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Completeness of Testing

This report describes the results of work and testing specified by Test Specification
24590-WTP-TSP-RT-02-002, Test Exceptions 24590-WTP-TEF-RT-03-039, 24590-
WTP-TEF-RT-04-00017, and 24590-WTP-TEF-RT-04-00036, and Test Plan TP-
RPP-WTP-165, Rev. 1. The work and any associated testing followed the quality
assurance requirements outlined in the Test Specification and Test Plan. The
descriptions provided in this test report are an accurate account of both the conduct
of the work and the data collected. Test plan results are reported. Also reported are
any unusual or anomalous occurrences that are different from expected results. The
test results and this report have been reviewed and verified.
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Testing Summary

The immobilized high-level waste (IHLW) and immobilized low-activity waste (ILAW) vitrification
processes of the Waste Treatment Plant (WTP) will be subject to variation and several uncertainties. The
compositions and compliance properties (e.g., Product Consistency Test (PCT) for IHLW and ILAW,
Vapor Hydration Test (VHT) for ILAW, and waste loading for IHLW and ILAW) of the IHLW and
ILAW melts and products will be subject to variation because the compositions of waste feeds will vary
over time. In addition, the state of knowledge at any step of the IHLW or ILAW processes will be subject
to mixing, sampling, chemical analysis, volume measurement, blending, weighing, transfer, and other
uncertainties.

Several aspects of the WTP compliance strategies for IHLW and ILAW are statistically based. That
is, those compliance strategies account for variations and uncertainties in meeting requirements of the
specifications. This report documents the outcomes of the first of two phases of work at Battelle—Pacific
Northwest Division (PNWD) to develop statistical methods and results associated with the WTP’s
statistically based compliance strategies for IHLW and ILAW. Each statistical method (developed so far)
intended for use in demonstrating compliance during IHLW and ILAW production operations is
illustrated with a realistic example.

The statistical methods and investigations in this report were originally scoped to address the
compliance strategies as described in the WTP Rev. 0 Product Compliance Plans (PCPs) for [HLW
(Nelson 2003) and ILAW (Nelson et al. 2003). During the course of the work, the IHLW portion of the
work was rescoped to reflect (1) the WTP IHLW facility design change to eliminate the Concentrate
Receipt Vessel (CRV), and (2) corresponding changes to the IHLW compliance strategy. Guidance for
the rescoped work consisted of an overview of the revised compliance strategy prepared for a meeting,®
verbal instructions from WTP Waste Form Qualification (WFQ) staff, and later an early revision of what
would eventually become the Rev. 1 IHLW PCP. That revision still addressed the Waste Acceptance
Product Specifications (WAPS) requirements (DOE-EM 1996), rather than the Waste Acceptance System
Requirements Document (WASRD) requirements (DOE-RW 2002) that have since been mandated for
use in place of the WAPS.® The Rev. 1 PCPs for IHLW (Nelson et al. 2004) and ILAW (Westsik et al.
2004) were issued after the work in this report was completed and the report was substantially written.
Hence, this report addresses IHLW specifications in the WAPS (DOE-EM 1996) and the WTP contract
(DOE-ORP 2003), and ILAW specifications in the WTP contract. The second phase of the PNWD work
to develop statistical methods and results to implement the WTP IHLW and ILAW compliance strategies
will address the Rev. 1 PCPs and the specifications they address (including the WASRD for IHLW), as
well as any subsequent revisions in the IHLW and ILAW specifications and PCPs. These changes will be
reflected in a final version of this report currently scheduled to be issued in 2007.

(a) “IHLW Product Qualification and Control Compliance Strategy,” River Protection Project, Waste Treatment
Plant, May 5, 2004.

(b ) ORP memorandum from R.J. Schepens to J.P. Henschel, “Notification to Stop Using the Office of
Environmental Management High Level Waste Product Acceptance Specifications (1996) to Control Waste
Treatment and Immobilization Plant (WTP) Project Work Regarding the Immobilized High-Level Waste
(IHLW) Product,” 04-WED-019, dated May 18, 2004.
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The balance of this Testing Summary section provides an overview of the work performed relative to
objectives, success criteria, quality requirements, test conditions, and known discrepancies. Section 8 of
the report provides a more detailed summary of the methods developed and the results of the
investigations performed.

Objectives

The objectives from the Test Specification (Swanberg 2002) and the Test Plan (Piepel and Cooley
2003), as modified by the test exceptions described in Table S.2, are listed and discussed in Table S.1.

Test Exceptions

Three test exceptions are listed and described in Table S.2.

Results and Performance Against Success Criteria

The success criteria in the Test Plan (Piepel and Cooley 2003) and the performance against those
criteria are listed and discussed in Table S.3.

Quality Requirements

Application of RPP-WTP Quality Assurance Requirements

PNWD implemented the RPP-WTP quality requirements by performing work in accordance with the
PNWD Waste Treatment Plant Support Project (WTPSP) quality assurance project plan (QAPjP) (PNWD
2004a) approved by the RPP-WTP Quality Assurance (QA) organization. This work was performed to
the quality requirements of NQA-1-1989 Part I, Basic and Supplementary Requirements (ASME 1989),
NQA-2a-1990, Part 2.7 (ASME 1990), and DOE/RW-0333P, Rev. 13, Quality Assurance and
Requirements Description (QARD) (DOE-RW 2003) as appropriate per the Test Plan (Piepel and Cooley
2003). These quality requirements are implemented through PNWD’s Waste Treatment Plant Support
Project (WTPSP) Quality Assurance Requirements and Description Manual (PNWD 2004b).

For activities associated with HLW, the additional quality assurance requirements of the QARD
(DOE-RW 2003) were satisfied. A listing of the procedures implementing the QARD quality assurance
requirements is included in Attachment 1 of the Test Plan. A matrix that cross-references the NQA-1,
NQA-2a, and QARD requirements with the PNWD’s procedures for this work is given in Attachment 2
of the Test Plan (Piepel and Cooley 2003). The matrix includes justification for those requirements not
implemented.

Conduct of Experimental and Analytical Work

No physical experiments, testing, or analytical work were conducted as part of the effort documented
in this report. Only statistical method development, computer calculations, and statistical simulation
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“experiments” were performed, in accordance with the WTPSP procedure QA-RPP-WTP-1101 (Scientific
Investigations) and other applicable procedures. Computer calculations were performed in accordance
with WTPSP procedure QA-RPP-WTP-SCP (Software Control). The statistical methods developed and
mass-balance-based equations implemented in the statistical simulation software underwent Independent
Technical Reviews (ITRs) according to WTPSP procedure QA-RPP-WTP-604 (Independent Technical
Review). The simulation software and its applications also satisfied the requirements of WTPSP
procedure QA-RPP-WTP-SCP. Per this procedure, a software quality assurance package was prepared
and received required WTPSP reviews and approvals (including an ITR under WTPSP procedure QA-
RPP-WTP-604).

As stated in Test Specification 24590-WTP-TSP-RT-02-002, Rev. 0, Statistics for IHLW and ILAW
Waste Compliance (Swanberg 2002), BNI’s QAPjP (PL-24590-QA00001) is not applicable because the
work was not performed in support of environmental/regulatory testing, and the results will not be used
for such purposes.

Internal Data Verification and Validation

PNWD addressed internal verification and validation activities by conducting ITRs of the software
quality assurance package and the final report in accordance with PNWD’s procedure QA-RPP-WTP-
604. These reviews verify that the reported results are traceable, that inferences and conclusions are
soundly based, and the reported work satisfies the Test Plan (Piepel and Cooley 2003) objectives. The
QA-RPP-WTP-604 review procedure is part of PNWD’s WTPSP Quality Assurance Requirements and
Description Manual (PNWD 2004b).

R&T Test Conditions

The test conditions applicable to this work from the Test Specification (Swanberg 2002), and clarified
in the Test Plan (Piepel and Cooley 2003), are listed and discussed in Table S.4. The results
corresponding to the test conditions are also summarized in Table S.4. More detailed summaries of the
statistical compliance methods developed and investigation results obtained are presented in Section 8.1
for IHLW and Section 8.2 for ILAW.

Of particular interest are results on the numbers of samples required in the [HLW MFPV and the
ILAW CRYV to (1) meet possible goals for uncertainties in estimating IHLW and ILAW compositions for
each MFPV batch, and (2) satisfy specifications that set limits on compliance quantities. The current
WTP baseline is to take 8 samples per IHLW MFPV batch with 1 analysis per sample, and 3 samples per
ILAW CRYV batch with 1 analysis per sample. The results in this report provide for the following
assessments of the baseline numbers of samples and analyses per sample.

Performance of WTP Baseline Numbers of Samples for Estimating Chemical and Radionuclide
Compositions

Table S.5 summarizes the uncertainty (percent relative half-widths of 90% confidence intervals) in
estimating the mass fraction of each reportable chemical composition and radionuclide composition
component, based on the WTP baseline numbers of samples. Results are shown for the cases where all
applicable uncertainties for each of IHLW and ILAW are at their low estimates, or all at their high



estimates. The total uncertainties in mass fractions of reportable chemical and radionuclide composition
components are in the ranges of < 5%, 5 to 10%, 10 to 15%, 15 to 20%, and > 20% depending on the
chemical or radionuclide composition component and whether uncertainties are at the low or high ends of
estimated ranges.

Ability to Comply with Limiting Specifications Using WTP Baseline Numbes of Samples

For IHLW, 8 samples per MFPV batch with 1 analysis per sample provides for easily meeting the
PCT B, Li, and Na release limits:

e for each MFPV batch. This was demonstrated with all uncertainties at their high estimated
values.

e over a collection of batches corresponding to an HLW waste type. Conservative estimates of the
uncertainties and variations for each of three HLW waste tanks (AY-102, AZ-102, and C-104)
were considered in the calculations.

For ILAW, 3 samples per CRV batch with 1 analysis per sample and 1 determination of each vessel
volume and using uncertainty estimates at their high estimated values provides the following results.

e Radionuclide concentration limits are easily met when considering each MFPV batch as well as
over a collection of batches corresponding to each of three LAW waste types: AP-101 (Envelope
A), AZ-101 (Envelope B), and AN-107 (Envelope C).

e VHT specification limits were also easily met for each MFPV batch and over each of the three
LAW waste types.

e PCT B and Na specification limits were easily met when considering each MFPV batch for each
of the three LAW tanks. Compliance over a waste type was also achieved for all LAW tanks
considered except one. Using highly conservative estimates for the uncertainties and variation
between batches and assuming a conservative 10 MFPV batches per LAW waste type of AP-101
resulted in the 95%/95% UTI for PCT normalized B release of 4.244 g/L being slightly higher
than the limit of 4 g/L.. Compliance can be obtained by having slightly lower uncertainties or
variation, increasing the number of MFPV batches per LAW waste type from 10, or increasing
the number of samples per ILAW CRYV batch from 3.

The final report will use updated estimates of uncertainties and variations affecting the IHLW and ILAW

processes to obtain the final recommendations of the numbers of samples, analyses, and volume
determinations.

Simulant Use

The work involved in this report was of a paper-study nature. No physical testing was performed, and
thus no simulants were used.
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Discrepancies and Follow-on Tests
As discussed previously, the work in this report was planned and conducted to address

e [HLW specifications in the WAPS (DOE-EM 1996) and WTP contract (DOE-ORP 2003)

e  WTP IHLW compliance strategies in the HLW PCP Rev. 0 (Nelson 2003) with modifications to
address the removal of the HLW CRV

o JLAW specifications in the WTP contract
e ILAW PCP Rev. 0 (Nelson et al. 2003)

The impacts of revisions to the WTP compliance strategies in the IHLW Rev. 1 PCP (Nelson et al. 2004)
to address the changes from IHLW WAPS to WASRD specifications, and the ILAW PCP Rev. 1
(Westsik et al. 2004) on the second phase of the PNWD compliance work will be determined in
conjunction with the WTP WFQ staff. The second phase of work will be rescoped as necessary. The
final version of this report, currently scheduled for release in 2007, will present the results from the
second phase of work conducted according to the IHLW specifications and WTP compliance strategies
applicable at the time of the work.
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Table S.1. Summary of Objectives

applicable variations and
uncertainties are needed to
determine the number of process
samples, analyses, and
measurements required to: (i)
control and report the IHLW and
ILAW chemical compositions,
radionuclide inventories, and their
associated uncertainties, and (ii)
demonstrate compliance with
specifications having limits.

Test Objective ﬁ::ii;;;e) Discussion of How Objective was Met
1. Statistical confidence interval Yes Statistical confidence interval methods based on Monte
methods are needed to demonstrate Carlo simulation for ILAW and variance propagation
with high confidence that each methods for IHLW have been developed to quantify the
batch of HLW or LAW melter feed combined uncertainty in chemical composition,
will meet the requirements of radionuclide composition, and product durability
applicable specifications after (compliance quantities, for short) of glass that would be
accounting for applicable produced from each MFPV batch in the IHLW and
uncertainties. ILAW processes. A Monte Carlo simulation approach
was required for ILAW because of the complicated
mathematical forms of mass-balance-based equations
for the compliance quantities.
The statistical confidence interval methods are discussed
in Sections 4 (IHLW) and 5 (ILAW). Results and
illustrations based on the methods are presented in
Sections 6 (IHLW) and 7 (ILAW). Tables 8.1 (IHLW)
and 8.5 (ILAW) summarize the subsections where
confidence interval methods for specific compliance
quantities are discussed and illustrated.
. Statistical analyses that account for Partially Calculations were performed varying the values of

various parameters: (1) numbers of samples, analyses
per sample, and other process measurements, and (2)
applicable within-MFPV-batch uncertainties. For each
combination of parameters: (i) a Monte Carlo simulation
was performed for ILAW, and (ii) error propagation
with standard statistical interval methods was performed
for IHLW, to determine the half-widths of the statistical
intervals for the compliance quantities. The results
provide preliminary input on how the numbers of
samples, analyses per sample, and measurements affect
the total uncertainties in compliance quantities for glass
that would result from a given MFPV batch. The
investigations are described in Sections 4 (IHLW) and 5
(ILAW). The results are presented in Sections 6
(IHLW) and 7 (ILAW). Tables 8.2 (IHLW) and 8.6
(ILAW) summarize the subsections where the
investigations for specific compliance quantities are
discussed and results are reported.

Work scheduled for the future will: (1) Address similar
needs for specifications scheduled to be investigated in
FYO05, and (2) provide final recommendations on the
numbers of samples, analyses per sample, and other
process measurements that will be used during IHLW
and ILAW production operations. The results will be
included in the final version of this report currently
scheduled for delivery to the WTP Project in 2007.
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Table S.1. Summary of Objectives (cont.)

. L. Objective . . s
Test Objective Met (Y/N) Discussion of How Objective was Met
3. Statistical tolerance interval methods Partially The report by Piepel and Cooley (2002) developed

are needed to control and report with
high confidence (X%) that a high
percentage (Y %) of the waste glass
produced from a specified quantity of
HLW or LAW feed, or for a specified
production period, meet limits for
leachability in the PCT (IHLW and
ILAW) and VHT (ILAW) tests, as
well as other applicable requirements
in WAPS or Contract specifications.
The number of process samples,
analyses, and measurements required
to meet or exceed the desired values
for X% and Y% must be determined.

and illustrated X%/Y % upper tolerance interval
(X%/Y % UTI) methods for the previous WTP IHLW
and ILAW compliance strategies that involved
sampling and analyzing at only a single point of the
process (i.e., MFPV for IHLW, and glass shards for
ILAW). That work also assessed the effects of: (1)
various numbers of samples and analyses per sample,
and (2) various magnitudes of batch-to-batch variation
and within-batch (mixing/sampling and analytical)
uncertainties.

The current WTP IHLW compliance strategy (of
sampling and analyzing IHLW MFPV samples) is the
same as addressed by Piepel and Cooley (2002), so
the work in that report has been used in Sections 4.3.5
and 6.3.3 of this report. This report also describes
how the X%/Y% UTI method in Piepel and Cooley
(2002) can be adapted to the current ILAW strategies
for compliance with radionuclide Class C limits
(Sections 5.3.3.1 and 7.3.3.1), PCT limits (Sections
5.4.5 and 7.4.3), and VHT limits (Sections 5.4.5 and
7.5.3).

Future work is planned to: (1) verify the confidence
(X%) and coverage (Y %) performance of the X%/Y%
UTI method, and (2) perform final calculations on
numbers of samples, analyses per sample, and other
process measurements in order to meet the Class C
radionuclide (ILAW), PCT (IHLW and ILAW), and
VHT (ILAW) requirements.

X




Table S.1. Summary of Objectives (cont.)

Test Objective D(/)[::i;t;‘l;e) Discussion of How Objective was Met
4. Methods are needed to properly Partially The equations for calculating means and SDs for most

calculate means and standard relevant IHLW and ILAW specifications are

deviations (SDs) of IHLW and ILAW presented in Section 4 (IHLW) and Section 5 (ILAW).

chemical compositions and These methods are illustrated using realistic data in

radionuclide inventories over the Sections 6 (IHLW) and 7 (ILAW). Tables 8.1

course of a waste type in order to . (IHLW) and 8.5 (ILAW) summarize the subsections

report these compositions and their . .

uncertainties in the production where 'the equat1qn§ for mee'lns and SDs tjor specific

records. The methods must account compliance quantities are discussed and illustrated.

for the possibility of unbalanced data

(e.g., different numbers of samples or Still to be addressed in FY05 are the development of

analyses per sample) and multiple formulas for means and SDs to the extent required for

sources of variation or uncertainty. WAPS 1.6 (IAEA Safeguards Reporting for IHLW)

Standard, simple formulas for and 3.14 (Concentration of Plutonium in Each

calculating means and SDs are not Canister). Such formulas are presented in this report

appropriate (i.e., can yield incorrect for the situation where every radionuclide is analyzed

results) when data are unbalanced or in every [HLW MFPV batch, but the WTP

have multiple sources of variation or .

uncertainty. con.lphanc.:e strat.egy has changed so that only a few
radionuclides will be analyzed for every MFPV batch.
Hence, formulas for calculating means and SDs
consistent with the revised compliance strategy must
be developed.

HLW = high-level waste; IAEA = International Atomic Energy Agency; IHLW = immobilized HLW; ILAW = immobilized
LAW; LAW = low-activity waste; MFPV = Melter Feed Preparation Vessel; PCT = Product Consistency Test; UTI = Upper
Tolerance Interval; VHT = Vapor Hydration Test; WAPS = Waste Acceptance Product Specifications; WTP = Waste
Treatment and Immobilization Plant.




Table S.2. Summary of Test Exceptions

Test Exception

Description and Discussion

24590-WTP-TEF-RT-03-039

The Test Specification (Swanberg 2002) includes as test conditions

requirements to develop statistical approaches to demonstrate compliance with

(1) hazardous waste requirements for IHLW (WAPS 1.5 and Contract
Specification 1.2.2.1.5) and for ILAW (Contract Specification 2.2.2.20)

(2) heat generation for [IHLW (WAPS 3.8.2)

(3) compressive strength requirements

The WTP Project determined that statistical compliance strategies were not

required for these needs. The associated scope in the Statistical Analysis task

of the WTPSP was deleted in BCR-BNI-62. The scope reduction is reflected

in Rev. 1 of the Test Plan (Piepel and Cooley 2003).

24590-WTP-TEF-RT-04-00017

This Test Exception expands the scope of the work in two areas, only the
second of which is relevant to this report.

The first area is for TSS B-61 (IHLW) and B-65 (ILAW) to include
quantifying variations and uncertainties in (1) IHLW viscosity, electrical
conductivity, and percent crystallinity temperatures, and (2) ILAW viscosity
and electrical conductivity. This expanded scope is not related to the focus of
the current report.

The second area is for TSS B-6069 (LAW) and B-6270 (IHLW) to include
application of the tools developed to assess the impact of process biases,
variations, and uncertainties on waste form product performance and
processing properties. No specific scope activities reflecting these scope
additions have yet been added to the baseline scope and schedule for the
Statistical Analysis Task. Hence, there is no impact of this Test Exception for
the present report.

24590-WTP-TEF-RT-04-00036

The Test Specification and Test Plan include as test conditions requirements to
develop statistical methods to demonstrate compliance with IHLW and ILAW
waste loading requirements. However, the WTP Project has revised its [HLW
and ILAW compliance strategies to no longer require statistically based
methods for waste loading compliance. Hence, the associated test conditions
in the test specification and test plan are no longer needed. The associated
scope in the Statistical Analysis task of the WTPSP was deleted in BCR-BNI-
127. The scope reduction is reflected in ICN-TP-RPP-WTP-165R1.1 for Rev.
1 of the Test Plan (Piepel and Cooley 2003).

BCR = Baseline Change Request; BNI = Bechtel National Inc.; ICN = interim change notice; IHLW = immobilized high-level
waste; ILAW = immobilized low-activity waste; WAPS = Waste Acceptance Product Specifications; WTP = Waste Treatment
and Immobilization Plant; WTPSP = Waste Treatment Plant Support Project.
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Table S.3. Summary of Success Criteria and Performance

Success Criterion Discussion of Performance on Success Criterion

1. Completing work in All work was completed in accordance with QA requirements.
accordance with QA
requirements as described in
Section 5 of the Test Plan
(Piepel and Cooley 2003)

2. Issuing interim or technical This initial report is the first of two required technical reports. It is
reports as described in envisioned that the subsequent final report will be a revised and completed
Section 7 of the Test Plan version of this initial report.

(Piepel and Cooley 2003)

3. Determination by the WTP This initial technical report has completed the internal PNWD review and
project (through review of revision cycle as well as the WTP Project review and revision cycle. This

technical reports/ initial technical report has been cleared by the WTP Project for project use.
deliverables) that the
statistical techniques and
tools described in Tables A
and B of the Test Plan (Piepel
and Cooley 2003) are
satisfactory and appropriate
for demonstrating compliance
with WAPS and contract
specifications.

QA = Quality assurance; PNWD = Battelle — Pacific Northwest Division; WAPS = Waste Acceptance Product Specifications;
WTP = Waste Treatment and Immobilization Plant.
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Table S.4. Summary of R&T Test Conditions

R&T Test Condition

Discussion of Whether the Test Condition was Followed
and Any Deviations if Necessary

Determine the numbers of samples, analyses
per sample, and measurements required for
controlling (each batch) and reporting (for a
waste type or other production period)
IHLW and ILAW chemical composition per
the associated IHLW PCP and ILAW PCP
compliance strategies.

The methods developed to determine the numbers of samples
per IHLW MFPV batch and chemical analyses per MFPV
sample required to estimate IHLW chemical composition for
each MFPV batch are presented in Section 4.1.3. The results
of applying the methods are presented in Section 6.1.1.

The methods developed to determine the numbers of samples
per LAW CRYV batch, chemical analyses per CRV sample,
and volume determinations per CRV and MFPV batch
required to estimate ILAW chemical composition for each
MFPYV batch are presented in Section 5.1.3. The results of
applying the methods are presented in Section 7.1.1.

The only deviations from the test conditions were that it was
not necessary to determine the number of IHLW MFPV and
LAW CRYV batches to be sampled and analyzed relative to
reporting for a waste type because the WTP compliance
strategies for IHLW and ILAW specify sampling and
analyzing every batch for chemical composition. Also, note
that the calculations for the numbers of samples, analyses, etc.
are preliminary and will be updated in the final version of this
report scheduled for 2007.

Develop methods for properly calculating
the IHLW or ILAW chemical composition
means and SDs over an HLW or LAW
waste type (or other production period) to
report in the IHLW or ILAW Production
Records.

No deviations were necessary. The equations for calculating
means, SDs, and percent relative standard deviations
(%RSDs) for (1) IHLW are given in Section 4.1.4 and
illustrated in Section 6.1.2, and (2) ILAW are given in Section
5.1.4 and illustrated in Section 7.1.2. These equations
account for batch-to-batch variation as well as all within-
batch sources of uncertainty.

Quantify HLW and LAW glass composition
reporting uncertainties for inclusion in the
IHLW Product Qualification Report (PQR)
and ILAW PQR.

No deviations were necessary. Equations for calculating SDs
and %RSDs were developed and illustrated as described in
the previous item. The illustrations used simulated data based
on outputs of the WTP Project’s G2 dynamic simulation
flowsheet for one HLW glass (AY-102/C-106) and one LAW

Note: The Test Specification and Test Plan refer
to the IHLW Waste Form Qualification Report
(WQR) and ILAW Qualification Document
(QD), but IHLW PQR and ILAW PQR are the
current terms for these documents.

glass (AP-101). Calculations for glass from two additional
HLW tanks and LAW tanks will be included in a forthcoming
report under scope B-61 and B-65 to specifically address
variation in various compliance quantities (including glass
composition) over an HLW or LAW waste type.

4. Develop statistical methods to demonstrate
compliance with HLW and LAW waste
loading requirements.

Work scope deleted per Test Exception 24590-WTP-TEF-RT-
04-00036 and ICN-TP-RPP-WTP-165R1.1.
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Table S.4. Summary of R&T Test Conditions (cont.)

R&T Test Condition

Discussion of Whether the Test Condition was Followed
and Any Deviations if Necessary

Determine the numbers of samples, analyses
per sample, and measurements required for
controlling (each batch) and reporting (for a
waste type or other production period)
IHLW and ILAW radionuclide inventories
per the associated IHLW PCP and ILAW
PCP compliance strategies.

The methods developed to determine the numbers of samples
per IHLW MFPV batch and radiochemical analyses per
MFPV sample required to estimate IHLW radionuclide
composition for each MFPV batch are presented in Section
4.2.3. The results of applying the methods are presented in
Section 6.2.1.

The methods developed to determine the numbers of samples
per LAW CRYV batch, radiochemical analyses per CRV
sample, and volume determinations per CRV and MFPV
batch required to estimate ILAW radionuclide composition
for each MFPV batch are presented in Section 5.2.3. The
results of applying the methods are presented in Section 7.2.1.

As noted in Item 1, one deviation from the test conditions was
that it was not necessary to determine the number of IHLW
MFPV and LAW CRYV batches to be sampled and analyzed
relative to reporting for a waste type. This is because the
WTP compliance strategies for IHLW and ILAW specify (1)
sampling every IHLW MFPV batch, analyzing selected
radionuclides in every batch, and the remaining reportable
radionuclides only in the first MFPV batch of an HLW waste
type, and (2) sampling every CRV batch and analyzing for
every reportable radionuclide in every batch.

Also, it was possible to address radionuclide composition
rather than radionuclide inventory, because inventory
calculations require the mass of glass per IHLW canister and
ILAW container, which will be determined for every
canister/container.

Develop methods for properly calculating
means and SDs to represent the variations
and uncertainties in IHLW or ILAW
radionuclide inventories over an HLW or
LAW waste type (or other production
period) to report in the IHLW or ILAW
Production Records.

No deviations were necessary for ILAW radionuclides, where
the equations for calculating means, SDs, and %RSDs are
given in Section 5.2.4 and illustrated in Section 7.2.2.

For IHLW radionuclides analyzed in every MFPV batch,
equations for calculating means, SDs, and %RSDs are given
in Section 4.2.4 and illustrated in Section 6.2.2. For
radionuclides that will only be analyzed in the first MFPV
batch corresponding to an HLW waste type, methods will be
developed in the future (and documented in the final version
of this report) after the details of the WTP compliance
strategy are determined.

These equations developed account for batch-to-batch
variation as well as all within-batch sources of uncertainty.
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Table S.4. Summary of R&T Test Conditions (cont.)

R&T Test Condition

Discussion of Whether the Test Condition was Followed
and Any Deviations if Necessary

Develop statistical interval methods to
demonstrate compliance with radionuclide
concentration limits for each batch (process
control) and for a waste type or other
specified period of production (reporting).

This test condition applies only to ILAW, and there were no
deviations. CL% empirical upper confidence interval (CL%
EUCI) methods for each MFPV batch are described in
Section 5.3.3.2 and illustrated in Section 7.3.3.2. X%/Y%
UTI methods for demonstrating compliance over an LAW
waste type or other period of production are described in
Section 5.3.3.1 and illustrated in Section 7.3.3.1.

Develop statistical interval methods for
process control (each batch) and reporting
(over a waste type or other production
period) aspects of the PCT compliance
strategies (for IHLW and ILAW) and of the
VHT compliance strategy (for ILAW).

There were no deviations.

CL% upper combined confidence interval (CL% UCCI)
methods are described and illustrated respectively for (1)
IHLW PCT in Sections 4.3.3.2 and 6.3.1, (2) ILAW PCT in
Sections 5.4.3.2 and 7.4.1, and (3) ILAW VHT in Sections
5.4.3.2and 7.5.1.

X%/Y% UTI methods are described and illustrated
respectively for (1) IHLW PCT in Sections 4.3.5 and 6.3.3,
(2) ILAW PCT in Sections 5.4.5 and 7.4.3, and (3) ILAW
VHT in Sections 5.4.5 and 7.5.3.

Determine the sample sizes (numbers of
sampling events over a waste type, samples
per sampling period, and analyses per
sample) required to demonstrate PCT
(IHLW and ILAW) or VHT (ILAW)
compliance with requirements for:

(i) Each IHLW or ILAW batch, using X%
confidence interval (CI) methodology. An
X% CI provides X% confidence that the
mean of a distribution is less than the CI
value.

(i1) IHLW or ILAW produced from a
waste type (or other production period)
using the X%/Y % upper tolerance interval
(UTI) methodology. An X%/Y% UTI
provides X% confidence that at least Y% of
a distribution is less than the UTI value.

The only deviation is that it was not necessary to determine
the number of sampling events over a waste type (i.e., the
number of [HLW MFPV batches or the number of LAW CRV
batches) because the WTP compliance strategies call for
sampling every batch.

The investigations to determine the numbers of samples per
IHLW MFPV batch and chemical analyses per MFPV sample
required to demonstrate PCT compliance for (1) each MFPV
batch are described in Section 4.3.4 and the results presented
in Section 6.3.2, and (3) each HLW waste type are described
in Section 4.3.6 and the results presented in Section 6.3.4.

The investigations to determine the numbers of samples per
LAW CRYV batch, chemical analyses per CRV sample, and
volume determinations per CRV and MFPV batch required to
demonstrate PCT and VHT compliance for (1) each MFPV
batch are described in Section 5.4.4 and the results presented
for PCT in Section 7.4.2 and for VHT in Section 7.5.2, and
(3) each LAW waste type are described in Section 5.4.6 and
the results presented for PCT in Section 7.4.4 and for VHT in
Section 7.5.4.
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Table S.4. Summary of R&T Test Conditions (cont.)

R&T Test Condition

Discussion of Whether the Test Condition was Followed
and Any Deviations if Necessary

10. Develop statistical methods to implement

the WAPS 1.6 compliance strategy activities
for U and Pu described in the IHLW PCP.
This work will: (i) develop methods to
account for variations in per-canister
inventories and fill heights, and (ii) quantify
variations and uncertainties in determining
U and Pu inventories and concentrations per
canister.

This work was not scheduled to be included in this initial
compliance report, but some of the work was completed early
and was included. The balance of the work will be completed
in FY 2005 and documented in the final version of this report
scheduled in 2007.

The portion of the work that was completed is discussed in
Sections 4.6.3, 4.6.4, and 4.6.5.

11.

Develop statistical methods to demonstrate
compliance with the WAPS 3.14 Pu
concentration limit after accounting for
variations and uncertainties, as described in
the IHLW PCP.

This work was not scheduled to be included in this initial
compliance report, but some of the work was completed early
and was included. The balance of the work will be completed
in FY 2005 and documented in the final version of this report
scheduled in 2007.

The portion of the work that was completed is discussed in
Sections 4.8.3.

CL = confidence level; CI = confidence interval; CRV = Concentrate Receipt Vessel; EUCI = empirical upper confidence
interval; HLW = high-level waste; ICN = interim change notice; IHLW = immobilized HLW; ILAW = immobilized LAW;
LAW = low-activity waste; MFPV = Melter Feed Preparation Vessel; PCP = Product Compliance Plan; PCT = Product
Consistency Test; %RSD = percent relative standard deviation; PQR = Product Qualifcation Report; QD = qualification
document; UTI = Upper Tolerance Interval; VHT = Vapor Hydration Test; WAPS = Waste Acceptance Product
Specifications; WQR = Waste Form Qualification Report; WTP = Waste Treatment and Immobilization Plant.
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Table S.5. Uncertainty Ranges (%RHWs of 90% Confidence Intervals) for Each Reportable
Chemical and Radionuclide Composition Component Given the WTP Baseline Number
of Samples (Assuming One Analysis) and Uncertainty in All Other Factors (Low or
High) Across Three Tanks Each of HLW and LAW

Chemical or “Low” Uncertainties “High” Uncertainties
Radionuclide

Composition | 3ILAWCRV | $IHLWMFPV | 3ILAWCRV | § IHLW MFPV
Component Samples® Samples® Samples® Samples®
ALO; R® <59 R <5% R < 5% 10% <R < 15%
B,0; R <5% R <5% R < 5% 10% <R < 15%
CaO R <5% 5% <R <10% R <5% R >20%
CdO -© R >20% - R >20%

Cl R < 5% - 5% <R < 10% -
Cr,0; - 5% <R <10% - 15% < R < 20%
F 5% <R <10% - 15% <R <20% -

Fe,0; R <5% R <5% R <5% 10% <R < 15%
K,O 5% <R < 10% - 15% < R < 20% -

Li,O 5% <R < 10% 5% <R <10% 15% <R <20% | 10%<R<15%
MgO R <5% R >20% R <5% R >20%
MnO - R <5% - 10% <R < 15%
Na,O R <5% R < 5% 5% <R < 10% 5% <R <10%
NiO - 5% <R < 10% - 15% < R < 20%
P,0s R < 5% 5% <R < 10% 5% <R<10% | 15% <R <20%
PdO - 15% <R <20% - R >20%
Rh,0; - 15% <R <20% - R >20%
RuO, - R >20% - R >20%
SO; R < 5% R >20% 5% <R < 10% R >20%
Sb,0; - 15% <R <20% - R >20%
SeO, - R >20% - R >20%
SiO, R <5% R <5% R <5% 10% <R < 15%
SrO - R < 5% - 10% <R < 15%
ThO, - R <5% - 10% <R < 15%
TiO, R < 5% - R < 5% -

U304 - 10% <R < 15% - 15% < R < 20%
ZnO R < 5% R < 5% R < 5% 15% < R < 20%
ZrO, R <5% R < 5% R < 5% 10% <R < 15%
TAm,0 5% <R<10% | 15%<R<20% | 15%<R<20% R >20%
2Cm,0, - R > 20% - R >20%
W24 Cm,0 10% <R < 15% R >20% R >20% R >20%
9Co0 5% <R<10% | 15%<R<20% | 15%<R<20% R >20%
34¢s,0 - R >20% - R > 20%
B7Cs,0 10% <R < 15% R < 5% 15% <R <20% | 5%<R<10%
SEu,0; 10% <R <15% | 10%<R<15% R >20% R >20%
Eu,0 5% <R <10% 5% <R <10% 15% <R <20% | 10%<R<15%
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Table S.5. Uncertainty Ranges (Y%oRHWs of 90% Confidence Intervals) for Each Reportable
Chemical and Radionuclide Composition Component Given the WTP Baseline Number
of Samples (Assuming One Analysis) and Uncertainty in All Other Factors (Low or
High) Across Three Tanks Each of HLW and LAW (cont.)

Chemical or “Low” Uncertainties “High” Uncertainties
Radionuclide

Composition | 3ILAWCRV | $IHLWMFPV | 3ILAWCRV | § IHLW MFPV
Component Samples® Samples® Samples® Samples®
SNiO 10% <R < 15% - R >20% -

3 NpO, 5% <R<10% | 15%<R<20% | 10%<R<15% R >20%
38pu0, 5% <R<10% | 15%<R<20% | 15%<R<20% R >20%
Pu0, 10% <R<15% | 5% <R<10% R >20% 10% <R < 15%
#py0, 10% <R <15% | 15%<R <20% R >20% R >20%
1258h,04 5% <R<10% | 15%<R<20% | 10%<R<15% R > 20%
SrO 10% <R<15% | 10%<R<15% R >20% R >20%
*Tc,0, 5% <R <10% 5% <R <10% 10% <R <15% | 10% <R <15%
330,04 - 5% <R <10% - 10% <R < 15%
540,04 - R >20% - R > 20%
330,04 - 10% <R < 15% - R >20%
238U,04 - R >20% - R >20%
38U,04 - 10% <R < 15% - R >20%

(a) The %RHW ranges listed correspond to the results for the largest necessary number of samples across
the three HLW or LAW tanks being equal to the specific WTP baseline value for IHLW or ILAW.

(b) R represents the %RHW.

(c) A dash (-) indicates that the particular oxide or radionuclide was not reportable for IHLW or ILAW.
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Acronyms, Terms, and Abbreviations

ASME
ASTM

GFC
iy

BCR

BNI

h
bkk

h
bkl

bh

CHEM

h
CHVV[,CL% uci

Chemical composition

analysis of variance

specific activity of the ;™ analyte, which is a radionuclide (Ci/g)
specific activity of the g™ radionuclide (Ci/g)

American Society of Mechanical Engineers

American Society for Testing and Materials
mass of the ™ GFC added to the i MFPV batch (g)

baseline change request

Bechtel National, Inc.

coefficient of a linear mixture model term for the £™ normalized component

of (1) IHLW in the model for PCT normalized release of # = B, Li, or Na or
(2) ILAW in the model for VHT alteration depth or PCT normalized release
of /=B or Na

coefficient of a squared mixture model term in a PQM model, corresponding

to the &™ normalized component of ILAW in the model for VHT alteration
depth or PCT normalized release of 2 =B or Na

coefficient of a crossproduct mixture model term in a PQM model,

corresponding to the ™ normalized component of ILAW in the model for
VHT alteration depth or PCT normalized release of # =B or Na

p x 1 column vector of the coefficients for a property-composition model on
the property denoted by 4

set of chemical composition components in [HLW

composition uncertainty half-width for a CL% upper confidence interval

(CL% UCI) on property & of glass corresponding to the /™ MFPV batch
[In(g/L) for IHLW and ILAW PCT, and In(um) for ILAW VHT]

The composition of IHLW or ILAW that can be determined by chemical
analyses, not including radiochemical analyses. Chemical composition is
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Ci
Cl
CL%

CL% C1

CL% EUCI

CL% LCI
CL% Multiplier

CL% SUCI

CL% UCI

CL% UCCI

CL% UCCI (yf)

MFPV
C..

expressed as weight percents or mass fractions of oxide or halogen
components of the IHLW or ILAW.

Curies
confidence interval (see CL% CI for definition)
confidence level (in percent)

CL% confidence interval—An interval that includes the true mean value of a
quantity with CL% confidence.

CL% empirical upper confidence interval

CL% lower confidence interval—A one-sided lower confidence interval that
includes the true mean value of a quantity with CL% confidence.

statistical distribution percentile value appropriate to provide CL%
confidence that the CL% CI contains the true mean compliance quantity

CL% simultaneous upper confidence interval—One of several upper
confidence intervals on the true mean values of predictions made by a glass
property-composition model for a set of glass compositions. All of the upper
confidence intervals for the set of glass compositions simultaneously include
the true mean property values for the glasses with CL% joint confidence after
accounting for model uncertainty.

CL% upper confidence interval—A one-sided upper confidence interval that
includes the true mean value of a quantity with CL% confidence.

CL% upper combined confidence interval—A one-sided upper confidence
interval for predictions made by a glass property-composition model, which
is formed by combining separate CL% upper confidence intervals that
account for glass-composition uncertainty and model uncertainty. The
interval includes the true, mean property value for a given glass composition
with CL% confidence after accounting for glass-composition and model
uncertainties.

PCT h ) for the i

CL% UCCI for the true, unknown mean value of y/ =ln(r,-
MFPYV batch [In(g/L)]

analyzed concentration of analyte j in the /" THLW MFPV batch (pg/mL =
mg/L)
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MFPV
iq

CRV
iq

CRV
ijlm

MFPV
ijlm

— MFPV
iq

—CRV
iq

— MFPV
Clkg

— Canister
d,Pu

MFPV
Ci,Pu

. . MFPV MFPV
average concentration of the j™ analyte over n y analyses each of 7

samples from the i IHLW MFPV batch (ug/mL = mg/L)

concentration of the /™ element in the LAW CRV batch, a portion of which is
transferred to the /" MFPV batch (ug/mL = mg/L)

mass-per-volume concentration of the ¢ radionuclide in the /" IHLW MFPV

batch (ug/mL = mg/L)

mass-per-volume concentration of the ¢™ radionuclide in the LAW CRV

batch contributing to the i MFPV batch (ug/mL = mg/L)

analyzed concentration of the /™ analyte from the m™ analysis of the /™

sample from the CRV batch contributing to the /" ILAW MFPV batch
(ng/mL = mg/L)

analyzed concentration of the /™ analyte from the m™ analysis of the /™

sample from the i IHLW MFPV batch (ug/mL = mg/L)

mean mass-per-volume concentration of the ¢™ radionuclide in the /" IHLW

MFPYV batch (ug/mL = mg/L)

mass-per-volume concentration of the g™ radionuclide in the LAW CRV

batch contributing to the i MFPV batch, based on averages over multiple
samples, analyses per sample, and volume determinations (pug/mL = mg/L)

mass-per-volume concentration of the ¢™ isotope of k = U or Pu in the first

IHLW MFPV batch of an HLW waste type, based on averages over multiple
samples, analyses per sample, and volume determinations for each MFPV

batch (ug/mL = mg/L)

mass-per-volume concentration of Pu isotopes in glass from the D IHLW

canisters corresponding to the / IHLW MFPYV batches for a given HLW
waste type, based on averages over multiple samples, analyses per sample,
and volume determinations for each MFPV batch (g/m’)

mass-per-volume concentration of Pu isotopes in glass that would be made
from the i IHLW MFPV batch from a given HLW waste type (g/m’)
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— MFPV
i,Pu

= Canister
D,Pu

CRV

CSV

VHT
D

df

af;

df

dfz

DL

DOE
DOE-EM
DOE-ORP
DOE-RW

DQO

mean mass-per-volume concentration of Pu isotopes in glass that would be

made from the /" IHLW MFPV batch from a given HLW waste type, based
on averages over multiple samples, analyses per sample, volume
determinations, and density determinations per MFPV batch (g/m’)

mean mass-per-volume concentration of Pu isotopes in glass from the
D THLW canisters corresponding to the / IHLW MFPV batches for a given

HLW waste type, based on averages over multiple samples, analyses per
sample, and volume determinations for each MFPV batch (g/m’)
Concentrate Receipt Vessel

Concentrate Storage Vessel

number of IHLW canisters or ILAW containers associated with the / MFPV
batches corresponding to an HLW or LAW waste type

alteration depth on a test coupon from running the VHT (um)

non-centrality parameter for the non-central t-distribution used in calculating
the & multiplier for an X%/Y% UTI

degrees of freedom

degrees of freedom for the / MFPV batches associated with an LAW waste
type

degrees-of-freedom associated with a property-composition model. When p
coefficients in the model are estimated from » data points, df,, = n —p.

degrees-of-freedom associated with the estimate o , which is used in
calculating X%/Y% UTIs

detection limit

U.S. Department of Energy

U.S. DOE-Environmental Management

U.S. DOE-Office of River Protection

U.S. DOE-Office of Civilian Radioactive Waste Management

data quality objectives
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DWPF
EA

ECI

fP)

F_,(p.n-p)

GFC

G2

g/L
g/mL
g/m
g/m

MFPV
&8

MFPV
giq

MFPV
ijlm

—MFPV
&ij

Defense Waste Processing Facility
environmental assessment
empirical confidence interval

factor for converting the concentration of analyte j to the concentration of
OXide (goxide/ ganalyte)

function (i.e., mathematical transformation) of a glass property P

100(1 — a) percentile of an F-distribution with p numerator degrees of

freedom and n — p denominator degrees of freedom, where # is the number of
data points used to fit the model and p is the number of model parameters
estimated from the data

glass former chemical

WTP Dynamic Flowsheet Model based on G2™ software

grams

grams per liter

grams per milliliter

grams per square meter

grams per cubic meter

mass fraction of the /™ glass oxide®™ component in the i IHLW or ILAW
MFPYV batch (goxide/goxides)

mass fraction of the ¢" radionuclide oxide in the /" IHLW or ILAW MFPV
batch (Zoxide/Stass)

mass fraction of the /™ glass-oxide component corresponding to the m™

analysis of the /™ sample from the i IHLW MFPV batch (oxide/Soxides)

mean mass fraction of the /™ component (chemical composition or

radionuclide composition) in IHLW or ILAW that would be made from the

(a) A few glass components (e.g., F and Cl) are not expressed as oxides. However, for simplicity in the
presentation, the term oxides will be used to differentiate from situations where elements are the focus.
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—MFPV
giq

~MFPV
&ij

S MFPV

—MFPV
g

=MFPV

i THLW or ILAW MFPV batch. For [HLW, the mean mass fraction of the
/™ component is an average of mass fractions from multiple samples per
MFPV batch and at least one chemical analysis per MFPV sample. For
ILAW, the “mean” mass fraction is based on separate averages of (1)
multiple samples per CRV batch and one or more chemical analyses per
CRYV sample and (2) multiple volume determinations per CRV and MFPV
volume if more than one determination per volume is made. (Zoxide/Zoxides)

mean mass fraction of the ¢" radionuclide composition component in IHLW

or ILAW that would be made from the /" IHLW or ILAW MFPV batch. For
IHLW, the mean mass fraction of the ¢ radionuclide component is an
average of mass fractions from multiple samples per MFPV batch and at
least one radiochemical analysis per MFPV sample. For ILAW, the “mean”
mass fraction is based on separate averages of (1) multiple samples per CRV
batch and one or more radiochemical analyses per CRV sample and (2)
multiple volume determinations per CRV and MFPV volume if more than
one determination per volume is made. (goxige/Eoxides)

. . . . MFPV
average mass fraction of the j™ glass oxide component resulting from 7 4

MFPV

analyses of each of 7 samples from the i IHLW MFPV batch

(goxide/ goxides)

mean (mass-weighted-average) mass fraction of the ;" IHLW or ILAW

chemical composition or radionuclide composition component over / MFPV
batches. The mass fraction for each IHLW or ILAW MFPV batch is given

by §§4F PV and a weighted average of these values is calculated using the

mass of [HLW or ILAW that would be produced from the MFPV batch.
(goxide/ goxides)

mean (mass-weighted-average) mass fraction of the g™ radionuclide oxide

over / IHLW or ILAW MFPV batches. This notation only applies when
there is one sample, one analysis per sample, one determination of each
volume, etc. (Zoxide/Goxides)

mean (mass-weighted-average) mass fraction of the g™ IHLW or ILAW
radionuclide component over / MFPV batches. The mass fraction for each
IHLW or ILAW MFPV batch is given by §£]4F PV and a weighted average of

these values is calculated using the mass of IHLW or ILAW that would be
produced from the MFPV batch. (goxide/ Soxides)
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GFC

HBV
HLW

H Canister
i,max

IAEA

ICN

IHLW
IHLW PCP
ILAW

ILAW PCP

i,

ITR

k(X, Y)

mass of the /™ glass oxide component per mass of the £ GFC for the i™
IHLW MFPV batch (goxidge /Ecrc x)

HLW Feed Blend Vessel

high level waste

maximum heat per canister if 100% filled with glass that would be made
from the i IHLW MFPV batch (W)

number of IHLW MFPV batches corresponding to an HLW waste type or
ILAW MFPYV batches corresponding to an LAW waste type or other period
of production

International Atomic Energy Agency

interim change notice

immobilized high level waste

IHLW Product Compliance Plan

immobilized low activity waste

ILAW Product Compliance Plan

mean isotopic ratio by mass of the g™ isotope of k = U or Pu, based on

averages over multiple samples, analyses per sample, and volume
determinations for each MFPV batch (gisotope/Zradionuctide)

independent technical review
number of IHLW or ILAW chemical and radionuclide composition
components (oxides and halogens) estimated for the IHLW or ILAW

composition corresponding to each MFPV batch

constant used in calculating an X%/Y % UTI that is implicitly a function of
X, Y, degrees of freedom associated with & , and other parameters

liters

limiting activity-per-mass concentration for the ™ group of radionuclides, as
specified in 10 CFR 61.55 (nCi/g)
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LAW
LCI

LDR

MFPV Heel

CRV to MFPV
i

MFPV
iq

— MFPV
mi;

— MFPV

limiting activity-per-volume concentration for the ¢ radionuclide as

specified in 10 CFR 61.55 (Ci/m®)

low activity waste

lower confidence interval (see CL% LCI for definition)
Land Disposal Restrictions

lower tolerance interval

mass of the /" glass oxide component in GFCs for the i ILAW MFPV
batch (g)

mass of the /™ glass oxide component in the i THLW or ILAW MFPV
batch (g)

mass of the /" glass oxide component in the MFPV Heel included in the
"™ ILAW MFPV batch (g)

mass of the /" glass oxide component in the portion of an LAW CRV batch
transferred to the /" ILAW MFPV batch (g)

mass of the ¢ radionuclide oxide from the i IHLW or ILAW MFPV
batch (g)

mean mass of the /" ITHLW component for the i IHLW MFPV batch

MFPV

MFPV
averaged over 7

samples per MFPV batch, n analyses per sample,

and nﬁ” PV yolume determinations per IHLW MFPV batch (goxide)

th . . . . .
mean mass of the ¢ oxide (non-radionuclides as well as radionuclides) from

the i IHLW MFPV batch, based on averages over multiple samples,
analyses per sample, and volume determinations for each IHLW MFPV
batch (goxide)

total mass of all glass oxide components in GFCs for the
™ ILAW MFPV batch (Zoxides)
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MiMFPV

MiMFPV Heel

RV to MFPV
MR

MS
MF

Canister

Container
m

m ganister

— Container
m

— Canister
me

— Container
me

— Canister
d,Nk

— Canister
Mp Nk

total mass of the i glass oxide component in the IHLW or ILAW MFPV
(goxide)

total mass of all glass oxide components in the ILAW MFPV Heel
included in the i ILAW MFPV batch (oxides)

total mass of all glass oxide components in the portion of the LAW
CRV batch transferred to the i ILAW MFPV batch (Zoxides)

mean squares estimate obtained from an analysis-of-variance table

mass fraction (Zoxide/Zoxides)

mass of glass in the " THLW canister associated with an HLW waste

type (Zglass)

mass of glass in the @ ILAW container associated with an LAW waste

type (gglaSS)

mean mass of glass in the D IHLW canisters associated with an HLW waste

type (Zglass)

mean mass of glass in the D ILAW containers associated with an LAW waste

type or other period of production (ggjass)

mean mass of the g™ radionuclide oxide over the D IHLW canisters

associated with the / IHLW MFPYV batches corresponding to an HLW waste
type (Zoxide)

mean mass of the ¢" radionuclide oxide over the D ILAW containers

associated with the / MFPV batches corresponding to an LAW waste type
(goxide)

mass in the ¢ ITHLW canister of radionuclide & for the set N; of isotopes of k

= U or Pu, based on averages over multiple samples, analyses per sample,
and volume determinations for each IHLW MFPYV batch (g dionuclide)

mean mass of radionuclide & for the set N, of isotopes of £ = U or Pu over the
D IHLW canisters associated with the / IHLW MFPV batches comprising an
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Canister
i,max

h
MHVVI‘,CL% suct

Mixing/sampling
uncertainty

MFPV
MFV
mg/L

MT
oxide
MW
MW analyte
J

i

NQA

FZSRV

HLW waste type, based on averages over multiple samples, analyses per
sample, and volume determinations for each IHLW MFPV batch (gdionuclide)

maximum mass of glass per canister if 100% filled with glass that would be
made from the /™ IHLW MFPV batch (Zglass)

model uncertainty half-width for a CL% simultaneous upper confidence

interval (CL% SUCI) on property 4 for glass corresponding to the i MFPV
batch [In(g/L) for IHLW and ILAW PCT, and In(um) for ILAW VHT]

Samples from the IHLW MFPV and ILAW CRYV will be subject to
uncertainties from random inhomogeneity related to the inability to perfectly
mix the vessel contents as well as random uncertainties in the sampling
system. Multiple samples taken from an IHLW MFPV or an ILAW CRV
will be subject to both mixing and sampling uncertainties, and it is not
possible to separately estimate these two sources of uncertainty from data on
multiple samples. Hence, the combined uncertainties are referred to as
mixing/sampling uncertainty.

Melter Feed Preparation Vessel (in the WTP IHLW or ILAW facility)
Melter Feed Vessel (in the WTP IHLW or ILAW facility)

milligrams per liter

metric tonne

molecular weight of oxide j (g/mole)

molecular weights of analyte j (g/mole)

estimate of the population mean that is calculated by forming the average
model-predicted In(PCT release) or In(VHT alteration depth) for each IHLW
or ILAW MFPV batch and averaging them across all MFPV batches
corresponding to an HLW (or LAW, as appropriate) waste type [In(g/L) for
PCT, In(um) for VHT)]

the number of radionuclides contributing to heat generation

nuclear quality assurance

number of analyses per LAW CRV sample
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ngRV

ngRV

MFP
ny 4

CRV;
n 4

MFPV;
ny

ngiFPV

CRY,
ng

Nk
Ny

ORP

PCP

number of samples per LAW CRV batch

number of volume determinations of the LAW CRYV before and after

transfers

number of chemical analyses per [IHLW MFPV sample

number of chemical analyses of the ™ sample from the LAW CRYV batch, a
portion of which is used in making the i ILAW MFPV batch

number of chemical analyses made of the /™ sample from the /" IHLW
MFPV batch

number of samples per IHLW MFPV batch

number of samples from the LAW CRYV batch, a portion of which is used in
making the /™ ILAW MFPV batch

number of samples from the /" IHLW MFPV batch

number of volume determinations of the IHLW MFPV or ILAW MFPV

before and after transfers

number of normalized IHLW components in the model for PCT normalized

release of 4 = B, Li, or Na; or the number of normalized ILAW components
in the model for # = VHT alteration depth or PCT normalized release of 4 =
B or Na

number of determinations of density of glass that would be made from the i

IHLW MFPYV batch from a given HLW waste type

either Tk (the set of all isotopes of £ = U or Pu) or Fk (the set of fissile
isotopes of k= U or Pu)

number of radionuclides in the ™ group of radionuclides (one, except for
TRU)

Office of River Protection

Product Compliance Plan
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PCT
PNWD
PQM

PQR

CRV to MFPV
if

MFPV
P

QA
QAPjP
QARD
RAD

Radionuclide
composition

Radionuclide
inventory

RCRA

Reportable

Canister
R dq

Container
R dq

Product Consistency Test
Battelle—Pacific Northwest Division
partial quadratic mixture

Product Qualification Report

number of fit parameters (coefficients) in a property-composition model

proportion that is from waste of the mass of the ;™ glass oxide component in
an LAW CRYV transfer to the i ILAW MFPV batch

proportion that is from waste of the mass of the /™ glass oxide component in

the i" IHLW or ILAW MFPV batch

quality assurance

quality assurance project plan

Quality Assurance and Requirements Description

set of radionuclide components in [HLW

The composition of IHLW or ILAW that can be determined by
radiochemical analyses. Radionuclide composition is expressed as weight
percents or mass fractions of radionuclide oxide components of the IHLW or

ILAW.

The Curies (Ci) of a radionuclide contained in a specified quantity of waste
glass, such as an IHLW canister or ILAW container.

Resource Conservation and Recovery Act

A chemical or radionuclide composition component is “reportable” if it must
be chemically analyzed or estimated to meet one or more applicable
specifications. Included are components mentioned directly in a

specification, or those needed to indirectly satisfy a specification through a
property-composition model.

inventory of radionuclide ¢ for the 4" IHLW canister (Ci)

inventory of radionuclide ¢ in the ™ ILAW container (Ci)
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D Canister
R dg

p Container
R dg

Canisters
R Dq

Canister
R Dg

D Container
R Dy

o Canister
Dq

= Container
R Dg

5 Container
RDqk

R;

= Container
rp, g

FMFPV

inventory of radionuclide ¢ for the @" THLW canister based on averages over

multiple samples, analyses per sample, and volume determinations of the
corresponding i IHLW MFPV batch (Ci)

inventory of radionuclide ¢ for the @" ILAW container, based on averages

over multiple samples, analyses per sample, and volume determinations (Ci)

total inventory of the ¢™ radionuclide in D IHLW canisters associated with

an HLW waste type (Ci)

mean inventory per canister of the g™ radionuclide over the D IHLW

canisters associated with an HLW waste type (Ci/canister)

mean inventory per container of radionuclide g over the D ILAW containers

associated with an LAW waste type (Ci/container)

mean inventory per canister of the ¢™ radionuclide over the D IHLW

canisters associated with an HLW waste type (Ci/canister)

mean inventory per container of the ¢" radionuclide over the D ILAW

containers associated with an LAW waste type, based on averages over
multiple samples, analyses per sample, and volume determinations
(Ci/container)

mean inventory per container of the ¢™ radionuclide in the £ group of

radionuclides in glass from D ILAW containers, based on averages over
multiple samples, analyses per sample, and volume determinations
(Ci/container)

ratio of moles of oxide per mole of analyte for oxide j (molesyxige/MmOleSanaiyte)

mean activity-per-volume concentration of the ¢ radionuclide (¢ = *Tc) in

glass from D ILAW containers, based on averages over multiple samples,
analyses per sample, and volume determinations (Ci/m’)

running average of activity-per-volume concentrations of the ¢ radionuclide

(g =""Cs and *Sr) over the I ILAW MFPV batches produced through a
given point in time, based on averages over multiple samples, analyses per
sample, and volume determinations (Ci/m”)
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r,-yF P activity-per-volume concentration of the ¢™ radionuclide in the /" IHLW
MEFPV batch (Ci/m®)

—MFPV - . h _ .

