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Testing Summary

A recent Battelle—Pacific Northwest Division (PNWD) letter report (WTP-RPT-117, Rapko et al. 2004)
described the impact of oxidative alkaline leaching on washed sludges from Hanford Tanks SX-101%
and SY-102 as a function of the sequence of caustic leaching and oxidative alkaline leaching. The other
variables examined were the temperature and the hydroxide concentration during oxidative alkaline
leaching. However, the report did not address the effects of a simple caustic leach separate from those of
the oxidative leach. Further, the literature review conducted before the testing focused only on
chromium and plutonium. An additional assessment of oxidative leaching’s impact on potentially high-
level waste (HLW) limiting elements is needed. These elements would include chromium, aluminum,
plutonium, sulfur, and any others identified as potentially limiting HLW loadings. This information will
be used to complete the oxidative leaching process design to be implemented in ultrafiltration. An
assessment is also needed to determine whether meaningful simulants can be developed to further
optimize oxidative leaching test methods.

Objectives
Objective

Test Objective met (Y/N) Discussion
Identify the leach factors for simple Y In Task 1, the impact of caustic leaching was
caustic leaching only and for oxidative determined as follows: the mass was calculated
leaching only for sludges SX-101 and for each metal component from the caustic
SY-102 from previously published data leach and oxidative leach step, along with their
(WTP-RPT-117). corresponding wash solutions and together with

the total mass of the metal component in the
residual solids. These masses were then
summed to give the total mass of each metal
component in the sludge. From this
information, the percent of each component
removed in each step can be calculated. To
calculate the mass changes for the sludge
during intermediate leaching steps, such as an
initial caustic leach in test numbers 3 and 4 or
an initial oxidative leach in test numbers 5 and
6@ (this information is needed to calculate
solids loading into immobilized HLW relative
to washed sludge), the mass of each metal
component as their stable oxide is calculated,
and the masses of these oxides are summed to
give the total oxide mass.

(1) All Hanford waste tanks have a “241” prefix on the tank designation, but this common prefix will not be used
in this report.

(2) Test numbers 3, 4, 5, and 6 were tests performed under Test Plan TP-RPP-WTP-275 and reported in report RP
WTP-117.
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Objective

Test Objective met (Y/N) Discussion
Assess whether the impact of sulfur Y In Task 2, caustic leach studies from Hanford
distribution by oxidative alkaline and other U.S. Department of Energy (DOE)
leaching and simple caustic leaching sites were reviewed, particularly for
can be determined. This will involve information about sulfur speciation. Saltcake
the following activities: and sludge speciation data from Hanford and
1. Review alkaline leaching and other DOE sites also were examined for
oxidative leaching literature on information about identified sulfur species.
Hanford sludges to cull Finally, processes performed at the Hanford
information regarding the site were reviewed to determine what sulfur-
speciation of sulfur. There is likely containing chemicals were added, and from that
little to no speciation information information, likely forms of sulfur in the waste
for sulfur available—and such a tanks were surmised.
finding is a legitimate conclusion
from this evaluation. Reviews of
the literature regarding the origin
of sulfur in the Hanford tanks will
also assess possible speciation of
sulfur from this information.
2. Assess the likely impact of
oxidative alkaline leaching on the
sulfur species based on literature
precedent and basic chemical
principles if speciation data for
sulfur are available.
3. Forecast an evaluation of the
distribution of any identified sulfur
species in either simple caustic
leaching or oxidative alkaline
leaching.
Evaluate the possibility of using an Y In Task 3, the information from Task 2, in

alternative approach for evaluating the
impact of problematic glass components
by testing these glass component’s
behaviors with a simulant, well
designed (and preferentially validated)
to respond as would actual Hanford
sludge to the changing conditions.
Specifically, in light of the available
speciation information about Hanford
tank waste, assess the usefulness of such
a sludge simulant for performing such
an evaluation.

addition to reviewing prior efforts on simulant
formation, were used to determine the difficulty
of preparing a simulant suitable for evaluating
the performance of alternative pretreatments in
the waste treatment plant.
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Test Exceptions

List Test Exceptions Describe Test Exceptions

24590-PTF-TEF-RT-05-00001 Prior work as described in WTP-RPT-117 did not address the effects
of caustic leaching separate from those of oxidative leaching.
Additional assessment of oxidative leaching’s impact on potentially
HLW limiting elements is need. This test exception outlines work to
provide that additional assessment. First, those conditions reported
in WTP-RPT-117 that involved an initial caustic leach followed by a
subsequent oxidative leach will be evaluated to separate the impact
of caustic leaching versus oxidative leaching. Second, the alkaline
leach literature will be reviewed to ascertain the form and impact of
oxidative leaching on sulfur removal. Third, the usefulness of
simulants in lieu of actual Hanford tank sludge at supplying leach
information will be evaluated.

