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Completeness of Testing

This report describes the results of work and testing specified by Test Specification
24590-WTP-TSP-RT-07-004, Rev. 0 and Test Plan TP-RPP-WTP-509, Rev. 0. 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.

Approv
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Gordon H. Beeman, Manager Ddte
WTP R&T Support Project
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Testing Summary

The scale-up performance of sintered stainless steel crossflow filter elements planned for use at the
Pretreatment Engineering Platform (PEP) and at the Waste Treatment and Immobilization Plant (WTP)
were characterized in partial fulfillment (see Table S.1) of the requirements of Test Plan
TP-RPP-WTP-509.®) This test report details the results of experimental activities related only to filter
scale-up characterization. These tests were performed under the Simulant Testing Program supporting
Phase 1 of the demonstration of the pretreatment leaching processes at PEP. Pacific Northwest National
Laboratory (PNNL) conducted the tests discussed herein for Bechtel National, Inc. (BNI) to address the
data needs of Test Specification 24590-WTP-TSP-RT-07-004.®) Scale-up characterization tests employ
high-level waste (HLW) simulants developed under the Test Plan TP-RPP-WTP-469.) The experimental
activities outlined in TP-RPP-WTP-509 examined specific processes from two broad areas of simulant
behavior: 1) leaching performance of the boehmite simulant as a function of suspending phase chemistry
and 2) filtration performance of the blended simulant with respect to filter scale-up and fouling. Bench-
scale experiments supporting scale-up testing employed both 2-foot and 8-foot filters composed of a
single 0.5-inch inner diameter stainless steel filter tube. WTP operations will employ bundles of either
8-foot or 10-foot filter elements, and each bundle will be composed of ten 0.5-inch inner diameter filter
tubes.

With regard to leaching behavior, the effect of anions on the kinetics of boehmite leaching was
examined. Two experiments were conducted: 1) one examined the effect of the aluminate anion on the
rate of boehmite dissolution and 2) another determined the effect of secondary anions typical of Hanford
tank wastes on the rate of boehmite dissolution. Both experiments provide insight into how
compositional variations in the suspending phase impact the effectiveness of the leaching processes. In
addition, the aluminate anion studies provide information on the consequences of gibbsite in waste. The
latter derives from the expected fast dissolution of gibbsite relative to boehmite.

This test report is concerned with the results of the filtration performance with respect to scale-up.
Test results for boehmite dissolution kinetics and filter fouling are reported elsewhere (see Table S.1).
The primary goal of scale-up testing was to examine how filter length influenced permeate flux rates. To
accomplish this, the existing cells unit filter system, which employs a 2-ft-long, 0.5-in. (inner) diameter
sintered stainless steel filter element, was redesigned to accommodate an 8-ft. sintered stainless steel filter
element of the same diameter. Testing was then performed to evaluate the filtration performance of waste
simulant slurries. Scale-up testing consisted of two separate series of filtration tests: 1) scale-up axial
velocity (AV)/transmembrane pressure (TMP) matrix tests and 2) scale-up temperature tests. The
AV/TMP matrix tests examined filtration performance of two different waste simulant slurries in the 8-ft.
cells unit filter system. Waste simulant slurry formulations for the 8-ft. scale-up test was selected to

(a) RC Daniel, and RW Shimskey. 2007. Test Plan for Simulant Testing in Support of Phase | Demonstration of
the Ultrafiltration and Leaching Processes in the Integrated Test Facility. 24590-101-TSA-W000-0004-72-
00019 Rev 00A (TP-RPP-WTP-509, Rev. 0). Pacific Northwest National Laboratory, Richland, Washington.

(b) PS Sundar. 2007. Simulant Testing in Support of Phase | Demonstration of the Ultrafiltration and Leaching
Processes in the Integrated Test Facility. 24590-WTP-TSP-RT-07-004, Rev. 0, Bechtel National, Inc.,
Richland, Washington.

(¢) RL Russell, and HD Smith. 2007. Test Plan for the Development and Demonstration of Leaching and
Ultrafiltration Simulants. 24590-101-TSA-W000-0004-182-00001 Rev 00A (TP-RPP-WTP-469, Rev. 0),
Pacific Northwest National Laboratory, Richland, Washington.
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match simulant slurries for which filtration performance had been characterized on the 2-ft crossflow
ultrafiltration (CUF) system. For the scale-up temperature tests, the filtration performance at three test
temperatures (i.e., 25°C, 35°C, and 45°C) was determined to evaluate if filter flux versus temperature
correlations developed using the 2-ft filters were also valid for the 8-ft filters.

AV/TMP Scaling Tests

AV/TMP matrix tests were conducted to determine the effect of filter length on CUF system
performance using the approach outlined in Sections 6.2.1 and 6.2.2 in Test Plan TP-RPP-WTP-509.
Testing employed an 8-ft-long filter element. Two simulant trials were performed using 1) a simulant
sludge solids slurry (i.e., the iron-rich sludge or filtration simulant) and 2) a blended simulant slurry. The
compositions of both simulant slurries are described in Section 5 of this report and are based on
formulations developed under the simulant development test plan, TP-RPP-WTP-469. The 8-ft scaling
tests with the simulant sludge solids and blended simulant slurries attempted to repeat identical tests
performed as part of the simulant development task with the 2-ft filter element.

