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Testing Summary

A testing program evaluating actual tank waste was developed in response to Task 4 from the M-12
External Flowsheet Review Team (EFRT) issue response plan® and Test Specification 24590-PTE-TSP-
RT-06-003 Rev. 1.*) The test program was subdivided into logical increments. The bulk water-insoluble
solid wastes that are anticipated to be delivered to the Waste Treatment and Immobilization Plant (WTP)
were identified according to type such that the actual waste testing could be targeted to the relevant
categories. Eight broad waste groupings were defined. Samples available from the 222S archive were
identified and obtained for testing. The actual waste-testing program included homogenizing the samples
by group, characterizing the solids and aqueous phases, and performing parametric leaching tests.

Two of the eight defined groups—reduction-oxidation (REDOX) sludge (Group 5) and S-saltcake
(Group 6)—are the subjects of this report. The Group 5 waste was anticipated to be high in boehmite,
whereas the Group 6 waste was anticipated to contain a significant fraction of water-insoluble chromium.
Thus the focus of the Group 5 testing was on determining the behavior of Al dissolution during caustic
leaching and the focus of the Group 6 testing was the oxidative removal of Cr. The waste-type definition,
archived sample conditions, homogenization activities, characterization (physical, chemical, radioisotope,
and crystal habit), and caustic leach behavior (Group 5) and oxidative leach behavior (Group 6) as
functions of time, temperature, and hydroxide concentration are discussed in this report. Testing was
conducted according to TP-RPP-WTP-467.¢

Objectives

The test objectives are summarized in Table S.1 along with a discussion of how the objectives were met.
Several objectives (in gray shading lighter than header shading) did not specifically apply to the scope
provided in this report; they will be reported in companion reports as indicated in the controlling test plan.

Table S.1. Test Objectives

Objective
Test Objective Met? (Y/N) | Discussion
1) Determine the physical and chemical Y The following characterizations were conducted on
characteristics (summarized in the washed solids for Group 5 and Group 6:
Section 6.2.2 of the test plan) e solids chemical composition
relevant to leaching and e mineral composition
ultrafiltration behaviors of actual e particle-size distribution
waste samples required for the e crystal habit and morphology
validation of simulants. e slurry density
o slurry rheology, flow curve, and shear strength

(a) SM Barnes, and R Voke. 2006. “Issue Response Plan for Implementation of External Flowsheet Review Team
(EFRT) Recommendations - M12: Undemonstrated Leaching Process.” 24590-WTP-PL-ENG-06-0024 Rev. 0.

(b) PS Sundar. 2006. Characterization and Small Scale Testing of Hanford Wastes to Support the Development and
Demonstration of Leaching and Ultrafiltration Pretreatment Processes. 24590-PTF-TSP-RT-06-003 Rev. 1.

(c) SK Fiskum. 2007. Characterization and Small Scale Testing of Hanford Wastes to Support the Development
and Demonstration of Leaching and Ultrafiltration Pretreatment Processes. TP-RPP-WTP-467, Rev. 0, 2/2/07
and Rev. 1, 7/31/07. 24590-QL-HC9-WA49-00001-02-00006.
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Objective

Test Objective Met? (Y/N) | Discussion
o settling rate (for Group 6 only), fraction of settled
solids, fraction of centrifuged solids.
The results are summarized in Sections 5 and 6.

2) Determine the dissolution rate of NA This is not applicable for Groups 5 and 6 because
aluminum in the actual waste gibbsite is not a major component of these wastes.
samples, present predominantly as The gibbsite dissolution parameters will be provided
gibbsite, as a function of in the Group 3 (plutonium-uranium extraction
temperature, free hydroxide [PUREX] Cladding Waste) and Group 4 (REDOX
concentration, and over a range of Cladding Waste) report.
sodium concentrations of interest to
the caustic leaching process.

