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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

Pacific Northwest National Laboratory (PNNL) was tasked by Bechtel National Inc. (BNI) on the
River Protection Project-Hanford Tank Waste Treatment and Immobilization Plant (RPP-WTP) project to
perform research and development activities to resolve technical issues identified for the Pretreatment
Facility (PTF). The Pretreatment Engineering Platform (PEP) was designed, constructed, and operated as
part of a plan to respond to issue M12, “Undemonstrated Leaching Processes.” The PEP, located in the
Process Development Laboratory-West (PDL-W) in Richland, Washington, is a */4.5-scale test platform®
designed to simulate the WTP pretreatment caustic leaching, oxidative leaching, ultrafiltration solids
concentration, and slurry washing processes. The PEP replicates the WTP leaching processes using
prototypic equipment and control strategies. The PEP also includes nonprototypic ancillary equipment to
support the core processing.

The PEP testing program was conducted with a waste simulant that was developed in response to
Task 5 from the M12 External Flowsheet Review Team (EFRT) issue response plan.®” The testing
included the following tests with simulated Hanford tank waste:

o Shakedown/Functional testing: tested process operations (e.g., slurry transfers, steam heating of the
vessels and the accumulation of condensate, filter backpulsing and flushing), process controls (e.g.,
transmembrane pressure [TMP] and axial flow velocity in the filter loop), and certain test functions
(e.g., in-line slurry sampling accuracy and precision).

o Integrated Test A: demonstrated integrated processing when caustic leaching (98°C) is performed in

UFP-VSL-00001A/B with the Cr simulant component added after the post-caustic-leach washing
step.

¢ Integrated Test B: demonstrated integrated processing when the caustic leaching (98°C) is performed
in UFP-VSL-00002A with the Cr simulant component added after the post-caustic-leach washing
step.

¢ Integrated Test D: demonstrated integrated processing when the caustic leaching is performed at a
lower temperature (85°C) in UFP-VSL-00002A and with the Cr simulant component added to the
initial batch of simulant.

Integrated Test C was deleted from the scope of the testing as per ICN-TP-RPP-WTP-506_R0.2.©

(a) The scale of Y45 was chosen because this scale enables the ultrafiltration loop to be configured to meet two
important criteria: 1) using one filter bundle, the ratio of solids in the feed tank to filter surface area will be the
same as in the plant, and 2) using five filter bundles, the type and extent of mixing in the feed vessel will be
approximately prototypic during the solids washing processes.

(b) SM Barnes, and R VVoke. 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,
Bechtel National, Inc., Richland, Washington.

(c) GB Josephson, OP Bredt, JK Young, and DE Kurath. 2009. Test Plan for Pretreatment Engineering Platform
(PEP) Testing (Phase I). TP-RPP-WTP-506, Rev 0.2, Pacific Northwest National Laboratory, Richland,
Washington.
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Two process flowsheets are currently being evaluated for the ultrafiltration process (UFP) and
leaching operations. The baseline flowsheet has caustic leaching conducted in the UFP-1 ultrafiltration
feed preparation vessels (i.e., vessels UFP-VSL-TO1A and B in the PEP; vessels UFP-VSL-00001A and
B [UFP-1] in the WTP PTF). The alternative scenario has caustic leaching performed in the UFP-2
ultrafiltration feed vessels (i.e., vessel UFP-VSL-T02A® in the PEP and vessels UFP-VSL-00002A and B
[UFP-2] in the WTP PTF).

With both flowsheets, 19-M sodium hydroxide solution (NaOH, caustic) is added to the waste slurry
to leach solid aluminum compounds (e.g., gibbsite, boehmite). Caustic addition is followed by a heating
step that uses direct injection of steam to accelerate the leaching process. Following the caustic leach, the
vessel contents are cooled using vessel cooling jackets and/or external heat exchangers. The main
difference between the two scenarios is that for leaching in UFP-1, the 19-M NaOH is added to
unconcentrated waste slurry (3 to 8-wt% solids), while for leaching in UFP-2, the slurry is concentrated to
nominally 20-wt% solids using cross-flow ultrafiltration before adding caustic. After cooling, the leached
slurry is concentrated and washed with an aqueous solution of 0.01-M NaOH (referred to as inhibited
water) to remove soluble salts. If the resulting waste solids remain high in chromium, sodium
permanganate reagent is added, and the slurry is circulated to oxidize and dissolve the chromium solids.
Following the oxidative leaching of chromium-containing solids, the slurry is washed to remove the
dissolved chromium and concentrated.

The work described in this report includes a narrative of the conduct of Integrated Test A and the data
obtained during the test. This report summarizes test operations and difficulties encountered during
Integrated Test A. For test summary operations for the other tests, refer to WTP-RPT-190 for
Shakedown/Functional Testing, WTP-RPT-192 for Integrated Test B, and WTP-RPT-193 for Integrated
Test D.

In addition, reports have been written that specifically address the following:
Filtration Scale-Up (WTP-RPT-185)

Caustic Leaching Scale-Up (WTP-RPT-186)

Solids Washing (WTP-RPT-187)

Oxidative Leaching Scale-Up (WTP-RPT-188).

.

This report only includes very limited data analysis. Supporting data files have been supplied on
transportable hard drives because of the large amount of data.

Objectives

Table S.1 summarizes the objectives for the entire PEP testing program along with a discussion of
contributions made by the results of Integrated Test A to meeting these objectives.

(*) In this report, the UFP vessels are generally denoted as Tank TO1A/B and Tank TO2A. In some cases
alternative designations are used to maintain continuity with previous documentation (e.g., test
specification/plan).
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Table S.1. Summary of Test Objectives and Results

Objective
Test Objective Met? Discussion
Caustic leach process: Compare Yes Integrated Test A data were analyzed and compared with

engineering- and laboratory-scale
results to determine impact of
scale-up.

laboratory-scale data with results presented in reports WTP-RPT-186
and WTP-RPT-197.

Oxidative leach process: Compare Yes Integrated Test A data were analyzed and compared with
engineering- and laboratory-scale laboratory-scale data with results presented in reports WTP-RPT-188
results to determine impact of and WTP-RPT-197.

scale-up.

Cross-flow ultrafiltration: Monitor]  Yes  [Integrated Test A data were analyzed and compared with

cross-flow filter performance at laboratory-scale data with results presented in reports WTP-RPT-185
engineering- and laboratory-scale and WTP-RPT-197.

to determine scale-up.

Slurry wash process: Determine Yes |Integrated Test A data were analyzed with results presented in reports
the post-caustic and WTP-RPT-187 and WTP-RPT-197.

oxidative-leaching slurry wash

efficiencies.

Process integration: Evaluate the Yes Supporting data from Integrated Test A are presented, and results to
chemical addition, filter operation meet this objective are discussed in WTP-RPT-197.

cycle performance, and pressure

pot operations. Also perform mass

balances for aluminum, chromium,

manganese, sodium, hydroxide,

oxalate, phosphate, sulfate, and

water and monitor permeates for

post-filtration precipitation.

Monitor the performance of the Yes The data required to meet this objective were provided on compact

recirculation system pumps, filters,
and heat exchanger to support
engineering fabrication decisions
for these components.

discs transmitted in the following reference: Letter from GH Beeman
to H Hazen, “Subcontract No. 24590-QL-HC9-WA49-00001, Project
No. 53569 (WA-024) Engineering Ties Data Transmittal: The
Electronic File Enclosed With This Letter Has Been Reviewed for
Technical Accuracy Per the QA Program,
WTP/RPP-MOA-PNNL-00392, dated 4/10/09.

Test Exceptions

A summary description of the Test Exceptions applied to these tests is shown in Table S.2.
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Table S.2. Test Exceptions

Test Exceptions

Description of Test Exceptions

1) 24590-PTF-TEF-RT-08-
00002 incorporated into ICN-1

to Test Plan TP-RPP-WTP-506.

This test exception:

1.

Added a stage during the filter conditioning section of the
Shakedown/Functional Test where the simulant slurry is concentrated from
approximately 5-wt% solids to 20-wt% solids in one operation. This is in
addition to the previously specified low-solids filter and high-solids filter
testing.

Documented the Joint Test Group (JTG) decision regarding the number of
replicate samples to be collected at various processing times.

Revised the terminology specifying the Coriolis densitometer (CD) sample
locations that were changed to be consistent with PEP operating procedures.
Renamed the “center” array to “inner.”

The sampling specified in the low-solids filtration test over-specifies the
sample collection timing required. The technical requirement is to get 30
unique samples. The sampling schedule specified is not required to achieve
this test objective.

2) 24590-PTF-TEF-RT-09-
00001 incorporated into ICN-2
and ICN-3 to Test Plan
TP-RPP-WTP-506.

In several steps, the sampling location was changed from the filer-loop
in-line location to a middle-low CD sample loop location in the
UFP-VSL-T02A vessel. This change impacted sampling in the
Shakedown/Functional and all of the Integrated tests (ref CCN 187749).
Added a step to the Shakedown/Functional Test (step A.1.31) to add sodium
permanganate to UFP-VSL-T02A to assess possible foaming issue (ref CCN
187749).

Changed location of second sample for parallel laboratory-scale Cells Unit
Filter (CUF) testing from the in-line filter loop to the middle-low CD port in
the UFP-VSL-T02A (Step A.1.10; Shakedown/Functional Test) (ref CCN
187749).

Collected samples for parallel laboratory leaching test before and after caustic
addition in UFP-VSL-TO1A (A.1.20; Shakedown/Functional Test) and
UFP-VSL-T02A (Step A.1.15; Shakedown/Functional Test), and in the
Integrated Test steps (B.1.2; Integrated Test A; B.2.6; Integrated Tests B/D)
(ref CCN 192734).

Deleted reconfiguration of the filter loop to bypass UFP-VSL-T02A and
circulate flush water with UFP-PMP-T42A and/or UFP-PMP-T43A to allow
a representative in-line sample to be collected. This step (Step A.1.17;
Shakedown/Functional Test) could not be done under the operating
restrictions in place on the operation of the filter loop (ref CCN 192734.)
Eliminated Step A.1.25 (filter-loop bypass test with tracer) from the
Shakedown/Functional Test. This test was conducted after Integrated Test B
was completed (ref CCN 187753).

Modified Step A.1.29 (Shakedown/Functional Test) to eliminate the removal
of solids from UFP-VSL-TO02A before the high-solids filter test. This step
was not needed as the amount of solids is less than anticipated (ref CCN
187752).

Modified Step A.1.30 (Shakedown/Functional Test) to include five filter
backpulses before starting the high-solids filter test (ref CCN 187752).
Modify Step B.1.8 (Integrated Test A) to allow 80% of caustic to be added
during in-line simulant transfers to UFP-VSL-T01B and 20% to be added
directly to UFP-VSL-TO01B (ref CCN 187748).
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Table S.2. Test Exceptions

Test Exceptions

Description of Test Exceptions

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Added a high-solids filter test to the end of Integrated Test B to replace the
high-solids filter test from the simulant Shakedown/Functional Test. The test
conducted during the functional test was hampered by unstable pump
operations caused by air entrainment, and the target solids concentration was
not met (ref CCN 192734).

Eliminated Integrated Test C from the Test Plan (ref CCN 192735).

The requirement to record density using the CDs on the samplers in
UFP-VSL-T02A was eliminated. The density function was not useable
because of entrained air in the simulant.

Modified Step B.2.6 (caustic addition in Integrated Tests B/D) temperature
limit to change from 60°C to “as specified in run sheet.” This temperature is
calculated based on various other run parameters and specified in the run
sheet.

Eliminated the monitoring of Integrated Test D permeate samples for 30 days
to look for precipitation. This scope was deleted, and a revised scope was
incorporated into the Test Plan (TP-WTP-PEP-044; Test Plan for PEP
parallel laboratory testing).

Step B.2.20 (Integrated Tests B and D) sampling of the heel in
UFP-VSL-TO1A was deleted. This sample was not needed since the heels
were removed before follow-on testing.

Step B.1.26 (Integrated Test A) sampling of heel in UFP-VSL-T01B was
deleted. This sample was not needed since the heels were removed before
follow-on testing.

Steps B.1.25 (Integrated Test A) and B.2.19 (Integrated Tests B/D) were
modified from: “Transfer slurry from UFP-VSL-T02A to HLP-VSL-T27” to
“Transfer slurry from UFP-VSL-T02A to UFP-VSL-62A/B or to totes for
storage as directed by the WTP test director.” The HLP-VSL-T27 vessel was
no longer available for use because it served as the receipt vessel for the
filter-loop pressure safety valves.

Added a second batch of leaching to Integrated Tests B/D in
UFP-VSL-T02A. This additional leaching batch was needed to provide a
sufficient quantity of solids to operate the UFP-VSL-T02A at prototypic
levels for the steps following caustic leaching.

Added a filter bypass tracer test following the post-caustic-leach dewatering
step in Integrated Test B. This test replaced the filter bypass tracer test that
could not be conducted during the simulant shakedown/functional testing.
Deleted instructions to route permeate to a specific tank (i.c.,
UFP-VSL-T62A/B). There was no need to segregate various permeate
streams.

Minor changes were made to make the Test Plan consistent with the
approved run sheets.

3) 24590-WTP-TEF-RT-09-
00003 incorporated into ICN-1
to Test Plan TP-WTP-PEP-044.

This Test Exception specified activities to be performed with permeate samples
obtained from Integrated Test D. The Integrated Test D permeate samples were
originally stored in a temperature-controlled environment and then moved to a
location with a reduced temperature where precipitation was likely to occur. The
Test Exception requested that the approximate size distribution of the solids be
measured in several (three or four) selected PEP samples from Integrated Test D
using polarized light microscopy (PLM). Size-calibrated photographs should be
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Table S.2. Test Exceptions

Test Exceptions

Description of Test Exceptions

provided along with the analysis. If possible, record the mineral identification of
the solids phase(s) along with the particle-size distribution. Samples will be
selected by WTP personnel in consultation with the subcontractor and will be
based in part on the observation of which samples contain the most solids or
appear to contain different types of solids. Repeat the size distribution analysis
approximately 1 week after the initial measurements to determine whether there
was a significant change in crystal size, habit, or composition.

Perform each size distribution analysis by measuring the diameter (or length and
width for elongated crystals) of approximately 100 individual particles in each
sample. The size may be measured either on the microscope slide, using a
calibrated ocular scale, or on the size-calibrated photographs. The program
recognizes the limitations of the statistical significance of a size distribution
measurement based on such a small population. This Test Exception did not
affect any of the existing test plan objectives.

4) 24590-WTP-TEF-RT-09-
00002 Rev 0, incorporated into
ICN-4 to Test Plan
TP-RPP-WTP-506.

This test exception:

1. Requests a report summarizing the lessons learned during scale-up,
manufacture, and transport of the PEP simulant.

2. Specifies the sampling and analysis scope to be performed to complete the
prototypic nitric acid PEP filter cleaning process.

3. Deletes the Engineering Ties report scope.

4. Specifies additional experimental and analytical work required to estimate the
amount of excess caustic in caustic-leachate samples and post-caustic-leach
wash solutions containing ~3.5-M Na.

5) 24590-WTP-TEF-RT-09-
00001 Rev 1 incorporated into
ICN-2 to Test Plan
TP-WTP-PEP-044.

