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Testing Summary

The U.S. Department of Energy (DOE) Office of River Protection (ORP) has contracted with Bechtel
National Inc. (BNI) to design, construct, and demonstrate the Hanford Waste Treatment and
Immobilization Plant (WTP) (DOE-ORP 2000). The WTP will separate the Hanford radioactive tank
waste into low-activity waste (LAW) and high-level waste (HLW) and will separately vitrify these wastes
into borosilicate glasses. To demonstrate the feasibility of vitrification and the durability of the glass,
Battelle—Pacific Northwest Division (PNWD) has been contracted to produce and test a vitrified AZ-101
Envelope D® HLW sample previously supplied to the WTP project by DOE. This document describes
work performed in accordance with the PNWD test plan, TP-RPP-WTP-190 Rev 0 (Smith 2002).

Objectives

The ultimate goal of this task is to help demonstrate the WTP project’s ability to satisfy the product
requirements concerning chemical composition, radionuclide content, waste loading, identification and
quantitation of crystalline and noncrystalline phases, and waste-form leachability. The primary objective
is to fabricate a HLW glass sample from a pretreated AZ-101 HLW sludge (Envelope D). Table S.1
summarizes the seven specific objectives stated in the test plan (Smith 2002). These objectives were all
met. Table S.1 also provides additional information regarding relevant details as to how the individual
objectives were met and the outcome of testing.

Test Exceptions

Three interim change notices (ICNs) were issued: ICN-TP-RPP-WTP-190.1 (1/28/2003), which corrected
a typo in the document header, ICN-TP-RPP-WTP-190.2 (2/25/2003), and ICN-TP-RPP-WTP-190.3
(5/27/2004). The latter two ICNs were issued in response to the test exceptions listed in Table S.2.

Stated test objectives were not affected by these exceptions.

(a) Envelope D waste is the HLW tank waste slurry.
XiX



Table S.1. Summary of Test Objectives and Results

Objective
Test Objective Met Discussion
P AZ-101 HL .

{;)siusc;n?nle withoa comWosition Enough AZ-101 HLW sludge was available to produce 173 g of glass
g Amp P with a composition close to HLW98-95 and batched with WTP glass
matching HLW98-95 and batched Y . : . .

. . forming chemicals. Of this, 163 g was usable; 10 g were lost in
with WTP glass forming . .

. processing. Section 5.2
chemicals.
Measure AZ-101 HLW glass AZ-101 HLW g}ass composition was obtained 'WI.th ICP-AES and thr'ee
. .. Y sample preparation methods. Results were statistically refined. Section
chemical composition. 6.1
Measure AZ-101 HLW glass v The content of radionuclides in AZ-101 HLW glass was determined by
radiochemical composition. radiochemistry and ICP-MS. Section 6.2
The waste loading of 34.84 mass% was determined as an average from
Determine AZ-101 HLW loading - mass balances of key waste components. Fe;O; + AlL,O3 + ZrO, =
in glass. 23.97 wt% compared to a minimum loading requirement of 21
wt%. See Section 6.1
+ 0 - i
Identify/quantify crystalline 6.8_0.95 mass% of 0.5 to 3 Hm 'crystals of (Nl,Zn,Fe)(Fe,Mn,Cr)204
. spinel was detected by quantitative XRD and SEM-EDS with image
phases expected in AZ-101 Y . i
. analysis. Homogenous glass was the only noncrystalline phase
HLW glass canister. . . .
identified. Section 6.3
nMOE:I?;llrizgcﬁgezgescoi(];TLi Na v The glass passed with remarkably low normalized releases of B, Li, Na,
and Si e and Si. (0.26 g/m?, 0.33 g/m*, 0.256 g/m?, and 0.15 g/m?). Section 6.4
Perform the TCLP. v All analyte concentrations were far below the UTS limits, with Cd the

closest at 58% of the UTS limit. Section 6.5

ICP-AES = inductively coupled plasma-atomic emission spectroscopy
ICP-MS = inductively coupled plasma-mass spectrometry

XRD = X-ray diffraction

SEM-EDS = scanning electron microscopy with energy-dispersive spectroscopy

PCT = Product Consistency Test

TCLP = Toxicity Characteristic Leach Procedure

UTS = universal treatment standards

Table S.2. Test Exceptions

Test Exceptions

Description

24590-WTP-TEF-RT-03-002

Issued to revise glass-fabrication target amounts and to direct batching
adjustments needed because of limited amounts of some waste components.

24590-HLW-TEF-RT-03-002

1) Reporting of boron shall be included in the analysis of the TCLP extract
on an opportunistic basis.

2) Changed method detection limit (MDL) to estimated quantitation limit
(EQL) in Paragraph 2 of “Additional quality assurance (QA)
Requirements.” Changed “Table 8 to “Tables 6 and 7” in the same
sentence.

