :r;;)del
where U= prediction uncertainty for viscosity (in In[P]) model, which is given as a
pred model uncertainty half width for a CL% two-sided CI
datain
pmodel = number of data points used to fit the “vis” model
vis
termsin X .
pmedel = number of model terms in the “vis” model

vis

100(1—a) percentile (=CL%) of a two-sided t-distribution with
t da’j i;r ter/;m [in = datain termsin
) odel _ ymode del del
20 =g n —n degrees of freedom
termsin
vector of x,” values for the set of 1, terms, where x,” is component
x"s = mass fraction in glass or transformed value of component mass fractions to
the appropriate basis for the 2™ model term in the “vis” model (note that x"
is temperature dependent)
Y = variance-covariance matrix for the “vis” model

The variance-covariance matrix for viscosity model (X" ) is given in Table A-10.

The prediction uncertainty for electrical conductivity as a function of temperature is calculated:

ec ec T ecec
U = t datain terms in (X ) E X (1 1)

pred
model __model
2(17a)’nec e

where U« - prediction uncertainty for electrical conductivity (in In[S/cm]) model, which
pred is given as a model uncertainty half width for a CL% two-sided CI
datain
p™edel = number of data points used to fit the “ec” model
ec
termsin .
pmedel = number of model terms in the “ec” model

ec

; 100(1—a) percentile (=CL%) of a two-sided t-distribution with

daz; i;1 terms lin = datain termsin

_ model ___model del d 1

2Ama)ne™ e n _n* degrees of freedom
termsin
model

vector of x,° values for the set of n terms, where x,° is component

ec

x% = mass fraction in glass or transformed value of component mass fractions to

the appropriate basis for the 4™ model term in the “ec”” model (note that x*
is temperature dependent)
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Yy = variance-covariance matrix for the “ec” model

The variance-covariance matrix for electrical conductivity model (X°) is given in Table A-11.

4.2.2  Composition Uncertainties for Predicted Properties

Glass properties are calculated from glass composition(s) based on estimated feed composition in two
different steps of algorithm process steps described in Section 3: (1) Step 1 — Formulate glass and calculate
LAW transfer and dilution water volumes (more specifically, sub-steps 1b, lc, le, and 1f in Figure 4) and (2)
Step 3 — Calculate final glass composition and properties from waste transfer and GFC masses (sub-steps 3a
and 3b in Figure 4). A mass balance equation is used in Steps 1 and 3 of the algorithm to calculate the glass
composition from the volume and composition of waste and mass and composition of GFCs. The
composition uncertainty results from uncertain values used in the mass balance equation and is calculated
using Monte Carlo simulation. The glass property models are applied to determine the impacts of the
uncertain composition on property estimates.

The mass balance equations for glass formulation for the /™ MFPV batch are given by:

element in waste %‘r gs’/in
CRV MFPV n idei GFCi
J oxiaein m
Cia 1V,

GFC MFPV
+ > miC M,

oxidein .
MFPV _ 1000(mg/g) k=1 12
g i T oxidesin ( )
CRV .
ng element in waste
CRV MFPV oxidesin  GFCs in
Z Cid f;VJ ’;‘/IFPV ";WFPV oxidein GFCin
i= GFC MFPV
= + w . My
1000(mg/g)
oxidein
oxidein MFEPY 1%
~MFPV i i 13
i T oxidesin ( )
MFPV
n; oxidein
MFPV
> &,

i=1

where oxidein mass fraction of the i™ glass oxide in the /™ MFPV batch before applying the
if component retention factors (g oxide per g glass)
mass fraction of the i glass oxide in the /™ MFPV batch after applying the
_Grideln_ component retention factors (g oxide per g glass), i.e., mass of i"™ glass oxide that
ij will remain in glass divided by the total mass of all glass oxides that will remain
in glass
gementin__concentration of the i" element in the @ CRV batch associated with the /" MFPV
id batch (mg/L)
f; = oxide conversion factor, i.c., mass of the /™ glass oxide per mass of the i element
waste
Y MFPY = vyolume of waste transferred from CRV to the ™" MFPV (L)
J
GFCsin

MFPV
J

= number of GFCs used in the /" MFPV batch
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oxides in : +th : : th . . .
oxidesin . _ mass fraction of the i glass oxide in the £~ GFC (g oxide per g GFC including

my, volatiles)

GFCin

MMV = mass of the k™ GFC to add to the ;" MFPV batch (g)
g

Vv, = retention factor for the i component (fraction) (listed in Table A-3)

1

oxides in number of glass oxides tracked in the @" CRV batch (currently up to 64, listed in

CRV =
ny Table A-1)

‘;;j;’;;"” _ number of glass oxides tracked in the mass balance calculations for the GFCs used
n; in the /™ MFPV batch

As many of the parameters of this mass balance [Equations (12) and (13)] are uncertain, the resulting
composition is uncertain. The various sources of uncertainty are briefly described in Table 9. The
complexity of the mass balance precludes an analytical solution to the uncertainties (see Piepel et al. 2005
for more discussion). Therefore, Monte Carlo analyses of uncertainties will be used after the work of Piepel
et al. (2005). Monte Carlo methods are a class of computational methods that rely on repeated random
sampling to compute their results. The Monte Carlo method is often used when simulating physical and
mathematical systems; it is used here to estimate the distribution of possible solutions (see Section 3.4.2 of
Piepel et al. (2005) for more details on Monte Carlo analyses).

Table 9. Summary of Uncertain Input Values that Are Generated for Mass Balance Equations

Input Uncertaint Uncertainty
P Sources of Uncertainty neertainty Values
Values Distribution .
Location

elementin  |chemical analyses, mixing and sampling of the CRV

CRV Normal |Table A-2

id waste, and bias correction for mixing and sampling biases
V]_waste vessel volume estimates (from calibrated level Normal  |Appendix D
- measurements)
oxides in
m}fFC GFC composition certificates from vendors PERT Table A-4
GFCin .
M]??FPV GFC mass measurement and transfer Normal |Appendix E
g

y amount of material lost from the melter from R&T testing
' and production melter mass balance testing

1

PERT Table A-3

runs of
simulation

For each of the uncertain input values listed in Table 9 a series of, n , random numbers in normal or

PERT distributions around the “estimated” (measured) values are generated with the standard deviations for
the uncertainties. A discussion on the use of PERT distributions for GFC composition and retention factors

element in

is in Appendix G. The uncertainties for clf,RV include the impacts of analytical uncertainties,

mixing/sampling uncertainties, and uncertainties in correction for potential mixing/sampling biases, as an

element in

R
example for cr

id
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SN2
element in
CCR Vv
element in id clement in \ element in "\ clement in \>
CRV _ CRV CRV CRV
sld - samps in RSDanal,i + RSDmlx/samp,i + RSDbias corr,i (14)
CRV
ny

where gl;";e'" in-_ standard deviation in the concentration of the i™ element in the &™ CRV batch

Sida (mg/L)
element in . h . ih
CiRV = concentration of the i~ element in the " CRV batch (mg/L)
1
dlementin - relative standard deviation (RSD) in the concentration of the i™ element for
RSDanal,i chemical analysis in CRV batch
element in RSD in the concentration of the i element for mixing and sampling in CRV
RSD - =
mix&samp i batCh
element in element in
RSD;;C,-ZZOM = RSD in the concentration of the i element for correction of biases in CISRV
samps in . th
nfRV = number of samples analyzed in the &~ CRV batch
element in element in
The RSDs for analytical and mixing/sampling uncertainties (RSD;IZZ and RSD,fsgmmp)i for CRV batch)

are given Table A-2. However, it was assumed that there are no biases on the analytical results used for

runs of
simulation

example calculations in this report. Each of the » sets of values are used to calculate a glass

runs of
simulation

composition with Equations (12) and (13). The resulting n glass compositions are then used to

calculate the standard deviation in each component mass fraction in the glass.

runs of

The n*™"“"" glass compositions are also used to predict the properties of the glasses using the property

runs of
simulation

models described in Section 4.1, yielding n predicted property values. These property values are

runs of
simulation -
1S

then used to quantify the composition uncertainty half widths in property units. As long as n

sufficient, and the random number distributions are close to the targeted distributions, excellent
representations of the true composition uncertainties (in property units) are obtained (Piepel et al. 2005).
Example calculations using RiskAMP® (as part of this work) and S-Plus® (Piepel et al. 2005) showed that

runs of
n*™Mem > 5000 were adequate for implementing this method. The composition uncertainty is given by:
prop _ myprop __ )prop prop __ /)prop
comp — L% 50% OT Usoo, 100-CL% (15)

where U7 = composition uncertainty for “prop”, i.e., uncertainty in predicted “prop” due to glass
comp composition uncertainty (in property model units)
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o rusof
Crve = CL% [=100(1-a)] percentile of the distribution of 7" property values

median predicted property value or CL% = 50% percentile of the distribution of

p :‘Jp runs of
50% nsimulation

property values

4.2.3 CL% Combined Confidence Interval for Predicted Properties

Ultimately, model prediction uncertainty and composition uncertainty must be combined to obtain the total
uncertainty associated with estimates of property values for LAW glass corresponding to a single MFPV
batch. The method used to do this is a CL% combined confidence interval, discussed in Sections 5.4.3.2 of
Piepel et al. (2005). The formula for a CL% upper combined confidence interval (UCCI) and lower
combined confidence interval (LCCI) are given by:

B[’"(’P — PP’OP +UP"0P _}_UPFUP and BPVOP — P.U”’P _U.Um[’ _UPFUP (16)

ucci pred comp leci pred comp

where  B”” = CL% upper combined confidence interval for “prop”

ucci

Bror CL% lower combined confidence interval for “prop” (applicable only to “vis” and
leci [Tl
ec

prov transformed property “prop”, which includes In(rg, g/L), In(rn,, g/L), In(D, um), In(#7,
P), and In(e7, S/cm) (calculated per Section 4.1)

U 52’5 = model prediction uncertainty for “prop” (calculated per Section 4.2.1)

Ul = composition uncertainty for “prop” (calculated per Section 4.2.2)

comp

Note that CL% UCCIs ( B”"” ) and LCCls ( B”""") as well as model prediction uncertainty (U”"” ) and

ucci leci pred

composition uncertainty (U ) are expressed in the units of the model used to predict a property (In[g/L]

comp
for PCT responses, In[um] for VHT response, In[P] for melt viscosity, and In[S/cm] for melt electrical
condcutivity). Hence, they can be used to assess whether property constraints (as discussed in Section 4.3)
are met.

4.2.4  Assumed Levels of Uncertainties for Predicted Properties

There are currently no mandatory requirements that direct the required confidence levels for the ILAW
product or processing properties. The acceptable levels of uncertainties assumed for example calculations in
this preliminary algorithm are 90% CL (i.e. & = 0.1, see Section 4.2.1) for all properties, i.e., PCT, VHT,
viscosity, and electrical conductivity. This 90% CL used in this report is preliminary and may be revised as
directed by DOE.

a small fraction typically less than or equal to 0.1 used to represent the probability that a “100(/—a)
confidence interval” does not contain the true value.
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4.3 Constraints

A glass formulation is calculated to meet a set of requirements previously summarized in Table 2 in Section
1. Table 10 summarizes the glass and melt constraints for LAW, which is the same as Table 2, but with
constraints expressed using symbols and units converted to those used in this report from those used in the
source documents.

All the quantities for the constraints listed in Table 10 will be calculated for each MFPV batch during glass
formulation (Section 5.1) to ensure that the MFPV batch meets all the waste-acceptance-related and key
processing-related constraints before the batch is transferred to MFV. The calculation for each MFPV also
includes the model validities described in Section 4.3.1 to ensure that all predicted properties and estimated
uncertainties are valid. For canistered glass waste form, only the quantities for the waste-acceptance-related
constraints (i.e., excluding viscosity and electrical conductivity from Table 10) are calculated to complete the
production records (Section 5.5). The model validities are not calculated for the canistered glass waste form
because they are already met for all MFPV batches that constitute the canistered glass.

Table 10. LAW Glass and Melt Constraints Used in ILAW Algorithm®

Constraint Description Constraint®™ Source
i peiB DOE 2000
PCT normalized B release BP"® <In[4 (g/L)] (Spos. 22.217.2)
i petNa DOE 2000
PCT normalized Na release B <1n[4 (g/L)] (Speo. 22.217.2)
VHT alteration depth B <In[453 (um)] DOE 2000

(Spec. 2.2.2.17.3)
24590-LAW-3PS-

Viscosity at 1100°C B*1" <In[150 (P)] AE00-T00001, Rev. 4
Viscosity at 1150°C B1% > 1n[20 (P)] ég?gg{f{l%g‘gm'm'
Viscosity at 1150°C B! < 1n[80 (P)] gg_sggl-,ﬂl%ewv-lgm-m-
IS | i |ASHACR
T | e[S
Waste Na,O loading g:ﬁ%’i};) > 14, 3, and 10 (wt%) for DOE 2000

: Spec. 2.2.2.2
envelopes A, B, and C LAW, respectively (Spec )

< Class C limits as defined in 10CFR61.55
SFL + kradSSFL < 1 DOE 2000
(Spec. 2.2.2.8)

Waste classification

SF, +k™s%s <1
L . radin radin DOE 2000

“Sr activity in glass &gg;’r + k’“dﬁggr <20 (Ci/m®) (Spec. 2.2.2.8)
B7Cs activity in glass jradin— - radin 3 DOE 2000
(waste form compliance) g, TS, <3 (Ci/m) (Spec. 2.2.2.8)
B7Cs activity in glass jJadin L redin s DOE 2000 [Section
(system maintenance) A, + K™ 515, < 0.3 (Cim) C.7 (d).(1).(iii)]

. dosein DOE 2000
Canister surface dose rate peammaxmeasired 500 (mrem/h) (Spec. 2.2.2.9)
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(a) ILAW must also meet the Dangerous Waste Limitations (Contract Specification paragraph 2.2.2.20, DOE 2000)
although this specification is not listed in this table because there is no calculation required to be performed by the
ILAW algorithm (See Section 1).

(b) See Section 4.1.1 for justification to exclude the PCT Si release from the constraints.

4.3.1 Constraints Related to Glass Properties and Model Validities

For PCT, the contract (DOE 2000) Specification 2.2.2.17 requires normalized releases of Na, B, and Si to be
below 2 g/m?, which is equivalent to 4 g/L. The conversion from g/m” to g/L is described in ASTM (2002).
The values calculated by the model are in In(g/L). See Section 4.1.1 for justification to exclude the PCT Si
release from the constraints. For VHT, the contract (DOE 2000) Specification 2.2.2.17 requires that the
200°C alteration rate be below 50 g/m*/d. The values calculated by the model are the natural logarithm of
the alteration layer thickness (D) in In(um). The alteration rate limit is converted to the alteration layer
thickness according to:

3 2
50 Zg(glass) 24(day) | ST (8lass) | [ pm = =453 um (17)
m~(glass)xday 2.65| g(glass) cm

because the model data were based on 24-day VHT with glasses showing a mean density of roughly
2.65 g/em’.

Although not required by the contract, key processing-related constraints on viscosity and electrical
conductivity of glass melt are used to ensure successful processing of the LAW into glass at the design
capacity rate. The viscosity constraint at 1100°C and the electrical conductivity constraints at 1100 and
1200°C are specified in Engineering Specification for Low Activity Waste Melters, 24590-LAW-3PS-AE00-
T00001, Rev. 4. The bases for glass viscosity constraint at 1150°C discussed for IHLW algorithm
(Appendix G in 24590-HLW-RPT-RT-05-001, Rev. 0) also applies to the ILAW algorithm. The viscosity
constraint is in the form of two ranges with upper and lower limits (20 P < ;50 < 80 P and 10 P <7190 < 150
P). Since viscosity increases with decreasing temperature, a glass meeting the lower viscosity limit at
1150°C of 20 P cannot fail the lower viscosity limit at 1100°C of 10 P. Therefore, only three of the four
constraints need to be calculated. The electrical conductivity constraint is in the form of a range with an
upper and lower limit over a range of temperatures (0.1 S/cm < &1199 < 0.7 S/cm and 0.1 S/cm < g1 < 0.7
S/cm). Only the two extremes: 0.1 S/cm < 199 and €190 < 0.7 S/cm are considered because conductivity
increases with temperature.

The constraints related to glass properties (PCT, VHT, viscosity, and electrical conductivity) are expressed
based on UCCI or LCCI, B or B, discussed in Section 4.2.3. The equations for property predictions

ucci ucci

and uncertainties needed to calculate the UCCI or LCCI were given in Sections 4.1 and 4.2.

The UCCI or LCCI for glass properties in Table 10 are calculated using the glass property-composition
models, which are subject to the model validity constraints. Three types of model validity constraints were
developed by Piepel et al. (2007): single component, glass property, and multiple components.

oxide in
Table 11 summarizes the model validity range for glass composition in the MFPV batch ( g;‘” P, expressed

as single component concentrations after applying retention factors (v, ).

Table 11 also includes a column for constraints already imposed by formulating glasses following the glass
formulation rules discussed in Section 5.1.3. For many components the glass formulation rules limit the
target concentration to a fixed value or range of values, which is within the model validity range, and
therefore the model validity constraint is not applicable. The last column in specifies applicability of the
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model validity constraint depending on the model validity range and constraints predetermined by glass
formulation rules.

In addition to the lower and upper bounds on the LAW glass components in

Table 11, the multiple component and glass and melt property constraints restrict the composition region of
validity for LAW glass property models. The glass and melt property model validity constraints given in
Table 12 indirectly constrain the valid LAW glass composition region. Note that the glass and melt property
model validity constraints are expressed without considering uncertainties, i.e., in terms of property values

(P” ) not UCCI or LCCI (B or B”"). The multiple component model validity constraints given in

Table 13 specify the allowable combinations of glass components in the composition region of validity for
LAW glass property models. Some of these property and multiple component model validity constraints in
Table 12 and Table 13 do not restrict the composition region (last columns) beyond that defined by the
constraints in .

oxide in

Table 11. Model Validity Range for g,jl "V (Single Component Constraints in Mass Fraction)

Component Model valldley Constrain.t by glass M(c)(()lr?lt‘;‘z;liil(litity
Min Max formulation rules applicable?

ALO; 0.035 0.090 Min at 0.061 Yes
B,0; 0.060 0.131 Fixed at 0.100 No
CaO 0 0.105 Max at 0.070 No
Cl 0 0.0091 Max at 0.015 Yes
Cr,03 0 0.0059 Max at 0.0063 Yes
F 0 0.0035 Max at 0.049 Yes
Fe,0; 0 0.080 Fixed at 0.055 No
K,O 0 0.054 Max at 0.050 No
Li,O 0 0.058 Max at 0.043 No
MgO 0 0.050 Max at 0.029 No
Na;0 0.025 0.230 1\1\2:;( o %‘251‘(‘) No
P,O:s 0 0.030 N/A Yes
SiO, 0.384 0.521 N/A Yes
SO; 0 0.010 Max at 0.0077 No
TiO, 0 0.030 Fixed at 0.014 No
ZnO 0.010 0.054 Fixed at 0.035 No
Zr0O, 0 0.050 Fixed at 0.030 No
Sum of Minors® 0 0.0028 N/A Yes

N/A: not applicable
(a) Sum of all components not listed individually in this table
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Table 12. Model Validity Constraints for Glass and Melt Properties

Model validity
Property Constraint constraint
applicable?
PCT-B PP <1n[2.7 (g/L)] Yes
PCT-Na PPN <In[2.7 (g/L)] Yes
VHT P <In[1100 (um)] No
9259.90 s 14705.60
Viscosity at T'(°C) -5.65+——"—< P <-775+———(In[P)) No
7311.55 : 4869. 65
Electrical at T (°C) 3.75-———< P’ <410 —————(In[S/cm]) No
Table 13. Model Validity Multiple Component Constraints (in Mass Fraction)
Composition Model validity
Componen s Constraint constraint
p applicable?
oxide in oxide in oxide in
Li,0 and Na,0O 0.0466-0.5237gy 0 < &0 <0.0827 02839217, Yes
oxide in oxide in oxide in
Cr0; and P20s | —0.0018+0.21028;7" < iy <0.0017+0.3226g,7" Yes
oxide in oxide in oxide in
Na,O and CaO 0.1261-1. 5048g~gg7 < Q%FIZV] <0.3191-1.5048 ~gf0p[]] Yes
oxide in oxide in
Li,O and CaO gé‘%"j/ <0.0282+0. 4565g~é§§f§ Yes
oxide in oxide in oxide in
Na;,0 and 805 | 0.0947-18.8088g, ) <gwio,; <0.3161-18.8088g5, Yes
oxide in oxide in oxide in
Li;0 and SO; —-0.0410+6. 5263§§40FPJV < gﬁ{g’ﬁ <0.0306+ 6.5263g%’;‘7 Yes
oxide in oxide in oxide in
Na,O and SiO, 0.6024-1.3287g50" < gyro <0.8050-1.3287g " Yes
4.3.2  Constraints Not Related to Glass Properties

Additional constraints not related to glass properties include waste Na,O loading (Specification 2.2.2.2),
radionuclide concentration [waste classification and activities of *’Sr and '*’Cs in glass; Specification 2.2.2.8
and contract Section C.7 (d).(1).(ii1)], and canister surface dose rate (Specification 2.2.2.9). The equations
for these constraints will be derived later in Section 5.1.6 after introducing all the equations needed. The
details of the relevant contract Specifications will also be discussed in Section 5.1.6.
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5 Calculation Steps

The following subsections present the detailed calculation steps discussed in Section 3. Figure 4 shows the
detailed process flow diagram for algorithm Steps 1 through 5 discussed in this section.

Figure 4. Process Flow Diagram for Algorithm Steps 1 through 5

Step 1 — Formulate glass and calculate LAW transfer volume
(Section 5.1)

la -Evaluate and convert CRV analytical data (5.1.1, 5.1.2)
1b -Estimate target glass composition (5.1.3)
1¢ -Calculate glass and radionuclide compositions (5.1.4)
1d -Calculate LAW transfer volume (5.1.5)
le -Calculate constraints (5.1.6)
1f -Adjust target glass composition (5.1.7)

y

Step 2 — Calculate GFC transfer masses and dilution water
volume (Section 5.2)

A

A 4

Step 3 — Calculate final composition and properties
(Section 5.3)
3a -Calculate final glass composition (5.3.1)
3b -Calculate constraints (5.3.2)
3¢ -Perform MFPV composition check (5.3.3)

Step 4 — Will
glass meet
constraints?

(Section 5.4)

Yes

Step 5 — Complete
Production Records
(Section 5.5)

The solution of the equations described in this Section and their application to processing and product quality
determination are illustrated in Section 6 for example waste compositions.

5.1 Step 1 - Glass Formulation and Calculation of LAW Transfer Volume

Step 1 uses the composition of CRV waste, volume of heel from the previous MFPV batch, and composition
of GFCs to calculate the volume of waste to transfer from the CRV to the MFPV.

Figure 5 shows the detailed process flow diagram for algorithm Step 1 calculations. The target glass
composition is formulated (5.1.3) from the waste composition data (Sections 5.1.1 and 5.1.2). The resulting
target glass composition is used to further calculate Step 1 glass and radionuclide compositions (Section
5.1.4) and LAW transfer volume (Section 5.1.5). The Step 1 glass and radionuclide compositions and LAW
transfer volume are then used to calculate all constraint quantities discussed in Section 4.3 (Section 5.1.6). If
all constraints are met, the calculated LAW transfer volume based on the corresponding target glass
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composition is provided to the operators of the LAW Vitrification facility so that the waste from the CRV
can be transferred to the MFPV. If any of the constraints is not met, the target composition is adjusted
(Section 5.1.7) and calculations described in Sections 5.1.4 through 5.1.6 are performed again to formulate
the glass that meets all constraints so that the waste transfer from CRV to MFPV can be initiated.

Figure 5. Process Flow Diagram for Algorithm Step 1 Calculations

Evaluate and convert CRV analytical data (5.1.1, 5.1.2)

y

Estimate target glass composition (5.1.3)

A 4

Calculate Step 1glass and radionuclide compositions (5.1.4) |«

Adjust target glass composition (5.1.7)

A 4

Calculate LAW transfer volume (5.1.5) *
No

A

Are all

Calculate constraints (5.1.6) constraints met?

Yes

Transfer waste from CRV
to MFPV

5.1.1 CRYV Analytical Data Screening and Evaluation

The LAW is transferred from the TCP in the pretreatment facility to one of two CRVs in the LAW
vitrification facility. The CRV is then sampled, and samples are analyzed at the analytical laboratory. The
analytical data from the LAW CRYV samples are screened and evaluated prior to calculating glass
formulation. The evaluation of results from blanks and standards will be performed at the analytical
laboratory according to their procedures (not yet developed) (Integrated Sampling and Analysis
Requirements Document (ISARD), Dodd and Arakali 2008, 24590-WTP-PL-PR-04-0001). The analytical
data will then be screened before they are averaged and entered to the LAW formulation algorithm. The data
screening will include, at a minimum,

e  Outlier Identification— According to current plans (System Description for LAW Concentrate
Receipt Process (LCP), Taki and Hirzel 2004, 24590-LAW-3YD-LCP-00001, Rev 1) three samples
will be taken from each CRV batch and analyzed for each analyte. Standard statistical tests for
outlying data will be used.

e Trending Evaluation—The trending analyses are not calculated in this report. It is assumed that
prepackaged statistical process control (SPC) software will be used during production.

An operator will be alerted for intervention if there are any potential concerns.
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The LAW in CRYV is analyzed in two steps (Dodd and Arakali 2008): LAW 1a sample is first analyzed for
major components/radionuclides and then LAW 1b sample is analyzed later for minor components. The
LAW 1b analytical results are not required for glass formulation, but will be used if available.In the event
that the LAW 1b analyses are not available, the glass formulation will be performed based on LAW 1la
analyses, but the production records will be completed using both LAW 1a and 1b samples.

5.1.2  CRYV Analytical Data Conversion

The analytical data from the CRV samples will be obtained from the laboratory information management
system in the form of chemical analyte concentrations and radionuclide activities per unit volume. The mass

element in
of component i per unit volume of the " CRV batch is given by cliRV (in pg/mL = mg/L). The activity
rad in

of radionuclide analyte i per unit volume of the @ CRV batch is given by R;RV (in pCi/mL = mCi/L).

Concentrations of some LAW components will be measured both chemically and radiochemically (then,

element in

CIZRV is a sum of concentrations of all isotopes). The data for such components will be compared to the

method detection limits (MDL) and minimum quantification limits (MQL) for the individual analytes. If the
mass of an element, 7, (e.g., i = uranium) from chemical analyses is greater than its MQL mass, then the
chemical analyses results will be used in the mass balance for that element regardless of the accuracy of the
radiochemical analyses results. Further, for consistency that concentration will be used to rescale the
concentrations of each isotope of that element measured by radiochemistry (e.g., i = *°U, *U, **U, **U...)
using the ratio of each isotope. If the chemical analysis result is below the MDL and the radiochemical
analyses results are above the MDL, then the chemical component’s concentration will be set to the sum of
the concentrations of the isotopes (converted to mass units). Finally, if the chemical analysis result is
between the MDL and the MQL and the radiochemical analyses results are above the MDL, then the values
with the lowest associated uncertainties will be used.”) For analytes with concentrations reported as less
than the MDL, a concentration of zero will be used in the mass balance equations. All components with
concentrations reported below the MQL but above the MDL will use analytical results with the appropriate
flags assigned to them.

Multiple samples (currently three samples) are collected and analyzed for each CRV batch. The algorithm
uses the average concentrations from multiple samples analyzed®. As discussed in Section 1, each CRV
batch will generate roughly from 3.5 to 15 MFPV batches depending on sodium molarity of waste and waste
loading in glass. The CRV waste becomes diluted by the addition of two types of flush water added to the
CRV. The sample line flush water is added after samples are taken from CRV, which is performed once per
each CRV batch. The CRV-MFPYV line flush is performed after each waste transfer. Then, the composition
of CRV batch after accounting for the flush water additions is given as:

element in element in

CRV  _ —CRV
Ciam =Cy A (18)

where dlementin - _concentration of the i™ component in the m™ transfer waste transferred from the @™
Cidm CRV to MFPV (mg/L waste)

@) This analytical data “sorting” is done outside of the ILAW formulation algorithm, i.e., the chemical and
radiochemical data are “sorted” before they are entered into the algorithm.

@ The averaging of analytical data is performed outside of the ILAW formulation algorithm and the average values are
entered into the algorithm.
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concentration of the i component in the waste of the @™ CRV batch averaged over

element in
—CRV = samps in
C id CRV

n, samples analyzed (mg/L waste)

1 = dilution factor caused by the addition of flush waters for the m™ transfer waste
n " transferred from the 4™ CRV to MFPV

The dilution factor is calculated from:

working
VCRV
— d _
ﬂdm ~ working sampflush for m= 1
CRV CRV
Viw VW,
19)
current (
VCRV
d,m-1
= - >
ld’" ﬂd ,m—1 current transflush for mz 2

CRV CRV
I/d,m—l + I/ai,m—l

where  working = working volume of the d™ CRV measured before the sampling line flush water is
d working

added to the CRV (L). The nominal value of VR is50,085 L (Table 1). The

heel
CRYV working volume for each CRV batch includes the CRV heel volume (VdCRV)
batch
required for normal operation plus the CRV batch volume (VdCRV ) transferred from

TCP.

sampflush

VdCRV = volume of the sampling line flush water used for the @" CRV batch (L)

dilution factor caused by the addition of flush waters for the m-I1"™ transfer waste
ﬂd,m_l = transferred from the d" CRV batch to MFPV (dilution factor for the waste
transferred previously)

current

VdCRZ = current volume of the 4" CRV measured after the m-1" waste transfer to MFPV (L)

ransfush - yolume of the CRV-MFPV transfer line flush water used for the @" CRV after the m-
Vima I"™ waste transfer to MFPV (L)

current

The waste transfer from the CRV will continue until the volume of remaining current CRV waste ( Vd(ff;z )

is less than the volume required for next transfer (assuming the same volume used in the previous transfer)
plus nominal CRV heel volume (15581 L, see Table 1). The waste from the other CRV will be used if

current transwaste heel
CRV CRV CRV
I/d,m—l < Vd,m—l + V (20)
current lh th
where VdCR v L current volume of the & CRV measured after the m-/"" waste transfer to MFPV (L)
,m—
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franswaste

VdCR v | = volume of the m-I™ transfer waste transferred from the @™ CRV to MFPV (L)

el volume of the @™ CRV heel required for normal operation (L). The nominal value
VCRV = heel

of V* is 15,581 L (Table 1).

The ILAW formulation algorithm uses waste compositions in the form of mass fractions of glass oxides.
The analytical data are converted from mg/L to the mass fraction of a glass oxide by:

element in

oxide in CRV
" _ Cam S 21
g idm T oxidesin ( )
CRV .
ny element in

CRV
Z cidm -f;

i=1

where oxdein_ mass fraction of the i"™ glass oxide in the m™ transfer waste transferred from the "
g

in  CRV to MFPV (g oxide per g CRV oxides)

£ _ oxide conversion factor, i.e., mass to the i"™ glass oxide per mass of the i element,
! listed in Table A-1 (unitless)

; - th - th h
gementin - _concentration of the ;™ component in the m™ transfer waste transferred from the d'

Cidm ~ CRV to MFPV (mg/L waste)
oxides in
ndCRV = number of glass oxides tracked in the " CRV batch

The concentration of total glass oxides in the waste is given by:

oxides in

element in

oxides in Z Cli'iy f;
R == (22)
1000(mg/g)

oxides in

where Cj:fV is the concentration of total glass oxides in the m™ transfer waste transferred from the 4"

CRYV to MFPV (g oxides per L waste) and the remaining notations are as defined in Equation (21).

A chemical component will be carried through the mass balance equations for each of the elements present
in the radiochemical analyses. The concentration of each individual isotope, however, will be calculated on
an activity per mass of glass basis.

For radionuclides, specific activities (4;) are used to convert radionuclide activities to masses for inclusion in
the mass balance:

rad in
element in D CRV
CCRV _ R[d A’dm (23)
idm - A

1
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where g;"f"’ in-_ concentration of the i radionuclide in the m™ transfer waste transferred from the "
Cidm CRV to MFPV (mg/L)

udim  activity (per unit volume) of the i"™ radionuclide in the waste of the &" CRV averaged
ECRV = samps in
id over ngRV samples analyzed (mCi/L)

A4 = dilution factor for the m™ transfer waste transferred from the @ CRV to MFPV.

m

A; = specific activity of the i radionuclide, listed in Table A-1 (Ci/g)

element in

The resulting ¢

idm

values are converted to mass fractions of glass oxides by Equation (21). The mass

fractions of glass oxides in waste are then used for subsequent calculations. The radionuclides that have
nonradioactive elements analyzed chemically are already included in the chemical components.

rad in

For all radionuclides, the average activity per unit volume of the CRV batch (I_QI.SRV in mCi/L) is converted

to the activity per unit mass of glass oxides in waste by

) _radin
&R Jan 24)
oxides in
ci
rad in
where a’, is the specific activity of the /" radionuclide in the m™ transfer waste transferred from the d"

CRYV to MFPV (mCi/g oxides) and the remaining notations are as previously defined.

5.1.3  Estimation of Target Glass Composition

oxidein
e MFPV initial
The initial glass composition ( g Anitia

Sections 5.1.1 and 5.1.2 using the methods defined by Muller et al. (2004) and supplemented by CCN
150795. The glass formulation rules generate a unique glass composition based on waste composition,
which calculates the maximum Na,O concentration from waste in LAW glass that satisfies all the rules. The
basis of the method by Muller et al. (2004) is interpolation using previous successful glass compositions.
Fifteen glass compositions that were formulated by Vitreous State Laboratory for the immobilization of a
full range of Hanford LAW streams are the basis for interpolation. Each of these glasses met all glass
quality and processability constraints and was successfully processed at increasing scales, up to the Duratek
pilot melter. These glasses not only met the numerical constraints (Table 2), but were also successfully
processed at pilot scale; thereby demonstrating that non-constrained variables were appropriate for large-
scale, continuous, production. The key parameters for this method include the mass fractions of Na,O, SO;,
and K,O in the CRV waste transferred to MFPV. These glass formulation rules were supplemented by two
sets of additional rules described in CCN 150795, with one set based on the mass fractions of Cl, F, and SO;
and the other based on the mass fractions of Cr,03, K,O, and P,Os in the CRV waste transferred to MFPV.

) is estimated from the waste composition data obtained in
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The first step in this method (Muller et al. 2004) determines the acceptable concentration of Na,O in the final
oxide in

glass ( gJA\;ZI;I,/j ) by the following rules (Figure 6 through Figure 8) (concentration in target® wt% in glass):

Na,0-S0s- K,O rules (Muller et al. 2004) (concentration in target wt% in glass)

1. Na,O must be at or below 21 wt% in glass.

2. Na,O must be at or below the value of 35.875 wt% minus 42.5 times SO; wt% in glass.
3. SO; must be at or below 0.77 wt% in glass.

4, NayO plus 0.66 times K,0O must be at or below 21.5 wt% in glass.(é)

Cl-F-SO; rules (CCN 150795) (concentration in target wt% in glass)

5. Cl plus 0.3 times F must be at or below the value 1.4656 wt% minus 2.1111 times SO; wt% in glass
if SO; in glass is at or below 0.59 wt%.

6. ClI plus 0.3 times F must be at or below 0.22 wt% in glass if SO; in glass is above 0.59 wt%.

Cr,03-K,0-P,0Os rules (CCN 150795) (concentration in target wt% in glass)

7. Cr,05 in glass must be at or below 0.63 wt% and K,0 in glass must be at or below and 5 wt%.
8. If P,Os in glass is below 2.79 wt%, and K,O in glass is at or below 0.54 wt%, Cr,O5 in glass must be
at or below 0.63 wt%.
9. If P,Os in glass is below 2.79 wt% and K,O in glass is between 0.54 wt% and 5 wt%, Cr,0O; in glass
must be at or below 0.08 wt%.
oxide in
The preliminary minimum Na,O mass fractions in glass from the Na,O-SO;-K,0 rules ( gZA\ZIFZZ{/j?p rel ) and

oxide in

from the CI-F-SOs; rules ( g%i g:]?p "2 for the /™ MFPV batch can be expressed as a function of the

component mass fractions in the CRV waste:

oxide in
oxiden 0.35875 Zar 0.215
MFPV ,pre-1 _ __ - : Na,O,dm :
Na,0,j =min 02 1’ oxidein ° 00077 oxidein ° oxidein (25)
CRV CRV CRV
50, .d S0, .d 8k,0.d
14+42.5 =224 P 14+0.66 -2
oxide in oxide in
CRV CRV
Na,O,dm Na,O,dm

©) The term “target” was used to note that the concentrations are based on assumed 100% retention in glass.

©® The 0.66 scale factor is meant to adjust for differences in molecular masses of Na,O and K,O.
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prdein 0.014656 0.0022 .
Na,0,j = max oxide in oxide in oxide in oxide in ( )
CRV CRV oxide in CRV CRV
&cran 0385 4 g &cran 0385 4
SOy ,dm
oxide in + 21 1 1 1 oxide in oxide in
CRV CRV CRV
Na,O,dm gNaZO,dm gNazO,dm
oxidein

where g% is the mass fraction of the i glass oxide in the m™ transfer waste transferred from the d" CRV
to MFPV (g oxide per g CRV oxides), which supplies waste to the /" MFPV batch. The preliminary

oxide in
.. . . MFPV =3\
minimum Na,O mass fraction in glass from the Cr,0;-K,0-P,0s rules ( 8 Na,0 ;” ") is expressed as a

function of component mass fractions following the logics defined by the rules 7 through 9:

oxide in
MFPV ,pre-3
Na,0,j
oxide in ]
CRV initial
chy I 20,0279,
) e 00054 005 | 005 |
if| g% W% > 0.0008,— > 05 05
g CryOy,dm"" j * 2 oxidein ° oxide in 2 oxide in
CRV CRV CRV
K,0.dm  8K,0,dm 8k,0.dm
oxide in oxide in oxide in
CRV CRV CRV
. Na,O,dm gNaZO,dm gNaZO,dm
= min . E
oxide in
CRV initial
g Wi <.0.0279,
| B e 00054 00008 0.0063 | 0.0063
1 gKZO,dm J > 0. > oxidein > oxidein > oxidein
CRV CRV CRV
Cr,05,dm gCr203 ,dm gCr203 ,dm
oxide in oxide in oxide in Q] (27)
CRV CRV CRV
Na,O,dm gNazO,dm gNaZO,dm

where W;’"tial is the initial waste loading for the ;™ MFPV batch determined from the Na,0-SOs-K,0 and

oxide in oxide in
CI-F-SO; rules ( gﬁig'jj?” ! and g%ig’/j?p ""2) by Equations (25) and (26), WJ.'"”"K is the minimum waste

™ The output of if(A, B, C) function is given as: if(A, B, C) equals B if the logical test A is true and if(A, B, C) equals
C if the logical test A is false.
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loading for the /™ MFPV batch when 0.54 wt% of K,O limit is assumed, and Wﬁma is the minimum waste
loading for the /™ MFPV batch when 0.08 wt% of Cr,O; limit is assumed, which are calculated as:

oxide in oxide in
: MFPV ,pre—1 MFPV ,pre=2
mny &yeo,;  >8na0.;
2V 2]
Win[lial _
J

oxide in (28)
CRV
Na,O,dm
oxide in oxide in O 005 4
min MFPV , pre—1 MFPV ,pre-2 .
Na,0,j > & Na,0,j 2 oxide in
CRV
8k,0.dm
oxide in
gCRV
minK _ Na,O,dm
I/Vj - oxide in (29)
CRV
Na,O,dm
oxide in oxide in O 0008
min MFPV , pre—1 MFPV ,pre=2 .
Na,O,j > & Na,0,j > oxidein
CRV
gCr203 ,dm
oxide in
CRV
min,Cr __ Na,O,dm
I/Vj - oxide in (30)
CRV
Na,O,dm

Then, the preliminary minimum Na,O mass fraction in glass determined from all the formulation rules is
given as:

oxide in oxide in oxide in oxide in
MFPYV ,pre __ . MFPYV ,pre-1 MFPYV ,pre-2 MFPYV ,pre-3
NayO,j = min gNa20,j > S Nay0,j > & Nay0,j (3 1)

The waste loading is defined as the mass fraction of glass that originated from the material in the CRV. The
wastein
MFPYV initial

G;

initial waste loading ( ) is calculated according to:

oxide in

wastein gMFPV?pre
GMFPV,initial _ ONa,0,j (32)
J - oxide in
CRV
Na,O,dm

oxidein
The initial glass composition (gé” PV-nitialy for the /™ MFPV batch is calculated by the following equations
(Muller et al. 2004):
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oxidein wastein oxide in
ng}fj}initial = max {006 1, Gﬁj\/[FPV,initialgjigs’dm} (33)
oxidein
a0, =0.100 (34)
oxidein
Crop ;" =0.055 (35)
oxidein
Sron " =0.014 (36)
oxidein
Emo " =0.035 (37)
oxidein
gggf,l/j,[nitial — 0030 (38)
oxidein oxidein
Shuo, " = max { Cyao 0.054} (39)
VP it NPV it CRY
Jinitia Jinitia,
d= 8Nw0.) +0.66G; 8K,0.dm (40)
oxidein it 0 05 5
Genoy M =0.015+ o1 (41)
I+exp| ———
0.02
%Ilg;gl,initial = max {if (1 00d — 54)2 <1.0.043|1- (1 00d — 54)2 v 0 leg’el?finitial gcléall/ein (42)
£n0 12.75% T 2.75 T BL1,0.4m
oxidein
. 0.0149
MFPYV initial
> =0.0148+ (43)
Bu0. 1+ exp(100d —9)
oxidein ’ wastein ; gxide in
MEFPV initial __ MFPV initia RV
i - Gj g idm (44)
{i # AL,Oy, B,0;,Ca0, Fe,0;, Li,0,MgO, Na,0, SiO,,TiO,, ZnO, ZrO, }
g
%?]g;/n,initial _ 1 _ : %Ilg]fll/n,initial 45
8sio,.; = 2 8 (45)
i=1,i#Si0,
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oxidesin
MFPV

y is the number of glass oxides tracked in the mass balance calculations for the /™ MFPV batch.

where n

It is assumed that the radionuclide constraints will be met through the WTP process control strategy (24590-
WTP-3YD-50-00002). The algorithm will confirm this assumption for each MFPV batch by calculating the
constraint quantities from analyzed activities of radionuclides in the CRV and comparing them with the
limits.

oxide in
Figure 6. Schematic of Na,0-SO;-K,O Rules for gffai o
25
Na,0<21 wt%
Na,0+0.66*K,0 <21.5 wt%
20 { ForK;0<0.76 wt% \
= For K,0 = 5.0 wt%
@)
- 15 1
g
=
g
E 10 A Na,0<35.875 - 42.5*SO; (in wt%)
Q
s
z.
5 4
S0, <0.77 wt%
0 T T T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

SO; (target) wt% in Glass
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oxide in

Figure 7. Schematic of CI-F-SO; Rules for glﬂvf; gj/?p "2 [H (Wt%) = C1 (Wt%) + 0.3*F (Wt%)]

Cr,0; (target) wt% in Glass

1.6

1.4 A

1.2 A

Lo H < 1.4656 -2.1111*SO; (Wt%)

0.8 -

0.6 -

0.4 -

H (= C1+ 0.3*F) (target) wt% in Glass

H<0.22 wt%

0.2 -

0.0 T T T T r . .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

SO; (target) wt% in Glass

oxide in

Figure 8. Schematic of Cr,03-K,0-P,Os Rules for gy 0"

0.7
Fail

0.6

Cr,0;=0.63 wt%

K,0 =5 wt%
0.5 A
04

Pass if P,05>2.79 wt%
0.3
02 ] Cr203=0.08 Wt%
K,0 = 0.54 wt%
0.1 1 /
Pass
0 T T T T
0 1 2 3 4 5

K,O (target) wt% in Glass
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oxidein
MFPV target

p ) for all components, i.e.

The resulting initial composition is set to target composition ( g

oxidein oxidein
MFPV target __ __ MFPV initial (46)

g y

and used to calculate the Step 1 glass and radionuclide compositions (Section 5.1.4) and waste transfer
volume (Section 5.1.5). The resulting GFC masses and waste transfer volume are used to calculate the
constraint quantities and compare them with the limits (Section 5.1.6).

5.1.4  Calculation of Step 1 Glass and Radionuclide Compositions

The target mass fractions for 11 GFC components are used to calculate the mass of each GFC required.
First, the contribution from waste to the concentration of GFC components is subtracted from the target
concentration in glass to obtain the target mass fractions to be supplied from GFCs according to

oxidein oxidein wastein oxide in
MFPV jarget-gfc __ _ MFPV target GMFPV,target CRV
ij i J idm (47 )

(i = 41,0,, B,0,,Ca0, Fe,0,, Li,O,MgO, Na,0, SiO,, TiO,, Zn0, ZrO, }

oxidein
MFPV target-gfc
i

batch (g per g MFPV oxides).

where g is the target mass fraction of the i glass oxide in glass from GFC for the /" MFPV

oxidein
Define the GFC composition vector t; = g;{FPV””rget'gf “ (g per g MFPV oxides), the 11x11 matrix of GFC
oxidein
composition H=m < (for i = AL,Os, B,Os, Ca0, Fe,03, Li,0, MgO, Na,0, Si0,, TiO,, ZnO, and Zr0,,

GFCin
g per g GFC including volatiles), and the preliminary GFC mass vector m; = M 134 FEV-pre (g GFC per g

MFPV oxides) is calculated as.

[ ) T
m, =(H'H) H't, (48)
... GFCin GFCs in
where m, — vectorof M ,yp e for n}™ GFCs in the /" MFPV batch (g oxide per g
MFPV oxides)
GrCin preliminary target mass of the £ GFC per g of glass to add to the /" MFPV

\ 7 MFPV ,pre ——
M i ! batch (g per g MFPV oxides)

oxidein

11x11 matrix of mgFC for GFC composition (for i = Al,O3, B,0O;, CaO,
H = Fe,0;, Li,0, Mg0O, Na,O, SiO,, Ti0,, ZnO, and ZrO,, k = corresponding GFC
per each glass oxide component, g per g GFC including volatiles)

oxides in : -th . . th . . .
GF’é _ mass fraction of the i glass oxide in the £~ GFC (g oxide per g GFC including

ik volatiles)
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oxidesin
MFPV

rn; components in the /™ MFPV batch (g

J

oxidein

MEFPV ,t t
— vector of g “ fo

oxide per g MFPV oxides)

target mass fraction of the i glass oxide in glass from GFC for the /" MFPV
batch (g oxide per g MFPV oxides)

®)

GFCin
\ 7 MFPV ,target
M €

_ ]?lggil/r'l,pre
=max | M; ,0 (49)

Because of Na,O and Li,O (not required from glass formulation rules) and some non-GFC components
added as impurities from other GFCs, calculation of glass composition for all components requires
normalization. The glass composition before applying the component retention factors is given by:

GFCsin
MFPV

wastein oxide in oxide in GFCin
MFPYV tar; et CRV GFC MFPV target
o G; g + E my M €
oxidein zdm
MFPV ,Stepl __
8 i T ovidein GFCsin (50)
MFPV ’\/IFI’V
nj wastein oxide in oxide in GFCin

oxidein
MFPV ,Stepl
i

where

wastein
GMFPV,target

oxide in
CRV

idm
GFCsin
MFPV
J

GFCin
M MFPYV target

oxide in
GFC
ik

’ GMFPV Jtar: get CRV
zdm

i=1

+ Z mGFC MMFPV Jtarget

mass fraction of the i glass oxide in the /™ MFPV batch from algorithm
calculation Step 1 before applying component retention factors (g oxide per g
MFPYV oxides)

target mass fraction of glass oxides originated from waste in the ;" MFPV batch
(g oxides per g glass)

mass fraction of the /" glass oxide in the m™ transfer waste transferred from the
d™ CRV to MFPV (g oxide per g CRV oxides)

= number of GFCs in the /" MFPV batch

target mass of ™ GFC per g of glass to add to the /™ MFPV batch (g GFC per g
glass)

= mass fraction of the /™ glass oxide in the A" GFC (g oxide per g GFC including

oxide in

GFC

volatiles). Here, unlike H in Equation (48), m;; includes all tracked

® For some formulations, the mass fraction of GFC from Equation (48) becomes negative if the target mass fraction in
glass is zero (applicable to Na,O and Li,O only-target mass fraction is greater than zero for all other GFC
components) when there are GFCs that contain these as impurities. For simplicity, an after-linear-regression

GFCin
* '+ MEPV . : : 1
M 8¢ > () was used in this case rather than a “constrained least squares” method. A comparison

constraint of

of the two methods showed little impact for the current GFC matrix, which has relatively small Na,O and zero Li,O
impurities. However, if GFCs were to include more significant impurities of these components then this evaluation
needs to be repeated or the “constrained least squares” methods may need to be adopted.
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components beyond the 11 GFC components.

exidesin_number of glass oxides tracked in the mass balance calculations for the ™" MFPV

n; batch

From Equation (50), the final waste loading in glass for the /" MFPV batch from algorithm calculation Step
1 after including the impurities from GFC is given as:

oxidein

MFPV
5 wastein oxide in
2 GMFPV starget _CRV

wastein gldm

MFPV ,Stepl __ i=1

G j T oxidein GFCsin (5 1)
MFPV M['PP
n; wastein oxide in oxide in GFCin
MFPYV tar, et CRV GFC MFPYV target
G/ gl 4 Z my' < My

1l
—_

wastein

GMFPV,Slepl

where is the mass fraction of glass oxides originated from waste in the /™ MFPV batch from

algorithm calculation Step 1, i.e., waste loading (g per g MFPV oxides).

Since many radionuclides and chemical components are partially lost to the offgas during melting, their
concentration in glass would be overestimated if it were assumed that the melt retained 100% of their mass
in the melter feed. A portion of the fraction emitted from the melter is captured in the offgas system and
recycled back to pretreatment. This recycling process will increase the concentration of such species in the
incoming feed, further exaggerating their estimated concentrations in glass. To help improve the estimate of

glass composition, a retention factor (v, ), equal to the fraction retained in the melt, is applied. The glass

composition after applying the component retention factors is:

oxidein
oxidein MFPV,Stepr
~ MFPV ,Stepl __ g i 57
i T oxidesin ( )
MFPV
n; oxidein

MFPV ,Stepl
> g v,

i=1

oxidein mass fraction of the i glass oxide in the /™ MFPV batch from algorithm
where gMFPV’Sfepl = calculation Step 1 after applying component retention factors (g oxide per g
ij
glass)

oxidein mass fraction of the /" glass oxide in the /" MFPV batch from algorithm

MFPV.Siepl = calculation Step 1 before applying component retention factors (g oxide per g
ij

glass)
exidesin_ npumber of glass oxides tracked in the mass balance calculations for the ™ MFPV
n; b
j atch

v, = retention factor for the i component (fraction) (listed in Table A-3)

1

The activity of radionuclides per unit mass of glass oxides in the /" MFPV batch before applying component
retention factors is given as:
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rad in radin  wastein
MFPV Stepl __CRV ~MFPV Stepl
aij - aidm Gj
rad in wastein
CRV MFPV ,Stepl
R 4,.G 33
_ hd dm = j
- oxides in
CRV
Cdm
rad in specific activity of the i radionuclide in the /™ MFPV batch from algorithm
where MFPV.Stepl = . . . ; .
i calculation Step 1 before applying component retention factors (mCi/g oxides)

radin - _ specific activity of the i™ radionuclide in the m™ transfer waste transferred from

Ligm the 4" CRV to MFPV (mCi/g oxides)

wastein (final) mass fraction of glass oxides originated from waste in the /" MFPV batch
GMFPY.Sepl = from algorithm calculation Step 1, i.e. (final) waste loading (g per g MFPV
J .
oxides)

udim  activity (per unit volume) of the i"™ radionuclide in the waste of the 4™ CRV
ECRV = scz‘zénps in
id averaged over n, ¥ samples analyzed (mCi/L)

A4, = dilution factor for the m™ transfer waste transferred from the " CRV to MFPV

oxdesin - concentration of total glass oxides in the m™ transfer waste transferred from the 4"
Com CRYV to MFPV (g oxides per L waste)

The specific activity after applying retention factors is given as:

rad in
radin MFPV,Stepr
~MFPV ,Stepl __ i i
az] T oxidesin (54)
MFPV
n; oxide in

MFPV ,Stepl
Z 8 Vi

i=1

radin

~MFPV ,Stepl

where a; is the specific activity of the i radionuclide in the /" MFPV batch from algorithm

calculation Step 1 after applying component retention factors (mCi/g oxides) and v; is the retention factor
for the i radionuclide (fraction).

5.1.5 Calculation of LAW Transfer Volume

The two key variables considered in material transfer to the MFPV for each batch are glass composition and
vessel volume. The concentrated LAW is transferred from the TCP (in PT) to one of two CRVs in the LAW
vitrification facility. Each CRV has a working volume of 13,231 gal (50,085 L) and a nominal batch size of
9,115 gal (34,504 L). LAW is transferred from the CRVs into each of two MFPVs in roughly four 2,300 gal
(8,700 L) batches (24590-LAW-3YD-LCP-00001, 24590-LAW-M4C-20-00002). Each MFPV has a
nominal working volume of 5,132 gal (19,426 L), which is a sum of the nominal batch of 3,400 gal (12,870

transwaste

L) and nominal heel of 1,732 gal (6,556 L). The target LAW transfer volume (VdfnRV ) from the CRV to
the MFPV is determined by comparing the anticipated melter feed volume with the remaining operating
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transwaste

capacity of the vessel. The determination of waste transfer volume (VdfnRV ) from CRV to MFPV needs to

account for the volumes of:
heel

= MFPV heel (V"""),

transflush

* CRV-MFPV transfer line flush water (VjMF oy,

sampflush
* MFPV sampling line flush water ( VJ.MF T,

GFC
= GFCs (V"™"),

dust
*  GFC dust control water ( V/MF 7,

sucrose

= Sucrose ( VjMFPV ),

dilute
: . MFPV
= Dilution water (V] ),

working

so that the combined volumes equal to the MFPV working volume (VjMF .

The volume contributions to the MFPV batch can be subdivided into three categories 1) the volumes

transwaste heel transflush sampflush transwaste
. CRV MFPV MFPV MFPV CRV
independent of V| suchas V V and V; , 2) the volumes dependent on V-
GFC dust sucrose transwaste
MFPV Stepl 17 MFPV ,Step] MFPV Stepl CRV
suchas V; LV “,and V] %", and 3) the volume dependent on V| as well as on
transflush sampflush dust dilute
MFPV MFPV MFPV : . MFPV ,Stepl : . .
V/ , V/ , and V/ , which is Vj P’ The equation for volume calculation in Step 1 of
ILAW algorithm is given as:
working transwaste GFC dust sucrose heel transflush sampflush dilute
MFPV CRV MFPV ,Stepl MFPV ,Stepl MFPV ,Stepl MFPV MFPV MFPV MFPV ,Stepl
v, =V, + P R A T +V, + P (55)

where working = working volume for the /™ MFPV batch (L). The MFPV working volume includes

MFPV
; heel
! the MFPV heel volume ( V].W """} required for normal operation plus the MFPV
batch working
batch volume (VjMFPV ) prepared. VJ.MFPV’””'"”'“I =12,444 L
transwaste
VdCRV = volume of the m™ transfer waste to be transferred from the 4™ CRV to MFPV (L).
V’%V stept total volume of GFCs to be added to the /™ MFPV batch in Step 1, i.c.,
J anFPSLw GFC GFC
z Vrrersert (L) where V,_(/MFPV’SMP " is the volume of £™ GFC to be added to the
k=1
GFCsin
™ MFPV batch (L) in Step 1 and n;”F " is the number of GFCs used in the /"
MFPYV batch.
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dust

JMEPY.Sepl = yolume of water added to control GFC dusting in the J™ MFPV batch in Step 1 (L)
J

sucrose

J MFPY Sepl = yolume of sucrose addition to the ™ MFPV batch in Step 1 (L)
J

heel
Y MFPY = yolume of heel in the ™ MFPV batch measured prior to waste transfer (L)
J

VZ}IF";;?,”S” _ volume of water used to flush the CRV-MFPV transfer line in the ™ MFPV batch
J

L)
sampflush . . . h
J MEPY volume of water used to flush the MFPV sampling line in the ;" MFPV batch (L)
j =
dilute, Stepl — volume of dilution water required to maintain satisfactory melter-feed rheological
Vj properties in the /™ MFPV batch in Step 1 (L)

Equation (55) assumes ideal mixing between slurry (waste and heel) and water (flush, dust control, and
dilution), i.e., the discrepancy by nonideal mixing of a small volume of water added to the large volume of
slurry is negligible.
working
Solving Equation (55) requires estimates of the various volumes. The VjMF P is given by
heel

24590-LAW-M6C-LFP-00001, Rev 1 as 19,426 L. The heel volume VjMFPV will be measured before each

transflush

transfer but has a nominal value of 6,556 L (24590-LAW-M6C-LFP-00001, Rev 1). The nominal V"""

sampflush

and V_/MFPV values depend on the MFPV and CRYV vessels used and are summarized in Table 14 (24590-

LAW-M4C-20-00002, Rev. 0). These nominal flush volumes are used for example calculations in this
report but the measured values will be used in the algorithm for plant operation. MFPV to MFV and MFV to
melter line flushes are not counted because they do not contribute to the MFPV volume.

Table 14. CRV-MFPV Line and Sampling Line Flush Nominal Volumes (L)

MFPV AND CRV VESSELS Vg%y;ush Vj‘%"gfljush
J J
For LFP-VSL-00001 from LCP-VSL-00001 37.5 175.3
For LFP-VSL-00001 from LCP-VSL-00002 28.4 175.3
For LFP-VSL-00003 from LCP-VSL-00001 66.2 247.2
For LFP-VSL-00003 from LCP-VSL-00002 40.5 247.2
GFC dust sucrose dilute

MFPV ,Stepl MFPV ,Stepl MFPV ,Stepl .
S S P! and VRO are estimated

The remaining volumes in Equation (55), V]MF PV, Stepl

transwaste

as a function of V" as described below.
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Section 5.1.3 describes the general method of determining the target mass fraction of glass oxides originated
wastein GFCin

from waste in glass (G;WPV’W“”” or waste loading) and mass of each GFC per g glass (M ,y FEV-1argety in an

GFC
MFPV batch required to calculate the VjMF PrSert yalue:

GFCsin oxide in GFCin

GFC transwaste ”}VFPV C;RV M]?’IF PV target
MFPV Stepl __ 1, CRV m kj
I/j - Vdm Z wastein (5 6)
k=1 GMFPV,target
j k
where oxdein_ concentration of total glass oxides in the m™ transfer waste transferred from the
Cin d™ CRV to MFPV, calculated by Equation (22) (g oxide per L LAW)
GFCin

M MEFPV warget = target mass of k™ GFC per g glass to add to the /" MFPV batch (g per g glass)

kj
st arger —  tArget mass fraction of glass oxides originated from waste from CRYV in glass
Gj for the /™ MFPV batch (g oxides per g glass)

P, = particle density of the k" GFC (g/L)

GFCsin

#MFPY = the number of GFCs in the /" MFPV batch

J

Equation (56) assumes that the volume of GFC in the MFPV slurry is equal to the specific volume (1/ P, ) of
each GFC particle multiplied by its mass (see Appendix F for details).

Water is added to control dusting of the GFCs at a constant ratio (4 wt%) to total GFC mass (24590-LAW-
M4C-20-00002, Rev 0). Since the dust control water volume depends on the mass of GFCs, it is also
dependent on the volume of HLW transfer to the MFPV, as shown in the following equations.

GFCsin
MFPV et,Stepl
il s QORI .
g 1000(g/L)
G o orC
dust transwaste n; LJtarget
 MFPV Stepl _ 17 CRV 0.04 "« C, M )
j =

dm 1 OOO(g/ L) kz:ll G;V/[a;;’e;"ftarget
J

GFCsin
where M yFPV’Wge”S“’p ' is the total target mass of GFCs in the /™ MFPV batch from algorithm calculation

Step 1 (g) and the remaining symbols are as previously defined.

Sucrose is used to control redox chemistry and ensure proper processing conditions in the melter. The
amount of sucrose is determined by setting the target ratio of carbon moles (from sucrose and total organic
carbon in the waste) to nitrogen moles (from nitrate and nitrite) equal to 0.75 (C/NOy = 0.75). The target
mass of sucrose is calculated according to Matlack et al. (2005):
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element in element in element in

T o CI?SV d g}g)yd Tcgg d MW 4.0
Jtarget __ sam 3,am ,am
M; =max<| 0.75 2 + - 222 1) , (59)
MWy, MWy, MW, |12(moles of C/sucrose)
2 3
.. sucrosein .
where M MEPY target = target mass of sucrose required per L of waste (g/L)
J

element in element in element in 1 1111 1 : 3 th
s Pt elem _ concentration of nitrite, nitrate, and total organic carbon in the m

CNO,.dm > ENOy.dm and Croc gy, transfer waste transferred from the ™ CRV to MFPV (g/L LAW)

MWy, MWy, , and MW, = molecular masses of nitrite, nitrate, and carbon (g/mole)

MW 4 o, = molecular mass of sucrose (g/mole)

transwaste .. sucrose in
sucrose CRV MMFPV,target
VMFPV,Stepl _ Tdm Jj
J -

(60)

psucrose

where p_ . is the particle density of sucrose (g/L) and the remaining symbols are as previously defined.

The particle densities of sucrose ( 0,,,,.. ) and GFCs ( p, ) are listed in Table A-12.

Dilution water may be required to lower the risk of cementation of the blended melter feed in the MFPV
and/or MFV. At low waste loading and high sodium molarities, the LAW melter feed was found to harden
and not be mixable or pumpable (Poloski et al. 2004, CCN 116150). To avoid this failure of the melter feed
preparation system, the WTP (CCN 116150) developed an empirical correlation between waste loading,
represented by waste Na,O mass fraction in glass, and sodium molarity ([Na]) in melter feed. Satisfactory
melter-feed rheological properties were found in feeds that followed the trend in Figure 9. This trend line is

used as a preliminary estimate of dilution water required to maintain the sodium molarity at the target (£,,,)
or below in melter feed:

oxidein

gMFPV,target + 00047

¢ _ S Na0,j

e 0.0249

(61)

oxidein

where glﬁéi‘g"/j?m’ge’ is the target Na,O mass fraction in the /" MFPV batch , given by Equation (46).

The target Na,O loading and total volume of water in a given MFPV vessel is then used to estimate the
dilute

required volume of dilution water ( VjMF PV.prey,

element in  transwaste
dilute CRV VCR 4 ( transwaste transflush sampflush dust
dm

C
VMFPV,Stepl = max Na,dm VCRV + VMFPV + V.MFPV + VMFPV,Stepl , O (62)
J 1000MW, 1 m / ’ ’

Na“[Nal,j

Page 64



ORP-56321, Rev. 0

element in

24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

where cf,ff;m is the sodium concentration in the m" transfer waste transferred from the @" CRV to MFPV

(mg/L waste), MW, is the molecular mass of sodium (=22.98977 g/mole), and the remaining notations are

as previously defined in Equation (55) and (61). This preliminary empirical correlation should be updated,
and is meant to reduce risk of an agitated MFPV system exceeding allowable rheological properties. Other
controls would be required to reduce the risk of MFPV system failure if agitation were not supplied.

Figure 9. Relationship between Sodium Molarity and Waste Loading for Successful Melter Feed

25.0%

3 3 8
£ 3 S

§

Wit% Na20 in Glass (less Na from GFCs)

The waste transfer volume (

Source: CCN 116150

Target Na Molarity of Pretreated LAW

franswaste

VdfnRV ) is obtained by solving Equations (55) through (62) iteratively.

From the waste transfer volume, the target masses of GFCs and sucrose are calculated

GFCin
where M]?{FPV,target,Stepl
J

oxides in
CCR Vv
dm

GFCin
MMFP V target
ki

oxides in . GFCin transwaste
GFCin CRV MEFPYV target7, CRV
MMFPV,target,Stepl _ Cdm Mk] Vdm (63)
ki - wastein
GMFPV,target
J
sucrosein sucrosein transwaste
MFPYV ,target,Stepl __ § gy MFPV ,target 17 CRV
M! =M! % (64)

target mass of A GFC to add to the /™ MFPV batch resulted from
algorithm calculation Step 1 (g)

concentration of total glass oxides in the m™ transfer waste transferred

= from the 4" CRV to MFPV, calculated by Equation (22) (g oxide per L

LAW)

target mass of A GFC per g glass to add to the /™ MFPV batch (g per g
glass)
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iranswaste_ yolume of the m™ transfer waste to be transferred from the " CRV to
Vim MFPV (L). Result of algorithm calculation Step 1.
wastein target mass fraction of glass oxides originated from waste from CRV in

GMFPV,target = th .
j glass for the ;" MFPV batch (g oxides per g glass)

Sucrosein. _ target mass of sucrose to add to the /™ MFPV batch resulted from
M Jtarget,Stepl = X X
j algorithm calculation Step 1 (g)

sucrosein

M MEPV.arget - = target mass of sucrose required per L of waste (g/L)
J

These target masses of GFCs and sucrose are used to calculate the GFCs and sucrose masses in algorithm
Step 2 using the measured waste transfer volume.

