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SUMMARY

."Process waste streams from the Hanford Waste Vitrification Plant (HWVP)
may require\treatment for cesium, strontium, and transuranic (TRU) element
removal in order to meet criteria for incorporation in grout. The approach
planned for cesium and strontium removal is ion exchange using a zeolite
exchanger followed by filtration. Filtration using a pneumatic hydropulse
filter is planned to remove TRU elements which are associated with process
solids and to also remove zeolite bearing the cesium and strontium. The
solids removed during filtration are recycled to the melter feed system to be
incorporated into the HWVP glass product. Fluor Daniel, Inc., the architect-
engineering firm for HWVP, recommended a Pneumatic Hydropulse (PHP) filter
manufactured by Mott Metallurgical Corporation for use in the HWVP. The
primary waste streams considered for application of zeolite contact and
filtration are melter off-gas condensate from the submerged bed scrubber
(SBS), and equipment decontamination solutions from the Decontamination Waste
Treatment Tank (DWTT). Other waste streams could be treated depending on TRU
element and radionuclide content. Laboratory and pilot-scale filtration tests
were conducted to provide a preliminary assessment of the adequacy of the
recommended filter for application to HWVP waste treatment.

Previous filtration tests were conducted on laboratory and pi]dt-sca]e
filters in Fiscal Year (FY) 1989 and early FY 1990 to determine filter
performance at projected HWVP process conditions. Based on the results of
these tests, it was shown that the proposed filtration system was expected to
achieve the design volume throughput (16.3 ga]/ft2 at 1000 ppm process feed
solids) and solids loading (250 Q/ftz combined process solids and zeolite)
without exceeding the design pressure drop of 40 psi while achieving very high
solids removal efficiency. There was no indication that the proposed filter
would not perform as projected. A simulant feed stream of Fe(OH)3 at 180 ppm
which is approximately the same Fe concentration as expected in the SBS, was
shown to be an appropriate simulant for filtration tests. Unground zeolite,
with a typical particle size of 30-50 4, by itself was not effective as a body
feed so diatomaceous earth (DE) added as a body feed was required to
successfully filter the simulated waste stream. Body feed is a material added
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to the feed stream be1ng filtered to improve filtration characteristics (i.e.,
increased throughput at the same pressure drop).

During the tests presented in this report, specially ground IE-96 zeolite
added to the simulant feed stream in the amount projected to adsorb Cs and Sr
(3.04 g/L) was tested as a substitute for DE body feed. The specially ground
zeolite was prepared by Union Carbide using the same grinding procedure as
previously used to prepare the ground zeolite tsed in previous PNL adsorption
tests. The zeolite was ground so that 99% of it passed through a 200 mesh
sieve. This zeolite had a median particle size of 19.7 u with 50.7% of the
particles less than 20 u, and 32.2% less than 10 u. Process performance was
determined primarily by pressure drop across the filter as a function of -
volume throughput and solids removal efficiency.

The results of these current tests indicate that the use of the specially
ground zeolite, only in the amount required for Cs and Sr adsorption (3.04
g/L) was unacceptable, based on the design pressure drop of 40 psi. The five
consecutive pilot-scale filter cycles under the projected process conditions
resulted in terminal pressure drops that ranged from 33.7 to 55.7 psi with
three of the five tests exceeding the required 40 psi Timit. A1l but one of
the pilot-scale tests were run at pH-9 with the other one at pH 12. The
filtration characferistics were not changed significantly by changing the pH.
Solids-removal efficiency during all tests was excellent and was typically
about 99.9%. Based on results of laboratory and pi]dt-scale tests, the use of
specially ground zeolite as body feed is not acceptable for HWVP operation.
The design basis for HWVP should be modified to be consistent with results of
these tests.
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1.0 INTRODUCTION

The Hanford Waste Vitrification Plant (HWVP) is being designed to provide
a vitrification facility to immobilize Hanford high-level liquid defense waste
into a borosilicate glass matrix. The high-level waste will be pretreated and
transferred to the vitrification facility as a feed. In the HWVP, the waste
is concentrated, chemically adjusted to make melter feed, and then converted
to glass. The glass product will be sealed in canisters, which are
decontaminated, and stored onsite until the canisters are shipped to a federal:
repository. Liquid process wastes generated in the HWVP will be incorporated
into grout. In order to be incorporated into grout, the process wastes must
be nontransuranic (non-TRU) and meet specific requirements for radionuclide
content.

Fluor Daniel, Inc., the architect-engineering firm for HWVP, has
recommended a Pneumatic Hydropulse (PHP) filter manufactured by Mott
Metallurgical Corporation for reduction of process solids containing
transuranic (TRU) elements and removal of zeolite used for cesium and
strontium recovery. The Pneumatic Hydropulse filter achieves particulate
rempval by allowing the feed slurry to flow radially outward trough tubular,
sintered metal elements. The filter operating cycle consists of precoating
the filter element with diatomaceous earth precoat, feed slurry filtration,
heel drainage, and use of a pneumatic pulse to blowdown collected solids. The
Pneumatic Hydropulse (PHP) filter gets its name from this pneumatic pulse used
to remove solids from the filter. The solids are discharged to a receiver
tank through a valve. The particular PHP filter recommended for HWVP
application is similar in construction to a vertically-mounted, single pass,
shell-and tube heat exchanger, with filter elements replacing the exchanger
tubes. The Tiquid flows radially outward through the porous walls of the
elements and leaves the filter from the "shellside.” Solids retained inside
the elements are.periodically purged through the valve in the bottom head of
the unit into the receiver tank. The solids removed by filtration in HWVP
will be recycled to the melter feed system for incorporation in to the HWVP
glass product.




Short-term Toading efficiency tests were conducted in Fiscal Year (FY)
1989 and early FY 1990 on the Fluor Daniel, Inc. selected filter (laboratory
and pilot-scale) to verify operation using HWVP processing conditions. These
previous tests (Eakin 1990) were conducted to provide information on
operational characteristics and other performance factors that are necessary
to assess the feasibility of using this equipment in a canyon with remote
maintenance requiremedts. The present tests were conducted specifically to
determine if specially ground IE-96 zeolite added in the amount to adsorb Cs
and Sr would also serve as sufficient body feed in piace of diatomaceous earth
(DE).

This activity conducted by Pacific Northwest Laboratory (PNL) was
described in the Hanford Waste Vitrification Plant Applied Technology Plan
(WHC-EP-0350). This report presents the results of the filtration studies to
satisfy the requirements of Deliverable 1.2.2.03.06A, "Issue Report Evaluating
Filtration Parameters," described in the draft "Fiscal Year 1991 SOW for
Applied Technology Tasks to be Performed by Pacific Northwest Laboratory in
support of the HWVP" (WHC-SP-0638).




2.0 CONCLUSIONS AND RECOMMENDATIONS

Laboratory and pilot-scale filtration tests were conducted by Mott

Metallurgical, Corporation (the filter manufacturer) to determine the adequacy
of the PHP filter using only specially ground zeolite without diatomaceous
earth added as body feed during filtration of the SBS simulant. The results
of these current tests indicate that the use of the specially ground zeolite,
only in the amount (3.04 g/L) required for Cs and Sr adsorption,-was
unacceptable. Additional conclusions are as follows:

The five consecutive pilot-scale filter cycles using projected HWVP
conditions had an average terminal pressure drop of 42.6 psi (range 33.7
to 55.7) with three of the five tests exceeding the required pressure
drop of 40 psi.

The laboratory-filtration tests showed an improvement in filtration
characteristics (lower terminal pressure drop) when the pH was lowered
from 12 to 9. The pilot-scale filtration tests did not show this
improvement, although only one of the 13 runs was conducted at pH 12
with all the rest at pH 9.

The results of the laboratory-filtration tests showed that without DE
body feed the performance (volume throughput at equivalent pressure
drops) of the specially-ground zeolite was better than the previously
used'unground zeolite. The pilot-scale filtration tests did not show
any significant difference between the specially- ground zeolite and the

" previously used unground zeolite.

