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Completeness of Testing

This report describes the results of work and testing specified by Test Specification
24590-PTF-TSP-RT-07-001 Rev 2 “Pretreatment Engineering Platform (PEP) Testing
(Phase 1)” and Test Plans TP-RPP-WTP-506 Rev 0.4 “Pretreatment Engineering
Platform (PEP) Testing (Phase 1) and TP-WTP-PEP-044 Rev 0.2 Test Plan for the
PEP Parallel Laboratory Testing." The work and any associated testing followed the
quality assurance requirements outlined in the Test Specification/Plan. The descriptions
provided in this test report are an accurate account of both the conduct of the work and
the data collected. Test Plan results are reported. Also reported are any unusual or
anomalous occurrences that are different from expected results. The test results and this
report have been reviewed and verified.

Approved:
M /Z///é Z
Gordon H. Beeman, Manager * Date

WTP R&T Support Project
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Testing Summary

Pacific Northwest National Laboratory (PNNL) has been 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” of the
External Flowsheet Review Team (EFRT) issue response plan.”). The PEP 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.

Two process flowsheets are currently being evaluated for the ultrafiltration process (UFP) and
leaching operations. The baseline flowsheet (Integrated Test A) 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 (Integrated Tests B and D)
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).

In Integrated Test B, a 19 M sodium hydroxide solution (NaOH, caustic) was added to the waste
slurry in the UFP-VSL-T02A vessel after the solids were concentrated to 20% undissolved solids. The
NaOH was added to leach solid aluminum compounds (e.g., gibbsite, boehmite). Caustic addition was
followed by heating to 98°C using direct injection of steam to accelerate the leaching process. Following
the caustic leach, the UFP-VSL-T02A vessel contents were cooled using the vessel cooling jacket. The
slurry was then concentrated to 17-wt% and washed with inhibited water (IW) to remove NaOH and other
soluble salts. Next, the slurry was oxidatively leached using sodium permanganate to solubilize
chromium. The slurry was then washed to remove the dissolved chromium and concentrated.

This is one in a series of reports that summarizes Phase 1 results from testing in the PEP located in
the Process Development Laboratory-West (PDL-W), located in Richland, Washington. Separate run
reports have been prepared for each Phase 1 test (i.e., Shakedown/Functional Testing [Josephson et al.
2009, WTP-RPT-190], Integrated Test A [Guzman-Leong et al. 2009, WTP-RPT-191], and Integrated
Test D [Sevigny et al. 2009, WTP-RPT-193]). In addition, reports have been written that specifically
address the following:

1. Filtration Scale-up (Daniel et al. 2009, WTP-RPT-185)

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

(b) The scale of /45 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.

(¢) In this report, the UFP vessels are generally denoted as Tank TO1A/B and Tank T02A. In some cases
alternative designations are used to maintain continuity with previous documentation (e.g., Test
Specification/Plan).
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Caustic Leaching Scale-up (Mahoney et al. 2009, WTP-RPT-186)

Solids Washing (Baldwin et al. 2009, WTP-RPT-187)

Oxidative Leaching Scale-up (Rapko et al. 2009, WTP-RPT-188).

This report focuses on Integrated Test B and summarizes test conduct and results; it includes only
very limited data analysis. Integrated Test B was conducted under Test Plan TP-RPP-WTP-506® and in
accordance with Test Instruction TI-WTP-PEP-066. Supporting data files and analytical reports have
been supplied to WTP separately 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 B to meet these objectives.

Table S.1. Summary of Test Objectives and Results

Objective
Test Objective Met? Discussion
Caustic leach process: Compare Yes Data from Integrated Test B 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: Yes Data from Integrated Test B were analyzed and compared with
Compare engineering- and laboratory-scale data with results presented in reports WTP-RPT-188
laboratory-scale results to and WTP-RPT-197.

determine impact of scale-up.

Cross-flow Ultrafiltration: Yes Data from Integrated Test B were analyzed and compared with
Monitor cross-flow filter laboratory-scale data with results presented in reports WTP-RPT-185
performance at engineering- and and WTP-RPT-197.

laboratory-scale to determine

scale-up.

Slurry wash process: Determine Yes Data from Integrated Test B were analyzed and compared with

the post-caustic and oxidative laboratory-scale data with results presented in reports WTP-RPT-187
leaching slurry wash efficiencies. and WTP-RPT-197.

Process Integration: Evaluate the Yes Supporting data from Integrated Test B 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,

discs transmitted in the following reference: Letter from GH Beeman

(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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Test Objective

Objective
Met?

Discussion

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

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.

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 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-T02A vessel.
This change impacted sampling in the functional and all 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 laboratory-scale Cells Unit Filter
(CUF) testing from the in-line filter-loop to the middle-low CD port in the
UFP-VSL-TO02A (step A.1.10; Shakedown/Functional Test) (ref CCN
187749).

Collected samples for laboratory-scale 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 (B1.2; Integrated Test A, B2.6; 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-43A 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 by-pass test with tracer) from the
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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.

Shakedown/Functional Test. This test was conducted after the completion of
Integrated Test B (ref CCN 187753).

Modified step A.1.29 (Shakedown/Functional Test) to eliminate the removal
of solids from UFP-VSL-T02A 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).
Modified 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-TO1B (ref CCN 187748).

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 Shakedown/Functional Test was hampered by pump
cavitation, 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 usable
because of entrained air in the simulant.

Modified step B.2.6 (caustic addition in Integrated Test 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 as 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 Test Plan (TP-WTP-PEP-044; Test Plan for PEP
laboratory-scale 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 Test B/D) were
modified from the following: “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 since 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.e.,
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.
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Table S.2. Test Exceptions

Test Exceptions

Description of Test Exceptions

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 (3 or 4) selected PEP samples from Integrated Test D using
polarized light microscopy (PLM). Size-calibrated photographs should be
provided along with the analysis. If possible, record the mineral identification of
the solids phase(s) along with the particle-size distribution (PSD). WTP
personnel will select the samples in consultation with the subcontractor, and this
will be based in part on observing 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.

wokhwn

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 using a shorter centrifuge time and applying 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 precipitation
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
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 the use
of glass fiber filters to aid 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:

e Provide engineering-scale system performance data. This information is used to support the WTP
computer process model projections of 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-2 projected leaching conditions during Integrated Test B. Results are
presented in this report and in report 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 UFP-2
projected leaching conditions during Integrated Test B. Results are presented
in report WTP-RPT-188 and WTP-RPT-197.

Evaluate the process control
strategy for specification of
required reagent additions,
including NaOH, NaMnO,, 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 transmembrane
pressures (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 B. 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-TO1A and
UFP-VSL-T02A during the initial dewatering process was demonstrated
during initial dewatering during Integrated Test B. The control strategy was
determined to be adequate, although maintaining a high operating level in
UFP-VSL-T02A until the end of processing should reduce the possibility of
entraining air into the recirculation pumps. Results are presented in report
WTP-RPT-197.

xx1




Table S.4. Success Criteria

Success Criteria

How Testing Did or Did Not Meet Success Criteria

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 B in report WTP-RPT-187
and WTP-RPT-197. In summary, 436 gallons of IW (39 IW batches) was
required to reduce the free hydroxide to 0.25 M. Wash-water volumes for
the post-oxidative-leaching process are not provided since there is no
washing specification for Cr.

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 B 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 report
WTP-RPT-190 and WTP-RPT-197.

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

The rheology of the slurry simulant was measured for Integrated Test B 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 expected to be 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 B for precipitation
studies. The results of the precipitation studies are discussed in
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 quality assurance (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

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.

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
confirm that production throughput
is maintained and 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, etc.) 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,
etc.) based on prototypic characterization data before the start of Integrated
Test B. 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 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-T02A was measured during Integrated Test B. 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 report
WTP-RPT-190 and WTP-RPT-197.
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Table S.4. Success Criteria

Success Criteria

How Testing Did or Did Not Meet Success Criteria

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 report 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 B. 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.

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

Permeate production rate of each ultrafilter was recorded during Integrated
Test B. 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 B. 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 WTP-RPT-197.

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

Each ultrafilter cleaning event was recorded in Integrated Test B. A
summary of the results is provided in this report, with more details recorded
in the Operations and Testing Laboratory Record Books. Additional filter
cleaning events are discussed in WTP-RPT-190, WTP-RPT-193, and
summarized in WTP-RPT-197.

Evaluate the pulse-pot operation
and backpulse operation strategies
contained in PEP Phase 1 Testing
Process Description.