Scaling tests examined filtration performance over a matrix of set AV/TMP set-points in which axial
velocities from 9 to 17 fi/sec and transmembrane pressures from 20 to 60 psid were targeted. Because of limited
pump capacity, not all targeted AV/TMP conditions planned for testing could be achieved (see Table 6.10
and Table 6.11). Additionally, these scaling tests were conducted at two slurry test concentrations: a low-
solids concentration and a high-solids concentration. For the slurry scaling tests on the simulant sludge
solids, the slurry concentrations tested were 5.4 wt% and 20.2 wt% undissolved solids (UDS).® For the
blended simulant slurry scaling tests, the tested concentrations were 5.4 wt% and 15.9 wt%. The results
of these tests were compared to existing 2-foot filtration performance data for blended simulant and
simulant sludge solids slurries. All scaling tests were performed at 25°C. Additional details regarding
the AV/TMP scaling tests, including both test setup and experimental results and discussion, are provided
in Section 6.0 of this report.

Results of the scaling tests conducted with a simulant sludge solids slurry (Section 6.3.1) indicate that
the 2-ft and 8-ft filters exhibit comparable performance. Initial permeate flow flux rates appear to be
independent of filter length (Table 6.8 and Figure 6.1). Filtration mechanisms for both 2-ft and 8-ft filter
elements appear to be similar, as the flux shows comparable AV and TMP dependences (Figure 6.2). One
noticeable difference between the 2-ft and 8-ft tests is the absence of transient filter flux decrease in the 8-
ft test (Table 6.8). Such a decrease is indicative of filter fouling, as was observed in the 2-ft filter test.
This suggests that fouling mechanisms may differ in the 2-ft and 8-ft tests; however, the 8-ft test used the
same volume of slurry as the 2-ft test. Because of this, it is possible that the fines that caused the long-
term decrease in filter flux in the 2-ft filter were simply depleted before fully fouling the 8-ft filter.

Analysis of filter scaling effects for a blended simulant slurry (Section 6.3.2) were complicated by the
inability to achieve all AV and TMP conditions and by a relative insensitivity of the filtrate flux for this
slurry with respect to UDS concentration (Figure 6.8). Comparison of the 2-ft and 8-ft scale blended
simulant filter fluxes at low-solids concentration (Table 6.10 and Figure 6.6) suggests decreases from
10% to 20% as filter length is increased from 2 to 8 ft. The significance of this decrease is questionable

(a) Unless otherwise stated, slurry (undissolved) solids concentrations presented in discussion and summary
sections in this report are based on mass balance calculations rather than measurements of slurry undissolved
solids.
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given likely differences in filter cleanliness and slight difference in starting solids concentration. The
behavior of low-solids filter flux with changes in AV and TMP appear similar for the 2- and 8-ft scales,
and as such, it can be tentatively concluded that scaling effects for dilute blended simulants are minor
with respect to AV/TMP functionality.

Meaningful evaluation of scaling effects for a blended simulant slurry at high-solids concentration
could not be achieved because of disparate test concentrations between the 2- and 8-ft scale tests (see
Table 6.6). Specifically, the test concentration achieved in the 2-ft scale (30.4 wt%) could not be
achieved in the 8-ft scale tests without pump cavitation. The highest concentration for the 8-ft scale test
under which stable pump conditions could be achieved was 15.9-wt%. Comparison of the 2-ft-high solids
(30.4-wt%) data to the 8-ft-high solids (15.9-wt%) data finds similar filter flux at all test conditions
(Table 6.11 and Figure 6.9). Similarity between the 2-ft and 8-ft-high-solids flux, despite their disparate
test concentrations, is indicative of the insensitivity of the blended simulant filter flux to solids
concentrations rather than any scaling effects. As with the low-solids blended simulant data, the behavior
of high-solids blended simulant filter flux with changes in AV and TMP are similar for the 2- and 8-ft
scales.

Temperature Scaling Tests

The scale-up temperature tests were conducted according to Test Plan TP-RPP-WTP-509. Testing
employed the crossflow filtration system described in Section 3 of this report. Full details of the
temperature scaling tests, including test setup, experimental results, and discussion, are provided in
Section 7.0 of this report. A brief outline is given in the following paragraphs.

Approximately 20 L of a dilute (~5-wt%) “as-prepared” blended simulant slurry was loaded into the
CUF system. Next, the slurry was subjected to continuous recycle filtration (such that all permeate
collected was recycled back into the slurry reservoir) for 4 hours at 25°C, 35°C, and 45°C. At the end of
the 45°C measurement, the slurry was cooled to 25°C, and the 4-hour recycle filtration test was repeated.
All filtration steps employed a target AV of 13 ft/s and a target transmembrane pressure of 40 psid.
During filtration, the CUF operational parameters such as TMP, AV, permeate flow rate, and slurry
temperature were continuously monitored using the CUF data acquisition system.