The filtrate quality was excellent throughout the testing indicating
high solids-removal efficiency. The filtrate Total Suspended Solids

(TSS) levels were below 0.5 ppm for all pilot-scale tests. Based on the:

feed process solids of 180 ppm, the solids-removal efficiency ranged
from 99.8% to 99.97% and was generally at about 99.9% or better.

Based on results of these tests and previous work, the use of specially
ground zeolite in place of diatomaceous earth for body feed is
unacceptable for‘HNVP operation.




Based on the results of these 'lal;oratory and pi]ot-sc.ale filtration
tests which have shown that specially-ground zeolite without DE body feed is
unacceptable, additional testing is not required. The design basis for HWVP
should be-modified to be consistent with results of fhese tests.




3.0 OBJECTIVES

. The primary objective of this testing program was to provide HWVP design
verification of the recommended filter performance, using specially ground
zeolite, by conducting laboratory and pilot-scale filtration tests. The
primary f11ter design objective was to achieve a terminal solids loading of
250 g/ft (combined process solids and zeolite based only on a zeolite content
required for Cs and Sr adsorption) at 1ess than or equal to a 40 psi pressure
drop at a 0.2 gpm/ft flux rate. '

Laboratory and pilot-scale filtration tests conducted in FY 1989 and
early FY 1990 demonstrated that the proposed filtration system is expected to
achieve the design volume throughput and solids loading without exceeding the
design pressure drop while achieving very high-solids removal efficiency (1).
However, these tests also demonstrated that diatomaceous earth body feed, in
addition to the filter precoat, is required when using unground zeolite ion
exchanger. The primary objective of these tests was to determine if specially
ground zeolite added in the projected amount to adsorb Cs and Sr is an
effective body feed in place of diatomaceous earth.




4.0 STUDY APPROACH

Laboratory and pilot-scale filtration tests were conducted to determine
the performance adequacy of the recommended pneumatic hydropulse (PHP) filter
using specially ground zeolite. Mott Metallurgical Corporation was contracted
to conduct the filtration testing because the facilities and equipment were in
place. Mott routinely provides similar testing support.

The previous tests (Eakin 1990) conducted by Mott showed that a feed
stream containing 180 ppm Fe(OH)3 was an appropriate simq1ant for the
projected SBS stream. This 180 ppm Fe(OH)3 simulant was used for both the
laboratory and pilot-scale filter tests discussed in this report. Specially
ground IE-96 zeolite was prepared using the same grinding parameters as were
used to prepare the ground zeolite which was used in previous adsorption tests
(Bray, et al. 1990). This specially ground zeolite had a median particle size
of 19.7 p with 50.7% less than 20 u, 41% less than 15 u, and 32.2% less than
10 p. Laboratory-scale filtration tests were conducted using zeolite but no
diatomaceous earth as body feed.

The pilot-scale tests were then conducted to confirm the adequacy of the
PHP filter under repeated cycles and under conditions that approximate
expected HWVP conditions. The pilot-scale filter was operafed in the same
mode as projected for the full-scale filter (i.e. precoated upflow and loaded
downflow).' The pilot-scale filter had a filtration area of 21.6 ft2 which was
almost 1/3 that of the 75 t2 now projected for the full-scale HWVP filter.
Thus, the conditions during testing closely approximated those expected for
actual HWVP operation. Laboratory- and pilot-scale filter performance was
determined by measuring pressure drop across the filter and solids-removal
efficiency as a function of filtrate volume throughput.




.5.0 TEST EQUIPMENT AND. MATERIALS DESCRIPTION

Test equipment and materials are subsequently described. Detailed
descriptions of the laboratory and pilot-scale filtration test equipment and
experimental design gre included in Appendix A, "Laboratory Test Report No. 3
- SBS Simulant Filtration Using the Mott Hypulse LSM."

Specially ground IE-96 is prepared by grinding the granular form of IE-96
zeolite. IE-96 is a chabazite type (a hydrated sodium calcium aluminum
silicate ) of zeolite in the sodium form. The granular form of IE-96 is _
prepared by ion exchange conversion of granular IE-95 which is in the calcium
form. This ion exchange process is done with the zeolite in the granular form.
Therefore in order to obtain IE-96 in particle sizes less than the
commercially available granules (typical size 30-50 x) it must be specially
ground whereas the IE-95 may be obtain in the original unbounded form. A clay
binder is used to manufacture the granular IE-95 from the unbound form. Thus
the specially ground IE-96 contains the clay binder at about the 5 wt% level.
The chemical composition of IE-96 is shbwp in Table 5.1. Clay has a typical
chemical composition of A1203Si02’xH20. Because of the similarities in
chemical compositions, clay, when added at the 5 wt% level, will have very
Tittle impact on the chemical composition of the zeolite.

TABLE 5.1. Comﬁosition of Zeolite IE-96 (Includes Clay Binder)

Component o~ Wt%
Sioz 68.23
A1203 17.17
Nazo 8.28
KZO _ .46
Mg0 .75
Ca0 . .81
Fezo3 3.83
T]OZ .47

Squrce: Sharp 1988.




Laboratory-Scale Tests

‘Laboratory-scale filter feasibility tests were performed using the Mott 70
MM disc test filter (0.031 £t2 area) having-a nominal 2.0 micron pore size
porous metal filter. The laboratory filter equipment arrangement is shown in
Figure 5.1. The filter was pre-coated with a diatomaceous earth slurry at 1
gpm/ft2 to a final 0.1 1b/ft2 precoat solids loading by pumping from the pre-
coat tank. The feed solution was then pumped through the filter at 0.2
gpm/ft2 (the projected design rate). _Information recorded during testing were
flowrate, pressure drop, temperature, cycle time, volumetric throughput,
weight of backwash slurry, and filtrate tufbidity. Filtrate turbidity was
determined using a Hach Turbidimeter. Filtrate quality (solids content) was
evaluated via Millipore analysis using 0.45 micron paper. The filter aid
(diatomaceous earth) evaluated was Manville Standard Super Cell. Specially
ground IE-96 zeolite was obtained from Union Carbide having a median particle
size of 19.7 u. '

Pilot-Scale Tests

The pilot-scale filtration system is shown in Figure‘s.z The system
consists of a pre-coat slurry feed tank and pump; a concentrate makeup and
feed system; a slurry feed tank and flow control loop; the filter; a sampling
filtrate receiver; and a slurry backwash receiver. The test system was
assembled to provide for a precoating operation and a continuous makeup of
feed slurry. Due to the large volume of water to be filtered and treated,
and the limited space and disposal facilities available, filtrate from both
the precoat and feed was recycled and reused.

The flowrate to the filter was controlled by speed control on the delivery
pump. The feed slurry flow was controlled by a set point single Toop
controller which adjusted the speed of a centrifugal pump. The pre-coat flow
is set by air flow to an air powered diaphragm pump. This flow was set once
and did not require readjustment since the precoating was always done at the
same flow and pressures. The concentrate flow to the slurry tank was manually
controlled with a valve. Concentrate flow was set, and the tank volume was
closely monitored to measure flow rate. The pilot-scale filter consisted of
(7) tubular porous metal elements of 2.5 inch outside diameter, 59.75 inch
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porous length, made from porous 316L stainless steel with a rating of 2 micron
filtration capability. The filtration area is 21.6 ft2 based on the elements
inside djameter of 2.375 inch diameter. These elements were installed within
a 10 inch diameter housing as a tube bundle assembly between two vessel
flanges. '
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6.0 TEST DESCRIPTION

The general procedures for the laboratory and pilot-scale filtration
tests are described in this section. Additional detail is provided in
Appendix A. ‘

The general procedure for the laboratory scale test was to first pre-
coat the filter at 1 gpm/ft2 to a final diatomaceous earth (DE) loading of .0.1
1b/ft2. The feed was pumped to the filter at 0.2 gpm/ftz, and the filtrate
collected. The feed rate was continued until a maximum of 45 psi pressure
drop was reached (40 psi was the desired terminal pressure drop) or the entire
"desired” volume of feed (1900 cc) gave the equivalent total solids loading
(zeolite needed for adsorption only and process solids) of 250 g/ft2 which was
used by Fluor-Daniel as the basis for design calculations. After termination
of feed flow, the filter cake was dewatered at the terminal differential
pressure by passing air through the filter. Then the filter housing was
inverted and pressurized at 20 psi above the terminal differential pressure to
backwash the filter. The filter was visually inspected and reassembled for
the next test cycle.