Fikg activity-per-volume concentration of the ¢ isotope of £ = U or Pu in the first
IHLW MFPV batch of an HLW waste type, based on averages over multiple
samples, analyses per sample, and volume determinations for each IHLW
MFPYV batch (uCi/mL = mCi/L)

rl-qCRV activity-per-volume concentration of the ¢™ radionuclide in the LAW CRV
batch contributing to the i ILAW MFPV batch (uCi/mL = mCi/L)

77,5 Ry activity-per-volume concentration of the ¢™ radionuclide in the LAW CRV
batch contributing to the i ILAW MFPV batch, based on averages over
multiple samples, analyses per sample, and volume determinations (LCi/mL
=mCi/L)

Fl-éMF eV mean activity-per-volume concentration of the ¢ radionuclide in the i
IHLW and ILAW MFPV batch (uCi/mL = mCi/L)

r%f rv analyzed concentration of the ;" radionuclide from the m™ analysis of the /™
sample from the i IHLW MFPV batch (uCi/mL = mCi/L)

riqclf;V activity-per-volume concentration of the ¢™ radionuclide in the /" LAW CRV
batch, based on the m™ radionuclide analysis of the /" LAW CRV sample
(uCi/mL = mCi/L)

rl-g/,[ZPV activity-per-volume concentration of the ¢™ radionuclide in the /" IHLW
MFPV batch, based on the m"™ radionuclide analysis of the /" IHLW MFPV
sample (LCi/mL = mCi/L)

R&T Research and Technology

RHW relative half-width

%RHW percent relative half-width

RPP-WTP River Protection Project-Waste Treatment and Immobilization Plant

RSD relative standard deviation
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%RSD

%RSD,

%RSDg

%RSD 4 (")

%RSD 4(c$™")

%RSDg (")

%RSDg (")

PCT h
ilm

PCTB
7’

PCT Li
”

PCT Na
”

MFPV
i

MFPV
Pik

—MFPV
i

percent relative standard deviation (that is, the relative standard deviation
multiplied by 100%)

%RSD arising from random analytical uncertainty

%RSD arising from random mixing/sampling uncertainty

analytical %RSD in the concentration of the /" element in an IHLW MFPV
batch

analytical %RSD in the concentration of the ;" element in an LAW CRV
batch

mixing/sampling %RSD in the concentration of the /™ element in an THLW
MFPV batch

mixing/sampling %RSD in the concentration of the /™ element in an LAW
CRYV batch

PCT normalized release of 4 = B, Li, or Na based on the m™ analysis of
chemical composition of the ™ sample from the i IHLW MFPV batch (g/L
=2 g/m’)

PCT normalized boron release (g/L = 2 g/m?)
PCT normalized lithium release (g/L =2 g/m?)
PCT normalized sodium release (g/L = 2 g/m®)

density of glass that would be made from the /" THLW MFPV batch

(gglass/ m3 glass)

the k™ determination of density of glass that would be made from the i
IHLW MFPV batch from a given HLW waste type (gglass/m3glass)

density of glass that would be made from the i THLW MFPV batch from a
given HLW waste type, based on an average of 7, determinations for glass
that would be made from each IHLW MFPV batch (gglass/m3glass)
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— MFPV
Pr

— Canister
PD

— Container
Pp
Container

=Container
S Dqk

SD

SDER”

SDé/[FPV

SD(Estimate)

SD(G )

SD(a"™ )

SD( LSTdConminer )

SD §§4FPV )

mean density of glass that would be made from / ILAW MFPYV batches

(gglass/ m3 glass)

mean density of glass in the D IHLW canisters corresponding to the / [HLW
MFPYV batches for a given HLW waste type (ggmss/m3 glass)

mean density of glass in D ILAW containers (gglass/m3glass)
density of glass for the d™ ILAW container (gglass/m3glass)

mean activity-per-mass concentration of the ¢™ radionuclide in the £™ group

of radionuclides in glass from D ILAW containers, based on averages over
multiple samples, analyses per sample, and volume determinations (nCi/g)

standard deviation

standard deviation of a volume determination on the LAW CRV (L)

standard deviation of a volume determination on the IHLW MFPV or ILAW
MFPV (L)

standard deviation of Estimate

GFC composition uncertainty, represented by the standard deviation in the

mass fraction of the /™ component (oxide or halogen) in the & GFC (goxide
j/ 2GFC k)

uncertainty in the mass of the ™ GFC added to an ILAW MFPV batch,
expressed as a standard deviation (g)

generic notation for the standard deviation of the sum-of-fractions for Class
C radionuclides overthe d =1, 2, ... , D ILAW containers. The notations

———Container Containe

SD(SF14 )and SD(SF24 ' ) are specific to the sum-of-fractions
of radionuclides in Tables 1 and of 10 CFR 61.55, respectively.

standard deviation of the average mass fraction of the /™ chemical

composition component (oxide or halogen) in the i IHLW or ILAW MFPV
batch. For IHLW, the average is based on multiple samples per MFPV batch
and one or more chemical analyses per MFPV sample. For ILAW, the
average is based on multiple samples per CRV batch, one or more chemical
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SD g[]{\I/IFPV )

SD(gg""")

SD(mganister )

SD(mgontainer )

SD(ﬁganister )

SD(H_/ldC:%l]éSter )

SD(?D(,;Iontainer )

SD(R[C)'Znisters )

SD(Equanister )

SD(Ed(;;ontainer )

analyses per CRV sample, and one or more volume determinations per CRV
and MFPV volume. (Zoxide/Zoxides)

standard deviation of the average mass fraction of the ¢™ radionuclide

composition component (oxide) in the i IHLW or ILAW MFPV batch. For
IHLW, the average is based on multiple samples per MFPV batch and one or
more radiochemical analyses per MFPV sample. For ILAW, the average is
based on multiple samples per CRV batch, one or more radiochemical
analyses per CRV sample, and one or more volume determinations per CRV
and MFPV volume. (goxide/Eoxides)

standard deviation of E:’F Py (Zoxide/ Soxides)

standard deviation of the determined mass of glass in the 4" IHLW canister

(gglass)

standard deviation of the determined mass of glass in the @" ILAW container
(gglass)

standard deviation of the mean mass of glass in the D IHLW canisters

associated with an HLW waste type (Zgtass)

standard deviation of the mass of radionuclide k& for the set N of isotopes of

k=U or Pu in an individual IHLW canister across the D canisters associated
with the / THLW MFPV batches comprising an HLW waste type (Zadionuclide)

standard deviation of FDC;"M”’” , which is sometimes referred to as a standard

error because it is the standard deviation of an average (Ci/m®)

standard deviation of the total inventory of the ¢™ radionuclide in D IHLW

canisters associated with an HLW waste type (Ci)

standard deviation of the average inventory of the ¢" radionuclide in the d"

IHLW canister, where the average is based on multiple samples, analyses,
and volume determinations for each IHLW MFPYV batch (Ci)

standard deviation of the average inventory of the ¢ radionuclide in the d™

ILAW container, where the average is based on multiple samples per LAW
CRYV batch, analyses per LAW CRYV sample, and volume determinations for
each CRV and MFPV batch (Ci)
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SD(EDannisters )
SD(pgnntamer )

SD;(Fh)

DS (i)

ilm
~h
SDYFY ()

SDy 3" (31"

SDy (3! @17 )

S chon tainer

S_FMFPV
i

standard deviation of the mean inventory per canister of the ¢™ radionuclide

in D IHLW canisters associated with an HLW waste type (Ci/canister)

standard deviation of the density of glass in the " ILAW container

3
(gglass/m glass)

standard deviation of j}f}m =in(ri§nCTh),i= 1,2,....51=1,2,..., ng/[FPV;
m=1,2,..., nMFPY \alues corresponding to variation in IHLW

composition over a waste type [In(g/L)]

standard deviation of j/l»h,m values due to composition uncertainty resulting
from mixing/sampling uncertainty for the /™ MFPV batch

standard deviation of j/il}m values due to composition uncertainty resulting
from analytical uncertainty for the /" MFPV batch

standard deviation of the model prediction for the mass-weighted-average

IHLW composition 3=c;wF e

standard deviation in )_A/l-h =ln(rl-PCTh) or Ji/,-h =In(D""") values representing

all ILAW process uncertainties (e.g., CRV mixing/sampling, CRV analytical,
CRYV and MFPV volumes, GFC compositions and additions), where the

process uncertainties in J_ciMF P are reduced by averaging over multiple

determinations [In(g/L) for PCT and In(um) for VHT]

generic notation for the sum-of-fractions for Class C radionuclides for the 4™

ILAW container, based on averages over multiple samples, analyses per

———Container

sample, and volume determinations. The notations SF'14 and
Contai . . . S
SF2,”""" are specific to the sum-of-fractions of radionuclides in Tables 1

and of 10 CFR 61.55, respectively. (unitless)

generic notation for the sum-of-fractions for Class C radionuclides in ILAW

that would be made from the i ILAW MFPV batch, based on averages over
multiple samples, analyses per sample, and volume determinations. The

notations ﬁ,MFPV and SF Z,MFPV are specific to the sum-of-fractions of
radionuclides in Tables 1 and of 10 CFR 61.55, respectively. (unitless)
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o - Containers
SF

Q

)

SME
SUCI
TCLP

T,

generic notation for the mean sum-of-fractions for Class C radionuclides

over D ILAW containers associated with / ILAW MFPV batches
corresponding to an LAW waste type, based on averages over multiple
samples, analyses per sample, and volume determinations. The notations

——— Containers ———Containers . .
SF1p and SF2p are specific to the sum-of-fractions of

radionuclides in Tables 1 and of 10 CFR 61.55, respectively. (unitless)

standard deviation of the distribution of possible /" values over the / IHLW
MFPYV batches corresponding to an HLW waste type

standard deviation of the distribution of true In(PCT normalized release)

values for [HLW produced from a given HLW waste type

estimate of the population standard deviation that accounts for (1) variation
in glass property values across MFPV batches corresponding to an HLW or
LAW waste type, (2) mixing/sampling, analytical, and other uncertainties
affecting the estimate of glass composition for each HLW or LAW MFPV
batch, and (3) model uncertainty used to predict a glass property (or
mathematical transformation thereof).

estimated mean square for error associated with the unweighted least squares

fit of a property-composition model

estimated mean square for error associated with the weighted least squares fit

of a property-composition model

composition variance-covariance matrix for a vector x containing the
composition for a particular glass

variance-covariance matrix for the coefficients, b, of a glass property-
composition model

estimated p x p variance-covariance matrix of the model coefficient vector 4"
for an IHLW property model (the PCT normalized release of 2 = B, Li, or

Na) or for an ILAW property model (the PCT normalized release of 4 = B or
Na or VHT alteration depth)

Slurry Mix Evaporator
simultaneous upper confidence interval (see CL% SUCI for definition)
Toxicity Characteristic Leaching Procedure

temperature at which 1 volume percent of waste glass is crystalline (°C)
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UCI

UCCI
Uncertainty

UTI
UTIHW

Variation

VHT
VSL

17 Container
VD

Vl‘ CRYV before

RV
Vi CRYV after

VMF PV

tolerance interval
specific thermal output of the ¢™ radionuclide (W/Ci)

100(1 — ) percentile of Student’s t-distribution with df degrees of freedom

lower limit value specified for the triangular distribution
nominal value specified for the triangular distribution
upper limit value specified for the triangular distribution

units conversion factor for converting mg to g
upper confidence interval (see CL% UCI for definition)

upper combined confidence interval (see CL% UCCI for
definition)

lack of knowledge about a true, fixed state of affairs (e.g., analytical
uncertainty in chemical analyses of a glass sample)

upper tolerance interval (see X%/Y% UTI for definition)
upper tolerance interval half-width

real changes in a variable over time or space (for example, variation in glass
composition within a waste type)

Vapor Hydration Test

Vitreous State Laboratory (at The Catholic University of America)

mean volume of glass in D ILAW containers (m°)

volume of the LAW CRYV before the transfer of material to the i ILAW
MFPYV batch (L)

volume of the LAW CRYV after the transfer of material to the i ILAW
MFPV batch (L)

volume of the /" THLW or ILAW MFPV batch (L)
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V[MFPV Heel

ViMFPV before

V[MFPV after

77 MFPV
Vi

MFPV
Vi

Canister
Vmax

CRYV to MFPV
Vi 0

w

WAPS
WASRD

Waste type

WCP
WFQ

WL
MFPV
WL;

WLS

WOQR

volume of the MFPV Heel included in the i/ MFPV batch (L)

volume of the ILAW MFPV before receipt of LAW CRV material for the i
ILAW MFPV batch (L)

volume of the ILAW MFPV after receipt of LAWCRYV material for the i
ILAW MFPV batch but before receipt of GFCs or any added water (L)

average volume over nﬁ” PV yolume determinations of the i IHLW or

ILAW MFPV batch (L)

1™ volume determination of the /™ MFPV batch (L)
the glass volume that would result from a 100% fill of an ITHLW canister (m®)

volume transfer from the LAW CRV to the i/ ILAW MFPV batch (L)

a diagonal matrix of weights associated with the data points used to fit a
model to a glass property during the application of weighted least squares

Waste Acceptance Product Specifications
Waste Acceptance System Requirements Document

a quantity of waste feed to a vitrification facility that is relatively constant in
composition

Waste Form Compliance Plan
waste form qualification

waste loading (mass fraction or mass percent of glass that is from
waste)

waste loading of the /" glass oxide component in the /™ ITHLW or

ILAW MFPV batch
weighted least squares

Waste Form Qualification Report
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WSRC
WTP
WTPSP
wt%
WVDP

—MFPV
Xik

MFPV
Xikim

MFPV
ilm

v MFPV

v MFPV

)—CMFPV

Westinghouse Savannah River Company
Waste Treatment and Immobilization Plant
Waste Treatment Plant Support Project
weight percent

West Valley Demonstration Project

normalized mass fraction of the £ component of ILAW corresponding to the

th . L MmFPV

i ILAW MFPV batch for use in the PQM model, such that > x;, =1.
k=1

The mass fractions are based on averages over multiple samples from a CRV

batch, analyses per CRV sample, and CRV and MFPV volume
determinations (goxide/Soxides)

normalized mass fraction of the £ IHLW component from the m” chemical

analysis of the / sample from the i MFPV batch, where k is one of the

h
L - "we mrpy _
IHLW components in a linear mixture model, such that >, x;;, =1

k=1
(goxide/ goxides)

p x 1 column vector of the IHLW normalized composition x%fzp v L k=1,2,

.., p for which PCT model predictions are to be made (goxide/Eoxides)

—MFPV

p x 1 column vector whose entries X ,k=1,2,---, p are means of the

x,-j,‘le PV values for IHLW normalized composition, where /=1, 2, ...,
MFPV

n S (goxide/ goxides)

p % 1 column vector of the ILAW normalized composition )?,-fF Py L k=1,2,

. n,},’w expanded to the form of the terms in the PQM model for PCT or
VHT

p x 1 column vector whose entries ?,waPV ,k=1,2,---, p are model-

component-normalized versions of the gz,ﬁw: PV k=1,2,-, p, which are

mass-weighted-average compositions over the i =1, 2, ... ,  IHLW MFPV

batches, with ordinary averaging overthe /=1, 2, ..., nﬁ” e samples per

MPFV batchandm=1,2, ..., n i‘,” PV analyses per sample (Zoxide/Eoxides)
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X%/Y% UTI

Vi

Vi

Zh
Yil-a

Yilm

~h ;=MFPV
yi(xg )

“h
Vi

X%/Y% upper tolerance interval—At least Y% of a distribution is
less than the UTI with X% confidence.

natural logarithm of the measured PCT normalized release of element 4 (for

IHLW and ILAW) or the natural logarithm of the measured VHT alteration
rate (LAW) for IHLW or ILAW corresponding to the i MFPV batch
[In(g/L) for PCT and In(um) for VHT]

predicted natural logarithm of the PCT normalized release of # =B or Na
[i n(rl-PCT h ) ], or the predicted natural logarithm of the VHT alteration depth

[f n(D[VHT )], for ILAW corresponding to the /™ MFPV batch, based on
averages over multiple samples from a CRV batch, analyses per CRV

sample, and CRV and MFPV volume determinations. [In(g/L) for PCT and
In(um) for VHT]

100(1 — &) percentile of the empirical distribution of 1000 values of )i/l-h

resulting from 1000 Monte Carlo simulations of the i ILAW MFPV batch
[In(g/L) for PCT and In(um) for VHT]

- ( PCT h

In\r

m ) = predicted natural logarithm of the PCT normalized release of

h =B, Li, or Na based on the m"™ analysis of chemical composition of the /"

sample from the i IHLW MFPV batch [In(g/L)]

model prediction of the PCT normalized release of 2 = B, Li, or Na for the
mass-weighted-average ITHLW composition X ;MF e [In(g/L)]

ho_ ln( PCT h

mean of model-predicted y;, Fiim ) values over the

nyFF" samples and ,/*PV analyses per sample of the ™ THLW
MFPYV batch [In(g/L)]

average of the ;l-h ,i=1,2, ..., Ivalues for the I IHLW MFPV batches
corresponding to an HLW waste type [In(g/L)]

100(1 — p) percentile of the standard normal distribution
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1.0 Introduction

Various process samples, chemical analyses of composition, and measurements (e.g., volume and
weight) will be required to control Waste Treatment and Immobilization Plant (WTP) vitrification
facilities that will produce immobilized high-level waste (IHLW) and immobilized low-activity waste
(ILAW). In addition, process and/or product samples, chemical and radiochemical analyses, and
measurements will be required to satisfy applicable compliance requirements. For example, the Waste
Acceptance System Requirements Document (WASRD, DOE-RW 2002) and the Waste Acceptance
Product Specifications (WAPS, DOE-EM 1996) describe various compliance requirements for IHLW.
Also, the contract between the U.S. Department of Energy (DOE) Office of River Protection (ORP) and
Bechtel National, Inc. (BNI) specifies compliance requirements for ILAW as well as additional
compliance requirements for [HLW (DOE-ORP 2003). This report focuses on the data and methods
required to demonstrate compliance with the applicable requirements for IHLW and ILAW. However,
the data and methods for demonstrating compliance will also play roles in controlling the [HLW and
ILAW processes. Hence, although the focus of this report is on compliance, process-product control is
also mentioned where relevant.

Although the process-product control and compliance strategies for the WTP IHLW and ILAW
facilities are still under development and refinement, many aspects have been initially determined. The
initial strategies are subject to potential change, however, as evidenced by DOE-ORP direction® to utilize
the WASRD (DOE-RW 2002) rather than WAPS (DOE-EM 1996) as the primary compliance guidance
document. The current compliance strategies for the WTP IHLW and ILAW facilities are described,
respectively, in the IHLW Product Compliance Plan (IHLW PCP) by Nelson et al. (2004) and the ILAW
Product Compliance Plan (ILAW PCP) by Westsik et al. (2004). However, these Rev. 1 PCPs were
issued after the work in this report was completed and the report itself was substantially complete. The
work in this report was performed to address the IHLW PCP Rev. 0 (Nelson 2003) with adjustments for
the removal of the Concentrate Receipt Vessel (CRV) from the IHLW facility, and the [ILAW PCP Rev. 0
(Nelson et al. 2003). Future work will address the IHLW and ILAW Rev. 1 PCPs and any subsequent
revisions to applicable specifications and WTP compliance strategies.

Many of the compliance strategies outlined in the [HLW PCP and ILAW PCP are statistical in nature.
That is, the strategies involve quantifying and accounting for variations and uncertainties in controlling
the IHLW and ILAW vitrification processes and in satisfying compliance requirements. Statistically
based strategies are being developed for pre-production activities (i.e., waste form qualification [WFQ]
activities), production activities (i.e., batch-by-batch process-product control and compliance activities),
and post-production activities (i.e., compliance and acceptance activities for product resulting from
specified quantities of waste or periods of production). Strategies for environmental regulatory
compliance (e.g., plant emissions or complying with Land Disposal Restriction [LDR] and delisting
criteria) are described in the delisting/LDR data quality objectives document (Cook and Blumenkranz
2003). These strategies are also statistically based in that they account for applicable variations and
uncertainties.

(a) ORP memorandum from R.J. Schepens to J.P. Henschel, “Notification to Stop Using the Office of
Environmental Management High Level Waste Product Acceptance Specifications (1996) to Control Waste
Treatment and Immobilization Plant (WTP) Project Work Regarding the Immobilized High-Level Waste
(IHLW) Product,” 04-WED-019, dated May 18, 2004.
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Several aspects of the WTP IHLW and ILAW qualification, process-product control, and compliance
strategies require estimates of variations and uncertainties of (1) incoming waste feed, (2) process
materials and vessel contents at various steps of the IHLW and ILAW processes, and (3) the compositions
and properties of IHLW and ILAW products. A report by Heredia-Langner et al. (2003) summarizes the
initial work in quantifying variations and uncertainties that may affect the WTP IHLW and ILAW
processes and the ability to demonstrate compliance with various specifications. That report is scheduled
to be updated in the future as more WTP-specific data and results become available to provide better
estimates of variations and uncertainties expected to be experienced by the WTP IHLW and ILAW
processes.

Before continuing, it is important to clarify the use of the terms variation and uncertainty in this
report. Variation refers to real changes in a variable over time or space (e.g., variation in glass
composition because of variation in waste feed composition). Uncertainty refers to a lack of knowledge
about a true, fixed state of affairs (e.g., analytical uncertainty in the chemical analysis of a glass sample).
Hence, WTP IHLW and ILAW slurry and glass compositions will be subject to variation over time,
whereas sampling, chemical and radiochemical analyses, volume determinations, weight measurements or
determinations, density measurements, and other measurements or determinations at specific times will be
subject to uncertainty.

There were four general objectives for the work summarized in this report per the Test Specification
(Swanberg 2002) and Test Plan (Piepel and Cooley 2003).

o Statistical confidence interval (CI) methods are needed to demonstrate with high confidence that each
batch of high-level waste (HLW) or low-activity waste (LAW) melter feed will meet the requirements
of applicable specifications after accounting for applicable uncertainties.

o Statistical analyses that account for applicable variations and uncertainties are needed to determine
the number of process samples, analyses, and measurements required to (1) control and report the
IHLW and ILAW chemical compositions, radionuclide inventories, and their associated uncertainties,
and (2) demonstrate compliance with IHLW and ILAW waste loading requirements. [Note that Item
(2) was removed from the scope by Test Exception 24590-WTP-TEF-RT-04-00036.]

o Statistical tolerance interval (TI) methods are needed to control and report with high confidence (X%)
that a high percentage (Y%) of the waste glass produced from a specified quantity of HLW or LAW
feed (or for a specified production period) meets limits for leachability as well as other applicable
requirements in WAPS or contract specifications. Measures of leachability include the Product
Consistency Test (PCT), used for IHLW and ILAW, and the Vapor Hydration Test (VHT), used for
ILAW. The number of process samples, analyses, and measurements required to meet or exceed the
desired values for X% and Y% must be determined.

e Methods are needed to properly calculate means and standard deviations (SDs) of IHLW and ILAW
chemical compositions and radionuclide inventories over the course of a waste type to report these
compositions and their uncertainties in the production records. The methods must account for the
possibility of unbalanced data (e.g., different numbers of samples or analyses per sample) and
multiple sources of variation or uncertainty. Standard, simple formulas for calculating means and
SDs are not appropriate (i.e., can yield incorrect results) when data are unbalanced or have multiple
sources of variation or uncertainty.
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The methods and results contained in this initial report at least partially address all four of the above
objectives. Subsequent work will complete and finalize efforts for these objectives, which will be
documented in a final report consisting of a revision of this initial report.

The remainder of this document is organized as follows. Section 2 provides an overview of the WTP
IHLW and ILAW vitrification processes and compliance strategies. Section 3 describes the general
statistical approaches used to implement the statistically based compliance strategies for [HLW and
ILAW. Sections 4 and 5, respectively for IHLW and ILAW, present the statistical compliance methods
for each WAPS (DOE-EM 1996) and WTP contract (DOE-ORP 2003) specification having a statistically
based compliance strategy. Each subsection of Sections 4 and 5 corresponds to a specification, with sub-
subsections (1) listing the specification verbatim, (2) describing the statistical aspects of the compliance
strategy for that specification, and (3) presenting the statistical method(s) for implementing those aspects.
Sections 6 and 7 contain results of applying the statistical methods to assess the effects of IHLW and
ILAW process variations; uncertainties; and numbers of samples, analyses per sample, and other process
measurements. Sections 6 and 7 also contain illustrations of compliance methods applied to realistic data
such as might be collected during operation of the IHLW and ILAW vitrification facilities. Section 8
summarizes the work and results, and makes recommendations for data needed to support future efforts.
Section 9 lists the references cited in the main body and appendices of the report. Appendices provide
equations and other information too detailed to include in the main body of the report.
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2.0 The WTP IHLW and ILAW Vitrification Processes and
Compliance Strategies

Section 2.1 provides a general overview of the IHLW and ILAW vitrification processes and
introduces the generic terms used to refer to IHLW and ILAW process vessels and other process steps.
Sections 2.2 and 2.3 discuss the bases for the IHLW and ILAW compliance strategies, respectively.
Section 2.4 discusses that the IHLW and ILAW compliance strategies for some specifications involve
demonstrating compliance for (1) each Melter Feed Preparation Vessel (MFPV) batch and/or (2) a
collection of MFPV batches corresponding to a specified quantity of HLW or LAW. Section 2.5
addresses the MFPV focus of the IHLW and ILAW compliance strategies.

2.1 IHLW and ILAW Vitrification Processes

Figure 2.1 and Figure 2.2, which were supplied by the WTP Project, display simplified overviews of
the IHLW and ILAW vitrification processes. The figures illustrate the key process vessels, the glass
former chemicals (GFCs) system, the melter, and possible sampling and measurement points. Symbols in
the figures denote sampling points (S in a circle), non-routine sampling points (S, in a circle), weight
measurements (W in a diamond), and level measurements of vessels (L in a diamond).

In the IHLW vitrification facility (Figure 2.1), only the MFPV will be routinely sampled and
analyzed. In the ILAW vitrification facility (Figure 2.2), only the Concentrate Receipt Vessel (CRV) will
be routinely sampled and analyzed.

Weight measurements will be used to quantify the amounts of individual GFCs added to waste feed
concentrates in the IHLW and ILAW MFPVs. Weights of individual GFCs will be determined as well as
weights of combined GFCs in the GFC batch makeup hopper and the GFC feed hopper. Multiple
weighing points provide for verifying transfers of individual and combined GFCs. Note that only GFC
silos and not the hoppers are shown in Figure 2.1 and Figure 2.2, but it will be in the hoppers that GFC
weight measurements are made.

Level measurements will be made in the CRV (ILAW only), MFPV (IHLW and ILAW), and Melter
Feed Vessel (MFV) (IHLW and ILAW). A level-to-volume calibration equation for each vessel will then
be used to calculate the vessel volume corresponding to a measured vessel level. Such measurements are
important for estimating compositions and verifying transfers to and from the CRV (ILAW only), MFPV
(IHLW and ILAW), and MFV (IHLW and ILAW). Fill levels of IHLW canisters and ILAW containers
will also be measured, as shown in Figure 2.1 and Figure 2.2.

Although not indicted by symbols in Figure 2.1 and Figure 2.2, sampling and chemical analyses are
planned in the pretreatment facility to verify that pretreated waste is acceptable for transfer to the IHLW
or ILAW vitrification facility. Similarly, individual GFCs may be sampled and chemically analyzed to
verify their compositions before being introduced to the GFC batch makeup facility. The density of
material in the CRV (ILAW only) and MFPV (ILAW and IHLW) will be determined and used for
process control purposes as well as compliance purposes in some cases.
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The possible sampling and measurement points in the IHLW and ILAW vitrification processes shown
in Figure 2.1 and Figure 2.2, respectively, are not intended to present a comprehensive list of all possible
sampling or measurement points that may be used for process-product control or specification
compliance. As the WTP Project progresses in developing and finalizing IHLW and ILAW process-
product control and compliance strategies, sampling and measurement points may be added or deleted.

2.2 Basis for the WTP IHLW Compliance Strategy

The current WTP IHLW compliance strategy is discussed in detail by Nelson et al. (2004), although
the work in this report addresses interim revisions of the previous version of the compliance strategy
(Nelson 2003).®” The IHLW compliance strategy is based on direct characterization of each MFPV batch
and verification of compliance before that batch is sent to the MFV. According to this strategy, the
fundamental process samples, analyses, and measurements that will be used during production to control
the process and demonstrate compliance with IHLW specifications are outlined in the following steps.

1. For each HLW MFPYV batch, transfer a portion of the current HLW Feed Blend Vessel (HBV) to the

HLW MFPV. Measure n{/w PPV times the level of the HLW MFPV contents before and after the

HBV-to-MFPV transfer. Apply level-to-volume calibration equations for the HLW MFPV to convert
the measured vessel levels (before and after HBV transfers) to volumes. Use the before and after
determinations of the HLW MFPV volumes to calculate the HBV-to-MFPV transfer volume (L).

2. After the transfer from the HBV to the HLW MFPV, sample and analyze the HLW MFPV

3. For each HLW MFPV batch,™ obtain and/or calculate the oxide mass fraction compositions of each
GFC from vendor certification sheets. The oxide mass fractions for a given GFC should be relative to
the total GFC mass, including absorbed water or other volatiles that will not persist in the HLW
melter.

4. Calculate the masses of GFCs to be added to each HLW MFPV batch so that when combined with the
volume of waste transferred from the HBV and the HLW MFPV heel, the resulting HLW MFPV
slurry will make HLW glass satisfying all processing constraints and compliance requirements. Add
the calculated amounts of GFCs to the HLW MFPV.

5. For each HLW MFPV batch, measure the level of the HLW MFPYV contents after adding the GFCs.
Apply the level-to-volume calibration equation for the HLW MFPV to convert the measured MFPV
level to a volume (L).

6. For each completed HLW MFPV batch, collect n f‘q/[ FPV samples.

7. For each completed HLW MFPYV batch, analyze n%F PV times the chemical composition (element

concentrations in pg/mL = mg/L) of each sample.

(a) See Section 1.0 for a discussion of why this report addresses IHLW PCP Rev. 0 (Nelson 2003) rather than
IHLW PCP Rev. 1 (Nelson et al. 2004).

(b) Presumably, the nominal oxide mass fraction compositions of GFCs and uncertainties thereof will change
infrequently, but the WTP Project must have the capability to change this information for any MFPV batch
when appropriate.
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8. For the first HLW MFPV batch from each HBV, analyze the concentrations of the radionuclides
listed in the second column of Table 2.1. These radionuclides are more difficult to measure and thus
will only be measured in the first MFPV batch of an HLW waste type. In subsequent MFPV batches
of an HLW waste type, these radionuclide concentrations will be assigned values equal to those
measured in the first MFPV batch.

9. For the remaining HLW MFPV batches from each HBV, analyze the radionuclides listed in the third
column of Table 2.1. These radionuclides are more easily measured, and hence will be measured in
each MFPV batch corresponding to an HLW waste type.

10. For each IHLW canister produced, determine the mass of glass in the canister.

In Steps 7 and 8, it is important that all detectable chemical composition and radionuclide components be
quantified in chemical and radionuclide analyses. Only a subset of all detectable IHLW components are
reportable® as shown in Table 2.1 and Table 2.2. However, failing to analyze for and quantify detectable
components can lead to underestimating the mass of all IHLW components and thus result in biased
estimates of [IHLW composition (i.e., mass fractions of IHLW components).

Steps 1 to 5 are relevant to process control, whereas Steps 6 to 10 are relevant to demonstrating
compliance with IHLW specifications during production. The main compliance quantities (e.g., chemical
composition, radionuclide inventory, and PCT performance) addressed in this report can be calculated
using the information in Steps 6 to 10. The equations for calculating compliance quantities associated
with THLW specifications are presented in Appendix A.

The statistical methods that will be used to demonstrate compliance during IHLW production are

discussed in Section 4. The number of samples (ng/IFPV ) per IHLW MFPV batch and the number of

analyses per sample (7 f,/[F Py necessary to provide high confidence in demonstrating compliance with
applicable IHLW specifications are discussed in Section 6.

(a) A chemical composition or radionuclide component of IHLW is considered “reportable” if it must be used to
satisfy one or more IHLW specifications, either directly or indirectly through a property-composition model.
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Table 2.1. Reportable®™ Isotopes to be Analyzed in the WTP IHLW MFPV and ILAW CRV

Isotope

First HLW
MEFPYV from
Each HBV

Remaining
HLW MFPVs
from Each HBV

LAW from
Each CRV

59Ni

Y

60C0

®

63Ni

Sy

R

93 7r

93Nb

99T c

=

12SSb

=<

126811

135CS

137CS

ISISm

=<

152Eu

=] <

=<

»-< 1

23 9Pu + 240Pu

23 ‘)Pu + 240Pu

L e B

M e S e e R M L R R

~
o
ZJ

=

(a) A chemical composition or radionuclide component of immobilized waste is
considered “reportable” if it must be used to satisfy one or more applicable
specifications, either directly or indirectly through a property-composition
model. The lists of reportable radionuclides were provided by the WTP Project
and are based in part on Kaiser et al. (2003, 2004).

(b) A dash (-) indicates that the isotope is not reportable for that particular location.

(c) The analytical methods typically used report only **Cm + ***Cm.
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(a)

(b)

(©)
(d)

Table 2.2. Reportable Chemical Composition Oxides for IHLW and ILAW

Oxide or | ITHLW® ILAW®
Halogen | Reportable? | Reportable?
ALO; Y Y
B,0; Y Y
CaO Y Y
Cdo Y -
Cl -© Y
Cr,05 Y -
Fe, 04 Y Y
K,O - Y
Li,O Y Y
MgO Y Y
MnO Y -
Na,O Y Y
NiO Y -
P,0s Y Y
PdO Y -
Rh,0; Y -
RuO, Y -
SO; Y Y
Sb,0; Y -
SeO, Y -
Si0O, Y Y
SrO Y -
ThO, Y -
U304 Y -
Zn0O Y Y
710, Y Y
Others¥ - Y

The list of reportable IHLW chemical composition components was provided by the
WTP Project, and is based in part on Kaiser et al. (2003, 2004). It includes not only
components that must be reportable according to one or more specifications, but also
components expected to be present in one or more glass product or processing property-
composition models.

The list of reportable ILAW chemical composition components was provided by the
WTP Project. It includes not only components that must be reportable according to one
or more specifications, but also components expected to be present in one or more glass
product or processing property-composition models. The list was developed by the WTP
Project and is partially based on Table 3-4 of Nelson et al. (2002).

A dash (-) indicates that the component is not reportable.

Others is the sum of all other oxides or halogens not specifically listed.
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2.3 Basis for the WTP ILAW Compliance Strategy

The WTP ILAW compliance strategy is discussed in detail by Westsik et al. (2004), although the
work in this report addresses the previous version of the compliance strategy (Nelson 2003).®) Similar to
the IHLW, the ILAW compliance strategy is based on characterization of each MFPV batch before that
batch is sent to the MFV. However, the IHLW compliance strategy uses direct characterization of each
MFPV batch while the ILAW compliance strategy uses derived characterization of each MFPV batch.
Therefore, according to the ILAW compliance strategy, the fundamental process samples, analyses, and
measurements that will be used to comply with ILAW specifications are outlined in the following
numbered list.

1. For each LAW CRYV batch, collect ngR v samples.

2. For each LAW CRYV batch, analyze nSRV times the chemical composition (element concentrations in

pg/mL = mg/L) of each sample.

3. For each LAW CRYV batch, analyze the concentrations of the radionuclides listed in the “LAW Each
CRV” column of Table 2.1.

4. For each LAW MFPV batch, transfer a portion of the current LAW CRYV batch to the LAW MFPV.
Measure the levels of LAW CRV and LAW MFPV contents before and after the CRV-to-MFPV
transfer. Apply level-to-volume calibration equations for the LAW CRV and MFPV to convert the
measured vessel levels (before and after transfers) to volumes. Use the before and after
determinations of the LAW CRV and MFPV volumes to calculate the CRV-to-MFPV transfer
volume.

5. For each LAW MFPV batch,® obtain and/or calculate the oxide mass fraction compositions of each
GFC from vendor certification sheets. The oxide mass fractions for a given GFC should be relative to
the total GFC mass, including absorbed water or other volatiles that will not persist in the LAW
melter.

6. Calculate the masses of GFCs to be added to each LAW MFPV batch so that when combined with the
volume of waste transferred from the LAW CRV and the LAW MFPV heel, the resulting LAW
MFPYV slurry will make LAW glass satisfying all processing constraints and compliance
requirements. Add the calculated amounts of GFCs to the LAW MFPV.,

7. For each LAW MFPYV batch, weigh the amounts of GFCs added to the LAW MFPV.
8. For each ILAW container produced, determine the mass of glass in the container.

In Steps 2 and 3, it is important that all detectable chemical composition and radionuclide components be
quantified in chemical and radionuclide analyses. Only a subset of all detectable ILAW components are

(a) See Section 1.0 for a discussion of why this report addresses ILAW PCP Rev. 0 (Nelson et al. 2003) rather than
ILAW PCP Rev. 1 (Westsik et al. 2004).

(b) Presumably, the nominal oxide mass fraction compositions of GFCs and uncertainties thereof will change
infrequently, but the WTP Project must have the capability to change this information for any MFPV batch
when appropriate.
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reportable® as shown in Table 2.1 and Table 2.2. However, failing to analyze for detectable components
can lead to underestimating the mass of all ILAW components and thus result in biased estimates of
ILAW composition (i.e., mass fractions of ILAW components).

Steps 1 to 6 provide data for both process control and compliance aspects of the WTP strategy for
ILAW. The main compliance quantities (i.e., chemical composition, radionuclide composition and
inventory, PCT performance, and VHT performance) addressed in this report can be calculated using the
information in Steps 1 to 6. The equations for calculating compliance quantities associated with ILAW
specifications are presented in Appendix B.

The statistical approaches and methods that will be used to demonstrate compliance during ILAW

production are discussed in Section 5. The number of LAW CRYV samples (nSCRV ), number of analyses

per sample (ngRV ), and number of level/volume determinations (nSR " and n{yF Py necessary to provide

high confidence in demonstrating compliance with applicable ILAW specifications are discussed in
Section 7.

2.4 Compliance for Each MFPV Batch and over a Waste Type

The WTP IHLW and ILAW compliance strategies involve reporting or demonstrating compliance on
different bases, depending on the specification. The strategies for several IHLW and ILAW
specifications have two aspects (1) demonstrate compliance for each HLW or LAW MFPV batch before
it is sent to the MFV and (2) report and demonstrate compliance for IHLW or ILAW that would be
produced from MFPV batches corresponding to a specified quantity of HLW or LAW. Assessing
compliance for each HLW or LAW MFPV batch before it is sent to the MFV is desirable because there is
the option of adding additional GFCs to the MFPV if needed to adjust batches estimated to yield non-
compliant glass. However, demonstrating compliance for each MFPV batch only accounts for within-
batch uncertainties. On the other hand, reporting and demonstrating compliance over MFPV batches
corresponding to specified quantities of HLW or LAW accounts for batch-to-batch variations as well as
within-batch uncertainties.

In this report, the term waste type is used to refer to a specified quantity of HLW or LAW yielding a
given number of MFPV batches (and the HLW or LAW glass that will be produced from those MFPV
batches). The concept of a waste type is defined for HLW in the WAPS (DOE 1996) as follows: “Waste
type—the waste material fed to each vitrification facility, whose composition and properties will remain
relatively constant over an extended period of time during waste form production.” Although this
definition of waste type is contained in the WAPS for HLW, it is generic enough that it can be applied to
LAW compliance also.

The WTP compliance strategy for IHLW addressed in this report (an interim modification of Nelson
2003)® specifies HLW waste types as corresponding to the contents of pretreatment HBVs. HBVSs are

(a) A chemical composition or radionuclide component of ILAW is considered “reportable” if it must be used to
satisfy one or more ILAW specifications, either directly or indirectly through a property-composition model.

(b) See Section 1.0 for a discussion of why this report addresses IHLW PCP Rev. 0 (Nelson 2003) rather than
IHLW PCP Rev. 1 (Nelson et al. 2004).
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the last vessels in the pretreatment facility that send HLW to the MFPV in the IHLW facility. An HBV
will be filled and then emptied with successive transfers to the HLW MFPV before being refilled. In this
sense, an HBV is “capped” and serves as an appropriate basis for defining an HLW waste type. An HBV
will yield roughly 18 MFPV batches, with an MFPV batch roughly equivalent to 2 to 5 canisters of HLW
glass depending on the HLW and waste loading. Hence, an HBV (and thus an HLW waste type) will
yield 18 MFPV batches and roughly from 36 to 90 canisters of HLW glass.

The WTP ILAW compliance strategy (Nelson et al. 2003) addressed in this report® specifies the
LAW from a given waste tank as an LAW waste type. The definition of a waste type is different for
LAW than HLW for two main reasons. First, the composition of LAW is dominated by sodium with the
next most important component being sulfate—hence, the composition of LAW from a waste tank will
not vary as significantly as that of HLW. Second, the LAW Concentrate Storage Vessel (CSV) in the
pretreatment facility that feeds the LAW CRV will not be “capped” as will the similar HBV for HLW.
That is, more LAW will be added to the CSV after every transfer from the CSV to the LAW CRV.
Because the composition of the LAW CSV will be continuously (albeit slowly) changing over a waste
tank, an LAW tank was chosen by the WTP Project as defining an LAW waste type. Depending on the
LAW waste tank, an LAW waste type is expected to yield varying numbers of MFPV batches and
containers of LAW glass.

2.5 MFPV Focus of the IHLW and ILAW Compliance Strategies

As described in Sections 2.2 to 2.4, the focus of the WTP compliance strategies during IHLW and
ILAW production is the MFPV batch. Compliance quantities (e.g., chemical composition, radionuclide
composition, and product durability) and their uncertainties will be calculated for each MFPV batch.
Then, for specifications with limits, compliance can be demonstrated for each MFPV batch before it is
transferred to the MFV. Variations of the calculated compliance quantities and their uncertainties for
MFPYV batches corresponding to a waste type will be accounted for in demonstrating compliance over a
waste type.

The “MFPV batch” approach to demonstrating compliance over a waste type has the disadvantage of
not accounting for the reductions in variation resulting from (1) mixing each MFPV batch with the heel of
the previous MFPV batch in the MFV and (2) mixing IHLW MFYV batches in the IHLW melter and
ILAW MFV batches in the ILAW melter. Hence, the canister-to-canister variation of compliance
quantities for IHLW or ILAW corresponding to a specified quantity of HLW or LAW may be
considerably less than the MFPV batch-to-batch variation. However, to take advantage of this reduction
in variation, it would be necessary to model IHLW and ILAW composition that would result from mixing
in the [HLW and ILAW MFVs and melters. The Defense Waste Processing Facility (DWPF), in
developing their compliance strategy, investigated three approaches for modeling glass composition
through the melter. However, none of the three approaches could accurately predict glass composition
canister-by-canister (personal communication). Hence, DWPF adopted a Slurry Mix Evaporator (SME)
based compliance strategy as described in the DWPF Waste Form Compliance Plan (Barnes 2003), which
is analogous to the WTP’s current MFPV-based compliance strategy for both IHLW and ILAW.

(a) See Section 1.0 for a discussion of why this report addresses ILAW PCP Rev. 0 (Nelson et al. 2003) rather than
ILAW PCP Rev. 1 (Westsik et al. 2004).
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The WTP Project has left open the possibility of switching to an alternative approach for compliance
over a waste type if (1) the reduction in estimated variation in IHLW and ILAW compliance quantities
would have significant benefits and (2) glass composition through the HLW and LAW melters could be
accurately modeled. In the meantime, the MFPV-based compliance strategy over a waste type is
conservative and avoids making the compliance equations (see Appendices A and B) even more
complicated by including models for composition between the MFPV and the melter at any given point in
time.
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3.0 Approaches for Implementing Statistically Based IHLW
and ILAW Compliance Strategies

The WTP IHLW and ILAW compliance strategies are statistically based for several IHLW and
ILAW specifications. Statistically based strategies were chosen by the WTP Project in cases where:

o The specification requires quantifying and reporting (in qualification documentation and/or in
production records) variations or uncertainties in compliance quantities (e.g., chemical composition,
radionuclide composition, and waste loading).

e It was considered desirable to quantify and report (in qualification documentation and/or in
production records) variations or uncertainties in compliance quantities (e.g., chemical composition,
radionuclide composition, and waste loading).

e Compliance quantities may have the chance of approaching limiting values given in specifications. In
such cases, a statistically based compliance strategy accounts for applicable variations and
uncertainties in demonstrating that a compliance quantity is within its limit.

The general statistical approaches used to develop the statistically based compliance strategies presented
later in the report are introduced in the following subsections. Section 3.1 introduces the confidence
interval approach for demonstrating each MFPV batch is compliant. Section 3.2 introduces the tolerance
interval approach for demonstrating glass made from an HLW or LAW waste type is compliant. Section
3.3 introduces the equations used to calculate basic compliance quantities. Section 3.4 introduces the
approaches for assessing uncertainties and numbers of samples, analyses, and other process measurements
for each MFPV batch. The approach for IHLW is discussed in Section 3.4.1, while the approach for
ILAW is discussed in Section 3.4.2. Section 3.5 introduces the approach used to assess variation over
multiple MFPV batches and numbers of samples, analyses, and other process measurements.

3.1 Confidence Interval Approach for Single-Batch Compliance

As discussed in Section 2.4, some compliance strategies involve demonstrating compliance for [HLW
or ILAW corresponding to each HLW or LAW MFPV batch. A single HLW or LAW MFPV batch will
have a corresponding “true” average glass composition as well as “true” average values of compliance
quantities, such as chemical composition, radionuclide composition, and PCT releases. The true, average
glass composition can only be estimated with uncertainty via process sampling, chemical analysis, and
other process measurements (e.g., volume) according to the IHLW or ILAW compliance strategy
summarized in Section 2.2 or 2.3, respectively. Similarly, property-composition models used to predict
glass properties (e.g., PCT releases) as functions of glass composition are also subject to uncertainty.

Statistical Cls are the appropriate type of statistical statement to make when estimating the true
average of a compliance quantity. A CL% confidence interval (CL% CI) provides CL% (confidence
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level) confidence that the CI contains the true average compliance quantity.® A symmetric two-sided
CL% CI has the generic form

CL% CI = Estimate = CL% Multiplier x SD(Estimate) 3.

where Estimate represents the estimate of the true mean compliance quantity for a single MFPV batch,
SD(Estimate) represents the standard deviation of Estimate, and CL% Multiplier represents the statistical
distribution percentile value appropriate to provide CL% confidence that CL% CI contains the true mean
compliance quantity®. In cases where only a one-sided CL% lower confidence interval (CL% LCI) or a
one-sided CL% upper confidence interval (CL% UCI) is required, only the minus or plus in Eq. (3.1) is
used along with the appropriate change from a two-sided to one-sided value of the CL% Multiplier.
Specific implementations of two-sided and one-sided Cls are presented in appropriate subsections of
Sections 4 and 5.

The standard concept of a CL% CI is applicable for compliance quantities that do not involve
property-composition models. For any compliance quantity calculated using a property-composition
model, there are uncertainties associated with the model and with any estimated glass composition
substituted into the model (see Section A.3 of Appendix A). Statistical theory for models fitted to data by
least squares regression (Montgomery et al. 2001) provides a formula for CIs on model predictions.
Standard CL% CI formulas provide for quantifying the uncertainty in predicted property values resulting
from glass-composition uncertainty. In this report, CL% one-sided upper combined confidence intervals
(CL% UCKCISs) are used to account for both model uncertainty and glass-composition uncertainty in
model-predicted glass properties. Upper intervals are used because all limiting specifications contain
upper limits. The specifics of CL% UCCIs for compliance with different IHLW and ILAW specifications
are presented in the relevant subsections of Sections 4 and 5, but they all have the generic form

CL% UCCI = Estimate via Property-Composition Model
+ CL% Composition Uncertainty Multiplier x SD(Composition Uncertainty)  (3.2)
+ CL% Model Uncertainty Multiplier x SD(Model Uncertainty),
where the two SDs are both expressed in the same units as the property (or some mathematical

transformation thereof, such as a logarithmic transformation) predicted by the property-composition
model.

3.2 Tolerance Interval Approach for Multiple-Batch Compliance

As discussed in Section 2.4, some compliance strategies involve demonstrating compliance for IHLW
or ILAW that would be made from a given number of HLW or LAW MFPV batches corresponding to a
specified quantity of HLW or LAW (e.g., a waste type). For multiple MFPV batches, there is batch-to-
batch variation (due to variation in the waste feed composition) as well as within-batch uncertainties due

(a) This statement is somewhat of a simplification. In practice, a CL% CI calculated from uncertain data will either
contain the true average compliance quantity or not. For conceptual repeated collection of the uncertain data
and calculation of a CL% CI, in the long run, the CL% of the calculated CIs would contain the true average
compliance quantity. This is the proper interpretation of the CL% confidence for an CL% CI.
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to sampling, chemical analyses, and other process measurements. Because there is actual variation in a
compliance quantity over multiple MFPV batches (and the IHLW or ILAW that would be produced from
them), an X%/Y % statistical tolerance interval (X%/Y% TI) is the appropriate type of statistical statement
to make. An X%/Y% TI provides X% confidence that at least Y% of the [HLW or ILAW that would be
produced from the multiple MFPV batches will have compliance quantity values inside the TL®) The
general form of a symmetric two-sided X%/Y% TI is given by

X%/Y% TI= i Fk(X,Y)& (3.3)

where g is an estimate of the mean compliance quantity over the IHLW or ILAW corresponding to a

waste type, k(X, Y) is a TI multiplier that provides the desired X% confidence and Y% coverage of the
distribution of the compliance quantity over a waste type, and ¢ is an estimate of the uncertainty in z .

If a one-sided upper tolerance interval (UTI) is desired, only the “+” half of the formula in Eq. (3.3) is
used. If a one-sided lower tolerance interval (LTI) is desired, only the “-” half of the formula in Eq. (3.3)
is used.

Although the choice of values of X and Y in a X%/Y% TI are a matter of policy for the WTP Project
to decide, it is recommended that X and Y have values between 90 and 100% (they can never equal 100%
because of variation and uncertainty). With X and Y values in the 90 to 100% range, an X%/Y % TI will
provide high (X%) confidence that a high (Y%) percentage of the IHLW or ILAW glass corresponding to
the multiple MFPV batches have compliance quantities within the TI or satisfying a specification limit.
The traditional approach of applying TIs involves selecting both X and Y (e.g., X =95 and Y =95) and
calculating an X%/Y% TI to verify that its value satisfies the IHLW or ILAW limits of a given
specification. However, it is more informative to determine the values of X and Y achieved
corresponding to the specification limit. For example, perhaps it can be stated with 99% confidence that
99.9% of the IHLW produced from a given waste type satisfies the limits for a given IHLW specification.
See Piepel and Cooley (2002) for further discussion and examples of TIs in general and the details (in
their Section 3.8) on how to calculate achieved values of X and Y.

The question arises why it is necessary during IHLW and ILAW production to apply X%/Y% TIs to
demonstrate compliance over multiple MFPV batches corresponding to a waste type when CL% Cls will
have already been used to demonstrate the compliance of glass that will be made from each IHLW or
ILAW MFPV batch. In calculating CL% ClIs for compliance quantities and comparing them to
specification limits, there is some statistical probability of incorrectly deciding that a given MFPV batch
will make compliant glass when in fact the glass is not compliant. The probability of at least one such
wrong decision increases with the number of decisions made (for MFPV batches corresponding to a waste
type). The X%/Y% TI approach makes a single statistical statement about all MFPV batches
corresponding to a waste type, ensuring that there is high confidence (low chance of wrong decision) that
a high percentage of glass made from MFPV batches corresponding to a waste type will satisfy
compliance quantity limits. Further, the X%/Y % TI accounts for variation in compliance quantities over

(a) This statement is somewhat of a simplification. In practice, an X%/Y% TI calculated from data subject to
variation and uncertainty either will or will not contain at least Y% of the distribution of a compliance quantity
over a waste type. Consider conceptual repeated collection of the data subject to variation and uncertainty.
Then, for each conceptual repetition, consider calculating an X%/Y% TI. In the long run, X% of the calculated
TIs would contain at least Y% of the distribution of the compliance quantity over a waste type. This is the
proper interpretation of the X% confidence for an X%/Y% TI.
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MFPYV batches corresponding to a waste type, whereas the CL% ClIs calculated for each MFPV batch do
not. In summary, CL% Cls and X%/Y % TIs play complementary roles in demonstrating compliance
during IHLW and ILAW production operations. The CL% CIs provide for demonstrating compliance for
each MFPV batch while accounting for within-batch uncertainties. The X%/Y % TIs provide for
demonstrating with high confidence that a high percentage of IHLW or ILAW produced from multiple
MFPV batches is compliant with limiting specifications.

3.3 Equations for Calculating Compliance Quantities

Before the WTP compliance strategies (including, but not limited to, the statistically based strategies)
can be implemented, equations are needed to calculate the basic compliance quantities associated with the
IHLW and ILAW specifications. Equations to calculate several IHLW compliance quantities are
presented in Appendix A, while equations to calculate several ILAW compliance quantities are presented
in Appendix B. Appendices A and B include equations to calculate compliance quantities corresponding
to all IHLW and ILAW specifications for which the WTP compliance strategy is statistically based. In a
few cases, equations are also given for specifications where the WTP compliance strategy is not
statistically based. For example, the equations to calculate ILAW waste loading had been developed
before the WTP decision that a statistically based compliance strategy for waste loading compliance was
no longer necessary. Because the ILAW waste loading equations were developed, they are presented in
Section B.6 of Appendix B. Equations to calculate HLW loading had also been developed, but under the
older compliance strategy in place when the IHLW vitrification facility still contained CRVs. Because
those equations are no longer applicable, they are not presented in Appendix A.

The fundamental compliance quantity equations are for IHLW and ILAW glass compositions
corresponding to completed MFPV batches (i.e., when they are ready for transfer to the MFV). These
glass compositions are expressed as mass fractions of oxides or halogens for both non-radionuclides and
radionuclides where the mass fractions of all oxides and halogens (non-radioactive as well as radioactive)
must sum to unity. These equations are fundamental in that equations for other compliance quantities are
based on the glass-composition equations. The ILAW compliance strategy (see Section 2.2) uses more
process information to calculate glass composition than does the IHLW compliance strategy (see Section
2.3). The IHLW compliance strategy involves using only chemical analyses of MFPV samples (after
GFCs have been added) to calculate HLW glass composition. On the other hand, the ILAW compliance
strategy uses chemical analyses of CRV samples, level/volume measurements of the CRV and MFPV
before and after transfers and GFC additions, and measured weights of GFCs added to the MFPV to
calculate LAW glass composition. Hence, the equations for calculating HLW glass composition are
relatively simple, whereas the equations for calculating LAW glass composition involve more
complicated mass balances.

3.4 Approaches for Assessing Uncertainties and Numbers of
Samples, Analyses, and Other Measurements for Single MFPV
Batches

As discussed in Section 3.3, the equations for calculating ILAW compliance quantities are more
complicated compared to the relatively simple nature of the equations for calculating IHLW compliance
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quantities. The relatively simple nature of the IHLW equations means that closed-form (1) error
(variance) propagation methods can be used to propagate single-MFPV-batch uncertainties through the
equations, (2) statistical formulas for CL% Cls and CL% UCCIs can be used, and (3) calculations for
numbers of samples, analyses per sample, and measurements can be performed. The more complicated
nature of the equations for ILAW compliance quantities indicates that direct, closed-form methods cannot
be used to quantify uncertainties and determine numbers of samples, analyses, and measurements.
Rather, a Monte Carlo simulation approach must be used to propagate the various LAW vitrification
process uncertainties and thus estimate the total uncertainties in compliance quantities for each MFPV
batch. The Monte Carlo simulation approach also provides for obtaining CL% Cls and CL% UCClIs to
demonstrate for each MFPV batch that ILAW compliance quantities satisfy their corresponding limits.
Finally, the Monte Carlo simulation approach also provides the basis for determining the numbers of
samples, analyses per sample, and other measurements required during ILAW production operations.

Estimates of process compositions and uncertainties affecting single MFPV batches were needed for
both THLW and ILAW to (1) assess total uncertainties in compliance quantities for single MFPV batches
and (2) perform investigations and provide guidance to the WTP Project on the numbers of process
samples, analyses, and other measurements required to meet process control and compliance requirements.
The WTP Project provided estimates of process compositions and uncertainties for three waste tanks each
of HLW (AY-102, AZ-102, and C-104) and LAW (AP-101, AZ-101, and AN-107). The three LAW waste
tanks were selected to represent Envelopes A (AP-101), B (AZ-101), and C (AN-107).®)

For each process variable, two bounding estimates of uncertainty referred to as “low” and “high”
were provided by the WTP Project for this work. The goal of the low- and high-case uncertainty values
for a given variable was to span the range within which the actual uncertainty (to be determined by
subsequent WTP WFQ testing) is likely to fall. The estimates of process compositions and the ranges of
uncertainties affecting single MFPV batches provided by the WTP Project are documented and discussed
in Appendix C (IHLW) and Appendix D (ILAW).

Section 3.4.1 introduces the statistical error (variance) propagation methods used to (1) quantify
uncertainties in IHLW compliance quantities and (2) assess the effects of different numbers of MFPV
samples and analyses per MFPV sample on compliance with IHLW specifications. Section 3.4.2
introduces the Monte Carlo simulation approach used to (1) quantify uncertainties in ILAW compliance
quantities and (2) assess the effects of different numbers of CRV samples, analyses per CRV sample, and
other ILAW process measurements on compliance with ILAW specifications. The details of these
methods and approaches for individual IHLW and ILAW specifications are presented in Chapters 4 and 5,
respectively. The results of applying these methods are presented in Sections 6 (IHLW) and 7 (ILAW).

(a) Envelope A—LAW feed with lower concentrations of sulfate and varying potassium concentrations.
(b) Envelope B—LAW feed with higher '*’Cs and sulfate concentrations.
(c) Envelope C—LAW feed with organically complexed Sr and TRU requiring removal to meet specifications.
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3.4.1 Approach for Assessing Uncertainty and Number of Samples and Analyses
for Single IHLW MFPV Batches

During IHLW production operations, IHLW reporting and limiting specifications will be satisfied
based only on analyzing samples from the IHLW MFPV. Hence, only mixing/sampling® and analytical
uncertainties must be accounted for in statistically based compliance methods.

As discussed in Section 3.4, standard closed-form error (variance) propagation and statistical interval
formulas will be used to assess uncertainties affecting the composition in a single HLW MFPV batch.
The closed-form statistical interval formulas also provide the basis for assessing the effects of
(1) different numbers of MFPV samples and analyses per sample and (2) different magnitudes of
mixing/sampling and analytical uncertainties. Section 3.4.1.1 provides a brief overview of error
(variance) propagation formulas. Section 3.4.1.2 discusses the approach used to assess the effects of
number of MFPV samples, number of analyses per MFPV sample, and mixing/sampling and analytical
uncertainties. Specific implementations of these methods for individual specifications are discussed in
applicable subsections of Section 4. The results of investigations and example calculations using these
methods are presented in applicable subsections of Section 6.

3.4.1.1 Overview of Error (Variance) Propagation

The quantities of interest for compliance are functions of several process variables, and each of these
variables contributes to the overall uncertainty observed. To obtain an estimate of the uncertainty for the
quantity of interest, it is necessary to apply error (variance) propagation techniques to the mathematical
formula that relates the compliance quantity and the process variables. In general, if the relationship
between a compliance quantity and the processing variables can be described as ¥ = f (X e Xy ),

where Y is the compliance quantity and X ... , X, represent the process variables, then the variance of ¥
can be obtained by:

2 2
S_i: 6_Y s12+...+ a_Y S;
ox, ox,

oy Yor ), (or Y or) ov | or | ,
+| — S S12 +| — D S13 + e+ D Sq—l,q
ox, \ ox, ox, \ ox; X, ) ox,

2 . ; . 2 . .
where s; represents the variance of the i variable and s;; 1s the covariance between the measurements

(3.4)

of variables X; and X;. In many cases, it is possible to assume that the process variables are uncorrelated,
making the Sl-j2~ terms equal to zero, simplifying the expression for the variance of ¥ considerably (see for

example Hines et al. [2002] or Hahn and Shapiro [1968, Section 7.2] for a more complete description).
The specific formula for the variance of the product of two random variables has been presented by
Goodman (1960) and is used in some instances in this report.

(a) See the entry for “mixing/sampling uncertainty” in the Acronyms, Terms, and Abbreviations section at the front
of the report.
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3.4.1.2 Assessment of Number of Samples, Number of Analyses, and Magnitudes of
Uncertainties

To better understand (1) the total uncertainty associated with the IHLW compliance quantities,
(2) how numbers of MFPV samples and analyses per sample affect total uncertainty, and (3) how
magnitudes of mixing/sampling and analytical uncertainties affect total uncertainty in compliance
quantities, an experimental design was implemented using variance propagation methods coupled with
formulas for statistical CIs. The experimental design was intended to (1) determine the effects of the
following six factors on the total uncertainty in compliance quantities at the IHLW MFPV and (2) provide
a basis for the WTP Project to decide on the numbers of IHLW MFPV samples and analyses per sample
needed during production:

e HLW tank

e statistical percent confidence level (CL%)

e mixing/sampling %RSD (percent relative standard deviation) in the concentration of the j element in
a MFPV batch [ %RSDy (c}""") ]

e analytical %RSD in the concentration of the /" element in a MFPV batch [ %RSD 4 (ch[F r )]

e number of samples per MFPV batch (néWFPV )

e number of analyses per MFPV sample (nfyF Pr ).

The levels used for each of these factors are shown in Table 3.1.

Actual data were used from three HLW tanks (AY-102, AZ-102, and C-104) representing some of the
initial tanks to be processed by the WTP. The MFPV nominal concentration data for each HLW tank are
listed in Table C.1 (chemical composition analytes) and Table C.2 (radionuclides) of Appendix C. MFPV
mixing/sampling uncertainties (%RSD values for low and high case) and MFPV analytical uncertainties
(%RSD values for low and high case) are also listed in Table C.1 for chemical composition analytes and
Tables C.2 and C.4 for radionuclides.
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Table 3.1. Factors and Levels Used in IHLW Variance Propagation
and Confidence Interval Investigations

g 72|
(%] e S
< | EEE |ES|Z
= < — 2
S 2 =2z | =28 |27
= [=V)] [ - Z @»
= = = =) z = = =
= T EEE|2E |E2
= 2 ESS|ES |22
AY-102 | 90% | Low | Low | 1-30
AZ-102 | 95% | High | High
C-104

(a) Low- and high-case values for HLW MFPV mixing/sampling uncertainty are listed in Table C.1
of Appendix C for chemical composition analyte concentrations and in Table C.2 for
radionuclide concentrations.

(b) Low- and high-case values for HLW MFPV analytical uncertainty are given in Table C.1 of
Appendix C for chemical composition analyte concentrations and in Table C.4 for radionuclide
concentrations.

MFPV MFPV
ny

(c) Total number of analyses is equal to ng X . All combinations were investigated up

to a total of 30, using 1 to 3 analyses per sample.

An experimental test design (for a computer experiment) was used to run these factors at all
combinations of levels, as shown in Table 3.2. This led to data analysis that determined which factors
were contributing most to the uncertainty of chemical composition, radionuclide composition, and other
compliance quantities. The results were used to assess how changing the numbers of samples and/or
analyses per sample were contributing to the uncertainty of chemical composition, radionuclide
composition, and other compliance quantities. The results were also used to assess (1) how changing the
numbers of samples and/or analyses per sample would effectively decrease (through averaging) the
uncertainty in compliance quantities and (2) how many samples and analyses would be needed in the
compliance strategy during production.
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Table 3.2. Experimental Design Used to Investigate Effects of Factors on Total
Uncertainty and Compliance of IHLW Compliance Quantities

g 2|
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= | § 283 2£ 2

> S 22382 |3

€ S |I2E 28| S

= S BEESE< (S

AY-102 90 Low Low -

AY-102 90 Low | High | I-

AY-102 95 Low Low
AY-102 95 Low High
AY-102 90 High Low
AY-102 90 High High
AY-102 95 High Low
AY-102 95 High High
AZ-102 90 Low Low
AZ-102 90 Low High
AZ-102 95 Low Low
AZ-102 95 Low High
AZ-102 90 High Low
AZ-102 90 High High
AZ-102 95 High Low
AZ-102 95 High High

C-104 90 Low Low

C-104 90 Low High

C-104 95 Low Low

C-104 95 Low High

|
Q[ L[| W[ W[LW[L[W|W| W[ W[IW|[LW|W|W|W| W

C-104 90 | High | Low | I-
C-104 90 | High | High | 1-
C-104 95 | High | Low | I-

SEEEEEEEEEEEEEEEEEEEEEEE PN T

e | et | e | e [ [ | e | e [ [ | e | [ | | e | [ | e | e | [ | e | [ =

C-104 95 | High | High

(a) Low and high values for HLW MFPV mixing/sampling uncertainty are listed in Table C.1 of
Appendix C for chemical composition analyte concentrations and in Table C.2 for radionuclide
concentrations.

(b) Low and high values for HLW MFPV analytical uncertainty are given in Table C.1 of Appendix C for
chemical composition analyte concentrations and in Table C.4 for radionuclide concentrations.

(¢) Total number of analyses is equal to number of samples per MFPV batch x number of analyses per
MFPV sample. All combinations were investigated up to a total of 30, using 1 to 3 analyses per
sample.

3.9



3.4.2 Approach for Assessing Uncertainty and Numbers of Samples, Analyses,
and Other Measurements for Single ILAW MFPV Batches

To better understand (1) the total uncertainty associated with the ILAW compliance quantities,
(2) how numbers of samples, analyses, and other process measurements affect total uncertainty, and
(3) how magnitudes of contributing process uncertainties affect total uncertainty in compliance quantities,
an experimental design was implemented using Monte Carlo simulation. A brief overview of Monte
Carlo simulation is provided in Section 3.4.2.1. The experimental design implemented via the Monte
Carlo simulation approach is described in Section 3.4.2.2.

3.4.2.1 Overview of Monte Carlo Simulation

Monte Carlo simulation involves assuming statistical distributions for random (i.e., uncertain)
variables, generating random realizations from these distributions, and performing calculations of interest
using the random realizations of the random variables. In this report, the calculations of interest are
various compliance quantities (e.g., ILAW chemical and radionuclide compositions, or concentrations of
radionuclides in ILAW containers). Random variables of interest involve any process steps or
measurements subject to uncertainty (e.g., mixing/sampling, or analytical).

3.4.2.2 Experimental Design to Investigate Effects of Various Factors on the
Numbers of Samples, Analyses, and Other Measurements for Single ILAW
MFPV Batches

The experimental design discussed in this section was intended to (1) determine the effects of the
following nine factors on the total uncertainty in compliance quantities at the ILAW MFPV and (2)
provide a basis for the WTP Project to decide on the numbers of ILAW process samples, analyses per
sample, and other measurements needed during production:

e LAW tank and waste envelope

e mixing/sampling %RSD in the concentration of the /" element in a CRV batch [ % RSD s (c_?/[FPV) ]

e analytical %RSD in the concentration of the j element in a CRV batch [ %RSD 4 (chF r )]

e GFC composition uncertainty, represented by the standard deviation in the mass fraction of the /™
component (oxide or halogen) in the k" GFC [SD(G_E};FC)]

e GFC mass uncertainty, represented by the standard deviation of the mass of the k" GFC added to a
MFPYV batch. This uncertainty includes uncertainties due to batching, weighing, and transfers of

GFCs [ SD(a™€) ]

e volume uncertainties in the CRV and MFPV. The magnitudes of these uncertainties will depend on

the level of contents in a vessel, but a generic notation is used for now (SDERV and SD,yF 7y

e number of samples per CRV batch (ng/[FPV)
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e number of analyses per CRV sample (n %F PV)

CRV
vV

e number of volume determinations of the CRV and MFPV before and after transfers (» and

nMFFV ),

The levels used for each of these factors are shown in Table 3.3. Note that the percent confidence level
(CL%) does not appear in the above list or in Table 3.3 because it was not a factor varied in the Monte
Carlo simulation study, but rather a factor considered in using the Monte Carlo simulation results.

Table 3.3. Factors and Levels Used in ILAW Monte Carlo Simulations

g g 2
. 2 |- | & .| 22 |
o= < E = S o _—
5 = | & 23 | &= s |8 £E S8
= s = g = 9 = s | © ° e =
Lﬂ @3 =§ O'a ;.E Q.E i-n> i-n> S ol
P 22 <5 |SE|2f|2f |2z & EE
: 2% z% g2 gf P 8% % %
e S )
= O2S| O |Op |Op | PR |Zzd|lzd|zaA
A (AP-101) Low Low Low Low Low 1,2,3 1
B (AZ-101) | High High High High High 1,2,3 3

C (AN-107)

0 |QA| NN |WIN|—
—
(V)

—_
=

(a) Low- and high-case values for LAW CRV mixing/sampling uncertainty are listed in Table D.1 for
chemical composition analyte concentrations and in Table D.2 for radionuclide concentrations.

(b) Low- and high-case values for LAW CRYV analytical uncertainty are given in Table D.1 for chemical
composition analyte concentrations and in Table D.4 for radionuclide concentrations.

(c) Low- and high-case values for GFC composition uncertainties are given in Table D.7. Specifically, the
nominal values and ranges in Table D.7 were used to define triangular distributions from which
samples were taken in the Monte Carlo simulation.

(d) Low- and high-case values for GFC batching uncertainties are given in Table D.6.

() Low- and high-case values for volume uncertainties are given in Table D.9.