3) Deleted requirement to perform cyanide analysis.
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Results and Performance Against Success Criteria

Table S.3 lists the success criteria and reviews how these criteria were met through AZ-101 HLW glass
fabrication and testing. All seven success criteria were met.

Table S.3. Summary of Success Criteria for AZ-101 HLW Glass

Success Criterion

How the Criterion Was Met

1) Inorganic components present
at concentrations >0.5 mass%
are identified and quantified.

Glass composition was statistically evaluated from ICP-AES results. The
following components exceeded 0.5 mass% in AZ-101 HLW glass: SiO,, Na,O,
Fe, 03, B,0s, Al,O3, Li,0, ZrO,, ZnO, UO3, CdO, and NiO. See Section 6.1

2) Waste loading is consistent
with the minimum
concentration of waste-
component limits.

The waste-loading fraction of AZ-101 HLW glass, 34.84 mass%, exceeded the
target (31.75 mass%) and the contract limits. Fe,O3 + Al,O5 + ZrO, = 23.97
wt% compared to a minimum loading of 21 wt%. See Section 6.1

3) U and Pu isotopes are
identified and quantified.

U and Pu isotopes were identified and quantified by radiochemistry and ICP-MS.
A WTP canister filled with 1.18 m® of AZ-101 HLW glass will contain 16.2 kg
of U (137 g of *°U) and 160 g of Pu (149 g of **’Pu) at 136 g of Pu per m’.
Uranium contains 0.0067% ***U, 0.84% **°U, 0.062% **°U, and 99.1% ***U.
Plutonium contains 92.7% **’Pu, 7.21% ***Pu, and 0.08% **'Pu. See Section 6.2

4) The radionuclides determined
as significant per NUREG/BR-
0204 (NRC 1998) and 49 CFR
172.101 Table A.2 in
Appendix A are identified and
quantified.

Radionuclides were determined (Section 6.3, Test Specification) by
radiochemistry and ICP-MS. Radionuclides with ¢, > 10 years present in AZ-
101 HLW glass are Ni, *Sr, *Tc, "*'Cs, "'Sm, 2*U, *°U, #°U, #*U, **"Np,
28py, 2Pu, Py, ***Pu, **' Am, **Cm, and ***Cm. The 2004 and 2015 activity
is mainly due to *°Sr + *°Y (62%) and "*’Cs + *"™Ba (38%); in 3115, the main
sources of radioactivity will be **'Am (71.4%), **’Pu (16.4%), *Tc (7.6%), and
0Py (4.3%). A complete evaluation of each decay chain was made and *'Pa
was the only additional reportable radionuclide. See Section 6.2

5) Crystalline and noncrystalline
phases are identified and
quantified.

By XRD and SEM-EDS, AZ-101 HLW canister-centerline cooled glass contains
6.8120.95 mass% of spinel crystals that are 0.5 to 3 um in size. A trace of spinel
was detected in the quenched glass. Homogenous glass was the only
noncrystalline phase identified. See Section 6.3

6) PCT releases of Li, Na, and B
satisfy WAPS requirements.

The 7-day 90°C PCT normalized releases of B, Li, and Na (0.26 g/mz, 0.33 g/mz,
and 0.256 g/m’) from AZ-101 HLW glass are 5 to 11% of the corresponding
releases of the environmental assessment (EA) standard reference glass. See
Section 6.4

7) Generate data for the
evaluation of the glass form
against Land Disposal
Restrictions of the Washington
Dangerous Waste Regulations
and RCRA LDR.

AZ-101 HLW glass passed the UTS limits for all listed elements. No
measurable concentration was detected for Ag, As, Be, Cr, Cu, Hg, Sb, Se, T,
and V with detection limits below UTS levels. Concentrations of Ba, Ni, and Zn
were <10% of the UTS limit. The Pb concentration was 23% of the UTS limit,
and the Cd concentration was 58% of the UTS limit. See Section 6.5
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Quality Requirements

Application of RPP-WTP Quality Assurance Requirements

PNWD implements the River Protection Project Waste Treatment Plant (RPP-WTP) quality requirements
by performing work in accordance with the PNWD Waste Treatment Plant Support Project quality
assurance project plan (QAP;jP) 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, NQA-2a-1990, Part 2.7 and QARD, Revision 13. These quality requirements are
implemented through PNWD’s Waste Treatment Plant Support Project (WTPSP) Quality Assurance
Requirements and Description Manual. The analytical requirements are implemented through WTPSP’s
Statement of Work (WTPSP-SOW-005) with the Radiochemical Processing Laboratory (RPL) Analytical
Service Operations (ASO).

A matrix that cross-references the NQA-1, 2a and QARD requirements with the PNWD’s procedures for
this work is given in Table 2.1. (Applicable Quality Assurance Procedures) It includes justification for
those requirements not implemented.

