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HOT DEMONSTRATION OF PROPOSED COMMERCIAL
NUCLIDE REMOVAL TECHNOLOGY:
PROGRESS REPORT

EXECUTIVE SUMMARY

TECHNOLOGY NEEDS

Cesium, strontium, and technetium radionuclides constitute a small fraction of the primarily
sodium and potassium salts present in supernatants that are being stored in tanks at Hanford,
Oak Ridge, Savannah River, and Idaho and must be remediated. Nuclide removal technologies
supplied by the U.S. Department of Energy Office of Science and Technology’s Efficient Separations
and Processing (ESP) Cross-Cutting Program have been previously proposed and tested in small
batch and column tests using both simulated and actual supernatants. These technologies must now
be tested and the most appropriate ones selected using a flow system of a scale suitable to obtain

engineering data that can be applied to the design of pilot-scale equipment.
DESCRIPTION OF TECHNOLOGIES

This task involves the operation of an experimental unit designed and constructed to evaluate
radionuclide removal technologies during continuous operation with actual supernatants. The
equipment diagram, shown in Fig. ES-1, consists of tanks, pumps, tubing and fittings, filters, and
instrumentation in a continuous-flow system in an ORNL hot celi. It provides a test bed for
investigating new technologies, such as 3M’s WEB and AEA Technology’s EIX electrochemical

elution system, and complements the comprehensive supernatant task by using larger engineering-

. scale, continuous equipment to verify and expand their batch st;idies. We support the Tanks Focus

Area’s (TFA’s) Cesium Removal Demonstration (CsRD) at Oak Ridge by providing sorbent selection
information, evaluation of proposed sorbents, and operational experience and characteristics using
the sorbent and supernatant to be used in the demonstration, followed by a comparison of the small-
scale with the demonstration-scale performance.

We cooperate closely with the ESP and the TFA in order, ultimately, to transfer the

technologies being developed to the end user.
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TECHNICAL APPROACH

In April 1995, a 60-L sample of supernatant was retrieved from tank W-27 of the Melton Valley
Storage Tank (MVST) system and characterized. It has many similarities to supernatants in tanks
at other DOE sites and, therefore, provides a common basis to evaluate different sorbents for their
ability to remove cesium from actual radioactive storage tank supernatant. The sorbents were tested
using a 1.5- by 15-cm column containing about 1012 c¢m® of sorbent at flow rates of 3-9 column
volumes (CV) per hour. Other sorbent-containing apparatus such as the 3M WEB and the AEA EIX
rig can also be easily connected to the system. The breakthrough of cesium from the sorbent is
followed by an on-line gamma spectrometer, and the effluent is also fractionated for chemical and
radiological analyses. Sorbents that can be eluted and regenerated are cycled in place through
loading, elution, and regeneration steps. Sorbents can also be analyzed by removal from the cell and
counting on another gamma spectrometer to determine the total loading and/or the efficiency of
elution.

The pH of the MVST W-27 supernatant used for the cesium absorber tests was originally at 7.4
but was adjusted back to the levels found in other tanks (~12.5-13.3) by adding sodium hydroxide
(NaOH) pellets. For some tests designed to simulate conditions at other DOE sites, the pH was
increased to 14, and cold cesium nitrate was added to give a total cesium concentration seven to ten
times that of the original concentration. The supematant chosen for the CsRD was prepared by
adding 50% caustic solution to tank W-27, settling for 2 weeks, and then pumping approximately
83,000 L to tank W-29 to mix with the supernatant heel still present after previous operations with
W-2‘9. The mixed W-29 was allowed to settle for 1 month and then sampled for the CsRD
qualification tests. |

The pH of the W-27 supernatant (April 1995) was adjusted to 13.3; then the mixture was
allowed to settle before being filtered. The filtrate contained about 3.2 x 10° Bq *’Cs/mL, 7.1 x
10 M total cesium, about 0.26 M potassium, 4.7 M sodium, and 5.2 M nitrate. After being adjusted
to pH 14 with 1 N hydroxide, it contained 3.4 x 10° Bq **'Cs/mL, 1.0 x 10 M total cesium, 0.31 M
potassium, and 7.5 x 10”° M total (5.52 M plus added cesium) Cs. The W-29 supernatant, which had
a pH of 12.68, contained 4.15 M sodium, 0.38 M potassium, 4.6 x 10° Bq *’Cs/mL, 4.3 x 10°M
total Cs, 4.0 M nitrate, and 0.44 M nitrite. ~Compositions of the two supernatants are given in
Table ES-1. The ’Cslevel in MVST supernatants is one to two orders of magnitude less than that




Table ES-1. Analyses of the MVST W-27 and W-29 supernatants

MVST W-27. MVST W-27.  MVST W-29,

pH 13.3 pH 14.02 pH 12.68

Radiochemicals,

Bg/mL
“Co 680 330 500
BCs 320,000 340,000 460,000
34Cs 1,400 920 7,600
%0Sr 65,000 31,000 4,100
#Tc 270 342
Gross alpha 0.9 04 30
Gross beta 525.000 430.000 550,000
Cations/anions,

mg/L
Al 0.847 <0.146 417
As 0.0089 <0.0250 <2.5E-1
Ba 8.04 5.61 0.865
Ca 89.1 31 1.42
Cd 0.22 <0.11 0.24
Cr 2.96 3.49 344
Cs 0.935 9.95 0.58
Cu <0.0319 0.15 0.07
Hg 0.09 0.117 0.258
K 10,300 12,000 14,700
Na 113,000 127,000 95,400
Ni 1.22 0.73 1.04
Pb 0.0092 <10 2.89
Rb 1.1 2.06 1.28
Si 293 441
Sr 26.3 1.65
U <1.0 0.485 133
Zn 0473 <0.148 1.35
Br 288 <50.0
Cl 3,180 2,960 3,050
NO, 2,720 20,400
NO, 322,000 298,000 250,000
SO, 1,540 1,380 15,506
TIC, mg/L 300 980
TOC, mg/L 390 500
Density 1.27 1.30 1.233
TDS, mg/L 79,000 81,000
TS, mg/L 580,000 390,000
TSS, mg/L 500,000 310,000
Na/Cs 701,451 12,764 164,483
K/Cs 37.446 1.206 25.345
Total anion M 5.3897 6.0063 4.4754
Total cation M 5.1983 5.8320 4.5256

Difference 0.1914 0.1743 -0.0503

xii



found in some Hanford tank supernatants. The ceéium level after cold cesium had been added
approximates the value for Hanford tanks 101-SY and 103-SY (7 x 10° M) and also the DSSF
simulant. The high-cesium feed has a sodium/cesium molar ratio of about 7.4 x 10* and a sodium/

potassium ratio of 18.
ACCOMPLISHMENTS

Installation of the experimental equipment in the hot cell, development of the procedures to be
used, and several sorbent tests were completed in FY 1995-96. Six different sorbents and resins
were recommended by the ESP, based on previous screening tests at Hanford, Sandia, Los Alamos,
Savannah River, and Oak Ridge. Each was tested in continuous loading tests using W-27 supernatant
at pH 13.3 and 7 x 10 M cesium and/or pH 14.0 and 7.5 x 10° M cesium. Inchuded were (1) two
different lots of resorcinol-formaldehyde (RF) resin prepared by Boulder Scientific, (2)IBC
Advanced Technologies SuperLig® 644C, batch 3695-GM1121; (3) Rohm & Haas CS-100 resin; (4)
3M SLIG WWL 644 WEB with SuperLig® 644 embedded; (5) granular crystalline silicotitanates
(CSTs) developed by Sandia National Laboratories/Texas A&M and supplied by UOP as IONSIV®
IE-911 (lots 07398-38B, 999096810001, and 99909610003); and (6) granular potassium cobalt
hexacyanoferrate supplied by Eichrom Industries. A set of tests was completed using the AEA EIX
process for electrochemical elution using RF resin and W-27 supernatant. The results of these tests
are summarized in Figs. ES-2 and ES-3 and Table ES-2.

We provided direct input to the CsRD project for sorbent selection. The CSTs were
recommended for the project, based on the best CV value at 50% breakthrough, highest test-to-test
consistency, and fewest operational difficulties using the MVST W-27 supernatant. We also helped
select the supernatant for the CsRD, performed the qualification tests for the supernatant and
sorbent, and provided *"Cs-loaded CST sorbent for both waste acceptance criteria and waste-form

development testing.
EXPERIMENTAL RESULTS

3M Slig 644 WWL WEB material was contained in a Gelman 25-mm in-line stainless steel filter
holder with a filter volume (FV) of 1.29 mL.. The apparatus was loaded at 1 mL/min (49.78 FV/h)

Xiil
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in an upflow mode through one loading/elution/regeneration cycle. Brown color left the WEB filter for
several FV after the supernatant feed began. The loading was 65 FV to 50% breakthrough. The filter was
eluted with 0.5 N HNO, and regenerated with caustic solution.

Eichrom KCoFeC granular sorbent (7.272 g of lot JW-40-021) was loaded at 9 CV/h using W-27
supernatant at pH 13.32. Normal column operation with low cesium breakthrough continued for over
250 CV, but then the sorbent began to disintegrate and the level of cesium in the effluent increased so
rapidly that it could not be removed by using 0.2-pm filters.

SuperLig® 644C was run at 6 CV/h using 3.779 g of dry resin (11.2-mL volume) using W-27
supernatant at pH 13.3. A considerable amount of color was removed with the initial few column volumes
of feed through the column. After the breakthrough had reached 50% at about 100 CV, the loaded cesium
was eluted with 0.5 NHNO; at 3 CV/h. Colored liquid also accompanied the first few column volumes of
acid. The elution curve, which was very sharp, was 95% complete in 6 CV. The resin has a very low
density and could be compressed easily (30% or greater), so calculations were adjusted for the smaller
column volume due to compression, giving a revised 50% breakthrough of about 138 CV.

SuperLig® 644C was loaded with W-27 at pH 14.0 using a special weighted bed follower, developed
by J. L. Collins, to compact the bed. Loading was at 3.5 CV/h; elution used 0.5 N HNO, and regeneration
used 2 N NaOH. The first cycle had a total cesium concentration of 1.1 x 10° M in the feed, and the
following three had 7.5 x 10”° M cesium. The bed volume changed by as much as 40-50% when switching
from feed to distilled water, to acid, to caustic, and then feed. The 50% breakthrough point for the first
loading occurred at about 167 CV. Elution was complete in about 6 CV of 0.5 NHNO,. The next three
loadings (high cesium) and 50% breakthroughs occurred at 77, 65, and 50 CV, respectively, while initial
breakthrough of the cesium was less than 10 CV for all three loadings. Two of the loading curves were
approximately parallel to the first curve, while the fourth curve was completely different. Color was seen
at the start of each loading, as well as at each regeneration.