24590-PTF-TEF-RT-05-00004 This test exception expands the analysis of the leaching literature in
WTP-RPT-117 to include all testing that involved sequential
oxidative alkaline leaching and caustic leaching. In addition, the use
of radiological data to support the leach factors supplied by direct
metal’s analysis is specified.

Results and Performance Against Success Criteria

Explain How the Tests Did or Did Not Meet
List Success Criteria the Success Criteria

Identify simple caustic leach factors for | The following tables S.1 through S.4 supply the
washed SX-101 and SY-102 Hanford leach factors for the major bulk metals and Pu
tank sludges. for simple caustic leaching of washed SX-101
and SY-102 Hanford tank sludges. There are
four conditions described in Tables S.1 through
S.4. For Condition #3, an initial caustic leach
at 3 M NaOH, 85°C, was performed followed
by an oxidative leach with permanganate, at a
0.25 M initial concentration of NaOH at 25°C.
Condition #4 is identical to Condition #3
except that the oxidative leach was performed
at 85°C. Conditions #5 and #6 are identical to
conditions #3 and #4, respectively, except that
the order of the oxidative leach and caustic
leach is reversed. From this information, it is
clear that a simple caustic leach primarily
removes Al from the sludge whereas the
oxidative alkaline leach is required to remove
any substantial amount of Cr from the sludges
under likely Waste Treatment Plant (WTP)
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Explain How the Tests Did or Did Not Meet
List Success Criteria the Success Criteria

operating conditions. Further details with
respect to component concentrations in the
various streams and previously reported
oxidative alkaline leach factors are summarized
in the appendices.

Table S.1. Percent Removal of Metals from Washed SX-101 Sludge by a) an Initial Caustic Leach, b) a
Subsequent Oxidative Alkaline Leach, and c) Total Removed

SX-101-3, % Removed SX-101-4, % Removed
Component CL oL Total CL oL Total
Ag 0 0 0 0 0 0
Al 79 4 83 79 10 89
As NA NA NA NA NA NA
B 36 61 97 36 61 98
Ba 0 0 0 0 0 0
Be 100 0 100 NA NA NA
Bi 0 0 0 0 0 0
Ca 0 0 0 0 6 6
Cd 7 0 7 0 0 0
Ce 0 0 0 0 0 0
Co NA NA NA NA NA NA
Cr 6 82 87 5 89 94
Cu 0 0 0 0 0 0
Dy 0 0 0 0 0 0
Eu 0 100@ 100@ 0 100@ 100@
Fe 0 0 0 0 0 0
K NA NA NA NA NA NA
La 0 0 0 0 0 0
Li 0 0 0 0 0 0
Mg 0 0 0 0 0 0
Mn 0 0 0 0 0 0
Mo NA NA NA NA NA NA
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Table S.1. (cont’d)

SX-101-3, % Removed

SX-101-4, % Removed

Component CL oL Total CL oL Total
Na 83 14 97 81 16 97
Nd 0 0 0 0 0 0
Ni NA NA NA NA NA NA
P 62 0 62 23 63 86
Pb 3 35 38 4 0 4
Pd NA NA NA NA NA NA
Rh NA NA NA NA NA NA
Ru NA NA NA NA NA NA
Sh NA NA NA NA NA NA
Se NA NA NA NA NA NA
Si 19 27 46 19 32 50
Sn 0 0 0 0 0 0
Sr 0 0 0 0 0 0
Te NA NA NA NA NA NA
Th 0 0 0 0 0 0
Ti 0 0 0 0 0 0
TI 76 24 100 NA NA NA
U 0 0 0 0 0 0
V NA NA NA 0 100 100
W 0 100 100 0 100 100
Y 0 0 0 0 0 0
Zn 0 0 0 0 0 0
Zr 2 8 9 1 8 9
Pu 0 0 0 0 0 0

NA = not available. CL = Caustic Leach

. OL = Oxidative Leach. Total = Total Removed

(a) Suspect data—see text for discussion.
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Table S.2. Percent Removal of Metals from Washed SX-101 Sludge by a) an Initial Oxidative Leach,

b) a Subsequent Caustic Leach, and ¢) Total Removed

SX-101-5, % Removed® SX-101-6, % Removed

Component oL CL Total oL CL Total
Ag 0/49 0/0 0/49 0 0 0
Al 53/0 44193 97/93 14 83 97
As 0/NA 100/NA 100/NA 0 100 100
B 95/NA 0/NA 95/NA 97 0 97
Ba 0/0 0/0 0/0 0 0 0
Be 58/NA 42/NA 100/NA 0 100 100
Bi 0/21 0/0 0/21 0 0 0
Ca 0/0 0/0 0/0 0 0 0
Cd 10/0 11/6 21/6 0 12 12
Ce 0/0 0/0 0/0 0 0 0
Co NA/NA NA/NA NA/NA NA NA NA
Cr 35/81 29/9 65/90 94 3 97
Cu 0/26 0/0 0/26 0 0
Dy 0/NA 0/NA 0/NA 0 0 0
Eu NA/NA NA/NA NA/NA NA NA NA
Fe 0/0 0/0 1/0 0 0 0
K NA/NA NA/NA NA/NA NA NA NA
La 0/0 0/0 0/0 0 0 0
Li 0/0 0/0 0/0 0 0 0
Mg 0/0 0/0 0/0