Actual data were used from three LAW tanks representing each of the three LAW waste envelopes:
A (AP-101), B (AZ-101), and C (AN-107). The nominal CRV concentration data for each LAW tank are
listed in Table D.1 (chemical composition analytes) and Table D.2 (radionuclides) of Appendix D. CRV
mixing/sampling uncertainties (%RSD values for low and high case) are listed in Table D.1 (chemical
composition analyte concentrations) and Table D.2 (radionuclide concentrations). CRV analytical
uncertainties (%RSD values for low and high case) are listed in Table D.1 (chemical composition analyte
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concentrations) and Table D.4 (radionuclide concentrations). Table D.5 contains the nominal masses of
the GFCs added to the LAW MFPV for each LAW tank. Table D.6 contains the low- and high-case
uncertainties associated with the masses of GFCs added to the ILAW MFPV shown in Table D.5. GFC
composition data and corresponding low- and high-case uncertainties are found in Tables D.7 and D.8.
Table D.9 contains the nominal LAW CRV and MFPV volumes as well as the low- and high-case
uncertainties (SDs).

Numbers of LAW CRV samples and analyses were varied such that there were 15 different
combinations tested. Table 3.3 shows that when 1 or 2 samples per CRV batch were taken, there were 1,
2, or 3 analyses per sample, which accounted for 6 of the 15 combinations. The other 9 combinations are
listed in Table 3.3. The 1/1 case (1 sample with one analysis) was included as a baseline to measure the
improvement when sampling more than once and/or analyzing each sample more than once.

A full-factorial design of the factors and levels in Table 3.3 would have resulted in 2880 runs
(3 x 2% x 15). A full-factorial design is one in which all possible combinations of levels for each factor is
run. For this analysis, there are six factors with two levels each, one factor with 15 levels and one factor
with 3 levels, resulting in 2880 runs that would contain all possible combinations. To reduce the amount
of time needed to perform a Monte Carlo simulation with this many runs, a half-replicate fractional-
factorial experiment was designed such that only 1440 runs would be necessary (3 x 2°' x 15). This
fractional factorial experiment results in using only half of all the possible combinations of factors and
levels. Using a fractional factorial design results in each effect being confounded (masked) by another
effect. In this case, the main effect of each of the six factors with only two levels is confounded with the
five-factor interaction of the remaining factors. Also, each two-factor interaction is confounded with a
four-factor interaction. Because four- and five-factor interactions are rarely significant or meaningful,
this confounding structure should still be effective in determining significant main effects and two-factor
interaction. For each of the 15 different combinations of numbers of samples and analyses-per-sample
tested and each of the three tanks, the other six factors were varied such that there were 32 different runs
performed in the simulation. Table 3.4 shows the factor levels tested for each of the 32 runs of the six
two-level factors.
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Table 3.4. Test Cases Used in the ILAW Fractional Factorial Design for the Six Two-Level Factors
Studied in the ILAW Monte Carlo Investigation for each Combination of Waste
Envelope, Number of Samples per CRV Batch, and Number of Analyses per CRV
Sample, as defined in Table 3.3

en »n

£ =2 | 2% s E

‘B c z =z 2 |« ¥

£z 6B £ £ 2 E £ > g

< = = 2 'S S = o 8 5 o2

< € a SE | ®|E EL | 2 EE

>4 | 258 |vEgg| 08 28 |EZ¢8

& 3 =3 = o = = = S = =° 9

Run O X O < GRS (G > = Z > A/
1 Low Low Low Low Low 1
2 Low Low Low Low High 3
3 Low Low Low High Low 3
4 Low Low Low High High 1
5 Low Low High Low Low 3
6 Low Low High Low High 1
7 Low Low High High Low 1
8 Low Low High High High 3
9 Low High Low Low Low 3
10 Low High Low Low High 1
11 Low High Low High Low 1
12 Low High Low High High 3
13 Low High High Low Low 1
14 Low High High Low High 3
15 Low High High High Low 3
16 Low High High High High 1
17 High Low Low Low Low 3
18 High Low Low Low High 1
19 High Low Low High Low 1
20 High Low Low High High 3
21 High Low High Low Low 1
22 High Low High Low High 3
23 High Low High High Low 3
24 High Low High High High 1
25 High High Low Low Low 1
26 High High Low Low High 3
27 High High Low High Low 3
28 High High Low High High 1
29 High High High Low Low 3
30 High High High Low High 1
31 High High High High Low 1
32 High High High High High 3

(a) There were 15 different combinations of number of samples and number of analyses
tested, along with 3 different waste envelopes, each containing 32 runs in the
experiment. This resulted in 1440 runs (15 x 3 x 32).

(b) See the footnotes of Table 3.3 for the table references where the low- and high-case
values for each factor may be found.
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3.5 Approach to Assess Variation over Multiple MFPV Batches and
Numbers of Samples, Analyses, and Other Measurements

As discussed in Section 3.2, X%/Y % TIs will be used to demonstrate compliance (for IHLW or
ILAW corresponding to an HLW or LAW waste type) with certain IHLW and ILAW specifications that
contain limits on compliance quantities. Work similar to that described in Section 3.4, except with the
focus of using X%/Y TIs to demonstrate compliance over a waste type, has already been conducted and
reported by Piepel and Cooley (2002).

At the time of the Piepel and Cooley (2002) work, both the [HLW and ILAW compliance strategies
involved analyzing samples from a single location in the IHLW and ILAW processes. In the IHLW case,
the strategy back then, as it is again now after recent changes, involved analyzing MFPV samples.
Hence, the work by Piepel and Cooley (2002) is directly applicable to the current IHLW compliance
strategy. In the ILAW case, the strategy back then was analyzing glass shard samples collected from the
top of ILAW containers. While the current ILAW compliance strategy (see Section 2.3) is far removed
from the previous one, the work of Piepel and Cooley (2002) can be adapted to the current strategy. The
approach to implementing the current ILAW compliance strategy will result in an estimated glass
composition (and corresponding SD for each glass component) for each ILAW MFPV batch. The
X%/Y% TI method of Piepel and Cooley (2002) can be adapted to use these inputs for the ILAW
situation. The specifics of this adaptation are discussed in Section 5.4.4.

Work to quantify variations in compliance IHLW and ILAW quantities over the course of HLW and

LAW waste types is being conducted in FY 2005 (Piepel and Heredia-Langner 2003). The results of that
work will be used in a future update of this report.
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4.0 IHLW Compliance Strategies and Statistical
Implementation Methods by Specification

This section describes the WTP IHLW compliance strategies and statistical implementation methods
for each WAPS (DOE-EM 1996) or WTP contract (DOE-ORP 2003) specification having a statistical
aspect to the compliance strategy. IHLW specifications not having statistical aspects to the corresponding
WTP compliance strategies are not listed or discussed.

4.1 Compliance Approach and Methods for IHLW WAPS
Specification 1.1.2: Chemical Composition During Production

Section 4.1.1 lists the applicable WAPS Specification 1.1.2. Section 4.1.2 summarizes the statistical
aspects of the WTP compliance strategy for this specification. Sections 4.1.3 and 4.1.4 present the
statistical methods that will be used to implement the statistical aspects of the compliance strategy.

4.1.1 WAPS Specification 1.1.2: Chemical Composition During Production

In the Production Records, the Producer shall report the oxide composition of the waste form.
The reported composition shall include all elements, excluding oxygen, present in concentrations
greater than 0.5 percent by weight of the glass, for each waste type. The Producer shall describe
the method to be used for compliance in the WCP. An estimate of the error of the reported
composition and the basis for the estimate shall be reported in the WQOR.

4.1.2 Statistical Aspects of the IHLW Compliance Strategy for WAPS 1.1.2

The following items describe the statistical and related aspects of the IHLW compliance strategy for
WAPS Specification 1.1.2 (see the IHLW PCP, Nelson 2003) that are addressed in this report.”’

Item 1: Determine the numbers of samples, chemical analyses per sample, and other process
measurements necessary to adequately estimate IHLW chemical composition that would be
produced from each MFPV batch.

Item 2: Develop equations for calculating the means and SDs of reportable glass components over the
chemical-composition determinations of IHLW accumulated over the course of processing a
waste type. The equations for SDs must account for applicable sources of variation and
uncertainty.

The statistical methods to implement these aspects of the WTP IHLW compliance strategy for WAPS
Specification 1.1.2 are discussed in Sections 4.1.3 and 4.1.4, respectively.

(a) See Section 1.0 for a discussion of why this report addresses WAPS specifications and IHLW PCP Rev. 0
(Nelson 2003) rather than IHLW PCP Rev. 1 (Nelson et al. 2004).
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4.1.3 Statistical Method for Determining the Number of Samples and Analyses
per Sample to Estimate IHLW Chemical Composition for an MFPV Batch

During IHLW production operations, the chemical composition will be calculated based on chemical
analyses of samples from the MFPV. The applicable mass-balance equations for calculating [HLW
chemical composition are given in Section A.1 of Appendix A. The balance of this subsection describes
the statistical method to address Item 1 in Section 4.1.2.

Section 3.4.1 describes the general approach for assessing the impacts of the following factors:

e number of samples per MFPV batch ( 5 g/[FPV)

e number of analyses per MFPV sample (nﬁ’fFP )

e mixing/sampling %RSD in the concentration of the /" element in an MFPV batch [ %RSD s (c?/’FPV) ]

e analytical %RSD in the concentration of the /™ element in a MFPV batch [ %RSD 4 (chF ev )]
e statistical percent confidence level (CL%)

e JHLW produced from three HLW tanks (AY-102, AZ-102, and C-104)

on the total uncertainty in estimating IHLW chemical composition (mass fractions of oxides or halogens)
for each MFPV batch. It is necessary at this time to consider a range of values for MFPV
mixing/sampling and analytical uncertainties (as discussed in Section 3.4.1) because final estimates have
not yet been produced by the WTP Project. A future update of this report will use final estimates of
MFPYV mixing/sampling and analytical uncertainties to provide a more definitive final recommended
number of MFPV samples and number of chemical analyses per MFPV sample for estimating [HLW
chemical composition.

To assess the total uncertainty in estimating IHLW chemical composition for a given MFPV batch,
the percent relative half-width (%RHW) of a two-sided CL% CI (see Section 3.1) on the mass fraction of
each IHLW component (oxide or halogen) is used. Piepel, Bates, and Gilbert (2001) discuss this
uncertainty calculation in further detail. The formula for a %RHW, expressed as a percentage of the
nominal value (mass fraction) of the /™ IHLW component (oxide or halogen) in an MFPV batch, is given
by

borsy&}™)F rsn, P |

0 MFPV \ _ J J
ARHWCLOO (gj ) - tl—a/z,nMFPV—l MFPV MFPV _MFPV (4 1 . 1)
g g Ny
where
YoRHW -y, ( gjy[F PV = percent relative half-width of a two-sided CL% CI on the mean mass

fraction of the /™ component in IHLW corresponding to a MFPV batch
(%)
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100(1-0/2) = CL% = percent confidence for a two-sided CI (e.g., 90% when o =
0.10) (%)

Loy anMFPV = 100(1 — a/2) percentile of a Student’s t-distribution with ,{F*" |

degrees of freedom

%RSDg ( g_yFPV) = percent relative standard deviation for mixing/sampling uncertainty in

the mass fraction of the /™ component of IHLW corresponding to a

MFPV batch (%)

%RSD (g qu r V) = percent relative standard deviation for analytical uncertainty in the
mass fraction of the jth component of IHLW corresponding to a MFPV
batch (%)

nytrv = number of samples per MFPV batch

niEPY = number of analyses per MFPV sample.

In Eq. (4.1.1), note that %RSD (ngFPV) and %RSD 4 (gjy[FPV) are used rather than %RSD (cj!lFPV)

and %RSD , (c?/’FPV) introduced earlier in the section. The difference is that %RSD ( g?/[FPV) and

%RSD 4 (ngF r V) are uncertainties in mass fractions of the j” IHLW component (oxide or halogen) in a

MFPV batch, while %RSD (chF r V) and %RSD 4 (chF r V) are uncertainties of analyzed concentrations

of the /™ element in a MFPV batch. The quantities %RSD 5 ( gjw Py and %RSD 4 ( gjw PVy can be

obtained by propagating the uncertainties %RSDg (cjw r V) and %RSD , (cj!/[F Pry through Eq. (A.1.3) in

Section A.1 of Appendix A. Methodology to perform these propagations is scheduled for development in
FY 2005 as part of other work in the Statistical Analysis task of the WTPSP (Piepel and Heredia-Langner
2003). The results of that work will be included and used in a future revision of this report. For the work

in this report, a preliminary investigation indicated that propagated values of %RSDg (g j”F r V) and

%RSD 4 (ngF r V) tend to be close in magnitude to %RSD (chF r V) and %RSD 4 (chF r V) values.

Hence, calculations with Eq. (4.1.1) used values of the latter uncertainties as temporary substitutes for the
former uncertainties in this version of the report. The next revision will use the appropriate uncertainties.

Equation (4.1.1) can be used to calculate % RHW values for various combinations of the factors
described previously in this subsection. The results of such calculations can be used to determine the

values of V" and ,FPV" that will provide estimates of glass components within a given percentage

(i.e., the %RHW) of the true value with desired confidence (CL%). The results of such calculations are
presented in Section 6.1.1.
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4.1.4 Equations for Calculating Means and Standard Deviations of IHLW
Chemical Composition over a Waste Type

The IHLW compliance strategy for WAPS 1.1.2 involves (1) calculating the IHLW chemical
composition for each MFPV batch from analyses of MFPV samples and (2) calculating and reporting
means and SDs of the calculated compositions over each HLW waste type. The chemical composition of
IHLW corresponding to each MFPYV is calculated in terms of mass fractions of J glass components
(oxides and halogens). The mass fraction of the /™ IHLW component in the i/ MFPV batch is denoted by

J
gi]yFPV,j =1,2,...,J. By the nature of mass fractions, ZgMFPV =1.

i
J=1

This section presents the formulas for calculating means and SDs of IHLW chemical compositions
(mass fractions of oxide and halogen glass components) over the / MFPV batches corresponding to an
HLW waste type. Two situations are considered. Section 4.1.4.1 addresses the case of balanced data
while Section 4.1.4.2 addresses the case of unbalanced data. The formulas in these subsections address
Item 2 of Section 4.1.2.

4.1.4.1 Equations for Calculating Means and Standard Deviations of IHLW Chemical
Composition over a Waste Type Using Balanced Data

In this section, we consider “balanced data” that occurs when (1) the same number of samples nglFPV

are collected from all MFPV batches i =1, 2, ... , I corresponding to an HLW waste type, (2) the same

number of analyses n ZIF PV are made for each MFPV sample of each MFPV batch corresponding to an

HLW waste type, and (3) the same number of volume determinations ny FPV" are made for each MFPV

batch. When n{yF PV ~1 for all MFPV batches and nf{’F PV =1 for all samples from all MFPV batches,

balanced data occur when néVFPV is the same for every MFPV batch and the single analysis of each

MFPYV sample is acceptable.

Section A.1 of Appendix A presents the mass-balance equations for calculating the IHLW chemical
composition (in mass fractions) for a single MFPV batch. Specifically, Eq. (A.1.5) in Appendix A gives

the formula for §§’[F PV the mass fraction of the ™ component in IHLW that would be made from the i

MFPYV batch averaged over the nglF i samples and n TF rv analyses per sample for each MFPV batch.

For each component j, formulas are required for the mean and SD of the §§’[F Py ,i=1,2,...,1values

corresponding to an HLW waste type. Note that the volume of the i MFPV batch and the number of
volume determinations néﬂr PV 4o not appear in the equation for g‘}}” PV This is because the MEPV

volume is the same for all IHLW components corresponding to an MFPV batch, and hence cancels out of
the equation.
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In the case of balanced data, the formula for the mean (mass-weighted average) of mass fractions of
the /™ IHLW component over the MFPV batches corresponding to an HLW waste type is given by:

ZMEPV MFPV ZMFPV

! 1 4 1 4
MFPV MFPV
DM VT 2 MFPV 2 2 Cijim MFPV ]Zl Vit Ji

I =1 m=l ny
£ - MFPV  MFPV MFPV (4.12)
L 1 s 4 MFPV (I MFPV
22| e ey > 2 Gl > Vi /;
i=1 j=1 ng’[FPan{[FPV = ma nd PV 0 l !
forj=1,2,...,J, where:
§}/IF PV = mean (mass-weighted-average) mass fraction of the /" IHLW component over /
MFPYV batches, based on averages over n éMF rr samples per MFPV batch, » TF rr
analyses per sample, and n{yF PV yolume determinations per MFPV batch
(goxide/ goxides)
1 = number of MFPV batches corresponding to an HLW waste type
J = number of non-radionuclide oxides and radionuclide oxides estimated for the IHLW
composition corresponding to each MFPV batch
MW oxide
fi = —L _R ; where M W o%4e and MW "V are the molecular weights of oxide j
L MW analyte "~ J J
j
and analyte j, respectively, and R; is the ratio of moles of oxide per mole of analyte
for oxide j. Hence, f; is the factor for converting the concentration of analyte j
(ug analyte j/mL = mg analyte j/L) to the concentration of oxide j
(ng oxide j/mL = mg oxide/L). The quantity f; is called the oxide factor for oxide ;.
n g/[F PV = number of samples per MFPV batch (> 1)
MFPV  _ .
ny = number of chemical analyses per MFPV sample (> 1)
cg/,[,ip ro= analyzed concentration of the /™ analyte from the m™ analysis of the ™ sample from
the i MFPV batch (ng/mL = mg/L)
MFPV  _ o
ny = number of volume determinations per MFPV batch (> 1)
VZ.ZWFPV = the 4™ volume determination of the i MFPV batch (L).
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The derivation of Eq. (4.1.2) is presented in Section E.1 of Appendix E.

In the case of balanced data, the formula for the SD of mass fractions of the /" IHLW component over
the MFPYV batches corresponding to an HLW waste type is given by:

0.5
I — 2
—MFPV _ =MPFPV
— MFPV El(gij & )
SD(gij )= = (4.1.3)
where
SD(§§4F r V) = standard deviation of mass fractions for the /" IHLW component over glass that
would be made from the / MFPV batches corresponding to an HLW waste type
(goxide/ goxides)
g;ﬁ Py = mass fraction of the /" IHLW component in glass that would be made from the i

MFPV batch (goxide/ goxides)-

The quantity §§’[F PV is calculated using Eq. (A.1.5) in Section A.1 of Appendix A, §?4F PV is calculated

using Eq. (4.1.2), and the remaining notation is as previously defined.

A %RSD is simply the ratio of the standard deviation [ SD( §§/IF P ) in this case] to its corresponding

mean, multiplied by 100. With the variables defined in this section, the %RSD for the /" IHLW
component in the /" MFPV batch is given by

S MFPV

SD —iMFPV
%RSD(g """ )= 100{g+) . (4.1.4)
J

In some cases, it may be preferred to report or consider the %RSD rather than the SD.

4.1.4.2 Equations for Calculating Means and Standard Deviations of IHLW Chemical
Composition over a Waste Type Using Unbalanced Data

The case of unbalanced data is now addressed where (1) the number of samples per MFPV batch is
not the same for the MFPV batches associated with an HLW waste type and/or (2) the number of analyses
per MFPV sample is not the same for each sample from an MFPV batch or for different MFPV batches.
Unbalanced data would occur during WTP IHLW production if (1) less than the desired number of
samples were taken for every MFPV batch, (2) a sample from an MFPV batch were unusable for some
reason, (3) the number of analyses were not the same for every MFPV sample, or (4) analytical results
contain outliers that must be discarded.

4.6



Unbalanced data force changes in how the means and SDs for IHLW compositions are calculated.
Several alternatives are available, but the simplest way to deal with unbalanced data is to calculate the
means and SDs using the samples and analyses available. The process used is to take the mean of the
analyses for each sample and then proceed to taking the mean of the sample means.

In the case of unbalanced data, the formula for the mean (mass-weighted average) of mass fractions
of the /™ IHLW component over the MFPV batches corresponding to an HLW waste type is given by

MFPYV; MFPVy MFPV;
I l I’lS nA 1 I’IV
¥ ¥ s MEPY s MRV |
S| MEPY; o MFPVy = Cilm G MFPV: ih J
- - - bt -
=MFPV
gy = (4.1.5)
MFPV; MFPV;; MFPYV;
I J 1 n I’IA l }’IV
) ¥ Y MEPY s MRV |
: MFPV; MFPV; ijim MFPV; ih J
i=lj=l n =1 n m=1 ny h=1

forj=1,2,...,J, where the notation is the same as defined after Eq. (4.1.2) except for the following
differences

nglFPVi = number of samples from the i MFPV batch
nﬁ/IFPV” = number of chemical analyses made of the /™ sample from the i/ MFPV batch
nf,w FPY%i = number of volume determinations for the i MFPV batch.

Hence, Eq. (4.1.5) for unbalanced data is similar to Eq. (4.1.2) for balanced data, but substitutes the
preceding notation for unequal numbers of samples and analyses per MFPV sample.

In the case of unbalanced data, the SD of mass fractions for the /™ ITHLW component over the /
MFPV batches corresponding to an HLW waste type can again be calculated using Eq. (4.1.3). In that

equation, E?/[FPV is given by Eq. (4.1.5) and g;’l FPV s given by the equation

MFPV; JMFPVy
1 1 4 MFPV
MFPYV; ) MFPYV; ) Cijim J
FMFPY f n L i =
—mrpy __Cij j __ S 4 (4.1.6)
; = = 1.
4 J _vmEPY MFPV; JMEPVi
xS é 1 s 5 14 s MEPY
/=1 , MFPV; MFPVy; Cijim J
7=l n s =1 ny m=1

where the notation is as previously defined following Eq. (4.1.2) and Eq. (4.1.5). Equation (4.1.6) for
unbalanced data is similar to Eq. (A.1.5) in Section A.1 of Appendix A for balanced data, but substitutes
the notation for unequal numbers of samples and analyses. In Egs. (4.1.6) and (A.1.5), note that the
volume of the i MFPV batch does not appear because it cancels in the equation, as shown in Section A.1.
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If the data are not greatly unbalanced, this simple way of calculating means and SDs for mass
fractions of IHLW components over a waste type should produce reasonable results. However, other
methods that are designed to work with unbalanced data could also be employed. Weighted least squares
(WLS) can be used not only with unbalanced data but also if there is evidence that the variation across
MFPYV batches does not remain constant over the course of a waste type. WLS-based equations for
means and SDs have not been developed at this time, but could be if deemed desirable by the WTP
Project. Bootstrap methods, where available data are repeatedly re-sampled (i.e., with replacement) to
obtain a balanced set, could also be used to solve the problem of unbalanced data. In general,
bootstrapping methods take samples from available data, randomly and with replacement, until (in this
case) a balanced set is obtained. The methods described to deal with balanced data can then be directly
applied to this newly obtained set. This process is repeated numerous times (the precise number depends
on the specific problem), obtaining every time estimates for all parameters of interest. Finally, the
estimates obtained from every bootstrapped sample are combined to compute statistics (typically, average
and variability estimates) for all parameters of interest.

4.2 Compliance Approach and Methods for IHLW WAPS
Specification 1.2.2: Radionuclide Inventory During Production

Section 4.2.1 lists the applicable WAPS Specification 1.2.2 within the context of WAPS 1.2.
Section 4.2.2 summarizes the statistical aspects of the WTP compliance strategy for WAPS 1.2.2.
Sections 4.2.3 and 4.2.4 present the statistical methods that will be used to implement the statistical
aspects of the compliance strategy.

4.2.1 WAPS Specification 1.2: Radionuclide Inventory Specification
The Producer shall report the inventory of radionuclides (in Curies) that have half-lives longer
than 10 years and that are, or will be, present in concentrations greater than 0.05 percent of the

total radioactive inventory for each waste type, indexed to the years 2015 and 3115.

1.2.2 Radionuclide Inventory During Production

The Producer shall provide in the Production Records estimates of the inventories of
individual reportable radionuclides for each canister and for each waste type. The
Producer shall also report the estimated error of these estimates in the WQOR.

4.2.2 Statistical Aspects of the IHLW Compliance Strategy for WAPS 1.2.2

Items 1 and 2 following describe the statistical and related aspects of the IHLW compliance strategy
for WAPS Specification 1.1.2, as described in Rev. 0 of the IHLW PCP (Nelson 2003). However, during
the course of work documented in this report, the WTP Project substantially revised the IHLW
compliance strategy and provided an informal description of the revisions to the compliance strategy.

One of these revisions is to analyze all reportable radionuclides for samples from the first MFPV batch
corresponding to an HLW waste type, and for the remaining MFPV batches to analyze only a small subset
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of the radionuclides (see Table 2.1 in Section 2). Item 3 following was added based on the informal
description of the revised IHLW compliance strategy.

Item 1: Determine the numbers of samples, analyses per sample, and other process measurements
required to estimate radionuclide compositions, which are in turn used to estimate radionuclide
inventories.

Item 2: Develop equations for calculating the means and SDs of the radionuclide inventory
determinations for [HLW canisters produced from a given HLW waste type for each reportable
radionuclide analyzed in every MFPV batch. Incorporate in the SD equation the variations and
uncertainties affecting the radionuclide composition and the mass of glass in IHLW canisters.

Item 3: Develop statistical methods to quantify the variation and uncertainty present in determinations of
radionuclide inventories over an HLW waste type for radionuclides analyzed in samples of the
first MFPV batch only.

The statistical methods to implement these aspects of the WTP IHLW compliance strategy for WAPS
Specification 1.2.2 are discussed in Sections 4.2.3 to 4.2.5.

4.2.3 Statistical Method for Determining the Numbers of Samples and Analyses
Per Sample to Estimate the IHLW Radionuclide Composition for an MFPV
Batch

During IHLW production operations, the radionuclide composition (mass fractions) will be calculated
based on chemical analyses and radiochemical analyses of samples from the MFPV. Although mass
fractions of IHLW radionuclide components (oxides) may be of limited interest directly, they play a key
role in the equations developed to calculate IHLW radionuclide inventories (see Section A.2 of Appendix
A). Hence, it is important to assess the numbers of IHLW MFPV samples and radiochemical analyses per
sample required to adequately estimate IHLW radionuclide compositions (i.e., mass fractions).

The applicable mass-balance equations for calculating IHLW radionuclide composition (mass
fractions) are given in Section A.2 of Appendix A. The balance of this subsection describes the statistical
method to address Item 1 in Section 4.2.2.

Section 3.4.1 describes the general approach for assessing the impacts of the following factors:

e number of samples per MFPV batch (3#*"")

e number of analyses per MFPV sample (5 i‘;[FP )

e mixing/sampling %RSD in the concentration of the ¢™ radionuclide in a MFPV batch

[%RSDg (c)"™")1

e analytical %RSD in the concentration of the ¢™ radionuclide in a MFPV batch [ %RSD 4 (céWF 7)1

e statistical percent confidence level (CL%)
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e [HLW produced from three HLW tanks (AY-102, AZ-102, and C-104)

on the total uncertainty in estimating IHLW radionuclide composition for each MFPV batch. It is
necessary at this time to consider a range of values for process uncertainties (as discussed in

Section 3.4.1) because final estimates have not yet been produced by the WTP Project. A future update
of this report will use final estimates of MFPV mixing/sampling and analytical uncertainties to determine
the final recommended number of MFPV samples and number of radiochemical analyses per MFPV
sample for estimating IHLW radionuclide composition (and inventory).

To assess the total uncertainty in estimating [HLW radionuclide composition for a given MFPV
batch, the % RHW of a two-sided CL% CI (see Section 3.1) on the mass fraction of each IHLW
radionuclide component (oxide) is used. The %RHW for radionuclide composition can be calculated
with the same formula as for chemical composition, which is given by Eq. (4.1.1) in Section 4.1.3. The

3 2

only difference in Eq. (4.1.1) is substituting “g,” denoting a radionuclide component of IHLW in place of

,” denoting a chemical composition component of IHLW. This formula can be used to calculate
%RHW values for various combinations of the factors described previously in this subsection. The

results of such calculations can be used to determine the values of " and /""" that will provide

estimates of radionuclide glass components within a given percentage (i.e., the % RHW) of the true value
with desired confidence (CL%). The results of such calculations are presented in Section 6.2.1.

4.2.4 Equations for Calculating Means and Standard Deviations of IHLW
Radionuclide Inventories Using Information from All MFPV Batches
Corresponding to an HLW Waste Type

During IHLW production operations, radionuclide inventories will be calculated based on
(1) chemical and radiochemical analyses of MFPV samples, (2) determinations of content volumes in
MFPYV batches, and (3) determinations of the masses of glass in IHLW canisters. WAPS 1.2.2 calls for
reporting inventories for each canister and for each waste type. However, it is not possible to easily relate
the composition of MFPV batches to the composition of IHLW in canisters produced from those batches.

In the WTP IHLW compliance strategy, the radionuclides are divided in two groups. Radionuclides
belonging to the first group will be analyzed only in samples from the first MFPV batch of each HLW
waste type, while those in the second group will be analyzed in samples of every MFPV batch. See
Table 2.1 for a listing of the reportable radionuclides in each of the two groups.

The compliance strategy for radionuclides in the second group is to report means and SDs of the
radionuclide inventories over canisters (and associated MFPV batches) corresponding to an HLW waste
type. This subsection presents the formulas for calculating means and SDs of the inventory of
radionuclide ¢ over the D IHLW canisters associated with the / MFPV batches corresponding to an HLW
waste type. The formulas are based on average results over multiple samples, analyses, and volume
determinations for each MFPV batch. Two situations are considered. Section 4.2.4.1 addresses the case
of balanced data, while Section 4.2.4.2 addresses the case of unbalanced data. The formulas in these
subsections address Item 2 of Section 4.2.2.
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4.2.4.1 Equations for Calculating Means and Standard Deviations of IHLW
Radionuclide Inventories over a Waste Type Using Balanced Data

Equations for calculating means and SDs of IHLW radionuclide inventories over a waste type using
balanced data (as described at the start of Section 4.1.4.1) are presented in this subsection. These
equations apply to those radionuclides that will be measured in every MFPV batch, as listed in Table 2.1
of Section 2.

Equation for the Mean Radionuclide Inventory over D IHLW Canisters Based on Averages of
Balanced Multiple Samples, Analyses, and Volume Determinations for Each MFPV Batch

The expression for the mean inventory per canister of radionuclide ¢ over the D IHLW canisters and /
MFPYV batches associated with an HLW waste type, based on averages over balanced multiple samples,

analyses per sample, and volume determinations per MFPV batch, is given by

=MFPV ﬁCamster Aq

o Canister _ 4 D
R Dq = T
q
MFPV MFPV MFPV
n nA nV
MFPV J MFPV
d 02 X Mg > Vi 1
Z /=1 m=1 h=l1 |: Z mCanister :|
d
S| pMEPY MEPY PPV D i
_ (4.2.1)
MFPV MFPV MFPV MFPV MFPV
"4 MFPV k "4 MFPV 4 MFPV
oy X X Cum fp X X tum Ji/A5 | X Va
D =l m=l $ ol mel h=1
i=l| jeCHEM ng TPV p MEPY JjERAD ng PV p MEPY np PV
where
R ch“””’er = mean inventory per canister of the ¢ radionuclide over the D IHLW canisters

associated with an HLW waste type, based on averages over multiple samples,
analyses, and volume determinations for each MFPV batch (Ci)

E(;W PV = mean (mass-weighted-average) mass fraction of the ¢™ IHLW radionuclide
component over / MFPV batches, based on averages over néMFPV samples per
MFPV batch, n %F e analyses per sample, and n{yF PV yolume determinations
per MFPV batch (Zoxige/ Goxides)

. anister = mean mass of glass in the D IHLW canisters associated with an HLW waste type

(gglass)
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je CHEM

je€RAD

MFPV

nﬁ/[FPV

MFPV
rijlm

MFPV
ijlm

MFP
ny d

MFPV
Vit

Container
d

specific activity of the g™ or /™ radionuclide (Ci/gagionuclide)
number of MFPV batches corresponding to an HLW waste type

number of non-radionuclide oxides and radionuclide oxides estimated for the
IHLW composition corresponding to each MFPV batch

chemical composition components of [HLW
radionuclide composition components of IHLW

number of IHLW canisters associated with the / MFPV batches corresponding to
an HLW waste type

oxide

TWR ; where M W;’x"de and M W;m“ly * are the molecular weights of
MW
J

oxide j and analyte j, respectively, and R; is the ratio of moles of oxide per mole of
analyte for oxide j. Hence, f; is the factor for converting the concentration of
analyte j (ug analyte j/mL = mg analyte j/L) to the concentration of oxide j

(ng oxide j/mL = mg oxide/L). The quantity f; is called the oxide factor for oxide ;.

number of samples per MFPV batch

number of chemical and radiochemical analyses per MFPV sample

analyzed concentration of the j radionuclide from the m™ analysis of the /™

sample from the i MFPV batch (uCi/mL = mCi/L)

analyzed concentration of the /™ analyte from the m™ analysis of the ™ sample

from the /™ MFPV batch (ug/mL = mg/L)

number of volume determinations per MFPV batch
the 2" volume determination of the i MFPV batch (L)

mass of glass in the @ IHLW container associated with an HLW waste type

(gglass)-
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The mean (mass-weighted average over IHLW MFPV batches) mass fraction of the ¢” radionuclide

(§§4F PV") plays an important role in calculating R, ,)Cq”"me’ , the mean inventory per canister of the g™

radionuclide over the D IHLW canisters associated with an HLW waste type. The quantity ?;MF P is

calculated for balanced data by Eq. (4.1.2) with g substituted for j in the numerator. Note that £, does not
appear in the final form of Eq. (4.2.1) because it cancels. This may be seen in the derivation of Eq.
(4.2.1), which is presented in Section A.2.2.1 of Appendix A.

Despite the effective reductions of some within-batch uncertainties due to averaging, it should be
recognized that values of R g;""“‘” calculated via Eq. (4.2.1) will still be subject to reduced within-

MFPV-batch uncertainty as well as MFPV batch-to-batch variations.
Equation for the Standard Deviation of Radionuclide Inventory over D IHLW Canisters Based on

Averages of Balanced Multiple Samples, Analyses, and Volume Determinations for Each MFPV
Batch

The expression for the standard deviation of the inventory of radionuclide g over the D IHLW
canisters and / MFPV batches associated with an HLW waste type, based on averages over balanced
multiple samples, analyses per sample, and volume determinations per MFPV batch, is given by

=MFPV |2 Cani 2 Canister |2 MFPV |2 )
B | A [gq ] [SD(mdal’llStel’ )] + [n—/lDa}’llS er] [SD(glq )]
SD(R 3"y = [f—" (4.2.2)
; 2 2
9/ [SD(mgamster )] [SD gif(l]/lFPV )]

where
SD(R, ‘g“"is ry = standard deviation of the average inventory of radionuclide ¢ for the " THLW

canister where the average is based on multiple samples, analyses, and volume
determinations for each MFPV batch (Ci)

SD(mS™*"y = standard deviation of the determined mass of glass in the " IHLW canister
(gglass)
SD(gij(\;F r V) = standard deviation of the average mass fraction of the ¢ radionuclide oxide in

the i/ MFPV batch where the average is based on multiple samples, analyses,
and volume determinations of the corresponding i MFPV batch (Zoxide/ Soxides)

and the remaining notation is as previously defined following Eq. (4.2.1). The derivation of Eq. (4.2.2) is
presented in Section A.2.2.2 of Appendix A.

As explained in Section A.2.2.2 in Appendix A, the term SD(gﬁfF eV

fractions of the ¢™ radionuclide oxide across all / MEPV batches associated with an HLW waste type, as

) includes variation in mass
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well as mixing/sampling and analytical uncertainties associated with determining mass fractions of
radionuclide oxides for each MFPV batch. A value of SD(gﬁfF PV is calculated from the §,-1[‘14F PYoi=1,

2, ..., I) values using the usual standard deviation formula.

In a similar way, the term SD(m$“"**") includes uncertainties associated with determining the mass
of glass in an IHLW canister as well as the variation in the masses of glass that occur across canisters
associated with an HLW waste type. A value of SD(m$“"*") is calculated from the m§“"*"" (d =1, 2,

..., D) values using the usual standard deviation formula.

4.2.4.2 Equations for Calculating Means and Standard Deviations of IHLW
Radionuclide Inventories over a Waste Type Using Unbalanced Data

The case of unbalanced data (as described in Section 4.1.4.2) is now addressed, where nngPV" >1

denotes the number of samples taken from the i MFPV batch, anPV” >1 denotes the number of

chemical and radionuclide analyses made of the /™ sample from the /" MFPV batch, and n{y S|

denotes the number of volume determinations for the i MFPV batch.

Equations for calculating means and SDs of IHLW radionuclide inventories over a waste type using
unbalanced data are presented. These equations apply to those radionuclides that will be measured in
every MFPYV batch, as listed in Table 2.1 of Section 2. These equations also assume that the degree of
unbalance is small. Otherwise, WLS methods or bootstrap methods (as described in the last paragraph of
Section 4.1.4.2) should be applied.

Equation for the Mean Radionuclide Inventory over D IHLW Canisters Based on Averages of
Unbalanced Multiple Samples, Analyses, and Volume Determinations for Each MFPV Batch

The expression for the mean inventory per canister of radionuclide ¢ over the D IHLW canisters and /
MFPYV batches associated with an HLW waste type, based on averages over unbalanced multiple samples,
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analyses per sample, and volume determinations per MFPV batch, is given by

MFPV Camster
RCamster — 8q A

4
(4.2.3)
MFPV; MEPV MFPV; 1o
é 17 5 1 "4 s pMEPY 1 Vs pmrey 1 § 1y Canister
: MFPV; MFPV;; iqlm MFPV; ih D d
i=ll n =1 ny m=1 ny h=1 L & d=1
i MFPV; MFPYV; ]
"4 "4
ng ijlm ng tjlm MFPV
m=1 m=l1 ny
> o= > = MFPV
MFPV; MFPV; >V
0 B PRSI PR N B G V73 | =
.+ — -
] J .
i=1| jeCHEM nglFPV’ JjeRAD néwFPV’ 4; "

where all notation is as previously defined following Eq. (4.2.1) and Eq. (4.1.5). Equation (4.2.3) is seen
MFPYV;

to be a modification of Eq. (4.2.1) with néWPV , nﬁlFPV’l and n;, substituted for nglFPV , n%FPV,
and nMF Pr , respectively. The mean (mass-weighted average over [HLW MFPYV batches) mass fraction

=MFPV

of the ¢" radionuclide (g g, ) plays an important role in calculating R C‘"””er , the mean inventory per

canister of the ¢™ radionuclide over the D IHLW canisters associated Wlth an HLW waste type. The
quantity g;wF e

Note that f, does not appear in the final form of Eq. (4.2.3) because it cancels in the derivation.

is calculated for unbalanced data by Eq. (4.1.5) with ¢ substituted for j in the numerator.

Equation for the Standard Deviation of Radionuclide Inventory over D IHLW Canisters Based on

Averages of Unbalanced Multiple Samples, Analyses, and Volume Determinations for Each MFPV
Batch

The expression for the SD of the inventory of radionuclide ¢ over the D IHLW canisters and / MFPV
batches associated with an HLW waste type, based on averages over unbalanced multiple samples,
analyses per sample, and volume determinations per MFPV batch, is again given by Eq. (4.2.2). In

Eq. (4.2.2), gMF PV is calculated using Eq. (4.1.6) and gMF PV is calculated by Eq. (4.1.5) where in both

cases, ¢ is one of the j in those equations.
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4.2.5 Statistical Method for Calculating IHLW Radionuclide Inventories and Their
Standard Deviations over an HLW Waste Type, Using Information from a
Single MFPV Batch

This subsection is a placeholder for the description of the statistical method that will be used to
address Item 3 of Section 4.2.2. The method will be described in this subsection in a future revision of
the report.

4.3 Compliance Approach and Methods for IHLW WAPS
Specification 1.3: Product Consistency

Section 4.3.1 lists the applicable WAPS Specification 1.3. Section 4.3.2 summarizes the statistical
aspects of the WTP compliance strategy for this specification. Sections 4.3.3 to 4.3.6 present the
statistical methods that will be used to implement the statistical aspects of the compliance strategy.

4.3.1 WAPS Specification 1.3: Product Consistency

The Producer shall demonstrate control of waste form production by comparing, either directly
or indirectly, production samples to the Environmental Assessment (EA) benchmark glass. The
Producer shall describe the method for demonstrating compliance in the WCP and shall provide
verification in the Production Records. The Producer shall demonstrate the ability to comply
with the specification in the WOR.

WAPS Specification 1.3.1: Acceptance Criterion

The consistency of the waste form shall be demonstrated using the Product Consistency Test
(PCT). For acceptance, the mean concentrations of lithium, sodium and boron in the leachate,
after normalizing for the concentrations in the glass, shall each be less than those of the
benchmark glass described in the Environmental Assessment for selection of the DWPF waste
form. The measured or projected mean PCT results for lithium, sodium, and boron shall be
provided in the Production Records. The Producer shall define the statistical significance of the
reported data in the WOR. One acceptable method of demonstrating that the acceptance criterion
is met would be to ensure that the mean PCT results for each waste type are at least two standard
deviations below the mean PCT results of the EA glass.

WAPS Specification 1.3.2: Method of Compliance

The capability of the waste form to meet this specification shall be derived from production glass
samples and/or process control information. Production Records shall contain data derived from
production samples, or process control information used for verification, separately or in
combination. When using process control information to project PCT results, the Producer shall
demonstrate in the WQOR that the method used will provide information equivalent to the testing of
samples of actual production glass.
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4.3.2 Statistical Aspects of the IHLW Compliance Strategy for WAPS 1.3

The development of property-composition databases and models for PCT normalized releases of

boron (rPCTB ), lithium ( PCTLi ), and sodium (rPCT Na ) are statistically based and play an important

role in complying with this specification. This joint work involving Battelle—Pacific Northwest Division
(PNWD) and the Vitreous State Laboratory (VSL) at The Catholic University of America is being
documented in reports issued by VSL. Reports by Piepel et al. (2002) and Cooley et al. (2003) described
the glass science and statistical approaches used to develop the property-composition database for the
development of PCT and other IHLW property models. The Phase 1 (initial) IHLW PCT-composition
models and uncertainty expressions for model predictions are documented in the report by Kot et al.
(2005).

The following items describe the statistical and related aspects of the IHLW compliance strategy for
WAPS Specification 1.3 (see the IHLW PCP, Nelson 2003) that are addressed in this report.

Item 1: Develop a statistical interval method to demonstrate that the contents of each MFPV batch
would produce IHLW compliant with WAPS 1.3. The method will account for uncertainties
impacting the estimates of PCT boron, lithium, and sodium releases from IHLW that would be
produced from each MFPV batch (e.g., sampling, analytical, other measurements, and property-
composition model uncertainties).

Item 2: Determine the numbers of process samples, chemical analyses per sample, and other process
measurements required to demonstrate that the PCT boron, lithium, and sodium releases from
IHLW that would be produced from each MFPV batch will satisfy their respective limits. The
calculations will require estimates of applicable process uncertainties (mixing/sampling,
analytical, and other process measurements) as well as property-composition model
uncertainties.

Item 3: Develop a statistical interval method to demonstrate that IHLW glass produced over a waste
type complies with the PCT limits of WAPS 1.3. The method will account for the source of
variation of interest (namely variation in PCT performance due to variation in [HLW
composition over the course of a waste type). The method will also account for nuisance
uncertainties (e.g., sampling, analytical, other measurements, and property-composition model
uncertainties). Statistical X%/Y % upper tolerance intervals (X%Y% UTIs) may be used for this

purpose.

Item 4: Determine the numbers of process samples, chemical analyses per sample, and other process
measurements required to demonstrate that the PCT boron, lithium, and sodium releases from
IHLW produced from a waste type will satisfy their respective limits. The calculations will
require estimates of glass-composition variation over a waste type, applicable process
uncertainties (mixing/sampling, analytical, and other process measurements), and property-
composition model uncertainties.

(a) See Section 1.0 for a discussion of why this report addresses WAPS specifications and IHLW PCP Rev. 0
(Nelson 2003) rather than IHLW PCP Rev. 1 (Nelson et al. 2004).
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Note that Items 1 and 2 do not appear specifically in Rev. 0 of the IHLW PCP (Nelson 2003). However,
they are consistent with that version of the WTP Project’s compliance strategy for WAPS Specification
1.3 to demonstrate compliance for each IHLW MFPYV batch as well as over each HLW waste type. Items
1 and 2 are a part of the work scope in the Test Plan (Piepel and Heredia-Langner 2003) and hence the
work and results are documented in this section.

The statistical methods to implement these aspects of the WTP IHLW compliance strategy for WAPS
Specification 1.3 are discussed in Sections 4.3.3 to 4.3.6, respectively.

4.3.3 Statistical Interval Method to Demonstrate that IHLW from an MFPV Batch
Will Satisfy PCT Limits

This subsection discusses and presents the formula for an appropriate statistical interval to satisfy
Item 1 of Section 4.3.2. The statistical interval must (1) account for the uncertainty in the estimated
IHLW composition corresponding to a given MFPV batch, (2) account for the uncertainties in property-
composition models used to predict PCT normalized B, Li, and Na releases for the estimated IHLW
composition corresponding to a given MFPV batch, and (3) provide high confidence that the true PCT
normalized B, Li, and Na releases are less than the limits specified in WAPS 1.3. These normalized
release limits, which are documented in Table 6 of a report by Jantzen et al. (1993)®, are:

#PT B < 16.695 g/L (= 8.35 g/m?)
PP L < 9565 g/L (= 4.78 g/m?) (4.3.1)
pPETNE < 13346 g/L (= 6.67 g/m?)

Section 4.3.3.1 presents the initial form of recommended property-composition models for PCT

normalized releases of B, Li, and Na. Section 4.3.3.2 presents the equations for the appropriate type of
statistical interval.

4.3.3.1 Property-Composition Model Form for PCT Normalized Releases of B,
Li, and Na

The property-composition models developed by PNWD and VSL (Kot et al. 2005) for predicting PCT
normalized releases of B, Li, and Na for IHLW compositions are of the general form

”flnc
)A}z};m = in(ri;lm ): kz—ll bl? xi%fnPV (4.3.23,)
=" xn (4.3.2b)

where

(a) Jantzen et al. (1993) provide PCT normalized elemental releases from the DWPF EA glass in units of g/L.
However, applying the standard assumption of a surface area-to-volume ratio of 2000 m™, the results were
converted from g/L to g/m” and reported here in those units rounded to two decimal places.
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~h _ 7 PCT h
Yilm - ln(r

ilm
or Na based on the m™ analysis of chemical composition of the /™ sample from the 7'
MFPYV batch [In(g/L)]

) = predicted natural logarithm of the PCT normalized release of 4 = B, Li,
h

b ,\}f = coefficient for the k" normalized component of IHLW in the model for PCT

normalized release of # =B, Li, or Na. The coefficients are obtained by fitting the
linear mixture model form (see Cornell 2002) to a property-composition data set
using least squares regression

x%ﬁp ¥ = normalized mass fractions of the IHLW components in the linear mixture model,
h
n
such that anjc x PPV 1
k=1
nf,‘,c = number of normalized IHLW components in the model for PCT normalized release
of 4 =B, Li, or Na. In the case of a linear mixture model as in Eq. (4.3.2a), it is also
the number of model coefficients (parameters, denoted p) estimated from the
property-composition data
b" = p x 1 column vector of the model coefficients b,ﬁ’ ,k=1,2,...,p. In this case with
the model form given by Eq. (4.3.2.a), p = n,’fw .
xl%f Py = p x 1 column vector of the IHLW normalized composition x%ZP v ,k=1,2,...,pfor

which PCT model predictions are to be made.

The normalized mass fraction compositions of IHLW in Eq. (4.3.2a) are obtained from the ordinary
(unnormalized) mass fraction compositions by

MFPV

whrpy _ 8y g yo (4.3.3)

h }
me o pEpy
ijlm

where g,%ﬁp " is calculated using Eq. (A.1.3) in Section A.1 of Appendix A. Note that the / and m

subscripts are relevant but not shown in that equation, so it is appropriate for the current context.
Table 4.1 lists the model terms (k) and the coefficients (b,ﬁ’ ) for each IHLW PCT release (2 = B, Li,

and Na) used for the work in this report. These results are from work performed at PNWD that is
documented in the report by Kot et al. (2005).
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Table 4.1. IHLW PCT Model Terms and Coefficients
Model In(PCT B)® | In(PCT Li)® | In(PCT Na)®
Term® Coefficient Coefficient Coefficient
Al O3 -16.0111 -11.5792 -13.7309
B,0; 6.0139 3.0320 1.7213
Li,O 20.5142 15.7575 19.9566
MnO 3.7888 1.4622 3.6828
Na,O 12.2908 7.4435 13.2619
SiO, -3.9574 -2.3693 -3.8031
ThO, 6.1476 2.5351 3.1327
710, -9.6868 -6.0292 -8.9994
Model and Data Info
n' 97 97 97
p© 8 8 8
dfy=n—p9 89 89 89

(a) The model terms are expressed in normalized mass fractions of the eight oxide components shown,
such that the normalized mass fractions sum to one.

(b) PCT releases are modeled in In(g/L).

(c) The notation n denotes the number of data points used to estimate the coefficients in the model form
given by Eq. (4.3.2.a). The notation p denotes the number of coefficients estimated.

(d) df,, denotes the model degrees of freedom, calculated as indicated.

4.3.3.2 Equation for CL% Upper Combined Confidence Interval for PCT Normalized
Releases of B, Li, and Na for a Single IHLW MFPV Batch

An appropriate statistical interval for demonstrating that the PCT limits in Eq. (4.3.1) are satisfied for
each MFPV batch is a CL% UCCI, the concept of which was introduced in Section 3.1. Section A.3 of
Appendix A discusses the statistical method for combining model and composition uncertainties that is
used in forming a CL% UCCI. The CL% UCCI formula is given in general by

CL% UCCI (yz'h)Z i+ CHWcy0; ver + MHW 10, sucr (4.3.4)

where

PCTh)

CL% UCCI (y,-h) CL% UCCI for the true, unknown mean value of yl-h =ln(rl-

that is, the natural logarithm of the PCT normalized release of
element / (= B, Li, or Na) from IHLW corresponding to the /"
MFPV batch [In(g/L)]

~h

_ MFPV
Vi -

mean of model-predicted 7/ = I n(r per h) values over the ng

ilm
samples and 4PV analyses per sample of the i" MFPV batch
[In(g/L)]
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CH Wlfa% ucr = composition uncertainty half-width for a CL% upper confidence

interval (CL% UCI) for the PCT normalized release of element 4 for
IHLW corresponding to the ;" MFPV batch

MH WZ’CL% SUCT = model uncertainty half-width for a CL% SUCI for the PCT

normalized release of element 4 for IHLW corresponding to the i
MFPV batch.

A CL% SUCI is one of several upper confidence intervals (UCIs) on the true mean values of predictions
made by a glass property-composition model for a set of glass compositions. All of the UClIs for the set
of glass compositions simultaneously include the true mean property values for the glasses with CL%
joint confidence after accounting for model uncertainty. Thus, CL% SUCIs for many glass compositions
provide high confidence of containing the true property mean values for those glass compositions. The
CL% SUCI method has been used by the DWPF and the West Valley Demonstration Project (WVDP) in
their strategies for complying with WAPS 1.3.

Figure 4.1 illustrates a 95% UCCI for the natural logarithm of a PCT normalized elemental release.

In(PCT) = Mean + ¥
95% UCCI «HWo5. 9 | «HWo59

95% 95%
ucl SuUcl

Composition Model

Figure 4.1. Graphical Illustration of a 95% Combined Confidence Interval for In(PCT)

Equations for the terms on the right-hand side of Eq. (4.3.4) are given in Section E.2 of Appendix E

for the case of ;3" > samples and """ >1 analyses per sample of the i MFPV batch. However,

during operation of the WTP THLW facility, it is expected that ,*"" =1 for reasons discussed in
Section 6 of this report. Hence, the equations for the terms on the right hand side of Eq. (4.3.4) are now

given for the case of ,}**” > 1 samples and ,*F" =] analyses per sample of the ™ MFPV batch.
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The quantity p!" in Eq. (4.3.4) is given by

MEPV [
S "me o n o MEPY
> | X b xiy

I=1 k=1

“h
Vi = TP (4.3.5)
ng

where all notation is as previously defined following Eq. (4.3.2a) and Eq. (4.2.1), except that the m

subscript is missing because " =1.

The quantity CHW;';,, y¢; in Eq. (4.3.4) is given by

ZMEPV
S 54 -3tF e

h —
CHW c10; ver =teaar | oG (4.3.6)
ng
where

tagr = CL%=100(1 —a) percentile of a Student’s t-distribution with df = " _|
degrees of freedom, which provides CL% = 100(1—-a) percent confidence for the one-
sided UCI (e.g., 95% when o = 0.05)

ph = model-predicted ! = fn(rifCTh) values corresponding to the , 37" samples from
the /™ MFPV batch [In(g/L)]

ph = mean of model-predicted ! values over the nyFPV samples from the i" MFPV

batch [In(g/L)]

and the remaining notation is as previously defined following Eq. (4.2.1), again with the subscript m

missing because nﬁ” PYo_1.

The quantity MH Wl-fZCL% sucr 1in Eq. (4.3.4) is given by

MHWI‘,hCL% sucr = \/p F, (p= n-— p)(\/(ifww )T ﬁ‘,Z i?/[FPV ) (4.3.7)

where
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p = number of coefficients in the property-composition model for the PCT
normalized release of element 2 = B, Li, or Na. For a model of the form in

Eq. (4.3.2a),p=n" .

F_, ( p.n— p) = CL% = 100(1 — o) percentile of an F-distribution with p numerator degrees

of freedom and n — p denominator degrees of freedom, where # is the number

PCT h
r

of data points used to fit the model for ln( ) and p is the number of

model coefficients estimated from the data

)_c,-MF e = p x 1 column vector whose entries )?,-l}fF PV k=1,2,--, p are means of the
x%FPV [as given by Eq. (4.3.3) with m = 1] values, where /=1, 2, ...,
ngiFPV

z z’ = p x p variance-covariance matrix of the model coefficient vector b" for the

PCT normalized release of # = B, Li, or Na. The variances of the
coefficients are located on the diagonal of the matrix, and the covariances
between pairs of coefficients are located on the off-diagonal positions of the
matrix

and the remaining notation is as previously defined following Eq. (4.3.2a). General equations for
calculating model variance-covariance matrices such as )iz are given in Section A.3 of Appendix A. The

variance-covariance matrices for the IHLW PCT normalized B, Li, and Na models given in Table 4.1 are
given in Appendix D of Kot et al. (2005).

An illustration of the CL% UCCI method is presented in Section 6.3.1.

4.3.4 Statistical Method for Determining the Numbers of Samples and Analyses
per Sample to Demonstrate IHLW from an MFPV Batch Will Satisfy PCT
Limits

This subsection discusses the methodology used to address Item 2 of Section 4.3.2. A modified
version of the CL% UCCI formula given by Egs. (4.3.4) to (4.3.7) in Section 4.3.3 can be used to

calculate CL% UCCI values, given property-composition models for PCT normalized releases of B, Li,

and Na, variance-covariance matrices for the model coefficients, and various combinations of values of
the following factors

e number of samples per MFPV batch (5 g"[FP ")
e number of analyses per MFPV sample (nﬁ’IFP )

e MFPV mixing/sampling composition uncertainty expressed in Zn(rl.;:nCT h) units [ SDg ( j/,}}m )]
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e MFPV analytical composition uncertainty expressed in ln(rl.;:nCT h) units [ SD 4 ( j/f}m) ]

o statistical percent confidence level (CL%)

e [HLW produced from three HLW tanks (AY-102, AZ-102, and C-104)

The modification to the CL% UCCI equations in Section 4.3.3 requires using

< <
h SDs Yitm) | SD4Wiim)
CHW, cro; ver = Zl—a,df\/[ nSf‘{’FIZ;/n ]2 + r[glFﬁan]\;"Fpt (4.3.8)
A

in place of Eq. (4.3.6), where SD ( )A}i}llm) and SDg ( j/l.}l'm) are MFPV mixing/sampling and analytical
uncertainties expressed in model [i.e., In(PCT normalized release of /)] units. Note that process standard
deviations SDg ( k) and SD 4( k) are used in Eq. (4.3.8), instead of RSDs. The natural logarithm of

ilm ilm
PCT values is used to model PCT and there is a strong approximate relationship of SD[In(P)] = RSD(P)
for any property P. This relationship is explained in further detail in Section 3.2 of Piepel and Cooley
(2002). This approximation allows RSD values [in original PCT release units] to be used as SD values

[in In(PCT) units] in this case.

The substitution of Eq. (4.3.8) for (4.3.6) in Eq. (4.3.4) is necessary for the investigation described in
this section because the mixing/sampling and analytical uncertainties [expressed in In(PCT) units] are
chosen over a range of values rather than being estimated from production data as in Eq. (4.3.6). Also,

notice that nf,/[FPV =1 was assumed in Eq. (4.3.6), but the more general problem of nﬁ/[FPV >1is

addressed by Eq. (4.3.8).

After calculating the CL% UCCI values for all of the combinations of input factors, the ones that
satisfy the PCT limits are then inspected to find the least number of total analyses (number of samples x
number of analyses) necessary to comply with the PCT limits. The results of these calculations are
presented in Section 6.3.2.

4.3.5 Statistical Interval Method to Demonstrate that IHLW from an HLW Waste
Type Will Satisfy PCT Limits

This subsection discusses and presents the formula for an appropriate statistical interval to satisfy
Item 3 of Section 4.3.2. The statistical interval must account for (1) variation in PCT normalized releases
of B, Li, and Na resulting from the variation in IHLW composition over the course of an HLW waste
type, (2) uncertainty in the estimated IHLW composition corresponding to each MFPV batch resulting
from mixing/sampling and analytical uncertainties, and (3) uncertainties in property-composition models
used to predict PCT normalized B, Li, and Na releases for the estimated IHLW composition
corresponding to a given MFPV batch. Finally, the statistical interval must provide high confidence that
the true PCT normalized B, Li, and Na releases for the vast majority of IHLW produced from an HLW
waste type are less than the limits specified in WAPS 1.3.
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An appropriate statistical interval for demonstrating with high (X%) confidence that a high
percentage (Y %) of IHLW produced from an HLW waste type satisfies the PCT limits in Eq. (4.3.1) is a
X%/Y% UTI. The concept of a X%/Y% UTI was introduced in Section 3.2. Section A.3 of Appendix A
discusses the statistical method for combining model and composition uncertainties that is used in
forming a X%/Y% UTI. Piepel and Cooley (2002) derived the equations necessary to calculate an
X%/Y% UTI. Sections 1.2 and 4.2 of Piepel and Cooley (2002) explain why the X%/Y % UTI approach
is appropriate and preferred over the “two standard deviation” option mentioned in WAPS 1.3. A brief
summary of the X%/Y% UTI equations developed by Piepel and Cooley (2002) will be presented here.
Sections 3 and 4, and Appendix H in Piepel and Cooley (2002) provide more details and information.

Equation (3.3) in this report gives the general form of a two-sided X%Y% TI. To obtain a one-sided
X%/Y% UTI, the equation changes to the following

X%/Y% UTIL = Ji +k(X,Y) & (4.3.9)
where
X%/Y% UTI = a value that with X% confidence captures Y% of the distribution (population) of
true mean In(PCT releases) over the MFPV batches corresponding to an HLW

waste type [In(g/L)]

i = estimate of the population mean that is calculated by forming the average model-

predicted In(PCT releases) for each MFPV batch and averaging them across all
MFPYV batches corresponding to an HLW waste type [In(g/L)]

KX, Y) = UTI multiplier that is implicitly a function of X, Y, degrees of freedom
associated with &, and other parameters discussed subsequently in this section
o = estimate of the population standard deviation that properly accounts for

(1) variation in In(PCT releases) across MFPV batches corresponding to an HLW
waste type, (2) mixing/sampling and analytical uncertainties for each MFPV
batch, and (3) model uncertainty [In(g/L)].

The quantities X and Y generally should have values between 95% (or 90%) and 100%, to provide high
confidence that a high percentage of IHLW produced from an HLW waste type satisfies the WAPS 1.3
requirements. However, X and Y can never take values of 100%, because it is impossible to be 100%
confident about 100% of the true distribution of In(PCT releases) given estimated IHLW composition
variation as well as IHLW composition and model uncertainties.

Equations for the terms on the right hand side of Eq. (4.3.9) are given in Section E.3 of Appendix E

MFPV

for the case of p¢

>1 samples and nﬁ”F PV > analyses per sample of the i MFPV batch. However,

during operation of the WTP THLW facility, it is expected that ,}F7" =1 for reasons discussed in

Section 6. Hence, the equations for the terms on the right hand side of Eq. (4.3.9) are now given for the

MFPV

case of » s

>1 samples and ,}F"” —1 analyses per sample of the i MFPV batch.
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The equation for 7z in Eq. (4.3.9) is given by

, 'ngva
=h bh MFPV
~_?h_l§1yl 1 d E] (Z:: Yikd j 43.10
u=y = 7 _751 é\/fFPV (4.3.10)

where the notation is as defined in previous subsections of Section 4.3. Note that Eq. (4.3.10) calculates

the ordinary mean (average) of the model-predicted property values over the ,{*” samples per MFPV

batch and the / THLW MFPYV batches. An alternative approach would be to use y(xMF P ), the model-

predicted value for the normalized version of the mass-averaged composition over the / MFPV batches

=MFPV =MFPV

(x ) that would result from supplying g [calculated per Eq. (4.1.2) for balanced data and

Eq. (4.1.5) for unbalanced data] to the normalizing transformation given in Eq. (4.3.3). Although this
alternative approach would be consistent with some of the other compliance methods and calculations
presented in this report, it is contrary to the typical method for developing TIs.

In general, £ in Eq. (4.3.9) is calculated using the following equation

(XY, df,5)
JI

k(X,Y)= (4.3.11)

where #(X,Y,df;,0) represents a non-centralized ¢-distribution with degrees of freedom df; and non-

centrality parameter J, and / is the number of MFPV batches associated with an HLW waste type. This is
Eq. (3.18d) in Piepel and Cooley (2002), adapted to the notation in this report. It is important to note that
k(X, Y) is determined so as to compensate for the effects of MFPV mixing/sampling uncertainty and
analytical uncertainty, which are “nuisance uncertainties” with respect to the population for which a
X%/Y% UTI is desired.

The expression for df; in Eq. (4.3.11) is given by

{(‘M”’V) 5hx ?””V)+2(yl ) /(1 }

dfz = (4.3.12)
(xMFPV) Fh g MERY )2 {Z(yl Ah) (1—1)}
+

df,, -1

where

df> = approximate degrees of freedom associated with &
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EMFPV

;)

dfm

= p x| column vector whose entries )?,ﬁw PV k= 1,2,---, p are means of the

MFPV

Yikl [as given by Eq. (4.3.3) with m = 1] values, where i =1, 2, ..., [ and
[=1,2,..., nﬁ/[FPV. Note that p = n,’,’w because of the model form in Eq.
(4.3.2a).

= p x p variance-covariance matrix of the model coefficient vector »” for the PCT
normalized release of # = B, Li, or Na

= degrees of freedom for the model relating PCT normalized releases of # = B, Li,
or Na to IHLW composition. This quantity is given by n — p, where 7 is the
number of data points used to fit the model and p is the number of model
coefficients estimated using the data.

= number of IHLW MFPV batches corresponding to an HLW waste type.

The expression in Eq. (4.3.12) is derived in Section E.3 of Appendix E for the case of PV -1 samples

S

and n4FP” > analyses per sample of the ™ MFPV batch. The expression in Eq. (4.3.12) is a special
case of Eq. (E.3.4) when PV —1.