5.1.6  Calculation of Constraints for Algorithm Step 1

The equations to calculate the quantities for all constraints listed in Table 10 through Table 13 for algorithm
Step 1 are described in this section.

5.1.6.1 Glass Property and Model Validity Constraints

The constraints related to glass properties and model validities were discussed in Section 4.3.1. For property

predictions and calculations of prediction uncertainties, the g, for x”"” and x/,” in Equations (3) and (4)

oxidein
L ~ MFPV ,Stepl . . 1 .
is givenby g,;" " “’" from Equation (52). The model validity constraints are also calculated based on
oxidein
~ MFPV ,Stepl

i . Then, these x”” values are used in Equations (2), (5), (6), and (7) to calculate P”” and

Equations (8) through (11) to calculate U;'”’ . Composition uncertainty (U, ") is calculated following the

methods described in Section 4.2.2. For U cffm”’; calculation the mass balance equations given by Equation

(12) and (13) are rewritten based on the values for Step 1 calculation:

element in transwaste (V;[fo,}”
CRV fVCRV n; oxide in GFCin
Cidm i dm + z mGFC MMFPV,target,Stepl
oxidein 1000 / ik ki
MFPV ,Stepl _ (mg/g) k=1 65
g ij T oxidesin ( )
CRV .
ny element in transwaste
CRV CRV oxidesin  GFCsin
Cidm f I/dm ";WFPV ";‘/[FPV oxide in GFCin
i=1 + z z mGFC MMFPV,target,Stepl
ik kj
1000(mg/g) P
oxidein
oxidein gMFPV,StepIV
~ MFPV ,Stepl __ ij i
g = (66)
: oxidein

MFPV ,Stepl
2 & Vi
i=1
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mass fraction of the /" glass oxide in the /" MFPV batch from algorithm

oxidein

where gMFPV,Sfepl = calculation Step 1 after applying component retention factors (g oxide per g
Y glass)
oxidein mass fraction of the /" glass oxide in the /" MFPV batch from algorithm

5MFPV.Sepl = calculation Step 1 after applying component retention factors (g oxide per g
q

glass)
dementin — _concentration of the i"™ component in the m™ transfer waste transferred from
Cidm the d" CRV to MFPV (mg/L waste)

oxide conversion factor, i.e., mass of the i glass oxide per mass of the /™
element

i

VZ%;W“W _ volume of the m™ transfer waste to be transferred from the d™ CRV to MFPV
dm (L)

GFCsin

#MFPY = number of GFCs used in the /" MFPV batch
J

mass fraction of the i glass oxide in the k" GFC (g oxide per g GFC

oxide in oxide in
mliFC ~ including volatiles). Here, unlike H in Equation (48), ml.fpc includes all

tracked components beyond the 11 GFC components.

GFCin

M VPV darsensert - target mass of k™ GFC to add to the /™ MFPV batch resulted from algorithm
g

calculation Step 1 (g)

Vv, = retention factor for the i component (fraction)

1

oxidesin - _ number of glass oxides tracked in the mass balance calculations for the a"

n, CRYV batch
oxidesin - number of glass oxides tracked in the mass balance calculations for the o
n; MFPYV batch

The results of PP, U™ and U”™ are used to calculate CL% UCCI or LCCI ( B””” or B”) for glass

pred > comp ucci ucci
properties (PCT, VHT, viscosity, and electrical conductivity) according to Equation (16) discussed in
Section 4.2.3.

Bprop,Stepl _ PPmp,Slepl +Upmp,Stepl +Upr0p,Slepl and Bpmp,Stepl — PPmp,Stepl _Upmp,Stepl _Upmp,Stepl (67)

ucci, j J pred,j comp, j leci, j J pred,j comp, j

where BPPSel _ CL% upper combined confidence interval for predicted “prop” s for the /™ MFPV
ucet,j batch from algorithm calculation Step 1 (in property model units)

CL% lower combined confidence interval for “prop” for the /™ MFPV batch from
= algorithm calculation Step 1 (applicable only to “vis” and “ec”) (in property model
units)

prop,Stepl
B leci, j

predicted “prop” transformed property values for the /™ MFPV batch from
= algorithm calculation Step 1, which includes In(rg, g/L), In(rn,, g/L), In(D, pm),
In(y7, P), and In(er, S/cm)

Stepl
P prop,
J
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model prediction uncertainty for “prop” for the j MFPV batch from algorithm
calculation Step 1 (in property model units)

composition uncertainty for “prop” for the /™ MFPV batch from algorithm
calculation Step 1 (in property model units)

Note that CL% UCCIs and LCClIs are expressed in the units of the model used to predict a property (e.g.,
In[g/L] for PCT responses). Hence, they can be used to assess whether property constraints (as discussed in

Section 4.3) are met.

In addition, the SD values for glass component mass fractions (s,

oxidein

gMEPV-Sterly for algorithm calculation Step 1

after applying retention factors are obtained by Monte Carlo simulations of Equation (66).

5.1.6.2

Waste Na,O Loading Constraint

The Contract (DOE 2000) Specification 2.2.2.2 requires that the Na,O mass fraction in glass that came from
waste Na,O be above 14, 3, and 10 wt%, for Envelopes A, B, and C waste products, respectively. The waste

oxidein
MFPV ,Stepl

Na,O loading in the /" MFPV batch from algorithm calculation Step 1, 8na00m,; - 18 calculated as:

oxidein

MFPV Stepl _
ENa,0(w),j

oxidein
MFPV ,Stepl
Na,O(w), j

where

oxide in
CRV
Na,O,dm

waste in
GMFPV Jtarget
J

2

V.

1

oxides in
MFPV
J

oxide in
CRV

g idm
GFCsin
MFPV
J

GFCin
\ f MFPV ,target
i)

oxide in waste in
CRV MFPV target
gNazO,dej e 68
oxides in GFCsin ( )
MFPV L X MFPV L X
j oxidein  wastein n oxide in GFCin

J
CRV MFPV ,target GFC  § 7 MFPV target
8aun G Vit 2 ‘, my M Vi
k=1

1l
—_

mass fraction of waste Na,O (waste Na,O loading) in the /™ MFPV batch from
algorithm calculation Step 1 (g per g glass)

mass fraction of Na,O in the m™ transfer waste transferred from the " CRV to
MFPV (g oxide per g CRV oxides)

target mass fraction of glass oxides originated from waste in the /™ MFPV
batch (g oxides per g glass)

fraction of the sodium in the @™ CRV batch that is classified as waste sodium
(unitless)

retention factor for the i component (fraction)

number of glass oxides tracked in the mass balance calculations for the ;"
MFPV batch

mass fraction of the i glass oxide in the m™ transfer waste transferred from
the d" CRV to MFPV (g oxide per g CRV oxides)

number of GFCs in the /™ MEPV batch

target mass of ™ GFC per g of glass to add to the /™ MFPV batch (g GFC per
g glass)
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mass fraction of the i glass oxide in the k" GFC (g oxide per g GFC

oxide in oxide in
mliFC ~ including volatiles). Here, unlike H in Equation (48), ml.fpc includes all

tracked components beyond the 11 GFC components.

The fraction of waste Na,O includes that originating from receipt of waste from the tank farm operator and

that used to wash and leach the HLW fraction of the waste in the PT facility. All other sources of chemically

added sodium (including that from GFCs) are non-waste Na,O. The operator must enter both @, and the
oxidein

MFPV

waste envelope from which the glass is produced to calculate gy, ., ;

/4%
waste Na,O, L™ .

and compare it to the lower limit of

5.1.6.3 Radionuclide Concentration Constraints

The Contract (DOE 2000) Specification 2.2.2.8 requires that the radionuclide concentrations in glass do not
exceed Class C limits as defined in 10CFR61.55 and the average glass concentrations of "*’Cs and *Sr be
lower than 3 and 20 Ci/m’, respectively. The Contract (DOE 2000) Section C.7 (d).(1).(iii) further requires
that the pretreatment unit operation remove '*’Cs from the filtered supernatant to achieve 0.3 Ci/m’ to
facilitate the maintenance concept established for the ILAW melter system.

The constraints related to radionuclide concentration limitations also need to consider uncertainties
originated from uncertain values used in mass balance equations. The specific activity of radionuclide in
glass is calculated by

rad in transwaste
radin D CRV CRV
MFPV ,Stepl __ Rid //{"di:lm (69)
ij T oxidesin
CRV .
ny element in transwaste
CRV CRV oxidesin  GFCsin
z cidm f;I/dm ”}VFPV ”}VFP’ oxide in GFCin
i=1 + z mlgFC MgFPV,target,Stepl
1000(mg/g) par
radin
radin MFPV,Stepr
~MFPV ,Stepl __ ij i
ai/' T oxidesin (70)
: MFPV
j oxidein
MFPYV ,Stepl
Z 8 Vi
i=1
rad in specific activity of the i radionuclide in the /™ MFPV batch from algorithm
Where aMFPV,Stepl = . . . A
ij calculation Step 1 before applying retention factors (mCi/g glass)
.. activity (per unit volume) of the i" radionuclide in the waste of the d" CRV
T CRV = samps in
i averaged over n, samples analyzed (mCi/L)
dilution factor for the m™ transfer waste transferred from the 4™ CRV to
Ain = MFPV

Vg“R”[j'WW" _ volume of the m™ transfer waste to be transferred from the ™ CRV to MFPV
dm (L)
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oxides in

CRV
n,

element in
CRV

idm

i

oxides in
MFPV
J

GFCsin
MFPV
J

oxide in
GFC
ik

GFCin
MMFPV,Iarget,Stepl
ki

radin
~MFPV ,Stepl
a; v

V.

1

oxidein
MFPV ,Stepl

&
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number of glass oxides tracked in the mass balance calculations for the 4"
CRYV batch

concentration of the i component in the m™ transfer waste transferred from
the d" CRV to MFPV (mg/L waste)

oxide conversion factor, i.e., mass of the i"™ glass oxide per mass of the i
element

number of glass oxides tracked in the mass balance calculations for the ;"
MFPV batch

number of GFCs used in the /" MFPV batch

mass fraction of the i glass oxide in the k" GFC (g oxide per g GFC
including volatiles).

target mass of ™ GFC to add to the /" MFPV batch resulted from algorithm
calculation Step 1 (g)

specific activity of the i™ radionuclide in the /™ MFPV batch from algorithm
calculation Step 1 after applying retention factors (mCi/g glass)

retention factor for the i component (fraction)

mass fraction of the i™ glass oxide in the /" MFPV batch from algorithm
calculation Step 1 after applying component retention factors (g oxide per g
glass)

Here, Equation (69) is used instead of Equation (53) so that the SD of specific activity of radionuclide in
glass can be calculated based on uncertain input values summarized in Table 9. The SD values for specific

rad in

~MFPV ,Step]

activity of radionuclide (5, ) for algorithm calculation Step 1 after applying retention factors are

obtained by Monte Carlo simulations of Equation (70).

The radionuclide concentration limits are based on the activity of each radionuclide either per unit glass mass
or per unit glass volume. The specific activity of radionuclides from Equation (54) and its SD are converted
to per unit glass volume using:

[radin radin glass in
2 MFPV ,Stepl __ ~MFPV ,Stepl _MFPV
a, =a; p; (71)
radin radin glass in
~MFPV ,Stepl __ ~MFPV ,Stepl S MFPV
Sij =Sy Pj (72)
where Jradin Stpl — activity of the /™ radionuclide per unit volume of glass in the /™ MFPV batch from
a; algorithm calculation Step 1 after applying retention factors (Ci/m’ glass)
~ﬁ%11311/, Stepl = speciﬁc.activity of the i" radipnuclide i.n the /" MFPV batch from algorithm
a; calculation Step 1 after applying retention factors (mCi/g glass)

glass in

pMFPV = density of glass in the /™ MFPV batch (g/L)

J
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vad in SD for the activity of the i radionuclide per unit volume of glass in the /" MFPV
SMFPY Sepl = batch from algorithm calculation Step 1 after applying retention factors (Ci/m’
Y glass)

i, sy — SD for the specific activity of the i radionuclide in the /" MFPV batch from
Siy algorithm calculation Step 1 after applying retention factors (mCi/g glass)

The relation between uncertainty and standard deviation is in general given as U = ks where U is the
uncertainty, s is the standard deviation, and £ is the expansion factor. The expansion factor for various
specifications (“spec”), k¥ is a function of the confidence level (CL), i.e., the &k value is 1 for 68.27% CL,
1.645 for 90% CL, 1.960 for 95% CL, 2 for 95.45% CL, 2.576 for 99% CL, 3 for 99.73% CL, etc.”’ The
requirements for "*’Cs and *Sr are satisfied if the following conditions are satisfied:

radin L radin
~MFPV ,Stepl rad ~ MFPV ,Stepl : 3
ap Pty rad gyt < 0.3 Cifm* (19 (73)
Cs,J GCs,j
radin radin
~MFPV ,Stepl 1 ~MFPV ,Stepl : 3
Ao, ; Pk Sng, “P* <20 Ci/m (74)

where £ is the expansion factor for radionuclide concentration specification.

radin

To demonstrate that the waste meets the classification of Class C waste or below, limiting values for 513” [

radin

and 53.4 *PV. listed in Table 15 and Table 16, are used.

Table 15. Long Lived Radionuclides Class C Limits

Radionuclide (i) ij , Ci/m® L', nCi/g
PTe 3

129 0.08

TRU® 100
2ipy 3,500
*2Cm 20,000

(a) Alpha emitting transuranic nuclides with half-life greater
than 5 years for Hanford LAW (24590-WTP-PL-RT-03-001)
= 57N, 38py, B9y, 240py, 2 Am, 22py, 25 Am, 25Cm, and
24Cm. The total alpha counting measured in LAW 1a
sample will be used instead of TRU activity calculated as
sum of acitivities of these nuclides measured in LAW 1b
sample.

© The Contract Specification 2.2.2.8 and Section C.7 (d).(1).(iii) do not specify the required confidence level.
19 The lower of two requirements, 3 Ci/m® for Contract (DOE 2000) Specification 2.2.2.8 and 0.3 Ci/m’ for Contract
(DOE 2000) Section C.7 (d).(1).(iii), is applied.
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Table 16. Short Lived Radionuclides Class C Limits
Radionuclide (j) Lf," , Ci/m®

ONj 700
Sr 7,000
BCs 4,600

According to 10 CFR 61.55:

(3)(iv) For wastes containing mixtures of radionuclides listed in [Table 15], the total concentration
shall be determined by the sum of fractions rule described in paragraph (a)(7) of [I0CFR61.55].
(4) Classification determined by short lived radionuclides. If radioactive waste does not contain
any of the radionuclides listed in [Table 15], classification shall be determined based on the
concentrations shown in [Table 16] ...

(5) Classification determined by both long- and short-lived radionuclides. If radioactive waste
contains a mixture of radionuclides, some of which are listed in [Table 15], and some of which are
listed in [Table 16/, classification shall be determined as follows: (i) If the concentration of a
nuclide listed in [Table 15] does not exceed 0.1 times the value listed in [Table 15/, the class shall
be determined by the concentration of nuclides listed in [Table 16]. (ii) If the concentration of a
nuclide listed in [Table 15] exceeds 0.1 times the value listed in [Table 15] the waste shall be
Class C, provided the concentration does not exceed the value shown in... [Table 16].

The first step to classification is then to determine if there are any radionuclides with measurable

radin radin
. ~ MFPV ,Stepl . ~MFPYV ,Stepl
concentrations (a; ! for PTc, "1, ®Ni, *Sr, and "*'Cs, or a; “’! for TRU, **'Pu, and ***Cm). If

non-zero values are present for radionuclides only in Table 15 or only in Table 16, then only those tables are
used for classification. If there are non-zero values for both tables, then Table 15 is used for classification if
any one radionuclide from Table 15 is greater than 10% of its associated limit. If no Table 15 radionuclide
has a concentration greater than or equal to its associated limit, then Table 16 is used for classification. The
sum of fractions rule is used for classification:

rad i
rad in ~1|f[FPnV ,Stepl
FLAEIF/PV Stepl _ Z l/ (forl _ 99TC and 129I)+
radin (75)
3 gyt «10°(nCi/mCi)
> T (for i = TRU, **'Pu, and **Cm)
radin
rad in GMEFPY Step!
SFS]f'jP viStepl — Z % (for i = ®Ni, *Sr, and "’ Cs) (76)
vad in sum of fractions of activity to the limit of each radionuclide for long-lived
where SFL/Z’FP v.sepl = radionuclides for Class C limit determination in the /" MFPV batch from
"’ algorithm calculation Step 1
vad in sum of fractions of activity to the limit of each radionuclide for short-lived

SFSZ‘L”PV Sl = radionuclides for Class C limit determination in the /" MFPV batch from
! algorithm calculation Step 1
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hadin, Stepl = activity of the /" radionuclide per unit volume of glass in the /" MFPV batch
a4 from algorithm calculation Step 1 after applying retention factors (Ci/m’ glass)
~3%%/, Stepl = speciﬁc.activity of the /" radipnuclide i.n the /" MFPV batch from algorithm
a; calculation Step 1 after applying retention factors (mCi/g glass)

74— upper limit for the activity of the i/ radionuclide per unit glass volume (Ci/m’
" glass)

J% — upper limit for specific activity of the i radionuclide (nCi/g glass)

u

rad in rad in
The standard deviations for SF, LAL”J Prosert and SFSJZFJ PVl are given as:
Lradin 2
2 | AMFPY Stepl
Z < | (fori="Tcand *T)+
- L
radSF in ! u
MFPV ,Stepl
= p , 77
3 | §HEPTSet «10°(nCi/mCi)
Z ! — (for i = TRU, **'Pu, and ***Cm)
i L,
radin 2
radSF in 3 SMFPV Stepl
syrSet = 1Y UL—“ (for i = ®Ni, *Sr, and "’ Cs) (78)
radSF in SD for the sum of fractions of activity to the limit of each radionuclide for long-
where SZF Pv.Sepl = lived radionuclides for Class C limit determination from algorithm calculation
" Step 1
radSF in SD for the sum of fractions of activity to the limit of each radionuclide for short-
SSAZFI') V.siepl = lived radionuclides for Class C limit determination from algorithm calculation
" Step 1
vadin SD for the activity of the i radionuclide per unit volume of glass in the /™ MFPV
SMFPY Sepl = batch from algorithm calculation Step 1 after applying retention factors (Ci/m’
1)
! glass)
_hadin opl = SD for the specific activity of the i radionuclide in the ;™ MFPV batch from
Siy algorithm calculation Step 1 after applying retention factors (mCi/g glass)
i, _ upper limit for the activity of the i™ radionuclide per unit glass volume (Ci/m’
“  glass)

[% = upper limit for specific activity of the i™ radionuclide (nCi/g glass)

The Class C limit is satisfied as long as the following two conditions are satisfied:
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rad in radSF in
MFPV ,Stepl rad _MFPV ,Step]
SFLLJ +k SiL; <1 (79)
rad in radSF in
MFPV ,Stepl rad  MFPV ,Stepl
SFy +k™sg <1 (80)

5.1.6.4 Surface Dose Rate Constraint

The Contract (DOE 2000) Specification 2.2.2.9 requires that the surface dose rate of the canister be at or
lower than 500 mrem/h. The ILAW PCP (24590-WTP-PL-RT-03-001) specifies that the compliance for this
constraint will be confirmed by monitoring the surface dose rate of each ILAW container using handheld
instrumentation or automated monitoring equipment prior to transfer for disposal. The surface dose rate
calculation will not be performed by ILAW formulation algorithm.

5.1.7  Adjustment of Target Glass Composition

If all constraints (with uncertainties factored in) calculated from the initial glass formulation in Section 5.1.3
are met, the result of waste transfer volume calculation in Section 5.1.5 becomes the final output of Step 1
calculation.

The original glass formulation rules developed by Muller et al. (2004), Equations (25) and (32) through (45),
were designed so that all the glasses formulated within these rules would pass all property requirements. It
was recently discovered that some glasses formulated by applying both the Muller et al. (2004) rules and
new rules (CCN 150795) fail the property and model validity constraints when applied to the present
algorithm (Piepel et al. 2007). There are three changes that are likely to contribute to this: (1) new models
with new model validity ranges (Piepel et al. 2007) have been implemented compared to the preliminary
models and model validity ranges used to formulate the Muller et al. (2004) rules, (2) new glass formulation
rules (CCN 150795) have been added, and (3) there have been changes in the projected composition of
wastes from those used as a basis for the development of the Muller et al. (2004) rules.

A glass formulation study was performed to identify the constraints that fail when formulated following the
steps described in Section 5.1.3 and then to develop the approach to adjust the target glass composition (i.e.,
deviate from the Muller et al. (2004) rules) using one set of the projected waste compositions. The same
waste compositions as used for example calculations in Section 6 were used (see Section 6 for detailed
description of the projected waste compositions). The results of this study are described below.

If the formulation fails one of the constraints, target Na,O loading or target glass composition needs to be
adjusted depending on which constraint is failed. The constraints that failed and the required adjustment for
each failed constraint are:

1. Single component model validity constraint for F (decrease Na,O loading)

2. Radionuclide concentration limits for *’Sr and '*’Cs and Class C limit for long lived radionuclides
caused by TRU concentration (decrease Na,O loading)

Multi-component model validity constraint for Na,O-SiO, (decrease Na,O loading)
Multi-component model validity constraint for P,O5-Cr,O; (decrease Na,O loading)
Multi-component model validity constraint for Li,O-SO; (decrease Li,O target concentration)

S kW

Multi-component model validity constraint for Na,O- SO; (increase Na,O target concentration from
GFC)

Upper limit for electrical conductivity at 1200°C (decrease Na,O loading)
Upper limit for viscosity at 1150°C (increase Li,O target concentration)
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There are waste compositions that fail additional constraints after the first adjustment of target Na,O loading
or glass composition to meet the initial constraint that failed. After each adjustment of target Na,O loading
or glass composition, the calculation of waste transfer volume and predicted properties with uncertainties
and all constraint quantities are calculated for adjusted formulation before next adjustment is calculated.

The adjustment of target Na,O loading or glass composition described above, which may not work for
different set of waste compositions, should be regarded as an intermediate solution. It is desirable to revise
the glass formulation rules or expand the model validity range so that compliant glasses can be formulated
without adjustment for all expected waste compositions, especially for those wastes that require significant
decrease of Na,O loading (i.e., waste loading). The decrease of waste loading increases the overall waste
treatment cost and for some wastes a large decrease of waste loading may lead to a failure of a contract waste
loading requirement. The equations used to adjust the target Na,O loading or glass composition are
described below.

If the initial formulation fails the constraints other than above listed or the adjustment described below does
not lead to a compliant formulation an interruption by qualified staff is required.

5.1.7.1 Adjustment of Target Na,O Loading

For the case of decreasing the target Na,O loading (#1, 2, 3, 4, and 7), the adjusted preliminary target Na,O

oxidein
. . MFPV ,pre—adj ~ : . .
concentration in glass (g NayO,; ) is given as:
oxidein oxidein oxidein
MFPV ,pre—adj __ _MFPV,pre _ _ MFPV adj (81)
Na,0,j — S Nay0,j Na,0, j
oxidein oxidein

where g]\%ig’/j?p " is the preliminary target Na,O concentration in Equation (31) and g?éi?jjﬁ”d/ (>0) is the

oxidein
adjustment of Na,O concentration. Then, the adjusted initial composition ( gf]‘.” Prmitialadi'y for the /™ MFPV

oxidein
MFPV , pre :
P with

batch is obtained by applying Equations (32) through (45) in Section 5.1.3 after replacing gy, . ;

oxidein

MFPV , pre—adj RTEREEIN L P .59 . o e ..
NayO,; and the superscript “initial” is replaced by “initial,ad;”. The adjusted initial glass composition
oxidein oxidein

( MEFPYV initial ,adj
i

MFPV target

) is then set to target composition ( g,

) for all components, i.e.

oxidein oxidein
MFPV target __ __MFPV initial ,adj
8ij =& (82)

and used to calculate the Step 1 glass and radionuclide compositions (Section 5.1.4) and waste transfer
volume (Section 5.1.5). The glass and radionuclide compositions and waste transfer volume are used to
calculate the constraint quantities and compare them with the limits (Section 5.1.6).

Equation (83) computes the ratios of loading and predicted properties (with their uncertainties) to their
corresponding limits (constraints) and ensures this ratio (after applying o ) is less than one. The method of

oxidein
MFPV ,adj

target Na,O loading adjustment is to find the g Nw,0,

value that satisfies the following equation through

iterative calculations:
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oxidein
~ MFPV ,Stepl
0.521- girr

oxidein oxidein
~ MFPV ,Stepl ~ MFPV ,Stepl __
)  Gan " =0.384

oxide in 5 s )
~MFPV
i

u

0.521-0.384 0.521-0.384

radin radin radin radin
~MFPV ,Stepl rad ~ MFPV ,Stepl ~ ~MFPV ,Stepl rad ~ MFPV ,Stepl
P+ ks v Y v

05, 0§y, 3¢y, j 3¢y, j

max

oxidein
where
y

oxidein
~MFPV
Lgi

u

oxidein

~ MFPV ,Stepl

5i0,,j

k rad

SFMFPV,Stepl +kmdSMFPV,Stepl

1—

1—

1—

1-—

~ MFPV ,Stepl
g“

b b

20 0.3

radSF in radin radSFin
MFPV ,Stepl d  MFPV ,Stepl
 SEMPPV Stpl . forad (MEPY St

SL,j >

)

rad in

LL,j LL,j

oxidein

(0.6024 ~1.3287 g0 s

oxidein
~ MFPV ,Stepl __
Na,O0,j

oxidein

j — (0,6024 -1 .3287gMFPV,Stepl

oxidein

[0.8050—1.3287 gurrr s

S0,

oxidein
~ MFPV ,Stepl

oxidein

(0.8050—1.3287 GV Sl

Si0,,j

]

J ~ 8 N0,
oxidein

] - [0,6024 -1 ‘3287g~,MFPV,Stepl

oxidein

[0.8050 -1 .3287g§fgﬁ5,&epl

S0,

oxidein

(o.zlozg*ggj?s‘epl —0.0018}

oxidein
5 MFPV Stepl __
Cr,0;,j

]

oxidein oxidein

[0.3226g~£f§i5’5’e”1 +0.0017)—(o.zlozg,ﬁjgjj’sfepl ~0.0018

oxidein
= MFPV Stepl
Ecno,.j

oxidein

(o.sz%gﬁjgi?&epl + 0.0017)

]

oxidein oxidein

(0.3226g§,j§ij’sfepl +0.0017)—(o.zlozg;jgijasfepl ~0.0018

ec1200,Stepl
ucci, j

In(0.7) ~

]

+0

(83)

mass fraction of the i glass oxide in the /™ MFPV batch from algorithm
calculation Step 1 after applying component retention factors (g oxide per g glass)

model validity upper limit for the mass fraction of the /™ glass oxide after

Cr,0;, F, P,0s, and Sum of Minors as given in
Table 11

applying component retention factors (g oxide per g glass) for i = Al,Os3, Cl,

mass fraction of SiO, in the /" MFPV batch from algorithm calculation Step 1

after applying component retention factors (g oxide per g glass)

expansion factor for radionuclide concentration specification
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radin
&MFPV,Stepl

y

radin
§MFPV,Step1

O8r,j

rad in
MFPV ,Stepl
SE

radSF in
MEFPV ,Stepl
LL,j

rad in

MFPV ,Stepl
SFSL,/

radSF in
MFPV ,Stepl
SL.j

ec1200,Stepl
ucci, j
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activity of the i radionuclide (i = *Sr or *’Cs) per unit volume of glass in the ;"
MFPYV batch from algorithm calculation Step 1 after applying retention factors
(Ci/m’ glass)

SD for the activity of the i radionuclide (i = *Sr or "*’Cs) per unit volume of
glass in the /™ MFPV batch from algorithm calculation Step 1 after applying
retention factors (Ci/m’ glass)

sum of fractions of activity to the limit of each radionuclide for long-lived
radionuclides for Class C limit determination in the /" MFPV batch from
algorithm calculation Step 1

SD for the sum of fractions of activity to the limit of each radionuclide for long-
lived radionuclides for Class C limit determination from algorithm calculation
Step 1

sum of fractions of activity to the limit of each radionuclide for short-lived
radionuclides for Class C limit determination in the /" MFPV batch from
algorithm calculation Step 1

SD for the sum of fractions of activity to the limit of each radionuclide for short-
lived radionuclides for Class C limit determination from algorithm calculation
Step 1

CL% upper combined confidence interval for predicted “ec/200” for the /' MFPV
batch from algorithm calculation Step 1 (in property model units)

a unitless constant larger than zero and typically smaller than 0.01"" introduced to
accommodate the variations resulting from Monte Carlo calculation of
composition uncertainties

If all constraints calculated from the adjusted target composition described above are met, the result of waste
transfer volume calculation in Section 5.1.5 becomes the final output of Step 1 calculation.

5.1.7.2

Adjustment of Target Li,O or Na,O Concentration

For the case of adjusting target concentration of Li,O or Na,O (#5, 6, and 8), the Equation (46) for Li,O or

Na,O is replaced by:

oxidein

Where gMFPV,target
g

oxidein
MFPYV initial
i

oxidein
MFPV ,adj
ij

oxidein oxidein

MFP PErs MFP i . .
» V initial +g° V.adj {l = LZZO’ NazO}

g y y

oxidein
MFPV target __

(84)

target mass fraction of the /" glass oxide in the /" MFPV batch (g oxide per g
MFPYV oxides)

initial mass fraction of the /™ glass oxide in the /" MFPV batch (g oxide per g
MFPV oxides)

adjustment made to the target mass fraction of the i glass oxide in the ;™ MFPV
batch to satisfy the constraint that failed (g oxide per g MFPV oxides). For

oxidein

Na,O ( g%%‘j}”di >0) the increase of Na,O is supplied from GFC not from waste.

! The required value of & depends on the number of simulations used in Monte Carlo calculation of composition
uncertainties. The value of 0.01 was sufficiently large for 5000 simulations.
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The method of target Li,O concentration adjustment to meet the multi-component model validity constraint

oxidein

for Li;0-SO; is to find the gifoli:’”d" value that satisfies the following equation through iterative
calculations:
oxidein oxidein
~K§§’S’epl - (6.5263§%T}/’S””1 -0.041 OJ
1 - oxidein oxidein ?
[6.5263§%§7’S’6p1 + 0.0306j - (6.5263§§g§7’5’6p1 - 0.0410}
max » » +0=1 (85)
(6.5263§%§7’&"p1 + 0.0306J - gﬁﬁj’s’@l
1 a oxidein oxidein
(6.5263(@%?7’&6”1 + 0.0306] - (6.5263(@%?3/’5’3”1 - 0.0410J
oxidein
where g;‘” PV-Serl s the mass fraction of the i™ glass oxide in the /™ MFPV batch from algorithm calculation

Step 1 after applying component retention factors (g oxide per g glass) and O is a unitless constant larger
than zero and typically smaller than 0.01 introduced to accommodate the variations resulting from Monte

Carlo calculation of composition uncertainties.

The method of target Na,O concentration adjustment to meet the multi-component model validity constraint

oxidein

+0=1 (86)

for Na,O-SOs is to find the g%i g:/?“‘g value that satisfies the following equation through iterative
calculations:
oxidein oxidein
Nlﬁv{z‘:g’jjfsmpl — (0.0947 -1 8.8088§%§7’”p1 j
1 o oxideins oxideins ’
~ MFPV ,Stepl ~ MFPV ,Stepl
(0.3 161 —18.8088g503,_,- ' ] —(0.0947 —18.8088gs03’j 4 J
(0.3161—18.8088§$Z~V’5@1]— o)

1—

oxidein

[0.3161 —18.8088§%§7’“€P1

H

oxidein

0.0947 —18.8088g "7 5!

S0;,j

)

The method of target Li,O concentration adjustment to meet the upper limit for viscosity at 1150°C is to find

87

oxidein
the g%ﬁ I;’“d’ value that satisfies the following equation through iterative calculations:
vis1150,Stepl
eXp(Bucci,j )+§:1
80
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where B'1P05! is the CL% upper combined confidence interval for predicted “vis1150” for the /™ MFPV

ucci, j

batch from algorithm calculation Step 1 (in property model units).

There are no changes in the waste loading and in target concentrations for all components other than that
being adjusted (Li,O or Na,0O) and SiO,. The change in the target concentration of the component being
adjusted is given by Equation (84), which results in the change of SiO, target concentration as:

oxidein oxidein oxidein

MFPV target _ _ MFPV ,initial _ _MFPV,adj {: _ 1
8sio,. el = 8sio,.j t — & ! {l = Li,0, NazO} (88)
oxidein
where gév_’g”{,m"get = target mass fraction of SiO, in the /" MFPV batch (g oxide per g MFPV oxides)
1y,
oxidein
g{gl”ﬂiﬂiﬁal = initial mass fraction of SiO, in the /™ MFPV batch (g oxide per g MFPV oxides)
1)
adjustment made to the target mass fraction of the i glass oxide in the ;" MFPV
%}d;{;’ﬂ g - batch to saggfy the constraint that failed (g oxide per g MFPV oxides). For
ij oxiaein X
Na,O (g?vf,f’;ﬁ‘"lf >0) the increase of Na,O is supplied from GFC not from waste.

If all constraints calculated from Section 5.1.6 based on the adjusted target composition described above are
met, the result of waste transfer volume calculation in Section 5.1.5 becomes the final output of Step 1
calculation.

5.2 Step 2 — Calculation of GFC Masses and Dilution Water Volume

waste

The actual waste volume ( VjMFPV ) added to the MFPV is obtained based on the volume change in the MFPV

as described in Appendix D. In Step 2, the measured waste transfer volume is used to calculate the masses
of GFCs and sucrose to add to the MFPV:

waste

GFCin GFCin MFPV
MMFPV,target,StepZ — MMFPV,target,Stepl J (89)
kj kj transwaste
CRV
Vdm
waste
sucrosein sucrosein MFEPY
MMFPV,target,StepZ — MMFPV,target,Stepl J (90)
J J transwaste
CRV
Vdm
GFCin target mass of A" GFC to add to the /™ MFPV batch in algorithm calculation
where MMFPV,target,SlepZ =
K Step 2 (g)
arCin target mass of ™ GFC to add to the /™ MFPV batch resulted from algorithm

MEFPYV arget,Stepl R
My calculation Step 1 (g)

ranswaste volume of the m™ transfer waste to be transferred from the @™ CRV to
Vim MFPV (L). Result of algorithm calculation Step 1.
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waste

yMFPY = measured volume of waste transferred from CRYV to the ™" MFPV (L)
J

;Z;‘jg;ezrge (Sipy — target mass of sucrose to add to the /™ MFPV batch in algorithm calculation
M J Step 2 (g)
sucrosein _ target mass of sucrose to add to the /™ MFPV batch resulted from algorithm

MFPYV target,Stepl R
M J calculation Step 1 (g)

If the volume of waste transferred is different from that calculated in Step 1, the volume of dilution water
also needs to be recalculated after accounting for changes in other process water volumes, including the
CRV-MFPV line flush water and dust control water (no change for MFPV sampling line flush water). After
waste is transferred from CRV to MFPV the CRV-MFPYV line is flushed and the flush water is added to

transflush

MFPV. The actual amount of CRV-MFPV line flush water (VJ.MF PV.measured y ' \ohich can be different from the

nominal values given in Table 14, is recorded and used for dilution water calculation. The volume of dust
control water is calculated from the result of Step 1:

waste

dust dust MFPV
VjMFPV,Stepz _ VjMFPV,Stepl : rj;mwam ©1)
VCR Vv
dm

where dust Step? = volume of water added to control GFC dusting in the /™ MFPV batch in

Vj algorithm calculation Step 2 (L)
ity sep — volume of water added to control GFC dusting in the 7" MFPV batch in

Vj algorithm calculation Step 1 (L)

ranswaste volume of the m™ transfer waste to be transferred from the & CRV to MFPV
Vim (L). Result of algorithm calculation Step 1.

waste

yMFPY = measured volume of waste transferred from CRYV to the ™" MFPV (L)
J

waste
The volume of dilution water is calculated following Equation (62) using the actual waste volume (VJ.MF 7y,

transflush
actual flush water volume used ( VI.MFPV’W”SW”[ ), and newly calculated dust control water volume

dust
MFPV ,Step?2
(Vs

elementin  waste
dilute CCRV VMF PV ( waste transflush sampflush dust
J

MFPV ,Step2 Na,di MFPV MFPV, sured MFPV MFPV ,Step2
I/j Step — a,am I/] +I/] measure +I/J +I/J tep j,o (92)

1000MW,1

Nal,j

dilute

where [ MEPV Sep2 = volume of dilution water required to maintain satisfactory melter-feed
J

rheological properties in the /™ MFPV batch in algorithm calculation

Page 80



ORP-56321, Rev. 0 24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

Step 2 (L)
clementin . concentration of Na in the m™ transfer waste transferred from the " CRV to
CNa,dm MFPV (mg/L Waste)

waste

yMEPY = measured volume of waste transferred from CRV to the ™" MFPV (L)
J

MW,,, = molecular mass of sodium (g/mole)

lina) = target sodium molarity of the melter feed (M)

sk wed — Measured volume of water used to flush the CRV-MFPV transfer line in the
4 7" MFPV batch (L)
sampflush —_volume of water used to flush the MFPV sampling line in the /" MFPV
Vj batch (L)
dust _ volume of water added to control GFC dusting in the /™ MEPV batch in

VMFPV,StepZ = . .
J algorithm calculation Step 2 (L)

The volume contributions of GFCs and sucrose are calculated from the ratio of target and actual waste
transfer volumes:

waste

SRy st _ v st Vo
ij e = I/J e t:unswuste (93)
Vin'®
ij e = I/J e t:unswuste (94)
Vin'®

The nominal working volume of MFPV is 19,426 L which includes nominal heel volume (6,556 L) and

waste transwaste

nominal batch volume (12,870 L). If VjMFPV > VdfnRV , the total volume of MFPV contents will increase

and need to make sure that the total volume is within the allowable volume increase. It is assumed that the
maximum allowable volume increase is the “High Operator Response” defined in 24590-LAW-M6C-LFP-
00001, Rev 1, which is 3,331 L (dV,, = 880 gal)."® For the purpose of the preliminary algorithm, the
allowable increase of the MFPV volume over the nominal working volume caused by the accidentally
increased waste transfer volume is assumed to be a half of this 3,331 L or 1,666 L."> Then, the total
increase of volume originated from increased waste transfer volume is expressed as:

2 This does not include the “Instrument Uncertainty” volume, dV, of 156 gal (591 L) in 24590-LAW-M6C-LFP-
00001, Rev 1.

U9 This is a preliminary assumption. The uncertainty in the volume transfer is not established yet. The current design
is to control the volume transfer based on the level measurements in CRV and MFPV. However, WTP is evaluating
the use of flow meter (to be installed primarily to check the flow to protect the pump) to control the waste transfer
volume. Once the control method is established, the waste transfer volume uncertainty can be accurately estimated
and it is likely that the waste volume transfer will be maintained within the nominal value.
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waste GFC dust sucrose heel
MFPV MFPV ,Step2 MFPV ,Step2 MFPV ,Step2 MFPV
S +V; TV TV TV

95)

transflush sampflush dilute

+ ijMFPV,measured + I/jMFPV + V;MFPV,StepZ _ 19, 426 < 1, 666 (L)

If the actual waste transfer volume was large enough to cause the total MFPV volume increase over the
allowable 1,666 L then the operator will be alerted for intervention."'

Half of this 3,331 L of “High Operator Response” volume is reserved for the volume uncertainty that
originates from estimating volume contributions from GFCs and sucrose. The volume contribution of GFC
materials and sucrose, different from that calculated based on particle density of materials, will depend on
the solubility in water, adhered or embedded air, and non-ideality of mixing soluble species. Appendix F
compiles and evaluates the volume contribution for the test slurry feeds found in the literature. Based on the
results of this evaluation it is likely that the half of the “High Operator Response” volume of 3,331 L, 1,666
L, is sufficiently conservative to make sure that the MFPV working volume does not increase over the “High
Operator Response”. If Step 3 (below) indicates a GFC adjustment is necessary, the remaining half of the
“High Operator Response” volume (1,666 L) may be used for this purpose.

5.3 Step 3 — Calculation of Final Glass Composition and Properties with Uncertainties

The actual measured volume of waste transfer, actual measured volumes of flush, batch control, and dilution
water, and the actual measured masses of GFCs are used to calculate the final composition and properties.

5.3.1 Final Glass Composition to Calculate the Final Glass Composition, the Final Waste
wastein GFCin

Loading (G}""""*?**) and GFC Mass per g Glass (M SISy are First Calculated:

oxidein  waste
; CRV MFPV
wastein C’ V
dm j

MFPV Step3 _
Gj - GFCsin oxides in (96)
L MFPV . GFC o
oxidein  waste n; GFCin ny; oxidein
CRV MFPV MFPV ,measured GFC
Co” VT ) | My 2 my
k=1 i=i
GFCin wastein
MFPYV ,measured __ (IMFPV ,Step3
GFCin M ki 1 G./
$ s MEPV Step3
M ki T GFCsin oxides in (97)
v MFPV GFC
n; GFCin ny oxidein
MFPV ;measured GFC
2 | My 2.
k=1 i=i
. . . .. . .th
wastein _ mass fraction of glass oxides originated from waste in the ;~ MFPV batch from

MFPV Step3
where Gj v algorithm calculation Step 3, i.e. waste loading (g per g MFPV oxides)

(9 Tt is unlikely that the MFPV volume increase by actual waste transfer volume increase would reach the allowable
1,666 L during normal operation.
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owdesin . concentration of total glass oxides in the m™ transfer waste transferred from the
Can d™ CRV to MFPV (g oxides per L waste)

waste

yMFPY - = yolume of waste transferred from CRYV to the ™ MFPV (L)
J

GFCsin

#MFPY = number of GFCs used in the /" MFPV batch

J

GFCin
M MFPY.measured = measured mass of k™ GFC added to the /" MFPV batch (g)
k

oxidesin . mass fraction of the i"™ glass oxide in the £™ GFC (g oxide per g GFC including

GFC = .
ik volatiles)
oxides in
noc = number of glass oxides in the £ GFC
GFCin mass of the k" GFC per g of glass in the /™ MFPV batch from algorithm

JFMEPY Step3 = . _
j calculation Step 3 (g per g MFPV oxides)

Then, the glass composition is given as:

(/F(:m

oxidein wastein oxide in oxide in GFCin
MFPV ,Step3 MFPV ,St 3 CRV GFC MFPV ,Step3
e R e o)

oxidein
MFPV ,Step3

where g is the mass fraction of the i glass oxide in the /™ MFPV batch from algorithm calculation

Step 3 before applying component retention factors (g oxide per g MFPV oxides) and the remaining
notations are as previously defined in Equations (96) and (97).

oxidein

~ MFPV ,Step3

The glass composition after applying retention factors ( g ) is given as:

oxidein
oxidein MFPV,Step3V
~ MFPV ,Step3 __ i i
ij T oxidesin (99)
’ MFPV
J oxidein

MEPV Step3
2 & Vi
i=l1

rad in

MFPYV ,Step3

The activity of radionuclides per unit mass of glass oxides in the MFPV batch (g; ) is given as:

rad in radin  wastein
MFPV,Step3 CRV GMFPV ,Step3
aij zdm
rad in wastein
DCRV MFPV ,Step3 100
R A, GV Ser (100)
oxides in
CCRV
dm
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where Wit ey — specific activity of the z.“h radionuclide in the 7" MFPV batch for algorithm
a; calculation Step 3 (mCi/g oxides)

radin_ specific activity of the i™ radionuclide in the m™ transfer waste transferred from

Ligm the &" CRV to MFPV (mCi/g oxides)

astein Siep3 — MAss fraction of glass oxides originated from waste in the /" MFPV batch from
Gj algorithm calculation Step 3, i.e. waste loading (g per g MFPV oxides)

activity (per unit volume) of the i"™ radionuclide in the waste of the @™ CRV
ECRV = samps in
id averaged over nfRV samples analyzed (mCi/L)

A,, = dilution factor for the m™ transfer waste transferred from the 4™ CRV to MFPV

oxidesin . concentration of total glass oxides in the m™ transfer waste transferred from the
Cam d™ CRV to MFPV (g oxides per L waste)

oxidein
~MFPV ,Step3

The specific activity after applying retention factors ( a; ) is given as:

rad in
radin MFPV,Step3V
~MFPV ,Step3 __ ij i
a; = i (101)
MFPV L
j oxidein

MFPV ,Step3
28 Vi
i=1

5.3.2  Constraints for Algorithm Step 3

The equations to calculate the quantities for all constraints listed in Table 10 through Table 13 for algorithm
Step 3 are described in this section. The same equations derived in Section 5.1.6 for algorithm Step 1 are
also employed using the symbols corresponding to algorithm Step 3.

5.3.2.1 Glass Property and Model Validity Constraints

For property predictions and calculations of prediction uncertainties, the g, for x”” and x2” in

oxidein
Equations (3) and (4) is given by gj” PV-5er3 from Equation (99). The model validity constraints are also
oxidein

calculated based on gf FPV-Sep3  Then, these x”” values are used in Equations (2), (5), (6), and (7) to

calculate P and Equations (8) through (11) to calculate U . Composition uncertainty (U™ ) is

calculated following the methods described in Section 4.2.2. For U”"” calculation the mass balance

comp

equations given by Equation (12) and (13) are rewritten based on the values for Step 3 calculation:
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GFCsin
MFPV

CCRV fVMFPV n; oxidein GFCin
idm it + Z mGFC MMFPV,measured
oxidein 1 000 / ik ki
MFPV Step3 _ (mg/g) k=l (102)
i "
ng element in waste
CRV MFPV oxidesin  GFCsin
Z Cidm ﬁ V] ”}VFPV "}VFPV oxide in GFCin
i=1 GFC MFPV ;measured
mg/g =l k=l
oxidein
oxidein MFPV Siep3,,
5 MFPV Step3 _ i i 103
) T (103)
i oxidein
MFPV ,Step3
28 Vi
i=1
oxidein mass fraction of the i glass oxide in the /* MFPV batch from algorithm
where MFPV.Sep3 = calculation Step 3 after applying component retention factors (g oxide per g
i
glass)
oxidein mass fraction of the i glass oxide in the /" MFPV batch from algorithm
5MFPV.Step3 = calculation Step 3 after applying component retention factors (g oxide per g
)
! glass)
gementin - _ concentration of the i™ component in the m™ transfer waste transferred from
Cidm the &" CRV to MFPV (mg/L waste)

oxide conversion factor, i.e., mass of the i glass oxide per mass of the i
element

J;

waste

Y MFPY = volume of waste transferred from CRV to the ™" MFPV (L)
J
GFCs in . th
MFPV = pumber of GFCs used in the ;" MFPV batch
J
mass fraction of the i glass oxide in the k" GFC (g oxide per g GFC

including volatiles). Here, unlike H in Equation (48), m,; includes all

i
tracked components beyond the 11 GFC components.

GFCin

M PV measwred = measured mass of k™ GFC added to the /" MFPV batch (g)
g

Vv, = retention factor for the /" component (fraction)
oxides in . . h
gRV = number of glass oxides tracked in the @" CRV batch
oxidesin - number of glass oxides tracked in the mass balance calculations for the o

MFPV
J

MFPV batch
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The results of P, U™ and U™ are used to calculate CL% UCCI or LCCI ( B””” or B”'”

pred > comp ucci ucci
for glass properties (PCT, VHT, viscosity, and electrical conductivity) according to Equation (16) discussed
in Section 4.2.3.

prop,Step3 __ pprop,Step3 prop,Step3 prop,Step3 prop,Step3 __ pprop,Step3 __ g 7 prop,Step3 __ 1 7 prop,Step3
Bucci,j - f’] + Upred,j + Ucomp,j and Blcci,j - Pj Upred,j Ucomp,j (104)

RrrovSter’ CL% upper combined confidence interval for predicted “prop” s for the /™ MFPV

where B batch from algorithm calculation Step 3

BrronSiep’ CL% lower combined confidence interval for “prop” for the /™ MFPV batch from
feci,j algorithm calculation Step 3 (applicable only to “vis” and “ec”

s predicted “prop” transformed property values for the /™ MFPV batch from
f;-p PSS = algorithm calculation Step 3, which includes In(rg, g/L), In(rn,, g/L), In(D, pm),
In(#7, P), and In(er, S/cm)

[ rerSers _ model prediction uncertainty for “prop” for the /™ MFPV batch from algorithm
pred.j calculation Step 3

prop.Siep3 - composition uncertainty for “prop” for the /™ MFPV batch from algorithm
comp.j calculation Step 3

The CL% UCCIs and LCCIs, expressed in the units of the model used to predict a property (e.g., In[g/L] for
PCT responses), are used to assess whether property constraints (as discussed in Section 4.3) are met.

5.3.2.2 Waste Na,O Loading Constraint

The waste Na,O loading in the /" MFPV batch from algorithm calculation Step 3 is calculated as:

oxide in waste in
oxidein CRV MFPV ,Step3
MFPV Step3 _ g N“20~d’”Gf @i (105)
NGO g ot
}‘ oxidein  wastein ”} oxide in GFCin
CRV MFPV Step3 GFC 3 'f MFPV ,Step3
8idm G_/ v, + 2 my M ;
i=1 k=1
oxidein 1 1 1 ith
where VEPY Step3 = mass‘fractlon of Waste Na,O (waste Na,O loading) in the j;©° MFPV batch from
ENa,0(w).j algorithm calculation Step 3 (g per g glass)
oxidein—_ mass fraction of Na,O in the m™ transfer waste transferred from the ¢ CRV to
8na,0.am  MFPV (g oxide per g CRV oxides)
waste in mass fraction of glass oxides originated from waste in the /" MFPV batch

GMFPV,Step3 = R X R R N
j from algorithm calculation Step 3, i.e. waste loading (g per g MFPV oxides)
fraction of the sodium in the 4™ CRV batch that is classified as waste sodium

w, =, "
4 (unitless)

Vv, = retention factor for the i component (fraction)

1

oxidesin_ number of glass oxides tracked in the mass balance calculations for the o

n; MFPV batch
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oxide in
CRV

g idm

GFCsin
MFPV
J

GFCin
'+ MFPV ,Step3
M,

oxide in
GFC
ik

oxidein
MFPV ,Step3
Na,O(w),j

The g

constraint.

5.3.2.3
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mass fraction of the i/ glass oxide in the m™ transfer waste transferred from
the d" CRV to MFPV (g oxide per g CRV oxides)

number of GFCs in the /™ MEPV batch

mass of the k" GFC per g of glass in the /" MFPV batch from algorithm
calculation Step 3 (g per g MFPV oxides)

mass fraction of the i glass oxide in the k" GFC (g oxide per g GFC

oxide in
GFC

including volatiles). Here, unlike H in Equation (48), m,; includes all

tracked components beyond the 11 GFC components.

value is compared to LEVN” to confirm that each MFPV batch meets the waste Na,O loading

Radionuclide Concentration Constraints

The specific activity of radionuclide in glass is calculated by

radin  waste
radin aCRV VMFPV
d
alT]JVFPV’Step:; = oxides in — ! (106)
CRV .
ny element in waste
CRV MFPV oxidesin  GFCsin
Z cidm f;l/j n}wm ”I/W'H oxidein GFCin
i=l1 + mgFC M]i\//IFPV,measured
1000(mg/g) =l k=l
radin
radin MFPV,Step3V
~MFPV Step3 _ i i
ij v = oxides in (107)
nj i oxidein
MFPV ,Step3
Z 8ij Vi
i=1
di . « . .th . . . +th .
where a;jF%/’ Step3 spe01ﬁc'act1V1ty of the i radlor}ucllde in .the j " MFPV bgtch from algorithm
ij calculation Step 3 before applying retention factors (mCi/g glass)
radin - _ specific activity of the i radionuclide in the m™ transfer waste transferred
idm from the 4™ CRV to MFPV (mCi/g oxides)
waste th
J MEPY volume of waste transferred from CRYV to the j~ MFPV (L)
J
oxdesin-_ number of glass oxides tracked in the mass balance calculations for the d"
d CRYV batch
gementin - concentration of the i™ component in the m™ transfer waste transferred from
Cidm the & CRV to MFPV (mg/L waste)

. . . .th . .th
oxide conversion factor, i.e., mass of the i glass oxide per mass of the i'
element
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oxidesin - number of glass oxides tracked in the mass balance calculations for the jh

n; MFPV batch

GFCsin

#MFPY = number of GFCs used in the /" MFPV batch
J

oxide in : .th . . th .
oxidein —_ mass fraction of the i glass oxide in the £ GFC (g oxide per g GFC

ik including volatiles).

GFCin
M}i‘_lFPV,meawed = measured mass of k" GFC added to the /" MFPV batch (g)
]

e, eps — SDecific activity of the i radionuclide in the /™ MFPV batch from algorithm
a; calculation Step 3 after applying retention factors (mCi/g glass)

Vv, = retention factor for the i component (fraction)

1

oxidein mass fraction of the i glass oxide in the /™ MFPV batch from algorithm
MFPY.Step3 = calculation Step 3 after applying component retention factors (g oxide per g
ij

glass)

oxidein
§MFPV,Step3

The SD values for glass component mass fractions (s ) and radionuclide concentrations

radin
( ~MFPV ,Step3
ij

simulations of Equations (103) and (107) respectively.

) for algorithm calculation Step 3 after applying retention factors are obtained by Monte Carlo

The specific activity of radionuclides from Equation (101) and its SD are converted to per unit glass volume
using:

radin radin glass in
~;/1FPV,Step3 _ ~3/[FPV,Step3 IMFPV (108)
radin rad in glassin
SMFPV ,Step3 _ wMFPV ,Step3 MFPV
i =Sy Pj (109)
where hadin, Step3 = activity of the /™ radionuclide per unit volume of glass in the /™ MFPV batch from
a; algorithm calculation Step 3 after applying retention factors (Ci/m’ glass)
J%;;”V’ Step3 = speciﬁc.activity of the " radipnuclide i.n the /" MFPV batch from algorithm
a; calculation Step 3 after applying retention factors (mCi/g glass)
glass in

MFPV
J

density of glass in the /" MFPV batch (g/L)

SD for the activity of the i radionuclide per unit volume of glass in the /" MFPV

rad in
§i1]}4FP v.siep3 = batch from algorithm calculation Step 3 after applying retention factors (Ci/m’
‘ glass)
_radin, Step3 — SD for the specific activity of the i radionuclide in the /" MFPV batch from
Sij algorithm calculation Step 3 after applying retention factors (mCi/g glass)
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radin radin

. . .o ~MFPV ,Step3 d = MFPV ,Step3 <3
The requirements for '*’Cs and *°Sr are satisfied if ar. . %> + k™3 P2 < 0.3 Ci/m” and

137C5,j 137CS,€

radin rad in

=~ MFPV ,Step3 d = MFPV ,Step3 23 d - . . .
Ao, P+ kS, e “P> <20 Ci/m” where k™ is the expansion factor for the radionuclide

concentration specification.

radin
To demonstrate that the waste meets the classification of Class C waste or below, limiting values for c’iinPV

rad in

and d;ﬁ PV listed in Table 15 and Table 16 given in Section 5.1.6.3, are used.

The first step to classification is then to determine if there are any radionuclides with measurable

rad in rad in

concentrations (513.” PVSieps - gor #Te, 11, ©Ni, *°Sr, and *’Cs, or 513.” PV.8e3 for TRU, **'Pu, and **Cm). If
non-zero values are present for radionuclides only in Table 15 or only in Table 16, then only those tables are
used for classification. If there are non-zero values for both tables, then Table 15 is used for classification if
any one radionuclide from Table 15 is greater than 10% of its associated limit. If no Table 15 radionuclide
has a concentration greater than or equal to its associated limit, then Table 16 is used for classification. The
sum of fractions rule for algorithm calculation Step 3 is given as:

rad in

rad in 2 AMFPV Step3
SE)PSers =N i (fori = ”Tcand ’I)+
i "
radin (1 10)
3 ~MFPV Step3 6 : :
a, x10” (nCi/mCi)

z : — (for i = TRU, **'Pu, and ***Cm)

i L,

rad in
rad in 3 ~MFPV Step3

SFyIrvses 2NV — (for i = “Ni, Sr, and 'Cs) (111)

L
vad in sum of fractions of activity to the limit of each radionuclide for long-lived
where SFLALmD v.sip3 = radionuclides for Class C limit determination in the /" MFPV batch from
N algorithm calculation Step 3

vad in sum of fractions of activity to the limit of each radionuclide for short-lived
SFSJKEP v.sp3 = radionuclides for Class C limit determination in the /" MFPV batch from
N algorithm calculation Step 3

nadin, Step3 = activity of the i/ radionuclide per unit volume of glass in the ;" MFPV batch
a@; from algorithm calculation Step 3 after applying retention factors (Ci/m’ glass)
Y Step3 = speciﬁc.activity of the i radipnuclide i.n the /" MFPV batch from algorithm
a; calculation Step 3 after applying retention factors (mCi/g glass)

@ — upper limit for the activity of the i radionuclide per unit glass volume (Ci/m’
u glass)

J% = upper limit for specific activity of the i radionuclide (nCi/g glass)

u
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rad in rad in
fogl MFPV ,Step3 MFPV ,Step3 .
The standard deviations for SF; /* " and SFy ;" are given as:

radin 2

2 | AMFPV Step3

< | (fori="Tcand ®I)+
LY

radSF in i u
MFPV Step3 _
Het B : > (112)
radin
3| 515 5 10° (nCi/mCi)
2| Z (for i = TRU, **'Pu, and ***Cm)
i Lll’
radin 2
radSF in 3 :_MFPV,Step3
s St = I3 | (fori = “Ni, *Sr, and '’ Cs) (113)
i Lu’
radSF in SD for the sum of fractions of activity to the limit of each radionuclide for long-

where SZF? v.sep3 = lived radionuclides for Class C limit determination in the ;" MFPV batch from
7 algorithm calculation Step 3

radSF in SD for the sum of fractions of activity to the limit of each radionuclide for short-
SRRy Siep3 = lived radionuclides for Class C limit determination in the ;" MFPV batch from
7 algorithm calculation Step 3

vadin SD for the activity of the i radionuclide per unit volume of glass in the /" MFPV

§;VFP v.siep3 = batch from algorithm calculation Step 3 after applying retention factors (Ci/m’

glass)
_radin, Step3 — SD for the specific activity of the i radionuclide in the /' MFPV batch from
Sij algorithm calculation Step 3 after applying retention factors (mCi/g glass)

i, _ upper limit for the activity of the i"™ radionuclide per unit glass volume (Ci/m’
" glass)

1% — upper limit for specific activity of the i radionuclide (nCi/g glass)

rad in radSF in rad in radSF in
o . . MFPV Step3 d MFPV Step3 MFPV ,Step3 d _MFPV Step3
The Class C limit is satisfied if SFLle SIS g | Sy ; %> <1 and SFS“ L+ kT Ssi.; P <1.

5.3.24 Surface Dose Rate Constraint

As mentioned in Section 5.1.6.4, the surface does rate calculation will not be performed by ILAW
formulation algorithm.

5.3.3 MFPV Composition Check
The MFPV contents including heel and newly added MFPV batch will be sampled and analyzed for major

glass components (ISARD sample point = LAW6). The glass composition of working MFPV (batch + heel)
is calculated as:
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oxidein batch oxidein  heel
oxidein MFPV Step37, MFPV MFPVwy, MFPV
MFPVw __ gi/ I// + gﬁj*l I// (l 14)
ij - batch heel
MFPV MFPV
v +V,
J J
oxidein i th i . th . i
where gMFPVW = mass fraction of the i~ glass oxide in the j© working MFPV (g oxide per g glass)
y
oxidein mass fraction of the i" glass oxide in the /" MFPV batch from algorithm

MFPV . Step3 = calculation Step 3 before applying component retention factors (g oxide per g
Y MFPV oxides)

batch
yMFPY = yolume of the /" MFPV batch (L)
J

oxidein

M@‘;VW = mass fraction of the i glass oxide in the j-I™ working MFPV (g oxide per g glass)
1, ]—

heel
yMFPY = yolume of heel in the /™ MFPV batch measured prior to waste transfer (L)
J

waste
V MFPV
J

The MFPV batch volume is calculated as a sum of measured waste transfer volume ( ), measured

dust transflush sampflush dilute

VJMFPV,mesured , V;MFPV,measured , I/JMFPV,measured and V;MFPV,measured

water volumes ( ), estimated volume

b

GFC sucrose

: : MFPV ,Step3 MFPV ,Step3
contributions by GFC and sucrose (V; > and V; P>

batch waste GFC dust sucrose
MFPV MFPV MFPV ,Step3 MFPV, d MFPV ,Step3
V. =V +V. P4V mewret P74
J J J J J (1 1 5)
transflush sampflush dilute
VMFPV,measured + VMFPV,measured + V'MFPV,measured
J J J
Volume contributions by GFC and sucrose are estimated from measured GFC and sucrose masses
GFCin sucrose in
(MIQ{FPV,nzeasured and MjMFPV,measured ):
GFCin GFCin
GFC nyFPV MFPV ,measured
MFPV ,Step3 ki
e e (116)
J
k=1 Pk
sucrose in
sucrose MFPV ,measured
MFPV ,Step3 j
e s (117)

psucmse

where p, and p,,,., are the densities of " GFC and sucrose, respectively.
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The estimated glass oxides content in the MFPV (after completing batch preparation, “estimated” because
the volume contributions of GFCs and sucrose are estimated) is given as:

oxides in
where CMFPY
J

oxides in
CCR vV
dm
waste

MFPV
i

wastein
GMFP V,Step3
J

batch
V MFPV
J

Then, the estimated glass oxides content (

MFPYV is given as:

oxidesin
where CMFPYw
J

oxides in
C MFPV
J

batch
MFPV
4

oxidesin
C MFPVw
j-1

heel
MFPV
Vj

oxidesin  waste
oxides in gR 4 VMFPV
MFPV m j
Cf - wastein batch (1 1 8)

MFPV Step31, MFPV
G; Vi

= concentration of total glass oxides in the /" MFPV batch (g oxides per L)

_ concentration of total glass oxides in the m™ transfer waste transferred from the 4"
CRYV to MFPV (g oxides per L waste)

volume of waste transferred from CRV to the /" MFPV (L)

mass fraction of glass oxides originated from waste in the /" MFPV batch from
algorithm calculation Step 3, i.e. waste loading (g per g MFPV oxides)

= volume of the /" MFPV batch (L)

element in
MFPVw

i

oxidesin
CMFP Vw
J

) and elemental composition (¢ ) in the working

oxidesin  batch oxidesin  heel
oxidesin MFPV VMFPV + CMFPVWVMFPV
CMFPVW — J J j-1 j (1 19)
J batch heel
MFPV MFPV
V: +V:
J J
oxidein  oxidesin
elementin MFPVw —~MFPVw
g& G

.A./[FPVW _°y g (120)

! i
1

= concentration of total glass oxides in the /™ working MFPV (g oxides per L)

concentration of total glass oxides in the /™ MFPV batch (g oxides per L)

= volume of the /™ MFPV batch (L)

= concentration of total glass oxides in the j-/™ working MFPV (g oxides per L)

volume of heel in the /™ MFPV batch measured prior to waste transfer (L)
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element in

cMFPPw = concentration of the i/ element in the /" working MFPV (mg/L)
i

oxidein

MFPVw = mass fraction of the i™ glass oxide in the /" working MFPV (g oxide per g glass)
i

. . . .th . -th
J; = oxide conversion factor, i.e., mass of the i"" glass oxide per mass of the i"" element

elementin

The resulting Cl{/‘.{FPV’Worki"g
performed on the differences between the analytical results and calculated values to detect potential errors in
the MFPV batch preparation, e.g., weighing of GFCs. The trending analyses are not calculated in this report.

It is assumed that prepackaged statistical process control (SPC) software will be used during production.

values are compared with the analytical results. Trending analyses will be

5.4  Step 4 — Comparison of Final Composition and Properties with Constraints

The resulting constraint quantities are compared to their limits discussed in Section 4.3. If any of the
constraints is not met, an operator will be alerted for intervention. For product quality related properties
(e.g., those properties required to meet Contract Specification 2) this comparison is a hold point for transfer
of melter feed to the MFV. Once the comparison is successful, the hold point is lifted.

5.5 Step 5 — Completion of Production Records

The production records for ILAW will include portions related to the container, the waste form, and the
containerized waste form. This section discusses the calculations required to generate those portions of the
production records related to the waste form.