Backpulsing was conducted to increase the declining permeate rate through
the course of post-caustic-leach concentration and data are presented in this
report. Evaluation of backpulse operations is discussed 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 B 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:

o ASME NQA-1-2000, Quality Assurance Requirements for Nuclear Facility Applications, Part 1,
Requirements for Quality Assurance Programs for Nuclear Facilities
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o ASME NQA-1-2000, Part II, Subpart 2.7, Quality Assurance Requirements for Computer Software
for Nuclear Facility Applications

o 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...?2*

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.

R &T Test Conditions

The WTP 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; The necessary samples were taken to conduct a

including aluminum, chromium, manganese, sodium, | mass balance for Integrated Test B. Mass balance
hydroxide, oxalate, phosphate, sulfate, and water to results are provided in WTP-RPT-197.

evaluate leaching and washing process performance.
Evaluate ultrafilter performance (to include visual This R&T test condition is discussed in reports
inspection of the filter tubes, tube sheets, and heads WTP-RPT-193 and WTP-RPT-197.

from an ultrafilter for any evidence of flow
mal-distribution and/or solids buildup or evidence of
potential failure).

Assess the blending achieved during in-line additions | In-line addition of wash water during Integrated
of leaching and washing solutions. Tests A and B is discussed in WTP-RPT-187 and
WTP-RPT-197.

(a) HDI is a system for managing the delivery of laboratory-level policies, requirements, and procedures.
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Table S.5. R&T Test Conditions

List R&T Test Conditions

Were Test Conditions Followed?

Record any solids accumulations observed during
any operating stage or maintenance evolution (e.g.,
photography, PSD).

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 B. Additional discussion of
this condition is provided in 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 B.
Additional discussion of this condition is provided
in 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
WTP-RPT-186, WTP-RPT-188, and
WTP-RPT-197.

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
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.

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

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

Ultrafilter cleaning events were recorded with
results of the cleaning prior to Integrated Test B
provided in this report. A summary of the filter
cleaning events is provided in WTP-RPT-197, and
details of the final prototypic filter cleaning are
presented in WTP-RPT-193. Additional filter
cleaning events are also discussed in
WTP-RPT-190.

Confirm pulse-pot operation and backpulse operation

strategies.

This R&T test condition is discussed in report
WTP-RPT-197.
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Table S.5. R&T Test Conditions

List R&T Test Conditions

Were Test Conditions Followed?

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 B 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
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 B 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.

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
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.

(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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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. 2009¢)

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 certain that chemical and physical property requirements were met. Batches
of the simulant were procured as follows:

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

o 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 is one in a series of reports that summarize Phase 1 testing results from the Pretreatment
Engineering Platform (PEP) located in the Process Development Engineering Laboratory-West (PDL-W)
in Richland, Washington. Separate run reports have been prepared for each Phase 1 test (i.e.,
Shakedown/Functional Testing [Josephson et al. 2009], Integrated Test A [Guzman-Leong 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 (Daniel et al. 2009)
2. Caustic Leaching (Mahoney et al. 2009)
3. Washing (Baldwin et al. 2009)
4. Ogxidative Leaching (Rapko et al. 2009).

This report focuses on Integrated Test B and summarizes test conduct and results; it includes only
very limited data analysis. Data files have been supplied in an electronic format because of the large
amount of data. The test reported here was conducted according to TI-WTP-PEP-066, which was written

in accordance with Test Plan TP-RPP-WTP-506, Rev 0.4, which was written in response to Test
Specification 24590-PTF-TSP-RT-07-001, Rev 2.

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
treatment process flowsheet were confirmed by evaluating the following process steps on an
engineering-scale integrated platform (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:

¢ 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.

(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.
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1.2 Background

In October 2005, an External Flowsheet Review Team (EFRT) was assembled to provide a critical
review of the design of the Hanford Tank Waste Treatment and Immobilization Plant (WTP). The
review® identified a number of issues and potential issues that if not addressed could impact 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 Bechtel National Inc. (BNI) and the U.S. Department of Energy (DOE)
developed the “Issue Response Plan for Implementation of External Flowsheet Review Team (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:
e Phase I—Confirm the UFP system design and sludge treatment process flowsheet.

e 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 10/23/06 and 10/24/06, 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 Pacific Northwest National Laboratory (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.).

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

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

Ultrafilter elements must be 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.
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.

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.

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

The filtration design is scaled by filter area. The total filtration area is /4.5 or ~'/20 that of the plant.

Fluid velocities in pipes are kept approximately the same (using commercially available pipe
diameters) to mimic solids settling that may occur in plant piping.

Chemical reaction times are not scaled.

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
Y4.5"%, 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 the Pretreatment Engineering Platform (PEP) Testing (Phase 1) Test Specification®

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.

(a)

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.
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1.3 Objective

The objective of this report is to provide the Integrated Test B narrative, all sample analyses specified
by the Test Plan, graphical PEP monitoring data, evaluations or summaries of problems encountered, and
deviations from the test protocols. Analysis of Integrated Test B results will be provided by Kurath et al.
(2009). Specific test objectives and summary results are provided in the summary section of this report.
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2.0 Quality Assurance Requirements

The PNNL QA program is based upon the requirements as defined in 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.

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

o 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 through PNNL’s “How
Do I...?” (HDI).”” PNNL implements the RPP-WTP quality requirements by performing work in
accordance with the River Protection Project—Waste Treatment Plant Support Program (RPP-WTP)
Quality Assurance Plan (RPP-WTP-QA-001, QAP). Work was performed to the quality requirements of
NQA-1-1989, Part I, Basic and Supplementary Requirements, NQA-2a-1990, Part 2.7, and
DOE/RW-0333P, Rev 13, Quality Assurance Requirements and Descriptions (QARD) 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.

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.

Key analytes in the laboratory control sample (LCS) and PEP control sample were plotted over time
to look for anomalies. The PEP control sample is a project-provided material generated from material
very similar to the initial simulant feed. In general, the plots constructed to date associated with the
inductively coupled plasma (ICP) and ion chromatography (IC) analysis of solutions shows recovery
within limits of 80% to 120%.

Table 2.1 shows a list of nonconformance reports (NCRs) active during Integrated Test B.

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

Nonconformance

Report Number

Description

NCR 38767.1

NCR 43398.1

NCR 42402.1

NCR 41589.1

Measurement: Air flow rate to spargers in UFP-VSL-T02A.

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-1901, FT-1973, FT-1977, FT-1981, and
FT-1995.

What it means: Recognize the greater uncertainty that accompanies data with air
flow rates <0.090 kg/min.
Measurement: Temperature measurement in Tank UFP-VSL-TO1B.

Issue: TTK-0427 failed at installation. All data from TTK-0427 are invalid and
unusable.

What it means: Do not use data from TTK-0427. (There are 19 other
temperature measurements available from this tank, with TTK-0425 the
prototypic measurement.)

Measurement: Temperature measurement of the slurry in the filter-loop.

Issue: The following resistance temperature detector (RTD) thermowells in the
filter-loop do not extend into 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-TO03A (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 5 (UFP-FILT-TO5A) outlet temperature (UFP-HX-T02A inlet).
No data are to be used for quality-affecting work. Data may be used for
qualitative purposes only.

TT-0791: Filter 1 (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: On line density measurement in Tank TO1B Coriolis sample
station.

Issue: DT-2101 failed.

What it means: All readings after 12/23/2008 are not valid.
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3.0 Experimental Methods and Apparatus

3.1 Pretreatment Engineering Platform Overview

The following section provides an overview of the PEP to orient the reader. This section does not
provide details on PEP equipment or instrumentation. The interested reader is referred to the following
documents for more details on the PEP:

e P&IDs and mechanical data books.

o Pretreatment Engineering Platform (PEP) Phase I Testing Process Description,
24590-WTP-RPT-PET-07-002, Rev 1.

e Functional Requirements for Pretreatment Engineering Platform (PEP),
24590-PTF-3YD-UFP-00002, Rev 1.

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, solids washing, chemical reagent addition and mixing, waste slurry
heating and cooling, and waste chemical leaching. Figure 3.1 presents a simplified process diagram
showing the vessels, pumps, heat exchangers, and filter systems associated with the PEP. Equipment that
has been considered critical for evaluating the integrated system performance has been scaled to be
prototypic. Specifically, the ultrafiltration feed preparation and feed vessels have been scaled to be
geometrically similar to WTP with a '/4.5 scale; the working height and diameter are scaled to '/4.5. Pipe
sizes are scaled to have approximately '/4.5 the diameter, but the fluid velocity is to be approximately the
same as the full-scale plant.