RF resin was prepared and used in three tests with W-27 supernatant at pH 13.3. At 7 CV/h, 50%
breakthrough of cesium occurred at 45 CV. At 2.9 CV/h, the 50% breakthrough point was at 36 CV and
the shape of the curve was similar to, but steeper than, that in the 7-CV/h RF run. In the third test, RF resin
was loaded, eluted, regenerated, and then rinsed five times at 6.0 CV/h. For the first 3—4 CV of feed or
regenerant through the bed, brown-colored liquid exited the bed. The 50% breakthroughs were consistent

at about 45-50 CV, but some operational problems began to develop during the last two loadings. Elution



was completed with 0.5 A HNO; at about 3 CV/h, and the resin volume shrank from about 10 cm® to about
5.5 cm®. Approximately 9—12 CV were required for cesium elution to be essentially complete.

Additional RF resin was obtained from the ORNL Radiochemical Engineering Development Center
(REDC) and loaded with pH 14.0 W-27 supernatant feed containing 1 x 10° M cesium at 3.5 CV/h to 70%
breakthrough. A weighted bed follower, described previously, was also used during this test. Cesium
initially broke through at 7 CV, and then the curve remained very steep to 50% breakthrough at about
18 CV. The elution was performed with 0.5 N HNO,. '

A third RF resin obtained from AEA Technologies (BSC 187) was used with the pH 13.3 W-27 ata
feed rate of 6 CV/h. Although the loading was continued through 75 CV, a breakthrough of only about
1.1-1.2% was achieved. The loading curve shows that the initial breakthrough did not occur until 15 CV,
and then the curve was very shallow to 1% at about 65 CV. A brown color was also evident.

Crystalline silicotitanates (CSTs) from UOP, IONSIV IE-911 lot 07398-38B, were first tested at
3 CV/h in the downflow mode using pH 13.3 W-27 supernatant for more than 435 CV. No problems that
could be attributed to the ion exchanger occurred during the continuous run of more than 6 days (24 h/day).
The 1% breakthrough came after 100 CV, 10% breakthrough at about 190 CV, and 50% breakthrough at
350 CV. At 6-CV/hloading, the 50% breakthrdugh point (at 340 CV) was very close to that obtained at
3 CV/h. No difficulties with the system were observed during either loading.

CST-38B was loaded at 6 CV/h with W-27 supernatant at pH 14.0 and a cesium concentration of
7.48 x 10”° M to greater than 55% breakthrough. The loading curve was parallel to the previous 6-CV/h
curve, as expected; the 50% breakthrough occurred at 272 CV (~79% of the breakthrough for feed with
lower cesium and hydroxide), the 10% breakthrough at 122 CV, and the 1% breakthrough at 55 CV.
Again, no difficulties were observed during operation.

UOP IONSIV® IE-911 (fot 999096810001) CST, the production-engineered form of the CSTs, was
loaded at 6 CV/h in a repeat of the previous run using the high-cesium feed at pH 14. Feed with a lower
cesium concentration was used in the last 150 CV, however. The sorbent was treated to remove fines
because the CST was fairly dusty and the water was “milky” after the first contact. Initial flow stabilization
problems caused an erratic startup, but once flow was stabilized, the breakthrough curve returned to
background level before starting the normal increase. The 50% breakthrough occurred at 294 CV, the 10%
breakthrough at 127 CV, and the 1% breakthrough at about 61 CV. This CST was about 3-10% better
than the -38 B with regard to breakthrough points. Because it is about 10% less dense than the -38 B
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material, the performance per mass of sorbent was roughly 10-20% better. Although no difficulties with
the system were observed during operation, it was noted that the pH of the supernatant was reduced by the
CST as it passed through the column for the first 100 CV. This is an important consideration for any
supernatant containing soluble aluminum, which could precipitate in and on the bed if the pH drops even
slightly.

For the CsRD qualiﬁcation of CST IONSIV IE-911, lot 99909681003 and W-29 supematant, the CST
was pretreated to pH 12.6 with caustic and then fluidized to remove fines using a simulant that was 4.5 M
in NaNO, and 0.1 N in NaOH. The W-29 supernatant was sampled from the tank and then placed in the
cell. The loading was continued at 6 CV/h for 560 CV, with a minor upset after 50 CV; however, it was
completed uneventfully during the next 500 CV. Data for the different cesium analyses gave 50%
breakthroughs of 503.7 to 546.2 CV for *’Cs analyses. These analyses showed that the CST loaded Ba,
Ca, Cs, gross alpha and beta, *Sr, U, and Zn, but not Hg, Cd, *Tc, Cr, '®Ru, Rb, Ni, Na, K, and Al. The
increase in CV to 50% for the comparable CST runs with W-27 and W-29 was about 345 to 505 CV, or
a 45% increase due to a lower level of total cesium, a lower nitrate level, and a lower pH in the W-29. The
apparent breakthroughs for the U, *Sr, and Pb were 433, 1164, and 3327 CV, respectively. Sorbent from

the loaded column was subjected to a modified TCLP procedure and showed no unacceptable values.

RESULTS

Comparison of the column data for all sorbents using the W-27 feed with data obtained for simulant
and actual supernatants at other sites showed good agreement and predictability from batch equilibrium to
column testing, except for the RF resin, which varied significantly from batch to batch. Further comparisons
must take into account not only cesium concentrations, but the pH, the other anions and cations present in
the supernatant, and the ratios of other cations to the cesium concentration.

These comparative evaluations helped provide critical data for the selection of the sorbent for the
CsRD, as well as data applicable to other DOE sites. In addition to the cesium removal capacity of the
materials tested, the operational characteristics during continuous loading experiments were monitored.
All of the organic sorbents — RF, SuperLig®, and the 3M SLIG 644 WWL WEB — produced colored
products upon the first introduction of feed or during regeneration after elution. They also exhibited

volume changes during various stages of the preparation, loading, elution, and regeneration steps. The high
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pH of the feed supernatant to the Eichrom KCoFeC resulted in its chemical breakdown and loss in the

column effluent. No operational problems were noted for the CSTs.
BENEFITS/USERS

The technologies evaluated in this task are expected to apply to the remediation of tank waste
supernatants at most DOE sites, particularly highly alkaline supernatants that contain high concentrations
of salts. Separation and concentration of the soluble radionuclides, particularly cesium, would result in a
much smaller volume of radioactive waste for disposal or long-term storage. Removal of the radioactive
components would also reduce shielding requirements and facilitate downstream handling for removing
nitrates and any other toxic or hazardous components in the salt solution.

We provide the TFA’s CsRD at Oak Ridge with a wide spectrum of data for the evaluation and testing
of proposed sorbents as well as the results of operational experience and characteristics for a particular
sorbent and supernatant selected for use in the demonstration.- We use a test bed with actual supernatant
for investigating any other new technologies that become available during the program. Engineering-scale
equipment is applicable in our tests because of the ready availability of supernatant.

Information developed by this task is submitted to the DOE Program Manager for dissemination.
Results are presented to Waste Management personnel at other DOE sites, and researchers at other sites

are kept informed of progress.

For further information, please contact:

D.D.Lee

Lockheed Martin Energy Research Corp., Oak Ridge National Laboratory
P. O. Box 2008, Oak Ridge, TN 37831-6221

© (423) 576-2689; Fax (423‘) 574-6872; E-mail: leedd@ornl.gov
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HOT DEMONSTRATION OF PROPOSED COMMERCIAL CESIUM REMOVAL
TECHNOLOGY: PROGRESS REPORT

D.D. Lee, J. R. Travis, and M. R. Gibson
1. INTRODUCTION

The U.S. Department of Energy (DOE) is faced with remediating millions of gallons of both high-level
and low-level radioactive wastes in underground storage tanks at various sites, including Oak Ridge,
Hanford, Savannah River, and Idaho. A large portion of each waste exists as liquid solution (supernatant)
that contains soluble radionuclides, along with high concentrations of sodium and potassium salts. The
radioactivity is derived primarily from cesium (Cs), strontium (Sr), and technetium (Tc). Typically, the
radionuclides constitute only a small portion (less than 0.0001%) of the supernatant waste. If these
radioactive components could be removed and concentrated, separating 1 part Cs from the million parts
Na, the volume of waste to be disposed of or stored as high-level waste (HLW) could be reduced by a
factor of 20 to 300. The objectives of the experiments reported here were to test and select sorbents and
commercial cesium removal technologies for removing and concentrating the radioactive cesium, thereby
reducing the waste to be stored or disposed of.

The sorbents selected for testing come from state-of-the-art ion-exchange materials that were
primarily developed by the DOE Office of Science and Technology’s Efficient Separations and Processing
(ESP) Cross-Cutting Program. One major goal of these experiments was to test sorbents and support the
Cesium Removal Demonstration Project (CsRD) at ORNL.

This report describes the operation of the experimental test unit that is located in Building 4501 (hot
cell C) and the results using the sorbent materials tested. The experimental equipment has been operated
to evaluate radionuclide removal technologies under continuous-flow operation on actual ORNL Melton
Valley Storage Tank (MVST) supernatant. The MVST supernatants, as adjusted using sodium hydroxide
(NaOH) or used as received, contained lower quantities of total cestum and hydroxide, but more potassium,
than many of the Hanford supernatants; however, the sodium content was approximately the same.
Adjustment of the pH and cestum content for individual tests allowed closer comparison with some of
Hanford’s waste liquids. The technologies selected for evaluation were contained in columns that could

be attached to the experimental flow system inside the hot cell and could be continuously fed the test
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supernatant until the cesium exhausted the capacity of the exchanger. Some of the ion-exchange materials
were supplied under the other programs sponsored by the Tank Focus Area (TFA) and ESP.

The tests reported here gave direct comparisons of cesium removal operations conducted in the
experimental system. A large batch of MVST supernatant from tank W-27 was initially obtained so that
all sorbents were initially evaluated using the same feed. Several were then reevaluated at altered feed
conditions and different flow rates, as appropriate, to test the sorption kinetics. Ion-exchange materials
were tested at a scale that passed from 0.1 to 5 L of MVST supernatant at a prescribed flow rate
continuously through the test module until the cesium reached the desired end point. The progress was
measured with an in-line gamma detector. Depending on the material being tested, this end point has
required from 15 to more than 500 column volumes (CV) of supernatant to pass through the module.