This Test Exception specifies additional work to be conducted with caustic-leach

solutions and post-caustic-leach washing permeate samples obtained from PEP

Integrated Tests A, B, and D. It contains the following tasks:

1. Determine precipitate mineralogy, precipitate phase compositions, and

solution saturation composition.

Determine rate of approach to saturation concentrations.

Identify and characterize precipitates formed in post-caustic-leach filtrate.

Determine the dilution required to redissolve the precipitate.

Determine super-saturation in post-caustic-leach filtrates from Integrated

Test B in the PEP.

6. Determine the effects of blending during the post-caustic-leach dewatering
and wash cycle.

Nk WD

As documented in the PEP Test Plan, the deviations from the Test Specification are provided in

Table S.3.
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Table S.3. Deviations from Test Specification

Test Specification Reference

Exception Taken

Section 6.4.4 “Analytical measurements will be
made in conformance to the Guidelines for
Performing Chemical Physical, and Rheological
Properties Measurements® as applicable.”

Three method exceptions are required under this Test Plan:

1.

Caustic leach and oxidative leach samples taken during this
testing must be separated more quickly than the standard
method using syringes. This testing will use a modified
method with a shorter centrifuge time and will apply higher
g forces (e.g., 4000 g vs. 1000 g).

Impact on results: If the standard method were used, the
longer time could very well lead to greater dissolution and
inaccurate results. Laboratory testing will be conducted
with simulants to confirm that this method of sample
handling is adequate.

Densities of samples smaller than 10-mL can only be
established within two significant figures of accuracy.
Density measurements for this Test Plan require greater
accuracy. Therefore, a more accurate method employing a
pycnometer will be used.

Impact on results: The change to a pycnometer will
generate more precise results than the standard method.
The main impact is expected to be on analysis time. The
pycnometer method will be slower.

The process for determining the wt% undissolved solids
(UDS) content of the slurries will in some cases be
determined with the use of a moisture analyzer. In
addition, the method of drying samples will be modified to
allow glass fiber filters to be used in drying the samples.
Impact on results: Both modifications are intended to
decrease the time required to obtain results.

Results and Performance Against Success Criteria

The PEP system tests were designed to generate the data necessary to:

¢ Provide engineering-scale system performance data. This information is used to support the
projections of the WTP computer process models for the waste-processing campaign.

o Confirm the operability and functionality of UFP system components.

The WTP Research and Technology (R&T) success criteria for achieving these objectives are
discussed in Table S.4. The success criteria for the entire PEP testing program are provided with
discussion limited to the success criteria covered by the scope of this report. The success criteria not

addressed in this report are shaded in gray.

(a) GL Smith and K Prindiville. 2002. Guidelines for Performing Chemical, Physical, and Rheological Properties
Measurements. 24590-WTP-GPG-RTD-001 Rev. 0, Bechtel National, Inc., Richland Washington.
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Table S.4. Success Criteria

Success Criteria

| How Testing Did or Did Not Meet Success Criteria

UFP System Process Performance

Measure the aluminum leaching
performance of the PEP and laboratory
systems as a function of time under WTP
UFP-1 and UFP-2 projected leaching
conditions at bounding high and low
process temperatures (nominally 100°C
and 80°C).

Aluminum leaching at 98°C was measured as a function of time under
WTP UFP-1 projected leaching conditions during Integrated Test A.
Results are presented in this report and in reports WTP-RPT-186 and
WTP-RPT-197.

Compare aluminum leach performance in
UFP-1 where all of the NaOH is added
in-line to the case where a fraction of the
total NaOH is added directly to the tank.

Results to meet this success criterion are discussed in report
WTP-RPT-197.

Measure chromium leaching performance
in the PEP and laboratory systems as a
function of time at the WTP projected
conditions in UFP-2 for both the UFP-1
and UFP-2 aluminum leaching flowsheets.

Chromium leaching was measured as a function of time under WTP
projected leaching conditions during Integrated Test A. Results to
meet this success criterion are discussed in reports WTP-RPT-188 and
WTP-RPT-197.

Evaluate the process control strategy for
specification of required reagent additions,
including NaOH, NaMnQO,, and wash
solutions provided in the PEP Phase 1
Testing Process Description.

The process control strategy for specifying the amount of reagent was
to analyze a sample of the simulant feed for aluminum and chromium
content and specify the amount of NaOH and NaMnO, based on the
result. The amount of reagent added was correct within the analytical
error of the analysis method. A comparison of targeted and delivered
reagent additions is provided in report WTP-RPT-188 for Integrated
Tests A and B. Additional discussion and results for Integrated

Test D are provided in report WTP-RPT-197.

Measure the filter system performance at
the nominal flow velocity and TMPs for
the solids concentration and washing
stages for the UFP-1 and UFP-2 aluminum
leaching flowsheets.

Filter performance was measured at a nominal axial flow velocity of
15 ft/sec and a TMP of 40 psid during solids concentration and
washing during Integrated Test A. Actual permeate flux and filtration
conditions are provided in this report. A summary of filter system
performance is provided in WTP-RPT-197.

Evaluate the control strategy for make-up
additions from UFP-VSL-00001A/B to
UFP-VSL-00002A/B during initial
dewatering process.

The control strategy for make-up additions between
UFP-VSL-T01A/B and UFP-VSL-T02A was demonstrated during
post-caustic-leach concentration in Integrated Test A. The control
strategy was determined to be adequate, although maintaining a high
operating level in UFP-VSL-TO02A until the end of processing should
reduce the possibility of entraining air into the recirculation pumps.
Results to meet this success criterion are discussed in report
WTP-RPT-197.

Measure the wash water volumes required
to remove or reduce the free hydroxide
following the aluminum leaching stage and
dissolved chromium after the oxidative
leaching process to the specified
concentrations.

The volume of wash water required to reduce free hydroxide
following the aluminum leach was evaluated for Integrated Test A,
and results to meet this success criterion are discussed in reports
WTP-RPT-187 and WTP-RPT-197.

XXVi




Table S.4. Success Criteria

Success Criteria

How Testing Did or Did Not Meet Success Criteria

Perform mass balances for selected
constituents, including aluminum,
chromium, manganese, sodium, hydroxide,
oxalate, phosphate, sulfate, and water to
evaluate leaching and washing process
performance.

Results necessary for performing mass balances for selected
constituents for Integrated Test A are presented in this report. Results
to meet this success criterion are discussed for Cr in the oxidative
leaching process for Integrated Tests A and B in report
WTP-RPT-188 and are fully discussed for all constituents in report
WTP-RPT-197.

Measure solids distribution under scaled
mixing conditions before and after caustic
leaching evolutions.

Solids distribution before and after caustic leaching is presented in
reports WTP-RPT-190 and WTP-RPT-197.

Measure the rheology of the slurry
simulant and shear strength of the settled
solids before and after each leaching and
washing unit operation and following final
concentration.

The rheology of the slurry simulant was measured for Integrated
Test A and is provided in this report.

Estimate the quantity of excess hydroxide
added in the process that may not be
needed to keep aluminate in solution
following filtration.

Results to meet this success criterion are discussed in report
WTP-RPT-197.

Collect and retain permeate samples for

extended precipitation studies (including
permeate/simulated supernatant blended
cases) from each concentration cycle.

Permeate samples were collected during Integrated Test A for
precipitation studies. The results of the precipitation studies are
discussed in reports WTP-RPT-197, WTP-RPT-200, and
WTP-RPT-205.

UFP System Operability and Functionality

Verify that the dual, in-series pump
configuration is controllable and maintains
the required slurry velocity and pressures
for ultrafilter operation.

The data required to meet this success criterion were provided on
compact disks transmitted in the following reference: Letter from
GH Beeman to H Hazen, “Subcontract No.
24590-QL-HC9-WA49-00001, Project No. 53569 (WA-024)
Engineering Ties Data Transmittal: The Electronic File Enclosed
With This Letter Has Been Reviewed For Technical Accuracy Per the
QA Program,” WTP/RPP-MOA-PNNL-00392, dated 4/10/09.

Measure the operating characteristics for
the cooling heat exchanger for the
UFP-VSL-00002 filter recirculation loop
(temperature changes as a function of flow
to determine how to achieve the desired
performance in the PTF analog).

The data required to meet this success criterion were provided on
compact disks transmitted in the following reference: Letter from
GH Beeman to H Hazen, “Subcontract No.
24590-QL-HC9-WA49-00001, Project No. 53569 (WA-024)
Engineering Ties Data Transmittal: The Electronic File Enclosed
With This Letter Has Been Reviewed For Technical Accuracy Per the
QA Program,” WTP/RPP-MOA-PNNL-00392, dated 4/10/09.
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Table S.4. Success Criteria

Success Criteria

How Testing Did or Did Not Meet Success Criteria

Confirm whether the WTP process control
strategies for ultrafilter system filling,
operating, backpulsing, draining, flushing,
and cleaning are adequate for stable
operation. Provide to WTP data to
determine whether backpulsing is a
required and effective means of restoring
the filter permeate rates to make certain
that production throughput is maintained
and determine whether operation of the
backpulse system induces any process or
equipment operations issues.

Results to meet this success criterion are discussed in report
WTP-RPT-197.

Use only the process information and data
available to the WTP PTF operating staff
during WTP operations (e.g., caustic and
permanganate addition volumes, permeate
mass balances for solids concentration) to
operate the PEP.

This success criterion was met by developing a run sheet of all the
operating parameters (e.g., transfer volumes, reagent addition
volumes, control levels) based on prototypic characterization data
before the start of Integrated Test A. Changes to the run sheet made
during the test itself were based only on data that would be available
to the plant, and were not, for example, based on information from
nonprototypic samples. This success criterion is fully discussed in
WTP-RPT-197.

Confirm whether the elevated temperature
pulse-jet mixer (PJM) operating strategy is
adequate for stable PEP and WTP
operation.

Results to meet this success criterion are discussed in report
WTP-RPT-197.

Measure the heat-up rate and
controllability of the PEP UFP-VSL-00001
and UFP-VSL-00002 vessels and the
cooling performance for UFP vessels.

The heat up, thermal control at 98°C, and cool-down performance of
UFP-VSL-T01A/B was measured during Integrated Test A. Thermal
profiles are provided in this report. This information for the other
tests is discussed in the other run reports and summarized in
WTP-RPT-197.

Measure the performance of the in-line
addition of process chemicals into the
simulated wastes and determine the extent
of blending in the process vessels.

The blending of process chemicals added in-line is presented in
reports WTP-RPT-190 and WTP-RPT-197.

Monitor ultrafilter performance (to include
visual inspection of the filter tubes, tube
sheets, and heads from an ultrafilter for
any evidence of flow mal-distribution
and/or solids buildup at least once during
Phase 1).

Ultrafilter visual inspection results are presented in reports
WTP-RPT-193 and WTP-RPT-197.

Measure, record, and control ultrafiltration
temperature, TMP, and slurry flow during
filter-loop operations.

Slurry flow rate, temperature, and TMP were recorded and controlled
during Integrated Test A. Results are provided in this report.

Record any solids accumulations observed
during any operating stage or maintenance
evolution.

Results to meet this success criterion are discussed in report
WTP-RPT-197.
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Table S.4. Success Criteria

Success Criteria

How Testing Did or Did Not Meet Success Criteria

Monitor the permeate production rate of
each ultrafilter assembly in operation.

The permeate production rate of each ultrafilter was recorded during
Integrated Test A. Results are provided in this report. The permeate
production rates for each test are presented in the relevant run report.

Record operating time of each ultrafilter
assembly.

The operating time of each ultrafilter assembly was recorded during
Integrated Test A. Results are provided in this report. The operating
time of each filter assembly for each test is discussed in the relevant
run report and summarized in report WTP-RPT-197.

Record each ultrafilter assembly cleaning
event (backpulse, flush, chemical cleaning,
etc.).

Results to meet this success criterion are discussed in reports
WTP-RPT-190 and WTP-RPT-193 and are summarized in
WTP-RPT-197.

Evaluate the pulse pot operation and
backpulse operation strategies contained in
Pretreatment Engineering Platform (PEP)
Phase 1 Testing Process Description.

Backpulsing was conducted to increase the declining permeate rate
through the course of post-caustic-leach concentration. Backpulse
operations are evaluated in report WTP-RPT-197.

Evaluate permeate and permeate blends for
precipitation of solids, particularly
aluminum and oxalate solids.

Permeate samples were collected during Integrated Test A for
precipitation studies. Results to meet this success criterion are
discussed in reports WTP-RPT-197, WTP-RPT-200, and
WTP-RPT-205.

Quality Requirements

The PNNL Quality Assurance (QA) Program 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 (a.k.a. the Quality Rule). PNNL has chosen
to implement the following consensus standards in a graded approach:

e ASME NQA-1-2000: Quality Assurance Requirements for Nuclear Facility Applications, Part 1,
Requirements for Quality Assurance Programs for Nuclear Facilities

e ASME NQA-1-2000, Part II, Subpart 2.7: Quality Assurance Requirements for Computer Software

for Nuclear Facility Applications

e ASME NQA-1-2000, Part IV, Subpart 4.2: Graded Approach Application of Quality Assurance
Requirements for Research and Development.

The procedures necessary to implement the requirements are documented in PNNL’s “How Do I...?

(HDI).®

The RPP-WTP quality requirements are implemented by performing work in accordance with the
River Protection Project—Hanford Tank Waste Treatment and Immobilization 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), as applicable.
These quality requirements are implemented through the River Protection Project—Waste Treatment

(a) The system for managing the delivery of laboratory-level policies, requirements, and procedures.
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Plant Support Program (RPP-WTP) Quality Assurance Manual (RPP-WTP-QA-003, QAM). The
requirements of DOE/RW-0333P Rev 13, Quality Assurance Requirements and Descriptions (QARD)
and 10 CFR 830 Subpart A were not required for this work.

The RPP-WTP addresses 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 procedure is part of PNNL’s RPP-WTP Quality Assurance Manual (RPP-WTP-QA-003).
Following this procedure, a technical review would verify that the reported results are traceable, that
inferences and conclusions are soundly based, and the reported work satisfies the objectives.

R&T Test Conditions

The R&T test conditions as defined in the Test Specification are summarized in Table S.5. The R&T
test conditions for the entire PEP testing program are provided with discussion limited to the R&T test
conditions covered by the scope of this report. R&T test conditions not addressed in this report are

shaded in gray.

Table S.5. R&T Test Conditions

List R&T Test Conditions

| Were Test Conditions Followed?

General Requirements

Perform mass balances for selected constituents,
including aluminum, chromium, manganese, sodium,
hydroxide, oxalate, phosphate, sulfate, and water, to
evaluate leaching and washing process performance.

Necessary samples were taken to conduct a mass
balance for Integrated Test A. Mass balance results are
provided in report WTP-RPT-197.

Evaluate ultrafilter performance (to include visual
inspection of the filter tubes, tube sheets, and heads from
an ultrafilter for any evidence of flow mal-distribution
and/or solids buildup or evidence of potential failure).

This R&T test condition is discussed in reports
WTP-RPT-193 and WTP-RPT-197.

Assess the blending achieved during in-line additions of
leaching and washing solutions.