Waste simulant feed can be provided from three primary sources: High Level Waste (HLW) Feed
Receipt Vessel (HLP-VSL-T22), Feed Receipt Process (FRP) Vessels (FRP-VSL-T01), or Feed
Evaporator Process (FEP) Vessel (FEP-VSL-TO1). Feed is received into the Ultrafiltration Feed
Preparation Vessels UFP-VSL-T01A/B (henceforth Tank TO1A and Tank TO1B). In Integrated Test B,
feed from Tanks TO1A/B was used to provide simulant feed to UFP-VSL-T02A (henceforth Tank TO2A)
during simulant concentration. Simulant concentration, caustic leaching, oxidative leaching, and washing
were conducted in Tank TO2A and the associated filter-loop. The concentrated solids were transferred
into totes while the liquid fraction (permeate) was stored in permeate collection vessels
(UFP-VSL-T62A/B). Wash and leach solutions were sent to UFP-VSL-T62A/B.
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3.2 PEP Filtration System

The PEP filtration system is composed of an ultrafiltration feed tank, Tank T0O2A, a slurry circulation
and filtration loop, a permeate metering and collection system, and a filter backpulse and cleaning system.
A simplified schematic of the filtration system is shown in Figure 3.2. The PEP filtration system is
configured to measure the feed flow rate, temperatures, and axial and transmembrane pressure (TMP) for
each filter. In addition, the system is configurable such that filters 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
filters 2 through 5. A summary of process instrumentation is provided in Appendix A. In the following
paragraphs, key process equipment for slurry filtration operations are identified and discussed. Interested
readers are referred to the documents listed in Section 3.1 if more information is needed.

3.2.1 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 using an array of six PJMs and the filter-loop return
jet. Ancillary systems for Tank T02A include air spargers, which aid in mixing and also limit
inflammable gas hold-up in the actual waste treatment system, bubblers to measure slurry density and
level, laser level sensors, and an array of RTDs to measure the tank temperature profile. Specific
locations of the RTD arrays for Tanks TO2A and TO1A are available in laboratory record book (LRB)
59944, pages 12—17. Tank TO2A is equipped with a water jacket to cool and a steam ring to heat the
contained slurry.

3.2.2 Slurry Filtration Circulation Loop

The filtration loop contains process equipment key to slurry dewatering and washing operations. Two
centrifugal slurry pumps, UFP-PMP-T42A and UFP-PMP-T43A (hereafter referred to as Pump T42A and
Pump T43A, respectively), are operated in series to provide the required slurry flow rate and pressure for
the cross-flow filters. 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 filters. Pumps T42A and T43A are identical pumps
rated at 150 gpm and 243 psi.

The cross-flow filter system is the core of slurry liquid-solid separations. It is composed of five
filters connected in series. These filters are designated as UFP-FILT-TO1A to -TOSA (hereafter referred
to as Filters 1 through 5). The filter-loop is equipped with slurry bypass valves to allow slurry flow
through Filter 1 and/or Filters 2 through 5.

(a) Inhibited water is 0.01 M NaOH.
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Figure 3.2. Schematic of Filtration Loop®

(a) DT = density transmitter, HX = heat exchanger, LT = level transmitter, FT = flow transmitter (includes the
matching FE or Flow Element), PT = pressure transmitter (includes the matching PI or Pressure Instrument),
TT = temperature transmitter (included the matching TE or Thermocouple Element), MIC = Motor Indicating
Controller, V=Valve, SV=Solenoid Valve, ZV= Positioning Valve, and HIC= Human Interface Control.
Instruments with Nonconformance Reports issued during testing are shaded. Note that UFP-HX-T03A was
bypassed during Integrated Test B.
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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 inches or 120 inches. A
summary of the geometries of the five filters is provided in Table 3.1.

Tubeside slurry flow rate and pressure are monitored by a series of flow meters and pressure
transducers. As shown in Figure 3.2, 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 controlled with two in-line heat
exchangers. The first heat exchanger, UFP-HX-T02A, is a (prototypic) spiral plate heat exchanger that
uses chilled water to cool the circulating slurry. The second heat exchanger, UFP-HX-T03A, is a
(nonprototypic) steam exchanger used 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 the performance of the heat exchanger.® For the current testing, UFP-HX-TO03A was not used
and was bypassed. The final process element in the slurry circulation loop is a pressure control valve
(ZV-0609) that can be adjusted in combination with the slurry pumps to provide adequate backpressure
for permeate production. The filter-loop in-line sampler is located immediately downstream of ZV-0609.
After passing through ZV-0609 and past the in-line sampler, the 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) (ft2)
1 UFP-FILT-TO1A 12 0.5 10 15.7
2 UFP-FILT-T02A 12 0.5 10 15.7
3 UFP-FILT-TO3A 12 0.5 10 15.7
4 UFP-FILT-T04A 12 0.5 8 12.6
5 UFP-FILT-TO5A 12 0.5 8 12.6
Total -- - -- -- 72.3

(@ 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). The impact for testing was that during Integrated Test B, the temperature
control for the cooling heat exchanger in the filter-loop, UFP-HX-T02A, was with a hybrid control method: the
cooling water control valve (TV-0513) was adjusted (in automatic) to control the outlet slurry temperature
TT-0513 to a targeted setpoint. However, the temperature setpoint was changed manually by an operator to try
to maintain the temperature setting in Tank T02A.
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3.2.2.1 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, three pulse-pots connected to high-pressure air supplies for backpulsing the
filters, and permeate collection tanks.

Permeate (shellside) mass production rates from Filters 1 through 5 are monitored by Coriolis flow
meters. Permeate flow from each of the filters is directed to three pulse-pots (designated as
UFP-PP-TO1A to UFP-PP-T03A). Pulse-pot UFP-PP-T0O3A serves Filter 1, pulse-pot UFP-PP-T02A
serves Filters 2 and 4, and pulse-pot UFP-PP-TO1A serves Filters 3 and 5. The pulse-pots are filled with
a sufficient volume of collected permeate to backpulse the filters. 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.

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-T03A
2 — UFP-FILT-T02A FT-0755 UFP-PP-T02A
3 — UFP-FILT-T03A FT-0765 UFP-PP-TO1A
4 — UFP-FILT-T0O4A FT-0775 UFP-PP-T02A
5 — UFP-FILT-TO5A FT-0785 UFP-PP-TO1A

During backpulsing, one of the pulse-pots is isolated, drained to a specific level, and charged with
high-pressure air until the pulse-pot pressure exceeds the slurry pressure at the filter inlet by a given
amount (typically 40 psid). After the target pulse-pot pressure is reached, a large, fast-acting valve
isolating the pulse-pot from the filter is opened, and a fraction of the liquid in the pulse-pot (typically less
than 1 gal) flows back to the filter bundle, forcing permeate from the shellside to the tubeside of the filter
tubes. The backflow of permeate forces loosens any particles 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 Appendix B.

3.3 PJM Operational Modes

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 operating modes have the same basic cycle: Drive Phase, Vent Phase, and Vacuum Phase,
followed by a Hold (or Vent) Phase. PJM mixing technology involves a pulse-tube coupled with a jet
nozzle. One 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 creates four operating phases for the
pulse-tube: 1) the drive phase, when pressure is applied to discharge the contents of the PJM tube
through the nozzle, 2) the vent phase, when the pressure is vented to the atmosphere, 3) the refill phase,
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when vacuum is applied to refill the pulse-tube (at temperatures above 60°C, the vacuum is disabled and
the pulse-tubes refill by gravity.), and 4) the hold phase, when all valves to the PJMs are closed, causing
the fluid level in each PJM to remain constant until the next drive phase. The PJM system uses these
operating phases to produce a sequence of drive cycles that provide mixing in the vessel.

A timer set to the overall Cycle Time starts at the beginning of each Drive Phase. A new drive phase
begins when either the cycle timer runs out or the cycle enters the final Hold/Vent Phase, whichever is
later. This condition exists to make sure the Vacuum Phase has completed before moving on to the next
cycle.