Production records document the composition of the waste forms and demonstrate that they meet all the
related specifications from the WTP Contract (DOE 2000). The specifications and an overview of the WTP
project’s strategy for complying with the specifications are contained in the ILAW Product Compliance Plan
(PCP) (24590-WTP-PL-RT-03-001). Piepel et al. (2005) developed statistical methods for implementing the
compliance strategies to meet several specifications. Those equations and methods were adapted in several
parts of the formulation algorithm.

ILAW product requirements are listed in Specification 2.2.2 of the contract (DOE 2000). A series of
calculations are performed based on the final glass composition for each MFPV batch. Those requirements,
which are not described here (2.2.2.1, 2.2.2.3 through 2.2.2.5, 2.2.2.10 through 2.2.2.16, 2.2.2.18, and
2.2.2.20 through 2.2.2.22), are not related to the glass composition and so are not addressed through these
calculations (24590-WTP-PL-RT-03-001).

The requirements that will be satisfied, at least partially, by the production records are listed in Table 17.
The calculations used to generate these parts of the production records are discussed in the following
subsections. Each subsection starts by quoting the PCP for “during production compliance activities”. All
specifications related to waste form are based on the content of canistered glass.
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Table 17. Summary of Production Records Related Waste Form Specifications
(24590-WTP-PL-RT-03-001)

Contract s
Specification | Description Sec.tlon m
This Report
Number
2222 Waste Loading 5.5.1
2.2.2.6 Chemical Composition Documentation 5.5.2
2227 Radiological Composition Documentation 5.53
2.2.2.8 Radionuclide Concentration Limitations 554
2.2.2.9 Surface Dose Rate Limitations 5.5.5
2.2.2.17 Waste Form Testing 5.5.6
2.2.2.23 Manifesting 5.5.7

The composition of LAW glass generated from a single MFPV batch and its properties are calculated as
described in Section 5.3. However, the production records are based on a canistered glass as discussed
above. It should be noted that the melter feed making up each individual MFPV batch doesn’t necessarily
correspond to the glass in any particular canister. Rather, there is blending of batches by the material within
the MFPV (with heel from previous MFPV), within the MFV (which is continually fed to the melter), and
within the melter itself. This blending occurs because the vessels (MFPV, MFV, and melter) are well mixed
so rather than “plug flow” of material from the MFPYV to the canister, there is material blending of several
MFPYV batches to make up a container. Implicit to this strategy is the assumption that blending MFPV
batches and heels that have been correctly formulated will yield a blended glass formulation meeting all
constraints. A complication related to container composition averaging is that the compositions must be
available for the Production Records at the time the container is transferred to DOE or the contractor.

Therefore, a moving average is used that does not include MFPV batches analyzed after the time of
individual container production. The composition is averaged over five MFPV batches (since this is roughly
equivalent to three melter volumes of glass) and is then assigned to the glasses in three consecutive canisters.
There is an offset between time of the /™ MFPV batch and its associated containers. The time is roughly

2 days to process the amount of glass in one MFPV batch, one MFV batch, and one-half the mass of glass in
the melter at the nominal operating rate of 15,000 kg of glass per day. In summary, the average composition
from five MFPV batches are assigned to the glasses in three canisters with the time off-set of 2 days between
the start of feed transfer from the first MFPV batch of five to the MFV and the start of pour to the first
canister of three. Figure 10 illustrates the contribution and timing of various CRV and MFPV batches,
which MFPV batches contribute to the composition of which containers, and the general timing of the
process.

WTP contract Specification 13.2.1 (as of M153 of DOE 2000) specifies that: ... The certification and
acceptance of ILAW product shall be done on a lot basis. The lot size shall be proposed by the Contractor,
and agreed to by DOE. ... Currently, the proposed lot size is the amount of glass contained in three canisters
that have the same composition calculated from five MFPV batches discussed above.
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Figure 10. Schematic of Glass Composition Averaging over MFPV Batches and ILAW Containers
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Through normal operation, these equations adequately address the changing composition of glass in
canisters. However, at the beginning of hot commissioning operation, the residual glass in the melter from
cold commissioning must be taken into account. This will be performed by assuming that the melter is
perfectly mixed and MFPV batches are added to the melter after each container is cast with equal equivalent
glass mass as the container just filled. The residual cold commissioning glass will be diluted away as the
melter feed is added. The calculation for the initial hot commissioning glass is not included in the ILAW
formulation algorithm and needs to be performed separately. There will be initial hot commissioning glass
containers that do not meet the waste loading requirement identified in Specification 2.2.2.2. Current WTP
contract specifies that ... DOE will accept these containers and provide credit for these containers in the Hot
Commissioning Capacity Test... (Specification 13.2.2, as of M152 of DOE 2000)

5.5.1 Specification 2.2.2.2—Waste Loading

Waste Loading: The loading of waste sodium from Envelope A in the ILAW glass shall be greater
than 14 weight percent based on Na,O. The loading of waste sodium from Envelope B in the ILAW
glass shall be greater than 3.0 weight percent based on Na,O. The loading of waste sodium from
Envelope C in the ILAW glass shall be greater than 10 weight percent (wt%) based on Na;O.

According to the ILAW PCP (24590-WTP-PL-RT-03-001):

[PCP Section 4.1.2: Waste Loading] ... During production operations, the WTP project expects to

perform the following activities:

o Control the LAW vitrification process such that prepared LAW melter feed matches a target
composition that is formulated to meet or exceed sodium loading while complying with
specifications. (A, D, T)
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o Determine the total Na;O loading based on sampling and analysis of each LAW feed batch and
measurements of the GFCs masses added. These determinations may be confirmed infrequently
by chemical analysis of ILAW product samples. (4, T)

o Non-waste sodium additions (such as ultrafilter cleaning and ion exchange column
regeneration) will be recorded and included in mass balance calculations. The LAW feed
analysis will be adjusted by mass balance to account for average non-waste sodium introduced
during feed processing. This adjustment will provide the waste sodium loading. (A)

o Report the waste Na,O loading in the ILAW production documentation for all ILAW produced
from a production lot. (D, A)

The ILAW production documentation will include identification of the LAW feed envelope, the metric
tons of ILAW produced per metric ton of sodium feed, and the calculated waste Na,O loading in the
ILAW glass product.

oxidein
According to this specification, the Na,O mass fraction in glass that came from waste Na,O ( gﬁigzw)) must

oxidein

be above the limit (L), i.e., L™ < gy, o, The limit is 14 wi%, 3, and 10, for Envelopes A, B, and C

waste products, respectively. The method of demonstrating that this specification is met during production is

oxidein
to calculate and report g%i g'fw) ; and the waste envelope in the Production Records.

The waste Na,O loading in each MFPV batch is calculated by Equation (105). The mass weighted average
over a group of MFPV batches is given by:

MFPVsin

ng" oxidein oxidein
MFPV ,Step3 M MFPYV ,Step3
J

oxidein Na,O(w),j
can _ =1
gNa20(w),e - MFPVs in ( 121 )
ng" oxidein
~ MFPV ,Step3
2, M]
Jj=1
where g;;d@i” _ mass fraction of waste Na,O (waste Na,O loading) in the " canister (gperg

8Na,o(wre  glass)

%ﬁ’;;,” Siepy — ASS fraction of waste Na,O (waste Na,O loading) in the /" MFPV batch from

8 Na,0(w).j algorithm calculation Step 3 (g per g glass)

MFPVsin
P = number of MFPV batches that are assumed to be in the ¢™ canister
oxidein _ mass of total glass oxides in the /™ MEPV batch after applying the component

N MEPY Step3 ) 3 X
j retention factors from algorithm calculation Step 3 (g)

MFPVsin MFPVsin
oo batches within a group, j, j-1, j-2...and j-(n”  -1). The mass

e e

The summation is performed over n

of total glass oxides in the /™ MFPV batch after applying the component retention factors from algorithm
oxidein

calculation Step 3 (g), M JMF PrSers s given as:
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o o Vi . aer N et
oxidein oxidein  waste n; GFCin ny oxide in n; oxidein
“r MFPV ,Step3 __ CRV MFPV MFPYV ,measured GFC MFPV ,Step3
M; =1Cw V7 M, ik 2| & Vi (122)
k=1 i=i i=1
oxide in mass fraction of waste Na,O (waste Na,O loading) in the /™ MEPV batch from

CRV =
where Can algorithm calculation Step 3 (g per g glass)

waste

Y MFPY = volume of waste transferred from CRV to the ™" MFPV (L)
J

GFCsin

nMFPV = number of GFCs in the jth MFPYV batch
j

GFCin

M PV measwred = measured mass of k™ GFC added to the /™ MFPV batch (g)
g

oxides in

nkGFC = number of glass oxides in the A GFC

mass fraction of the i glass oxide in the k" GFC (g oxide per g GFC

oxide in oxide in
m" = including volatiles). Here, unlike H in Equation (48), m7"¢  includes all

tracked components beyond the 11 GFC components.

oxidesin - _ number of glass oxides tracked in the mass balance calculations for the Gt
n; MFPV batch
oxidein mass fraction of the /" glass oxide in the /" MFPV batch from algorithm

MFPY.Step3 = calculation Step 3 before applying component retention factors (g oxide per g
i .
MFPV oxides)

Vv, = retention factor for the i component (fraction)

5.5.2  Specification 2.2.2.6 — Chemical Composition Documentation

Chemical Composition Documentation: The chemical composition of the waste form, filler, and
package shall be identified.
2.2.2.6.2 Chemical Composition During Production: The production documentation
(Table C.5-1.1, Deliverable 6.7) shall provide the chemical composition of each waste form,
optional filler, and package. The reported composition shall include elements (excluding
oxygen) present in concentrations greater than 0.5 percent by weight and elements and
compounds required to meet regulatory or Contract requirements.

According to the ILAW PCP (24590-WTP-PL-RT-03-001):

[PCP Section 4.1.6.2: Chemical Composition During Production]... During production operations,

the WTP project expects to perform the following characterization and reporting activities:

o Qualified sampling, test methods, analytical techniques, and models will be used to demonstrate
compliance with this requirement during production. As new methods become available, they
may be evaluated for development and qualification for use in ILAW production. (A, D, T)

o The WTP project’s Quality Assurance Manual (QAM), 24590-WTP-QAM-QA-06-001, requires
the GFC supplier facility to follow a WTP project approved QA program (QAP) and perform
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audit and surveillance activities at the WTP vitrification facility to ensure that quality materials
are used in GFC addition. GFC suppliers will be required to certify the compositions and
uncertainties of GFCs (major components as well as impurities) and to provide chemical
analysis data. (A, 1)

o The impurities in GFCs will be kept to a minimum by requiring the vendor to supply the material
at a specific purity level and certify it with material test reports. If the glass forming chemical
(for example, Fe203) contains AI203 as a major impurity, it will be accounted for in the
calculation of the amount of GFC to be added to the waste batch. (4, 1)

o [LAW chemical composition will be controlled during production operations by sampling and
chemically analyzing LAW feed, and calculating required additions of GFCs necessary to yield
ILAW satisfying all WTP contract and processing requirements. In addition, volume transfers of
CRYV batches and mass of GFCs transferred to the MFPV will be verified within measurement
uncertainties. (A, D, I, T)

o The product control aspects of the strategy for compliance with this requirement will be
implemented as part of a larger process control system for LAW vitrification. Aspects of the
product control system that are part of the compliance strategy will be conducted according to
NQA-1 (ASME 2000) requirements and documented in the ILAW production documentation.
The process will be operated within control limits based on parameters and results from
qualification activities. (A, D, T)

o The means and standard deviations of reportable glass components will be calculated over the
chemical composition determinations of ILAW produced as a given production lot is being
processed. Standard deviations will be computed to account for multiple sources of variation
and uncertainty. (4, 1)

The following information will be reported in the ILAW production documentation:

o The estimated composition of the ILAW glass. The estimated composition will be calculated
using a mass balance based upon the analyses of LAW feed samples, the volume of waste
transferred from the CRV to the MFPV, the composition of the GFCs as provided in the vendor
certifications, and the masses of GFCs added (as measured in the glass former batching
facility), as well as the estimated volume and composition of the tank heels in the MFPV. The
reported compositions will span several ILAW containers corresponding to a production lot. If
a shard sample is taken from an individual container and analyzed, that composition will also be
reported for that container. Reportable glass components will include those at concentrations
greater than 0.5 wt% in the glass plus those necessary to meet regulatory or contract
requirements.

o The chemical composition of any optional filler material and the quantity added to each filled
container, if any.

o The materials of construction for the ILAW container.

The mass weighted average composition over a group of MFPV batches is given by:

MFPVsin

can . . . .
n, oxidein - oxidein
2 (g*_MFPV,StepSM?IFPV,Step3j

oxidein v

gy =L — (123)

can

n, - oxidein
Z M MFPV ,Step3
J

J=1
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oxidein

where g
e

oxidein
~ MFPV ,Step3
ij

MFPVsin
can

n

e

_ oxidein
MMFPV,Step3
J

The summation is performed over n
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mass fraction of the i glass oxide in the e™ canister (g per g glass)

mass fraction of the /" glass oxide in the /" MFPV batch from algorithm
calculation Step 3 after applying the component retention factors (g oxide per g
glass), i.e., mass of i glass oxide that will remain in glass divided by the total
mass of all glass oxides that will remain in glass

number of MFPV batches that are assumed to be in the ™ canister

mass of total glass oxides in the /" MFPV batch after applying the component
retention factors from algorithm calculation Step 3 (g)

MFPVsin
can
e

MFPVsin
batches within a group, j, j-1, j-2... and j-(n.""  -1).

e

The mass weighted SD of glass composition is

oxidein

where can
Sie

oxidein
:S:MFPV,Step3
i

MFPVsin
can
n

e

_ oxidein
M MFPV ,Step3
J

The waste form composition is documented during production by reporting the g;."

oxidein
(123) and s,."

oxidein
can

MFPVsin
ng™" oxidein oxidein 2
~MFPV ,Step3 3y MFPV ,Step3
S M »
oxidein ¥ J

j=1
S = (124)
can

n oxidein

ez N MEPV Step3
- J
J

SD for the mass fraction of the /" glass oxide in the " canister (g per g glass)

SD for the mass fraction of the /" glass oxide in the /" MFPV batch after applying
the component retention factors from algorithm calculation Step 3 (g per g glass).
This is obtained from Monte Carlo simulation for composition uncertainty
calculation discussed in Section 4.2.2.

number of MFPV batches that are assumed to be in the ™ canister

mass of total glass oxides in the /™ MFPV batch after applying the component
retention factors from algorithm calculation Step 3 (g)

oxidein

values from Equation

values from Equation (124) in the Production Records. Currently, it is planned to calculate

g, values for all components (i) for which analytical data are available for a particular container.

However, it may be advantageous to trim the number of components to only those with concentrations
greater than 0.5 wt% plus those associated with other limits and specifications. In any case, only the
appropriate subset of i will be reported in the Production Records.
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The addition of optional filler material and production of the final ILAW container data package are not part
of the ILAW formulation algorithm.

5.5.3

Specification 2.2.2.7—Radiological Composition Documentation

Radiological Composition Documentation: The radionuclide composition of the waste form shall
be documented. Radionuclides shall be identified that are significant as defined in NUREG/BR-
0204 and 49CFR172.101 (Table 2). Technetium-99 (*’Tc) shall be considered to be significant at
concentrations greater than 0.003 Ci/m’ in the ILAW form. The inventories shall be indexed to
December 31, 2002. The documentation shall be consistent with the radiological description
format described in NUREG/BR-0204.
22272 Radionuclide Composition During Production: The ILAW production
documentation (Table C.5-1.1, Deliverable 6.7) shall identify the radionuclide inventory in
each ILAW package produced. The actual inventory indexed at the month of product
transfer and the inventory indexed to December 31, 2002, shall be reported.

According to the ILAW PCP (24590-WTP-PL-RT-03-001):

[PCP Section 4.1.7: Radiological Composition Documentation] ... During production operations,

the WTP project expects to conduct the following activities to comply with this requirement:

o Collect and perform radiochemical analysis on process samples to determine the concentrations
of significant radionuclides as defined in NUREG/BR-0204 (NRC 1995b) and 49 CFR 172.101,
Table 2. (D, T)

o Apply the ratio method to estimate radionuclide concentrations for those radionuclides not
directly measured, if necessary. (A)

o  Calculate the means and standard deviations of the radionuclide inventory determinations for
ILAW containers produced from a given LAW production lot for each significant radionuclide.

(4)

o Calculate radionuclide inventories indexed to the month of product transfer and to 31 December
2002 using a computer code (for example, MicroShield™ [Grove 1996]) for each significant
radionuclide. (A4)

Inventories of reported radionuclides in Ci per container based on CRV analyses will be included in

the ILAW production documentation for each significant radionuclide. The documentation will be
consistent with the radiological description format described in NUREG/BR-0204 (NRC 1995b).

Indexing of radionuclide data to a specified date will be performed by the laboratory, before entering into the
ILAW formulation algorithm. The mass weighted average specific activity of radionuclides over a group of

MFPV batches is given by
MFPVsin
ng™ radin oxidein
4 &MFPV,Step3MMFPV,Step3
radin — /) J
can _ J=
ie - MFPVsin (125 )
ng"" oxidein
“r MFPV ,Step3
2 M;
=1
radin . P +th . . . th . .
where g = specific activity of the i radionuclide in the ™ canister (mCi/g glass)

e
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N%}"V’ Step3 = specific activity o'f the /™ radionuclidq in the ;™ MEPV batch after .apply'ing the
a; component retention factors for algorithm calculation Step 3 (mCi/g oxides)
MFPVsin 3 th .
neen = number of MFPV batches that are assumed to be in the e canister
oxidein mass of total glass oxides in the /™ MFPV batch after applying the component

MMFPV,S[@;B = ) . .
j retention factors from algorithm calculation Step 3 (g)

The mass weighted SD of specific activity is

" . L 2
5 radin - oxidein
[gMFPV,Step3M?/[FPV,Step3 j
-1 ’

radin ; v
S = S (126)
ne" ~ oxidein
MFPV ,Step3
2. M;
J
rad in
where geen = SD for the specific activity of the i"™ radionuclide in the ™ canister (mCi/g glass)
le
SD for the specific activity of the i radionuclide in the /" MFPV batch after
~;%,”V, Step3 = applying the.cqmpon@t retention factors from algor@thm ca'lculation St.ep 3 (g per
ij g glass). This is obtained from Monte Carlo simulation during composition
uncertainty calculations discussed in Section 4.2.2.
MFPVsin . th .
nee = number of MFPV batches that are assumed to be in the e" canister
e
oxidein mass of total glass oxides in the /™ MFPV batch after applying the component

N MEPY Step3 = ) 3 X
J retention factors from algorithm calculation Step 3 (g)

The inventory of each radionuclide in each canister of LAW glass (the reporting quantity) is given by:

radin radin glassin
[lial’l — a;ﬂn Mecan (127)
radin . h . . . th . .
where Jean = inventory of the i radionuclide in the e™ canister (Ci)
e
radin . P +th . . . th . .
q = specific activity of the i radionuclide in the ™ canister (mCi/g glass)
e
glassin . th .
M = mass of glass in the e canister (kg)
e
glassin
The mass of glass in the container is assumed to be M  =5,911 kg (the average value measured in the

glassin

full-scale container filling experiments [Andre 2004]). During plant operation, M *  will be obtained

from direct measurement or correlation with fill height.
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The inventories and concentrations of radionuclides will be calculated for all radionuclides with measured
values from the laboratory samples. For those radionuclides with “less-than” values reported by the
laboratory, the detection limit will be used in calculations of concentration and an appropriate flag will be
carried with the results. The Production Records will report only those values required (e.g., those
radionuclides with concentrations considered significant according to the specification above).

5.5.4

Specification 2.2.2.8—Radionuclide Concentration Limitations

Radionuclide Concentration Limitations: The radionuclide concentration of the ILAW form shall
not exceed Class C limits as defined in I0CFR61.55. In addition, the average glass concentrations
of Cesium-137 (*Cs), Strontium-90 (*’Sr) shall be limited as follows: '¥'Cs < 3 Ci/m’ and *’Sr <
20 Ci/m’. The method used to perform concentration averaging should be identified in the ILAW
Product Compliance Plan.

According to the ILAW PCP (24590-WTP-PL-RT-03-001):

[PCP Section 4.1.8: Radiological Concentration Limitations] ... During production, the WTP project

expects to perform the following activities:

o Determine the radionuclide concentrations in the ILAW product through analysis of a
combination of process samples, flowsheet calculations, or periodic confirmatory product
samples. Radionuclide concentrations will be determined routinely based upon samples taken
from the ILAW CRVs. (A, T)

o Verify that radionuclide concentrations are less than Class C limits as defined in 10 CFR 61.55
and as described in the Nuclear Regulatory Commission’s Branch Technical Position on
Concentration Averaging and Encapsulation (NRC 1995a). (A, I, T)

o Verify that the average concentrations for the following radionuclides are below their respective
concentration limits: 137Cs < 3 Ci/m3, 90Sr < 20 Ci/m3, and TRU<100 nCi/g. The average
concentrations will be determined by calculating the means of radionuclide concentrations,
measured in process or confirmatory product samples, for all containers submitted for
acceptance. (A4, I, T)

o Calculate a running average of radionuclide concentrations by summing the actual inventories
of each radionuclide in the ILAW product presented to date and dividing by the total volume of
waste in these containers. (A)

Inventories of reported radionuclides in Ci per container based on CRV analyses will be included in
the ILAW production documentation for each significant radionuclide. The WTP project will also
report running averages of radionuclide concentrations over all ILAW product containers presented
to date for acceptance on a waste type basis in the ILAW production documentation.

The radionuclide concentration limits are based on the activity of each radionuclide either per unit glass mass
or per unit glass volume. The specific activity of radionuclides and its SD from Equations (125) and (126)
are converted to per unit glass volume using:

radin radin  glass in

~can  __ _can can

aie - aie P, e ( 12 8)
rad in radin  glassin

~Acan  __ can can

Sie =S ie P, e ( 1 29)
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radin . activity of the i radionuclide per unit volume of glass in the e canister (Ci/m’

where jean =
a; glass)
rad in
g = specific activity of the i™ radionuclide in the ™ canister (mCi/g glass)
e
glass in . . h .
pen = density of glass in the e canister (g/L)
e
Jadin- - SD for the activity of the i" radionuclide per unit volume of glass in the e
ie canister (Ci/m’ glass)
radin
geen = SD for the specific activity of the i"™ radionuclide in the ™ canister (mCi/g glass)
le
rad in radin
The requirements for "*’Cs and *°Sr are satisfied if af;" kmd§f§" < 3 Ci/m® and
rad in radin
&ﬁff; + k’“"fgg’; <20 Ci/m’ where k™ is the expansion factor for radionuclide concentration

specification. Note that the Contract (DOE 2000) Section C.7 (d).(1).(iii) requirement of 0.3 Ci/m’ "*’Cs is
not relevant to product compliance and not required in the production records.

To demonstrate that the waste meets the classification of Class C waste or below, limiting values for

radin radin
~can

a;" and a;," ;listed in Table 15 and Table 16 given in Section 5.1.6.3, are used.

le

The first step to classification is then to determine if there are any radionuclides with measurable

radin rad in

concentrations (a;" for PTe, "1, ®Ni, *Sr, and *’Cs, or a;" for TRU, #1py, and ***Cm). If non-zero

values are present for radionuclides only in Table 15 or only in Table 16, then only those tables are used for
classification. If there are non-zero values for both tables, then Table 15 is used for classification if any one
radionuclide from Table 15 is greater than 10% of its associated limit. If no Table 15 radionuclide has a
concentration greater than or equal to its associated limit, then Table 16 is used for classification. The sum
of fractions rule is given as:

rad in
rad in ~can

2
a,
can
F LL,e Z

i

(fori = *Tcand *I)+

radin (130)
3 ?an 1 6
zale X OL(nC1/mC1) (for i = TRU, *'Pu, and **Cr)
radin
rad in 3 d(’an e 00 .
SFg", :z “— (fori= ""Ni, Sr,and ~'Cs) (131)

i u

where radin = sum of fractions of activity to the limit of each radionuclide for long-lived
SFy,. radionuclides for Class C limit determination in the ™ canister
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radin = sum of fractions of activity to the limit of each radionuclide for short-lived
SFg". radionuclides for Class C limit determination in the ™ canister

radin . activity of the /™ radionuclide per unit volume of glass in the e canister (Ci/m’

~can =

ie glass)

rad in
can = specific activity of the i" radionuclide in the ¢ canister (mCi/g glass)

ie

a

7% — upper limit for specific activity of the i" radionuclide (nCi/g glass)

u

. _ upper limit for the activity of the i™ radionuclide per unit glass volume (Ci/m’
“  glass)

a

rad in rad in
can

The standard deviations for S. and SF.™  are given as:
LL,e SL.,e

where

radin
2 ~can
z “— | (fori= ”Tcand "’I)+
radSF in i u
Site = ” ) (132)
3 can 6 . .
s x10” (nCi/mCi
Dol ( ) (for i = TRU, **'Pu, and **Cm)
,- L,
radin
3 Acan
s = Z e | (fori= "Ni, *Sr, and "' Cs) (133)
radStin- - SD for the sum of fractions of activity to the limit of each radionuclide for long-
SiLe lived radionuclides for Class C limit determination in the ¢™ canister

radsiin- - SD for the sum of fractions of activity to the limit of each radionuclide for short-

Ssi,e "~ lived radionuclides for Class C limit determination in the ™ canister

radin S for the activity of the i radionuclide per unit volume of glass in the ¢"

scan =

Sie canister (Ci/m’ glass)

Q
Q
=
Il

SD for the specific activity of the i radionuclide in the ¢ canister (mCi/g glass)

_ upper limit for the activity of the i™ radionuclide per unit glass volume (Ci/m’
glass)

L = upper limit for specific activity of the i radionuclide (nCi/g glass)

rad in radSF in rad in radSF in

The Class C limit is satisfied if SF}}" +kmdsz‘z"e <1 and SF;" +kmds§2"e <1.
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Specification 2.2.2.9—Surface Dose Rate Limitations

Surface Dose Rate Limitations: The dose rate at any point on the external surface of the package

shall not exceed 500 mrem/hr.

According to the ILAW PCP (24590-WTP-PL-RT-03-001):

[PCP Section 4.1.9: Surface Dose Rate Limitations] ... During production, the WTP project expects
to perform the following activities:

Check radionuclide concentrations projected for compliance with WTP contract Specification
2.2.2.7, Radiological Composition Documentation, to verify that they will be lower in the ILAW
product than the maximum used to demonstrate compliance with this specification. (A)

Confirm compliance with this requirement by monitoring the surface dose rate of each ILAW
container using handheld instrumentation or automated monitoring equipment prior to transfer
for disposal. (1)

Surface dose rates measured for each container will be reported in the ILAW production
documentation.

No calculation is needed by ILAW formulation algorithm.

5.5.6

Specification 2.2.2.17—Waste form Testing

Waste form Testing:

222172 Product Consistency Test: The normalized mass loss of sodium, silicon, and
boron shall be measured using a seven day product consistency test run at 90°C as defined
in ASTM C1285-98. The test shall be conducted with a glass to water ratio of 1 gram of
glass (-100 +200 mesh) per 10 milliliters of water. The normalized mass loss shall be less
than 2.0 grams/m’. Qualification testing shall include glass samples subjected to
representative waste form cooling curves. The product consistency test shall be conducted
on waste form samples that are statistically representative of the production glass.
222173 Vapor Hydration Test: The glass corrosion rate shall be measured using at
least a seven day vapor hydration test run at 200°C as defined in the DOE concurred upon
ILAW Product Compliance Plan. The measured glass alteration rate shall be less than 50
grams/(m*-day). Qualification testing shall include glass samples subjected to
representative waste form cooling curves. The vapor hydration test shall be conducted on
waste form samples that are representative of the production glass.

According to the ILAW PCP (24590-WTP-PL-RT-03-001):

[PCP Section 4.1.17: Waste Form Testing] ... During production operations, the WTP project
expects to perform the following characterization and reporting activities:

The chemical composition of the ILAW product will be determined and controlled as described
in the response to WTP contract Specification 2.2.2.6. (4, I, T)

The PCT and VHT property composition models will be applied using the ILAW glass chemical
composition determinations for each MFPV batch. The outcomes will be predicted PCT and
VHT values, and calculated uncertainties of the predictions for each chemical composition
determination. (A)

The predicted PCT and VHT values for glasses produced over a production lot will be used to
calculate means, standard deviations, and statistical intervals. The calculations will account for
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variations and uncertainties in the predicted property values due to variations in glass
composition, as well as uncertainties due to glass sampling, glass chemical analyses, other
measurement uncertainties and the PCT and VHT property composition models. Statistical
variance and error propagation methods will be used, and will be discussed in detail in the
ILAW PQR after they are developed and applied. (4)
The ILAW production documentation will include the chemical composition of ILAW glass as oxides
as calculated from CRV samples and masses of GFCs added and the predicted PCT and VHT
calculated from PCT and VHT glass property composition models.

The glass properties will be calculated for the final estimated composition of canistered glass using the glass
property models described in Section 4.1. The predicted properties for PCT normalized releases ( P¥
In[rs, g/L] and In[rns, g/L]) and VHT alteration depth ( P*"*, In[D, pm]) are calculated using Equations (2)

pct vht

and (5) with model coefficients ( p,” and p,” ) given in Table 5 and Table 6 and glass composition (for
x/" and x,") given by Equation (123). The prediction uncertainties (U~ and U, ) are calculated using

Equations (8) and (9) and the same composition (for X and x") given by Equation (123). The
composition uncertainties (U”? and U v ) are calculated using Monte Carlo simulation method described

comp comp
in Section 4.2.2 based on nominal glass composition given by Equation (123) with SD given by Equation
(124).

The UCClIs for PCT normalized releases and VHT alteration depths are given as:

pct  __ ppct pct pet

Bucci,e - Pe + Upred,e + Ucomp,e (1 34)
vht  __ pvht vht vht

Bucci,e - Bz + Upred,e + Ucomp,e (1 35)

where Bt gt _ CL% upper combined confidence inter\gal for “pct” (In[rg, g/L], In[ry,,
ueche> “ucche o] 1)1 and “yhe” (In[D, pm]) for the ™ canister
pret - pvit predicted transformed property for “pct” (In[rg, g/L], In[rna, g/L]) and “vAr”
e e (In[D, pm]) for the €™ canister (calculated per Section 4.1)

Ut — model prediction uncertainty for “pct” (In[rg, g/L], In[rn., g/L]) and “vAr”
pred.e> Zpredie — (|n[D, ym]) for the ™ canister (calculated per Section 4.2.1)

U gt — composition uncertainty for “pct” (In[rg, g/L], In[rn,, g/L]) and “vAs” (In[D,
compe> = comp.e— um]) for the e™ canister (calculated per Section 4.2.2)

5.5.7  Specification 2.2.2.23—Manifesting

Manifesting: A shipping manifest shall be prepared for delivery with each shipment of ILAW
product. Information on the manifest shall satisfy the requirements in DOE Manual 435.1-1,
Chapter 1V, Section 1.(2), and NUREG/BR-0204. Any package containing dangerous waste must be
labeled and manifested in accordance with WAC 173-303-370 and the Dangerous Waste Portion of
the Resource Conservation and Recovery Act Permit for the Treatment, Storage, and Disposal of
Dangerous Wastes (Permit No. WA 7890008967).

According to the ILAW PCP (24590-WTP-PL-RT-03-001):

19 See Section 4.1.1 for justification to exclude the PCT Si release from the constraints.
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[PCP Section 4.1.23: Manifesting] ... During production operations, the WTP project expects to

perform the following activities:

e Prepare the documentation necessary to transfer the ILAW from the WTP to the onsite ILAW
disposal site. Information needed to complete the radioactive shipping records will be available
from
- Sampling and analysis (T)

- Process knowledge (1)

o Maintain and make available for inspection transportation records as required by DOE,

Ecology, and DOT. (I)

During production, documentation satisfying the requirements of this specification and confirmation
that the ILAW product meets radioactive shipment record requirements will be provided with each

shipment of ILAW to the disposal site.

Waste composition and radionuclide concentrations/inventories will be put in the Production Records. The
equations required to manifest the waste are taken from above subsections.
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6 Calculation Examples

To demonstrate the calculation steps described in Section 5 and aid in understanding how they are solved, an
example set of waste compositions is carried through most of the calculations. The wastes needed to have
both chemical and radionuclide information available and would benefit from having waste composition
variations. For this purpose, the waste compositions generated by the WTP Dynamic Flowsheet Model (G2)
were chosen (24590-WTP-RPT-P0O-07-002, Rev. 0). The G2 model run selected for example calculations
(MRQO07-0003 as described in 24590-WTP-MDD-PR-01-002, Rev. 9"'9) represents one of many recent G2
runs. The G2 model output data in the form of chemical snapshots of the CRV contents were used.

The selected G2 run produced total 4998 CRV batches with 2499 batches per each CRV: LCP-VSL-00001
(designated as CRV-A in this report) and LCP-VSL-00002 (CRV-B). The order of CRV batches is A1, B1,
A2, B2, ..., A2499, B2499. The eight sequential datasets, representing the A4 100 through B13™ CRV batches,
are given in Table B.1 in Appendix B and are used for example calculations in this report. The composition
is reported in the format of mass of each of 96 (non-zero) analytes and a total batch volume. The mass
values per batch were converted to concentration units that would be reported by the WTP laboratory during
operation (in elemental concentrations and radionuclide activities per unit volume of CRV waste)."” The

element in
—CRV

G2 data on CRV batch are taken as the average analytical results of three replicate CRV samples (¢,

rad in

for chemical components and EIERV for radionuclides).

The G2 data on CRV batch composition includes the trace components that will not be analyzed from the
CRYV samples. For components that are listed for both chemical analyte and radionuclide(s), the data on
chemical elements are used for oxide conversion because for G2 data the concentration of chemical element
includes all isotopes. Note that this approach is solely for example calculations in this report using the G2
output. During WTP operation, the analytical data conversion procedures described in Section 5.1.2 are
used.

The volume of CRV was from 53033 to 53279 L within the first 250 CRV batches, which are higher than the
present design of working volume of CRV (48661 L). For example calculations, the volume for each CRV
batch was randomly generated based on the uncertainty estimation (SD = 724.3 L) described in Appendix D
around the nominal working volume of 48661 L. Similarly the heel volume for the calculation of each
MFPV batch was also randomly generated based on the uncertainty estimation (SD = 447.2 L) described in
Appendix D around the nominal working volume of 6556 L. The resulting working volume of the 411"
CRV was 48709 L and the heel volume for the 4101™ MFPV batch was 6712 L.

6.1 Example Step 1 — Glass Formulation and Calculation of LAW Transfer Volume

The waste compositions of CRV used to perform the calculations was that of the 411™ CRV batch as
estimated by the mentioned G2 run. The laboratory will screen the data and scale the radionuclide
concentrations to the appropriate date, per their procedures.

19 The same G2 run was used for [HLW algorithm example calculations and IHLW WQR calculations and will be
used for ILAW PQR calculations.

U7 The methods of converting the G2 composition data into laboratory units are not relevant to the scope of this report
and will not be discussed here.
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6.1.1 CRYV Analytical Data Screening and Evaluation

The analytical data from the LAW CRV samples are screened and evaluated prior to calculating glass
formulation. No examples are given in this report for data screening and evaluation, which will be
performed using the dedicated SPC software during production.

6.1.2  CRYV Analytical Data Conversion

This subsection illustrates the calculations for the G2 example to convert analytical data into the appropriate
form for glass formulation calculations, discussed in Section 5.1.2. The formulation algorithm uses waste
compositions in the form of mass fractions of glass oxides. The analytical data are converted from mg/L or
mCi/L of analytes to mass fraction of glass oxide by Equations (21) and (23). With the f; and 4; values listed

element in rad in

in Table A-1, the analytical ijﬁ and E,C/fll/l values listed in Table B-1 are converted to the correct

format for glass formulation. Table B-2 lists the glass oxide mass fractions for all 64 components in the
A11™ CRV for the 1% waste transfer (d=A11 and m = 1). For NO,, NOs3, and TOC (treated as elements in

element in
—CRV

Cid
For radionuclides, the specific activities are calculated using Equation (24).

format), the concentrations per waste volume are still used after converting them from mg/L to g/L.

The first step is to obtain the dilution factor according to Equation (19):

working
CRV 4 L
2’Alll = workinVAll sampflush = 8’ 709 ( ) = 099854 (136)
Lo e 48,709 (L)+71.2 (L)
All All

element in element in

Then, use the result to calculate the 0551[/1,1 values from E[,Cfﬁ according to Equation (18):

element in element in
CRV _ —=CRV
Can = Cian /1A11,1 (137)

To provide examples, concentrations of Al and Cs and activities of Cs isotopes were taken from the 411"

CRYV composition in Table B-1 to calculate the mass fractions of the glass oxides Al,O; and Cs,0O. It was
assumed that the first waste transfer from the 411™ CRV batch in Table B-1 represents the feed stream for
the 4101"™ MFPV batch.

Combining Equations (18), (21), and (22) for Al and Cs yields:

element in

G Bl Saans _ 97247 x10° (mg/L)x1.8895x0.99854
A0 e 260.58(g/L) x1000(mg/g)

CRV
CAll,l

=0.07041 (138)

element in

L C ol 32623107 (mg/L)x1.0602x0.99854
oA e 260.58(g/L)x1000(mg/g)

CRV
CAll,l

=1.3254x10" (139)
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For Cs isotopes, the activity data are converted to elemental concentrations following Equation (23):

rad in
element in Rgf v //L -2 .
Ry s 5.6786x10 (mCl‘/L)x0.99854 —6.5515x10~ (mg/L)  (140)
Cs.A1L1 A, 86.55(Ci/g)
2
element in R o i =7 :
e _ R o _ 2.6649x107 (mCL)x0.99854 _ ) oo o0 ooy gy
Co.d1L| A, 1293(Ci/g)

Combining Equations (21) and (22) for '*’Cs and "**Cs yields:

element in element in
cCRV cCRV
oxide in oxide in
CRV CRV _ ”7CS All, 1f‘37cS 134CS,A11,1f134Cs
g”7CsoA111 g”“CsoAm géa;/em
CAll,l (142)

_ 6.5515x107* (mg/L)x1.0584 +2.0580%x10™"* (mg/L)x1.0597
260.58(g/L)x1000(mg/g)

=2.661x10"°

oxide in

The combined gg:;g’ 411 value of 2.6661x 107 from "*’Cs and '**Cs is smaller than the value obtained from

the concentration of chemical Cs, 1.3254x10®, which includes all isotopes.

The specific activities of '*’Cs and "**Cs are calculated using Equation (24):

rad in
rad in RS;RV /1 ) .
0 Readi 56786107 OVL)x099854 ) 360, 104 (meive) (14
AL CCRV 26058(g/L)
Alll
=i
rad in RIM /’L -7 .
ARG 266493107 (CTLX0.998H 1 0210 109 iy (1t
SAL CCRV 26058(g/L)
Alll

oxidein

In the examples above, the total glass oxide concentration (Cfﬁt/l ) 0f 260.58 g/L was obtained by summing

over all 64 glass oxide components tracked in the calculations according to Equation (22):

element in

ZCCRV
oxides in i,A11,1 i

(G = 145
AL 1000(mg/g) (145)

1lh

The composition of the 1% transfer waste transferred from the 411" CRV in the format for glass formulation

is given in Table B-2.
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6.1.3  Estimation of Target Glass Composition

The first step is to obtain the preliminary minimum Na,O mass fraction that meets the glass formulation
rules defined by Muller et al. (2004) and CCN 150795 from Equations (25) through (31). From Equation
oxide in
MFPV ,pre—1 ,

(25) for the Na,0-SO;- K,0 rules for the 4101™ MFPV batch to obtain & na,0,4101

oxidein
oxidein CRV
]\AJ{IIZI;I,/;If(;i_I = min 021’ 0358138171 ’00077 ]\Zczige,ivlljl ? 0.21().5)Cid€l'}’l
14425 ggsj%?;qn,l ggg:All,l 140.66 gfiozilu
gl?/f::),All,l g;fzz,All,l (146)
. 0.35875 8.2030x10™" 0.215
= min1 0.21, 1.5515%x1072 " 71 5515x107%° 6.2008x107
14425 20200 PO 066 0 T
8.2030x10 8.2030x10
=min {0.21,0. 1989,0.4071, 0.2048}
=0.1989
oxide in
From Equation (26) for the CI-F-SOj rules for the 4101™ MFPV batch to obtain g%i?jﬂefz :
oxide in or 0.014656 0.0022
]A\;{Zg"/[ﬁm = max oxide in oxide in ? oxide in oxide in
G R g [l v0adf
505, A11,1
oxide in + 21 1 1 1 nxia}e in oxide in
CRV CRV CRV
Nay0,411,1 Na,0,411,1 ENay0,411,1
0.014656
(1.0657><10"2+0.3><4.4190><10_3) 1.5515%1072 ’
~ +2.111 1—71
_ 8.2030x10 8.2030x10
= max
0.0022
(1.0657x107 +0.3x4.4190x10™)
8.2030x10™
=max {0.2687,0.1506}
(147)

=0.2687
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The preliminary minimum Na,O mass fraction in glass for the A101"™ MFPV batch from the Cr,05-K,0-P,05
oxide in
rules ( g%‘jﬁﬁ’l’g‘ﬁ ) is obtained following the logics defined by the rules 7 through 9 in Section 5.1.3. To

oxide in

: MFPV , pre-3 initial in, K in,Ci
obtain the gy, o it ~ value, the Wi, WiE™  and W (™" values need to be first calculated from

Equations (28) through (30) as below:

oxide in oxide in
MFPV , pre—1 MFPV ,pre—2

min E Na,0,4101 & Na,0, 4101 } .
gyl _ { ! M ] min{0.1989,0.2687}
A101

o - =0.2424 (148)
Cry 8.2030x10
Na,0,A4111,1
oxide in oxide in
min{ gl 1, g7 me, 00054
CRV
8k,0.4111
oxide in
CRV
min, Na,0,A411,1
WAIOIK = oxide in (149)
CRV
Na,0,411,]
min< 0.1989,0.2687, Lﬂd
6.2008x10
8.2030x10™ '
oxide in oxide in
min{ gl ) it gl 00008
CRV
8cno,,4111
oxide in
CRV
min,Cr Na,0,411,1
WAIOIC = oxide in (150)
CRV
Na,0,411,]
min-< 0.1989,0.2687, LOS%
3.4310x10

8.2030x10™"
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oxide in
MFPV ,pre=3
Na,0,4101
13205,A11,1W,;’11311a <0.0279,
i | e 0.0054 0.0 0.05 |
lf ggr}*jg_;,All,lWAnIl(;ll’K > 00008’ z;xidein ’ oxi.dein 2 axi.dein
CRV CRV CRV
8k,0.4111  8k0.4111 K,0,411,1
(gjé'z[l/ein UCXIé(Ij/em cg;ézll/ein
_ ENa,0,4111  ENa,0,4111 ) ENa,0,4111
= min T oxide in E
oV <0.0279,
if e
. " ; 0.0008 0.0063 0.0063
lf glngV,All,IVijm‘cr > 00054’ oxide in > oxidein > oxidein
ggsa,All,l gg:a,ml,l gg:g3,A11,l
| ENa,0,4111  ENa,0,4111 ) ENay0,4111 |
[7.8152x107 x0.2424 = 0.0019 (< 0.0279), ]
if | | 0.05 :
if | 3.4310x107 x0.0871=10.0003 (*x 0.0008), NA,————— |,NA
6.2008x10
. i 8.2030x10™" i
=min ~ _ (151)
7.8152x107° x0.2424 = 0.0019 (< 0.0279),
if | 0.0008
if| 6.2008x107x0.23317 =0.0145(> 0.0054), —————,NA || NA
3.4310x10
| 8.2030x10™"

:min{0.6614,0.1913}
=0.1913

where “NA” represents “not applicable” because the corresponding logic test is false. Equation (151)

oxide in

represents that the g%f;g”/j?" "= value for this 4101™ MFPV batch was limited by the rule 9 (Cr,Os must be at

or below 0.08 wt% if K,O in glass is above 0.54 wt% but at or below 5 wt% and P,Os in glass is below 2.79
wt).

Then, the preliminary minimum Na,O mass fraction in glass for the 4101™ MFPV batch after applying all
glass formation rules is determined by Equation (31):
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oxide in oxide in oxide in oxide in
MFPYV ,pre __ . MFPV , pre—1 MFPV ,pre=2 MFPYV , pre-3
ENa,0,41010 = MM &y 0 4101 28 Nay0,4101 > 8 Nay0, 4101

= min{0.1989,0.2687,0.1913} (152)

=0.1913

Figure 11 shows the schematics of glass formulation rules showing the data point for the initial composition
in three plots for Na,0O-SOs- KO rules, CI-F-SOj; rules, and Cr,0;-K,0-P,0s rules. It can be seen from
Figure 11 that the waste loading was limited by Cr,O3; concentration to meet the Cr,03-K,0-P,Os rules.

Figure 11. Schematics of Glass Formulation Rules Showing the Initial Glass Composition for the

24

22 A

20
18
16
14
12

Na,O (target) wt% in Glass

S N A~ O

A101™ MFPV Batch [H (Wt%) = Cl (Wt%) + 0.3*F (wt%)]
Na,0-S0O;- K,0 rules Cl-F-SO; rules

Na,0 <21 wt% 1.6
Na,0 +0.66%K,0 <21.5wt% - |
1 K020.76 wiv V{nitialtarget é 1.4
g 1.2
K,0=5.0 wt% S H < 1.4656 - 2.1111*SO; (Wt %)
4 )
1.0 1
1 %
1 = 0.8 1
1 Na,0 < 35.875 - 42.5*S 05 (Wt%) E
= 0.6 A
1 =
& 04
1 O Y47 Initial target
] B T, H <0.22 wt%
T 0.2 1
1 S0;<0.77 wt%
T T T T T T T - 0.0 T T T T T T T
0 01 02 03 04 05 06 0.7 08 0 01 02 03 04 05 06 07 08
SO; (target) wt% in Glass SO; (target) wt% in Glass
Crzoi-Kzo-oni rules
0.7
Fail
0.6 1 Pl
2 Cr,05 =0.63 wt%
= o,
é« 0.5 K,O =5 wt%
g
S04
j3 Pass if P05 > 2.79 wt%
$0.3 1
8
S 0.2 A Cr,0; =0.08 wt%
< K,0 = 0.54 wt%
© 0.1 - / L, — Initial target
Pass
0.0 . T . r
0 1 2 3 4 5 6

K,O (target) wt% in Glass

wastein

The initial waste loading (G?IFPV’["i’[”I ) for the A101™ MFPV batch is calculated using Equation (32):
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oxide in
MFPV ,pre

GMFPV,initial _ gNHZO,AIOI

0.1913

A101

oxidein

MFPV initial

Then the initial glass composition ( g; o,

oxide in
CRV
Na,0,A411,1

~8.2030x10"
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=0.23317

) for the A101™ MEPV batch is calculated following

oxidesin

(153)

Equations (33) through (45) for all 64 (= njVFPV ) glass oxide components. Example calculations are given

below for Al,O3, Na,O, CaO, Li,0, MgO, Cr,0; (an example for non-GFC component), and SiO,:

oxide in

oxidein wastein
MEFPYV initial __ MEFPV initial _CRV
a0, 4100 = MaxX 0.061,G 8 41,0,.411.1

= max {0.061, 0.23317x7.0410x 10_2} =max {0.061, 0.0164} =0.061

Na,0,4101

oxidein oxidein
MFPYV ,initial MFPV ,pre
T = max r

oxidein

= & Na,0, 4101

=0.1913+0.66x0.23317x6.2008x 107> = 0.2008

8 Na,0,4101>

wastein oxide in
d __ __MFPV initial + 0 66GMFPV,initia/ CRV

A101

=0.015+

oxidein it 0055
Sewogion =0.015+ o1
I+exp
0.02
oxidein 1004 — 54)2
MFPV,mmul — 0043 1_ (
&1i,0,4101 12.75>

_ (100x0.2008—5.4)?

K,0,411,1

0.054} = max {O. 1913, 0.054} =0.1913

0.055

1+ex

i

=0.043 {1

oxidein

gMFPV,mmal =0.0148+

Mg0, 4101

12.75°

0.0149

1+exp(100d —9)

0.0149

0.2008—0.17
U oo

0.7
} =0.043[1-1.32566]"" =0

1+exp(100x0.2008-9)

=0.0148+
oxidein wastein oxide in
MFPYV initial __ GMFPV,initial CRV
Cr,05,4101  — 4101 gCr203,A11,1

(12 Imaginary result was set to zero.

=0.23317x3.4310x10~ = 0.0008
{i # AL,0y, B,0,,CaO0, Fe,0;, Li,0,MgO, Na,0, SiO,,TiO,, ZnO, ZrO, }

=0.0148

(154)

(155)

(156)

(157)

(158)

(159)

(160)
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oxide in

oxidein ”,MFPV oxidein
MFPYV initial __ MFPYV initial __ _
Esio, Al01 =1- E g o1 =1-0.5502 =0.4498 (161)
i=1,i#8i0,
oxidein
. .. .. MFEPV .initial . . .
The resulting initial glass composition ( g: Anitial y gor all 64 glass oxide components given in the 2™
i,4101

column of Table B-3 is set to the target composition following Equation (46):

oxidein oxidein
MFPV target __ __ MFPV initial
i,A101 _gi,AIOI (162)

This target composition is used to calculate the GFC masses and Step 1 compositions (Section 6.1.4) and
LAW transfer volume (Section 6.1.5). The resulting GFC masses and waste transfer volume are used to
calculate the constraint quantities and compare them with the limits (Section 6.1.6).

6.1.4  Calculation of Step 1 Glass and Radionuclide Compositions

The target mass fractions for 11 GFC components are used to calculate the target mass fractions to be
supplied from GFCs using Equation (47):

oxidein oxidein wastein oxide in
MFPV target-gfc __ _ MFPV target GMFPV,target CRV
i,4101 — &i,4101 A101 gi,All,l (163)

{i = A1,0,, B,0,,Ca0, Fe,0;, Li,0,MgO, Na,0, SiO,,TiO,, ZnO, ZrO, }

wastein oxide in oxidein

GMFPV,target CRV MEFPYV target-gfc

The waste contribution (G, &i 11, ) values are in the 3rd column and the resulting g;”,,,

oxidein

values for 11 GFC components are in the 4™ column of Table B-3. These g%ﬁ?”arge’gﬁ values (t ,,,) and

oxidein
H (11x11 matrix of mfZFC given in Table A-6) are used to calculate the preliminary target mass of each
GFCin GFCin

GFC per g glass (M ,iw TP =m ) using Equation (48). The resulting values M ,?/[ TP are given in

Table 18. Then, the target mass of GFC per g glass is calculated using Equation (49) and also given in Table
18.

GFCin GFCin
Table 18. Preliminary Target Mass (1/ ,i” 07 ) and Target Mass (M ,i" 075"y of Each GFC per g
Glass for the 4101™ MFPV Batch
...GFCin _..GFCin
GFC () M/i\j[jﬁ)l/l,pre M/i\jljf’ol/l,target
Kyanite 7.5092E-02 7.5092E-02
Boric Acid 1.7684E-01 1.7684E-01
Wollastonite 5.1734E-02 5.1734E-02
Hematite 5.3216E-02 5.3216E-02
Li carbonate -4.3225E-18 0
Olivine 3.0508E-02 3.0508E-02
Na carbonate -5.6791E-04 0
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Silica 3.6491E-01 3.6491E-01
Rutile 1.4190E-02 1.4190E-02
Zincite 3.5051E-02 3.5051E-02
Zircon 4.5078E-02 4.5078E-02

Then the full composition of GFCs are used to calculate the glass composition from Step 1 calculation
following Equation (50):

wastein oxidein oxide in GFCin
MFPV et o CRV GFC MFPV target
oxidein G0 8i a1 +Zm Mk A101
MFPV Stepl __
i,4101 T 64 wastein oxide in oxide in GFCin ( 1 64)
MFPV talget CRV GFC MFPV ,target
Z Gan 8i 11,1 +Zm Mk 4101
i=1
wastein oxide in
ao MFPV jarget _CRV d d
Table B-4a shows the waste contribution (G o, g, 1, ) (2™ column, the same as the 3" column of
oxide in GFCin oxidein
GFC MFPV target d MFPV Stepl
Table B-3), the GFC contribution (Zm M ol ) (3% column), and the resulting g7, "% values
k=1

(4™ column) for the 4101™ MFPV Batch. From Table B-4a the denominator of Equation (164) is given as:

Z GMFPV target CRV + Z mGFC MMFPV Jtarget

A101 1 All,1
i=1

64 wastein oxide in oxide in GFCin
k,A101

(165)

wastein oxide in oxide in GFCin

64
= Z[Gﬁgﬁw et gk j+ Z(me MY gj =0.233165+0.767826 =1.000991

Then, the resulting waste loading in glass of the 4101™ MFPV Batch after including the GFC impurities is
calculated from Equation (51):

64 wastein oxide in

Z GMFPV starget _CRV
oxidein A101 Ei a1

Gyt = = _ 0233165 _ 53593 (166)
4101 64 wastein oxide in oxidein GFCin 1.000991 '
GMFPV target CRV + GFC MMFPV Jtarget .
A101 zAlll m k,A101
i=l1

The final composition after applying retention factors is calculated using Equation (52):

oxidein
oxidein MFPV, Steplv
~ MFPV Stepl _ 81,4101 i
i,4101 T 64 oxidein

(167)

MFPY Stepl,
i,4101 i
i=1
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oxidein oxidein
: MFPV ,Stepl ~ MFPV ,Stepl .
Table B-4a also includes the g7y values (5" column) and the g/ "**" results (6™ column) using

64 oxidein
MFPV ,Stepl
D gy =0.99410.

i=1

The specific activity (activity per unit mass of glass oxides) of radionuclides in the 4101™ MFPV batch

rad in
: : MFPV ,Stepl N : :
before applying retention factors (@, ") is calculated using Equation (53):
rad in radin  wastein
MFPV Stepl _  CRV. (~MFPV Step]
1,4101 =4 1119 4101
rad in wastein rad in ( 16 8)
DCRV MFPV ,Stepl D CRV :
R A0 Gaol 07 RS (mCi/L)x0.99854%0.23293 i
=— : =— (mCi/g)
o
C‘g;;“" 260.58(g/L)
Alll
oxidein
. .. . . ~MFPV .Stepl ~ - . .
The specific activity after applying retention factors (&, o, “’') is calculated using Equation (54):
rad in rad in
radin MFPV ,Stepl MFPV ,Stepl
~mrey st Yiaor Vi G010 0V (169)
i,4101 T 64 oxidein - O 99410
MFPV ,Stepl .
naor Vi
i=1
rad in oxidein
MFPYV Stepl ~ MFPV ,Stepl . .
The results of a["**" (2™ column) and @"["**" (3" column) are given in Table B-5a. Table B-5a also
radin
. . .. . . . ~MFPV .Stepl . .
includes the SD values for specific activities of radionuclides in glass (S, ,,,,” " ) for algorithm calculation

Step 1 after applying retention factors obtained from Monte Carlo simulations of Equation (70).

6.1.5 Calculation of LAW Transfer Volume

The volumes involved in Equation (55) for the 4101™ MFPV batch is given below. From Table 1 the target
working volume is:

working

vitl" =19,426 L (170)

As mentioned earlier, the 4101"™ MFPV batch, the volume of heel was assumed as 6,712 L, i.e.,

heel

it =6,712 L (171)

From Table 14, for the LFP-VSL-00001 (MFPV-A) from LCP-VSL-00001 (CRV-A), the CRV-MFPV line
flush and sampling flush volumes are given as:

transflush

it =375L (172)
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sampflush

yal" =1753L (173)

During plant operation the actual measured volume of these flush waters will be used. For the example
calculation in this report, the nominal values are used instead of random generation similar to CRV working
and MFPV heel volumes for simplicity.

The rest of volumes are calculated based on the glass formulation described in Section 6.1.3. The volume
occupied by GFCs is expressed as function of waste transfer volume using Equation (56):

GFCsin  oxidein GFCin

GFC transwaste 71;‘411'(‘][1)’/ CCRV MMFP V target
VMFPV,Stepl _ VCRV All,l k,A101
A101 T AL wastein
k=1 MFPV target
GAIO] k
GFCin

_ Vg;n;wami 260.58(g/L)x M " (g/g glass)
AL 0.23317(g/g glass) p,(g/L)

transwaste

= 037472V %

(174)

GFCin
The M ,ﬁu 101178 values are given in the third column of Table 18 and o, values are in Table A-12.

The dust control water volume is calculated using Equation (58):

us ranswaste nifer Jtarget
VA%[(I;iPV,Stepl — I:Cl‘lflf ! 004 Z CAll,l M.k,AIOI ¢
’ IOOO(g/ L) k=1 G%}’elzltarget
A101
...GFCin
_ tCr‘aRr;}vvtfaAvte 004 i 26058(g/L) % M[i\ﬁﬁ)l/l,target (g/g glaSS) 175
M 000(g/L) = 0.23317(g/e glass) (175)
_ err ™ 0.04x946.165
AL 1000(g/L)
transwaste
=0.037847V 1"
The target mass of sucrose is calculated using Equation (59):
Mi\g[;’};};e,tigrget = max-<| 0.75 ngl:’A“J + CISSZA“J _ ngg-All,l MWClezzon 0
Aol M Wao, MWy, MW, |12(moles of C/sucrose)’
_ max 4l 0.75 27.981 N 73.780 j_ 1.1356(g/L) 342.3001(g/mole) 04 (176)
46.0055 62.0049) 12.0110(g/mole) |12(moles of C/sucrose)

=max {35.7714,0} =35.7714 (g/L waste)
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Then the volume of sucrose is calculated using Equation (60):

transwaste sucrose in

M sen _ Vi Mol G 35.7714(g/L waste) _
Vo = =V =0.023093V 1, (177)
Perose 1549.0(g/L)

For the required volume of dilution water calculation, the target sodium molarity is first calculated using
Equation (61):

oxidein
MFPV target
Erawo. ot +0.0047 0.1913+0.0047
o =0 a9 oooae0TOM (17%)
Then, dilution water volume is calculated from Equation (62):
element in transwaste
dilute C;R le | VACIYTI; transwaste transflush sampflush dust
MFPV ,Stepl __ a,A11, , CRV MFPV MFPV MFPV Stepl
Vo = max 1000MW - VAll,l +V 4o +V o +V 4o 0
Nal[Na1,4101

transwaste

158576.4(mg/L)x V1"
1000(mg/g) x 22.9898(g/mole) x 7.870(moles/L)

transwaste

=maxq| R’ 437541753+

Alll (179)
...GFCin , O

ranswaste () 04 L 258.45(g/L)x M "0 "% (g/g glass)

AL 1000(g/L) & 0.23126(g/g glass)

:max{0-87644VACl’f,f" |V £37.54175.3+0.0378477 5% Jo}
:max{—o.161404Vﬁ’j§ | _212,7,0}

Equations (170) through (179) provide the volume values or express them in terms of the waste transfer

transwaste

volume ( VdquV ) for all the volumes involved in Equation (55) for the 4101™ MFPV batch. Then,
Equation (55) is written as:
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working
MFPV _
Vi =19426 (L)
transwaste GFC dust surcorse heel
_ 17CRV MFPV ,Stepl MFPV ,Stepl MFPV ,Stepl MFPV
- VAll,l + VAIOI + VAIOI + VAIOI + VAIOI
transflush sampflush dilute
MFPV MFPV MFPV ,Stepl
+VA101 +VA101 +VA101 (180)
transwaste transwaste transwaste transwaste

=V 403747210 +0.037847V ) +0.023093V 1 +6712.0

transwaste

+37.5+175.3 + max {—0.161404VAC11f§ —212.7,0}

transwaste

Equation (180) was solved iteratively to obtain the waste transfer volume (VdZRV ) of 8707.7 L. This

transwaste transwaste
CRV . . CRV .
resultof V~ is used to calculate the volumes that were expressed in terms of V, , then Equation

(180) is rewritten as:
19426 (L) =8707.7+3262.9+329.6+201.1+6712.0+37.5+175.3+0.0 (L) (181)

transwaste

This Vdffw value is used for calculation of composition uncertainties required for the calculation of Step
1 constraints in Section 6.1.6.

From the waste transfer volume, the target masses of GFCs and sucrose are calculated using Equations (63)
and (64):

in Jtarget
MAG/II;TgV,taiget,Stepl _ CAll,l Mk,AlOl ¢ VAll,l
k,A101 - wastein

MFPV targe:

GAIOI et (182)
... GFCin
_ 260.58(g/L)x M " 17" (g/g glass) x8707.7(L)
0.23317
sucrosein sucrosein transwaste

MRV arger Siept — g MERVaargery CRE 35,77 (/L waste) x8707.7(L) =311.49 (kg)  (183)

Table 19 summarizes the resulting masses of GFCs and sucrose from Step 1 calculation for the 4101™
MFPV Batch.

Table 19. Masses of GFCs and Sucrose from Step 1 Calculation for the 4101™ MFPV Batch

GFCin
GFC (k)/sucrose M,fjﬁ;/l’mrg”’sm”l e
Kyanite 730.77
Boric Acid 1720.90
Wollastonite 503.45
Hematite 517.88
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Lithium carbonate 0
Olivine 296.89

Sodium carbonate 0
Silica 3551.14
Rutile 138.09
Zincite 341.10
Zircon 438.69
Sucrose 311.49
Total 8550.39

6.1.6  Calculation of Constraints for Algorithm Step 1
Example calculations for each constraint or each group of constraints are provided in the following
subsections.

6.1.6.1 Glass Property and Model Validity Constraints

oxidein

~ MFPV ,Step]

The glass composition applying retention factors ( g; 4, ) calculated based on Equation (167) and given

in the last column of Table B-4a is used for calculation of glass property and model validity constraints.
Predicted glass properties including PCT normalized B and Na releases, VHT alteration depth, melt
viscosity, and melt electrical conductivity are calculated using the composition-property models described in
Section 4.1. The equations required for calculating prediction and composition uncertainties and CL%
combined confidence intervals for predicted properties are given in Sections 4.2.1 through 4.2.3.
Calculations for PCT normalized B release are provided below as an example. Calculations for all other
properties follow the same methods.

pctB

Equation (2) and the model coefficients ( p,“" ) given in Table 5 are used to calculate the predicted PCT

response of the glass as demonstrated in Table 20 for PCT normalized B release.