Conduct of Experimental and Analytical Work

Experiments that were not method-specific were performed in accordance with PNWD’s procedures
QA-RPP-WTP-1101 “Scientific Investigations” and QA-RPP-WTP-1201 “Calibration Control System,”
ensuring that sufficient data were taken with properly calibrated measuring and test equipment (M&TE)
to obtain quality results.

The work was conducted as specified in Test Specification 24590-LAW-TSP-RT-02-009, Rev 0. BNI’s
QAPjP, PL-24590-QA00001, Rev 0, is applicable to the TCLP activities since the work might be used in
support of environmental/regulatory compliance.

The applicable quality control (QC) parameters for chemical analysis are delineated in Test Plan
TP-RPP-WTP-190, Rev 0, Table 3 and 7.

Internal Data Verification and Validation

PNWD addresses internal verification and validation activities by conducting an independent technical
review of the final data report in accordance with PNWD’s procedure QA-RPP-WTP-604. This review
verifies that the reported results are traceable, that inferences and conclusions are soundly based, and that
the reported work satisfies the Test Plan objectives. This review procedure is part of PNWD’s WTPSP
Quality Assurance Requirements and Description Manual.
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R&T Test Conditions

Table S.4 summarizes the principle test conditions called out by the test plan for this work.

Table S.4. R&T Test Conditions

R&T Test Conditions

Test Conditions Followed? Results

1. Glass Fabrication

Yes. Following the Vitreous State Laboratory
(VSL) Batching Recipe, a pretreated AZ-101
tank sludge sample was blended with Cs and
Tc ion exchange eluates from AZ-101 and AP-
101 low activity waste supernatant
pretreatment and mixed with the following
mineral additives: borax, calcium carbonate,
chromium oxide, potassium carbonate, lithium
carbonate, sodium carbonate, silica, zinc oxide,
and uranium oxide (Table S.5). The resulting
AZ-101 melter feed was dried, calcined, and
melted at 1150°C for 2.5 hours.

2. Glass Centerline Cooling

Yes. A20.01-g AZ-101 HLW glass sample
was heat-treated in a 25x25x25-mm Pt10%Rh
box according to the canister centerline cooling
(CCC) curve approximated by a series of linear
time-temperature segments (See Table 5.12.)

3. Glass Chemical Composition
e Concentration > 0.5 wt%
e RCRA metals

e Corrosive Elements

Yes. The glass was prepared for analysis with
Na,0,-NaOH fusion in a Zr crucible, KOH-
KNO; fusion in a Ni crucible, and acid
digestion. Cation analysis was performed with
ICP-AES. A portion of the Na,0,-NaOH
fusion samples was used for radiochemical
analysis and ICP-MS analysis.

4. Glass Radiochemical Composition

Yes. Activities and concentrations of specified
(Section 6.3, Test Specification) radionuclides
were measured by specific radiochemical
methods and by ICP-MS. Activities of
radionuclides with the half-life (¢,,) > 10 years
are summarized in Table S.6. Table S.7 shows
the total masses and concentrations of U and Pu
and their isotopes in a WTP canister.
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Table S.4 (contd)

R&T Test Conditions Test Conditions Followed? Results

Yes. Crystalline phases were identified with
XRD, SEM, and image analysis on a CCC
heat-treated sample of AZ-101 HLW glass.
Quantitative XRD analysis showed that the
glass contained 7.1 mass% of spinel. The
spinel content was also evaluated with an
image analyzer from SEM micrographs,

5. Crystalline and Non-Crystalline Phase
Determination

obtaining 3.5540.50 vol%, a fraction equivalent
to 6.812£0.95 mass%. Spinel crystals were

0.5 to 3 pum in size and contained Fe, Ni, Cr,
Mn, and Zn. Homogenous glass was the only
noncrystalline phase identified.

Yes. Average normalized releases from
AZ-101 HLW glass subjected to the 7-day
90°C PCT are listed in Table S.8. These values
are very low, only 5 to 11% of the
corresponding releases of the EA standard
reference glass.

Yes. TCLP results are summarized in

Table S.9. The AZ-101 HLW glass passed the
UTS limits for all listed elements. Out of the
UTS-listed elements (plus Cu), no measurable
concentration was detected for Ag, As, Be, Cr,
Cu, Hg, Sb, Se, TI, and V. Concentrations of
Ba, Ni, and Zn were <10% of the UTS limit.
The Pb concentration was 23% of the UTS
limit, and the Cd concentration was 58% of the
UTS limit.

No. This activity was deleted per Test
Exception (24590-HLW-TEF-RT-03-002).