In-line addition of wash water during Integrated
Tests A and B is discussed in reports WTP-RPT-187
and WTP-RPT-197.

Record any solids accumulations observed during any
operating stage or maintenance evolution (e.g.,
photography, particle-size distribution).

This R&T test condition is discussed in report
WTP-RPT-197.

Leaching Operations

Maintain caustic leaching temperature at the required
setpoint and record steam usage to remain in the
temperature range.

The temperature during caustic leaching was
maintained at setpoint with steam usage measured
during Integrated Test A with the exceptions provided
in this report. Additional discussion of this condition is
provided in reports WTP-RPT-186 and WTP-RPT-197.

Maintain oxidative leaching temperature at the required
setpoint.

The temperature during oxidative leaching was
maintained at setpoint during Integrated Test A.
Additional discussion of this condition is provided in
reports WTP-RPT-188 and WTP-RPT-197.

Obtain periodic samples during the leaching operations to
monitor the amount of aluminum or chromium that has
dissolved and concentrations of the reactants and
products in the liquid fraction in the vessel.

This R&T condition was met for the caustic-leaching
tests discussed in this report. Additional discussion of
this R&T condition is provided in reports
WTP-RPT-186, WTP-RPT-188, and WTP-RPT-197.
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Table S.5. R&T Test Conditions

List R&T Test Conditions

Were Test Conditions Followed?

Provide data to demonstrate the WTP process control
strategy for the caustic and permanganate addition.

This R&T test condition is discussed in report
WTP-RPT-197.

Measure the rheology of the slurry simulant and the shear

strength of the settled solids before and following each
leaching unit operation.

Slurry rheology was measured with samples taken
before and after each leaching unit operation. Results
are provided in this report. Rheology results for the
other tests are included in the relevant run reports.

Concentration Operations

Monitor the permeate production rate of each ultrafilter
assembly in operation.

Permeate production for each ultrafilter assembly was
monitored during testing, and results are provided in
this report. Permeate production rates for the other
tests are included in the relevant run reports.

Record operating time of each ultrafilter assembly.

The operating time of each ultrafilter was recorded
during Integrated Test A, with results discussed in
report WTP-RPT-197.

Record each ultrafilter assembly “cleaning” event
(backpulse, flush, chemical cleaning, etc.).

Ultrafilter cleaning events were not part of Integrated
Test A efforts; therefore, they are not included in this
report. However, backpulse events are summarized in
this report. A summary of the filter cleaning events is
provided in report WTP-RPT-197, and details of the
final prototypic filter cleaning are presented in report
WTP-RPT-193. Additional filter cleaning events are
also discussed in reports WTP-RPT-190 and
WTP-RPT-192.

Confirm pulse pot operation and backpulse operation
strategies.

This R&T test condition is discussed in report
WTP-RPT-197.

Control ultrafiltration temperature, TMP, and slurry flow

as specified in test-specific run sheets.

Ultrafilter temperature, TMP, and slurry flow rate were
controlled. Deviations from values specified in the
Integrated Test A run sheet are noted in this report.
R&T conditions for the other tests are included in the
relevant run reports.

Collect and retain permeate samples for extended
precipitation studies (including permeate/simulated
supernatant blended cases) from each concentration
cycle.

Samples were collected and retained for extended
precipitation studies. The results of the precipitation
studies are discussed in reports WTP-RPT-197,
WTP-RPT-200, and WTP-RPT-205.

Demonstrate WTP ultrafiltration system control scheme
in normal operating modes (e.g., fill and startup,
operation, backpulsing, flush and drain, cleaning and
return to service).

This R&T test condition is discussed in report
WTP-RPT-197.

Washing Operations

Wash slurries using a washing protocol to be specified in

test specific run sheets.

Slurries were washed as specified in the Integrated
Test A run sheet. Washing results are discussed in
reports WTP-RPT-187 and WTP-RPT-197.

Sample permeate immediately before each wash solution

addition to monitor washing performance/efficiency.

Permeate was sampled and monitored during washing
with results provided in reports WTP-RPT-187 and
WTP-RPT-197.
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Table S.5. R&T Test Conditions

List R&T Test Conditions Were Test Conditions Followed?

Measure rheology of the washed solids. The rheology of washed solids was measured with
results provided in this report. Rheology results for the
other tests are included in the relevant run reports with
selected results also discussed in reports WTP-RPT-187
and WTP-RPT-197.

Simulant Use

PEP process testing was performed with a nonradioactive aqueous slurry of simulant waste chemicals
and solids. The simulant composition and make-up recipe were provided by WTP as documented in
Simulant Recommendation for Phase 1 Testing in the Pretreatment Engineering Platform.”” Aqueous
chemical concentrations were within the ranges expected for waste feeds to the PTF. The hydroxide
concentration was marginally one standard deviation lower than the average concentration expected in the
feeds to the plant. The oxalate and phosphate components were at the lower end of the expected ranges,
but the oxalate component was at the solubility limit, and the phosphate component was at or near the
solubility limit. The solids components and blend were selected to obtain targeted solids mass loss
(aluminum and chromium leaching and oxalate washing) and treatment time. The simulant was not
selected to represent any particular Hanford tank waste type.

The simulant was blended from the components listed below. The basis for selecting the individual
components and the comparison to actual waste behavior is provided where applicable in the indicated
references:

e Boehmite (for Al) (Russell et al. 2009a)
Gibbsite (for Al) (Russell et al. 2009b)
Chromium oxyhydroxide (CrOOH) slurry (Rapko et al. 2007)

Sodium oxalate

Filtration simulant (Russell et al. 2009¢)

Supernate.

A separate chromium solids slurry simulant was prepared and added to the PEP process after
post-caustic-leach washing (a nonprototypic addition) during the Shakedown/Functional Tests and
Integrated Tests A and B. This approach was taken because laboratory-scale tests had shown that the
high-temperature caustic leaching step dissolved significant amounts of the CrOOH solids (Russell et al.
2009a). In Integrated Test D, the chromium solids component of the simulant was added during the
simulant make-up process to demonstrate the PTF permanganate addition strategy.

(a) P Sundar. 2008. Simulant Recommendation for Phase 1 Testing in the Pretreatment Engineering Platform.
24590-PTF-RPT-RT-08-006, Rev 0, Bechtel National, Inc., Richland, WA.
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Simulant was procured from NOAH Technologies Corporation (San Antonio, TX). Samples of each
simulant batch were characterized to make certain that chemical and physical properties requirements
were met. Batches of the simulant were procured as follows:

o A 15-gallon trial batch of the blended simulant for laboratory testing to demonstrate the efficacy of
the simulant fabrication procedure.

e A 250-gallon scale-up batch of the blended simulant to demonstrate scale-up of the simulant
fabrication procedure to an intermediate scale.

e Batches 0, 1, and 2, each nominally 3500 gallons, of blended simulant for the Shakedown/Functional
Tests and Integrated Tests A and B. These batches did not contain the CrOOH component.

e The CrOOH solids slurry for the Shakedown/Functional Test and Integrated Tests A and B was
obtained in two separate batches, containing nominally 18 and 36 kg of Cr as CrOOH.

Discrepancies and Follow-on Tests

No discrepancies or follow-on tests were identified.
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1.0 Introduction

This report summarizes test activities for Integrated Test A. Integrated Test A is the first of three
tests aimed to address concerns raised by the External Flowsheet Review Team (EFRT). In
October 2005, the EFRT reviewed the design of the Hanford Tank Waste Treatment and Immobilization
Plant (WTP) and identified several issues that could impact operation of the plant if not addressed. In
response to the EFRT issues, an engineering-scale integrated platform—named the Pretreatment
Engineering Platform (PEP)—was built to demonstrate the WTP system design and treatment process
flowsheet.

The PEP is a '/4.5 linear scale test platform located in the Process Development Engineering
Laboratory-West (PDL-W) at Pacific Northwest National Laboratory (PNNL). Area dimensions are '/4.5>
scale, and volume dimensions are '/4.5> scale. The PEP is designed to simulate the WTP pretreatment
caustic leaching, oxidative leaching, ultrafiltration solids concentration, and slurry washing processes. In
addition, PEP operations collect data needed for design input and to improve prediction of full-scale plant
performance and demonstrate component operation and operating characteristics. PEP equipment for
conducting these core processes has been designed to be prototypic of the plant; however, it also includes
nonprototypic ancillary equipment.

This is one in a series of reports that summarize Phase 1 testing results from PEP. Separate run
reports have been prepared for each Phase 1 test (i.e., Shakedown/Functional Testing [Josephson et al.
2009], Integrated Test B [Geeting et al. 2009], and Integrated Test D [Sevigny et al. 2009]). In addition,
reports have been written that specifically address the following:

1. Filtration Scale-Up (Daniel et al. 2009)

2. Caustic Leaching Scale-Up (Mahoney et al. 2009)
3. Solids Washing (Baldwin et al. 2009)

4. Oxidative Leaching Scale-Up (Rapko et al. 2009).

Integrated Test A was conducted per TI-WTP-PEP-065, written in accordance with Test Plan
TP-RPP-WTP-506,") which was written in response to Test Specification 24590-PTF-TSP-RT-07-001,
Rev 2.®) Integrated Test A demonstrated the integrated processes of caustic leaching in
UFP-VSL-T01A/B at 98°C and oxidative leaching in UFP-VSL-T02A.

1.1 Purpose

The purpose of this testing program is to provide WTP with data to “...confirm the ultrafiltration
process (UFP) system design and sludge treatment process flowsheet.”® The system design and

(a) G Josephson, O Bredt, J Young, and D Kurath. 2008. Test Plan: Pretreatment Engineering Platform (PEP)
Testing (Phase I). TP-RPP-WTP-506, Rev 0, Pacific Northwest National Laboratory, Richland, WA, 99352.

(b) JL Huckaby and JR Markillie. 2008. Pretreatment Engineering Platform (PEP) Testing (Phase I).
24590-PTF-TSP-RT-07-001, Rev 2, Bechtel National, Inc., Richland, Washington.

(¢) SM Barnes and R Voke. 2006. Issue Response Plan for Implementation of External Flowsheet Review Team
(EFRT) Recommendations—M12, Undemonstrated Leaching Processes. 24590-WTP-PL-ENG-06-0024
Rev. 0, p. 24; Bechtel National, Inc., Richland, Washington.
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treatment process flowsheet will be confirmed by evaluating the following operations on an
engineering-scale integrated platform called the PEP:

e Solids concentration
e Aluminum leaching
e Washing

e Chromium leaching.

Tests were used to collect data needed for design input and to improve prediction of full-scale plant
performance:

e Demonstration of component operation and determination of operating characteristics

o Integrated simulations of leaching scenarios.

The PEP data will be used by WTP along with laboratory-scale data and appropriate application of
scaling to improve the WTP plant models used to predict plant operating performance.

1.2 Background

In October 2005, an EFRT was assembled to challenge and provide a critical review of the WTP
design. The review identified a number of issues and potential issues that if not addressed could impact
the operation of the plant.”) One of the issues that must be addressed in the Pretreatment Facility (PTF) is
“Undemonstrated Leaching Processes.” The EFRT reported that neither the caustic leaching nor the
oxidative leaching process has been demonstrated at greater than bench scale. Without a scale-up study,
the EFRT indicated that the ability to predict the effectiveness of these processes is limited.

The WTP project under BNI and the U.S. Department of Energy (DOE) developed an issue response
plan for implementation of EFRT recommendations: M12, Undemonstrated Leaching Processes to
resolve the “Undemonstrated Leaching Processes” issue.” The plan addresses related topics that are not
specifically in response to EFRT concerns. These include caustic addition and leaching concerns that
were better understood after the EFRT report was issued, information to support revision of the contract
design basis for the PTF, including system capacities, and earlier initiatives on enhancing plant
throughput capacity. The solution for closing this issue includes conducting engineering-scale testing of
all leaching (caustic and oxidative), washing, and filtration processes.”

The flowsheet and equipment design demonstration will be performed in the following two phases:

Phase 1—Confirm the UFP system design and sludge treatment process flowsheet.®

(a) JP Henschel. March 17, 2006. Contract No. DE-AC27-01RV 14136 - Report of External Flowsheet Review
Team for the Hanford Tank Waste Treatment and Immobilization Plant: “Comprehensive Review of the Waste
Treatment Plant Flowsheet and Throughput.” Letter to RJ Schepens. CCN 132846, Bechtel National, Inc.,
Richland, Washington.

(b) S Barnes and R Voke. 2006. Issue Response Plan for Implementation of External Flowsheet Review Team
(EFRT) Recommendations—M12, Undemonstrated Leaching Processes. 24590-WTP-PL-ENG-06-0024,
Rev 0, p. 5; Bechtel National, Inc., Richland, Washington.
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Phase 2—Confirm the UFP system performance over a range of anticipated plant process conditions
including the principal types of WTP feeds.

The data provided by the Phase 1 engineering-scale testing will be used to confirm the performance
of the selected process flowsheet design and equipment based on post-Phase 1 test modeling.

On October 23 and 24, 2006, a WTP Project ultrafiltration leaching process technical review meeting
was held to review the Issue Response Plan for M12.@ Participants included members of DOE, EFRT,
the WTP project, and PNNL. At the meeting, PNNL made recommendations on the methodology and
scale for the leaching processes.”

Members of the EFRT also presented their assessment (Integrated Test Platform, M12—Test Review)
with specific recommendations.®”” The general system requirements recommended by EFRT and PNNL
staff members included the following:

e Principal processing equipment elements of the UFP system need to be included in the demonstration
(including UFP-VSL-00001A/B, UFP-VSL-00002, the ultrafiltration loop recirculation pumps, and
the ultrafilters with supporting equipment).

o The demonstration system needs to be flexible to accommodate testing of the baseline processes and
process options for a range of operating conditions and processing times.

e Geometric similarity (prototypic) is needed in the key pieces of processing equipment (including
UFP-VSL-00001A/B and UFP-VSL-00002).

o Ultrafilter elements must be a prototypic length and diameter to obtain expected filter performance
data. The test equipment should be scaled down by using fewer filter elements in each assembly.

The following system parameters were developed and approved by the EFRT consultants:
¢ The engineering-scale test facility should be a factor of 4.5 smaller than the full-scale PTF.
e Each ultrafilter assembly should contain 12 full-scale elements.

¢ Five ultrafilter assemblies should be provided (based on M-13 recommendations).

Additional bases for the engineering-scale test system factor of 4.5 are provided in Scaling
Relationships for the Pretreatment Engineering Platform (Kuhn et al. 2008). Some of the scaling factors
are listed below.

o Selected processes within the PEP will be operated at both scale-time (4.5 times shorter than plant
time) and plant time in separate test runs to address scaling issues.

e Prototypic tanks will be dimensionally scaled with a radius '/4.5 times their full-scale radius and
operating height '/4.5 that of full-scale. The tank volume will be '/@4.5 or ~'/90" of the plant.

e The filtration design is scaled by filter area. The total filtration area is '/(4.57 or ~ '/20" that of the
plant.