Table 20. Example Calculation for Predicted PCT Normalized B Release, P/5>*" in In[g/L]

Model Term = P o | PR
AL O, —31.3612 6.1232E-02 -1.9203E+00
B,0; 11.8101 9.9457E-02 1.1746E+00
CaO —13.8404 2.4801E-02 -3.4326E-01
Fe, 05 —16.5948 5.5187E-02 -9.1583E-01
K,O 7.9687 1.4030E-02 1.1180E-01
Li,O 83.3036 3.0512E-07 2.5418E-05
MgO —21.2343 1.4871E-02 -3.1577E-01
Na,O 46.1599 1.9088E-01 8.8110E+00
P,0;s —19.254 1.9766E-03 -3.8057E-02
SiO, —1.6161 4.5172E-01 -7.3002E-01
ZrO, —6.6289 3.0143E-02 -1.9981E-01
Others —5.169 5.5705E-02 -2.8794E-01

CaOxLi,0 —251.2654 7.5675E-09 -1.9014E-06
B,0;xMgO 488.8612 1.4790E-03 7.2303E-01
B,0;xLi,0 —374.9533 3.0346E-08 -1.1379E-05
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Na,0x8Si0, —74.3462 8.6223E-02 -6.4104E+00
CaOxFe,04 212.0947 1.3687E-03 2.9030E-01
Sum N/A N/A -0.0507

N/A: not applicable

The prediction uncertainty corresponding to a 90% SUCI for PCT normalized B release is calculated
following Equation (8):

pred ,A101 pctB termsin  datain  termsin ( A101 A101
ey ! ) (184)

termsin T
ctB,Stepl model ctB,Stepl ctB _, pctB,Stepl
U® Pl F x” p ) Y peiByp p

=J17x1.28991x0.0012984 = 0.1687 In(g/L)

As described in Section 4.2.2, composition uncertainties are estimated using Monte Carlo simulation of mass
balance equations given by Equations (65) and (66) for the 4101"™ MFPV batch:

element in tarnswaste
CCRV fVCRV 11 oxide in GFCin
i,A11,1 im A1l +ZmGFC MMFPV,target,Stepl
oxidein 1000 / ik k,A101
MFPV ,Stepl __ (mg/g) k=1 (185)
i,4101 T 64 elementin tarnswaste
z CCRV VCRV
i,A11,1 i’ Al1,1 64 11 oxidein GFCin
i=1 + z Z mGFC MMFPV,targel,Stepl
ik k,A101
1000(mg/g) i=1 k=l
oxidein
oxidein MFPV,SZC’])]
& MFPV Stepl —L 186
i,A101 ~ 64 oxidein ( )
MFPV,Stepr
i,4101 i

i=1

In this method, the uncertain variables in the mass balance equations are given random values (5000
“simulations” for this example) that conform to a certain statistical distribution as summarized here:

e volume of waste to be transferred from CRV to MFPV (normal distribution based on nominal value
of 8707.7 L from Section 6.1.5 and SD of 447.2 L from Appendix D)

e concentration of each element in the CRV (normal distribution based on nominal values in Table B-
1 and SD values calculated by Equation (14) using RSD values given in Table A-2)

e mass of each GFC to be added to the MFPV (normal distribution based on nominal values given in
Table 19 and SD values calculated following the methods described in Appendix E)

e concentration of each oxide in each GFC (PERT distribution based on minimum, most likely, and
maximum values given in Table A-4)

e retention factor of each component (calculated from PERT distribution of In(DF) based on Min,
Median, and Max In(DF) values in Table A-3)

transwaste

Figure 12 shows an example distribution for 5000 random values of VACIIfK based on a nominal volume of

8707.7 L and SD of 447.2 L. Likewise four other uncertain variables listed above are given 5000 random
values from associated statistical distributions. The result is 5000 glass compositions, which are used to
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calculate 5000 predicted values for all properties. An example distribution of 5000 PCT normalized B
P pctB,Stepl -

release values (

Figure 12. Example Histogram of 5000 Random fofj

A101

in In[g/L]) is given in Figure 13.

transwaste

450 —

) '\ ) R
RO RO PN

0 2

9 ~
qﬁ\ﬁq\q’ﬁ,d";" o 6" @%@":’ 5 ’5"’

‘Waste transfer volume, L

Values (L) for Monte Carlo Simulation

Figure 13. Histogram of 5000 Predicted P/.”**' Values (In[g/L]) from Monte Carlo Simulation
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Predicted PCT In(rg), In(g/L)

The composition uncertainty of the PCT normalized B release for the 4101™ MFPV batch is calculated using

Equation (15):
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yreBS _ gpas Sl _ gpabSet _ (2749 - (—0.0607) = 0.3356 (187)

comp,A101 —

Then, the UCCI of the PCT normalized B release for the 4101™ MFPV batch is calculated using
Equation (16):

chtB,Stepl _ PpctB,Stepl + UpctB,Stepl + UpctB,Stepl

ucci,A101  — * 4101 pred,A101 comp,A101
=-0.0507+0.1687+0.3356 (188)
=0.4536

Table 21 summarizes the predicted properties, uncertainties, and UCCI/LCCI values for the 4101 MFPV

batch compared with the corresponding limits. As shown in Table 21, all constraints were satisfied except

for the upper limit for viscosity at 1150°C ( L"*'"*° = 4.3820 In[g/L]). The failure to meet the upper limit for

viscosity at 1150°C requires that the glass formulation needs to be adjusted, which will be done in Section
6.1.7.

Table 21. Predicted Properties, Uncertainties, and UCCI/LCCI Values for the A101™ MFPV Batch
Compared with the Corresponding Limits

Property Unit | PRoeset | Umeisl | Uil | Bocor or Biataot | L™ or L'
In(rp) In[g/L] | -0.0507 0.1687 | 0.3356 0.4536 < 1.3863
In(rya) In[g/L] | -0.1406 0.1759 | 0.2868 0.3221 < 1.3863
In(D) In[um] | 2.2926 0.7076 1.2235 42237 < 6.1159
In(700), u | In[P] 4.7126 0.0361 0.2552 5.0039 < 5.0106
In(p150), 1 | In[P] 4.2092 0.0363 0.2301 3.9428 > 2.9957
In(iis0), | In[P] 4.2092 0.0363 | 0.2355 4.4811 < 4.3820
In(eri0), I |In[S/em]| -1.0720 0.0346 | 0.1822 -1.2888 > -2.3026
In(eo00), u |In[S/em]| -0.7157 0.0352 | 0.1621 -0.5184 < -0.3567

Shaded row represents the property that does not meet the limit

Table 22 summarizes the model validity constraint values for the 4101™ MFPV batch compared with the
corresponding limits. As shown in Table 22, all model validity constraints were satisfied.

Table 22. Model Validity Constraints for the 4101™ MFPV Batch Compared with the Corresponding

Limits
Constraint | Value | Lower Limit | Upper Limit
oxidein
Model validity single component constraints ( g%ﬁ’gfs “rly

ALOs 0.06123 0.035 0.0900
Cl 0.00136 0 0.0091
Cr,04 0.00086 0 0.0059
F 0.00076 0 0.0035
P,0O:s 0.00198 0 0.030
SiO, 0.45172 0.384 0.521
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Constraint Value Lower Limit Upper Limit
Sum of Minors 0.00051 0 0.0028
Model validity PCT constraints
Pra%Set (In[g/L]) -0.0507 NA 0.9933
PLaNeS el (In[g/L]) -0.1406 NA 0.9933
oxidein
Model validity multiple component constraints (based on gﬁﬁﬁf’s’@ ', lower and upper limits are
a function of concentration of other component)
Li,0 function of Na,O 0.00000 -0.05336 0.02851
Cr,03 function of P,Os 0.00086 -0.00138 0.00234
Na,O function of CaO 0.19088 0.08878 0.28178
Li,O function of CaO 0.00000 0.00000 0.03952
Na,O function of SO; 0.19088 0.03647 0.25787
Li,O function of SO; 0.00000 -0.02079 0.05081
Na,O function of SiO, 0.19088 0.00220 0.20480

NA: not applicable
6.1.6.2 Waste Na,O Loading Constraint

The waste Na,O loading in the 4101"™ MFPV batch from algorithm calculation Step 1 is calculated using
Equation (68):

oxide in waste in

P CRV MFPYV target
oxidein »1arg
MFPV Stepl 8 Na,0,41 G0 @O 01\V;
Na,O(w), 4101 64 oxidein  wastein 11 oxide in GFCin
CRV MFPV target GFC \ f MFPV target
Z 8i 4111 GAlOl v, + Zmik Mkj Vi
i=1 k=1

0.82030%0.23317x0.95x0.99136

= — — _ (189)
64 oxide in 64 11 oxide in ___GFCm
Z[ g 0.233171/[}+ ZKZ’"fZFC M,Q””Wgﬂjv,}
i=1 k=1

i=1
0.18013

= =0.18102
0.22893+0.76616

For this example calculation, it was assumed that the 411" CRV waste was designated as Envelope A with
@, =0.95 (where @,,,is the fraction of the sodium in the 47/ ™ CRV batch that is classified as waste

oxidein
sodium). The Envelope A constraint gffai g{v’fﬁ’fm > L?VN“ =0.14 was met.
6.1.6.3 Radionuclide Concentration Constraints
rad in
The specific activities of radionuclides in glass after applying retention factors (d%ﬁ?’&ep " required to

calculate the constraints pertinent to radionuclide concentrations were given in the 3" column of Table B-5a
rad in

from Section 6.1.4. The SD values for specific activities of radionuclides in glass (§f§fOVI’S'6p ") for algorithm
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calculation Step 1 after applying retention factors were obtained by Monte Carlo simulations of Equation
(70) and given in the 4™ column of Table B-5a. These values are used to calculate the constraints for '*’Cs
and *°Sr according to Equations (73) and (74) as below:

radin A radin
~MFPV ,Stepl rad 3 MFPV ,Stepl
> + s
137¢s, 4101 k S137¢5, 101
radin glass in radin glass in
_ ~MFPV Stepl _MFPV rad ~MFPV Stepl _MFPV
T e, 4101 Paor T k S‘37c§,A101 4101 (190)

= 4.48192E-05(mCi/g) x 2730(g/L) + 2 x 5.15875E-06(mCi/g) x 2730(g/L)
=0.1505(Ci/m’) < 0.3 Ci/m’

radin radin
~MFPV ,Stepl rad ~ MFPV ,Stepl
08,4101 +k S9°Sr,A101
radin glassin radin glassin
__ ~MFPV ,Stepl A MFPV rad ~ MFPV ,Stepl _MFPV
=g nor Paor TE T Sng 0" Paior (191)

=5.57167E-04(mCi/g) x 2730(g/L) + 2 x 2.87069E-05(mCi/g) x 2730(g/L)
=1.6778(Ci/m*) < 20 Ci/m’

where k™ is the expansion factor for radionuclide concentration specification.

Table 23. Calculation of Sum of Fractions for Long Lived Radionuclides Class C Limits in the 4101™

MFPYV batch
N radin radin Lradin rad in
Radio- La[ La; 2 MFPV ,Step] ~MFPV ,Stepl "’MFPV,Stepl ~MFPV,Step1
N N “’ i, 4101 > | D101 ) i,4101 or AL
nuclide () | Ci/m® | nCifg | cyjp? nCi/g L L
PTc 3 0.06123 0.02041
¥ 0.08 1.487E-04 0.00186
TRUY 100 1.2026 0.01203
Py 3,500 1.2257 3.502E-04
**Cm 20,000 0.00271 1.354E-07
rad in
MFPYV ,Stepl
SE)rre s 0.03465
(a) Alpha emitting transuranic nuclides with half-life greater than 5 years for Hanford LAW (24590-WTP-PL-RT-
03-001) = 237Np, B8py, 29py, H0py, 2 Am, 2Py, 23 Am, 2*Cm, and ***Cm. These are quantified by total alpha
measurement.

Table 24. Calculation of SD for Sum of Fractions for Long Lived Radionuclides Class C Limits in the

A101™ MFPV batch

. radin radin radin rad in
Radio. | L, | L, | gl | giilen, | SRS S
nuclide (@ | Cifm® | nCilg | cjp? nCilg R
P T 3 0.02136 0.00712
1291 0.08 5.299E-05 0.00066
TRU® 100 0.0472 0.00047
2#py 3,500 0.1157 3.356E-05
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2Cm | | 20,000 | | 0.000196 9.813E-09
radSF in
SRV Step! 0.00717
(a) Alpha emitting transuranic nuclides with half-life greater than 5 years for Hanford LAW (24590-WTP-PL-RT-

03-001) = B 7Np, B8py, 29py, 2%py, ' Am, 2*Pu, 2 Am, **Cm, and ***Cm. These are quantified by total alpha

measurement.

Table 25. Calculation of Sum of Fractions for Short Lived Radionuclides Class C Limits in the 4101

MPFPYV batch
Aradin
. . i . 3 L radin ~MFPV,Stepl
Radionuclide (5) L;,Ci/m ~24AF11(3)I1/’S@1 , Ci/m° z,Alzzi

ONj 700 0.08494 1.213E-04

Sy 7,000 1.52106 2.173E-04

s 4,600 0.12236 2.660E-05

rad in
SFS/Z[’IZ;I(;I,Stepl 3.652E-04

Table 26. Calculation of SD for Sum of Fractions for Short Lived Radionuclides Class C Limits in the

A101"™ MFPV batch
. radin :;%*{;’HV,S[epl
Radionuclide () | L, Ci/m’ SV St | Oy i.A101
i, in
ONj 700 0.00604 8.624E-06
Sy 7,000 0.07837 1.120E-05
Bcs 4,600 0.01408 3.062E-06
radSF in
MFPV ,Stepl 1.446E-05
SL,A101

The Class C limit is satisfied as long as the two conditions by Equations (79) and (80) are satisfied:

rad in radSF in

SFLAL/IZIZI(/)iStepl + kradsﬁliji/dftepl (192)
=0.03465+2x0.00717 =0.04898 < 1
B st o T
ole ra ,Ste,
SFg o K Ss q01 (193)

=3.654E-04 +2x1.446E-05 =3.942E-04 <1

6.1.6.4 Surface Dose Rate Constraint

The surface dose rate calculation is not performed by ILAW formulation algorithm.

6.1.7  Adjustment of Target Glass Composition

The initial target formulation for the example 4101™ MFPV Batch failed the upper limit for viscosity at
1150°C as discussed in Section 6.1.6, which requires an increase of Li,O target concentration according to
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the approach described in Section 5.1.7.2. The required adjustment of Li,O target concentration is obtained
by solving Equation (87) using the ¢ value of 0.005:

vis1150,Stepl
eXp (Bucci,AIOI

)+o.005 =1 (194)

vis1150,Stepl
eXp (Bucci,j )

80

The

value before adjustment was 1.104 and becomes 0.995 (this value will change

oxidein

slightly after Monte-Carlo run based on new target composition) when the g%z}zz%f is 0.0019. Then,

Equation (88) is used to calculate adjusted Li,O target concentration:

oxidein oxidein oxidein
MFPV (target __ __MFPV initial MFPV ,adj __ _
&rio.m0 = 8rho.a0 T 8Liy0.4101 = 0+0.00190=0.00190 (195)

The above adjustment of target Li,O mass fraction affects the target mass fraction of SiO; only i.e., there is
no change for all other components and waste loading. The target SiO, mass fraction is calculated using
Equation (88), i.e., by subtracting the adjusted Li,O mass fraction from the initial SiO, as below:

oxidein oxidein oxidein

ggfgjﬁfgfg‘” = ggfgjﬁfg;'”“l - gﬁfj(iﬁfgjf =0.44983-0.00190 = 0.44793 (196)

For all other components and waste loading,

oxidein oxidein
MFPV (target __ __MFPV initial . . .
&i. 4101 =& 4101 {l # Li,O, Sloz} (197)
wastein wastein
MFPV (target __ ~MFPV jinitial __
GYIPPVaarget _ GMPPYniil _ () 93317 (198)

The Step 1 glass and radionuclide compositions (Section 5.1.4), waste transfer volume (Section 5.1.5), and
Step 1 constraints (Section 5.1.6) are calculated following the same methods illustrated in Sections 6.1.4,
6.1.5, and 6.1.6. The results of these calculations are summarized below.

6.1.8 Calculation of Step 1 Glass and Radionuclide Compositions after Target Glass
Composition Adjustment

wastein oxidein
. . . . MFPV targ CRV . . .
There is no change in the waste contribution (G, “*“g; 41, ) to the Step 1 glass composition given in

the 6™ column of Table B-3 compared to that before target glass composition adjustment given in the 3™
column. The adjusted target composition is given in the 5" column and the resulting target GFC

oxidein

composition ( g%%’f’m‘get'gﬂ’) values for 11 GFC components are in the last column of Table B-3.
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GFCin
The preliminary target mass of GFCs per g glass (M ,fﬁf)oﬁ’P ") and target mass of GFCs per g glass
GFCin

(M ,ﬁu 108"y are given in Table 27 (corresponding to Table 18 given before target glass composition

adjustment).

Table 27. Preliminary Target and Target Masses of Each GFC per g Glass for the 4101™
MFPV Batch after Target Glass Composition Adjustment

__GFCin . GFCin
GFC (&) Wi gjﬁ)vl pre Wi li\jljf’on,target
Kyanite 7.5098E-02 7.5098E-02

Boric Acid 1.7684E-01 1.7684E-01

Wollastonite 5.1698E-02 5.1698E-02
Hematite 5.3216E-02 5.3216E-02

Li carbonate 4.7256E-03 4.7256E-03
Olivine 3.0507E-02 3.0507E-02

Na carbonate -5.7320E-04 0.0000E+00

Silica 3.6302E-01 3.6302E-01

Rutile 1.4191E-02 1.4191E-02

Zincite 3.5051E-02 3.5051E-02

Zircon 4.5078E-02 4.5078E-02
wastein oxide in

Table B-4b shows the waste contribution (G} gff]Vljl (2" column), the GFC contribution

11 GFCin oxidein oxidein
7 MEPV target | GFC d : MFPV Stepl th th
( E M, o my ) (3" column), and the resulting g,”,,,;” " values (4" column) for the 4101
k=1

oxidein
MFPV Batch after target composition adjustment. Table B-4b also includes the g%ﬁ?{’&@ 'v . values (5"

oxidein

~ MFPV ,Stepl
column) and the g,",0,”"

oxidein

64
results (6" column) using z g%ﬁ?{’s’ep 'v.=0.994096 . The specific activity of

i=1

rad in
radionuclides in the 4101™ MFPV batch before applying retention factors (a%ﬁ;:/’s “’!) and after applying
oxidein
retention factors (d%ﬁﬁf’&ep ") are given in Table B-5b.

6.1.9  Calculation of LAW Transfer Volume after Target Glass Composition Adjustment
The GFC and dust water control volumes per unit volume of LAW and the volume of dilution water change

after the target adjustment. Equation (180) for the 4101™ MFPV batch is rewritten with the volumes
changed after target glass composition adjustment:
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working

Vi’ =19426 (L)

transwaste GFC dust surcorse heel
— VACI'ITK + VAAIIOFIPV,Stepl + V/ﬁgf}V’Smpl + VAAIIgf’V,Stepl + V[i\II(I)TIPV
transflush sampflush dilute
+ VAAII(I;:'IPV + VAA;[(J:'IPV + VAA;[(J:'IPV,Stepl (199)

transwaste transwaste transwaste transwaste

=V 10376415 £0.0379720 5% £0.023093V 5% +6712.0

transwaste

+37.5+175.3 + max {—0.1615291/5{17 —212.7,0}

transwaste

Equation (199) was solved iteratively to obtain the waste transfer volume (VdZRV ) of 8696.7 L compared

transwaste

to the result of 8707.7 L before the target composition adjustment. This result of V<" is used to

transwaste

calculate the volumes that were expressed in terms of VdfnRV , then Equation (199) is rewritten as:

19426 (L) =8696.7 +3273.5+330.2+200.8+6712.0+37.5+175.3+0.0 (L) (200)

franswaste

This VdfnRV value is used for calculation of composition uncertainties required for the calculation of Step
1 constraints in Section 6.1.10.

The target masses of GFCs and sucrose are calculated from the waste transfer volume. Table 28 summarizes
the resulting masses of GFCs and sucrose from Step 1 calculation for the 4101™ MFPV Batch after target
composition adjustment.

Table 28. Masses of GFCs and Sucrose from Step 1 Calculation for the 4101™
MFPYV Batch after Target Composition Adjustment

GFC (k)/sucrose M P arger e
k,A101
Kyanite 729.90
Boric Acid 1718.73
Wollastonite 502.47
Hematite 517.23
Lithium carbonate 45.93
Olivine 296.51
Sodium carbonate 0
Silica 3528.27
Rutile 137.92
Zincite 340.67
Zircon 438.13
Sucrose 311.09
Total 8566.83

Page 131



ORP-56321, Rev. 0 24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

6.1.10 Calculation of Constraints for Algorithm Step 1 after Target Glass Composition
Adjustment

The same calculations of the constraints described in Section 6.1.6 are performed with adjusted target glass
and radionuclide compositions. Table 29 summarizes the predicted properties, uncertainties, and
UCCI/LCCI values for the Step 1 composition of the 4101™ MFPV batch after composition adjustment and
applying the retention factors compared with the corresponding limits. Table 29 shows that all the property
constraints are met after composition adjustments.

Table 29. Predicted Properties, Uncertainties, and UCCI/LCCI Values for the 4101™ MFPV Batch
Compared with the Corresponding Limits (After Formulation Adjustment)

Property Unit | et | Umeis | Ustoiol | Buetor or Biataol | L™ or L'
In(rs) In[g/L] | 0.0551 0.1537 | 0.3585 0.5674 < 1.3863
In(rxq) In[g/L] | -0.0571 0.1651 | 0.3016 0.4096 < 1.3863
In(D) In[um] | 2.6093 0.6303 1.2962 4.5358 < 6.1159
In(000), u | In[P] 4.6071 0.0326 | 0.2520 4.8916 < 5.0106
In(p050), [ | In[P] 41112 0.0328 | 0.2414 3.8370 > 2.9957
In(is50), u | In[P] 41112 0.0328 | 0.2323 43763 < 4.3820
In(e;s00), [ |In[S/em]| -1.0550 0.0321 | 0.1773 _1.2644 > -2.3026
In(es200), u | In[S/em]| -0.7025 0.0327 | 0.1649 -0.5049 < -0.3567
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Table 30 summarizes the calculation results for additional constraints for the Step 1 composition of the
A101™ MFPV batch after composition adjustment and applying the retention factors compared with the
corresponding limits. Table 30 shows that all the model validity, waste Na,O loading, and radionuclide
concentration constraints are met.

Table 30. Additional Constraints for the 4101™ MFPV Batch after Composition Adjustment

Compared with the Corresponding Limits

Constraint Value | Lower Limit Upper Limit
oxidein
Model validity single component constraints ( g%ﬁ’;fs “rly
AL Os 0.06123 0.035 0.090
Cl 0.00136 0 0.0091
Cr,05 0.00086 0 0.0059
F 0.00076 0 0.0035
P,0; 0.00198 0 0.030
SiO, 0.44981 0.384 0.521
Sum of Minors 0.00051 0 0.0028
Model validity PCT constraints
PLaBSt (In[g/L]) 0.0551 NA 0.9933
PRSPt (In[g/L]) -0.0571 NA 0.9933
oxidein
Model validity multiple component constraints (based on gﬂ%f’s’@ ', lower and upper limits are
a function of concentration of other component)
Li,O function of Na,O 0.00190 -0.05337 0.02851
Cr,03 function of P,Os 0.00086 -0.00138 0.00234
Na,O function of CaO 0.19088 0.08878 0.28178
Li,0 function of CaO 0.00190 0.00000 0.03952
Na,O function of SO; 0.19088 0.03645 0.25785
Li,O function of SO; 0.00190 -0.02079 0.05081
Na,O function of SiO, 0.19088 0.00474 0.20734
Waste Na,O loading constraint
oxidein
MFPV Stepl (a) 0.1810 0.14 NA
Na,O(w),A101
Radionuclide Concentration Constraints
radin radin
~MFPV ,Stepl rad ~MFPV ,Stepl s 3
amCs,AlOlp +k SmCs,AlOlp (Ci/m’) 0.1503 NA 0.3
radin radin
= MFPV ,Stepl rad 2 MFPV ,Stepl <3
""Sr,Alolp +k S‘)USr,Alol ' (Cl/m ) 1.6796 NA 20
NPV Stept g rad MEPY Stept
,0te) ra ,91e,
SFiaor K S e 0.04869 NA !
rad in . radSF in
MFPV ,Stepl rad _MFPV ,Step]
SEg aor K S5 a0t 0.00039 NA !

NA: not applicable

(a) It was assumed that the fraction of sodium in the 411™ CRV that is classified as waste sodium ( @ ) 11) Was
95% and waste in the 411™ CRV was designated as Envelope A.
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6.2 Example Step 2 — Calculation of GFC Masses and Dilution Water Volume

The waste transfer volume calculated in Section from Step 1 is provided to the operators of the LAW
Vitrification and Pretreatment facilities so that they can initiate the waste transfer from the CRV to the

waste

MFPV. After transferring the waste, the actual waste volume (VjMFPV ) added to the MFPV is obtained and

used to calculate the GFC/sucrose masses and dilution water volume in Step 2 calculation. For the purpose

waste

of this example calculation, it was assumed that the actual waste volume (¥ 0/"") was 8957.6 L, 3% higher

than the target of 8696.7 L. The masses of GFCs and sucrose to add to the MFPV are calculated using
Equations (89) and (90):

waste

GFCin GFCin y MEPY GFCin 8957.6 (L)

MFPV target,Step2 __ MFPYV target,Stepl A101 _ MFPYV target ,Stepl
Mk,AlOl - Mk,AlOl transwaste - k,AlOl (201)
7 CRV 8696.7 (L)
All,1
waste
sucrosein sucrosein VMFPV 8957 6(L)
MFPV arget,Step2 __ MFPV target,Stepl A101 _ N —

M o =M 0 —e—=311.09(kg) —————=320.43 (kg)  (202)

s 8696.7(L)

VAll,l

The results of the Step 2 calculations are included in Table 31.

Table 31. Masses of GFCs and Sucrose from Step 2 Calculation for the 4101™ MFPV Batch

GFCin
GFC (k)/sucrose M}i‘fﬁ)’?mfg@hswpz
Kyanite 751.80
Boric Acid 1770.30

Wollastonite 517.54
Hematite 532.74

Lithium carbonate 47.31
Olivine 305.40

Sodium carbonate 0.00
Silica 3634.13
Rutile 142.06
Zincite 350.89
Zircon 451.28
Sucrose 320.43
Total 8823.88
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The volumes of dust control water and dilution water for Step 2 are calculated based on actual volume of
waste transferred using Equations (91) and (92):

waste

dust dust MFPV
Y MERY Step2 MEPV Step] VAL = 330.2(L)89L'6(L) =340.1(L) (203)
Cry 8696.7(L)
VAll,l
elementin  waste
VP e Craana Vitor - VR i e ey s
Vi~ =max Lf —(Vlm +V o1 TV Vi ¥ ],0
101 IOOOMWNQI[NQ],AM A A 4101 101
158576.4(mg/L)x8957.6 3
=max< 1000(mg/g)x 22.9898(g/mole) x 7.870(moles/L) (204)

(8957.6 +37.5+175.3+340. 1),0
= max{—1659.7,0} =0

The volume contributions of GFCs and sucrose are calculated using Equations (93) and (94):

waste

GFC GFC MFPV
V[j\;l([;lPV,StepZ _ VAAIIOFIPV,Stepl Zﬁ?ﬁvm ~3273.5(L) 8957.6(L) _33718 (L) (209)
™ 8696.7(L)
Alll
waste
sucrose sucrose MFPV
yrysiens = ey Stept VAL; = 200.8(L)M =206.9 (L) (206)
™ 8696.7(L)
AlLL

Then, the total increase of volume originated from increased waste transfer volume is calculated using
Equation (95) as:

waste GFC dust surcorse heel

VAA;[g'lPV + V/j\llg'lPV,StePZ + VAA{(I)?IPV,StePZ + VAAll(I)TlPV,StepZ + VAA;I:;PV
transflush sampflush dilute
+ VAAII(I;IDV,measured + VAAII(I):II)V + VAAI[(I):'f)V,StepZ _ 19, 426
=8957.6+3371.84+340.1+206.9+6712+37.5+175.3+0-19,426 (207)

=19,801.1-19,426
=375.1<1,666 (L)

In this example, because the actual waste transfer volume increase was small enough not to cause the total
MFPYV volume increase over the allowable 1,666 L, it is safe to continue normal operation.
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The actual measured volume of waste transfer, actual measured volumes of flush, batch control, and dilution
water, and the actual measured masses of GFCs are used to calculate the final composition and properties.

For example calculations, the actual measured masses of GFCs and sucrose were random generated based on
the SD values discussed in Appendix E and given in the 2™ column of Table 32.

Table 32. Assumed Values for the Measured Masses of GFCs and Sucrose in Step 3 Calculation and
Calculated GFC/Sucrose Masses per g Glass for the 4101™ MFPV Batch

GFCin 64 oxidein NPT measured o GrC o MEPY Step
GFC M,ffﬁ)’/l’mm“”d ore M, qor Zl My M o™
kg P ke ' g/g glass
Kyanite 752.1 0.99665 749.6 0.07505
Boric Acid 1770.0 0.56527 1000.5 0.17663
Wollastonite 517.7 0.99135 513.2 0.05166
Hematite 532.6 1.00546 535.5 0.05315
Lithium carbonate 47.4 0.40702 19.3 0.00473
Olivine 305.3 0.98994 302.2 0.03047
Sodium carbonate 0.0 0.58420 0.0 0.00000
Silica 3634.4 0.99891 3630.5 0.36268
Rutile 142.1 0.98793 140.4 0.01418
Zincite 350.7 0.99829 350.1 0.03500
Zircon 4512 0.98731 445.5 0.04503
Sucrose 320.3 NA NA NA
Total 8823.8 NA 7686.8 NA

NA: not applicable
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6.3.1 Final Glass Composition

wastein GFCin
The final waste loading (G} 573y and GFC mass per g glass (M ,fﬁfon’S’q’ *) are calculated using
Equations (96) and (97):
G;\ngljn&ep3 CAll 1 VAlOl
4101 - (éndem waste GFCin . 64 g‘cicéein
RV MFPV MFPV ,measure F
Ci Vi +Z(Mk A101 Zmik j
k=1 i=1
260.58(g/L)*x8957.6(L
11 GFCin 64 oxide in
260.58(g/L)x8957.6(L) + Z[M,fljfoﬁ meared ™" it j
k=1 i=1
2334.2(k
(ke) 23293
2334 2(kg)+7686. S(kg)
T G .
Mk A101 e (1 GAIOI e ] 1?/[1;%11/"[ measured
M%;%If Step3 __ _ Mk,AlOl, (1_0'23293) (209)
k,A101 T GFCin 64 oxide in o 7686 8(k )
MMFPV ,measured ZmGFC . g
z k,4101 ik
k=1 i=i
GFCin
Calculation of M ,ﬁ” ff)oyl 53 yalues using Equation (209) is illustrated in Table 32. Then, the glass
composition is calculated using Equation (98):
SV Sips _ MEPIS ' R NPT . Gre”"
,91e, e, te;
i,A101 ? GA]O] i 1 All,l ZMk A101 v lk
(210)

oxide in GFCin oxide in

= 0 23293)( gcflVl 1 + ZM]?/IZ"{’OI; Szep3 GFC

oxide in GFCin oxide in
R : . \ o MFPV GFC :
The gl.c AlVll values are given in Table B-2, M, Alm’S’ep ? values are in Table 32, and nm,; values are in
wastein oxide in

Table A-5. Table B-6 show the waste contribution (G, " g} | ) (2" column), the GFC contribution

GFCin oxide in oxidein
MFPV Step3  GFC . MFPV ,Step3 h h
(sz TS m ) (3 column), and the resulting S0 values (4" column) for the 4101°

oxidein
MFPV Batch. The glass composition after applying retention factors ( g%ﬁgf 573y s calculated using

Equation (99):
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oxidein
oxidein MFPV ,Step3
~ MFPV Step3 81,4101 Vi 211
i,A101 T 64  oxidein ( )
MFPV ,Step3
i,A101 Vi

i=1

oxidein oxidein

Table B-6 also includes the g%ﬁf’&"p v ; values (5™ column) and the gf{f{;{ results (6™ column) using

oxidein

64
2 gl "V, = 0.99410.
i=1

rad in

The activity of radionuclides per unit mass of glass oxides in the 4101™ MFPV batch (a%ﬁ'l/’&e” *)is
calculated using Equation (100):

rad in rad in wastein

MFPV Step3 __ _CRV GMFPV,Step3

1, 4101 =4 111Y 001

_radin wastein _radin 212
RV 3, GYEPVSers RO (mCi/L) x 0.99854 % 0.23293 (212)
=— . =— (mC/g)
o
cenr 260.58(g/L)
All
oxidein
The specific activity after applying retention factors (d%ﬁ'{’%p *) is calculated using Equation (101):
rad in rad in
xidei MFPV ,Step3 MFPV ,Step3
MEPY sty Y01 Vi 4 g0 Vi 13
17,4101 64 oxidein - 0 99410 ( )
MFPV ,Step3 .
i, 4101 i
i=1
rad in oxidein

The results of @}/ ¥%> and @ """ are in Table B-7.

6.3.2  Final Predicted Properties and Uncertainties

The glass composition given in Table B-6 is used to calculate the final predicted properties with
uncertainties.

Table 33 summarizes the predicted properties, uncertainties, and UCCI/LCCI values for the Step 3
composition of the 4101"™ MFPV batch after applying the retention factors compared with the corresponding
limits. As expected, Table 33 shows that all the property constraints are met.

Table 33. Predicted Properties, Uncertainties, and UCCI/LCCI Values for Final Composition from
Step 3 Calculation of the 4101™ MFPV Batch Compared with the Corresponding Limits

Property Unit | P | U,y | Usg, B e
In(rs) In[g/L] | 0.0540 | 0.1537 | 0.3366 | 0.5443 | < 1.3863
In(ryq) In[g/L] | -0.0579 | 0.1651 | 0.2852 | 03924 | < 1.3863
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In(D) In[um] | 2.6105 | 0.6303 | 1.2035 | 44442 | < 6.1159
In(11100), In[P] | 4.6076 | 0.0326 | 02523 | 4.8925 | < 5.0106
In(11150), | In[P] | 4.1117 | 0.0328 | 0.2254 | 3.8536 | > 2.9957
In(11150), U In[P] | 4.1117 | 0.0328 | 02333 | 43779 | < 4.3820
In(e100), I | In[S/em] | -1.0551 | 0.0321 | 0.1766 | -1.2638 | > -2.3026
In(eio0), # | In[S/em] | -0.7026 | 0.0327 | 0.1528 | -0.5172 | < -0.3567

Table 34 summarizes the calculation results for additional constraints given in Table 10 through Table 13 for

the Step 3 composition of the 4101™

MFPV batch compared with the corresponding limits. There are no or

only minor differences between the results from Step 1(Table 30) and Step 3 (Table 34) calculations,
resulting from formulation different caused by the differences in the target and measured GFC masses.

Table 34. Additional Constraints for the Step 3 composition of the 4101™ MFPV Batch Compared
with the Corresponding Limits

Constraint | Value | Lower Limit | Upper Limit
oxidein
Model validity single component constraints ( gﬁﬁ’;?s “r3y
Al O; 0.06125 0.035 0.090
Cl 0.00136 0 0.0091
Cr,0; 0.00086 0 0.0059
F 0.00076 0 0.0035
P,0s 0.00198 0 0.030
Si0, 0.44984 0.384 0.521
Sum of Minors 0.00051 0 0.0028
Model validity PCT constraints
PLaBSP3 (In[g/L]) 0.0540 NA 0.9933
PPaveSe3 (In[g/L]) -0.0579 NA 0.9933
oxidein
Model validity multiple component constraints (based on g%ﬁﬁf’&e” ?, lower and upper limits are
a function of concentration of other component)
Li,0 function of Na,O 0.00191 -0.05336 0.02851
Cr,0; function of P,Os 0.00086 -0.00138 0.00234
Na,O function of CaO 0.19088 0.08877 0.28177
Li,O function of CaO 0.00191 0.00000 0.03953
Na,O function of SO; 0.19088 0.03645 0.25785
Li,O function of SO; 0.00191 -0.02079 0.05081
Na,O function of SiO, 0.19088 0.00469 0.20729
Waste Na,O loading constraint
VR S @ 0.1810 0.14 NA
Na,O(w),A101
Radionuclide Concentration Constraints
radin radin
G 5T cim) 0.150 NA 03
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Constraint Value Lower Limit Upper Limit
Arad in Amd in
2 MFPV ,Step3 rad XMFPV ,Step3 S 3 1.6777 NA 20
05, 4101 +k S"OSr,Alol (Cl/m )

rad in radSF in

MFPV ,Step3 rad  MFPV ,Step3 0.04843 NA 1
SFLL,AIOI +k S1L,4101

rad in radSF in

MFPV Step3 rad _MFPV ,Step3 0.00039 NA 1
SFSL,A]O] +k Ss1,4101

NA: not applicable
(a) It was assumed that the fraction of sodium in the 411™ CRV that is classified as waste sodium ( @ 1)

was 95% and waste in the 411" CRV was designated as Envelope A.
6.4 Example Step 4 — Comparison of Final Composition and Properties with Constraints

Table 33 and Table 34 already compared the predicted properties with uncertainties and additional constraint
quantities to their limits and confirmed that all the constraints are met for the 4101™ MFPV batch.

If prediction plus composition uncertainty for any property is outside the range of acceptability, an operator
will be alerted for intervention. For product quality related properties (e.g., those properties required to meet
Contract Specification 1) this comparison is a hold point for transfer of melter feed to the MFV. Once the
comparison is successful, the hold point is lifted.

6.5 Example Step 5 — Completion of Production Records

As discussed in Section 5.5, the productions records are calculated per glass canister basis. With the canister
compositions and masses, compliance with the product requirements is demonstrated. These requirements
are discussed in the same order as in Section 5.5.

The example calculations given in Section 6.1 through 6.4 through were performed for one MFPV batch
(assumed as A101™ MFPV) based on the 1* transfer waste transferred from the 411™ CRV. Similar
calculations were also performed for the next 9 MFPV batches for a total of 10, from 4 101" to BlOSth,
MFPYV batches. These 10 MFPV batches required three CRV batches, A11, B11, and A12. The
compositions of these CRV batches are given in Table B-1 in the units that would be reported by the WTP
laboratory.

During these calculations, to simulate the use of actual measured data, the following values were random
generated:

e Actual CRV working volume around the nominal value of 48661 L

e Actual MFPV heel volume around the nominal value of 6556 L

e Actual waste transfer volume around the Step 1 target value

e Actual GFC masses around the Step 2 target values
The actual water volumes for flush waters, dust control water, and dilution water were assumed to be the

same as nominal or target values.

The results of above calculations are in Tables B-8 through B-10. Table B-8 summarizes the input data and
results of various processing parameters, Table B-9 waste and final glass compositions and SD for glass
composition, and Table B-10 results on various constraint quantities including glass properties and
uncertainties. Calculations of quantities for production records based on these 10 MFPV batches are given
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in the following subsections. It was assumed that the 4501™ through 4503"™ canisters consist of five MFPV-
A batches (MFPV-4101, 4102, 4103, 4104, and 4105) and B501™ through B503" canisters consist of five
MFPV-B batches (MFPV-B101, B102, B103, B104, and B105).

6.5.1 Specification 2.2.2.2—Waste Loading

The mass weighted average composition over 5 MFPV batches is calculated using Equation (121):

5 oxidein oxidein
Z MFPV MFPV,Step3
oxidein NazO(u) ]
can _Jj=1
Na,O(w),e — oxidein (214)
ZMMFPV ,Step3
j=1
oxidein
The waste Na,O loading ( g?ffgzw) ;) data are given in Table B-10 and the total glass oxides mass

oxidein

(M ?lF PV-8er3y data are in Table B-8. Table 35 summarizes the calculation of waste Na,O loading for the

A501" and B501™ canisters.

Table 35. Calculation of Waste Na,O loading for the A501™ and B501™ Canisters

Mass of glass Mass of glass

MFPV batch Waste }\1320 before retention MFPV batch Waste }\IaZO bf:fore

loading factor loading |retention factor

adjustment, kg adjustment, kg
MFPV-A101 0.181 10021.0 MFPV-B101 0.181 9888.9
MFPV-A102 0.181 9952.3 MFPV-B102 0.188 9872.2
MFPV-A103 0.188 9727.5 MFPV-B103 0.188 9537.2
MFPV-A104 0.162 10562.6 MFPV-B104 0.162 10431.4
MFPV-A105 0.162 10508.8 MFPV-B105 0.162 10510.9

i i
Result fqrASOl 0.174 Result fgr B501 0.176
canister canister

6.5.2  Specification 2.2.2.6— Chemical Composition Documentation

The composition of canister glass is calculated using Equation (123) and its SD using Equation (124):

e |

can _J=
ie 5 oxidein

7 MFPYV ,Step3
2M)
J=1

oxidein oxidein
MFPV Step3MMFPV ,Step3

(215)
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. L 2
5 oxidein oxidein
~MFPV ,Step3 3y MFPV ,Step3
E S P M v
oxidein - y J

Jj=1
Sicean = 5 _ oxidein (216)
ZM;V[FPV,Ste]ﬁ
i
oxidein oxidein _ oxidein
The g.” and s;,"  values are given in Table B-9 and M IMFPV’SWP * values are in Table B-8. The results

of above calculations for the 4501™ and B501™ Canisters are listed in Table 36.

Table 36. Chemical Composition of Glass in the 4501™ and B501™ Canisters

Canister Canister-4501 Canister-B501

oxidein oxidein oxidein oxidein

Comp 8501 S; 4501 g ps01 S; 8501
Ac203 5.9378E-14 1.8996E-15 5.9962E-14 1.9402E-15
Ag20 2.8932E-07 1.5987E-08 2.9145E-07 1.6180E-08
AI203 6.1237E-02 5.2295E-04 6.1228E-02 5.2893E-04
Am203 1.7190E-10 5.8095E-12 1.7157E-10 5.7174E-12
As205 1.2226E-06 1.4387E-07 1.2263E-06 1.4256E-07
B203 9.9444E-02 7.2539E-04 9.9453E-02 7.2445E-04
BaO 2.5847E-07 1.1210E-08 2.5919E-07 1.1157E-08
BeO 1.2236E-06 2.8384E-08 1.2356E-06 2.8349E-08
Bi203 4.4129E-06 1.6742E-07 4.4083E-06 1.7576E-07
CaO 2.9011E-02 3.4698E-04 2.8492E-02 3.4140E-04
CdO 4.2937E-06 5.9074E-07 4.3022E-06 5.9677E-07
Ce203 2.4914E-07 1.6798E-08 2.4860E-07 1.6625E-08
Cl 1.3292E-03 1.6680E-04 1.3408E-03 1.6885E-04
Cm203 9.6195E-14 3.9052E-15 9.6934E-14 3.8902E-15
CoO 4.4360E-07 2.9839E-08 4.4810E-07 3.0450E-08
Cr203 8.6126E-04 2.8340E-05 8.6122E-04 2.8233E-05
Cs20 2.7260E-09 1.7125E-10 2.7438E-09 1.7203E-10
CuO 8.1441E-07 5.5070E-08 8.2091E-07 5.5109E-08
Eu203 3.1195E-11 6.7517E-13 3.1421E-11 6.7438E-13
F 7.5395E-04 6.1782E-05 7.6445E-04 6.2504E-05
Fe203 5.5174E-02 4.2994E-04 5.5182E-02 4.2662E-04
Gd203 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
HgO 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
I 3.0867E-07 4.8554E-08 3.1179E-07 4.9280E-08
K20 1.3455E-02 3.3878E-04 1.3584E-02 3.4094E-04
La203 3.8107E-07 1.2274E-08 3.8314E-07 1.2332E-08
Li20 3.2768E-03 2.7670E-05 2.8425E-03 2.7580E-05
MgO 1.4867E-02 1.3234E-04 1.4871E-02 1.3027E-04
MnO 1.4259E-04 1.5348E-05 1.4154E-04 1.5291E-05
MoO3 1.2206E-05 4.0822E-07 1.2263E-05 4.0999E-07
Na20 1.8394E-01 5.1260E-03 1.8533E-01 5.1083E-03
Nb205 8.3341E-09 2.6933E-10 8.5801E-09 2.7462E-10
Nd203 1.1843E-06 5.1378E-08 1.1937E-06 5.1858E-08
NiO 1.4190E-04 7.7801E-06 1.4230E-04 7.8159E-06
NpO2 1.1719E-07 2.6984E-09 1.1762E-07 2.7010E-09
P205 1.9503E-03 5.9577E-05 1.9600E-03 5.9579E-05
Pa205 2.6611E-10 3.4933E-11 2.6869E-10 3.5179E-11
PbO 3.1368E-05 1.3514E-06 3.1727E-05 1.3573E-06
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Canister Canister-4501 Canister-B501

oxidein oxidein oxidein oxidein

Comp 801 S; 4501 8 B0l S; 8501
PdO 7.2034E-06 3.1064E-07 7.2748E-06 3.1521E-07
Pr203 1.0322E-08 4.4436E-10 1.0420E-08 4.5572E-10
PuO2 8.6271E-09 1.9720E-10 8.6252E-09 1.9725E-10
RaO 3.5087E-12 4.1045E-13 3.5429E-12 4.1531E-13
Rb20 1.4284E-06 9.7181E-08 1.4422E-06 9.8079E-08
Rh203 3.2300E-06 7.4843E-08 3.2628E-06 7.4920E-08
RuO2 1.5279E-05 3.7936E-07 1.5453E-05 3.8069E-07
SO3 3.0764E-03 1.4671E-04 3.0794E-03 1.4718E-04
Sb203 2.6523E-07 3.1000E-08 2.6529E-07 3.1142E-08
Se02 2.1375E-06 2.4905E-07 2.1492E-06 2.5179E-07
Si02 4.5186E-01 3.1904E-03 4.5123E-01 3.1694E-03
Sm203 6.8520E-08 3.8034E-09 6.8750E-08 3.8067E-09
SnO2 6.0563E-08 2.6412E-09 6.0942E-08 2.6088E-09
SrO 1.3040E-07 3.0325E-09 1.3035E-07 3.0178E-09
Ta205 4.2542E-08 1.8486E-09 4.2965E-08 1.8618E-09
Tc207 2.0510E-06 3.1509E-07 2.0595E-06 3.1741E-07
TeO2 1.0220E-07 1.1941E-08 1.0324E-07 1.2142E-08
ThO2 4.0771E-06 2.7557E-07 4.0830E-06 2.7580E-07
TiO2 1.4033E-02 1.2383E-04 1.4035E-02 1.2085E-04
T120 7.3309E-07 7.3726E-08 7.3046E-07 7.3822E-08
U03 5.8464E-05 1.9327E-06 5.8712E-05 1.9627E-06
V205 5.9802E-05 8.7013E-06 5.9827E-05 8.7866E-06
WO3 1.2019E-05 2.7741E-07 1.2135E-05 2.7847E-07
Y203 6.6051E-07 4.4754E-08 6.6695E-07 4.5200E-08
ZnO 3.5079E-02 2.5230E-04 3.5091E-02 2.4900E-04
Zr02 3.0136E-02 2.2882E-04 3.0139E-02 2.2709E-04

SUM 1.0000E+00 NA 1.0000E+00 NA

oxidein

can
ie

values from Equation

oxidein
can

(123) in the Production Records. Currently, it is planned to calculate g,

e

values for all components (7)

for which analytical data are available for a particular container. However, it may be advantageous to trim
the number of components to only those with concentrations greater than 0.5 wt% plus those associated with
other limits and specifications. In any case, only the appropriate subset of i will be reported in the
Production Records.

The addition of optional filler material and production of the final ILAW container data package are not part
of the ILAW formulation algorithm.

6.5.3  Specification 2.2.2.7—Radiological Composition Documentation

The specific activity of radionuclides in each canister is calculated using Equation (125) and its SD using
Equation (126):
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5 radin oxidein
~MFPV ,Step3 3"y MEPV ,Step3
S| gy s jp PP S
radin — g J
can  _ J=
e - 5 oxidein (2’ 1 7)

z N MRV Step’
J

j=1

5 radin oxidein 2
~MFPV ,Step3 3y MFPV ,Step3
E S M ?
rad in = y J

can J

Sie = 5 oxidein (2 1 8)
ZMMFPV,Step3
J
J
radin radin oxidein

can
ie

can
The a,,

above calculations for the 4501™ and B501™ Canisters are listed in Table 37.

and § values are in Table B-8. The results of

: “r MFPV ,Step3
values are given Table B-9 and M /™" e

Table 37. Specific Activities of Radionuclides in the 4501™ and B501™ Canisters

Canister Canister-4501 Canister-B501

radin radin radin radin

Comp aic,innsm Sfflfsm aic,tzlansm S ;:‘1’9’1501
Unit mCi/g glass mCi/g glass mCi/g glass mCi/g glass
S9Ni 3.3472E-07 1.0736E-08 3.3777E-07 1.0848E-08
60Co 5.3639E-07 1.2425E-08 5.3858E-07 1.2392E-08
63Ni 3.0508E-05 9.8276E-07 3.0785E-05 9.9130E-07
79Se 9.9416E-07 9.9396E-08 9.9679E-07 9.9626E-08
90Sr 5.4680E-04 1.2710E-05 5.5065E-04 1.2632E-05
90Y 5.2940E-04 1.2267E-05 5.3313E-04 1.2272E-05
93mNb 1.3901E-03 4.4922E-05 1.4311E-03 4.5802E-05
93Zr 8.1602E-06 2.6273E-07 8.2091E-06 2.6361E-07
99Tc 2.2407E-05 3.4423E-06 2.2500E-05 3.4676E-06
106Ru 4.7546E-10 2.1079E-11 4.7403E-10 2.0994E-11
113mCd 6.0358E-06 1.9477E-07 6.0562E-06 1.9595E-07
125Sb 1.1587E-06 1.1275E-07 1.1552E-06 1.1337E-07
126Sn 1.3712E-06 5.9796E-08 1.3797E-06 5.9064E-08
1291 5.4573E-08 8.5840E-09 5.5124E-08 8.7124E-09
134Cs 2.1221E-10 1.7332E-11 2.1315E-10 1.7270E-11
137mBa 8.7747E-02 2.0433E-03 8.8181E-02 2.0330E-03
137Cs 4.4909E-05 2.2913E-06 4.5169E-05 2.2978E-06
151Sm 1.5561E-03 8.6375E-05 1.5614E-03 8.6452E-05
152Eu 2.6729E-07 6.2017E-09 2.6774E-07 6.1346E-09
154Eu 5.4817E-06 1.2746E-07 5.5288E-06 1.2759E-07
155Eu 2.4642E-06 5.7108E-08 2.4731E-06 5.7128E-08
226Ra 3.2344E-09 3.7852E-10 3.2659E-09 3.8302E-10
227Ac 3.8837E-09 1.2425E-10 3.9219E-09 1.2690E-10
228Ra 1.2977E-09 2.1289E-10 1.2991E-09 2.1196E-10
229Th 1.8629E-10 2.4561E-11 1.8562E-10 2.4442E-11
231Pa 1.0714E-08 1.4064E-09 1.0817E-08 1.4163E-09
232Th 3.9270E-10 1.2706E-11 3.9326E-10 1.2679E-11
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Canister Canister-4501 Canister-B501
radin radin radin radin
Comp a; 4501 S; 4501 a; 501 S} 501
232U 5.2612E-10 1.2171E-11 5.2662E-10 1.2163E-11
233U 2.4604E-08 5.7071E-10 2.4719E-08 5.7249E-10
234U 1.4153E-08 3.2624E-10 1.4250E-08 3.2647E-10
235U 5.3477E-10 1.7169E-11 5.3831E-10 1.7253E-11
236U 9.8127E-10 2.2759E-11 9.8869E-10 2.2862E-11
237Np 7.2759E-08 1.6754E-09 7.3028E-08 1.6770E-09
238Pu 3.7893E-08 8.7870E-10 3.7946E-08 8.7215E-10
238U 1.0577E-08 3.4113E-10 1.0646E-08 3.4241E-10
239Pu 4.4142E-07 1.0291E-08 4.4133E-07 1.0285E-08
240Pu 1.0764E-07 3.4720E-09 1.0759E-07 3.4945E-09
241Am 5.3429E-07 1.8087E-08 5.3326E-07 1.7799E-08
241Pu 1.2268E-06 5.3282E-08 1.2250E-06 5.2798E-08
242Cm 2.7044E-09 8.6873E-11 2.7068E-09 8.6997E-11
242Pu 1.1876E-11 3.8190E-13 1.1873E-11 3.7935E-13
243Am 8.6297E-11 3.7908E-12 8.6537E-11 3.8211E-12
243Cm 3.1863E-10 1.3825E-11 3.2100E-10 1.3892E-11
244Cm 6.4958E-09 2.8185E-10 6.5463E-09 2.8067E-10
TRU 1.2009E-06 2.1183E-08 1.2001E-06 2.0939E-08

Specification 2.2.2.8—Radionuclide Concentration Limitations

The specific activity data given in Table 37 are used to calculate the quantities for radionuclide concentration
limitations. For those radionuclides with limits expressed in Ci/m’ unit, the specific activities and their SD’s
are converted to the activities per unit glass volume using Equations (128) and (129). The sum of fractions
of activity values are calculated using Equations (130) and (131) based on the Class C limits for each

radionuclide given in Table 15 and Table 16. The k" was assumed to be 2, which represents 95.45%
confidence level. The results of these calculations are summarized in Table 38.

Table 38. Results of Calculating the Quantities for Radionuclide Concentration Limitations in the

6.5.5

A501™ and B501™ Canisters

Constraint Canister-4501 | Canister-B501
radin radin
Acan rad ncan . 3
G kS (Cim) 0.1351 0.1359
radin o radin 3
g, + k S, (Ci/m?) 1.5621 1.5722
rad in radSF in
SF;;H + kradsztzﬂ 0.04092 0.04106
rad in radSF in
SFem 4 frod gean 0.00037 0.00037

Specification 2.2.2.9—Surface Dose Rate Limitations

As mentioned in Section 5.5.5, the surface dose rate calculation is not performed but the measured dose rate
will be included in the production records.
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6.5.6  Specification 2.2.2.17—Waste form Testing
The glass composition and its SD values given in Table 36 are used to calculate the predicted PCT and VHT
responses and uncertainties. The results of calculations described in Section 5.5.6 are summarized in Table

39.

Table 39. Summary of PCT and VHT Results for the ILAW in the 4501™ and B501"™ Canisters

Property P U e Usomp et lec
Canister-4501

In(rp) -0.0263 0.1469 0.1289 0.2495

In(7y,) -0.1087 0.1567 0.1093 0.1573

In(D) 2.3468 0.6200 0.4598 3.4266
Canister-B501

In(rp) -0.0134 0.1478 0.1268 0.2630

In(ry,) -0.0996 0.1583 0.1086 0.1672

In(D) 2.3706 0.6246 0.4833 3.4785

6.5.7  Specification 2.2.2.17— Manifesting
The data required for manifesting of the glass composition and radionuclide concentrations were all

demonstrated above. Those required elements will be included in the waste manifest that accompanies the
Production Records.
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7 Summary and Recommendations

This report documents the current ILAW formulation algorithm. The algorithm is still preliminary; a
number of WTP plant performance assumptions (e.g. analytical uncertainty, see Appendix C) were made
because of a lack of data. These assumptions need to be updated as data become available. The equations
required to meet the entire product compliance-related constraints, along with a few key processing
constraints, are described in some detail. Additional detail is available in Piepel et al. (2005) for equations
that were used or adapted from that document. The inputs to the equations are values measured during
processing of waste at WTP and values obtained through design, research, and testing before production.
Preliminary values for the constants currently available are documented in Appendix A. A detailed example
is followed through most of the equations, with the results described in the text and tabulated in Appendix B.
A summary of data requirements for this algorithm to be complete is included in Appendix C.

It is recommended that the approach and equations described in this document be used to calculate 1) target
glass compositions, 2) LAW transfers to the MFPV, 3) GFC mass additions to the MFPV, 4) resulting glass
compositions, 5) glass properties, and 6) uncertainties in glass composition and properties until it is updated
with plant performance data or changes to the processing and/or qualification approach. It is further
recommended that those values listed as preliminary or described as a value to be updated be tracked and
updated when possible. This document will be updated as needed, as new data are available or changes to
approaches/constraints are made.

This set of equations will make a suitable starting point for the development of plant control and waste form

compliance software. In addition, sufficient data to perform an initial check of any to-be-developed software
are included in Appendix B.
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VSL-00001, -00002, -00003, -00004).

24590-LAW-M4C-LFP-00002, Rev. B WTP Calculation Sheet: Determining the LAW Glass Former
Constituents and Amounts for G2 and ACM Models.

24590-LAW-M6C-LCP-00001, Rev. 1, Concentrate Receipt Vessels LCP-VSL-00001/00002 Sizing.
24590-LAW-M6C-LFP-00001, Rev. 1, LEP-VSL-00001 and LFP-VSL-00003 Sizing.
24590-LAW-M6C-LFP-00002, Rev. 1, LFP-VSL-00002 and LFP-VSL-00004 Sizing.

24590-LAW-RPT-RT-10-001, Rev. 0, Component Partitioning between Glass and Offgas Streams in
Low-Activity Waste Melters.

24590-LAW-RPT-RT-11-001, Rev. 0, Evaluation of Mixing, Sampling, and Level Uncertainties for
ILAW Glass Qualification.

24590-WTP-3PS-JL10-T0002, Rev 0, Engineering Specification for Radar Level Measurement.
24590-WTP-3YD-50-00002, Rev. 0, WTP Integrated Process Strategy Description.
24590-WTP-MDD-PR-01-002, Rev. 9, Dynamic (G2) Model Model Design Document.
24590-WTP-MRQ-PO-03-033, Rev. 0, Update RAM Data for the LMP System, Appendix A.
24590-WTP-PL-PR-04-0001, Rev. 2, Integrated Sampling and Analysis Requirements Document.
24590-WTP-PL-RT-03-001, Rev. 4, ILAW Product Compliance Plan.

24590-WTP-RPT-ENV-03-003, Rev. 1, Land Disposal Restriction Treatability Variance Petition for
Hanford Tank Waste.

24590-WTP-RPT-PO-07-002, Rev. 0, Dynamic (G2) Flowsheet Assessment of the Effect of M-12
Modifications on Pretreatment Capacity.

CCN 111456. Memorandum, David Dodd/Bruce Kaiser to JD Vienna: Estimated Analytical
Measurement Uncertainties for Selected Analytes.

CCN 116150. Memorandum, JM Perez to JD Vienna: LAW Melter Feed Property Correlations.
16 March 2005.
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CCN 132102. Memorandum, David Dodd/Bruce Kaiser to JD Vienna: Estimated Analytical
Measurements Uncertainties of Selected HLW Analytes.

CCN 150795. Memorandum, JD Vienna to L Petkus: Halide, Chromate, and Phosphate Impacts on LAW
Glass Salt Limits.

8.2 Codes and Standards

10 CFR 61.55, Licensing Requirements for Land Disposal of Radioactive Waste, Waste Classification. Code
of Federal Regulations, as amended.

49 CFR 172.101, Purpose and Use of Hazardous Materials Table. Code of Federal Regulations, as
amended.

8.3 Other Documents

Andre, L. 2004. Prototypic LAW Container and HLW Canister Glass Fill Test Results Report. TRR-PLT-
080, Rev. 0, Duratek, Inc., Columbia, MD.

ASTM. 2002. Standard Test Methods for Determining Chemical Durability of Nuclear, Hazardous, and
Mixed Waste Glasses and Multiphase Glass Ceramics: The Product Consistency Test (PCT). ASTM C
1285-02, American Society for Testing and Materials, West Conshohocken, PA.

Deiner, G, M Brandys, TB Edwards, DS Dickey, KS Matlack, and IL Pegg. 2006. Test Plan: Pretreated
Waste and Melter Feed Composition Variability Testing Using HLW and LAW Simulants, VSL-
06T1000-1. River Protection Project, Waste Treatment Plant, Richland, WA. 24590-101-TSA-W000-
0009-176-00001, Rev 00B.

DOE. 2000. Contract DE-AC27-01RV 14136, as amended, U.S. Department of Energy, Richland, WA.

Eibling, RE, RF Schumacher, and EK Hansen. 2003. Development of Simulants To Support Mixing Tests
for High Level Waste and Low Activity Waste, WSRC-TR-2003-00220, Rev. 0, Westinghouse Savannah
River Company, Aiken, SC.

Matlack, KS, W Gong, and IL Pegg. 2003a. DuraMelter 100 Sub-Envelope Changeover Testing Using
LAW Sub-Envelopes Al and ClFeeds in Support of the LAW Pilot Melter, VSL-02R62N0-6, Rev. 0,
Vitreous State Laboratory, The Catholic University of America, Washington, DC. 24590-101-TSA-
W000-0009-106-07, Rev. 00C.

Matlack, KS, W Gong, and IL Pegg. 2003b. DuraMelter 100 Sub-Envelope Changeover Testing Using
LAW Sub-Envelope A2 and BlFeeds in Support of the LAW Pilot Melter, VSL-03R3410-1, Rev. 0,
Vitreous State Laboratory, The Catholic University of America, Washington, DC. 24590-101-TSA-
WO000-0009-144-04, Rev. 00A

Matlack, KS, W Gong, and IL Pegg. 2003c. Compositional Variation Tests on DuraMelter 100 with LAW
Sub-Envelope B2Feed in Support of the LAW Pilot Melter, VSL-03R3410-2, Rev. 0, Vitreous State
Laboratory, The Catholic University of America, Washington, DC. 24590-101-TSA-W000-0009-135-
04, Rev. 00B

Matlack, KS, W Gong, and IL Pegg. 2003d. DuraMelter 100 Sub-Envelope Changeover Testing Using
LAW Sub-Envelope A3 and C2 Feeds in Support of the LAW Pilot Melter, VSL-03R3410-3, Rev. 0,
Vitreous State Laboratory, The Catholic University of America, Washington, DC. 24590-101-TSA-
WO000-0009-106-17, Rev. 00B.

Matlack, KS, W Gong, T Bardakci, N D’ Angelo, M Brandys, WK Kot, and IL Pegg. 2005. Regulatory Off-
Gas Emissions Testing on the DM1200 Melter System Using HLW and LAW Simulants, VSL-05R5830-
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1, Rev. 0, Vitreous State Laboratory, The Catholic University of America, Washington, D.C. — 24590-
101-TSA-W000-0009-166-00001.

Muller, IS, G Diener, I Joseph, and IL Pegg. 2004. Proposed Approach for Development of LAW Glass
Formulation Correlation. VSL-0414460-1, Rev. 0, Vitreous State Laboratory, The Catholic University
of America, Washington, DC.

Muller, IS, H Gan, AC Buechele, and IL Pegg. 2002. Enhanced K-3 Refractory Corrosion with LAW AZ-
102 Glass Formulations, VSL-02S4600-1, Rev. 0, Vitreous State Laboratory, The Catholic University of
America, Washington, DC.

Muller, IS, H Gan, IL Pegg, SK Cooley, and GF Piepel. 2005. Phase I ILAW PCT and VHT Model
Development. VSL-04R4480-2, Rev. 0, Vitreous State Laboratory, The Catholic University of America,
Washington, DC.

Piepel, GF, BG Amidan, A Heredia-Langner, DR Weier, and SK Cooley. 2005. Statistical Methods and
Results for WTP IHLW and ILAW Compliance. WTP-RPT-072, Rev. 0, Battelle—Pacific Northwest
Division, Richland, WA.

Piepel GF, Cooley SK, Muller I, Gan H, Joseph I, and Pegg IL. 2007. ILAW PCT, VHT, Viscosity and
Electrical Conductivity Model Development. VSL-07R1230-1, Rev 0, Vitreous State laboratory,
Catholic University of America, Washington DC.

Poloski, A, H Smith, G Smith, and T Calloway. 2004. Technical Basis for LAW Vitrification Stream
Physical and Rheological Property Bounding Conditions. PNWD-3398, WTP-RPT-098, Rev. 0,
Battelle—Pacific Northwest Division, Richland, WA.

Schumacher, RF. 2003. Characterization of HLW and LAW Glass Formers — Final Report, WSRC-TR-
2002-00282, Rev. 1 (SRT-RPP-2002-00146. Rev. 1), Westinghouse Savannah River Company, Aiken,
SC.