PJM operations at PEP consisted of one of several control modes: standard mode (regular), standard
mode (star pattern—Tank TO2A only), standard mode (short cycle), and simple mode. However, PIM
controls at PEP were not prototypic. During Integrated Test B, the standard mode (regular) was used
whenever possible, and the standard mode (star pattern) was used when the level was low, typically
<23 inches. If standard mode was non-functional (e.g., during caustic leaching, the PJM Drexelbrook
level probes ceased functioning), the PJIMs were operated in simple mode. For all tanks, if the PJMs were
operating in standard mode, the short cycle function would automatically activate when the tank level
dropped to 12 inches and would remain active until the tank level rose above 22 for Tank TO1A and
Tank TO1B. The short cycle activation occurred automatically in Tank TO2A when the level dropped to
11.5 inches and remained until the level returned to 16 inches.

3.3.1 Standard Mode (Regular) Description

Standard mode operations in PEP control each PJM individually based on that PJM level instrument.
The PJMs have one overall cycle time, which keeps all PJMs in synch at the beginning of each cycle.
Each cycle is controlled by five main variables: Cycle Time, Drive Time Set Point, Vent Time Set Point,
L1 Level, and L2 Level. L1 and L2 Levels are user-definable upper and lower level set points used by the
control software to indicate an overblow. Additionally, each PJM could be enabled or disabled
individually.

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

The Drive Phase is controlled by the time entered as the Drive Time Set Point (corrected for
temperature if enabled). Each PJM begins the Drive Phase at the same instant but can have different
lengths of time specified for driving each PJIM. If any PJM does not finish within 30 seconds of the PJM
with the shortest drive time, that PJM is disabled, and the cycle continues to the next phase.

The Vent Phase is controlled by the Vent Time Set Point, which has no correction factors. Each PIM
begins the Vent Phase at the same instant and can have different lengths of time specified for each PJM.
If any PJM does not finish within 30 seconds of the PJM with the shortest vent time, that PJM will be
disabled, and the cycle will 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.
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The Vacuum Phase is controlled by the L1 Level, which is set at the top of the desired PJM stroke.
All PJMs begin the Vacuum Phase at the same instant, but each PJM L1 Level is set separately. If any
PJM does not reach the L1 Level within 30 seconds of the first PJM to reach its L1 Level, that PJM is
disabled, and the cycle continues to the next phase. During high temperature (>60°C) operations, the
vacuum was disabled, and each PJM tube was gravity filled up to its L1 Level. If the tank level was less
than 44 inches (TO1A/B) or 46 inches (T02A), then the PJM would switch operation to Standard Mode-
Short Cycle until either the temperature dropped below the 60°C threshold or the level rose above the
44/46-in. threshold.

The final phase in standard mode is a Hold Phase. All valves to the PJM are closed, causing the fluid
level in each PJM to remain constant at the L1 Level.

The standard mode operation also contains a temperature linearization variable that reduces the drive
time to prevent overblows due to the difference in slurry properties as the temperature increases. The
variable is expressed as a slope, the percent of drive time decrease per degree Celsius increase from zero
degrees Celsius. This function was largely untested. A modest 0.25% linearization factor was used in
early testing and adopted for the remainder of testing simply because it seemed to work. Further
optimization was not conducted.

3.3.2 Standard Mode—Short Cycle

A Short Cycle consists 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 short-cycle function would automatically activate
when the tank level dropped to 12 inches and would remain active until the tank level rose above
22 inches for Tank TO1A and Tank TO1B. The short cycle activation occurred automatically in
Tank TO2A when the level dropped to 11.5 inches and remained until the level returned to 16 inches.
Additionally, the short cycle would activate during high temperature operations (>60°C) if the tank level
fell below 44 inches (T01A/B) or 46 inches (T02A) to confirm that there was enough fluid to gravity fill
above the L1 Level for each PJM due to the disabling of the vacuum at high temperatures.

3.3.3 Standard Mode—Star Pattern

Tank TO2A additionally can operate in standard mode—star pattern. The star pattern option follows
the same rules as the regular Standard PJM Mode. The difference is that only two PJMs are enabled at a
given time. When the operator sets the star-pattern button on the human-machine interface (HMI), the
center PJM and one other PJM will be enabled for five cycles. Then the outer PJM will be disabled, and a
different outer PJM will be enabled for another five cycles. The pattern of enabling and disabling the five
outer PJMs forms a five point star. The disabled PJMs are vented.

The star pattern was developed by PEP test engineers in an effort reduce the level fluctuations in
Tank TO2A and operate the PJMs in a manner that could be implemented in the PTF. During Integrated
Test B, the star pattern was enabled when the level in Tank T02A was approximately 23 inches or when
the filter-loop recirculation target could not be achieved. Enabling the star pattern increased the
achievable filter-loop recirculation rate because the star pattern reduced the tank level fluctuations, as
fewer PJMs were filling and discharging in this mode.
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3.3.4 Simple PJM Mode Description

As mentioned above, the simple mode operates substantially the same as the standard mode. Each
cycle consists of Drive, Vent, Vacuum, and Hold/Vent phases. There are two main differences. The first
difference is that all PJMs operate together as one unit. There are no individual levels used or individual
enabling or disabling of PJMs. The second difference is that each phase is controlled by a time (instead
of level). An operator sets the Cycle Time, Drive Time Set Point (uncorrected), Vent Time Set Point, and
Vacuum Time Set Point (uncorrected). Additionally, the operator can choose whether the last phase
holds the PJM level or vents (returning PJM level to the same as the tank level).

During Integrated Test B, the simple mode was used when the standard mode was not working. The
standard mode did not work during leaching operations because the PJM level probe ceased to function at
elevated temperatures in high-caustic solutions.

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 if 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 operator
determines the tank level used in the calculation with either the tank bubbler, the laser, or the Drexelbrook
probe.

The Vacuum time also contained a correction factor for tank level, but not for temperature. As the
tank level decreased, the PIM fill level would decrease during the Vacuum Phase; therefore, a vacuum
correction 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 PJM
Standard Mode operation. The Hold Phase prevented the PJM level from dropping after completing the
Vacuum Phase. However, since the 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. Similarly, if the vacuum time was too low, the PIM fill level
could decrease over successive cycles, eventually resulting in an overblow. If the Hold Phase was
disabled, each PJM just vented to the tank level during the remainder of the PJM cycle.

3.4 Data Acquisition System for PEP
The data acquisition system (DAS) for PEP is composed of four data acquisition servers and one

graphical user interface (GUI) PC. They are networked together, along with the rest of the PEP
equipment as depicted in Figure 3.3.
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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 3.3. M12 Network Diagram

The GUI PC 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.

3.4.1 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
requirement was put into the system to allow the PEP control system to be changed without the rigorous
Verification and Validation process that is required of any quality-affecting software program. This
allowed the control system to be changed many times while the PEP system was operating without
affecting the quality of the data. The DAS and all related software did undergo PNNL software control
procedures to make certain 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 twenty-ma outputs from all sensors were selected to confirm the reliability of the system and prevent
long cable runs from introducing error in the signals. The data acquisition servers are manufactured by
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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.

3.4.2 Data Retrieval

During operations of the PEP during shakedown and Phase 1 testing, over a terabyte of data was
recorded by the four data acquisition servers. 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 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 as the DAS widget. This tool is a
simple application that allows users with a 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 it 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.

3.4.3 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 LSB. This procedure is detailed in the data management plan and
provides redundant storage of all data to make certain that data are not lost.

3.5 Testing Overview

The following is a summary level overview of testing reported herein. Refer to the test narrative
(Section 4), Test Instruction TI-WTP-PEP-066, and the LRBs listed below for additional details. The
instruction for acid cleaning is provided in Appendix G, and observations during the cleaning are
recorded in Laboratory Record Book BNW-60270. The operations log during testing is recorded in
BNW-60270 and BNW-60271. The lead test engineer (LTE) observations were recorded in logbook
BNW-60279.
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Acid clean UFP-FILT-TO1A through -TO5A with 2M HNOs.
Rinse filters and filter-loop to achieve targeted pH of ~3.
Transfer simulant from HLP-VSL-T22 to Tank TO1A.

Transfer simulant from Tank TO1A to Tank TO2A and concentrate solids to 20-wt% using all five
filters, UFP-FILT-TO1A through -TO5A.

Caustic-leach concentrated simulant at 98°C for 16 hours (Batch 1).
Transfer Batch 1 leached simulant to Tank TO1B for temporary storage.
Transfer simulant from HLP-VSL-T22 to Tank TO1A.

Transfer simulant from Tank TO1A to Tank TO2A and concentrate solids to 20-wt% using one filter,
UFP-FILT-TO1A.

Caustic-leach concentrated simulant at 98°C for 16 hours (Batch 2).

Concentrate leached solids (Batch 1 and 2) using one filter, UFP-FILT-TO1A.