3) Determine the dissolution rate of Y Group 5 is a high-Al waste type, primarily boehmite.
aluminum in the actual waste Parametric leach testing was conducted on small
samples, present predominantly as (~1-g) aliquots of this waste to determine the
boehmite, as a function of boehmite dissolution rate. Variable parameters
temperature, free hydroxide included temperature (80, 90, and 100°C), time
concentration, and over a range of (through 170 h), sodium nitrate concentration (1 and
sodium concentrations of interest to 5 M added to 3 M sodium hydroxide matrix), and
the caustic leaching process. hydroxide concentration (1, 3, and 5 M). Dissolution

kinetics are also discussed. Results are summarized in
Section 8.

4) Determine the dissolution rate of Y Group 6 is a high-chromium waste. Parametric leach
chromium and the extent of testing was conducted on small (~0.53-g) aliquots of
dissolution of plutonium and other this waste following initial caustic leaching. Variable
safety related constituents (U, Fe, parameters included temperature (25 and 50°C),

Mn, Ni, and Zn) in the actual waste permanganate dosage (0.75, 1.0, and 1.25 Mn:Cr mole
samples as functions of temperature ratio), oxidation time (through 24 h), and hydroxide
and over a range of NaOH concentration (0.25, 1.25, and 3 M). The Cr
concentrations of interest for dissolution rate and Pu mobilization are reported as
oxidative leaching. (The NaMnO, functions of these parameters. The mobilization of
dosage will be predetermined for the other safety-related components, including U, Fe, Mn,
oxidation of the chromium in the Ni, Cd, and B, was also evaluated and reported.

waste solids.) Results are summarized in Section 9.

5) Determine the dissolution/reaction NA The wastes tested in this report were not high
rate of phosphates in the actual waste phosphate wastes. The phosphate dissolution
samples as a function of temperature parametric testing will be generated from a different
and over a range of NaOH waste type and reported in the appropriate waste-
concentrations of interest for the specific report.
caustic leaching process as well as
the extent of dissolution during post-
leaching wash.

6) Determine ultrafiltration flux before NA The filtration testing will be reported separately.

and after caustic and oxidative
leaching over the operating range of
solids concentrations during the
leaching processes at 25°C when
sufficient actual waste sample is




Objective

Test Objective Met? (Y/N) | Discussion
available for testing of the filtration
behavior.
7) Scanning electron microscopy Y The primary mineral form of Al in the Group 5 waste

(SEM), transmission electron
microscopy (TEM), energy
dispersive spectroscopy (EDS) and
X-ray diffraction (XRD) will be used
to determine the primary mineral
forms present for Al, Cr, and P and
provide information to enable the
correlation of these mineral forms to
dissolution behavior.

was determined from the XRD analysis as boehmite.
More details are provided in Section 5. The primary
form of Cr in the Group 6 caustic-leached and washed
solids was assessed using thermogravimetric analysis
as Cr,Os. Details are provided in Appendix D.
Phosphorus was not a primary form of these two
wastes types.

Test Exceptions

No test exceptions applied to this work.

Results and Performance Against Success Criteria

The test plan delineated several success criteria, which are listed in Table S.2. Selected criteria were
relevant to the test scope included in this report; the other criteria that are outside of the reported scope

are shaded.

Table S.2. Results and Performance Against Success Criteria

Explain How the Tests Did or Did Not

List Success Criteria Meet the Success Criteria

1) A summary (letter report format) of the available Letter report number RPP-WTP-07-705 (J. G. Lumetta
information (including published literature) is and R. T. Hallen, WTP-RPT-151, Review of Caustic
provided on the characteristics (both known Leaching Testing With Hanford Tank Waste Sludges)
characteristics and those needed to be determined) | which addressed this success criterion, was delivered to
relevant to leaching and filtration behaviors of the | WTP on 1/24/2007.
tank farm waste groupings identified for testing.

2)  The physical and chemical characteristics for each | All physical and chemical characterization testing as
of the actual waste-sample composites selected for | defined in the test plan was completed. This included
testing are provided (including a format in extensive physical and chemical characterization of the
conformance with the presentation protocols homogenized slurry materials and extensive chemical
[24590-WTP-GPG-RTD-001]). The relevant characterization of selected leach solids. The analytical
physical and chemical characteristics are results for each test group are reported in the appropriate
elaborated in Test Conditions, Section 6.0, of the report sections.
test plan.