(a) S Barnes and R Voke. 2006. Issue Response Plan for Implementation of External Flowsheet Review Team
(EFRT) Recommendations—M12, Undemonstrated Leaching Processes. 24590-WTP-PL-ENG-06-0024 Rev 0,
Bechtel National, Inc., Richland, Washington.
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¢ Fluid velocities in pipes are kept approximately the same (using commercially available pipe
diameters) to mimic solids settling that may occur in plant piping.

e Chemical reaction times are not scaled.

e The pulse-jet mixer (PJM) nozzle velocity in the PEP will be scaled to provide the same mixing
power per volume of tank contents. The plant targets a nozzle discharge velocity of 8 m/s in
UFP-VSL-00001A/B and 12 m/s in UFP-VSL-00002A/B. For non-Newtonian fluids, the nozzle
velocity will be the same in the PEP and WTP. For Newtonian fluids, the velocity is scaled by
(.50, The total PIM cycle time will be scaled to maintain the fraction of the cycle in active drive
mode. It is recognized that there is not a sharp distinction from Newtonian to non-Newtonian
behavior. For the purpose of Phase 1 testing, we will scale the PJM velocities to maintain equal
power per volume for the initial concentration and caustic leach. After the slurry is concentrated
following the caustic leach, the PJMs will be adjusted to have the same PJM nozzle velocities as the
plant (non-Newtonian scaling) and kept in that regime for the remainder of the process
(post-caustic-leach wash, slurry wash, oxidative leaching, final slurry washing, and final
concentration).

Section 6.4 of Pretreatment Engineering Platform (PEP) Testing (Phase 1) Test Specification
(24590-PTF-TSP-RT-07-001 Rev 2) identifies the requirements for engineering-scale tests.”) The PEP
data will be used by WTP along with laboratory-scale data and appropriate application of scaling to
improve the WTP plant models used to predict plant operating performance.

1.3 Objective

The objective of this report is to present the results of Integrated Test A with only very limited data
analysis. This includes a test narrative, sample analyses, summaries of PEP monitoring data, evaluations
or summaries of problems encountered, and deviations from the test protocols. Specific test objectives
and summary results are provided in the summary section of this report.

(a) JL Huckaby and JR Markillie. 2008. Pretreatment Engineering Platform (PEP) Testing (Phase 1).
24590-PTF-TSP-RT-07-001, Rev 2, Bechtel National, Inc., Richland, Washington.
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2.0 Quality Assurance

The PNNL QA Program 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 (a.k.a. the Quality Rule). PNNL has chosen to implement
the following consensus standards in a graded approach:

o ASME NQA-1-2000: Quality Assurance Requirements for Nuclear Facility Applications, Part 1,
Requirements for Quality Assurance Programs for Nuclear Facilities

o ASME NQA-1-2000, Part 11, Subpart 2.7: Quality Assurance Requirements for Computer Software
for Nuclear Facility Applications

e ASME NQA-1-2000, Part IV, Subpart 4.2: Graded Approach Application of Quality Assurance
Requirements for Research and Development.

The procedures necessary to implement the requirements are documented in PNNL’s “How Do I...?”
(HDI).®

The RPP-WTP quality requirements are implemented 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), as applicable. These quality requirements are
implemented through the River Protection Project—Waste Treatment Plant Support Program
(RPP-WTP) Quality Assurance Manual (RPP-WTP-QA-003, QAM). The requirements of
DOE/RW-0333P Rev 13, Quality Assurance Requirements and Descriptions (QARD), and 10 CFR 830
Subpart A were not required for this work.

The RPP-WTP addresses 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 procedure is part of PNNL’s RPP-WTP Quality Assurance Manual (RPP-WTP-QA-003).
Following this procedure, a technical review would verify that the reported results are traceable, that
inferences and conclusions are soundly based, and the reported work satisfies the objectives.

Table 2.1 lists nonconformance reports (NCRs) active during Integrated Test A.

(a) The system for managing the delivery of laboratory-level policies, requirements, and procedures.
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Table 2.1. Description of NCRs During Integrated Test A

Nonconformance
Report Number

Description

NCR 38767.1

NCR 43398.1

NCR 42402.1

NCR 42317.1

NCR 41589.1

Measurement: UFP-VSL-TO02A spargers air flow rate.

Issue: Micro-Motion identifies flow rates below which the uncertainty is greater
than 0.5%. In the case of the PEP, air flow rates below 0.090 kg/min have
uncertainties greater than 0.5%. For the lowest flow rate reported (0.012 kg/min
on FT-1977), the estimated uncertainty is ~4%.

Affected instruments follow: FT-1973 (UFP-VSL-T01B steam ring purge),
FT-1977 (UFP-VSL-T02A bottom sparger), FT-1981 (UFP-VSL-T01A steam
ring purge), FT-1901 (UFP-VSL-T02A upper sparger), and FT-1995
(UFP-VSL-TO02A steam ring purge).

Consequence: There is greater uncertainty associated with data for air flow rates
<0.090 kg/min.
Measurement: UFP-VSL-TO01B temperature.

Issue and Consequence: TTK-0427 failed at installation. All data from
TTK-0427 are invalid and unusable. However, there are 19 other temperature
measurements available within vessel UFP-VSL-T01B, with TTK-0425 as the
prototypic measurement.

Measurement: Slurry temperature in the filter loop.

Issues and Consequences: RTD thermowells in the filter loop do not extend into
the process stream: TT-0513: UFP-HX-T02A; (cooling) slurry outlet
temperature. No data are to be used for quality-affecting work. Data may be
used for qualitative purposes only.

TT-0515: UFP-HX-T03A; (heating) slurry outlet temperature. No data are to be
used for quality-affecting work. Data may be used for qualitative purposes only.

TT-0537: Filter UFP-FILT-TO5A; outlet temperature (UFP-HX-TO2A inlet). No
data are to be used for quality-affecting work. Data may be used for qualitative
purposes only.

TT-0791: Filter UFP-FILT-TO1A inlet temperature. Data from this should not
be used at all. Tank temperature data will be used for quality-affecting filter
processing data.

Measurement: Filter-loop flow rate downstream from UFP-PMP-T43A.

Issue and Consequence: FE-0635 is reporting suspect flow values. Data from
FE-0635 are unusable from 2/14/2009 through 2/27/20009.
Measurement: UFP-VSL-TO01B Coriolis sample station on-line density.

Issue: DT-2101 failed.

Consequence: All readings after 12/23/2009 are not valid.
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3.0 Experimental Methods and Analysis

The sections below describe PEP operations, testing overview, and the simulant and sample
processing used for Integrated Test A.

3.1 Pretreatment Engineering Platform Description

The PEP test system is designed to perform engineering-scale demonstrations of most WTP
pretreatment processes. These include (but are not limited to) vessel-to-vessel transfers, waste pumping,
cross-flow filtration, filter cleaning, waste solids washing, chemical reagent addition and mixing, waste
slurry heating and cooling, and waste chemical leaching. Refer to Sections 3.1.2 and 3.1.3 for a
description of filter pulse pot and PJM operations, respectively.

The PEP is composed of prototypic and nonprototypic equipment as well as auxiliary bulk chemical
and utility systems. Slurry is received at feed receipt vessels FRP-VSL-T01, FEP-VSL-TO01, and
HLP-VSL-T22. For Integrated Test A, only simulant in HLP-VSL-T22 was used. Simulant is then
transferred to the upfront ultrafeed vessels UFP-VSL-TO1A and B. For Integrated Test A, caustic
leaching was done in the upfront vessels, and then it was transferred to UFP-VSL-T02A for
post-caustic-leach concentration using the recirculation loop filter(s). The filters purchased for the PEP
were obtained from the Mott Corporation (Farmington, CT) using the same specifications for the filters
being purchased for the WTP-PTF. The filters are constructed of porous sintered 316 stainless steel with
an effective filtration rating of 0.1 um. The PEP test system employs a combination of 8-ft-long and
10-ft-long filter elements (which were formed by welding either four or five 2-ft filter elements together).
As such, the PEP elements have the same radial dimensions and filtration ratings as the 2-ft elements, but
have a longer filtration length of either 96 in. or 120 in.

Cooling temperature control is done by cooling heat exchangers UFP-HX-T0OS5A and B for
UFP-VSL-TO1A and B, respectively, and UFP-HX-TO02A or the cooling jacket for UFP-VSL-T02A. For
high-temperature processing, direct steam injection and heat exchangers UFP-HX-T04A and B are used
for UFP-VSL-TO1A and B, respectively, while direct steam injection or UFP-HX-T03A is used for
UFP-VSL-T02A. Simulant can also be concentrated before it is caustic leached in UFP-VSL-T02A
(Integrated Tests B and D). During concentration, permeate is sent to permeate vessels UFP-VSL-T62A
and/or B. Once simulant is in UFP-VSL-T02A, further processing, such as oxidative leaching and
washing (before and after oxidative leaching), followed by a final concentration, occurs. After processing
is complete, the high-solids material is sent to waste storage vessel HLP-VSL-T27. For Integrated
Test A, however, the high-solids material was not sent to HLP-VSL-T27. Refer to Figure 3.1 for an
overview of the PEP processes and components.
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Equipment that was considered critical to evaluate the integrated system performance was scaled to
be prototypic in the PEP. Vessels were scaled to be geometrically similar with a '/4.5 scale; the working
height and diameter were scaled '/4.5. Pipe sizes are scaled to have approximately '/4.5 the diameter, but
the fluid velocity was approximately the same as the full-scale plant because solids settling does not scale.
The pipe diameters in the scaled system were sometimes further reduced if the Reynolds number for fluid
transfers in the scaled system was projected to drop below 2100. The PEP also contains equipment to
provide feed, accept processed products, and provide services to support operations. The additional
equipment was not designed to be prototypic of corresponding tanks, pumps, and services in the full-scale
WTP. Refer to the Test Plan for the complete listing of prototypic equipment.®

Two types of instrumentation were used on the PEP, instruments for monitoring and controlling the
process and instruments for collecting quality-affecting data (Nuclear Quality Assurance [NQA]-1
instruments). The instrumentation and control for the test system were functionally prototypic to those
specified for the plant with the exception that the PJMs and pulse pots had additional data capabilities to
meet the PEP functional requirements.®” Refer to Appendix A for a summary of pertinent process
instruments.

Process control strategies and control ranges were as specified in 24590-WTP-RPT-PET-07-002,
Rev 1, Pretreatment Engineering Platform (PEP) Phase | Testing Process Description. The
temperature bands for caustic leaching and oxidative leaching are given in the Test Specification,
Pretreatment Engineering Platform (PEP) Testing (Phase I draft), 24590-PTF-TSP-RT-07-001 Rev 2.

For detailed information on the PEP components and operations, refer to Pretreatment Engineering
Platform (PEP) Phase I Testing Process Description, 24590-WTP-RPT-PET-07-002, Rev 1, and
Functional Requirements for the Pretreatment Engineering Platform (PEP), 24590-PTF-3YD-UFP-00002,
Rev 1.7

3.1.1 PEP Filtration System

The PEP filtration system is composed of an ultrafiltration feed tank (UFP-VSL-T02A; henceforth
also referred to as Tank TO2A), a slurry circulation and filtration loop, a permeate metering and collection
system, and a filter backpulse and cleaning system. The PEP filtration system is instrumented to measure
the feed flow rate, temperature at four locations, and axial and transmembrane pressure (TMP) drop
across each filter bundle. In addition, the system is configurable such that filter bundles 1 through 5 may
be connected in series to the slurry circulation loop or bypassed such that flow is directed through filter
bundle 1 or through filter bundles 2 through 5. A summary of process instrumentation is provided in
Appendix A. In the following paragraphs, key process equipment for slurry filtration operations is
identified and discussed. Interested readers are referred to the documents listed in Section 3.1 if more
information is needed.

(a) G Josephson, O Bredt, J Young, and D Kurath. 2008. Test Plan: Pretreatment Engineering Platform (PEP)
Testing (Phase I). TP-RPP-WTP-506, Rev. 0, Pacific Northwest National Laboratory, Richland, WA, 99352.

(b) B Stiver. 2007. Functional Requirements for Pretreatment Engineering Platform (PEP),
24590-PTF-3YD-UFP-00002 Rev. 1, Bechtel National Incorporated, Richland, Washington.

(¢) SD Lehrman SD. 2008. Pretreatment Engineering Platform (PEP) Phase | Testing Process Description.
24590-WTP-RPT-PET-07-002, Rev. 1, Bechtel National Incorporated, Richland, Washington.
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3.1.1.1 Ultrafiltration Feed Tank

Tank TO2A serves as a primary supply and mixing reservoir for slurry being circulated through the
filtration loop. The contents of this tank are mixed with an array of six PJMs. Ancillary systems for
Tank TO2A include air spargers to limit flammable gas hold-up in the actual waste treatment system,
bubblers to measure slurry density and level, laser-level sensors, and an array of resistance temperature
detectors (RTDs) to measure the tank temperature profile. (Specific locations of the RTD arrays for tanks
UFP-VSL-T02A and UFP-VSL-TO1A are available in laboratory record book [LRB] 59944,
pages 12-17.) Tank T02A is equipped with a water jacket supplied with chilled water to cool the
contained slurry.

3.1.1.2  Slurry Filtration Circulation Loop

The filtration loop contains process equipment that is key to slurry dewatering and washing
operations. It is composed of two slurry pumps, a series of five filter bundles, and two heat exchangers.

Two centrifugal slurry pumps, UFP-PMP-T42A and UFP-PMP-T43A (hereafter also referred to as
Pumps T42A and T43A, respectively), are operated in series to provide the required slurry flow rate and
pressure for the cross-flow filter bundles. The suction to Pump T42A is fed from Tank TO2A. In
addition, the feed to Pump T42A is connected to process inhibited water (IW)® supplies used for slurry
washing and dilution operations. The discharge from Pump T42A feeds Pump T43A. Slurry discharge
from Pump T43A can be fed through, or bypassed around, the cross-flow filter banks. Pumps T42A and
T43A provide a combined filtration-loop flow rate and pressure of up to 150 gpm and 250 psig.

The cross-flow filter system is the core of slurry liquid-solid separations. It is composed of five filter
bundles connected in series. These filter bundles are designated as UFP-FILT-TO1A to -TO5A (hereafter
also referred to as Filters TO1A through TO5A). The filter loop is equipped with slurry bypass valves to
allow slurry to flow through Filter Bundle 1 and/or Filters TO2A through TO5A.

The filters purchased for the PEP were obtained from the Mott Corporation (Farmington, CT) using
the same specifications for the filters being purchased for the PTF. The filters are constructed of porous
sintered 316 stainless steel with an effective filtration rating of 0.1 um. The PEP test system employs a
combination of 8-ft-long and 10-ft-long filter elements (which were formed by welding either four or five
2-ft filter elements together). As such, the PEP elements have the same radial dimensions and filtration
ratings as the 2-ft elements, but have a longer filtration length of either 96 in. or 120 in. A summary of
the geometries of the five filter bundles is provided in Table 3.1.

The tubeside slurry flow rate and pressure are monitored by a series of flow meters and pressure
transducers. Slurry flow to Pump T42A is measured by magnetic flow meter FT-0623. Slurry discharge
flow from Pump T43A is measured by a second magnetic flow meter (FT-0635). Circulation loop
pressure is monitored by a series of pressure transducers located at the entrance to each slurry pump, filter
bundle, and heat exchanger.