The expression for 0 in Eq. (4.3.11) is given by

where

o
5=z1_ﬁﬁ7g (4.3.13)

non-centrality parameter for the non-central t-distribution used in calculating the
k(X, Y) multiplier for an X%/Y% UTI

100(1 — p) percentile of the standard normal distribution
number of IHLW MFPV batches corresponding to an HLW waste type

standard deviation of the distribution of true In(PCT normalized release) values for

IHLW produced from a given HLW waste type [In(g/L)]

0.5
MFPV \2 MFPV \2
_ o + (o
0'2 +O’,§l + ( S ) ( 4 )

e = standard deviation of the distribution of

n LI;/IFPV

possible )T/I-h values over the / IHLW MFPV batches corresponding to an HLW waste
type [In(g/L)].
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Equations (4.3.12) and (4.3.13) for df; and o are based on Egs. (3.18f) and (3.18¢) in Section 3.7 and
development work in Appendix H of Piepel and Cooley (2002). Note that o, includes only the true

variation in In(PCT normalized release) values, and not the true model, sampling, and chemical analysis
“nuisance” uncertainties. On the other hand, ¢ (of which & is an estimate) includes true uncertainties

for modeling, sampling, and chemical analyses. Hence, o, / o is the fraction of the inflated (by model,

sampling, and analytical nuisance uncertainties) standard deviation represented by the true standard

deviation in In(PCT normalized release) values over IHLW produced from an HLW waste type. Per Eq.
(4.3.13) and the underlying theory (see Appendix H of Piepel and Cooley 2002), it is only necessary that
the ratio o, / o of these two true SDs be “known” (i.e., well-estimated). Scope discussed by Piepel and

Heredia-Langner (2003) will produce estimates of the relevant variations and uncertainties based on
information prior to commissioning testing. These estimates will provide for calculating preliminary
estimates of the o, / o ratio for different HLW waste types. It is also expected that cold commissioning

testing of the WTP IHLW facility will provide updated estimates of variations and uncertainties that can
be used to calculate updated estimates of the the o, / o ratio for different HLW waste types. Section

6.3.3 and Section G.3 of Appendix G illustrate how to calculate the o, / o ratio from simulated operating

data (such as would be available during cold commissioning).

The estimate of the population standard deviation ¢ in Eq. (4.3.9) is given by

0.5
— — I (— =
i=1
where X" isap x 1 column vector, where because of the model form used, p = n/" .. The entries of
):c;WFPV are given by ):CZWFPV, k=1,2,---, n,i’lc , which are calculated using
nMFPV
MFPV
=mrpy _ VL _yrpy 11 1§1 ikl
X =—2 Xk =T X (4.3.15)

1o Iz nf‘{IFPV

In Eq. (4.3.15), xl%F PV is calculated using Eq. (4.3.3) with gl_-%[F PV used as inputs calculated by

Eq. (A.1.3), ;ih is given by Eq. (4.3.5), ;h is given by Eq. (4.3.10), and [ is the number of MFPV
batches associated with the HLW waste type for which an X%/Y% UTTI is to be calculated. The
remaining notation in Egs. (4.3.14) and (4.3.15) is as defined in previous subsections of Section 4.3.
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Equations (4.3.14) and (4.3.15) are special cases of more general equations applicable when

ng” P > 1 and ni‘fF PV = 1. The more general equations for the case of ng” PV > 1 and ni‘fF V> 1 are

presented in Section E.3 of Appendix E. From the derivations in Section E.3, it is seen that the first term
in Eq. (4.3.14) represents model uncertainty while the second term represents composition uncertainty
expressed in model units. The composition uncertainty includes (1) variation in IHLW composition over
the I MFPV batches corresponding to an HLW waste type and (2) uncertainties associated with estimating
IHLW composition for a single MFPV batch, reduced by averaging over multiple samples per MFPV
batch and analyses per MFPV sample.

An illustration of the X%/Y% UTI method and equations is presented in Section 6.3.3.

4.3.6 Statistical Method for Determining the Numbers of Samples and Analyses
per Sample to Demonstrate IHLW from a Waste Type Will Satisfy PCT
Limits

This subsection discusses the methodology used to address Item 4 of Section 4.3.2. The X%/Y% UTI
formula overviewed in Section 4.3.5 and discussed in detail by Piepel and Cooley (2002) can be used to
calculate X/Y%% UTI values (or half-widths thereof), given various combinations of values of the
following factors

number of samples per MFPV batch (5 {*")
» number of analyses per MFPV sample ( ,}F*"")
e MFPV mixing/sampling composition uncertainty expressed in Zn(ififnCT h) units [ SDg (y l’;m )]

e MFPV analytical composition uncertainty expressed in ln(ri;CT h) units [ SD 4 ( j/f}m) ]

e statistical percent confidence (X%)
e percent coverage of the distribution of true PCT release values over a waste type (Y%)

e [HLW produced from three HLW tanks (AY-102, AZ-102, and C-104).

Piepel and Cooley (2002) calculated half-widths of X%/Y% UTIs (which they denoted UTIHW) for
combinations of values of the preceding and other parameters (e.g., model uncertainty and model degrees
of freedom). The results were summarized in their Tables 4.3 to 4.6, and are briefly summarized in
Section 6.3.4.

In this report, additional calculations were performed varying selected factors listed in the bullets
above. The X%/Y% UTI values that satisfy the PCT limits were then inspected to find the least number

MFPV
N

calculations are presented in Section 6.3.4.

of total analyses ( x n}FF7") necessary to comply with the PCT limits. The results of these
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4.4 Compliance Approach and Methods for IHLW WAPS
Specification 1.5: Hazardous Waste

Section 4.4.1 lists the applicable WAPS Specification 1.5. Section 4.4.2 summarizes the statistical
aspects of the WTP compliance strategy for this specification. Section 4.4.3 presents the statistical
methods that will be used to implement the statistical aspects of the compliance strategy.

4.4.1 WAPS Specification 1.5: Hazardous Waste Specification

The Producer shall determine and report to DOE/RW the presence or absence of any
hazardous waste listed in 40 CFR 261.31 through 40 CFR 261.33, in the waste or in any
feed stream proposed for storage or disposal. Any RCRA-listed component in a waste
shall require the Producer to petition EPA and receive exemption to delist the waste.

The Producer shall perform the appropriate tests and procedures, as described in

40 CFR 261.20 through 40 CFR 261.24 using samples from production runs or
prototypical specimens to determine if the waste that will be received by DOE/RW for
transportation and disposal has hazardous characteristics. Any waste that is shown to
have hazardous characteristics shall be treated to remove such characteristics.

The Producer shall certify in the WOR that the waste is not hazardous, including the
absence of any listed components. The characteristic testing methods to be used shall be
described in the WCP and the results documented in the WOR. Any modification to these
methods needs prior approval from DOE/RW.

4.4.2 Statistical Aspects of the IHLW Compliance Strategy for WAPS 1.5

Section 4.1.5 of the IHLW PCP (Nelson 2003) describes the compliance strategy for WAPS
Specification 1.5. The strategy involves using a data quality objectives (DQO) process to establish
criteria for developing adequate data with acceptable quality to support a delisting petition and a LDR
treatability variance for IHLW. The DQO process involves several statistical aspects, including statistical
experimental design and planning for statistical analysis of the resulting data. The results of the DQO
process are documented in a report by Cook and Blumenkranz (2003). The results of the data
development, quality assurance, and statistical data analyses in support of the IHLW LDR treatability
variance petition are contained in a report by Kot et al. (2003). The results of the data development,
quality assurance, and statistical data analyses in support of the IHLW delisting petition are contained in a
report by Kot et al. (2004b).

4.4.3 Statistical Methods to Implement the IHLW Compliance Strategy for
WAPS 1.5

Relevant statistical methods for the statistical aspects described in Section 4.4.2 are discussed in the
reports by Cook and Blumenkranz (2003), Kot et al. (2003), and Kot et al. (2004b).
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If the HLW LDR treatment variance and delisting processes lead to future revisions in the IHLW
compliance strategy that include “during production” aspects of compliance, any associated statistical
methods or equations will be included in a future revision of this subsection.

4.5 Compliance Approach and Methods for IHLW Contract
Specification 1.2.2.1.5: Dangerous and Hazardous Waste
Requirements

Section 4.5.1 lists the applicable Contract Specification 1.2.2.1.5. Section 4.5.2 summarizes the
statistical aspects of the WTP compliance strategy for this specification. Section 4.5.3 presents the
statistical methods that will be used to implement the statistical aspects of the compliance strategy.

4.5.1 Contract Specification 1.2.2.1.5: Dangerous and Hazardous Waste
Requirements

The WTP shall be designed, constructed, and operated so that the IHLW product does not
designate as characteristic or criteria for dangerous waste or extremely hazardous waste
pursuant to WAC 173-303-070, and is not restricted from land disposal pursuant to WAC 173-
303-140 and 40CFR268, Land Disposal Restrictions.

4.5.2 Statistical Aspects of the IHLW Compliance Strategy for Contract
Specification 1.2.2.1.5

Section 4.1.5 of the IHLW PCP (Nelson 2003) describes the compliance strategy for WAPS
Specification 1.5. The strategy involves using a DQO process to establish criteria for developing
adequate data with acceptable quality to support a delisting petition and a LDR treatability variance for
IHLW. The DQO process involves several statistical aspects, including statistical experimental design
and planning for statistical analysis of the resulting data. The results of the DQO process are documented
in a report by Cook and Blumenkranz (2003). The results of the data development, quality assurance, and
statistical data analyses in support of the [HLW LDR treatability variance petition are contained in a
report by Kot et al. (2003). The results of the data development, quality assurance, and statistical data
analyses in support of the [HLW delisting petition are contained in a report by Kot et al. (2004b).

4.5.3 Statistical Methods to Implement IHLW Compliance Strategy for Contract
Specification 1.2.2.1.5

Relevant statistical methods for the statistical aspects described in Section 4.5.2 are discussed in
the reports by Cook and Blumenkranz (2003), Kot et al. (2003), and Kot et al. (2004b).

If the HLW LDR treatment variance and delisting processes lead to future revisions in the IHLW

compliance strategy that include “during production” aspects of compliance, any associated statistical
methods or equations will be included in a future revision of this subsection.
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4.6 Compliance Approach and Methods for IHLW WAPS
Specification 1.6: IAEA Safeguards Reporting for HLW

Section 4.6.1 lists the applicable WAPS Specification 1.6. Section 4.6.2 summarizes the statistical
aspects of the WTP compliance strategy for this specification. Sections 4.6.3 to 4.6.6 present the
statistical methods that will be used to implement the statistical aspects of the compliance strategy.

4.6.1 WAPS 1.6: IAEA Safeguards Reporting for HLW

The Producer shall report the following in the production records:
(1) The total and fissile uranium and plutonium content of each canister in grams.
(2) The concentration of plutonium in grams per cubic meter for each canister.

(3) The ratio by weight of the total element of the following isotopes: 233U, 234U, 235U,
236U, 238U, 238Pu, 239Pu, 240Pu, 241Pu, and 242Pu.

4.6.2 Statistical Aspects of the IHLW Compliance Strategy for WAPS 1.6

The following items describe the statistical and related aspects of the IHLW compliance strategy for
WAPS Specification 1.6, as described in Rev. 0 of the IHLW PCP (Nelson 2003). Although Rev. 1 of the
IHLW PCP has been recently released (Nelson et al. 2004), the work scope addressed in this report was
based on the compliance strategy described in Rev. 0.

Item 1: Develop formulas for calculating the means and SDs of the total and fissile uranium and
plutonium mass in IHLW canisters corresponding to an HLW waste type.

Item 2: Develop a statistical method for estimating the concentration of plutonium in IHLW canisters
during production.

Item 3: Develop a statistical method for estimating the isotopic ratios of uranium and plutonium in
IHLW canisters during production.

Item 4: Determine the numbers of samples, analyses per sample, and other process measurements
required to adequately estimate the compliance quantities described in WAPS 1.6.

Items 1 through 2 are somewhat vague compared to the WAPS 1.6 compliance strategy in Rev. 0 of
the IHLW PCP (Nelson 2003), which calls for developing methods to calculate means and SDs of the
compliance quantities over each HLW waste type. The strategy also calls for the SDs to account for the
variations and uncertainties affecting the radionuclide composition and the mass of glass in [HLW
canisters. However, the current IHLW compliance strategy (Nelson et al. 2004) calls for analyzing the
majority of the radionuclides in only one MFPV batch corresponding to an HLW waste type. In that case,
during production there will not be multiple values over the MFPV batches and canisters corresponding to
an HLW waste type to calculate means and SDs. An alternative may be to estimate variation over
multiple MFPV batches and canisters before production and then use these prior estimates to quantify
variation during production. In any case, it will be possible to quantify the uncertainty in the compliance
quantities based on multiple samples and possibly multiple analyses per sample for the single MFPV
batch for which all radionuclides are measured.

4.32



The statistical methods to implement the preceding aspects of the WTP IHLW compliance strategy
for WAPS Specification 1.1.2 are discussed in Sections 4.6.3 to 4.6.6.

4.6.3 Statistical Method for Estimating the Total and Fissile Uranium and
Plutonium Mass in IHLW Canisters During Production

This subsection addresses Item 1 in Section 4.6.2. Equations for calculating the means and SDs of
the masses of total and fissile U and Pu are given in Section A.5.1 of Appendix A. However, these
equations assume that estimates of each isotope of U and Pu will be available for every MFPV batch.
That was the WTP compliance strategy according to Rev. 0 of the IHLW PCP (Nelson 2003).

Subsequent to the completion of the work presented in Section A.5.1 of Appendix A, Rev. 1 of the
IHLW PCP (Nelson et al. 2004) was issued with revisions to the compliance strategy. A significant
revision was that only selected radionuclides would be measured for every MFPV batch (see Table 2.1).
The work to develop statistical methods to address Item 1 of Section 4.6.2 according to the revised IHLW
compliance strategy in Rev. 1 of the IHLW PCP (Nelson et al. 2004) is scheduled for completion in
FY 2005. The results will be documented in a future revision of this report.

4.6.4 Statistical Method for Estimating the Concentration of Plutonium in IHLW
Canisters During Production

This subsection addresses Item 2 in Section 4.6.2. Equations for calculating the mean and SD of the
concentration of Pu in IHLW canisters during production are given in Section A.5.2 of Appendix A.
However, these equations assume that each isotope of U and Pu will be estimated in every MFPV batch.
That was the WTP compliance strategy according to Rev. 0 of the IHLW PCP (Nelson 2003).

Subsequent to the completion of the work presented in Section A.5.2 of Appendix A, Rev. 1 of the
IHLW PCP (Nelson et al. 2004) was issued with revisions to the compliance strategy. A significant
revision was that only selected radionuclides would be measured for every MFPV batch (see Table 2.1).
The work to develop statistical methods to address Item 2 of Section 4.6.2 according to the revised IHLW
compliance strategy in Rev. 1 of the IHLW PCP (Nelson et al. 2004) is scheduled for completion in
FY 2005. The results will be documented in a future revision of this report.

4.6.5 Statistical Method for Estimating the Isotopic Ratios of Uranium and
Plutonium in IHLW Canisters During Production

Per the WTP Project’s compliance strategy, the isotopic ratios of uranium and plutonium will be
treated as constant over the MFPV batches corresponding to a waste type (an HBV). The reason for this
is because all uranium isotopes behave the same chemically, as do all plutonium isotopes. Hence, the
ratios by weight of the individual uranium isotopes to total uranium and the ratios by weight of the
individual plutonium isotopes to total plutonium are expected to remain constant over a given HLW waste
type (HBV). Neither pretreatment processing nor vitrification is expected to affect the isotopic ratios.

Even though the isotopic ratios are expected to remain constant over each HLW waste type, the
estimates of the ratios for a given waste type will be uncertain because they will be calculated from
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isotope measurements for a single MFPV batch. Hence, statistical methods must be developed to
quantify the uncertainty in uranium and plutonium isotopic ratios. The first step in addressing this
problem is to develop the equations to calculate isotopic ratios from a single [HLW MFPYV batch. Section
A.5.3 of Appendix A presents the development of these equations. Specifically, Equation (A.5.7) in
Section A.5.3 of Appendix A provides for calculating mass isotopic ratios of U and Pu based on multiple
samples and analyses per sample for a single MFPV batch corresponding to a given HLW waste type.

The work to develop the statistical method for quantifying uncertainties in reportable isotopic ratios
[calculated according to Eq. (A.5.7)] is scheduled for FY 2005. This work will address Item 3 of
Section 4.6.2. The results will be included in this section in a future revision of this report.

4.6.6 Statistical Method for Determining the Numbers of Samples, Analyses, and
Measurements to Estimate the WAPS 1.6 Compliance Quantities During
Production

Work is scheduled during FY 2005 to address Item 4 in Section 4.6.2. The method to determine the
numbers of samples, analyses per sample, and other process measurements required to adequately
estimate the compliance quantities described in WAPS 1.6 will be documented in this section in a future
revision of this report.

4.7 Compliance Approach and Methods for WAPS Specification 3.8.2:
Heat Generation at Year of Shipment

Section 4.7.1 lists the applicable WAPS Specification 3.8 and sub-specification 3.8.2. Section 4.7.2
summarizes the statistical aspects of the WTP compliance strategy for this specification. Section 4.7.3
presents the statistical methods that could be used to implement the statistical aspects of the compliance
strategy.

4.7.1 WAPS Specification 3.8: Heat Generation Specification

The heat generation rate for each canistered waste form shall not exceed 1500 watts per canister
at the year of shipment.

4.7.2 WAPS Specification 3.8.2: Heat Generation at Year of Shipment
The Producer shall report in the Storage and Shipping Records the estimated heat generation

rate for each canistered waste form. The Producer shall describe the method for compliance in
the WCP.

4.7.3 Statistical Aspects of the IHLW Compliance Strategy for WAPS 3.8.2

The “Compliance Strategy” portion of Section 4.3.8.2 of Rev. 0 of the IHLW PCP (Nelson 2003)
describes the WTP Project’s compliance strategy for WAPS 3.8.2 as follows:
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The WTP project’s strategy for compliance with this specification is to calculate the heat
generation rate over all canisters corresponding to a given waste type based on the
estimated per-canister radionuclide inventories as described in response to WAPS
Specification 1.2.2. The heat generation rate of the canistered waste forms at the time of
delivery to the CSB will be calculated using a computer code (e.g., MicroShield [Grove
1996]). The mean and standard deviation of the heat generation rate of each canister over
the course of a waste type will be reported in the Storage and Shipping Records.

The Production Implementation portion of Section 4.3.8.2 of Rev. 0 of the IHLW PCP (Nelson 2003)
describes™ relevant activities as including

e Determine per-canister radionuclide inventories over the course of a waste type as discussed
in the response to WAPS Specification 1.2.2, Radionuclide Inventory During Production.
These determinations of radionuclide inventories over the course of a waste type will account
for variations over the course of a waste type in radionuclide concentrations and the amounts
(i.e., fill heights) of IHLW glass in the canisters. The estimated inventories will be based on
radiochemical analysis of the waste feed to HLW vitrification from pretreatment, or analysis
of the IHLW product produced over the course of the waste type, or a combination of both.

e (Calculate the heat generation rate over all canisters corresponding to a given waste type based
on the estimated per-canister radionuclide inventories. The WTP project will use a computer
code (e.g., MicroShield [Grove 1996]) to calculate the heat generation rate for the canistered
waste forms at the time of delivery to the Canister Storage Building. Heat generation rates,
as a function of time, will be calculated to account for radionuclide decay.

e (Calculate the mean and SD for heat generation rates over the course of a given waste type.
The SD of heat generation rates will be calculated based on the variations and uncertainties in
the estimates of radionuclide inventories over the course of a waste type. Variations and
uncertainties in radionuclide concentrations and the amount of glass in a canister (e.g.,
canister fill heights) over a waste type will be accounted for in the calculations of variation
and uncertainty in per-canister radionuclide inventories, and hence in per-canister heat
generation rates.

Currently, there is no work scope in the Statistical Analysis task of the PNWD WTPSP to
address the statistical aspects of (1) the first bullet (accounting for variations in radionuclide
concentrations and canister fill heights) and (2) the third bullet (calculating means and SDs,
where the SDs must account for variations and uncertainties). At one point, there was scope to
develop a statistical interval method to demonstrate with high confidence that a very high
percentage of IHLW canisters corresponding to a waste type would have heat loadings meeting
the 1500-watt limit. However, that scope was subsequently cut when the WTP Project decided
that a statistical-interval-based compliance approach was not needed, which was based on the
expectation that heat loadings of [HLW canisters would be well below the 1500-watt limit.
However, no replacement scope corresponding to the “mean and SD” approach of the preceding

(a) The three bullets following were copied and pasted from Rev. 0 of the IHLW PCP (Nelson 2003), except for
two minor changes. In the second bullet, Canister Storage Building was spelled out in place of an acronym.
Also, the portion of the third bullet after the first sentence was copied and pasted from the middle of the second
bullet for better clarity.
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bullets was added. Regardless, some comments about statistical methods are made in the
following section.

4.7.4 Statistical Methods to Implement the IHLW Compliance Strategy for
WAPS 3.8.2

As noted in Section 4.7.2, the Statistical Analysis task of the WTPSP currently has no scope to
develop statistical methods to address the statistical aspects of the WTP compliance strategy described in
Section 4.7.2. If it were possible for the WTP Project to calculate a heat generation rate for each IHLW
canister associated with an HLW waste type, then a mean and SD could be calculated over those canisters
using standard formulas for those two statistics. However, as noted previously in Section 4.2.4, it will be
very difficult to accurately associate IHLW compositions corresponding to MFPV batches with specific
IHLW canisters to calculate per-canister inventories of radionuclides. Hence, it will be very difficult to
accurately calculate the heat generation separately for each particular IHLW canister and in turn calculate
the mean and SD over the canisters associated with an HLW waste type.

An alternative approach would be to use a Monte Carlo approach with a computer code such as
MicroShield (Grove 1996). The means and SDs of radionuclide inventories per IHLW canister,
calculated as discussed in Section 4.2.4 (and in Section A.2.2 of Appendix A) could serve as the basis for
generating random sets of radionuclide inventories from which the mean and SD of heat generation rate
per canister could be calculated.

Another approach is suggested by Eq. (A.6.1) presented in Section A.6 of Appendix A for calculating
the maximum heat output of an IHLW canister with specified radionuclide composition/inventories. This
approach would provide for calculating means and SDs reflecting the variation in IHLW radionuclide
composition/inventory over MFPV batches corresponding to an HLW waste type. However, it would not
reflect the variation in the mass of glass per canister over IHLW canisters corresponding to a waste type.
A modification of Eq. (A.6.1) to include the determined mass of glass in an [HLW canister rather than the
maximum would result in a conceptual equation that would allow for developing equations for the mean
and SD of heat output, similar to what was done for radionuclide inventories in Section A.2.2 of
Appendix A.

4.8 Compliance Approach and Methods for IHLW WAPS
Specification 3.14: Concentration of Plutonium in Each Canister

Section 4.8.1 lists the applicable WAPS Specification 3.14. Section 4.8.2 summarizes the statistical

aspects of the WTP compliance strategy for this specification. Section 4.8.3 presents the statistical
methods that will be used to implement the statistical aspects of the compliance strategy.

4.8.1 WAPS Specification 3.14: Concentration of Plutonium in Each Canister

The concentration of plutonium in each HLW standard canister shall be less than
2500 grams/cubic meter.
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4.8.2 Statistical Aspects of the IHLW Compliance Strategy for WAPS 3.14

The majority of the WTP strategy for complying with WAPS 3.14, as described in Rev. 0 of the
IHLW PCP (Nelson 2003), involves pre-production activities (i.e., WFQ activities). The following
activity, copied from Rev. 0 of the IHLW PCP, is the only one that involves demonstrating compliance
during IHLW production.

Item 1: Develop statistical methods to account for variations and uncertainties in per canister plutonium
concentrations to demonstrate with high confidence that the limits of this specification will be
satisfied for each canister produced from a given waste type.

Although Rev. 1 of the IHLW PCP has been recently released (Nelson et al. 2004), the work scope
addressed in this report was based on the compliance strategy described in Rev. 0. However, the majority
of the scope for the Statistical Analysis task of the WTPSP is scheduled for completion in FY 2005.
Hence, this section of the report will be updated in a future revision to reflect the compliance strategy in
Rev. 1 of the IHLW PCP (Nelson et al. 2004).

4.8.3 Statistical Method to Implement the IHLW Compliance Strategy for
WAPS 3.14

Section A.7 discusses equations for calculating the mean and SD of Pu concentration per canister
(g/m’) over IHLW canisters associated with an HLW waste type. The work to address Item 1 of Section
4.8.2 is scheduled for completion in FY 2005. It is envisioned that a statistical X%/Y% UTI formula will
be developed using the mean and SD equations from Section A.7. A X%/Y% UTI would provide high
confidence (X%) that a high percentage (Y %) of IHLW corresponding to an HLW waste type will have
Pu concentration per canister less than the prescribed limit. This, or another appropriate statistical
method based on any revisions to the Rev. 1 IHLW PCP compliance strategy for this specification, will
be addressed in a future revision of this report.

4.9 Compliance Approach and Methods for IHLW Contract
Specification 1.2.2.1.6: Product Loading

Section 4.9.1 lists the applicable Contract Specification 1.2.2.1.6. Section 4.9.2 summarizes the WTP
compliance strategy for this specification and explains why no statistical methods are required.

4.9.1 Contract Specification 1.2.2.1.6: Product Loading

Loading of non-volatile components in Envelope D, and, if directed by DOE, entrained
solids after washing in accordance with Specification 12, Number of HLW Canisters Per
Batch of Waste Envelope D, shall be achieved, such that, the concentration of at least one
of the waste components or waste component combinations in Table TS-1.1, Minimum
Component Limits in HLW Glass exceeds its minimum weight percent in HLW glass as
identified in Table TS-1.1 (e.g., for a high-iron waste, the Contractor shall incorporate at
least 12.5 weight percent iron oxide from the waste into the glass). The product loading
shall not cause the limits in any other requirement of this specification to be violated.

4.37



Product waste loading shall be calculated on an average basis for each batch transfer of
Waste Envelope D. The waste loading may be adjusted downward if necessary to comply
with Universal Treatment Standards (UTS) leaching requirements.

4.9.2 The IHLW Compliance Strategy for Contract Specification 1.2.2.1.6

The WTP Project’s compliance strategy for this specification is described in Section 5.1.6 of the
IHLW PCP (Nelson 2003).®” During IHLW production, the compliance strategy will involve determining
the IHLW chemical composition and verifying that at least one product loading limit from Table TS-1.1
is satisfied on an average basis for each batch transfer of an HLW waste type.

Before Baseline Change Request (BCR)-119, the Statistical Analysis task of the PNWD WTPSP
included scope to develop a statistical approach for demonstrating that at least one product loading limit
from Table TS-1.1 was satisfied. It was envisioned that the statistical approach would account for the
(1) uncertainties affecting the [HLW chemical composition estimate for each MFPV batch, and
(2) variations across MFPV batches in calculating average product loadings corresponding to a batch
transfer of an HLW waste type. In fact, equations for calculating product (waste) loading were developed
as part of the work scope before BCR-119. However, those equations were for the IHLW process before
the CRVs were eliminated and were no longer applicable to the new IHLW process and approach for
estimating IHLW chemical composition for each MFPV batch. Hence, those equations are not presented
in Appendix A.

Ultimately, the WTP Project decided that it was sufficient to compare the average product loadings
over a batch transfer of an HLW waste type without accounting for variations and uncertainties. Hence,
the scope to develop a statistical approach for demonstrating compliance with Table TS-1.1 limits was
removed in BCR-119.

(a) See Section 1.0 for a discussion of why this report addresses the IHLW PCP WAPS specifications and Rev. 0
(Nelson 2003) rather than Rev. 1 of the IHLW PCP Rev. 1 (Nelson et al. 2004).
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5.0 ILAW Compliance and Statistical Implementation
Methods by Specification

This section describes the WTP ILAW compliance strategies and statistical implementation methods
for each WTP contract (DOE-ORP 2003) specification having one or more statistical aspects to the
compliance strategy. ILAW specifications not having statistical aspects to the corresponding WTP
compliance strategies are not listed or discussed.

5.1 Compliance Approach and Methods for ILAW Contract
Specification 2.2.2.6.2: Chemical Composition During Production

Section 5.1.1 lists the applicable Contract Specification 2.2.2.6.2. Section 5.1.2 summarizes the
statistical aspects of the WTP compliance strategy for this specification. Sections 5.1.3 and 5.1.4 present
the statistical methods that will be used to implement the statistical aspects of the compliance strategy.

5.1.1 Contract Specification 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.

5.1.2 Statistical Aspects of the ILAW Compliance Strategy for Contract
Specification 2.2.2.6.2

The following items describe the statistical and related aspects of the ILAW compliance strategy for
Contract Specification 2.2.2.6.2 (see the ILAW PCP, Nelson et al. 2003) that are addressed in this
report.®

Item 1: Determine the numbers of samples, chemical analyses per sample, and other process
measurements necessary to adequately estimate ILAW chemical composition that would be
produced from each MFPV batch.

Item 2: Develop equations for calculating the means and SDs of reportable glass components over the
chemical composition determinations of ILAW produced as a given LAW waste type (or
production lot, to be defined by the WTP) is being processed. Equations for SDs will account
for applicable sources of variation and uncertainty.

The statistical methods to implement these aspects of the WTP ILAW compliance strategy for Contract
Specification 2.2.2.6.2 are discussed in Sections 5.1.3 and 5.1.4.

(a) See Section 1.0 for a discussion of why this report addresses ILAW PCP Rev. 0 (Nelson et al. 2003) rather than
ILAW PCP Rev. 1 (Westsik et al. 2004).
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5.1.3 Statistical Method for Determining the Numbers of Samples, Analyses per

Sample, and Volume Determinations to Estimate the ILAW Chemical
Composition for an MFPV Batch

During ILAW production operations, the chemical composition of the ILAW corresponding to an

MFPYV batch will be calculated by mass-balance equations using the following inputs:

Chemical and radionuclide concentrations of pre-treated waste in an LAW CRYV determined by
chemical and radiochemical analyses of CRV samples

GFC compositions and measured weights of GFCs added to the MFPV

Calculated volumes of the CRV and MFPV before and after transfers (obtained by measuring the
level of vessel contents and applying volume-level calibration equations)

Chemical and radionuclide composition of the MFPV heel from the previous batch.

The applicable mass-balance equations for calculating ILAW chemical composition are given in
Section B.1 of Appendix B. The balance of this subsection describes the statistical method to address
Item 1 in Section 5.1.2.

Section 3.4.2 describes the Monte Carlo simulation approach for assessing the impacts of the

following factors

number of samples per CRV batch (%)

number of analyses per CRV sample (%)

CRV
V

number of volume determinations of the CRV and MFPV before and after transfers (7 and

nII/l/IFPV)

mixing/sampling %RSD in the concentration of the /" element in a CRV batch [ %RSD B (c]CRV )]

analytical %RSD in the concentration of the ;" element in a CRV batch [ %RSD 4 (c‘/CR V) ]

GFC composition uncertainty, represented by the standard deviation in the mass fraction of the ;™
component (oxide or halogen) in the ™ GFC [ SD(GﬁF Y]

GFC mass uncertainty, represented by the standard deviation of the mass of the k™ GFC added to a
MFPYV batch. This uncertainty includes uncertainties due to batching, weighing, and transfers of
GFCs.

[SD(a;™) ]

volume uncertainties in the CRV and MFPV. The magnitudes of these uncertainties will depend on

the level of contents in a vessel, but a generic notation is used for now (SDIERV and SD{/WF 7y

statistical percent confidence level (CL%)
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e JLAW produced from three LAW tanks representing one each of Envelopes A (AP-101), B (AZ-101),
and C (AN-107)

on the total uncertainty in estimating ILAW chemical composition (mass fractions of oxides or halogens)
for each MFPV batch. It is necessary at this time to consider a range of values for process uncertainties
because final estimates have not yet been produced by the WTP Project. A future update of this report
will use final estimates of process uncertainties to determine the final recommended numbers of CRV
samples, chemical analyses per CRV sample, and volume determinations of the CRV and MFPV for
estimating ILAW chemical composition.

To assess the total uncertainty in estimating ILAW chemical composition for a given MFPV batch,
the %RHW of a two-sided CL% empirical confidence interval (ECI) on the mass fraction of each ILAW
component (oxide or halogen) is used. A Monte Carlo simulation approach was used to obtain CL%
ECIs and the corresponding %RHWs. The mass-balance equations in Section B.1 were used to develop
the Monte Carlo simulation approach. The formula for a %RHW, expressed as a percentage of the
nominal value (mass fraction) of a given glass component, is given by

100 (MF(-*/2) — pF(e/D)) /2

o MFPV \ _
Y%oRHWcpo; (g )= M o (5.1.1)
where
Y%oRHW -y, ( g?fF PVy = percent relative half-width of the two-sided CL% ECI on the mean mass
fraction of the j” oxide in the MFPV for the s” simulation test case (%)
100(1-a/2) = CL% = percent confidence for the two-sided ECI (e.g., 90% when o =
0.10)
MF, ?](.17“/ 2) = 100(1-a/2)" percentile of the 1000 simulated mass fractions for the /™
oxide and the s™ simulation test case (Zoxide/Zoxides)
MFSE.“/ 2) = 100(a/2)™ percentile of the 1000 simulated mass fractions for the /"
oxide and the s™ simulation test case (Zoxide/Soxides)
MF jN ominal = nominal mass fraction of the /™ oxide in the MFPV (goxide/oxides)-

Note that MF iNomm " Joes not depend on the simulation test case (subscript i) because the test cases

represent different combinations of uncertainties and numbers of samples, analyses per sample, and
volume determinations in factors affecting oxide mass fractions. Hence, the nominal oxide mass fraction
for the /™ oxide is the same for all test cases.
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Equation (5.1.1) can be used to calculate %oRHW values for various combinations of the factors
described previously in this subsection. The outcomes of such calculations based on the simulation

results can then be used to determine the values of ,$%”, &, SRV and ,)/FPV that will provide
estimates of glass components within a given percentage (i.e., the %RHW) of the true value with desired

confidence (CL%). The results of such calculations are presented in Section 7.1.1.

5.1.4 Equations for Calculating Means and Standard Deviations of ILAW
Chemical Composition over a Waste Type

The ILAW compliance strategy for Contract Specification 2.2.2.6.2 involves (1) calculating the
ILAW chemical composition for each MFPV batch from analyses of CRV samples and other process
information (see Section 2.3) and (2) calculating and reporting means and SDs of the calculated
compositions over each LAW waste type. The chemical composition of ILAW corresponding to each
MFPV is calculated in terms of mass fractions of J glass components (oxides and halogens). The mass

fraction of the /™ ILAW component in the i MFPV batch is denoted by gfyF e j=1,2,...,J. Bythe

J
nature of mass fractions, Y. gfyF Y-,
J=

This section presents the formulas for calculating means and SDs of ILAW chemical compositions
(mass fractions of oxide and halogen glass components) over the / MFPV batches corresponding to an
LAW waste type. Two situations are considered. Section 5.1.4.1 addresses the case of balanced data,
while Section 5.1.4.2 addresses the case of unbalanced data. The formulas in these subsections address
Item 2 of Section 5.1.2.

5.1.4.1 Equations for Calculating Means and Standard Deviations of ILAW Chemical
Composition over a Waste Type Using Balanced Data

In this section, we consider “balanced data”, which occurs when (1) the same number of samples

CRV
N

n are collected from all CRV batches i =1, 2, ..., I corresponding to an LAW waste type, (2) the

same number of analyses nSRV are made for each CRV sample of each CRV batch corresponding to an

CRV MFPV
vV

LAW waste type, and (3) the same number of volume determinations # and ny are made for

each CRV batch and MFPV batch corresponding to an LAW waste type. When nSRV =1 for all samples

from all CRV batches, balanced data occur when ngRV is the same for every CRV batch, and the single

analysis of each CRV sample is acceptable.

Section B.1 of Appendix B presents the mass-balance equations for calculating the ILAW chemical
composition (in mass fractions) for a single MFPV batch. Specifically, Eq. (B.1.11) in Appendix B gives

the formula for §§’[F PV the mass fraction of the J™ component in ILAW that would be made from the i

MFPYV batch averaged over the ngRV samples per CRV batch, nSRV analyses per CRV sample, and
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ng® = p)FPV yolume determinations for each CRV batch. For each component j, formulas are

gMFPV i1 9

required for the mean and SD of the g;; ., I values corresponding to an LAW waste type.

In the case of balanced data, the formula for the mean of mass fractions of the /™ ILAW component
over the MFPV batches corresponding to an LAW waste type is given by

JMFPV
v MFPV Heel
, WSRV RV “NFPY hzl i
CRV ; 77 CRVto MFPV GFC 7 GFC | 3 MFPV ny =
2| kv car Z Z Ciiim S Vi +Za Giji m,; MFPV
i=1 ng ny m=1 k=1 1 ny,
¥ MFPV
i—Lh
= MFPV MEPY
J B WMEPY
MFPV Heel
A . CRV CRV J K  MFPV Z Vit
CRV , 7, CRVto MFPV GFC GFC —MFPV| Ny
;Z_: CRV _CRV Z Z_Clﬂmf'V wl+ X Xayg Gy +Z My, MFPV
=l j=I\ ng" ny =1 m=l Jj=lk=1
MFPV
MFPV Z V
ny
(5.1.2)
with
JMEPY
1w  MFPV Heel
1 gRV nﬁ'RV K nMFPV = i-Lh
— MFPV _ CRV = CRVto MFPV GFC ~GFC | —MFPV| Ny =
mi_y; = CRV CRV DIDY Ci—l,jlmf‘ Vi u+ i—lsz -1, jk +m;_ 2,j MFPV
ng g I=l m=l k=1 1 urPy
- Z M
MFPV
I’lV h=1
(5.1.3)
and
WCRV WCRV
) .2 " CRV before K VCRV after
O = MFPV afier T O = MFPV before Z z ih
j7 CRVioMFPV _ Vi ‘ Vi ' _ k=l
: T2 A2 ~2 A2 CRV CRV
o 7 CRY before +0 7 CRY afer +0 o MEPY afir +0 7 MEPV before ny ny
pMEPY PMEEY
"2 "2 z VMFPVaﬁer z VMFPVbejore
O [ CRV before +0 7 CRV after
+ i i h=1 _ h=1 (5 14)
A2 ~2 A2 ~2 MFPV MFPV o
o 7 CRY before +0o 7 CRY aler +0 7 MERY afer +0 7 MEPV before ny ny

V CRVto MFPV

where the bars in certain notations (e.g., ) denote averages. The o V MFPV «ie- NNOtAtion in

MFPV
n
—MFPVafier _ 1 ™. MFPV After .
P > Vi . The other variance
ny h=1

Eq. (5.1.4) represents the variance of V
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notations in Eq. (5.1.4) have similar interpretations. Note that Egs. (5.1.2) and (5.1.3) assume that the
IHLW MFPV is uniformly mixed.

In Egs. (5.1.2) to (5.1.4), the following notation is used

?;MF P = mean (mass-weighted-average) mass fraction of the /" ILAW component over
I MFPV batches, based on averages over ngRV samples per CRV batch, nSRV
analyses per sample, and nSRV and n{/MF PV volume determinations per CRV and
MFPV batches (Zoxide/ Eoxides)

1 = number of MFPV batches per reporting or compliance period

ngRV = number of samples per CRV batch

ngRV = number of chemical analyses per CRV sample

cl-jc-,an = analyzed concentration of the /™ analyte from the m™ analysis of the /™ sample
from the /™ CRV batch (ug/mL = mg/L)

J = number of glass oxide components

MW oxide .
fi = —— R, where M W]f’x’de and MW " are the molecular weights of
MW qnalyte J
J
oxide j and analyte j, respectively, and R; is the ratio of moles of oxide per mole
of analyte for oxide j. Hence, f; is the factor for converting the concentration of
analyte j (ug analyte j/mL = mg analyte j/L) to the concentration of oxide j
(ng oxide j/mL = mg oxide/L). The quantity f; is called the oxide factor for
oxide j.
_ I(g) . . .
u = ———=— aunits conversion factor for converting mg to g
1000 (mg)

K = number of GFCs

adtc = mass of the k" GFC added to the i MFPV batch (g)

GUGkF ¢ = mass of the /™ glass oxide component per mass of the k™ GFC for the /™ MFPV

batch (goige /8crc k). The mass fractions GUGkF ¢ j=1,2,...,J for the k™ GFC can

sum to less than 1.0 to the extent the GFC contains interstitial water or other
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— MFPV
i-1,j

MFPV
ny

MFPV H
Vi V Heel

MFPV
Vo

ngRV

V,’ CRYV before

ViCR V after

V,’ MFPYV before

MFPV H
Vi eel

VZ-MFPV after

The notations similar to Va

components that will not survive in the glass. The nominal G,-]C-’;CF ¢ mass fractions

of glass oxide components in the GFCs should not change frequently over MFPV
batches. However, the i subscript was retained in case these mass fractions
change (1) from one vendor to another for the same GFC or (2) for different lots
of a given GFC from the same vendor.

mass of the /™ glass oxide component in the (i—1)* MFPV batch based on

averages over multiple samples, analyses per sample, and volume determinations

(2

number of volume determinations per MFPV batch
volume of the MFPV Heel included in the i MFPV batch (L)

volume of the (i—1)* MFPV batch (L). This is the total volume of the (i-1)"

MFPYV batch, including the MFPV Heel, waste transferred from the CRV, GFCs
added, and any water that may be added. Water will typically be added to
Envelope B LAW in the MFPV to lower the sodium molarity. It is not
anticipated that LAW from Envelopes A and C will require adding water in the
MFPV.

number of volume determinations per CRV batch

volume of the CRV before the transfer of material to the /™ MFPV batch (L)
volume of the CRV after the transfer of material to the i/ MFPV batch (L)
volume of the MFPV before receipt of CRV material for the /™ MFPV batch
volume of the MFPV Heel included in the i MFPV batch (L)

volume of the MFPV after receipt of CRV material for the i/ MFPV batch but
before receipt of GFCs or any added water (L).

MEEV. but with different superscripts and subscripts, have similar meanings

where the (1) superscripts indicate the different vessel conditions for which volume determinations are
made, and (2) subscripts denote the MFPV batch (i.e., “i-1” or “i-2”).

The derivation and explanation of Eq. (5.1.2) is presented in Section F.1 of Appendix F, while the
derivations and explanations of Eqgs. (5.1.3) and (5.1.4) are presented in Section B.1 of Appendix B.
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In the case of balanced data, the formula for the standard deviation of mass fractions of the /™ ILAW
component over the MFPV batches corresponding to an LAW waste type is given by:

0.5
é(gMFPV _ =MFPV )2
~\&ij J
SD(g;"™" ) =| = (5.1.5)
I1-1
where
SD(§§4F r V) = standard deviation of mass fractions for the /" ILAW component over glass that
would be made from the / MFPV batches corresponding to an LAW waste type
(goxide/ goxides)
g;ﬁ 4 = mass fraction of the /" ILAW component in glass that would be made from the i
MFPV batch (goxide/ goxides)
—MFPV =MFPV

g is calculated using Eq. (B.1.11) in Section B.1 of Appendix B, g is calculated using

Eq. (5.1.2), and the remaining notation is as previously defined.

MFPV
if

mean, multiplied by 100. With the variables defined in this section, the %RSD for the mass fraction of
the /" ILAW component in the i MFPV batch is given by

A %RSD is simply the ratio of the standard deviation [ SD(g ) in this case] to its corresponding

(5.1.6)

y 5 MFPV

%RSD(gMPVy = 100{
J

SD@%FPV)J

In some cases, it is preferred to report or consider the %RSD rather than the SD.

5.1.4.2 Equations for Calculating Means and Standard Deviations of ILAW Chemical
Composition over a Waste Type Using Unbalanced Data

The case of unbalanced data is now addressed, where (1) the number of samples per CRV batch is not
the same for the CRV batches associated with an LAW waste type, (2) the number of analyses per CRV
sample is not the same for each sample from a CRV batch or for different CRV batches, and/or (3) the
number of volume determinations is not the same for each case where a vessel volume is required.
Unbalanced data would occur during WTP ILAW production if (1) less than the desired number of
samples were taken for every CRV batch, (2) a sample from a CRV batch were unusable for some reason,
(3) the number of analyses were not the same for every CRV sample, or (4) analytical results contain
outliers that must be discarded. Similar occurrences for volume determinations would also lead to
unbalanced data.
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Unbalanced data forces changes in how the means and SDs for ILAW compositions are calculated.
Several alternatives are available, but the simplest way to deal with unbalanced data is to calculate the
means and SDs using the samples, analyses, and volume determinations available.

In the case of unbalanced data, the formula for the mean of mass fractions of the ;™ ILAW component
over the MFPV batches corresponding to an LAW waste type is given by

MFPV
1 MFPV Heel
| CRY; Wi “MFPT; Z Vin “
CRV ;77CRVio MFPV GFCGFC | 7MFPV| Ty h=1
X = | Ty Z Siitm iV uit Z ag Gy~ +m; MFPV_|
i=| ng I=1 | ny m=1 1 y MFPV
MFPV;_| ha i=Lh
§MFPV _ ny =
J (MFPV;
| MFPV Heel
CRV; CRVy —m > Vi e
VL] 1T "4 (CRV ¢77CRVIo MFPV, GFC GFC _yrpr| my
(o}
2 Z CRYV; CRVy X Cim SiV: + Z Z aig G~ + Z My, MFPV;_|
=l j=1| ng Pl nt j=lk=l1 n 4
» VMFPV
MFPV;_| Lh
ny =1
(5.1.7)
with
,CRVi11 | MFPVz 1
4 MFPVHeel
: <CRV CRVto MFPV | - v
1 ngRV”I z Ci- ljlmfj V MFPVi-1 Z
g MFPY _ 5 m=1 + Z aGFCGG L MFPY ny
i-Lj = WSR-S CRV;_1 ] i-Lk™i-1, jk i-2,j nMFPVi_Z
ng ny 1 v yMEPY
MFPV;_» 2 i=2,h
ny ! h=1
(5.1.8)
and
CRVl CRV,
a A2
fo = + 0% } CRYV before CRYV after
VCRVtoMFPV B V[MFPVafter Vl_MFPVbefore Z V” Z Vl
i oA D A0 ~ - -
o 7 CRY before +0 7 CRY aler +0 7 MEPY afer +0 7 MEPY before n’fRVl nfRVl
JMFPV; JMFPV;
22 22 y 14
GVCRVbefore + GI?CRV after z I/IQ/IFPV after z Vlz/[FPVbefore
+ i d h=1 h=l (5.1.9)
~AD A2 ~AD ~AD : - -
O jrcrv before + O vV aier + O - MEPY afier + O [ MEPY before n;/"[FPVz n;/fFPVz
1 1 1 1
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In Egs. (5.1.7) to (5.1.9), the notation is the same as in Egs. (5.1.2) to (5.1.4), with the following
differences

nSCRVi number of samples from the CRV batch, a portion of which is used in making the i
MFPV batch

nSRVﬂ number of chemical analyses made of the /™ sample from the CRV batch, a portion of
which is used in making the i/ MFPV batch

nSRVi = number of volume determination for the CRV batch, a portion of which is used in
making the i MFPV batch

n{y FPY%i = number of volume determinations made for the i MFPV batch.

Equations (5.1.7) to (5.1.9) for unbalanced data are similar to Egs. (5.1.2) to (5.1.4) for balanced data, but
substitute the preceding notation for unequal numbers of samples, analyses, and volume determinations.
Egs. (5.1.7) and (5.1.8) also assume uniform mixing in the IHLW MFPV.

In the case of unbalanced data, the standard deviation of mass fractions for the /" ILAW component

over the / MFPYV batches corresponding to an LAW waste type can again be calculated using Eq. (5.1.5).

In that equation, §§’IF PV s given by Eq. (5.1.7), and g,j?” PV s given by the equation

MEPV;
v MFPV Heel
CRV; CRVj; e 2 Vi
17 "4 CRV 77 CRVio MFPV K Gre cre . —mrpv| np )
74 to — 14
v, = | Tcwy X Cim JiVi wlt Xag Gy +mzy MFPV,_,
ng o=l | nygt m=l k=1 1 ny T
s pMEPY
MFPV;_] i=Lh
—MFPV _ ny h=1
8ij MFPV;
1" MFPV Heel
CRV; CRVy . = Vi
é 1 nSZ 1 'IAZ CRV 77 CRVio MFPV ég GFC GFC é—MFPV ny U k=l
CRV; CRV Cijm SiV: wi Gig Gy~ + LMy MFPV;_;
j=ll ng 't I=l | ny " m=1 j=lk=1 j=1 n !
4 1 MFPV
—_ ¥V
MFPV;_| i-1,h
ny ! h=1
(5.1.10)

In Eq. (5.1.10), n_11A_/11F f " is given by Eq. (5.1.8), IZ-CRVIOMFPV is given by Eq. (5.1.9), and all notation is as

previously defined following Egs. (5.1.2), (5.1.3), (5.1.4), (5.1.8), and (5.1.9). Note that Eq. (5.1.10) is
similar to Eq. (B.1.11) in Section B.1 of Appendix B, except with modifications to reflect the unequal
numbers of samples per CRV batch, unequal numbers of analyses per CRV sample, and/or unequal
numbers of volume determinations.

After calculating SD(§§4F r V) values with unbalanced data using Eqgs. (5.1.5) and (5.1.10), if

%RSD(§§4F PV values are desired, they can be calculated using Eq. (5.1.6).
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If the data are not greatly unbalanced, this simple way of calculating means and SDs for mass
fractions of ILAW components over a waste type should produce reasonable results. However, other
methods that are designed to work with unbalanced data could also be employed. WLS can be used not
only with unbalanced data but also if there is evidence that the variation across CRV and MFPV batches
does not remain constant over the course of a waste type. WLS-based equations for means and SDs have
not been developed at this time, but could be if deemed desirable by the WTP Project. Bootstrap
methods, where available data are repeatedly re-sampled (i.e., with replacement) to obtain a balanced set,
could also be used to solve the problem of unbalanced data. A brief description of how bootstrap
methods can be applied to unbalanced datasets can be found at the end of Section 4.1.4.2.

5.2 Compliance Approach and Methods for ILAW Contract
Specification 2.2.2.7.2: Radionuclide Composition During
Production

Section 5.2.1 lists the applicable Contract Specification 2.2.2.7.2. Section 5.2.2 summarizes the
statistical aspects of the WTP compliance strategy for this specification. Sections 5.2.3 and 5.2.4 present
the statistical methods that will be used to implement the statistical aspects of the compliance strategy.

5.2.1 Contract Specification 2.2.2.7.2: Radionuclide Composition During
Production

The ILAW production documentation 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.

5.2.2 Statistical Aspects of the ILAW Compliance Strategy for Contract
Specification 2.2.2.7.2

The following items describe the statistical and related aspects of the ILAW compliance strategy for
Contract Specification 2.2.2.7.2 (see the ILAW PCP, Nelson et al. 2003) that are addressed in this report.®

Item 1: Determine the numbers of samples, analyses per sample, and other process measurements
required to estimate radionuclide compositions for each ILAW MFPV batch, which are in turn
used to estimate radionuclide inventories.

Item 2: Develop equations for calculating the means and SDs of the radionuclide inventory
determinations for ILAW containers produced from a given ILAW production lot for each
significant (i.e., reportable) radionuclide. Incorporate in the SDs the variations and uncertainties
affecting the radionuclide composition and the mass of glass in ILAW containers.

The statistical methods to implement these aspects of the WTP ILAW compliance strategy for Contract
Specification 2.2.2.7.2 are discussed in Sections 5.2.3 and 5.2.4.

(a) See Section 1.0 for a discussion of why this report addresses ILAW PCP Rev. 0 (Nelson et al. 2003) rather than
ILAW PCP Rev. 1 (Westsik et al. 2004).
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5.2.3 Statistical Method for Determining the Numbers of Samples, Analyses, and
Volume Determinations to Estimate the ILAW Radionuclide Composition
for an MFPV Batch

During ILAW production operations, the radionuclide composition (mass fractions) will be calculated
based on chemical analyses and radiochemical analyses of samples from the CRV and other process
measurements and determinations. Although mass fractions of ILAW radionuclide components (oxides)
may be of limited interest directly, they play a key role in the equations developed to calculate ILAW
radionuclide inventories and concentrations (see Section B.2 of Appendix B). Hence, it is important to
assess the numbers of LAW CRYV samples, radiochemical analyses per sample, and other process
determinations required to adequately estimate ILAW radionuclide compositions.

The applicable mass-balance equations for calculating ILAW radionuclide composition (mass
fractions) are given in Section B.2 of Appendix B. The balance of this subsection describes the statistical
method to address Item 1 in Section 5.2.2.

Section 3.4.2 describes the Monte Carlo simulation approach for assessing the impacts of the
following factors

number of samples per CRV batch (%)
e number of radiochemical analyses per CRV sample (nA?RV)

and

e number of volume determinations of the CRV and MFPV before and after transfers (nSRV

n[]}/IFPV)

e mixing/sampling %RSD in the concentration of the /™ element in a CRV batch [ %RSD s (c]CRV )]

e analytical %RSD in the concentration of the /™ element in a CRV batch [ %RSD 4 (c]CRV )]

e GFC composition uncertainty, represented by the standard deviation in the mass fraction of the ;™
component (oxide or halogen) in the k" GFC [SD(GJ(-,;(F C)]

e GFC mass uncertainty, represented by the standard deviation of the mass of the £ GFC added to a
MFPYV batch. This uncertainty includes uncertainties due to batching, weighing, and transfers of
GFCs.

[SD(a;"™ ) ]

e volume uncertainties in the CRV and MFPV. The magnitudes of these uncertainties will depend on

the level of contents in a vessel, but a generic notation is used for now (SDER " and SDy[7 Py

e statistical percent confidence level (CL%)

o ILAW produced from three tanks representing one each of Envelopes A (AP-101), B (AZ-101), and
C (AN-107)
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on the total uncertainty in estimating ILAW radionuclide composition (mass fractions of oxides) for each
MFPYV batch. It is necessary at this time to consider a range of values for process uncertainties (as
discussed in Section 3.4.2) because final estimates have not yet been produced by the WTP Project. A
future update of this report will use final estimates of process uncertainties to determine the final
recommended numbers of CRV samples, radiochemical analyses per CRV sample, and volume
determinations of the CRV and MFPV for estimating ILAW radionuclide composition (and inventory).

To assess the total uncertainty in estimating ILAW radionuclide composition for a given MFPV
batch, the percent relative half-width (%RHW) of a two-sided CL% ECI on the mass fraction of each
ILAW component (radionuclide oxide) is used. A Monte Carlo simulation approach was used to obtain
CL% ECIs and the corresponding %RHWs. The mass-balance equations in Section B.2 were used to
develop the Monte Carlo simulation approach. The formula for a % RHW, expressed as a percentage of
the nominal value (mass fraction) of a given glass component, is given by Eq. (5.1.1) presented

(P4

previously, where now ‘7 in that equation represents a radionuclide oxide.

Equation (5.1.1) can be used to calculate %6 RHW values for various combinations of the factors
described previously in this subsection. The outcomes of such calculations based on the simulation

results can then be used to determine the values of %", nS&, nSR” ,and ,MFPV that will provide

estimates of glass components within a given percentage (i.e., the %RHW) of the true value with desired
confidence (CL%). The results of such calculations are presented in Section 7.2.1.

5.2.4 Equations for Calculating Means and Standard Deviations of ILAW
Radionuclide Inventories over MFPV Batches Corresponding to an LAW
Waste Type

During ILAW production operations, radionuclide inventories will be calculated based on
(1) chemical and radiochemical analyses of CRV samples, (2) volume determinations of CRV and MFPV
batches, and (3) determined masses of glass in ILAW containers. Contract Specification 2.2.2.7.2 calls
for reporting inventories for each canister and for each waste type. However, it is not possible to easily
relate the composition of MFPV batches to the composition of ILAW in canisters produced from those
batches.

In the WTP ILAW compliance strategy, every reportable radionuclide (see Table 2.1) will be
analyzed in every sample of every CRV batch. Also, the mass of glass in every ILAW container will be
determined. Then, using this information, the means and SDs of the radionuclide inventories over
containers (and associated MFPV batches) corresponding to an LAW waste type will be calculated and
reported for every container associated with the LAW waste type.

This subsection presents the formulas for calculating means and SDs of the inventory of radionuclide
g over the D ILAW containers associated with the / MFPV batches corresponding to an LAW waste type.
The formulas are based on average results over multiple samples, analyses, and measurements at different
stages of the ILAW process. Two situations are considered. Section 5.2.4.1 addresses the case of
balanced data, while Section 5.2.4.2 addresses the case of unbalanced data. The formulas in these
subsections address Item 2 of Section 5.2.2.
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5.2.4.1 Equations for Calculating Means and Standard Deviations of ILAW
Radionuclide Inventories over a Waste Type Using Balanced Data

Equations for calculating means and SDs of ILAW radionuclide inventories over a waste type using
balanced data (as described at the start of Section 5.1.4.1) are presented in this subsection. These
equations apply to all reportable radionuclides, as listed in Table 2.1 of Section 2.

Equation for the Mean Radionuclide Inventory over D ILAW Containers Based on Averages of
Balanced Multiple Samples, Analyses, and Volume Determinations for Each Batch

The expression for the mean inventory per container of radionuclide ¢ over the D ILAW canisters and
I MFPYV batches associated with an LAW waste type, based on averages over balanced multiple samples
per CRYV batch, analyses per CRV sample, and volume determinations per CRV and MFPV batches is

given by

MFPV Contalner
EContainer _ gl{ A

Dq
Jq
CRVnCRV ]
Z Z CRV
I=1 1 "igim —CRV to MFPV
m= 0o
CRV _CRV Vi ) g4t
ng Ny
_ é i §m50ntainer Aq
Pt MFPV D g=1 /4
1 VZ  MFPV Heel
MFPV i.h
Z GFC GGFC 4 7 MFPV "y
) iqk l—l,q MFPV
MFPV
MFPV Z Via
ny
(5.2.1)
[ WSRY (CRY nCRY {CRY i
CRV CRV
I J z z Cz;lm ju J Z Z ]lm fju/Aj
1=l m=l =l m=l j7 CRV 1o MFPYV
2 2 CRV _CRV + 2 CRV _CRV i
i=l| | jeCHEM ng 1 jeRAD ng" ny
MFPV
Z VMFPVHeel
1 7|k MFPV ih
+Y S aGFC GFC | o MFPV ny
Gk i-Lj MFPV
i=1j=1 k=1
Z y MEPY
MFPV i=Lh
ny
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where

5 Container

— Container
m

A, or 4;

je CHEM

j€RAD

CRV
ng

ngRV

mean inventory per container of the ¢ radionuclide over the D ILAW

containers associated with an LAW waste type, based on averages over
multiple samples, analyses, and volume determinations (Ci)

mean (mass-weighted-average) mass fraction of the ¢™ ILAW radionuclide

component over / MFPV batches, based on averages over ngRV samples per

MFPV

SRYV and njy volume

CRYV batch, nSRV analyses per sample, and n
determinations per CRV and MFPYV batches (Zoxide/Soxides)

mean mass of glass in the D ILAW containers associated with an LAW waste

type (Zolass)

specific activity of the g™ or /™ radionuclide (Ci/gadionuclide)
number of MFPV batches corresponding to an LAW waste type

number of non-radionuclide oxides and radionuclide oxides estimated for the
ILAW composition corresponding to each MFPV batch

chemical composition components of [LAW
radionuclide composition components of ILAW

number of ILAW containers associated with the / MFPV batches
corresponding to an LAW waste type

MW oxide

J oxide analyte .
————— R ; where MW; and MW ; are the molecular weights of
MW analyte J J J

J
oxide j and analyte j, respectively, and R; is the ratio of moles of oxide per
mole of analyte for oxide j. Hence, f; is the factor for converting the
concentration of analyte j (ug analyte j/mL = mg analyte j/L) to the
concentration of oxide j (ug oxide j/mL = mg oxide/L). The quantity f; is
called the oxide factor for oxide ;.

number of samples per CRV batch

number of chemical and radiochemical analyses per CRV sample
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rSRY = analyzed concentration of the /™ radionuclide from the m™ analysis of the /™

ijlm

sample from the i CRV batch (uCi/mL = mCi/L)

cl-jc-}an = analyzed concentration of the /" analyte from the m™ analysis of the /" sample
from the /™ CRV batch (ug/mL = mg/L)

nSRV = number of volume determinations per CRV batch

ZCRV to MEPY weighted average estimate of the volume of material transferred from the CRV
to the i MFPV batch, as calculated by Eq. (5.1.4)

m§ontainer = mass of glass in the &" ILAW container associated with an LAW waste type

(gglass) .

and the remaining notation is as previously defined. The mean (mass-weighted average over ILAW

MFPV batches) mass fraction of the ¢ radionuclide (Eé‘” Py ) plays an important role in calculating

1 Container

Rpy, , the mean inventory per container of the ¢ radionuclide over the D ILAW containers

associated with an LAW waste type. The quantity §§4F PV is calculated for balanced data by Eq. (5.1.2)

with ¢ substituted for j in the numerator. The derivation of Eq. (5.2.1), which assumes uniform mixing in
the MFPV, is presented in Section B.2.2.1 of Appendix B.

Despite the effective reductions of some within-batch uncertainties due to averaging, it should be

recognized that values of R 5; nainer calculated via Eq. (5.2.1) will still be subject to reduced ILAW

process uncertainties as well as MFPV batch-to-batch variations.

Equation for the Standard Deviation of Radionuclide Inventory over D ILAW Containers Based on
Averages of Balanced Multiple Samples, Analyses, and Volume Determinations for Each Batch

The expression for the standard deviation of the inventory of radionuclide ¢ over the D ILAW
containers and / MFPV batches associated with an LAW waste type, based on averages over balanced
multiple samples per CRV batch, analyses per CRV sample, and volume determinations per CRV and
MFPYV batches is given by

- P [§[]]WFPV]2[SD(mE(Jjomainer)]z . [ﬁg(’”’“i”e’]z[SD EgFPV)]z JA
SD(REoManer) = [f_q o
1/ _ [SD(mgonzamer )]2 [SD gl][t]lFPV)]2

where
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SD(R, d(;””m"”e’) = standard deviation of the average inventory of radionuclide ¢ for the &" ILAW

container, where the average is based on multiple samples, analyses, and
volume determinations (Ci)

SD(mS°"@"ey = standard deviation of the determined mass of glass in the ™ ILAW container
(gglass)
SD(gﬁfF Py = standard deviation of the average mass fraction of the ¢™ radionuclide oxide in

the /™" MFPV batch, where the average is based on multiple samples, analyses
and volume determinations (goxige/Coxides)

and the remaining notation is as previously defined following Eq (5.2.1). The derivation of Eq. (5.2.2) is
presented in Section B.2.2.2 of Appendix B.

MFPV
iq
fractions of the ¢" radionuclide oxide across all / MFPV batches associated with an LAW waste type as
well as uncertainties in determining mass fractions of radionuclide oxides for each MFPV batch. These
uncertainties include random inhomogeneities in mixing the CRV contents, random uncertainties
associated with the CRV sampling system, random irreproducibility of the chemical-analysis techniques
employed, random uncertainties in volume determinations, and random uncertainties in the masses of
GFCs added to the MFPV. The first four of these can be effectively reduced by averaging when multiple
samples, analyses per sample, and volume determinations per CRV and MFPV batch are made. A value

As explained in Section B.2.2.2 in Appendix B, the term SD(g ) includes variation in mass

of SD(gﬁfF P V) is calculated from the §,%’[F Py (i=1,2, ..., 1) values using the usual standard deviation

formula.

In a similar way, the term SD(m$°"“"*") includes uncertainties associated with determining the
mass of glass in an ILAW container as well as the variation in the masses of glass that occur across

Container
d

containers associated with an LAW waste type. A value of SD(m ) is calculated from the

mf””m"”e’ (d=1,2, ..., D) values using the usual standard deviation formula.

5.2.4.2 Equations for Calculating Means and Standard Deviations of ILAW
Radionuclide Inventories over a Waste Type Using Unbalanced Data

The case of unbalanced data (as described in Section 5.1.4.2) is now addressed, where ngRVi >3

denotes the number of samples taken from the CRV batch corresponding to the i MFPV batch,

ngR Yil >1 denotes the number of chemical and radionuclide analyses made of the /™ sample from the /"

CRYV batch, n,fRV" >1 denotes the number of volume determinations for the CRV batch corresponding to

the i MFPV batch, and n{y TPl 5 denotes the number of volume determinations for the i MFPV batch.
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Equations for calculating means and SDs of ILAW radionuclide inventories over a waste type using
unbalanced data are presented. These equations apply to all reportable radionuclides (which will be
measured in every CRV batch) as listed in Table 2.1 of Section 2. These equations also assume that the
degree of unbalance is small. Otherwise, WLS methods or bootstrap methods (as described in the last
paragraph of Section 4.1.4.2) should be applied.