The work described in this report was conducted on the several different exchanger materials. Two
different batches of resorcinol-formaldehyde (R-F) resin, two batches of Superlig® 644C, and three batches
of the engineered forms of crystalline silicotitanate were used. The Superlig® 644C and initial CST materials
were supplied through the ESP program.

2. EXPERIMENTAL APPARATUS

The experimental equipment for the cesium removal project in hot cell C of Building 4501, the
procedures used during the experiments, and the results of earlier experiments have been described
previously.! The equipment, shown in Fig. 1, consisted of tanks, pumps, tubing and fittings, filters,
instrumentation, and connections for testing radioactive ion-exchange removal materials in a
continuous-flow system. The ion-exchange materials, which were contained in columns as loose sorbents,
were examined for cesium removal only. Modifications were made for the CsRD qualification test by
paséing the supernatant through a 25-pm filter as it was pumped to the column feed tank. In the case of
the AEA Technologies (AEA) Electrochemical Ion Exchange (EIX) tests, the EIX test rig was inserted
in place of the normal ion-exchange column.

The system was operated continuously with in-line monitoring of the column effluent to detect cesium
breakthroughs from the material in the module. The monitor was a sodium iodide detector in a lead-

shielded container connected to a power supply, amplifier, and Nuclear Data multichannel analyzer system
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outside the cell. The column effluent passed by the detector head inside a 6.4-mm-OD by 4.8-mm-ID
polyethylene tube that had 5 cm of tubing exposed to the detector head. Flow passed through enough
tubing, including the filter system, to ensure that at least 30 min had elapsed between liquid leaving the
column and entering the gamma detector. The detector configuration allowed detection of '*'Cs levels of
5-10 counts above background. The feed level for the detector was about 7,000-12,000 counts/s; thus,
the detection limit was about 0.05-0.15% of the feed. The counts for the area of the peak for *’Cs were
monitored, and the total counts for the selected counting times were recorded by the multichannel analyzer
program for later printout.

After being loaded, the column was removed from the experimental system and from the cell to
determine the quantity of *’Cs loaded. The columns were counted using an Aptec intrinsic germanium
detector and a Nuclear Data multichannel analyzer system. This system allowed the columns to be placed
at distances up to several meters from the detector head for counting, which is necessary for materials that
load a high level of radioactive cesium. The column product stream was collected in the fraction collector,
and samples of these fractions were counted using a LKB Wallac 1282 Compugamma Universal Gamma
Counter. The detection limit for this counter is about 0.1% of the feed concentration. Some sorbent eluent
samples contained too much '*’Cs for this detector, so they were counted on the Aptec system at 30 cm
from the detector head. Some of the fractions that contained solids, or were suspected to contain solids,
could be sampled through 0.2-um syringe filters.

Regenerable ion-exchange resins in the columns could be treated with any desired eluents (usually
0.5 NHNO,), regenerants (usually 2 N NaOH), or wash solutions; and the effluent could be monitored for
removal of cesium from the module using the in-line detector. Eluent was added to the 1-L eluent tank
from outside the cell so that any number of chemicals could be added at a given time. The resins could be
eluted and regenerated in place to allow repeated cycling of the resin between cesium loading and removal,
it could be removed for counting after loading and/or elution. Loaded columns could be drained, capped,
and placed in storage containers for future testing, transport to other locations, or disposal.

The feed supernatant for the tests was obtained from MVST W-27 in April 1995. Approximately
56 L of the supernatant, enough for the first series of planned tests, was placed in storage vaults in Building
4501. Tank W-27, which contained supernatant at pH 7.2 to 7.4, had the lowest potassium and **’Cs levels

of the available tanks. Therefore, this supernatant could be more easily handled because of its lower gamma
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radiation level. (This was also a major reason for consideration for the CsRD tests.) In preparation for the
cesium sorbent tests, the pH of the W-27 supernatant was adjusted to the levels in other tanks (about
12.5-13.3) by adding NaOH pellets. In order to simulate conditions at other DOE sites, the free hydroxide
concentration was increased to 1 A and additional cesium was added, as cold cesium nitrate, for several
tests.

For the CsRD qualification test of CST and W-29 supemnatant, W-29 supernatant was withdrawn from
tank W-29 after a 1-month equilibration following transfer of about 83,270 L (22,000 gal). The
supernatant in tank W-27 had been adjusted by adding 3028 L (800 gal) of 50% caustic solution and
mixing, followed by 2 weeks of settling before decanting to W-29. The CsRD uses W-29 as the supply tank
for processing up to 94,625 L (25,000 gal) of supernatant through several columns of commercial CST.
W-29 has previously been used as the feed tank for the Out-of-Tank Evaporation (OTE) test, as well as
for various supernatant solidification campaigns, and thus contained a heel of liquid from those previous

operations.

3. EXPERIMENTAL PROCEDURES
3.1 ION-EXCHANGE MATERIALS USED

In this study, we tested the most promising cesium sorbents as recommended by the ESP, based on
previous batch tests used for screening many sorbents at Hanford,>* Sandia,** Los Alamos,® Savannah
River,® and Oak Ridge.” SuperLig®644C, batch 3695-GM1121, is a polymer resin of the covalently bound
SuperLi_g® macrocycle family of sequestering ligands from IBC Advanced Technologies (American Fork,
Utah) and was supplied by Lane Bray, of the Pacific Northwest National Laboratory (PNNL). The RF resin
developed af the Westinghouse Savannah River Company (WSRC) was made in several batches by Boulder
Scientific (Mead, Colorado). One batch was supplied in the potassium form directly by Jane Bibler of
WSRC (i.e., the Bibler batch). A second batch was transferred from Jane Bibler to R. R. Brunson and
W. D. Bond of the REDC at ORNL (i.e., the REDC batch).” A third batch of RF resin was furnished by
AEA from batch BSC-187 supplied by Jane Bibler to AEA (i.e., the AEA batch). The engineered forms
of the crystalline silicotitanate developed by Sandia National Laboratories/Texas A&M were produced and
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supplied by UOP as IONSIV® IE-911, lots 07398-38B and 999096810001. The CST used in the CsRD

qualification test was purchased by ORNL from UOP as IONSIV® IE-911, lot 999096810003. It was
pretreated by the CsRD personnel following UOP directions and delivered in slurry form for the tests.

3.2 PREPARATION OF SUPERNATANT FOR TESTS

Use of the MVST W-27 supernatant received from ORNL Waste Operations in April 1995 required
pH adjustment prior to the tests on the ion-exchange materials being considered for the alkaline supernatant
tank wastes at ORNL, Hanford, and SRS. The CsRD was also planning to perform its demonstration at
apH of 12.5-13.0. The W-27 supernatant had a pH of 7.2, while the pH of the supernatants in the other
MVST tanks varied from 7 to >13. To increase the pH, about 0.5— 0.7 mol of solid NaOH had to be added
per liter of supernatant. Each container of supernatant contained approximately 2 gal, or 7.5 L, so that a
total of 140-220 g of NaOH, or about 28 g/L, was required to complete the adjustment to the higher pH.
Adjusting the pH with NaOH added 0.5-0.7 mol per liter of sodium to the sodium concentration of the
supernatant. The analyses of the W-27 supernatant sample taken in December 1994 (Request 941219-087)
and of a sample of the supernatant fed to the ion-exchange column after the pH adjustment and filtration
in cell C (Request 950619-053) are shown in Table 1. Additional NaOH and cold cesium, as cesium
nitrate, were added to the supernatant to simulate some of the supernatants at Hanford. The analysis of the

feed after adjustment to pH 14 and addition of cold cesium (Request 960321-076) is listed in Table 2.

3.2.1 Preparation of Initial W-27 Supernatant

The supematant was prepared by adding NaOH pellets to keep dilution to a minimum. The caustic
was added to achieve a pH of 13.3, as calculated based on the free hydroxide concentration determined by
titration to the phenolphthalein end point. As the caustic was added to the yellow supernatant, a fine, slow-
settling precipitate began to form. The feed for the pH 14 experiments was adjusted in the same manner,
but additional NaOH pellets were added to obtain the 1 N hydroxide concentration equivalent to pH 14.
A solution of cesium nitrate was prepared, and a small aliquot was added to give a total cesium

concentration approximately ten times the original level present in the W-27 tank.
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Table 1. Analyses of the MVST W-27 supernatant (pH 13)°

Radiochemical, Bg/mL Anion, mg/L mol/L
N ®Co 680 Br 288 3.60E-03
BICs 320,000 Cl 3,180 8.97E-02
- 134Cs 1400 F <15
90gy 65,000 NO,
Te 270 NO, 322,000 5.19E+00
Gross alpha 0.9 PO, <30
Gross beta 21,000 SO, 1,540 1.60E-02
Density 127 gL OH 7.08E-02
RCRA metal (mg/L) Cation, mg/L. mol/L
Ag 0.055 . Al 0.847 3.14E-05
As 0.0089 Be <0.0022
Ba 8.04 Ca 89.1 2.22E-03
Cd 0.22 Co <0.12
- Cr 2.96 Csb 0.935 7.04E-06
Hg 0.09 Cu <0.0319
i Pb 0.0092 Fe <0.0352
Se <0.005 K 10,300 2.63E-01
Mg <298
Electrolyte Balance Mn <.0055
Anion Cation Na 113,000 4.93E+00
Totals 5.390 5.198 . Ni - 1.22 2.08E-05
Difference ' 0.191 Rb 1.1 1.29E-05
Sb .<0.218
Si
Sr
Th <0.440
Tl <0.005
. U <1.0
<0.0561
) Zn 0473 7.23E-06

“Request No. 950619-053; analyses performed July 1995; Na/Cs ratio = 701,451; K/Csratio = 37,446.