Schumacher, RF, EK Hansen, TM Jones, and JE Josephs. 2003. Evaluation of Wetting Agents to Mitigate
Dusting of Glass Forming Chemicals During Delivery to the Melter Feed Preparation Vessel, WSRC-
TR-2003-00209, Rev. 0, Westinghouse Savannah River Company, Aiken, SC.
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Appendix A—Inputs Used in Calculations
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Table A-1. Oxide Conversion Factors (f}) for Chemical Elements and Radionuclides and Specific
Activities (A4;) for Radionuclides

Element Glass oxide f; Radionuclide Glass oxide f A;, Cilg
Ac Ac203 NA SONi S9NiO 1.2714800 7.982E-02
Ag Ag20 1.0741618 60Co 60Co0O 1.2669102 1.131E+03
Al A1203 1.8894637 63Ni 63NiO 1.2542412 5.738E+01
Am Am203 NA 79Se 79Se02 1.4054638 6.969E-02
As As205 1.5338715 90Sr 90SrO 1.1779550 1.388E+02

B B203 3.2198779 90Y 90Y203 1.2669393 5.437E+05
Ba BaO 1.1165059 93mNb 93mNb205 1.4305248 2.386E+02
Be BeO 2.7753081 93Zr 93Zr02 1.3444224 2.515E-03
Bi Bi203 1.1148390 99Tc 99Tc207 1.5661615 1.711E-02
Ca CaO 1.3992065 106Ru 106Ru0O2 1.3018755 3.349E+03
Cd CdO 1.1423295 113mCd 113mCdO 1.1417075 2.311E+02
Ce Ce203 1.1712814 125Sb 125Sb203 1.1919928 1.037E+03
Cl Cl 1.0000000 126Sn 126Sn02 1.2539587 2.839E-02
Cm Cm203 NA 1291 1291 1.0000000 1.768E-04
Co CoO 1.2714836 134Cs 134Cs20 1.0596993 1.293E+03
Cr Cr203 1.4615558 137mBa 137mBaO 1.1167839 5.382E+08
Cs Cs20 1.0601909 137Cs 137Cs20 1.0583920 8.655E+01
Cu CuO 1.2517767 151Sm 151Sm203 1.1589344 2.632E+01
Eu Eu203 NA 152Eu 152Eu203 1.1578888 1.740E+02
F F 1.0000000 154Eu 154Eu203 1.1558383 2.703E+02
Fe Fe203 1.4297294 155Eu 155Eu203 1.1548329 4.762E+02
Gd Gd203 1.1526175 226Ra 226Ra0 1.0707860 9.885E-01
Hg HgO 1.0797617 227Ac 227Ac203 1.1057099 7.232E+01

I I NA 228Ra 228Ra0 1.0701728 2.727E+02
K K20 1.2046048 229Th 229ThO2 1.1397132 2.127E-01
La La203 1.1727729 231Pa 231Pa205 1.1731267 4.723E-02
Li Li20 2.1525285 232Th 232ThO2 1.1379033 1.097E-07
Mg MgO 1.6582761 232U 232003 1.2068558 2.207E+01
Mn MnO 1.2912262 233U 233003 1.2059655 9.633E-03
Mo MoO3 1.5002939 234U 234U03 1.2050846 6.217E-03
Na Na20 1.3479678 235U 235U03 1.2042094 2.161E-06
Nb Nb205 NA 236U 236U03 1.2033426 6.468E-05
Nd Nd203 1.1663831 237Np 237NpO2 1.1349887 7.047E-04
Ni NiO 1.2725928 238Pu 238Pu02 1.1344205 1.712E+01
Np NpO2 NA 238U 238U03 1.2016299 3.361E-07

P P205 2.2913672 239Pu 239Pu02 1.1338571 6.202E-02
Pa Pa205 NA 240Pu 240Pu02 1.1332983 2.269E-01
Pb PbO 1.0772172 241Am 241Am203 1.0995578 3.427E+00
Pd PdO 1.1503420 241Pu 241Pu02 1.1327437 1.030E+02
Pr Pr203 1.1703179 242Cm 242Cm203 1.0991457 3.311E+03
Pu Pu0O2 NA 242Pu 242Pu02 1.1321942 3.954E-03
Ra RaO NA 243Am 243Am203 1.0987369 1.997E-01
Rb Rb20 1.0935990 243Cm 243Cm203 1.0987369 4.903E+01
Rh Rh203 1.2332149 244Cm 244Cm203 1.0983316 8.093E+01
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Element Glass oxide f;

Ru RuO2 1.3166004
S SO3 2.4968565
Sb Sb203 1.1971065
Se Se02 1.4052533
Si Si02 2.1393352

Sm Sm203 NA

Sn SnO2 NA

Sr SrO 1.1825999
Ta Ta205 1.2210498
Tc Tc207 NA

Te TeO2 1.2507743
Th ThO2 1.1379032
Ti TiO2 1.6683124
Tl T120 1.0391407
U UO3 1.2016486
\% V205 1.7851850
\Y W03 1.2610726
Y Y203 1.2699384

7n ZnO 1.2446766
Zr 7rO2 1.3507717

24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

NA: not applicable (these components have radionuclides only)
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Table A-2. Minimum, CRV Analytical %RSD, and CRV Mixing and Sampling %RSD

Analytical High | Analytical Low | CRYV mix/samp
Element MRQ mg/L %RSD %RSD %RSD
Ac NA NA NA NA
Ag 0.2 20 1.47%
Al 18 5 1.47%
Am NA NA NA NA
As 2.8 25 10 1.47%
B 0.4 25 10 1.47%
Ba 0.4 15 1.47%
Be 0.03 25 1.47%
Bi 0.9 15 10 1.47%
Ca 2 15 1.47%
cd 0.06 10 1.47%
Ce 2 25 10 1.47%
Cl 19 10 10 1.47%
Cm NA NA NA NA
Co 0.1 25 10 1.47%
Cr 0.7 5 5 1.47%
Cs 0.1 15 10 1.47%
Cu 2 25 10 1.47%
Eu NA NA NA NA
F 19 10 10 1.47%
Fe 2 5 5 1.47%
Gd® 1 15 5 1.47%
Hg 0.001 10 5 1.47%
I NA NA NA NA
K 10 5 5 1.47%
La 0.6 10 1.47%
Li 0.3 15 1.47%
Mg 9 25 10 1.47%
Mn 2 15 5 1.47%
Mo 3 10 5 1.47%
Na 200 10 10 1.47%
Nb NA NA NA NA
Nd 1 15 1.47%
Ni 7 10 1.47%
Np NA NA NA NA
P 12 15 10 1.47%
Pa NA NA NA NA
Pb 0.9 15 15 1.47%
Pd 1 15 15 1.47%
Pr 1 15 10 1.47%
Pu NA NA NA NA
Ra NA NA NA NA
Rb 10 25 15 1.47%
Rh 0.004 20 5 1.47%
Ru 0.02 25 5 1.47%
S 10 10 1.47%
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Analytical High | Analytical Low | CRYV mix/samp
Element MRQ mg/L %RSD %RSD %RSD
Sb 0.3 25 10 1.47%
Se 4 25 10 1.47%
Si 4 15 5 1.47%
Sm NA NA NA NA
Sn NA NA NA NA
Sr 0.01 5 5 1.47%
Ta 0.2 15 5 1.47%
Tc NA NA NA NA
Te 1 25 10 1.47%
Th® 2 25 10 1.47%
Ti 0.07 25 5 1.47%
Tl 0.02 25 10 1.47%
u® 1 15 5 1.47%
\ 0.07 15 5 1.47%
W 0.2 15 5 1.47%
Y 0.6 25 5 1.47%
Zn 4 25 5 1.47%
Zr 2 15 5 1.47%
Analytical High | Analytical Low | CRYV mix/samp
Radionuclide MRQ mCi/L %RSD %RSD %RSD
59Ni 7.982E-07 10 10 1.47%
60Co 1.131E-05 5 5 1.47%
63Ni 5.738E-02 10 10 1.47%
79Se 6.969E-05 15 10 1.47%
90Sr 1.388E-06 5 5 1.47%
90Y9 1.388E-06 5 5 1.47%
93mNb 2.386E-04 15 10 1.47%
937r 2.515E-06 10 10 1.47%
99Tc 1.711E-06 10 10 1.47%
106Ru®© 2.009E-03 15 10 1.47%
113mCd 4.622E-05 25 10 1.47%
125Sb 3.111E-04 25 5 1.47%
126Sn 5.678E-06 20 15 1.47%
1291 1.768E-04 15 10 1.47%
134Cs 4.526E-06 25 10 1.47%
137mBa¥ 1.731E-06 15 1.47%
137Cs 1.731E-06 15 1.47%
151Sm 5.264E-01 20 10 1.47%
152Eu 1.740E-06 5 5 1.47%
154Eu 2.703E-06 5 5 1.47%
155Eu 4.762E-05 1.47%
226Ra 9.885E-07 25 10 1.47%
227Ac 7.232E-07 50 10 1.47%
228Ra 2.727E-03 50 25 1.47%
229Th 6.381E-04 50 50 1.47%
231Pa 1.417E-04 50 50 1.47%
232Th 3.291E-10 25 10 1.47%
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Analytical High | Analytical Low | CRYV mix/samp

Radionuclide MRQ mCi/L %RSD %RSD %RSD
232U 6.621E-08 25 5 1.47%
233U 9.633E-07 10 5 1.47%
234U 6.217E-06 5 5 1.47%
235U 2.161E-07 10 5 1.47%
236U 6.468E-08 10 5 1.47%
237Np 7.047E-07 10 5 1.47%
238Pu 1.712E-07 5 5 1.47%
238U 6.722E-09 10 10 1.47%
239Pu 6.202E-08 5 5 1.47%
240Pu 2.269E-09 10 10 1.47%
241Am 3.427E-06 10 10 1.47%
241Pu 1.030E-07 15 15 1.47%
242Cm 3.311E-06 10 10 1.47%
242Pu 3.954E-11 10 10 1.47%
243Am 3.994E-08 15 15 1.47%
243Cm 9.806E-07 15 15 1.47%
244Cm 2.428E-06 15 15 1.47%

NA: not applicable (these components have radionuclides only)
Note Analytical High and Low %RSD are from CCN 111456. CRV mixing and sampling %RSD is from

24590-LAW-RPT-RT-11-001, Rev 0.
(a) Data not available in CCN 111456. The value for Nd was assumed.
(b) Data not available in CCN 111456. The value for Ce was assumed.
(c) Data not available in CCN 111456. The value for 106Ru given for HLW in CCN 132102 was assumed.
(d) Data for 90Y and 137mBa are not given in CCN 111456 because they are short-lived daughters of 90Sr

and 137Cs. The same %RSDs as for 90Sr and 137Cs were assumed.
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Table A-3. Decontamination Factor (DF) in In(DF)® and Nominal Retention Factor (1;)

In(DF), In(DF), In(DF),
Component Min Median Max Notes®™ v;, Nominal®

Ac203 2.9601 6.8772 11.1239 Non-volatile 0.99721
Ag20 1.8563 4.1940 6.4944 Semi-volatile 0.97803
Al203 5.0764 7.0814 8.8901 Non-volatile from data 0.99888
Am203 1.8563 4.1940 6.4944 Semi-volatile 0.97803
As205 0.0945 1.5296 4.2370 Volatile 0.77121
B203 3.7080 4.5886 5.8519 Semi-volatile from data 0.98968
BaO 2.9601 6.8772 11.1239 Non-volatile 0.99721
BeO 2.9601 6.8772 11.1239 Non-volatile 0.99721
Bi203 1.8563 4.1940 6.4944 Semi-volatile 0.97803
CaO 5.2311 7.0825 8.6034 Non-volatile from data 0.99892
CdO 2.9601 6.8772 11.1239 Non-volatile 0.99721
Ce203 2.9601 6.8772 11.1239 Non-volatile 0.99721
Cl 0.0979 0.7583 1.9095 Volatile from data 0.54407
Cm203 2.9601 6.8772 11.1239 Non-volatile 0.99721
CoO 2.9601 6.8772 11.1239 Non-volatile 0.99721
Cr203 1.8563 3.0681 5.3033 Semi-volatile from data 0.95261
Cs20 0.4700 2.3609 4.2370 Volatile from data 0.87902
CuO 2.9601 6.8772 11.1239 Non-volatile 0.99721
Eu203 2.9601 6.8772 11.1239 Non-volatile 0.99721
F 0.1179 1.4682 2.4361 Volatile from data 0.72984
Fe203 4.9381 6.6712 8.8984 Non-volatile from data 0.99848
Gd203 2.9601 6.8772 11.1239 Non-volatile 0.99721

HgO 0.0000 0.0000 0.0000 Assumed 0
I 0.0945 0.5807 2.2660 Volatile from data 0.50961
K20 2.0669 3.3844 5.5607 Semi-volatile from data 0.96423
La203 2.9601 6.8772 11.1239 Non-volatile 0.99721
Li20 3.4689 5.9870 7.2894 Non-volatile from data 0.99601
MgO 7.2464 8.8618 11.0268 Non-volatile from data 0.99984
MnO 2.9601 6.8772 11.1239 Non-volatile 0.99721
MoO3 1.8563 4.1940 6.4944 Semi-volatile 0.97803
Na20 3.4874 4.8633 6.4944 Semi-volatile from data 0.99136
Nb205 2.9601 6.8772 11.1239 Non-volatile 0.99721
Nd203 2.9601 6.8772 11.1239 Non-volatile 0.99721
NiO 3.9299 4.7875 6.3835 Non-volatile from data 0.99187
NpO2 2.9601 6.8772 11.1239 Non-volatile 0.99721
P205 2.9601 5.1381 6.7822 Non-volatile from data 0.99169
Pa205 2.9601 6.8772 11.1239 Non-volatile 0.99721
PbO 3.2542 4.4716 6.2971 Semi-volatile from data 0.98796
PdO 2.9601 6.8772 11.1239 Non-volatile 0.99721
Pr203 2.9601 6.8772 11.1239 Non-volatile 0.99721
PuO2 2.9601 6.8772 11.1239 Non-volatile 0.99721
RaO 0.0945 1.5296 4.2370 Volatile 0.77121
Rb20 1.8563 4.1940 6.4944 Semi-volatile 0.97803
Rh203 2.9601 6.8772 11.1239 Non-volatile 0.99721
Ru02 1.8563 4.1940 6.4944 Semi-volatile 0.97803
SO3 0.6308 1.9694 3.2089 Volatile from data 0.84032
Sb203 0.0945 1.5296 4.2370 Volatile 0.77121
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In(DF), In(DF), In(DF),

Component Min Median Max Notes® Vi, Nominal®
Se02 0.0945 1.5296 4.2370 Volatile 0.77121
SiO2 5.3471 7.5372 9.7527 Non-volatile from data 0.99926

Sm203 2.9601 6.8772 11.1239 Non-volatile 0.99721
Sn02 2.9601 6.8772 11.1239 Non-volatile 0.99721
SrO 2.9601 6.8772 11.1239 Non-volatile 0.99721
Ta205 2.9601 6.8772 11.1239 Non-volatile 0.99721
Tc207 0.0953 0.4700 1.6094 Volatile from data 0.43049
TeO2 0.0945 1.5296 4.2370 Volatile 0.77121
ThO2 2.9601 6.8772 11.1239 Non-volatile 0.99721
TiO2 4.6308 6.1247 8.0740 Non-volatile from data 0.99752
T120 0.0945 1.5296 4.2370 Volatile 0.77121
UO03 2.9601 6.8772 11.1239 Non-volatile 0.99721
V205 1.8563 4.1940 6.4944 Semi-volatile 0.97803
W03 2.9601 6.8772 11.1239 Non-volatile 0.99721
Y203 2.9601 6.8772 11.1239 Non-volatile 0.99721
ZnO 4.7353 6.2383 7.8709 Non-volatile from data 0.99773
7r02 7.2204 8.7143 11.1239 Non-volatile from data 0.99982

(a) 24590-LAW-RPT-RT-10-001, Rev. 0
(b) Obtained from 500,000 Monte Carlo simulations for In(DF) and used for nominal glass composition calculation.
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Table A-4. GFC Compositions: Minimum, Most Likely, and Maximum Values Used for
Composition Uncertainty Calculations in Monte Carlo Method
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ORP-56321, Rev. 0 24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

Minimum
Boric | Wollas- Li Na
Comp [ Kyanite | Acid tonite |Hematite(Carbonate| Olivine |Carbonate| Silica Rutile | Zincite | Zircon
SO3 0 0 0 0.0006 0 0 0 0 0 0 0
Sb203 0 0 0 0 0 0 0 0 0 0 0
Se02 0 0 0 0 0 0 0 0 0 0 0
Si02 0.39 0 0.48 0.0084 0 0.4085 0 0.992 0 0 0.32
Sm203 0 0 0 0 0 0 0 0 0 0 0
Sn02 0 0 0 0 0 0 0 0 0 0 0
SrO 0 0 0 0 0 0 0 0 0 0 0
Ta205 0 0 0 0 0 0 0 0 0 0 0
Tc207 0 0 0 0 0 0 0 0 0 0 0
TeO2 0 0 0 0 0 0 0 0 0 0 0
ThO2 0 0 0 0 0 0 0 0 0 0 0
Ti02 0.005 0 0.0001 0 0 0 0 0 0.928 0 0.0007
TI20 0 0 0 0 0 0 0 0 0 0 0
U03 0 0 0 0 0 0 0 0 0 0 0.0003
V205 0 0 0 0 0 0 0 0 0 0 0
WO3 0 0 0 0 0 0 0 0 0 0 0
Y203 0 0 0 0 0 0 0 0 0 0 0
7nO 0 0 0 0 0 0 0 0 0 0.993 0
7102 0 0 0 0 0 0 0 0 0 0 0.65
Most Likely
Boric | Wollas- Li Na
Comp [ Kyanite | Acid tonite |Hematite Carbonate] Olivine |Carbonate] Silica Rutile | Zincite | Zircon
Ac203 0 0 0 0 0 0 0 0 0 0 0
Ag20 0 0 0 0 0 0 0 0 0 0 0
A1203 | 0.5703 0 0.002 | 0.015 0 0.0019 0 0.0014 | 0.005 0 0.0025
Am203 0 0 0 0 0 0 0 0 0 0 0
As205 0 0 0 0 0 0 0 0 0 0 0
B203 0 0.5652 0 0 0 0 0 0 0 0 0
BaO 0 0 0 0 0 0 0 0 0 0 0
BeO 0 0 0 0 0 0 0 0 0 0 0
Bi203 0 0 0 0 0 0 0 0 0 0 0
CaO | 0.0003 0 0.475 | 0.0004 0 0.0002 0 0.0001 0 0 0
Cdo 0 0 0 0 0 0 0 0 0 0.0001 0
Ce203 0 0 0 0 0 0 0 0 0 0 0
Cl 0 0 0 0 0.0001 0 0.0002 0 0 0 0
Cm203 0 0 0 0 0 0 0 0 0 0 0
CoO 0 0 0 0 0 0 0 0 0 0 0
Cr203 0 0 0 0 0.0001 | 0.0013 0 0 0.0016 0 0
Cs20 0 0 0 0 0 0 0 0 0 0 0
CuO 0 0 0 0 0 0 0 0 0 0 0
Eu203 0 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0
Fe203 | 0.0078 0 0.004 0.97 0 0.0768 0 0.0002 [ 0.007 0 0.0008
Gd203 0 0 0 0 0 0 0 0 0 0 0
HgO 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0
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ORP-56321, Rev. 0 24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

Most Likely
Boric | Wollas- Li Na
Comp [ Kyanite | Acid tonite |Hematite(Carbonate| Olivine |Carbonate| Silica Rutile | Zincite | Zircon
K20 0 0 0 0 0 0 0 0 0 0 0
La203 0 0 0 0 0 0 0 0 0 0 0
Li20 0 0 0 0 0.402 0 0 0 0 0 0
MgO | 0.0001 0 0.001 0.001 0.0001 | 0.4801 0 0.0001 0 0 0
MnO 0 0 0.001 | 0.0012 0 0 0 0 0 0 0
MoO3 0 0 0 0 0 0 0 0 0 0 0
Na20 | 0.0042 0 0 0 0.0008 | 0.0003 | 0.5837 | 0.0002 0 0 0
Nb205 0 0 0 0 0 0 0 0 0 0 0
Nd203 0 0 0 0 0 0 0 0 0 0 0
NiO 0 0 0 0 0 0.0037 0 0 0 0 0
NpO2 0 0 0 0 0 0 0 0 0 0 0
P205 0 0 0 0.0027 0 0 0 0 0 0 0
Pa205 0 0 0 0 0 0 0 0 0 0 0
PbO 0 0 0 0 0 0 0 0 0 0 0
PdO 0 0 0 0 0 0 0 0 0 0 0
Pr203 0 0 0 0 0 0 0 0 0 0 0
PuO?2 0 0 0 0 0 0 0 0 0 0 0
RaO 0 0 0 0 0 0 0 0 0 0 0
Rb20 0 0 0 0 0 0 0 0 0 0 0
Rh203 0 0 0 0 0 0 0 0 0 0 0
RuO2 0 0 0 0 0 0 0 0 0 0 0
SO3 0 0 0 0.0007 | 0.0003 0 0.0001 0 0 0 0
Sh203 0 0 0 0 0 0 0 0 0 0 0
Se02 0 0 0 0 0 0 0 0 0 0 0
Si02 | 0.4067 0 0.51 0.0135 0 0.4252 0 0.997 | 0.022 0 0.3225
Sm203 0 0 0 0 0 0 0 0 0 0 0
Sn02 0 0 0 0 0 0 0 0 0 0 0
SO 0 0 0 0 0 0 0 0 0 0 0
Ta205 0 0 0 0 0 0 0 0 0 0 0
Tc207 0 0 0 0 0 0 0 0 0 0 0
TeO2 0 0 0 0 0 0 0 0 0 0 0
ThO?2 0 0 0 0 0 0 0 0 0 0 0
TiO2 | 0.0079 0 0.0002 0 0 0 0 0.0001 | 0.932 0 0.001
TI20 0 0 0 0 0 0 0 0 0 0 0
uo3 0 0 0 0 0 0 0 0 0 0 0.0004
V205 0 0 0 0 0 0 0 0 0.0045 0 0
W03 0 0 0 0 0 0 0 0 0 0 0
Y203 0 0 0 0 0 0 0 0 0 0 0
7nO 0 0 0 0 0 0 0 0 0 0.999 0
Zr02 0 0 0 0 0 0 0 0 0.019 0 0.66
Maximum
Boric | Wollas- | Hema- Li Na

Comp | Kyanite [ Acid tonite tite [Carbonate] Olivine [Carbonate| Silica Rutile | Zincite | Zircon
Ac203 0 0 0 0 0 0 0 0 0 0 0
Ag20 0 0 0 0 0 0 0 0 0 0 0
A1203 0.6 0 0.0027 | 0.0201 0 0.0078 0 0.004 | 0.0075 0 0.004

Page A-11



ORP-56321, Rev. 0 24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

Maximum
Boric | Wollas- | Hema- Li Na

Comp | Kyanite | Acid tonite tite  |Carbonate] Olivine |Carbonate| Silica Rutile | Zincite | Zircon
Am203 0 0 0 0 0 0 0 0
As205 0 0 0 0 0 0 0 0 0 0 0
B203 0 0.568 0 0 0 0 0 0 0 0 0
BaO 0 0 0 0 0 0 0 0 0 0 0
BeO 0 0 0 0 0 0 0 0 0 0 0
Bi203 0 0 0 0 0 0 0 0 0 0 0
CaO | 0.0004 0 0.5023 | 0.0008 | 0.022 | 0.0003 [ 0.0001 | 0.0002 0 0 0
CdO 0 0 0 0 0 0 0 0.0002 0
Ce203 0 0 0 0 0 0 0 0 0 0 0
Cl 0 0 0 0 0.0001 0 0.0002 0 0 0 0
Cm203 0 0 0 0 0 0 0 0 0 0 0
CoO 0 0 0 0 0 0 0 0 0 0 0
Cr203 0 0 0 0 0.0002 | 0.0078 | 0.0006 0 0.0075 0 0
Cs20 0 0 0 0 0 0 0 0 0 0 0
CuO 0 0 0 0 0 0 0 0 0 0 0
Euw203 0 0 0 0 0 0 0 0 0 0 0
F 0 0 0 0 0 0 0 0 0 0 0

Fe203 0.01 0 0.0051 | 0.9785 | 0.0001 | 0.1068 | 0.0001 | 0.0004 | 0.025 | 0.0001 | 0.0009
Gd203 0 0 0 0 0 0 0 0 0 0
HgO 0 0 0 0 0 0 0 0 0 0 0
I 0 0 0 0 0 0 0 0 0 0 0
K20 | 0.0007 0 0 0 0.0001 0 0 0.0002 0 0 0
La203 0 0 0 0 0 0 0 0 0 0 0
Li20 0 0 0 0 0.4044 0 0 0 0 0 0
MgO | 0.0004 0 0.001 | 0.0037 | 0.0002 | 0.4934 | 0.0001 | 0.0001 0 0 0
MnO 0 0 0.0011 | 0.0039 0 0 0 0 0 0.0001 0
MoO3 0 0 0 0 0 0 0 0 0 0 0
Na20 | 0.0042 0 0 0 0.0011 | 0.0004 | 0.5848 | 0.0002 0 0 0
Nb205 0 0 0 0 0 0 0 0 0 0 0
Nd203 0 0 0 0 0 0 0 0 0 0 0
NiO 0 0 0 0 0 0.0052 0 0 0 0 0
NpO2 0 0 0 0 0 0 0 0 0 0 0
P205 0 0 0 0.0054 0 0 0 0 0.0007 0 0
Pa205 0 0 0 0 0 0 0 0 0 0 0
PbO 0 0 0 0 0 0 0 0 0 0.0001 0
PdO 0 0 0 0 0 0 0 0 0 0 0
Pr203 0 0 0 0 0 0 0 0 0 0 0
PuO?2 0 0 0 0 0 0 0 0 0 0 0
Ra0O 0 0 0 0 0 0 0 0 0 0 0
Rb20 0 0 0 0 0 0 0 0 0 0 0
Rh203 0 0 0 0 0 0 0 0 0 0 0
RuO?2 0 0 0 0 0 0 0 0 0 0 0
SO3 0 0.0003 0 0.0009 | 0.0004 0 0.0002 0 0.0007 0 0
Sh203 0 0 0 0 0 0 0 0 0 0 0
Se0?2 0 0 0 0 0 0 0 0 0 0 0

Si02 0.42 0 0.53 0.0186 0 0.4385 0 0.999 0.025 0 0.325
Sm203 0 0 0 0 0 0 0 0 0 0 0
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Preliminary ILAW Formulation Algorithm Description

Maximum
Boric | Wollas- | Hema- Li Na
Comp | Kyanite | Acid tonite tite  |Carbonate] Olivine |Carbonate| Silica Rutile | Zincite | Zircon
Sn0O2 0 0 0 0 0 0 0 0 0 0 0
SrO 0 0 0 0 0 0 0 0 0 0 0
Ta205 0 0 0 0 0 0 0 0 0 0 0
Tc207 0 0 0 0 0 0 0 0 0 0 0
TeO2 0 0 0 0 0 0 0 0 0 0 0
ThO2 0 0 0 0 0 0 0 0 0 0 0
TiO2 0.016 0 0.0003 0 0 0 0 0.0005 | 0.936 0 0.0014
TI20 0 0 0 0 0 0 0 0 0 0 0
uo3 0 0 0 0 0 0 0 0 0 0 0.0008
V205 0 0 0 0 0 0 0 0 0.0075 0 0
WwWO03 0 0 0 0 0 0 0 0 0 0 0
Y203 0 0 0 0 0 0 0 0 0 0 0
7nO 0 0 0 0 0 0 0 0 0 0.9999 0
7102 0 0 0 0 0 0 0 0 0.025 0 0.67
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Preliminary ILAW Formulation Algorithm Description

Table A-5. GFC Compositions: Nominal Composition Used for Nominal Glass Composition
Calculation Obtained by 50,000 Monte Carlo Simulations

Nominal
Boric Li
Comp Kyanite Acid Wollastonite | Hematite Carbonate Olivine
Ac203 0 0 0 0 0 0
Ag20 0 0 0 0 0 0
A1203 | 5.7022E-01 0 2.0031E-03 | 1.5000E-02 0 2.6103E-03
Am203 0 0 0 0
As205 0 0 0 0 0 0
B203 0 5.6522E-01 0 0 0 0
BaO 0 0 0 0 0 0
BeO 0 0 0 0 0 0
Bi203 0 0 0 0 0 0
Ca0 2.6660E-04 0 4.7510E-01 | 3.9931E-04 | 3.6573E-03 | 1.8367E-04
cdo 0 0 0 0 0 0
Ce203 0 0 0 0 0 0
Cl 0 0 0 0 8.3241E-05 0
Cm203 0 0 0 0 0 0
CoO 0 0 0 0 0 0
Cr203 0 0 0 0 1.0008E-04 | 2.1723E-03
Cs20 0 0 0 0 0 0
CuO 0 0 0 0 0 0
Eu203 0 0 0 0 0 0
F 0 0 0 0 0 0
Fe203 | 7.5678E-03 0 4.0029E-03 | 9.7006E-01 | 1.6695E-05 | 7.6858E-02
Gd203 0 0 0 0
HgO 0 0 0 0 0 0
I 0 0 0 0 0 0
K20 1.1645E-04 0 0 0 1.6577E-05 0
La203 0 0 0 0 0 0
Li20 0 0 0 0 0.402061902 0
MgO 1.3317E-04 0 8.3461E-04 | 1.2988E-03 | 9.9860E-05 | 4.7949E-01
MnO 0 0 1.0001E-03 | 1.4992E-03 0 0
MoO3 0 0 0 0 0 0
Na20 3.4953E-03 0 0 0 7.1550E-04 | 2.6723E-04
Nb205 0 0 0 0 0 0
Nd203 0 0 0 0 0 0
NiO 0 0 0 0 0 3.7037E-03
NpO2 0 0 0 0 0 0
P205 0 0 0 2.9962E-03 0 0
Pa205 0 0 0 0 0 0
PbO 0 0 0 0 0 0
PdO 0 0 0 0 0 0
Pr203 0 0 0 0 0 0
PuO2 0 0 0 0 0 0
RaO 0 0 0 0 0 0
Rb20 0 0 0 0 0 0
Rh203 0 0 0 0 0 0
RuO2 0 0 0 0 0 0
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Preliminary ILAW Formulation Algorithm Description

Nominal
Boric Li
Comp Kyanite Acid Wollastonite [ Hematite Carbonate Olivine
SO3 0 4.9790E-05 0 7.1674E-04 | 2.6638E-04 0
Sbh203 0 0 0 0 0 0
Se0?2 0 0 0 0 0 0
Si02 4.0608E-01 0 5.0821E-01 | 1.3493E-02 0 4.2466E-01
Sm203 0 0 0 0 0 0
Sn0O2 0 0 0 0 0 0
SrO 0 0 0 0 0 0
Ta205 0 0 0 0 0 0
Tc207 0 0 0 0 0 0
TeO2 0 0 0 0 0 0
ThO2 0 0 0 0 0 0
TiO2 8.7694E-03 0 1.9986E-04 0 0 0
TI20 0 0 0 0 0 0
[S[0X] 0 0 0 0 0 0
V205 0 0 0 0 0 0
WO3 0 0 0 0 0 0
Y203 0 0 0 0 0 0
7n0O 0 0 0 0 0 0
7102 0 0 0 0 0 0
Nominal (continued)
Na
Comp Carbonate Silica Rutile Zincite Zircon
Ac203 0 0 0 0 0
Ag20 0 0 0 0 0
A1203 0 1.6566E-03 | 4.5844E-03 0 2.5022E-03
Am203 0 0 0 0 0
As205 0 0 0 0 0
B203 0 0 0 0 0
BaO 0 0 0 0 0
BeO 0 0 0 0 0
Bi203 0 0 0 0 0
CaO 1.6584E-05 | 1.0045E-04 0 0 0
Cdo 0 0 0 1.0008E-04 0
Ce203 0 0 0 0 0
Cl 1.6674E-04 0 0 0 0
Cm203 0 0 0 0 0
CoO 0 0 0 0 0
Cr203 | 1.0015E-04 0 2.3093E-03 0 0
Cs20 0 0 0 0 0
CuO 0 0 0 0 0
Eu203 0 0 0 0 0
F 0 0 0 0 0
Fe203 1.6688E-05 | 2.1680E-04 | 8.8351E-03 | 1.6578E-05 | 7.8329E-04
Gd203 0 0 0 0 0
HgO 0 0 0 0 0
1 0 0 0 0 0
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Preliminary ILAW Formulation Algorithm Description

Nominal (continued)

Na
Comp Carbonate Silica Rutile Zincite Zircon
K20 0 3.3482E-05 0 0 0
La203 0 0 0 0 0
Li20 0 0 0 0 0
MgO 1.6635E-05 | 8.3341E-05 0 0 0
MnO 0 0 0 1.6592E-05 0
MoO3 0 0 0 0 0
Na20 5.8378E-01 | 1.6693E-04 0 0 0
Nb205 0 0 0 0 0
Nd203 0 0 0 0 0
NiO 0 0 0 0 0
NpO2 0 0 0 0 0
P205 0 0 1.1719E-04 0 0
Pa205 0 0 0 0 0
PbO 0 0 0 1.6637E-05 0
PdO 0 0 0 0 0
Pr203 0 0 0 0 0
PuO2 0 0 0 0 0
Ra0O 0 0 0 0 0
Rb20 0 0 0 0 0
Rh203 0 0 0 0 0
Ru0O?2 0 0 0 0 0
SO3 1.0011E-04 0 1.1701E-04 0 0
Sb203 0 0 0 0 0
Se02 0 0 0 0 0
Si02 0 9.9651E-01 | 1.8817E-02 0 3.2253E-01
Sm203 0 0 0 0 0
Sn02 0 0 0 0 0
SrO 0 0 0 0 0
Ta205 0 0 0 0 0
Tc207 0 0 0 0 0
TeO2 0 0 0 0 0
ThO?2 0 0 0 0 0
TiO2 0 1.5000E-04 | 9.3206E-01 0 1.0169E-03
TI20 0 0 0 0 0
U03 0 0 0 0 4.5003E-04
V205 0 0 4.2517E-03 0 0
W03 0 0 0 0 0
Y203 0 0 0 0 0
ZnO 0 0 0 9.9815E-01 0
7102 0 0 1.6837E-02 0 6.6004E-01

Page A-16



ORP-56321, Rev. 0 24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

Table A-6. GFC Compositions: 11x11 Matrix of Nominal GFC Composition Used in Initial
Calculation of GFC Masses from Target GFC Composition

Comp\GFC Kyanite Boric Wollastonite | Hematite Li Olivine
Acid Carbonate
Al203 5.7022E-01 0 2.0031E-03 1.5000E-02 0 2.6103E-03
B203 0 5.6522E-01 0 0 0 0
CaO 2.6660E-04 0 4.7510E-01 3.9931E-04 | 3.6573E-03 1.8367E-04
Fe203 7.5678E-03 0 4.0029E-03 | 9.7006E-01 1.6695E-05 | 7.6858E-02
Li20 0 0 0 0 4.0206E-01 0
MgO 1.3317E-04 0 8.3461E-04 1.2988E-03 | 9.9860E-05 | 4.7949E-01
Na20 3.4953E-03 0 0 0 7.1550E-04 | 2.6723E-04
Si02 4.0608E-01 0 5.0821E-01 1.3493E-02 0 4.2466E-01
TiO2 8.7694E-03 0 1.9986E-04 0 0 0
ZnO 0 0 0 0 0 0
Zr02 0 0 0 0 0 0
Comp\GFC Na Silica Rutile Zincite Zircon
Carbonate
Al203 0 1.6566E-03 | 4.5844E-03 0 2.5022E-03
B203 0 0 0 0 0
CaO 1.6584E-05 1.0045E-04 0 0 0
Fe203 1.6688E-05 | 2.1680E-04 | 8.8351E-03 1.6578E-05 | 7.8329E-04
Li20 0 0 0 0 0
MgO 1.6635E-05 | 8.3341E-05 0 0 0
Na20 5.8378E-01 1.6693E-04 0 0 0
Si02 0 9.9651E-01 1.8817E-02 0 3.2253E-01
TiO2 0 1.5000E-04 | 9.3206E-01 0 1.0169E-03
ZnO 0 0 0 9.9815E-01 0
Zr02 0 0 5.7022E-01 0 6.6004E-01
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Preliminary ILAW Formulation Algorithm Description

Table A-7. Variance-Covariance Matrices for PCT-B Model
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Term Al203 B203 Ca0 Fe203 K20 Li2O MgO Na20
A1203 4.5411 -0.8535 -0.0978 0.0909 0.9952 -4.5759 -0.0689 -4.8201
B203 -0.8535 6.5050 -0.4167 -0.6563 -0.0878 10.2294 11.4075 -2.3603
CaO -0.0978 -0.4167 9.0851 8.3041 2.1673 6.1810 1.3799 -5.4011
Fe203 0.0909 -0.6563 8.3041 10.3431 2.0919 3.0053 0.5102 -7.1887
K20 0.9952 -0.0878 2.1673 2.0919 3.0456 0.4433 0.6721 -5.0192
Li20 -4.5759 10.2294 6.1810 3.0053 0.4433 72.0621 -0.5370 2.9757
MgO -0.0689 11.4075 1.3799 0.5102 0.6721 -0.5370 68.0494 -1.9809
Na20 -4.8201 -2.3603 -5.4011 -7.1887 -5.0192 2.9757 -1.9809 27.1863
P205 0.6100 0.0070 1.5476 1.8056 1.3508 -0.8300 -0.1016 -4.0699
Si02 -0.9005 -1.0301 -1.5567 -1.7741 -1.0531 -1.5044 -1.2803 4.9330
7102 1.2709 0.5252 -0.5915 -0.6713 0.6179 -3.7898 2.2079 -6.7996
Others 0.6941 0.1474 0.7187 1.4425 0.4403 -2.8944 -1.3257 -4.6686
CaO*Li20 3.9237 -5.0328 -82.4567 -50.8286 -6.5335 -198.0406 | -87.7450 -26.7093
B203*MgO 5.7135 -125.6845 0.4841 10.4487 13.4220 -18.4379 | -703.1255 | -33.3977
B203*Li20 50.1661 -109.6279 -0.4991 20.5465 17.2896 -538.7395 4.6201 -49.6081
Na20*Si02 11.8034 4.2468 13.4194 17.4395 12.8827 -6.2908 -2.2819 -67.5964
CaO*Fe203 11.6489 7.9481 -122.4661 | -130.7800 | -21.6787 | -107.5801 -26.9959 33.8730
Term P205 Si02 ZrQ2 Others Ca0O*Li20 B203*MgO
A1203 0.6100 -0.9005 1.2709 0.6941 3.9237 5.7135
B203 0.0070 -1.0301 0.5252 0.1474 -5.0328 -125.6845
CaO 1.5476 -1.5567 -0.5915 0.7187 -82.4567 0.4841
Fe203 1.8056 -1.7741 -0.6713 1.4425 -50.8286 10.4487
K20 1.3508 -1.0531 0.6179 0.4403 -6.5335 13.4220
Li20 -0.8300 -1.5044 -3.7898 -2.8944 -198.0406 -18.4379
MgO -0.1016 -1.2803 2.2079 -1.3257 -87.7450 -703.1255
Na20 -4.0699 4.9330 -6.7996 -4.6686 -26.7093 -33.3977
P205 7.9409 -0.9021 0.5266 0.9485 17.4291 6.7145
Si02 -0.9021 1.2395 -1.2130 -1.0866 0.6220 0.4196
ZrO2 0.5266 -1.2130 7.7654 0.9872 22.7654 -6.3621
Others 0.9485 -1.0866 0.9872 3.4495 13.2488 18.5875
CaO*Li20 17.4291 0.6220 22.7654 13.2488 2855.3392 1162.9848
B203*MgO 6.7145 0.4196 -6.3621 18.5875 1162.9848 8018.1830
B203*Li20 9.8905 2.2332 20.6910 24.3367 343.3240 227.1726
Na20*Si02 10.5893 -12.6902 16.5233 11.6207 86.3608 175.8912
CaO*Fe203 -16.7213 12.3915 32.4518 -3.4768 1009.9195 225.1001
Term B203*Li20 Na20*Si02 Ca0Q*Fe203
Al1203 50.1661 11.8034 11.6489
B203 -109.6279 4.2468 7.9481
CaO -0.4991 13.4194 -122.4661
Fe203 20.5465 17.4395 -130.7800
K20 17.2896 12.8827 -21.6787
Li20 -538.7395 -6.2908 -107.5801
MgO 4.6201 -2.2819 -26.9959
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Preliminary ILAW Formulation Algorithm Description

Term B203*Li20 Na20*Si02 Ca0O*Fe203
Na20 -49.6081 -67.5964 33.8730
P205 9.8905 10.5893 -16.7213
Si02 2.2332 -12.6902 12.3915
7102 20.6910 16.5233 32.4518
Others 24.3367 11.6207 -3.4768
CaO*Li20 343.3240 86.3608 1009.9195
B203*MgO 227.1726 175.8912 225.1001
B203*Li20 5204.8656 138.6761 301.8835
Na20*Si02 138.6761 172.0205 -71.7517
CaO*Fe203 301.8835 -71.7517 2124.8909
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Table A-8. Variance-Covariance Matrix for PCT-Na Model

Term Al203 B203 CaO Fe203 K20 Li2O MgO
Al203 2.6367 -0.2222 -0.7385 -0.9214 0.3894 0.0726 0.0444
B203 -0.2222 7.6234 -1.8619 -1.2119 0.0080 -2.1700 8.3156
CaO -0.7385 -1.8619 6.5491 5.5974 -0.3900 4.5648 1.3215
Fe203 -0.9214 -1.2119 5.5974 6.7804 -0.7335 3.5350 0.5885
K20 0.3894 0.0080 -0.3900 -0.7335 15.7842 0.2329 1.0913
Li20 0.0726 -2.1700 4.5648 3.5350 0.2329 12.5785 0.1544
MgO 0.0444 8.3156 1.3215 0.5885 1.0913 0.1544 52.5669
Na20 -0.2025 2.8308 -0.8383 -0.5800 -0.1269 0.0640 -2.6874
P205 -0.0847 -0.9891 0.7250 0.6211 0.6935 -0.0688 0.1514
Si02 -0.0931 -0.8349 -0.3090 -0.3470 0.0011 -0.4073 -1.0574
ZrO2 0.0893 -0.2650 -1.4150 -1.8620 0.5222 -1.8244 1.9660
Others -0.1842 -0.0865 -0.0130 0.2671 -0.9330 -0.6020 -0.9052
CaO*Li20 -2.8191 2.1879 -70.6074 -48.1835 7.4888 -130.1176 | -66.8946
CaO*Fe203 10.9332 22.0585 -93.0576 -98.1200 4.8711 -59.0421 -22.4845
B203*MgO -5.5808 -105.5970 -7.7365 -4.3021 -8.5036 -0.2581 -540.0123
B203*Na20 0.3251 -40.8666 9.5918 4.2261 -1.1662 9.1771 5.6624
K20*K20 -7.5665 -13.1053 30.6658 30.2914 -313.1547 24.6694 -8.6805
Term Na20 P205 SiO02 Zr02 Others
A1203 -0.2025 -0.0847 -0.0931 0.0893 -0.1842
B203 2.8308 -0.9891 -0.8349 -0.2650 -0.0865
CaO -0.8383 0.7250 -0.3090 -1.4150 -0.0130
Fe203 -0.5800 0.6211 -0.3470 -1.8620 0.2671
K20 -0.1269 0.6935 0.0011 0.5222 -0.9330
Li20 0.0640 -0.0688 -0.4073 -1.8244 -0.6020
MgO -2.6874 0.1514 -1.0574 1.9660 -0.9052
Na20 2.8123 -0.5161 -0.4047 -0.6056 -0.2447
P205 -0.5161 5.7728 -0.0060 -0.2731 0.2061
Si02 -0.4047 -0.0060 0.2645 0.0507 -0.1846
Zr02 -0.6056 -0.2731 0.0507 4.8825 -0.1335
Others -0.2447 0.2061 -0.1846 -0.1335 2.0567
CaO*Li20 7.1486 9.1275 4.6965 11.8234 4.2279
CaO*Fe203 9.7084 -10.6784 4.0376 30.3392 -0.8944
B203*MgO 22.8696 -2.1734 10.8288 -17.9346 5.6599
B203*Na20 -29.0184 7.2277 4.3856 4.3044 2.0542
K20*K20 -2.7077 -4.3109 -1.1330 -21.3201 13.3522
Term CaO*Li20 CaO*Fe203 B203*MgO B203*Na20 K20*K20
A1203 -2.8191 10.9332 -5.5808 0.3251 -7.5665
B203 2.1879 22.0585 -105.5970 -40.8666 -13.1053
CaO -70.6074 -93.0576 -7.7365 9.5918 30.6658
Fe203 -48.1835 -98.1200 -4.3021 4.2261 30.2914
K20 7.4888 4.8711 -8.5036 -1.1662 -313.1547
Li20 -130.1176 -59.0421 -0.2581 9.1771 24.669%4
MgO -66.8946 -22.4845 -540.0123 5.6624 -8.6805
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Term CaO*Li20 CaO*Fe203 B203*MgO B203*Na20 K20*K20
Na20 7.1486 9.7084 22.8696 -29.0184 -2.7077
P205 9.1275 -10.6784 -2.1734 7.2277 -4.3109
Si02 4.6965 4.0376 10.8288 4.3856 -1.1330
Zr02 11.8234 30.3392 -17.9346 4.3044 -21.3201
Others 4.2279 -0.8944 5.6599 2.0542 13.3522
CaO*Li20 2181.7928 819.1763 810.6713 -25.9923 -398.1906
CaO*Fe203 819.1763 1633.1939 203.0666 -73.5093 -408.6876
B203*MgO 810.6713 203.0666 6060.0432 59.3798 202.3782
B203*Na20 -25.9923 -73.5093 59.3798 361.3491 102.0262
K20*K20 -398.1906 -408.6876 202.3782 102.0262 6928.8404
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Table A-9. Variance-Covariance Matrix for VHT Model

Term Al203 B203 CaO Fe203 K20 Li2O
Al203 37.0274 -6.1959 -7.5969 0.8362 -3.8661 -21.7084
B203 -6.1959 35.0847 34.8292 1.0209 -6.1880 -37.0646
CaO -7.5969 34.8292 89.2636 -12.8816 -23.1870 -31.9473
Fe203 0.8362 1.0209 -12.8816 22.3018 -11.4926 -19.7243
K20 -3.8661 -6.1880 -23.1870 -11.4926 114.6504 11.3336
Li20 -21.7084 -37.0646 -31.9473 -19.7243 11.3336 402.6862
MgO -7.1062 -6.2560 -14.3315 -0.8794 33.6888 -3.1993
Na20 -16.2542 6.5622 42.1681 -19.7161 -3.7296 150.0097
Si02 0.7085 -7.7598 -12.6605 0.5479 0.5948 -14.3494
ZrO2 4.4076 -3.1717 -4.0153 5.4465 3.7883 -33.6196
Others -2.6630 -0.3724 -11.9223 5.1363 -0.2410 -22.2422
(K20)2*Na20 771.0153 163.3330 859.1075 1630.2301 | -10990.5144 | -4461.2830
(Na20)3 136.0406 -21.6663 -349.6870 195.3939 60.2046 -1792.6212
Li20*Na20*Si02 276.5747 673.4985 310.5460 424.0416 230.0304 -6956.0025
B203*Ca0O*Na20 640.1299 | -3014.8798 | -6657.9092 | 1204.3237 1358.4667 1732.9326
Term MgO Na20 SiO2 Zr02 Others
Al203 -7.1062 -16.2542 0.7085 4.4076 -2.6630
B203 -6.2560 6.5622 -7.7598 -3.1717 -0.3724
Ca0 -14.3315 42.1681 -12.6605 -4.0153 -11.9223
Fe203 -0.8794 -19.7161 0.5479 5.4465 5.1363
K20 33.6888 -3.7296 0.5948 3.7883 -0.2410
Li20 -3.1993 150.0097 -14.3494 -33.6196 -22.2422
MgO 64.6618 -7.0818 -0.4710 2.6589 0.9723
Na20 -7.0818 109.7369 -15.6511 -15.8112 -16.6912
Si02 -0.4710 -15.6511 5.2310 0.3491 -0.6156
Zr02 2.6589 -15.8112 0.3491 57.6249 -1.8627
Others 0.9723 -16.6912 -0.6156 -1.8627 28.6027
(K20)2*¥Na20 -2212.0420 -2639.7226 279.1963 -614.7721 786.0088
(Na20)3 115.1066 -1302.7253 164.8064 112.1162 195.0451
Li20*Na20*Si02 343.3545 -2825.3603 197.3669 368.3748 561.4452
B203*CaO*Na20 1224.0790 -4182.2868 1064.2436 527.1768 927.7819
Term (K20)2*Na20 (Na20)3 Li20*Na20*Si02 B203*Ca0O*Na20
Al203 771.0153 136.0406 276.5747 640.1299
B203 163.3330 -21.6663 673.4985 -3014.8798
Ca0 859.1075 -349.6870 310.5460 -6657.9092
Fe203 1630.2301 195.3939 424.0416 1204.3237
K20 -10990.5144 60.2046 230.0304 1358.4667
Li20 -4461.2830 -1792.6212 -6956.0025 1732.9326
MgO -2212.0420 115.1066 343.3545 1224.0790
Na20 -2639.7226 -1302.7253 -2825.3603 -4182.2868
Si02 279.1963 164.8064 197.3669 1064.2436
ZrO2 -614.7721 112.1162 368.3748 527.1768
Others 786.0088 195.0451 561.4452 927.7819
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Term (K20)2*Na20 (Na20)3 Li20*Na20*Si02 B203*Ca0O*Na20
(K20)2*Na20 1436442.3984 29221.3465 65274.7345 24923.3397
(Na20)3 29221.3465 17067.2975 37209.8730 40016.3557
Li20*Na20*Si02 65274.7345 37209.8730 150236.7297 -25688.2830
B203*Ca0*Na20 24923.3397 40016.3557 -25688.2830 598088.4681
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Table A-10. Variance-Covariance Matrix for Viscosity Model

Term AI203 B203 CaO Fe203 K20 Li20
Al203 4.3931 -4.2122 -0.1233 -0.0843 0.0498 4.6732
B203 -4.2122 47.1379 -1.8275 -2.2280 -1.7454 -3.3764
CaO -0.1233 -1.8275 0.9674 0.0108 0.1916 -0.7363
Fe203 -0.0843 -2.2280 0.0108 1.0795 0.0179 0.1230
K20 0.0498 -1.7454 0.1916 0.0179 0.8756 0.2793
Li20 4.6732 -3.3764 -0.7363 0.1230 0.2793 20.7045
MgO 0.6928 -20.4729 1.9764 1.2104 2.5447 -0.1117
Na20 -0.1107 -1.9214 0.2159 0.0502 0.0852 0.7659
P205 -0.0789 -0.5171 0.2320 0.1245 0.2515 -0.3392
Si02 -0.0429 -2.2502 -0.0453 0.0050 0.0266 -0.4024
Zr02 -0.0615 -2.1771 0.2763 0.1063 -0.1280 -0.8618
Others -0.2520 -1.2726 0.0602 0.2731 -0.0457 -1.0501
(B203)2 20.3262 -249.5197 9.9237 12.3605 9.4277 13.5252
(Li20)2 0.0997 -12.1963 4.2240 -0.1684 -9.1920 -93.4991
Al203*Li20 -75.9624 50.2923 2.8455 1.3714 5.7603 -190.3501
MgO)2 -27.1251 390.6125 -33.5639 -21.9405 -44.4567 -8.3165
A1203/(T/1000)2 -2.7928 -0.0012 0.2130 0.2020 0.0001 0.0764
CaO/(T/1000)2 0.2113 -0.0023 -0.9869 0.1058 0.0003 0.4454
Fe203/(T/1000)2 0.2016 -0.0045 0.1043 -1.1063 -0.0008 -0.2253
Li20/(T/1000)2 0.0822 0.0065 0.4475 -0.2271 -0.0005 -4.8829
MgO/(T/1000)2 0.5041 -0.0094 -0.2921 -0.0913 0.0014 -0.0124
Na20/(T/1000)2 0.1874 0.0016 -0.1692 0.0557 -0.0009 -1.0799
P205/(T/1000)2 -0.0002 0.0554 -0.2028 -0.1564 -0.0020 -0.2204
Si02/(T/1000)2 0.2305 0.0005 0.1368 0.1083 0.0001 0.3919
Zr02/(T/1000)2 0.2824 0.0072 -0.3680 -0.0435 -0.0013 1.1774
Others/(T/1000)2 0.0521 -0.0081 0.0177 -0.1935 0.0019 0.2932
Term MgO Na20 P205 SiO2 ZrQ2 Others
Al203 0.6928 -0.1107 -0.0789 -0.0429 -0.0615 -0.2520
B203 -20.4729 -1.9214 -0.5171 -2.2502 -2.1771 -1.2726
Ca0 1.9764 0.2159 0.2320 -0.0453 0.2763 0.0602
Fe203 1.2104 0.0502 0.1245 0.0050 0.1063 0.2731
K20 2.5447 0.0852 0.2515 0.0266 -0.1280 -0.0457
Li20 -0.1117 0.7659 -0.3392 -0.4024 -0.8618 -1.0501
MgO 30.4968 1.0138 0.2125 0.4123 -0.5144 0.5974
Na20 1.0138 0.4543 0.0486 -0.0246 -0.1311 -0.0078
P205 0.2125 0.0486 8.2711 -0.0620 -0.2324 0.1048
Si02 0.4123 -0.0246 -0.0620 0.2754 0.0220 -0.1523
Zr0O2 -0.5144 -0.1311 -0.2324 0.0220 4.3076 -0.1032
Others 0.5974 -0.0078 0.1048 -0.1523 -0.1032 2.0486
(B203)2 107.9026 10.2913 2.7664 11.6977 11.0765 7.4392
(Li20)2 -10.9375 -0.4836 4.7339 2.5586 0.1008 1.5422
Al203*Li20 17.3764 3.3875 5.5647 -0.1315 -0.7979 11.7642
(Mg0)2 -534.4482 -14.7794 -7.7473 -11.2139 21.0534 -15.3621
Al203/(T/1000)2 0.5136 0.1879 0.0040 0.2319 0.2772 0.0446
Ca0O/(T/1000)2 -0.2894 -0.1686 -0.2004 0.1368 -0.3660 0.0170
Fe203/(T/1000)2 -0.1139 0.0560 -0.1533 0.1090 -0.0387 -0.1942
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Term MgO Na20 P205 SiO02 Zr02 Others
Li20/(T/1000)2 -0.0575 -1.0790 -0.2152 0.3947 1.1620 0.2724
MgO/(T/1000)2 -4.2316 -0.2458 0.3431 0.2332 -0.5703 0.2492
Na20/(T/1000)2 -0.2568 -0.4355 -0.0234 0.1449 0.2795 0.0955
P205/(T/1000)2 0.3159 -0.0256 -9.6661 0.1036 0.2737 -0.1465
Si02/(T/1000)2 0.2358 0.1450 0.1060 -0.1768 0.1657 0.2560
Zr02/(T/1000)2 -0.5962 0.2783 0.2752 0.1662 -4.7238 0.1832
Others/(T/1000)2 0.2725 0.0950 -0.1446 0.2553 0.1827 -2.2841
Term (B203)2 (Li20)2 AI203*Li20 MgO)2 Al203/ CaO/
(T/1000)2 (T/1000)2
Al203 20.3262 0.0997 -75.9624 -27.1251 -2.7928 0.2113
B203 -249.5197 -12.1963 50.2923 390.6125 -0.0012 -0.0023
CaO 9.9237 4.2240 2.8455 -33.5639 0.2130 -0.9869
Fe203 12.3605 -0.1684 1.3714 -21.9405 0.2020 0.1058
K20 9.4277 -9.1920 5.7603 -44.4567 0.0001 0.0003
Li20 13.5252 -93.4991 -190.3501 -8.3165 0.0764 0.4454
MgO 107.9026 -10.9375 17.3764 -534.4482 0.5136 -0.2894
Na20 10.2913 -0.4836 3.3875 -14.7794 0.1879 -0.1686
P205 2.7664 4.7339 5.5647 -7.7473 0.0040 -0.2004
Si02 11.6977 2.5586 -0.1315 -11.2139 0.2319 0.1368
Zr02 11.0765 0.1008 -0.7979 21.0534 0.2772 -0.3660
Others 7.4392 1.5422 11.7642 -15.3621 0.0446 0.0170
(B203)2 1334.1445 61.0130 -199.7892 -2044.9113 -0.0209 0.0117
(Li20)2 61.0130 1865.1464 -51.5337 113.7300 0.0292 -0.0295
Al203*Li20 -199.7892 -51.5337 3142.4026 -64.0502 0.0986 0.0783
MgO)2 -2044.9113 113.7300 -64.0502 10718.1194 -0.2344 -0.1081
Al1203/(T/1000)2 -0.0209 0.0292 0.0986 -0.2344 5.1453 -0.3937
CaO/(T/1000)2 0.0117 -0.0295 0.0783 -0.1081 -0.3937 1.8219
Fe203/(T/1000)2 0.0219 -0.0963 0.0713 0.4542 -0.3688 -0.1946
Li20/(T/1000)2 -0.0139 0.2143 -0.0200 0.8846 -0.1387 -0.8270
MgO/(T/1000)2 0.0437 -0.0437 -0.0298 -1.3377 -0.9292 0.5412
Na20/(T/1000)2 0.0009 0.0233 -0.0073 0.2273 -0.3424 0.3119
P205/(T/1000)2 -0.3035 0.0376 0.0266 0.5350 -0.0127 0.3693
Si02/(T/1000)2 -0.0007 0.0171 0.0282 -0.0353 -0.4263 -0.2516
Zr02/(T/1000)2 -0.0509 -0.0321 -0.2577 0.6372 -0.5259 0.6740
Others/(T/1000)2 0.0410 -0.0521 -0.2877 -0.5317 -0.0898 -0.0334
Term Fe203/ Li20/ MgO/ Na20/
(T/1000)2 (T/1000)2 (T/1000)2 (T/1000)2
Al203 0.2016 0.0822 0.5041 0.1874
B203 -0.0045 0.0065 -0.0094 0.0016
Ca0 0.1043 0.4475 -0.2921 -0.1692
Fe203 -1.1063 -0.2271 -0.0913 0.0557
K20 -0.0008 -0.0005 0.0014 -0.0009
Li20 -0.2253 -4.8829 -0.0124 -1.0799
MgO -0.1139 -0.0575 -4.2316 -0.2568
Na20 0.0560 -1.0790 -0.2458 -0.4355
P205 -0.1533 -0.2152 0.3431 -0.0234
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Term Fe203/ Li20/ MgO/ Na20/
(T/1000)2 (T/1000)2 (T/1000)2 (T/1000)2
Si02 0.1090 0.3947 0.2332 0.1449
Zr02 -0.0387 1.1620 -0.5703 0.2795
Others -0.1942 0.2724 0.2492 0.0955
(B203)2 0.0219 -0.0139 0.0437 0.0009
(Li20)2 -0.0963 0.2143 -0.0437 0.0233
AI203*Li20 0.0713 -0.0200 -0.0298 -0.0073
MgO)2 0.4542 0.8846 -1.3377 0.2273
A1203/(T/1000)2 -0.3688 -0.1387 -0.9292 -0.3424
Ca0/(T/1000)2 -0.1946 -0.8270 0.5412 0.3119
Fe203/(T/1000)2 2.0360 0.4119 0.1716 -0.1034
Li20/(T/1000)2 0.4119 8.9724 0.0513 1.9851
MgO/(T/1000)2 0.1716 0.0513 7.9128 0.4583
Na20/(T/1000)2 -0.1034 1.9851 0.4583 0.8025
P205/(T/1000)2 0.2845 0.3957 -0.6325 0.0422
Si02/(T/1000)2 -0.2002 -0.7304 -0.4320 -0.2683
Zr02/(T/1000)2 0.0786 -2.1333 1.0470 -0.5126
Others/(T/1000)2 0.3652 -0.4870 -0.4692 -0.1727
Term P205/ Si02/ Zr0O2/ Others/
(T/1000)2 (T/1000)2 (T/1000)2 (T/1000)2
AI203 -0.0002 0.2305 0.2824 0.0521
B203 0.0554 0.0005 0.0072 -0.0081
CaO -0.2028 0.1368 -0.3680 0.0177
Fe203 -0.1564 0.1083 -0.0435 -0.1935
K20 -0.0020 0.0001 -0.0013 0.0019
Li20 -0.2204 0.3919 1.1774 0.2932
MgO 0.3159 0.2358 -0.5962 0.2725
Na20 -0.0256 0.1450 0.2783 0.0950
P205 -9.6661 0.1060 0.2752 -0.1446
Si02 0.1036 -0.1768 0.1662 0.2553
ZrO2 0.2737 0.1657 -4.7238 0.1827
Others -0.1465 0.2560 0.1832 -2.2841
(B203)2 -0.3035 -0.0007 -0.0509 0.0410
(Li20)2 0.0376 0.0171 -0.0321 -0.0521
AI203*Li20 0.0266 0.0282 -0.2577 -0.2877
MgO)2 0.5350 -0.0353 0.6372 -0.5317
A1203/(T/1000)2 -0.0127 -0.4263 -0.5259 -0.0898
Ca0/(T/1000)2 0.3693 -0.2516 0.6740 -0.0334
Fe203/(T/1000)2 0.2845 -0.2002 0.0786 0.3652
Li20/(T/1000)2 0.3957 -0.7304 -2.1333 -0.4870
MgO/(T/1000)2 -0.6325 -0.4320 1.0470 -0.4692
Na20/(T/1000)2 0.0422 -0.2683 -0.5126 -0.1727
P205/(T/1000)2 17.9128 -0.1942 -0.5139 0.2648
Si02/(T/1000)2 -0.1942 0.3259 -0.3022 -0.4711
Zr02/(T/1000)2 -0.5139 -0.3022 8.7153 -0.3605
Others/(T/1000)2 0.2648 -0.4711 -0.3605 4.2105
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Table A-11. Variance-Covariance Matrix for Electrical Conductivity Model