Conduct filter-loop bypass (CsBr tracer) test.

Wash leached slurry and remove permeate using all five filters, UFP-FILT-TO1A through -T05A.
Add chromium slurry simulant.

Re-concentrate slurry and wash using all five filters, UFP-FILT-T01A through -TO5A.

Conduct oxidative-leach on slurry for 6 hours at 25°C.

Wash oxidatively leached slurry using all five filters, UFP-FILT-TO1A through -TO5A.

Final concentration of slurry.

Slurry from Integrated Test B was then combined with slurry saved from Integrated Test A, and a
“high-solids filter test” was conducted (reported in Integrated Test A run report, [Guzman-Leong
et al. 2009]).

Figure 3.4 shows the overall time line for Integrated Test B testing.
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PEP Integrated Test B

Activity Name Start Finish w T F S S M T W T F S S
o|s|te{o[8[i6]o|s[16[o]a]1][o]8a]16lo|&[16]0]a]16[o[8[16]0]8[16[0]8]16]0]8 16 o|a|5'
Batch #1 - Prepare & stage simulant in HLP-VSL-T22 3/12/09 0:40*  3/12/09 4:30 3.830
Batch #1 - Transfer simulant from HLP-T22 to TO1A | 3/12/09 5:11*  3/12/09 11:17 [ 6.10h
Batch #1 - Transfer from TO1A to TO2A 3/12/09 11:15* | 3/12/09 13:50 0 2.58h
Batch #1 - Drain filter loop 3/12/09 13:00* | 3/12/09 13:30 | 0.50h
Batch #1 - Concentrate solids to 20 wt% UDS 3/112/09 13:30* | 3/12/09 20:16 O 6.77h
Batch #1 - NaOH addition 3/12/09 21:36* | 3/12/09 22:38 I 1.03h
Batch #1 - Flush filter loop 3/12/09 23:23*  3/13/09 17:55 [/ 18.53h
Batch #1 - Heat TO2A and Caustic Leach 3/13/09 1:24* | 3/13/09 21:09 /1 19.75h
Batch #1 - Cool UFP-VSL-T02A 3/13/09 20:54* | 3/14/09 10:15 [ 13.35h
Batch #1 - Transfer leached material to UFP-TO1B  3/14/09 10:25* | 3/14/09 14:33 O 4.13h
Batch #2 - Transfer simulant from HLP-T22 to TO1A  3/13/09 11:31*  3/13/09 13:19 0 1.80h
Batch #2 - Transfer from TO1A to T02A 3/14/09 11:20" | 3/14/09 14:00 0 267h
Batch #2 -Drain filter loop 3/14/09 11:12* | 3/14/09 11:42 1 0.50h
Batch #2 -Concentrate solids to 20 wi% UDS 3/14/08 11:42* | 3/15/09 13:37 1 25.92h
Batch #2 - Flush filter loop 3/15/09 16:54* | 3/15/09 16:59 | 0.08h
Batch #2 -NaOH addition 3/15/09 14:08* | 3/15/09 15:20 I 1.20h
Batch #2 -Heat UFP-VSL-T0O2A and Caustic Leach  3/15/0917:17* | 3/16/09 11:50 [ 18.55h
Batch #2 -Cool UFP-VSL-T02A 3/16/09 11:50* | 3/17/09 1:05 [ 13.25h
Post-caustic leach concentration of solids 3/17/09 0:45"  3/19/09 11:07 [ ] 58.37h
Filter loop bypass Test with CsBr Tracer 3/19/09 12:20* | 3/19/09 14:18 0 1.97h
Post-caustic leach slurry wash 3/19/09 16:05*  3/20/09 1:19 [ 9.23h
Chromium slurry addition 3/20/09 1:19*  3/20/09 3:11 0 1.87h
Wash and reconcentrate slurry solids 3/20/09 3:21* | 3/20/09 5:52 0 2.52h
Add permanganate 3/20/09 7:42% | 3/20/09 9:17 0 1.58h
Oxidative Leach 3/20/09 9:17* | 3/20/09 15:17 [ 6.00h
Wash oxidatively leached slurry 3/20/09 15:31* | 3/20/09 18:17 0 277h

Figure 3.4. Integrated Test B Time Line



3.6 Simulant

PEP process testing was performed with nonradioactive aqueous slurry of simulant waste solids and
liquids. 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)
o Gibbsite (for Al) (Russell et al. 2009b)
e Chromium oxyhydroxide (CrOOH) slurry (Rapko et al. 2007)

e 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. Simulant was
procured from NOAH Technologies Corporation (San Antonio, TX). Samples of each simulant batch
were characterized to make certain 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.

o 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.

(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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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.

Table 5.2 provides the simulant composition at the start of testing. Table 5.11 and Table 5.12 provide
the composition of the Cr bearing simulant added before the oxidative-leach.

3.7 Sampling

A list of samples taken and their purpose are provided in Appendix C. Actual sample times were
recorded in the Test Instruction.

In general, slurry samples were collected using either an 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 3.5. To obtain a sample, the downstream valve was
fully opened, and then the upstream valve was opened sufficiently to allow samples to be safely obtained.
The sample line and valves were purged with at least three line volumes before a sample was collected.
The vent and the pressure gauge shown are for a different sampling method, which would allow samples
to be collected from the volume between the two main processing valves while isolated from the process
flow. This method was not implemented in Phase 1 testing.

Process Flow

Volume Between Valves
~50mL

Figure 3.5. Simple In-Line Sampler

Figure 3.6 is a schematic of the in-tank sampling system for Tanks TO1A/B and Tank T02A.
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 line inlet 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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Sample handling and analytical methods are discussed in Appendix E.

Sample Collection

> > o)
Position
Selection
Valve N SAM-PMP-T02A
— =2 =
£ % qé < y
@) =
= l Sample Return
T
! ™~ High !
I Middle ;
™~ Low

Figure 3.6. In-Tank Sampling Showing the Three Radial Positions at Three Heights and Sampling Flow
Loop
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4.0 Test Narrative

This section describes the pre-test activities surrounding acid cleaning of the filters and the execution
of Integrated Test B, which was run from 3/12/09 to 3/21/09.

Testing was conducted in accordance with Test Instruction TI-WTP-PEP-066. The Run Sheet section
of the Test Instruction provided the LTE target or setpoint values for key process operations. A
reproduction of the run sheet, with actual values from the LTE or other data source, is provided in
Appendix M. Observations were written in this Test Instruction and in laboratory record books
BNW-60279, BNW-60270, and BNW-60271.

Integrated Test B demonstrated caustic leaching in vessel Tank TO2A using nonradioactive simulant.
The reader is cautioned that data reported in this narrative section were generally taken from the Test
Instruction and are not NQA-1-compliant, as data recorded in the Test Instruction were obtained from the
HMI (rather than the DAS). NQA-1 data can be obtained from the electronic DAS files maintained by
WTP, from the figures in this section, and the figures in Appendix J, which were plotted using DAS data
and are NQA-1 compliant. A summary of the targeted test conditions provided to the LTE and the actual
conditions during testing is provided in Appendix M.

The following subsections summarize the process steps executed for Integrated Test B. Data in plots
shown in this section were averaged over 1 min intervals, except for the acid cleaning, which is provided
as 1 Hz data. Sampling results are provided in Sections 5.1 and 5.2.

4.1 Acid Cleaning Filters

The filters were cleaned with 2 M nitric acid before starting Integrated Test B. Refer to Appendix G
for cleaning instructions for the first and second attempts.