*Value for the total cesium for the 7/95 sample was determined by removing all Cs, eluting with acid, and then
analyzing that sample.
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Table 2. Analyses of the MVST W-27 supernatant (pH 14 and added cold cesium)*

Radiochemical, Bg/mL Anion, mg/L mol/L
%Co 330 Br <50.0
3Cs 340,000 Cl 2,960 8.35E-02
BiCs 920 F <5.00
°Sr 31,000 NO, 2,720 591E-02
%Tec NO, 298,000 4.81E+00
Gross alpha 04 PO, <10.0
Gross beta 430,000 SO, 1,380 8.63E-03
OH 1.04 1.04E+00
RCRA metal, mg/L mol/L Cation, mg/L mol/L
Ag <0.0645 Al <0.146
As <0.0250 Be <0.008
Ba 5.61 4.09E-05 Ca 3.1 7.75E-05
cd <0.11 Co <0.0720 '
Cr 3.49 6.71E-05 Cs 9.95 7.48E-05
Hg 0.117 5.83E-07 Cu 0.15 2.36E-06
Pb <10 Fe <0.017
Se - <0.0250 K 12,000 3.07E-01
Mg <0.0985
Other | Mn <0.008
TIC 300 mg/L Na 127,000 5.52E+00
TOC 390 mg/L Ni 0.73 1.24E-05
TOTC 690 mg/L Rb 2.06 241E-05
Density 13g/L Sb <1.10
pH 14.017
Si 293 1.04E-03
Electrolyte Balance Sr 263 3.00E-04
Anion Cation Th <0.243
Totals 6.006 5.832 Tl <0.969
Difference 0.174 10) 0.485 2.04E-06
<0.0205
Zn <0.148

“Request No. 960317-076; analysis performed July 1995; Na/Cs ratio = 12,764; K/Cs ratio = 1,206.
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Analyses of the feed sample (obtained in April 1995) after pH adjustment to 13.3, followed by settling
and filtration, showed 3.2 x 10° Bq **’Cs/mL, 7.1 x 10 M total Cs (measured by removing all Cs from
a sample and analyzing for total cesium and *’Cs), 0.26 M K, and 4.7 M Na. The total Cs in the W-27
supernatant was about 2.7 times that expected, based on the *’Cs detected (2.06 x 10°M). An estimate
of the total Cs can be taken as about three and one-third times the amount of *’Cs present, based on the
total decay time until measurement.' It should be noted that the *’Cs level in the MVST supernatants,'*
some of which have cooled for 15 to 20 years, is one to two orders of magnitude less than that present in
the Hanford tank supernatants.’>"> The sample of supernatant adjusted to 1 N hydroxide (pH 14) was
analyzed to contain 3.4 x 10° Bq *'Cs/mL, 1.0 x 10° M total Cs (7.5 x 10° M when nonradioactive CsNO,
was added), 0.31 MK, and 5.52 M Na without added Cs.

The Cs level in the high-Cs feed (W-27 supernatant with cold Cs added) is approximately comparable
to the values given for Hanford tanks 101-SY (4.7 x 10° M) and 103-SY (5.4 x 10® M) and also to the
DSSF simulant (1.1 x 10 M). This level is about 7-9 times the value for W-27 as determined by analysis
~ (7x10° to 1x 10° M). The composition has a Na/Cs molar ratio of about 7.4 x 10* and a Na/K ratio of
18 after the addition of sodium hydroxide to increase the pH to 14.

3.2.2 Selection of Supernatant for CsRD Tests

Several batch contact tests were performed in order to prepare for the CsRD tests using CST. The
ion-exchange material used for these tests was UOP IONSIV IE-911 CST lot 999096810001. The tests
were designed to help select the supernatant to be used in the CsRD. The supemnatant (from W-27 or
W-31) had to be transferred to the feed tank for operation of the demonstration (i.e., tank W-29), which
contained a heel of liquid and a layer of solids from previous operations using the tank. (This tank was also
the feed tank for the solidification campaigns.) Tank W-29 was last used as the feed tank for the Out-of-
Tank Evaporation (OTE) test during FY 1996, and a heel of unknown volume (because the sludge depth
cannot be measured) was present in W-29 following that test. v

Tank W-29 was estimated to contain approximately 11,000 gal of liquid above a sludge layer, based
on results obtained from S. DePaoli."* DePaoli used *’Cs concentrations for W-24, W-29 prior to W-24
addition, and W-29 after OTE to back-calculate the volume of W-29 supernatant that it had taken to change

the cesium concentration in the W-24/W-29 mixture previously contained in W-29. The concentration in
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W-27 was 3.3 x 10° Bg/mL. By calculation, the W-27/W-29 mixture should produce a Cs concentration
of 5.1x 10° Bg/mL, and the W-31/W-29 mixture should produce a Cs concentration of 6.1 x 10° Bg/mL.

Based on that analysis,'* the estimate of the amount of supernatant that would be pumped into the
W-29 tank for use in the CsRD was approximately 22,000 gal, giving a level of about 90% of the total
available volume in the 50,000-gal tank. The CsRD would use up to 25,000 gal of the W-29 for the test.
Based on these estimates, a ratio of two parts W-27 or W-31 to one part W-29 was selected to produce
feed material for the batch tests with CST. The two tanks that can be used in the CsRD are W-27 and
W-31. Tank W-27 supernatant has been well characterized in the tests conducted to date. It has a fairly
low *Cs concentration, as well as low concentrations of most RCRA metals. Tank W-31 is supposed to
have a higher **'Cs concentration, an elevated chromium concentration (~10 ppm chromium; 5 ppm is the
RCRA limit), and a pH of ~11.9, as compared with W-27 at a pH of ~7.4, but would not require pH
adjustment. Tank W-27 also contains more cold cesium than the fission product yield alone would predict;

the values of total cesium in W-29 and W-31 are not known accurately at this time.

3.2.2.1 CsRD Supernatant Tests—Analysis of Supernatant

The supernatant from MVST W-29 used for the batch test series was obtained from the Bldg. 2026
Analytical Services samples that had been sent for analysis from the OTE test performed in March-
April 1996. Six bottles of the evaporator feed were sampled (7-8 mL per bottle), resulting in a composite
of approximately 45 mL. This composite was transferred to Bldg. 4501 for use in the batch-contact tests.

The approximate pH (operational definition for comparison) of the W-29 composite was checked by
titration to the phenolphthalein end point to be about 13.44 (1 mL of W-29 required 2.80 mL of 0.1 N HCI
for neutralization). To make the feed mixtures for the batch tests, 20 mL of W-29 sample was mixed with
40 mL of W-27 sample, and 20 mL of W-29 was mixed with 40 mL of the W-31 sample. The W-27 and
W-31 samples were archival samples that had been obtained in December 1994 and stored in Bldg. 4501
since that time. For comparison, a 60-mL sample of the W-27 was also submitted to the same set of batch

tests.
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3.2.2.2 CsRD Supernatant Tests—Results of Mixing Tests

The pH levels of the batch feeds were determined after mixing (the W-27 feed was adjusted by adding
1.431 g of NaOH pellets and then mixing). The pH of the W-31/W-29 mixture titrated to 13.08, the
W-29/W-27 mixture to 11.20, and the W-27 feed to 12.95. The W-29/W-27 mixture was adjusted, first,
by adding 0.204 g of NaOH. A recheck of the pH gave a value of 12.30, so an additional 0.191 g of NaOH
was added, resulting in a final pH of 12.76. These values are consistent with estimates based on the mixing
of the supernatants using the pH, *Cs, **Cs, and density analyses for the samples taken in December 1994.
(The W-29 analyses were based on the W-24 supernatant, which was later transferred to W-29.)

The batch tests were designed to give an estimate of the performance of the UOP IONSIV IE-911
CST commercial material with each of the two tank mixes as well as a comparison with the W-27 used in
the sorbent selection tests. A series of four liquid/solid ratios was used to cover a 10:1 to 1000:1 range of
supernatant to CST (10:1, 100:1, 500:1, and 1000:1, based on the wet mass of caustic equilibrated CST).
The tests were set up as ~18-h batch shake experiments with no intermediate sampling. The results are
based on the amount of ®’Cs removed from the 5-mL sample during that time. The sorbent was also rinsed
three times with water after the supernatant had been removed, dried in air, and then counted to try and
determine the specific activity of the *’Cs loaded at the various liquid/solid ratios.

‘When the W-29 and W-31 supernatants were mixed, no precipitation occurred either initially or after
standing overnight. When W-29 and W-27 were mixed, a precipitate consisting of a white, fluffy, slow- -
settling material formed immediately. When NaOH was added to the W-27 sample, immediate precipitation
also occurred, visually similar but with considerably more volume and slower settling than the W-27/W-29
mixture. After overnight settling, the W-27/W-29 mixture had a total liquid height of 25 mm and a sludge
layer height of 5 mm. The W-27 sample had a total height of 26 mm and a sludge layer of 9 mm. After the
additional 0.4 g of NaOH had been added for pH adjustment in the W-27/W-29 mixture, the solids were
still fluffy but settled rather quickly (5 to 10 min produced a clear layer more than half of the total depth).

The two feeds with solids were filtered to yield a clear liquid for the batch tests; the filtrate obtained
using 0.45-um syringe filters was ~45 mL in each case. A 0.5-mL sample was removed from each feed

bottle for analysis of the *’Cs activity by gamma spectroscopy. The results for radioactivity and density

are shown in Table 3.
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Table 3. Results of supernatant mixing test

Hydroxide B7Cs B34Cs Ratio Densit
Supernatant M) pH  (uCimL) (uCimL) ™'Cs/*Cs  (g/em
W-27° 0.089 12.95 10.07 0.0435 132 1.268
W-27/W-29 0.057 12.76 15.53 0.376 413 1.240
W-31/W-29 0.121 13.08  18.046 0.536 33.7 1.238

“Adjusted.

The CST material was initially prepared by placing 10 mL (tapped volume) with a mass of 10.335 g
in a flow-through column and treating it with 2 A/ NaOH solution in a preconditioning step before the batch
tests. The CST IE-911 -0001 batch has been shown to have a high ability to reduce the pH of a solution,
and the cesium removal ability is very pH dependent in the 12-13.5 range, so it is very important to prevent
pH changes in the test solution that would give inaccurate data upon which to base column performance.
The treatment consisted of wetting the CST with 50 mL of the caustic solution in a slow upflow mode. The
solution was left to stand for 30 min, after which another 10-mL volume was pumped into the column. The
CST-solution mixture was allowed to stand overnight, and then 40 mL of solution was pumped through
at a rate to fluidize the bed and carry out fines. The bed was subsequently allowed to settle for 30 min.
Finally, an additional 10 mL was pumped through at low rates and allowed to stand for 1 h. The CST was
then transferred to a 15-mL centrifuge cone, still in contact with 2 A NaOH, and prepared for the batch
tests by adding the desired mass (measured wet with NaOH solution) into tared centrifuge cones.
Additional samples with the same ratios of wet CST material as that added to the test cones were also dried

to determine the dry weight (dried in 2 M caustic) added to the supernatant.
3.2.2.3 CsRD Supernatant Tests—Results of Batch-Contact Tests

The test cones with supernatant and CST were placed on a rocking contacter for the prescribed time.
Two of the liquids were also placed in cones without CST to check for supernatant-tube interaction. When
contacting was complete, the tubes were removed and the liquid in each tube was withdrawn and placed

into new cones. A sample of the liquid in each cone was then filtered and placed in a new cone. Finally,
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a sample of the filtered liquid was taken to determine, by gamma spectroscopy, the amount of **’Cs
remaining in the solution. Two samples of each feed liquid were withdrawn as well, for the initial
concentration baseline. Samples of the unfiltered liquid from three of the cones containing the CST were
also taken to determine whether any of the CST had decomposed and become a part of the liquid stream
during the sampling process. The solid CSTs left in the tubes were washed three times with water and then
allowed to air dry before weighing and counting.