A1l of the Taboratory filtration tests were conducted at the projected
HWVP operating temperature range of 110-130°F using 0.1'1b/ft2 DE precoat and
feed containing the projected amount of zeolite (fbr Cs and Sr removal) of
3.04 g/L. The feed contained 180 ppm Fe(OH)3 simulant, and filtration tests
were conducted at pH 9 and 12. None of the laboratory tests included DE as
body feed. The amount of zeolite was increased from the initial 3.04 g/L to
4.04, 5.04, and 6.04 g/L.

The procedure for the pilot-scale filtration test was to precoat the
filter with a dilute slurry (0.65 wt%) flowing at 1 gpm/ft2 in the up-flow
mode to a final DE Toading of 0.1 1b/ft2. The filtrate was returned to the
pre-coat feed tank and was recycled through the filter until the pﬁecoat
solution was clear, and the precoat DE had been loaded on the filter. The
feed s]urfy tank pump was then started without interruption of flow to
maintain pre-coat integrity. The feed flow was adjusted to maintain the
terminal pressure obtained during the pre-coat cycle. The feed flow was
gradually decreased to the desired flow rate of 0.2 gpm/ftz, and the clean
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filtrate returned to the feed makeup tank. The feed was filtered in the down-
flow mode. The feed flow was continued until the pressure drop reached 50 psi
(the desired pressure drop was 40 psi) or the desired volume throughput based
on solids loading had been reached. The desired volume of 354 gallons was the
volume of feed solution that would give the "projectéd" solids loading
capability of the filter at 250 g/ft2 combined process solids at 1000 ppm and
zeolite at 3.04 g/L. The previous filtration tests had shown that the 180 ppm
Fe(OH)3 simulant gave filtration results equivalent to the SBS at 1000 ppm -
total process solids. The feed flow was then terminated and the filter
backflushed with 45 psi air. The filter was then returned to the operation
mode for the next cycle. .

The conditions for pilot-scale testing were:

1) 3.04 d/L zeolite at pH 9 with 0 and 1.0 g/L DE body feed at pH 9
2) 4.04 g/L zeolite with no DE body feed at pH 9 and 12

3) 5.04 g/L zeolite with no DE body feed at pH 9 .

4) 6.04 g/L zeolite with no DE body feed at pH 9

13




7.0 RESULTS OF LABORATORY FILTRATION TESTS

The results of the laboratory filtration tests are subsequently
discussed. Additional detail is provided in Mott’s report, "Laboratory Test
Report No. 3 - SBS Simulant Filtration Using the Mott Hypulse LSM" included in
Appendix A. A1l laboratory filtration tests were conducted using a
diatomaceous earth (DE) precoat of 0.1 'lb/ftz with no DE body feed and 180 ppm
Fe(OH); as simulant feed. The filtration tests were run until the "desired"
throughput of 1900 cc’s was achieved or the maximum terminal pressure drop of
about 45 psi was reached (desired terminal pressure drop was 40 psi). The
results of the laboratory-scale tests are summarized in Table 7.1.

TJABLE 7.1. Summary of Laboratory Filtration Tests

Total Volume Terminal

Iégg Test Condition Throughput (cc's)(a) aP {gsi)(b)
1 3.04-g/L zeolite, pH=12 1340 45

2-1 4.04 g/L zeolite, pH=12 860 45

2-2 4.04 g/L zeolite, pH=12 1010 46.5
3-1 5.04 g/L zeolite, pH=12 1130 _ 47
3-2 5.04 g/L zeolite, ph=l2 1080 46

4 6.04 g/L zeolite, pH=12 1510 47

5 6.04 g/L zeolite, pH=g 1600 25(¢)

6 , 5.04 g/L zeolite, pH=9 2000 41.5

A1l tests conducted using 0.1 1b/1"'t2 DE precoat but no DE body feed and 180
ppm Fe(OH)3 as simulant feed. .

(a) Desired throughput = 1900 cc’s.
(b) Desired terminal -pressure drop = 40 psi
(c) Ran out of feed during test run

14




Test 1 started with an initial zeolite (specially ground) concentration
of 3.04 g/L which is the amount that has been projected as required for Cs and
Sr adsorptioh'for SBS waste treatment. The initial pH tested was 12. The
volume throughput of 1340 cc’s was less than the desired throughput of 1900
cc’s and the terminal pressure drop of 45 psi exceeded the desired pressure
drop of 40 psi. During the previous testing using unground zeolite under
similar conditions (180 ppm Fe(OH)3, pH=12) but with 3 g/L of DE body feed,
the pressure drop was 16 psi at a throughput of 1900 cc’s. At 180 ppm Fe(OH)3
and pH=12 but without DE body feed, the throughput was 660 cc’s at 40 psi
during the previous testing using unground zeolite. Thus, the performance of
the specially ground zeolité was better than the previously used unground
zeolite but was less satisfactory than the previous use of DE body feed.

Tests 2-1 through 4 then evaluated increasing the amount of specially-
ground zeolite from the initial level of 3.04 g/L to 4.04 g/L (tests 2-1 and
2-2), 5.04 g/L (tests 3-1 to 3-2), and 6.05 g/L (test 4) all at a feed pH of
12. Increasing the amount of zeolite apparently improved the filtration
characteristics with a throughput of 1510 cc’s being achieved at a terminal
drop of 47 psi in test 4. Although the results of test 1 do not necessarily
fit this trend, these results may not be fully representative as repetitive
runs were not conducted. The purpose of these laboratory tests was not to
optimize conditions or statistically obtain repetitive data but to obtain
information for conducting the pilot-scale filter tests.

Lowering the pH from 12 to 9 improved the filtration characteristics. At
a zeolite concentration of 6.04 g/L, the throughput was 1600 cc’s at a
pressure drop of only 25 psi at pH=9 (test 5) compared to 1510 cc’s and a
pressure drop of 47 psi at pH=12 (test 4). At a zeolite concentration of 5.04
g/L, the throughput was 2000 cc’s at 41.5 psi in test 6 (pH=9) compared to
1130 cc’s at 47 psi in test 3-1 (pH=12), and 1080 cc’s at 46 psi in test 3-2
(pH=12). Although more zeolite was used in test 6 than the projected required
amount of 3.04 g/L, the volume throughput of 2000 cc’s at 41.5 psi was very
close to the desired throughput of 1900 cc’s at less than or equal to 40 psi
pressure drop.

_ Because previous testing had shown improved performance of the pilot-
scale filter compared to the Taboratory disc filter, testing proceeded to the
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pilot-scale filter although results were not-as good as those previously
achieved using DE body feed. ‘ :

The filtration solids-removal efficiency was not determined for the
laboratory-scale filter tests. However, as shown in Table 7.2, the filtrate
for all tests had extremely-low turbidity values (a Tight scattering
measurement) indicating very high-solids removal efficiency. The exception
being Test 1 which had a composite filtrate Nephometic Turbidity Unit (NTU)
reading of 3.2 which may have resulted from less than adequate precoating
(although the exact reason is unknown). The solution turbidity was measured
in Nephometic Turbidity Units (NTU’s) using a Hach Turbidimeter. The higher
the turbidity reading in NTU’s, the more. turbid (unclear) the solution is,
-indicating a higher solids content.