Yes. Reporting per the Test Plan (TP-RPP-
WTP-190, Rev. 0) as amended by the Test
Exceptions (24590-HLW-TEF-RT-03-002 and
24590-WTP-TEF-RT-03-002)

6. A 7-day Product Consistency Test (PCT) at
90°C as defined in C1285-97
(ASTM 1997).

7. The TCLP procedure for hazardous
inorganics was performed on glass samples

8. Total Cyanide

9. Reporting

Table S.5 summarizes the targeted composition and the final estimate of AZ-101 HLW glass composition
for all components with > 0.5 mass% in glass. Figure S.1 illustrates that reasonable agreement exists
between the actual and targeted composition.
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Table S.5. AZ-101 HLW Glass Composition in Mass%o

Measured | Target
(mass%o)

Si0, 44.30 44.69
Na,O 10.58 11.87
B,0; 10.08 10.63
AlLO; 8.23 7.33
Li,O 3.73 3.76
Zr0O, 3.74 3.38
Zn0O 1.99 2.01
UOs 0.90 0.92
CdO 0.68 0.64
NiO 0.54 0.49
100.0 +
S 100 -
3
£
°
]
5
%]
S 1.0
=
0.1 ‘ ‘ ‘
0.1 1.0 10.0 100.0

Target mass%

Figure S.1. Analyzed Versus Target AZ-101 HLW Glass Composition
(for components with >0.5 mass%b)

The waste-loading fraction in the glass was obtained as a weighted average calculated from mass balances
for Fe,0;, Al,Os, ZrO,, CdO, and CaO. The weighted average was 34.69 mass%, a value higher than the
targeted 31.75 mass%.
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Table S.6. Activities of Radionuclides Found in AZ-101 HLW Glass (See Section 6.2 for further

details)

ti, years | A, mCi/kg-glass 12, years | A, mCi/kg-glass
0Co 5.27E+00 2.86E+00 By@ 4.46E+09 1.67E-03
5Ni 1.00E+02 2.46E+00 ZINp® 2.14E+06 4.07E-02
"Se <6.5E+04 <5.61E-04 28py 8.47E+01 4.39E-01
Sy 2.91E+01 2 49E+04 2391240py na 3.55E+00
P 2.13E+05 1.28E+00 29py@ 2 41E+04 2.84E+00
297 1.57E+07 <1.75E-03 240py 6.54E+03 8.11E-01
BCs 3.02E+01 1.53E+04 241py 1.44E+01 Not measured
BISm 9.00E+01 4.12E+02 22py@ 3.76E+05 1.63E-04
BB 8.81E+00 3.34E+01 2Am 4.32E+02 7.14E+01
SEu 4.96E+00 2.99E+01 TAm® 4.32E+02 6.94E+01
Big® 2.45E+05 2.09E-03 Mo, na 2.81E-01
2y® 7.04E+08 9.10E-05 Cm 2.85E+01 | Determined as’*"***Cm
Boy@ 2.34E+07 2.00E-04 2Cm 1.81E+01 | Determined as®*™*Cm

(a) Based on ICP-MS data

Table S.7. Mass and Concentration of U and Pu per WTP Canister Assuming 1.18 m® per Canister

Mass per | Concentration, Mass per | Concentration,
Canister, kg kg/m? Canister, g g/m?
3ty 0.0011 0.0009 “Fpy 0.082 0.0695
35y 0.137 0.116 2%py 149 126
2oy 0.0100 0.0085 py 11.6 9.8
38y 16.05 13.6 #2py 0.13 0.11
Total U | 16.20 13.7 Total Pu 160.4 136

Table S.8. 7-day 90°C PCT Normalized Releases from AZ-101 HLW Glass

Normalized Release, g/m?
B 0.260
Li 0.333
Na 0.256
Si 0.154
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Table S.9. TCLP Solution Concentrations and UTS limits

uTs® Delisting values®| Required Measured
Element | (mg/L-TCLP) | (mg/L-TCLP) | for LDR (mg/L-TCLP)
Antimony |Sb 1.15 0.659 yes 0.039U
Arsenic | As 5.0 3.08 HLVIT 0.052U
Barium |Ba 21 100 HLVIT 0.197
Beryllium |Be 1.22 1.33 yes 0.00021 U
Boron® |B n/a 0.0047 n/a 1.4
Cadmium |Cd 0.11 0.48 HLVIT 0.064 J
Chromium|Cr 0.6 5.0 HLVIT 0.0065 U
Copper |Cu n/a 5.0 HLVIT 0.025U
Lead Pb 0.75 5.0 HLVIT 0.040U
Mercury |Hg 0.025 0.2 HLVIT 0.000023 U
Nickel Ni 11 12.1 yes 0.0331]
Selenium |Se 5.7 1.0 HLVIT 0.045U
Silver Ag 0.14 3.07 HLVIT 0.0076 U
Thallium |TI1 0.20 0.282 yes 0.000023 J
Vanadium |V 1.6 16.9 n/a 0.0053 U
Zinc Zn 4.3 225 n/a 0.331]
(a) UTS = Universal treatment standard, 40 CFR 268.48.
(b) Boron is included for information only and is not a Constituent of Potential Concern.
(c) Kot et al. 2003, 2004.
HLVIT = vitrification has been recognized as the best available technology for immobilizing these
elements per 40 CFR 268.40.
n/a = not applicable
LDR = land disposal restrictions
U = Undetected. Analyte was analyzed but not detected (e.g., no measurable instrument response), or
response was less than the MDL.