Mn 0/0 0/0 0/0 0 0 0
Mo NA/NA NA/NA NA/NA NA NA NA
Na 54/0 45/0 98/0 15 83 98
Nd 0/0 0/0 0/0 0 0 0
Ni NA/NA NA/NA NA/NA NA NA NA
P 41/43 34/33 75/78 0 44 44
Pb 25/0 22/6 4716 0 15 15
Pd NA/NA NA/NA NA/NA 100® o® 100®
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Table S.2. (cont’d)

SX-101-5, % Removed

SX-101-6, % Removed

Component oL CL Total oL CL Total
Rh NA/NA NA/NA NA/NA NA NA NA
Ru NA/NA NA/NA NA/NA NA NA NA
Sh NA/NA NA/NA NA/NA NA NA NA
Se NA/NA NA/NA NA/NA 0 0 0
Si 29/0 26/10 55/10 41 25 67
Sn 0/39 0/0 0/39 0 0 0
Sr 0/0 0/0 0/0 0 0 0
Te NA/NA NA/NA NA/NA NA NA NA
Th 0/NA 0/NA 0/NA 0 0 0
Ti 0/NA 0/NA 0/NA 0 0 0
I 0/NA 100/NA 100/NA 0 0 0
U 0/0 0/0 0/0 0 0 0
\Y; NA/NA NA/NA NA/NA NA NA NA
w NA/NA NA/NA NA/NA NA NA NA
Y 0/NA 0/NA 0/NA 0 0 0
Zn 0/58 0/0 0/58 0 0 0
zr 2/0 2/0 4/0 8 2 10
Pu 0/29 1/1 1/30 0 3 3

NA = not available. CL = Caustic Leach. OL = Oxidative Leach. Total = Total Removed

(@) Leftside of / calculated with the standard method; right side of / calculated with the following
alternative method: OL% removed = 100*[Feed - (Residue+Caustic Leachate)]/Feed—see text in
Section 2 for further discussion.

(b) Suspect data—see text for discussion.
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Table S.3. Percent Removal of Metals from Washed SY-102 Sludge by a) an Initial Caustic Leach,
b) a Subsequent Oxidative Alkaline Leach, and ¢) Total Removed

SY-102-3, % Removed SY-102-4, % Removed
Component CL oL Total CL oL Total
Ag 0 0 0 0 0 0
Al 72 5 76 69 9 78
As NA NA NA NA NA NA
B 37 60 97 30 70 100
Ba 0 0 0 0 0 0
Be 100 0 100 100 0 100
Bi 2 0 2 2 0 2
Ca 0 0 0 0 0 0
Cd 0 0 0 0 0 0
Ce 0 0 0 0 0 0
Co NA NA NA NA NA NA
Cr 4 76 80 4 91 95
Cu 0 0 0 0 0 0
Dy 0 0 0 0 0 0
Eu 0 100@ 100@ 0 100@ 100@
Fe 0 0 0 0 0 0
K NA NA NA NA NA NA
La 0 0 0 0 0 0
Li 0 0 0 0 0 0
Mg 0 0 0 0 0 0
Mn 0 63 63 0 0 0
Mo NA NA NA NA NA NA
Na 82 15 97 78 19 97
Nd 0 0 0 0 0 0
Ni NA NA NA NA NA NA
P 17 20 37 16 11 27
Pb 14 0 14 14 0 14
Pd 0@ 100@ 100@ 0@ 100@ 100@
Rh NA NA NA NA NA NA
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Table S.3. (cont’d)

SY-102-3, % Removed SY-102-4, % Removed

Component CL oL Total CL oL Total
Ru NA NA NA NA NA NA
Sb NA NA NA NA NA NA
Se NA NA NA 0 100 100
Si 15 17 31 13 23 36
Sn

Sr 0 0 0 0 0 0
Te NA NA NA NA NA NA
Th 0 0 0 0 0 0
Ti 0 0 0 0 0 0
TI 0 100 100 NA NA NA
U 0 0 0 0 0 0
Vv 0 100 100 0 100 100
W 54 46 100 43 57 100
Y 0 0 0 0 0 0
Zn 0 0 0 0 0 0
Zr 1 8 9 1 21 22
Pu 0 0 0 0 0 0

NA = not available. CL = Caustic Leach. OL = Oxidative Leach. Total = Total Removed.
(@) Suspect data—see text for discussion.
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Table S.4. Percent Removal of Metals from Washed SY-102 Sludge by a) an Initial Oxidative Leach,
b) a Subsequent Caustic Leach, and ¢) Total Removed