Term Al203 B203 CaO Fe203 K20 Li2O
Al203 6.4799 -0.7687 -0.5444 -0.6502 0.3336 0.1030
B203 -0.7687 3.0753 -0.2350 0.5775 0.2775 -1.2268
CaO -0.5444 -0.2350 9.0967 -0.8749 -0.4213 4.9678
Fe203 -0.6502 0.5775 -0.8749 2.7741 -0.5565 -0.6301
K20 0.3336 0.2775 -0.4213 -0.5565 4.7674 0.0410
Li20 0.1030 -1.2268 4.9678 -0.6301 0.0410 25.2917
MgO -0.9935 0.30064 -0.0479 0.1079 2.0530 -0.8496
Na20 -0.3862 -0.2836 2.2997 -0.3634 -0.2676 4.5557
Si02 -0.4047 -0.5409 -0.8098 -0.2683 -0.1665 -1.3387
Zr02 -0.2125 -1.1722 0.7554 -0.0338 -0.4077 -2.5711
Others -0.2443 0.5012 -1.0702 0.6758 -0.3242 -1.8311
CaO*Li20 -1.2238 8.2817 -97.2024 10.3567 99114 -144.7756
CaO*Na20 0.6257 2.6594 -37.2667 3.2215 4.5760 -23.1400
Li20*Na20 0.7076 0.4980 -3.8171 2.3793 1.5515 -49.3728
A1203/(T/1000) -7.5254 0.8973 0.4993 0.7818 -0.3460 -0.2022
B203/(T/1000) 0.8936 -3.5307 -0.3263 -0.6165 -0.2495 0.8258
CaO/(T/1000) 0.5428 -0.3195 -2.6215 0.2754 -0.4498 1.2059
Fe203/(T/1000) 0.7772 -0.6154 0.2666 -3.1503 0.7529 -0.2586
K20/(T/1000) -0.3493 -0.2504 -0.4489 0.7530 -5.4297 -0.9151
Li20/(T/1000) -0.1538 0.8038 1.2660 -0.2552 -0.9205 -13.1967
MgO/(T/1000) 1.1952 -0.2491 -1.0073 -0.0067 -2.2522 -0.5340
Na20/(T/1000) 0.3837 0.1629 -0.3799 0.1868 0.0067 -2.8888
Si02/(T/1000) 0.4850 0.6685 0.4366 0.3658 0.2583 0.9848
ZrO2/(T/1000) 0.2397 1.3326 -0.8151 0.0439 0.4558 2.7148
Others/(T/1000) 0.3050 -0.4933 0.0014 -0.6695 0.5157 0.5978
Term MgO Na20 SiO2 Zr0O2 Others
Al203 -0.9935 -0.3862 -0.4047 -0.2125 -0.2443
B203 0.3064 -0.2836 -0.5409 -1.1722 0.5012
CaO -0.0479 2.2997 -0.8098 0.7554 -1.0702
Fe203 0.1079 -0.3634 -0.2683 -0.0338 0.6758
K20 2.0530 -0.2676 -0.1665 -0.4077 -0.3242
Li20 -0.8496 4.5557 -1.3387 -2.5711 -1.8311
MgO 10.6342 0.2676 -0.5761 0.8667 -0.6353
Na20 0.2676 1.6011 -0.4465 -0.5657 -0.4966
Si02 -0.5761 -0.4465 0.5453 -0.1535 -0.4958
Zr02 0.8667 -0.5657 -0.1535 11.0901 -0.5539
Others -0.6353 -0.4966 -0.4958 -0.5539 4.5320
CaO*Li20 15.5091 -27.7001 6.6834 0.0352 18.0251
CaO*Na20 4.3607 -10.5266 2.2859 -0.5814 5.4664
Li20*Na20 3.0783 -4.2848 1.0436 2.1222 2.3364
A1203/(T/1000) 1.2016 0.3729 0.4873 0.2378 0.3140
B203/(T/1000) -0.2525 0.1631 0.6690 1.3316 -0.4931
CaO/(T/1000) -0.9684 -0.3947 0.4317 -0.8125 -0.0048
Fe203/(T/1000) -0.0089 0.1873 0.3662 0.0427 -0.6668
K20/(T/1000) -2.2564 0.0078 0.2585 0.4556 0.5178
Li20/(T/1000) -0.5100 -2.8923 0.9836 2.7133 0.5798
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Term MgO Na20 SiO2 Zr02 Others
MgO/(T/1000) -12.2210 -0.6549 0.7407 -0.9862 0.9390
Na20/(T/1000) -0.6470 -1.1510 0.3650 0.6476 0.1982
Si02/(T/1000) 0.7382 0.3665 -0.6023 0.1879 0.6645
ZrO2/(T/1000) -0.9854 0.6460 0.1876 -12.9040 0.6778
Others/(T/1000) 0.9315 0.2048 0.6643 0.6765 -5.0739
Term CaO*Li2O CaO*Na20 Li20O*Na20 AI203/ B203/
(T/1000) (T/1000)
Al203 -1.2238 0.6257 0.7076 -7.5254 0.8936
B203 8.2817 2.6594 0.4980 0.8973 -3.5307
CaO -97.2024 -37.2667 -3.8171 0.4993 -0.3263
Fe203 10.3567 3.2215 2.3793 0.7818 -0.6165
K20 9.9114 4.5760 1.5515 -0.3460 -0.2495
Li20 -144.7756 -23.1400 -49.3728 -0.2022 0.8258
MgO 15.5091 4.3607 3.0783 1.2016 -0.2525
Na20 -27.7001 -10.5266 -4.2848 0.3729 0.1631
Si02 6.6834 2.2859 1.0436 0.4873 0.6690
7102 0.0352 -0.5814 2.1222 0.2378 1.3316
Others 18.0251 5.4664 2.3364 0.3140 -0.4931
CaO*Li20 1955.4791 445.9270 279.7517 0.8392 -0.0833
CaO*Na20 445.9270 214.7187 -20.8270 0.2132 0.0547
Li20*Na20 279.7517 -20.8270 295.9502 -0.0160 -0.1174
A1203/(T/1000) 0.8392 0.2132 -0.0160 10.2181 -1.2142
B203/(T/1000) -0.0833 0.0547 -0.1174 -1.2142 4.7895
CaO/(T/1000) 0.2714 0.0903 -0.0290 -0.7321 0.4311
Fe203/(T/1000) 0.2092 0.0305 -0.0398 -1.0621 0.8387
K20/(T/1000) -0.0760 -0.0100 0.0342 0.4675 0.3314
Li20/(T/1000) -0.8599 -0.2373 -0.0166 0.2379 -1.0927
MgO/(T/1000) 0.5694 0.1969 -0.0226 -1.6484 0.3250
Na20/(T/1000) -0.2141 -0.0500 -0.0316 -0.5099 -0.2228
Si02/(T/1000) -0.0733 -0.0355 0.0541 -0.6600 -0.9084
Zr02/(T/1000) -0.0523 0.0289 0.0110 -0.3207 -1.7838
Others/(T/1000) -0.0016 -0.0585 -0.0907 -0.4295 0.6754
Term CaO/ Fe203/ K20/ Li20/ MgO/
(T/1000) (T/1000) (T/1000) (T/1000) (T/1000)
Al203 0.5428 0.7772 -0.3493 -0.1538 1.1952
B203 -0.3195 -0.6154 -0.2504 0.8038 -0.2491
CaO -2.6215 0.2666 -0.4489 1.2660 -1.0073
Fe203 0.2754 -3.1503 0.7530 -0.2552 -0.0067
K20 -0.4498 0.7529 -5.4297 -0.9205 -2.2522
Li20 1.2059 -0.2586 -0.9151 -13.1967 -0.5340
MgO -0.9684 -0.0089 -2.2564 -0.5100 -12.2210
Na20 -0.3947 0.1873 0.0078 -2.8923 -0.6549
Si02 0.4317 0.3662 0.2585 0.9836 0.7407
ZrO2 -0.8125 0.0427 0.4556 2.7133 -0.9862
Others -0.0048 -0.6668 0.5178 0.5798 0.9390
CaO*Li20 0.2714 0.2092 -0.0760 -0.8599 0.5694
CaO*Na20 0.0903 0.0305 -0.0100 -0.2373 0.1969
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Term CaO/ Fe203/ K20/ Li20O/ MgO/
(T/1000) (T/1000) (T/1000) (T/1000) (T/1000)
Li20*Na20 -0.0290 -0.0398 0.0342 -0.0166 -0.0226
Al1203/(T/1000) -0.7321 -1.0621 0.4675 0.2379 -1.6484
B203/(T/1000) 0.4311 0.8387 0.3314 -1.0927 0.3250
CaO/(T/1000) 3.5331 -0.3723 0.6086 -1.6551 1.3049
Fe203/(T/1000) -0.3723 4.2851 -1.0248 0.3279 0.0132
K20/(T/1000) 0.6086 -1.0248 7.3644 1.2568 3.0460
Li20/(T/1000) -1.6551 0.3279 1.2568 17.9774 0.7249
MgO/(T/1000) 1.3049 0.0132 3.0460 0.7249 16.5800
Na20/(T/1000) 0.5282 -0.2595 -0.0097 3.9412 0.8847
Si02/(T/1000) -0.5827 -0.4972 -0.3498 -1.3476 -0.9958
ZrO2/(T/1000) 1.1093 -0.0539 -0.6020 -3.6868 1.3306
Others/(T/1000) 0.0053 0.9181 -0.6959 -0.7680 -1.2733
Term Na20/ Si02/ Zr0O2/ Others/
(T/1000) (T/1000) (T/1000) (T/1000)
AI203 0.3837 0.4850 0.2397 0.3050
B203 0.1629 0.6685 1.3326 -0.4933
CaO -0.3799 0.4366 -0.8151 0.0014
Fe203 0.1868 0.3658 0.0439 -0.6695
K20 0.0067 0.2583 0.4558 0.5157
Li20 -2.8888 0.9848 2.7148 0.5978
MgO -0.6470 0.7382 -0.9854 0.9315
Na20 -1.1510 0.3665 0.6460 0.2048
Si02 0.3650 -0.6023 0.1876 0.6643
7rO2 0.6476 0.1879 -12.9040 0.6765
Others 0.1982 0.6645 0.6778 -5.0739
CaO*Li20 -0.2141 -0.0733 -0.0523 -0.0016
CaO*Na20 -0.0500 -0.0355 0.0289 -0.0585
Li20*Na20 -0.0316 0.0541 0.0110 -0.0907
AI203/(T/1000) -0.5099 -0.6600 -0.3207 -0.4295
B203/(T/1000) -0.2228 -0.9084 -1.7838 0.6754
CaO/(T/1000) 0.5282 -0.5827 1.1093 0.0053
Fe203/(T/1000) -0.2595 -0.4972 -0.0539 0.9181
K20/(T/1000) -0.0097 -0.3498 -0.6020 -0.6959
Li20/(T/1000) 3.9412 -1.3476 -3.6868 -0.7680
MgO/(T/1000) 0.8847 -0.9958 1.3306 -1.2733
Na20/(T/1000) 1.5664 -0.4982 -0.8797 -0.2651
Si02/(T/1000) -0.4982 0.8185 -0.2568 -0.9051
ZrO2/(T/1000) -0.8797 -0.2568 17.5140 -0.9500
Others/(T/1000) -0.2651 -0.9051 -0.9500 6.8928
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Table A-12. Particle Density of GFC and Sucrose

GFC or other additives” Particle density, g/L
Kyanite 3398.3
Boric Acid 1509.3
Wollastonite 2899.3
Hematite 4747.9
Lithium Carbonate 2109.6
Olivine 2948.2
Sodium Carbonate 2532.5
Silica 2649.5
Rutile 4647.8
Zincite 5596.9
Zircon 4701.4
Sucrose 1549.0
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Appendix B—Results of Example Calculations
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Table B-1. Composition of CRV Batches Used for Example Calculations in the Format as Reported
by Analytical Laboratory

CRYV Batch
1D Al0 B10 All Bl11 Al2 B12 Al3 B13
Concentration of chemical elements, NOx, and TOC (mg/L)
Ac
Ag 3.2305E-01 | 3.1876E-01 | 3.1693E-01 | 3.1782E-01 | 3.1834E-01 | 3.1077E-01 | 2.9757E-01 | 2.8670E-01
Al 9.5241E+03 | 9.6281E+03 | 9.7247E+03 | 9.8076E+03 | 9.3131E+03 | 8.9359E+03 | 8.8641E+03 | 9.0613E+03
Am
As 1.2149E+00 | 1.2002E+00 | 1.1706E+00 | 1.1495E+00 | 1.2373E+00 | 1.3507E+00 | 1.4016E+00 | 1.4023E+00
B 1.5902E+01 | 1.4783E+01 | 1.6770E+01 | 1.8207E+01 | 1.9934E+01 | 1.7651E+01 | 1.6987E+01 | 1.8055E+01
Ba 2.7294E-01 | 2.6936E-01 | 2.6287E-01 | 2.5781E-01 | 2.7820E-01 | 3.0466E-01 | 3.1690E-01 | 3.1742E-01
Be 5.1924E-01 | 5.1343E-01 | 5.1434E-01 | 5.2162E-01 | 4.9923E-01 | 4.5208E-01 | 4.0501E-01 | 3.7599E-01
Bi 4.7604E+00 | 4.7009E+00 | 4.5088E+00 | 4.3350E+00 | 5.0127E+00 | 5.9918E+00 | 6.5751E+00 | 6.7408E+00
Ca 3.4621E+01 | 3.4583E+01 | 3.5197E+01 | 3.6000E+01 | 3.6148E+01 | 3.6131E+01 | 3.5519E+01 | 3.4778E+01
Cd 8.0278E-01 | 7.9314E-01 | 7.9400E-01 | 8.0400E-01 | 7.7727E-01 | 7.1447E-01 | 6.4969E-01 | 6.0903E-01
Ce 2.5103E-01 | 2.4742E-01 | 2.3683E-01 | 2.2634E-01 | 2.6616E-01 | 3.2413E-01 | 3.5964E-01 | 3.7044E-01
Cl 2.7498E+03 | 2.7515E+03 | 2.7811E+03 | 2.8086E+03 | 2.8597E+03 | 2.8983E+03 | 2.9321E+03 | 2.9578E+03
Cm
Co 3.9890E-01 | 3.9860E-01 | 4.0135E-01 | 4.0792E-01 | 4.0355E-01 | 3.8477E-01 | 3.6063E-01 | 3.4353E-01
Cr 6.4146E+02 | 6.3532E+02 | 6.1262E+02 | 5.9230E+02 | 6.7965E+02 | 8.0756E+02 | 8.8348E+02 | 9.0450E+02
Cs 3.3451E-03 | 3.2756E-03 | 3.2623E-03 | 3.2601E-03 | 3.5517E-03 | 3.7539E-03 | 3.8581E-03 | 3.8901E-03
Cu 7.6645E-01 | 7.5758E-01 | 7.5380E-01 | 7.5817E-01 | 7.4824E-01 | 7.1557E-01 | 6.7271E-01 | 6.4121E-01
Eu
F 1.1429E+03 | 1.1056E+03 | 1.1532E+03 | 1.1946E+03 | 1.2303E+03 | 1.1409E+03 | 1.0823E+03 | 1.0780E+03
Fe 1.2554E+01 | 1.1624E+01 | 1.3181E+01 | 1.4209E+01 | 1.5952E+01 | 1.4716E+01 | 1.4614E+01 | 1.5634E+01
Gd 0.0000E+00 | 0.0000E+00 | 0.0000E+00 | 0.0000E+00 | 0.0000E+00 | 0.0000E+00 | 0.0000E+00 | 0.0000E+00
Hg 9.8536E-02 | 9.6952E-02 | 9.4184E-02 | 9.1371E-02 | 1.0619E-01 | 1.2554E-01 | 1.3778E-01 | 1.4235E-01
1
K 1.3573E+04 | 1.3413E+04 | 1.3433E+04 | 1.3613E+04 | 1.3100E+04 | 1.1955E+04 | 1.0794E+04 | 1.0073E+04
La 3.6882E-01 | 3.6881E-01 | 3.6526E-01 | 3.6297E-01 | 3.9379E-01 | 4.3071E-01 | 4.4766E-01 | 4.4886E-01
Li 1.6135E-01 | 1.5949E-01 | 1.5850E-01 | 1.5924E-01 | 1.5790E-01 | 1.5222E-01 | 1.4405E-01 | 1.3779E-01
Mg 9.6546E+00 | 8.8701E+00 | 1.3066E+01 | 1.6327E+01 | 2.0030E+01 | 1.7710E+01 | 1.8632E+01 | 2.2824E+01
Mn 1.3040E+00 | 1.2564E+00 | 1.2967E+00 | 1.3170E+00 | 1.4302E+00 | 1.4517E+00 | 1.4757E+00 | 1.5099E+00
Mo 9.7705E+00 | 9.6510E+00 | 9.4758E+00 | 9.3783E+00 | 9.8362E+00 | 1.0339E+01 | 1.0458E+01 | 1.0344E+01
Na 1.5809E+05 | 1.5863E+05 | 1.5881E+05 | 1.5942E+05 | 1.5764E+05 | 1.5695E+05 | 1.5646E+05 | 1.5670E+05
Nb
Nd 1.1961E+00 | 1.1823E+00 | 1.1758E+00 | 1.1821E+00 | 1.1691E+00 | 1.1220E+00 | 1.0578E+00 | 1.0098E+00
Ni 2.5738E+01 | 2.6017E+01 | 2.6535E+01 | 2.7270E+01 | 2.6996E+01 | 2.5584E+01 | 2.3845E+01 | 2.2669E+01
Np
P 9.0542E+02 | 9.0200E+02 | 8.9007E+02 | 8.8407E+02 | 9.4110E+02 | 1.0127E+03 | 1.0406E+03 | 1.0363E+03
Pa
Pb 3.2157E+01 | 3.2426E+01 | 3.2954E+01 | 3.3748E+01 | 3.3607E+01 | 3.2196E+01 | 3.0294E+01 | 2.8945E+01
Pd 7.3745E+00 | 7.2921E+00 | 7.3090E+00 | 7.4173E+00 | 7.0817E+00 | 6.3838E+00 | 5.6951E+00 | 5.2745E+00
Pr 1.0387E-02 | 1.0271E-02 | 1.0279E-02 | 1.0413E-02 | 1.0008E-02 | 9.1333E-03 | 8.2408E-03 | 7.6813E-03
Pu
Ra
Rb 1.5682E+00 | 1.5504E+00 | 1.5525E+00 | 1.5737E+00 | 1.5101E+00 | 1.3734E+00 | 1.2355E+00 | 1.1499E+00
Rh 3.0812E+00 | 3.0440E+00 | 3.0564E+00 | 3.1057E+00 | 2.9610E+00 | 2.6529E+00 | 2.3556E+00 | 2.1781E+00
Ru 1.3756E+01 | 1.3463E+01 | 1.3681E+01 | 1.3985E+01 | 1.3534E+01 | 1.2020E+01 | 1.0713E+01 | 1.0049E+01
S 1.6951E+03 | 1.6756E+03 | 1.6216E+03 | 1.5763E+03 | 1.7646E+03 | 2.0264E+03 | 2.1729E+03 | 2.2080E+03
Sb 3.3380E-01 | 3.3108E-01 | 3.1960E-01 | 3.0929E-01 | 3.5546E-01 | 4.2091E-01 | 4.5934E-01 | 4.6992E-01
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CRY Batch
ID Al10 B10 All B11 Al2 B12 Al3 B13

Se 2.2786E+00 | 2.2364E+00 | 2.2165E+00 | 2.2027E+00 | 2.3749E+00 | 2.5289E+00 | 2.6034E+00 | 2.6208E-+00
Si 4.7632E+02 | 4.7764E+02 | 4.8740E+02 | 5.0008E+02 | 4.9956E+02 | 4.8809E+02 | 4.6999E+02 | 4.5543E+02

Sm

Sn
Sr 1.2933E-01 | 1.2797E-01 | 1.2313E-01 | 1.1877E-01 | 1.3684E-01 | 1.6270E-01 | 1.7799E-01 | 1.8226E-01
Ta 4.1030E-02 | 4.0572E-02 | 4.0675E-02 | 4.1288E-02 | 3.9381E-02 | 3.5437E-02 | 3.1560E-02 | 2.9201E-02

Tc
Te 1.2404E-01 | 1.2235E-01 | 1.2303E-01 | 1.2506E-01 | 1.1982E-01 | 1.0766E-01 | 9.6045E-02 | 8.9215E-02
Th 4.1376E+00 | 4.1165E+00 | 3.9978E+00 | 3.8932E+00 | 4.4317E+00 | 5.1785E+00 | 5.6073E+00 | 5.7189E+00
Ti 2.6933E+00 | 2.4484E+00 | 2.9230E+00 | 3.2619E+00 | 3.6430E+00 | 3.1067E+00 | 2.9682E+00 | 3.2341E+00
Tl 1.0767E+00 | 1.0628E+00 | 1.0086E+00 | 9.5651E-01 | 1.1563E+00 | 1.4523E+00 | 1.6378E+00 | 1.6981E+00
U 3.7310E+01 | 3.6906E+01 | 3.6504E+01 | 3.6453E+01 | 3.7066E+01 | 3.7209E+01 | 3.6362E+01 | 3.5356E+01
\Y 3.8363E-01 | 3.7879E-01 | 3.7693E-01 | 3.7877E-01 | 3.7809E-01 | 3.6655E-01 | 3.4917E-01 | 3.3589E-01
W 1.1224E+01 | 1.1099E+01 | 1.1115E+01 | 1.1268E+01 | 1.0799E+01 | 9.8035E-+00 | 8.8031E+00 | 8.1831E-+00
Y 6.1252E-01 | 6.0565E-01 | 6.0673E-01 | 6.1531E-01 | 5.8896E-01 | 5.3341E-01 | 4.7795E-01 | 4.4376E-01
Zn 1.1381E+01 | 1.0442E+01 | 1.2223E+01 | 1.3509E+01 | 1.4864E+01 | 1.2703E+01 | 1.2055E+01 | 1.2989E+01
Zr 6.3441E+00 | 6.2069E+00 | 6.1977E+00 | 6.1875E+00 | 6.7302E+00 | 7.1512E+00 | 7.3830E+00 | 7.4774E+00
NO2 2.8881E+04 | 2.8526E+04 | 2.8022E+04 | 2.7747E+04 | 2.9067E+04 | 3.0489E+04 | 3.0796E+04 | 3.0443E+04
NO3 7.6201E+04 | 7.5263E+04 | 7.3888E+04 | 7.3111E+04 | 7.6831E+04 | 8.0948E+04 | 8.2017E+04 | 8.1195E+04
TOC 1.1578E+03 | 1.1487E+03 | 1.1372E+03 | 1.1358E+03 | 1.1678E+03 | 1.1905E+03 | 1.1769E+03 | 1.1511E+03

Activity of radionuclides (mCi/L)

S9Ni 3.8046E-04 | 3.8171E-04 | 3.8322E-04 | 3.8764E-04 | 3.9645E-04 | 3.9816E-04 | 3.8904E-04 | 3.7865E-04
60Co 6.2888E-04 | 6.2256E-04 | 6.1008E-04 | 6.0214E-04 | 6.4102E-04 | 6.8855E-04 | 7.0647E-04 | 7.0298E-04
63Ni 3.4696E-02 | 3.4803E-02 | 3.4938E-02 | 3.5339E-02 | 3.6122E-02 | 3.6249E-02 | 3.5396E-02 | 3.4439E-02
79Se 1.4871E-03 | 1.4641E-03 | 1.4329E-03 | 1.4040E-03 | 1.5876E-03 | 1.8106E-03 | 1.9459E-03 | 1.9941E-03
90Sr 6.2741E-01 | 6.2600E-01 | 6.2227E-01 | 6.2320E-01 | 6.4812E-01 | 6.6989E-01 | 6.6891E-01 | 6.5773E-01
90Y 6.0745E-01 | 6.0610E-01 | 6.0247E-01 | 6.0338E-01 | 6.2750E-01 | 6.4859E-01 | 6.4764E-01 | 6.3682E-01
93mNb | 1.2991E+00 | 1.1706E+00 | 1.4223E+00 | 1.6005E+00 | 1.8069E+00 | 1.5322E+00 | 1.4694E+00 | 1.6178E+00
93Zr 9.5912E-03 | 9.4794E-03 | 9.3554E-03 | 9.3209E-03 | 9.5254E-03 | 9.6434E-03 | 9.4851E-03 | 9.2514E-03
99Tc 5.9927E-02 | 5.8829E-02 | 5.8025E-02 | 5.7282E-02 | 6.3615E-02 | 7.0395E-02 | 7.4422E-02 | 7.5932E-02
106Ru 5.6588E-07 | 5.5981E-07 | 5.3259E-07 | 5.0649E-07 | 6.1912E-07 | 7.7972E-07 | 8.8541E-07 | 9.1967E-07
113mCd | 7.1317E-03 | 7.0379E-03 | 6.8724E-03 | 6.7596E-03 | 7.2140E-03 | 7.7831E-03 | 8.0136E-03 | 7.9892E-03
125Sb 1.7675E-03 | 1.7450E-03 | 1.6599E-03 | 1.5789E-03 | 1.8915E-03 | 2.3525E-03 | 2.6391E-03 | 2.7302E-03
126Sn 1.6010E-03 | 1.5875E-03 | 1.5700E-03 | 1.5663E-03 | 1.6133E-03 | 1.6497E-03 | 1.6347E-03 | 1.6006E-03
1291 1.1977E-04 | 1.1663E-04 | 1.1908E-04 | 1.2111E-04 | 1.2948E-04 | 1.3057E-04 | 1.3102E-04 | 1.3230E-04
134Cs 2.7949E-07 | 2.7328E-07 | 2.6649E-07 | 2.6351E-07 | 2.9898E-07 | 3.3508E-07 | 3.5423E-07 | 3.6111E-07
137mBa | 1.0134E+02 | 9.9328E+01 | 9.8360E+01 | 9.7499E+01 | 1.0691E+02 | 1.1598E+02 | 1.2115E+02 | 1.2305E+02
137Cs 5.8453E-02 | 5.7245E-02 | 5.6786E-02 | 5.6532E-02 | 6.2455E-02 | 6.7283E-02 | 7.0018E-02 | 7.0961E-02
151Sm 1.8353E+00 | 1.8130E+00 | 1.7703E+00 | 1.7410E+00 | 1.8624E+00 | 2.0166E+00 | 2.0810E+00 | 2.0765E+00
152Eu 3.1269E-04 | 3.0974E-04 | 3.0069E-04 | 2.9325E-04 | 3.2652E-04 | 3.7222E-04 | 3.9703E-04 | 4.0214E-04
154Eu 6.1890E-03 | 6.2121E-03 | 6.2249E-03 | 6.2813E-03 | 6.4939E-03 | 6.6298E-03 | 6.5574E-03 | 6.4188E-03
155Eu 2.8626E-03 | 2.8431E-03 | 2.7833E-03 | 2.7405E-03 | 2.9790E-03 | 3.2869E-03 | 3.4331E-03 | 3.4448E-03
226Ra 4.9255E-06 | 4.8703E-06 | 4.8787E-06 | 4.9476E-06 | 4.7358E-06 | 4.2895E-06 | 3.8438E-06 | 3.5688E-06
227Ac 4.5478E-06 | 4.5060E-06 | 4.5182E-06 | 4.5843E-06 | 4.4161E-06 | 4.0416E-06 | 3.6568E-06 | 3.4160E-06
228Ra 1.9889E-06 | 1.9606E-06 | 1.8967E-06 | 1.8437E-06 | 2.0390E-06 | 2.3111E-06 | 2.4569E-06 | 2.4828E-06
229Th 2.1986E-07 | 2.1702E-07 | 2.0596E-07 | 1.9529E-07 | 2.3619E-07 | 2.9677E-07 | 3.3477E-07 | 3.4712E-07
231Pa 1.2617E-05 | 1.2476E-05 | 1.2495E-05 | 1.2668E-05 | 1.2139E-05 | 1.1017E-05 | 9.8907E-06 | 9.1930E-06
232Th 4.5355E-07 | 4.5126E-07 | 4.3819E-07 | 4.2668E-07 | 4.8569E-07 | 5.6766E-07 | 6.1470E-07 | 6.2691E-07
232U 6.2067E-07 | 6.1294E-07 | 5.9278E-07 | 5.7589E-07 | 6.4246E-07 | 7.3532E-07 | 7.8636E-07 | 7.9729E-07
233U 2.9000E-05 | 2.8656E-05 | 2.8130E-05 | 2.7844E-05 | 2.9132E-05 | 3.0557E-05 | 3.0847E-05 | 3.0468E-05
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CRY Batch
ID Al10 B10 All B11 Al2 B12 Al3 B13
234U 1.6670E-05 | 1.6479E-05 | 1.6319E-05 | 1.6323E-05 | 1.6451E-05 | 1.6288E-05 | 1.5749E-05 | 1.5231E-05
235U 6.2943E-07 | 6.2236E-07 | 6.1586E-07 | 6.1545E-07 | 6.2306E-07 | 6.2129E-07 | 6.0405E-07 | 5.8582E-07
236U 1.1561E-06 | 1.1428E-06 | 1.1349E-06 | 1.1392E-06 | 1.1329E-06 | 1.0975E-06 | 1.0428E-06 | 9.9951E-07
237Np 8.4642E-05 | 8.4020E-05 | 8.2274E-05 | 8.1046E-05 | 8.7794E-05 | 9.6441E-05 | 1.0047E-04 | 1.0072E-04
238Pu 4.4701E-05 | 4.4148E-05 | 4.2767E-05 | 4.1646E-05 | 4.6105E-05 | 5.2261E-05 | 5.5555E-05 | 5.6181E-05
238U 1.2434E-05 | 1.2299E-05 | 1.2165E-05 | 1.2148E-05 | 1.2353E-05 | 1.2402E-05 | 1.2120E-05 | 1.1785E-05
239Pu 5.2071E-04 | 5.1421E-04 | 4.9488E-04 | 4.7790E-04 | 5.4441E-04 | 6.3936E-04 | 6.9444E-04 | 7.0885E-04
240Pu 1.2698E-04 | 1.2539E-04 | 1.2057E-04 | 1.1631E-04 | 1.3298E-04 | 1.5686E-04 | 1.7081E-04 | 1.7454E-04
241Am | 6.4277E-04 | 6.3463E-04 | 6.0647E-04 | 5.8034E-04 | 6.8138E-04 | 8.2887E-04 | 9.1864E-04 | 9.4567E-04
241Pu 1.4488E-03 | 1.4300E-03 | 1.3689E-03 | 1.3131E-03 | 1.5279E-03 | 1.8401E-03 | 2.0279E-03 | 2.0826E-03
242Cm | 3.1290E-06 | 3.1172E-06 | 3.0237E-06 | 2.9365E-06 | 3.3395E-06 | 3.9002E-06 | 4.2271E-06 | 4.3068E-06
242Pu 1.4009E-08 | 1.3834E-08 | 1.3314E-08 | 1.2858E-08 | 1.4647E-08 | 1.7200E-08 | 1.8682E-08 | 1.9069E-08
243Am 1.0374E-07 | 1.0249E-07 | 9.9846E-08 | 9.7911E-08 | 1.0585E-07 | 1.1629E-07 | 1.2116E-07 | 1.2143E-07
243Cm | 3.5947E-07 | 3.6007E-07 | 3.6058E-07 | 3.6185E-07 | 3.8048E-07 | 3.9835E-07 | 4.0151E-07 | 3.9678E-07
244Cm | 7.3215E-06 | 7.3351E-06 | 7.3551E-06 | 7.3929E-06 | 7.7443E-06 | 8.0520E-06 | 8.0806E-06 | 7.9685E-06

Empty cells represent no data for components with radionuclides only
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Table B-2. CRV Composition Converted to the Format Used in Glass Formulation for the 1*

Transfer Waste Transferred from the 411" CRV

Component | Value Component | Value
Glass oxide (mass fraction) NOx and TOC concentration (g/L)
Acy)O; 2.6471E-13 NO, 2.7981E+01
Ag,O 1.3045E-06 NO; 7.3780E+01
ALO; 7.0410E-02 TOC 1.1356E+00
Am,0; 7.4775E-10 Radionuclide specific activity (mCi/g oxides)
As,0s 6.8805E-06 59Ni 1.4685E-06
B,0, 2.0692E-04 60Co 2.3378E-06
BaO 1.1246E-06 63Ni 1.3388E-04
BeO 5.4699E-06 79Se 5.4909E-06
Bi,0; 1.9262E-05 90Sr 2.3845E-03
CaO 1.8872E-04 90Y 2.3086E-03
CdO 3.4756E-06 93mNb 5.4502E-03
Ce,0, 1.0629E-06 93Zr 3.5849E-05
Cl 1.0657E-02 99Tc 2.2235E-04
Cm,04 4.1731E-13 106Ru 2.0408E-09
CoO 1.9555E-06 113mCd 2.6335E-05
Cn0; 3.4310E-03 125Sb 6.3608E-06
Cs,0 1.3254E-08 126Sn 6.0160E-06
CuO 3.6158E-06 1291 4.5629E-07
Eu,04 1.3553E-10 134Cs 1.0212E-09
F 4.4190E-03 137mBa 3.7691E-01
Fe, 04 7.2215E-05 137Cs 2.1760E-04
Gdy0; 0.0000E+00 151Sm 6.7836E-03
HgO 3.8970E-07 152Eu 1.1522E-06
1 2.5808E-06 154Eu 2.3853E-05
K,O 6.2008E-02 155Eu 1.0666E-05
La,0; 1.6415E-06 226Ra 1.8695E-08
Li,O 1.3074E-06 227Ac 1.7313E-08
MgO 8.3024E-05 228Ra 7.2680E-09
MnO 6.4159E-06 229Th 7.8921E-10
MoO; 5.4477E-05 231Pa 4.7880E-08
Na,O 8.2030E-01 232Th 1.6791E-09
Nb,Os 3.2676E-08 232U 2.2715E-09
Nd,O4 5.2552E-06 233U 1.0779E-07
NiO 1.2940E-04 234U 6.2532E-08
NpO, 5.0777E-07 235U 2.3599E-09
P,0s 7.8152E-03 236U 4.3489E-09
Pa,Os 1.1893E-09 237Np 3.1527E-07
PbO 1.3603E-04 238Pu 1.6388E-07
PdO 3.2219E-05 238U 4.6617E-08
Pr,0; 4.6099E-08 239Pu 1.8964E-06
PuO, 3.7061E-08 240Pu 4.6204E-07
RaO 2.0280E-11 241Am 2.3240E-06
Rb,0 6.5061E-06 241Pu 5.2457E-06
Rh,04 1.4443E-05 242Cm 1.1587E-08
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Component Value Component Value
RuO, 6.9023E-05 242Pu 5.1020E-11
SO, 1.5515E-02 243Am 3.8261E-10
Sb,04 1.4661E-06 243Cm 1.3817E-09
SeO, 1.1936E-05 244Cm 2.8185E-08
SiO, 3.9957E-03
Smy0; 2.9870E-07
SnO, 2.6572E-07
SrO 5.5799E-07
Ta,05 1.9032E-07
Tc,0; 2.0353E-05
TeO, 5.8967E-07
ThO, 1.7432E-05
TiO, 1.8686E-05
TL,O 4.0163E-06
UO; 1.6809E-04
V,0s 2.5785E-06
WO, 5.3711E-05
Y,0, 2.9525E-06
ZnO 5.8300E-05
Zr0, 3.2080E-05
SUM 1.0000E+00
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Table B-3. Initial Composition, Adjusted Target Composition, Waste Contribution, and GFC
Target Composition in the 4101™ MFPV Batch

Adjusted
Initial Waste | Initial GFC Adjusted Waste Adjusted
Component Initial target | contribution target target contribution | GFC target
Acy0O4 6.1720E-14 6.1720E-14 6.1720E-14 6.1720E-14
Ag,0 3.0417E-07 3.0417E-07 3.0417E-07 3.0417E-07
AlLO; 6.1000E-02 1.6417E-02 4.4583E-02 6.1000E-02 1.6417E-02 4.4583E-02
Am,0; 1.7435E-10 1.7435E-10 1.7435E-10 1.7435E-10
As,05 1.6043E-06 1.6043E-06 1.6043E-06 1.6043E-06
B,0; 1.0000E-01 4.8247E-05 9.9952E-02 1.0000E-01 4.8247E-05 9.9952E-02
BaO 2.6223E-07 2.6223E-07 2.6223E-07 2.6223E-07
BeO 1.2754E-06 1.2754E-06 1.2754E-06 1.2754E-06
Bi,0; 4.4912E-06 4.4912E-06 4.4912E-06 4.4912E-06
CaO 2.4706E-02 4.4002E-05 2.4662E-02 2.4706E-02 4.4002E-05 2.4662E-02
CdO 8.1040E-07 8.1040E-07 8.1040E-07 8.1040E-07
Ce,0;4 2.4784E-07 2.4784E-07 2.4784E-07 2.4784E-07
Cl 2.4848E-03 2.4848E-03 2.4848E-03 2.4848E-03
Cm,04 9.7303E-14 9.7303E-14 9.7303E-14 9.7303E-14
CoO 4.5595E-07 4.5595E-07 4.5595E-07 4.5595E-07
Cr,04 8.0000E-04 8.0000E-04 8.0000E-04 8.0000E-04
Cs,0 3.0903E-09 3.0903E-09 3.0903E-09 3.0903E-09
CuO 8.4308E-07 8.4308E-07 8.4308E-07 8.4308E-07
Eu,0; 3.1602E-11 3.1602E-11 3.1602E-11 3.1602E-11
F 1.0304E-03 1.0304E-03 1.0304E-03 1.0304E-03
Fe, 05 5.5000E-02 1.6838E-05 5.4983E-02 5.5000E-02 1.6838E-05 5.4983E-02
Gd,05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
HgO 9.0864E-08 9.0864E-08 9.0864E-08 9.0864E-08
I 6.0176E-07 6.0176E-07 6.0176E-07 6.0176E-07
K,O0 1.4458E-02 1.4458E-02 1.4458E-02 1.4458E-02
La,0; 3.8274E-07 3.8274E-07 3.8274E-07 3.8274E-07
Li,O 3.0484E-07 3.0484E-07 0.0000E+00 1.9003E-03 3.0484E-07 1.9000E-03
MgO 1.4800E-02 1.9358E-05 1.4781E-02 1.4800E-02 1.9358E-05 1.4781E-02
MnO 1.4960E-06 1.4960E-06 1.4960E-06 1.4960E-06
MoO; 1.2702E-05 1.2702E-05 1.2702E-05 1.2702E-05
Na,O 1.9127E-01 1.9127E-01 0.0000E+00 1.9127E-01 1.9127E-01 0.0000E+00
Nb,0Os 7.6190E-09 7.6190E-09 7.6190E-09 7.6190E-09
Nd,0; 1.2253E-06 1.2253E-06 1.2253E-06 1.2253E-06
NiO 3.0172E-05 3.0172E-05 3.0172E-05 3.0172E-05
NpO, 1.1839E-07 1.1839E-07 1.1839E-07 1.1839E-07
P,0;s 1.8222E-03 1.8222E-03 1.8222E-03 1.8222E-03
Pa,0s 2.7729E-10 2.7729E-10 2.7729E-10 2.7729E-10
PbO 3.1717E-05 3.1717E-05 3.1717E-05 3.1717E-05
PdO 7.5123E-06 7.5123E-06 7.5123E-06 7.5123E-06
Pr,04 1.0749E-08 1.0749E-08 1.0749E-08 1.0749E-08
PuO, 8.6412E-09 8.6412E-09 8.6412E-09 8.6412E-09
RaO 4.7286E-12 4.7286E-12 4.7286E-12 4.7286E-12
Rb,0 1.5170E-06 1.5170E-06 1.5170E-06 1.5170E-06
Rh,0; 3.3677E-06 3.3677E-06 3.3677E-06 3.3677E-06
RuO, 1.6094E-05 1.6094E-05 1.6094E-05 1.6094E-05
SO, 3.6176E-03 3.6176E-03 3.6176E-03 3.6176E-03
Sb,0; 3.4184E-07 3.4184E-07 3.4184E-07 3.4184E-07
SeO, 2.7830E-06 2.7830E-06 2.7830E-06 2.7830E-06
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Adjusted
Initial Waste | Initial GFC Adjusted Waste Adjusted

Component | Initial target | contribution target target contribution [ GFC target

SiO, 4.4983E-01 9.3165E-04 4.4890E-01 4.4793E-01 9.3165E-04 4.4700E-01
Sm,0; 6.9647E-08 6.9647E-08 6.9647E-08 6.9647E-08
SnO, 6.1957E-08 6.1957E-08 6.1957E-08 6.1957E-08
SrO 1.3010E-07 1.3010E-07 1.3010E-07 1.3010E-07
Ta,0s 4.4375E-08 4.4375E-08 4.4375E-08 4.4375E-08
Tc,04 4.7456E-06 4.7456E-06 4.7456E-06 4.7456E-06
TeO, 1.3749E-07 1.3749E-07 1.3749E-07 1.3749E-07
ThO, 4.0645E-06 4.0645E-06 4.0645E-06 4.0645E-06

TiO, 1.4000E-02 4.3570E-06 1.3996E-02 1.4000E-02 4.3570E-06 1.3996E-02
T1,0 9.3647E-07 9.3647E-07 9.3647E-07 9.3647E-07
UO; 3.9192E-05 3.9192E-05 3.9192E-05 3.9192E-05
V,0s 6.0121E-07 6.0121E-07 6.0121E-07 6.0121E-07
WO, 1.2524E-05 1.2524E-05 1.2524E-05 1.2524E-05
Y,0; 6.8843E-07 6.8843E-07 6.8843E-07 6.8843E-07

Zn0O 3.5000E-02 1.3594E-05 3.4986E-02 3.5000E-02 1.3594E-05 3.4986E-02

Zr0, 3.0000E-02 7.4799E-06 2.9993E-02 3.0000E-02 7.4799E-06 2.9993E-02

SUM 1.00000 0.23317 0.76683 1.00000 0.23317 0.76683

Empty cells represent non-GFC components.
Li,0 and SiO, concentrations (in bold) are only changes after adjustment.
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Table B-4a. Waste and Glass Compositions in Step 1 Calculation of the 4101™ MFPV Batch

before Adjustment
Waste GFC Combined Glass After Final Glass
Component Contribution Contribution Normalized Retention Normalized
Ac,0; 6.1720E-14 6.1659E-14 6.1487E-14 6.1852E-14
Ag,O 3.0417E-07 3.0387E-07 2.9719E-07 2.9896E-07
Al 04 1.6417E-02 4.4583E-02 6.0940E-02 6.0871E-02 6.1232E-02
Am,0; 1.7435E-10 1.7418E-10 1.7035E-10 1.7136E-10
As,Os 1.6043E-06 1.6027E-06 1.2360E-06 1.2434E-06
B,0, 4.8247E-05 9.9952E-02 9.9901E-02 9.8870E-02 9.9457E-02
BaO 2.6223E-07 2.6197E-07 2.6124E-07 2.6279E-07
BeO 1.2754E-06 1.2741E-06 1.2706E-06 1.2781E-06
Bi,0, 4.4912E-06 4.4867E-06 4.3882E-06 4.4142E-06
CaO 4.4002E-05 2.4662E-02 2.4682E-02 2.4655E-02 2.4801E-02
CdO 8.1040E-07 3.5079E-06 4.3141E-06 4.3020E-06 4.3275E-06
Ce, 05 2.4784E-07 2.4760E-07 2.4691E-07 2.4837E-07
Cl 2.4848E-03 0.0000E+00 2.4824E-03 1.3506E-03 1.3586E-03
Cm,04 9.7303E-14 9.7207E-14 9.6936E-14 9.7511E-14
CoO 4.5595E-07 4.5550E-07 4.5423E-07 4.5692E-07
Cr,03 8.0000E-04 9.9042E-05 8.9815E-04 8.5559E-04 8.6066E-04
Cs,0 3.0903E-09 3.0872E-09 2.7137E-09 2.7298E-09
CuO 8.4308E-07 8.4224E-07 8.3989E-07 8.4487E-07
Eu,0; 3.1602E-11 3.1570E-11 3.1482E-11 3.1669E-11
F 1.0304E-03 1.0293E-03 7.5126E-04 7.5572E-04
Fe,0; 1.6838E-05 5.4983E-02 5.4946E-02 5.4862E-02 5.5187E-02
Gd,0; 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
HgO 9.0864E-08 9.0774E-08 0.0000E+00 0.0000E+00
I 6.0176E-07 6.0116E-07 3.0636E-07 3.0818E-07
K,0 1.4458E-02 2.0962E-05 1.4465E-02 1.3947E-02 1.4030E-02
La,0; 3.8274E-07 3.8236E-07 3.8129E-07 3.8356E-07
Li,O 3.0484E-07 0.0000E+00 3.0454E-07 3.0332E-07 3.0512E-07
MgO 1.9358E-05 1.4781E-02 1.4786E-02 1.4783E-02 1.4871E-02
MnO 1.4960E-06 1.3210E-04 1.3347E-04 1.3309E-04 1.3388E-04
MoO; 1.2702E-05 1.2690E-05 1.2411E-05 1.2484E-05
Na,O 1.9127E-01 3.3154E-04 1.9141E-01 1.8975E-01 1.9088E-01
Nb,Os 7.6190E-09 7.6115E-09 7.5902E-09 7.6353E-09
Nd,0, 1.2253E-06 1.2241E-06 1.2207E-06 1.2279E-06
NiO 3.0172E-05 1.1299E-04 1.4302E-04 1.4186E-04 1.4270E-04
NpO, 1.1839E-07 1.1828E-07 1.1795E-07 1.1865E-07
P,05 1.8222E-03 1.6111E-04 1.9814E-03 1.9649E-03 1.9766E-03
Pa,05 2.7729E-10 2.7702E-10 2.7625E-10 2.7789E-10
PbO 3.1717E-05 5.8315E-07 3.2269E-05 3.1880E-05 3.2069E-05
PdO 7.5123E-06 7.5048E-06 7.4839E-06 7.5283E-06
Pr,0; 1.0749E-08 1.0738E-08 1.0708E-08 1.0772E-08
PuO, 8.6412E-09 8.6327E-09 8.6086E-09 8.6597E-09
RaO 4.7286E-12 4.7239E-12 3.6431E-12 3.6647E-12
Rb,O 1.5170E-06 1.5155E-06 1.4822E-06 1.4910E-06
Rh,0; 3.3677E-06 3.3644E-06 3.3550E-06 3.3749E-06
RuO, 1.6094E-05 1.6078E-05 1.5725E-05 1.5818E-05
SO, 3.6176E-03 4.8607E-05 3.6626E-03 3.0777E-03 3.0960E-03
Sb,05 3.4184E-07 3.4150E-07 2.6337E-07 2.6493E-07
SeO, 2.7830E-06 2.7803E-06 2.1442E-06 2.1569E-06
SiO, 9.3165E-04 4.4890E-01 4.4939E-01 4.4905E-01 4.5172E-01
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Waste GFC Combined Glass After Final Glass
Component | Contribution Contribution Normalized Retention Normalized
Sm,0; 6.9647E-08 6.9578E-08 6.9384E-08 6.9795E-08
SnO, 6.1957E-08 6.1896E-08 6.1723E-08 6.2090E-08
SrO 1.3010E-07 1.2997E-07 1.2961E-07 1.3038E-07
Ta,05 4.4375E-08 4.4331E-08 4.4208E-08 4.4470E-08
Tc,04 4.7456E-06 4.7409E-06 2.0409E-06 2.0530E-06
TeO, 1.3749E-07 1.3735E-07 1.0593E-07 1.0656E-07
ThO, 4.0645E-06 4.0605E-06 4.0492E-06 4.0732E-06
TiO, 4.3570E-06 1.3996E-02 1.3986E-02 1.3951E-02 1.4034E-02
T1,0 9.3647E-07 9.3554E-07 7.2150E-07 7.2578E-07
U0, 3.9192E-05 2.0287E-05 5.9420E-05 5.9254E-05 5.9606E-05
V,0s 6.0121E-07 6.0333E-05 6.0874E-05 5.9536E-05 5.9890E-05
WO, 1.2524E-05 1.2511E-05 1.2476E-05 1.2550E-05
Y,0, 6.8843E-07 6.8775E-07 6.8583E-07 6.8990E-07
ZnO 1.3594E-05 3.4986E-02 3.4965E-02 3.4886E-02 3.5093E-02
Zr0, 7.4799E-06 2.9993E-02 2.9970E-02 2.9965E-02 3.0143E-02
SUM 0.233165 0.767826 1.00000 0.99410 1.00000

Waste and GFC contributions

1.000991E+00

Empty cells represent the components not present in any of the GFCs

after Adjustment

Table B-4b. Waste and Glass Compositions in Step 1 Calculation of the 4101™ MFPV Batch

Waste GFC Combined Glass After Final Glass

Component | Contribution Contribution Normalized Retention Normalized
Ac,04 6.1720E-14 6.1659E-14 6.1487E-14 6.1852E-14
Ag,0 3.0417E-07 3.0387E-07 2.9719E-07 2.9896E-07
AL O3 1.6417E-02 4.4583E-02 6.0939E-02 6.0871E-02 6.1233E-02
Am,0; 1.7435E-10 1.7418E-10 1.7035E-10 1.7136E-10
As,Os 1.6043E-06 1.6027E-06 1.2360E-06 1.2434E-06
B,0, 4.8247E-05 9.9952E-02 9.9900E-02 9.8869E-02 9.9457E-02
BaO 2.6223E-07 2.6197E-07 2.6124E-07 2.6279E-07
BeO 1.2754E-06 1.2741E-06 1.2706E-06 1.2781E-06
Bi,0, 4.4912E-06 4.4867E-06 4.3881E-06 4.4142E-06
CaO 4.4002E-05 2.4662E-02 2.4682E-02 2.4655E-02 2.4801E-02
Cdo 8.1040E-07 3.5079E-06 4.3140E-06 4.3020E-06 4.3275E-06
Ce,0; 2.4784E-07 2.4759E-07 2.4690E-07 2.4837E-07
Cl 2.4848E-03 3.9337E-07 2.4827E-03 1.3508E-03 1.3588E-03
Cm,0; 9.7303E-14 9.7206E-14 9.6935E-14 9.7511E-14
CoO 4.5595E-07 4.5549E-07 4.5422E-07 4.5692E-07
Cr,04 8.0000E-04 9.9514E-05 8.9862E-04 8.5603E-04 8.6112E-04
Cs,0 3.0903E-09 3.0872E-09 2.7137E-09 2.7298E-09
CuO 8.4308E-07 8.4224E-07 8.3989E-07 8.4487E-07
Eu,0; 3.1602E-11 3.1570E-11 3.1482E-11 3.1669E-11
F 1.0304E-03 1.0293E-03 7.5126E-04 7.5572E-04
Fe,0; 1.6838E-05 5.4983E-02 5.4945E-02 5.4862E-02 5.5188E-02
Gd,0; 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
HgO 9.0864E-08 9.0773E-08 0.0000E+00 0.0000E+00
I 6.0176E-07 6.0116E-07 3.0636E-07 3.0818E-07
K,0 1.4458E-02 2.0978E-05 1.4465E-02 1.3947E-02 1.4030E-02
La,0; 3.8274E-07 3.8236E-07 3.8129E-07 3.8356E-07
Li,O 3.0484E-07 1.9000E-03 1.8984E-03 1.8908E-03 1.9021E-03
MgO 1.9358E-05 1.4781E-02 1.4786E-02 1.4783E-02 1.4871E-02
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ORP-56321, Rev. 0

24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

Waste GFC Combined Glass After Final Glass
Component | Contribution Contribution Normalized Retention Normalized
MnO 1.4960E-06 1.3207E-04 1.3343E-04 1.3306E-04 1.3385E-04
MoO; 1.2702E-05 1.2689E-05 1.2411E-05 1.2484E-05
Na,O 1.9127E-01 3.3462E-04 1.9141E-01 1.8976E-01 1.9088E-01
Nb,O5 7.6190E-09 7.6114E-09 7.5902E-09 7.6353E-09
Nd,0, 1.2253E-06 1.2241E-06 1.2207E-06 1.2279E-06
NiO 3.0172E-05 1.1299E-04 1.4302E-04 1.4186E-04 1.4270E-04
NpO, 1.1839E-07 1.1828E-07 1.1795E-07 1.1865E-07
P,05 1.8222E-03 1.6111E-04 1.9814E-03 1.9649E-03 1.9766E-03
Pa,05 2.7729E-10 2.7702E-10 2.7625E-10 2.7789E-10
PbO 3.1717E-05 5.8315E-07 3.2268E-05 3.1880E-05 3.2069E-05
PdO 7.5123E-06 7.5048E-06 7.4839E-06 7.5283E-06
Pr,0; 1.0749E-08 1.0738E-08 1.0708E-08 1.0772E-08
PuO, 8.6412E-09 8.6326E-09 8.6085E-09 8.6597E-09
RaO 4.7286E-12 4.7239E-12 3.6431E-12 3.6647E-12
Rb,O 1.5170E-06 1.5155E-06 1.4822E-06 1.4910E-06
Rh,04 3.3677E-06 3.3643E-06 3.3550E-06 3.3749E-06
RuO, 1.6094E-05 1.6078E-05 1.5725E-05 1.5818E-05
SO; 3.6176E-03 4.9866E-05 3.6638E-03 3.0788E-03 3.0971E-03
Sb,0; 3.4184E-07 3.4150E-07 2.6336E-07 2.6493E-07
SeO, 2.7830E-06 2.7802E-06 2.1441E-06 2.1569E-06
SiO, 9.3165E-04 4.4700E-01 4.4748E-01 4.4715E-01 4.4981E-01
Sm,0; 6.9647E-08 6.9577E-08 6.9383E-08 6.9795E-08
Sn0O, 6.1957E-08 6.1896E-08 6.1723E-08 6.2090E-08
SrO 1.3010E-07 1.2997E-07 1.2961E-07 1.3038E-07
Ta,05 4.4375E-08 4.4331E-08 4.4207E-08 4.4470E-08
Tc,0, 4.7456E-06 4.7409E-06 2.0409E-06 2.0530E-06
TeO, 1.3749E-07 1.3735E-07 1.0593E-07 1.0656E-07
ThO, 4.0645E-06 4.0605E-06 4.0492E-06 4.0732E-06
TiO, 4.3570E-06 1.3996E-02 1.3986E-02 1.3951E-02 1.4034E-02
T1,0 9.3647E-07 9.3554E-07 7.2150E-07 7.2578E-07
U0, 3.9192E-05 2.0287E-05 5.9420E-05 5.9254E-05 5.9606E-05
V,05 6.0121E-07 6.0334E-05 6.0875E-05 5.9537E-05 5.9891E-05
WO, 1.2524E-05 1.2511E-05 1.2476E-05 1.2550E-05
Y,03 6.8843E-07 6.8774E-07 6.8583E-07 6.8990E-07
ZnO 1.3594E-05 3.4986E-02 3.4965E-02 3.4886E-02 3.5093E-02
710, 7.4799E-06 2.9993E-02 2.9970E-02 2.9965E-02 3.0143E-02
SUM 0.233165 0.767831 1.00000 0.994096 1.000000

Waste and GFC contributions

1.000996E+00

Empty cells represent the components not present in any of the GFCs
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ORP-56321, Rev. 0

24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

Table B-5a. Radionuclides Activities in Step 1 Calculation the 4101™ MFPV Batch

before Adjustment

Before Retention After Retention SD
Radionuclide mCi/g glass mCi/g glass mCi/g glass
S9Ni 3.42061E-07 3.41293E-07 2.44481E-08
60Co 5.44554E-07 5.46256E-07 2.81398E-08
63Ni 3.11851E-05 3.11150E-05 2.21133E-06
79Se 1.27903E-06 9.92253E-07 2.25001E-07
90Sr 5.55430E-04 5.57167E-04 2.87069E-05
90Y 5.37760E-04 5.39441E-04 2.78000E-05
93mNb 1.26953E-03 1.27350E-03 9.29833E-05
93Zr 8.35053E-06 8.39856E-06 6.02715E-07
99Tc 5.17932E-05 2.24287E-05 7.82282E-06
106Ru 4.75383E-10 4.67697E-10 4.60344E-11
113mCd 6.13426E-06 6.15343E-06 4.37393E-07
125Sb 1.48165E-06 1.14945E-06 2.53761E-07
126Sn 1.40134E-06 1.40573E-06 1.35855E-07
1291 1.06286E-07 5.44856E-08 1.94087E-08
134Cs 2.37865E-10 2.10328E-10 3.83314E-11
137mBa 8.77954E-02 8.80699E-02 4.59182E-03
137Cs 5.06870E-05 4.48192E-05 5.15875E-06
151Sm 1.58014E-03 1.58508E-03 1.97595E-04
152Eu 2.68392E-07 2.69231E-07 1.37499E-08
154Eu 5.55628E-06 5.57364E-06 2.87399E-07
155Eu 2.48438E-06 2.49215E-06 1.27901E-07
226Ra 4.35473E-09 3.37834E-09 8.70663E-10
227Ac 4.03288E-09 4.04549E-09 2.92393E-10
228Ra 1.69296E-09 1.31337E-09 4.91951E-10
229Th 1.83835E-10 1.84409E-10 5.41429E-11
231Pa 1.11528E-08 1.11877E-08 3.21593E-09
232Th 3.91129E-10 3.92351E-10 2.80536E-11
232U 5.29112E-10 5.30766E-10 2.75495E-11
233U 2.51086E-08 2.51871E-08 1.29041E-09
234U 1.45659E-08 1.46114E-08 7.45308E-10
235U 5.49713E-10 5.51431E-10 3.95082E-11
236U 1.01302E-09 1.01618E-09 5.20845E-11
237Np 7.34369E-08 7.36664E-08 3.83442E-09
238Pu 3.81740E-08 3.82933E-08 1.97530E-09
238U 1.08587E-08 1.08927E-08 7.68048E-10
239Pu 4.41730E-07 4.43110E-07 2.31630E-08
240Pu 1.07624E-07 1.07961E-07 7.76704E-09
241Am 5.41329E-07 5.32577E-07 4.01454E-08
241Pu 1.22191E-06 1.22573E-06 1.17456E-07
242Cm 2.69892E-09 2.70736E-09 1.96260E-10
242Pu 1.18844E-11 1.19216E-11 8.47851E-13
243Am 8.91223E-11 8.76813E-11 8.65084E-12
243Cm 3.21852E-10 3.22858E-10 3.12534E-11
244Cm 6.56516E-09 6.58568E-09 6.33379E-10
Total TRU® 1.20928E-06 1.20262E-06 4.71965E-08

example calculation.

(a) Total TRU measured by total alpha counting from LAW la sample will be used
during plant operation. Sum of activities from TRU radionuclides is used in
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ORP-56321, Rev. 0

24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

Table B-5b. Radionuclides Activities in Step 1 Calculation the 4101™ MFPV Batch

after Adjustment

Before Retention After Retention SD
Radionuclide mCi/g glass mCi/g glass mCi/g glass
S9Ni 3.42059E-07 3.41293E-07 2.43342E-08
60Co 5.44551E-07 5.46257E-07 2.80463E-08
63Ni 3.11849E-05 3.11151E-05 2.23726E-06
79Se 1.27902E-06 9.92254E-07 2.22039E-07
90Sr 5.55428E-04 5.57167E-04 2.90332E-05
90Y 5.37757E-04 5.39441E-04 2.77737E-05
93mNb 1.26952E-03 1.27350E-03 9.17426E-05
93Zr 8.35049E-06 8.39857E-06 6.04429E-07
99Tc 5.17929E-05 2.24288E-05 7.66743E-06
106Ru 4.75381E-10 4.67698E-10 4.62192E-11
113mCd 6.13423E-06 6.15344E-06 4.50918E-07
125Sb 1.48165E-06 1.14945E-06 2.48851E-07
126Sn 1.40134E-06 1.40573E-06 1.35899E-07
1291 1.06285E-07 5.44857E-08 1.89869E-08
134Cs 2.37863E-10 2.10328E-10 3.83694E-11
137mBa 8.77950E-02 8.80700E-02 4.54325E-03
137Cs 5.06867E-05 4.48192E-05 5.11592E-06
151Sm 1.58014E-03 1.58509E-03 1.95506E-04
152Eu 2.68391E-07 2.69232E-07 1.37589E-08
154Eu 5.55625E-06 5.57365E-06 2.89269E-07
155Eu 2.48437E-06 2.49215E-06 1.28703E-07
226Ra 4.35471E-09 3.37834E-09 8.99466E-10
227Ac 4.03286E-09 4.04549E-09 2.89147E-10
228Ra 1.69295E-09 1.31337E-09 4.86878E-10
229Th 1.83834E-10 1.84409E-10 5.31553E-11
231Pa 1.11527E-08 1.11877E-08 3.25948E-09
232Th 3.91127E-10 3.92352E-10 2.78769E-11
232U 5.29109E-10 5.30767E-10 2.75775E-11
233U 2.51085E-08 2.51871E-08 1.30522E-09
234U 1.45658E-08 1.46114E-08 7.46527E-10
235U 5.49710E-10 5.51432E-10 4.05786E-11
236U 1.01301E-09 1.01618E-09 5.20458E-11
237Np 7.34365E-08 7.36665E-08 3.81045E-09
238Pu 3.81738E-08 3.82934E-08 1.97868E-09
238U 1.08587E-08 1.08927E-08 7.68151E-10
239Pu 4.41727E-07 4.43111E-07 2.26847E-08
240Pu 1.07624E-07 1.07961E-07 7.61149E-09
241Am 5.41326E-07 5.32578E-07 3.99840E-08
241Pu 1.22190E-06 1.22573E-06 1.16798E-07
242Cm 2.69891E-09 2.70736E-09 1.95381E-10
242Pu 1.18843E-11 1.19216E-11 8.62480E-13
243Am 8.91218E-11 8.76815E-11 8.50568E-12
243Cm 3.21850E-10 3.22859E-10 3.09946E-11
244Cm 6.56513E-09 6.58569E-09 6.43148E-10
Total TRU® 1.20928E-06 1.20262E-06 4.67985E-08

example calculation.

(a) Total TRU measured by total alpha counting from LAW la sample will be used
during plant operation. Sum of activities from TRU radionuclides is used in
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ORP-56321, Rev. 0 24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

Table B-6. Waste and Glass Compositions in Step 3 Calculation the 4101™ MFPV Batch

Waste GFC Combined After applying

contribution contribution normalized retention Final
Component (Step 3) (Step 3) (Step 3) factors normalized
Ac203 6.1658E-14 6.1658E-14 6.1486E-14 6.1851E-14
Ag20 3.0386E-07 3.0386E-07 2.9719E-07 2.9895E-07
Al203 1.6401E-02 4.4555E-02 6.0956E-02 6.0887E-02 6.1249E-02
Am203 1.7417E-10 1.7417E-10 1.7035E-10 1.7136E-10
As205 1.6027E-06 1.6027E-06 1.2360E-06 1.2433E-06
B203 4.8198E-05 9.9834E-02 9.9883E-02 9.8852E-02 9.9439E-02
BaO 2.6197E-07 2.6197E-07 2.6123E-07 2.6279E-07
BeO 1.2741E-06 1.2741E-06 1.2706E-06 1.2781E-06
Bi203 4.4867E-06 4.4867E-06 4.3881E-06 4.4142E-06
Ca0O 4.3958E-05 2.4645E-02 2.4689E-02 2.4662E-02 2.4809E-02
CdO 8.0958E-07 3.5025E-06 4.3120E-06 4.3000E-06 4.3255E-06
Ce203 2.4759E-07 2.4759E-07 2.4690E-07 2.4837E-07
Cl 2.4823E-03 3.9374E-07 2.4827E-03 1.3508E-03 1.3588E-03
Cm203 9.7205E-14 9.7205E-14 9.6934E-14 9.7510E-14
CoO 4.5549E-07 4.5549E-07 4.5422E-07 4.5692E-07
Cr203 7.9919E-04 9.9401E-05 8.9860E-04 8.5601E-04 8.6109E-04
Cs20 3.0872E-09 3.0872E-09 2.7137E-09 2.7298E-09
CuO 8.4223E-07 8.4223E-07 8.3988E-07 8.4486E-07
Eu203 3.1570E-11 3.1570E-11 3.1482E-11 3.1669E-11
F 1.0293E-03 1.0293E-03 7.5125E-04 7.5571E-04
Fe203 1.6821E-05 5.4913E-02 5.4930E-02 5.4847E-02 5.5172E-02
Gd203 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
HgO 9.0772E-08 9.0772E-08 0.0000E+00 0.0000E+00
1 6.0115E-07 6.0115E-07 3.0635E-07 3.0817E-07
K20 1.4444E-02 2.0961E-05 1.4465E-02 1.3947E-02 1.4030E-02
La203 3.8235E-07 3.8235E-07 3.8129E-07 3.8355E-07
Li20 3.0453E-07 1.9018E-03 1.9021E-03 1.8945E-03 1.9057E-03
MgO 1.9339E-05 1.4761E-02 1.4780E-02 1.4778E-02 1.4866E-02
MnO 1.4945E-06 1.3193E-04 1.3342E-04 1.3305E-04 1.3384E-04
MoO3 1.2689E-05 1.2689E-05 1.2411E-05 1.2484E-05
Na20 1.9107E-01 3.3440E-04 1.9141E-01 1.8975E-01 1.9088E-01
Nb205 7.6113E-09 7.6113E-09 7.5901E-09 7.6352E-09
Nd203 1.2241E-06 1.2241E-06 1.2207E-06 1.2279E-06
NiO 3.0141E-05 1.1284E-04 1.4298E-04 1.4182E-04 1.4266E-04
NpO2 1.1828E-07 1.1828E-07 1.1795E-07 1.1865E-07
P205 1.8204E-03 1.6091E-04 1.9813E-03 1.9648E-03 1.9765E-03
Pa205 2.7702E-10 2.7702E-10 2.7624E-10 2.7788E-10
PbO 3.1686E-05 5.8224E-07 3.2268E-05 3.1879E-05 3.2069E-05
PdO 7.5047E-06 7.5047E-06 7.4838E-06 7.5282E-06
Pr203 1.0738E-08 1.0738E-08 1.0708E-08 1.0771E-08
PuO2 8.6325E-09 8.6325E-09 8.6084E-09 8.6596E-09
RaO 4.7238E-12 4.7238E-12 3.6430E-12 3.6647E-12
Rb20 1.5155E-06 1.5155E-06 1.4822E-06 1.4910E-06
Rh203 3.3643E-06 3.3643E-06 3.3549E-06 3.3748E-06
RuO2 1.6078E-05 1.6078E-05 1.5724E-05 1.5818E-05
SO3 3.6140E-03 4.9807E-05 3.6638E-03 3.0787E-03 3.0970E-03
Sb203 3.4149E-07 3.4149E-07 2.6336E-07 2.6493E-07
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ORP-56321, Rev. 0

24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

Waste GFC Combined After applying
contribution contribution normalized retention Final

Component (Step 3) (Step 3) (Step 3) factors normalized
SeO2 2.7802E-06 2.7802E-06 2.1441E-06 2.1569E-06
Si02 9.3071E-04 4.4659E-01 4.4752E-01 4.4719E-01 4.4984E-01
Sm203 6.9576E-08 6.9576E-08 6.9382E-08 6.9794E-08
Sn0O2 6.1895E-08 6.1895E-08 6.1722E-08 6.2089E-08
SrO 1.2997E-07 1.2997E-07 1.2961E-07 1.3038E-07
Ta205 4.4330E-08 4.4330E-08 4.4207E-08 4.4469E-08
Tc207 4.7408E-06 4.7408E-06 2.0409E-06 2.0530E-06
TeO2 1.3735E-07 1.3735E-07 1.0593E-07 1.0656E-07
ThO2 4.0605E-06 4.0605E-06 4.0491E-06 4.0732E-06
Ti02 4.3526E-06 1.3986E-02 1.3990E-02 1.3955E-02 1.4038E-02
T120 9.3553E-07 9.3553E-07 7.2149E-07 7.2577E-07
UO03 3.9153E-05 2.0263E-05 5.9415E-05 5.9250E-05 5.9602E-05
V205 6.0060E-07 6.0290E-05 6.0891E-05 5.9553E-05 5.9907E-05
WO3 1.2511E-05 1.2511E-05 1.2476E-05 1.2550E-05
Y203 6.8774E-07 6.8774E-07 6.8582E-07 6.8989E-07
Zn0O 1.3580E-05 3.4932E-02 3.4945E-02 3.4866E-02 3.5073E-02
ZrO2 7.4724E-06 2.9957E-02 2.9965E-02 2.9959E-02 3.0137E-02

SUM 0.23293 0.76707 1.00000 0.99410 1.00000

Waste and GFC contributions| 1.00000E+00

Empty cells represent the components not present in any of the GFCs.
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24590-LAW-RPT-RT-04-0003, Rev 1

Preliminary ILAW Formulation Algorithm Description

Table B-7. Radionuclides Activities in Step 3 Calculation the 4101™ MFPV Batch

Before retention After retention

(Step 3) (Step 3) SD
Radionuclide mCi/g glass mCi/g glass mCi/g glass
S9Ni 3.4205E-07 3.4129E-07 2.4466E-08
60Co 5.4454E-07 5.4625E-07 2.8064E-08
63Ni 3.1185E-05 3.1115E-05 2.2279E-06
79Se 1.2790E-06 9.9224E-07 2.1499E-07
90Sr 5.5542E-04 5.5716E-04 2.8693E-05
90Y 5.3775E-04 5.3943E-04 2.8171E-05
93mNb 1.2695E-03 1.2735E-03 9.0349E-05
93Zr 8.3504E-06 8.3985E-06 5.9083E-07
99Tc 5.1792E-05 2.2428E-05 7.5227E-06
106Ru 4.7537E-10 4.6769E-10 4.5578E-11
113mCd 6.1342E-06 6.1534E-06 4.4645E-07
125Sb 1.4816E-06 1.1494E-06 2.5101E-07
126Sn 1.4013E-06 1.4057E-06 1.3679E-07
1291 1.0628E-07 5.4485E-08 1.9243E-08
134Cs 2.3786E-10 2.1033E-10 3.8551E-11
137mBa 8.7794E-02 8.8069E-02 4.5725E-03
137Cs 5.0686E-05 4.4819E-05 5.0779E-06
151Sm 1.5801E-03 1.5851E-03 1.9667E-04
152Eu 2.6839E-07 2.6923E-07 1.3796E-08
154Eu 5.5562E-06 5.5736E-06 2.8811E-07
155Eu 2.4843E-06 2.4921E-06 1.2616E-07
226Ra 4.3547E-09 3.3783E-09 8.9244E-10
227Ac 4.0328E-09 4.0454E-09 2.9183E-10
228Ra 1.6929E-09 1.3134E-09 4.8513E-10
229Th 1.8383E-10 1.8441E-10 5.4186E-11
231Pa 1.1153E-08 1.1188E-08 3.3445E-09
232Th 3.9112E-10 3.9235E-10 2.8481E-11
232U 5.2910E-10 5.3076E-10 2.7295E-11
233U 2.5108E-08 2.5187E-08 1.2978E-09
234U 1.4566E-08 1.4611E-08 7.5277E-10
235U 5.4970E-10 5.5142E-10 3.9628E-11
236U 1.0130E-09 1.0162E-09 5.2242E-11
237Np 7.3436E-08 7.3666E-08 3.7579E-09
238Pu 3.8173E-08 3.8293E-08 1.9700E-09
238U 1.0859E-08 1.0893E-08 7.8669E-10
239Pu 4.4172E-07 4.4311E-07 2.3118E-08
240Pu 1.0762E-07 1.0796E-07 7.6493E-09
241 Am 5.4132E-07 5.3257E-07 4.0675E-08
241Pu 1.2219E-06 1.2257E-06 1.1890E-07
242Cm 2.6989E-09 2.7073E-09 1.9515E-10
242Pu 1.1884E-11 1.1921E-11 8.4942E-13
243Am 8.9121E-11 8.7680E-11 8.6280E-12
243Cm 3.2185E-10 3.2285E-10 3.0759E-11
244Cm 6.5650E-09 6.5856E-09 6.3814E-10
Total TRU® 1.20926E-06 1.2026E-06 4.7601E-08

example calculation.