J= Estimated value. Value is below EQL and above MDL.

Simulant Use

It was concluded that the simulated and actual waste glasses appear to have similar durabilities in spite of
measurable differences in the level of crystallinity of the CCC heat treated glasses. See Section 6.6.

Discrepancies and Follow-on Tests

None
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1.0 Introduction

Radioactive waste currently stored in underground tanks at Hanford will be treated for geologic disposal.
The treatment will separate high-level waste (HLW) from low activity waste (LAW) and immobilize
these wastes in a glass. Intermediate streams, mainly ion exchange eluates and Sr/transuranic (TRU)
precipitate products generated during the separation process will be added to the HLW before
vitrification. The HLW product must satisfy a number of performance requirements to be acceptable for
disposal.

The U.S. Department of Energy (DOE) Office of River Protection (ORP) has contracted with Bechtel
National Inc. (BNI) to design, construct, and demonstrate the Hanford Waste Treatment and
Immobilization Plant (WTP) (DOE-ORP 2000). Battelle—Pacific Northwest Division (PNWD) has been
contracted to produce and test a HLW waste glass from AZ-101 Envelope D HLW samples previously
supplied to the WTP project by DOE.

A sludge sample was taken from the AZ-101 tank (a tank of double-shell construction and 1-million
gallon capacity). When received, the sample had been processed through pretreatment chemical washing
and leaching processes and converted to HLW glass. To produce melter feed, the pretreated sludge was
mixed with the composite Cs ion exchange eluates, Tc ion exchange eluates, and mineral additives. The
target glass composition was calculated by the Catholic University of America’s (CUA’s) Vitreous State
Laboratory (VSL) based on the analyzed compositions of the pretreated AZ-101 waste.

The primary objective for vitrifying the AZ-101 pretreated HLW sludge sample was to validate the use of
simulants and characterize the glass produced from the crucible melts for waste acceptance (WASRD and
WAPS), regulatory, and de-listing purposes. Testing of the waste glasses produced from actual tank
waste will also show compliance with the WTP contractual requirements such as reporting the chemical
and radionuclide analyses, the waste loading, and the values of the key glass properties. The scope of this
work consists of glass fabrication, chemical analysis, radiochemical analysis, crystalline phase
determination, product consistency test (PCT), and dangerous waste limitations—toxicity characteristic
leaching procedure (TCLP).

(a) Envelope D waste is the solid material comprising HLW feed.
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2.0 Quality Assurance Requirements

2.1 Application of RPP-WTP Quality Assurance Requirements

PNWD implements the River Protection Project Waste Treatment Plant (RPP-WTP) quality requirements
by performing work in accordance with the PNWD Waste Treatment Plant Support Project quality
assurance project plan (QAP;jP) 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, NQA-2a-1990, Part 2.7 and DOE/RW-0333P, Rev 13, Quality Assurance Requirements
and Descriptions (QARD). These quality requirements are implemented through PNWD’s Waste
Treatment Plant Support Project (WTPSP) Quality Assurance Requirements and Description Manual.
The analytical requirements are implemented through WTPSP’s Statement of Work (WTPSP-SOW-005)
with the Radiochemical Processing Laboratory (RPL) Analytical Service Operations (ASO).

A matrix that cross-references the NQA-1, 2a and QARD requirements with PNWD’s procedures for this
work is given in Table 2.1. It includes justification for those requirements not implemented.

Table 2.1. Applicable WTPSP Quality Assurance Procedures

NQA-1® | QARD® | Yes | No Implementing Procedure Title Justification for Exclusion
BR 1 Sectionl | X WTPSP Manual Section 1.1, Organization
QA-RPP-WTP-101, Communication and
Commitment (Interface) Control
1S-1 X WTPSP Manual Section 1.1, Organization
QA-RPP-WTP-1501, Nonconforming Items
2 Section?2 | X WTPSP Manual Section 2.1, Quality
Assurance Program
QA-RPP-WTP-205, Quality Assurance Plans
QA-RPP-WTP-208, Applying QA Controls
(Grading)
28-1 X |WTPSP Manual Section 2.1, Quality This work does not require
Assurance Program qualified inspection and test
PNWD staff.
28-2 X |WTPSP Manual Section 2.1, Quality NDE is not performed; therefore,
Assurance Program qualified NDE PNWD staff
members are not required.
2S-3 X WTPSP Manual Section 18.1, Audits
QA-RPP-WTP-1801, Internal Audits
2S8-4 X QA-RPP-WTP-201, Indoctrination and
Training
BR 3 Section 3 X |WTPSP Manual Section 3.1 Design activities will not be