SY-102-5, % Removed® SY-102-6, % Removed

Component oL CL Total oL CL Total
Ag 0/0 0/0 0/0 5 0 5
Al 53/0 42187 94/87 5 84 89
As NA/NA NA/NA NA/NA NA NA NA
B 54/0 43/38 97/38 56 39 95
Ba 0/0 0/0 0/0 0 0 0
Be 30/NA 24/NA 54/NA 0 25 25
Bi 3/0 2/0 5/0 0 1
Ca 0/0 0/0 0/0 1 0 1
Cd 2/0 2/0 4/0 0 1 1
Ce 0/NA 0/NA 0/NA 0 0 0
Co NA/NA NA/NA NA/NA NA NA NA
Cr 42/81 33/11 75/92 90 6 96
Cu 0/0 0/0 0/0 0 0 0
Dy 0/NA 0/NA 0/NA 0 0 0
Eu NA/NA NA/NA NA/NA 100 0 100
Fe 0/0 0/0 0/0 0 0 0
K NA/NA NA/NA NA/NA NA NA NA
La 0/0 0/0 0/0 0 0 0
Li 0/0 0/0 0/0 0 0 0
Mg 0/0 0/0 0/0 0

Mn 0/0 0/0 0/0 0 0 0
Mo NA/NA NA/NA NA/NA 100 0 100
Na 54/0 43/0 98/0 14 80 95
Nd 0/0 0/0 0/0 0 0 0
Ni NA/NA NA/NA NA/NA NA NA NA
P 11/27 /7 19/34 13 6 19
Pb 17/0 14/0 31/0 0 16 16
Pd NA/100® NA/O® NA/100® 100® o® 100®

XXii



Table S.4. (cont’d)

SY-102-5, % Removed SY-102-6, % Removed
Component oL CL Total oL CL Total
Rh NA/NA NA/NA NA/NA 100 100
Ru NA/NA NA/NA NA/NA 100 100
Sh NA/NA NA/NA NA/NA NA NA NA
Se NA/NA NA/NA NA/NA 100 0 100
Si 17/0 14/0 31/0 16 12 28
Sn 0/5 0/0 0/5 0 0 0
Sr 0/0 0/0 0/0 0 0 0
Te NA/NA NA/NA NA/NA NA NA NA
Th 0/NA 0/NA 0/NA 0 0 0
Ti 0/0 0/0 0/0 0 0 0
TI NA/NA NA/NA NA/NA 100 0 100
U 0/27 0/0 0/27 0 0 0
\Y% NA/NA NA/NA NA/NA 100 0 100
W 55/NA 45/NA 100/NA 71 29 100
Y 0/NA 0/NA 0/NA 0 0
Zn 24/2 19/25 43/27 0 0
Zr 5/0 4/0 9/0 10 0 10
Pu 0/0 0/0 0/0 0 0 0
NA = not available. CL = Caustic Leach. OL = Oxidative Leach. Total = Total Removed
(a) Left side of / calculated with the standard method; right side of / calculated with the following
alternative method: OL% removed = 100*[Feed - (Residue+Caustic Leachate)]/Feed—see text in Section 2
for further discussion.
(b) Suspect data—see text for discussion.

Quality Requirements

Battelle—Pacific Northwest Division’s (PNWD’s) Quality Assurance Program is based upon the
requirements as defined in the U.S. Department of Energy (DOE) Order 414.1A, Quality Assurance and
10 CFR 830, Energy/Nuclear Safety Management, Subpart A—Quality Assurance Requirements

(a.k.a. the Quality Rule). PNWD has chosen to implement the requirements of DOE Order 414.1A and
10 CFR 830, Subpart A by integrating them into the laboratory’s management systems and daily
operating processes. The procedures necessary to implement the requirements are documented through
PNWD’s Standards-Based Management System (SBMS).

PNWD implements the RPP-WTP quality requirements by performing work in accordance with the
PNWD Waste Treatment Plant Support Project quality assurance project plan (QAPjP) approved by the
RPP-WTP Quality Assurance (QA) organization. Work was performed to the quality requirements of
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NQA-1-1989 Part |, 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).

The work described in this report used information provided by the Test Specification, “Ultrafiltration
and Washing/Leaching of Hanford Tank 241-SY-102 Waste,” 24590-PTF-TSP-RT-03-003, Rev. 0
(approved April 16, 2003). The analysis performed in this report addresses the scope covered by Bechtel
National, Inc. (BNI) Test Exceptions 24590-PTF-TEF-RT-05-00001 and 24590-PTF-TEF-RT-05-00004.
As no new experimental work was required, no new test plan was generated; all data used in this report
were generated and controlled by the previous oxidative alkaline leach test plan, TP-RPP-WTP-275.
PNWD addressed 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 the

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

R&T Test Conditions

No testing is described in this report.

Simulant Use

No new experimental work is reported so no simulants were used.