(a) Total TRU measured by total alpha counting from LAW 1a sample will be used
during plant operation. Sum of activities from TRU radionuclides is used in
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Table B-8. Input and Results of Algorithm Calculations for 10 Example MFPV Batches

MFPV Batchl MFPV-A101 | MFPV-B101 | MFPV-A102 | MFPV-B102
Input|
Source CRV (d)) CRV-All CRV-All CRV-ALll CRV-BI11
CRYV transfer # (m) 1 2 3 1
CRYV volume before calculation, L 48709.0 39822.6 31002.5 48852.0
MFPV heel volume, L 6712 6651 6538 6443
Sampling line flush water volume, L 71.2 NA NA 108.6
CRV-MFPV line flush water volume, L NA 24.6 24.6 NA
Calculated dilution factor 0.99854 0.99792 0.99713 0.99778
Total mass of glass oxides in CRV waste, g/L 260.583 260.421 260.215 261.535
Step 1 Calculation|
Minimum Na,O loading from formulation rules 19.13% 19.13% 19.13% 19.86%
Limiting rule or component] Cr203 Cr203 Cr203 Cr203
Initial waste loading] 23.317% 23.317% 23.317% 24.223%
g oxides/L waste 1117.59 1116.89 1116.01 1079.70
g glass/L waste] 1111.00 1110.30 1109.43 1073.17
Manual adjustment of GFC component{+0.19 wt% Li20|+0.18 wt% Li20[+0.21 wt% Li20 None
Target waste transfer volume, L 8696.7 8671.3 8820.5 8955.6
GFC volume, 1 3273.5 3261.2 3316.8 32114
Dust control water volume, L 330.2 329.0 334.6 3239
Sucrose volume, L 200.8 200.1 203.4 204.4
CRV-MFPV line flush volume, L 37.5 66.2 37.5 40.5
Sampling line flush volume, L 175.3 247.2 175.3 247.2
Dilution water volume, L 0.0 0.0 0.0 0.0
Calculated MFPV working volume, L 19426.0 19426.0 19426.0 19426.0
Target Na Molarity, M| 7.870 7.870 7.870 8.164
Dilution water volume, L -1617.5 -1718.6 -1648.1 -1977.5
Na Molarity of CRV waste, M| 6.898 6.893 6.888 6.919
(Target) Kyanite mass, kg 729.90 727.31 739.25 714.34
Boric Acid, kg 1718.73 1712.64 1740.75 1709.80
Wollastonite, kg 502.47 500.70 508.87 444.60
Hematite, kg 517.23 515.39 523.85 514.87
Li Carbonate, kg 45.93 43.36 50.51 0.00
Olivine, kg 296.51 295.46 300.31 294.98
Na Carbonate, kg 0.00 0.00 0.00 0.00
Silica, kg 3528.27 3516.74 3571.88 3507.22
Rutile, kg| 137.92 137.43 139.69 137.33
Zincite, kg 340.67 339.47 345.04 338.90
Zircon, kg 438.13 436.58 443.74 435.87
Sucrose, kg| 311.09 309.99 315.08 316.61
Total, kg 8566.83 8535.08 8678.96 8414.52
Glass mass per L feed before retention, g/L 765.2 758.9 764.6 745.5
Glass mass per L feed after retention, g/L] 760.7 754.4 760.0 741.0
Final waste loading, before retention]  23.293% 23.293% 23.293% 24.199%
Glass mass per batch, before retention, kg 9729.0 9694.5 9853.6 9678.9
Glass mass per batch, after retention, kg 9671.5 9637.3 9795.4 9620.3
Step 2 Calculation
Actual waste transfer volume assumed, 1} 8957.6 8844.7 8908.7 9134.7
CRV-MFPV line flush volume, L] 37.5 66.2 37.5 40.5
GFC volume, 1 3371.8 3326.4 3349.9 3275.7
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MFPV Batchl MFPV-A101 | MFPV-B101 | MFPV-A102 | MFPV-B102
Dust control water volume, L 340.1 335.6 337.9 330.4
Sucrose volume, L 206.9 204.1 205.4 208.5
Sampling line flush volume, L 175.3 247.2 175.3 247.2
Dilution water volume, L} 0.0 0.0 0.0 0.0
Calculated MFPV working volume, L 19801.1 19675.2 19552.7 19679.9
Difference in volume, L} 375.1 249.2 126.7 253.9
Dilution water volume, L] -1659.7 -1746.7 -1662.4 -2011.3
(Calculated) Kyanite mass, kg 751.80 741.86 746.64 728.63
Boric Acid, kg 1770.30 1746.90 1758.15 1744.00
Wollastonite, kg 517.54 510.72 513.96 453.49
Hematite, kg 532.74 525.70 529.09 525.17
Li Carbonate, kg 47.31 44.23 51.02 0.00
Olivine, kg 305.40 301.37 303.31 300.88
Na Carbonate, kg 0.00 0.00 0.00 0.00
Silica, kg 3634.13 3587.08 3607.58 3577.37
Rutile, kg 142.06 140.18 141.09 140.08
Zincite, kg| 350.89 346.26 348.49 345.68
Zircon, kg 451.28 445.31 448.18 444.59
Sucrose, kg 320.43 316.19 318.23 322.94
Total, kg 8823.88 8705.79 8765.71 8582.82
Step 3 Calculation|
(Assumed as actual) Kyanite mass, kg| 752.1 742.0 747.1 728.7
Boric Acid, kg 1770.0 1747.1 1758.3 1744.1
Wollastonite, kg 517.7 510.7 514.1 4532
Hematite, kg 532.6 525.6 529.1 525.2
Li Carbonate, kg 47.4 44.2 50.9 0.0
Olivine, kg 305.3 301.4 303.2 300.8
Na Carbonate, kg 0.0 0.0 0.0 0.0
Silica, kg 3634.4 3587.5 3607.3 3577.3
Rutile, kg| 142.1 140.3 141.1 140.1
Zincite, kg 350.7 346.1 348.4 345.7
Zircon, kg 451.2 4453 448.2 444.6
Sucrose, kg 320.3 316.2 318.3 322.5
Total, kg 8823.8 8706.4 8766.0 8582.2
Transfer waste volume, L 8957.6 8844.7 8908.7 9134.7
Dust control water volume, L 340.1 335.6 3379 3304
CRV-MFPV line flush volume, L 37.5 66.2 37.5 40.5
Sampling line flush volume, L 175.3 247.2 175.3 247.2
Dilution water volume, L} 0.0 0.0 0.0 0.0
GFC volume, L 3371.7 3326.7 3350.0 3275.6
Sucrose volume, L 206.8 204.1 205.5 208.2
Calculated MFPV working volume, L] 19801.0 19675.5 19552.8 19679.6
Glass mass per L feed before retention, g/L 765.6 759.3 764.7 745.8
Glass mass per L feed after retention, g/L] 761.1 754.8 760.2 741.3
Mass of waste oxides per batch, kgl 2,334.2 2,303.3 2,318.2 2,389.0
Mass of GFC oxides per batch, kg 7,686.8 7,585.6 7,634.1 7,483.2
Waste loading for Step 3 23.293% 23.292% 23.293% 24.200%
Mass of glass before retention, kg 10,021 9,889 9,952 9,872
Mass of glass after retention, kg| 9,962 9,831 9,894 9,812
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MFPV Batchl MFPV-A103 | MFPV-B103 | MFPV-A104 | MFPV-B104
Input
Source CRV (d)) CRV-Bl1 CRV-BI11 CRV-A12 CRV-A12
CRYV transfer # (m) 2 3 1 2
CRYV volume before calculation, L 39825.9 30843.3 49049 40610.0
MFPV heel volume, L 6582 6488 6515 6441
Sampling line flush water volume, L NA NA 71.2 NA
CRV-MFPV line flush water volume, L 25.0 25.0 NA 24.6
Calculated dilution factor 0.99716 0.99635 0.99855 0.99795
Total mass of glass oxides in CRV waste, g/L 261.373 261.160 258.620 258.465
Step 1 Calculation|
Minimum Na,O loading from formulation rules 19.86% 19.86% 17.11% 17.11%
Limiting rule or component Cr203 Cr203 Cr203 Cr203
Initial waste loading] 24.223% 24.223% 20.858% 20.858%
g oxides/L waste] 1079.03 1078.16 1239.88 1239.14
g glass/L waste] 1072.50 1071.63 1232.95 1232.21
Manual adjustment of GFC component] None None +0.22 wt% Li20[+0.21 wt% Li20
Target waste transfer volume, L 8918.4 8927.6 8467.8 8452.3
GFC volume, 1 3196.1 3196.8 3657.4 3647.7
Dust control water volume, L 322.4 322.4 369.7 368.7
Sucrose volume, L 203.4 203.5 203.4 202.9
CRV-MFPV line flush volume, I 28.4 40.5 37.5 66.2
Sampling line flush volume, L 175.3 247.2 175.3 247.2
Dilution water volume, 1} 0.0 0.0 0.0 0.0
Calculated MFPV working volume, L 19426.0 19426.0 19426.0 19426.0
Target Na Molarity, M 8.164 8.164 7.061 7.061
Dilution water volume, L -1890.9 -1982.6 -839.7 -943.9
Na Molarity of CRV waste, M| 6.915 6.909 6.847 6.843
(Target) Kyanite mass, kg 710.93 711.09 829.17 827.15
Boric Acid, kg| 1701.65 1702.02 1856.57 1852.06
Wollastonite, kg| 442.48 442.57 793.31 791.40
Hematite, kg 512.42 512.53 557.42 556.07
Li Carbonate, kg| 0.00 0.00 155.79 152.80
Olivine, kg 293.57 293.63 319.72 318.94
Na Carbonate, kg 0.00 0.00 0.00 0.00
Silica, kg 3490.50 3491.25 3740.06 3732.01
Rutile, kg| 136.68 136.71 148.56 148.20
Zincite, kg| 337.29 337.36 367.99 367.10
Zircon, kg 433.80 433.89 473.30 472.15
Sucrose, kgl 315.10 315.16 314.99 314.23
Total, kg 8374.41 8376.21 9556.89 9532.10
Glass mass per L feed before retention, g/L 750.0 744.7 814.0 807.4
Glass mass per L feed after retention, g/L] 745.4 740.2 809.5 802.9
Final Waste loading, before retention|  24.199% 24.199% 20.837% 20.837%
Glass mass per batch, before retention, kg 9632.7 9634.8 10510.1 10484.5
Glass mass per batch, after retention, kg 9574.4 9576.5 10451.3 10425.9
Step 2 Calculation|
Actual waste transfer volume assumed, 1} 9007.6 8838.3 8510.2 8410.1
CRV-MFPV line flush volume, L] 28.4 40.5 37.5 66.2
GFC volume, 1 3228.1 3164.8 3675.7 3629.4
Dust control water volume, L 325.6 319.2 371.5 366.9
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MFPV Batchl MFPV-A103 | MFPV-B103 | MFPV-A104 | MFPV-B104
Sucrose volume, L 205.5 201.4 204.4 201.8
Sampling line flush volume, L 175.3 247.2 175.3 247.2
Dilution water volume, L 0.0 0.0 0.0 0.0
Calculated MFPV working volume, L 19552.4 19299.5 19489.5 19362.7
Difference in volume, L} 126.4 -126.5 63.5 -63.3
Dilution water volume, L -1907.8 -1965.6 -842.9 -940.7
(Calculated) Kyanite mass, kg 718.04 703.97 833.32 823.02
Boric Acid, kg 1718.67 1684.99 1865.86 1842.80
Wollastonite, kg 446.90 438.15 797.28 787.45
Hematite, kg 517.54 507.40 560.21 553.29
Li Carbonate, kg| 0.00 0.00 156.57 152.04
Olivine, kg 296.51 290.70 321.32 317.35
Na Carbonate, kg 0.00 0.00 0.00 0.00
Silica, kg 3525.40 3456.33 3758.77 3713.37
Rutile, kg 138.04 135.34 149.30 147.46
Zincite, kg 340.66 333.99 369.83 365.27
Zircon, kg 438.13 429.55 475.67 469.79
Sucrose, kg 318.25 312.01 316.57 312.66
Total, kg 8458.14 8292.43 9604.70 9484.48
Step 3 Calculation|
(Assumed as actual) Kyanite mass, kg| 718.1 703.7 833.1 822.9
Boric Acid, kg 1718.6 1685.0 1866.2 1842.6
Wollastonite, kg 446.5 437.9 797.3 787.3
Hematite, kg 517.5 507.3 560.1 553.3
Li Carbonate, kg 0.0 0.0 156.4 152.0
Olivine, kg 296.3 290.7 321.3 317.4
Na Carbonate, kg 0.0 0.0 0.0 0.0
Silica, kg 3524.9 3455.7 3758.9 3713.0
Rutile, kg| 138.0 135.3 149.2 147.4
Zincite, kg| 340.5 334.1 369.9 365.3
Zircon, kg 437.9 429.5 475.7 469.8
Sucrose, kg 318.6 312.0 316.4 3124
Total, kg 8456.9 8291.2 9604.5 9483.4
Transfer waste volume, L 9007.6 8838.3 8510.2 8410.1
Dust control water volume, L 325.6 319.2 371.5 366.9
CRV-MFPV line flush volume, L] 28.4 40.5 37.5 66.2
Sampling line flush volume, L 175.3 247.2 175.3 247.2
Dilution water volume, L 0.0 0.0 0.0 0.0
GFC volume, L 3227.6 3164.4 3675.8 3629.1
Sucrose volume, L 205.7 201.4 204.3 201.7
Calculated MFPV working volume, L] 19552.1 19299.0 19489.5 19362.2
Glass mass per L feed before retention, g/L 750.0 744.5 814.1 807.3
Glass mass per L feed after retention, g/L] 745.5 739.9 809.5 802.8
Mass of waste oxides per batch, kgl 2,354.3 2,308.2 2,200.9 2,173.7
Mass of GFC oxides per batch, kg 7,373.1 7,229.0 8,361.7 8,257.7
Waste loading for Step 3 24.203% 24.202% 20.837% 20.838%
Mass of glass before retention, kg 9,727 9,537 10,563 10,431
Mass of glass after retention, kg 9,669 9,479 10,503 10,373
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MFPV Batchl MFPV-A105 | MFPV-B105
Input|
Source CRV (d)) CRV-Al12 CRV-A12
CRV transfer # (m) 3 4
CRYV volume before calculation, L 32224.5 23771.1
MFPV heel volume, L 6530 6405
Sampling line flush water volume, L NA NA
CRV-MFPV line flush water volume, L 24.6 24.6
Calculated dilution factor 0.99719 0.99615
Total mass of glass oxides in CRV waste, g/L] 258.268 257.999
Step 1 Calculation
Minimum Na,O loading from formulation rules| 17.11% 17.11%
Limiting rule or component Cr203 Cr203
Initial waste loading] 20.858% 20.858%
g oxides/L waste 1238.19 1236.90
g glass/L waste] 1231.27 1229.99
Manual adjustment of GFC component{+0.23 wt% Li20]+0.23 wt% Li20
Target waste transfer volume, L 8461.1 8480.2
GFC volume, [ 3650.3 3654.8
Dust control water volume, L 368.9 369.4
Sucrose volume, 1} 202.9 203.2
CRV-MFPV line flush volume, L 37.5 66.2
Sampling line flush volume, L 175.3 247.2
Dilution water volume, L] 0.0 0.0
Calculated MFPV working volume, L 19426.0 19426.0
Target Na Molarity, M| 7.061 7.061
Dilution water volume, L -849.9 -960.3
Na Molarity of CRV waste, M| 6.838 6.830
(Target) Kyanite mass, kg 827.38 828.39
Boric Acid, kg 1852.56 1854.82
Wollastonite, kg 791.58 792.54
Hematite, kg 556.22 556.90
Li Carbonate, kg 158.06 158.25
Olivine, kg 319.03 319.42
Na Carbonate, kg 0.00 0.00
Silica, kg| 3730.94 3735.49
Rutile, kg 148.24 148.42
Zincite, kg 367.20 367.65
Zircon, kgl 472.28 472.85
Sucrose, kg 314.31 314.70
Total, kg 9537.79 9549.42
Glass mass per L feed before retention, g/L| 813.2 806.4
Glass mass per L feed after retention, g/L 808.7 801.9
Final Waste loading, before retention| 20.837% 20.837%
Glass mass per batch, before retention, kg 10487.4 10500.2
Glass mass per batch, after retention, kg 10428.7 10441.4
Step 2 Calculation
Actual waste transfer volume assumed, 1} 8478.0 8488.7
CRV-MFPV line flush volume, L] 37.5 66.2
GFC volume, L 3657.6 3658.4
Dust control water volume, L 369.7 369.8
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MFPYV Batch| MFPV-A105 | MFPV-B105
Sucrose volume, 1} 203.3 203.4
Sampling line flush volume, L 175.3 247.2
Dilution water volume, L 0.0 0.0
Calculated MFPV working volume, L 19451.4 19438.7
Difference in volume, 1} 254 12.7
Dilution water volume, L -851.2 -960.9
(Calculated) Kyanite mass, kg 829.04 829.22
Boric Acid, kg 1856.27 1856.67
Wollastonite, kg 793.16 793.33
Hematite, kg 557.33 557.45
Li Carbonate, kg 158.37 158.41
Olivine, kg 319.67 319.74
Na Carbonate, kg 0.00 0.00
Silica, kg 3738.41 3739.22
Rutile, kg 148.53 148.57
Zincite, kg 367.93 368.01
Zircon, kgl 473.22 473.32
Sucrose, kg 314.94 315.01
Total, kg 9556.87 9558.96
Step 3 Calculation|
(Assumed as actual) Kyanite mass, kg 829.4 829.3
Boric Acid, kg 1855.9 1856.7
Wollastonite, kg 793.3 793.4
Hematite, kg 557.2 557.5
Li Carbonate, kg 158.3 158.3
Olivine, kg 319.8 319.8
Na Carbonate, kg 0.0 0.0
Silica, kg 3738.7 3739.3
Rutile, kg 148.6 148.6
Zincite, kg 367.8 368.0
Zircon, kg 473.2 473.2
Sucrose, kgl 315.0 315.1
Total, kg 9557.2 9559.2
Transfer waste volume, L] 8478.0 8488.7
Dust control water volume, L 369.7 369.8
CRV-MFPV line flush volume, L] 37.5 66.2
Sampling line flush volume, L 175.3 247.2
Dilution water volume, L 0.0 0.0
GFC volume, L 3657.6 3658.5
Sucrose volume, 1} 203.4 203.4
Calculated MFPV working volume, L 19451.4 19438.8
Glass mass per L feed before retention, g/L 813.3 806.4
Glass mass per L feed after retention, g/L 808.7 801.9
Mass of waste oxides per batch, kgl 2,189.6 2,190.1
Mass of GFC oxides per batch, kg 8,319.2 8,320.8
Waste loading for Step 3 20.836% 20.836%
Mass of glass before retention, kg 10,509 10,511
Mass of glass after retention, kg 10,450 10,452
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Table B-9. Waste and Final Glass Compositions and SD for Glass Composition in 10 Example
MFPV Batches

Batch MFPV-A101 MFPV-B101

Comp Waste Glass Glass SD Waste Glass Glass SD
Ac203 2.6471E-13 6.1851E-14 4.4618E-15 2.6471E-13 6.1849E-14 4.4677E-15
Ag20 1.3045E-06 2.9895E-07 3.6975E-08 1.3045E-06 2.9894E-07 3.7303E-08
Al203 7.0410E-02 6.1249E-02 1.1848E-03 7.0410E-02 6.1238E-02 1.2159E-03
Am203 7.4775E-10 1.7136E-10 1.3066E-11 7.4775E-10 1.7135E-10 1.2692E-11
As205 6.8805E-06 1.2433E-06 3.2541E-07 6.8805E-06 1.2433E-06 3.2158E-07

B203 2.0692E-04 9.9439E-02 1.6440E-03 2.0692E-04 9.9463E-02 1.6529E-03

BaO 1.1246E-06 2.6279E-07 2.5200E-08 1.1246E-06 2.6278E-07 2.5305E-08
BeO 5.4699E-06 1.2781E-06 6.6004E-08 5.4699E-06 1.2780E-06 6.5164E-08
Bi203 1.9262E-05 4.4142E-06 3.2805E-07 1.9262E-05 4.4140E-06 4.2971E-07
CaO 1.8872E-04 2.4809E-02 6.6487E-04 1.8872E-04 2.4799E-02 6.5394E-04
CdO 3.4756E-06 4.3255E-06 1.3246E-06 3.4756E-06 4.3257E-06 1.3349E-06
Ce203 1.0629E-06 2.4837E-07 3.6910E-08 1.0629E-06 2.4836E-07 3.6792E-08
Cl 1.0657E-02 1.3588E-03 3.7987E-04 1.0657E-02 1.3587E-03 3.8397E-04
Cm203 4.1731E-13 9.7510E-14 8.8478E-15 4.1731E-13 9.7506E-14 8.6969E-15
CoO 1.9555E-06 4.5692E-07 6.8675E-08 1.9555E-06 4.5690E-07 6.9227E-08

Cr203 3.4310E-03 8.6109E-04 6.3918E-05 3.4310E-03 8.6108E-04 6.2643E-05
Cs20 1.3254E-08 2.7298E-09 3.8148E-10 1.3254E-08 2.7297E-09 3.8097E-10

CuO 3.6158E-06 8.4486E-07 1.2826E-07 3.6158E-06 8.4483E-07 1.2615E-07
Eu203 1.3553E-10 3.1669E-11 1.5183E-12 1.3553E-10 3.1667E-11 1.5058E-12
F 4.4190E-03 7.5571E-04 1.3883E-04 4.4190E-03 7.5568E-04 1.3835E-04

Fe203 7.2215E-05 5.5172E-02 9.7216E-04 7.2215E-05 5.5175E-02 9.7787E-04
Gd203 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

HgO 3.8970E-07 0.0000E+00 0.0000E+00 3.8970E-07 0.0000E+00 0.0000E+00
I 2.5808E-06 3.0817E-07 1.0885E-07 2.5808E-06 3.0816E-07 1.0893E-07
K20 6.2008E-02 1.4030E-02 7.8322E-04 6.2008E-02 1.4029E-02 7.9140E-04
La203 1.6415E-06 3.8355E-07 2.7446E-08 1.6415E-06 3.8354E-07 2.7598E-08
Li20 1.3074E-06 1.9057E-03 3.1946E-05 1.3074E-06 1.8008E-03 3.0298E-05

MgO 8.3024E-05 1.4866E-02 2.9267E-04 8.3024E-05 1.4872E-02 2.9269E-04
MnO 6.4159E-06 1.3384E-04 3.4375E-05 6.4159E-06 1.3382E-04 3.4246E-05
MoO3 5.4477E-05 1.2484E-05 9.3488E-07 5.4477E-05 1.2484E-05 9.3213E-07
Na20 8.2030E-01 1.9088E-01 1.1599E-02 8.2030E-01 1.9087E-01 1.1644E-02
Nb205 3.2676E-08 7.6352E-09 5.4174E-10 3.2676E-08 7.6349E-09 5.4752E-10
Nd203 5.2552E-06 1.2279E-06 1.2103E-07 5.2552E-06 1.2279E-06 1.2054E-07
NiO 1.2940E-04 1.4266E-04 1.7514E-05 1.2940E-04 1.4270E-04 1.7210E-05
NpO2 5.0777E-07 1.1865E-07 6.0525E-09 5.0777E-07 1.1864E-07 5.9732E-09
P205 7.8152E-03 1.9765E-03 1.3468E-04 7.8152E-03 1.9764E-03 1.3627E-04
Pa205 1.1893E-09 2.7788E-10 8.3073E-11 1.1893E-09 2.7787E-10 8.1826E-11
PbO 1.3603E-04 3.2069E-05 3.1069E-06 1.3603E-04 3.2067E-05 3.0737E-06
PdO 3.2219E-05 7.5282E-06 7.2562E-07 3.2219E-05 7.5279E-06 7.2577E-07
Pr203 4.6099E-08 1.0771E-08 1.0262E-09 4.6099E-08 1.0771E-08 1.0562E-09
PuO2 3.7061E-08 8.6596E-09 4.4231E-10 3.7061E-08 8.6592E-09 4.4179E-10
RaO 2.0280E-11 3.6647E-12 9.6776E-13 2.0280E-11 3.6645E-12 9.6176E-13
Rb20 6.5061E-06 1.4910E-06 2.2412E-07 6.5061E-06 1.4909E-06 2.2499E-07
Rh203 1.4443E-05 3.3748E-06 1.7223E-07 1.4443E-05 3.3747E-06 1.7546E-07
RuO2 6.9023E-05 1.5818E-05 8.8424E-07 6.9023E-05 1.5817E-05 8.7594E-07
S0O3 1.5515E-02 3.0970E-03 3.3241E-04 1.5515E-02 3.0968E-03 3.2700E-04
Sb203 1.4661E-06 2.6493E-07 7.0143E-08 1.4661E-06 2.6491E-07 6.8393E-08
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Batch MFPV-A101 MFPV-B101

Se02 1.1936E-05 2.1569E-06 5.4927E-07 1.1936E-05 2.1568E-06 5.6620E-07
Si02 3.9957E-03 4.4984E-01 7.2343E-03 3.9957E-03 4.4993E-01 7.2505E-03
Sm203 2.9870E-07 6.9794E-08 8.6608E-09 2.9870E-07 6.9792E-08 8.5223E-09
Sn0O2 2.6572E-07 6.2089E-08 6.0421E-09 2.6572E-07 6.2086E-08 5.9870E-09
SrO 5.5799E-07 1.3038E-07 6.7076E-09 5.5799E-07 1.3037E-07 6.6832E-09
Ta205 1.9032E-07 4.4469E-08 4.2870E-09 1.9032E-07 4.4468E-08 4.2755E-09
Tc207 2.0353E-05 2.0530E-06 6.8859E-07 2.0353E-05 2.0529E-06 7.0596E-07
TeO2 5.8967E-07 1.0656E-07 2.7969E-08 5.8967E-07 1.0655E-07 2.8249E-08
ThO2 1.7432E-05 4.0732E-06 6.1610E-07 1.7432E-05 4.0730E-06 6.0225E-07
TiO2 1.8686E-05 1.4038E-02 2.7022E-04 1.8686E-05 1.4045E-02 2.7154E-04
TI20 4.0163E-06 7.2577E-07 1.6305E-07 4.0163E-06 7.2574E-07 1.6131E-07
Uo3 1.6809E-04 5.9602E-05 4.3474E-06 1.6809E-04 5.9602E-05 4.3436E-06
V205 2.5785E-06 5.9907E-05 1.9505E-05 2.5785E-06 5.9937E-05 1.9800E-05
WO3 5.3711E-05 1.2550E-05 6.4042E-07 5.3711E-05 1.2550E-05 6.4478E-07
Y203 2.9525E-06 6.8989E-07 1.0319E-07 2.9525E-06 6.8986E-07 1.0619E-07
Zn0O 5.8300E-05 3.5073E-02 5.6709E-04 5.8300E-05 3.5075E-02 5.7030E-04
Zr02 3.2080E-05 3.0137E-02 5.1482E-04 3.2080E-05 3.0141E-02 5.1925E-04

SUM 1.0000E+00 1.0000E+00 NA 1.0000E+00 1.0000E+00 NA
Rad mCi/g oxides [ mCi/g glass mCi/g glass | mCi/g oxides | mCi/g glass mCi/g glass
59Ni 1.4685E-06 3.4129E-07 2.4466E-08 1.4685E-06 3.4128E-07 2.4552E-08
60Co 2.3378E-06 5.4625E-07 2.8064E-08 2.3378E-06 5.4623E-07 2.8103E-08
63Ni 1.3388E-04 3.1115E-05 2.2279E-06 1.3388E-04 3.1113E-05 2.2151E-06
79Se 5.4909E-06 9.9224E-07 2.1499E-07 5.4909E-06 9.9220E-07 2.2354E-07
90Sr 2.3845E-03 5.5716E-04 2.8693E-05 2.3845E-03 5.5714E-04 2.8694E-05
90Y 2.3086E-03 5.3943E-04 2.8171E-05 2.3086E-03 5.3941E-04 2.7870E-05
93mNb 5.4502E-03 1.2735E-03 9.0349E-05 5.4502E-03 1.2734E-03 9.1322E-05
93Zr 3.5849E-05 8.3985E-06 5.9083E-07 3.5849E-05 8.3981E-06 6.0551E-07
99Tc 2.2235E-04 2.2428E-05 7.5227E-06 2.2235E-04 2.2428E-05 7.7125E-06
106Ru 2.0408E-09 4.6769E-10 4.5578E-11 2.0408E-09 4.6767E-10 4.6015E-11
113mCd 2.6335E-05 6.1534E-06 4.4645E-07 2.6335E-05 6.1531E-06 4.4787E-07
125Sb 6.3608E-06 1.1494E-06 2.5101E-07 6.3608E-06 1.1494E-06 2.4814E-07
126Sn 6.0160E-06 1.4057E-06 1.3679E-07 6.0160E-06 1.4057E-06 1.3555E-07
1291 4.5629E-07 5.4485E-08 1.9243E-08 4.5629E-07 5.4483E-08 1.9260E-08
134Cs 1.0212E-09 2.1033E-10 3.8551E-11 1.0212E-09 2.1032E-10 3.8364E-11
137mBa 3.7691E-01 8.8069E-02 4.5725E-03 3.7691E-01 8.8065E-02 4.5349E-03
137Cs 2.1760E-04 4.4819E-05 5.0779E-06 2.1760E-04 4.4817E-05 5.0869E-06
151Sm 6.7836E-03 1.5851E-03 1.9667E-04 6.7836E-03 1.5850E-03 1.9355E-04
152Eu 1.1522E-06 2.6923E-07 1.3796E-08 1.1522E-06 2.6922E-07 1.3696E-08
154Eu 2.3853E-05 5.5736E-06 2.8811E-07 2.3853E-05 5.5734E-06 2.8500E-07
155Eu 1.0666E-05 2.4921E-06 1.2616E-07 1.0666E-05 2.4920E-06 1.2843E-07
226Ra 1.8695E-08 3.3783E-09 8.9244E-10 1.8695E-08 3.3782E-09 8.8703E-10
227Ac 1.7313E-08 4.0454E-09 2.9183E-10 1.7313E-08 4.0453E-09 2.9222E-10
228Ra 7.2680E-09 1.3134E-09 4.8513E-10 7.2680E-09 1.3133E-09 4.6909E-10
229Th 7.8921E-10 1.8441E-10 5.4186E-11 7.8921E-10 1.8440E-10 5.4131E-11
231Pa 4.7880E-08 1.1188E-08 3.3445E-09 4.7880E-08 1.1187E-08 3.2943E-09
232Th 1.6791E-09 3.9235E-10 2.8481E-11 1.6791E-09 3.9233E-10 2.7921E-11
232U 2.2715E-09 5.3076E-10 2.7295E-11 2.2715E-09 5.3074E-10 2.7301E-11
233U 1.0779E-07 2.5187E-08 1.2978E-09 1.0779E-07 2.5186E-08 1.3053E-09
234U 6.2532E-08 1.4611E-08 7.5277E-10 6.2532E-08 1.4611E-08 7.5550E-10
235U 2.3599E-09 5.5142E-10 3.9628E-11 2.3599E-09 5.5140E-10 3.8998E-11

Page B-24




ORP-56321, Rev. 0

24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

Batch MFPV-A101 MFPV-B101
236U 4.3489E-09 1.0162E-09 5.2242E-11 4.3489E-09 1.0161E-09 5.1606E-11
237Np 3.1527E-07 7.3666E-08 3.7579E-09 3.1527E-07 7.3663E-08 3.7087E-09
238Pu 1.6388E-07 3.8293E-08 1.9700E-09 1.6388E-07 3.8291E-08 1.9492E-09
238U 4.6617E-08 1.0893E-08 7.8669E-10 4.6617E-08 1.0892E-08 7.8698E-10
239Pu 1.8964E-06 4.4311E-07 2.3118E-08 1.8964E-06 4.4309E-07 2.3021E-08
240Pu 4.6204E-07 1.0796E-07 7.6493E-09 4.6204E-07 1.0796E-07 7.8820E-09
241Am 2.3240E-06 5.3257E-07 4.0675E-08 2.3240E-06 5.3255E-07 3.9518E-08
241Pu 5.2457E-06 1.2257E-06 1.1890E-07 5.2457E-06 1.2257E-06 1.1808E-07
242Cm 1.1587E-08 2.7073E-09 1.9515E-10 1.1587E-08 2.7072E-09 1.9353E-10
242Pu 5.1020E-11 1.1921E-11 8.4942E-13 5.1020E-11 1.1921E-11 8.4990E-13
243Am 3.8261E-10 8.7680E-11 8.6280E-12 3.8261E-10 8.7677E-11 8.5247E-12
243Cm 1.3817E-09 3.2285E-10 3.0759E-11 1.3817E-09 3.2284E-10 3.1243E-11
244Cm 2.8185E-08 6.5856E-09 6.3814E-10 2.8185E-08 6.5853E-09 6.2770E-10
TRU® 5.1915E-06 1.2026E-06 4.7601E-08 5.1915E-06 1.2026E-06 4.6602E-08

Batch MFPV-A102 MFPV-B102

Comp Waste Glass Glass SD Waste Glass Glass SD

Ac203 2.6471E-13 6.1851E-14 4.4240E-15 2.6740E-13 6.4922E-14 4.6356E-15
Ag20 1.3045E-06 2.9895E-07 3.6630E-08 1.3024E-06 3.1013E-07 3.8242E-08
Al203 7.0410E-02 6.1258E-02 1.1936E-03 7.0698E-02 6.1248E-02 1.2034E-03
Am203 7.4775E-10 1.7136E-10 1.2879E-11 7.1244E-10 1.6965E-10 1.2354E-11
As205 6.8805E-06 1.2433E-06 3.2701E-07 6.7267E-06 1.2631E-06 3.2675E-07
B203 2.0692E-04 9.9463E-02 1.6993E-03 2.2365E-04 9.9481E-02 1.6928E-03
BaO 1.1246E-06 2.6278E-07 2.5250E-08 1.0982E-06 2.6663E-07 2.5366E-08
BeO 5.4699E-06 1.2781E-06 6.5620E-08 5.5230E-06 1.3409E-06 6.7622E-08
Bi203 1.9262E-05 4.4141E-06 4.3670E-07 1.8438E-05 4.3904E-06 4.3051E-07
CaO 1.8872E-04 2.4808E-02 6.6220E-04 1.9217E-04 2.2049E-02 5.9266E-04
CdoO 3.4756E-06 4.3266E-06 1.3389E-06 3.5039E-06 4.3668E-06 1.3459E-06
Ce203 1.0629E-06 2.4836E-07 3.7648E-08 1.0114E-06 2.4556E-07 3.7339E-08
Cl 1.0657E-02 1.3588E-03 3.7904E-04 1.0715E-02 1.4194E-03 3.9320E-04
Cm203 4.1731E-13 9.7509E-14 8.7175E-15 4.1743E-13 1.0135E-13 9.0067E-15
CoO 1.9555E-06 4.5691E-07 6.9188E-08 1.9787E-06 4.8042E-07 7.3463E-08
Cr203 3.4310E-03 8.6112E-04 6.2236E-05 3.3027E-03 8.6084E-04 6.2073E-05
Cs20 1.3254E-08 2.7298E-09 3.9018E-10 1.3186E-08 2.8220E-09 3.9365E-10
CuO 3.6158E-06 8.4486E-07 1.2772E-07 3.6207E-06 8.7908E-07 1.3050E-07
Eu203 1.3553E-10 3.1668E-11 1.5164E-12 1.3527E-10 3.2843E-11 1.5164E-12
F 4.4190E-03 7.5570E-04 1.4036E-04 4.5576E-03 8.0986E-04 1.4457E-04
Fe203 7.2215E-05 5.5187E-02 1.0094E-03 7.7503E-05 5.5200E-02 9.9525E-04
Gd203 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 | 0.0000E+00
HgO 3.8970E-07 0.0000E+00 0.0000E+00 3.7639E-07 0.0000E+00 0.0000E+00
I 2.5808E-06 3.0817E-07 1.0769E-07 2.6133E-06 3.2425E-07 1.1542E-07
K20 6.2008E-02 1.4030E-02 7.8154E-04 6.2561E-02 1.4707E-02 7.9214E-04
La203 1.6415E-06 3.8355E-07 2.7083E-08 1.6240E-06 3.9429E-07 2.8096E-08
Li20 1.3074E-06 2.0606E-03 2.9626E-08 1.3077E-06 3.1711E-07 3.0795E-08
MgO 8.3024E-05 1.4865E-02 3.1126E-04 1.0329E-04 1.4870E-02 2.9847E-04
MnO 6.4159E-06 1.3386E-04 3.3890E-05 6.4877E-06 1.2824E-04 3.4054E-05
MoO3 5.4477E-05 1.2484E-05 9.2987E-07 5.3679E-05 1.2782E-05 9.3840E-07
Na20 8.2030E-01 1.9088E-01 1.1898E-02 8.1983E-01 1.9821E-01 1.1843E-02
Nb205 3.2676E-08 7.6351E-09 5.4216E-10 3.6608E-08 8.8881E-09 6.2388E-10
Nd203 5.2552E-06 1.2279E-06 1.1623E-07 5.2602E-06 1.2771E-06 1.2297E-07
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Batch MFPV-A102 MFPV-B102
Comp Waste Glass Glass SD Waste Glass Glass SD
NiO 1.2940E-04 1.4265E-04 1.7495E-05 1.3240E-04 1.4459E-04 1.7361E-05
NpO2 5.0777E-07 1.1864E-07 6.1051E-09 4.9799E-07 1.2091E-07 6.0622E-09
P205 7.8152E-03 1.9765E-03 1.3206E-04 7.7283E-03 2.0267E-03 1.3424E-04
Pa205 1.1893E-09 2.7788E-10 8.0908E-11 1.2004E-09 2.9145E-10 8.6102E-11
PbO 1.3603E-04 3.2068E-05 3.0726E-06 1.3869E-04 3.3940E-05 3.1635E-06
PdO 3.2219E-05 7.5281E-06 7.1533E-07 3.2552E-05 7.9033E-06 7.5353E-07
Pr203 4.6099E-08 1.0771E-08 1.0426E-09 4.6495E-08 1.1289E-08 1.0893E-09
PuO2 3.7061E-08 8.6595E-09 4.3550E-10 3.5629E-08 8.6503E-09 4.3045E-10
RaO 2.0280E-11 3.6646E-12 9.4955E-13 2.0474E-11 3.8444E-12 9.9596E-13
Rb20 6.5061E-06 1.4910E-06 2.2768E-07 6.5656E-06 1.5634E-06 2.3705E-07
Rh203 1.4443E-05 3.3748E-06 1.7150E-07 1.4612E-05 3.5476E-06 1.7370E-07
RuO2 6.9023E-05 1.5818E-05 8.7436E-07 7.0248E-05 1.6728E-05 9.0363E-07
S0O3 1.5515E-02 3.0971E-03 3.2703E-04 1.5015E-02 3.1131E-03 3.2978E-04
Sb203 1.4661E-06 2.6492E-07 6.9841E-08 1.4126E-06 2.6523E-07 6.9954E-08
Se02 1.1936E-05 2.1568E-06 5.5768E-07 1.1809E-05 2.2173E-06 5.8492E-07
Si02 3.9957E-03 4.4963E-01 7.4306E-03 4.0816E-03 4.4621E-01 7.3342E-03
Sm203 2.9870E-07 6.9794E-08 8.6323E-09 2.9247E-07 7.1008E-08 8.8608E-09
Sn0O2 2.6572E-07 6.2088E-08 5.9532E-09 2.6393E-07 6.4080E-08 6.0201E-09
SrO 5.5799E-07 1.3038E-07 6.6736E-09 5.3587E-07 1.3011E-07 6.4827E-09
Ta205 1.9032E-07 4.4469E-08 4.3624E-09 1.9233E-07 4.6697E-08 4.5210E-09
Tc207 2.0353E-05 2.0530E-06 7.0272E-07 2.0004E-05 2.0966E-06 7.2215E-07
TeO2 5.8967E-07 1.0655E-07 2.7582E-08 5.9678E-07 1.1206E-07 2.9476E-08
ThO2 1.7432E-05 4.0731E-06 6.1216E-07 1.6901E-05 4.1035E-06 6.2896E-07
TiO2 1.8686E-05 1.4036E-02 2.9117E-04 2.0761E-05 1.4039E-02 2.7890E-04
T120 4.0163E-06 7.2576E-07 1.6314E-07 3.7920E-06 7.1201E-07 1.5873E-07
Uo3 1.6809E-04 5.9605E-05 4.3369E-06 1.6711E-04 6.0908E-05 4.3598E-06
V205 2.5785E-06 5.9896E-05 1.9533E-05 2.5796E-06 5.9985E-05 1.9858E-05
WO3 5.3711E-05 1.2550E-05 6.3908E-07 5.4213E-05 1.3163E-05 6.5499E-07
Y203 2.9525E-06 6.8988E-07 1.0333E-07 2.9811E-06 7.2380E-07 1.0962E-07
Zn0O 5.8300E-05 3.5084E-02 6.0051E-04 6.4149E-05 3.5101E-02 5.8286E-04
Zr02 3.2080E-05 3.0144E-02 5.3508E-04 3.1886E-05 3.0149E-02 5.2964E-04
SUM 1.0000E+00 1.0000E+00 NA 1.0000E+00 1.0000E+00 NA
Rad mCi/g oxides | mCi/g glass mCi/g glass | mCi/g oxides | mCi/g glass mCi/g glass
59Ni 1.4685E-06 3.4129E-07 2.4381E-08 1.4789E-06 3.5714E-07 2.5044E-08
60Co 2.3378E-06 5.4625E-07 2.7714E-08 2.2972E-06 5.5775E-07 2.7855E-08
63Ni 1.3388E-04 3.1114E-05 2.2207E-06 1.3482E-04 3.2558E-05 2.3334E-06
79Se 5.4909E-06 9.9223E-07 2.1759E-07 5.3564E-06 1.0058E-06 2.2629E-07
90Sr 2.3845E-03 5.5716E-04 2.8511E-05 2.3776E-03 5.7725E-04 2.8863E-05
90Y 2.3086E-03 5.3943E-04 2.7343E-05 2.3019E-03 5.5889E-04 2.7862E-05
93mNb 5.4502E-03 1.2735E-03 9.0429E-05 6.1059E-03 1.4825E-03 1.0405E-04
93Zr 3.5849E-05 8.3984E-06 6.0061E-07 3.5560E-05 8.6562E-06 6.1624E-07
99Tc 2.2235E-04 2.2428E-05 7.6771E-06 2.1854E-04 2.2905E-05 7.8893E-06
106Ru 2.0408E-09 4.6769E-10 4.5622E-11 1.9323E-09 4.6012E-10 4.5378E-11
113mCd 2.6335E-05 6.1533E-06 4.3848E-07 2.5788E-05 6.2612E-06 4.4408E-07
125Sb 6.3608E-06 1.1494E-06 2.4858E-07 6.0235E-06 1.1310E-06 2.4590E-07
126Sn 6.0160E-06 1.4057E-06 1.3478E-07 5.9755E-06 1.4508E-06 1.3630E-07
1291 4.5629E-07 5.4485E-08 1.9040E-08 4.6203E-07 5.7327E-08 2.0405E-08
134Cs 1.0212E-09 2.1032E-10 3.8400E-11 1.0053E-09 2.1515E-10 3.8679E-11
137mBa 3.7691E-01 8.8068E-02 4.5095E-03 3.7197E-01 9.0310E-02 4.5263E-03

Page B-26



ORP-56321, Rev. 0

24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

Batch MFPV-A102 MFPV-B102

Comp Waste Glass Glass SD Waste Glass Glass SD
137Cs 2.1760E-04 4.4818E-05 5.1433E-06 2.1567E-04 4.6158E-05 5.2306E-06
151Sm 6.7836E-03 1.5851E-03 1.9604E-04 6.6420E-03 1.6126E-03 2.0123E-04
152Eu 1.1522E-06 2.6923E-07 1.3818E-08 1.1188E-06 2.7163E-07 1.3429E-08
154Eu 2.3853E-05 5.5735E-06 2.8692E-07 2.3964E-05 5.8182E-06 2.8938E-07
155Eu 1.0666E-05 2.4921E-06 1.2826E-07 1.0455E-05 2.5385E-06 1.2765E-07
226Ra 1.8695E-08 3.3783E-09 8.7573E-10 1.8876E-08 3.5442E-09 9.1856E-10
227Ac 1.7313E-08 4.0454E-09 2.8936E-10 1.7489E-08 4.2463E-09 3.0319E-10
228Ra 7.2680E-09 1.3133E-09 4.8118E-10 7.0340E-09 1.3208E-09 4.8744E-10
229Th 7.8921E-10 1.8441E-10 5.4340E-11 7.4506E-10 1.8089E-10 5.3882E-11
231Pa 4.7880E-08 1.1187E-08 3.2573E-09 4.8329E-08 1.1734E-08 3.4665E-09
232Th 1.6791E-09 3.9234E-10 2.8064E-11 1.6278E-09 3.9522E-10 2.7719E-11
232U 2.2715E-09 5.3075E-10 2.6793E-11 2.1971E-09 5.3343E-10 2.6865E-11
233U 1.0779E-07 2.5187E-08 1.2873E-09 1.0623E-07 2.5791E-08 1.2837E-09
234U 6.2532E-08 1.4611E-08 7.4307E-10 6.2275E-08 1.5120E-08 7.4798E-10
235U 2.3599E-09 5.5142E-10 3.9166E-11 2.3480E-09 5.7007E-10 4.0122E-11
236U 4.3489E-09 1.0162E-09 5.1979E-11 4.3462E-09 1.0552E-09 5.3158E-11
237Np 3.1527E-07 7.3665E-08 3.7906E-09 3.0920E-07 7.5070E-08 3.7639E-09
238Pu 1.6388E-07 3.8293E-08 1.9529E-09 1.5888E-07 3.8575E-08 1.9345E-09
238U 4.6617E-08 1.0892E-08 7.7040E-10 4.6347E-08 1.1253E-08 7.8816E-10
239Pu 1.8964E-06 4.4310E-07 2.2728E-08 1.8232E-06 4.4266E-07 2.2485E-08
240Pu 4.6204E-07 1.0796E-07 7.7615E-09 4.4373E-07 1.0773E-07 7.5949E-09
241Am 2.3240E-06 5.3257E-07 4.0096E-08 2.2141E-06 5.2721E-07 3.8456E-08
241Pu 5.2457E-06 1.2257E-06 1.1761E-07 5.0095E-06 1.2163E-06 1.1734E-07
242Cm 1.1587E-08 2.7073E-09 1.9200E-10 1.1203E-08 2.7200E-09 1.9226E-10
242Pu 5.1020E-11 1.1921E-11 8.6059E-13 4.9053E-11 1.1910E-11 8.4938E-13
243Am 3.8261E-10 8.7680E-11 8.5834E-12 3.7354E-10 8.8948E-11 8.6311E-12
243Cm 1.3817E-09 3.2285E-10 3.0922E-11 1.3805E-09 3.3517E-10 3.1916E-11
244Cm 2.8185E-08 6.5855E-09 6.2971E-10 2.8205E-08 6.8478E-09 6.5068E-10
TRU® 5.1915E-06 1.2026E-06 4.6937E-08 4.9791E-06 1.1985E-06 4.5392E-08

Batch MFPV-A103 MFPV-B103

Comp Waste Glass Glass SD Waste Glass Glass SD
Ac203 2.6740E-13 6.4931E-14 4.5957E-15 2.6740E-13 6.4929E-14 4.6407E-15
Ag20 1.3024E-06 3.1018E-07 3.7915E-08 1.3024E-06 3.1017E-07 3.7954E-08
Al203 7.0698E-02 6.1256E-02 1.1870E-03 7.0698E-02 6.1234E-02 1.1977E-03
Am203 7.1244E-10 1.6967E-10 1.2511E-11 7.1244E-10 1.6966E-10 1.2443E-11
As205 6.7267E-06 1.2632E-06 3.3367E-07 6.7267E-06 1.2632E-06 3.3067E-07
B203 2.2365E-04 9.9485E-02 1.7345E-03 2.2365E-04 9.9486E-02 1.7133E-03
BaO 1.0982E-06 2.6666E-07 2.5723E-08 1.0982E-06 2.6665E-07 2.5114E-08
BeO 5.5230E-06 1.3411E-06 6.8656E-08 5.5230E-06 1.3411E-06 6.7289E-08
Bi203 1.8438E-05 4.3910E-06 4.3178E-07 1.8438E-05 4.3909E-06 4.3376E-07
CaO 1.9217E-04 2.2047E-02 6.1012E-04 1.9217E-04 2.2053E-02 5.8708E-04
CdoO 3.5039E-06 4.3655E-06 1.3183E-06 3.5039E-06 4.3682E-06 1.3274E-06
Ce203 1.0114E-06 2.4560E-07 3.6437E-08 1.0114E-06 2.4559E-07 3.6668E-08
Cl 1.0715E-02 1.4196E-03 3.9952E-04 1.0715E-02 1.4195E-03 4.0160E-04
Cm203 4.1743E-13 1.0136E-13 9.2382E-15 4.1743E-13 1.0136E-13 8.9366E-15
CoO 1.9787E-06 4.8049E-07 7.1121E-08 1.9787E-06 4.8047E-07 7.2648E-08
Cr203 3.3027E-03 8.6092E-04 6.2664E-05 3.3027E-03 8.6093E-04 6.2423E-05
Cs20 1.3186E-08 2.8224E-09 3.8786E-10 1.3186E-08 2.8223E-09 3.9286E-10
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Batch MFPV-A103 MFPV-B103
Comp Waste Glass Glass SD Waste Glass Glass SD
CuO 3.6207E-06 8.7920E-07 1.3222E-07 3.6207E-06 8.7917E-07 1.3366E-07
Eu203 1.3527E-10 3.2847E-11 1.5411E-12 1.3527E-10 3.2846E-11 1.5343E-12
F 4.5576E-03 8.0997E-04 1.4885E-04 4.5576E-03 8.0995E-04 1.5030E-04
Fe203 7.7503E-05 5.5200E-02 1.0275E-03 7.7503E-05 5.5193E-02 9.9704E-04
Gd203 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 | 0.0000E+00
HgO 3.7639E-07 0.0000E+00 0.0000E+00 3.7639E-07 0.0000E+00 0.0000E+00
I 2.6133E-06 3.2429E-07 1.1365E-07 2.6133E-06 3.2428E-07 1.1332E-07
K20 6.2561E-02 1.4709E-02 8.0871E-04 6.2561E-02 1.4708E-02 8.1803E-04
La203 1.6240E-06 3.9435E-07 2.7943E-08 1.6240E-06 3.9433E-07 2.7730E-08
Li20 1.3077E-06 3.1715E-07 3.0378E-08 1.3077E-06 3.1714E-07 3.0504E-08
MgO 1.0329E-04 1.4865E-02 3.1747E-04 1.0329E-04 1.4875E-02 2.9831E-04
MnO 6.4877E-06 1.2823E-04 3.4265E-05 6.4877E-06 1.2824E-04 3.4467E-05
MoO3 5.3679E-05 1.2784E-05 9.4620E-07 5.3679E-05 1.2784E-05 9.4419E-07
Na20 8.1983E-01 1.9823E-01 1.2101E-02 8.1983E-01 1.9823E-01 1.1902E-02
Nb205 3.6608E-08 8.8893E-09 6.3816E-10 3.6608E-08 8.8890E-09 6.1775E-10
Nd203 5.2602E-06 1.2773E-06 1.2272E-07 5.2602E-06 1.2773E-06 1.2300E-07
NiO 1.3240E-04 1.4456E-04 1.7411E-05 1.3240E-04 1.4463E-04 1.7633E-05
NpO2 4.9799E-07 1.2092E-07 6.0096E-09 4.9799E-07 1.2092E-07 6.0643E-09
P205 7.7283E-03 2.0269E-03 1.3736E-04 7.7283E-03 2.0268E-03 1.3494E-04
Pa205 1.2004E-09 2.9149E-10 8.5504E-11 1.2004E-09 2.9148E-10 8.4903E-11
PbO 1.3869E-04 3.3944E-05 3.2233E-06 1.3869E-04 3.3944E-05 3.2462E-06
PdO 3.2552E-05 7.9044E-06 7.5982E-07 3.2552E-05 7.9042E-06 7.6054E-07
Pr203 4.6495E-08 1.1290E-08 1.0692E-09 4.6495E-08 1.1290E-08 1.0884E-09
PuO2 3.5629E-08 8.6515E-09 4.2148E-10 3.5629E-08 8.6512E-09 43118E-10
RaO 2.0474E-11 3.8449E-12 9.8428E-13 2.0474E-11 3.8448E-12 1.0113E-12
Rb20 6.5656E-06 1.5636E-06 2.3321E-07 6.5656E-06 1.5636E-06 2.3411E-07
Rh203 1.4612E-05 3.5481E-06 1.7823E-07 1.4612E-05 3.5479E-06 1.7806E-07
RuO2 7.0248E-05 1.6730E-05 8.9515E-07 7.0248E-05 1.6729E-05 8.9104E-07
S03 1.5015E-02 3.1135E-03 3.2608E-04 1.5015E-02 3.1134E-03 3.3010E-04
Sb203 1.4126E-06 2.6527E-07 6.9087E-08 1.4126E-06 2.6526E-07 6.9581E-08
Se02 1.1809E-05 2.2176E-06 5.9038E-07 1.1809E-05 2.2175E-06 5.7091E-07
Si02 4.0816E-03 4.4620E-01 7.5408E-03 4.0816E-03 4.4618E-01 7.4256E-03
Sm203 2.9247E-07 7.1018E-08 8.7455E-09 2.9247E-07 7.1015E-08 8.7248E-09
Sn0O2 2.6393E-07 6.4089E-08 6.2305E-09 2.6393E-07 6.4087E-08 6.1163E-09
SrO 5.3587E-07 1.3012E-07 6.6038E-09 5.3587E-07 1.3012E-07 6.5344E-09
Ta205 1.9233E-07 4.6704E-08 4.5199E-09 1.9233E-07 4.6702E-08 4.5111E-09
Tc207 2.0004E-05 2.0969E-06 7.2888E-07 2.0004E-05 2.0968E-06 7.2127E-07
TeO2 5.9678E-07 1.1207E-07 2.9351E-08 5.9678E-07 1.1207E-07 2.8946E-08
ThO2 1.6901E-05 4.1040E-06 6.1329E-07 1.6901E-05 4.1039E-06 6.1137E-07
TiO2 2.0761E-05 1.4035E-02 2.9892E-04 2.0761E-05 1.4034E-02 2.7812E-04
T120 3.7920E-06 7.1211E-07 1.5700E-07 3.7920E-06 7.1209E-07 1.6042E-07
Uo3 1.6711E-04 6.0905E-05 4.3418E-06 1.6711E-04 6.0911E-05 4.4644E-06
V205 2.5796E-06 5.9966E-05 1.9328E-05 2.5796E-06 5.9965E-05 1.9830E-05
WO3 5.4213E-05 1.3164E-05 6.5957E-07 5.4213E-05 1.3164E-05 6.5170E-07
Y203 2.9811E-06 7.2390E-07 1.0969E-07 2.9811E-06 7.2387E-07 1.0888E-07
Zn0O 6.4149E-05 3.5088E-02 6.1239E-04 6.4149E-05 3.5115E-02 5.8989E-04
Zr02 3.1886E-05 3.0136E-02 5.5535E-04 3.1886E-05 3.0148E-02 5.3327E-04
SUM 1.0000E+00 1.0000E+00 NA 1.0000E+00 1.0000E+00 NA
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Batch MFPV-A103 MFPV-B103
Comp Waste Glass Glass SD Waste Glass Glass SD
Rad mCi/g oxides | mCi/g glass mCi/g glass | mCi/g oxides | mCi/g glass mCi/g glass
59Ni 1.4789E-06 3.5718E-07 2.4950E-08 1.4789E-06 3.5717E-07 2.5943E-08
60Co 2.2972E-06 5.5782E-07 2.7979E-08 2.2972E-06 5.5781E-07 2.7968E-08
63Ni 1.3482E-04 3.2563E-05 2.3171E-06 1.3482E-04 3.2561E-05 2.3373E-06
79Se 5.3564E-06 1.0059E-06 2.3292E-07 5.3564E-06 1.0059E-06 2.2122E-07
90Sr 2.3776E-03 5.7733E-04 2.9206E-05 2.3776E-03 5.7731E-04 2.8873E-05
90Y 2.3019E-03 5.5897E-04 2.8412E-05 2.3019E-03 5.5895E-04 2.8005E-05
93mNb 6.1059E-03 1.4827E-03 1.0644E-04 6.1059E-03 1.4826E-03 1.0304E-04
93Zr 3.5560E-05 8.6574E-06 6.2592E-07 3.5560E-05 8.6571E-06 6.0974E-07
99Tc 2.1854E-04 2.2908E-05 7.9628E-06 2.1854E-04 2.2908E-05 7.8797E-06
106Ru 1.9323E-09 4.6018E-10 4.5902E-11 1.9323E-09 4.6017E-10 4.5806E-11
113mCd 2.5788E-05 6.2620E-06 4.4870E-07 2.5788E-05 6.2618E-06 4.4687E-07
125Sb 6.0235E-06 1.1312E-06 2.4573E-07 6.0235E-06 1.1311E-06 2.4545E-07
126Sn 5.9755E-06 1.4510E-06 1.4106E-07 5.9755E-06 1.4509E-06 1.3847E-07
1291 4.6203E-07 5.7335E-08 2.0094E-08 4.6203E-07 5.7333E-08 2.0034E-08
134Cs 1.0053E-09 2.1518E-10 3.8947E-11 1.0053E-09 2.1518E-10 3.8712E-11
137mBa 3.7197E-01 9.0323E-02 4.5793E-03 3.7197E-01 9.0320E-02 4.5024E-03
137Cs 2.1567E-04 4.6164E-05 5.1394E-06 2.1567E-04 4.6162E-05 5.1760E-06
151Sm 6.6420E-03 1.6128E-03 1.9861E-04 6.6420E-03 1.6128E-03 1.9814E-04
152Eu 1.1188E-06 2.7167E-07 1.3676E-08 1.1188E-06 2.7166E-07 1.3574E-08
154Eu 2.3964E-05 5.8190E-06 2.9357E-07 2.3964E-05 5.8188E-06 2.9317E-07
155Eu 1.0455E-05 2.5388E-06 1.2894E-07 1.0455E-05 2.5387E-06 1.2730E-07
226Ra 1.8876E-08 3.5447E-09 9.0779E-10 1.8876E-08 3.5446E-09 9.3277E-10
227Ac 1.7489E-08 4.2468E-09 3.0058E-10 1.7489E-08 4.2467E-09 3.0353E-10
228Ra 7.0340E-09 1.3209E-09 4.8487E-10 7.0340E-09 1.3209E-09 4.7817E-10
229Th 7.4506E-10 1.8092E-10 5.3394E-11 7.4506E-10 1.8091E-10 5.2534E-11
231Pa 4.8329E-08 1.1735E-08 3.4424E-09 4.8329E-08 1.1735E-08 3.4182E-09
232Th 1.6278E-09 3.9528E-10 2.8214E-11 1.6278E-09 3.9527E-10 2.8149E-11
232U 2.1971E-09 5.3350E-10 2.6588E-11 2.1971E-09 5.3348E-10 2.6529E-11
233U 1.0623E-07 2.5794E-08 1.3004E-09 1.0623E-07 2.5793E-08 1.3111E-09
234U 6.2275E-08 1.5122E-08 7.5314E-10 6.2275E-08 1.5121E-08 7.5846E-10
235U 2.3480E-09 5.7015E-10 4.0290E-11 2.3480E-09 5.7013E-10 4.0075E-11
236U 4.3462E-09 1.0554E-09 5.3087E-11 4.3462E-09 1.0553E-09 5.3930E-11
237Np 3.0920E-07 7.5081E-08 3.7313E-09 3.0920E-07 7.5078E-08 3.7653E-09
238Pu 1.5888E-07 3.8580E-08 1.9520E-09 1.5888E-07 3.8579E-08 1.9337E-09
238U 4.6347E-08 1.1254E-08 8.0587E-10 4.6347E-08 1.1254E-08 8.0691E-10
239Pu 1.8232E-06 4.4273E-07 2.1979E-08 1.8232E-06 4.4271E-07 2.2474E-08
240Pu 4.4373E-07 1.0775E-07 7.6832E-09 4.4373E-07 1.0775E-07 7.7549E-09
241Am 2.2141E-06 5.2729E-07 3.8954E-08 2.2141E-06 5.2727E-07 3.8737E-08
241Pu 5.0095E-06 1.2164E-06 1.1569E-07 5.0095E-06 1.2164E-06 1.1718E-07
242Cm 1.1203E-08 2.7204E-09 1.9353E-10 1.1203E-08 2.7203E-09 1.9470E-10
242Pu 4.9053E-11 1.1911E-11 8.4618E-13 4.9053E-11 1.1911E-11 8.3352E-13
243Am 3.7354E-10 8.8960E-11 8.5566E-12 3.7354E-10 8.8957E-11 8.7726E-12
243Cm 1.3805E-09 3.3522E-10 3.2252E-11 1.3805E-09 3.3521E-10 3.2275E-11
244Cm 2.8205E-08 6.8487E-09 6.6742E-10 2.8205E-08 6.8485E-09 6.4471E-10
TRU® 4.9791E-06 1.1987E-06 4.5582E-08 4.9791E-06 1.1987E-06 4.5652E-08
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Batch MFPV-A104 MFPV-B104