QA-RPP-WTP-301, Hand Calculations
QA-RPP-WTP-302, Design Control

performed; however, hand
calculations may be performed as
per procedure
QA-RPP-WTP-301.
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Table 2.1 (contd)

NQA-1@

QARD®

Yes

No

Implementing Procedure Title

Justification for Exclusion

3S-1

QA-RPP-WTP-301, Hand Calculations
QA-RPP-WTP-302, Design Control

Design activities will not be
performed; however, hand
calculations may be performed as
per procedure QA-RPP-WTP-301.

BR 4

4S-1

Section 4

WTPSP Manual Section 4.1
QA-RPP-WTP-401, Purchase Requisitions
QA-RPP-WTP-404, Procurement of Internal
Quality Affecting Services

QA-RPP-WTP-401, Purchase Requisitions
QA-RPP-WTP-404, Procurement of Internal
Quality Affecting Services

BR5

Section 5

WTPSP Manual Section 5.1
QA-RPP-WTP-501, Preparation, Review and
Approval of QA Implementing Procedures

BR 6

6S-1

Section 6

WTPSP Manual Section 6.1
QA-RPP-WTP-601, Document Control
QA-RPP-WTP-602, Document Change Control

QA-RPP-WTP-601, Document Control
QA-RPP-WTP-602, Document Change Control

BR7

7S-1

Section 7

WTPSP Manual Section 7.1
QA-RPP-WTP-401, Purchase Requisitions
QA-RPP-WTP-404, Procurement of Internal
Quality Affecting Services

Purchase specifications will be
determined in conjunction with the
R&T contact.

QA-RPP-WTP-401, Purchase Requisitions

BR 8

8S-1

Section 8§,

Supple-
ment 11

WTPSP Manual Section 8.1
QA-RPP-WTP-801, Sample Control

QA-RPP-WTP-801, Sample Control

BR 9

9S-1

Section 9

WTPSP Manual Section 9.1
QA-RPP-WTP-902, Control of Special
Processes

Work will be controlled in
accordance with BR 5 and BR 11.

QA-RPP-WTP-902, Control of Special
Processes

Work will be controlled in
accordance with BR 5 and BR 11.
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Table 2.1 (contd)

NQA-1®] QARD™ | Yes | No Implementing Procedure Title Justification for Exclusion
BR 10 |Section 10 X |N/A Design inspection will not be
performed; however, reports from
the testing will be reviewed in
accordance with procedure
QA-RPP-WTP-604; independent
technical review and testing
activities will be performed in
accordance with procedure
QA-RPP-WTP-1101, Scientific
Investigation.
10S-1 X [N/A Design inspection will not be
performed; however, reports from
the testing will be reviewed in
accordance with procedure
QA-RPP-WTP-604; independent
technical review and testing
activities will be performed in
accordance with procedure
QA-RPP-WTP-1101, Scientific
Investigation.
BR 11 Section X WTPSP Manual Section 11.1
11, QA-RPP-WTP-1101, Scientific Investigation
Supple- QA-RPP-WTP-604, Independent Technical
ment 111 Review
11S-1 X QA-RPP-WTP-1101, Scientific Investigation
QA-RPP-WTP-1102, Generating, Reviewing,
Approving, and Issuing Test Plans
QA-RPP-WTP-1103, Generating, Reviewing,
Approving, and Issuing Test Procedures and
Instructions
QA-RPP-WTP-1104, Report Generation,
Review, Approval, and Publication
11S-2 X QA-RPP-WTP-1101, Scientific Investigation
QA-RPP-WTP-301, Hand Calculations
QA-RPP-WTP-SCP, Software Control
BR 12 |Section 12] X WTPSP Manual Section 12.1
QA-RPP-WTP-1201, Calibration Control
System
12S-1 X QA-RPP-WTP-1201, Calibration Control
System
QA-RPP-WTP-1101, Scientific Investigation
BR 13 | Section X WTPSP Manual Section 13.1
13, QA-RPP-WTP-1301, Handling, Storage, and
Supple- Shipping
13S-1 ment II X QA-RPP-WTP-1301, Handling, Storage, and

Shipping
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Table 2.1 (contd)