3) The dissolution rate and the extent of dissolution of | NA
aluminum present predominantly as gibbsite in
actual waste solids are determined as a function of
temperature, free-hydroxide, and sodium
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List Success Criteria

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

concentrations. The associated uncertainties in test
results are provided.

4)  The dissolution rate and the extent of dissolution of
aluminum present predominantly as boehmite in
actual waste solids are determined as a function of
temperature, free-hydroxide, and sodium
concentrations. The associated uncertainties in test
results are provided.

The boehmite dissolution rate was evaluated on the
Group 5 washed solids by measuring the Al in the leach
solution as a function of time (1, 4, 8, 24, 72, and 170 h).
The effects of free hydroxide concentration and
temperature were assessed. Testing was conducted at
three free hydroxide concentrations (1, 3, and 5 M) and
at three temperatures (80, 90, and 100°C). One test
condition (3 M free hydroxide at 90°C) was conducted
in triplicate to assess overall test precision. The effect of
NaNO; concentration on boehmite leaching was
evaluated by adding NaNO; to two additional samples
by testing at 3 M free hydroxide and at 90°C.

Boehmite dissolution-rate constants at each test
temperature were calculated, and the activation energy at
each free hydroxide concentration was calculated.
Results are summarized in Section 8.0.

5)  The dissolution rate and the extent of dissolution of
chromium in the actual waste solids are determined
as a function of temperature and over a range of
NaOH concentrations of interest to oxidative
leaching. The NaMnO, dosage will be
predetermined for the oxidation of the chromium in
the waste solids. The associated uncertainties in
the test results are provided.

Chromium dissolution was evaluated on the caustic-
leached and rinsed Group 6 solids by measuring the Cr
in the leach solution as a function of time (0.5, 1, 2, 4, 6,
and 24 h). The effects of permanganate oxidant dosage,
free hydroxide concentration, and temperature were
assessed. Testing was conducted at three Mn:Cr mole
ratios (0.75, 1.0, and 1.25) each at three free hydroxide
concentrations (0.25, 1.25, and 3 M). The effect of
temperature (25 and 50°C) was evaluated at two
hydroxide concentrations (0.25 and 3 M) and the three
oxidant dosages. One test condition (1.25 M free
hydroxide, Mn:Cr mole ration of 1 at 25°C) was
conducted in triplicate to assess overall test precision.
Results are summarized in Section 9.0.

6) The dissolution rate and the extent of dissolution of
phosphates in the actual waste solids are
determined as a function of temperature and NaOH
concentration along with the uncertainty in these
estimates.

NA

7)  The ultrafiltration flux before and after caustic and,
as applicable, oxidative leaching (reconcentration,
if sufficient solids are available) over the operating
range of solids concentrations with the actual waste
samples at 25°C is defined when available sample
size is adequate for the testing.

NA

8) Determination of the primary mineral forms
present for Al, Cr, and P, and a qualitative
correlation of the dissolution behavior of these

Two phases of Al were identified in the Group 5 sludge,
and two additional phases were conjectured based on
chemistry. Approximately 90% of the Al mass was
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Explain How the Tests Did or Did Not
List Success Criteria Meet the Success Criteria

waste elements to the mineral forms identified. present as boehmite in the Group 5 sludge. The
dissolution behavior of the Al in Group 5 was largely
attributed to boehmite. This is discussed in Section 8.0.

The Cr mineral form in the Group 6 solids was more
difficult to discern. Thermogravimetric analysis
indicated it was probably an amorphous form of Cr,Os.
This formulation was supported by the mass-balance
evaluation of the washed solids data from initial
characterization.

The phosphorus form was not the subject of these two
waste groupings; it will be addressed in the bismuth-
phosphate sludge and saltcake evaluation.

The dissolution rate of the boehmite and chromium were
addressed in Success Criteria #5.