Equation for the Mean Radionuclide Inventory over D ILAW Canisters Based on Averages of
Unbalanced Multiple Samples, Analyses, and Volume Determinations for Each Batch

The expression for the mean inventory per container of radionuclide ¢ over the D ILAW canisters and
I MFPYV batches associated with an LAW waste type, based on averages over unbalanced multiple
samples per CRV batch, analyses per CRV sample, and volume determinations per CRV and MFPV
batches (assuming uniform mixing) is given by

=c ‘ —MFPVﬁgontamerA
R ontainer _ ©4

Dgq -
Jq
CRV CRV T
CRV
2 Z riqlm /Aq
=1 m=l —CRV to MFPV
CRV; CRV; Vi Sqtt +
hg "Ny
:é (L ZZ): Contamer} Af]
P MFPV; D 45 Jq
b VZ y MEPY Heel
MFPV; ih
Z GFC GOFC | g MFPV ny
igk m;_ Lg MFPV:
k=1 1 l’lV !
5 y MFPV
MFPV; Pt i-1,h
(5.2.3)
CRV, CRV CRV, CRV
CRV CRV
I J z Z Cijlm f‘u J Z Z Tijim fju/Aj
Z Z /=1 + Z /=1 m=1 _.CRVZ‘OMFPV
=1 CRV, L CRV: ) CRV; _CRV;
i=l| | jeCHEM ng ny jERAD ng n,
[ MFPV;
4 y y MFPY Heel
I J pMEPVi oy bk
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+ Z Z Z Gijk M-, MFPV
i=1j=1 k=1 1 ! MFPV
MFPV; Z Via
ny, =1

5.18




where

5 Canister

=MFPV

je CHEM

j€RAD

Ja

mean inventory per container of the ¢™ radionuclide over the D ILAW containers

associated with an LAW waste type, based on averages over multiple samples
per CRV batch, analyses per CRV sample, and volume determinations for CRV
and MFPV batches (Ci)

mass weighted average of the mass fractions of the ¢™ radionuclide oxide over

the / ILAW containers associated with an LAW waste type, based on averages
over multiple samples per CRV batch, analyses per CRV sample, and volume
determinations (Zoxide ¢/ Zoxides)

specific activity of the qth radionuclide (Ci/gagionuclide)
number of MFPV batches corresponding to an LAW waste type

number of non-radionuclide oxides and radionuclide oxides estimated for the
ILAW composition corresponding to each MFPV batch

chemical composition components of ILAW
radionuclide composition components of [LAW

number of ILAW containers associated with the / MFPV batches corresponding
to an LAW waste type

oxide
MW

TWR ; Where M W;mde and M W;"’“ly * are the molecular weights of
MW '
J

oxide j and analyte j, respectively, and R; is the ratio of moles of oxide per mole
of analyte for oxide j. Hence, f; is the factor for converting the concentration of
analyte j (ug analyte j/mL = mg analyte j/L) to the concentration of oxide j

(ng oxide j/mL = mg oxide/L). The quantity f; is called the oxide factor for oxide
Jj.

and the remaining notation is as previously defined for the equations in Section 5.1 and following

Eq. (5.2.1). The mean (mass-weighted average over ILAW MFPV batches) mass fraction of the ¢
=MFPV

radionuclide (g,

) plays an important role in calculating R, g; nainer the mean inventory per container

of the ¢™ radionuclide over the D ILAW containers associated with an LAW waste type. The quantity

=MFPV

g4 is calculated for unbalanced data by Eq. (5.1.7) with ¢ substituted for j in the numerator.
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Despite the effective reductions of some within-batch uncertainties due to averaging, it should be

recognized that values of R gq"""”e" calculated via Eq. (5.2.3) will still be subject to reduced within-

MFPV-batch uncertainty as well as MFPV batch-to-batch variations.

Equation for the Standard Deviation of Radionuclide Inventory over D ILAW Canisters Based on
Averages of Unbalanced Multiple Samples, Analyses, and Volume Determinations for Each CRV
Batch

The expression for the standard deviation of the inventory of radionuclide ¢ over the D ILAW
containers and / MFPV batches associated with an LAW waste type, based on averages over unbalanced
multiple samples per CRV batch, analyses per CRV sample, and volume determinations of CRV and

MFPV batches is again given by Eq. (5.2.2). In Eq. (5.2.2), E;MF PV is calculated by Eq. (5.1.7), and

§I-]C\I/IF PV s calculated using Eq. (5.1.10) where in both cases, ¢ is one of the j in those equations.

5.3 Compliance Approach and Methods for ILAW Contract
Specification 2.2.2.8: Radionuclide Concentration Limits

Section 5.3.1 lists the applicable Contract Specification 2.2.2.8. Section 5.3.2 summarizes the
statistical aspects of the WTP compliance strategy for this specification. Sections 5.3.3 to 5.3.6 present
the statistical methods that will be used to implement the statistical aspects of the compliance strategy.

5.3.1 Contract Specification 2.2.2.8: Radionuclide Concentration Limits

The radionuclide concentration of the ILAW form shall be less than Class C limits as
defined in 10 CFR 61.55. In addition, the average concentrations of "’ Cesium ("*’Cs)
and *’Strontium (*’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.

5.3.2 Statistical Aspects of the ILAW Compliance Strategy for Contract
Specification 2.2.2.8

The following items describe the statistical and related aspects of the ILAW compliance strategy for
Contract Specification 2.2.2.8 (see the ILAW PCP, Nelson et al. 2003) that are addressed in this report.®

Item 1: Develop a statistical method to demonstrate that ILAW radionuclide concentrations over a waste
type are below Class C limits.

Item 2: Determine the numbers of samples, analyses per sample, and other process measurements
required to demonstrate that radionuclide concentrations over a waste type are below Class C
limits.

(a) See Section 1.0 for a discussion of why this report addresses ILAW PCP Rev. 0 (Nelson et al. 2003) rather than
ILAW PCP Rev. 1 (Westsik et al. 2004).
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Item 3: Develop a statistical method to demonstrate that running averages of *'Cs and *’Sr
concentrations (over all ILAW containers presented to date for acceptance on a waste-type basis)
are below the specified limits.

Item 4: Determine the numbers of samples, analyses per sample, and other process measurements
required to demonstrate that running averages of *’Cs and *°Sr concentrations are below their
specified limits.

The statistical methods to implement these aspects of the WTP ILAW compliance strategy for Contract
Specification 2.2.2.8 are discussed in Sections 5.3.3 to 5.3.6. The equations to calculate the “compliance
quantities” involved in Specification 2.2.2.8 are presented in Section B.3 of Appendix B.

5.3.3 Statistical Methods to Demonstrate that ILAW Radionuclide Concentrations
Meet Class C Limits

This subsection describes the statistical methods to address Item 1 in Section 5.3.2. The statistical
methods are applied within the framework of the compliance requirements discussed in 10 CFR
61.55(a)(5) and 10 CFR 61.55(a)(7). Clause (5) is applicable because WTP LAW is expected to contain
both long-lived radionuclides (identified in Table 1 of 10 CFR 61.55) and short-lived radionuclides
(identified in Table 2 of 10 CFR 61.55). Clause (7) is applicable because WTP LAW is expected to
contain a mixture (i.e., more than one) of the radionuclides listed in each of Table 1 and Table 2.

Parts of 10 CFR 61.55(a)(5) and 10 CFR 61.55(a)(7) provide for identifying whether waste is Class
A, B, or C and verifying radionuclides meet their respecitive limits. However, Contract Specification
2.2.2.8 only requires demonstrating that Class C limits are met. The Class C limits on concentrations of
radionuclides listed in Table 1 and Table 2 of 10 CFR 61.55 are summarized in Table B.1 of Appendix B.

According to 10 CFR 61.55(a)(7), the sum-of-fractions rule must be used to determine whether the
Class C limits on radionuclide concentrations in Tables 1 and 2 of 10 CFR 61.55 are met.” The sum-of-
fractions of radionuclide concentrations in Table 1 or 2 is determined by dividing the concentration of
each radionuclide in Table 1 or Table 2 by the corresponding Class C limit and adding the resulting
values. The sum-of-fractions for Table 1 radionuclides (SF1) and for Table 2 radionuclides (SF2) must
then be less than 1.0 for the Class C limits of Table 1 and Table 2 to be satisfied.®

After eliminating radionuclides determined by the WTP Project as not present in LAW, the SF1 and

SF2 calculations include the following 10 CFR 61.55 Table 1 and Table 2 radionuclides with their
Class C concentration limits (from Table B.1 in Appendix B) listed in parentheses:

e SF1: *Tc (3 Ci/m’), alpha emitting TRU (100 nCi/g), **'Pu (nCi/g), and ***Cm (20,000 nCi/g)

(a) The sum-of-fractions of radionuclide concentrations can be calculated for Class A, B, or C limits in Table 2 of
10 CFR 61.55. However, only Class C limits are of concern per Contract Specification 2.2.2.8.

(b) It can be inferred from 10 CFR 61.55(a)(5)(i) that it is not necessary to calculate SF1 if each of the
radionuclides in Table 1 has concentrations less than 0.1 times their corresponding limits. In that case, SF1
would necessarily be less than 1.0. If one or more radionuclides in Table 1 are greater than 0.1 times their
limits, SF1 must be calculated because it may then exceed 1.0. However, it is sufficient to always calculate SF1
and compare it to 1.0 to verify that the Class C limits in Table 1 of 10 CFR 61.55 are satisfied.
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e SF2: ®Ni (700 Ci/m?), *Sr (7000 Ci/m®), and "*'Cs (4600 Ci/m’)

Two statistical methods have been developed for demonstrating compliance with Class C limits using
the sum-of-fractions rule. The first method addresses Item 1 of Section 5.3.2, namely demonstrating
compliance over the D ILAW containers associated with an LAW waste type. The second method
provides for assessing compliance of the ILAW that would result from each MFPV batch. These methods
are described in Sections 5.3.3.1 and 5.3.3.2, respectively.

5.3.3.1 Statistical Method to Demonstrate that ILAW Radionuclide Concentrations
over ILAW Containers Associated with an LAW Waste Type Meet Class C
Limits

To demonstrate that ILAW radionuclide concentrations meet Class C limits over ILAW containers
associated with an LAW waste type, an X%/Y% UTI method is appropriate. The X%/Y% UTI method is
applied to sum-of-fractions of ILAW Class C radionuclides in Table 1 (SF1) and Table 2 (SF2) of 10
CFR 61.55 as discussed in Section 5.3.3. The concept of a TI was introduced in Section 3.2, with
Eq. (3.3) providing the general formula for X%/Y% TIs. In this situation, the formulas for X%/Y% UTIs
are given by

X%/Y% UT](SFlgontainers )= ﬁgontainers + k(X, Y) SD(ﬁgommer ) (5.3.1a)
Containers ——~ Containers ———Container
X% /Y% UTI(SF2% Y=SF2p +k(X,Y) SD(SF24 ) (5.3.1b)

where

X%/ Y% UTI(SF157""y = X%/Y% UTI on SF157"“"’s | the sum-of-fractions of ILAW

radionuclides in Table 1 of 10 CFR 61.55 over the D ILAW
containers associated with an LAW waste type

X% /Y% UTI(SF250mainersy = Xo4/y% UTI on SF250m4iners the sum-of-fractions of ILAW

radionuclides in Table 2 of 10 CFR 61.55 over the D [LAW
containers associated with an LAW waste type

—— Containers Containers

SF1p and SF2p are calculated using Eq. (B.3.4) and Eq. (B.3.5), respectively;

——Container ——Container

SD(SF14 ) and SD(SF14 ) are calculated using Eq. (B.3.7) and Eq. (B.3.9), respectively;

and k(X Y) is calculated as described in Section F.2 of Appendix F. Equations (B.3.4), (B.3.5), (B.3.7)
and (B.3.9) are derived and discussed in Section B.3.1.1 of Appendix B.

Compliance with Class C limits for ILAW corresponding to an LAW waste type is demonstrated by
calculating the X%/Y% UTIs on SF1 and SF2 using Eqgs. (5.3.1a) and (5.3.1b), respectively, and
verifying that the results are less than 1. An illustration of the application of the X%/Y% UTI formulas in
Egs. (5.3.1a) and (5.3.1.b) to realistic ILAW data is presented in Section 7.3.1.1.
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5.3.3.2 Statistical Method for Assessing Whether ILAW Radionuclide Concentrations
for ILAW from Each MFPV Batch Meet Class C Limits

Although not required by the WTP ILAW compliance strategy, presumably it is of interest to assess
whether the ILAW that would be made from each MFPV batch satisfies the Class C limits. Again, the
sum-of-fractions rule is used to make this assessment. Equations (B.3.10) and (B.3.11) in Section B.3.1.2

—— MFPV ——— MFPV
of Appendix B provide for calculating SF1; and SF2; , the sum-of-fractions of radionuclides

for Class C limits (in Tables 1 and 2 of 10 CFR 61.55) for ILAW that would be made from the i/ MFPV
batch.

The Monte Carlo simulation approach described in Section 3.4.2 provides for quantifying the total

.o . ——-MFPV —— MFPV . . ..
uncertainties in SF1; and SF2; values resulting from the various ILAW process uncertainties
affecting a given MFPV batch. During ILAW production, a Monte Carlo simulation could be run for

each MFPV batch “i,” resulting in 1000 (say) values each of ﬁ,{WPV and SF 2?”PV calculated using
Egs. (B.3.10) and (B.3.11), respectively.”) From these 1000 values, CL% empirical upper confidence

——MFPV ——MFPV
intervals (CL% EUCIs) on SF1; and SF2; can be obtained. Equations for these CL% EUCIs
are given by

CL% EUCI(SF1; T y=SF1¢ " (5.3.2a)

CL% EUCI(SF2;" " y=SF2\ (5.3.2b)

where

CL% EUCI(SF1; ) = CL%EUCIon SF1."""  the sum-of-fractions of ILAW

radionuclides in Table 1 of 10 CFR 61.55 for ILAW corresponding
to the i" ILAW MFPV batch

ﬁﬁl_“) = CL% [= 100(1-0))™] percentile of the 1000 simulated values of ﬁ?/[FPV

and CL% EUCI (SF 2?4FPV) and SF 2,(1_a) are similarly defined except for radionuclides in Table 2 of
10 CFR 61.55.

(a) Although the Monte Carlo simulations for a large number of test cases (such as described in Section 3.4.2) can
be time consuming, during ILAW production, the estimates of uncertainties and number of samples, analyses,
and other process measurements would all be set. Hence, this would be like running the Monte Carlo
simulation for one test case, which requires only a few seconds computing time. Alternately, tentative
discussions with the WTP Project have considered running Monte Carlo simulations for a matrix of
combinations before production. Then a table lookup or interpolation process would be used to obtain the
desired total uncertainties rather than actually performing Monte Carlo simulations for each MFPV batch during
ILAW production.
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If the values of CL% EUCI (ﬁ?/lFPV) and CL% EUCI(SF 2,]-WPV) are less than 1, then that

ILAW MFPV batch would be statistically demonstrated as satisfying Class C limits with CL%
confidence. An illustration of the method is presented in Section 7.3.1.2.

5.3.4 Statistical Method for Determining the Numbers of Samples, Analyses, and
Volume Determinations to Demonstrate that ILAW Radionuclide
Concentrations for Each MFPV Batch Meet Class C Limits

This subsection describes the statistical method to address Item 2 in Section 5.3.2. Specifically, a
method is described for determining the numbers of samples per CRV batch, numbers of radiochemical
analyses per CRV sample, and numbers of volume determinations of CRV and MFPV batches necessary
to demonstrate that ILAW radionuclide concentrations for each MFPV batch meet Class C limits in
Tables 1 and 2 of 10 CFR 61.55 (these limits are summarized in Table B.1 of Section B.3 in Appendix
B). The method uses the sum-of-fractions rule, as described in Section 5.3.3.

Section 3.4.2 describes the Monte Carlo simulation approach that was used to assess the impacts of
several factors on the total uncertainty in estimating the sum-of-fractions, where the magnitude of the
total uncertainty affects the ability to demonstrate that ILAW from each MFPV batch complies with Class
C limits. These factors are listed in Section 5.2.3, and include (1) the numbers of samples per CRV batch,
analyses per CRV sample, and volume determinations on CRV and MFPV batches, and (2) several
uncertainties in the ILAW process. It is necessary at this time to consider a range of values for process
uncertainties (as discussed in Section 3.4.2) because final estimates have not yet been produced by the
WTP Project. A future update of this report will use final estimates of process uncertainties to determine
the final recommended numbers of CRV samples, radiochemical analyses per CRV sample, and volume
determinations of the CRV and MFPV for demonstrating compliance with Class C limits.

The methodology described in Section 5.3.3.2 was implemented as part of the Monte Carlo
simulation described in Section 3.4.2. Compliance for each test case (combination of factor levels) in the

——-MFPV
ILAW simulation was determined by comparing the values of CL% EUCI (SF'1; ) and
—— MFPV
CL% EUCI(SF2; ) to the limiting value of 1. Test cases with values of $%”, nS®, nCR" and

nMFPV that yield CL% EUCI(SF1; ) and CL% EUCI(SF2; ) values less than 1 provide for

meeting Class C limits. For given values of %"

and ,P"", the test case with the minimal number of

total analyses (n SR x nGR"") that demonstrates compliance is the number of CRV samples and analyses
necessary for meeting Class C limits. The results of such calculations are presented in Section 7.3.2.

5.3.5 Statistical Method to Demonstrate that Running-Average Concentrations of
137Cs and °°Sr Meet Specified Limits

This subsection describes the statistical method to address Item 3 in Section 5.3.2. The goal of the
method is to demonstrate that running-average concentrations of '*’Cs and *Sr over some specified
period of ILAW production (e.g., an ILAW production lot, ILAW production corresponding to an LAW
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waste type, or all ILAW production up to some point in time) meet the limits given in Contract
Specification 2.2.2.8.

The appropriate statistical method is to calculate CL% UClISs for the true, unknown running-average
concentrations of *’Cs and *’Sr and then verify that the CL% UCI values are less than the limits in
Specification 2.2.2.8. The formula is given by

CL% UCI =75" """ +1,_y qr SD(5s" ") (5.3.3)

where

= Container

Dg = running average of activity-per-volume concentrations of the ¢™ radionuclide

(¢ =""Cs and *"Sr) over the D ILAW containers produced through a given
point in time, based on averages over multiple samples, analyses per sample,
and volume determinations (Ci/m®)

Headr 100(1—a) percentile of a Student’s t-distribution with df degrees of freedom,

which provides CL% = 100(1-a) percent confidence for the one-sided UCI
(e.g., 95% when a = 0.05)

SD(F,%"W””) = standard deviation of F,%’"ml”er , which is sometimes referred to as a standard

error because it is the standard deviation of an average (Ci/m?).

The running average ?Ig]”"’“i"e" can be calculated using Eq. (B.3.13) in Section B.3.2.1 of Appendix B.

The quantity SD(?DCq""m""er) can be calculated using Eq. (F.3.3) in Section F.3 of Appendix F. A formula
for df'is given as Eq. (F.3.4) in Section F.3 of Appendix F.

An illustration of the method is presented in Section 7.3.3.

5.3.6 Statistical Method for Determining the Numbers of Samples, Analyses, and
Volume Determinations to Demonstrate that Running-Average
Concentrations of **’Cs and *°Sr Meet Specified Limits

This subsection describes the statistical method to address Item 4 in Section 5.3.2. Specifically, a
method is described for determining the numbers of samples per CRV batch, numbers of radiochemical
analyses of "*’Cs and *°Sr per CRV sample, and numbers of volume determinations of CRV and MFPV
batches necessary to demonstrate that ILAW "*’Cs and *’Sr concentrations meet the Contract
Specification 2.2.2.8 limits of '*’Cs < 3 Ci/m® and *°Sr < 20 Ci/m’.
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The statistical method involves calculating CL% UClIs via Eq. (5.3.3) for combinations of levels of

e the factors described in Section 3.4.2, including the various uncertainties affecting the ILAW
process

e a factor corresponding to variations in *’Cs or *’Sr concentrations over the / MFPV batches and
D ILAW containers corresponding to an LAW waste type.

Then, the resulting CL% UCIs would be compared to the *’Cs and *’Sr concentration limits given in

Contract Specification 2.2.2.8. Test cases (combinations of factor levels) with values of ,$%, n %",
ng®V, and p)/FPV that yield CL% UCI values less than the limiting concentrations for ¥7Cs and *°Sr
provide for meeting the specification. For given values of , %" and )/FFV, the test case with the

minimal number of total analyses (n$%” x ,$R7") that demonstrates compliance is the number of CRV
samples and analyses necessary for meeting the *’Cs and *°Sr concentration limits.

The details of the statistical method for combining variations over ILAW MFPV batches
corresponding to an LAW waste type and uncertainties within MFPV batches have not yet been
developed. Implementing such a method is complicated because (1) ILAW uncertainties are propagated
in a Monte Carlo simulation, and (2) variations over ILAW MFPYV batches corresponding to an LAW
waste type are not amenable to treatment via Monte Carlo simulation. Item (2) is the case because
variation over MFPV batches is not expected to follow a nice statistical distribution (e.g., a Gaussian
distribution). Thus, what is ideally required is a way to combine the Monte Carlo simulation software
with software such as, or which could emulate, the WTP Project’s G2 dynamic simulation flowsheet
(Deng 2004; Vora 2004). However, such a development effort is beyond the current scope.

An alternative method was used to provide a basis for assessing the numbers of samples per ILAW
CRYV batch, analyses per CRV sample, and CRV and MFPV volume determinations. Specifically, only
uncertainties affecting single MFPV batches were considered, as discussed in Section 3.4.2. This
approach is the same as used to address other specifications in this report. The results of calculations

gRV’ ngRV, n[(/fR

7Cs and *°Sr limits for each MFPV batch are presented in Section 7.3.4.

using this method to provide input on values of 7, and p)FPV required to comply with

5.4 Compliance Approach and Methods for ILAW Contract
Specification 2.2.2.17: Waste Form Testing

Section 5.4.1 lists the applicable Contract Specification 2.2.2.17 and its sub-specifications 2.2.2.17.2
(PCT) and 2.2.2.17.3 (VHT). Section 5.4.2 summarizes the statistical aspects of the WTP compliance
strategy for this specification. Sections 5.4.3 to 5.4.6 present the statistical methods that will be used to
implement the statistical aspects of the compliance strategy.

5.26



5.4.1

5.4.2

Contract Specification 2.2.2.17: Waste Form Testing

Contract Specification 2.2.2.17.2: Product Consistency Test (PCT)

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.

Contract Specification 2.2.2.17.3: Vapor Hydration Test (VHT)

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.

Statistical Aspects of the ILAW Compliance Strategy for Contract
Specifications 2.2.2.17.2 and 2.2.2.17.3

The following items describe the statistical and related aspects of the ILAW compliance strategy for
Contract Specifications 2.2.2.17.2 and 2.2.2.17.3 (see the ILAW PCP, Nelson et al. 2003) that are
addressed in this report.”’

Item 1:

Item 2:

Item 3:

Develop a statistical interval method to demonstrate that the contents of each MFPV batch
would produce ILAW compliant with the PCT and VHT specifications. The method will
account for uncertainties impacting the estimate of PCT and VHT responses for ILAW that
would be produced from each MFPV batch (e.g., sampling, analytical, other measurements, and
property-composition model uncertainties).

Determine the numbers of process samples, chemical analyses per sample, and other process
measurements required to demonstrate that the PCT and VHT responses for ILAW that would
be produced from each MFPV batch will satisfy their respective limits. The calculations will
require estimates of applicable process uncertainties (mixing/sampling, analytical, and other
process measurements) as well as property-composition model uncertainties.

Develop a statistical interval method to demonstrate that ILAW glass produced over a waste
type complies with the PCT and VHT specifications. The method will account for the source of
variation of interest (namely variation in PCT or VHT performance due to variation in ILAW
composition over the course of a waste type). The method will also account for nuisance

(a) See Section 1.0 for a discussion of why this report addresses ILAW PCP Rev. 0 (Nelson et al. 2003) rather than
ILAW PCP Rev. 1 (Westsik et al. 2004).
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uncertainties (e.g., sampling, analytical, other measurements, and property-composition model
uncertainties). Statistical X%/Y% UTIs may be used for this purpose.

Item 4: Determine the numbers of process samples, chemical analyses per sample, and other process
measurements required to demonstrate that the PCT and VHT responses for ILAW produced
from a waste type will satisfy their respective limits. The calculations will require estimates of
glass-composition variation over a waste type, applicable process uncertainties
(mixing/sampling, analytical, and other process measurements), and property-composition
model uncertainties.

Note that Items 1 and 2 do not appear specifically in the ILAW PCP (Nelson et al. 2003) addressed in this
report. However, they are consistent with that version of the WTP Project’s compliance strategy for
Contract Specifications 2.2.2.17.2 and 2.2.2.17.3 to demonstrate compliance for each ILAW MFPV batch
as well as over each LAW waste type. Items 1 and 2 are a part of the work scope covered in this report
(Piepel and Heredia-Langner 2003) and hence were included in this section.

The statistical methods to implement these aspects of the WTP ILAW compliance strategy for
Contract Specifications 2.2.2.17.2 and 2.2.2.17.3 are discussed in Sections 5.4.3 to 5.4.6.

5.4.3 Statistical Interval Method to Demonstrate that ILAW Corresponding to an
MFPV Batch Will Satisfy PCT and VHT Limits

This subsection discusses and presents the formula for an appropriate statistical interval to satisfy
Item 1 of Section 5.4.3. The statistical interval must (1) account for the uncertainty in the estimated
ILAW composition corresponding to a given MFPV batch, (2) account for the uncertainties in property-

composition models used to predict natural logarithms of PCT normalized B, Na, and Si releases

PCTB _PCT Na PCT Si
(r r r

, , and in units of g/L) and predict the natural logarithm of VHT alteration depth

(D" in units of pm) at 24 + 2 days for the estimated ILAW composition corresponding to a given MFPV
batch, and (3) provide high confidence that the true PCT and VHT values are less than the limits specified
in Contract Specifications 2.2.2.17.2 and 2.2.2.17.3. These limits are:

PP <2 gim? =4 gL
pPEINE < 9 o/m? =4 g/L (5.4.1)
PP < g/m’ =4 g/L
R"T < 50 g/m*day or DT < 453 um
It is important to note that VHT is modeled in natural logarithm of alteration depth (in um) at

24 + 2 days, but the specification limit is in alteration rate (g/m’day). An alteration depth from the model
can be converted to alteration rate (in g/m>day) using the following equation:

RVHT _ eln(DVHT) o 2.65

2 (5.4.2)
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where In(D"" is the natural logarithm of the alteration depth as calculated from the VHT model, 2.65

represents the assumed glass density (g/cm’), and 24 represents the number of test days. A slight
modification of Eq. (5.4.2) converts the VHT alteration rate limit of 50 g/m>day to the VHT alteration
depth limit of 453 pm listed in Eq. (5.4.1).

Section 5.4.3.1 presents the initial forms of recommended property-composition models for PCT
normalized releases of B and Na, and VHT alteration depth. PCT normalized releases of Si from
simulated LAW glasses are dominated by B and Na releases, and so the WTP Project made the decision
that PCT Si releases need not be modeled (see Muller et al. 2005). Section 5.4.3.2 presents the equations
for the appropriate type of statistical interval.

5.4.3.1 Property-Composition Model Forms for PCT Normalized Releases of B and
Na and VHT Alteration Depth

Reduced partial quadratic mixture (PQM) models were developed by PNWD and VSL (Muller et al.
2005) for predicting PCT normalized releases of B and Na, as well as VHT alteration depth, for ILAW
compositions. These models are of the general form

n,h,, 1 ”r};lu
= z bl xRV +Selected{ S bkk( MFPV) + ¥ b xMEPV j}WV} (5.4.3a)
k=1 [I>k

=" XM (5.4.3b)

where

Vi = predicted natural logarithm of the PCT normalized release of # = B or Na
[i n(r,-PCT h ) ], or the predicted natural logarithm of the VHT alteration depth

[i n(DiVH r )], for ILAW corresponding to the i MFPV batch, based on averages

over multiple samples from a CRV batch, analyses per CRV sample, and CRV
and MFPV volume determinations. For PCT, the units are In(g/L), and for VHT,
the units are In(pum).

My = number of normalized ILAW components used in the model for property
h = PCT normalized release of B or Na, or VHT alteration depth

h h h
bk > bkk » bkl

coefficients for the PQM model form involving normalized components (£ and /)

of ILAW in the model for # = PCT normalized release of B or Na, or VHT
alteration depth. The coefficients are obtained by fitting the PQM model form to
a property-composition data set using least squares regression.
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x )PV = normalized mass fractions of the ILAW components in the PQM model, such

)4 _ .
that > xl-j}fF PV —1. The mass fractions are based on averages over multiple
k=1

samples from a CRV batch, analyses per CRV sample, and CRV and MFPV
volume determinations.

p = number of coefficients (including linear, squared, and crossproduct terms) in a
PQM model

b" = p x 1 column vector of the model coefficients b;', bj} , and by,

?cl-MF Py = p x 1 column vector of the ILAW normalized composition )?l-],\fFPV L k=1,2, ...,

n! . expanded to the form of the terms in the PQM model for PCT or VHT.

In Eq. (5.4.3a), “Selected” means that only a subset of the squared and crossproduct terms in the curly
brackets are included in the model. The subset is selected using standard stepwise regression or similar
methods. See Piepel et al. (2002) for further discussion and illustrations of PQM models.

The normalized mass-fraction compositions of ILAW in Eq. (5.4.3a) are obtained from the ordinary
(unnormalized) mass-fraction compositions by

g MFPY
FMFPY _ i k=12,-n" (5.4.4)
”f’"czof T _mrpy

- y
J

where g;ﬁ PV s calculated using Eq. (B.1.11) in Section B.1 of Appendix B.

Finally, it is important to understand the difference in notation of ﬁ,-h introduced in this section for
ILAW compliance and the notation of y7,-h introduced in Section 4.3.3.2 for IHLW compliance. In the

ILAW notation of f/l-h , the “bar” appears first and denotes the averaging over multiple samples, analyses

per sample, and volume determinations that takes place to yield an ILAW composition estimate for the i
MFPV batch. Then, a PCT or VHT model is applied to this averaged ILAW composition estimate, so the

“hat” (denoting a model prediction) appears above the “bar.” In the IHLW notation of )T/ih , the “hat”
MFPV _ _MFPV

appears first because model predictions are made for each of the ng X1y separate estimates of
IHLW composition for the i MFPV batch (g,%fnPVH x,%,FnPV, =1,2,..., ng/IFPV andm=1,2, ...,

n %F PV). Then, these n §” PV xn f,” PV model predictions are averaged, so that the “bar” appears above

the “hat.” The more complicated nature of the WTP’s ILAW compliance strategy (see Section 2.3)
precludes obtaining multiple separate estimates of ILAW for each MFPV batch.
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Table 5.1 lists the PQM model terms and the coefficients for PCT B, PCT Na, and VHT used for the
work in this report. These models and coefficients are documented in the report by Muller et al. (2005).

Table 5.1. ILAW PCT and VHT Model Terms and Coefficients

PQM In(PCT B)® In(PCT Na)® | In(VHT)®
Model Term Coefficient Coefficient Coefficient

Al O; -19.9158 -17.2629 49.8620
B,0; 1.6716 2.2622 8.5808
CaO -1.5471 3.9240 -21.4725
Fe,03 -0.8289 2.1598 18.3252
K,0 4.9225 41.2770 137.6727
Li,O -6.9721 -5.4762 113.4367
MgO -25.7905 -9.9926 -31.3959
Na,O 15.2327 12.9487 35.2036
SO; (c) (©) -707.4950
SiO, -3.1991 -3.4173 -15.5899
TiO, -11.0586 -8.1687 -20.1469
ZnO (©) (©) 1.8503
71O, -18.0010 -19.8097 -73.6987
Others (c) (c) -83.5317
AlLO; * K,0 () () -1206.9348
B,0; * CaO () () -731.6002
B,0; * K,0 (©) -199.2665 (c)
B,0; * MgO 493.3071 267.6811 (c)
B,0; * SO; (©) () 6505.9075
CaO * Fe,04 () () -486.3382
CaO * SiO, (©) (©) 304.4759
Fe,05 * K,0 (©) -266.2859 (c)
Fe,O5 * Li,O 349.7992 201.4967 (c)
K,0 * ZnO (©) (©) -1288.2916
Li,O * ZrO, 541.9078 526.3173 ()
MgO * Others (©) (©) 1733.1272
MgO * TiO, (©) (©) 1430.2732
Model and Data Information

n? 69 69 70
P9 14 16 22
df,,=n—p®© 55 53 48

(a) PCT normalized elemental releases are modeled in In(g/L).

(b) VHT alteration depth is modeled in In(um).

(c) A missing value indicates that the model term was not included for that particular property.

(d) The notation n denotes the number of data points used to estimate the coefficients in the model
form given by Eq. (5.4.3.a). The notation p denotes the number of coefficients estimated.

(e) df, denotes the model degrees of freedom, calculated as indicated.
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5.4.3.2 Equation for CL% Upper Combined Confidence Interval for PCT Normalized
Releases of B and Na, and VHT Alteration Depth for a Single ILAW MFPV
Batch

An appropriate statistical interval for demonstrating that the PCT and VHT limits in Eq. (5.4.1) are
satisfied for each MFPV batch is a CL% UCCI, the concept of which was introduced in Section 3.1.
Section B.4 of Appendix B discusses the statistical method for combining model and composition
uncertainties that is used in forming a CL% UCCI. The CL% UCCI formula is given in general by

CL% UCCI(y}') =3 + CHW/ cy0; ver + MHW 10, suct (5.4.5)
where
CL% UCCI for the true, unknown mean value of the property yl-h [that is, the
natural logarithm of the PCT normalized release of element # (= B or Na) or

natural logarithm of the VHT alteration depth] from ILAW corresponding to
the i MFPV batch. This is in units of In(g/L) for PCT and In(um) for VHT.

CL% UCCI(y")

f/l-h = predicted natural logarithm of the PCT normalized release of 2 =B or Na

[i n(rifnCT h )], or the predicted natural logarithm of the VHT alteration depth

[In(D""")] for ILAW corresponding to the i™ MFPV batch, based on averages
over multiple samples from a CRV batch, analyses per CRV sample, and
CRYV and MFPV volume determinations. For PCT, the units are In(g/L), and
for VHT, the units are In(um).

CH W[,hCL% vcr = composition uncertainty half-width for a CL% upper confidence interval

(CL% UCI) for PCT or VHT for ILAW corresponding to the i MFPV batch

MH WZICL% suc; = model uncertainty half-width for a CL% simultaneous upper confidence

interval (CL% SUCI) for PCT or VHT for ILAW corresponding to the i"
MFPV batch.

A CL% SUCI is one of several UCIs on the true mean values of predictions made by a glass property-
composition model for a set of glass compositions. All of the UClIs for the set of glass compositions
simultaneously include the true mean property values for the glasses with CL% joint confidence after
accounting for model uncertainty. Thus, CL% SUClIs for many glass compositions provide high
confidence of containing the true property mean values for those glass compositions. The CL% SUCI
method has been used by DWPF and WVDP in their strategies for complying with WAPS 1.3 for IHLW
and is also proposed for that use by the WTP Project (see Section 4.3.3.2). Figure 4.1 in Section 4.3.3.2
illustrates the general concept of a CL% UCCI.
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During operation of the WTP ILAW facility, it is expected that nSRV —1 for reasons discussed
elsewhere in this report. However, equations for the terms on the right hand side of Eq. (5.4.5) are the

same given the notation used for the cases of (1) $*” > 1 samples and ,S®” > 1 analyses per sample of

the i MFPV batch and (2) n$RY > 1 samples and , G =1 analyses per sample of the i" MFPV batch.

The difference in these two cases occurs in the calculation of §,-MF PV as shown in Section B.1.2 of

Appendix B. Otherwise, the equations for the terms on the right hand side of Eq. (5.4.5) are the same.

The quantity )i/ih in Eq. (5.4.5) is calculated using Eq. (5.4.3a) in Section 5.4.3.1. The quantity
CH Wé}i% ucr 1n Eq. (5.4.5) is obtained using the Monte Carlo simulation approach. Specifically, each of

1000 simulations of the i ILAW MFPV batch yields an ILAW composition estimate §,~MF e (mass

fractions of oxides or halogens), which is converted to a reduced normalized composition ?c,-MF e

Eq. (5.4.4), and then the property-composition model in Eq. (5.4.3a) is applied. The result is 1000
simulated values of )_A/l-h for the /" ILAW MFPV batch. Then, CH Wi,hCL% ucy 1s determined from the

using

CL% EUCI (CL% empirical upper confidence interval) obtained from the 1000 simulated values of )i/l-h

according to
h _2h 2h
CHW; cLo; vcr = Vit-a = Vi (5.4.6)
where

)i/!,’]_a = CL% = 100(1 — a) percentile of the empirical distribution of 1000 values of ﬁl-h
resulting from 1000 Monte Carlo simulations of the i ILAW MFPV batch

and the remaining notation is as previously defined. Recall that the “bar” notation appearing in ﬁffl,a

and )i/l-h denotes model predictions for an estimate of ILAW composition of the /™ MFPV batch obtained
by averaging over multiple samples per MFPV batch, analyses per MFPV sample, and volume
determinations per MFPV batch. If 5 gRV =1, then the averaging would only occur with respect to the

multiple samples per MFPV batch and multiple volume determinations if volumes are determined more
than once for each MFPV batch.

The quantity MH Wl-flCL% sucr 1n Eq. (5.4.5) is given by

MHVVi,hCL% sucr = \/p F_, (P, n-— p)(\/(i?/]FPV )T ﬁZ iz]'MFPV ) (5.4.7)

where
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p = number of coefficients in the appropriate PCT or VHT model. Note that this
is not the same as the number of model components because of using a PQM
model.

F_, (p, n-— p) = CL% =100(1 — a) percentile of an F-distribution with p numerator degrees

of freedom and n — p denominator degrees of freedom, where 7 is the number
of data points used to fit the model, and p is the number of model coefficients
estimated from the data

X; = p x 1 column vector whose first n”, entries X" k=1,2,---,n"  are
given by Eq. (5.4.4). The remaining entries X FPV = nfnc +1,---, pare
squares and/or crossproducts of the initial entries according to the form of the
PQM model.

z f = p x p variance-covariance matrix of the model coefficient vector b" for the

PCT normalized release of # = B, Li, or Na. The variances of the
coefficients are located on the diagonal of the matrix, and the covariances
between pairs of coefficients are located on the off-diagonal positions of the
matrix

and the remaining notation is as previously defined. General equations for calculating model variance-
. . oy A . . . . . .
covariance matrices such as X, are given in Section B.4 of Appendix A. The variance-covariance

matrices for the ILAW PCT normalized B and Na models given in Table 5.1 are included in Appendix D
of Muller et al. (2005).

An illustration of the methods applied to PCT normalized releases is presented in Section 7.4.1. An
illustration of the methods applied to VHT alteration depth is presented in Section 7.5.1.

5.4.4 Statistical Method for Determining the Numbers of Samples, Analyses per
Sample, and Volume Determinations to Demonstrate ILAW from an MFPV
Batch Will Satisfy PCT and VHT Limits

This subsection discusses the methodology used to address Item 2 of Section 5.4.2. The CL% UCCI
formula given by Egs. (5.4.5) to (5.4.7) in Section 5.4.3 can be used to calculate CL% UCCI values given
property-composition models for PCT and VHT responses, variance-covariance matrices for the model
coefficients, and various combinations of values of the following factors:

e number of LAW CRYV samples (ngRV )
e number of analyses per CRV sample (%)

e numbers of volume determinations of the CRV and MFPV before and after transfers (ngRV and

n[]}/[FPV)
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CRV)]

e mixing/sampling %RSD in the concentration of the /" element in a CRV batch [ %RSD (¢ ;

e analytical %RSD in the concentration of the /™ element in a CRV batch [ %RSD 4 (CJCRV )]

e GFC composition uncertainty, represented by the standard deviation in the mass fraction of the ;™
component (oxide or halogen) in the k™ GFC [SD(GijF Y]

e GFC mass uncertainty, represented by the standard deviation of the mass of the £ GFC added to a
MFPV batch. This uncertainty includes uncertainties due to batching, weighing, and transfers of
GFCs.

[SD(ag™)]

e volume uncertainties in the CRV and MFPV. The magnitudes of these uncertainties will depend on

the level of contents in a vessel, but a generic notation is used for now (SDIERV and SDI]/VIF Py,

e statistical percent confidence level (CL%)

e JLAW produced from three tanks representing one each of Envelopes A (AP-101), B (AZ-101), and
C (AN-107).

After calculating the CL% UCCI values for all of the combinations of input factors, the ones that
satisfy the PCT limits or VHT limits are then inspected to find the least number of total analyses (number
of samples x number of analyses) necessary to comply with the appropriate limits. The results of these
calculations as applied to PCT are presented in Section 7.4.2. The results of these calculations as applied
to VHT are presented in Section 7.5.2.

5.4.5 Statistical Interval Method to Demonstrate that ILAW from an LAW Waste
Type Will Satisfy PCT and VHT Limits

This subsection discusses and presents the formula for an appropriate statistical interval to satisfy
Item 3 of Section 5.4.2. The statistical interval must account for (1) variation in property values
(i.e., PCT normalized releases of B and Na, and VHT alteration rate) resulting from the variation in
ILAW composition over the course of an LAW waste type, (2) uncertainty in the estimated [LAW
composition corresponding to each MFPV batch resulting from applicable ILAW process uncertainties,
and (3) uncertainties in property-composition models used to predict (a) the natural logarithm of PCT
normalized B and Na releases and (b) the natural logarithm of VHT alteration depth for the estimated
ILAW composition corresponding to a given MFPV batch. Finally, the statistical interval must provide
high confidence that the true PCT and VHT values for the vast majority of ILAW produced from an LAW
waste type are less than the limits given in Contract Specifications 2.2.2.17.2 and 2.2.2.17.3.

An appropriate statistical interval for demonstrating with high (X%) confidence that a high
percentage (Y%) of ILAW produced from an LAW waste type satisfies the property limits in Eq. (5.4.1)
is a X%/Y% UTI. The concept of a X%/Y% UTI was introduced in Section 3.2. Section B.4 of
Appendix B discusses the statistical method for combining model and composition uncertainties that is
used in forming a X%/Y% UTI. Piepel and Cooley (2002) derived the equations necessary to calculate an
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X%/Y% UTI. They also explained (Sections 1.2 and 4.2) why the X%/Y% UTI approach is appropriate
and preferred over the “two standard deviation” approach as mentioned in WAPS 1.3 for IHLW.

The X%/Y% UTI equations developed by Piepel and Cooley (2002) are applicable for production
compliance strategies that involve estimating glass composition from analyses of samples from a single
process location. At the time the Piepel and Cooley (2002) work was performed, the WTP ILAW
compliance strategy was to estimate glass composition for reporting and compliance purposes based on
analyses of shard samples taken from the tops of ILAW containers before closure. However, the current
ILAW compliance strategy is more complicated, as discussed in Section 2.3. The strategy is more
complicated because it involves using analyses of CRV samples, weights of GFCs, volume
determinations, and other process information all subject to uncertainty. However, the X%/Y% UTI
equations developed by Piepel and Cooley (2002) can be adapted for use to account for the current [ILAW
compliance strategy.

Equation (3.3) in this report gives the general form of a two-sided X%Y% TI. To obtain a one-sided
X%/Y% UT]I, the equation changes to the following

X%/Y% UTI = Ji+k(X,Y) & (5.4.8)
where

X%/Y% UTI = a value that with X% confidence captures Y% of the distribution (population) of
true mean In(PCT releases) or In(VHT alteration depth) over the MFPV batches
corresponding to an LAW waste type

u = estimate of the population mean that is calculated by forming the model-
predicted In(PCT release) or In(VHT alteration depth) for each MFPV batch and
averaging them across all MFPV batches corresponding to an LAW waste type

KX Y) = UTI multiplier that is implicitly a function of X, Y, degrees of freedom
associated with & and other parameters

o = estimate of the population standard deviation that properly accounts for

(1) variation in In(PCT releases) or In(VHT alteration depth) across MFPV
batches corresponding to an LAW waste type, (2) all ILAW process uncertainties
affecting each MFPV batch, and (3) model uncertainty [In(g/L) for PCT and
In(um) for VHT].

The quantities X and Y generally should have values between 90% (or 95%) and 100%, to provide high
confidence that a high percentage of ILAW produced from an LAW waste type satisfies the requirements
of Contract Specifications 2.2.2.17.2 and 2.2.2.17.3. However, X and Y can never take values of 100%
because it is impossible to be 100% confident about 100% of the true distribution of In(PCT releases) or
In(VHT alteration depth) given estimated ILAW composition variation as well as ILAW composition and
model uncertainties.
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During operation of the WTP ILAW facility, it is expected that nSRV —1 for reasons discussed
elsewhere in this report. However, equations for the terms on the right hand side of Eq. (5.4.8) are the

same given the notation used for the cases of (1) $*” > 1 samples and ,S®” > 1 analyses per sample of

the i MFPV batch and (2) n$RY > 1 samples and , G =1 analyses per sample of the i" MFPV batch.

—MFPV

The difference in these two cases occurs in the calculation of g; as shown in Section B.1.2 of

Appendix B. Otherwise, the equations for the terms on the right hand side of Eq. (5.4.8) are the same.
Section F.4 of Appendix F presents additional detail regarding the following equations for the terms in
Eq. (5.4.8).

The equation for z in Eq. (5.4.8) is given by

I
2h

£y Zlyl
~_Zh_is
H=Yy I

(5.4.9)
1 L[ h MFPV MFPV e e h MFPV MFPV
:72 Zb + Selected Zbkk( ) + > 2 byx X;
=1l | k=1 k=1 [>k

where the notation is as defined in previous subsections of Section 5.4. Note that Eq. (5.4.9) calculates

the ordinary mean (average) of the model-predicted property values over the / ILAW MFPV batches. An

=MFPV

alternative approach would be to use y(x ), the model-predicted value for the normalized version of

=MFPV

the mass-averaged composition over the / MFPV batches ( x ) that would result from supplying

MF PV [calculated per Eq. (5.1.2) for balanced data and Eq. (5.1.7) for unbalanced data] to the

normalizing transformation given in Eq. (5.4.5). Although this alternative approach would be consistent
with some of the other compliance methods and calculations adopted in this report, it is contrary to the
typical method for developing TIs.

In general, & in Eq. (5.4.8) is calculated using the following equation

HX,Y,df,0)

JI

k(X,Y)= (5.4.10)

where #(X,Y,df;,0) represents a non-centralized ¢-distribution with degrees of freedom df; and non-

centrality parameter J, and / is the number of MFPV batches associated with an LAW waste type. This is
Eq. (3.18d) in Piepel and Cooley (2002), adapted to the notation in this report. It is important to note that
k(X, Y) is determined so as to compensate for the effects of ILAW process uncertainties affecting
estimation of ILAW composition in the MFPV, which are “nuisance uncertainties” with respect to the
population for which a X%/Y% UTTI is desired.
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The expression for df; in Eq. (5.4.10) is given by

_ 2
{((?c}””V)Tzf X )+ SGE -5 - 1)}
i=1

df; = 5 (5.4.11)
_ e | SGE -
(()—C;VIFPV)ng )—C;MFPV) i
df,, I-1
where

df; = approximate degrees of freedom associated with &

):C;MFPV = p x 1 column vector whose first nfnc entries ):c,f‘/[FPV,k =1, 2,---,11,}7'1c are mass-
weighted-averages of the )?,-j}fF PV i=1,2, ..., values, which in turn are
ordinary averages over the ngRV samples per CRV batch, ngR v analyses per
sample, nERV determinations per CRV volume, and n{yF PV determinations per
MFPV volume. The remaining entries ):c,f/[F k= n,ﬁ’w +1,---, p are squares
and/or crossproducts of the first n ,},’w entries according to the form of the PCT or
VHT PQM model.

x> f = p x p variance-covariance matrix of the model coefficient vector b" for # = PCT
B, PCT Na, or VHT alteration depth.

dfn = degrees of freedom for the model relating In(PCT normalized release) of # = B or
Na to ILAW composition or the model relating In(VHT alteration depth) to
ILAW composition. This quantity is given by n — p, where 7 is the number of
data points used to fit the model, and p is the number of model coefficients
estimated using the data.

1 = number of ILAW MFPV batches corresponding to an LAW waste type

and the remaining notation is as previously defined. The expression in Eq. (5.4.11) is derived in Section
F.4 of Appendix F.

The expression for J in Eq. (5.4.10) is given by

o
o=z, ﬁf (5.4.12)

where
) = non-centrality parameter for the non-central t-distribution used in calculating the
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k(X, Y) multiplier for an X%/Y% UTI

Z1p = 100(1 — B) percentile of the standard normal distribution
1 = number of ILAW MFPV batches corresponding to an LAW waste type
o4 = standard deviation of the distribution of true In(PCT normalized release) values
[In(g/L)] or true In(VHT alteration depth) values [In(um)] for ILAW produced from a
given LAW waste type
MFPV —MFpPy \2 [05 . e
o = [a + a +(og ) + (04 ) ]0 = standard deviation of the distribution of

possible )7,~ values over the / ILAW MFPYV batches corresponding to an LAW waste
type for 7 =PCT B or Na [In(g/L)] or VHT alteration depth [In(um)].

Equations (5.4.11) and (5.4.12) for f'and ¢ are based on equations in Section 3.7 and Appendix F of Piepel
and Cooley (2002) with appropriate modifications corresponding to the ILAW compliance strategy. Note
that o, includes only the true variation in In(PCT normalized release) values or In(VHT alteration depth)

values and not the true model, sampling, and chemical analysis “nuisance” uncertainties. On the other
hand, o (of which ¢ is an estimate) includes true uncertainties for modeling, sampling, and chemical
analyses. Hence, o, / o is the fraction of the inflated (by model, sampling, and analytical nuisance

uncertainties) standard deviation represented by the true standard deviation in In(PCT normalized release)
values or In(VHT alteration depth) values over ILAW produced from an LAW waste type. Per Eq.
(5.4.12) and the underlying theory (see Appendix H of Piepel and Cooley 2002), it is only necessary that
the ratio o, / o of these two true SDs be “known” (i.e., well-estimated). Scope discussed by Piepel and

Heredia-Langer (2003) will produce estimates of the relevant variations and uncertainties based on
information prior to commissioning testing. These estimates will provide for calculating preliminary
estimates of the o, / o ratio for different HLW waste types. It is also expected that cold commissioning

testing of the WTP ILAW facility will provide updated estimates of variations and uncertainties that can
be used to calculate updated estimates of the o, / o ratio for different HLW waste types.

The estimate of the population standard deviation ¢ in Eq. (5.4.8) is given by
0.5
5:{(xMFPV)2,, —;‘””V 1yl -y )Z/ —1} (5.4.13)
i=

where X, isap x 1 column vector whose first n . entries X; MEPV J=1,2,---,n!"  are calculated by

mc

_[MFPV — Z_MFPV (5414)
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=MFPV ; _ _h
Jk=n,

and the remaining entries X, . +1,---, p are squares and/or crossproducts of the initial entries

according to the form of the PQM model. In Eq. (5.4.13), the )_c,-j,‘(/[FPV Jk=1,2,---, n,l:w are calculated
using Eq. (5.4.4) with §§4F PV used as inputs calculated by Eq. (B.1.11), fzih is given by Eq. (5.4.3a), )Z/h

is given by Eq. (5.4.9), and [ is the number of MFPV batches associated with the LAW waste type for
which an X%/Y% UTlI is to be calculated. The remaining notation in Egs. (5.4.13) and (5.4.14) is as
defined in previous subsections of Section 5.3.

From the derivations in Section F.4, it is seen that the first term in Eq. (5.4.13) represents model
uncertainty, while the second term represents composition uncertainty expressed in model units. The
composition uncertainty includes (1) variation in ILAW composition over the / MFPV batches
corresponding to an LAW waste type and (2) uncertainties associated with estimating ILAW composition
for a single MFPYV batch, reduced by averaging over multiple samples per CRV batch, analyses per CRV
sample, and volume determinations of the CRV and MFPV.

An illustration of the X%/Y% UTI method and equations for PCT is presented in Section 7.4.3. An
illustration for VHT is presented in Section 7.5.3.

5.4.6 Statistical Method for Determining the Numbers of Samples, Analyses, and
Volume Determinations to Demonstrate ILAW from a Waste Type Will
Satisfy PCT and VHT Limits

This subsection discusses the methodology used to address Item 4 of Section 5.4.2. The X%/Y% UTI
formula presented in Section 5.4.5 and the ILAW Monte Carlo simulation results (see Section 3.4.2 for
more details) can be used to calculate X/Y %% UTI values (or half-widths thereof) given various
combinations of values of the following factors:

number of MFPV batches per LAW waste type (/)

e number of samples per CRV batch (%)

e number of analyses per CRV sample (%)

e number of volume determinations of the CRV and MFPV before and after transfers (n5" and
PPV

CRV)]

e mixing/sampling %RSD in the concentration of the /™ element in a CRV batch [ %RSD s(c;

e analytical %RSD in the concentration of the j™ element in a CRV batch [ %RSD 4 (cJCRV )]

e GFC composition uncertainty, represented by the standard deviation in the mass fraction of the ;™
component (oxide or halogen) in the k" GFC [SD(GJ-GkF C)]
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e GFC mass uncertainty, represented by the standard deviation of the mass of the £ GFC added to a
MFPV batch. This uncertainty includes uncertainties due to batching, weighing, and transfers of

GFCs. [ SD(a™€)

e volume uncertainties in the CRV and MFPV. The magnitudes of these uncertainties will depend on

the level of contents in a vessel, but a generic notation is used for now (SDERV and SD{yF P V)

o statistical percent confidence level (CL%)

e ILAW produced from three tanks representing one each of Envelopes A (AP-101), B (AZ-101), and
C (AN-107).

Piepel and Cooley (2002) calculated half-widths of X%/Y% UTIs for a compliance strategy that
involves estimating glass composition based on analyses of samples from a single location, such as a
completed MFPV batch or glass shards from the top of a canister/container. The WTP IHLW compliance
strategy is of this type, but the WTP ILAW compliance strategy (see Section 2.3) is not. However, it was
possible to adapt the results in Tables 4.3 to 4.6 of Piepel and Cooley (2002) for the WTP ILAW
compliance strategy. The results of this adaptation are summarized in Section 7.4.4 for PCT and in
Section 7.5.4 for VHT.

In this report, additional calculations were performed varying selected factors listed in the bullets
above. The X%/Y% UTI values that satisfy the PCT or VHT limits were then inspected to find the least
number of total analyses (number of samples x number of analyses) necessary to comply with the PCT or
VHT limits. The results of these calculations as applied to PCT are presented in Section 7.4.4. The
results of these calculations as applied to VHT are presented in Section 7.5.4.

5.5 Compliance Approach and Methods for ILAW Contract
Specification 2.2.2.20: Dangerous Waste Limitations

Section 5.5.1 lists the applicable Contract Specification 2.2.2.20. Section 5.5.2 summarizes the
statistical aspects of the WTP compliance strategy for this specification. Section 5.5.3 discusses the
statistical methods that will be used to implement the statistical aspects of the compliance strategy.

5.5.1 Contract Specification 2.2.2.20: Dangerous Waste Limitations

The ILAW product shall be acceptable for land disposal under the State of Washington
Dangerous Waste Regulations, WAC 173-303, and RCRA LDR in 40 CFR 268.

5.5.2 Statistical Aspects of the ILAW Compliance Strategy for Contract
Specification 2.2.2.20

Section 4.1.2 of the ILAW PCP (Nelson et al. 2003) addressed in this report® describes the
compliance strategy for Contract Specification 2.2.2.20. The strategy involves using a DQO process to

(a) See Section 1.0 for a discussion of why this report addresses ILAW PCP Rev. 0 (Nelson et al. 2003) rather than
ILAW PCP Rev. 1 (Westsik et al. 2004).
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establish criteria for developing adequate data with acceptable quality to support the petition for an LDR
treatability variance for ILAW. The DQO process involves several statistical aspects, including statistical
experimental design and planning for statistical analysis of the resulting data. The results of the DQO
process are documented in a report by Cook and Blumenkranz (2003). The results of the data
development, quality assurance, and statistical data analyses are included in a report by Kot et al. (2003).

5.5.3 Statistical Methods to Implement the ILAW Compliance Strategy for
Contract Specification 2.2.2.20

Relevant statistical methods for the statistical aspects described in Section 5.5.2 are discussed in the
reports by Cook and Blumenkranz (2003) and Kot et al. (2003).

5.6 Compliance Approach and Methods for ILAW Contract
Specification 2.2.2.2: Waste Loading

Section 5.6.1 lists the applicable Contract Specification 2.2.2.2. Section 5.6.2 summarizes the
statistical aspects of the WTP compliance strategy for this specification. Section 5.6.3 discusses mass-
balance equations and statistical methods that could be used to implement the specific aspects of the
compliance strategy.

5.6.1 Contract Specification 2.2.2.2: 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 based on Na;O.

5.6.2 Statistical Aspects of the ILAW Compliance Strategy for Contract
Specification 2.2.2.2

The following items describe the statistical and related aspects of the ILAW compliance strategy for
Contract Specification 2.2.2.2 (see the ILAW PCP, Nelson et al. 2003) that are addressed in this report.®

Item 1: Develop a method for determining waste Na,O loading through sampling and analyses of
pretreated LAW feed, measurements of GFCs added during processing, including effects of heel
mixing, and accounting for volatilization during the vitrification process. Mass-balance methods
will be used to calculate the mass fractions of non-volatile oxides and waste Na,O expected to be
produced by vitrifying pretreated LAW feed and added GFCs.

Item 2: Determine the number of process samples, analyses, and measurements required to certify
compliance using statistical sample size methods, considering control and compliance goals.

(a) See Section 1.0 for a discussion of why this report addresses ILAW PCP Rev. 0 (Nelson et al. 2003) rather than
ILAW PCP Rev. 1 (Westsik et al. 2004).
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Item 3: Develop a statistical interval method to summarize waste Na,O loading determinations over a
waste type. The statistical interval method will establish with high confidence that the ILAW
produced from a waste type meets the applicable envelope-specific minimums. The method will
be demonstrated before and during cold commissioning.

The statistical methods that could be used to implement these aspects of the WTP ILAW compliance
strategy for Contract Specification 2.2.2.2 are discussed in the following section.

5.6.3 Statistical Methods to Implement the ILAW Compliance Strategy for
Contract Specification 2.2.2.2

Scope to address the statistical aspects of the ILAW waste loading compliance strategy described in
Section 5.6.2 was originally included in the work covered by this report per the applicable test plan
(Piepel and Cooley 2003a). However, this scope was removed by the WTP Project in the early stages of
the preparation of the report and documented in Test Exception 24590-WTP-TEF-RT-04-00036. The
scope reduction was based on a decision that waste loading requirements would be easily met during
ILAW production and hence that a statistical approach for demonstrating compliance was not needed.
We briefly describe work completed before the scope reduction and options for addressing the items in
Section 5.6.2 should they remain as part of the WTP ILAW compliance strategy or be re-included at a
future time.

In relation to Item 1 in Section 5.6.2, mass-balance equations were developed for calculating waste
Na,O loading in ILAW. These equations are presented in Section B.6 of Appendix B at the stage of
development when work was halted. At the direction of the WTP Project, initial work did not account for
volatilization during the vitrification process. However, it was envisioned that volatilization would be
addressed in subsequent work.

In relation to Item 2 in Section 5.6.2, equations for waste Na,O loading in ILAW from Section B.6 of
Appendix B were implemented in the ILAW single-MFPV-batch Monte Carlo simulation work described
in Section 3.4.2. The data from those simulation runs were saved and could be accessed in the future to
provide guidance to the WTP Project on numbers of CRV samples, analyses per sample, and volume
determinations required to demonstrate, with high confidence, compliance with the waste Na,O limits for
each MFPV batch.

In relation to Item 3 in Section 5.6.2, two types of statistical intervals are applicable.

e As described in Section 3.1, a CL% ECI based on Monte Carlo simulation would be
appropriate to account for process uncertainties and demonstrate compliance with waste
Na,O limits for each MFPV batch. In fact, the CL% ECI method was already developed and
incorporated in the Monte Carlo simulation software developed to propagate ILAW process
uncertainties through the complicated mass-balance-based equation for ILAW chemical
composition. However, that method is not described or illustrated in the report because of the
WTP change to a non-statistical compliance strategy for the waste loading specification.
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e Asdescribed in Section 3.2, a statistical TI would be appropriate to account for process
uncertainties (affecting each MFPV batch) and variations (over MFPV batches associated
with an LAW waste type) in demonstrating compliance with waste Na,O limits for LAW
waste types. Specifically, an X%/Y% LTI would be appropriate. An X%/Y% LTI equation
for waste loading could be developed by adapting the work of Piepel and Cooley (2002) as
discussed in previous sections of the report.

These approaches are not discussed further because of the change to a non-statistical compliance strategy
for Contract Specification 2.2.2.2.
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6.0 Results and lllustrations of Statistical Methods for IHLW
Compliance

This section presents the results of statistical WFQ activities performed per the IHLW compliance
strategies for applicable specifications, as discussed in Section 4.0. This section also presents for each
specification an example illustrating the application of the statistically based compliance method(s) for
that specification as described in the corresponding subsection of Section 4.0. The examples are intended
to illustrate (using realistic, simulated data) the statistical methods that will be used to demonstrate
compliance with specifications during IHLW production.

6.1 Compliance Results for IHLW WAPS Specification 1.1.2: Chemical
Composition During Production

Section 6.1.1 presents the results of the investigations described in Section 4.1.3 to assess the effects
of several factors (the number of samples per MFPV batch, the number of analyses per MFPV sample,
MFPV mixing/sampling uncertainty, and MFPV analytical uncertainty) on the IHLW chemical
composition from a single MFPV batch. These results provide a basis for (1) assessing the sensitivity of
IHLW chemical composition estimates to the ranges of possible uncertainties, and (2) the WTP Project to
decide on the numbers of samples per MFPV batch, chemical analyses per MFPV sample, and volume
determinations per MFPV batch.

Section 6.1.2 illustrates, using realistic example data, the methodology presented in Section 4.1.4 for
calculating means and SDs of IHLW chemical composition over MFPV batches corresponding to a given
HLW waste type.

6.1.1 Results of Investigations to Assess the Effects of Process Uncertainties,
Number of Samples per MFPV Batch, and Number of Analyses per MFPV
Sample on Uncertainties in Chemical Composition of IHLW from a MFPV
Batch

This section uses the methodology described in Section 4.1.3 to assess the number of samples per
MFPYV batch and analyses per MFPV sample necessary to estimate the [HLW composition corresponding
to an IHLW MFPV batch with a given precision (i.e., within a specified percentage of the true value) and
confidence.

Given values of pF*", pMFPV | %RSDg (ngF PVY, %RSD 4( ngF P7y, and the selected statistical

MFPV
J
precision of the estimated mass fraction of the /" component in IHLW corresponding to an MFPV batch).

As discussed in Section 4.1.3, the methodology to calculate %RSD ( g_?/lFPV) and %RSD ,( g_?/[FPV)

confidence level (CL%), Eq. (4.1.1) can be used to calculate %RHW ;,,(g ) values (i.e., the

uncertainties from %RSDg (chF r V) and %RSD , (c?/IF r V) uncertainties is scheduled for development in

FY 2005. Based on preliminary calculations showing that %RSD ( gﬁw P7y and %RSD 4 ( gjw 7y
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values are relatively close to 2%RSDg (cqu PVy and %RSD 4 (chF Py values, the latter were used in place

of the former in Eq. (4.1.1) for the investigations and results discussed in this section.