The temperature series outlined above was performed for both an initial (i.e., “as-prepared’) and
leached (i.e., a caustic-leached and washed) blended simulant slurry. Temperature tests were run initially
on the as-prepared blended simulant slurry. Once this first set of tests was complete, the slurry was
caustic-leached at 100°C for 12 hours in a concentrated sodium hydroxide solution. After leaching, the
slurry was diluted and the temperature test series repeated. Comparison of pre- and post-leach data
allows for evaluation of the effects of chemical processing and slurry chemistry on the temperature
correlations.

Both initial and leached/washed slurries were tested at six separate UDS concentrations. Solids
concentrations were controlled by dewatering the slurry after each temperature series. Dewatering
operations typically targeted removal of approximately one-third of the slurry supernate volume.
However, this target could not always be satisfied because of minimum operating volumes for the CUF
slurry reservoir and pumping systems. Comparison of temperature correlations at different solids
concentrations allows evaluation of concentration effects. For the as-prepared (i.e., preleach) blended
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simulant slurry, the test concentrations spanned 5.0 wt% to 28.3 wt% UDS. For the caustic-leached and
washed blended simulant slurry, the test concentrations ranged from 4.8 wt% to 21.7 wt% UDS.

The filtration performance of blended simulant slurries was evaluated on a CUF system with an 8-ft
filter element installed at 25°C, 35°C, and 45°C. From these tests, correlations allowing the correction of
flux for temperature were derived for both an as-prepared and a caustic-leached and washed slurry. In
both cases, the correction correlation is of the form:

1 1
J oo = J —_——
25°C T €Xp {ﬂ(T 203 j}

In this equation, Jr is the flux measured at the temperature T (in K), and Josec is the flux adjusted (or
reduced) to 25°C or 298 K. The correction correlation is based on an existing equation reported in
WTP-RPT-043.%) Tt is:

1 1
Jocorn = Jexp| 2500 | —— ——
25°C T P|: (T 208 j}

An analysis of the filter flux at different temperatures indicates 3 values of 3000+£200 K for as-
prepared/preleach slurries (Section 7.3.2.1) and 2300+200 K for caustic-leached/washed slurries
(Section 7.3.2.2). The range of flux correction applicability for these two 3 values is 25 to 45°C.

These temperature correlations differ only in the value of B used. The temperature-correction
equations for the preleach simulant slurry show a significantly higher value of 3000+£200 K relative to that
of the existing correlation (i.e., 2500 K). This difference may derive from a number of factors including
flux transience, filter length, slurry concentration, and permeate physical and chemical properties. On the
other hand, the B value for the caustic-leached/washed blended simulant (2300£200 K) agrees with the
existing coefficient of 2500 to within the range of variation observed in the measurement.

The temperature tests also provided information on the mechanisms underlying the changes in filter
flux with temperature. Improvement in permeate flux at increased slurry temperature is typically
attributed to reduced permeate viscosity. However, for both the as-prepared and caustic-leached/washed
simulant slurries, the measured increase in filter flux with increasing temperature during 8-ft scale tests
was greater than expected from the lowering of permeate viscosity alone (Section 7.3.1). In addition, the
improvement in filter flux with increased slurry temperature became greater at higher slurry
concentrations (Figure 7.6 and Figure 7.8). For all 8-ft scaling temperature tests, the increase in
temperature was accompanied by filter backpulsing. As such, it appears that changes in filter flux are
governed by a combination of changes in the permeate viscosity and in the overall filter resistance.
Possible factors effecting filter resistance include 1) the slurry filter cake structure or thickness, 2)
changes in the degree of depth fouling, or 3) changes in the filter medium properties such as porosity and
pore size.

(a) JGH Geeting, RT Hallen, LK Jagoda, AP Poloski, RD Scheele, and DR Weier. 2003. Filtration, Washing, and
Caustic Leaching of Hanford Tank AZ-101 Sludge. WTP-RPT-043, Rev. 1, Pacific Northwest National
Laboratory, Richland, Washington.
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Given that slurry concentration appears to affect the degree of flux improvement with temperature,
changes in the filter cake structure or thickness likely govern a significant part of the filtration
performance at increased temperature. These changes can occur as a dynamic process during filtration,
whereby existing cake is sheared away and replaced by new solids or they can occur during backpulsing,
when the filter cake is fully disturbed and forced off the filter surface. Although the data generated from
temperature testing do not allow assessment of which mechanism functions herein, data measured in
previous tests suggest that these changes do not occur dynamically at higher temperatures and that they
are primarily driven by filter backpulsing (see Section 7.3.4). The latter has important implications for
how filtration data are corrected for temperature because it indicates that filter cake disruption must be
considered when applying temperature correction formulas.

Analysis of filter fouling data reported in Section 5 of WTP-RPT-183® suggests that temperature
variations that occur during continuous filtration without any backpulsing are best corrected by
considering variation of permeate viscosity alone (Section 7.3.4). As such, the temperature correction

formula becomes:
1 1
Joer =Jdoexp| A| ———
we T p{ (T 298Kﬂ

where A describes how permeate viscosity changes with temperature and is 1950 K and 1680 K for
preleach and leached/washed blended simulant slurries, respectively. On the other hand, changes in
temperature accompanied by backpulsing and/or complete disruption of the filter cake need to be
treated using the full temperature correlation (i.e., that with = 3000+200 K for preleach materials or
=2300+200 K for leached and washed material).