The temperature in both Tank TO2A and the slurry filtration loop is monitored with a combination of
two in-line heat exchangers. The first heat exchanger, UFP-HX-T02A, is a spiral plate heat exchanger

(a) Inhibited water typically refers to a 0.01-M solution of NaOH.
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that uses chilled water to cool the circulating slurry. Heat exchanger UFP-HX-T02A controls the
temperature of Tank TO2A and the filtration loop. The second heat exchanger, UFP-HX-T03A, is a steam
exchanger intended to heat the circulating slurry if needed. Both heat exchangers are equipped with a
bypass loop so that they can be isolated from slurry flow. RTDs installed in thermowells monitor and
control the performance of the heat exchanger.” For the current testing, UFP-HX-T03A was not used
and was bypassed. The final process element in the slurry circulation loop is a pressure control valve
(SV-0609) that can be adjusted in combination with the slurry pumps to provide adequate backpressure
for permeate production. After passing through SV-0609, the dewatered circulating slurry is recycled
back into Tank TO2A.

Table 3.1. Specifications of the Five PEP Cross-Flow Filtration Bundles

Element
Number of Inside Bundle
Elements in Diameter Element Surface Area
Filter # Filter ID Bundle (inches) Length (ft) (ft®)
1 UFP-FILT-TO1A 12 0.5 10 15.7
2 UFP-FILT-T02A 12 0.5 10 15.7
3 UFP-FILT-T03A 12 0.5 10 15.7
4 UFP-FILT-T04A 12 0.5 8 12.6
5 UFP-FILT-T05A 12 0.5 8 12.6
Total -- - -- -- 72.3

3.1.1.3 Permeate Metering and Collection Systems/Filtration Backpulse Systems

The permeate metering and collection systems consist of Coriolis mass flow meters for monitoring
permeate production rates and permeate collection tanks, and three pulse pots are connected to
high-pressure air supplies for backpulsing the filter bundles.

Permeate (shell-side) mass production rates from Filters TO1A through TO5A are monitored by
Coriolis flow meters. Permeate flow from each of the filter bundles is directed to three pulse pots
(designated as UFP-PP-TO1A to UFP-PP-T03A). Pulse pot UFP-PP-T03A serves filter bundle 1, pulse
pot UFP-PP-TO2A serves filter bundles 2 and 4, and pulse pot UFP-PP-T01A serves filter bundles 3 and
5. The pulse pots are filled with a sufficient volume of collected permeate to backpulse the filter bundles.
Overflow from the pulse pots may be directed to 1) permeate or process slurry collection tanks
(UFP-VSL-T62A and -T62B) during slurry dewatering operations, or 2) a return line to Tank TO2A
during continuous recycle filtration operations. Table 3.2 summarizes the permeate metering and pulse
pot systems.

(a) The RTD measuring the slurry outlet temperature (TT-0513) did not extend into the process stream, and data
were to be used for qualitative purposes only. See discussion in Section 2 for a description of this
nonconformance (NCR 42402.1).
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Table 3.2. Permeate Metering and Pulse Pot Configurations for PEP

Permeate Associated Pulse
Filter Bundle No./ID Coriolis Meter  Pot
1 — UFP-FILT-TO1A FT-0720 UFP-PP-TO3A
2 — UFP-FILT-T02A FT-0755 UFP-PP-T02A
3 — UFP-FILT-TO03A FT-0765 UFP-PP-TO1A
4 — UFP-FILT-T04A FT-0775 UFP-PP-T02A
5 — UFP-FILT-TO5A FT-0785 UFP-PP-TO1A

During backpulsing, one of the pulse pots is isolated and charged with high-pressure air until the
pulse pot pressure exceeds the filter bundle inlet pressure to be backpulsed by a given amount (typically
40 psid). After the target pulse pot pressure is reached, the valve isolating the pulse pot from the filter is
opened, and the permeate collected in the pulse pot flows back through the filter element. The backflow
of permeate forces any particles loose that are weakly entrained in the filter pores or that have caked on
the filter surface. A description of the backpulsing process, as it was implemented in the PEP, is provided
in the next section.

3.1.1.4 Backpulse Operations

The permeate metering and collection systems consist of Coriolis mass flow meters for monitoring
permeate.

Backpulsing was employed to restore filter fluxes during solids concentration in the UFP-VSL-T02A
recirculation loop. The backpulsing function of the filter loop can be operated only when actively
filtering UFP-VSL-T02A contents. There are three variables that can be set by the operator: Level Drain
Set Point, Backpulse Pressure Set Point, and Pressure Deadband for Completion.

The Level Drain Set Point is the height of the fluid in the pulse pot used for the backpulse. The
Backpulse Pressure Set Point is the amount above the filter inlet pressure that the pulse pot should be
charged to (i.e., if the inlet pressure is 100 psig and the Backpulse Pressure Set Point is set to 40 psig, the
control system will charge the pulse pot to 140 psig).

The Pressure Deadband for Completion is the amount above the filter inlet pressure that will cause
the backpulse to be marked as finished (i.e., if the inlet pressure is 100 psig and the Deadband is set to
10 psig, the backpulse will complete when the pulse pot pressure indicator gets down to 110 psig).

During filtering, the operator presses the “Start Backpulse” button in the human-machine interface
(HMI), which initiates the backpulse cycle. The first step is to close all valves entering and leaving the
pulse pot. Next, the high-pressure air line is opened, and the pulse pot is pressurized to 50 psig. The
high-pressure air valve is closed, and the drain valve to UFP-VSL-T62A/B is opened. The pulse pot fluid
level falls until reaching the Level Drain Set Point when the drain valve is closed. The high-pressure air
valve is opened again and pressurizes the pulse pot to the sum of the filter inlet pressure plus the
Backpulse Pressure Set Point (100 psig + 40 psig = 140 psig in the above example). The air valve is
closed, and the backpulse cycle pauses for 15 seconds. The fast-acting valve then opens, and the pressure
in the pulse pot pushes fluid back through the filter until the pressure in the pulse pot is equal to the filter
inlet pressure plus the Deadband (100 psig + 10 psig = 110 psig in the above example). The final step is
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to return to filtering conditions. The fast-acting valve closes, and the filter outlet valve and pulse pot
outlet valve to UFP-VSL-T62A/B (not the drain valve) are opened.

3.1.2 Data Acquisition System

The Data Acquisition System (DAS) for PEP is composed of four data acquisition servers and one
graphical user interface (GUI) personal computer. They are networked together, along with the rest of the
PEP equipment as depicted in Figure 3.2.

M12 Network Diagram

This diagram details the network segments for the M12 Network.
PNNL network segment uses a green line. Raw data server VLAN uses a
blue line. M12 VLAN (private network) indicated by a red line.
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Figure 3.2. PEP Equipment

The GUI personal computer resides in the control room and is used to start and stop the data
acquisition servers and set the recording rate. Each server that is located out in the high bay is
independent of the others while collecting data. A global positioning system (GPS) receiver is used to
provide a time stamp to each DAS server.

3.1.2.1 Background

The PEP data acquisition and control system was designed to be very robust and flexible in operation.
While the same sensors are used for controlling the PEP and recording data, the sensor outputs are split
into two loops to make certain that the DAS is completely separate from the control system. This
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requirement was put into the system to allow changes to the control system of the PEP to be performed
without the rigorous verification and validation process that is required of any quality-affecting software
program. This allowed many changes to the control system to be made during operation of the PEP
system without affecting the quality of the data. The DAS and all related software did undergo PNNL
software control procedures to make sure that the data meet quality standards.

From each signal splitter, one loop went to the control system, and the other went to the DAS.
Four- to 20-ma outputs from all sensors were selected to make sure that the system was reliable and
prevent long cable runs from introducing error in the signals. The data acquisition servers are
manufactured by Microstar Laboratories, located in Bellevue, WA. Each server is capable of storing a
large number of channels at a high sampling rate. For PEP, they have been set to a maximum sampling
rate of 100 Hz. Each server stores its information in a file local to that server. After data were collected,
they were transferred to the raw data server and to the database server for analysis.

3.1.2.2 Data Retrieval

Over a terabyte of data were recorded by the four data acquisition servers during operations of the
PEP during shakedown and Phase 1 testing. Those data are stored in binary files that are not human
readable. Software was developed to provide analysts with an easy tool to retrieve the data they required
by specifying the date/time, instruments, and sampling rate. This tool is composed of three main
components: the data ingest server, the database itself, and the data retrieval tool. The data ingest server
watches a specified directory on the database server, and when new files are put there, it uploads the data
from that location into the database and transfers those data files into a directory where processed files are
stored. The database itself uses Microsoft’s Structured Query Language (SQL) server as a basis for the
large database that stores all data and sensor information for the PEP. Finally, the data retrieval tool is a
web-based application that allows staff to recover the data they need by specifying the time/date,
instruments, and sampling rate necessary. The software produces a text file that can easily be imported
into Excel or any other analysis package. This method provides a data file that meets quality standards
for the PEP project.

Another method for retrieving data was commonly referred to the DAS widget. This tool is a simple
application that allows users with detailed knowledge of the system to retrieve data if they do not have
access to the web-based tool or if they need access to the data before the data have been imported into the
database. This tool did not go through the software control procedure and does not provide data that
meets quality standards for PEP. It will read a file from one server and produce a file with all the raw
(ma) values from every instrument on that server. With that data and the information in the measurement
and test equipment (M&TE) list, staff can retrieve the data from all sensors in engineering units. It is
more time consuming to retrieve data in this manner, but it allows data to be read in near real-time. This
method was commonly used to provide near real-time data for PJM tuning.

3.1.2.3 Data Storage

All data recorded during operation of the PEP were first copied to the raw data server in PDL-W and
then copied to the database server in the Laboratory Support Building (LSB). This procedure is detailed
in the data-management plan and provides redundant storage of all data to confirm that data are not lost.
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3.1.3  Pulse-Jet Mixing Operations

The leaching vessels UFP-VSL-T02A and UFP-VSL-TO1A and B were equipped with PJMs and
several different operating programs to allow plant prototypic mixing, low-level operation, and additional
data collection.

PJM mixing technology involves a pulse tube coupled with a jet nozzle. The nozzle end of the tube is
immersed in the tank while periodic pressure, vacuum, and venting are supplied to the opposite end.
Changing the applied pressure produces four operating phases for the pulse tube: 1) the drive mode,
when pressure is applied, and the PJM tube discharges its contents at high velocity through the nozzle;

2) the vent mode, when the pressure is vented to the atmosphere, and the level inside the pulse tube and
tank approach the same fill level; 3) the refill mode, when vacuum is applied to refill the pulse tube; and
4) the equilibration mode, when the pressure is vented to the atmosphere, and the pulse tube and tank
approach the same fill level. The PJM system uses these operating phases in sequence to mix contents in
the vessel.

PIM operations at PEP consisted of one of several control modes: Standard Mode (Regular),
Standard Mode Short Cycle Mode, Standard Mode (Star Pattern—UFP-VSL-T02A only), and Simple
Mode. However, PIM controls at PEP were not prototypic. Integrated Test A PJM operations used the
control modes Standard Mode (Regular) and Simple Mode. PJM operating control modes used in PEP
had the same basic cycle: Drive Phase, Vent Phase, and Vacuum Phase, followed by a Hold (or Vent)
Phase. A timer set to the overall cycle time started at the beginning of each Drive Phase. A new Drive
Phase began when either the cycle timer ran out, or the cycle entered the final Hold/Vent Phase,
whichever was later. This condition existed to make sure the Vacuum Phase had completed before
moving on to the next cycle.

The main difference between the Standard Mode and Simple Mode was the way each phase was
handled. In Standard Mode operation, the Drive and Vent phases were time based while the Vacuum
Phase was level based. The final Hold/Vent Phase filled the rest of the Cycle Time. In Simple Mode, the
Vacuum Phase was also time-based.

Standard Mode (Regular) Description

Standard Mode operations in PEP controlled each PJM individually based on that PJIM level
instrument within one overall cycle time. Each cycle was controlled by five main variables: Cycle Time,
Drive Time Set Point, Vent Time Set Point, L1 Level, and L2 Level. Additionally, each PJM could be
enabled or disabled individually.

The entered Cycle Time controlled the peak-to-peak distance between cycles. However, if the value
of the entered cycle time set point was shorter than the combined entered times for the PJM phases, the
actual PJM cycle time would be the time it took the PJMs to complete the first three phases (Drive, Vent,
and Vacuum) and the fourth phase (Hold) would be skipped.

The Drive Phase was controlled by the time entered as the Drive Time Set Point (corrected for
temperature if enabled). Each PJM began the Drive Phase at the same instant but could have different
lengths of time specified for driving each PJM. If any PJM did not finish within 30 seconds of the PJM
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with the shortest drive time, that PJM would be disabled (until it was re-enabled by the operator), and the
cycle would continue to the next phase.

The Vent Phase was controlled by the Vent Time Set Point, which had no correction factors. Each
PIM began the Vent Phase at the same instant, but could have different lengths of time specified for each
PJM. If any PJM did not finish within 30 seconds of the PJM with the shortest vent time, that PJM would
be disabled (until it was re-enabled by the operator), and the cycle would continue to the next phase.
Generally, each Vent Time Set Point was set to a small number such as 500 milliseconds to smooth out
the transition between the Drive and Vacuum Phases.

The Vacuum Phase was controlled by the L1 Level, which was set at the top of the desired PJIM
stroke. All PJMs began with the Vacuum Phase at the same instant, but each PJIM L1 Level was set
separately. If any PJM did not reach the L1 Level within 30 seconds of the first PJM to reach its L1
Level, that PJM was disabled (until it was re-enabled by the operator), and the cycle continued to the next
phase. When tank temperatures were greater than 60°C, and the tank level was above the PJM head, the
Vacuum Phase was disabled, and each PJM vented to atmosphere until it reached the L1 Level set point.
If the tank level was below the L1 Level, then the PJMs entered a control Short Cycle Mode. The
Standard Mode in PEP also contained a Short Cycle Mode used during gravity refill operation when the
tank level did not exceed the PJM head and during extremely low tank levels (to avoid overblowing). A
Short Cycle in PEP consisted of a Drive Phase in which each enabled PJM drives for 20% of the Drive
Time Set Point followed by a 10-second Vent Phase.

The final phase in the control Standard Mode was a Hold Phase. All valves to the PJM were closed,
causing the fluid level in each PJM to remain constant at the L1 Level.

Standard Mode operation in PEP also contained a temperature linearization variable that reduced the
drive time to prevent overblows as the temperature increased—causing fluid viscosity changes. The
variable was expressed as a slope, the percent of drive time decrease per degrees Celsius increase from
0°C. This function was largely untested, but may have been enabled at some nominal slope during
operations.

To prevent reaching the pump heel level in tank UFP-VSL-T02A in PEP, while still operating PJMs
prototypically, UFP-VSL-T02A additionally could operate in Standard Mode (Star Pattern). The Star
Pattern option followed the same rules as the regular PJM Standard Mode. The difference was that only
two PJMs were enabled at a given time. When the operator set the Star Pattern button, the HMI, the
center PJM, and one other PJM would follow through a set number of cycles. Then the outer PJM would
be disabled, and a different outer PJM would be enabled for a set number of cycles. The pattern of
enabling and disabling the five outer PJMs formed a five-point star.