The results of the laboratory filtration tests showed that:

1) Without the addition of diatomaceous earth body feed or extra
zeolite, the desired volume throughput and solids loading was not
achieved without exéeeding the design pressure drop under projected
process conditions

TABLE 7.2. Summary of Composite Filtrate Turbidity

Test Composite Filtrate Turbidity
1 3.2 NTU’s(2)

2-1 1.7

2-2 1

3-1 1.1

3-2 0.86

4 0.68

5 0.31

6 0.91

(a) Nephometic Turbidity Units using Hach Turbidimeter

16




2) The specially-ground 1E-96 apparently performed bettef than the’

3)

previously used zeolite when used without DE body feed but did not

perform as good as when DE body feed was added to the. unground
zeolite.

Based on previous experience that the pilot-scale filter performed
better than the laboratory-scale filter (lower pressure drop at
equivalent throughput) testing the use of specially ground zeolite

" should proceed to the pilot-scale filter.
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8.0 RESULTS OF PILOT-SCALE FILTRATION TESTS

The results of the pilot-scale filtration tests are discussed below.
Some additional discussion is provided in Mott’s report, "Laboratory Test
Report #3 - SBS Simulant Fi]tratipn Using the Mott Hypulse LSM," included in
Appendix A.

The results of the pilot-scale filtration tests are éummarized in Table
8.1. The pilot-scale filtration tests were conducted using the 180 ppm
Fe(OH)3 feed simulant. The initial tests were conducteﬁ at pH=9 and used 6.04
g/L specially-ground zeolite which was the maximum amount used in the
laboratory-scale tests. The desired throughput at these conditions was 354
gallons at a desired terminal pressure drop of less than or equal to 40 psi.
Tests 1-1 and 1-2, using these conditions, gave considerably different
results, respectively, having terminal pressure drops of 46.0 psi (at 337
gallons throughput) and 20.5 psi (at 369 gallons throughput). The variation
from cycle to cycle was attributed by Mott to slurry concentration variation
from pumping the concentrated feed to the slurry feed tank. These initial
tests are used to indicate directions that subsequent testing should take and,
once apparent satisfactory conditions are found, then repetitive cycles are
run to determine "typical" filtration characteristics. Thus, Mott did not run
repetitive cycles at these conditions to determine an "average" pressure drop.

Tests 2 through 5 evaluated decreasing the amount of zeolite from 6.04
g/L to 5.04, 4.04, and 3.04 g/L. The results of Test 2 at 5.04 g/L zeolite
~and pH of 9, showed a throughput of 363 gallons at only 20 psi terminal
pressure drop. Test 3 then increased the pH to 12 and reduced the zeolite
needed to 4.04 g/L. The resulting pressure drop of 48.3 'psi at a throughput
of 352 gallons exceeded the desired maximum pressure drop of 40 psi. Changing
the pH to 9 in Test 4 did not significantly chénge the filtration
characteristics as the terminal pressure drop was 48.3 psi at a throughput of
382 gallonms. '

Tests 5-1 through 5-5 were then conducted under the same conditions
using the 3.04 g/L zeolite projected as required for Cs and Sr adsorption at a
pH of 9. These five cycles had an average pressure drop of 42.6 psi with a

18




TABLE 8.1. Summary of Pilot-Scale Filtration Tests

. DE Body Nominal Throughput, Terminal
Jest  Zeolite, g/l Feed., a/L pH . Gal. . 4P

1-1 - 6.04 0 ' 9 337 46.0 °
1-2 6.04 0 9 369 20.5
2 ' 5.04 0 9 363 20.0
3 4.04 0 12 352 49.2
4 4.04 0 9 382 48.3
5-1 3.04 0 9 365 33.7
5-2 3.04 0 9 367 44.0
5-3 3.04 0 9 363 55.7
5-4 3.04 0 9 365 44.7
5-5 3.04 0 9 363 35.1
- 6-1 3.04 1.0 9 365 20.0
6-2 '3.04 1.0 9 363 44.2
6-3 3.04 1.0 9 389 23.3

range from 33.7 to 55.7 psi at an average throughput of about 365 gallons.
This average presshre drop is only slightly greater than the desired 40 psi
but indicates that the use of specially ground zeolite without DE body feed is
unacceptable based on this criteria. These results are significantly less
satisfactory than those previously obtained when body feed of 0.5 and 3.0 g/L
DE, used with unground zeolite, resulted in terminal pressure drops of only
4.2 and 3.8 psi, respectively.

The improvement in filtration characteristics is shown by the results of
Tests 6-1'through 6-3 where 1.0 g/L DE was added as body feed. With the
exclusion of Test 6-2 (which had a higher-than-expected terminal pressure drop
“attributed by Mott to be caused by improper mixing in the concentrate feed
tank) the average pressure drop with the 1.0 g/L DE body feed was 21.7 psi.

The results of previous pilot-scale filter tests (Eakin 1990) are shown
in Table 8.2. During previous tests the terminal pressure drop across the
filter was 45.0 psi without any DE body-feed (test #4) using unground‘zeo1ite.
This is comparable to the average of 42.6 psi for the current tests 5-1
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TABLE 8.2. Summary of Previous Pilot-Scale Filtration Tests

DE Body Desired - Actual Term.

Test Fe(OH)3, Zeo]ite(a), Feed, Nominal Throughput, Throughput, AP,
_bpm a/L a/L pH gal. gal. psi

1 180 3.04 3.0 S 354 355 3.8
2 90 1.52 1.5 9 709 862 5.8
3 180 3.04 0.5 9 354 391 4.2

4 180 3.0 . 0 9 354 363 45.0

5 360 3.04 1.0 9 354 388 44.0
"6 180 3.04 0.5 12 354 381 5.0
7 30 0.51 0.5 9 2124 2376 7.0

(a) Unground zeolite with typical particle size of 30-50 p (Eakin 1990).

through 5-5 using specially-ground zeolite which had the same conditions
except for the differences ih zeolite. The previously used unground zeolite
had a typical particle size of 30-50 x compared to the median particle size of
19.7 x for the specially ground zeolite used in the current tests. The
addition of 0.5 g/L DE bodyfeed in previous test #3 lowered the terminal
pressure drop to 4.2 and the addition of 3.0 g/L DE bodyfeed reduced it to 3.8
psi. This is considerably less than the 20.0, 44.2, and 23.3 psi experienced
in current tests 6-1,6-2,and 6-3 which all contained 1.0 g/L DE bodyfeed.
Based on this Timited information the previously used unground zeolite appears
to perform better than the specially-ground zeolite when both are used with DE
bodyfeed. However, the results of both the current and the previous testing
confirm the need for DE bodyfeed when filtering the HWVP simulated SBS stream.
The summary of filtrate quality and solids removal efficiency is shown in
Table 8.2. 'The material balance is based only on the process-solids simulant
excluding zeolite and DE ﬁrecoat and assumes that all of the filtrate solids
are process solids simulant, thereby giving the most conservative solids-
removal efficiency measurement. The filtrate quality was excellent throughout
the testing. The filtrate TSS (Total Suspended- Solids) levels were below 0.5
ppm for all pilot-scale tests. Based on the feed process solids of 180 ppm,
the solids-removal efficiency ranged from 99.8% to 99.97% and were generally
at about 99.9% or better. Filtrate turbidity ranged from 0.05-1.0 NTU’s.
Testing using the Mott Hypulse LSM filter has always shown excellent
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TABLE 8.3. Material Balance Summary

Feed Process Filtrate Filtrate % Solids
Test Solids, ppm Turbidity (NTU) Solids (ppm) Removal
1-1 180 0.06-0.25 0.23 99.87 .
- 1-2 180 0.06-0.15 0.11 99.93
2-1 180 0.05-1.00 0.98 99.73
3-1 180 0.05-0.07 0.11 99.93
441 180 0.05-0.20 . 0.12 99.93
5-1 180 0.08-0.12 "0.11- 99.93
5-2 180 0.06-0.09 . -- : --
5-3 180 0.06-0.10 -- --
5-4 180 0.08-0.10 -- --
5-5 180 0.06-0.13 0.062 99.97
6-1 180 0.07-0.18 -- --
6-2 180 0.06-0.32 0.36 . 99.8
6-3 180 0.06-0.15 - . --

solids removal efficiency. The solids were easily removed from the filter by
the backflush using the 40-45 psi pulse of air. The recovery pressure drop
measured after bgckf]ushing always returned to near that measured for the -
clean filter indicating no fouling of the media after repeated cycies.