Objectives

The test objectives are summarized in Table S.1 along with a discussion of how the objectives were
met. Several objectives (shaded in light gray) did not specifically apply to the scope provided in this
report; they will be/are already reported in companion reports. The test plan called for issuing a single
report; however, based on the scope of work, the tests involving boehmite and gibbsite dissolution were
reported with similar scope authorized by test plan TP-RPP-WTP-460 Rev. 0.

(a) RL Russell, HD Smith, JM Billing, RA Peterson, and DE Rinehart. 2008. Development and Demonstration of
Ultrafiltration Simulants. WTP-RPT-183, Pacific Northwest National Laboratory, Richland, Washington.
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Table S.1. Test Objectives

Objective
Met? (Y/N)

Test Objective

Discussion

1) Determine the effect of initial NA
aluminate ion concentration on the
rate of boehmite leaching in caustic
solutions and in the presence of
soluble anions in a waste. The anions
to be considered are those that are
typically present in the Hanford Tank
Farm wastes in significant amounts.
This includes carbonate, free-
hydroxide, nitrate, nitrite, oxalate,
phosphate, and sulfate.

2) Determine the sensitivity of the rate NA
of dissolution of boehmite to soluble
anions through a limited number of
laboratory tests. The anions to be
considered are those that are typically
present in the Hanford Tank Farm
wastes in significant amounts. This
includes carbonate, free-hydroxide,
nitrate, nitrite, oxalate, phosphate,
and sulfate.

3) Determine the effect of scaling the Y
length of the ultrafilter element from
2 ft to 8 ft on the filtrate flux over the
expected operating range of the
ultrafilter using the CUF.

This test objective is not applicable to the current
report. Boehmite studies are addressed in report
RPT-WTP-184.%) Gibbsite studies are addressed in
report RPT-WT-176.®

As of March 20, 2008, PNNL has been released from
this objective by Test Exception, 24590-WTP-TEF-
RT-07-00016.

As described in Section 6.0 of this report, CUF
testing was performed on a simulant sludge solids
slurry and a blended simulant solids slurry using an
8-ft filter element. A predetermined matrix of six
tests was conducted in which axial velocities from 9
to 17 ft/sec and transmembrane pressures from 20 to
60 psid were targeted. Because of limited pump
capacity, the actual range of AVs achieved was only
9 to 14.2 ft/s. This matrix was conducted on both the
initial low-solids concentration and a dewatered
high-solids concentration for both simulant slurries.
The effect of scaling was determined by comparing
these results with analogous simulant trials
conducted previously with a 2-ft filter element.

(a) RL Russell, RA Peterson, HD Smith, DE Rinehart, PM Aker, and EC Buck. 2008. Development and
Characterization of Boehmite Component Simulant. WTP-RPT-184, Pacific Northwest National Laboratory,

Richland, Washington.

(b) RL Russell, HD Smith, RA Peterson, and DE Rinehart. 2008. Development and Characterization of Gibbsite
Component Simulant. WTP-RPT-176, Pacific Northwest National Laboratory, Richland, Washington.
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Table S.1. (contd)

Objective
Test Objective Met? (Y/N) Discussion

4) Use an 8-ft-long filter element in the Y As described in Section 7.0 of this report, CUF
CUF unit to determine the effect of testing was performed on a blended simulant solids
temperature on the filtration of a slurry using a cold 8-ft filter element. Testing was
waste simulant over the range of done using an axial velocity of 13 & 2 ft/sec and a
temperature conditions for the transmembrane pressure of 40 + 10 psid. Tests were
leaching processes. conducted at 25°C, 35°C, 45°C, and a final replicate

at 25°C for six different UDS concentrations ranging
from 5.0 to 28.3 wt%. After the initial series of
testing was completed, the slurry was caustic leached
and the entire matrix of temperatures and solids
concentrations was repeated. For post-leach testing,
six different UDS concentrations ranging from 4.8 to
21.7 wt% were tested.

5) Use a 2-ft-long filter element in the NA This test objective is not applicable to the current
CUF unit to evaluate the effect of the report. It is addressed in report WTP-RPT-183.
fine particle fraction in the
ultrafiltration simulant on fouling of
the filter element over the range of
concentrations of operating solids.

The fine particle fraction is defined as
those particles with diameters smaller
than the 10th percentile (i.e., the
dp10) of the particle-size number
distribution.

6) Perform various simulant aging tests NA Test objective 6 was added by Test Exception 24590-
to understand the changes that may WTP-TEF-RT-08-00013, Rev. 0. This test objective
occur to the simulant in storage and to is not applicable to the current report. It will be
ensure the adequacy of the simulant addresspd in a future report (document number to be
for use in the PEP. determined).