Simple Mode Description:

As mentioned above, Simple Mode operated substantially the same as Standard Mode. Each cycle
consisted of Drive, Vent, Vacuum, and Hold/Vent Phases. There were two main differences. The first
difference was that all PIMs operated together as one unit. There were no individual levels used or
individually enabling or disabling PJMs. The second difference was that each phase was controlled by a
time. An operator set the Cycle Time, Drive Time Set Point (uncorrected), Vent Time Set Point, and
Vacuum Time Set Point (uncorrected). Additionally, the operator could choose whether the last phase
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holds the PJM level or vents (returning the PIM level to the same as the tank level). There was an
“uncorrected” target phase time entered by the operator, followed by a “corrected” time HMI display at
the completion of a phase, indicating the actual time it took to complete the phase.

The Drive time had additional correction factors for temperature (same as in Standard Mode) and
tank level. The tank level correction (if enabled) reduced the drive time according to the user-entered
slope (% drive time/inch) for every inch below the top of the PJM head (46 inches by default). For
example, if the Drive Time Set Point was 10,000 milliseconds, the Drive Slope was 1%/inch, and the tank
level was at 36 inches, then the corrected drive time would be:

(10,000 milliseconds) * {1.00 —[0.01/inch * (46 - 36 inches)]} = 9000 milliseconds

The tank level used in the calculation was determined by the operator using either the tank bubbler,
laser, or Drexelbrook probe.

The Vacuum time also contained a correction factor for tank level, but not for temperature. As the
tank level decreased, the PJM fill level would decrease during the Vacuum Phase; therefore, a vacuum
correction set point was implemented. The vacuum correction (if enabled) increased the vacuum time
according to a user-entered vacuum slope (% vacuum time/inch) for every inch the tank level was below
46 inches. For example, if the Vacuum Time Set Point was 10,000 milliseconds, the vacuum slope was
1%/inch, and the tank level was at 36 inches, then the corrected drive time would be:

(10,000 milliseconds) * {1.00 + [0.01/inch * (46 - 36 inches)]} = 11,000 milliseconds

The operator selectable Hold Phase was created to give the option to more closely resemble PJIM
Standard Mode operation. The Hold Phase prevented the PJM level from dropping after completing the
Vacuum Phase. However, since PJM phase set points were time based and there was no level checking in
the PJMs in Simple Mode, the PJM fill level could increase over successive cycles when using the Hold
Phase—whether or not the drive or the vacuum time set points were decreased or increased, respectively.
The successive increase in PJM level over time could result in fluid traveling all the way up into the hoses
on top of the tank. If the Hold Phase was disabled, each PJM just vented to the tank level during the
remainder of the PJM cycle.

3.2 Testing Overview

The following is a summary level overview of testing reported herein. Refer to the Test Instruction
TI-WTP-PEP-065, hereafter referred to as TI, and the LRBs (60230, 60235, 60269, 60108, 60229, 60271,
and 60279) for additional details.

1. Transferred simulant from HLP-VSL-T22 to UFP-VSL-TO1A (Batch 1) and added NaOH in-line.
2. Performed UFP-VSL-T01A leaching at 98°C for 16 hours and cooling using UFP-HX-T05A.

3. Completed initial transfer to UFP-VSL-T02A from UFP-VSL-T01A through UFP-HX-TO05A.
4

Performed post-caustic-leach concentration from UFP-VSL-T01A contents (Batch 1) using
UFP-FILT-TO1A in UFP-VSL-T02A recirculation loop.

a. Filters were drained before solids concentration.
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9.

10.
11.
12.

13.
14.

15.
16.

Transferred simulant from HLP-VSL-T22 to UFP-VSL-TO01B (Batch 2) and added NaOH in-line
(80%) and to the top of UFP-VSL-T01B (20%).

Completed UFP-VSL-T01B leaching at 98°C for 16 hours and cooling using UFP-HX-T05B.

Performed post-caustic-leach concentration from UFP-VSL-T01B contents (Batch 2) using
UFP-FILT-TO1A in UFP-VSL-TO02A recirculation loop.

Repeated HLP-VSL-T22 transfers to UFP-VSL-T01A/B, leaching and cooling in UFP-VSL-TO1A/B,
and post-caustic-leach concentration in UFP-VSL-T02A for a combined total of six batches (three
UFP-VSL-TO1A and three UFP-VSL-T01B batches).

a. Conducted backpulsing of UFP-FILT-TO1A to enhance the filtration rate.

Evaluated bypass of the filter loop using a CsBr tracer.

Performed post-caustic-leach slurry wash using all five filters, UFP-FILT-TO1A through -TO5A.
Completed oxidative leaching in UFP-VSL-T02A at 25°C for 6 hours.

Washed and reconcentrated slurry in UFP-VSL-T02A using all five filters, UFP-FILT-T01A through
-TO5A.

Integrated Test A was put on “hold” due to UFP-VSL-TO02A slurry air entrainment issues.

Demonstrated final solids concentration in UFP-VSL-T02A using all five filters, UFP-FILT-TO1A
through -TO5A.

Completed the High-Solids Filter Test after completing Integrated Test B.
Repeated the CsBr tracer test after completing the High-Solids Filter Test.

3.2.1 Test Preparation

Several maintenance activities and changes were made to instrumentation and PEP systems before

Integrated Test A. These modifications are summarized below. NOTE: The items below are not
necessarily in chronological order:

o Pressure-relief modification work on the UFP-VSL-T02A recirculation loop was completed and

approved by WTP on 1/29/09. The modification work routed the vents from heat-exchanger valves
PSV-0515 (UFP-HX-T02A) and PSV-0519 (UFP-HX-T03A) to vessel HLP-VSL-T27. The
filter-loop modification also installed a new rupture disk at the discharge of the UFP-PMP-T43A
pump, which also relieves to vessel HLP-VSL-T27. Two configuration control locks were added to
HLP-VSL-T27 (from IW and UFP-VSL-T02A drain) to make sure that adequate capacity was
available in the HLP-VSL-T27 vessel if the new rupture disk downstream of pump UFP-PMP-T43A
failed. A new hardware interlock was also added to shut down the UFP-PMP-T42A and
UFP-PMP-T43A pumps if the level in the HLP-VSL-T27 vessel increases above the new level probe.
This hardware interlock made certain that HLP-VSL-T27 would not overfill if the rupture disk failed.
Vessel HLP-VSL-T27 will no longer receive solids from UFP-VSL-T02A and will not be used for
receipt of any material.

A lock remained on V05161, the isolation valve between UFP-HX-T03A and the low-point drain,
until the PEP Hazards Analysis was revised—the initial Hazards Analysis did not evaluate operation
of UFP-PMP-T42A and UFP-PMP-T43A pumps with the filter loop isolated from UFP-VSL-T02A.

0 Software changes associated with pressure-relief filter-loop modification included adding the
LS 1090 interlock for filter-loop overflow to vessel HLP-VSL-T27. If the HLP-VSL-T27 tank is
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full, pumps UFP-PMP-T42A/T43A would not start, and an alarm would show on the Alarm
Server.

e Following the pressure relief modification described above, the UFP-VSL-T02A recirculation
filter-loop in-service leak check was performed.

e The UFP-VSL-TO02A recirculation loop return nozzle was repositioned because it was positioned in a
nonprototypic location, resulting in the returning slurry impinging on the steam ring. Modifications
to the return nozzle involved bending the nozzle in two places to redirect flow to the side of the steam
ring (Operations Manager email, 07/20/09, 09:29).

e The laser in UFP-VSL-T02A was repositioned since it gave erroneous readings in previous testing
efforts, and an air purge was installed.

o [evel instruments in all the PJMs, Drexelbrooks, were replaced. The new Drexelbrooks had a Teflon
coating, which is resistant to caustic, and included an inactive zone on the admittance probes. The
modification was supposed to provide better control of PJM operation, but the probes still did not
function reliably during leach operations. After installation, the Drexelbrooks were respanned.

0 Software changes associated with this installment involved modifying the span of the level
instruments in the three UFP vessels.

¢ An additional tank level instrument (Drexelbrook) was installed in UFP-VSL-TO1A to provide
additional tank level detection in the event that the bubblers plug and/or the laser performance
becomes unreliable.

0 Software and HMI changes associated with this installation include adding LT 0311 for the
Drexelbrook and modifying HS-0323 to allow switching between laser, bubbler, and Drexelbrook
for UFP-VSL-TO1A level controls.

o Coriolis densitometer (CD) sampler stations in UFP-VSL-T01B and UFP-VSL-T02A vessels were
repaired, and then in-service leak checks were performed on all CD sampler stations in the three UFP
vessels.

e The DAS graphical user interface software was modified with an alarm to alert operators when the
DAS is not responding properly.

o Indicators to all pump start/stop screens showing which interlocks are tripped (red indicates an
interlock is engaged) were added to the HMI, making it easier for the HMI operator to see when a
pump turns off unexpectedly.

e The simple mode PJM code was updated to include a vacuum time setpoint, current vacuum time
indicator, vacuum slope input field for tank level compensation for tank levels below 46 inches (this
field is inactive when tank levels are above 46 inches), and replacing the vacuum phase with the vent
phase when tank temperatures exceed 60°C.

The filters in the UFP-VSL-T02A recirculation loop were not cleaned before Integrated Test A.

3.2.2 General Operations

General operations through the course of Integrated Test A are listed as follows:

e Operation instructions, per Operations Manager, between 01/31/09 and 2/2/09 were to use the lasers
in the UFP vessels for level and process controlling. Whenever a level measurement was
questionable, such as the second or third in the case of UFP-VSL-TO01A, another level instrument was
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used for comparison, and the most credible (knowing transfer volume or permeate mass removed
coupled with the vessel volume vs. level correlation) was used.

Stable level measurements were taken typically before and after transfers, concentrations, and
washing to verify that the target tank level was met, or permeate mass was removed. Stable level
measurements had recirculation pumps, spargers, and PJMs off and were then returned to the original
configuration.

0 The specific gravity was recorded any time a bubbler-level measurement was made to confirm
level credibility since the bubblers plugged. When bubblers plugged, operators blew the lines
with high pressure air (~20 psig) and/or used small amounts of IW (<200-mL) followed by
high-pressure air to clear the lines.

FRP-VSL-TO1 and FEP-VSL-TO1 vessel bubblers were turned off and were only turned on
temporarily for completing shift rounds.

Agitators were kept on for vessels containing simulant, the receipt vessels (FRP-VSL-TO1,
HLP-VSL-T22, and FEP-VSL-TO01), and permeate vessels UFP-VSL-T62A and/or B as determined
by the Operations Manager.

The temperature setpoint on UFP-HX-T02A was adjusted as necessary to maintain the target run
sheet temperature in the filter loop and then set to automatic mode.

CD sampler stations were kept ON only when sampling was taking place, and then were turned off
when not in use to minimize wear-and-tear on the sample pumps.

0 Not all CD sample leg elevations were submerged for CD monitoring; therefore, affected sample
legs were not completed on the CD reading datasheets.

0 UFP-VSL-T01B CD sampler station monitoring (recording of temperature and density on
datasheet) was not completed because of a nonconformance record (NCR) on the Coriolis flow
meter. The two readings that were taken gave erroneous values; therefore, no more readings were
taken thereafter.

In-line caustic additions sent to the HLP-PMP-T21 discharge while transferring simulant from
HLP-VSL-T22 to UFP-VSL-T01A/B were done per current operating procedures and not per the TI.
The run sheet listed simulant and caustic volumes and addition rates separately; however, the flow
meter downstream from the pump, FE-0119, only measures the combined flow rate (LRB 60108,
pg. 109). A transfer rate for the simulant and caustic was computed and used as a target for each
batch.

On 2/1/09 (12:11, Operations Manager), an expedited change was approved on having the discharge
valves for heat exchanger UFP-HX-T04A/B and UFP-HX-T05A/B open whether or not the heat
exchangers are aligned or bypassed (LRB 60229, pg. 29).

PJM drive times were adjusted after tuning parameters were reached to maintain steady pump
operations in UFP-VSL-T02A.

0 The PJM stroke was adjusted as necessary to avoid overblows (when the pulse tube discharges,
all its contents but pressurized air are still applied, causing the air to come out of the bottom of
the PJM) and/or to maintain filter-loop flow-rate targets per the run sheet. These adjustments
gave stroke lengths outside the tolerance of the run sheet target.

0 The PJM drive pressures had to be adjusted and tuned by the Lead Test Engineer between
ambient and 98°C vessel temperatures.
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0 (2/16/09 Test Director email). After post-oxidative-leach washing, the PJMs were tuned under
standard mode, and standard mode was used unless the PJMs had unstable performance.
Standard and simple mode PJM operation was used interchangeably as necessary to achieve
stable PJM operations.

3.3 Simulant

PEP process testing was performed with a nonradioactive aqueous slurry of simulant waste chemicals
and solids. The simulant composition and make-up recipe were provided by WTP as documented in
Simulant Recommendation for Phase 1 Testing in the Pretreatment Engineering Platform.”). Aqueous
chemical concentrations were within the ranges expected for waste feeds to the PTF. The hydroxide
concentration was marginally one standard deviation lower than the average concentration expected in the
feeds to the plant. The oxalate and phosphate components were at the lower end of the expected ranges,
but the oxalate component was at the solubility limit, and the phosphate component was at or near the
solubility limit. The solids components and blend were selected to obtain targeted solids mass loss
(aluminum and chromium leaching and oxalate washing) and treatment time. The simulant was not
selected to represent any particular Hanford tank waste type.

The simulant was blended from the components listed below. The basis for selecting the individual
components and the comparison to actual waste behavior are provided where applicable in the indicated
references:

e Boehmite (for Al) (Russell et al. 2009a)

o Gibbsite (for Al) (Russell et al. 2009b)

e Chromium oxyhydroxide (CrOOH) slurry (Rapko et al. 2007)
¢ Sodium oxalate

o Filtration simulant (Russell et al. 2009c¢)

e Supernate.

A separate chromium solids slurry simulant was prepared and added to the PEP process after
post-caustic-leach washing (a nonprototypic addition) during the Shakedown/Functional Tests and
Integrated Tests A and B. This approach was taken because laboratory-scale tests had shown that the
high-temperature caustic-leaching step dissolved significant amounts of the CrOOH solids (Russell et al.
2009a). In Integrated Test D, the chromium solids component of the simulant was added during the
simulant make-up process to demonstrate the PTF permanganate addition strategy.

Simulant was procured from NOAH Technologies Corporation (San Antonio, TX). Samples of each
simulant batch were characterized to make sure that chemical and physical property requirements were
met. Batches of the simulant were procured as follows:

o A 15-gallon trial batch of the blended simulant for laboratory testing to demonstrate the efficacy of
the simulant fabrication procedure.

(a) P Sundar. 2008. Simulant Recommendation for Phase 1 Testing in the Pretreatment Engineering Platform.
24590-PTF-RT-08-006, Rev 0, Bechtel National, Inc., Richland, Washington.
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e A 250-gallon scale-up batch of the blended simulant to demonstrate scale-up of the simulant
fabrication procedure to an intermediate scale.

e Batches 0, 1, and 2, each nominally 3500 gal, of blended simulant for the Shakedown/Functional
Tests and Integrated Tests A and B. These batches did not contain the CrOOH component.

e Batch 3, nominally 1200 gal, for Integrated Test D. This batch contained the CrOOH solids
component.

e The CrOOH solids slurry for the Shakedown/Functional Test and Integrated Tests A and B was
obtained in two separate batches containing nominally 18 and 36 kg of Cr as CrOOH.