The results of these piiot-sca1e tests indicate that:

1) The use of the specially-ground zeolite only in the amount (3.04
g/L) required for Cs and Sr adsorption, was unacceptable.

2) The pressure drop for five consecutive pilot-scale filter cycles
conducted using projected process conditions ranged from 33.7 to
55.7 psi, and three of the five tests exceeded the required 40 psi
Timit. ' '

3) In all cases, the results were significantly less satisfactory than
those previously obtained when DE body feed was used.
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-

LABORATORY TEST REPORT # 3

BATTELLE DISC TESTING AND PILOT LSM TESTING
USING MOTT 2 MICRON ELEMENTS

_ ‘"TESTED OCTOBER 15 - 27 , 1880
Customer: Battelle WO# 348972

Pacifie Northwest Laboratories IQ# 751863
P.0. Box 999 Battelle Blvd. FN 665

Richland , Washington 98352
Representative: David E. Eakin

MMC Sales Representative: Set Point Control
Bill Stahl (508)946-3505

1.1 Preface

This test report represents the third phase of the ongoing
evaluation of the Mott Hypulse LSM tubular precocat filter
for use in the Hanford Waste Vitrification Facility for
immobilizing high-level liquid defense waste into
borosilicate glass matrix.

A previous report was issued from the Mott Test Laboratory
in October and November of 1989 covering the initial disc
phase testing and pilot scale testing.

The objective of this test is to determine whether specially
ground Zeolite ( used to absorb Cs and Sr ) can be used
effectively in place of the DE bodyfeed.

The current phase testing utilized both the Mottt 70 MM disc test
filter ( .031 £t2 ) and the Mott 10" Pilot filter ( 21.6 f£t2,

7 element LSM filter). 2.0 Micron media was used in the evalua-
tion.

The filter was precoated using 0.1#/ft2 Mansville Celite.
Tests were conducted with SBS simulant Fe(OH)3 wastewater
contaminant at a concentration of 180 PPM and a pH of 9 and 12.

~ Zeolite concentrations of 3.04, 4.04, 5.04 and 6.04 grams/liter

were evaluated. Tests using 1.0 gram/liter DE £filteraid bodyfeed
and 3.04 g/l Zeolite were also conducted for comparison purpos-'
es. ) : )




2 Summary Mott Hypulse LSM Testing

The Mott Hypulse LSM pilot filter was tested for a total

of 13 cycles over a 7 day period using simulant contaminant.
Precoat flux was 1 gpm/£t2 with the filter being fed with
an upflow configuration. The feed was introduced to the
filter in a downflow configuration at a flowrate of

0.2 gpm/ft2 to simulate process conditions.

The performance objectives of this test program were:

1.) Evaluate the performance of the tubular precocat filter
with respect to thru-put,.pressure drop, and filtrate quality
using ground Zeolite in place of DE bodyfeed at various
concentrations.

2.). Determine the backéash effectiveness of the media for
repeated cycle testing.

The Mott Hypulse LSM used in these tests is a tubular precoat
filter having 21.6 £t2 area. It consists of seven (7)
sintered stainless steel elements , 2.5 inches in outside
diameter, 316L, 60 inches long. The elements are rated at

2 micron nominal retention. The patented LSM filters on the
inside of the element. The double open ended element design
is especially effective with high specific gravity solids.
Some of the high density solids flow downward without
collecting in the elements, resulting in longer cycles.

The filter was precoated with 0.1#/£t2 Maﬁville Celite
(Standard Super-Cel). Simulant feed containing 180 PPM
iron hydroxide was tested at pH levels of 9 and 12.

Previous testing indicated that the DE bodyfeed was necessary
to maintain cake permeability. Recent pilot tests using the LSM
configuration indicate that ground Zeolite can be used without
bodyfeed DE with higher terminal pressures (46-49 PSI).
Terminal pressure drop was typically lower using a DE bodyfeed
(20-23 PSI).

Test results indicate that the minimum amount of Zeolite
could be used ( 3.04 g/l) and. thruputs of 16.8 gal/ft2
were maintained. Five (5) cycles were conducted on pH 9 solution
using 3.04 grams per liter Zeolite with no evidence of fouling
of the media. Terminal pressures ranged from 33.7 - 55.7 PSI.
Filtrate quality for all testing was less than 0.5 PPM TSS.

Three cycles were .run using 1.0 g/l DE Bodyfeed along with
3.04 g/l Zeolite and pH 9. Thruputs of 16.8 gal/ft2 were
easily maintained. Terminal pressure for a typical cycle
was 20-23 PSI. Filtrate quality was less than 0.5 PPM
TSS. ' :




. ——
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Throughout testing there was never any indication of media
fouling. The recovery pressure drop at the start of Test 1-1
was 0.9 PSI and was 1.0 PSI at the end of Test 6-3. This is
within measurement sensitivity. Fluctuations from cycle to
cycle are the results of the residue remaining in the lower
housing after blowdown.

Post test evaluation also indicated zero fouling as determined
by clean flow measurements using water and bubble point
evaluation of the media. -

A key consideration to the success of the filter is the
uninterrupted flow transition from precocating to feed slurry.
This is essential in maintaining the precoat integrity and
effectiveness. Also, the absolute integrity of the sintered
stainless steel media and low (40-50 PSI) terminal

pressure differential eliminated significant breakthru of
precoat solids..

The filtrate quality was exceptional throughout testing.

TSS (Total Suspended Solids) levels were below .5 PPM TSS.
Filtrate turbidity ranged from .05 - 1.0 NTU'S. Evaluation
using a Hiac Royco Particle Counter for on-line evaluation of
the filtrate indicated that maximum particulate breakthrough
was seen during the precoat cycle. 83% of the particles were
0.5 micron or less. Once the precoat was established about

98 % of the particulate breakthrough was 0.5 micron or less.

The very extensive testing conducted to date has always
produced desirable results and indicates a very

acceptable and beneficial application of the Mott Hypulse

LSM in SBS Contaminant filtration. The next phase of testing
with a pilot scale unit at the customers facility.
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3 Filter Assembly : Mott Hypulse LSM

The filter used in this test is a Mott Hypulse LSH
(Multimode) Pilot Filter. The Multimode configuration
was chosen because it allowed precoating in the
conventional method (upward flow) and feeding with a
downward flow which allowed the heavier solids. to settle
out in the bottom of the vessel.

Filtrate exit was from the lower portion of the vessel
minimizing the amount of. liquid generated during
backwash.

The filter consists of (7) tubular elements of 2.5 inch
outside diameter, 59.75 inch porous length, made from
porous 316L stainless steel with a rating of 2 micron

filtration capability. The filtration area is 21.6 £t.2

based in the elements I.D. of 2.375 inch diameter.
These element are installed within a 10 inch diameter
housing as a tube bundle assembly between two vessel
flanges. .

The housing consists of three pieces: an upper head, a
lower head, and a main body housing. The assembly is
described in Figure 1.




M RV
oss7

| BACKWASH
VENT
== ~ GAS INLET

PROCESS INLET

¢
i

L

R e T AL AR SNy L 1
R R D

;Y 2 = |

GAS INLET

03
CRR
oY ."
Rt

2205

3 FILTRATE OUTLET
) Y3

#

PROCESS INLET

BACKWASH
DRAIN

HYPULSE™ LSM FILTER MOTT METALLURGICAL CORPORATION]

. FARMINGTON INDUSTRIAL PARK
Patent pending FARMINGTON, CONNECTICUT




.
.
[ I

L

4 Filter Specifications: Mott Hypulse LSM L
Description : 10 inch Hypulse LSM
Elements : Number (7)

Rating : 2 Micron ]

Dimensions : 2.5 inch 0D, .062 wall

'61.97 OAL
Seals : Viton O 'ring
Filtering Area: 3.09 ft.2 each, 21.6 f£t.2 total

Element Bubble Point , Inches of Wgter

# 1 2 3 4 5 6 7
New 22.2 24.0 21.0 21.0 21.4 21.2 23.0
End Test -
(Oect 89) 21.0 21.0 22.0 23.0 21.0 23.0 22.0
Begin Test
(Oct 90) 23.0 21.0 21.0 23.0 21.4 22.0 22.0
End Test
(Oct 90) 22.0 21.0 22.4 23.0 23.0 21.2 23.0

Housing : 10 inch diameter with a upper dished head, a lower
head reduced to a 4 inch discharge. Flanged
connections. Element and tube sheet assembly
contained between the lower head and the upper head
of the main body of the housing.