NQA-1®) QARD™® | Yes | No Implementing Procedure Title Justification for Exclusion
BR 14 | Section | X WTPSP Manual Section 14.1
14 QA-RPP-WTP-1401, Inspection and Test
Status and Tagging
BR 15 | Section | X WTPSP Manual Section 15.1
15 QA-RPP-WTP-1501, Nonconforming Items
15S-1 X QA-RPP-WTP-1501, Nonconforming Items
BR 16 | Section | X WTPSP Manual Section 16.1
16 QA-RPP-WTP-1601, Trend Analysis
QA-RPP-WTP-1602, Corrective Action
BR 17 | Section | X WTPSP Manual Section 17.1
17, QA-RPP-WTP-1701, Records System
Supple- QA-RPP-WTP-1705, Data Entries for Project
ment 11 Records
17S-1 X QA-RPP-WTP-1701, Records System
QA-RPP-WTP-1705, Data Entries for Project
Records
BR 18 | Section | X WTPSP Manual Section 18.1
18 QA-RPP-WTP-1801, Internal Audits
18S-1 X QA-RPP-WTP-1801, Internal Audits
N/A Supple- X [Not Applicable Not applicable; WTPSP does not
ment [V perform field-survey activities.
N/A Supple- | X QA-RPP-WTP-SV, Control of the Electronic
ment V Management of Information
NQA-2a, Part 2.7 | QARD’ | Yes | No Implementing Procedure Title Justification for Exclusion
1.0 Supple- X |Not Applicable See Section 4.0, below
2.0 ment [ X |Not Applicable See Section 4.0, below
3.0 X [Not Applicable See Section 4.0, below
4.0 X QA-RPP-WTP-SCP, Software Control, |Commercially available software,
Section 6.0, “Computational Computer [such as Word, Excel, and
Programs” SigmaPlot, will be used for data
QA-RPP-WTP-604, Independent analysis. Unique computer codes
Technical Review will not be generated as part of
these testing activities.
5.0 X [Not Applicable See Section 4.0, above
6.0 X |Not Applicable See Section 4.0, above
7.0 X |Not Applicable See Section 4.0, above
8.0 X [Not Applicable See Section 4.0, above
9.0 X |Not Applicable See Section 4.0, above
10.0 X [Not Applicable See Section 4.0, above
11.0 X |Not Applicable See Section 4.0, above
(a) NQA-1: ASME/NQA-1, 1989, Quality Assurance Program Requirements for Nuclear Facilities, Basic (BR) and Supplement (S)
Requirements.

(b) QARD: DOE/RW-0333P, Rev. 13, U.S. Department of Energy-Office of Civilian Radioactive Waste Management
(DOE-OCRWM), Quality Assurance Requirements and Description (QARD).
() NQA-2a, 1990, Part 2.7, Quality Assurance Requirements of Computer Software for Nuclear Facility Applications.
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2.2 Conduct of Experimental and Analytical Work

Experiments that were not method-specific were performed in accordance with PNWD’s procedures
QA-RPP-WTP-1101 “Scientific Investigations” and QA-RPP-WTP-1201 “Calibration Control System,”
verifying that sufficient data were taken with properly calibrated measuring and test equipment (M&TE)
to obtain quality results.

As specified in Test Specification, 24590-HLW-TSP-RT-02-009, Rev 0, AZ-101 (Envelope D)HLW
Vitrification, Product Testing, and Regulatory Analyses, BNI’s QAPjP, PL-24590-QA00001, Rev 0 is
applicable to the TCLP activities since the work might be used in support of environmental/regulatory
compliance.

The applicable quality control (QC) parameters for chemical analysis are delineated in Table 3 and 7 in
Test Plan TP-RPP-WTP-190, Rev 0, AZ-101 (Envelope D) HLW Vitrification, Product Testing and
Regulatory Analysis.

The inductively coupled plasma-atomic emission spectroscopy (ICP-AES) analysis of the AZ-101
immobilized high-level waste (IHLW) (glass) was carried out using a KOH, KNOs-Ni crucible fusion, a
Na,0,-NaOH-Zr crucible fusion, and acid dissolution. The only QC issue with the analysis using the
KOH, KNO;-Ni crucible fusion was a low recovery for manganese with one of the laboratory control
standards. For the Na,O,-NaOH-Zr crucible fusion, the only QC issues arose for Ni and P, which
consisted of high and low recoveries, respectively, and for Ni, a relative percent difference (RPD) of over
15%. The levels of Mn, Ni, and P oxides in the glass are about 0.04%, 0.04%, and 0.1%, respectively,
and well below the 0.5% contract criteria for quantitation. So these results should be considered
acceptable.

TCLP Results for AZ-101 Envelope D Glass are completely summarized in Appendix D, and all QC
criteria were met.