3.3.1  Sampling

Four tests as described in the Pretreatment Engineering Platform (PEP) Testing (Phase 1) Test Plan®
were conducted at the PEP over 5 months, which generated approximately 3300 samples, of which
roughly 1400 were stored as archive samples. A significant number of the original intact samples and
processed aliquots were analyzed for chemical composition, such as metals, anions, and hydroxide or
physical properties, such as undissolved solids, density, and particle size. The Test Instruction for each
test contained a sample collection and analysis table that summarized sampling events and the analysis to
be performed on the collected samples. Appendix B provides a list of every sample collected in the
Integrated Test A and the associated disposition. A list of samples taken and their purpose is provided in
Appendix C. The actual time that samples were taken was recorded in the Test Instruction.

In general, slurry samples were collected using either the vessel’s in-tank sampler or an in-line
sampler. In-line samples were obtained from the slurry recirculation loop or transfer piping by drawing a
side stream from the process flow as shown in Figure 3.3. To obtain a sample, the second valve was fully
opened, and then the first valve was opened sufficiently to allow samples to be safely obtained. Samples
were collected from the volume between the second and first valves while isolated from the process flow
pipe. The vent valve and pressure gauge shown below, however, were not used for Integrated Test A
sample collection. The sample line and valves were purged with at least three line volumes before each
sampling event.

(a) GB Josephson, OP Bredt, JK Young, and DE Kurath. 2009. Test Plan for Pretreatment Engineering Platform
(PEP) Testing (Phase I). TP-RPP-WTP-506, Rev. 0.4, Pacific Northwest National Laboratory, Richland,
Washington.
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Figure 3.3. Simple In-Line Sample Valving

A schematic of the in-tank sampling system for UFP-VSL-T01A/B and UFP-VSL-T02A is shown in
Figure 3.4. Samples were obtained with the sample loop in recirculation mode with slurry returned to the
vessel. To obtain a sample, a valve was used to divert the entire flow to the sample bottle. The sampling
valve and line were purged before each sample to minimize cross contamination with previous sampling
events. Sample heights are provided in Appendix D.

Permeate (liquid) samples were taken from the permeate piping between the filter and the pulse pot.
The sample line and valves were purged with at least three line volumes before each sampling event.
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Figure 3.4. In-Tank Sampling, Showing the Three Radial Positions at Three Heights and Sampling
Flow Loop

The organization responsible for the analysis is given in Table 3.3.
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Table 3.3. Sample Analysis Organizations

Analysis Organization

Inductively coupled plasma (ICP)
Ion chromatography (IC)
Total inorganic carbon and total organic carbon
(TIC/TOC)
Weight percent undissolved solids (UDS)®
Density

‘Heat capacity T
Shear strength
Shear stress vs. shear rate
Particle-size distribution
X-ray diffraction Pacific Northwest National Laboratory
Scanning electron microscope
Raman
Free hydroxide

Weight Percent Undissolved Solids UDS™

Gel Permeation chromatography (GPC) DOW Corning

(a) Guidelines for performing chemical, physical, and rheological properties measurements.
(b) Moisture analyzer method for determining UDS.

Southwest Research Institute

The following sections provide a description of the

Sample naming convention

Sample processing during PEP testing

Analytes of interest

Analytical methods

Physical properties.

3.3.2 Sample Naming Convention

Every sample was given a unique sample name. The sample names were a composite of either six or
seven separate descriptors. The descriptors are defined in Table 3.4, and the acronyms for each descriptor
are defined in Table 3.5. The spacings between descriptors were separated by either an underscore
symbol () or a space ( ). Sample naming examples are provided after Table 3.5.
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Table 3.4. Sample Naming Nomenclature Definitions

Descriptor Identification Explanation

Refers to the Shakedown Test, Functional Test, Integrated Test A,
Integrated Test B, or Integrated Test D.

Identifies the location that the sample is being collected from based
on Table 3.5. For example, a sample collected from a tank will
include the acronym of the tank followed by the location within the
tank.

Refers to the process step as identified in the sample collection and
analysis table in the governing Test Instruction. The test process
step includes an identifier for processes that are repeated during
testing.

Unique number identifier that increments by 1 each time a sample
Descriptor 4 Sequential Number was collected. All subsamples and separated samples generated
from the original sample had the same unique number identifier.
Refers to the sample destination, type of analysis, storage, or
archive.

Descriptor 6 Store code Final destination code.

Refers to the type of subsample; e.g., decantate, solids, rinse

Descriptor 1 Test Name

Descriptor 2 Location

Descriptor 3 Test Process Step

Descriptor 5 Sample Routing

Separated-sample

Descriptor 7 e solution. For a separated-sample, a descriptor of the matrix was
identifier o .
added after the sample routing identifier.
Table 3.5. Sample Naming Acronyms
Acronym Definition

S Shakedown testing

F Functional testing

A First integrated test to be performed

B Second integrated test to be performed
C Third integrated test to be performed
D Fourth integrated test to be performed

T22 HLP-VSL-T22
FRP FRP-VSL-TO01
FEP FEP-VSL-TO01
01A UFP-VSL-TO1A
01B UFP-VSL-T01B
02A UFP-VSL-T02A
T27 HLP-VSL-T27A
62A UFP-VSL-T62A
62B UFP-VSL-T62B
Vessel Sampling Location (2 characters)

IH Inner High

IM Inner Middle

1L Inner Low

MH Middle High
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Table 3.5. Sample Naming Acronyms

Acronym Definition

MM Middle Middle

ML Middle Low

OH Outer High

OM Outer Middle

OL Outer Low

RL Recirculation line

GT Grab sample at top of a tank
GM Grab sample at middle of a tank
GB Grab sample at bottom of a tank

T221A In-line transfer from HLP-VSL-T22 to
UFP-VSL-TO1A
01A2A In-line transfer from UFP-VSL-TO1A to
UFP-VSL-T02A
01B2A In-line transfer from UFP-VSL-T01B to
UFP-VSL-T02A
T221B In-line transfer from HLP-VSL-T22 to
UFP-VSL-TO01B
000FL Filter-loop in-line sample
00PF1 Permeate filter number 1, UFP-FILT-TO1A
00PF2 Permeate filter number 2, UFP-FILT-T02A
00PF3 Permeate filter number 3, UFP-FILT-T03A
00PF4 Permeate filter number 4, UFP-FILT-T04A
00PF5 Permeate filter number 5, UFP-FILT-T05A
00C01 Downstream of CS-PMP-T01
00C02 Downstream of CS-PMP-T02
oocos . DownsreamofCS-PMP-TO3
Test Process Step (three characters® plus two repetitive process characters®) Descriptor 3
(a) 001 through 032 (initial three characters) As described in the guiding document such as -
(b) A two-character field to identify any repetitive Appendix A or B in TP-RPP-WTP-506 Rev.0 or the
process. governing Test Instruction.
Repetitive Process (2 charactersy
XX No repeating process
bT 10°C below set-point temperature
00 Time when set-point temperature reached (in hours)
01 through 16 Time after set-point temperature reached (in hours) or

cycle number, depending on the process step.

0001 through 9999 Sequential number incremented by 1 for replicate
L SAMples .
_Sample Routing (3 characters) Descriptor S
ARC Archive

UDS Undissolved solids

XSP XRD, SEM, and/or PSD

AFA Anti-foaming agent analysis

SOX Solid oxalate analysis
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Table 3.5. Sample Naming Acronyms

Acronym Definition

HTC Heat capacity

DEN Density

ICP Inductively coupled plasma optical emission
spectrometry (ICP) analysis

RAM Raman analysis

RHE Rheology (shear strength/shear stress)

TDS Total dissolved solids

CUF Cells Unit Filter (CUF)/parallel testing

TFI Total inorganic carbon analysis (TIC)/free hydroxide
analysis (FOH)/Ion chromatography (IC) analysis

ALK Total alkalinity

ADT Acidity titration

OST Oxidation state titration

OTR Other

_SUP Supernate, used when no Raman required

RTL-520 Store

RTL-520 Archive

SwRI

RPL

Applied Processing Engineering Laboratory (APEL)
Dow Corning

Decanted supernatant (decantate)

Bulk solids not rinsed

Rinsate composite

Rinsed solids

Process, samples that were filtered/processed
Filtrate

The sample names are constructed in the following manner:

Descriptorl  Descriptor2  Descriptor3a Descriptor3b  Descriptor4  Descriptor5 Descriptor6

Descriptor7

The following description is an example of sample naming for samples collected from HLP-VSL-T22

during Functional testing.

o The sample name for the first Functional Test grab slurry sample collected from the top of
HLP-VSL-T22 during process step 1 that was to be archived would have been:

F T22GT 001 XX 0001 ARC 1.

o For the same sample location and type described above, analyzed for PSD on a bulk solid that was not
rinsed and ICP on the decantate, the original sample vial would have been labeled:
F T22GM_001_XX 0009 XSP 4 B for the solid.
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¢ Since the solid phase always stayed in the original sample vial, and the liquid was decanted off into a
new vial, then the new vial would have been labeled:
F T22GM 001 XX 0009 DEN 0 D for the decantate.

e The decantate from the above sample container could have been subsampled for ICP and Raman; the
ICP container would have been labeled as follows:
F T22GM 001 XX 0009 ICP 2 D.

e The Raman container would have been labeled as follows:
F T22GM_001 XX 0009 RAM 3 D.

3.3.3 Sample Processing

The samples were collected in pre-labeled sample containers that were prepared and staged within
PDL-W based upon the Sample Collection and Analysis table in the governing Test Instruction. The
required analysis determined the sample volume and sample collection container. Sample handling flow
diagrams are given in Figure 3.5 through Figure 3.7 for samples collected and processed in PDL-W.
Figure 3.6 is a continuation of Figure 3.5 and follows the handling of the wet centrifuged solids.

Figure 3.7 indicates the sample flow for samples requiring UDS measurement. The letters “D,” “B,” “R,”
and “S,” which are shown in the figures, were included in the sample names for phase-separated
processed samples. The letter “D” was included in the decanted supernatant sample names. The letter
“B” was included in the wet centrifuged solids sample names. The letter “R” was included in the sample
name of the combined rinse solution. The letter “S” was included in the sample names of the wet rinsed
centrifuged solids. These figures represent two basic sample processing methods. One approach was
used during non-leaching test steps, and another was used during leaching.

3.3.3.1 Non-Leaching Samples

Non-leaching samples were not always processed immediately after collection. Because samples
might be collected at any time during testing, and testing was being performed 24 hours per day,
non-leached samples collected after 0600 hours were typically processed and prepared for shipment by
0600 hours the morning after samples were collected. Non-leach samples used for the analyses listed
below were shipped as collected in the container size specified and with the exception of the archive
samples; tare and full sample weights were not required.

o Weight percent undissolved solids (UDS) (50-mL)

e Density (50-mL)

e Heat capacity (50-mL)

o Shear strength (2 x 1-L)

o Shear stress vs. shear rate on original intact slurry (100-mL)
o Shear stress vs. shear rate on supernatant (100-mL)

e Total organic carbon on the slurry (50-mL)

o Inductively coupled plasma — Silicon (50-mL)

o Archive (50-mL).
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During a sampling event, if an intact slurry sample was collected for density analysis and another
intact slurry sample was collected for weight percent UDS, then density measurements were performed
on the supernatant in addition to the intact slurry submitted for density analysis. These density
measurements were higher accuracy than density measurements obtained following the weight percent
UDS method described in Bechtel procedure, Guidelines for Performing Chemical, Physical, and
Rheological Properties Measurements (24590-WTP-GPG-RTD-001 Rev. 0).%

(a) GL Smith and K Prindiville. 2002. Guidelines for Performing Chemical, Physical, and Rheological Properties
Measurements. 24590-WTP-GPG-RTD-001 Rev. 0, Bechtel National, Inc., Richland Washington.
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A single 50-mL sample was centrifuged and the supernatant decanted to allow multiple laboratories
to perform several analyses simultaneously on the supernatant. To perform this phase separation, the
original sample was centrifuged at ~4500 G with a swinging bucket rotor in PDL-W. The centrifuging
time was initially set for 10 minutes. This centrifuging time was sufficient to cause phase separation
during shakedown, Integrated Test A, and oxidative leaching. The actual centrifuging time is recorded on
the sample bench sheets. After centrifuging, the supernatant was decanted and submitted for some or all
the analyses listed below:

e ICP

e total dissolved solids
e density

o IC

e TOC

e Raman

o free hydroxide.

Not all these analyses were necessarily performed on every decanted supernatant. The required
analysis was identified in the Sample Collection and Analysis table in the governing Test Instruction.
Density was determined on the decanted supernatant at PDL-W for all samples being analyzed by Raman
spectroscopy before the samples were transported for analysis. In addition, at times, density was
determined by Southwest Research Institute (SwRI) before ICP analysis. The wet centrifuged solids from
this same container were either submitted for ICP analysis, if it was required, or stored in the original
sample collection container as excess. A tare weight (before filling) and gross weight (after filling) of the
sample container were documented on sample bench sheets.

For Dow Corning to quantify the anti-foam agent (AFA) compounds by Gel Permeation
Chromatography (GPC) in the solid and supernatant fractions of the slurry, two 50-mL slurry samples
were collected and centrifuged at 4500 G for 10 minutes, and the supernatant was decanted into two
additional properly labeled 50-mL containers before shipping. Weighing empty and filled containers was
not required.

For SWRI to quantify silicon by ICP in the AFA, a 50-mL slurry sample was collected and shipped as
collected during non-leaching process steps. Once at SWRI, the slurry was centrifuged at 2200 G for an
hour, the supernatant was separated from the wet centrifuged solids, and then each phase was analyzed
separately. During leaching, the phase separation occurred in PDL-W following the standard practice of
centrifuging at ~4500 G for 10 minutes.

A single 50-mL container was filled for particle-size distribution (PSD), X-ray diffraction (XRD), and
scanning electron microscopy (SEM). Initially, these samples were centrifuged. The supernatant was
decanted and stored while the wet solids were submitted for analysis. Intact slurry samples were
submitted after shakedown and Integrated Test A and initial Integrated Test B simulant characterization.
If a phase-separated sample was submitted, then descriptor 7 was included in the sample name. If
descriptor 7 was not in the name, then an intact sample was submitted for analysis. Weighing empty and
filled containers was not required.
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For parallel CUF and bench-scale testing, varying amounts of either permeate or slurry samples were
collected. A tare weight (before filling) and gross weight (after filling) of the sample container was
recorded on the sample container. These samples were delivered to APEL by the next business day after
sample collection.