7) Perform Cr-simulant leaching tests to NA Test objective 7 was added by Test Exception 24590-
establish that the Cr-simulant from WTP-TEF-RT-08-00013, Rev. 0. This test objective
the larger batch exhibits similar or is not applicable to the current report. It will be
better leaching behavior than the addressed in a future report (document number to be
initial trial batch during caustic and determined).
oxidative leaching operations.

8) Perform leaching tests to determine NA Test objective 8 was added by Test Exception 24590-

the mass loss, and aluminum and
chromium dissolution rates during
caustic leaching under varying
temperature processing conditions
without aeration in both UFP-1A/B
and UFP-2A/B vessels as well as to
measure the effect of aeration on
chromium leaching in UFP-2A/B.

WTP-TEF-RT-08-00014, Rev. 0. This test objective
is not applicable to the current report. It will be
addressed in a future report (document number to be
determined).
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o Table S.1. (contd)
Objective
Test Objective Met? (Y/N) Discussion
9) Perform leaching tests to develop an NA Test objective 9 was added by Test Exception 24590-

accurate model for the dissolution of
boehmite.

10) Perform leaching tests to verify the NA
effect of aluminate ions on the

performance of the boehmite

component B3 during caustic leach at
temperatures lower than 100°C and to

determine the effect of temperature

on the dissolution rate of boehmite

component B7.

11) Perform leaching tests to determine NA
the extent of boehmite conversion one

would expect under leaching

conditions during the planned testing

in PEP.

WTP-TEF-RT-08-00015, Rev. 0. This test objective
is not applicable to the current report. It will be
addressed in a future report (document number to be
determined).

Test objective 9 was added by Test Exception 24590-
WTP-TEF-RT-08-00015, Rev. 0. This test objective
is not applicable to the current report. It will be
addressed in a future report (document number to be
determined).

Test objective 9 was added by Test Exception 24590-
WTP-TEF-RT-08-00015, Rev. 0. This test objective
is not applicable to the current report. It will be
addressed in a future report (document number to be
determined).

Test Exceptions

Four test exceptions were issued for Test Plan TP-RPP-WTP-509, These test exceptions are
summarized in Table S.2 along with a brief description of how each exception impacted existing

objectives and test plan scope.
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Table S.2. Test Exceptions

List Test Exceptions Describe Test Exceptions
e 24590-WTP-TEF-RT-07-00016, This test exception released Pacific Northwest National Laboratory from
Rev. 0 test objective 2 (see Table S.1).
e  24590-WTP-TEF-RT-08-00013, This test exception did not affect any existing test plan objectives. It
Rev. 0 added test objectives concerned with 1) aging of the PEP simulants
during storage and 2) leaching of the chromium simulant. These are
objectives 6 and 7 in Table S.1.
e 24590-WTP-TEF-RT-08-00014, This test exception both affected existing test objectives and added new
Rev. 0 test objectives. Tests associated with objective 4 were modified slightly
in response to this test exception. Specifically, the temperatures to
study the filter performance were changed from 25°C, 45°C, and 65°C
to 25°C, 35°C, and 45°C. In addition, a new objective concerned with
the influence of temperature and aeration on caustic leaching processes
was added to TP-RPP-WTP-509. These are summarized in objective 8
in Table S.1.
e 24590-WTP-TEF-RT-08-00015, This test exception did not affect any existing objectives in TP-RPP-
Rev. 0 WTP-509. It added three new test objectives concerned with 1) in-depth

assessment of the boehmite leaching kinetics in the presence of
dissolved aluminate in significant concentration and 2) the extent of
leaching under planned PEP operating conditions. These are
summarized in objectives 9, 10, and 11 in Table S.1.

Results and Performance Against Success Criteria

Test plan TP-RPP-WTP-509 delineated several success criteria, which are listed in Table S.3.
Selected criteria were relevant to the test scope included in this report; the other criteria that are outside of
the reported scope are shaded.

Table S.3. Results and Performance Against Success Criteria

List Success Criteria

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

1)

2)

3)

Development of empirical information that allows
determination of the effect of initial aluminate ion
concentration on the kinetics of boehmite leaching
in a waste simulant.

Determination of the sensitivity of boehmite
leaching to carbonate, free-hydroxide, nitrate,
nitrite, oxalate, phosphate, and sulfate anions in a
waste-simulant solution.

Determination of the effect of scaling the length of
the ultrafilter element from 2-ft to 8-ft on the
performance of the filter over the expected process
operating range of transmembrane pressure, axial
velocity, and ultrafiltration temperature.

This criterion is not applicable to the current report.
Boehmite studies are addressed in report RPT-WTP-
184. Gibbsite studies are addressed in report RPT-WT-
176.

This criterion is no longer applicable. As of March 20,

2008, PNNL has been released from this objective by
Test Exception, 24590-WTP-TEF-RT-07-00016.

All testing as defined in the test plan was completed.
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Explain How the Tests Did or Did Not
List Success Criteria Meet the Success Criteria

4) Determination of the effect of temperature on the All testing as defined in the test plan was completed.
filtration flux for the waste simulant over the range
of solid concentrations and temperature conditions
for the leaching processes.