Comp Waste Glass Glass SD Waste Glass Glass SD
Ac203 2.6069E-13 5.4473E-14 3.9173E-15 2.6069E-13 5.4476E-14 3.9660E-15
Ag20 1.3203E-06 2.7058E-07 3.4282E-08 1.3203E-06 2.7059E-07 3.4365E-08
Al203 6.7942E-02 6.1199E-02 1.1292E-03 6.7942E-02 6.1208E-02 1.1380E-03
Am203 8.4636E-10 1.7345E-10 1.2992E-11 8.4636E-10 1.7346E-10 1.3061E-11
As205 7.3276E-06 1.1841E-06 3.1191E-07 7.3276E-06 1.1842E-06 3.0992E-07
B203 2.4782E-04 9.9440E-02 1.5195E-03 2.4782E-04 9.9417E-02 1.5210E-03
BaO 1.1993E-06 2.5060E-07 2.4631E-08 1.1993E-06 2.5062E-07 2.4463E-08
BeO 5.3496E-06 1.1178E-06 5.8228E-08 5.3496E-06 1.1179E-06 5.8997E-08
Bi203 2.1577E-05 4.4219E-06 3.3355E-07 2.1577E-05 4.4222E-06 3.3314E-07
CaO 1.9529E-04 3.6204E-02 9.1150E-04 1.9529E-04 3.6199E-02 9.2816E-04
CdO 3.4282E-06 4.2310E-06 1.3141E-06 3.4282E-06 4.2310E-06 1.3038E-06
Ce203 1.2037E-06 2.5151E-07 3.8542E-08 1.2037E-06 2.5153E-07 3.7404E-08
Cl 1.1041E-02 1.2594E-03 3.5262E-04 1.1041E-02 1.2595E-03 3.6159E-04
Cm203 4.4300E-13 9.2568E-14 8.4361E-15 4.4300E-13 9.2574E-14 8.4852E-15
CoO 1.9811E-06 4.1397E-07 6.2376E-08 1.9811E-06 4.1400E-07 6.2922E-08
Cr203 3.8354E-03 8.6155E-04 6.3488E-05 3.8354E-03 8.6161E-04 6.3665E-05
Cs20 1.4539E-08 2.6779E-09 3.7874E-10 1.4539E-08 2.6781E-09 3.7880E-10
CuO 3.6164E-06 7.5567E-07 1.1419E-07 3.6164E-06 7.5572E-07 1.1277E-07
Eu203 1.4350E-10 2.9985E-11 1.4790E-12 1.4350E-10 2.9987E-11 1.4922E-12
F 4.7503E-03 7.2647E-04 1.3278E-04 4.7503E-03 7.2651E-04 1.3171E-04
Fe203 8.8061E-05 5.5158E-02 8.9652E-04 8.8061E-05 5.5173E-02 8.9744E-04
Gd203 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
HgO 4.4272E-07 0.0000E+00 0.0000E+00 4.4272E-07 0.0000E+00 0.0000E+00
I 2.8276E-06 3.0194E-07 1.0638E-07 2.8276E-06 3.0196E-07 1.0607E-07
K20 6.0931E-02 1.2332E-02 7.0467E-04 6.0931E-02 1.2332E-02 7.0837E-04
La203 1.7831E-06 3.7260E-07 2.7248E-08 1.7831E-06 3.7262E-07 2.7227E-08
Li20 1.3123E-06 5.9632E-03 9.0520E-05 1.3123E-06 5.8683E-03 8.9571E-05
MgO 1.2825E-04 1.4867E-02 2.8001E-04 1.2825E-04 1.4871E-02 2.8223E-04
MnO 7.1305E-06 1.5750E-04 3.4441E-05 7.1305E-06 1.5751E-04 3.4185E-05
MoO3 5.6978E-05 1.1677E-05 8.7961E-07 5.6978E-05 1.1678E-05 8.8018E-07
Na20 8.2044E-01 1.7078E-01 1.0814E-02 8.2044E-01 1.7079E-01 1.0880E-02
Nb205 4.1829E-08 8.7404E-09 6.3346E-10 4.1829E-08 8.7410E-09 6.4170E-10
Nd203 5.2652E-06 1.1002E-06 1.0792E-07 5.2652E-06 1.1003E-06 1.0654E-07
NiO 1.3264E-04 1.3994E-04 1.7382E-05 1.3264E-04 1.3998E-04 1.7624E-05
NpO2 5.4596E-07 1.1408E-07 5.9200E-09 5.4596E-07 1.1409E-07 6.0532E-09
P205 8.3260E-03 1.8902E-03 1.3047E-04 8.3260E-03 1.8904E-03 1.3017E-04
Pa205 1.1641E-09 2.4326E-10 7.0643E-11 1.1641E-09 2.4327E-10 7.1190E-11
PbO 1.3978E-04 2.9515E-05 2.8390E-06 1.3978E-04 2.9517E-05 2.8714E-06
PdO 3.1454E-05 6.5724E-06 6.3309E-07 3.1454E-05 6.5728E-06 6.4007E-07
Pr203 4.5224E-08 9.4499E-09 9.1880E-10 4.5224E-08 9.4504E-09 9.4052E-10
PuO2 4.1086E-08 8.5853E-09 4.4880E-10 4.1086E-08 8.5858E-09 4.4680E-10
RaO 1.9838E-11 3.2059E-12 8.5059E-13 1.9838E-11 3.2061E-12 8.4421E-13
Rb20 6.3763E-06 1.3067E-06 2.0005E-07 6.3763E-06 1.3068E-06 1.9951E-07
Rh203 1.4099E-05 2.9461E-06 1.5848E-07 1.4099E-05 2.9462E-06 1.5591E-07
RuO2 6.8799E-05 1.4100E-05 7.9094E-07 6.8799E-05 1.4100E-05 7.9690E-07
SO3 1.7012E-02 3.0397E-03 3.2351E-04 1.7012E-02 3.0398E-03 3.2952E-04
Sb203 1.6430E-06 2.6550E-07 6.9311E-08 1.6430E-06 2.6552E-07 7.0728E-08
Se02 1.2886E-05 2.0823E-06 5.4779E-07 1.2886E-05 2.0824E-06 5.4606E-07
Si02 4.1264E-03 4.5652E-01 6.7067E-03 4.1264E-03 4.5660E-01 6.7079E-03
Sm203 3.1663E-07 6.6162E-08 8.2984E-09 3.1663E-07 6.6166E-08 8.2202E-09
SnO2 2.7513E-07 5.7491E-08 5.6494E-09 2.7513E-07 5.7494E-08 5.6208E-09
SrO 6.2482E-07 1.3056E-07 6.9338E-09 6.2482E-07 1.3057E-07 6.9003E-09
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Batch MFPV-A104 MFPV-B104
Comp Waste Glass Glass SD Waste Glass Glass SD
Ta205 1.8567E-07 3.8796E-08 3.7549E-09 1.8567E-07 3.8799E-08 3.7709E-09
Tc207 2.2483E-05 2.0281E-06 6.9992E-07 2.2483E-05 2.0282E-06 6.8930E-07
TeO2 5.7866E-07 9.3511E-08 2.4345E-08 5.7866E-07 9.3517E-08 2.4833E-08
ThO2 1.9471E-05 4.0685E-06 6.1222E-07 1.9471E-05 4.0688E-06 6.1981E-07
TiO2 2.3466E-05 1.4020E-02 2.6267E-04 2.3466E-05 1.4025E-02 2.6294E-04
T120 4.6394E-06 7.4974E-07 1.6795E-07 4.6394E-06 7.4978E-07 1.7196E-07
U03 1.7197E-04 5.6260E-05 4.3158E-06 1.7197E-04 5.6263E-05 4.3535E-06
V205 2.6061E-06 5.9602E-05 1.9535E-05 2.6061E-06 5.9623E-05 1.9444E-05
W03 5.2582E-05 1.0987E-05 5.7995E-07 5.2582E-05 1.0988E-05 5.8282E-07
Y203 2.8879E-06 6.0344E-07 9.2608E-08 2.8879E-06 6.0348E-07 8.9960E-08
ZnO 7.1434E-05 3.5087E-02 5.1791E-04 7.1434E-05 3.5086E-02 5.2092E-04
ZrO2 3.5101E-05 3.0134E-02 4.7472E-04 3.5101E-05 3.0135E-02 4.7826E-04
SUM 1.0000E+00 1.0000E+00 NA 1.0000E+00 1.0000E+00 NA
Rad mCi/g oxides mCi/g glass mCi/g glass mCi/g oxides mCi/g glass mCi/g glass
59Ni 1.5307E-06 3.1814E-07 2.3301E-08 1.5307E-06 3.1816E-07 2.2969E-08
60Co 2.4750E-06 5.1717E-07 2.7427E-08 2.4750E-06 5.1720E-07 2.7062E-08
63Ni 1.3947E-04 2.8987E-05 2.1038E-06 1.3947E-04 2.8988E-05 2.1027E-06
79Se 6.1299E-06 9.9059E-07 2.2389E-07 6.1299E-06 9.9065E-07 2.1825E-07
90Sr 2.5024E-03 5.2290E-04 2.7580E-05 2.5024E-03 5.2293E-04 2.7240E-05
90Y 2.4228E-03 5.0627E-04 2.6566E-05 2.4228E-03 5.0630E-04 2.6690E-05
93mNb 6.9767E-03 1.4578E-03 1.0566E-04 6.9767E-03 1.4579E-03 1.0702E-04
93Zr 3.6778E-05 7.7052E-06 5.5564E-07 3.6778E-05 7.7057E-06 5.5761E-07
99Tc 2.4562E-04 2.2156E-05 7.6464E-06 2.4562E-04 2.2158E-05 7.5305E-06
106Ru 2.3905E-09 4.8990E-10 4.8430E-11 2.3905E-09 4.8993E-10 4.8072E-11
113mCd 2.7854E-05 5.8202E-06 4.1964E-07 2.7854E-05 5.8206E-06 4.2743E-07
125Sb 7.3031E-06 1.1802E-06 2.5729E-07 7.3031E-06 1.1803E-06 2.6495E-07
126Sn 6.2291E-06 1.3016E-06 1.2789E-07 6.2291E-06 1.3017E-06 1.2726E-07
1291 4.9991E-07 5.3383E-08 1.8805E-08 4.9991E-07 5.3386E-08 1.8752E-08
134Cs 1.1544E-09 2.1263E-10 3.9233E-11 1.1544E-09 2.1264E-10 3.8682E-11
137mBa 4.1280E-01 8.6257E-02 4.5805E-03 4.1280E-01 8.6262E-02 4.5056E-03
137Cs 2.4114E-04 4.4416E-05 5.1322E-06 2.4114E-04 4.4419E-05 5.1507E-06
151Sm 7.1909E-03 1.5026E-03 1.8846E-04 7.1909E-03 1.5027E-03 1.8668E-04
152Eu 1.2607E-06 2.6343E-07 1.3825E-08 1.2607E-06 2.6345E-07 1.3933E-08
154Eu 2.5073E-05 5.2393E-06 2.7680E-07 2.5073E-05 5.2396E-06 2.8035E-07
155Eu 1.1502E-05 2.4035E-06 1.2720E-07 1.1502E-05 2.4036E-06 1.2751E-07
226Ra 1.8285E-08 2.9549E-09 7.8436E-10 1.8285E-08 2.9551E-09 7.7849E-10
227Ac 1.7051E-08 3.5629E-09 2.5624E-10 1.7051E-08 3.5631E-09 2.5940E-10
228Ra 7.8728E-09 1.2723E-09 4.6811E-10 7.8728E-09 1.2723E-09 4.6840E-10
229Th 9.1195E-10 1.9056E-10 5.5717E-11 9.1195E-10 1.9057E-10 5.6504E-11
231Pa 4.6868E-08 9.7935E-09 2.8441E-09 4.6868E-08 9.7941E-09 2.8661E-09
232Th 1.8753E-09 3.9186E-10 2.8661E-11 1.8753E-09 3.9188E-10 2.8805E-11
232U 2.4806E-09 5.1834E-10 2.7752E-11 2.4806E-09 5.1837E-10 2.7158E-11
2330 1.1248E-07 2.3503E-08 1.2553E-09 1.1248E-07 2.3505E-08 1.2484E-09
234U 6.3517E-08 1.3272E-08 6.9921E-10 6.3517E-08 1.3273E-08 6.8822E-10
235U 2.4057E-09 5.0268E-10 3.6360E-11 2.4057E-09 5.0271E-10 3.6928E-11
236U 4.3742E-09 9.1402E-10 4.8272E-11 4.3742E-09 9.1408E-10 4.8524E-11
237Np 3.3898E-07 7.0831E-08 3.6757E-09 3.3898E-07 7.0836E-08 3.7583E-09
238Pu 1.7801E-07 3.7197E-08 1.9659E-09 1.7801E-07 3.7200E-08 1.9699E-09
238U 4.7697E-08 9.9666E-09 7.2863E-10 4.7697E-08 9.9672E-09 7.1880E-10
239Pu 2.1020E-06 4.3923E-07 2.3404E-08 2.1020E-06 4.3925E-07 2.3308E-08
240Pu 5.1345E-07 1.0729E-07 7.8636E-09 5.1345E-07 1.0729E-07 7.7731E-09
241Am 2.6309E-06 5.3916E-07 4.0444E-08 2.6309E-06 5.3919E-07 4.0661E-08
241Pu 5.8995E-06 1.2327E-06 1.2178E-07 5.8995E-06 1.2328E-06 1.1882E-07
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Batch MFPV-A104 MFPV-B104

Comp Waste Glass Glass SD Waste Glass Glass SD
242Cm 1.2894E-08 2.6943E-09 1.9515E-10 1.2894E-08 2.6945E-09 1.9644E-10
242Pu 5.6551E-11 1.1817E-11 8.5003E-13 5.6551E-11 1.1817E-11 8.4354E-13
243Am 4.0871E-10 8.3760E-11 8.2557E-12 4.0871E-10 8.3765E-11 8.3359E-12
243Cm 1.4691E-09 3.0697E-10 3.0467E-11 1.4691E-09 3.0699E-10 2.9851E-11
244Cm 2.9901E-08 6.2480E-09 6.0807E-10 2.9901E-08 6.2484E-09 6.1139E-10
TRU" 5.7951E-06 1.2004E-06 4.7572E-08 5.7951E-06 1.2004E-06 4.7701E-08

Batch MFPV-A105 MFPV-B105

Comp Waste Glass Glass SD Waste Glass Glass SD
Ac203 2.6069E-13 5.4470E-14 3.8698E-15 2.6069E-13 5.4472E-14 4.0206E-15
Ag20 1.3203E-06 2.7056E-07 3.3173E-08 1.3203E-06 2.7057E-07 3.3327E-08
A1203 6.7942E-02 6.1228E-02 1.1549E-03 6.7942E-02 6.1214E-02 1.1615E-03
Am203 8.4636E-10 1.7344E-10 1.3385E-11 8.4636E-10 1.7345E-10 1.3194E-11
As205 7.3276E-06 1.1841E-06 3.1191E-07 7.3276E-06 1.1841E-06 3.0656E-07
B203 2.4782E-04 9.9397E-02 1.5247E-03 2.4782E-04 9.9421E-02 1.5328E-03
BaO 1.1993E-06 2.5059E-07 2.4581E-08 1.1993E-06 2.5060E-07 2.4512E-08
BeO 5.3496E-06 1.1178E-06 5.9319E-08 5.3496E-06 1.1178E-06 5.8426E-08
Bi203 2.1577E-05 4.4217E-06 3.3662E-07 2.1577E-05 4.4218E-06 3.3860E-07
CaO 1.9529E-04 3.6208E-02 9.2537E-04 1.9529E-04 3.6205E-02 9.1751E-04
Cdo 3.4282E-06 4.2289E-06 1.3071E-06 3.4282E-06 4.2302E-06 1.3551E-06
Ce203 1.2037E-06 2.5150E-07 3.7919E-08 1.2037E-06 2.5151E-07 3.7441E-08
Cl 1.1041E-02 1.2594E-03 3.5639E-04 1.1041E-02 1.2594E-03 3.5059E-04
Cm203 4.4300E-13 9.2563E-14 8.4632E-15 4.4300E-13 9.2566E-14 8.4016E-15
CoO 1.9811E-06 4.1395E-07 6.2749E-08 1.9811E-06 4.1396E-07 6.2742E-08
Cr203 3.8354E-03 8.6160E-04 6.4201E-05 3.8354E-03 8.6160E-04 6.4330E-05
Cs20 1.4539E-08 2.6778E-09 3.7663E-10 1.4539E-08 2.6778E-09 3.7761E-10
CuO 3.6164E-06 7.5563E-07 1.1425E-07 3.6164E-06 7.5565E-07 1.1423E-07
Eu203 1.4350E-10 2.9984E-11 1.4957E-12 1.4350E-10 2.9985E-11 1.4914E-12
F 4.7503E-03 7.2643E-04 1.3079E-04 4.7503E-03 7.2645E-04 1.3488E-04
Fe203 8.8061E-05 5.5155E-02 9.0840E-04 8.8061E-05 5.5172E-02 9.0906E-04
Gd203 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
HgO 4.4272E-07 0.0000E+00 0.0000E+00 4.4272E-07 0.0000E+00 0.0000E+00
I 2.8276E-06 3.0192E-07 1.0656E-07 2.8276E-06 3.0193E-07 1.0759E-07
K20 6.0931E-02 1.2331E-02 7.1516E-04 6.0931E-02 1.2331E-02 7.0908E-04
La203 1.7831E-06 3.7258E-07 2.7474E-08 1.7831E-06 3.7259E-07 2.7217E-08
Li20 1.3123E-06 6.0665E-03 9.3054E-05 1.3123E-06 6.0654E-03 9.3042E-05
MgO 1.2825E-04 1.4873E-02 2.8018E-04 1.2825E-04 1.4870E-02 2.8561E-04
MnO 7.1305E-06 1.5750E-04 3.4488E-05 7.1305E-06 1.5752E-04 3.3935E-05
MoO3 5.6978E-05 1.1676E-05 8.7802E-07 5.6978E-05 1.1677E-05 8.9308E-07
Na20 8.2044E-01 1.7077E-01 1.0974E-02 8.2044E-01 1.7078E-01 1.0920E-02
Nb205 4.1829E-08 8.7400E-09 6.3905E-10 4.1829E-08 8.7402E-09 6.2807E-10
Nd203 5.2652E-06 1.1001E-06 1.0730E-07 5.2652E-06 1.1002E-06 1.0774E-07
NiO 1.3264E-04 1.3999E-04 1.7159E-05 1.3264E-04 1.3997E-04 1.7483E-05
NpO2 5.4596E-07 1.1408E-07 6.0724E-09 5.4596E-07 1.1408E-07 6.0258E-09
P205 8.3260E-03 1.8901E-03 1.3173E-04 8.3260E-03 1.8902E-03 1.3071E-04
Pa205 1.1641E-09 2.4324E-10 7.0953E-11 1.1641E-09 2.4325E-10 6.9884E-11
PbO 1.3978E-04 2.9513E-05 2.8883E-06 1.3978E-04 2.9514E-05 2.8464E-06
PdO 3.1454E-05 6.5721E-06 6.4438E-07 3.1454E-05 6.5723E-06 6.5060E-07
Pr203 4.5224E-08 9.4494E-09 9.1877E-10 4.5224E-08 9.4496E-09 9.2966E-10
PuO2 4.1086E-08 8.5848E-09 4.5169E-10 4.1086E-08 8.5850E-09 4.5051E-10
RaO 1.9838E-11 3.2057E-12 8.4332E-13 1.9838E-11 3.2058E-12 8.3855E-13
Rb20 6.3763E-06 1.3067E-06 2.0310E-07 6.3763E-06 1.3067E-06 2.0269E-07
Rh203 1.4099E-05 2.9459E-06 1.5751E-07 1.4099E-05 2.9460E-06 1.5599E-07
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Batch MFPV-A105 MFPV-B105
RuO2 6.8799E-05 1.4099E-05 8.0260E-07 6.8799E-05 1.4099E-05 7.9533E-07
SO3 1.7012E-02 3.0396E-03 3.3040E-04 1.7012E-02 3.0397E-03 3.2811E-04
Sb203 1.6430E-06 2.6549E-07 6.8122E-08 1.6430E-06 2.6550E-07 6.9184E-08
Se02 1.2886E-05 2.0822E-06 5.4109E-07 1.2886E-05 2.0823E-06 5.4847E-07
Si02 4.1264E-03 4.5645E-01 6.8064E-03 4.1264E-03 4.5642E-01 6.7679E-03
Sm203 3.1663E-07 6.6159E-08 8.2170E-09 3.1663E-07 6.6161E-08 8.2647E-09
Sn0O2 2.7513E-07 5.7488E-08 5.6875E-09 2.7513E-07 5.7489E-08 5.4666E-09
SrO 6.2482E-07 1.3055E-07 6.9183E-09 6.2482E-07 1.3056E-07 7.0290E-09
Ta205 1.8567E-07 3.8794E-08 3.7738E-09 1.8567E-07 3.8795E-08 3.7724E-09
Tc207 2.2483E-05 2.0280E-06 7.0237E-07 2.2483E-05 2.0280E-06 7.1015E-07
TeO2 5.7866E-07 9.3506E-08 2.4451E-08 5.7866E-07 9.3508E-08 2.4459E-08
ThO2 1.9471E-05 4.0683E-06 6.2478E-07 1.9471E-05 4.0684E-06 6.1782E-07
TiO2 2.3466E-05 1.4035E-02 2.6315E-04 2.3466E-05 1.4032E-02 2.6081E-04
T120 4.6394E-06 7.4970E-07 1.7091E-07 4.6394E-06 7.4972E-07 1.7009E-07
Uo3 1.7197E-04 5.6255E-05 4.2621E-06 1.7197E-04 5.6252E-05 4.4123E-06
V205 2.6061E-06 5.9665E-05 1.9326E-05 2.6061E-06 5.9654E-05 1.9310E-05
WO3 5.2582E-05 1.0987E-05 5.8697E-07 5.2582E-05 1.0987E-05 5.8396E-07
Y203 2.8879E-06 6.0341E-07 9.2319E-08 2.8879E-06 6.0342E-07 9.1466E-08
ZnO 7.1434E-05 3.5066E-02 5.2701E-04 7.1434E-05 3.5078E-02 5.2460E-04
Zr02 3.5101E-05 3.0129E-02 4.8220E-04 3.5101E-05 3.0124E-02 4.8240E-04
SUM 1.0000E+00 1.0000E+00 NA 1.0000E+00 1.0000E+00 NA
Rad mCi/g oxides mCi/g glass mCi/g glass mCi/g oxides mCi/g glass mCi/g glass
59Ni 1.5307E-06 3.1813E-07 2.3048E-08 1.5307E-06 3.1813E-07 2.2984E-08
60Co 2.4750E-06 5.1714E-07 2.7714E-08 2.4750E-06 5.1715E-07 2.7558E-08
63Ni 1.3947E-04 2.8985E-05 2.1300E-06 1.3947E-04 2.8986E-05 2.1102E-06
79Se 6.1299E-06 9.9054E-07 2.2134E-07 6.1299E-06 9.9056E-07 2.2394E-07
90Sr 2.5024E-03 5.2287E-04 2.8170E-05 2.5024E-03 5.2289E-04 2.7653E-05
90Y 2.4228E-03 5.0624E-04 2.6755E-05 2.4228E-03 5.0625E-04 2.6853E-05
93mNb 6.9767E-03 1.4578E-03 1.0659E-04 6.9767E-03 1.4578E-03 1.0476E-04
93Zr 3.6778E-05 7.7048E-06 5.6813E-07 3.6778E-05 7.7050E-06 5.6191E-07
99Tc 2.4562E-04 2.2155E-05 7.6732E-06 2.4562E-04 2.2156E-05 7.7583E-06
106Ru 2.3905E-09 4.8987E-10 4.9403E-11 2.3905E-09 4.8988E-10 4.8736E-11
113mCd 2.7854E-05 5.8199E-06 4.2593E-07 2.7854E-05 5.8200E-06 4.2591E-07
125Sb 7.3031E-06 1.1801E-06 2.5570E-07 7.3031E-06 1.1802E-06 2.5894E-07
126Sn 6.2291E-06 1.3015E-06 1.2877E-07 6.2291E-06 1.3016E-06 1.2377E-07
1291 4.9991E-07 5.3380E-08 1.8839E-08 4.9991E-07 5.3381E-08 1.9022E-08
134Cs 1.1544E-09 2.1262E-10 3.8515E-11 1.1544E-09 2.1262E-10 3.8517E-11
137mBa 4.1280E-01 8.6253E-02 4.5871E-03 4.1280E-01 8.6255E-02 4.6330E-03
137Cs 2.4114E-04 4.4414E-05 5.1120E-06 2.4114E-04 4.4415E-05 5.0396E-06
151Sm 7.1909E-03 1.5025E-03 1.8661E-04 7.1909E-03 1.5025E-03 1.8770E-04
152Eu 1.2607E-06 2.6342E-07 1.4145E-08 1.2607E-06 2.6342E-07 1.3848E-08
154Eu 2.5073E-05 5.2390E-06 2.8045E-07 2.5073E-05 5.2391E-06 2.7930E-07
155Eu 1.1502E-05 2.4033E-06 1.2771E-07 1.1502E-05 2.4034E-06 1.2741E-07
226Ra 1.8285E-08 2.9547E-09 7.7770E-10 1.8285E-08 2.9548E-09 7.7328E-10
227Ac 1.7051E-08 3.5627E-09 2.5311E-10 1.7051E-08 3.5628E-09 2.6297E-10
228Ra 7.8728E-09 1.2722E-09 4.6196E-10 7.8728E-09 1.2722E-09 4.6660E-10
229Th 9.1195E-10 1.9055E-10 5.6422E-11 9.1195E-10 1.9055E-10 5.5476E-11
231Pa 4.6868E-08 9.7930E-09 2.8566E-09 4.6868E-08 9.7932E-09 2.8135E-09
232Th 1.8753E-09 3.9184E-10 2.8498E-11 1.8753E-09 3.9185E-10 2.8900E-11
232U 2.4806E-09 5.1831E-10 2.7431E-11 2.4806E-09 5.1832E-10 2.7885E-11
233U 1.1248E-07 2.3502E-08 1.2426E-09 1.1248E-07 2.3503E-08 1.2553E-09
234U 6.3517E-08 1.3272E-08 7.0281E-10 6.3517E-08 1.3272E-08 7.0440E-10
235U 2.4057E-09 5.0266E-10 3.6747E-11 2.4057E-09 5.0267E-10 3.7005E-11
236U 4.3742E-09 9.1398E-10 4.9163E-11 4.3742E-09 9.1400E-10 4.8761E-11
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Batch MFPV-A105 MFPV-B105
237Np 3.3898E-07 7.0828E-08 3.7703E-09 3.3898E-07 7.0830E-08 3.7413E-09
238Pu 1.7801E-07 3.7195E-08 1.9758E-09 1.7801E-07 3.7196E-08 1.9527E-09
238U 4.7697E-08 9.9661E-09 7.2694E-10 4.7697E-08 9.9663E-09 7.3322E-10
239Pu 2.1020E-06 4.3920E-07 2.3563E-08 2.1020E-06 4.3921E-07 2.3466E-08
240Pu 5.1345E-07 1.0728E-07 7.8167E-09 5.1345E-07 1.0728E-07 8.0058E-09
241Am 2.6309E-06 5.3913E-07 4.1673E-08 2.6309E-06 5.3915E-07 4.1075E-08
241Pu 5.8995E-06 1.2327E-06 1.2064E-07 5.8995E-06 1.2327E-06 1.1828E-07
242Cm 1.2894E-08 2.6942E-09 1.9468E-10 1.2894E-08 2.6942E-09 1.9477E-10
242Pu 5.6551E-11 1.1816E-11 8.6061E-13 5.6551E-11 1.1816E-11 8.5975E-13
243Am 4.0871E-10 8.3755E-11 8.3714E-12 4.0871E-10 8.3757E-11 8.4701E-12
243Cm 1.4691E-09 3.0695E-10 3.0239E-11 1.4691E-09 3.0696E-10 3.0187E-11
244Cm 2.9901E-08 6.2477E-09 6.1082E-10 2.9901E-08 6.2479E-09 6.0591E-10
TRUY 5.7951E-06 1.2003E-06 4.8698E-08 5.7951E-06 1.2003E-06 4.8167E-08
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Table B-10. Results of Glass Properties and Constraint Quantities for 10 Example MFPV Batches

Properties/Constraints | MFPV-A101 | MFPV-B101 | MFPV-A102 | MFPV-B102 | MFPV-A103
prrev
In(ry) 0.0540 0.0492 0.0634 0.1408 0.1412
In(ry) -0.0579 -0.0618 -0.0506 0.0009 0.0012
In(D) 2.6105 2.5922 2.6358 2.8623 2.8656
I0(71100), 4.6076 4.6131 4.5985 4.5922 4.5920
In(7,,50). 1 4.1117 4.1168 4.1032 4.0990 4.0987
In(7150). u 4.1117 4.1168 4.1032 4.0990 4.0987
In(e1100), -1.0551 -1.0561 -1.0537 -0.9829 -0.9826
(e 1200), 1 -0.7026 -0.7033 -0.7014 -0.6374 -0.6371
Uz
In(rp) 0.1537 0.1545 0.1526 0.1640 0.1640
In(r) 0.1651 0.1656 0.1643 0.1765 0.1765
In(D) 0.6303 0.6339 0.6250 0.6563 0.6562
I(71100), 4 0.0326 0.0327 0.0324 0.0353 0.0353
In(71,50). 1 0.0328 0.0329 0.0326 0.0355 0.0355
In(7,,50). u 0.0328 0.0329 0.0326 0.0355 0.0355
Ine100), { 0.0321 0.0322 0.0320 0.0353 0.0354
n(e1200), 0.0327 0.0328 0.0325 0.0359 0.0359
Ulomp
In(rp) 0.3366 0.3516 0.3458 0.3496 0.3745
() 0.2852 0.2982 0.2944 0.2895 0.3088
In(D) 12035 12679 12219 13583 14372
I0(7,100). u 0.2523 0.2409 0.2618 0.2573 0.2597
In(71,50). / 0.2254 0.2348 0.2337 0.2327 0.2467
In(7,50). u 0.2333 0.2224 0.2415 0.2375 0.2396
In(e1100), { 0.1766 0.1689 0.1865 0.1788 0.1814
(e 1200), 0.1528 0.1606 0.1618 0.1564 0.1686
B:fcrcui{)/cci
In(rp) 0.5443 0.5553 0.5619 0.6544 0.6796
In(ry) 0.3924 0.4020 0.4081 0.4669 0.4865
In(D) 4.4442 4.4940 4.4828 4.8770 4.9590
I0(71100). 4.8925 4.8867 4.8927 4.8848 4.8869
In(7,150), ! 3.8536 3.8491 3.8369 3.8308 3.8166
In(7,50). u 4.3779 43721 43773 4.3720 4.3738
In(e1100), / -1.2638 -1.2572 -1.2722 -1.1971 -1.1993
(e 200), 1 -0.5172 -0.5099 -0.5071 -0.4451 -0.4327
Model validity single component constraints
ALO; 0.06125 0.06124 0.06126 0.06125 0.06126
cl 0.00136 0.00136 0.00136 0.00142 0.00142
Cr,0; 0.00086 0.00086 0.00086 0.00086 0.00086
F 0.00076 0.00076 0.00076 0.00081 0.00081
P,0s 0.00198 0.00198 0.00198 0.00203 0.00203
Si0, 0.44984 0.44993 0.44963 0.44621 0.44620

Page B-35



ORP-56321, Rev. 0

24590-LAW-RPT-RT-04-0003, Rev 1

Preliminary ILAW Formulation Algorithm Description

Properties/Constraints MFPV-A101 | MFPV-B101 | MFPV-A102 | MFPV-B102 | MFPV-A103
Sum of Minors 0.00051 0.00051 0.00051 0.00051 0.00051
Model validity PCT constraints
pre (In[g/L]) 0.0540 0.0492 0.0634 0.1408 0.1412
pretNa (In[g/L]) -0.0579 -0.0618 -0.0506 0.0009 0.0012
Model validity multiple component constraints
Li,O 0.00191 0.00180 0.00206 0.00000 0.00000
Cr,03 0.00086 0.00086 0.00086 0.00086 0.00086
Na,O 0.19088 0.19087 0.19088 0.19821 0.19823
Li,O 0.00191 0.00180 0.00206 0.00000 0.00000
Na,O 0.19088 0.19087 0.19088 0.19821 0.19823
Li,O 0.00191 0.00180 0.00206 0.00000 0.00000
Na,O 0.19088 0.19087 0.19088 0.19821 0.19823
Lower limit
function of Na,O -0.05336 -0.05336 -0.05336 -0.05720 -0.05722
function of P,0Os -0.00138 -0.00138 -0.00138 -0.00137 -0.00137
function of CaO 0.08877 0.08878 0.08877 0.09292 0.09292
function of CaO 0.00000 0.00000 0.00000 0.00000 0.00000
function of SO3 0.03645 0.03645 0.03645 0.03615 0.03614
function of SO, -0.02079 -0.02079 -0.02079 -0.02068 -0.02068
function of SiO, 0.00469 0.00457 0.00498 0.00952 0.00953
Upper limit
function of Na,O 0.02851 0.02851 0.02851 0.02643 0.02642
function of P,0s 0.00234 0.00234 0.00234 0.00235 0.00235
function of CaO 0.28177 0.28178 0.28177 0.28592 0.28592
function of CaO 0.03953 0.03952 0.03952 0.03827 0.03826
function of SO; 0.25785 0.25785 0.25785 0.25755 0.25754
function of SO, 0.05081 0.05081 0.05081 0.05092 0.05092
function of SiO, 0.20729 0.20717 0.20758 0.21212 0.21213
Waste Na,O loading constraint
oxidein
MFPV ,Step3  (a) 0.181 0.181 0.181 0.188 0.188
ENa,0(w), )
Radionuclide Concentration Constraints
radin radin
~f‘3”7FCfo/j~SfeP3 + k’”"gé{FC‘:’VjS’@ﬁ (Ci/m®) 0.150 0.150 0.150 0.155 0.154
rad in radSF in
SFL/‘Zi{’V,Steﬁ + kmdSLﬂfng,Steﬂ (Ci/m®) 1.678 1.678 1.677 1.733 1.736
rad in radSF in
SFL/‘ZSPV»Sfeﬁ + kmdSLﬂ’ffV»Steﬂ 0.04843 0.04877 0.04871 0.04959 0.04972
rad in radSF in
SFSAL/I,I;PV’S@} + kradSSA/LH:"fV,StEﬂ 0.00039 0.00039 0.00039 0.00041 0.00041
Properties/Constraints | MFPV-B103 | MFPV-A104 | MFPV-B104 | MFPV-A105 | MFPV-B105
prrev
In(rp) 0.1422 -0.1863 -0.1915 -0.1829 -0.1819
In(ry,) 0.0021 -0.2200 -0.2241 -0.2170 -0.2163
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Properties/Constraints MFPV-B103 | MFPV-A104 | MFPV-B104 | MFPV-A105 | MFPV-B105

In(D) 2.8639 1.9768 1.9632 1.9922 1.9923
In(7;,00), u 4.5914 4.6402 4.6453 4.6356 4.6349
In(#,150), [ 4.0982 4.1344 4.1391 4.1301 4.1294
In(7;;50), u 4.0982 4.1344 4.1391 4.1301 4.1294
In(e;100), [ -0.9826 -1.2526 -1.2538 -1.2515 -1.2514
In(&;500), U -0.6371 -0.8745 -0.8755 -0.8736 -0.8734

prop

pred
In(rp) 0.1640 0.1478 0.1482 0.1472 0.1471
In(ry,) 0.1765 0.1510 0.1513 0.1505 0.1505
In(D) 0.6562 0.6211 0.6240 0.6179 0.6178
In(#700), u 0.0353 0.0293 0.0294 0.0292 0.0292
In(%;;50), [ 0.0355 0.0295 0.0296 0.0294 0.0294
In(n;;50), u 0.0355 0.0295 0.0296 0.0294 0.0294
In(g;100), [ 0.0353 0.0298 0.0299 0.0297 0.0297
In(e;500), u 0.0359 0.0303 0.0304 0.0302 0.0302

Uomp
In(7p) 0.3660 0.2941 0.3012 0.3048 0.2973
In(ry,) 0.3023 0.2658 0.2724 0.2751 0.2689
In(D) 1.4159 0.8537 0.8734 0.8787 0.8667
In(#;500), u 0.2575 0.2319 0.2221 0.2282 0.2352
In(7;;50), [ 0.2425 0.2084 0.2123 0.2148 0.2101
In(#,;50), u 0.2378 0.2131 0.2052 0.2098 0.2168
In(e;;00), [ 0.1789 0.1701 0.1641 0.1689 0.1719
In(e;500), u 0.1645 0.1480 0.1521 0.1539 0.1519

B:fcrcui{)/cci
In(rp) 0.6722 0.2556 0.2579 0.2690 0.2626
In(ry,) 0.4809 0.1967 0.1996 0.2086 0.2030
In(D) 4.9359 34515 3.4606 3.4888 3.4768
In(7;00), u 4.8841 4.9014 4.8968 4.8931 4.8993
In(#,550), [ 3.8202 3.8964 3.8973 3.8859 3.8899
In(#,;50), u 4.3715 4.3770 4.3739 4.3694 4.3757
In(e;00), [ -1.1969 -1.4526 -1.4478 -1.4501 -1.4529
In(g200), u -0.4367 -0.6962 -0.6929 -0.6895 -0.6913
Model validity single component constraints
AL O3 0.06123 0.06120 0.06121 0.06123 0.06121
Cl 0.00142 0.00126 0.00126 0.00126 0.00126
Cr,05 0.00086 0.00086 0.00086 0.00086 0.00086
F 0.00081 0.00073 0.00073 0.00073 0.00073
P,05 0.00203 0.00189 0.00189 0.00189 0.00189
Si0O, 0.44618 0.45652 0.45660 0.45645 0.45642
Sum of Minors 0.00051 0.00052 0.00052 0.00052 0.00052
Model validity PCT constraints

pre (In[g/L]) 0.1422 -0.1863 -0.1915 -0.1829 -0.1819
pretha (In[g/L]) 0.0021 -0.2200 -0.2241 -0.2170 -0.2163
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Properties/Constraints | MFPV-B103 | MFPV-A104 | MFPV-B104 | MFPV-A105 | MFPV-B105
Model validity multiple component constraints
Li,O 0.00000 0.00596 0.00587 0.00607 0.00607
Cr,03 0.00086 0.00086 0.00086 0.00086 0.00086
Na,O 0.19823 0.17078 0.17079 0.17077 0.17078
Li,O 0.00000 0.00596 0.00587 0.00607 0.00607
Na,O 0.19823 0.17078 0.17079 0.17077 0.17078
Li,O 0.00000 0.00596 0.00587 0.00607 0.00607
Na,O 0.19823 0.17078 0.17079 0.17077 0.17078
Lower limit
function of Na,O -0.05721 -0.04284 -0.04284 -0.04283 -0.04284
function of P,Os -0.00137 -0.00140 -0.00140 -0.00140 -0.00140
function of CaO 0.09291 0.07162 0.07163 0.07161 0.07162
function of CaO 0.00000 0.00000 0.00000 0.00000 0.00000
function of SO3 0.03614 0.03753 0.03752 0.03753 0.03753
function of SO3 -0.02068 -0.02116 -0.02116 -0.02116 -0.02116
function of SiO, 0.00955 -0.00418 -0.00428 -0.00408 -0.00404
Upper limit
function of Na,O 0.02642 0.03421 0.03421 0.03422 0.03422
function of P,0Os 0.00235 0.00231 0.00231 0.00231 0.00231
function of CaO 0.28591 0.26462 0.26463 0.26461 0.26462
function of CaO 0.03827 0.04473 0.04472 0.04473 0.04473
function of SO3 0.25754 0.25893 0.25892 0.25893 0.25893
function of SO, 0.05092 0.05044 0.05044 0.05044 0.05044
function of SiO, 0.21215 0.19842 0.19832 0.19852 0.19856
Waste Na,O loading constraint
oxidein
MFPV .Step3 (a) 0.188 0.162 0.162 0.162 0.162
Na,O(w), j
Radionuclide Concentration Constraints
radin L radin
5{‘3{?:?5’6173 + kmdggFCif//’S’eﬁ (Ci/m’) 0.154 0.149 0.149 0.149 0.149
rad in radSF in
SFLAL/Ii{’V,St2p3 + kmdsé\/ILffV,Steﬁ (Ci/m®) 1.734 1.578 1.576 1.581 1.578
rad in radSF in
SFLAZ?V’S@} + kmdSLAﬁ"fV,Smﬂ 0.04957 0.04835 0.04814 0.04840 0.04855
rad in radSF in
SFSIZiPV»Sfeﬂ + kmdsgf’”f’/»&eﬂ 0.00041 0.00037 0.00037 0.00037 0.00037

(a) It was assumed that the waste in the 411™, B11™ and 412™ CRV were designated as Envelope A and had the fraction of

sodium that is classified as waste sodium (@, ) was 95%.

Page B-38



ORP-56321, Rev. 0 24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

Appendix C—Summary of Data Requirements

Page C-1



ORP-56321, Rev. 0

Table C-1. Assumptions to be Reviewed Before Final Algorithm is Complete

24590-LAW-RPT-RT-04-0003, Rev 1
Preliminary ILAW Formulation Algorithm Description

Description

Current Assumptions

Status

1. Glass property models

Models for PCT, VHT, viscosity, and electrical conductivity are
from Piepel et al. 2007. Model coefficients are listed in Tables 5
through 8. Model forms are given by Equations (19), (22), (23),
and (24). Model variance-covariance matrices are in Tables A-7
through A-11and glass component concentration and property
ranges for model validity are given in Tables 11 through 13.

No specific verification or testing needs are associated
with the use of these models.

2. GFC composition,
uncertainty in GFC
composition, and GFC
particle density

The minimum, most likely, and maximum component mass
fraction values are given in Table A-4. Particle densities are given
in Table A-12. Data listed in Table A-4 were used to define the
uncertainty for the GFC composition based on PERT distribution.
The nominal GFC composition in Table A-5 was obtained by
Monte Carlo simulations and used for nominal glass composition
calculation. These data are based on the initial GFC vendor
certifications obtained during characterization testing (Schumacher
2003).

Eventually the algorithm will use data for the specific
materials used in each MFPV batch.

A decision needs be made on how to obtain these data for
each material. Two possible options are: (1) use the
vendor certifications supplied by the vendors for each
material, or (2) measure the composition and particle
density at WTP.

3. Melter retention factors
and uncertainty of melt
retention factors

Table A-3 lists the preliminary melter retention factors expressed
as In(DF) in terms of minimum, most likely, and maximum values
for uncertainty expression by PERT distribution (24590-LAW-
RPT-RT-11-001, Rev 0).

The melter retention factors and recycle effects should be
updated as more data become available and may need to be
expressed as a function of glass and feed compositions for
selected components.

4. RSD in chemical and
radiological analyses of
CRYV batches

Table A-2 lists constants and uncertainty values used in the
calculations showing how the algorithm works. These values were
based on CCN 111456. Other assumptions for components not
listed in CCN 111456 are summarized in Table A-2.

A plan should be developed and implemented to establish a
maximum acceptable analytical uncertainty before
methods validation in order to demonstrate that the
methods meet an established requirement.

5. RSD in mixing/sampling
and RSD for bias correction
of mixing and sampling in
CRYV batches

RSD in mixing/sampling is assumed as 1.47% for all components
(Table A-2) without bias correction as recommended by 24590-
LAW-RPT-RT-11-001, Rev 0.

A plan should be developed and implemented to establish a
maximum acceptable mixing/sampling uncertainty before
methods validation in order to demonstrate that the
methods meet an established requirement.

6. CRV and MFPV
volumes

CRV volumes are from 24590-LAW-M6C-LCP-00001, Rev 1 and
MFPV volumes are from 24590-LAW-M6C-LFP-00001, Rev 1 as
given in Table 1.

The vessel volumes will be updated upon any design
change.
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Description Current Assumptions Status
7. SD in GFC mass Appendix E discusses the method obtaining the SD values based on | The calculation process should be updated as necessary
measurement the load cell data and weigh hopper information. For the purpose once the equipments are finalized.

of this preliminary algorithm it was assumed that the Mettler
Toledo’s Centerlign Weigh Module model 744 (for 250 1b
capacity) and 745 (for 500 Ib capacity) are used.

8. SD in waste transfer
volume measurement

Appendix D discusses the approach taken to obtain the SD values
for waste transfer volume measurement based on a recommended
value of 1.41 inches for the level measurement uncertainty given in
24590-LAW-RPT-RT-11-001, Rev 0.

The level measurement uncertainty used in the algorithm
should be compared to the uncertainty from actual plant
equipment to verify proper representation in the algorithm.

9. Dust control water
volume estimate

Equation (58) specifies 4 wt% water addition based on 24590-
LAW-M4C-20-00002, Rev 0.

The validity of the Equation (58) may need to be tested to
meet engineering requirements.

10. Line flush water
volumes

Line flush and wash water volumes applicable to ILAW algorithm
are summarized in Table 14. These values are based on project
line flush volume guidance.

Line flush volumes will be updated as relevant engineering
documents and operating procedures are modified.

11. Sucrose volume
calculation

Equation (34) prescribes the amount of sucrose to add to HLW and
LAW melter feed based on the concentrations of organic carbon,
nitrate, and nitrite in the feed. This relationship was empirically
derived from pilot melter testing and is used to avoid melter upsets
due to over oxidation of multivalent elements (Matlack 2005). No
attempt to optimize reductant addition to improve melting
parameters (such as volatility, metal reduction, and feed processing
rate) has yet been performed.

No testing or verification is required until optimization is
needed.

12. Confidence level in
satisfying various
constraints

90% confidence level is used for all properties as discussed in
Section 4.3.4.

No testing or verification is required. Values may need to
be updated by project management decision.

13. Software for

implementing the algorithm

described in this report

The calculations described in this report have been demonstrated
using an Excel™ with a Risk AMP™ add-in. However, the use of
that system will likely not suit the requirements of plant operation.
No software has yet been developed.

Software development, validation, and verification will be
required prior to implementation of this algorithm.
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Description

Current Assumptions

Status

15. Methods/software to be
used for statistical process
control (SPC)

Statistical process control is a useful tool that should be
incorporated into the formulation decision making as described in
Sections 5.2, 6.2, and 6.4. As SPC software to meet the
highlighted purposes is a common, of the shelf, product and it was
not developed as part of the algorithm equations. However, to
meet the functions described, such software must be selected and
integrated into the algorithm.

No testing or verification is envisioned outside of software
selection, validation, and verification activities. The
notification values will be set by management decision.
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Table C-2. Data and Inputs Required During Operations: 1. Inputs Required on an Every Batch Basis

Symbol Brief Description Anticipated Source
eCl]ezf;ent in Concentration of the /™ analyte in the &™ CRV batch (mg/L) Analytical laboratory
Cia
GFCin Measured mass of £ GFC added to the /" MFPV batch (g) LAW operator
M ]il_/lF PV ,measured
i
heel MFPV heel volume in the /™ MFPV batch (L) LAW operator
J MEPY
J
waste volume of waste transferred from CRV to the /™ MFPV (L) LAW operator
V:
J
ﬁ;tp , ., measured volume of water added to control GFC dusting in the ;" LAW operator
y e MEFPV batch (L)
ZrIaFn;f’I/ush ., measured volume of water used to flush the CRV-MFPV transfer LAW operator
yrme e ine in the j" MFPYV batch (L)
.]f\%l[gf;ush red measured volume of water used to flush the MFPV sampling line in | LAW operator
pime e the /™ MFPV batch (L)
Z/lj‘lFugV y measured volume of dilution water added to maintain satisfactory LAW operator
Vj measure melter-feed rheological properties in the /™ MFPV batch (L)
Envelop Type of LAW, A, B,or C LAW operator
w, Fraction of the sodium in the & CRV batch that is classified as LAW operator

waste sodium (unitless)

Table C-3. Data and Inputs Required During Operations: 2. Inputs Required Only When Process

Changes are Made

Symbol Brief Description Anticipated Source
No symbol Parameters for statistical process monitoring LAW operations manager

dust volume of water added to control GFC dusting in the /™ MFPV LAW operations manager
yrerr batch (L)

tgf}tées in Mass fraction of the i™ glass oxide in the k™ GFC (g oxide per g GFC vendor or analytical

” GFC including volatiles) laboratory

transflush Volume of water used to flush the CRV-MFPV transfer line in the LAW operations manager
yrrr /" MFPV batch (L)

sampflush Volume of water used to flush the MFPV sampling line in the /™ LAW operations manager
p ey MFPV batch (L)

CL%=100(1—0)

Level of confidence in meeting predicted property constraints, may
be different for different properties

LAW operations manager

RSD in

element in
CRV

id

RSD in concentration of the i™ analyte in the 4™ CRV batch (mg/L)

LAW operations manager
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Appendix D-Uncertainties for Waste Transfer Volume
Measurements

The MFPV and CRYV vessel volumes will be obtained from the radar level measurements. The volume of

waste

waste transferred from CRV to MFPV (VjMF "} is determined based on the volume change in MEPV
(24590-LAW-3YD-LFP-00001, Rev 2), i.e.,

waste

VVJ]V[FPV — AV}MFPV (D'l)

waste

where  pMFPY = measured volume of the waste transferred from the CRV to the /" MFPV (L).
J

MFPV
A,

volume change in the /™ MFPV after waste transfer from the CRV (L)

The SD for MFPV volume measurement is calculated from the SD for MFPV level measurement:

DMFPY 2
SMFPVV _ o GMFPV level (D-2)
2
where sMFPYV = SD for MFPV volume measurement (L)
DMFPY = inside diameter of MFPV vessel (cm)
gMPPVlevel = SD) for MFPV level measurement (L)
The SD for waste transfer is calculated from error propagation of two volume measurements:
waste
S;V[FPV _ \/ESMFPVV (D-3)
waste
where S;WFPV is SD for measured volume of the waste transferred from the CRV to the /™ MFPV (L),

which is a constant for all MFPV batches.

Table D-1 summarizes the calculation of SD for MFPV volume change. Table D-1 also includes the
results of the same calculation for CRV volume for reference.

Table D-1. Calculation of SD for MFPV and CRV Volume Changes

Item MFPV CRV Notes
Inside diameter of 11 14 24590-LAW-M6C-LFP-00001, Rev. 1
vessel, ft (335.28 cm) | (426.72 cm) | 24590-LAW-M6C-LCP-00001, Rev. 1
Level measurement 1.41 1.41
SD. inch (3.581 cm) (3.581 cm) 24590-LAW-RPT-RT-11-001, Rev 0
;/Blu{n ¢ measurement 316.2 512.2 Calculated from level measurement SD
Volume change SD, L 447.2 724.3 Corresponding to two volume

measurements
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Appendix E-Uncertainties for GFC Mass Measurements

Measurements of GFC masses will be done using the load cells in the weigh hopper. According to
24590-BOF-3YD-GFR-00001, Rev 0, the weighing of GFCs will be done in 5 weigh hoppers. Four of
these 5 weigh hoppers have a capacity of 10 ft’ and one hopper 3 ft’. As summarized in Table E-1 four
GFCs (hematite, olivine, rutile, and zircon) use 3 ft* hopper and the rest uses the 10 ft’ hopper.

The exact models for load cells are not finalized, but the product from one of the candidate vendors was
assumed for the purpose of this preliminary algorithm. The calculation process should be updated as
necessary once the equipments are finalized. The mass capacity that can be measured in each hopper
depends on bulk density of each GFC. TableE-2 summarizes the bulk density of GFC for ILAW
production, which was obtained from Schumacher (2003). Based on volume capacity of each hopper and
average and maximum density of GFC, the mass of each GFC per each hopper measurement is calculated
in Table E-1. Table E-1 shows that the maximum expected mass is 1011 Ib for the 10 ft® hopper
(Kyanite) and 465 b for 3 ft* hopper (Zircon). Each weigh hopper consists of three load cells of equal
capacity and the final mass of each measurement is obtained by summing up three load cell readings.
Then, based on maximum weight capacity reacquired given in Table E-1 and the models available for the
selected candidate vendor assumed in this report, it was assumed that the 10 ft® hopper uses three 500 Ib
capacity load cell models and 3 ft® hopper three 250 Ib models to provide 1500 and 750 b capacity weigh
hoppers as summarized in Table E-1."")

Table E-1. Weight Capacity of Weigh Hoppers

Weight Max Weight | Assumed
Weigh capacity (Av [capacity (Max|weight capacity
hopper bulk density | bulk density of weigh
GFC/Sucrose | volume, ft’ base), Ib base), Ib hopper, 1b
Kyanite 10 886.5 1011 1500
Boric Acid 10 569.0 590 1500
Wollastonite 10 676.5 768 1500
Hematite 3 377.3 422.7 750
Li Carbonate 10 670.0 722 1500
Olivine 3 288.6 293.7 750
Na Carbonate 10 669.0 675 1500
Silica 10 790.0 889 1500
Rutile 3 368.3 405.6 750
Zincite 10 543.0 661 1500
Zircon 3 415.2 464.7 750
Sucrose 10 550.5 559 1500

Table E-2. Bulk Density of GFCs and Sucrose

GFC/Sucrose Min Max Average
Kyanite 76.2 101.1 88.65
Boric Acid 54.8 59 56.9
Wollastonite 58.5 76.8 67.65

9 For the purpose of this preliminary algorithm it was assumed that the Mettler Toledo’s Centerlign Weigh Module
model 744 (for 250 Ib capacity) and 745 (for 500 Ib capacity) are used.
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GFC/Sucrose Min Max Average
Hematite 110.6 140.9 125.75
Li Carbonate 61.8 72.2 67
Olivine 94.5 97.9 96.2
Na Carbonate 66.3 67.5 66.9
Silica 69.1 88.9 79
Rutile 110.3 135.2 122.75
Zincite 42.5 66.1 54.3
Zircon 121.9 154.9 138.4
Sucrose 54.2 55.9 55.05

A brief review of the example MFPV batch formulations shows that the required mass of most GFCs
would require multiple measurements to measure each GFC for a single MFPV batch. Therefore, the
uncertainty related to the mass of each GFC added to the MFPV are calculated using the error
propagation method described in Piepel et al. (2005) (Section 3.4.1.1).

First the SD is calculated for each weigh hopper using®”:

2
s = \/3 (5 SPC,,* + SPCNsz (E-1)
where sﬁ’fgh = standard deviation for weigh hopper weight measurement (kg)
SPC.. - specification for combined error (CE) as given in the data sheet for each load cell.
CcE Includes linearity and hysteresis errors. (kg)
SPC specification for non-repeatability (NR) as given in the data sheet for each load cell
NR T

"~ (kg)

The SPC,, and SPC,, values are obtained by multiplying the combined error or non-repeatability error
given in percent of full scale output (%FSO) by the full scale of each load cell.

The SD for weighing each GFC depends on the number of weighing required for each MFPV batch. For
Step 3 of glass formulation algorithm, the SD for weighing is given as:

GFC mass GFC weigh
MFPV _ MFPV WH N2 WH 2
S - nkj I:(Sweigh) + (scontrol ] for Step 1 (E-z)
GFC mass GFC weigh
MFPV _ JWH MFPV
S = Syeign \| i for Step 3 (E-3)

GFC mass
where SQ{’FP v = standard deviation of weighing the k" GFC in the /" MFPV batch
g
GFC weigh

MFPY- = number of weighing required for the k™ GFC in the /" MFPV batch
g

@9 Reichmuth A. 2000. Estimating Weighing Uncertainty from Balance Data Sheet Specifications, Mettler Toledo,
Columbus, OH. (available at www.mt.com)
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WH

weigh

R standard deviation for target mass control in weigh hopper weight measurement
control—(kg) (to be obtained after testing the plant equipment installed)

s = standard deviation for weigh hopper weight measurement (kg)

GFC weigh
For Step 3, the n ,34 """ is the actual number, however, for Step 1 the number of weighing is calculated

based on the weighing mass capacity of weigh hopper as below:

GFCin
GFC weigh MMFPV,target,Stepl
n*" = truncate| ————— |+1 (E-4)
WH capa

M/

GFC weigh . . . h . h

where n}i‘?FPV = number of weighing required for the £ GFC in the j© MFPV batch
g
GFCin _ target mass of k™ GFC to add to the /™ MFPV batch resulted from algorithm

MFPV arget,Stepl = .
M, calculation Step 1 (g)

GFC mass

MkWH cpa = mass capacity of the weigh hopper for the k" GFC
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Appendix F-GFC and Sucrose Volume Contributions

The calculation of volume contribution from GFCs in Equation (56) assumes ideal mixing between waste
slurry and GFC particles, i.e.

. n M
slurry __ 1 water k
|4 =V + —rc (F-1)

k=1 Py

V slurry

where calculated volume of slurry (L)

Ve = yolume of water (L)
MkGFC = mass of the £ GFC (g)
o7 = density of the k" GFC (g/L) (Table F-1)

However, the actual slurry volume will be different from that calculated based on ideal mixing because:
(1) dissolution of water soluble materials tends to decrease the volume of slurry and (2) entrapment of
small bubbles on the surface of solid particles would increase the slurry volume.

To evaluate the difference between calculated and actual slurry volumes, existing data on measured
density of slurry feeds was evaluated. Table F-2 includes the feed recipes for GFCs, sucrose, and spiking
chemicals in terms of added masses per 1 liter of waste simulant and target density of waste simulant and
measured density of slurry feed. The waste oxide loading in glass for each feed is also included in Table
F-2 for information. The target density of waste simulant and measured density of slurry feed data are
used to obtain the “measured” volume of slurry feed.

n
waste simul additives
slurry P x1 L+ ZMk

meas __ k=
V - pfeed : (F-z)

The “calculated” volume of slurry feed is from Equation (F-1).

slurry n additives
Vel =1L (waste simulant) + Z"— (F-3)
=1 P
where sty “measured” slurry volume obtained from target density of waste simulant and
V measured density of slurry feed (L)
rastesimil” — target density of waste simulant (g/L)
) cdditives _ AsS of the k™ additive (GFCs, sucrose, and spiking chemicals) per 1 L of waste
k simulant (g)
p”“ = measured density of slurry feed (g/L)
sturry - “calculated” slurry volume based on ideal mixing between waste simulant and

Vet = additives (L)
P, = density of the k™ additive (GFCs, sucrose, and spiking chemicals) (g/L) (Table F-1)
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Table F-2 shows the “measured” and “calculated” volumes of slurry feed and their relative percent
difference for each feed. The difference ranged from -1.5% (underestimation) to 3.3 % (overestimation)
with more feeds overestimating, which suggest that within limited data the deviation of calculated slurry
feed volume from actual is relatively small. As discussed in Section 5.2, the allowable volume increase
before the “High Operator Response” was 3,331 L. A half of this 3,331 L was used for allowable feed
volume increase caused by accidentally increased waste transfer volume leaving the room for calculation
errors. The GFC volume contribution is expected to be the main source of error in calculating the total
feed volume. The room of 1,666 L corresponds to 12.9 % of the MFPV batch volume (12,870 L), which
sufficiently higher than the range of differences between -1.5 and 3.3 %.

Table F-1. Particle Density of GFCs, Sucrose and Spiking Chemicals

GFC or other additives” Particle density, g/L
Kyanite 3398.3
Boric Acid 1509.3
Wollastonite 2899.3
Hematite 47479
Lithium Carbonate 2109.6
Olivine 2948.2
Sodium Carbonate 2532.5
Silica 2649.5
Rutile 4647.8
Zincite 5596.9
Zircon 4701.4
Sucrose 1549.0
Na,SOy, (spiking chemical) 2680.0
NaCl (spiking chemical) 2165.0
NaF (spiking chemical) 2780.0
KI (spiking chemical) 3670.0

(a) Densities of GFCs and sucrose are as given in Table A-12. Densities of spiking chemicals
were obtained from Alfa Aesar® brochure.
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Table F-2. Data Collected for Various Slurry Feeds and Estimated Slurry Feed Volumes

Feed ID 3M Na 8 M Na | Envelope | Envelope | Envelope | Envelope | Envelope | Envelope | Envelope
LAW NaNQ; Al C1 A2 B1 B2 A3 C2
GFC and other chemicals”\Data source Eibling et al. 2003 Matlack et al. 2003a | Matlack et al. 2003b l\a/lllatéa(l)colézt Matlack et al. 2003d
Kyanite 35.67 95.12 35.84 145.92 99.98 156.10 148.9 67.53 128.48
Boric Acid 87.65 233.74 200.17 233.04 238.52 282.85 252.9 233.43 224.71
Wollastonite 21.16 56.42 52.48 138.63 59.77 236.73 211.7 139.26 205.71
Fe,0; 27.21 72.55 81.90 63.38 72.18 75.82 67.9 66.79 43.65
Li Carbonate - - - 80.79 - 170.61 152.4 80.93 107.74
Olivine 15.50 41.33 52.09 40.98 41.46 95.57 85.2 38.29 41.53
Na Carbonate - - - - - - 61.1 - -
Si0, 183.63 489.68 470.39 431.63 490.66 516.51 460.2 465.38 427.26
Rutile 10.52 28.05 25.95 15.51 28.82 23.52 21.0 15.46 14.79
ZnO 14.99 39.97 36.88 39.61 40.18 76.96 69.0 39.85 53.00
ZrSi0Oy4 22.67 60.45 55.63 58.50 61.07 75.89 68.0 58.88 59.64
Sucrose - - 78.50 4.65 83.66 24.55 8.0 63.85 23.66
Na,SO, (spiking chemical) - - 0.85 1.74 1.47 5.60 5.0 1.30 2.25
NaCl (spiking chemical) - - 12.93 1.54 5.08 0.24 0.1 9.01 4.51
NaF (spiking chemical) - - 0.02 1.55 1.71 0.46 0.1 0.30 0.54
KI (spiking chemical) - - - - 1.78 2.08 1.9 1.69 1.72
Target density of waste simulant, g/l 1157.6 1390 1358.94 | 1256.95 | 1381.06 | 1125.48 1065.09 | 1292.43 | 1245.07
Measured density of slurry feed, g/L| 1382.0 | 1713.0 | 1714.3 1673.3 1730.0 1705.0 | 1690.0® | 1692.5 1692.5
Waste oxide loading in glass, wt% - - 26.04 15.62 24.54 6.71 4.01 18.84 13.95
Estimated Slurry Volumes
Based on measured slurry density, I} 1.141 1.466 1.436 1.503 1.507 1.683 1.585 1.521 1.527
Calculated from GFCs/chemicals densities, L] 1.166 1.442 1.455 1.501 1.507 1.693 1.637 1.533 1.537
RPD between “measured” and “calculated”, % 2.2 -1.5 1.3 -0.1 0.0 0.6 33 0.8 0.7

“-” represents empty data field

RPD: relative percent difference, ([calculated] — [measured])/[measured]

(a) Given as g per | L waste simulant for GFC, sucrose, and spiking chemicals.

(b) For Envelop B2 feed, target value is given because measured data is not available.
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Appendix G-PERT Distribution

oxides in

For GFC composition (mgFC ), values outside of 0 and 1 are not physically meaningful. This precludes

the use of normal distribution for some GFC compositions which can yield a significant fraction of the
distribution outside of this range. As an example, silica sand has a most likely (or mean) SiO,
concentration of 0.997, minimum of 0.992, and maximum of 0.999 (Table A-4). The SD value was
estimated as 0.0015 as described in Piepel et al. (2005). Figure G-1 shows an example normal

oxides in
GFC

Si0, ,silica

distribution gives a symmetric distribution for skewed data.

distribution (for m ) that yields a fraction of the data greater than 1. In addition, the normal

oxides in
GFC

Si0, ,silica

Figure G-1. Example Normal Distribution for m
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Si02 mass fraction in silica sand

To address these concerns a PERT distribution was selected for use in the formulation algorithm. Figure
oxides in
G-2 shows an example PERT distribution for mggzc,sﬂica . PERT distribution was also applied to In(DF) to

calculate the retention factor (v, ).

The following description borrowed heavily from RiskAmp® software; exact quotes are italicized in this
section. The PERT distribution uses the minimum, most likely, maximum, and potentially a scale
parameter. Depending on the values provided, the PERT distribution can provide a close fit to the normal
or lognormal distributions. Like the triangular distribution, the PERT distribution emphasizes the "most
likely" value over the minimum and maximum estimates. However, unlike the triangular distribution the
PERT distribution constructs a smooth curve which places progressively more emphasis on values
around (near) the most likely value, in favor of values around the edges. Figure G-3 shows examples of
the PERT distribution with symmetric and asymmetric “most likely” or median values.
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oxides in
GFC

Si0, ,silica

Figure G-2. Example PERT Distribution for m
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Figure G-3. Examples of the PERT distribution

The PERT distribution is given by the following function:

B .(v,w)/ B(v,w) —>0<x<1
F(x)=9 = (G-1)
0 — otherwise
where
1 x
B(v,w)= jt” (1-1)""'dt and B (v,w) = jtv’l (1-2)""dt. (G-2)
0 0

The PERT distribution uses the mode or most likely parameter to generate the shape parameters v and w.
An additional scale parameter A scales the height of the distribution; the default value for this parameter
is 4.
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In the PERT distribution, the mean (W) is calculated

Xoin F X T AXiod
— min max mode G_3
# A+2 (©)

and used to calculate the v and w shape parameters

(/u_xmin )(2xm0de ~ Xmin _xmax) and w= V(xmax _'u)

G-4
(xmode - /u)(xmax - xmin ) lu - xmin ( )

V=

which are used, with the minimum and maximum scale parameters, to sample the beta
distribution. For more information and a more detailed analysis, see for example, Vose 2000.
The PERT distribution gives realistic responses that strongly favor the “expected value” and
smoothly vary to the range of measured values without exceeding the minimum or maximum. In
order to implement the PERT distribution the required values are the minimum, maximum, and
most likely value (or mode). The scaling factor (1) can be used to adjust the height to width of
the distribution, but, are not used in this report and will not be discussed in this context.
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