The initial attempt at cleaning the filters started with Tank T02A and with the filter-loop drained.
The next step pumped nitric acid into Tank TO2A on 3/01/09. The 2 M nitric acid was circulated and
filtered for a short time (<20 minutes) when a leak developed in the primary recirculation Pump T42A.
However, for the 20 minutes of filtering, the operating parameters were 109 gpm (15 ft/s) while
maintaining TMPs across the filters as high as 40 psid, but typically less than 20 psid. The TMP could
not be maintained because the filter fluxes increased rapidly to 7 to 10 kg/min, and the high pressure
drops in the permeate piping prevent a high TMP (i.e., the hydraulic resistance through the permeate line
was greater than that through the filter, and a limiting permeate rate [and TMP] was reached.) A higher
TMP can be achieved in filter 5 because it has a bigger flow control valve than the other filter assemblies,
and consequently, there is a lower hydraulic resistance in the permeate line. Permeate rates just before
cleaning were ~2 kg/min. Temperatures were allowed to float at ~40°C during the cleaning. See
Figure 4.1 through Figure 4.4 for TMP, axial velocity, temperature, and permeate production during the
first acid cleaning.
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Figure 4.1. TMP for the First Filter Cleaning Event, 03/01/09, Preceding Integrated Test B

20
18
16 |

14 &

12 |

10 | ]

Filter Axial Velocity [ft/s]
N
>0

A T42A Suction

2 L
[ o T43A Discharge

0 : :
3/1 07:00 3/1 07:05 3/107:10 3/107:15 3/107:20 3/107:25 3/107:30
PST Time - 3/1/2009

Figure 4.2. Axial Velocity Based on Flow Measurements at the Suction to Pump T42A and the
Discharge to Pump T43A for the First Filter Cleaning Event, 3/01/09, Preceding Integrated
Test B

4.2



45

40%——"\/——-

35

Tank TO2A Temperature [°C]

30

25 ‘
3/107:00 3/107:05 3/107:10 3/107:15 3/107:20 3/107:25 3/107:30
PST Time - 3/1/2009

Figure 4.3. Tank T02A Temperature (TTK-0619) for the First Filter Cleaning Event, 3/01/09, Preceding

Integrated Test B
12
I & Filter 1
I o Filter 2
10 o Filter 3

i L . o + Filter 4
i L AP A e, Filter 5

Permeate Production Rate [kg/min]
D

Ly OB PP IO EPHR a1 -+ 08
f

R ——— !
3/107:00 3/107:05 3/107:10 3/107:15 3/107:20 3/107:25 3/107:30

PST Time - 3/1/2009
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The figures show a comparatively high permeate production rate at low TMP. However, the
permeate rates started to decrease after the initial peak rates. The cleaning was terminated early because a
leak developed in Pump T42A because some of the internal parts were not acid resistant. The correct
pump materials were ordered, but the wrong materials were delivered. The pump parts that failed were
nonprototypic. The system was subsequently drained so repairs could be made.

While pump replacement parts were being acquired, a second cleaning was performed on 3/07/09,
using a portable 1-in. diaphragm pump to circulate the acid solution through the filter-loop with the
Pumps T42A and T43A bypassed (and isolated). During the second attempt, nitric acid was backpulsed
10 times from the pulse-pots back through the filters, and a 1-in. diaphragm pump was used to recirculate
nitric acid around the loop and through the filters. A summary of the instructions from an operating
procedure are provided in Appendix G. The diaphragm pump could only achieve an axial velocity of
~5 ft/s in the filter tubes. The filter cleaning instructions were modified to allow permeate through only
one filter at a time, if necessary, so a reasonable pressure could be maintained in the loop. The flow rates
and pressures pulsated during the cleaning because of the action of the diaphragm pump. The
temperature was maintained below 21°C. Figure 4.5 through Figure 4.8 show TMP, axial velocity,
temperature, and permeate production during the second acid cleaning. After cleaning with nitric acid,
the system was flushed with deionized water (DIW) and drained for the start of the Integrated Test B.
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Integrated Test B

After the main recirculation pumps were repaired, the pumps were tested with water (with the filters
bypassed), and no leaks were observed. Dilute acid (pH ~3, as determined with pH paper) solution was
maintained on the filters (shellside and tubeside) to prevent iron precipitation and filter fouling. This
solution was drained from the filters immediately before filtering in Integrated Test B as indicated in
Section 4.2.

4.2 Batch 1-Preparation

The pre-test checklist was completed by the night-shift crew during the early morning of 3/12/09.
Start-up configuration included the following baseline conditions: process vessels (Tank TO1A, Tank
TO01B, and Tank TO2A, clean and empty; filter-loop (clean, filled with dilute nitric acid and bypass
drained); sufficient simulant and reagents available; and sufficient storage space available in UFP waste
tanks UFP-VSL-T62A and -62B. In addition, simulant transfer piping between HLP-VSL-T22 and Tank
TO1A was charged with simulant; simulant lines into Tank TO2A were rinsed and drained, and the 19 M
NaOH manifold was charged with NaOH.

Section 7.1 of the Test Instruction for Integrated Test B began with the preparation of HLP-VSL-T22
for transfer to process vessels. Constant mechanical agitation in HLP-VSL-T22 kept the slurry well
mixed, and recirculation was started with the flow rate set for compliance with pump operating
instructions. Simulant was sampled from HLP-VSL-T22 at three depths before it was transferred to
process vessels for use in baseline chemical analyses.
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Simulant was transferred from HLP-VSL-T22 to Tank TO1A (Test Instruction Section 7.2) on
3/12/09 at the end of night shift to provide feed for Batch 1 solids concentration and subsequent leaching
in Tank TO2A. The initial 593-gallon transfer was for Batch 1 solids concentration and subsequent
leaching in Tank TO2A. In-line sampling was performed, and 1000-mL of Dow Corning Q2-3183A
Antifoam (hereafter-AFA) was added to Tank TO1A during the transfer, with a targeted AFA
concentration of 350 ppm. PJMs were started in Tank TO1A when the fluid level reached 15 inches.

A stable level measurement™ was taken in Tank TO1A after the transfer was completed. The tank
level reading of 67 inches™ matched the expectation. However, problems were encountered with the
PJMs in Tank TO1A during the morning of 3/12/09. As noted in the LRB BNW-60279 at 09:55, one of
the PJMs in Tank TO1A (PJM-1605) appeared to plug intermittently. Examination of the pressure and
level data indicate that the air supply was functioning properly, but the stroke length was very short. The
normal working stroke length was about 25 inches. When the PJM appeared plugged, the stroke length
was reduced to several inches. In addition, the level probes indicated that the pulse-tube was not
completely refilling. The apparent plug was temporarily cleared at 10:04 by conducting an intentional
overblow. This appeared to resolve the issue for approximately 1 hour. However, PIM-1605 appeared
plugged again and was disabled when it could not be cleared by overblowing. PJM parameters (drive
pressure and drive time) were collected and adjusted around 11:09 on 3/12/09 to achieve a peak average
nozzle velocity of 4.7 m/s and 82% stroke length in Tank TO1A. (Note that Section 5.3 presents targeted
versus actual PJM parameters, and Appendix F discusses the PJM tuning approach.)

The transfer of 220 gallons of simulant from Tank TO1A to Tank T02A (Test Instruction Section 7.3)
was started at about 12:00. This was the feed material for Batch 1 solids concentration and subsequent
leaching in Tank TO2A. PJMs were started in Tank TO2A during the transfer when an adequate level was
reached. A stable level measurement in Tank T02A, taken at 12:30 after the transfer was completed, was
53.5 inches (laser) compared with the expected tank level of 52 inches. PJM parameters (drive pressure
and drive time) were then adjusted to achieve a peak average nozzle velocity of 7.1 m/s and 83% stroke
length in Tank TO2A. (Section 5.3 presents targeted versus actual PJM parameters.)

Section 7.4 of the Test Instruction, placing Tank TO1A in Auto Transfer Mode and Level Monitoring,
was conducted concurrently with Section 7.5, Tank TO2A Dewater Operations for Batch 1. The shellside
and tubeside of the filter-loop was drained of dilute acid before starting filter pumps T42A and T43A.
The loop was aligned to send slurry through all five filters and the cooling heat exchanger
(UFP-HX-T02A). The heating heat exchanger (UFP-HX-T03A) was bypassed with the outlet slurry
valve locked open.

At 14:30, Tank TO1A was placed in auto transfer mode (Test Instruction step 7.4.1), and the Tank
TO2A slurry outlet valve (V06132) was opened. At 15:00, sparger flow rates were reset, and (ultrafilter)
Pumps T42A and T43A were enabled and slowly powered up (Test Instruction step 7.5.4). Pumps 42A
and 42B were operated throughout Integrated Test B in accordance with the Pump Operational Guidance,

(a) A stable level measurement required turning off equipment that would affect the tank level, including
recirculation pumps, PJMs, steam ring air purge, air sparger, and direct steam injection. Level readings were
taken 2 minutes after the appropriate equipment was turned off. Stable level measurements were generally
taken before and after major evolutions impacting tank level, including filtration, transfers, and chemical
additions, as directed in the test instruction.

(b) All levels indicated in the narrative are from the appropriate laser level instrument unless noted otherwise.
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provided in Appendix H. Variable frequency drive (VFD) settings for pumps 42A and 43 A were 25%
and 85%, respectively, and the filter-loop backpressure control valve (ZV-0609) was 50% open when
target conditions were achieved at 15:26. The target flow rate was 109 gpm with a TMP of 40 psig.