The results for the determination of the densities of the feed materials are the averages of five samples
of 5 mL each. The densities are as follows: W-31/W-29 = 1.2380, W-27/W-29 = 1.2401, and
W-27 = 1.2681. This is in good agreement with the predicted densities based on the December 1994
analyses's of MVST analytical samples, using the analytical results from W-24 for W-29 (W-24 was
transferred to W-29 during this period).

The counting results for the samples of liquid removed from each of the tubes containing CSTs are
given in Fig. 2. The graph shows the calculated solid/liquid ratio and the D value for removal of ¥Cs. It
also shows the relationship of the results to each other and indicates that if W-31/W-29 feed were used,
significantly more "*’Cs would be loaded as compared with using W-27/W-29. This would cause a much
higher radiation field for the column for the same amount of supernatant passed through the column as
compared with W-27/W-29 feed. Therefore, W-27 was chosen to be added to W-29 as offering the most
flexibility and safety in experimental conditions during the CsRD operations.

3.2.2.4 CsRD Supernatant Tests—Preparation of Supernatant

Based on the results of these tests, it was decided that W-27 would be used for the CsRD tests after

being pumped to tank W-29. For use in the CsRD tests, the W-27 supernatant needed to have a final pH
| of 12.5-13.0 after it had been mixed with the supernatant remaining in tank W-29 after previous operations.
Therefore, the pH of the supernatant in W-27 had to be increased to approximately 11.9-12.0, assuming
that the desired volume ratios were 2 parts W-27 to 1 part W-29. This step theoretically required
approximately the amount of caustic needed to precipitate the calcium and magnesium from solution. Since
the W-27 supernatant was about 0.26 M in Ca and 0.0272 M in Mg, approximately 0.575 mol of hydroxide
ion per liter of supernatant would be required (0.574 mol to precipitate and 0.01 mol to change the pH).
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Fig. 2. Batch contacts of IE-911 with proposed supernatants for the CsRD.

This step required 23 g of NaOH per liter of supernatant, or 29.6 mL 50% NaOH solution (approximately
19.4 N) per liter of supernatant. Assuming a supernatant volume of 102,200 L (27,000 gal) in W-27, then
58,762 mol of hydroxide would be required; this would be equivalent to 3029 L of 50% NaOH solution
(800 gal) required to adjust the pH of all of the supernatant in the tank before pumping.

To verify this assumption, samples of the W-27 supernatant were mixed with varying amounts of 50%
NaOH solution and allowed to settle. The pH levels of the W-27 supernatant and NaOH solutions were
then determined. The results are shown in Table 4.

After the 800 gal of 50% caustic had been added to W-27 on June 26, 1996, the tank was allowed to
settie for 2 weeks and then the desired volume of supernatant was pumped to W-29 on July 11, 1996. The
latter was allowed to settle for 30 days before a sample was withdrawn on August 8, 1996, for testing.
That sample was delivered to Building 4501 on August 9, removed from the carrier drum, subsampled,

placed in the hot cell, and connected to the transfer system for use in the flow studies on the CST column.
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Table 4. Test of proposed pH adjustment of W-27 supernatant

NaOH Gal Vol. of prec.

Caustic  (mol/L) 50%to Tube Volume of precipitate [OH] 24-h 6-d in 270,000

added, added 27,000  tot. vol. (ml) after of . pHof pH of gal of super,

Tube® (mL)*  to W-27 gal (mL) 24h 48h 5d 6d solution  solution  solution gal
1 0.35 0.6447 945 10.8 3.5 2.8 23 22 0.121 13.0828 5750
2 0.35 0.6447 945 10.8 3.5 2.8 22 2.1 0.139 : 13.143 5500
3 0.30 0.5526 810 10.6 28 23 2.1 2.0 0.068 12.8325 5349
4 030 0.5526 810 10.6 2.7 23 1.9 1.9 0.070 12.845 4840
5 0.25 0.4605 675 10.5 2.5 22 1.9 1.8 0.038 12.5798 4886
6 0.25 0.4605 675 10.6 2.8 2.6 23 2.2 0.038 12.580 5858
7 0.20 0.3684 540 10.5 2.5 23 2.0 1.9 0.030 12.4771 5143
8 0.20 0.3684 540 10.5 2.65 23 2.1 2.0 0.028 12.447 5400
9 0.15 0.2763 405 10.5 . 2.5 23 2.0 18 0.025 12.3979 5143
10 0.15 0.2763 405 10.5 2.7 24 2.i 2.0 0.025 12.398 5400
11 25 mL W-29+ 5mL #10 7.5 0.2+038 0.028 12.447

“Sample tubes consisted of 15-mL polypropylene graduated centrifuge tubes. They were prepared by
pipetting 10 mL of W-27 sample (December 1994) in four 25-mL batches into each of 10 tubes.

Duplicate additions of 50% caustic were made in the volumes of 0.35, 0.30, 0.25, 0.20, and 0.15 mL
to cover the possible range of caustic addition.

“Titration of the caustic used in the pH ad]ustment tests required 138.15 mL of 0.02 N HCl to titrate
0.15 mL to phenolphthalein end point NaOH [CI-1] = 18.42 mol/L.

The sample of the W-29 feed was sent to the Chemical and Analytical Sciences Division (CASD) for

chemical and radiological analyses. The results of these analyses are given in Table 5.
3.3 PREPARATION OF COLUMNS

The 1.5-cm-ID x 15-cm-tall glass columns, with polypropylene end fixtures for ion-exchange sorbents,
were prepared for use by, first, attaching a dimensional tape to the outside surface of the column to allow
the observation of the bed depth and liquid level from outside the cell. The sorbent to be used was then
treated in a preparation column by the sorbent-specific procedure recommended by the provider or
manufacturer. The measured volume was next added to the column, and the depth of the bed was measured
after settling and removal of all air bubbles. Air bubbles were removed by flowing liquid up through the
bed to partially fluidize it and allow the bubbles to rise and escape. A few bubbles had to be removed by
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Table S. Analysis of W-29 supernatant used in the CsRD qualification test’

Radioactive analyses, Bg/mL Anion, ug/L
®Co 500 +/-50 Cl 3,050 +/-300
B4Cs 7,600 +/-200 NO, 20,400 +/-2,000
B1Cs 460,000 +/-1E4 NO, 250,000 +/-35,000
Gross alpha 30 +/-34 OH 4,500 Calculated
Gross beta 550,000 +/-1E4 SO, 15,506 +/-165
*Pu <12
#Py decay <4.2 Cation, ug/L
Total radio-Sr 4,100 +/-300 Al 4.17 +/-0.12
#T¢ decay 342 +/-68 Be <5E-3
Ca 1.42 +/-0.05
RCRA metals, pg/mL Co <9.5E-2
Ag (5 mg/L) <0.1 Cs 0.58 +-0.116
As (5 mg/L) <0.25 Cu 7.00E-02 +-0.01
Ba (100 mg/L) 0.865 +/-0.01 F <25
¢d (1 mg/L) 0.240 +-0.01 Fe <2E-2
Cr (5mglL) 3.44 +-0.05 K 14,700 +/-185
Hg (0.2 mg/L) 0258 +/-4.8E-4 Mg <1.25E-1
Pb (5 mg/L) 2.89 +-0.0212 Mn <SE-3
Se (1 mg/L) <0.025 Na 95,400 +/-475
Ni 1.04 +/-0.09
Other Pu mass <0.001
pH 12.68 %Py mass <0.001
TDS, pg/mL 81,000 Rb 1.28 +/-0.0415
TS, pg/mL 390,000 Sb <1
TSS, pg/mL 310,000 Si 44.1 +/-0.75
Sr 1.65 +/-0.02
TIC, pg/mL 980 +-17.5 *Tc mass 0.545 +-.109
TOC, ug/mL 500 Th <2.5E-1
TOT C, pg/mL 1,480 +/-100 U 13 +-0.51
v <SE-2
Zn 1.35 +/-0.09

“Request number 1PA7763; sample number W29080896-2.



17

physically agitating the sorbent with a small stirring rod when the sorbent formed small clumps and did not
easily fluidize with liquid.

The column, or module, was then installed in the cell system and connected to each of the three quick-
connect fittings for the column inside the cell (feed, feed return/column vent, and column effluent). If the
bed became unsettled or showed evidence of air bubbles during installation or operation, it was resettled
in place and any trapped bubbles were removed by introducing liquid in the upflow mode and gently tapping
the side of the column. If the bed was to be returned to service after elution, the same steps were
completed each time. Finally, the liquid in the column was drained to about 0.5 to 1 cm above the bed level

before the start of supernatant feeding to minimize dilution of the supernatant.
3.4 OPERATION OF THE CONTINUOUS SYSTEM

Once the feed tank was full and the module was in place, a run was started by preparing the various
system components. The fraction collector was set to operate remotely for the desired sample volume or
collection time and number of samples. The gamma counter used to monitor the *’Cs breakthrough from
the module was started by initializing the multichannel analyzer program and checking the calibration for
the *’Cs peak. Data for the prerun background count were collected, and the automatic data collection
mode was initiated.