Volumes: Upper head , 6.46 f£.3

Main body , 2.96 £ft.3
Lower head , 0.77 £t.3
Total 4.19 £t.3
Materials: Elements : 3168 LSS
Housing: 304 SS
Tube Sheet : 304 SS
Seals : Viton
Gaskets: BlueGuard

Clean Flow Pressure Drop

Flow, GPM/ft.2 Diff. Pressure PSID After 10 Cycles

0.2 0.8 .8
0.5 1.0 .9
1.0 1.1 1.0
1.5 1.2 1.3




5 System Assembly and 0perétion : Mott Hypulse LSM

5.1 Equipment Assembly

The test system was assembled to provide for a precoating
operation and a continuous makeup of feed slurry. Due to
the large volume of water to be filtered and treated, and
the limited space and disposal facilities available,
filtrate from both the precoat and feed was recycled and
reused.

The process is described in Figure 2.

The system consists of a precoat slurry feed tank and

pump ; a concentrate makeup an feed system ; a slurry feed
tank and flow control loop ; the filter ; a sampling filtrate
receiver ; and a slurry backwash receiver.

The flowrate to the filter was controlled by speed control
on the delivery pump. The feed slurry is controlled by a
set point single loop controller which adjusts the speed of
a centrifugal pump. The precoat flow is set by air flow
to an air powered diaphragm pump. This flow was set once
and did not require readjustment since the precoating

was always done at the same flow and pressures.

The concentrate flow to the slurry tank was manually
controlled with a valve. Concentrate flow was set and

tank volume was closely monitored.

Filtrate was recycled to the feed tank except for
periodic samples taken to evaluate composite filtrate
quality.

The system was controlled by an Omron Programmable

Sequence Controller. Time is the primary variable which
determines when valves open and close except for a filter
pre-fill which terminates by a level switch. Pressures were
sensed by transducers and indicated by digital meters.

A complete piping-échematic is included in the Appendix.
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5.2 Operational Procedures:

The precoat and feed make-up tank were heated up to about
120 degrees F for testing purposes.

5.2.1 Make-up Water

The water used in the test was Mott tap water filtered

thru a 0.2 micron Gelman cartridge filter. The precoat

and slurry make-up water were heated to about 120 degrees F
for testing purposes. 1 cc/gal of 5% Hydrogen Peroxide was
added to the make up water to prevent bacterial growth.

5.2.2 Iron Precipitation

The test contaminant was precipitated iron, hydroxide form.
Ferric Chloride , (FeCl3%8H20), technical grade, was added to
the concentrate tank in the desired gquantities. The pH was
adjusted to 9 or 12 with caustic. If the pH was over the
desired amount it was dropped back down with HC1.

5.2.3 Precoat Make-up

The desired quantity of Manville Celite was added at the.
beginning of each cycle to the precoat makeup tank.

Filtrate was recirculated to the precoat tank for 20 minutes
to clear +the tank. 983 grams -of DE were added to 40 gallons
of water. Slurry concentration was 0.65% .

5.2.4 Concentrate Makeup

Approximately 9 gallons of concentrate slurry was made

up for each cycle. Ferric chloride was added to the water
and the pH adjustment was made. The Zeolite was added and
the pH was rechecked and adjusted if required.

5.2.5 Feed Slurry Make-up Tank

The feed slurry tank starts at each cycle with 50-gallons
volume. Fe(OH3) and Zeolite are added to maintain the desired
filter feed qoncentration as makeup water is added.

5.2.6 Slurry Backwash

A sample of the slurry backwash was retrieved for analytical
evaluation and the volume was recorded.

R - - L . @e o eetm we eesutucrom mmn -




M 5.2.7 Filtrate Analysis

Analytical evaluation of the filtrate was performed via
Millipore analysis using 0.45 micron paper. 4 1/2 gallon
sample was collected during a cycle as an composite sample

and is assumed to be representative of the cumulative filtrate
for the cyqle.' .

Filtrate turbidities were monitored throughout testinsg
using a Hach Turbidimeter.

On line sampling was conducted using a Hiac.Royco Particle
Counter.

5.2.8 Gas Consumption

Air usage is monitored for each cycle and is reported as
a volume and rate consumed.




10.
‘11,

Test Procedure

., Pre-fill the filter with clean water untll the high

level switch trips.

. Make up slurries in the concentrate and feed slurry

makeup tank. Adjust to desired pH 1evel Average
mix time about 20 minutes.

. Make up 0.65% precoat slurry with Manville Celite.
. Precoat the filter with 0.1#/ft2 DE flowing at 1 gpm/ft2.

Return filtrate to the precoat tank. Run for 20 minutes
to clear tank.

Switch the feed slurry tank without interruption of flow
to maintain precoat integrity. Adjust the flow of the feed
slurry tank to maintain the terminal pressure seen in the
precoat cycle. Gradually decrease to 0.2 gpm/ft2 feed
flowrate. Recycle filtrate to the feed makeup tank.

. Run cycle for target cycle length. If the differential

pressure drop reaches 50 PSID, reduce the feed flow
to hold 50 PSID.

. Terminate feed flow.
. Cloé; filtrate outlets.

. Pressurize the filter to 45 PSI thru shell (filtrate)

side.
Blowdown filter

Close up filter and prefill as in Step 1.




6 Conclusions : Mott Hypulse LSM Testing

Satisfactory results were obtained in the filtration of
Fe(OH)3 at a concentration of 180 PPM Fe(OH)3 using the Mott
Hypulse LSI and 2 Micron porous media. Zeolite was tested

at concentrations of 6.04, 5.04, 4.04 and 3.04 grams/liter
IE-96. Repeat cycle testing (5 cycles) were conducted using
3.04 g/1 Zeolite and no DE bodyfeed. Three cycles were run
using 3.04 g/l Zeolite and 1.0 g/1 DE bodyfeed. :

Test results indicate that a 0.1#/ft2 precoat of Manville
Celite (Standard Super-Cel) was effective in protecting

the media from the simulant contaminant. The ground Zeolite
was effective as a bodyfeed. Optimum results were obtained
with a pH range of 9. Higher pressure drop was obtained
with pH 12. - .

Testing with the Hypulse LSM (Multimode) using feed in the
downflow configuration demonstrates that there is settling of
the solids and the amount of Zeolite could be reduced.

Testing indicates that this is an excellent application for
the Mott Hypulse LSM. The double open ended design with
slurry feed in the downflow configuration performed
effectively.

Flowrate of 0.2 gpm/ft2 were easily maintained in all
tests.

Recovery pressure drop indicates that there was no- fouling
of the media after repeated cycling. A slurry backwash )
was effective in removing all of the solids from the
element with a 40-45 PSI pulse of air.

.Filtrate was visibly clear. Composite filtrate quality

determined via Millipore analysis using 0.45 micron
paper was 0-.36 PPM TSS. Filtrate turbidity measured
using a Hach Turbidimeter ranged from .05 - 1.0 NTUS.

Particle count data using a Hiac Royco indicate that 98%
of the particulate passed thru the filter were 0.5 micron or
less. Optimum breakthrough was during the precoat cycle.