Four auto-transfers were made before opening the permeate valves at 15:27. Tank TO1A provided
make-up feed to Tank TO2A as filtration progressed, initiating an 11-gallon make-up batch whenever the
level in Tank TO2A dropped to 28 inches. The Test Instruction specified that forty-seven 11-gallon
batches were to be transferred from Tank TO1A to Tank TO2A during the course of filtration.

Tank TO2A CD sampling commenced at 15:30 and was performed every three make-up transfers
until the targeted 47 transfers were completed at 19:07. Permeate and in-line samples were also collected
as per the Test Instruction.

The stable level in Tank TO1A (laser level) was about 25 inches at 16:00 before refill from
HLP-VSL-T22. Refilling Tank TO1A with 369 gallons of simulant (Test Instruction step 7.4.4) was
completed at 17:05. AFA was added to Tank TO1A after the simulant transfer. Stable level measurement
after refill was about 63 inches (laser). Auto-transfers to Tank T02A were restarted at about 17:30 (Test
Instruction step 7.4.7).

4.3 Batch 1-Concentration

Filtration of Batch 1, using all five filters, was started on 3/12/09 at 15:27 and concluded at 20:13 on
the same date. The filters were idled (permeate valves closed) from approximately 15:50 until 17:30
while Tank TO1A was being refilled with simulant from HLP-VSL-T22. After Tank TO1A was refilled,
filtration continued until 19:04. At this point, the filters were again idled to take a stable level
measurement in Tank TO2A to determine if the targeted level of 21.5 inches had been reached. It took
two iterations of filtering and then stopping filtration (to the measured Tank TO2A level) to achieve the
targeted level in Tank TO2A of 21.5 £2 inches. Filtering was concluded at 20:13 when the stable level
measurement (laser level) in Tank TO2A was 22.2 inches.

Permeate flux was high in all filters because the filters had just been cleaned and were not
conditioned before testing. The filtration of Batch 1 provided some filter conditioning for subsequent
filtering, but substantially less than the filter conditioning was performed in Integrated Test A. Permeate
flow decreased from about 4 to 6 kg/min/filter to about 1.5 to 2.5 kg/min/filter by the end of
concentration. The total permeate removed was 2328 kg, and the resulting UDS concentration was
20.3-wt%. The drop in axial flow rate near the end of filtration was due to the low level in Tank TO2A
which resulted in air entrainment and loss of pump performance. Visual inspection of permeate samples
taken during concentration (three samples/filter evenly spaced during concentration) showed no sign of
particle break-through.

During Integrated Test B, the temperature control for the cooling heat exchanger in the filter-loop,
UFP-HX-T02A, was a hybrid method of control. The cooling water control valve (TV-0513) was in
automatic, controlling off of the outlet slurry temperature TT-0513. However, the temperature setpoint
was manually changed to try to control the temperature in Tank TO2A at 25°C. This was done because it
was discovered that this temperature sensor TT-0513 was not sufficiently exposed to slurry flow to
reliably indicate slurry temperature. Data from this sensor were considered “for information only” (see
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Section 2 for a description of this nonconformance). This hybrid control scheme resulted in more
temperature variation than under automatic control.

Figure 4.9 through Figure 4.12 illustrate TMP, axial velocity, temperature, and permeate production
during the concentration of Batch 1.
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Figure 4.12. Permeate Production Rate for Pre-Caustic-Leach Concentration, Integrated Test B,
Simulant Batch 1

4.4 Batch 1-Caustic-Leach

At the conclusion of Batch 1 concentration, the permeate valves were closed, the temperature set
point of UFP-HX-T02A was increased to 71°C, and AFA was added to Tank T02A in preparation for
caustic-leach for Batch 1 (Test Instruction, Section 7.6). Recirculation of the filter-loop continued as
721 kg of 19 M NaOH was added to the suction side of Pump T42A, and the slurry was allowed to heat.
(Note that a sample of the sodium hydroxide reagent was analyzed, and the reported free OH
concentration was 19.0 M. See Appendix N.) Caustic addition started at 21:36 and concluded at 22:38
on 3/12/09 at a rate of 14 kg/min under manual control. Samples were taken from the Tank TO2A CD
loop after a short period of mixing.

At the conclusion of caustic addition, the level in Tank TO2A was about 7 inches higher than
expected. A visual inspection of the tank was not conducted because of the lockout/tagout requirement to
have the steam locked out before opening an access port. The bubbler does not provide accurate readings
when Pumps T42A and/or T43A are operating. These pumps were turned off at 23:00 (3/12/09) in
accordance with the Test Instruction. Comparison of the laser and bubbler, after the pumps were shut
down, indicate that the bubbler reading was 3 inches lower than the laser (see Appendix J, p J.21 for plot),
suggesting a 3-in. foam layer, as bubblers do not measure foam.

The initial heat-up temperature of 71°C was achieved at 23:00 without the use of UFP-HX-T03A.
The ultrafilter pumps were turned off at 23:00, and the filter-loop was flushed to Tank TO2A with 74 kg
of IW at 23:23 before final heating with direct steam. Figure 4.13 shows the temperature as a function of
time in Tank TO2A during heating, leaching, and cooling of Batch 1.
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Figure 4.13. Tank TO2A Temperature During Batch 1 Caustic-Leach

A slurry piping seal gasket on the suction side of Pump T42A was found to be leaking at 00:00 on
3/13/08. Testing was put on hold until the leak was evaluated by maintenance. Clearance to proceed with
the test was granted from operations approximately an hour later, at 01:12. During this time, the
temperature of Tank TO2A had cooled from 71°C to 64°C. It was also noted that the tank level
(63 inches) was now 9 inches higher than the expected level (54 inches). Direct steam injection was
initiated at 01:24 to heat the contents of the vessel to 98°C with a 2.6-hr heat-up time. During the heat-up
of Batch 1, the PJMs started to overblow because the PJM level sensors were not responding correctly at
elevated temperatures. PJMs were set to simple mode at 01:30 on 3/13/09.

Samples were taken during caustic leach, first at 88°C and then at 98°C, and as scheduled throughout
the leaching period. The leach samples were cooled immediately to prevent further leaching of
aluminum. Samples were chilled in a water bath, centrifuged, and separated into solid and liquid
fractions. Samples were sent to the Southwest Research Institute (SwRI) for analysis to determine the
aluminum concentration in the liquid and solid fractions as a function of leach time.

When the temperature in the vessel reached 90°C, the Test Instruction called for adjusting the lower
air spargers from 0.4 kg/min to 0.08 kg/min; however, they were mistakenly set to 0.8 kg/min. The extra
air to the sparger added to the foaming/air entrainment issue and raised the apparent level in the vessel to
approximately 74 inches at the end of the 2.6-hr heat-up time, which was 11 inches higher than expected.
The specific gravity, measured by the bubbler (LT-0611/DT-0612), was reading 0.8. The specific gravity
increased rapidly upon correctly setting the air sparger rate at 04:50 (see Appendix J, p. J.39).
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The high sparge rate also removed more heat from the vessel, based on a comparison of heat-up
curves for Batch 1 and Batch 2. At 03:55, the steam injection to Tank T02A was shut off because of a
high/high alarm. At 04:50, the incorrect sparger air setting was identified and corrected, which reduced
the observed level from 76 to 65 inches, and leaching (at temperature) was allowed to proceed. Because
the steam heating to Tank T02A had been off between about 04:00 and 05:00 on 3/13/09, the contents of
Tank TO2A had cooled from 98°C to 86°C. When steam was turned on, a 15-min ramp time was
employed to increase the temperature to 98°C. The measured specific gravity of the slurry in Tank TO2A
returned to 1.25 (from 0.5) upon correctly setting the air sparger setting (see Appendix J, p. J.39).

Stable levels measured (by laser) at 0, 4, 8, and 12 hours after the start of caustic leach (Test
Instruction step 7.6.22) were 64.7 inches at 04:47; 67.0 inches at 08:11; 69.0 inches at 12:03; 70.0 inches
at 16:05, and 72.7 inches at 20:28.

Tuning of the PJMs in Tank TO2A was completed at 06:15 on 3/13/09 (with PJMs in simple mode) to
provide a 7.5 m/s nozzle velocity and a 78% stroke.

At 18:38 on 3/13/09, PIM-1607 (from Tank TO1A) was taken out of service for 10 minutes during the
troubleshooting of PJM-1605. PJM-1607 was returned to service at 18:48. Troubleshooting of
PIM-1605 was unsuccessful.