Values of %RHW ;0,(g yF PV) were calculated for each IHLW component j for each of the
combinations of variables listed in Table 3.2. The low (L) and high (H) values of %RSD (c?/’FPV) and

%RSD 4 (chF r V) shown in Table 3.2 are listed in Table C.1 of Appendix C for three HLW tanks (AY-
102, AZ-102, and C-104). The results of these calculations are summarized in Table 6.1. Because

%RSDy (cquPV) and %RSD , (cyFPV) were treated as values of %RSDg (gquPV) and

%RSD ,( ngF P V) for the calculations, the latter notation is used in column headings of Table 6.1 (as well

as Table 6.2, Table 6.3, and G.1 to G.14 subsequently discussed).

Table 6.1 shows the numbers of samples and analyses per sample from an MFPV batch that resulted

in the minimal number of total analyses (13" x n4F*"") yielding %RHW = %RHW ¢, ( g_?/[FPV)

values in specified ranges for each of the combinations of variables considered. The results in Table 6.1

MFPV ) and

apply to any IHLW component (oxide or halogen) having values of %RSD (g ;

%RSD 4( gﬁ/lF P7y shown. To illustrate using Table 6.1, suppose the /" IHLW component has

%RSDg (ngFPV) =5, %RSD , (ngPV) =5, and is to be estimated with %RHW < 10 and CL% = 90%

confidence. Then, Table 6.1 shows that 4 samples would need to be taken from each MFPV batch with 1
analysis each. It is interesting to note that in no case was more than 1 analysis per sample recommended.
When trying to minimize the total number of analyses needed, it can be seen from Eq. (4.1.1) that greater
reduction in the chemical composition uncertainty (%RHW) can be achieved by increasing the number of
samples than by increasing the number of analyses per sample. However, even though only one analysis
per sample is needed, the number of samples needed still depends on the analytical uncertainty.

Tables similar to Table 6.1 were produced for each reportable IHLW component (oxide or halogen)
using its specific sampling and analytical uncertainties as provided in Table C.1. These results can be
found in Tables G.1 to G.14 in Appendix G. Only 14 tables in Appendix G were needed to summarize
the results for the 23 reportable IHLW components because components with the same uncertainties
required only one table. For example, Table G.1 is for components (oxides) Al,Os, B,O;, Fe,O3, MnO,
Si0,, SrO, and ZrO, because they each are expected to have the same sampling and analytical
uncertainties.

Table 6.2 and Table 6.3 display a summary of the results from Tables G.1 to G.14. Each table

MFPV
)

displays the number of samples per MFPV batch necessary to achieve a %oRHW = %RHW ¢, (g

below a specified amount (e.g., 10%), given combinations of low or high estimates of the MFPV

sampling and analytical uncertainties [ 2% RSDg (g yF P V) and %RSD ,4( ngF er ) | for each IHLW

component j. Table 6.2 presents results for a confidence level of 90%, while Table 6.3 presents results for
a confidence level of 95%.
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Table 6.1. Numbers of IHLW MFPV Samples and Analyses per Sample® to Satisfy Certain

@
(b)

©

(d)

%RHWSs on IHLW Component Mass Fractions Given Mixing/Sampling and Analytical
Uncertainties Representative of Those Expected in IHLW MFPV Data

SN EON Percent Relative Half-width (%RHW) on the
E E E Mass Fraction of an IHLW Chemical Composition Component
. ~ | @
CRRCRE-
MERE <5% <10% <15% <20%
28 |9
e
| XX, MEPV | MEPY | MEPV | [ MFPV | | MEPV | [ MFPV |  MFPV | , MFPV
5 90 5 1 3 1 3 1 3 1
95 7 1 4 1 3 1 3 1
10 90 13 1 5 1 4 1 3 1
95 18 1 7 1 5 1 4 1
@ -
20 90 13 1 7 1 5 1
1 95 - - 18 1 10 1 7 1
25 90 - - 19 1 10 1 7 1
95 - - 27 1 14 1 9 1
40 90 - - - - 22 1 13 1
95 - - - - 30 1 18 1
90 - - - - - - 19 1
30 95 - - - - - - 27 1
5 90 8 1 4 1 3 1 3 1
95 11 1 5 1 4 1 3 1
10 90 16 1 6 1 4 1 3 1
95 22 1 8 1 5 1 4 1
20 90 - - 14 1 8 1 5 1
5 95 - - 19 1 10 1 7 1
25 90 - - 20 1 10 1 7 1
95 - - 28 1 14 1 9 1
40 90 - - - - 22 1 13 1
95 - - R R - - 19 1
50 90 - - - - - 19 1
95 - - - - - - 27 1
5 90 29 1 9 1 6 1 4 1
95 - - 13 1 7 1 5 1
10 90 - - 11 1 6 1 5 1
95 - - 15 1 9 1 6 1
20 90 - - 19 1 10 1 7 1
15 95 - - 27 1 14 1 9 1
25 90 - - 25 1 13 1 8 1
95 - - - - 17 1 11 1
40 90 - - - - 24 1 15 1
95 - - - - - - 20 1
90 - - - - - - 21 1
> [95 - - - - - - 29 1

This table lists the minimum total number of analyses (5 g‘([F PV «n f;’[F PV ) necessary to satisfy the % RHW category.

Components with low category mixing/sampling uncertainties had low and high values of 1 and 5 %RSD. Components
with high category mixing/sampling uncertainties had low and high values of 5 and 15 %RSD.

Depending on the component, low analytical uncertainties were 5, 10, 15, 20, 25, and 50 and high uncertainties were twice
these values. Not shown in the table are results for 15, 30, and 100 analytical %RSD.

A dash (-) indicates that over 30 total analyses ( §4F PV nﬁ/[F PV) would be necessary to satisfy the % RHW category.
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Table 6.2. Numbers of IHLW MFPV Samples (with One Analysis per Sample) to Satisfy Certain
%RHWs with 90% Confidence for Reportable IHLW Oxides Given Low and High
Estimates of Mixing/Sampling and Analytical Uncertainties for Each of Three HLW

Tanks
2 . g e
alfe = =} O
S |S & e S |s
é =_ =S _ C . 5 - " 7 T
S| ¥ ¥z | adSs| 2 21 B | =
S |&|8| | 225| O Z |2 z |2
2lala|lZ|ldd| < «lo|o S S| & 2 Vil e
DS IE|EZES| R (812 E|F|l8IC|s|28|2 BI85
TS| S| <420 |o|a|lflz|lz|2leg|ld|a|Rr|o|IR|=2]|=
10 4 6 | 915 -137]6]@ 9 [ 20 14 4]14] s
L [15 3 4 4] -3 4 5 |10 8 | 3|8 | 4
L 20 3 3 [19]3[19]3]3 4 |7 51353
10 6 4 | - [13] -5 |14 27 | - e -T13
- H |15 4 8 7 -4 s 13 | - 24|27
s 20 3 5 -l s -131]5 9 |19 13]3]13]5
3; 10 9 1| -16]-14]n 9 |25 O[99 6
L |15 6 6 4] - 1376 6 | 13 0|6 |10 4
- 20 4 5 |21 32135 4 | 8 71473
10 11 19 [ - [14] -]6 |19 27 | - BT BT
H |15 6 0| -8 -147]10 14| - 24| 6 |24 8
20 5 7 s -3 7 9 |21 55 |15]5
10 4 6 |45 -13]4 - 66| 6] 4
L |15 3 4 [ 3[4 -13]3 - 4 | 443
L 20 3 3 [ 33 19]3]3 19 30133 |3
10 6 4 |6 |13 -1516 - 141414 6
- H |15 4 S |47 -14] 4 - 8 | 8 | 8| 4
S 20 3 s |3 51933 - 51553
N 10 9 nmlole|-14709 - 1l o
< L 15 6 6 1614 -13 6 : 6161616
- 20 4 s | 43213 | 4 21 51 55| 4
10 11 19 [11[14] -6 |11 - 19191911
H |15 6 1068 -14]6 - ||| e
20 5 7 |55 21|35 - 7171715
10 4 6 -3 -T3]6]2] -7- 4 a4 la]a]a
L |15 3 4 3 -3 [4a 10 -1- 313333
L 20 3 3 19319337 1910 303333
10 6 4 | -5 -5 1] -]-7- 666|616
H |15 4 8 e -4 s -1 -7- 4 | 4 | 4|44
2 20 3 5 |19 3]19]3 5/ 19]-1- 303333
0 10 9 | -4 -]4]u]25]-7]- 9199909
L |15 6 6 3 -13 6 [13]-1- 66| 6|66
- 20 4 s |21 3213 5|8 [21]21 4 | 44434
10 11 9 -6 -l]6]19]-1]-7- THETR T TR
H |15 6 0| - 4] -4 -1-7T- 66| 6|66
20 5 7 21|32t 37 [21] - - R R

(a) Only %RHW < 10, 15, and 20 results are shown because of few acceptable results (i.e., ng""" < 10) for
%RHW < 5.

(b) Maximum values of ng"""" are given for reportable components with mass fractions (MFs) > 0.005 and 0.02.

(c) A dash (-) indicates that over 30 samples per MFPV batch would be necessary to satisfy the %RHW category.

(d) Empty cells indicate that no data were recorded for that particular analyte and HLW tank.
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Table 6.3. Numbers of IHLW MFPV Samples (with One Analysis per Sample) to Satisfy Certain
%RHWSs with 95% Confidence for Reportable IHLW Oxides Given Low and High
Estimates of Mixing/Sampling and Analytical Uncertainties for Each of Three HLW

Tanks
g 29 g2
= |5 |50 | &% & o | . S |3
5| & ¥z 29 < 219 e | =
= AN ) 5 2| = s | =
g a a s omoh Q S ~ o) @) - S g o ™ ~ |~
S 2|22 289242183 eS8l 8lelS|e|E|5
T IS |IX || <d=EN|od|o|d|l2|lz|lz|lea|lg|la|la|=|RP|N|=2|=2
10 5 8 |91 71 -14181]@ 12 | 28 9] 5]19] 7
L |15 4 5 - s -13]5 7 |14 104 f10]5
L 20 3 4 (2714127131 4 519 7131774
10 8 19 | -T18]-177119 - |- -8 - 118
- H |15 5 10| -J1w]-15T710 18 | - - s -110
S 20 4 7 -7 -1477 12 | 27 1941977
~ 10 13 15 -18]-157]15 13 ] - 2713277 8
< L [15 7 o [ -5 - 1409 7 17 4|7 145
- 20 5 6 [29] 4 29[ 36 5 |11 959 4
10 15 27 | - [19] -8 [27 -] -5 - 119
H |15 9 4 | -J1w] -157114 9] - -9 -T10
20 6 9 -7 -1479 12 | 29 20 6 [20] 7
10 5 8 s 71 -T4als - s [ 885
L |15 4 5 |45 -13]4 - 5|5 5] 4
L 20 3 4 [ 34271313 27 4141413
10 8 19 [ 8]18] -17718 - 91919738
- H |15 5 10 [|5]10]-1]51s5 - 10f|10f10] s
S 20 4 7 4] 7] -1414 - 7170171 4
N 10 13 15 |38 -157113 - 15]15]15]13
< L |15 7 9 [ 75 -1417 - N ERE
- 20 5 6 | 5| 4293715 29 616|615
10 15 27 [15119] -8 |15 - 27 27127 ] 15
H |15 9 4 o] -15719 - 1414147 9
20 6 9 e[ 7] -]416 - N ERE
10 5 8 -l 4] -T4]8]28]-17- s 515515
L |15 4 5 3] -13]s5 ] -1- 41 4]4a]4]4
L 20 3 4 (27132713149 27]27 31333713
10 8 v -171-177119]-71-17-+- 8| 88| 8138
H |15 5 0| -]s5]-]s5f1w0]-1-17-+- 51515515
2 20 4 7 -4l -4 7127] -1 - 414 a]4] 4
o 10 13 5 -5 -5 -1-7- BlB3[1B]13]13
L |15 7 9 -4l -T4]o9l7] -1- 77777
- 20 5 6 |29 3 2936 [11[29]29 5155515
10 15 27 | -8 -8 27 -1-7- 15]15[15]15]15
H |15 9 4 | -5 -15fw1@a]-1-7- HIERERERE
20 6 9 4] -T4]9l29] -1 - 66| 6] 6] 6

(a) Only %RHW < 10, 15, and 20 results are shown because of few acceptable results (i.e., ng""" < 10) for
%RHW < 5.

(b) Maximum values of ng""" are given for reportable components with mass fractions (MFs) > 0.005 and 0.02.

(c) A dash (-) indicates that over 30 samples per MFPV batch would be necessary to satisfy the %RHW category.

(d) Empty cells indicate that no data were recorded for that particular analyte and HLW tank.
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As an illustration of the use of Table 6.2 and Table 6.3, suppose it is desired to estimate the mass
fraction of Al,O; within 15% relative of the true value (i.e., %RHW < 15%) having 90% confidence.
Then, Table 6.2 shows that for high sampling and analytical uncertainties, 6 samples per MFPV batch
would need to be taken (with 1 analysis per sample). This outcome is consistent across all three of the
HLW tanks considered in the calculations (AY-102, AZ-102, and C-104).

The second-to-last column in each of Table 6.2 and Table 6.3 lists the maximum values of ng"""

across the reportable chemical composition components with nominal mass fractions greater than 0.005
(0.5 wt%)®. This list of reportable components includes those with mass fraction > 0.02 (mentioned
previously) along with the following added components: P,Os (only AY-102), CdO (only AZ-102), NiO
(only AZ-102), U;05 (AY-102 and AZ-102), and ZnO (AY-102 and C-104). With 95% confidence
(Table 6.3), 20% RHWs or less can be obtained with at most 7 samples when assuming “low” uncertainty
values. The numbers of samples necessary for Tank AY-102 are larger because of the presence of U;Og
and its large analytical uncertainty. Without U;Oys, the necessary numbers of samples decrease to at most
8 samples necessary to obtain 10% RHWs or less when assuming “low” uncertainty values, and at most 7
samples necessary to obtain 20% RHWs or less when assuming “high” uncertainty values.

The last column in each of Table 6.2 and Table 6.3 lists the maximum values of nj""" across the

reportable chemical composition components with nominal mass fractions greater than 0.02 (2 wt%).®
With 95% confidence (Table 6.3), 20% RHWs or less can be obtained with at most 7 samples when using
“high” mixing/sampling and analytical uncertainty values. At most, 10 samples are necessary to obtain
RHWSs of 15% or less. Using “high” uncertainty values, 19 samples would be necessary to obtain 10%
RHWs or less, while “low” uncertainty values only require 7 samples to obtain 10% RHWs or less.

6.1.2 lllustration of Calculating Means and Standard Deviations of IHLW
Chemical Composition over an HLW Waste Type

This section uses realistic data to illustrate the equations presented in Section 4.1.4 for calculating
means and SDs of IHLW chemical composition (mass fractions) over an HLW waste type. Equations are
presented in Section 4.1.4.1 for the case of balanced data (equal numbers of samples per MFPV batch and
equal numbers of analyses for each MFPV batch), and in Section 4.1.4.2 for the case of unbalanced data
(unequal numbers of samples per MFPV batch and/or unequal numbers of analyses for each MFPV
batch). The equations for the balanced data set are illustrated in this section.

A realistic balanced dataset to illustrate the use of Egs. (4.1.2), (4.1.3), and (4.14) for calculating
means, SDs, and %RSDs was obtained as follows. First, simulated IHLW chemical and radionuclide
composition data (expressed in mass fractions) consisting of one estimate per MFPV batch were available
for a blend of HLW from Tanks AY-102/C-106. This set of simulated data was obtained (Vienna 2004a)
from the WTP Project’s Run 3.1vv of the G2 dynamic simulation flowsheet (Deng 2004; Vora 2004). A
subset of these data, corresponding to 18 MFPV batches associated with an HLW waste type (i.e., a
HBYV), were selected for this example.

@ A mass fraction of 0.005 (0.5 wt%) corresponds to the level for reporting IHLW chemical composition specified
in WAPS 1.1.2. A mass fraction of 0.02 (2 wt%) as selected as a cutoff that provided smaller numbers of samples
and analyses per sample than the 0.005 case.
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Note that G2 does not simulate multiple MFPV samples and/or analyses per sample as in the WTP
IHLW compliance strategy and thus does not simulate MFPV mixing/sampling and analytical
uncertainties. To address this issue, normally distributed random disturbances for mixing/sampling and
analytical uncertainties (using the values given in Table C.1) were added to the elemental (and
radionuclide) concentration data for the 18 MFPV batches from G2. This process created eight
observations (elemental or radionuclide concentrations) per MFPV batch that simulated mixing/sampling
and analytical uncertainties in the AY-102/C-106 G2 run. For the /" element or radionuclide, the 8
concentrations per MFPV batch were averaged, yielding the results in Table 1.1 in Section 1.1 of
Appendix I. Table 1.2 contains the 18 MFPV batch volumes from the G2 run used. These were treated as
single determinations of volume for use in Eq. (4.1.2) as discussed subsequently. Then, Eq. (A.1.5) in
Section A.1 of Appendix A was applied to calculate the average mass fraction of the /" IHLW component

in the /" MFPV batch (denoted §§/IF P ). Table 1.3 in Section 1.1 of Appendix I lists these simulated

average IHLW chemical compositions (mass fractions) corresponding to 18 MFPV batches selected from
the G2 output.

Table 6.4 contains, for the reportable IHLW chemical composition components (listed in Table 2.2),
the means, SDs, and %RSDs of mass fractions over the 18 MFPV batches corresponding to an HLW
waste type from AY-102/C-106. Equations (4.1.2) to (4.1.4) were employed to calculate the results in
Table 6.4. As an example, consider the case of Fe,O;. Substituting the concentrations used to produce
the average concentrations from Table 1.1 into Eq. (4.1.2), the mean mass fraction of Fe,O; over the 18
MFPV batches™ corresponding to an HLW waste type is obtained by

l(213.8 g/L+215.4+---)-(1-25718.3 L)~1.4286+%(217.5 /L +204.7 +---)-(1-24888.5 L)-1.4286+--}

=MFPV _ {8

FepO3
[;(121.56 g/L+111.99 +---)-(1-25718.3 L)-1.8889+~-%(653.3 g/L +626.8+---)-(1-24846.5 L)-2.1429+--1

=0.1096 gFezo3 /gglass'

Similarly, substituting the appropriate quantities from Table 1.3 into Eq. (4.1.3), the standard deviation of
Fe,05 mass fractions over the 18 MFPV batches corresponding to an HLW waste type is given by

SD(g =0.0037 g Fep03 /g glass *

vy« [[(0.1095) = (0.1096)]% +--- +[(0.1109) — (0.1096)]?
Fepr 03 )= 17

Finally, the variation plus uncertainty in mass fractions of Fe,O; over the 18 MFPV batches
corresponding to an HLW waste type can be expressed as a %RSD using Eq. (4.1.4)

%RSD(gggng) =100

—MFPV
SD(&e,0, ) _100(0.0037j 334

=MFPV
FeyOs 0.1096

(a) The mean mass fractions calculated by Eq. (4.1.2) are mass-weighted average mass fractions over the 18 MFPV
batches.
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The rest of the chemical composition (mass fractions) means, SDs, and %RSDs in Table 6.4 were
calculated in a similar manner.

For this AY-102/C-106 IHLW example, the variations of the mass fractions (over the 18 IHLW
MFPYV batches corresponding to an HLW waste type) summarized in Table 6.4 range from approximately
2.5 to 4.0 %RSD for the majority of the reportable IHLW chemical composition components. Larger
%RSD values were 8.66 for Si0,, 18.76 for Li,0, 21.55 for Na,0, 52.40 for B,O;, and 109.22 for Al,O;.
These larger values appear to be the results of large variations for those components in the original G2
dataset. If actual WTP IHLW data behave in similar manner to the G2 data, then such large variations
may be representative of what could occur over a waste type during production operations.

Table 6.4. Example Results from Applying Equations for Calculating Means, SDs, and %RSDs of
Mass Fractions for Reportable IHLW Chemical Composition Components. Results
were obtained using data from 18 simulated IHLW MFPYV batches corresponding to a
blend of wastes from HLW Tanks AY-102/C-106.

Chemical Mass Fraction
Composition (8component/Goxides)
Component®™ Mean SD %RSD
Al,O4 0.0091 0.0099 109.22
B,0; 0.1129 0.0591 52.40
CaO 0.0060 0.0002 2.92
Cdo 7.59E-05 2.27E-06 2.99
Cr,04 0.0013 4.03E-05 3.08
Fe, 03 0.1096 0.0037 3.34
Li,O 0.0419 0.0078 18.76
MgO 0.0028 8.85E-05 3.19
MnO 0.0111 0.0003 2.81
Na,O 0.0675 0.0146 21.55
NiO 0.0026 6.36E-05 2.49
P,Os 0.0030 9.51E-05 3.15
PdO 1.53E-08 6.08E-10 3.96
Rh,0; 1.71E-05 5.71E-07 3.35
RuO, 0.0004 1.30E-05 3.14
SO; 0.0006 1.58E-05 2.76
Sb,0s5 2.89E-06 7.53E-08 2.60
SeO, 2.93E-06 7.17E-08 245
Si0, 0.4636 0.0410 8.66
SrO 0.0002 7.74E-06 3.42
ThO, 0.0004 1.23E-05 3.04
U504 0.0021 6.60E-05 3.16
ZnO 0.0001 4.17E-06 3.07
71O, 2.84E-05 7.98E-07 293
Total 0.8353 N/A N/A

(a) Only the components marked as reportable for IHLW in Table 2.2 are included in this table.
(b) The total is significantly below 1, indicating many components not listed in Table 2.2 have mass fractions
significant above the reporting cut-off of 0.005 (0.5 wt%).
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6.2 Compliance Results for IHLW WAPS Specification 1.2.2:
Radionuclide Inventory During Production

Section 6.2.1 presents the results of investigations described in Section 4.2.3 to assess the effects of
several factors (e.g., magnitudes of mixing/sampling and analytical uncertainties as well as the numbers
of samples, analyses per sample, and volume determinations per MFPV batch) on the radionuclide
composition of IHLW from a single MFPV batch. These results provide a basis for (1) assessing the
sensitivity of single-MFPV-batch radionuclide composition estimates to the range of possible
uncertainties, and (2) the WTP Project to decide on the numbers of samples, chemical analyses per
sample, and volume determinations per MFPV batch.

Section 6.2.2 illustrates, using realistic example data, the methodology presented in Section 4.2.4 for
calculating means and SDs of IHLW radionuclide inventories over MFPV batches corresponding to a
given waste type.

Section 6.2.3 illustrates, using realistic data, the methodology presented in Section 4.2.5 for
quantifying the variation and uncertainty present in determinations of radionuclide inventories over an
HLW waste type for radionuclides analyzed in samples of the first MFPV batch only.

6.2.1 Results of Investigations to Assess the Effects of Process Uncertainties,
Number of Samples, and Number of Analyses per Sample on Uncertainties
in IHLW Radionuclide Composition from an MFPV Batch

This section uses the methodology described in Section 4.2.3 to assess the number of samples and
analyses per sample of an MFPV batch necessary to estimate the [HLW radionuclide composition with a
given precision (i.e., within a specified percentage of the true value) and confidence. As noted at the start
of Section 4.2.3, mass fractions of IHLW radionuclide components (oxides) may be of limited interest
directly, but they play a key role in the equations developed to calculate IHLW radionuclide inventories
(see Section A.2 of Appendix A). Hence, it is important to assess the numbers of [HLW MFPV samples
and radiochemical analyses per sample required to adequately estimate IHLW radionuclide compositions.

The methodology is the same as was used for [HLW chemical composition, as described in Section

4.1.3 and illustrated in Section 6.1.1. That is, Eq. (4.1.1) was used to calculate values of
%RHW 0, (ngFPV) for various combinations of 3V, nMFPV 9% RSD (ngFPV) , %RSD (ngFPV),
and the selected statistical confidence level (CL%) for each reportable radionuclide component j. As

discussed in Section 6.1.1, values of %RSDg (cyFPV) and %RSD 4 (c?/’FPV) were used as representative

replacements for values of %RSDg (ngF r V) and %RSD 4 (gjw r V) .

Values of %RHW ¢y, ( gj!/[F Py were calculated for each reportable IHLW radionuclide component j
for each of the combinations of variables listed in Table 3.2. The low (L) and high (H) values of
%RSDg (chFPV) and %RSD 4 (chFPV) shown in Table 3.2 are listed in Tables C.2 and C.4 of
Appendix C for three HLW tanks (AY-102, AZ-102, and C-104). The results of these calculations are
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summarized in Table 6.5. Because %RSDg (cj!’[F PV and %RSD 4 (cjw Py were treated as values of

%RSDg ( ngF P V) and %RSD ,( ngF P V) for the calculations, the latter notation is used in column

headings of Table 6.5 (as well as Table 6.6 and 6.7, and G.16 to G.29 subsequently discussed).

Table 6.5 shows the numbers of samples and analyses per sample from an MFPV batch that resulted

in the minimal number of total analyses (13" x n4F*"") yielding %RHW = %RHW ¢, ( g_?/[FPV)

values in specified ranges for each of the combinations of variables considered. The results in Table 6.5

apply to any IHLW radionuclide component having values of %RSDg (ngF r V) and %RSD 4 (gﬁ/[F r V)

shown. To illustrate using Table 6.5, suppose the /™ ITHLW radionuclide component has

%RSDg(g}"™"") =5, %RSD ,(g}""") = 15, and is to be estimated with %RHW < 10 and CL% = 90%

confidence. Then, Table 6.5 shows that 9 samples would need to be taken from each MFPV batch with 1

analysis each. However, if only %RHW < 15 is desired with CL% = 90% for %RSDg (g jVF P V) =5 and

%RSD ,( g_yFPV) =15, then 6 samples per MFPV batch with 1 analysis per sample is sufficient.

To illustrate the use of Table 6.5 for radionuclides with larger analytical uncertainties, consider

%RSDg ( g?’[F r V) =5and %RSD , (ngF r V) = 50. Estimating radionuclides having these uncertainties

with %RHW <20 and 90% confidence would require 19 samples per MFPV batch. However, estimating
radionuclides having these uncertainties with %RHW < 50 would only require 5 samples per MFPV
batch. As in Section 6.1.1 for chemical composition components, in no case for radionuclide components
was more than 1 analysis per sample recommended. The reason for this is the same as discussed in
Section 6.1.1.

Tables similar to Table 6.5 were produced for each reportable IHLW radionuclide using its specific
sampling and analytical uncertainties provided in Tables C.2 and C.4. These results can be found in
Tables G.15 to G.28 in Appendix G. Only 14 tables in Appendix G were needed to summarize the results
for the 20 reportable IHLW radionuclide components because components with the same uncertainties
required only one table. For example, Table G.19 is for radionuclide components “’CoO and ***Pu0,
because they each are expected to have the same uncertainties.

Table 6.6 and 6.7 display a summary of the results from Tables G.15 to G.28. Each table displays the
number of samples per MFPV batch necessary to achieve a %oRHW = %RHW o, (ngFPV) below a

specified amount (e.g., 10%), given combinations of low or high estimates of the MFPV sampling and

analytical uncertainties [ % RSDg (g}""""") and %RSD (g} )] for IHLW radionuclide j. Table 6.6

presents results for a confidence level of 90% while Table 6.7 presents results for a confidence level of
95%.

As an illustration of the use of Table 6.6 and Table 6.7, suppose it is desired to estimate the mass
fraction of *’Cs,0 within 15% relative (i.e., %oRHW < 15%) having 90% confidence. Then, Table 6.6
shows that for high sampling and analytical uncertainties (5 and 10 %RSD, respectively, according to
Tables C.2 and C.4), 4 samples per MFPV batch would need to be taken (with 1 analysis per sample).
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Table 6.5. Numbers of IHLW MFPV Samples and Analyses Per Sample® to Satisfy Certain
%RHWSs on IHLW Radionuclide Component Mass Fractions Given Mixing/Sampling
and Analytical Uncertainties Representative of Those Expected in IHLW MFPV Data

o~ fA o Percent Relative Half-width (% RHW)
E E % on the Mass Fraction of an IHLW Radionuclide Component
| &=
S|l | & <10% <15% <20% <50%
el el &)
§ § X, gIFPV n /I‘I‘IFPV ngIFPV n %FPV n gIFPV n /I‘I‘IFPV ngIFPV n %FPV
5 90 3 1 3 1 3 1 1 1
95 4 1 3 1 3 1 2 1
10 90 5 1 4 1 3 1 2 1
95 7 1 5 1 4 1 3 1
15 90 9 1 5 1 4 1 3 1
95 12 1 7 1 5 1 3 1
20 90 13 1 7 1 5 1 3 1
95 18 1 10 1 7 1 3 1
1 25 90 19 1 10 1 7 1 3 1
95 27 1 14 1 9 1 4 1
30 90 27 1 13 1 9 1 4 1
95 -© - 18 1 12 1 4 1
20 90 - - 22 1 13 1 4 1
95 - - 30 1 18 1 5 1
90 - - - - 19 1 5 1
30 55 - - - - 27 1 7 1
90 - - - - 27 1 6 1
60 155 - - - - - - 9 1
5 90 4 1 3 1 3 1 1 1
95 5 1 4 1 3 1 3 1
10 90 6 1 4 1 3 1 2 1
95 8 1 5 1 4 1 3 1
15 90 9 1 6 1 4 1 3 1
95 13 1 7 1 5 1 3 1
20 90 14 1 8 1 5 1 3 1
95 19 1 10 1 7 1 4 1
5 25 90 20 1 10 1 7 1 3 1
95 28 1 14 1 9 1 4 1
30 90 27 1 14 1 9 1 4 1
95 - - 19 1 12 1 4 1
40 90 - - 22 1 13 1 4 1
95 - - - - 19 1 6 1
50 90 - - - - 19 1 5 1
95 - - - - 27 1 7 1
60 90 - - - - 27 1 6 1
95 - - - - - - 9 1

(a) This table lists the minimum total number of analyses (ng”FP Y« anP V') necessary to satisfy the % RHW

category.
(b) Depending on the radionuclide component, low analytical uncertainties were 5, 10, 15, 20, 25, 30, and 50 and
high uncertainties were twice these values. Not shown in the table are results for analytical %RSD = 100.

(c) A dash () indicates that over 30 total analyses ( g/fFP Y« n%FP V) would be necessary to satisfy the %RHW

category.
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Table 6.6. Numbers of IHLW MFPYV Samples (with One Analysis per Sample) to Satisfy Certain
%RHWs with 90% Confidence for Reportable IHLW Radionuclides Given Low and
High Estimates of Mixing/Sampling and Analytical Uncertainties for Each of Three

HLW Tanks
‘o life 3 2 | =
MERER 2 |3
= ) S = = o 2" Hd e e
SR 7% z| |z Ak
2 Q181815 ||z |50s |z |els |2 = ElE
S SIS 2B Bl %5 % 5 %% a8 |ela]E| s
T S S8l |l oo |lm|lAalz|lA|la|=m|Bb|lB|B]2]=
10| 19 | ) 9]3[9]5 5 9 5 [
L 15 | 10 10 | 3 5 4 4 5 4
20 7 7 3 4 3 3 4 3
L 50 3 3 1 3 2 2 3 2
10 | .© -5 27113 13 27 ] 13
g L5 - -4 f13] 7 7 130 7
20 | 19 19| 3 9 5 5 9 5
S 50 | 5 51243 3 4| 3
3;‘ 10 | 20 204976 6 91 6
L 15 | 10 10 | 3 6 4 4 6 4
20 3 4 3 3 4 3
H 50 3 3 1 3 2 2 3 2
10 - - 6 | 27| 14 14 27 | 14
H 15 - - 4 14 | 8 8 14 | 8
20 | 19 939715 5 9 [ 5
50 5 5 2 4 3 3 4 3
10 3 27 19| 3 9 5 5 19| 5 5 - 13 3 13 3
L 15 3 13 10 | 3 5 4 4 10 | 4 4 - 7 3 7 3
20 3 9 3 4 3 3 7 3 3 19| 5 3 5 3
L 50 1 4 3 1 3 2 2 3 2 2 5 3 1 3 1
10 5 - - 5127|1313 - 13 | 13 - - 5 - 5
g L5 4 - a7l 7 -177)|-|2]4]22]4
20 | 3 27 1193 (9|5 |5 |19|5|5]|-]13[313]3
§ 50 2 6 5 2 4 3 3 5 3 3 13| 4 2 4 2
g 10 4 27 20 | 4 9 6 6 |20 | 6 6 - 14| 4 14 | 4
L 15 3 14 10 | 3 6 4 4 10 | 4 4 - 3 8 3
20 | 3 9 3143317331953 ]5]3
H 50 | 1 4 [ 3]t (3223|2253 ]1|3]1
10| 6 - -l e 271414l - |wal1a|-]-]6]-16
g 15 4 - -l afal g8 -|8|8]|-]2]4]22]4
20 3 27 19| 3 9 5 5 19| 5 5 - 13| 3 13 3
50 2 6 5 2 4 3 3 5 3 3 13| 4 2 4 2
(a) Only %RHW < 10, 15, 20, and 50 results are shown because of few acceptable results (i.e., ng™"" < 10)
for %RHW < 5.

(b) Maximum values of ng""" are given for reportable components with wt% > 0.001 and 0.1.

(¢) A dash (-) indicates that over 30 samples per MFPV batch would be necessary to satisfy the % RHW
category.

(d) Empty cells indicate that no data were recorded for that particular analyte and HLW tank.

(e) No radionuclide nominal wt% was greater than 0.1 for AY-102.
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Table 6.6. Numbers of IHLW MFPV Samples (with One Analysis per Sample) to Satisfy Certain
%RHWs with 90% Confidence for Reportable IHLW Radionuclides Given Low and
High Estimates of Mixing/Sampling and Analytical Uncertainties for Each of Three

HLW Tanks (cont.)
~| e~ 8 =
L8 |8 ; A =\
218182 % %% | |5 L L 5%l s |alz|als |25
TN | X X< | 0| 0 |CO|O|R|R|Z|&|la|r|Rr|Rr|=|=2]|=
1019 -2 [19]3]09]5 |19 ][13]5]-]13]3]13]3
plsfof - B w3 [5[4]wfw]7][4]-[7[3]7][3
20 27 9 |73 |43 7153195353
0] 3 6] 4 |3 |1 32333253 1]3]1
L w] - |- - | -[s5]27|B|-[-[-[B]-]-[5[-15
15 - | - - -4 BT -] - 22| 7] - |22]4]22]4
Mo 10 - [ 27 [0 3]9]5 w0 B]5]-[53]3]5]3
2 50| 5 [25] 6 | 5| 2435 |5 |a|3|13|al2]4a]2
o 10020] - | 27 (20 496|202 146 - 14| 4]14]34
plsfo - T wl[3[ef4fwofwo]s|4]-[s[3]8]3
20 27| 9 3|43 513195353
. 0] 3 6] 4 |3 | 13233 ]3]253 1131
0] - |- - [ -6 ]27|1a|-[-[-Jw@&]-]-]6-16
H 15| - - - | 4114 8 - -2 8| - |22 4]22] 4
2019 -] 27 w3955 -[3]B]3
50| 5 [25] 6 | 5|2 435 |5 ]|a|3|13[al2]4]2

(a) Only %RHW < 10, 15, 20, and 50 results are shown because of few acceptable results (i.e., ng"™"" < 10)
for %RHW <5.

(b) Maximum values of ng""" are given for reportable components with wt% > 0.001 and 0.1.

(c) A dash (-) indicates that over 30 samples per MFPV batch would be necessary to satisfy the % RHW
category.

(d) Empty cells indicate that no data were recorded for that particular analyte and HLW tank.
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Table 6.7. Numbers of IHLW MFPV Samples (with One Analysis per Sample) to Satisfy Certain

(a)

(b)
(©
(d)
(©)

%RHWs with 95% Confidence for Reportable IHLW Radionuclides Given Low and
High Estimates of Mixing/Sampling and Analytical Uncertainties for Each of Three

HLW Tanks
- E\ E'\ Eh ;1 % %
s | | &) E | 2 P o |
AR Tl z |z aE
28l |8 s |5z lels |on = 21
- % % 2 E|E|E (% (%% % % S8 18 |E |8 |E 5| 8
T S| S| S|l o oo lmalalzlelalBlR|lRrlIR|=Z]=
10 | 27 | @) 27 4 |12 7 7 2] 7 |
L5 ] 4 43|75 5 715
20| 9 9| 3|54 4 5 4
50 | 4 41233 3 3|3
L 10 | -© 7] -118 18 B BT
15| - |5 18] 10 10 18 | 10
H T2 27 4 127 7 2] 7
S 50 | 7 713 ] 4]3 3 4|3
i 10 | 28 28] 5 |13] 8 8 13 8
L1514 4| 475 5 71 5
20| 9 9| 3|54 4 5 4
50 | 4 333 3 3| 3
H 10 | - - 8 - | 19 19 - | 19
15| - 5 [19]10 10 19| 10
H 20 | 27 27 | 4 12 | 7 7 120 7
50 | 7 71344 4 4| 4
10| 4 (2742|7727 77 -118[4]18]4
15| 3 18 143|755 14|55 -]1w0]3]10]3
L 03 12 o |3 5|44 o 44277373
50 | 2 4 21333143317 321]3]:2
L 0] 7 o7 -8 - w18 --]71-17
o LI5S -5 [18[o]10]-Jt0]10]-130]5]30]5s
20 | 4 41277 2777 - 118] 4184
S 50 | 3 9 | 713433 7133|185 ]3][5]3
5; 10] s w5 B8 2888 -Two[s5]19]s
ECE 9 14|47 5514515 -lw04]10]4
20 | 3 2 |9 |3 |5 |44 o |4427[7 373
50 | 3 4 313334337 3| 4| 3
H 10 8 s -Jo[1o -1 -]-]8]-]Ss
15] 5 - [5(wofwolw0]-Jwolw0]-]-[51-15
TR a2l 77 2777 -119] 4]19]4
50 | 3 9 | 713 | 4447441863 ]6]3

Only %RHW < 10, 15, 20, and 50 results are shown because of few acceptable results (i.e., ngd™r" < 10) for
%RHW < 5.

Maximum values of ng"*" are given for reportable components with wt% > 0.1 and 0.001.

A dash (-) indicates that over 30 samples per MFPV batch would be necessary to satisfy the %RHW category.
Empty cells indicate that no data were recorded for that particular analyte and HLW tank.

No radionuclide nominal wt% values were greater than 0.1 for AY-102.
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Table 6.7. Numbers of IHLW MFPV Samples (with One Analysis per Sample) to Satisfy Certain
%RHWs with 95% Confidence for Reportable IHLW Radionuclides Given Low and High
Estimates of Mixing/Sampling and Analytical Uncertainties for Each of Three HLW
Tanks (cont.)

3 F|a

e < :, 3
TEENER s = IR
2188 &2|% 8% (2|5 | % |RlS|alalz|als |25
TN | X X< | 0|0 |[O|O|R|R|Z|&|la|r|Rr|Rr|=|=]|=
1027 ] - | - |27 4 12| 7 |27 27 187 |- 18] 4a]18]4
clse oS a3 [ 7[5 flufio]5 ][ -[w[3]i0]3

09 - 1293 a9 o7 4277373

50| 4 |9 4 | 4|23 3|4 |4|3]|3[7]|3]2]3]2

L 10 | -© | - - A BT BTN
s - s s [0 3010 - [30]5 305
2027 | - | - |27 427 (27278 7] -[18|4]18] 4

2 0] 7 25| 9 |73 [4 37753 |1B8[s5][3]5]3
) 1028 -] - [28]5 138 2828|198 |- 195 ][19]5
L 15| 14 | - 19 |14 | 4 S5|14j14(10|5]|-]10|4]10] 4

209 - |12 93 oo |7 4a]27| 73|73

. 0] 4|9 4 3 ]33 44|37 [al3]4]3
w0 - | -] - [ -8 -0 -[-]-[1©]-[-18]-]3

SN I N N A L N A A I A

20 | 27 | - - 27 1 4 |12 7 |27 (27|19 7 - |19 4|19 4

0] 7 25| 9 |73 4477 6]4]|18]6|3]6]3

(a) Only %RHW < 10, 15, 20, and 50 results are shown because of few acceptable results (i.e., ng"™"" < 10)
for %RHW <5.

(b) Maximum values of ng""" are given for reportable components with wt% > 0.1 and 0.001.

(c) A dash (-) indicates that over 30 samples per MFPV batch would be necessary to satisfy the % RHW
category.

(d) Empty cells indicate that no data were recorded for that particular analyte and HLW tank.

For 95% confidence, 4 samples are also sufficient per Table 6.7. These outcomes are consistent for
7Cs,0 across all three of the HLW tanks considered in the calculations (AY-102, AZ-102, and C-104).
However they will not be consistent across all three tanks for radionuclide components with tank-
dependent analytical uncertainties.

The second-to-last column in each of Table 6.6 and Table 6.7 lists the maximum values of ny"""

across the reportable radionuclides with nominal mass fractions greater than 0.00001 (0.001 wt%). In
addition to **U;05 for AZ-102 and C-104, this list of reportable radionuclides with mass fraction >
0.00001 includes **' Am,05 (AZ-102), *'NpO, (AZ-102), **’Pu0,, *’SrO (AY-102 and AZ-102), Z*U;0s
(C-104), and *°U;05 (AZ-102 and C-104). With 95% confidence (Table 6.7), at most 7 samples are
necessary to obtain RHWSs of 20% or less when assuming “low” mixing/sampling and analytical
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uncertainties. When “high” mixing/sampling and analytical uncertainties are assumed, then at most 6
samples would be necessary to obtain RHWs of 50% or less.

The last column in each of Table 6.6 and Table 6.7 lists the maximum values of nj""" across the

reportable radionuclides with nominal mass fractions greater than 0.001 (0.1 wt%). The only reportable
radionuclide with mass fraction > 0.001 was >**U;05 for AZ-102 and C-104. Results from AY-102 were
not reported in this column because no radionuclides contained compositions larger than 0.1 wt%. With
95% confidence (Table 6.7), for AZ-102 and C-104 at the most 8 samples are necessary to obtain RHWs
of 10% or less when “high” mixing/sampling and analytical uncertainties are assumed.

6.2.2 lllustration of Calculating Means and Standard Deviations of IHLW
Radionuclide Compositions and Inventories over an HLW Waste Type for
Radionuclides Analyzed in Every MFPV Batch

This section uses realistic data to illustrate the equations presented in Section 4.2.4 for calculating
means and SDs of IHLW radionuclide inventories per IHLW canister (Ci/canister) over an HLW waste
type. Equations were presented in Section 4.2.4.1 for the case of balanced data (equal numbers of
samples per MFPV batch and equal numbers of analyses for each MFPV batch), and in Section 4.2.4.2 for
the case of unbalanced data (unequal numbers of samples per MFPV batch and/or unequal numbers of
analyses for each MFPV batch). These equations are applicable for the radionuclides listed in Table 2.1
that will be analyzed in every IHLW MFPV batch.

The equations for calculating the means and SDs of radionuclide inventories per IHLW canister have
embedded in them equations for calculating the means and SDs of IHLW radionuclide compositions
(mass fractions of radionuclide oxide components) per IHLW canister. These equations are the same as
presented in Section 4.1.4 and illustrated in Section 6.1.2.

A realistic balanced dataset to illustrate the use of Egs. (4.1.2), (4.1.3), and (4.14) for the means, SDs,
and %RSDs of IHLW radionuclide compositions (mass fractions) and Eqs. (4.2.1) and (4.2.2) for the
means and SDs of radionuclide inventories per IHLW canister was obtained as previously described in
Section 6.1.2. Specifically, results from G2 simulation Run 3.1vv (Deng 2004; Vora 2004) performed by
the WTP Project for HLW Tank AY-102/C-106 were obtained (Vienna 2004a) and augmented with
randomly generated MFPV mixing/sampling and analytical uncertainties. For each of the 18 MFPV
batches selected, radionuclide concentrations for 8 samples with one analysis per sample were generated
for each of the 18 MFPV batches. The average radionuclide concentrations (across the 8 samples) for
each of the 18 MFPV batches are listed in Table 1.4 in Section [.2 of Appendix [. Table 1.5 in Section 1.2
of Appendix I lists the mean IHLW radionuclide compositions (oxide mass fractions) for each of the 18
MFPYV batches. The radionuclide concentrations and mass-fraction compositions in Tables 1.4 and 1.5
correspond to the same 18 batches for which chemical composition concentrations and mass fractions are
listed in Tables I.1 and [.3. Simulated masses of glass in the 75 IHLW canisters calculated to be produced
from the 18 MFPV batches"® are shown in Table 1.6 in Section I.2 of Appendix I. The values in Table 1.6
were produced by adding randomly generated disturbances (based on available data for six IHLW
canisters, Andre 2004) to the average mass of glass (assumed to be 3.089 x 10° g) in an IHLW canister.

(a) The average number of canisters produced per MFPV batch was calculated by the WTP Project and provided in
an Excel spreadsheet “HLW can count for waste type.xls” (January 19, 2005).
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Table 6.8 contains the illustrative results of applying the previously mentioned equations for
calculating the means, SDs, and %RSDs of IHLW radionuclide compositions and inventories per IHLW
canister over the 18 MFPV batches corresponding to one AY-102/C-106 waste type. Only those
radionuclides analyzed in every MFPV batch of an HLW waste type are listed in Table 6.8. Note that the

Table 6.8. Example Results from Applying Equations for Calculating Means, SDs, and %RSDs of
IHLW Radionuclide Oxide Compositions and Radionuclide Inventories per IHLW
Canister. Results were obtained using data from 18 simulated IHLW MFPYV batches
corresponding to a blend of wastes from Tanks AY-102/C-106.

gi(ii(;(;nucllde Radionuclide Oxide Compositions Rap:;o;;llgiseé:x::sr:z?al)es

Component |Mean (MF)®| SD (MF) %RSD | Radionuclide| Mean (Ci) | SD (Ci) %RSD
SNiO 1.2791E-06 | 4.7123E-08 3.68 SNi 0.2487 1.0488E-02 |  4.22
9Co0 3.2993E-13 | 9.7566E-15 2.96 9Co 8.8505E-04 | 3.1869E-05|  3.60
NiO 1.5313E-07 | 5.2961E-09 3.46 5Nj 21.4876 0.8648 4.02
“Sr0 2.3698E-05 | 8.7519E-07 3.69 PS¢ 8701.6447 | 367.7163 423
%710, 1.1380E-06 | 2.6055E-08 2.29 % 7r 6.5382E-03 | 2.0115E-04| 3.08
%Nb,Os 1.2045E-11 | 3.3003E-13 2.74 Nb 6.2438E-03 | 2.1384E-04 | 3.42
P TcO, 4.5367E-07 | 1.3394E-08 2.95 PTc 1.8004E-02 | 6.4758E-04 | 3.60
1238b,05 1.0795E-12 | 3.9881E-14 3.69 123gh 2.5262E-03 | 1.0678E-04 | 4.23
1265n0, 2.9415E-08 | 9.9942E-10 3.40 1265n 2.0289E-03 | 8.0555E-05| 3.97
5Cs,0 N/A© N/A N/A 5Cs N/A N/A N/A
B7Cs,0 5.8217E-06 | 2.6806E-06 46.04 |"Cs 1.4782E03 | 6.8117E02 | 46.10
BISm,0;4 6.2723E-08 | 1.8118E-09 2.89 B5lSm 43467 0.1541 3.54
2Eu,0, 1.8977E-10 | 5.7908E-12 3.05 2By 9.1129E-02 | 3.3523E-03 3.68
Eu,0, 1.0448E-08 | 3.0469E-10 2.92 S4By 7.2600 0.2590 3.57
SEu,054 3.0154E-09 | 7.5907E-11 2.52 SEu 3.9522 0.1284 3.25
U504 3.9687E-10 | 1.4691E-11 3.70 3y 1.0051E-05 |4.2550E-07 | 4.23
240,04 1.4851E-07 | 4.6573E-09 3.14 By 2.4056E-03 |9.0187E-05| 3.75
;04 9.0407E-06 | 2.9071E-07 3.22 U 5.1998E-05 | 1.9841E-06 | 3.82
20,04 9.0174E-07 | 2.5375E-08 2.81 =y 1.5333E-04 | 5.3426E-06 | 3.48
“"Np,0s 43517E-06 | 1.4446E-07 3.32 “"Np 8.1660E-03 | 3.1879E-04 | 3.90
280,04 2.0873E-03 | 6.5970E-05 3.16 =8y 1.8589E-03 | 7.0074E-05 3.77
8pu0, 2.1864E-08 | 7.1857E-10 3.29 =8py 1.0121 3.9226E-02 3.88
Pu0, 1.6635E-05 | 5.1898E-07 3.12 29py 2.8097 0.1050 3.74
*py0, 8.3064E-08 | 2.7043E-08 3.26 #0py 0.5207 | 2.0046E-02 | 3.85
pyo, 2.4705E-08 | 7.8621E-10 3.18 #lpy 6.7368 | 2.5519E-01 3.79
1 Am, 0, 1.5889E-06 | 5.5226E-08 3.47 *TAm 15.1760 0.6127 4.04
*2py0, 8.2473E-09 | 2.5698E-10 3.12 #2py 8.7752E-05 | 3.2751E-06 | 3.73
2Cm,0; 2.8795E-12 | 8.2671E-14 2.87 *2Cm 0.0267 |9.4278E-04| 3.53
¥ Am,0, 1.9685E-09 | 6.0356E-11 3.07 $Am 1.1068E-03 |4.0851E-05| 3.69
Cm,0, 2.0747E-10 | 6.7853E-12 3.27 #Cm 4.7263E-02 | 1.8254E-03 | 3.86

(a) MF = mass fraction

(b) The radionuclide inventories per IHLW canister are calculated for the present time based on the G2 output. It
was beyond the scope of the Statistical Analysis task to index the inventories to 2015 or 3115 as required by
WAPS 1.2.

(c) N/A =not available
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%RSD values for radionuclide inventories per IHLW canister are somewhat larger than the corresponding
%RSD values for radionuclide component mass fractions, because the former is affected by variation in
mass of glass in IHLW canisters as well as by the variation in radionuclide composition.

Equations (4.1.2) to (4.1.4) were employed to calculate the radionuclide composition (mass fractions)
results in Table 6.8. As an example, consider the case of '’Cs,0. Substituting the appropriate quantities
that were used to obtain the averages shown in Table 1.4 into Eq. (4.1.2), the mean (mass-weighted
average) mass fraction of *’Cs,0 over the 18 MFPV batches corresponding to an HLW waste type is
obtained by

{1(0.0224 g/L+0.0236+---)-(1-25718.3 L)- 1.0584+%(0.0218 g/L+0.0215+---)-(1-24888.5 L)- 1.0584+--1
=MFPV

137C320 = 1 1
g(121.56 g/L+111.99 +---)-(1-25718.3 L)-1.8889+---g(653.3 g/L+626.8+---)-(1-24846.51L)-2.1429 +---

=5.8217x107° gcy,0/Eglass

Similarly, substituting the appropriate quantities from Table 1.5 into Eq. (4.1.3), the standard deviation of
17Cs,0 mass fractions over the 18 MFPV batches corresponding to an HLW waste type is given by

SD(gngV )z\/[(8.7017E —06)—(5.8217E - 06)]2 +---+[(2.4040E — 06) — (5.8217E — 06)]2
Csp0 17

=2.6806 10" g¢)0/8 glass

Finally, the variation plus uncertainty in mass fractions of *’Cs,O over the 18 MFPV batches
corresponding to an HLW waste type can be expressed as a %RSD using Eq. (4.1.4)

AN 2
GRSD(EMIT =100\ — €207 |_jqq) 20800XI0° 1460
€20 g 5.8217x10°

137C520

The rest of the radionuclide composition (mass fractions) means, SDs, and %RSDs in Table 6.8 were
calculated in a similar manner.

As an example of the application of Eq. (4.2.1), the available data in Tables 1.5 and 1.6 produce the

following result for the mean inventory per IHLW canister of '*’Cs across 75 IHLW canisters from 18
IHLW MFPYV batches corresponding to an AY-102/C-106 waste type:
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—{\;IfPV mlg'amsz‘erAl?’7
R o Canister _ Csp0 Cs
137 -
D, "' Cs
S 137000

g137 ;
5.82176-06 — 2% | (3.07E06 gglass)(87 c J

& glass g137Cs 13
- =1468.89 Ci "*7Cs/canister

g137
1.0584 20

81374

As an example of the application of Eq. (4.2.2), the available data in Tables 1.5 and 1.6 produce the
following result for the SD of inventory per IHLW canister of "*’Cs across 75 IHLW canisters from 18
IHLW MFPYV batches corresponding to an AY-102/C-106 waste type:

anister 2 —Canister 2 - 2 A
ez, Plsongemnn |+ g Flsotity |
SDR 35 =| e
e 137 Canister\|*|amyy=MFPV | [2
cs20 ) |~ [spom§eren) P lsp@ry )
2
. 13 Cs (0] &13
g Ci 5.8217E 06— 20 || [70936.57 g gpee |2 +[3.07E06 g |2 2.6806E 06—~ <20
gglass
_ 8137,
g13 2
10584 €20 5 8137¢,0
gi31e, ) |~ (7093657 g ] 26806E ~06— =2
glass

=677.02 Ci *"Cs/canister

Finally, the variation plus uncertainty in *’Cs inventory per IHLW canister across 75 IHLW canisters

from 18 MFPV batches corresponding to an AY-102/C-106 waste type can be expressed as a %RSD
using Eq. (4.1.4)

SD(R Camster)
%RSD(RSL;mster) 100 # _ O( 677.02 j —46.09 .
DC%U;W 1468.89
2/Cs

The rest of the radionuclide inventory per IHLW canister means, SDs, and %RSDs in Table 6.8 were
obtained in a similar manner.
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6.2.3 lllustration of the Statistical Method for Calculating IHLW Radionuclide
Inventories and Their Standard Deviations over an HLW Waste Type, Using
Information from a Single MFPV Batch

This subsection is a placeholder for an illustration, using realistic data, of the statistical method
described in Section 4.2.5. That methodology, which has not yet been developed, will address reporting
IHLW radionuclide inventories and their SDs over an HLW waste type for those radionuclides that are
analyzed in only the first MFPV batch of an HLW waste type.

6.3 Compliance Results for IHLW WAPS Specification 1.3: Product
Consistency

Section 6.3.1 illustrates, using a realistic example, the statistical methods presented in Section 4.3.3
for demonstrating that IHLW from a single MFPV batch satisfies PCT limits.

Section 6.3.2 presents the results from the investigation described in Section 4.3.4 for assessing the
effects of (1) MFPV mixing/sampling and analytical uncertainties and (2) the numbers of samples per
MFPYV batch and analyses per MFPV sample on the ability to demonstrate PCT compliance for [HLW
from a single MFPV batch. These results provide a basis for (1) assessing the sensitivity of single-
MFPV-batch PCT estimates to the ranges of possible process uncertainties, and (2) the WTP Project to
decide on the number of samples per MFPV batch and the number of chemical analyses per MFPV
sample necessary to demonstrate PCT compliance for IHLW from a single MFPV batch.

Section 6.3.3 illustrates, using a realistic example, the statistical methods presented in Section 4.3.5
for demonstrating that IHLW over an HLW waste type satisfies PCT limits.

Section 6.3.4 presents the results from the investigation described in Section 4.3.6 for assessing the
effects of (1) the variations and uncertainties in PCT responses over an HLW waste type, and (2) the
numbers of samples per MFPV batch and analyses per MFPV sample on the ability to demonstrate PCT
compliance for IHLW over an HLW waste type. These results provide a basis for (1) assessing the
sensitivity of PCT estimates to the ranges of possible variations and uncertainties over an HLW waste
type and (2) the WTP Project to decide on the number of samples per MFPV batch and the number of
chemical analyses per MFPV sample necessary to demonstrate PCT compliance for IHLW over an HLW
waste type.

6.3.1 lllustration of Methods for Demonstrating PCT Compliance for IHLW from
Each MFPV Batch

This section uses realistic simulated data to illustrate the use of Eqs. (4.3.4) to (4.3.7) presented in
Section 4.3.3 for calculating CL% UCCIs to demonstrate that IHLW corresponding to a single MFPV
batch meets PCT limits. For this illustration, it is assumed that an IHLW MFPV batch with HLW from
AY-102 is sampled 8 times with each sample analyzed once. Tables I.7 and 1.8 in Section 1.3 of
Appendix I list the simulated IHLW elemental (Table 1.7) and radionuclide (Table 1.8) concentrations
corresponding to the single analyses of 8 samples selected from an MFPV batch. Table 6.9 lists the
normalized mass fraction compositions for the 8 MFPV samples calculated using Eq. (4.3.3).
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Table 6.9. Normalized IHLW Compositions, Model-Predicted PCT Results, and Model
Uncertainties for Eight Simulated Samples with One Analysis Each from an IHLW
MFPV Batch Corresponding to HLW Tank AY-102

Normalized Mass Fraction

Normalized Composition for IHLW MFPV Sample
Oxide 1 2 3 4 5 6 7 8 Mean SD
ALOs 0.0501 | 0.0538 | 0.0532 | 0.0721 | 0.0691 | 0.0730 | 0.0609 | 0.0736 | 0.0632
B,03 0.0954 | 0.1162 | 0.1092 | 0.1046 | 0.1234 | 0.1636 | 0.1708 | 0.1278 | 0.1264
Li,O 0.0288 | 0.0269 | 0.0299 | 0.0314 | 0.0347 | 0.0308 | 0.0218 | 0.0333 | 0.0297
MnO 0.0351 | 0.0294 | 0.0397 | 0.0377 | 0.0391 | 0.0403 | 0.0427 | 0.0541 | 0.0398
Na,O 0.1607 | 0.1325 | 0.1295 | 0.1571 | 0.1344 | 0.1417 | 0.1332 | 0.1704 | 0.1450 | N/A®
Si0, 0.6256 | 0.6360 | 0.6323 | 0.5933 | 0.5957 | 0.5449 | 0.5638 | 0.5324 | 0.5905
ThO, 0 0 0 0 0 0 0 0 0
710, 0.0043 | 0.0052 | 0.0062 | 0.0039 | 0.0036 | 0.0057 | 0.0069 | 0.0083 | 0.0055

Total 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000
Model-Predicted PCT Normalized Releases [In(g/L)]
- PCT B
y -0.0454 | -0.4372 | -0.4006 | -0.1937 | -0.2461 | 0.1282 | 0.0006 | 0.3856 |-0.1011| 0.2765
prert 100967 | -0.3550 | 0.3265 | -0.2281 | -0.2557 | 0.0768 | -0.1670 | 0.0962 | -0.1762 | 0.1484
plera -0.1048 | -0.6012 | -0.5415 | -0.2529 | -0.4167 | -0.2036 | -0.3894 | 0.2339 |-0.2845| 0.2682
Model Uncertainties of Predicted PCT Normalized Releases for the Mean Composition [In(g/L)]
SD,, (5772 (3)] 0.0785

A PCT Li /=
SDy [y Y(%)] 0.0615

(b)

~ PCT Na (=
SD [y “(x)] 0.0533
95% UCCIs on PCT Normalized Releases
PCT Normalized B CHWyso; ucr | MHWyso, sucr | 95% UCCL | 95% UCCI Limit
Elemental Release [In(/L)] [In(e/L)] [In(e/L)] [In(g/L)] [g/L] [g/L]
PCTB -0.1011 0.1852 0.2930 0.3771 1.4581 16.695
PCT Li -0.1762 0.0994 0.2294 0.1526 1.1648 9.565
PCT Na -0.2845 0.1796 0.1988 0.0939 1.0985 13.346

(a) These SDs are not relevant to the illustration of 95% UCCI calculations.
(b) This portion of the table is intended to be blank.

Substituting the normalized IHLW compositions from Table 6.9 and the PCT model coefficients from
Table 4.1 into Eq. (4.3.2a) yields the predicted PCT results shown in Table 6.9. Also shown in Table 6.9
are the SDs of model predictions calculated using the \/ (?ciMF P g ,ﬁ’ ?c,-MF PV portion of Eq. (4.3.7) for

h=PCT B, PCT Li, and PCT Na. Finally, Table 6.9 presents the results of calculations using Egs. (4.3.4)
through (4.3.7) to obtain 95% UCCIs for PCT normalized B, Li, and Na releases. The 95% UCCI values
are seen to be well below the WAPS 1.3 limiting values for each of these releases.
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Detailed illustrations of calculations using Egs. (4.3.4) through (4.3.7) to obtain the 95% UCCI for
In(PCT normalized B release) are now presented. Intermediate results from Table 6.9 are used in some
cases to reduce what would otherwise be very long algebraic equations. Applying Eq. (4.3.5) yields

JMFPV
SZ ("ﬁﬁ bPCTB %FPV J
~pcre A\ i _ (-0.0454) + (-0.4372) + - +(0.3856) _
;o h= ST = - ~0.1011 In(g/L) .

Applying Eq. (4.3.6) yields

MFPV s
~PCTB ~PCTB MFPV
PCT B 121 (y’l R ) /(nS _1) 0.0765
CHW, 950, ucr =10.95,7 i =1.8946 5 —0.1852.
S

I,
Applying Eq. (4.3.7), where n =97 and p = 8, yields

-
MHW/S50 5 o =[P Foos(p.n— p)w(;—c}m’ PNT 3 [CTE P V} J8F( 05 (8,89) [0.0785]=0.2930 .
Finally, combining the above results in Eq. (4.3.4) yields

95% UCCI[In(PCT B)]= 3" ? + CHW /)5 o) + MEW/ 020

=-0.1011+0.1852+0.2930=0.3771 In(g/L)

The value can converted to units of g/L by exponentiating, yielding ¢’*’"' = 1.4581 g/L. The preceding
two values for the 95% UCCI, in units of In(g/L) and g/L, are the ones shown for PCT normalized B
release in Table 6.9.

6.3.2 Results of Investigations to Assess the Effects of Process Uncertainties
and Numbers of MFPV Samples and Analyses on PCT Uncertainties and
Compliance for IHLW from a MFPV Batch

This section uses the methodology described in Section 4.3.4 to assess the numbers of samples per
MFPYV batch and analyses per MFPV sample necessary to demonstrate compliance with PCT limits for
each [HLW MFPV batch. The methodology in Section 4.3.4 uses Egs. (4.3.4), (4.3.5), (4.3.7), and (4.3.8)
to calculate CL% UCCI values for PCT normalized releases of B, Li, and Na for various combinations of
input factor values. If the CL% UCCI values (for PCT B, Li, and Na) for a given combination of factor
values are less than the PCT specification limits, then compliance is demonstrated for that combination.

Values of nMFPV , nﬁ/[FPV the mass fraction compositions of IHLW corresponding to the nMFPV

analyses of ng MEPY MFPV samples, the model coefficients and variance-covariance matrices, and the
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desired statistical confidence level (CL%) are necessary in using Egs. (4.3.4), (4.3.5), (4.3.7), and (4.3.8)
to calculate the CL% UCCI values.

Table 6.10 shows how taking at least 3 samples per IHLW MFPV batch with 1 analysis of each
sample will be sufficient to demonstrate compliance with PCT limits for each IHLW MFPYV batch. The
calculations in Table 6.10 used what are expected to be conservatively large MFPV mixing/sampling and

analytical uncertainty estimates of SDg ( j)il}m) =0.20 and SD ,( j/il}m) =0.50. Table 6.10 shows the
calculated 95% UCCI values for PCT B, Li, and Na for each of the three HLW tanks used for illustrations
in this report. Comparing these values to the PCT limits [in In(g/L)] shows that at least 3 samples per
MFPV batch with 1 analysis per sample should be sufficient to demonstrate compliance with PCT limits

for each MFPV batch.