Quality Requirements

Pacific Northwest National Laboratory (PNNL) is operated by Battelle for the U.S. Department of
Energy. PNNL implements a Quality Assurance Program that is based upon the requirements as defined
in the U.S. Department of Energy (DOE) Order 414.1C, Quality Assurance and 10 CFR 830,
Energy/Nuclear Safety Management, Subpart A—Quality Assurance Requirements. PNNL has chosen to
implement the requirements of DOE Order 414.1C 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 the laboratory’s Standards-Based Management
System (SBMS).

PNNL implemented the RPP-WTP quality requirements by performing work in accordance with the River
Protection Project — Waste Treatment Plant Support Program (RPP-WTP) Quality Assurance Plan (RPP-
WTP-QA-001, QAP). 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 were implemented through the
River Protection Project — Waste Treatment Plant Support Program (RPP-WTP) Quality Assurance
Manual (RPP-WTP-QA-003, QAM). The analytical requirements were implemented through RPP-
WTP’s Statement of Work (RPP-WTP-QA-005) with the Radiochemical Processing Laboratory (RPL)
Analytical Service Operations (ASO).

A matrix that cross-references the NQA-1, NQA-2a, and QARD requirements with the procedures for
RPP-WTP work was provided in the test plan TP-RPP-WTP-467. It included justification for those
requirements not implemented.

Experiments that were not method-specific were performed in accordance with RPP-WTP’s procedures

QA-RPP-WTP-1101 “Scientific Investigations” and QA-RPP-WTP-1201 “Calibration Control System”
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so that sufficient data were taken with properly calibrated measuring and test equipment (M&TE) to
obtain quality results.

RPP-WTP addressed internal verification and validation activities by conducting an Independent
Technical Review of the final data report in accordance with RPP-WTP’s procedure QA-RPP-WTP-604.
This review verified that the reported results were traceable, that inferences and conclusions were soundly
based, and the reported work satisfied the Test Plan objectives. This review procedure is part of PNNL’s

RPP-WTP Quality Assurance Manual.

R&T Test Conditions

The R&T test conditions, as defined in the Test Specification,® are summarized in Table S.3.

Table S.3. R&T Test Conditions

List R&T Test Conditions

Were Test Conditions Followed?

1) Selection of actual wastes for testing: the waste
samples selected for testing will be from the
groupings identified in the resolution of Issue M4.

Yes. Two of the eight waste groupings identified in
resolution to Issue M4 were tested: Group 5,
REDOX Sludge, and Group 6, S-saltcake.

2) Physical and chemical characterization properties
shall be stated and carried out according to the
Guideline document 24590-WTP-GPG-RTD-001.

Yes. Physical characterizations, including specific
gravity (density), rheology, volume-percent settled
solids, and volume-percent centrifuged solids, were
determined for both test groups according to the
requirements document. The settling rate was only
determined for the Group 6 solids slurry; the
Group 5 solids composite contained ~85 vol%
settled solids, which precluded an appropriate
settling test.

Chemical characterization was conducted on the
supernatant (water used to dissolve and slurry the
solids into a workable homogenized composite) on
the solids rinsed with three contacts of 1:1 volume
ratios of 0.01 M NaOH and on the rinse solution
composite.

3) Actual determinations of waste leach kinetics
will be carried out in well-mixed conditions. A test
matrix will be forwarded to the R&T M12 Issue
manager for concurrence before testing. Residual
leached and washed solids will be characterized.

Yes. Test matrices for both the boehmite waste
(Group 5) caustic leach and chromium waste
(Group 6) oxidative leach were forwarded to and
approved by the research and technology (R&T)
M12 Issue Manager. Actual test conditions are
given in Section 7.0 and were compliant with the
test matrices.

4) Testing for filtration behavior will be performed.

Not applicable. Filtration testing is not in the scope
of this report. It will be reported separately.

(a) PS Sundar. Nov. 2006. Characterization and Small Scale Testing of Hanford Wastes to Support the

Development and Demonstration of Leaching and Ultrafiltration Pretreatment Processes. 24590-PTF-TSP-

RT-06-003, Rev. 1.
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Simulant Use

The testing used actual Hanford tank wastes; simulant usage d