The module feed pump was started; and feed was pumped from the feed tank, through the pump, to
the column entrance tube above the bed until a liquid level of about 3 to 5 cm above the sorbent was
reached. After all sjrstems had been checked, the column pump was set to the desired rate and turned on.
Flow rates through the column were verified by timing the fall of the liquid level in the column through a
distance of 2 cm, using the scale on the column. The level was increased by increasing the feed pump rate
and then turning off the feed pump for the flow-rate check. The flow rate was checked about once per hour
during normal loading tests, and the pump was adjusted to maintain the desired flow rate, if necessary. If
the sorbent loading was rapid and only a few column volumes were required, or if the flow rate was high,
the rate was checked more often. When the rate had to be adjusted, it was rechecked immediately after
adjustment. Occasionally, when the filter downstream of the pﬁmp became partially plugged and the
pressure drop rose across the filter, the flow rate that the pump delivered could be reduced and was often
more difficult to keep constant; in such cases, the rate was checked more often. During most runs, the

pump rate was stable for periods of several hours up to several days and did not need frequent adjustment. .
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The column pump removed liquid from the bottom of the column through the bed support membrane
(pore size, 20 um) and moved it successively through a 0.45-um filter and the gamma detector, and then
delivered it to the fraction collector. There was a 30- to 120-min holdup between the column and the
detector, depending on the flow rate and the length of the path between the filter and detector. The
approximate volume of the short path is 35 mL; the volume of the long path is about 90 mL. The course
of the run was followed by the in-line sodium iodide detector in the cell. After the desired breakthrough
of cesium had been detected, the column shutdown procedure was started. The remaining liquid in
the system was pumped to the fraction collector, and the module was subsequently rinsed with
distilled/deionized (DI) water or other clean liquid. This liquid rinsed the supernatant from the module and
prepared it for either removal or elution/regeneration. Rinsing was continued until the cesium in the
detector fell to near the initial background level. The module could then be removed from the system and
taken to the gamma counter for *’Cs determination. If the module contained regenerable sorbent, it could
be returned to the cell and reinstalled in the system for elution, regeneration, and reloading.

The pH levels of some of the fractions were determined by titration with 0.1 N or 0.02 N HCl to the
phenolphthalein end point, followed by titration to the methyl orange end point, to determine the presence
of carbonate. The fractions collected during the run were weighed, and the specific gravity of each sample
was determined by weighing a known volume of the fraction. The volume of each fraction was calculated,
based on its mass and density. The fraction volume and the time for its collection gave a check on the
average flow rate for that fraction. Small samples were taken from each fraction (~0.5 mL in tared tubes)
for gamma counting of the *’Cs. The results of the sample counts were then used to calibrate the cesium
detector by correlating the sample counts obtained for each fraction to the detector output for the same

fraction.

3.5 AEA TECHNOLOGIES EIX SYSTEM

3.5.1 The EIX Concept

The EIX technology for cesium recovery from tank waste supernatant was tested in the hot cell by
inserting the test equipment in place of the standard column of ion-exchange resin. The laboratory-scale
operation of the AEA EIX plant was conducted to test the concept on actual MVST supernatant. The EIX
rig was developed and constructed for DOE under a subcontract with AEA at Harwell, UK, and delivered
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to ORNL, where it was installed in the Building 4501 Hot Cell C test facility for use in testing various ion-
exchange materials with actual radioactive liquid waste from the MVSTs. The EIX process uses the
electrolysis of water as the electrochemical driving force. Water is oxidized at the anode, producing acid
and oxygen, and reduced at the cathode, yielding base and hydrogen. The electrogenerated protons are
used to elute the cesium that has been previously loaded onto an ion-exchange resin. A schematic diagram

of the process is shown below in Fig. 3. The passage of the current generates a basic solution of alkali

metal hydroxide in the catholyte.

ORNL DWG 97C-372
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Fig. 3. Electrochemical elution of ion-exchange resins.

The EIX technology replaces the standard acid elution step in ion exchange with an electrochemical
acid elution that preliminary studies suggest has the potential to reduce the volume of elution waste by more
than 90%, as compared with the acid elution. The EIX process also eliminates the use of chemical reagents

for elution because the acid needed for elution is produced via the electrolytic dissociation of water.
3.5.2 Description and Setup of the Experiments

The EIX equipment was installed in place of a cesium removal column (Fig. 4), and the two cells
included with the rig (Fig. 5) were filled with 5 mL of the RF resin supplied by AEA (RF resin made by
Boulder Scientific, labeled BSC-87, and stored at AEA for several years). It was intended to be studied

over repetitive loading/eluting cycles to obtain information on fouling, improvement in efficiency, and
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Fig. 5. Schematic diagram of EIX cell.

volume reduction over conventional acid elution, as well as to discover any design considerations to
accommodate resin swelling/shrinkage.

Three members of the AEA team that developed their EIX -concept and helped build the experimental
rig came to ORNL to help commission and operate the equipment for the first series of runs. The system
was cold tested prior to commissioning, and several minor changes were made to facilitate connection to
the in-cell system of tanks, pumps, detector, and fraction collector. These changes consisted of adding hand
valves for controlling flow from the cells to the detector, replacing some tubing with smaller-diameter
tubing to reduce dead volume between the bubble traps and the cells as well as between the cells and the
hand valves, and adding quick-connect fittings to tube ends to allow connection to the fill lines to the
various tanks in the EIX rig. A flow sheet for the entire system is shown in Fig. 6.

When the system was ready to be placed inside the hot cell, the BSC-87 RF resin supplied by AEA
was prepared for addition to the two EIX cells on the rig. This resin had been tested in the UK with
simulant and at ORNL with the W-27 supernatant, and the results showed that it was far superior (5-10

times more CV to 50% breakthrough) to the RF resin that had been used in previous tests at ORNL. This
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resin, which had been stored at AEA in a closed bottle on a shelf for several years, had been recently tested
when the newer batch was proved to have deteriorated significantly in performance. Boulder Scientific has
prepared two orders of the RF (many batches), and the performance of these batches has been quite
variable. Approximately 9 mL of dry RF resin was prepared by treating with 50 mL of 0.5 N HNO,, which
generated a large quantity of gas at first contact. After this first batch of acid had been removed, a second
50-mL volume was added, with only a slight amount of gas being produced. The resin was then rinsed
with 100 mL of DI water in 50-mL increments. It was converted to the sodium form by treatment with
25 mL of 1 N NaOH and allowed to stand for 10 min before the caustic was removed and another 25 mL
of 1 NNaOH was added. After 10 min, the second volume of 1 N NaOH was removed, and the resin was
rinsed with 50 mL of DI water, followed by 100 mL of DI water. Each of the two cells was then filled
with 5 mL of resin and secured in preparation for placement in the hot cell.

The feed for the run was some of the same batch of original W-27 supernatant that had been obtained
in April 1995 and adjusted to pH 13.3 using NaOH pellets. This batch had been used in previous tests of
the RF, CST, CS-100, and other resins (see Tablg 1). The feed supernatant was filtered before transfer
to the AEA rig feed tank during the pumping sequence to fill the normal system feed tank. That tank was
then used to supply the feed to the AEA rig feed tank.

4. EXPERIMENTAL RESULTS
4.1 PREPARATION OF SUPERNATANT FOR OPERATION

MVST W-27 supernatant was used as the feed for most of the experimental ers. Once the pH had
been adjusted in the supernatant container, the container was transferred to the Cell C feed transfer area
for pumping to the system feed tank. The bottles of supernatant were allowed to settle for up to 3 days to
allow the calcium and magnesium compounds formed during pH adjustment to settle to the bottom before
the solution was pumped to the column feed tank through the 0.45-um filter. The feed tank was filled at
a flow rate of about 30 mL/min. (A level probe in the tank shuts off the pump approximately 5 cm from
the top.) Once the tank had been filled, the lines were emptied back to the transfer container, the pump
head was rinsed with distilled water to prevent salt crystallization in the head, and water was left in the
head. When the tank pumping was first started, some solids were observed in the transparent lines to the

filters, but the lines were clear during most of the pumping time. The filter retained a slight yellow color,
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even after rinsing with water, due to the particulates trapped; however, it was not plugged to the flow of
liquid. During subsequent fillings of the feed tank from the same bottle, the lines remained clear. Those
feeds which had been adjusted to pH 14 settled more slowly and were more difficult to filter, sometimes
requiring two filtrations in the course of filling a given tank.

The solution in the feed tank after transfer and filtration was clear and slightly yellow; the bottom of
the stainless steel tank was easily visible from the top of the tank through 40 cm of supernatant. The
exception was during the filling from the bottle adjusted to pH 14 for a CST test in which the feed transfer
filter failed and allowed unfiltered material to pass to the feed tank. In that case, the feed to the column was
stopped before any material entered the feed pump, and a temporary tank was installed and filled with fresh
filtered feed. Then the column was restarted without incident within about 65 min.

Supernatant for the CsRD qualification run was pumped directly from the transfer bottle to the feed

tank with no adjustments or modifications except during the initial sampling for analytical tests.
4.2 SUPERLIG® 644C AT 1 N HYDROXIDE AND 3.5 CV/h

The SuperLig® 644C for this run was prepared by measuring 4.657 g of dry resin into a column
(6.2 mL, packed dry) and proceeding as in the previous run (wetting with DI water, followed by 2 N
NaOH), and then treating with a surrogate feed made to 5 N in NaNO; and 1 Nin NaOH. The W-27 feed
made to pH 14 was used in this run, which was planned to be a multiple load-and-elute experiment where
(1) the cesium was loaded and then etuted with 0.5 N HNO, and (2) the resin was regenerated with 2 N'
NaOH and then reloaded with the cesium in the W-27 feed. For this set of runs, the first loading was done
with the normal amount of cesium in the feed (1.1 x 10° M), and the following three loadings were done
with approximately seven times as much cesium (in the form of cold cesium) added as cesium nitrate, giving
a measured total of about 7.5 x 10”° M cesium in the feed. The loading was done at a flow rate of 3.5 CV/h
in the downflow mode. The column volume used in flow-rate measurements was determined by measuring
the sorbent bed height during the loading process after several CV of supernatant had passed through the
bed and the height had stabilized. Because of the low density of the SuperLig® 644 in the 5 M salt solution,
a special weighted bed follower, developed by J. L. Collins, was used to keep the bed packed during
Joading, elution, and regeneration. For example, the loading took place with the bed at 10.3 cm’, the water
rinse of the bed after loading increased the volume to 13.0 cm®, and elution of the bed reduced the volume

to 8.6 cm’.
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The first loading used pH 14 feed with 1.1 x 10° M Cs and a flow rate of 3.5 CV/h with a column
volume of 10.2 ¢cm® and an ambient temperature of 28°C. The initial flow of supernatant through the
column produced a reddish-brown color that gradually decreased over about 2 CV. The color could be
followed all the way to the fraction collector. Some pink discoloration of the downstream filter was also
noted, but no plugging occurred. The Cs_breakthrough began to be observed when less than 10 CV had
passed through the bed. The loading continued until about 60% breakthrough was indicated by the in-line
detector; 50% breakthrough occurred at about 167 CV. The column was then rinsed with DI water and
prepared for elution. The rinse expanded the bed to a volume of 12.9 cm® and also resulted in some color
being released from the column. The loading curve is shown in Fig. 7.