3.3.3.2 Leaching Samples

The core critical analyses for leached samples were weight percent UDS, slurry density, inductively
coupled plasma, ion chromatography, Raman, and free hydroxide analyses. Two 50-mL samples were
collected for the UDS and density analyses. Another 50-mL sample was collected for the remaining core
analyses.

e During caustic leaching, the original samples were immediately placed in a thermostatically
controlled water bath at 20 + 2°C to decrease the sample temperature to 25 + 5°C after collection.
Once the desired temperature was reached, which typically took less than 10 minutes for 50-mL
containers, the samples were allowed to sit for 24 hours in PDL-W. The density sample was shipped
as collected. The two other samples to be used for analysis were centrifuged following the sample
process described for non-leached samples.

o During oxidative leaching, sample processing began immediately after sample collection. The
oxidative leach density sample was shipped as collected while the other two samples were phase
separated immediately after collection by centrifuging and decanting the supernatant as described
above for non-leached samples. To allow for consistency in comparing analytical results, the samples
for ICP analysis collected immediately before adding NaMnQ,4 were phase separated immediately
after collection. The oxidatively leached centrifuged solids from samples collected immediately
before adding NaMnQO, and at the end of oxidative leaching for analysis were weighed and rinsed
three times with 0.01-M NaOH solution. The actual quantity of rinse is recorded on sample bench
sheets. The wet solids were vortexed three times to suspend and rinse the solids after each addition of
NaOH solution. The rinsate was collected and weighed. The density of the rinsate was measured at
PDL-W, and then it was split into subsamples for ICP and Raman analysis.

During leaching, additional 50-mL samples were collected for archiving. Caustic leached archived
samples were also cooled and phase separated as described above before storage. The oxidatively leached
archived samples were also immediately phase separated after collection as described above. The
centrifuged oxidatively leached solids that went to storage were not rinsed.

Undissolved Solids

The sample processing for UDS is given in Figure 3.7. The UDS was measured at PNNL only when
results were needed the same day the sample was collected. A halogen moisture analyzer (HG63, Mettler
Toledo) was used to determine the wt% UDS under procedure TPR-RPP-WTP-648. If results for
multiple samples were required, then a modified version of the oven method outlined in Guidelines for
Performing Chemical, Physical, and Rheological Properties Measurements
(24590-WTP-GPG-RTD-001, Rev. 0) was used.”

(a) GL Smith and K Prindiville. 2002. Guidelines for Performing Chemical, Physical, and Rheological Properties
Measurements. 24590-WTP-GPG-RTD-001 Rev. 0, Bechtel National, Inc., Richland Washington.
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Supernatant Density

Density measurements were performed at PDL-W on samples that were analyzed by Raman. Density
was measured in accordance with TPR-WTP-PEP-054, Determination of Density using Pycnometer or
Graduated Cylinder. All other density values were analyzed externally by SwRI.

3.3.4 Analytes of Interest

The analytes of interest, analytical techniques, and required estimated quantitative limits were set for
the analytical laboratories and are provided in Table 3.6. The limits included processing factors
associated with preparation and analyses. For techniques where multiple analytes were measured, all
analytes were requested to be reported. The preparative and analytical quality control (QC) requirements
specified in Hanford Analytical Services Quality Assurance Requirements Documents (HASQARD),
Rev. 2 were required to be applied to only the analytes of interest or target analytes. All other analytes
were considered opportunistic, and QC failures for these analytes did not require corrective action as
described in HASQARD, Rev. 2. For example, opportunistic analytes were expected to include (but are
not limited to) As, B, Sn, and Zn. No additional analytes were introduced into the list of target analytes.
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Table 3.6. Estimated Quantitative Limits for Solids and Supernatants in Sample Loop Testing, PEP
Operation, and Simulant Acceptance Samples

Analyte Solids Liquid solution Analytical Technique
ug/g pg/mL

Al 4.0E+01 5.0E+00

Ca 2.0E+01 5.0E+00

Ce 8.0E+00 7.5E+01

Cr 5.0E+00 1.0E+00

Fe 3.0E+02 7.5E+01

K 3.0E+01 1.5E+01

La 6.0E+00 7.5E+01

Mg 7.0E+00 5.0 E+00

Mn 1.0E+01 5.0E+00 ICP-AES
Na 3.0E+02 7.5E+01

Nd 1.0E+01 5.0E+00

Ni 2.0E+01 3.0E+01

P 5.0E+01 1.0E+01

Pb 3.0 E+01 7.5E+1

Si 3.0E+03 7.5E+01

Sr 2.0E+01 5.0E+00
Z 9.0EF01 __75E01

Cs N/A 4 pg/mL ICP-MS
‘Chloride NA  1.2E+02

Nitrite N/A 1.2E+02

Nitrate N/A 4.0E+01 Ion Chromatography
Phosphate N/A 1.2E+02 (water-soluble species)
Sulfate N/A 6.0E+01
Oxalae NA __25B42

Hydroxide N/A SE-03 M Titration
Total inorganic carbon N/A 2.0E+02 (as C) Coulometer
Density 0.9 to 1.7 gm/mL 09to 1.7 gm/mL  Gravimetric
TDS N/A N/A Gravimetric
UDS N/A N/A Gravimetric

3.3.5 Analytical Methods

This section describes the analytical methods used to determine the chemical composition of the PEP
simulant samples collected during testing. Analytical results are provided in Section 5.

3.3.5.1 Preparation for ICP or ICP-MS

For the solutions, aliquots were diluted with hydrochloric acid and then analyzed. Dilutions were
made with a representative aliquot of approximately 2 grams combined with 5-mL of 50% hydrochloric
acid and then diluted to a final volume of 50-mL with DI water.

Two preparative techniques were used for solids. The first preparative technique was lithium
metaborate/tetraborate fusion, referred to as prep method “80/20 Fusion.” Aluminum, barium, cerium,
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chromium, iron, lanthanum, manganese, neodymium, silicon, and strontium were reported from the
fusion. The second preparative method used concentrated nitric, perchloric, hydrofluoric, and
hydrochloric acids in an open vessel and was referred to as the “Teflon” prep method. If residue
remained from the “Teflon” method, then the residue was separated, dried, and fused using the lithium
metaborate/tetraborate fusion technique. Both the “Teflon” and residue preparations were analyzed. The
remaining metals were reported from either the “Teflon” digestion only or the combination of the two. If
an analyte was detected in both the Teflon digestate and the residue fusions, then the reported result was
the sum of the results obtained from the two preparations. These results were identified as “combined” on
Sample Analysis Data Sheets while analytes reported from only the fusion were identified as “80/20
Fusion,” and analytes reported solely from the acid digestions were identified as “Teflon” on the Sample
Analysis Data Sheets. The preparative QC samples included a sample duplicate, preparation blank (PB),
solid laboratory control samples (LCS) consisting of obsidian rock and basalt rock, and an aqueous
laboratory control sample (LCS) and a matrix spike (MS) for “Teflon.” The results are reported on an
as-received or wet weight basis. The percent solids were determined at 105°C and reported on the
Sample Analysis Data Sheets for all solids.

3.3.5.2 Metals Analysis by ICP-AES

All metals were determined by ICP-AES using SWRI procedure TAP01-0406-130 with the exception
of cerium, cesium, lanthanum, and neodymium. The preparative QC samples (duplicate, PB, LCS, MS)
were processed along with analytical workstation QC (initial and continuing calibration verifications,
initial and continuing blanks, interference check samples, and post-digestion spikes).

3.3.5.3 Metals Analysis by ICP-MS

Cerium, cesium, lanthanum, and neodymium were determined by ICP-MS in accordance with SwRI
procedure TAP01-0406-046. The preparative QC samples (duplicate, PB, LCS, MS) were processed
along with analytical workstation QC (initial and continuing calibration verifications, initial and
continuing blanks, interference check samples, and post-digestion spikes).

3.3.5.4 Anions (IC)

Decanted supernatant and rinsants were analyzed by IC for chloride, nitrate, nitrite phosphate, sulfate,
and oxalate at SWRI in accordance with procedure SWRI TAP 01-0406-042. Approximately 0.25 g of the
sample was diluted to 50-mL using DIW. Since the dilution was performed by weight, the sample results
are reported on a weight basis. The standard reporting by the laboratory is nitrate as N, nitrite as N, and
phosphate as P. Shortly after PEP testing began, PNNL requested that results be reported as nitrate,
nitrite, and phosphate and not as nitrogen or phosphorus. The IC analytical report narrative identifies
conversion factors used to report as anions. QC samples generated at the analytical workstation included
a sample replicate determination, preparation blank, LCS, and matrix spike (MS).

3.3.5.5 Total Inorganic Carbon/Total Organic Carbon (TIC/TOC)

The samples were analyzed for total carbon (TC) using a Dohrman DC-80 Carbon Analyzer in
accordance with procedure SWRI TAP 01-0406-001. The liquids were directly injected, and the slurry
was analyzed using the soil/sludge sampler. Another aliquot of the sample was acidified with sulfuric
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acid and sparged to remove inorganic carbon and then analyzed for TOC. The TIC is calculated from the
difference in the TC and TOC results. All samples were analyzed in duplicate, and average results were
reported when the relative percent differences (RPDs) were less than 20%. If the RPD was greater than
20%, then the sample was analyzed twice more, and the average of the quadruplicate analysis was
reported. The liquids were corrected for density, and all sample results were reported on a weight basis.
QC samples were generated at the analytical workstation and included a sample replicate determination,
preparation blank, LCS, and MS.

3.3.5.6  Hydroxide

The free-hydroxide concentration was determined by potentiometric titration with standardized HCI
according to procedure RPG-CMC-228, “Determination of Hydroxyl (OH-) and Alkalinity of Aqueous
Solutions, Leachates, and Supernates and Operation of Brinkman 636 Auto-Titrator.” The free hydroxide
was defined as the first inflection point on the titration curve. QC samples were generated at the
analytical workstation and included a sample replicate determination, preparation blank, and blank spike
(BS).

3.3.5.7 Raman

Raman was used to quantify aluminate, carbonate, chromate, hydroxide, nitrate, nitrite, oxalate,
phosphate, and sulfate following procedure RPG-CMC-240. If precipitate formed in the solution samples
submitted for Raman before the analysis, then the samples were centrifuged, and aliquots of the liquid
were pipetted and analyzed. Two sets of Raman results were reported for shakedown, Integrated Test A,
and some of the Integrated Test B samples. The first set of results was generated using calibrations that
were periodically adjusted to optimize performance of QC check samples. The second set of results was
recalculated based on the original calibration parameters. The generation of these two sets of results and
the discovery of the calibration adjustments are documented as RPP-WTP CAR, number 42708.1. Only
Raman results from the recalculation are provided. As a result of using the original calibration
parameters, an occasional QC sample falls outside of established performance limits. QC samples were
generated at the analytical workstation and included a sample replicate determination, preparation blank,
BS, and MS.

3.3.5.8 Preparation for Gel Permeation Chromatography (AFA components)

Duplicate samples were collected to support this analysis. Both samples were centrifuged and phase
separated at PDL-W before shipping. Once at the analytical laboratory, one of the two liquid fractions
was mixed with toluene while the other was mixed with tetrahydrofuran (THF). Both were shaken for an
hour and allowed to settle overnight. The upper organic layer was removed and allowed to concentrate.
The toluene extract was dried at room temperature to completeness and brought to 3.0-mL toluene. The
THF extracts were concentrated to approximately 2-mL at room temperature and then placed in an 80°C
oven to dry to completeness and brought up to 3.0-mL THF. One of the two solids fractions was
extracted with 10-mL of toluene while the other was extracted with 10.0-mL of THF. In both cases, the
solvent was added directly into the receipt vessel, and the initial sample and solvent were shaken for
2 hours. All solutions were filtered through 0.45-um PTFE syringe filters. The calibration was verified
before samples were analyzed and after every 15 samples.
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3.3.5.9 Gel Permeation Chromatography (AFA components)

The toluene extract allowed polydimethylsiloxane (PDMS) to be analyzed by gel permeation
chromatography (GPC) while the THF extract allowed polypropylene glycol (PPG) to be analyzed by
GPC. The toluene extract was analyzed by a Waters 717 autosampler and a Waters 2410 differential
refractometer. Two columns, a PLgel 5-um guard column and a PLgel 5-um Mixed-C column, were used
for separation, and an HPLC grade toluene at a flow of 1.0-mL/minute was used as the eluent. Both the
columns and detector were heated to 45°C. The THF extract was analyzed by a Waters 2695 Separation
Module equipped with a vacuum degasser and a Waters 2410 differential refractometer. Two columns, a
PLgel 5-um guard column and a PLgel 5-um Mixed-C column, were used for separation, and a certified
grade THF at a flow of 1.0-mL/minute was used as the eluent. Both the columns and detector were
heated to 35°C. The quantity of PDMS and PPG was used to determine the amount of AFA, Q2-3183A
Antifoam, in the samples. However, SWRI had a back-up approach for tracing the fate of AFA by
quantifying the Si in the liquid and solid fractions. SwRI received the intact slurry, separated the solid
from the liquid, and analyzed each fraction for Si by ICP. Since the AFA is a proprietary composition
belonging to Dow Corning, they performed the analytical work. The calibration was verified before
samples were analyzed and after every 15 samples.

3.3.6  Physical Properties

This section describes the methods used to determine the physical properties of the PEP simulant
samples, the crystal form and solids environment, density, wt% UDS, rheology, particle-size attributes,
and heat capacity. A more detailed outline of the methods used in this section is given, where applicable,
in the appropriate test data package supplied with the sample results for each characterization.

3.3.6.1 Percent UDS and Density

Weight percent UDS, wt% dissolved solids, bulk slurry density, and supernatant density were
determined following 24590-WTP-GPG-RTD-001, Rev 0. Some steps in 24590-WTP-GPG-RTD-001,
Rev 0,® were not performed because the results generated from these steps were not needed, or steps
were slightly modified to reduce analysis time. These modifications are not believed to impact the final
results.

Slurry sample UDS analysis was performed with the following modifications:
e Steps 4, 6, and 7 were omitted because the settling data were not required.

e Steps 8 and 9. Centrifuge the cones at ~1000 G for 1 hour. Record the volume of the total sample
and the volume of centrifuged solids on the physical properties data sheet. After this, the WTP
procedures required that the supernatant be decanted into a pre-weighed graduated cylinder to obtain
the supernatant mass and volume. Rather than use a graduated cylinder, the volume of supernatant
was calculated as the difference between the volume of the total sample and the volume of
centrifuged solids.

(a) GL Smith and K Prindiville. 2002. Guidelines for Performing Chemical, Physical, and Rheological Properties
Measurements. 24590-WTP-GPG-RTD-001 Rev. 0, Bechtel National, Inc., Richland Washington.
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o Step 11 requires decanting the centrifuged supernatant liquid to a pre-weighed graduated cylinder.
Because of the high concentration of NaOH in some of the samples, some of the liquid was left in the
cylinder. Rather than decant, the centrifuged supernatant liquid was pipetted to a preweighed glass
Petri dish or vial, and the mass of the supernatant liquid was recorded.

e Step 12 was omitted because air-drying was not necessary.

Separated slurry samples UDS analysis was performed with the following modifications:

o Step 8 requires centrifuging at ~1000 G for 1 hour. Samples were centrifuged at ~4500 G for either
10 minutes or 1 hour. The centrifuge time is documented on the sample handling benchsheets in
TDP-WTP-349.

o Wet solids (designated as “B”) and de