Discrepancies and Follow-on Tests

Instead of supplying an average of leach factors in the test, the individual leach factors are provided.
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1.0 Introduction

Research is being conducted at the Hanford Site in southeastern Washington State to optimize tank waste
composition to prepare the waste for vitrification. It has been determined that temperature and
hydroxide concentration are the most important factors impacting washed sludges from Hanford Tanks
SX-101 and SY-102 during caustic leaching and oxidative alkaline leaching.®® However, further study
is needed in the following areas: 1) the effects of a simple caustic leach with no oxidative alkaline leach,
2) the impact of oxidative leaching on potentially high-level waste (HLW) limiting elements (chromium,
aluminum, plutonium, sulfur, and any others identified as potentially limiting HLW loadings) (these
need to be determined to complete the oxidative leaching process design to be implemented in
ultrafiltration), and 3) an assessment to determine whether meaningful simulants can be developed to
further optimize oxidative leaching test methods.

This report describes the following three tasks designed to accomplish these objectives:

e Task 1. Identify the leach factors for simple caustic leaching only and for oxidative leaching
only for sludges SX-101 and SY-102 from previously published data (WTP-RPT-117, Rapko et
al. 2004).

e Task 2. Assess whether the impact of sulfur distribution by oxidative alkaline leaching and
simple caustic leaching can be determined. This will involve the following activities:

1. Review alkaline leaching and oxidative leaching literature on Hanford sludges to cull
information regarding the speciation of sulfur. There is likely little to no speciation
information for sulfur available—such a finding is a legitimate conclusion from this
evaluation. Reviews of the literature regarding the origin of sulfur in the Hanford tanks will
also assess possible speciation of sulfur from this information.

2. Assess the likely impact of oxidative alkaline leaching on the sulfur species based on
literature precedent and basic chemical principles if speciation data for sulfur are available.

3. Forecast an evaluation of the distribution of any identified sulfur species in either simple
caustic leaching or oxidative alkaline leaching.

e Task 3. Evaluate the possibility of using an alternative approach for evaluating the impact of
problematic glass components by testing these glass component’s behaviors with a simulant,
well designed (and preferentially validated) to respond as would actual Hanford sludge to the
changing conditions. Specifically, in light of the available speciation information about Hanford
tank waste, assess the usefulness of such a sludge simulant for performing such an evaluation.

Section 2 evaluates the impact of an individual caustic leach or oxidative leach on washed tank solids

from Tanks SY-102 and SX-101. Section 3 reviews caustic leaching data for removing sulfur, and
Section 4 describes the impacts of using sulfur for sludge pretreatment testing.

1.1 Quality Requirement

Battelle—Pacific Northwest Division’s (PNWD’s) Quality Assurance Program is based upon the
requirements as defined in the U.S. Department of Energy (DOE) Order 414.1A, Quality Assurance and

(3) Battelle—Pacific Northwest Division (PNWD) letter report (WTP-RPT-117).
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10 CFR 830, Energy/Nuclear Safety Management, Subpart A—Quality Assurance Requirements
(a.k.a. the Quality Rule). PNWD has chosen to implement the requirements of DOE Order 414.1A and
10 CFR 830, Subpart A by integrating them into the laboratory’s management systems and daily
operating processes. The procedures necessary to implement the requirements are documented through
PNWD’s Standards-Based Management System (SBMS).

PNWD implements the 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. 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).

The work reported in this report used information provided by the Test Specification, “Ultrafiltration and
Washing/Leaching of Hanford Tank 241-SY-102 Waste,” 24590-PTF-TSP-RT-03-003, Rev. 0
(approved April 16, 2003). The analysis performed in this report addresses the scope covered by Bechtel
National, Inc. (BNI) Test Exceptions 24590-PTF-TEF-RT-05-00001 and 24590-PTF-TEF-RT-05-00004.
As no new experimental work was required, no new test plan was generated; all data used in this report
were generated and controlled by the previous oxidative alkaline leach test plan, TP-RPP-WTP-275.

PNWD addressed 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 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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2.0 Evaluation of the Impact of an Individual Caustic Leach or
Oxidative Leach on SY-102 and SX-101 Washed Tank Solids

A recent report (Rapko et al. 2004) described the impact of oxidative alkaline leaching as a function of
various treatment conditions on SX-101 and SY-102 washed tank solids. In that study, no “blank”
experiments were performed that described the impact of only a simple caustic leach or only a low
hydroxide oxidative leach. However, four of the test conditions (#3, #4, #5 and #6 as labeled in the report
RTP-WTP-117) involved treating the sludges with a baseline caustic leach treatment (3 M initial NaOH,
85 £ 5°C for 8 hours) in combination with a low hydroxide oxidative leach treatment. For Condition #3,
following the initial caustic leach, an oxidative leach with permanganate was performed using a 0.25 M
initial concentration of NaOH and a leach temperature of 25°C. Condition #4 is identical to Condition #3
except that the oxidative leach was performed at 85°C. Conditions #5 and #6 are identical to conditions
#3 and #4, respectively, except the order of the oxidative alkaline leach and the caustic leach were
reversed. In this section, the data from those tests are used to evaluate the impact of a simple caustic
leach or a simple, low hydroxide, oxidative leach on these sludges in greater detail than in that previous
report.