The elution was completed using downflow through the bed with 0.5 N HNO, at approximately the
same flow rate as the loading. As soon as acid began flowing through the bed, it began to shrink. After
about 3 CV had passed through the bed, the volume had decreased to 10 cm® and continued to decrease
until it reached 9.5 cm® by the end of the elution step. A total of 90 mL of acid was used in the elution.
The elution curve is shown in Fig. 8. The in-line detector curve flattens at about 5 C/C,, where the detector
is completely saturated and will not record higher readings. Fractions collected during the elution were
analyzed to develop the total elution curve, with the peak occurring at about 36 C/C, at 4 CV of acid. The
column was rinsed with DI water following the elution, and the water was allowed to remain in the column
until the regeneration step. |

The column was regenerated with 50 mL (5 CV) of 2 N NaOH in the upflow mode at a 0.5-mL/min
flow rate. The bed had a volume of 9.2 cm® at the start of regeneration. Color, which began coming off
the bed as the first CV of regenerant passed through, continued for about 2 CV. The regeneration was
continued, with the final volume of the bed increasing to 11.9 cm®. The bed was then rinsed with 5 CV of
the surrogate salt solution and readied for the next loading. During the salt rinse, it was noted that many
small bubbles had formed throughout the bed. Efforts were initiated to remove them by applying a vacuum
on the bed and suddenly releasing it for a series of four cycles. Following this treatment, the bed was
reduced to a volume of 10.5 cm? for the start of loading; no bubbles could be seen.

The next loading was completed by using feed that had nonradioactive Cs added to give a total Cs
concentration of 7.5 x 10® M, the pH was still at 14, and all other concentrations remained at the previous
level. Feed to the column was again at 3.5 CV/h, and slightl color was seen as the feed initially passed
through the bed but disappeared after about 3 CV. Breakthrough of the cesium was almost immediate.
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Whether this was due to incomplete elution and regeneration or to the bubble removal process, causing flow
distribution problems in the bed, cannot be determined. The loading curve shown in Fig. 7 was
approximately parallel to the first curve, but the 50% breakthrough occurred at 77 CV. The rinse was
performed with DI water, and the column was prepared for the elution. The bed volume at the end of the
supernatant feed step was 10.2 cm’® but expanded to 12.7 cm’® following the rinse. The elution was
conducted in the same manner as the previous one, but a total of 12 CV (120 mL) acid was used. The
elution curve, shown in Fig. 8, was displaced about 2 CV to the right from the first elution curve, with the
peak of 15 C/C, occurring at about 5.5 CV. Some brown color was removed from the bed in the first few
column volumes, and the bed shrank to 8.7 cm® by the end of the elution step. Small bubbles were seen at
the bottom of the bed after about 3 CV, and more bubbles began to appear on the sides and near the top
as the elution continued. The bubbles increased in size and became more numerous until the elution was
completed.

Before the regeneration was attempted, the bubbles were removed by applying a vacuum/release
sequence to the bed, as described before. When this was completed, the column volume was 8.4 cm’. The
regeneration was started in the upflow mode at about 3 CV/h with 2 N NaOH. As in the first regeneration,
a reddish-colored band came off the column but grew fainter and disappeared within the first 2 CV. During
this time, a few solids could be seen below the filter and in some of the lines. The final volume after
regeneration was 11.4 cm®. The regeneration was followed by 6 CV of the surrogate salt, and this material
was left in the column until the start of the next loading cycle. At the end of the elution, one small bubble
was seen near the top of the bed. Following the rinse with the surrogate salt solution, more bubbles were
visible, and these were removed by three vacuum/release sequences. Some small solids could be seen in
the liquid above the bed, possibly from fines in the bed; however, their exact source was not determined.
The final bed volume in preparation for the next loading was 10.4 cm’.

The third loading, again at 3.5 CV/h, was planned to continue until the second loading curve was
confirmed, or about 25-30% C/C,. At the start of loading, color left the column and could be seen
collecting on top of the filter. The bed shrank slightly during the first few CV to about 10.25 cm®. During
the first several CV, no breakthrough Waé seen on the in-line detector and initial breakthrough did not occur
until about 8-9 CV. Analysis of the collected fractions indicated that a bubble had possibly become trapped
in the detector tube and was giving a false low reading. When the run was completed at about 25%

breakthrough, the curve was extrapolated to the 50% point to give a 50% breakthrough of about 65 CV
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using data from the samples analyzed externally. The column was then rinsed with DI water, and the bed
expanded to 13 cm’. No bubbles were observed during the loading or rinse cycle. The loading curve is
shown in Fig. 7.

The elution was preceded with a 5-CV rinse with DI water in an effort to prevent bubble formatioh.
Considerable color was noted dun'pg the first flow of the DI water through the bed. The elution was
completed with over 8 CV of 0.5 N HNO, and resulted in a peak of 14 C/C, in the effluent at 3 CV of
eluent. During the elution, the bed shrank from 13 cm’® to 8.4 cm® (see the curve in Fig. 8). After the
elution had been completed, the column was rinsed with DI water with no volume change in the column.

Regeneration prior to the fourth loading was completed in the downflow mode (upflow was used in
the first three regenerations), using approximately 10 CV of 2 N NaOH. Color was removed from the bed
almost immediately and continued for about 2 CV, and the bed expanded to 11.5 cm®. The surrogate salt
solution was then pumped through the column, resulting in a bed volume of 10.9 cm®. No bubbles were
observed during any of these operations, and no vacuum sequence was used before the fourth loading.

The fourth loading was begun at 3.5 CV/h and resulted in color leaving the column again, but not as
much as in previous loadings. Also, the bed volume decreased slightly to 10.5 cm® during the loading. The
loading curve (see Fig. 7) began at a steep slope but gradually decreased through the 5- to 10-CV range,
almost becoming parallel to the second loading by the time the 50% breakthrough point was reached at
about 50 CV. The column was rinsed with DI water following the loading, and the bed expanded to
13 cm’ during the rinse. The three loadings that exceeded 50% showed an increase in slope as the curves
~ passed 40—45% breakthrough. The change in slope Wa§ noted on both the in-line detector and in the
fractions that were analyzed later. The change can be seen in the plot of the loading curves.

The column was rinsed and then eluted as in the previous loadings; the results are shown in Fig. 8.
Before the elution was started, a 3-CV rinse with DI water was concluded. Additional volumes (11 CV)
of acid were used in an attempt to remove nearly all of the cesium from the column. The curve was very
similar to the third elution, with the peak occurring at about 3 CV and a concentration of 13 C/C, in the
effluent. The bed decreased to a volume of 8.4 cm® during the elution, and stayed at that volume during
a rinse with DI water. The column was then drained, removed from the system, and stored for later reuse
or additional analysis. Analyses showed that 5.2 uCi of *'Cs (the amount in about 0.5 mL of supernatant)
was left on the column. In addition, *°Co and '®Ru were apparently concentrated on the resin, with 4.5

and 0.11 uCij, respectively, present. The amount of ruthenium in the supernatant was below the detection
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limit; however, the ®Co concentration in the column was more than 20 times that of the same volume of

supernatant.
4.3 RF RESIN AT 1 NHYDROXIDE AND 3.5 CV/h

An experiment was completed using RF resin obtained from the ORNL REDC (REDC batch) of
-60-+-80 mesh size, in which the feed rate through the bed was 3.5 CV/h. Three previous experiments were
completed with resin obtained directly from Bibler (i.e., the Bibler batch) and supernatant at 0.1 N
hydroxide concentration.”® For the current run, 6.029 g of resin (tapped volume, 8.3 cm®) was treated with
10 CV of 0.5 M HNO,, followed by 7 CV of DI water. During this treatment, the bed volume decreased
to 7.3 cm®. The bed was then treated with 2 A NaOH for 10 CV at the expanded volume of resin and
rinsed with DI water for 3 CV. The resin expanded to 13.86 cm® during caustic treatment. Approximately
10.7 cm® of the resin was placed in the 1.5-cm-ID test column to give a bed height of 6.5 cm. The weighted
bed follower described above for the SuperLig® 644C was also used during this run. The column was filled
with a surrogate salt solution of 5 N NaNO, and 1 N NaOH in preparation for loading.

The column was installed as described above, and sﬁpernatant feed was started through the bed at
3.5 CV/h. The same supernatant was also used for the first SuperLig loading in the multiple loading run
described above (1 x 10 M cesium). Once feed was started through the bed, the effluent became a brown
color that lasted for 2 to 3 CV; the dark color could be seen as it passed through the tubing and filter.
During the first 4 CV of feed through the bed,'the bed volume increased to about 11.1 cm® and remained
there for the rest of the loading. During the run, it was difficult to maintain a constant flow rate because
of bubbles arising in the lines and migrating to the column pump. The loading was continued to 70%
breakthrough of the cesium. The loading curve (Fig. 9) shows that the initial breakthrough did not occur
until 7 CV, and then curve was very steep to 50% at about 20 CV. The additional curve shown in the
graph is a plot of the results obtained by PNNL using the same batch of RF resin (sent to Hanford just
before the test) to treat diluted supernatant from Hanford tank 241-AW-101."* Both curves generally
followed the curves for past runs with RF resins.! The column was rinsed with several CV of DI water
following the loading in preparation for the elution.

The RF resin was eluted using 0.5 N HNO; in the downflow mode at about 3.5 CV/h. The volume

of the bed was 12.9 cm® after the previous loading and water rinse but decreased to 9.1 cm® after elution
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and rinse. The elution curve (Fig. 10) shows a peak of about 3.4 C/C, at about 6 CV of eluent. The curve
is very broad and does not return to the baseline after 12 CV. After the elution and rinse had been

completed, the column was drained and transferred from the system to storage.
4.4 CST-38 BAT 1 NHYDROXIDE AND 7.5 x 10° M CESTUM

The experimental systeni was set up using the UOP Batch 38B CST sample from the same bottle as
that used in the previous CST runs. Ten milliliters of CST (mass, 11.873 g) was added to a 10-mL
graduated cylinder. The CST was placed in the column and tapped to the minimum level (6.3 cm). Then,
100 mL of DI water and 70 mL of 1 N NaOH were successively passed through the column in the upflow
mode to remove fines and settle the bed. About 10 mL of the caustic remained above the bed, and the
column was left in this manner for installation in the cell system. (The volume of the bed before the start
of the run was 10.48 mL.)