Automatic steam injection into Tank TO2A switched off, and steam injection was switched to manual
mode, without operator intervention, at 20:07 and 20:31. In both cases, the operators subsequently
switched control back to automatic. The first time, the steam was off for 10 minutes, and the temperature
in the vessel fell to 95°C.

The leach time for Batch 1 was extended for 53 minutes (16 hours 53 minutes total leach time) to
compensate for the time during which the temperature was less than 96°C. Leaching was thus continued
until about 21:00, and another sample was added to the Test Instruction.

Cooling of Batch 1 in Tank TO2A (Test Instruction Section 7.7) was started at 20:54 on 3/13/09 when
the steam supply was turned off. The stable level reading in Tank TO2A was 73.1 inches (laser),
compared with a target of 65.2 £ 5 inches. Approval for continuing was granted, and Batch 1 was
subsequently cooled to 25°C during a time period of 13.2 hours to match a prototypic cooling curve.

The cooling rate was guided by comparing the temperature in Tank TO2A every 15 minutes with the
target temperature (in the Test Instruction) and adjusting the cooling water jacket control valve (TV-0617)
manually. Cooling was completed at 10:15 on 3/14/09. There was a period of approximately 5 hours
(01:17 through 06:37 on 3/14/09) in which no data are available during Batch 1 cooling, caused by a
crash of the DAS. To minimize the impact of any subsequent DAS failure, the DAS was checked every
half-hour during the remainder of testing, and a software alert was implemented.

At the cooling was completed, Batch 1 was transferred to Tank TO1B for storage (Test Instruction
Section 7.8) until the completion of Batch 2. The transfer was completed at 11:03 on 3/14/09. The PJMs
in Tank TO1B were checked and found to have a nozzle velocity of 5.1 m/s (4.8 m/s target) with a 58%
stroke (80% target). The test director directed the lead test engineer to leave PJMs “as is.” (Section 5.3
discusses targeted versus actual PJM parameters.)
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4.5 Batch 2—Preparation

A second batch of concentrated and leached simulant was necessary because the filter-loop volume in
the PEP is larger than prototypic of the WTP, thus requiring additional volume to conduct post-leach
dewatering and washing at prototypic levels in Tank TO2A. The preparation of Batch 2, described in
Sections 7.9 through 7.12 of TI-066, is very similar to the preparation of Batch 1, described in
Sections 7.2 through 7.5.

Batch 2 was started at 11:33 on 3/13/09 with the transfer of 369 gallons of simulant from
HLP-VSL-T22 to Tank TO1A (Test Instruction Section 7.9). AFA was added to Tank TO1A at 12:45. A
stable level measurement taken in Tank TO1A at 12:37 was 66 inches (laser), which matched well with
the expected level of 67 inches. Informal PJM tuning (Tank TO1A) was performed, and 10 Hz data were
taken at about 13:00. These data were later analyzed, and the PJMs were found to have a nozzle velocity
of 4.6 m/s and a stroke of 64%. A summary of target and actual PJM parameters can be found in
Section 5.3 of this document.

The initial 220-gal transfer of simulant from Tank TO1A to Tank TO2A for Batch 2 (Test Instruction
step 7.10.4) occurred between 12:19 and 12:59 on 3/14/09. PJMs in Tank TO2A were started when the
level reached 16 inches. The stable level in Tank TO2A at 14:00, after simulant transfer, was 53.7 inches
(laser); slightly higher than the expected level (52 inches). PJMs were tuned, and data were taken (Test
Instruction step 7.10.5) between 14:05 and 14:33 on 3/14/09. Analysis of the data showed a nozzle
velocity of 6.6 m/s and a stroke of 73% (Section 5.3, this document).

4.6 Batch 2-Concentration

Automatic transfers from Tank TO1A (Test Instruction Section 7.11) and Tank TO2A Dewatering
(Test Instruction Section 7.12) were performed concurrently for Batch 2 as they were for Batch 1 (Test
Instruction Sections 7.4 and 7.5). The filter-loop was drained at 11:42 on 3/14/09, and the slurry outlet
valve (V06132) was opened at 14:00. The steam heat exchanger (UFP-HX-T03A) was bypassed (with
the outlet slurry valve locked open), and the cooling heat exchanger (UFP-HX-T02A) was aligned.
Pumps T42A and T43A were started at 14:35, and target conditions in the filter-loop (slurry flow rate
109 gpm, TMP 40 psi) were achieved at 14:42. The filter-loop was aligned to send slurry through all five
filters, but with only the Filter 1 permeate valve open to concentrate Batch 2. Tank TO1A provided
make-up feed as the filtration progressed, initiating an 11-gallon make-up batch each time the level in
Tank TO2A fell to 28 inches.

Tank TO1A was refilled with simulant from HLP-VSL-T22 to provide enough simulant feed. An
additional 369 gallons of simulant was transferred between 20:37 and 21:35 on 3/14/09. The filtration
was idled during most of this transfer to allow simpler inventory tracking. AFA was added to Tank TO1A
after the transfer was completed. The level in Tank TO1A after the transfer was 66.6 inches (laser).

Forty-seven 11-gallon batches were transferred from Tank TO1A to Tank T02A during filtration.
After batch transfer 47, the level in Tank TO2A was reduced to a target of 21.5 inches to complete the
concentration. The filtration of Batch 2 was started on 3/14/09 at 16:37 and concluded at 13:32 on
3/15/09. Permeate flow in UFP-FILT-TO1A decreased from about 4 kg/min to 1.5 kg /min during
dewatering. The total permeate removed was 2611 kg, and the resulting UDS concentration was
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21.8-wt%. Visual inspection of permeate samples taken during concentration (three samples evenly
spaced during concentration) showed no sign of particle break-through.

Figure 4.14 through Figure 4.17 show TMP, axial velocity, temperature, and permeate production
during the concentration of Batch 2. The two obvious discontinuities in the permeate production rate,
seen in Figure 4.17, are from temporarily suspending filtration while transferring simulant from
HLP-VSL-T22 to Tank TO1A. Changing the state of the recirculation pumps (on to off; or off to on)
resulted in temperature fluctuations in Tank TO2A. The drop in the axial flow rate near the end of
filtration was due to the low level in Tank T02A.
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4.7 Batch 2-Caustic-Leach

After Batch 2 was dewatered, Tank TO2A and the filter-loop were prepared for caustic leaching (Test
Instruction Section 7.13). The slurry was raised to an initial heat-up temperature both by adding caustic
and by the energy added from the circulation pumps. AFA was added at 14:08 to maintain the
concentration at 350 ppm while compensating for additions of NaOH and steam condensate. The
temperature set point of the cooling heat exchanger (UFP-HX-T02A) was increased to 80°C, and the
slurry was allowed to heat up during the caustic addition. Pumps T42A and T43A operated (permeate
valves closed) while 720 kg of 19 M NaOH was added to Tank TO2A via the suction side of Pump T42A
(10.2 kg/min), concluding at 15:20 on 3/15/09. After caustic addition was completed, the level in Tank
TO2A was 52.6 inches, only about 3 inches higher than expected (compared with +7 inches for Batch 1).
At 16:59, some of the slurry in the filter-loop was flushed to Tank TO2A (TI Step 7.13.11) using 74 kg of
IW.

Direct steam injection was initiated at 17:17 on 3/15/09 to heat the contents of Tank T02A to 98°C
with a 2.6-hr heat-up time. Samples were taken when the temperature reached 88°C at 19:15 (Test
Instruction step 7.13.15). When the temperature reached 90°C, the lower air spargers were adjusted from
0.4 kg/min to 0.08 kg/min. The contents of Tank T02A reached 98°C at 19:50 on 3/15/09 (Test
Instruction step 7.13.17). At that time, the level in Tank TO2A was 61.8 inches (laser) versus the
60.4 inches expected. Samples were taken hourly as leaching proceeded for the next 16 hours. Samples
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were cooled immediately to prevent further reaction, as were the Batch 1 leach samples. Figure 4.18
shows the temperature in Tank TO2A as a function of time during the heating, leaching, and cooling.

During the heat-up of Batch 2, the PJMs in Tank T02A were not operating correctly under standard
mode. PJMs were switched to simple mode at 19:08 with parameters matching those from Batch 1.
PJMs in Tank TO2A were tuned in simple mode while at the target leach temperature (Test Instruction
step 7.13.19) at 19:59 on 3/15/09 to provide 7.5 m/s nozzle velocity and 78% stroke. (Test In