5) Determination of the effect of fine-particle This criterion is not applicable to the current report. It is
concentration on the propensity of the waste addressed in RPT-WTP-183.
simulant to foul the ultrafilter element over the
range of concentrations of operating solids in the
waste simulant.

Quality Requirements

PNNL is operated by Battelle for the U.S. Department of Energy (DOE). PNNL implements a
Quality Assurance Program that is based upon the requirements as defined in the DOE Order 414.1C,
“Quality Assurance” and 10 CFR 830, “Energy/Nuclear Safety Management,” Subpart A—Quality
Assurance Requirements. PNNL has chosen to implement the requirements of DOE Order 414.1C and 10
CFR 830, Subpart A by integrating them into the laboratory’s management systems and daily operating
processes. The procedures necessary to implement the requirements are documented through the
laboratory’s Standards-Based Management System (SBMS).

PNNL implemented the RPP-WTP quality requirements by performing work in accordance with the
River Protection Project — Waste Treatment Plant Support Program (RPP-WTP) Quality Assurance Plan
(RPP-WTP-QA-001, QAP). Work was performed to the quality requirements of NQA-1-1989 Part I,
Basic and Supplementary Requirements, NQA-2a-1990, Part 2.7, and DOE/RW-0333P, Rev 13, Quality
Assurance Requirements and Description (QARD). These quality requirements were implemented
through the River Protection Project — Waste Treatment Plant Support Program (RPP-WTP) Quality
Assurance Manual (RPP-WTP-QA-003, QAM). The analytical requirements were implemented through
the River Protection Project-Waste Treatment Plant Support Program’s (RPP-WTP)’s Statement of Work
(RPP-WTP-QA-005) with the Radiochemical Processing Laboratory (RPL) Analytical Service
Operations (ASO).

A matrix that cross-references the NQA-1, NQA-2a, and QARD requirements with the procedures for
RPP-WTP work was provided in the test plan TP-RPP-WTP-509. It included justification for those
requirements not implemented.

Experiments that were not method-specific were performed in accordance with RPP-WTP’s
procedures QA-RPP-WTP-1101 “Scientific Investigations” and QA-RPP-WTP-1201 “Calibration and
Control of Measuring and Testing Equipment” so that sufficient data were taken with properly calibrated
measuring and test equipment to obtain quality results.

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

R&T Test Conditions

The research and technology (R&T) test conditions, as defined in the BNI Test Specification 24590-
WTP-TSP-RT-07-004® and in the test exceptions listed in Table S.2 associated with the test plan TP-
RPP-WTP-509 Rev 0, are summarized in Table S.4. The R&T conditions are listed in accordance with
the specific testing category they address. These categories include:

e Boehmite dissolution tests — associated with test objectives 1, 2, 9, and 10 in Table S.1

Filtration tests — associated with test objectives 3, 4, and 5 in Table S.1

Aging tests — associated with test objective 6 in Table S.1

Chromium simulant leaching tests — associated with test objective 7 in Table S.1

PEP leaching support tests — associated with test objectives 8 and 11 in Table S.1.

Not all R&T test conditions were applicable to the tests and results presented in this report.
Conditions that do not apply are shaded in grey in Table S.4 and direct the reader to the report where the
information is (or shall be) reported.

(a) WTP Doc. No. 24590-WTP-TSP-RT-07-004, Rev 0, Simulant Testing in Support of Phase I Demonstration of
the Ultrafiltration and Leaching Processes in the Integrated Test Facility, P.S. Sundar, April 13, 2007.
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Table S.4. R&T Test Conditions

List R&T Test Conditions

Were Test Conditions Followed?

Boehmite Dissolution Tests - examine the impact
of aluminate, hydroxide, and other anions on
boehmite dissolution kinetics.

Boehmite Dissolution Tests - verify the effect of
temperature on the dissolution of boehmite
component B7 and verify the effect of aluminate
ion on the performance of the boehmite component

B3 during caustic leach at temperatures lower than
100°C.

Boehmite Dissolution Tests - provide greater
discrimination on anion impact by performing tests
under a greater range of anion concentrations.

Filtration Tests — test a base simulant under
identical process conditions with 2-ft and 8-ft filter
elements.

Filtration Tests - increase the fines loading in
filtration test base simulant to evaluate the impact
of fouling on filtration performance.

Filtration Tests - use an 8-ft filter element to
measure the filtration rate as a function of
temperature up to 45°C for the base filtration
simulant.

Aging Tests - will be performed in the 250-gal tote,
a 1-gal container in the laboratory, a container in a
heat-cycled oven, and a baffled 1-gal container that
is mixed in the laboratory. Samples will be taken
throughout the tests and characterized by particle
size distribution, settling, rheology, and centrifuged
solids content to evaluate the effect of aging on the
behavior of the simulant.

Not applicable to this report. Results discussed in
WTP-RPT-176 and WTP-RPT-184.

Not applicable to this report.

Not applicable to current testing. PNNL was
released from this requirement by Test Exception,
24590-WTP-TEF-RT-07-00016, Rev 0.