Table 6.10. IHLW PCT Limits and Resulting 95% UCCI Values for Three HLW Tanks Using

ng™ =3 p¥PV =1, SDg(yk ) =0.20,and SD (¥ ) =0.50
PCT Normalized Release of h =
Quantity Units B Li Na

PCT Limit (untransformed) g/L 16.695 9.565 13.346
Tank PCT Limit (transformed) In(g/L) 2.815 2.258 2.591
=1 In(g/L) 0.179 0.007 -0.030
S | MEW/ssy, suar In(g/L) 0.293 0.229 0.199
2;‘ CHW /50, yer (n§"™V =3) In(g/L) 0.908 0.908 0.908
95% UCCI (y1) © In(g/L) 1.380 1.144 1.077
=1 In(g/L) -0.434 -0.263 -0.199
S | MEW/ssy; sucr In(g/L) 0.399 0.312 0.207
ﬁ CHW /50, ver (n§™V =3) In(g/L) 0.908 0.908 0.908
95% UCCI (y) @ In(g/L) 0.873 0.957 0.916
=1 In(g/L) 0.259 0.159 -0.091
I | MHW/sy, sucr In(g/L) 0.293 0.230 0.199
S CHW /50, ver (n§"V =3) In(g/L) 0.908 0.908 0.908
95% UCCI (y1) @ In(g/L) 1.460 1.297 1.198

(a) 95% UCCI (yih) is calculated using Egs. (4.3.4), (4.3.5), (4.3.7), and (4.3.8).
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Table 6.11 uses a range of process uncertainty values and 95% confidence level to determine the
minimum number of samples per MFPV batch necessary to comply with PCT limits. Two to 10 samples
per MFPV batch were explored, each with one analysis per sample. Values of 0.05, 0.10, and 0.20 were

used for SD¢(p# ) and values of 0.05, 0.20, and 0.50 were used for SD , (3% ). These values were
judged to be representative of what might be seen in the data. Using nominal glass-composition data

from three HLW tanks from Table C.6, the PCT test cases showed there would be at most 3 samples with
1 analysis per sample necessary to demonstrate compliance with PCT limits for each MFPV batch, and in

some cases only 2 samples would be necessary.

Because the WTP Project has not yet produced final estimates of IHLW process uncertainties, it was
necessary in the preceding results to consider conservative values (Table 6.10) and a range of values
(Table 6.11) for process uncertainties. A future update of this report will use final estimates of

SDg(pl ) and SD ,(p} ) uncertainties to determine the final recommended number of MFPV samples

and number of chemical analyses per sample to demonstrate compliance with WAPS 1.3 for each MFPV
batch.

Table 6.11. Minimum Number of Samples per IHLW MFPYV Batch (Assuming One Analysis per
Sample) Necessary to Meet (for Each MFPV Batch from Each of Three HLW Tanks)
with 95% Confidence the IHLW PCT Limits, Given MFPV Mixing/Sampling and
Analytical Standard Deviations

AY-102 AZ-102 C-104
SDs($iim) | SP 4(Fitw) | PCT | PCT | PCT | PCT | PCT | PCT | PCT | PCT | PCT
[In(g/L)] | [In(g/L)] B Li | Na | B Li Na B Li Na
0.05 2 2 2 2 2 2 2 2 2

0.05 0.20 2 2 2 2 2 2 2 2 2

0.50 2 3 2 2 3 2 2 3 2

0.05 2 2 2 2 2 2 2 2 2

0.10 0.20 2 2 2 2 2 2 2 2 2

0.50 2 3 2 2 3 2 3 3 2

0.05 2 2 2 2 2 2 2 2 2

0.20 0.20 2 2 2 2 2 2 2 2 2

0.50 3 3 2 2 3 2 3 3 2

6.3.3 lllustration of the Method for Demonstrating PCT Compliance for IHLW
Corresponding to an HLW Waste Type

This section uses realistic simulated data to illustrate the use of Eqs. (4.3.9) to (4.3.15) presented in
Section 4.3.5 for calculating X%/Y% UTIs to demonstrate that IHLW produced from an HLW waste type
meets PCT limits. For this illustration, an AY-102/C-106 waste type yielding 18 MFPV batches is
considered where each MFPV batch is sampled 8 times with each sample analyzed once. Table 1.7 in
Section 1.3 of Appendix I lists the simulated IHLW chemical compositions (mass fractions of oxides or
halogens) corresponding to the 8 samples (one analysis each) of the 18 MFPV batches. The mass fraction
compositions in Table 1.7 were then each renormalized using Eq. (4.3.3), including only those oxides
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found in the PCT models in Table 4.1. Substituting the renormalized IHLW compositions and the PCT
model coefficients from Table 4.1 into Eq. (4.3.2a) yields the predicted PCT results for each sample

within each batch. Table 6.12 contains some of the intermediate results in the calculation of 95%/95%
UTT for In(PCT normalized B, Li, and Na releases).

Table 6.12. 95%/95% UTI Intermediate and Final Calculations for PCT Normalized Release of B,
Li, and Na Using Eight Simulated Samples with One Analysis Each from 18 IHLW
MFPYV Batches Corresponding to HLW Tank AY-102/C-106

PCT B [In(g/L)]

| PCT Li [In(g/L)] |

PCT Na [In(g/L)]

:

[ JMFPV Jh
mc
I_ h _MFPV
3 oh 2 2 by xiy
Vi {r| = | k=1
== -y
1 I 5 nglFPV

ﬁ:L 894301 _, o g:i 38.168] _ 5 g:i 13.7011 _ o
18] 8 18] 8 18] 8
H(X,Y,df5,0
k(X,Y)=(—f)
J1
0, 0, v h) 0 0,
k(XY= 1(95%,95%,20.6,6.56) KX T) = 1(95%.,95%,22.9,6.15) KX Y) = 1(95%,95%,19.5,6.50)
Jis Ji8 N
=2.255 =2.103 =2.255

G= {[(::c}”FpV)ng ;;WFPV]+ é(;lg. _;h)z/(l_l)}o.s

i=1

0.5
o= O.O21+ﬂ =0.47
18 -1

0.5
o= 0.013+£ =0.30
18-1

0.5
o= {0.0095 + fgﬁ} =0.38

95% / 95%UTI = ji + k(X,Y) &

0.62+2.255%0.47 =1.68
In(g/L)
e ®=538¢g/L

0.27+2.103x0.30=0.90
In(g/L)
e"=2.45g/L

0.79 +2.255x 0.38 =1.64
In(g/L)
e =513¢gL
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Detailed illustrations of the calculations applying Egs. (4.3.9) through (4.3.14) to the simulated data
to obtain the 95%/95% UTI for In(PCT normalized B release) are now presented. Applying Eq. (4.3.10)

yields
[ WMFPYV( PCTB ]
me. . PCTB _MFPV
=PCTB > b Xk
IR k !
ZPCTB 1yl 1 = k=l

~ 3 =

= - =T MFPV

1 Iz ng

. (0.706 + ...+ 0.856)

[(o 449 + ...+ 0. 163)
18 8

8

}: 0.621 In(g/L).

Note that 0.449 is the model-predicted PCT B normalized release value for the first sample from the first
MFPV batch, 0.163 is the predicted PCT B value for the eighth sample from the first MFPV batch, 0.706
is the predicted PCT B value for the first sample from the 18" MFPV batch, and 0.856 is the predicted

PCT B value for the eighth sample from the 18" MFPV batch.

Applying Eq. (4.3.12) yields

{[( MFPV PCT B

—=MFPV
1

2
]+Z()A}IPCTB APCTB)Z/([_I)}

df; =

= —PCTB =
[(x;\/IFPV)T Zb xMFPV

1

$r

_ 2
_;PCTB)Z/(I_I)}

df,, I-1
_ {(0.021)+[(0.236—0.621)2 +...+(O.892—0.621)21/(18—1) }2 206
(0.021) . {(0.236—0.621)2 +...+(0.892-0.621)° /(18 -1) }2
97 -8 18-1
~PCTB

Note that =0.236 and y.7 % =0.892, while [(x 1PV )T £ FCTE MFPV 1 = 0,021.
y1 Y18 I

b

Applying Eq. (4.3.13) yields

0,
0=z p I —5 =1.645/18 x0.94 = 6.56 ,
o
where the ratio o, / o represents the ratio of the “true” to the “inflated” (by the nuisance uncertainties

that are modeling, mixing/sampling, and analytical) standard deviations of In(PCT B) values over an
HLW waste type. The value of the ratio o, / o is assumed known in the statistical theory (see

Appendix H of Piepel and Cooley 2002). Before WTP IHLW production operations, it is expected that
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this ratio will be well-estimated based on available testing data. For the illustration here, the ratio was
estimated from the same simulated data that were used in the equations,® with the estimate of 0.94
resulting. The details of how the o, / o ratio was estimated from the simulated data are presented in

Section G.3 of Appendix G. The ratio of 0.94 suggests that the nuisance uncertainties are small relative
to the variation in In(PCT B) results over the 18 MFPV batches corresponding to an AY-102/C-106 waste
type in this example. However, this may be a result of the large batch-to-batch variation in [HLW
compositions estimated by the G2 run used to provide the basis for the simulated data used in this
illustration.

Substituting the results of the previous calculations from Egs. (4.3.12) and (4.3.13) into Eq. (4.3.11)
yields

(XY, df3.6) t(95%95%220.6,6.56) 9.568

Vi Vis 18

kK(X,Y)= =2.255.

Applying Eq. (4.3.14) yields

B 0.5
~ _ =MFPV TZPCTB =MFPV + ! (7PCTB _7PCTB)2/I_1}
G {[(xz ) X, X ] P ¥ (7-1)

- {(0.021)+ [(0.236—0.621)2 +...+(0.892—0.621)2]/(18—1)}0'5 ~0.47

Finally, combining the above results in Eq. (4.3.9) yields

95%/95% UTI[In(r""B) =i + k(X,Y) & =0.62+2.255x0.47 =1.68 In(g/L).

This value can be converted to PCT normalized B release units of g/L by exponentiating, yielding
1.68
e =538 g/L.

Table 6.12 contains the resulting 95%/95% UTI values for PCT normalized release for B, Li, and Na
for this illustrative simulation using AY-102 data. These results are 5.38 g/L for B (as shown above),
2.45 g/L for Li, and 5.13 g/L for Na. When comparing these values to the normalized release limits found
in Eq. (4.3.1), it can be concluded that compliance is easily demonstrated in each case.

6.3.4 Results of Investigations to Assess the Effects of Batch-to-Batch
Variations, Process Uncertainties, and Numbers of MFPV Samples,
Analyses, and Volume Determinations on IHLW PCT Compliance over an
HLW Waste Type

The methodology described in Section 4.3.6 can be used to investigate the impacts of the number of
samples per MFPV batch, the number of chemical analyses per MFPV sample, and other factors on the

(a) Estimating this ratio using the same data used to calculate the X%/Y % UTI technically invalidates the statistical
properties of the X%/Y% UTI. However, that practice was acceptable given the merely illustrative nature of
the calculations here.
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ability to demonstrate that IHLW produced from an HLW waste type complies with the PCT limits
specified in WAPS 1.3. The methodology in Section 4.3.6 uses the formula for X%/Y% UTIs on PCT
normalized releases (of B, Li, and Na) presented in Section 4.3.5. The general formula for an X%/Y%
UTI is given by Eq. (4.3.9) in Section 4.3.5. However, in this section, the following simplified formula
was used

X%/Y% UTI = ji+k(X,Y)& = ji + UTIHW (6.3.1)

where g is the mean In(PCT normalized release) over IHLW produced from an HLW waste type, k(X ¥)
and ¢ are as defined in Section 4.3.5, and UTIHW denotes the half-width of a X%/Y % UTL

Piepel and Cooley (2002) previously investigated an X%/Y % UTI approach of the type described in
Section 4.3.5 that is applicable to the current WTP IHLW compliance strategy (i.e., analyzing samples
selected from the MFPV). They calculated UTIHWs for all combinations of the values of factors shown
in Table 6.13.®). The UTIHWs calculated by Piepel and Cooley that correspond to the X%/Y % UTI
method presented in Section 4.3.5 are contained in their Table 4.4 (95%/95% UTIHWSs) and Table 4.6
(99%/99% UTIHWSs). The UTIHW values in those tables are in In(PCT normalized release) units of
In(g/m?). In this report, units of In(g/L) are used for In(PCT normalized release). Because, 1 g/m* =2
g/L®, we have In(g/m?) = 0.6931 + In(g/L) and In(g/L) = In(g/m?) — 0.6931.

Table 6.13. Factors and Values Used by Piepel and Cooley (2002)
in Calculating UTTHWs of X%/Y% UTIs

Piepel and Cooley
Factor (2002) Notation Values
SDyr (j}ih)(a) &g 0.10, 0.25, 0.50
U n 10, 30, 50
SDg ($n) O 0.05, 0.10
ng/[FPV m 1,3
SD 4 (P i) @ G, 0.05, 0.20, 0.50
nﬁ/[FPV r 1,3
SD,, [ﬁ" (;Ec)]@ G, 0.20, 0.40
df,” df,, 20, 40
X%/Y% X%/Y% 95/95, 99/99

(a) These SDs are for )}l}' =/ n(PCT normalized release of element /) , which are approximately equal
to RSDs of (PCT normalized release of element 4).

(b) df,,=n—p, where n is the number of data points used to fit a model, and p is the number of model
coefficients estimated from the data points.

(a) Table 6.13 is based on Table 4.1 of Piepel and Cooley (2002), but with notation modified to match that used in

this report.
(b) Applying the standard assumption of a surface area-to-volume ratio of 2000 m™, the result is that 1 g/m* =2 g/L.
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The UTIHW values in Tables 4.4 and 4.6 of Piepel and Cooley (2002) can be used to determine the

required numbers of samples per MFPV batch (# §4F P V) and analyses per MFPV sample (n f\fF P V) by

considering likely values of z , solving for the maximum acceptable value of UTIHW, and determining

which entries of Tables 4.4 and 4.6 satisfy the solution. Thus, rewriting Eq. (6.3.1) when comparing to a
PCT normalized release limit yields

X%/Y% UTI = % + UTIHW < In(limit) = UTIHW < In(limit)— 7 . 6.3.2)

The UTIHW values in Tables 4.4 and 4.6 of Piepel and Cooley that are less than the maximum allowable
per Eq. (6.3.2) then correspond to the required number of samples per MFPV batch and analyses per
MFPV sample, which depend on the magnitudes of (1) the variation of IHLW over MFPV batches
corresponding to an HLW waste type and (2) uncertainties for each IHLW MFPYV batch.

The 95%/95% UTIHW results from Table 4.4 of Piepel and Cooley (2002) were utilized in another
way to conservatively demonstrate that 3 samples per MFPV batch and 1 chemical analysis per MFPV
sample are sufficient to easily demonstrate compliance with nominal HLW glass compositions for each of
the three HLW tanks (AY-102, AZ-102, and C-104) used for investigations in this report. Specifically,

the largest variation (6 ,= 0.50) and uncertainties (6= 0.10, ¢ ,= 0.50, and é,,= 0.40) considered by

Piepel and Cooley (2002) were used for conservatism. Also, df,, = 40 was used, which is conservative
compared to the larger values of df,, values for current IHLW PCT models (see Table 4.1). The number
of IHLW MFPV batches per HLW waste type (denoted / in this report, and n by Piepel and Cooley 2002)
is expected to be 18. For this conservative investigation, the smallest number of batches (10) considered
by Piepel and Cooley (2002) was used.

Table 6.14 shows the resulting 95%/95% UTI values on PCT normalized releases of B, Li, and Na for
HLW glass corresponding to Tanks AY-102, AZ-102, and C-104 obtained using the conservative
estimates discussed in the previous paragraph. Compliance was easily demonstrated in each case, despite
the significant conservatism in the inputs for the calculations summarized in Table 6.14. This exercise
shows that at least 3 samples per MFPV batch with 1 analysis per sample should be sufficient to
demonstrate with 95% confidence that at least 95% of the IHLW produced over an HLW waste type will
have PCT normalized releases of B, Li, and Na that meet the WAPS 1.3 limits. This conclusion is
conditional on (1) the WTP IHLW having compositions similar to those for HLW Tanks AY-102,
AZ-102, and C-104 and (2) the batch-to-batch variation and within-batch uncertainties are not larger than
the conservative values assumed for the calculations.
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Table 6.14. 95%/95% UTI Values for PCT Normalized Releases of B, Li, and Na from IHLW
MFPV MFPV _

Corresponding to Three HLW Tanks Assuming ng =3, ny4 =1, and
Conservative Values of Inputs Considered by Piepel and Cooley (2002)®
AY-102 AZ-102 C-104
PCT| Limit” | ~ ) [95%/95%[95%/95% | ~ |95%/95%]95%/95% | ~( |95%/95% |95%/95%
A7 lurw® | uT1© A7 lutmaw®| ut© | 4 [utiaw®| uti©
Results in In(g/m’)
B 2.122 | 0.179 1.350 1.529 -0.434 1.350 0.916 0.259 1.350 1.609
Li 1.564 | 0.007 1.350 1.357 -0.263 1.350 1.087 0.159 1.350 1.509
Na 1.898 | -0.030 1.350 1.320 -0.198 1.350 1.152 -0.091 1.350 1.259
Results in In(g/L)"
B 2.815 | 0.872 1.350 2.222 0.259 1.350 1.609 0.952 1.350 2.302
Li 2.258 | 0.700 1.350 2.050 0.430 1.350 1.780 0.852 1.350 2.202
Na 2.591 | 0.663 1.350 2.013 0.495 1.350 1.845 0.602 1.350 1.952
Results in g/L
B 16.695 || 2.392 6.835 9.227 1.296 3.703 4.999 2.591 7.405 9.996
Li 9.565 | 2.014 5.755 7.769 1.537 4.394 5.931 2.345 6.699 9.044
Na | 13.346 | 1.941 5.546 7.487 1.641 4.688 6.329 1.826 5.218 7.044

(a) Using the notation of Piepel and Cooley (2002) as summarized in Table 6.13, the maximum variation and
uncertainty SDs used were &g =0.50, 6=0.10, 6 ,=0.50, and O'Tm =0.40. Conservative values of df,, = 40
and 10 MFPV batches per HLW waste type were also used.

(b) The limits for PCT normalized releases of B, Li, and Na are listed in units of g/m” and g/L in Eq. (4.3.1).
(c) H denotes the predicted In( PCT normalized release) values for B, Li, and Na calculated using the PCT models

in Table 4.1 for the nominal AY-102, AZ-102, and C-104 IHLW compositions given in Table C.6 of
Appendix C. Before applying the models in Table 4.1, the compositions in Table C.6 were normalized to mass
fractions of the 8 components appearing in the models.

(d) 95%/95% UTIHW denotes the half-width of a 95%/95% UTI found in Table 4.4 of Piepel and Cooley (2002)
for the combination of inputs listed in Footnote (a). The Piepel and Cooley (2002) UTIHWs are in In(g/m?)
units. For the other units shown in the table, the UTIHWSs were obtained via UTIHW = UTI - ;i after
converting UTI and z to the new units.

() 95%/95% UTl is given by u + UTIHW, according to Eq. (6.3.1).

(f) The relationship 1 g/L =2 g/m” leads to the conversion In(g/L) = In(2) + In(g/m®) = 0.6931 + In(g/m?).

6.4 Compliance Results for IHLW WAPS Specification 1.5: Hazardous
Waste
Relevant statistical methods and corresponding results for the statistical aspects of the WTP Project’s
compliance strategy for WAPS 1.5 described in Section 4.4.2 are discussed in the reports by Cook and
Blumenkranz (2003), Kot et al. (2003), and Kot et al. (2004b).

If the HLW LDR treatment variance and delisting processes lead to future revisions in the IHLW
compliance strategy that include “during production” aspects of compliance, any results associated with
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statistical methods or equations presented in a future revision of Section 4.4.3 will be included in a future
revision of this subsection.

6.5 Compliance Results for IHLW Contract Specification 1.2.2.1.5:
Dangerous and Hazardous Waste Requirements

Relevant statistical methods and corresponding results for the statistical aspects of the WTP Project’s
compliance strategy for Contract Specification 1.2.2.1.5 described in Section 4.5.2 are discussed in the
reports by Cook and Blumenkranz (2003), Kot et al. (2003), and Kot et al. (2004b).

If the HLW LDR treatment variance and delisting processes lead to future revisions in the IHLW
compliance strategy that include “during production” aspects of compliance, any results associated with
statistical methods or equations presented in a future revision of Section 4.5.3 will be included in a future
revision of this subsection.

6.6 Compliance Results for IHLW WAPS Specification 1.6: IAEA
Safeguards Reporting for HLW

This section is reserved for compliance method illustrations and results associated with WAPS
Specification 1.6.

6.6.1 lllustration of the Statistical Method for Calculating Means and Standard
Deviations of the Masses of Total and Fissile U and Pu in IHLW Canisters
over an HLW Waste Type, Using Information from a Single MFPV Batch

This section is reserved for an illustration of the method to be developed and documented in a future
revision of Section 4.6.3.

6.6.2 lllustration of the Statistical Method for Calculating the Mean and Standard
Deviation of the Pu Concentration in IHLW Canisters over an HLW Waste

Type

This section is reserved for an illustration of the method to be developed and documented in a future
revision of Section 4.6.4.

6.6.3 lllustration of the Statistical Method for Estimating the Mass Isotopic Ratios
of U and Pu and their Uncertainties in IHLW Canisters over an HLW Waste

Type

This section is reserved for an illustration of the method to be developed and documented in a future
revision of Section 4.6.5.

6.31



6.6.4 Results of Investigations to Assess the Effects of Numbers of MFPV
Samples, Analyses, and Volume Determinations on WAPS 1.6 Compliance
Quantities

This section is reserved for presenting the results of the investigations to be developed and
documented in a future revision of Section 4.6.6.

6.7 Compliance Results for WAPS Specification 3.8.2: Heat
Generation at Year of Shipment

As discussed in Section 4.7.3, the Statistical Analysis task of the WTPSP currently has no scope to
address the statistical aspects of the WTP Project’s compliance strategy for WAPS 3.8.2. Such scope was
included in the past, but removed in subsequent re-planning efforts. Section 4.7.4 discusses some
possible approaches should the WTP Project want to retain the statistical aspects of the compliance
strategy for WAPS 3.8.2. If so, and scope to address these needs were added in the future, the results
would be included in a future revision of this section.

6.8 Compliance Results for IHLW WAPS Specification 3.14:
Concentration of Plutonium in Each Canister

This section is reserved for compliance method illustrations and results associated with WAPS
Specification 3.14.

6.8.1 lIllustration of Method for Demonstrating Compliance with Pu Concentration
Limit for Each IHLW Canister Produced from an HLW Waste Type

This section is reserved for an illustration of the method to be developed and documented in a future
revision of Section 4.8.3.

6.8.2 Results of Investigations Associated with the Compliance Method for
WAPS 3.14

This section is reserved for any future results of investigations associated with the statistical
compliance method to be developed in FY 2005 as discussed in Section 4.8.3. Any such investigations
will be described in a new Section 4.8.4.

6.9 Compliance Results for IHLW Contract Specification 1.2.2.1.6:
Product Loading

As discussed in Section 4.9.2, the current WTP Project’s compliance strategy for Contract
Specification 1.2.2.1.6 does not include any statistical aspects, and thus there are no illustrations of
methods or results of investigations to report here. However, the report by Amidan et al. (2004) discusses
statistical investigations performed for the previous WTP Project’s IHLW compliance strategy (which
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involved sampling and analyzing the HLW CRV). Although the CRV is no longer included in the IHLW
vitrification process or compliance strategy, many aspects of the work by Amidan et al. (2004) are still at
least partially relevant to the current WTP Project’s compliance strategy for IHLW. Amidan et al. (2004)
assessed the impacts of mixing/sampling random uncertainties and bias on meeting selected compliance
and processing requirements, including IHLW waste loading (WL) requirements. They discuss and
illustrate (1) key tradeoffs between IHLW waste loading and temperature at which HLW glass has 1
volume percent crystallinity (T;,) and (2) potentially narrow acceptable ranges of mixing and/or sampling
bias allowable for meeting WL and T}, requirements.
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7.0 Results and lllustrations of Statistical Methods for ILAW
Compliance

This section presents the results of statistical WFQ activities performed per the ILAW compliance
strategies for applicable specifications, as discussed in Section 5.0. This section also presents for each
specification an example illustrating the application of the statistically based compliance method(s) for
that specification, as described in the corresponding subsection of Section 5.0. The examples are intended
to illustrate (using realistic, simulated data) the statistical methods that will be used to demonstrate
compliance with specifications during ILAW production.

7.1 Compliance Results for ILAW Contract Specification 2.2.2.6.2:
Chemical Composition During Production

Section 7.1.1 presents the results of Monte Carlo simulations described in Section 5.1.3 to assess the
effects of several factors (the number of samples per CRV batch, the number of analyses per CRV
sample, the number of volume determinations per CRV and MFPV batch, mixing/sampling uncertainty,
analytical uncertainty, uncertainties in GFC compositions, uncertainties of masses of GFCs added to the
MFPV) on the uncertainty of the estimated chemical composition of ILAW from a single MFPV batch.
These results provide a basis for (1) assessing the sensitivity of single-MFPV-batch chemical composition
estimates to the range of possible uncertainties and (2) the WTP Project making decisions on the numbers
of samples per CRV batch, chemical analyses per CRV sample, and other process measurements.

Section 7.1.2 illustrates, using realistic example data, the methodology presented in Section 5.1.4 for
calculating means and SDs of ILAW chemical composition over MFPV batches corresponding to a given
LAW waste type.

7.1.1 Results of Simulations to Assess the Effects of Process Uncertainties,
Number of Samples per CRV Batch, and Number of Analyses per CRV
Sample on Uncertainties in Chemical Composition of ILAW from an MFPV
Batch

This section uses the Monte Carlo simulation results (see Section 3.4.2) and the methodology
described in Section 5.1.3 to assess the numbers of samples per CRV batch and analyses per CRV sample
necessary to estimate the ILAW composition corresponding to an ILAW MFPV batch with a given
precision (i.e., within a specified percentage of the true value) and confidence. This section also uses the
results from the Monte Carlo simulation investigation to assess the effects of the factors mentioned in
Table 3.3 on the uncertainty of ILAW chemical composition for a single MFPV batch.

Each test case (see Table 3.4) of the Monte Carlo simulation investigation consisted of combinations
of values for n$&", &, ng® and n)V | “low” and “high” values for %RSD; (CJCRV),

%RSD , (cJCRV) , SD(GﬁF <Y, SD(a ,? Fey, SDER ", and SDIﬁ/{F PV and the selected statistical confidence

level (CL%). Mass fractions of ILAW components corresponding to a single MFPV batch were
simulated 1000 times for each test case of the simulation. The simulation results and Eq. (5.1.1) were
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then used to calculate % RHW -y, ( gjw P7y from a 100(1-0)% two-sided ECI for each ILAW chemical

MFPV

sj )
represents the precision for the s™ simulation test case of the estimated mass fraction of the /™ chemical
composition component in ILAW corresponding to an MFPV batch.

composition component (oxide or halogen) for the s™ simulation test case. The %RH Weros(g

The results of the Monte Carlo investigation were used to determine the numbers of LAW CRV
samples and analyses per CRV sample that resulted in the minimal number of total analyses

(n$® x n§R") yielding Y%eRHW = %RHW 10, ( g‘y FPV'y values in specified ranges for each combination

of uncertainty factors considered. This investigation was performed for each of the 16 reportable ILAW
chemical composition components, with the results given in Tables H.1 to H.16 in Section H.1.1 of
Appendix H. Table 7.1 summarizes these results across the 16 reportable ILAW chemical composition
components. To illustrate using Table 7.1, consider LAW Tank AP-101 (Envelope A) when all
uncertainties are at their low levels (see Appendix D). Then, 7 CRV samples with 2 analyses per sample
would be necessary to have 90% confidence of estimating each of the 16 reportable ILAW components
with precision (i.e., %RHW) < 5%. If the estimates of the reportable components need only be within
10% of the true mean values, then 4 samples per CRV with 1 analysis each would suffice. Again for
Tank AP-101 (Envelope A), if all uncertainties are at their high levels and 95% confidence is desired,
then none of the tested number of samples or analyses would produce all reportable oxide %RHW values
< 5%, or even 10%. However, 8 samples per CRV batch and 1 analysis per sample would be sufficient to
estimate with 95% confidence each of the 16 reportable ILAW chemical composition components with
%RHW values < 15%.

The Monte Carlo simulation data for single MFPV batches were also analyzed using analysis of
variance (ANOVA) to determine which factors, and interactions between the factors, had significant
effects on the %RHW values obtained from the simulation results. Main effects, as well as two-factor
and three-factor interactions, were investigated. No interactions higher than three-factor were included
due to the confounding of interactions occurring at those levels because of the fractional factorial design
used (see Section 3.4.2). This was an acceptable analysis because (1) four-factor and higher interactions
are usually not statistically significant and (2) when they are, they are usually too small to be practically
significant. An ANOVA was performed for each ILAW chemical composition component, using a
significance level (o) of 0.05 to assess whether a factor or interaction was significant. The ANOVA was
performed for each of the three LAW tanks (one each from LAW waste Envelopes A, B, and C) used for
the investigations in this report. There were 45 ILAW chemical composition components that were
studied, with 15 of those designated as reportable components (as listed in Table 2.2).

Results from the ANOVAs for ILAW chemical composition components are summarized in
Table 7.2. This table summarizes the percentage of chemical composition components (oxides) for which
each factor and two-factor interaction was statistically significant for each of the three LAW tanks. The
ANOVA results were summarized for all of the ILAW chemical composition oxides and just the 16
reportable chemical composition oxides. If an oxide was not present or not measured for a given LAW
tank, then it was not included in the analysis. From Table 7.2, it can be seen that changes in the %RSD of
both CRV mixing/sampling and CRV analytical usually affected the %RHW, as well as changes in the
GFC uncertainties and GFC weights. As expected, changes in the number of samples per CRV batch, as
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Table 7.1. Required Numbers of Samples per LAW CRYV Batch (ngRV ) and Analyses per Sample

(anV) to Satisfy Certain % RHWs Across All Reportable Chemical Composition
Components for a Waste Tank in Each of Three LAW Waste Envelopes®

—_ Percent Relative Half-width (%RHW) on the
E- QA ?: g Mass Fraction of an ILAW Chemical Composition Component
;é U%T Lii;f g Other Uncertainties™ at Low Values |Other Uncertainties™ at High Values®
E ‘2 g ;‘; <5% <10% | <15% | <20% <5% <10% | <15% | <20%
= S X O Ng | Ny | Ng | Ny | Ng [Ny | Ng | Ny | Ng | Ny | Ng | Ny | Ng | Dy | Ng | Ny
—_ ® 92 | 7 | 2 112 |1 1 1 71213 1|2 1 1 1
= s ™ s e - -1 2121
q.) L(e)
E’ ) 90 - - |10 1] 5 1|3 1 - - 51215 1|3 1
z os | - [ - [ - -[suolal-[-T-[-[s8]1t][4a]1
= Lo L0 - spr 3 -f-j4ajrj2j1rj2jl
S HO 95 | - | - |6 |1 |4 | 1|21 |- |- |81 [3]1]2]1
al H 90 - - - -1 5 113 1 - -l 712161411
< 95 | - | - | - | -[8 |1 [s|1|-[-[-[-]s[1]5]1
- L 90 |10 | 1 | 2 | 1 1 1 1 1 8 1 1|2 1 1 1 1
o L 95 | - | - [ 3|12 11|17 21 [3]21]1]1
5 g 10 s a2 -8 [4[1[2]]
= 95 | - [ -0 1[5 |1 31| -[-]7[2]5]1]3]1
= L 90 (10 | 1 | 2 | 1 1 1 1 1 8 1|3 1|2 1 1 1
§ n 95 - -1 40121 1 1 51213 1|2 1 1 1
N H 90 - - 81114121 - - (101|413 1
< 95 | - | - |7 |25 |13 ]1|-1-17[2[5]1]3]1
S L 90 | 10 | 1 3 1|21 1 1 71213 1|2 1 1 1
2| L 95 - -1 212121 1 1 - -4 01 ]2 |1 1 1
5 g 10 oo [ 3| -7 22231
z 95 722341 - NEEEEAE
S L 92 | 7 | 2 | 3 1|21 1 1 71213 1|2 1 1 1
S - o5 | - | -l4aft 2121 ]-]-]s5]t]2]1]2]1
Z. H 90 - - 712161 3 1 - - 7121613 1
< 95 | - | -7 (281|212 -]-]7 28 ]1]4]1

(a) For space reasons, ng is used to denote ngR v , and n, is used to denote nSRV .

(b) Other uncertainties include GFC composition uncertainty, uncertainties in masses of GFCs added to the MFPV, and CRV

(©)

(d)
(©)

and MFPV volume uncertainties. The low and high values of these uncertainties used for this work are listed in the tables of
Appendix D.

In some cases, the table shows lower number of samples for other uncertainties at high values than at low values. This can
occur for two reasons. First, other uncertainties have little impact, and thus the simulation results may be close for low and
high levels of other uncertainties. This can yield numbers of samples when other uncertainties are at high values that are
slightly higher or lower than when other uncertainties are at low levels. Second, the results are ILAW component
dependent, with the possibility of a different component providing the deciding results when other uncertainties are high
versus low.

A dash (-) means that no numbers of samples per CRV batch and analyses per CRV sample, as tested according to Table
3.3, satisfied that % RHW category.

Low (L) and high (H) values of LAW CRV mixing/sampling uncertainties are listed in Table D.1 of Appendix D.

Low (L) and high (H) values of LAW CRYV analytical uncertainties are listed in Table D.1 of Appendix D.
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Table 7.2. Percentage of ILAW Chemical Composition Components (Oxides) for which the Factor
or Interaction was Significant in the ANOVAs (a = 0.05) for Each of Three LAW Tanks

All Chemical Composition Reportable Chemical Composition
Components (Oxides) Components (Oxides)
Envelope A | Envelope B |Envelope C|Envelope A | Envelope B |Envelope C
Factor / Interaction® (AP-101) | (AZ-101) | (AN-107) | (AP-101) | (AZ-101) | (AN-107)
%RSDs (c§) 395 18.6 57.1 313 313 44.4
%RSD,,(c5*") 90.7 74.4 100.0 100.0 62.5 100.0
sp@G )" 20.9 39.5 429 25.0 75.0 44.4
SD(af™e) ™ 18.6 233 214 438 62.5 33.3
sp, 0.0 23 0.0 0.0 6.3 0.0
nSRY 90.7 67.4 78.6 100.0 538 77.8
nCRV 81.4 65.1 78.6 87.5 375 88.9
n, @ 23 23 0.0 6.3 0.0 0.0
%RSDs (c§™) % %RSD () | 349 18.6 28.6 313 18.8 22
%RSDs (c"") * SD(G) 47 2.3 21.4 6.3 6.3 222
%RSD,;(cj"") % SD(G') 4.7 4.7 7.1 6.3 12.5 1.1
%RSDs (c§™") * SD(ai™) 0.0 23 0.0 0.0 6.3 0.0
%RSD 4 (c§"") % SD(ai™) 14.0 23 7.1 375 6.3 0.0
SD(G ) * SD(ai" ) 14.0 20.9 214 313 56.3 333
%RSDs (c§™") * 5Dy 23 0.0 0.0 0.0 0.0 0.0
%RSD 4(ci*") * SD; 0.0 4.7 0.0 0.0 6.3 0.0
SD(Gi" ) * SDy 0.0 23 0.0 0.0 6.3 0.0
SD(ag™) * SDy 0.0 4.7 0.0 0.0 12.5 0.0
%RSDs (c§™") > ng®” 46.5 233 71.4 56.3 313 66.7
YRSD 4 (c"") % n§®” 90.7 72.1 92.9 100.0 50.0 100.0
SD(GR)* n§* 14.0 7.0 35.7 18.8 18.8 333

(a) Only two-factor interactions were included in the ANOVA model.
(b) This factor has a “low” case and a “high” case.

(c) The notation SD,, represents both SDERV and SD&’IF PV This factor has a “low” and “high” case, where both

SDSR” and SDFFY are varied at the same time.

MFPV

SRV and npPV | with each being varied at the same time.

(d) The notation 7, represents both »
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Table 7.2. Percentage of Chemical Composition Components (Oxides) for which the Factor or
Interaction was Significant in the ANOVAs (a = 0.05) for Each of Three LAW Tanks

(cont.)
All Chemical Composition Reportable Chemical Composition
Components (Oxides) Components (Oxides)

Envelope A | Envelope B | Envelope C|Envelope A | Envelope B |Envelope C

Factor / Interaction (AP-101) | (AZ-101) | (AN-107) | (AP-101) | (AZ-101) | (AN-107)
SD(ag™e) * p SRV 14.0 2.3 7.1 375 0.0 11.1
8D, % ngR” 2.3 0.0 7.1 0.0 0.0 1.1
%RSDs (i) > nRY 32.6 16.3 28.6 25.0 18.8 222
%RSD 4(cj"") X nGR 90.7 69.8 85.7 100.0 50.0 88.9
SD(G ) n R 0.0 23 143 0.0 6.3 222
SD(ag" ) % yCRV 93 0.0 7.1 18.8 0.0 11.1
5D, % nG* 0.0 0.0 0.0 0.0 0.0 0.0
nSRV Xy CRV 81.4 67.4 85.7 68.8 43.8 77.8
%RSDs (c"") * ny 0.0 2.3 0.0 0.0 6.3 0.0
YoRSD,;(cj"") * ny 23 0.0 0.0 0.0 0.0 0.0
SD(G )% ny 23 23 0.0 0.0 0.0 0.0
SD(ai") % ny, 0.0 23 0.0 0.0 0.0 0.0
SDy, * ny 0.0 0.0 0.0 0.0 0.0 0.0
ng® % ny 0.0 47 0.0 0.0 0.0 0.0
nG® X ny 0.0 23 7.1 0.0 0.0 11.1

well as in the number of analyses per sample, also affected the %RHW. Changes in the CRV and MFPV
volume uncertainties and the number of volume determinations per vessel did not have statistically
significant effects on the YoORHW. Most two-factor interactions were not significant, with a few

exceptions. As expected, the ngRV X nSRV interaction was statistically significant. This is because as

ngRV was increased, gRV could be decreased to obtain a similar % RHW and vice versa. Other

interactions that were often significant included: SD(G].GkF €Yy x SD(af™“), %RSDy (c]CR "y x n$tV,
%RSD 4 (") % nSRY, and %RSD,, (c‘/CRV) x nGRV . The first of these is the interaction between GFC

uncertainties and GFC weight uncertainties. The remaining interactions that were often significant are
between (1) number of CRV samples or number of analyses per CRV sample and (2) uncertainty in CRV
sampling or uncertainty in analysis of CRV samples, which is to be expected.

The ANOVA results in Table 7.2 require an explanation relative to the results in Table 7.1. The

results in Table 7.2 show that factors %RSD (chRV) and gRV , and interaction p gRV X n A?RV have
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statistically significant effects, and yet Table 7.1 shows that generally one analysis per CRV sample

(nA?RV = 1) is sufficient for compliance. The explanation for this seeming inconsistency is that increasing

the number of samples per CRV batch ngR ¥ also increases the total number of analyses, even if each
sample is only analyzed once. Thus, increasing the number of samples per batch effectively reduces (via
averaging) %RSD 4 (chV) as well as %RSDg (chRV) . This “dual benefit” is better than the “single
benefit” from increasing the number of analyses per sample, which only effectively reduces

%RSD 4 (c_]CRV) . This explains why most of the results in Table 7.1 show that one analysis per CRV

sample is sufficient despite %6RSD , (CJCRV) and ngRV having statistically significant effects.

7.1.2 lllustration of Calculating Means and Standard Deviations of ILAW
Chemical Composition over an LAW Waste Type

This section uses realistic data to illustrate the equations presented in Section 5.1.4 for calculating
means and SDs of ILAW chemical composition (mass fractions) over an LAW waste type. During ILAW
production, there will be one “averaged” estimate of chemical composition per MFPV batch, and the
compliance method consists of calculating and reporting the means and SDs of reportable ILAW
components calculated over all MFPV batches associated with a given LAW waste type. Equations are
presented in Section 5.1.4.1 for the case of balanced data (equal numbers of samples per CRV batch and
equal numbers of analyses for each CRV sample) and in Section 5.1.4.2 for the case of unbalanced data
(unequal numbers of samples per CRV batch and/or unequal numbers of analyses for each CRV sample).
For a balanced data set, the means, SDs, and %RSDs of ILAW chemical composition components are,
respectively, calculated using Egs. (5.1.2), (5.1.5), and (5.1.6).

To illustrate this compliance method, simulated data were obtained (Vienna 2004b) from the WTP
Project’s Run 3.1vv of the G2 dynamic simulation flowsheet (Deng 2004; Vora 2004) corresponding to
the LAW portion of waste Tank AP-101. Tables J.1 and J.2 in Appendix J, respectively, list the chemical
and radionuclide compositions (mass fractions) of 25 MFPV batches associated with LAW from AP-101.
The LAW corresponding to these 25 MFPV batches is assumed to be the “waste type” for purposes of
this illustration.

Equations (5.1.2), (5.1.5), and (5.1.6) can be used to calculate means, SDs, and %RSDs of ILAW
component mass fractions given the results of measurements to be made during operation of the LAW
vitrification facility. However, the complete set of such data (derived from the G2 run outputs) needed
for the application of these equations was not available at the time of writing of this section. Because the
available data from the G2 simulation run consist of mass fractions of ILAW components for each of the
25 selected MFPYV batches, simpler calculations were made for the current illustration. Mass fractions for
each MFPV batch, representing average ILAW compositions over all samples and analyses for that batch,
were employed to calculate means, SDs, and %RSDs of the ILAW chemical composition components for
an LAW waste type. The means, SDs, and %RSDs of the mass fractions for the ILAW chemical
composition components are summarized in Table 7.3. The results for the reportable chemical
composition components are shown in boldface in Table 7.3.
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Table 7.3.

Means, SDs, and %RSDs of ILAW Chemical Composition Components (Mass
Fractions) over 25 ILAW MFPYV Batches Corresponding to Waste Tank AP-101

Chemical Mass Fraction Chemical Mass Fraction
Composition Composition
Component Mean SD %RSD | Component Mean SD %RSD
Ag,O 9.28E-07 1.84E-08 1.98 NiO 3.34E-05 | 1.14E-06 3.42
ALO; @ 5.89E-02 2.37E-05 0.04 P,0; 1.82E-03 | 5.40E-05 2.97
As,)O5 3.40E-06 8.54E-08 2.51 PbO 3.26E-05 | 8.35E-07 2.56
B,0; 9.28E-02 2.46E-05 0.03 PdO 2.26E-07 | 1.09E-08 4.83
BaO 3.78E-07 7.58E-10 0.20 Pr,O3 3.77E-08 | 8.71E-10 2.31
BeO 3.09E-06 2.25E-08 0.73 Rb,O 3.52E-06 | 3.31E-08 0.94
Bi,03 1.86E-06 1.68E-08 0.90 Rh,0; 7.82E-07 | 3.76E-08 4.83
CaO 4.98E-02 1.41E-05 0.03 RuO, 1.48E-05 | 7.13E-07 4.83
Cdo 1.90E-06 1.09E-08 0.57 SiO, 4.38E-01 | 1.38E-04 0.03
Ce,04 8.40E-08 3.09E-10 0.37 Tay0s 1.28E-07 | 1.13E-09 0.89
Cl 1.56E-03 1.77E-05 1.14 TeO, 3.93E-07 | 1.90E-08 4.83
Cr,03 2.50E-04 2.23E-06 0.89 TiO, 1.53E-02 | 1.19E-05 0.08
Cs,0 2.77E-10 2.72E-12 0.98 TL,O 1.13E-07 | 4.57E-09 4.05
CuO 1.96E-06 3.93E-09 0.20 SO; 3.21E-03 | 2.81E-06 0.09
F 2.26E-03 2.71E-05 1.20 Sb,03 7.23E-08 | 1.83E-09 2.53
Fe,0; 5.83E-02 2.65E-05 0.05 SeO, 9.98E-06 | 3.30E-07 3.31
K,0O 2.89E-02 3.75E-04 1.30 SiO, 3.90E-04 | 5.05E-06 1.30
La,0; 1.31E-06 7.25E-09 0.56 SrO 1.33E-05 | 6.31E-07 4.74
Li,O 1.20E-02 2.15E-05 0.18 V,05 1.57E-06 | 1.35E-08 0.86
MgO 1.57E-02 2.03E-06 0.01 WO; 2.75E-05 | 3.69E-07 1.34
MnO 1.18E-06 1.58E-08 1.33 Y,03 2.09E-06 | 1.01E-07 4.83
MoO; 1.83E-05 1.36E-07 0.75 ZnO 2.90E-02 | 9.77E-06 0.03
Na,O 1.63E-01 1.51E-04 0.09 Zr0O, 2.90E-02 | 9.77E-06 0.03
Nd,O3 6.33E-06 1.71E-07 2.70 Total Mass

© Fraction® 0.9996 ©
(a) Results for reportable chemical composition components (per Table 2.2) are shown in boldface. Note that

“Others” (the total of the remaining components) is also reportable per Table 2.2.

(b)
(c)

This is the total sum of mean mass fractions of ILAW chemical composition components. The radionuclide
composition portion (see Table 7.6) makes up the difference (aside from rounding error).
This portion of the table is intentionally blank.

To illustrate the simpler calculations, individual MFPV batch averages for Na,O were averaged to

obtain the mean mass fraction composition over the 25 MFPV batches:

=mrpy _ 0.1623+0.1624 +0.1628 +---+0.1629

NaO

25

7.7

=0.1626 gNazO/gglass
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Given that MFPV batch averages and averages for a waste type are available, SDs and %RSDs for all
reportable ILAW components can be calculated using Egs. (5.1.5) and (5.1.6), respectively. Examples of
the use of these two equations are now given. Plugging the appropriate quantities into Eq. (5.1.5), the
standard deviation of Na,O mass fractions over the 25 MFPV batches corresponding to an LAW waste
type is obtained by

— MFPV (0.1623 —0.1626)* + (0.1624 —0.1626)* +--- + (0.1629 — 0.1626)>
SD(gNa20 )= 24
. (7.12)

=0.00015 gNazo/gglass

The %RSD for Na,O can be calculated by applying Eq. (5.1.6) to the results obtained from Egs. (7.1.1)
and (7.1.2).

- 0.00015
%RSD(2MFPVy =100 =0.0928. 7.1.3
ORSD(& Ny ) 0.1626 (7.1.3)

The variation in Na,O mass fractions of ILAW resulting from the 25 simulated MFPV batches in this
example is quite small. This is directly explained by the small variability in the G2 results for these
batches. However, because the G2 simulated data do not include mixing/sampling, analytical, and all of
the other uncertainties affecting the estimate of ILAW composition for each MFPV batch, the results
should be expected to be smaller than if all applicable uncertainties were included in the data. It should
not be inferred from this one illustrative example that the variation in Na,O over ILAW resulting from an
LAW waste type will be that small during ILAW production.

For this AP-101 ILAW example, the variations of the ILAW chemical composition component mass
fractions (over the 25 ILAW MFPV batches corresponding to an LAW waste type) summarized in
Table 7.3 range from 0.01 to 4.83 %RSD. However, it should be kept in mind that this range of %RSDs
reflects only batch-to-batch variation and not any of the within-batch uncertainties that will affect
estimation of ILAW chemical (and radionuclide) compositions during WTP ILAW production.

When a full set of needed data is available, this section of the report will be revised to illustrate the
use of Egs. (5.1.2), (5.1.5), and (5.1.6) for calculating means, SDs, and %RSDs of ILAW chemical
component compositions (mass fractions). The revisions will include taking the complete set of G2 data
and augmenting it by random disturbances corresponding to the various uncertainties affecting the
estimate of ILAW composition for an MFPV batch. The equations for means, SDs, and %RSDs will then
be applied to this augmented data so that the effects of within-batch uncertainties as well as batch-to-
batch variation will be reflected in the example results.
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7.2 Compliance Results for ILAW Contract Specification 2.2.2.7.2:
Radionuclide Composition During Production

Section 7.2.1 presents the results of Monte Carlo simulations as described in Section 5.2.3 to assess
the effects of several factors, including (1) the magnitudes of mixing/sampling and analytical
uncertainties, (2) the uncertainties pertaining to GFC weights and compositions, (3) the numbers of
samples per CRV batch and analyses per CRV sample, and (4) the number of volume determinations per
CRYV and MFPV batch on the radionuclide composition of ILAW from a single MFPV batch. These
results provide a basis for (1) assessing the sensitivity of single-MFPV-batch radionuclide composition
estimates to the range of possible uncertainties, and (2) the WTP Project to decide on the number of
samples per MFPV batch, the number of chemical analyses per sample, and the numbers of other process
measurements.

Section 7.2.2 illustrates, using a realistic example, the methodology presented in Section 5.2.4 for
calculating means and SDs of ILAW radionuclide compositions and inventories over MFPV batches and
ILAW containers corresponding to a given LAW waste type.

7.2.1 Results of Simulations to Assess the Effects of Process Uncertainties,
Number of Samples Per CRV Batch, and Number of Analyses per CRV
Sample on Uncertainties in ILAW Radionuclide Composition from an MFPV
Batch

This section uses the Monte Carlo simulation results (see Section 3.4.2) and the methodology
described in Section 5.2.3 to assess the numbers of samples per CRV batch and analyses per CRV sample
necessary to estimate the ILAW radionuclide composition corresponding to an ILAW MFPV batch with a
given precision (i.e., within a specified percentage of the true value) and confidence. As noted at the start
of Section 5.2.3, mass fractions of ILAW radionuclide components (oxides) may be of limited interest
directly, but they play a key role in the equations developed to calculate ILAW radionuclide inventories
(see Section B.2 of Appendix B). Hence, it is important to assess the numbers of LAW CRYV samples,
radiochemical analyses per sample, and other process determinations required to adequately estimate
ILAW radionuclide compositions.

The methodology is the same as was used for ILAW chemical composition as described in Section
5.1.3 and illustrated in Section 7.1.1. This section also uses the results from the Monte Carlo simulation
investigation to assess the effects of the factors mentioned in Table 3.3 on the uncertainty of ILAW
radionuclide composition for a single MFPV batch.

Each test case (see Table 3.4) of the Monte Carlo simulation investigation consisted of combinations

of values for n{RV, nGRV, ny® and np™" | “low” and “high” values for %RSDy (cJCRV ),

%RSD 4 (cJCRV) , SD(GJ-GkF C) , SD(akGF C) , SDERV , and SDﬂlF PV and the selected statistical confidence

level (CL%). Mass fractions of ILAW components corresponding to a single MFPV batch were
simulated 1000 times for each test case of the simulation. The simulation results and Eq. (5.1.1) were

then used to calculate 2%6RHW -, ( gé‘/{[F P V) from a 100(1-0)% two-sided empirical confidence interval

(ECI) for each radionuclide composition component (oxide) for the s™ simulation test case. The
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Y%oRHW ¢y ( gfj-” PV represents the precision for the s™ simulation test case of the estimated mass

fraction of the ;™ chemical composition component in ILAW corresponding to an MFPV batch.

The results of the Monte Carlo investigation were used to determine the numbers of LAW CRV
samples and analyses per CRV sample that resulted in the minimal number of total analyses

(nSCRV x niRV ) yielding %RHW = % RHW -, ( gfle PV values in specified ranges for each combination

of uncertainty factors considered. This investigation was performed for each of the 14 reportable ILAW
radionuclide composition components present in the three LAW tanks, with the results given in Tables
H.17 to H.30 in Section H.2.1 of Appendix H. Table 7.4 summarizes these results across the 14
reportable ILAW radionuclide composition components present in the three LAW tank examples. To
illustrate using Table 7.4, consider LAW Tank AP-101 (Envelope A) when all uncertainties are at their
low levels (see Appendix D). Then 8 CRV samples with 1 analysis per sample would be necessary to
have 95% confidence of estimating each of the 14 reportable ILAW radionuclide composition
components with precision (i.e., Y%oORHW) <10%. Again for Tank AP-101 (Envelope A), if all
uncertainties are at their high levels, and 95% confidence is desired, then 7 samples per CRV batch with
2 analyses per sample would be needed to have all reportable radionuclide %RHW values < 15%.
However, all 14 reportable ILAW radionuclide composition components present in the three LAW tank
examples would have % RHW values < 20% with 95% confidence for 6 samples per CRV batch with

1 analysis per sample. Or, 8 samples per CRV batch with 1 analysis per sample would provide 90%
confidence that all reportable radionuclides have %RHW values < 15%.

The Monte Carlo simulation radionuclide data for single MFPV batches were also analyzed using
ANOVA to determine which factors, and interactions between the factors, had significant effects on the
%RHW values calculated during the simulations. This was done in the same manner as described for
ILAW chemical compositions in Section 7.1.1. Main effects, as well as two-factor and three-factor
interactions, were investigated. No interactions higher than three-factor were included due to the
confounding of interactions occurring at those levels because of the fractional factorial design used (see
Section 3.4.2). This was an acceptable analysis because (1) four-factor and higher interactions are usually
not statistically significant and (2) when they are, they are usually too small to be practically significant.
An ANOVA was performed for each ILAW radionuclide composition component, using a significance
level (o) of 0.05 to assess whether a factor or interaction was significant. The ANOVA was performed
for each of the three tanks (one each from LAW waste Envelopes A, B, and C) used for the investigations
in this report. There were 30 ILAW radionuclide composition components that were studied, with 14 of
the 30 designated in Table 2.1 as reportable radionuclides. The reportable radionuclides present in the
three example LAW tanks include: **' Am,0s, ****Cm,0s, “Co0, *’Cs,0, '**Eu,03, '¥Eu,03, “NiO,
ZNpO,, **Pu0,, *’Pu0,, **'Pu0,, '**Sb,0s, *°Sr0, and *Tc,0-.

Results from the ANOVAs for ILAW radionuclide composition components are summarized in
Table 7.5. This table summarizes the percentage of ILAW radionuclide composition components for
which each factor and two-factor interaction was statistically significant for each of the three LAW tanks.
The ANOVA results were summarized for all the ILAW radionuclide composition components and just
the 14 reportable radionuclide components present in the three LAW tank examples. If a radionuclide
was not present or not measured for a given LAW tank, then it was not included in the analysis. From
Table 7.5, it can be seen that changes in the CRV analytical %RSD always affected the %RHW, with
changes to CRV mixing/sampling %RSD occasionally affecting the % RHW. As expected, changes in the

7.10



Table 7.4. Required Number of Samples per LAW CRYV Batch (ngR ) and Analyses per Sample

(nSR”") to Satisfy Certain %RHWs Across All Reportable Radionuclide Composition
Components for a Waste Tank in Each of Three LAW Waste Envelopes®™

R Percent Relative Half-width (% RHW) on the

§ ~| :\5 Mass Fraction of an ILAW Chemical Composition Component

o & g g

> Cs R . .. .

5 < i‘é § Other Uncertainties®™ at Low Values | Other Uncertainties™ at High Values®
~ 2 a =

2 7 7 =

g ‘:5 r:g g <5% <10% | <15% | <20% <5% <10% | <15% | <20%
= 2 2 O Ng | Ny [ Dg | Dy [ Ng [Ny [ Ng | Ny | Dg | Ny | Ng | Ny | Ng | Ny | Dg | Dy
2 Lo | 9% Of s 2|t 2t - -5t [2]1]2]1
| Lo 95 | - | - [ 8 [ 1 [ 3|t |21 |- -8 |1 |3[1]2]1
S w9 | - | - |- -1 |1 |2]2|-]-|-]-]8]1]5]1
) H

E 95 - - - - 7 2 6 1 - - - - 7 2 3 2
= Lol - st -f-Jejrj2]1]2]1
S HO 95 | - | - [ 8|t a1 21| -|-[8|1][4]1]2]1
A, u 90 | - - - - 1|1 5 1 - - - - 8 1|5 1
< 95 - - - - 10 1 6 1 - - - - 7 2 6 1
—_ 90 7 2 4 1 2 1 1 1 7 2 4 1 2 1 1 1
) L

o L 95 - - 5 1 2 1 2 1 - - 5 1 3 1 2 1
-3
% H 90 - - 7 2 5 1 1 3 - - 7 2 6 1 3 1
z 95 | - | - | - |- s |2 2] -|-[-|-]8|1]5]1
= L 90 - - 4 1 2 1 1 1 7 2 4 1 2 1 1 1
S H 95 | - | - | s |1 |31t ]2t -]-]e6e]t|3|1]2]1
N 9 | - | - | 7| 2|6 |1 ] 4]1 - -l 7126 | 1] 4711
< H

95 - - - - 10 1 5 1 - - - - 8 1 5 1

—_ 90 - - 5 1 2 1 1 1 - - 5 1 2 1 2 1
o L

& L 95 - - 8 1 3 1 2 1 - - 6 1 3 1 2 1
° H 90 - - - - 1 5 1 - - 7 2 8 1 2 2
5]

: 95 - - - - 10 1 6 1 - - - - 5 2 6 1
= L L0 - s 2 f4aft 22l
S H os [ - [ - s3]zt -1-Telt][3]1 271
z IO LU R N B L2 2 -]-]-]-]8|1]2]2
< o5 | - [ - [ - [ -TJw|1]e| 1| --1-1-1T7]1216s6]1

(a) For space reasons, ng is used to denote ngR 4 , and n, is used to denote nSRV .
(b) Other uncertainties include GFC composition uncertainty, uncertainties in masses of GFCs added to the MFPV, and CRV

(©)

(d)

(e
®

and MFPV volume uncertainties. Their low and high values of these uncertainties used for this work are listed in the tables
of Appendix D.

In some cases, the table shows lower number of samples for other uncertainties at high values than at low values. This can
occur for two reasons. First, other uncertainties have little impact, and thus the simulation results may be close for low and
high levels of other uncertainties. This can yield numbers of samples when other uncertainties are at high values that are
slightly higher or lower than when other uncertainties are at low levels. Second, the results are ILAW component
dependent, with the possibility of a different component providing the deciding results when other uncertainties are high
versus low.

A dash (-) means that no number of samples per CRV batch and analyses per sample, as tested according to Table 3.3,
satisfied that %RHW category.

Low (L) and high (H) values of LAW CRV mixing/sampling uncertainties are listed in Table D.2 of Appendix D.

Low (L) and high (H) values of LAW CRYV analytical uncertainties are listed in Table D.4 of Appendix D.
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Table 7.5. Percentage of ILAW Radionuclide Composition Components (Oxides) for which the
Factor or Interaction was Significant in the ANOVAs (a = 0.05) for Each of Three LAW

Tanks

All Radionuclide Composition

Reportable Radionuclide

Components (Oxides) Composition Components (Oxides)

Envelope A | Envelope B | Envelope C | Envelope A | Envelope B | Envelope C

Factor / Interaction® (AP-101) (AZ-101) (AN-107) (AP-101) (AZ-101) (AN-107)
%RSDg () 74 9.1 333 15.4 16.7 50
%RSD,; (5% ) 100 100 100 100 100 100
oG5 0 0 0 0 0 0
SD@af™) 0 0 0 0 0 0
sp, 0 0 0 0 0 0
n§R 100 100 100 100 100 100
nR” 100 100 100 100 100 100
nV(d) 0 0 0 0 0 0
%RSDs (5" ) X %RSD 4(c§™") 7.4 9.1 33.3 15.4 16.7 50
%RSDg (c§*") % SD(GGF) 0 0 0 0 0 0
%RSD (%) % SD(GFC) 0 0 0 0 0 0
%RSD (cSF) * SD(afC) 0 0 0 0 0 0
%RSD 4 (cH) % SD(af") 0 0 0 0 0 0
SD(GGFC)* SD(ag™) 0 0 0 0 0 0
%RSDg (c$*") % SD), 0 0 0 0 0 0
%RSD 4 (c§*") * SD 0 0 0 0 0 0
SD(GSC) % SDy, 0 0 0 0 0 0
SD(af™€) % SD, 0 0 0 0 0 0
%RSDg (c§*") * SRV 7.4 9.1 333 100 100 100
%RSD 4 (c§*) * p SRV 100 100 100 0 0 0
SD(GR)* n§R 0 0 0 0 0 0
SD(ag™e) * p SRV 0 0 0 0 0 0
SD, * SRV 0 0 0 0 0 0
%RSDg (™) * nSRV 7.4 9.1 33.3 15.4 16.7 50
%RSD 4(c7*") * nSRV 100 100 100 100 100 100
SD(GGFE) % nGR” 0 0 0 0 0 0
SD(ag™C) * SRV 0 0 0 0 0 0
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Table 7.5. Percentage of Radionuclide Composition Components (Oxides) for which the Factor or
Interaction was Significant in the ANOVAs (a = 0.05) for Each of Three LAW Tanks

(cont.)

All Radionuclide Composition Reportable Radionuclide

Components (Oxides) Composition Components (Oxides)

Envelope A | Envelope B | Envelope C | Envelope A | Envelope B | Envelope C

Factor / Interaction (AP-101) | (AZ-101) | (AN-107) | (AP-101) | (AZ-101) | (AN-107)
SDy % n§®” 0 0 0 0 0 0
n§RV X GRY 100 100 100 100 100 100
%RSD (™) > ny 0 0 0 0 0 0
%RSD 4(c§*") % ny, 0 0 0 0 0 0
SD(G )% ny 0 0 0 0 0 0
SD(ag"™ ) % ny 0 0 0 0 0 0
SDy * ny 0 0 0 0 0 0
ng®V X ny 0 0 0 0 0 0
nG® X ny 0 0 0 0 0 0

(a) Only two-factor interactions were included in the ANOVA model.
(b) This factor has a “low” case and a “high” case.

(c) The notation SD,, represents both SD,,CRV and SD,Q’[F PV This factor has a “low” and “high” case, where both

SDSRV and SD)P" are varied at the same time.

MFPV
14

and n

SRV , with each being varied at the same time.

(d) The notation 1, represents both »

number of samples per CRV batch, as well as in the number of analyses per sample, also affected the
%RHW. Changes in the GFC uncertainties and GFC weight uncertainties did not have significant effects
on the %RHW. This was expected because none of the GFCs included in ILAW contain radionuclides.
Changes in the CRV and MFPV volume uncertainties and the number of volume determinations per
vessel also did not have significant effects on the %oRHW. Most two-factor interactions were not

significant. As expected, the &% x ,GR” interaction was statistically significant. This is because as
nSRV was increased, 5 A?RV could be decreased to obtain a similar %RHW, and vice versa. Also the

%RSD 4 (chV) X ngRV interaction was always statistically significant. The only other interactions that
were occasionally statistically significant included: %RSDg (c_]CRV) X %RSD , (c_]CRV) , 20RSDg (chRV)

x nSR”, %RSD (c]CRV) x pSRY , and %RSDg (c]CRV) x nGR7, which were expected.

The ANOVA results in Table 7.5 require an explanation relative to the results in Table 7.4. The
results in Table 7.5 show that factors %RSD (chRV) and %, and interaction ,$R” x ,GR" have

statistically significant effects, and yet Table 7.4 shows that generally one analysis per CRV sample
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(nA?RV = 1) is sufficient for compliance. The explanation for this seeming inconsistency is that increasing

the number of samples per CRV batch ngR ¥ also increases the total number of analyses, even if each
sample is only analyzed once. Thus, increasing the number of samples per batch effectively reduces (via
averaging) %RSD 4 (chV) as well as %RSDy (chRV ). This “dual benefit” is better than the “single
benefit” from increasing the number of analyses per sample, which only effectively reduces

%RSD 4 (c_]CRV) . This explains why most of the results in Table 7.4 show that one analysis per CRV

sample is sufficient despite %6RSD , (CJCRV) and ngRV having statistically significant effects.