The methodology used to calculate the effect of the individual leach treatments parallels the approach
described in the above-mentioned report and is briefly reviewed here. The data originally were collected
in the following manner: a slurry with a known mass of water-insoluble sludge solids was introduced into
a sample vial. Stock solutions of 10 M NaOH, NaMnQ,, and deionized (DI) water were added to achieve
a nominal 3 M NaOH solution, in the case of the caustic leach, or 0.25 M NaOH, in the case of the
oxidative leach, with a leachate to a settled solids ratio of 3:1 (v:v). The bottles were loosely capped and
heated and shaken for 8 hours at the target temperature (£ 5°C). The heating was then stopped and the
samples cooled to room temperature overnight. The test suspensions were then centrifuged and the
supernatants decanted into receiving bottles. The residual solids then were washed with 0.1 M NaOH
until the washings were colorless. The washings were combined with the leachate solution, the combined
leachate-washing solution was weighed, the solution was filtered, and aliquots were removed for analysis
of metals by inductively coupled plasma-atomic emission spectroscopy (ICP-AES) and radionuclides by
gamma energy analysis (GEA) and alpha energy analysis (AEA).

The impact of each leach step was determined as follows: the mass of each metal component from the
caustic leach and oxidative leach step, along with their corresponding wash solutions, together with the
total mass of the metal component in the residual solids, was calculated. These masses were then
summed to give the total mass of each metal component in the sludge. From this information, the percent
of each component removed in each step can be calculated. To calculate the mass loss for an intermediate
leach step (needed to calculate solids loading into immobilized high-level waste [IHLW] relative to
washed sludge), the mass of each metal component as its stable oxide is calculated, and the masses of
these oxides are summed to give the total oxide concentration. This calculation of the sample mass
following a leach and dilute hydroxide wash assumes that 1) the metals are present as these oxides,

2) there are no other anions present, such as chloride, fluorides, or nitrates, and 3) the metals not available
by ICP-AES analysis of the solutions and leached residual solids (such as Ni, K due to the interferences
from the KOH fusion in a Ni crucible used to prepared the leached solids for analysis) are not present in
significant concentrations.
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The agreement of the total mass calculated for each component by the summation method described
above can be checked with the total mass for each component as calculated by multiplying the mass of
water-insoluble sludge used in the test by the component concentration in the water-insoluble sludge. The
results of such a calculation are given in Table 2.1. The NA in the tables above refers to components
where quantities of the component were below the detection limit in the initial sample (denominator) or
components that were not analyzed as noted above.

In general, the agreement for the major components is acceptable, especially considering the up to £15%
uncertainty associated with each of the four independent measurements used in this calculation. The
exceptions are primarily either components where the added reagents themselves add mass to the system
(Na, Mn) or components at concentrations close to their detection limits (Zr) where a corresponding
increase in the uncertainty of the measurements exists. However, it should be noted that some of the
results obtained by ICP-AES must be considered suspect. For example, it was previously reported
(Rapko et al. 2004) that, by radiochemical analysis, no Eu or Am was leached from either SX-101 or SY-
102 washed sludge. This contradicts the Eu ICP-AES data results for SX-101-3 and -4, which show
complete removal by oxidative leaching. Since the **Am (which should show similarly performance to
Eu) and the ***>*Eu measurements are much more sensitive, the ICP-AES results for SX-101 leaching
must be considered suspect. Pd provides an example where the mass balances are particularly poor:
around 50 to 60% for SY-102 and 0% for SX-101 (Table 2.1). Again, a consequence of possessing such
an inexplicable mass balance is that the leach factors calculated for such elements must be considered
suspect. More relevant examples are found for Pu, with 71% and 65% balances for SX-101-5 and SX-
101-6, respectively; Al, with 226% and 239% balances for SX-101-5 and SY-102-5, respectively; and Cr,
with 30%, 62%, and 33% for SX-101-5, SX 101-6, and SY-102-5, respectively.

Some of the poor mass balance agreements found in the -5 tests likely can be traced to an error in
preparing and/or executing the analysis of the oxidative leach solutions. In general, if one examines the
actual metal concentrations in the leach solution, it is discovered, as expected, that the Na concentrations
in the 3 M NaOH caustic leach (and washes) are approximately an order of magnitude greater than in the
0.25 M NaOH oxidative leach (and washes). However, such a variance in the Na concentrations in the
leach solutions is not reflected in oxidative leach versus caustic leach analytical data for SX-101-5 and
SY-102-5. Here, the Na concentrations in both cases are typical for those seen in the caustic leach, not
the oxidative leach. Furthermore, each of the individual metal components is almost identical for both the
caustic leach and the low hydroxide oxidative leach. This result indicates that either the caustic leach
solution was sampled twice for ICP-AES analysis, or it was analyzed in duplicate; in either case, the
conclusion is that the component concentrations assigned to the oxidative leach solution are not those of
the actual oxidative leach solution. This explains in part the magnitude and direction of the discrepancy
in the mass balance for Cr (as Cr is expected to be present in higher concentrations in oxidative leach than
in the caustic leach), the discrepancies in the chromate/chromium ratios, and the magnitude and extent of
mass balance discrepancy for Al (expected to be present in lower concentrations in the lower hydroxide
oxidative leach than in the caustic leach).