Filtration tests with an 8-ft filter element were
performed with 1) a simulant sludge solids slurry
and 2) a blended simulant slurry were performed.
The results were compared to existing 2-ft filter
data to determine if any filter length scale-up effects
impact filtration performance. The 8-ft filtration
studies employed a AV/TMP matrix used in
previous 2-ft filter studies. In most cases, the
AV/TMP set-points from the 2-ft studies could be
matched on the 8-ft CUF. However, for high AV
and/or TMP, the pump did not provide sufficient
power to achieve the targeted AV/TMP (see
Table S.5)

Not applicable to this report. Results discussed in
WTP-RPT-183.

Filtration tests using an 8-ft filter and a blended
simulant slurry were performed at three
temperatures: 25°C, 35°C, and 45°C. Tests were
originally planned to examine temperatures up to
65°C, but test exception 24590-WTP-TEF-RT-08-
00014 limited the upper temperature range to 45°C.
For these tests, axial velocity and transmembrane
set points of 13 ft/s and 40 psid were specified.
However, these set points could not be achieved
during certain test because of limited pump power
(see Table S.5). Tests allowed evaluation of the
impact of temperature on the filtration performance
of an 8-ft filter element.

Not applicable to this report.

xvi



WTP-RPT-168, Rev 0

o Table S.4. (contd)
List R&T Test Conditions Were Test Conditions Followed?
Chromium Simulant L eaching Tests - will be Not applicable to this report.

performed with both a caustic leach and an
oxidative leach to evaluate the leaching
performance of the various vendor batches of Cr-
simulant.

PEP Leaching Support Tests - are to be carried Not applicable to this report.
out with the vendor-produced 250-gal batch of the

PEP simulant and the vendor-produced CrOOH

Test Batch 1 simulant slurry. The tests are directed

to determine the mass loss and aluminum and

chromium dissolution rates during caustic leaching

under varying temperature processing conditions

without aeration in both UFP-1A/B and UFP-2A/B

vessels as well as to measure the effect of aeration

on chromium leaching in UFP-2A/B.

PEP Leaching Support Tests - will be performed ~ Not applicable to this report.
using a vendor-produced 250-gal batch of the PEP

simulant. The tests are directed to measure the

extent of boehmite conversion expected under

leaching conditions during the planned testing in the

PEP.

Simulant Use

Use of actual Hanford tank waste in the PEP is not possible because of safety, cost, and volume
concerns. To address the need for demonstration of separation and leaching processes at PEP, PNNL
developed a waste simulant that mimics the chemical, leaching, and ultrafiltration behaviors of actual tank
waste under Test Plan TP-RPP-WTP-469. A simulant formulation developed under TP-RPP-WTP-469
was used for simulant tests described in the controlling test plan, TP-RPP-WTP-509, which includes the
scale-up and temperature test described in this report. A detailed description of the rationale, approach,
and testing of the simulants used in the execution of TP-RPP-WTP-509 may be found in WTP-RPT-183.
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The testing reported here includes two test discrepancies, which are described in Table S.5.

Table S.5. Test Discrepancies Listed and Described

Test Discrepancies

Description

1)

2)

During execution of temperature tests associated with
test objective 3 (Section 6.2.1 of TP-RPP-WTP-509),
the pump did not deliver sufficient power to achieve
some target AV and TMP combinations.

During execution of temperature tests associated with
test objective 4 (Section 6.2.2 of TP-RPP-WTP-509),
the target axial velocity of 13 ft/s could not be
achieved at a transmembrane of 40 psid after caustic-
leaching and washing of the blended simulant slurry.

Filter scale-up testing (described in Section 6 of this
report) targeted a matrix of AV and TMP. Because of
significant pressure drop across the 8-ft filter, the
pump used to circulate the test slurry through the filter
element could not provide sufficient power to achieve
the highest AV and TMP. For all 8-ft scale-up tests,
including those at low and high UDS concentrations
for the simulant sludge solids and blended simulant
slurries, AV/TMP conditions of 17/40 and 13/60
(where TMP is in psid and AV is in ft/s) could not be
achieved under the current pump configuration. For
the affected tests, the highest AV achievable at the
target TMP was employed (13.4-14.2 ft/s at 40 psid
and 11.8-12.6 ft/s at 60 psid).

Filtration targeted an AV of 13 ft/s and a TMP of 40
psid. During temperature tests associated with the
leached blended simulant slurry (test objective 4), the
pump could not deliver sufficient power to drive the
slurry through the 8-ft filter element at the targeted
AV and TMP combination. The highest AV
achievable at an operating TMP of 40 psid was
employed. For temperature testing of the post-leach
slurry, the pump was only able to provide power
sufficient to achieve AV of 10 to 11 ft/s at a TMP of
40 psid. Section 7 of this report provides additional
details.
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1.0 Introduction

The scale-up performance of sintered stainless steel crossflow filter elements planned for use at the
Pretreatment Engineering Platform (PEP) and at the Waste Treatment and Immobilization Plant
(WTP) were characterized in partial fulfillment (see Table S.1) of the requirements of Test Plan
TP-RPP-WTP-509.® This test report details the results of experimental activities related only to filter
scale-up characterization. These tests were performed under the Simulant Testing Program supporting
Phase 1 of the demonstration of the pretreatment leaching processes at PEP. Pacific Northwest National
Laboratory (PNNL) conducted the tests discussed herein for Bechtel National, Inc. (BNI) to address the
data needs of Test Specification 24590-WTP-TSP-RT-07-004." Scale-up characterization tests employ
high-level waste (HLW) simulants developed under the Test Plan TP-RPP-WTP-469.)