7.2.2 lllustration of Calculating Means and Standard Deviations of ILAW
Radionuclide Compositions and Inventories over an LAW Waste Type for
Radionuclides Analyzed in Every MFPV Batch

This section uses realistic data to illustrate the equations presented in Section 5.2.4 for calculating
means and SDs of ILAW radionuclide component inventories per ILAW container (Ci/container) over an
LAW waste type. During ILAW production, there will be one “averaged” estimate of radionuclide
composition per MFPV batch, and the compliance method consists of reporting the means and SDs of
reportable radionuclide inventories per ILAW container calculated over all MFPV batches and [LAW
containers associated with a given LAW waste type. Equations for ILAW radionuclide inventories per
ILAW container are presented in Section 5.2.4.1 for the case of balanced data (equal numbers of samples
per CRV batch and equal numbers of analyses for each CRV sample), and in Section 5.2.4.2 for the case
of unbalanced data (unequal numbers of samples per CRV batch and/or unequal numbers of analyses for
each CRV sample). For a balanced data set, the means, SDs, and %RSDs of ILAW radionuclide
inventories per ILAW container are respectively calculated using Egs. (5.2.1), (5.2.2), and the usual
formula for a %RSD. These equations make use of means and SDs for mass fractions of ILAW
radionuclide composition components, which were presented and discussed for the AP-101 example data
in Section 7.1.2.

The equations for calculating the means and SDs of radionuclide inventories per ILAW container
have embedded in them equations for calculating the means and SDs of ILAW radionuclide compositions
(mass fractions of radionuclide oxide components) per ILAW container. These equations are the same as
presented in Section 5.1.4 and illustrated in Section 7.1.2 for chemical composition components.

A realistic balanced dataset to illustrate the use of Egs. (5.1.2), (5.1.5), and (5.1.6) for the means,
SDs, and %RSDs of ILAW radionuclide compositions (mass fractions) and Egs. (5.2.1) and (5.2.2) for
the means and SDs of radionuclide inventories per ILAW container was obtained as previously described
in Section 7.1.2. Specifically, simulated data were obtained (Vienna 2004b) from the WTP Project’s Run
3.1vv of the G2 dynamic simulation flowsheet (Deng 2004; Vora 2004) corresponding to the LAW
portion of waste Tank AP-101 as discussed in Section 7.1.2. Table J.2 in Appendix J lists the
radionuclide composition components (mass fractions) of 25 MFPV batches associated with LAW from
AP-101. It is estimated that 41 ILAW containers will be produced from 25 ILAW MFPV batches.® The

(a) For ILAW, the MFPV is expected to contain the equivalent of approximately 10 MT of LAW glass, while an
ILAW container is expected to contain 6 MT of LAW glass. Hence, an ILAW MFPV batch is expected to
produce about one and two-thirds (i.e., 1.67) containers of ILAW.
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LAW corresponding to the 25 ILAW MFPV batches and 41 ILAW containers is assumed to be the “waste
type” for purposes of this illustration.

Table 7.6 contains the illustrative results of applying the previously mentioned equations for

calculating the means, SDs, and %RSDs of ILAW radionuclide compositions over the 25 ILAW MFPV
batches corresponding to an AP-101 waste type. The variations of the ILAW radionuclide composition
component mass fractions (over the 25 ILAW MFPV batches corresponding to an LAW waste type)
summarized in Table 7.6 range from 0.03 to 4.60 %RSD. However, it should be kept in mind that this
range of %RSDs reflects only batch-to-batch variation and not any of the within-batch uncertainties that
will affect estimation of ILAW radionuclide (and chemical) compositions during WTP ILAW production.

Table 7.6. Means, SDs, and %RSDs of ILAW Radionuclide Composition Components (Mass

Fractions) over 25 ILAW MFPV Batches Corresponding to Waste Tank AP-101

Radionuclide Radionuclide
Composition Mass Fraction Composition Mass Fraction
Component Mean SD %RSD | Component Mean SD %RSD
22T Ac,04 5.76E-15 | 7.68E-17 133 | *Pu0, 6.94E-10 | 2.93E-11 4.22
21 Am,0,® 6.80E-11 | 7.12E-13 1.05 | *'Pu0, 1.39E-11 | 5.99E-13 4.31
B Am,0 6.29E-14 | 8.44E-16 1.34 | **PuO, 457E-12 | 1.98E-13 4.34
Bcdo 8.22E-11 | 4.91E-13 0.60 | **RaO 5.72E-14 | 1.68E-16 0.29
*2Cm,0 N/A N/A N/A **Ra0 1.85E-13 | 2.49E-15 1.34
Cm,0; 5.04E-16 | 8.52E-18 1.69 | "Ru0O, N/A N/A| NA
Cm,0, 5.60E-14 | 2.32E-15 414 | 'Sb,0; 9.95E-12 | 1.22E-13 1.23
9Co0 1.79E-12 | 1.48E-14 0.82 | ”’Se0, 1.30E-08 | 7.58E-11 0.58
BCs,0 2.14E-16 | 4.04E-18 1.89 | ®'Sm,0; 1.65E-07 | 4.33E-11 0.03
Y1Cs,0 7.91E-11 | 7.72E-13 0.98 | '*Sn0, 7.17E-08 | 6.21E-11 0.09
“2Eu,0 9.00E-12 | 4.31E-15 0.05 | ”Sro 4.75E-09 | 1.99E-10 4.18
SEu,0; 7.78E-11 | 3.53E-12 453 | ”®Tc,0, 3.53E-06 | 2.39E-08 0.68
SSEu,04 2.20E-11 | 1.01E-12 459 | **ThO, 1.06E-11 | 1.42E-13 1.32
2 2.66E-07 | 1.62E-09 0.61 | **ThO, 1.09E-04 | 1.40E-06 1.28
%*Nb,0s 2.85E-11 | 1.94E-14 0.07 | U0, 5.77E-13 | 7.75E-15 1.34
*NiO 2.05E-08 | 7.86E-10 3.82 U0, 5.77E-09 | 7.75E-11 1.34
NiO 2.56E-09 | 9.78E-11 3.82 | U0, 7.80E-09 | 1.90E-10 2.44
BINpO 1.72E-07 | 7.91E-09 4.60 | U0, 9.01E-07 | 2.06E-08 | 2.29
21Pa, 05 3.22E-11 | 9.47E-14 029 | *°UO, 434E-08 | 1.47E-09 3.39
2puo 6.52E-12 | 2.71E-13 416 | 2*U0, 1.17E-04 | 2.56E-06 2.18
»Pu0 1.22E-08 | 4.98E-10 4.07 | 710, 3.10E-06 | 4.40E-09 0.14
©) g;’;:iﬁ?@s 2.30E-04 (©)

(a) Results for reportable radionuclide composition components (per Table 2.2) are shown in boldface.
(b) The total mass fraction adds the mean mass fractions of radionuclide composition components (oxides). Mass

fractions of chemical composition components and their total are shown in Table 7.3.
(c) This portion of the table is intentionally blank.
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To calculate ILAW radionuclide inventories, illustrative data for masses of glass in the assumed 41
containers for the AP-101 waste type were also required. The mean mass of glass in an ILAW container
(5.911 x 10° g) and the SD for the mass of glass in an ILAW container (8.051x 10*g) were obtained using
data from Andre (2004). Simulated masses of glass in the 41 ILAW containers generated by adding
normally distributed random noise with SD = 8.051x 10* g to the mean value of 5.911 x 10° g, are shown
in Table J.3 in Appendix J. From these simulated values, a sample average glass container mass of
5.8926 x 10° g and a sample SD of 9.1923x 10*g were obtained.

Equations (5.2.1), (5.2.2), and the usual %RSD formula can be used to calculate means, SDs, and
%RSDs of ILAW radionuclide inventories per ILAW container. The results of applying these equations to
the simulated data for the 20 reportable ILAW radionuclides (see Table 2.1) are summarized in Table 7.7.

Table 7.7. Means, SDs, and %RSDs for Inventories per ILAW Container of Reportable
Radionuclides over 25 ILAW MFPYV Batches and 41 ILAW Containers Corresponding
to LAW Waste Tank AP-101

Radionuclide Inventories
per ILAW Container®
Radionuclide Mean (Ci) SD (Ci) %RSD
“Co 9.16E-03 1.62E-04 1.77
Ni 6.86E-01 2.83E-02 4.13
“Sr 3.33E+00 1.49E-01 4.47
PTe 2.67E-01 4.54E-03 1.70
2Sb 4.92E-02 9.76E-04 1.98
B7Cs 3.83E-02 7.05E-04 1.84
BISm 2.18E+01 3.40E-01 1.56
S*Eu 1.03E-01 4.95E-03 4.80
SSEu 5.50E-02 2.67E-03 4.85
2y 2.73E-04 5.63E-06 2.06
2y 9.70E-06 2.68E-07 2.77
“"Np 6.34E-04 3.08E-05 4.86
2y 1.95E-04 5.24E-06 2.69
2¥py 5.76E-04 2.56E-05 4.44
%py 3.93E-03 1.72E-04 437
opy 8.30E-04 3.73E-05 4.50
#lpy 7.23E-03 3.31E-04 4.58
1 Am 1.24E-03 2.33E-05 1.88
Cm 1.41E-07 3.23E-09 2.30
Cm 2.43E-05 1.08E-06 4.43

(a) Results obtained using data from Vienna (2004b).
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To illustrate the use of Egs. (5.2.1) and (5.2.2) in calculating the results in Table 7.7, consider the case
of “Co. Plugging the appropriate quantities into Eq. (5.2.1), the mean inventory per ILAW container of
%Co over the 25 MFPV batches and approximately 41 ILAW containers corresponding to the AP-101
LAW waste type is obtained by

—MFPV n—/lContamer A

D

EContainer _ 60 CoO 60 Co

p%co

S60 o0

B (1.79%107"% 2600, /B atass) (5-89x10° g4, ) (1.10x10° Cilg g, )
1.2667 2600 /&60¢,

(7.2.1)

=9.16x107> Ci *°Co/container

Similarly, plugging the appropriate quantities into Eq. (5.2.2), the standard deviation of “’Co
inventory per container over the 25 MFPV batches and approximately 41 ILAW containers corresponding
to the AP-101 LAW waste type is obtained by

g ' ! 1/2
(g_é‘g?;g )2 SD(deontamer )2 i (n—/lgontamer)z SD(EIA:{)ISE:O )2
Container
SD(Rd 60, ):f_ o , e
> q | — SD(mdl)n alner) D gibocoo )
- 1/2
(179 <10 N g6OCOO /gglass)2 : (9192327 gglass)2
1.10x10° Ci 60Co/gso
= Co | , (5.89 x 10° gglass)2 -(1.48x10 14 g60C00/ggla5s)2 (7.2.2)

1.2667 g6OCOO /g60C0
— (9192327 gyiaes)” - (148107 % g /g 10s)?

=1.62x107* Ci *°Co/container

Finally, the %RSD is calculated via the usual formula

, 1.62x107* Ci
Y%RSD(RS"™"" ) = 100{M] -1.77

9.16x107* Ci

making use of the results from Egs. (7.2.1) and (7.2.2).

Means, SDs, and %RSDs for the inventories per ILAW container of other reportable radionuclides
can be calculated in a similar way and are presented in Table 7.7. Note that even though a single number
was used to represent the SD of the mass of glass in an ILAW container and another for each of the
radionuclide inventories in this example, this should not be taken as an indication that a single source of
variability is present in these SDs. The numbers used in this example only reflect the structure of the data
available for the calculations. The total variability of the mass of glass determined to be present in a
given ILAW container and of the radionuclide inventories may in fact be composed of several sources.
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Project specifications call only for reporting means and SDs of radionuclide inventories per ILAW
canister, so the results presented in Table 7.7 are representative of the way in which other radionuclide
inventories per ILAW canister (obtained using different numbers of MFPV batches, ILAW containers,
and/or a different LAW stream, for example) will be reported.

Finally, as discussed in Section 7.1.2, the data available for the illustrations of calculating means,
SDs, and %RSDs of ILAW chemical composition, radionuclide composition, and radionuclide inventory
per ILAW container only contain batch-to-batch variation and not any of the within-batch uncertainties
that will affect estimation of ILAW chemical and radionuclide compositions, as well as radionuclide
inventories per canister, during WTP ILAW production.

When a full set of needed data is available, this section of the report will be revised to illustrate the
use of (1) Egs. (5.1.2), (5.1.5), and (5.1.6) for calculating means, SDs, and %RSDs of ILAW radionuclide
component compositions (mass fractions), and (2) Egs. (5.2.1), (5.2.2), and the usual %RSD formula for
calculating means, SDs, and %RSDs of ILAW radionuclide inventories per canister. The revisions will
include taking the complete set of G2 data and augmenting it by random disturbances corresponding to
the various uncertainties affecting the estimate of ILAW composition for an MFPV batch. The equations
for means, SDs, and %RSDs will then be applied to this augmented data so that the effects of within-
batch uncertainties as well as batch-to-batch variation will be reflected in the example results for
radionuclide compositions and inventories.

7.3 Compliance Results for ILAW Contract Specification 2.2.2.8:
Radionuclide Concentration Limits

Section 7.3.1 illustrates, using a realistic example, the methodology presented in Section 5.3.3 for
demonstrating that ILAW radionuclide concentrations meet Class C limits in Tables 1 and 2 of 10 CFR
61.55. Section 7.3.2 presents results from the Monte Carlo simulations and uses the methodology in
Section 5.3.4 to determine the numbers of samples per CRV batch, analyses per CRV sample, and CRV
and MFPV volume determinations necessary to demonstrate that ILAW radionuclide concentrations meet
Class C limits. Section 7.3.3 illustrates, using a realistic example, the methodology presented in Section
5.3.5 for demonstrating that running-average concentrations of '*’Cs and *°Sr meet specified limits.
Section 7.3.4 presents results from the Monte Carlo simulations and uses the methodology in Section
5.3.6 to determine the numbers of samples per CRV batch, analyses per CRV sample, and CRV and
MFPV volume determinations necessary to demonstrate that the running-average concentrations of '*’Cs
and *’Sr meet specified limits.
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7.3.1 lllustration of Statistical Methods to Demonstrate that ILAW Radionuclide
Concentrations Meet Class C Limits

Section 7.3.1.1 illustrates, using a realistic example, the methodology presented in Section 5.3.3.1 for
demonstrating that ILAW radionuclide concentrations over ILAW containers associated with an LAW
waste type meet Class C limits. Section 7.3.1.2 illustrates the methodology presented in Section 5.3.3.2
to assess whether ILAW radionuclide concentrations for ILAW from each MFPV batch meet Class C
limits.

7.3.1.1 lllustration of Statistical Method to Demonstrate that ILAW Radionuclide
Concentrations over ILAW Containers Associated with an LAW Waste Type
Meet Class C Limits

This section illustrates, using realistic example data, the methodology presented in Section 5.3.3.1 for
demonstrating that ILAW radionuclide concentrations over ILAW containers associated with an LAW
waste type meet Class C limits. The method presented in Section 5.3.3.1 is an X%/Y% UTI, applied to
sum-of-fractions of [ILAW Class C ILAW radionuclides in Table 1 (SF1) and Table 2 (SF2) of 10 CFR
61.55 as discussed in Section B.3.1.1 of Appendix B. The Class C limits for the radionuclides in Tables 1
and 2 of 10 CFR 61.55 are listed in Table B.1 of Appendix B.

Sum-of-Fractions of Radionuclides in 10 CFR 61.55 Table 1

The ILAW radionuclides involved in the sum-of-fractions calculations for 10 CRF 61.55 Table 1 are
“Tc, alpha-emitting TRU (= *'Np + **Pu + **Pu + ***Pu + **' Am + ***Cm), **'Pu, and ***Cm. The Class
C limits for these radionuclides are listed in Table B.1 of Appendix B.

Equation (5.3.1a) from Section 5.3.3.1, repeated here for convenience,

———Containers ———Container

X% /Y% UTI(SF157"“" )y = SF1 +k(X,Y) SD(SF14 ) (7.3.1)
. . . .. Containers
provides for calculating the desired X%/Y% UTI on SF1. The quantities SF'1p and

SD(SF15°mainers y in Bq. (7.3.1) are calculated using Egs. (B.3.4) and (B.3.7) in Section B.3.1.1 of

Appendix B. The applications of these equations are now illustrated using realistic values and simulated
data corresponding to LAW waste from Tank AP-101.
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———Containers

First, the quantity SF1p is calculated using Eq. (B.3.4) as follows

Containers 1 | Nk (1 09 )gé‘/[FPV Aq 1 §§’1FPV ﬁg"”mme" Aq
SF1p = > — >S— + —
k=TRU, 2Py, 242cm | Ly | 4=! fq L, fq =21¢

(1.72x1077)(0.00071) .\ (6.52x1072)(17.0) .\ (1.22x107%)(0.062)

~ 10° 1.16877 1.13445 1.13389
= ——
100x107" Ci TRU/g yjq5 | (6.94x 10719)(0.23) .\ (6.80x107"1)(3.4) .\ (5.60x107)(81.0)
1.13333 1.09958 1.09836
. | 109(1.39><10'“g24lpu02 /8 gtass) (100 Ci ' Pu/g g, )
3500x107" Ci **' Pu/g gy 113278 8241py0, /8241,
9 - 242
N 1 107(0.0 8242010, /8 gtass ) (3300 Ci 77 Cm/g 545, )
20000x107" Ci **Cm/g g6 1.09917 22420110, /82420
1 (3.53x10°¢ £9910,0, /Ealass) (265 % 10° g gjps/m” glass) (0.017 Ci* Te/g g )
+
3Ci ¥ Te/m? glass 1.32323 £997¢,04 /8997,

1
100x10™ CiTRU/g

(3.3916x 1071°¢i TRU/gglass)

glass

N 1 (1,8033x10“OCi 241Pu/gglass)

3500x10~° Ci%*'Pu/g

glass

" ! (0.0 ci*2cmig oy, )

20000x107% Ci** Cm/g g4

1

+
3Ci% Te/m? glass

(0.1311Gi* Tofm? glass)

=0.0034+0.0001+0.0+0.0437 = 0.0472

where the limiting values L; and L) are from Table B.1 in Appendix B, the E;MF PV Values are from

Table 7.6, the 4, values are from Table A.2 in Appendix A, the f, values are from Table A.1, and the

—Container

mean density of glass in D =41 ILAW containers ( pp, ) is 2.65 % 10° g/m’. The resulting mean

SF1 value of 0.0472 is well below the limiting value of 1, although the goal here is to have the X%/Y%
UTI value below 1.

7.20

(7.3.2)



Equation (B.3.7) in Appendix B shows how to calculate the standard deviation of SF1. Starting with
Eq. (B.3.7) and substituting values yields

9 2 2
&] %{(A_qJ (SD(E;};{FPV))z

—— Container
S
k=TRU, 1Py, 222cm\ Ly ) o=\ J4

SD(SF14 )=

1/2

2 = ontainer 2
. { 4, ] (1P )2 (sD(pGomaine)

Lofol |+ ( Container y2 (SD(gil(\IlFPV ))2 ~ (SD(pdContainer ))2 (SD(gij(\]/[FPV ))2 -

B (1x1o9 nCi/Ci

2
: [1.2592 x107"% +2.6554x107%" +1.1032x10~"
100 nCi/g

+5.2029x 107" +3.2094 x 107" +4.6016 x 10‘2“]c12/g2 +3.1959x107° +4.3669 107" (7.3.3)

0.5
+(1.8340 x 10‘5)[0.005 +0.3342-1.8751 % 10'5]} =(1.44x1074)%° =0.0120

To calculate a 95%/95% UTI, the results of Egs. (7.3.2) and (7.3.3) are substituted into Eq. (7.3.1)
along with the value (95, 95) = 2.2778 obtained as described in Section F.2 of Appendix F. The result is

———Containers ———Container

X% /Y% UTI(SF157"“" ) = SF1 +k(X,Y) SD(SF14 )
=0.0472 + 2.2778 (0.0120) = 0.0745

which is well below the limiting value of 1.

X%/Y% UTIs on the sum-of-fractions SF1 for other combinations of X and Y are listed in Table 7.8.
Listed first in the table are X%/Y% UTIs corresponding to the preceding AP-101 illustration with 25
ILAW MFPV batches and 41 ILAW containers. Also included for comparison are X%/Y % UTIs for 125
MFPV batches and 208 ILAW containers. The latter case is included to illustrate the effect of increasing
the number of MFPV batches on the values of the X%/Y% UTIs on SF1. For this investigation, the mean
and SD for the sum-of-fractions SF1 remained unchanged at the values obtained earlier in this section for
25 MFPV batches. X%/Y% UTIs for several combinations of confidence levels (X) and population
percentage (Y) are shown in Table 7.8.

Results in Table 7.8 show that the X%/Y% UTIs on SF1 are far below the limiting value of 1 for all
cases. As expected, increasing the values of X and Y from 90 to 95 to 99 increases the value of the
X%/Y% UTI. Although this nominally makes it more difficult for a X%/Y% UTI to be below its limit,
even the 99%/99% UTI on SF1 is nowhere close to the limiting value of 1. Also, increasing the number
of ILAW MFPYV batches and containers associated with the LAW waste type yields smaller values of
X%/Y% UTlIs on SF1. However, if ILAW for other LAW tanks to be processed by the WTP also have
ILAW radionuclide sum-of-fractions SF1 for Class C greatly below the limit of 1, the number of ILAW
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MFPYV batches and containers would likely have to be much lower than 25 before the X%/Y% UTI would
have any chance of exceeding the limit.

Table 7.8. Parameter Values and X%/Y % UTIs on the Sum-of-Fractions of Radionuclides in
Table 1 of 10 CFR 61.55 (SF1) over D ILAW Containers Associated with 25 or 125
ILAW MFPYV Batches Corresponding to an AP-101 LAW Waste Type

Containers <1+ Containers X%/Y% UTI
I | D® | X% | Y% | SF1p kX, Y) | SD(SF1, ) on SF1
25 | 41 | 0.90 | 0.90 0.0472 1.6851 0.0120 0.0674
25 | 41 | 0.90 | 0.95 0.0472 1.8257 0.0120 0.0691
25 | 41 | 090 | 0.99 0.0472 2.1367 0.0120 0.0728
25 | 41 | 095 0.90 0.0472 2.1121 0.0120 0.0725
25 | 41 | 0951 0.95 0.0472 2.2778 0.0120 0.0745
25 | 41 | 0.95 | 0.99 0.0472 2.6485 0.0120 0.0790
25 | 41 | 0.99 | 0.90 0.0472 2.9251 0.0120 0.0823
25 | 41 | 0.99 | 0.95 0.0472 3.1415 0.0120 0.0849
25 | 41 | 0.99 | 0.99 0.0472 3.6315 0.0120 0.0908
125 | 208 | 0.90 | 0.90 0.0472 1.4458 0.0120 0.0645
125 | 208 | 0.90 | 0.95 0.0472 1.4962 0.0120 0.0652
125 | 208 | 0.90 | 0.99 0.0472 1.5960 0.0120 0.0664
1251 208 | 0.95 | 0.90 0.0472 1.8330 0.0120 0.0692
125 | 208 | 0.95 | 0.95 0.0472 1.8911 0.0120 0.0699
125 | 208 | 0.95 | 0.99 0.0472 2.0071 0.0120 0.0713
125 | 208 | 0.99 | 0.90 0.0472 2.5644 0.0120 0.0780
125 | 208 | 0.99 | 0.95 0.0472 2.6388 0.0120 0.0789
125 | 208 | 0.99 | 0.99 0.0472 2.7877 0.0120 0.0807

(a) Iand D, respectively, denote the number of ILAW MFPV batches and number of ILAW
containers associated with an LAW waste type.

Sum-of-Fractions of Radionuclides in 10 CFR 61.55 Table 2

The ILAW radionuclides involved in the sum-of-fractions calculations for 10 CRF 61.55 Table 2 are
Ni, *Sr, and "*’Cs. The Class C limits for these radionuclides are listed in Table B.1 of Appendix B.

Equation (5.3.1b) from Section 5.3.3.1, repeated here for convenience,

Containers Container

X% /Y% UTI(SF25emainersy — §F2 +k(X,Y) SD(SF24 ) (7.3.4)
. . . L. Containers
provides for calculating the desired X%/Y% UTI on SF2. The quantities SF2p and
SD(SF 2gonminm) in Eq. (7.3.4) are calculated using Egs. (B.3.5) and (B.3.9) in Section B.3.1.1 of
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Appendix B. The applications of these equations are now illustrated using realistic values and simulated
data corresponding to LAW waste from Tank AP-101.

Containers .

First, the quantity SF2p is calculated using Eq. (B.3.5) as follows

= MFPV — Container
———Containers 1 8 PD A
SF2p = > — 1 4
4=83Ni, 90, 137 | L}, Sy

B 1 (2.56%107 263110 /2 glass )(2-65%10° g 5 /m glass) (57 Ci © Nig 3, )
700 Ci ®Ni/m3 glass 1.25397 g 63010 /8 63n

+

1 (4.75x10™ gopo /8 glass ) (2.65x10° gy, /m” glass) (140 Ci ™ Sr/g g )
7000 Ci *°Sr/m? glass L17778 90g,, /8 90g,

. ! (7.91x10! 8137c0,0 /2 glass ) (2.65x10° g 1, /m” glass) 87 Ci*7 Cs/g 37, ) | (7:3:5)
4600 Ci '¥7Cs/m?® glass 1.05839 2137 /8137,

1
700 Ci 3 Ni/m? glass

1
7000 Ci *°St/m? glass

(0.3048 Ci ®Ni/m® s )+ (1.4962 ci Sr/m3g1ass)

1
+
4600 Ci 37 Cs/m> glass

(0.0172 Ci 137Cs/m3g1ass)

=4.4057x107* +2.1374x107* +3.7391x10° = 6.5805x10~*

where the limiting values qu are from Table B.1 in Appendix B, the ?;WF PV values are from Table 7.6,

the 4, values are from Table A.2 in Appendix A, and the f; values are from Table A.1. The resulting

mean SF2 value of 6.5805x 107 is well below the limiting value of 1, although the goal here is to have
the X%/Y% UTI value below 1.
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Equation (B.3.9) in Appendix B shows how to calculate the standard deviation of SF2. Starting with
Eq. (B.3.9) and substituting values yields

SD(

A
A

ﬁd )=

700Ci 63Ni/m3glass -1.25397 g63NiO/g63Ni

(2.56 X107 843 /8atass)” (0.1-2.65x10° g1, /myy, )

| (0 1-2.65x 1Oégglass/nlélass)2 (978 x 10_11g63NiO /gglass)2

+ - 90 3
7000C1 Sr/m glass . 1 17778 g90$r0 /ggosr

+ - 137 3
4600C1 CS/m glass . 105839 g137C820/g137CS

(gMFPV) (SD(pgontainer))z

2
q ] +(Z)gontainer (SD(gMFPV))Z

Container
P
q:63Ni+goSr+l37Cs quq

q1/2

2
57Ci% Ni/ggs, ] .

+ (265 x 1()6gglelss/rrélass)2 (978 x 10_1 1g63NiO/gglass)2

2
140Ci *St/ggq } .

(4.75x107 29oq o /Batass)” (0.1-2.65x10° gy /my )

+(2.65x10° 810 /m3pess)? (1991070 ggo /8 106)’
= (0.1-2.65x10° g gppes/myjai)* (1.99% 10 oo /810)

2
87Ci"Y Cs/ggs.;

(7915107 370 /8 gtass)? (0.1-2.65x 100 gy /o)

+(2:65x10° g M) (7725107 213700 /8tass)”

= (0.1-2.65x10° gyog/mypee)” (772107857 /8 1ass)?

r 1/2
(4.2168x107%) (5.2672x1077) + (2.8836 x107*) (1.8598 x 10~%)

+(3.1932x107%) (4.4353x1071%)
9 10 —13)/2
2211x107° +5.3629x1071% +1.4163x 10 ]'

/2
7575><10“’]l =5.2512x107
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To calculate a 95%/95% UTI, the results of Egs. (7.3.5) and (7.3.6) are substituted into Eq. (7.3.4)
along with the value k(95, 95) = 2.2778 obtained as described in Section F.2 of Appendix F. The result is

——Containers

+k(X,Y) SD(SF24 )

Containers

X% /Y% UTI(SF250miners y = SF2 py
(7.3.7)

=6.5805x107* +2.2778(5.2512x107°) =7.7766 x 10~

which is well below the limiting value of 1.

X%/Y% UTIs on the sum-of-fractions SF2 for other combinations of X and Y are listed in Table 7.9.
Listed first in the table are X%/Y% UTIs corresponding to the preceding AP-101 illustration with 25
ILAW MFPV batches and 41 ILAW containers. Also included for comparison are X%/Y % UTIs for 125
MFPV batches and 208 ILAW containers. The latter case is included to illustrate the effect of increasing
the number of MFPV batches on the values of the X%/Y% UTIs on SF2. For this investigation, the mean
and SD for the sum-of-fractions SF2 remained unchanged at the values obtained earlier in this section for
25 MFPV batches. X%/Y% UTIs for several combinations of confidence levels (X) and population
percentage (Y) are shown in Table 7.9.

Table 7.9. Parameter Values and X%/Y% UTIs on the Sum-of-Fractions of Radionuclides in
Table 1 of 10 CFR 61.55 (SF2) over D ILAW Containers Associated with 25 or 125
ILAW MFPYV Batches Corresponding to an AP-101 LAW Waste Type

Containers " I A Containers X%/Y %
I | D® | X% | Y% | SF2p kX, Y) | SD(SF2, ) | UTI on SF2
25 | 41 | 0.90 [ 0.90 | 6.5805E-04 | 1.6851 5.2512E-05 7.47E-04
25 | 41 | 0.90 | 0.95 | 6.5805E-04 | 1.8257 5.2512E-05 7.54E-04
25 | 41 [ 090 | 0.99 | 6.5805E-04 | 2.1367 5.2512E-05 7.70E-04
25 | 41 [ 095|090 | 6.5805E-04 | 2.1121 5.2512E-05 7.69E-04
25 | 41 | 095 | 0.95 | 6.5805E-04 | 22778 5.2512E-05 7.78E-04
25 | 41 | 0.95 [ 0.99 | 6.5805E-04 | 2.6485 5.2512E-05 7.97E-04
25 | 41 | 0.99 [ 0.90 | 6.5805E-04 | 2.9251 5.2512E-05 8.12E-04
25 | 41 | 0.99 [ 0.95 | 6.5805E-04 | 3.1415 5.2512E-05 8.23E-04
25 | 41 | 0.99 [ 0.99 | 6.5805E-04 | 3.6315 5.2512E-05 8.49E-04
125 [ 208 | 0.90 | 0.90 | 6.5805E-04 | 1.4458 5.2512E-05 7.34E-04
125 [ 208 | 0.90 | 0.95 | 6.5805E-04 | 1.4962 5.2512E-05 7.37E-04
125 [ 208 | 0.90 | 0.99 | 6.5805E-04 | 1.5960 5.2512E-05 7.42E-04
125 [ 208 | 0.95 | 0.90 | 6.5805E-04 | 1.8330 5.2512E-05 7.54E-04
125 | 208 | 0.95 | 0.95 | 6.5805E-04 | 1.8911 5.2512E-05 7.57E-04
125 [ 208 | 0.95 | 0.99 | 6.5805E-04 | 2.0071 5.2512E-05 7.63E-04
125 | 208 | 0.99 | 0.90 | 6.5805E-04 | 2.5644 5.2512E-05 7.93E-04
125 [ 208 | 0.99 [ 0.95 | 6.5805E-04 | 2.6388 5.2512E-05 7.97E-04
125 [ 208 | 0.99 [ 0.99 | 6.5805E-04 | 2.7877 5.2512E-05 8.04E-04

(a) Iand D, respectively, denote the number of ILAW MFPV batches and number of ILAW
containers associated with an LAW waste type.
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Results in Table 7.9 show that the X%/Y% UTIs on SF2 are far below the limiting value of 1 for all
cases. As expected, increasing the values of X and Y from 90 to 95 to 99 increases the value of the
X%/Y% UTI. Although this nominally makes it more difficult for a X%/Y% UTI to be below its limit,
even the 99%/99% UTI on SF2 is nowhere close to the limiting value of 1. Also, increasing the number
of ILAW MFPV batches and containers associated with the LAW waste type yields smaller values of
X%/Y% UTIs on SF2. However, if other ILAW for other LAW tanks to be processed by the WTP also
have ILAW radionuclide sum-of-fractions SF2 for Class C greatly below the limit of 1, the number of
ILAW MFPV batches and containers would likely have to be much lower than 25 before the X%/Y %
UTI would have any chance of exceeding the limit.

7.3.1.2 lllustration of Statistical Method for Assessing Whether ILAW Radionuclide
Concentrations for ILAW from Each MFPV Batch Meet Class C Limits

This section illustrates, using realistic example data, the methodology presented in Section 5.3.3.2 for
demonstrating that ILAW radionuclide concentrations for ILAW from each MFPV batch meet Class C
limits in Tables 1 and 2 of 10 CFR 61.55. The method presented in Section 5.3.3.2 is a CL% EUCI
developed from Monte Carlo simulation calculations of the sum-of-fractions of ILAW radionuclides for

Class C limits in Table 1 (SF1) and Table 2 (SF2) as discussed in Section B.3.1.2 of Appendix B.

The realistic example data used to illustrate the method for obtaining CL% EUCIs on ﬁf”m and

SF ZfWPV consists of results from the 1000 simulation runs for a test case with LAW Tank AP-101. The

test case comprises the “high” case uncertainties for the factors listed in Table 3.3, three samples taken
per CRV batch, and one analysis per sample. The 1000 simulated radionuclide compositions (1000
possibilities for a single MFPV batch given applicable uncertainties) for this test case were substituted in

Egs. (B.3.10) and (B.3.11) to calculate 1000 ﬁfWV and SF 2,]-WPV values for a single MFPV batch.
The density of glass produced from each of the 1000 simulated ILAW MFPYV batches was assumed to be

2.65 g/em’ (= 2.65x10° g/m’). Figure 7.1 shows a histogram of the 1000 ﬁ?/[FPV values, while

Figure 7.2 shows a histogram of the 1000 SF' 2?/[FPV values.

The formula for the CL% EUCI on the sum-of-fractions for 10 CFR 61.55 Table 1 is given by

Eq. (5.3.2a). As an illustration, a 99% EUCI on ﬁﬁpr is shown using the data described in the
previous paragraph. The result is

CL% EUCI (SF1. y=sF1t ™ = 5F1;” =0.00215

where 0.00215 represents the 99™ percentile of the 1000 simulated ﬁﬁpr values (i.e., the 990™ largest

value out of the 1000 values). Table 7.10 summarizes the CL% EUCI ﬁ?/[FPV values with 90%, 95%,
99%, and 99.9% confidence (relating to the percentiles) for the three LAW tanks.
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The formula for the CL% EUCI on the sum-of-fractions for 10 CFR 61.55 Table 2 is given by
Eq. (5.3.2b). As an illustration, a 99% EUCI is shown using the data described previously. The result is

a

cL% EUCI(SF2)" " y=5F2¢ " =5F2)"” =3.80x10°

where 3.80x107 represents the 99™ percentile of the 1000 simulated SF 2?/[FPV values (i.e., the 990™

largest value out of the 1000 values). Table 7.10 summarizes the CL% EUCI SF 2?4FPV values with
90%, 95%, 99%, and 99.9% confidence (relating to the percentiles) for the three LAW tanks.

) —— MFPV —— MFPV
Table 7.10. Resulting CL% EUCI(SF1; ) and CL% EUCI(SF2; ) Values for Three
LAW Tanks Using ngR V=3, ngRV =1, and All Other Uncertainties at “High” Values

- AP-101 AZ-101 AN-107
CL% EUCI(SF, iMFPV) (Envelope A) (Envelope B) (Envelope C)
Sum-of-Fractions for ILAW Radionuclides in Table 1 of 10 CFR 61.55

90% EUCI(SF1; ) 0.00203 0.000102 0.0720
95% EUCI(SF1; ) 0.00207 0.000104 0.0726
99% EUCI(SF1; ) 0.00215 0.000108 0.0737
99.9% EUCI(SF1, " ) 0.00220 0.000113 0.0742
Sum-of-Fractions for ILAW Radionuclides in Table 2 of 10 CFR 61.55

90% EUCI(SF2. ") 3.63x10° 3.35%10° 5.17x10°
95% EUCI(SF2. ") 3.68%10° 3.37x10° 5.24x10°
99% EUCI(SF2i ) 3.80x10° 3.41x10° 5.32x10°
99.9% EUCI(SF2." "y | 3.91x107 3.46x10° 5.43x10°

7.3.2 Results of Simulations to Determine the Numbers of Samples, Analyses,
and Volume Determinations to Demonstrate that ILAW Radionuclide
Concentrations for Each MFPV Batch Meet Class C Limits

This section presents results from the investigations described in Section 5.3.4 to determine the
numbers of samples per CRV batch, analyses per CRV sample, and CRV and MFPV volume
determinations necessary to demonstrate that [LAW radionuclide concentrations for each MFPV batch
meet Class C limits in Tables 1 and 2 of 10 CFR 61.55. The sum-of-fractions of the ILAW radionuclides
for Table 1 and Table 2 (as described in Section 5.3.3) were calculated for each test case in the
investigation described in Section 5.3.4. If the resulting calculations were below the limiting value of 1,
then the numbers of samples per CRV batch, analyses per CRV sample, and CRV and MFPV volume
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determinations associated with that test case would be sufficient to demonstrate that ILAW radionuclide
concentrations met Class C limits.

Nominal values for the sum-of-fractions expressions for SF1 and SF2 are given by Eq. (B.3.6) and
Eq. (B.3.8), respectively. The results are listed in Table 7.11. These values were calculated for each of
the three LAW tanks used for the investigations in this report. ILAW simulation results were used to
estimate the uncertainty around these nominal SF1 and SF2 values and to develop 95% EUCIs on SF1
and SF2 to compare to the sum-of-fractions limit of 1. For each LAW tank, two different 95% EUCI
values were selected to summarize all of the 95% EUCI values for each of SF1 and SF2. The minimum
95% EUCI value represents the smallest total uncertainty across all the test cases for that particular LAW
tank. This uncertainty is associated with simulation test cases that had (1) larger numbers of samples,
analyses and volume determinations and (2) smaller processing uncertainties. The maximum 95% EUCI
value represents the largest total uncertainty across all the test cases for that particular LAW tank. This
uncertainty is associated with (1) smaller numbers of samples, analyses, and volume determinations and
(2) larger processing uncertainties. The results in Table 7.11 show that the maximum 95% EUCI values
are noticeably farther, on a relative basis, from the nominal values than the minimum 95% EUCI values.
However, even the maximum 95% EUCI values are drastically below the sum-of-fractions limit of 1.

Table 7.11. Minimum and Maximum 95% EUCIs Showing the Impact of
Various Factors® on Uncertainties of Sums-of-Fractions of ILAW
Radionuclide Concentrations for Compliance with Class C Limits

LAW Tank
(Envelope) | Value SF1® SF2©

Ap.jo] | Nominal 0.00189 | 3.43x10”
(Envelope A) Minimum 95% EUCI 0.00193 | 3.50x10”
Maximum 95% EUCI 0.00225 | 3.95x10”
Az10p | Nominal 0.00009 | 3.25x10°
(Envelope B) Minimum 95% EUCI 0.00010 | 3.28x10”
Maximum 95% EUCI 0.00011 | 3.46x10”
AN.107 | Nominal 0.06975 | 4.95%x107
(Envelope C) Minimum 95% EUCI 0.07045 | 5.02x10”
Maximum 95% EUCI 0.07483 | 5.45x10”

(a) These factors include the numbers of samples per CRV batch, analyses per
CRYV sample, and volume determinations as well as mixing/sampling,
analytical, and other ILAW process uncertainties.

(b) Sum-of-fractions of radionuclides in Table 1 of 10 CFR 61.55.

(¢) Sum-of-fractions of radionuclides in Table 2 of 10 CFR 61.55.
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95% EUCI on Sum-of-Fractions for Table 1

Figures 7.3 and 7.4 display boxplots® of the 95% EUCIs on SF1 and SF2, respectively, obtained for
all combinations of factors investigated in the simulation test cases. Note that the overall minimum and
maximum values for each LAW tank found in Table 7.11 correspond to the minimum and maximum
values plotted in the Figure 7.3 and 7.4 boxplots for each LAW tank. The boxplots show the significant
effect that the number of samples per CRV batch has on the sum-of-fraction 95% EUCI values. Figures
7.3 and 7.4 also show that each of the 95% EUCI values is well below the limiting value of 1. This
means that each of the three example LAW tanks should be compliant for each of the simulation test
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Figure 7.3. Boxplots of 95% EUCIs on ILAW Radionuclide Class C Sum-of-Fractions for 10 CFR
61.55 Table 1 from the ILAW Monte Carlo Simulations for Each of Three LAW Tanks
and Various Number of Samples per CRV Batch with One Analysis per Sample

@ A boxplot is a graphical display showing the distribution of data by quartiles. The first (bottom) line, or whisker,
shows the range of the first quartile (up to the 25™ percentile). The lower part of the box, below the box midline,
shows the range of the second quartile (25™ to 50™ percentile). The upper part of the box, above the midline,
shows the range of the third quartile (50" to 75™ percentile). The top whisker shows the range of the last quartile
(75™ percentile to the maximum data point). See Appendix H.3 for a detailed discussion about interpreting
boxplots.
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Figure 7.4. Boxplots of 95% EUCIs on ILAW Radionuclide Class C Sum-of-Fractions for 10 CFR
61.55 Table 2 from the ILAW Monte Carlo Simulations for Each of Three LAW Tanks
and Various Number of Samples per CRV Batch with One Analysis per Sample

cases. The sum-of-fractions limit of 1 for SF1 and SF2 was satisfied for all test cases tested in the
simulation, so taking one sample per CRV batch, one analysis per CRV sample, and one determination
for each CRV and MFPV volume, or anything larger, should allow for radionuclide compliance for all
three waste tanks. In usual situations, taking only one sample and one analysis per sample would not
provide any basis for a statistical demonstration of compliance. However, in this case, a statistical
demonstration of compliance is possible even for one sample per CRV batch and one analysis of that
sample because the CL% EUCI is obtained from a Monte Carlo simulation. Whereas Monte Carlo
simulations were performed for many test cases (combinations of factor values) in this investigation,
during WTP ILAW operation for each ILAW MFPV batch, only one Monte Carlo simulation for the
factor values applicable to that batch would need to be performed. The computing time for such a single
Monte Carlo simulation would be negligible.
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7.3.3 lllustration of Statistical Method to Demonstrate that Running-Average
Concentrations of **'Cs and *Sr Meet Specified Limits

This section illustrates, using realistic example data, the statistical method presented in Section 5.3.5
for demonstrating that running-average concentrations of *’Cs and *°Sr (over some specified period of
ILAW production) meet Contract Specification 2.2.2.8 limits. The statistical method presented in
Section 5.3.5 is to calculate CL% UCIs for the true, unknown running-average concentrations of '*’Cs
and *Sr and then verify that the CL% UCI values are less than the specification limits.

The formula for calculating CL% UCIs on the running-average concentrations (Ci/m’) of '*’Cs and
PSr over D ILAW containers corresponding to / ILAW MFPV batches is given by Eq. (5.3.3), which is
repeated here for convenience

CL% UCI :?[i{onminer +t1—a,df SD(?DC(’Iontainer)

In Eq. (5.3.3), the running-average ?ch"”mi"er (g =""Cs and *°Sr) is calculated using Eq. (B.3.9) in

= Container

Section B.3.2.1 of Appendix B, and the standard deviation of the running-average SD(rp, ) is

calculated using Eq. (F.3.3) in Section F.3 of Appendix F. A formula for calculating df'in the Student’s
t-statistic #,_, 4 1s given by Eq. (F.3.4) in Section F.3 of Appendix F.

The preceding equations are illustrated in this section using simulated data obtained (Vienna 2004b)
from the WTP Project Run 3.1vv of the G2 dynamic simulation flowsheet (Deng 2004; Vora 2004) for
125 MFPV batches corresponding to LAW from Tank AP-101. Running averages over those 125 batches
were calculated using the following form of Eq. (B.3.9)

=MFPV — Container
= Container __ gCl PD ACI 738
qu - f ( e )
q

where the E;WF PV for g =""Cs,0 and *’SrO are obtained from the G2 outputs via Eq. (B.2.7),
Aj37., =87.0 and Ay, =140.0 are from Table A.2 in Appendix A, and f137c520 =1.0584 and

I =1.1778 are from Table A.1. For this illustration, the glass density is assumed to be constant at
90sr0

2.65 g/lem’. Figure 7.5 and Figure 7.6 display the running-average concentrations (Ci/m’) of *’Cs and
Sr over the 125 simulated ILAW MFPV batches for AP-101. The running averages of *’Cs
concentrations (Ci/m’) in Figure 7.5 are seen to be well below the Contract Specification 2.2.2.8 limit of
3 Ci/m’. Similarly, the running averages of **Sr concentrations (Ci/m®) in Figure 7.6 are seen to be well
below the Contract Specification 2.2.2.8 limit of 20 Ci/m’.
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Figure 7.5. Running Averages of '*’Cs Concentrations (Ci/m®) over
125 Simulated ILAW Batches for LAW from AP-101
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Figure 7.6. Running Averages of *’Sr Concentrations (Ci/m’) over
125 Simulated ILAW Batches for LAW from AP-101
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To illustrate the calculation of CL% UCIs in Eq. (5.3.3) for *’Cs and *°Sr, it is necessary to calculate
the running-average concentrations of both '*’Cs and *’Sr and their respective SDs. For simplicity,
running averages and SDs are illustrated after the first 25 ILAW MFPV batches. The running averages of
¥7Cs and *°Sr concentrations can be calculated by substituting data from Vienna (2004b) in Eq. (B.3.9),
yielding

=MFPV  — Container

D 137
=Container __ 137CS2O Cs

137
D7 'Cs
f137C520

(9.05x107" 813704,0/Ealass) (2-65% 10° g g105s/m” glass) (87 Ci ¥ Cs/g 37, )

(7.3.9)
1.0584 813700 /81375
=0.0197 Ci'"*7 Cs/m? glass
and
:MFPV—ContainerA
?Container — 90SrO D QOSY
D0t S 90¢,0
-10 6 3 - 90
B (8.10x107" 85,0/8 glass ) (2.65 X107 g105s/mglass) (140 Ci ™ Sr/ggp ) (7.3.10)
11778 8904, /890g,
=0.2551 Ci/m®
Application of Eq. (5.3.3) also requires calculation of:
=urpy | — Contai 2 | |=Container |? — MFPV 272
A137 [g137cs :| [SD(pdon azner)] +[pDon amer] l:SD(gi137CS )/\/7:|
SD(F ey = | ——S— (7.3.11)
b=Cs f137Cs20 Conainer ]2 Py 2
_[SD(ﬁdontamer)] |:SD(§1_137C? )/\/7}
—yrpy]? Contai 2 Container |2 MFPV 272
— — Container — Container —
|| lspgemnen | s g [ sp ) VT
SD(}E Container) — 90Sr (7312)
o f9oSr0 — Contai 2 — MFPV 2
_[SD(pdnn amer)] |:SD(gi90Sr )/\/Yj|

However, the WTP Project currently has no basis to obtain an estimate of SD(p5°"“""), the SD of the

density of glass across the d =1, 2, ..., D =41 ILAW containers associated with the /=25 MFPV
batches. For the purposes of this illustration, a SD equal to 10% of the assumed mean density over all D
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containers ( 5"

in Egs. (7.3.11) and (7.3.12) are:

— Contai 87Ci/g
SD Container —
JNE (1.0584}

2
-12
- [0. 1-(2.65x% 106g/m3 )]2 [&}

5

=6.0820x10~* Ci/m?

D (ifg”é’;f"”” - [140C1/gj

1.1778

5

2
— -10
[0' 1-(2.65x% 10° g/m3 )]2 {ﬂ}

=0.0504 Ci/m>

.05 %1071 [o.1- @65 %100 g/m?®)] + .65 % 106g/m3]2{

[8.10x1070[*[0.1- .65 %100 gm®)|” + [2.65x 106g/m3]2|:

5

5

Given the preceding results for averages and SDs of the averages, Eq. (5.3.3) can be applied to

calculate 95% UCI values for *’Cs and *°Sr:

95% UCI = ?Container + tl—a,df SD(?Containerj _ ?Container + t1—0.05,25—1 SD(

p137¢c

p137¢c - p137¢s

=Container =Container
=7 +1 SD(r )
D137Cs 0.95,24 D137Cs

=0.0197 Ci/m> +1.711(6.0820x10™* Ci/m3)=0.0207 Ci/m>

95% UCI = ?Container + tl—a,df SD(?Containerj _ ?Container + l1_0_05’25_1 SD(

D90 Sr D90 Sr B D9OSr

= Container = Container
=r +1 SD(r )
p0 Sr 0.95,24 p0 Sr

=0.2551 Ci/m> +1.711(0.0504 Ci/m>)=0.3413 Ci/m’

In the above equations, note that df=7—-1 =25 — 1 = 24, where in this case / denotes the number of
ILAW MFPYV batches over which the running averages are being calculated. These 95% UCI values are

seen to be well below their respective limits of 3 Ci/m’® and 20 Ci/m’.
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) was used. Under these conditions, the numerical values for the expressions shown

A

=Container
Dl 37CS j
(7.3.13)
=C0ntainerj
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7.3.4 Results of Simulations to Determine the Numbers of Samples, Analyses,
and Volume Determinations to Demonstrate that Concentrations of *'Cs
and *°Sr in ILAW for Each MFPV Batch Meet Specified Limits

This section presents results from the investigations described in Section 5.3.6 to determine the
numbers of samples per CRV batch, analyses per CRV sample, and CRV and MFPV volume
determinations necessary to demonstrate that ILAW radionuclide concentrations of *’Cs and *°Sr for each
MFPV batch meet specified limits. The concentrations of '*’Cs and *’Sr (as described in Section 5.3.5)
were calculated for each simulation test case in the investigation described in Section 5.3.6. If the
resulting calculation was below the specified limits of '*’Cs <3 Ci/m’ and **Sr <20 Ci/m’ from Contract
Specification 2.2.2.8, then the numbers of samples per CRV batch, analyses per CRV sample, and CRV
and MFPV volume determinations associated with that test case would be sufficient to demonstrate that
ILAW radionuclide concentrations met the specified limits.

Nominal values for the concentrations of *’Cs and *°Sr for a single MFPV batch were calculated
using Eq. (B.3.11), and the results are given in Table 7.12. These values were calculated for each of the
three LAW tanks used for the investigations in this report. ILAW simulation results were used to
estimate the uncertainty around these nominal values and to develop 95% EUCI values to compare to the
specified limits of *’Cs < 3 Ci/m® and *’Sr <20 Ci/m’. For each LAW tank and each calculated
concentration (i.e., *’Cs and *’Sr), two different 95% EUCI values were selected to summarize the 95%
EUCI values across all of the test cases. The minimum 95% EUCI value represents the smallest total
uncertainty across all the test cases for that particular LAW tank. This uncertainty is associated with
simulation test cases that had (1) larger numbers of samples, analyses and volume determinations and
(2) smaller processing uncertainties. The maximum 95% EUCI value represents the largest total

Table 7.12. Results of Investigation on the Impact of Factors® Giving Minimum and Maximum
Total Uncertainties on Concentrations of ILAW "*'Cs and *’Sr Complying with

Specified Limits
LAW Tank = MFPV (b) 7 MFPV ()
(Envelope) | Value 137 ¢ N0,

AP-101 Nominal 0.00026 0.17333

(Envelope A) Minimum 95% EUCI 0.00027 0.17574

Maximum 95% EUCI 0.00038 0.19195

AZ-101 Nominal 0.03827 0.16953

(Envelope B) Minimum 95% EUCI 0.03866 0.17145

Maximum 95% EUCI 0.04151 0.18349

AN-107 Nominal 0.22289 0.00739

(Envelope C) Minimum 95% EUCI 0.22586 0.00781

Maximum 95% EUCI 0.24569 0.01057

(a) These factors include the numbers of samples per CRV batch, analyses per CRV
sample, and volume determinations as well as mixing/sampling, analytical, and other
ILAW process uncertainties.

(b) This represents the running average of '*’Cs concentration.

(c) This represents the running average for *’Sr concentration.
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uncertainty across all the test cases for that particular LAW tank. This uncertainty is associated with

(1) smaller numbers of samples, analyses, and volume determinations and (2) larger processing
uncertainties. The results in Table 7.12 show that the maximum 95% EUCI values are noticeably farther,
on a relative basis, from the nominal values than the minimum 95% EUCI values. However, even the
maximum 95% EUCI values are drastically below the specified limits.

Figure 7.7 displays boxplots (see Section H.3 of Appendix H for help interpreting boxplots) of the
95% EUCISs on concentrations of '*’Cs and *’Sr obtained for all combinations of factors investigated in
the simulation test cases. Note that the overall minimum and maximum values for each LAW tank found
in Table 7.12 correspond to the minimum and maximum values plotted in the boxplots in Figure 7.7 for
each LAW tank. The boxplots show the significant effect that the number of samples per CRV batch has
on the 95% EUCI values for "*’Cs and *Sr concentrations. Figure 7.7 also shows that each of the 95%
EUCI values is well below the specified limits of *’Cs <3 Ci/m® and **Sr <20 Ci/m’. This means that
each of the three example LAW tanks should be compliant for each of the simulation test cases. The
specified limits of '*’Cs < 3 Ci/m® and *Sr < 20 Ci/m’ were satisfied for all test cases assessed in the
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simulation, so taking one sample per CRV batch, one analysis per CRV sample, and one determination
for each CRV and MFPV volume, or anything larger, should allow for radionuclide compliance for all
three waste tanks. In usual situations, taking only one sample and one analysis per sample would not
provide any basis for a statistical demonstration of compliance. However, in this case, a statistical
demonstration of compliance is possible even for one sample per CRV batch and one analysis of that
sample because the CL% EUCI is obtained from a Monte Carlo simulation. Whereas Monte Carlo
simulations were performed for many test cases (combinations of factor values) in this investigation,
during WTP ILAW operation for each ILAW MFPYV batch, only one Monte Carlo simulation for the
factor values applicable to that batch would need to be performed. The computing time for such a single
Monte Carlo simulation would be negligible.

As discussed in Section 5.3.6, the method applied in this section focused on assessing the required
numbers of samples per CRV batch, analyses per CRV sample, and CRV and MFPV volume
determinations to demonstrate that each MEPV batch would yield ILAW satisfying the '*’Cs and *°Sr
concentration limits. The method accounted only for the various uncertainties affecting a single ILAW
MFPYV batch and did not account for variations across MFPV batches. Variations across MFPV batches
are important in assessing whether running averages of *’Cs and *’Sr concentrations across MFPV
batches satisfy the *’Cs and *°Sr concentration limits. When the details of a method to account for both
variation and uncertainties are developed (see Section 5.3.6), the results of an investigation using that
method will be reported in this section of a future revision of the report.

7.4 Compliance Results for ILAW Contract Specification 2.2.2.17.2:
Product Consistency Test (PCT)

Section 7.4.1 illustrates, using a realistic example, the methodology presented in Section 5.4.3 for
demonstrating that ILAW from a single MFPV batch satisfies PCT limits.

Section 7.4.2 presents results from the Monte Carlo simulations described in Section 5.4.4 for
assessing the effects of (1) CRV mixing/sampling and analytical uncertainties, (2) the numbers of samples
per CRV batch and analyses per CRV sample, and (3) the number of volume determinations of CRV and
MFPV batches on the ability to demonstrate PCT compliance for ILAW from a single MFPV batch.
These results provide a basis for (1) assessing the sensitivity of single-MFPV-batch PCT estimates to the
range of possible uncertainties and (2) the WTP Project to decide on the number of samples per CRV
batch, the number of chemical analyses per CRV sample, and the number of volume determinations of
CRYV and MRPYV batches necessary to demonstrate PCT compliance for ILAW from a single MFPV
batch.

Section 7.4.3 illustrates, using a realistic example, the methodology presented in Section 5.4.5 for
demonstrating that ILAW over an LAW waste type satisfies PCT limits.

Section 7.4.4 presents the results from the simulation described in Section 5.4.6 for assessing the
effects of (1) the variations and uncertainties in PCT responses over an LAW waste type and (2) the
numbers of samples per CRV batch, number of analyses per CRV sample, and the number of volume
determinations per CRV and MFPV batches on the ability to demonstrate PCT compliance for ILAW

7.38



over an LAW waste type. These results provide a basis for (1) assessing the sensitivity of PCT estimates
to the ranges of possible variations and uncertainties over an LAW waste type and (2) the WTP Project to
decide on the number of samples per CRV batch, the number of chemical analyses per CRV sample, and
the number of CRV and MFPV volume determinations necessary to demonstrate PCT compliance for
ILAW over an LAW waste type.

7.4.1 lllustration of Methods for Demonstrating PCT Compliance for ILAW
Corresponding to an MFPV Batch

This section uses Monte Carlo simulation results to illustrate the use of Egs. (5.4.3a), (5.4.5), (5.4.6),
and (5.4.7) presented in Section 5.4.3 for calculating CL% UCCIs to demonstrate that [ILAW
corresponding to a single MFPV batch meets PCT limits.

For this illustration, the Monte Carlo simulation results from the AP-101 test case with (1) three CRV
samples and each sample analyzed once, (2) one CRV and one MFPV volume determination, and (3) all
uncertainties at the “high” case were used. Table 7.13 lists the normalized average mass composition
(mass fractions) calculated using Eq. (4.3.3). These normalized ILAW composition values were
calculated using the nominal AP-101 mass compositions as found in Table D.11 in Appendix D. For the
final report, the illustration will be revised so that these normalized ILAW composition values will be
calculated using CRV concentrations for three realistically simulated samples with single analyses, as
well as realistically simulated values for all the other inputs found in Eq. (B.1.11) from Section B.1 of
Appendix B. Substituting the normalized ILAW composition in Table 7.13 and the PCT model
coefficients in Table 5.1 into Eq. (5.4.3a) yields the predicted PCT results shown in Table 7.13.

Table 7.13 also shows the SDs of model predictions calculated using the \/ (fiMF P V)T X ,f EI-MF r
portion of Eq. (5.4.7). These values are used in calculating the MH ngélo{) sycr quantity given by

Eq. (5.4.7). Also listed in Table 7.13 are values of CH W;é’% ucy obtained by applying Eq. (5.4.6) to the

results of a Monte Carlo simulation based on the simulated sampled and measured quantities. The Monte
Carlo simulation used the high uncertainty values for all uncertain quantities in Eq. (B.1.11).

Finally, Table 7.13 presents the results of calculations using Egs. (5.4.5) through (5.4.7) to obtain
95% UCCIs for PCT normalized B and Na releases. The 95% UCCI values are seen to be significantly
below the Contract Specification 2.2.2.17.2 limiting value of 2 g/m” = 4 g/L = 1.386 In(g/L) for each of
these releases.
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Table 7.13. Normalized ILAW Composition, Model-Predicted PCT Results, and Model
Uncertainties for Simulated Data on an ILAW MFPV BatchCorresponding to LAW

Tank AP-101
PCTB PCT Na
Model Term -’_Cil;cl e blf ® Model Term X ll;fl e bljcv “®
Al,O3 0.0634 -19.916 AL O3 0.0634 -17.263
B,03 0.1037 1.672 B,03 0.1037 2.262
CaO 0.0208 -1.547 CaO 0.0208 3.924
Fe,0; 0.0557 -0.829 Fe,0; 0.0557 2.160
K,0 0.0410 4.923 K,0 0.0410 41.277
Li,O 8.06x10” -6.972 Li,O 8.06x107 -5.476
MgO 0.0156 -25.790 MgO 0.0156 -9.992 (d)
Na,O 0.1914 15.233 Na,O 0.1914 12.949
Si0, 0.4559 -3.199 SiO, 0.4559 -3.417
TiO, 0.0209 -11.059 TiO, 0.0209 -8.169
Zr0, 0.0312 -18.001 Zr0, 0.0312 -19.810
B,0; x MgO 0.0016 493.305 B,0; x MgO 0.0016 267.677
Li,0 x ZrO, 2.51x10° 541.901 Li,O x ZrO, 2.51x10® 526.316
Fe,03 x Li,O 4.49%10® 349.796 Fe,05 x K,0 0.0023 -266.279
@ Fe,0; x Li,O | 4.49x10° 201.497
B,0; x K,0 0.0043 -199.268
Model-Predicted PCT Normalized Releases: Nominal and 95™ Percentiles [In(g/L)]
yh 0.095 -0.011
PyR— @ @
Yi95% 0.311 0.200

Model Uncertainties of Predicted PCT Normalized Releases for the Mean Composition [In(g/L)]

SDy [P TE ] | 0092 ;

SDy 3TN | 0.061 @

95% UCCIs on PCT Normalized Releases

PCT Normalized v CHWoss, yer© | MHWasy, suer | 95% UCCI | 95% UCCI | Limit
Elemental Release | 1)) [In(g/L)] [In(/L)] [In(g/L)] [g/L] (/L]
PCT B 0.095 0216 0.440 0.751 2.119 4
PCT Na -0.011 0211 0.309 0.509 1.664 4

(a) The average ILAW composition for the MFPV batch is expressed in normalized mass fractions of the
components in the model. Crossproduct terms are formed from these normalized mass fractions.

(b) The model coefficients for the ILAW PCT normalized B and Na releases are from Table 5.1.

(¢) The Monte Carlo simulation results used were for (1) three CRV samples each analyzed once, (2) one CRV and
one MFPV volume determination, and (3) all uncertainties at the “high” case.

(d) This portion of the table is intentionally blank.
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Detailed illustrations of calculations using Egs. (5.4.3a), (5.4.5), (5.4.6), and (5.4.7) to obtain the 95%
UCCI for In(PCT normalized B release) are now presented. Intermediate results from Table 7.13 are used
in some cases to reduce what would otherwise be very long algebraic equations. Applying Eq. (5.4.3a)
yields

,PCT B ,PCT B o, nPCTB_; PCTB
2pcTB _"m¢ PCT B —MFPV me PCT B (= MFPV me me PCT B —MFPV = MFPV
Vi = kzl b, X + Selected kzl bix (x,-k ) + kzl lzk by " "X Xip
— = = >

(-19.9158)(0.0634)+ ...+ (—18.0010)0.0312) linear terms

+493.3071(0.0016) + 349.796(4.49 x 10~ )+ 541.0078(2.51x 10~* ) crossproduct terms
=0.095 In(g/L)

Applying Eq. (5.4.6) to the results of a Monte Carlo simulation of 1000 runs using the high levels of
uncertainty for all uncertain quantities yields

CHW, 550 et = Viass =¥ 7% =0.311-0.095=0.216 In(g/L).

Applying Eq. (5.4.7), where n = 69 and p = 14 per Table 5.1, yields

MHW P e =P Fig(pon— p)(\/(xfWV)T xPCTE g MEPY ) = JI4F, 95(14,55)(0.092) = 0.440 In(g/L).

Finally, combining the above results in Eq. (5.4.5) yields

95% UCCI[In(PCT B)]= 3" % + CHW 5,5 + MHW /5,5 ) =0.095+0.216+0.440 = 0.751 In(g/L).

This value can be converted to units of g/L by exponentiating, yielding ¢’”>' =2.119 g/L. The preceding
two values for the 95% UCCI, in units of In(g/L) and g/L, are the ones shown for PCT normalized B
release in Table 7.13. Table 7.13 also contains the steps of the 95% UCCI calculations for PCT
normalized Na release. In both cases, these release rates are smaller than the compliance limit of 4 g/L.
Therefore, with 3 samples and 1 analysis, the ILAW is compliant with PCT limits in this illustration.

7.4.2 Results of Simulations to Assess the Effects of Process Uncertainties and
Numbers of Samples, Analyses, and Volume Determinations on ILAW PCT
Uncertainties and Compliance Corresponding to an MFPV Batch

This section uses the methodology described in Section 5.4.4 to assess the numbers of samples per
CRYV batch, analyses per CRV sample, and number of CRV and MFPV volume determinations necessary
to demonstrate compliance with PCT limits for each IL