7 Discussion of the

7.1 General Operat

results :

ion

Mott Hypulse LSM Testing

The Mo:tt Hypulse LSM Multimode Tubular Precoat Filter
has demonstrated its capability to filter SBS Simulant

contaminant at 180 PPM Fe(OH)3 at pH 9 and 12
and deliver high quality filtrate of lgss than

0.2 PPM TSS.

Previous testing has demonstrated the effectiveness of .

the precoat at protecting the porous metal elements,

and of the bodyfeed filteraid at extending the

cycle life. Depending on the solids locad in the waste

stream, optimum cycle thruput was as follows:

7.2 Summary of Pressure Drop, Thru-put and Solids Loading

Iron Hydroxide Fe(OH)3 180 PPM Concentration

Test # "pH

1-1

1-2
s

.3 1
4

5-1

5-2

5-3

5-4

5-5

6-1

6-2

6-3

(O(O‘D(DFD(D(D(O(DN(O(O(O

Thruput Terminal

Gal/ft2

15.
17.
16.
16.
17.
16.
17.
16.
16.
16.
16.
16.
18.

ONVWRWOOWIJWOHD

psI

46.
20.
20.
49.
48.
33.
44 .
55.
44,
35.
20.
44.
23.

Table

WNORr IO NWNhoObmo

#3

Zeolite
gms/1

WWWWWWWWisxOLoOO

.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04
.04

DE

gms/1

[oNelololeolololololaNeNoNe)

e

Thruput optimization was not evaluated in these tests. Thru-put
was based on batch size. Flowrate of 0.2 gpm/£ft.2 were easily
‘maintained. Optimization of feed flowrate was not evaluate@;




7.2.1 Discussion of the Test .Results

'The following graphs show the rate of rise in the differential

pressure verses cycle time minutes for the various feed
concentratons. The slurry was feed to the filter at
0.2 gpm/£t2.

Variations from cycle to cycle are attributed to slqrry
concentration variation pumping the concentrated feed to
the slurry make-up tank.

-In all cases the entire volume of feed in the concentrate

tank was transfered to the Slurry Make-up tank and filtered.
See the material balance summary for concentration levels:

The results of Tests 1-1 and 1—2‘are shown in Graph #1.
Zeolite concentration was 6.04 g/1 with pH 9.

Graph #2 shows the results of tests 2,3 and 4. Test #2
was run using 5.04 g/1 Zeolite and pH 9. Test 3 used
4.04 g/1 Zeolite and pH 12. Test 4 used 4.04 g/l Zeolite
and-pH 9.

Graph #3 is the results of the 5 cycles run in test #5.
Zeolite concentration is 3.05 g/l with pH 9. )

Graph #4 is the fesults of the 3 cycles run in Test #6
which was run using a DE bodyfeed along.with 3.04 g/l
Zeolite and pH 8.
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L.

7.3 Blowdown Technique

The blowdown solids lewvel and the recovery yield are

a function of the blowdown technique. All cycles were
backwashed with the same method using a slurry backwash
technique. The backwash solids concentration ranged Irom
5-9% soclids and were a pumpable consistency.

A full evaluation of the blowdown possibilities was

not conducted in these tests. Filtrate was drained from
the lower filtrate drain of the vessel. At the time of
backwash the filtrate valve was closed, the housing was
pressurized to 40 - 30 PSI and the filter was backwashed.

7.3.1 Blowdown Gas Requirement:

The quantity of gas and the required flowrate necessary to
operate the filter was measured for each cycle. The blowdown
pressure is 35 PSI and starts with the filter at pressure
when the discharge butterfly valve opens. Gas flow to the
filter is maintained for '3 seconds .after the valve opens.

Gas consumption is based on total gas required to pressurize
the filter and the 3 second blow. Gas flowrate are the flows
thru the elements in 3 second time. Data for the selected
cycles is listed in the table below.

Blowdown Gas Requirements

Test# Consumption Flowrates
SCF SCEF/Ft2 SCFM SCFM/FT2

1-1 4.63 0.21 82.60 4,28
1-2 4.04 0.18 80.80 3.74
2-1 3.66. 0.17 73.20 3.39
3-1 4.07 0.19 81.40 3.77
4-1 5.86 0.27 117.21 5.43
5-1 3.78 0.18 75.88 3.51
5-2 3.79 0.18 75.89 3.51
5-3 3.33 0.15 66.60 3.08
5-4 3.21 0.15 64.20 2.97
.5=5 3.12 0.14 62.40 2.89
6-1 3.55 0.186 71.00 3.29
6-2 3.43 0.15 66.8 3.09
6-3 2.90 0 2169

.13 58.00

eaver v revmm e wvemsoe



7.4 Filtrate Quality

Filtrate was visibly clear. Composite filtrate quality
determined via Millipore analysis using 0.45 micron
paper was 0.151 PPM TSS. Filtrate turbidity measured
using a Hach Turbidimeter ranged from .05 -1.0 NTU’S.

Particle count data using a Hiac Royco indicate that 89%

of the particulate breakthrough was 0.5 micron or less.

ghg results of representative samples are listed in the
able #4. ‘




E Evaluation of E‘iltra‘t-e Q

wality using the Hiac Royco
and Comparison of Turbidity using a Hach Turbidimeter
Test # tlaosag
Tise Channel 4 3 2 3 3 5 3 Turbidity
. ATU
finutes ¥icron 0.3 H 2 3 10 i3

-2

Procoat 8 Cuge. Count 360824 8336 2535 166 { 0

Seart Faed 4 657669 9149 1978 202 ) 3 0,15
3 $39790 632 2905 567 I ¢ 1,08
43 254304 6345 2302 12 3 ! 0,06
%9 403049 8517 2909 592 i 9
73 . 153038 7328 3487 708 5 H

Nt

Precoat 7 41178 78569 3229 478 32 3 .14

Fead i 447148 To44 4162 640 4 2 1,00
2 316144 4870 3076 " 94 9 ]
48 56402 33S A73 862 4 0 0.05
70 597712 4319 2701 707 3 1 0.06
86 373848 5187 335 912 F H 0.05

3-1

Pracoat 10 409808 4654 1503 294 20 i

Feed 2 720240 394 454 169 2 0 0.05
39 122535 924 57 81 2 1 ¢.06
56 ) 477035 781 210 9 0 0 0.07
78 481482 $53 {5 42 2 1 0,03
29 27578 444 12 28 ] 0

4-1

frecoat , 8 148040 4749 1227 394 73 52 4,99

Feed 16 400102 3268 1376 180 3 Q 0,20
2 85875 3128 1849 467 3 1 0,05
32 79034 2311 330 382 2 i 0.05
50 25709 1873 1115 R 1 ] 0.08
n ' 19541 1805 362 . 254 1 i ¢.09

§-1 . .

Srecoat 13 720017 2225 754 188 3t 17 0,09
Feed 9 133292 1516 296 168 & : .10
26 404472 1390 &5 158 2 ]

42 37127786 1263 445 %8 ¢ 0 4,09
59 ; 165890 1178 306 9 4 ] ’ .09
75 14527 838 298 59 3 I 0,08

$-2

Precoat 9 81679 ot 4 1054 280 20 10 0.06

Feed il 94588 ° 408 175 52 2 0 0.07
27 1100720 ° 394 152 41 ) } 0.08
49 111404 339 119 K] i 0 0.08
1] 249575 402 109 2 ] 4 .08
88 77435 221 74 18 0 0 ¢.09

-3

Precoat 17 - - - - - - .06

Feed 16 179283 767 185 2 0 0 0.07
3 305149 545 220 & 12 6 0.07
49 3322735 1016 297 90 7 3 0.08
80 57888 32 119 30 5 1 0.10
9% 37364 n 92 29 2 i 0.10

5-4

Precoat 9 37633 1500 583 163 32 19 0.08

Fead i1 102675 946 342 95 6 0 0.10

Table #4
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7.5 Recovery Pressure Drop and Anticipated Life

During the course of the testing the tendency to foul the
elements was monitored by the change in the initial pressure
drop (recovery pressure) at the start of each cycle.

The filter was pre-filled at a flowrate of 1 gpm/ft2 prior to
the

start of the precocat cycle and the pressure drop was recorded.