2.3 Internal Data Verification and Validation

PNWD addresses internal verification and validation activities by conducting an independent technical
review of the final data report in accordance with PNWD’s procedure QA-RPP-WTP-604. This review
verifies that 1) the reported results are traceable, 2) inferences and conclusions are soundly based, and

3) the reported work satisfies the Test Plan objectives. This review procedure is part of PNWD’s WTPSP
Quality Assurance Requirements and Description Manual.
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3.0 Objectives

This work addresses RPP-WTP contract requirements to demonstrate the contractor’s ability to satisfy the
IHLW product requirements (Specification 1 of the RPP-WTP Tank Waste Remediation System
Privatization Contract [DOE-ORP 2000]) with samples of HLW. See 24590-HLW-TSP-RT-02-009,
Rev. 0, 4Z-101 (Envelope D) HLW Vitrification, Product Testing, and Regulatory Analyses and
TP-RPP-WTP-190, Rev 0, AZ-101 (Envelope D) HLW Vitrification, Product Testing, and Regulatory
Analyses. All work was performed to the test plan, which was approved by BNI.

The primary objective for vitrifying the AZ-101 (Envelope D) HLW sample (see 24590-HLW-TSP-RT-
02-009, Rev. 0, AZ-101 (Envelope D) HLW Vitrification, Product Testing, and Regulatory Analyses and
TP-RPP-WTP-190, Rev 0, AZ-101 (Envelope D) HLW Vitrification, Product Testing, and Regulatory
Analyses) was to generate a glass product for subsequent testing to demonstrate the WTP project’s ability
to satisfy the product requirements concerning:

e chemical and radionuclide reporting

e waste loading

e identification and quantitation of crystalline phases
e waste-form leachability

e land disposal requirements.
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4.0 Success Criteria

The primary success criteria are associated with the product requirements as delineated in Specification 1
of the RPP-WTP project contract (U.S. Department of Energy, Office of River Protection , DOE-ORP,
2000). All work was performed to the test plan, which was approved by BNI. (TP-RPP-WTP-190, Rev
0, AZ-101 (Envelope D) HLW Vitrification, Product Testing, and Regulatory Analyses).

These success criteria are as follows:

e Identification and quantification of those chemical constituents present at concentrations greater than
0.5 wt%, consistent with the Waste Acceptance Product Specifications for Vitrified High Level Waste
Forms (WAPS), DOE/EM-0093, specifications 1.1 and 3.14.

e The radionuclides determined as significant per NUREG/BR-0204 (NRC 1998) and 49 CFR 172.101
Table A.2 in Appendix A are identified and quantified.

e Product loading shall be consistent with the requirements delineated in the RPP-WTP contract,
specification 1.2.2.1.6 concerning minimum concentration of certain waste components and meeting
leaching limits.

e Identification and quantification of crystalline and non-crystalline phases shall be consistent with
WAPS specification 1.1.1.

o The normalized release rates of lithium, sodium, and boron shall satisfy the requirements delineated
in WAPS specification 1.3.1.

e Generate evaluation of the glass form against requirements for Land Disposal under the Washington
Dangerous Waste Regulations, WAC 173-303, and RCRA LDR in 40CFR268 (TCLP for hazardous
inorganics) and underlying hazardous constituents (UHCs).
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5.0 Experimental Method

A pretreated AZ-101 HLW sludge sample was prepared as melter feed to match the target AZ-101 HLW
glass composition formulated by VSL (Kot and Pegg. 2003). Section (5.1) describes how the glass was
formulated based on the VSL target composition and then made from the AZ-101 sludge sample, Cs and
Tc eluates, and mineral additives. It also briefly describes compositional and radiochemical analyses of
the glass sample, its phase composition (crystalline and amorphous phases present in a slowly cooled
glass), and its leaching characteristics measured with the PCT and TCLP techniques. Note that Appendix
A provides the details of the calculation of the glass batch formulation which because of circumstances
(actual available secondary wastes were less than those originally anticipated) were more complicated
than would be expected.

5.1 Glass Formulation

This subsection provides compositions of the HLW sludge sample, the Cs and Tc eluates, and minerals
and the proportions in which these materials were blended to produce a melter-feed sample. According to
the VSL formulation, the AZ-101 HLW sludge was to be mixed with the eluates in the proportions
corresponding to the tank inventories at which the blend is expected to be vitrified in the WTP. Because
insufficient amounts of some the eluates were available to achieve the planned blending ratios, the
samples were adjusted, and chemicals were added to make the glass as close in composition as possible to
that formulated by the VSL.

5.1.1 Blended AZ-101 HLW

In the WTP, the HLW pretreated sludge, ion exchange column eluates, and St/TRU ppts from the
pretreatment of LAW were blended and then mixed with glass-forming and modifying additives to form a
melter feed that was vitrified. The HLW glass batch was formulated to match the desired processing
behavior in the melter, to obtain the glass properties required for the repository, and to achieve the highest
waste loading compatible with the glass-property constraints and waste-processing uncertainties.
Corrective chemical additions were made to adjust to the VSL recipe when less-than-expected secondary
wastes were found to be available (see Table 5.1 and Table 5.2).

The available mass of the AZ-101 dry sludge was 66.5 g. The volumes of eluates needed for this amount
of HLW