The experimental activities outlined in TP-RPP-WTP-509 (WTP Doc. No. 24590-101-TSA-W000-
0004-72-00019 Rev 00A) examined specific processes from two broad areas of simulant behavior: 1)
leaching performance of the boehmite simulant as a function of suspending phase chemistry and 2)
filtration performance of the blended simulant with respect to filter scale-up and fouling. This test report
contains only results of the filtration performance with respect to scale-up. Test results for boehmite
leaching as a function of suspending phase concentration may be found in Test Report WTP-RPT-184,¢
whereas test results for filter fouling characterization may be found in Test Report WTP-RPT-183.©

The primary goal of scale-up testing was to examine how filter length influenced permeate flux rates.
To accomplish this, the existing cells unit filter system, which employs a 2-ft-long, 0.5-in. (inner)
diameter sintered stainless steel filter element, was redesigned to accommodate an 8-ft sintered stainless
steel filter element of the same diameter. Testing was then performed to evaluate the filtration
performance of waste simulant slurries. Scale-up testing consisted of two separate series of filtration
tests: 1) scale-up axial velocity/transmembrane pressure (AV/TMP) matrix tests and 2) scale-up
temperature tests. The AV/TMP matrix tests examined filtration performance of two different waste
simulant slurries in the 8-ft cells unit filter system. Waste simulant slurry formulation for the 8-ft scale-
up test was selected to match simulant slurries for which filtration performance had been characterized on
the 2-ft cells unit filter system. For the scale-up temperature tests, the filtration performance at three test
temperatures (i.e., 25°C, 35°C, and 45°C) was determined to evaluate if filter flux versus temperature
correlations developed for and applied to 2-ft filter performance also correlated temperature performance
for 8-ft filters.

(a) RC Daniel, and RW Shimskey. 2007. Test Plan for Simulant Testing in Support of Phase | Demonstration of
the Ultrafiltration and Leaching Processes in the Integrated Test Facility. 24590-101-TSA-W000-0004-72-
00019 Rev 00A (TP-RPP-WTP-509, Rev. 0). Pacific Northwest National Laboratory, Richland, Washington.

(b) PS Sundar. 2007. Simulant Testing in Support of Phase | Demonstration of the Ultrafiltration and Leaching
Processes in the Integrated Test Facility. 24590-WTP-TSP-RT-07-004, Rev. 0, Bechtel National, Inc.,
Richland, Washington.

(¢) RL Russell, and HD Smith. 2007. Test Plan for the Development and Demonstration of Leaching and
Ultrafiltration Simulants. 24590-101-TSA-W000-0004-182-00001 Rev 00A (TP-RPP-WTP-469, Rev. 0),
Pacific Northwest National Laboratory, Richland, Washington.

(d) RL Russell, RA Peterson, HD Smith, DE Rinehart, PM Aker, and EC Buck. 2008. Development and
Characterization of Boehmite Component Simulant. WTP-RPT-184, Pacific Northwest National Laboratory,
Richland, Washington.

(e) RL Russell, HD Smith, JM Billing, RA Peterson, and DE Rinehart. 2008. Development and Demonstration of
Ultrafiltration Simulants. WTP-RPT-183, Pacific Northwest National Laboratory, Richland, Washington.
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Ultimately, the filter scale-up testing results reported herein will allow assessment of the impact of
filter length on filter performance. To date, bench-scale filtration studies for waste simulants and actual
waste have primarily employed 2-ft filter elements. Data derived from these bench-scale studies help
form the design basis for WTP. However, both PEP and WTP filtration process will employ 8- and 10-ft
filter element bundles, and as such, there is an existing need to evaluate the influence length has on
filtration performance. The tests and test results described in this report help address this need.
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2.0 Quality Requirements

PNNL’s Quality Assurance Program is based on requirements defined in U.S. Department of Energy
(DOE) Order 414.1C, Quality Assurance, and Title 10 of the Code of Federal Regulations (CFR)
Part 830, “Energy/Nuclear Safety Management,” Subpart A—Quality Assurance Requirements (a.k.a. the
Quality Rule). PNNL has chosen to implement the requirements of DOE Order 414.1C and 10 CFR 830,
Subpart A by integrating them into the Laboratory’s management systems and daily operating processes.
The procedures necessary to implement the requirements are documented through PNNL’s Standards-
Based Management System (SBMS).

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 will be 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 Description (QARD). 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 analytical requirements are implemented through RPP-WTP’s
Statement of Work (RPP-WTP-QA-005) with the Radiochemical Processing Laborator