Given the questionable nature of the oxidative leach values for SX-101-5 and SY-102-5, an alternative
analysis for these tests was explored. In the original approach, the measured masses from each leach
solution and the residual solids were summed to obtain the total mass. The percent removed was simply
the mass removed by an individual leach solution divided by the total mass removed, expressed as a
percentage (Scheme 1). In the alternative analysis, the total amount of each component based on the
calculated mass and measured component concentration in the initial test sample was calculated. Next,
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the mass of each component in the residual solids was calculated. The ratio of the residual to the initial
solids was used to determine the percent removal of each component. The amount of each component
removed during the caustic leach was then calculated, compared to the total amount removed, and
expressed as a percentage; the difference was then assigned to the amount removed during the oxidative
leach. This approach is illustrated in Scheme 2. The results obtained by the standard method are reported
on the left hand side in Tables 2.3 and 2.5; the results obtained by this method are reported in the right
hand side.

Scheme 1: Illustration of Standard Approach for Calculating Component Removals

For each component:

1) X ([component]; (¢/ml) * volume; (ml)) + [component] eiqual solias (€/8) * MaSSreiqual solids ()
i

= total component mass (g)
2) % component removal in solution; = 100 * (mass solution;/total component mass)
Scheme 2: Illustration of Alternative Approach for Calculating Component Removals

For each component:

1) |Componcnl]inilial solids (gfg) * MasS;pitial solids (&) = initial component mass (g)

2) [componcnl]msidua] solids (gfg) * MaSSesidual solids (&) = residual component mass (g)
3) % component removal overall = 100 * (residual mass/initial component mass)

4) |C0mp0nenl]causlic leachate (ghnl) * \'()]umecuuslic leachate (ml)

= component mass in caustic leachate (g)
5) % component removed,.,gic leach = 100 * (mass component,,,gic leachate/1N1tial component mass)

6) % component removed overall -% component removed...,stic leach
= % component removedy;dative leach
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Table 2.1. Mass Balances for SX-101-3, 4, 5, 6 and SY-102- 3, 4, 5, 6 Tests

Mass Balance, %

Component |SX-101-3| SX-101-4 [SX-101-5[SX-101-6|SY-102-3|SY-102-4|SY-102-5(SY-102-6
Ag 51 52 51 33 97 97 100 103
Al 114 103 226 69 112 121 239 119
As NA NA NA NA NA NA NA NA
B NA NA NA NA 2100 2671 2049 2233
Ba 109 107 119 77 126 131 135 127
Be NA NA NA NA NA NA NA NA
Bi 80 77 79 58 112 114 122 120
Ca 117 118 123 73 117 120 121 128
Cd 96 86 119 60 113 112 117 116
Ce 95 105 112 68 NA NA NA NA
Co NA NA NA NA NA NA NA NA
Cr 103 100 30 62 115 123 33 106
Cu 65 70 74 56 91 97 113 123
Dy NA NA NA NA NA NA NA NA
Eu NA NA NA NA NA NA NA NA
Fe 108 106 120 71 113 114 119 121
K NA NA NA NA NA NA NA NA
La 93 98 104 58 126 122 120 93
Li 114 113 139 89 110 109 134 153
Mg 162 175 175 127 142 142 149 152
Mn 433 471 476 384 1691 768 680 795
Mo NA NA NA NA NA NA NA NA
Na 3808 3972 9496 4532 3677 3933 7059 3479
Nd 95 98 106 63 108 100 108 94
Ni NA NA NA NA NA NA NA NA
P 90 205 97 36 96 105 82 110
Pb 195 123 178 82 128 131 163 137
Pd 0 0 0 29 49 66 0 58
Rh NA NA NA NA NA NA NA NA
Ru NA NA NA NA NA NA NA NA
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Table 2.1. (cont’d)

Mass Balance, %

Component | SX-101-3 |SX-101-4 | SX-101-5|SX-101-6 | SY-102-3 | SY-102-4 |SY-102-5|SY-102-6
Sh NA NA NA NA NA NA NA NA
Se NA NA NA NA NA NA NA NA
Si 166 179 201 171 152 181 169 180
Sn 64 64 61 46 99 91 95 115
Sr 114 111 125 73 122 125 128 127
Te NA NA NA NA NA NA NA NA
Th NA NA NA NA NA NA NA NA
Ti NA NA NA NA 102 114 126 131
TI NA NA NA NA NA NA NA NA
U 101 98 110 66 78 62 73 72
V NA NA NA NA NA NA NA NA
W NA NA NA NA NA NA NA NA
Y NA NA NA NA NA NA NA NA
Zn 89 85 42 44 83 91 129 93
Zr 144 154 158 116 396 220 156 406
Pu 115 105 71 63 101 98 108 104

NA = not available.