Variations in the recovery pressure drop are the result of a
residual contaminant remaining in the lower housing after
backwash.

Clean flow pressure drop indicates that there was no fouling
of the media at the completion of the testing. Test results
indicate that there was a 0.1 PSI variation in the recovery
pressure drop at the end of Test 6-3 which is within the
accuracy of the instrumentation. See graph #5.

Bubble point data recorded on the elements before and after
testing also shows that there was no fouling of the media.

Test results indicate that the slurry backwash effectively

removed the solids from the elements. Visual examination of the
elements at the end of Test 7 shows that the elements were free

of residual precoat material and iron hydroxide. There was

evidence of slight rust on the element which is expected using

316L with high levels of chloride in the solution. The filter
specifications are for Alloy 20 for this application.

24
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7.6 Material Balance :

Material balance was performed via Millipore analysis on a
representative sample from individual test conditions.
Analytical measurements were taken throughout testing £from
+he concentrate feed tank, feed slurry make-up tank ,backwash
tank and the filtrate stream.

The entire concentrate batch was fed to the filter. At the end
of the testing the slurry make-up tank was practically clear in
most cases. Analytical evaluation was conducted on the make-up
tank at the end of the test if it did not appear clear.

Several cycles were run in test 1 and 2. The concentrate feed
was prepared so that the entire amount of solids for the test
was mixed in the concentrate tank. Feed was added to the slurry
make-up tank at the predetermined feed rate. The concentrate
pump was shut off after the desired amount of concentrate was
fed to the filter.. Typically this was about 10 minutes before
the end of the test.

The filter was then isolated and the housing was pressurized

and backwashed thru a 3“ butterfly valve into a covered (vented)
55 gallon drum. The backwash was transferred into a Nalgene tank
and the ligquid volume was recorded. The feed slurry was then
mixed with Lutz pump and a sample of the backwash was taken.

The backwash was then transferred into another 55 gallon drum
for disposal. .

7.6.1 Material Balance Summary

Discussion of the Results: )

Table #5 lists the Material Balance data for all tests.

The % solids of the blowdown is a calculated number based on
the fact that we know that we backwashed all of the solids
from the filter. Visual examination of the elements,housing
and blowdown tank at the end of the testing indicates that
there were no solids held up anywhere in the filter.

Analytical evaluation of the % solids of the backwash samples
are slightly lower than expected. The numbers are suspect

due to the sampling technique used and the relatively rapid
settling of the solids during transfer from the blowdown tank.
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7.6.2 Analytical Results

The following Table is a summary of the analytical results
evaluated during testing: ‘

Test Total Concentrate Make-up Backwash Filtrate

Slurry Slurry Slurry Stream

# PPMx*x PPMx*x PPM PPM % PPM
Start End

1-1 6221 251058 -- 2185 - 98036 9.8 0.23
2-1 5221 =~ 210705 3157 642 10899 10.8 0.48
3-1 4221 1703582 4227 . 387 56944 5.7 0.114
4-1 4221 170352 4278 837 58089 5.8 0.121
5-1 3221 130058 3501 381 56139 5.6 0.117
5-5 3221 130058 3974 355 50963 5.1 b;062
6-2 5221 210705 2122 1704 54701 5.5 0.36

* Calculated baéed,on Fe(0OH3) Concentration
Includes Zeolite and DE Bodyfeed (Excludes Precoat)

Table # 6

28




8 Disc Test Results

8.1 Summary of the Disc Test Results

The objective of the disc testing was to determine the
initial conditions for the pilot scale Hypulse LSH
testing. ’

Disc feasibility tests were performed using 180 PPM
Fe(OH)3 concentration with Ground Zeolite (IE-96)
cdoncentrations of 3.04, 4.04, 5.04, and 6.04 grams/liter
at a2 pH of 9 and 12. The effect of a filteraid addition
to the feed (bodyfeed) was not evaluated in the disc
.test program. See Summary Table #7 for the complete disc
test results.

The filter was precoated using 0.1#/£ft2 Manville Celite
filteraid. Precocat flowrate was 1.0 gpm/ft2.

The feed slurry was moved to the disc at a flowrate of

0.2 gpm/ft2. Testing was terminated once the pressure drop
reached 45 PSI. Thruput data was slightly less than 16.19
gal/£ft2 in most cases. Thruput opimization was not evaluated
in this test program. .

Testing demonstrated that the minimum amout of Zeolite
(3.04 g/1) could be used and performance was satisfactory.
Improved performance was expected using the Hypulse LSM
(Multimode) configuration. Tests were conducted with

feed at pH 9 as the disc test results inicated that the
pressure drop was slightly lower.

Pilot scale tests were conducted using various Zeolite
solids load to the filter. Testing was to be conducted with
solution pH of 9. Repeat cycle testing was conducted using
the minimum amount of Zeolite. The effect of a DE bodyfeed
was evaluated in the pilot scale tests.
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8.2 Equipment Evaluated

Disc feasibility tests were performed using the Mott 70 MM
disc test filter and 2.0 micron porous media.(.031 ££2 area)
The equipment arrangement is described in £igure 3.

Tests were run with solution temperatures of 110-130 F.

Variables recorded during testing were flowrate, pressure drop,
pH, temperature, cycle time, volumetric thruput, backwash
slurry weight, and filtrate turbidity.

Filtrate turbidity was determined using a Hdch Turbidimeter.
Analytical data was not performed in the disc test phase
of the testing. .

8.2.1 Test Proceduré
1.) Prepare feed per customers instruqtions.

2.).0Once~thru precoat at 1 gpm/£t2 using 0.1%#/£ft2 precoat
solids loading.

3.).Start feed and pump at 0.2 gpm/f£t2 flowrate to the
: filter and collect filtrate. Record filtrate
purbidity. ‘

4.) Run at 0.2 gpm/ft2 until a maxamum of 45 PSI delta P is
reached or the entire volume of feed (1.9 liters)
is filtered. .

5.) Dewater the cake at the terminal delta P to evaluate
. cake characteristics.

6.) Invert the housing, pfessurizé and'backwash at 20 ?SI
above the terminal pressure drop.

7.) Reorient the housing, inspect the disc for solids
release, reassemble and resume the next cycle.

3l
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APPENDIX B

PERMISSION TO USE MOTT’S DRAWINGS B400249 AND B400151
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MOTT METALLURGICAL CORPORATION

FARMINGTON INDUSTRIAL PARK. FARMINGTON CONN 06032
. Pax 203-674-1489 TELEX: 99374 PHONE 203-677-7311

January 10, 1960

Mr, John Calhoun
BATTELLE, P.N.L.
P.0. Box 299
Richland, WA 58352

{

Ref: P.Q. 081618-A=A3
Dear Mr. Calhoun:

Regarding your request o publish data contained in our Laboratory Test Report
22, issued 12-1=~89, Mott Metallurgical Corporation hereby grants permission to
publish such data as Battelle finds necessary with the stipulation Mott
Metallurgical be referenced as the source of such data. This includes drawings
8400249 and Figure 1, Dwg. 8400151 which contain restrictive clauses.

We do NOT grant permission to publish in the public domain Figures 13, Drawing
B2214123 Rev. F, and Drawing B400248. These figures and drawings should be
treated as confidential between Mott and its customers. For purposes of this
job, Battelle, Fluor and Westinghouse Hanford are considered customers.

Mott Metallurgical requests the opportunity to revier any documents or reports
prepared for publication from our Test Report 2.

You are reminded that the Mott HyPulse LSM filter is protected by U.S. Patent
No. 4552669 and Canada Patent 1218022. Any mention of the LSM should contain a
statement to that sftect.

Sincerely Yours, Approved By:
oA .
Ron S. Sekellick _ ' AJofin C. Washburn
Manager, Applications Development R ; Executive Vice President
RSS:sae ' 5
. RECEIVED
Carzhaﬁrx./ f/:ozaaétg Tor Fresision Produsts JAN 16 1280

SURCNNTRAST