By performing this analysis, one assumes a mass balance of 100%. In the cases where this is a poor
approximation, one can obtain removals during the caustic leach with negative values or with values
greater than 100%. In those cases, if over 100% removals were obtained, a value of 100% was used; if
negative values were obtained, a value of 0% was assigned.

From the information summarized above, the amount of material removed during the caustic leach can be
calculated and compared with the amount of material removed during a subsequent oxidative leach.
These amounts are summarized in Tables 2.2 through 2.5. Note that in some instances, rounding to whole
numbers for the percentages yields slightly different values for the total than is provided by simple
addition of the caustic leach and oxidative leach values. The leach factors using the standard approach
are given on the left side, and the alternative leach factors are supplied on the right side in the two sets of
values given for SX-101-5 and SY-102-5.
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Table 2.2. Percent Removal of Metals from Washed SX-101 Sludge by a) an Initial Caustic Leach,
b) a Subsequent Oxidative Alkaline Leach, and ¢) Total Removed

SX-101-3, % Removed SX-101-4, % Removed
Component CL oL Total CL oL Total
Ag 0 0 0 0 0 0
Al 79 4 83 79 10 89
As NA NA NA NA NA NA
B 36 61 97 36 61 98
Ba 0 0 0 0 0 0
Be 100 0 100 NA NA NA
Bi 0 0 0 0 0 0
Ca 0
Cd 0 0 0 0
Ce 0 0 0 0 0 0
Co NA NA NA NA NA NA
Cr 6 82 87 5 89 94
Cu 0 0 0 0 0 0
Dy 0 0 0 0 0 0
Eu 0 100@ 100@ 0 100@ 100@
Fe 0 0 0 0 0 0
K NA NA NA NA NA NA
La 0 0 0 0 0 0
Li 0 0 0 0 0 0
Mg 0 0 0 0 0 0
Mn
Mo NA NA NA NA NA NA
Na 83 14 97 81 16 97
Nd 0 0 0 0 0 0
Ni NA NA NA NA NA NA
P 62 0 62 23 63 86
Pb 3 35 38 4 0 4
Pd NA NA NA NA NA NA
Rh NA NA NA NA NA NA
Ru NA NA NA NA NA NA
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Table 2.2. (cont’d)

SX-101-3, % Removed SX-101-4, % Removed
Component CL oL Total CL oL Total

Sb NA NA NA NA NA NA
Se NA NA NA NA NA NA
Si 19 27 46 19 32 50
Sn

Sr 0 0 0 0 0 0
Te NA NA NA NA NA NA
Th 0 0 0 0 0 0
Ti 0 0 0 0 0 0
TI 76 24 100 NA NA NA
U 0 0 0 0 0 0
V NA NA NA 0 100 100
W 0 100 100 0 100 100
Y 0 0 0 0 0 0
Zn 0 0 0 0 0 0
Zr 2 8 9 1 8 9
Pu 0 0 0 0 0 0

NA = not available. CL = Caustic Leach. OL = Oxidative Leach. Total = Total Removed
(a) Suspect Data—see text for discussion.

Table 2.3. Percent Removal of Metals from Washed SX-101 Sludge by a) an Initial
Oxidative Leach, b) a Subsequent Caustic Leach, and c¢) Total Removed

SX-101-5, % Removed® SX-101-6, % Removed
Component oL CL Total oL CL Total
Ag 0/49 0/0 0/49 0 0 0
Al 53/0 44/93 97/93 14 83 97
As 0/NA 100/NA 100/NA 0 100 100
B 95/NA 0/NA 95/NA 97 0 97
Ba 0/0 0/0 0/0 0 0 0
Be 58/NA 42INA 100/NA 0 100 100
Bi 0/21 0/0 0/21 0 0 0
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Table 2.3. (cont’d)

SX-101-5, % Removed

SX-101-6, % Removed

Component oL CL Total oL CL Total
Ca 0/0 0/0 0/0 0 0 0
Cd 10/0 11/6 21/6 12 12
Ce 0/0 0/0 0/0 0 0 0
Co NA/NA NA/NA NA/NA NA NA NA
Cr 35/81 29/9 65/90 94 3 97
Cu 0/26 0/0 0/26 0 0 0
Dy 0/NA 0/NA 0/NA 0 0 0
Eu NA/NA NA/NA NA/NA NA NA NA
Fe 0/0 0/0 1/0 0 0 0
K NA/NA NA/NA NA/NA NA NA NA
La 0/0 0/0 0/0 0 0 0
Li 0/0 0/0 0/0 0