The MVST W-27 supernatant bottle used for this CST loading was prepared by adding solid NaOH
until the hydroxide concentration was 1 N. The titrated pH of the feed was 13.99. At this time, the total
cesium concentration of the feed was adjusted to 7.48 x 10 M by using CsNO,. The analysis of the feed
is summarized in Table 2.

Once the column had been installed in the system, feed supernatant was pumped to the column at an
initial flow rate of about 6 CV/h. Flow was continued until the effluent showed a '*’Cs level greater than
55% of the level in the feed. The column was then washed with water, drained, and prepared for counting
and storage. The results of the run are shown in Fig. 11. Because of the increased level of total cesium
in the feed, the 50% breakthrough point was expected to be at a significantly (approximately 30%) lower
CV than that for the previous run, which was made at the same flow rate but with feed containing lower
Cs and hydroxide concentrations. The results showed a loading curve parallel to the previous curve,
as expected, with the 50% breakthrough occurring at 272 CV, the 10% breakthrough at 122 CV, and the
1% breakthrough at 55 CV. The 50% breakthrough is about 79% of the breakthrough for the feed with
lower Cs and hydroxide concentration—well within the prediction. No difficulties with the system were
observed during operation.

Calculations for the loading of the column, based on the *’Cs content and the volume of the feed, gave
| 29,091 uCifed (ie, 9.34 uCy/mL x 3115 mL); analysis of the effluent from the column showed that
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5,761 uCi passed through the column. Counting of the column in its 3.2-mm-thick stainless steel
containment vessel after its removal from the cell showed that 20,194 .Ci was present, leaving about

3,136 1Ci (10.8% of cesium fed) unaccounted for.

4.5 CST-0001 AT 1 N HYDROXIDE AND 7.5 x 10° M CESIUM

The experimental system was set up to start CST run 4 using the UOP IONSIV® IE-911 (lot
999096810001) CST received on March 27, 1996, from the UOP plant in Whistler, Alabama. (This is the
production-engineered form of the CSTs.) The column was prepared by tapping 10.590 g of sorbent,
measured in a 10-mL graduated cylinder, to the minimum volume (6.35 cm). Then, 70 mL of DI water
was passed through the column in the upflow mode to remove fines and settle the bed. About 0.25-0.3 mL
of fines was removed from the bed. After the first contact, the CST was fairly dusty and the water was
“milky,” with numerous small particles present. The water was followed by 100 mL of 1 N NaOH, and the
NaOH was left in the column for the weekend. About 1 mL of the caustic remained above the bed, and the
column was left in this manner for installation in the cell system. (The final volume of the bed before the
start of the run was 10.35 mL.)

The supernatant feed used for most of this CST loading was used in the previous run with the
-38B CST; it had a titrated pH of 13.97 and was 7.5 x 10° M in Cs. The initial 175 CV came from the first
feed bottle and had a high Cs concentration. During the run, a second bottle of supernatant that had been
prepared to the same pH (13.98, as measured by titration) was used for the last 130 CV of feed to the
column. The second bottle of supernatant, however, did not contain additional Cs; thus, its cesium
concentration was only about 1 x 10° M. During the process of filling the tank with feed from the new
bottle, the filter failed and solids entered the feed tank. Before solids reached the feed pump, the system
was shut down and a temporary tank was prepared with clean feed for the remainder of the run. The feed
was stopped for about 65 miin; after restart, a small dip in the loading curve, with a return to the previous
slope, was noted—which was the expected response.

Once the column had been installed in the system, the feed supernatant was pumped to the column and
the flow was started at about 6 CV/h. Some difficulties were encountered in stabilizing the flow during
the early part of the run due to a bubble in the feed pump head. The flow rate, which was erratic, caused

some fluctuations in the initial count rate for the effluent from the column. Once flow had been stabilized,
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the breakthrough curve returned to the level of background before starting the normal increase. Flow was
continued until the effluent showed a *’Cs level greater than 65% of the level in the feed. The column was
then washed with water, drained, and prepared for counting and storage. The results of the run are shown
in Fig. 11. It was predicted that this engineered form would perform somewhat better than the -38B
material, although it was slightly less dense. The slope of the curve did decrease slightly after the
lower-concentration cesium feed started passing through the column, beginning to approach the curves
obtained at the lower total cesium concentration; however, the change was slight. The 50% breakthrough
was at 294 CV, the 10% breakthrough at 127 CV, and the 1% breakthrough at about 61 CV. These results
were about 3—10% better than those for the -38 B material at the same breakthrough points. Because this
CST is about 10% less dense than the -38 B material, the performance per mass of sorbent is roughly
10-20% better.

No difficulties with the system were observed during operation. The samples obtained from the
fraction collector yielded pH levels, by titration, of 13.93 for the first fraction, 13.96 for the second, 13.97
for the fifth (120 CV), and .13.98 for the remaining samples of the run. The feed pH was 13.99. Even
though the column had 1 N NaOH in it at the start of the feeding of supernatant and had been pretreated
with 1 N NaOH, the pH of the supernatant was still reduced by the CST as it passed through. (This is
important to note if the supernatant contains any soluble aluminum, which could precipitate in and on the
bed if the pH decreases even slightly.) There was no evidence of any aluminum precipitation during this
run (and none was expected because of the low concentration of aluminum in the feed).

Calculations for the loading of the column, based on the *’Cs in the feed and the volume of the feed,
gave 37,441 uCi fed (9.34 uCi/mL x 4008 mL); analysis of the effluent from the column showed that
10,919 uCi had passed through the column. Counting of the column in its 3.2-mm-thick stainless storage
vessel after removal from the cell showed that 24,320 ..Ci was present, leaving about 2,201 xCi (5.9% of

the cesium fed) unaccounted for.

4.6 CST-0003, CsRD QUALIFICATION EXPERIMENT USING MVST W-29

4.6.1 Preparation of Column

The ion-exchange column was prepared on the day that the run was initiated. The CST was delivered

to Building 4501 in a 250-mL plastic bottle labeled “Source Drum 2, Destination Drum 2, Type
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IONSIV IE-911, Lot 99909681003, Treated to pH 12.6 with Caustic.” The CST, in slurry form, was
pipetted directly from the plastic bottle to the column. The column was labeled -CSTS5 on the glass and
W29080896-2 on the blue plastic top. A total of 6.3 cm of CST was added to the column and tapped to
the most settled position of 10.4 mL. The packed bed was then fluidized to remove fines using a simulant
that was 4.5 M in NaNO; and 0.1 Nin NaOH. The initial flow, which was milky, left a significant quantity
of fines in the catch bottle. A total of 100 mL of simulant was pumped through the column, and the bed
was tapped to the most settled position of 6.3 cm. Then the level of simulant was decreased to about 1 cm
above the bed by allowing the simulant to pass downward through the bed, and the column was prepared
for transfer to the cell after the top tubing connections had been added and the inlet and outlet tubes had
~ been secured with pinch clamps. Fine solids (0.3—0.5 mL) were collected from the 10.4-mL column bed

during washing with the simulant.
4.6.2 Preparation of the System

In preparation for the W-29 supernatant feed, the column flow system from the eluent tank to the
fraction collector was completely rinsed after all flexible tubing had been replaced. In addition, the pump
heads on the feed and column pump were replaced with new units, and the seals on the transfer pump were
changed. All waste liquid and solids were removed from the cell to segregate W-27 waste (the previously
used feed) from the W-29 waste that would be produced during the current operation. A leaking valve was
replaced with a new valve. The special filter in a stainless steel filter holder for testing the W-29
supernatant for solids was also installed in place of one of the normal filters used for transferring feed to
the tank. The filter holder contained a 25-u-pore 304L stainless steel filter mesh (Tetko, Inc., Briarcliff
Manor, New York) and was pressure tested and supplied by Paul Taylor."’

_ Once the system was set up in the cell, a temporary, empty column was put in place, and the entire
fluid pathway was rinsed with 100 mL of 0.5 N HNO,, which was pumped from the eluent tank through
the feed pump, the column, the column pump, the filter bypass, the detector, and the fraction collector
drain. This rinse was followed successively with a 50-mL distilled water (DI) flush and a 0.1 | N NaOH
rinse using 10 mL of liquid. During the caustic rinse, valved V-12 (see Fig. 1) appeared to become plugged.
To resolve this problem, another 100 mL of 0.1 N’ NaOH was added to the eluent tank for rinsing. No flow

of liquid could be obtained between the column and the column pump, so it was determined that V-12
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should be replaced before beginning the run. After V-12 had been replaced, V-10 was found to be the
faulty valve, and since V-10 was not needed for this run (it is used during elution of regenerable resins), it
was bypassed. This step resolved the flow problem in the system, so the remainder of the tubing was
drained and the column contatning the test CST sorbent was placed in the cell and attached to the system.

The feed bottle (W29080896-2) was prepared to pump supernatant to the system feed tank by opening
the valves on the lid and setting the transfer valves so that liquid passed through the CsRD filter on its way
to the feed tank. The supernatant was pumped at a flow rate of about 35-40 mL/min, using a FMI-type
pump, with the filter upstream of the pump and a pressure/vacuum gauge on the line between the filter and
the pump to measure the pressure drop across the filter. Transfer of the supernatant required about 60 min,
and the pressure drop across the filter was approximately 450-520 mm Hg during most of the transfer.
After transfer was complete, the lines were emptied by raising the bottle liquid pickup line above the liquid
level and pumping air through the lines and filter to the feed tank. The valves were then reset, and the pump
was rinsed with DI water and shut off. '

The fraction collector was prepared by adding empty 250-mL polypropylene, labeled bottles to the
1_1ine positions and setting the program for remote operation. It was expected that approximately 3 h of
pumping through the column would put about 180 mL of treated supernatant in each bottle at the test
design of about 1 mL/min. The in-line detector was also prepared to count the *’Cs present in the column

effluent. The channel number calibration was checked, and the cell background was determined.
4.6.3 Conduct of CST Loading

After all preparations had been completed, the feed pump and valves were configured to pump
supernatant to the column and from the colurnﬁ through the filters and detector, and then to the fraction
collector. As the feed entered the column and mixed with the simulant present above the bed, some
turbidity was noted initially but it disappeared within the next several minutes. Also, after about 15 min of
feeding, some brown specks could be seen on the top of the bed in the column. The flow rate was
somewhat erratic during initial startup due to the lack of liquid in the lines (the pumps were pumping air)
and a pressure that was too low to overcome the surface tension in the postcolumn filter. (Up to

15-20 psi was required to start initial liquid flow; however, after liquid filled the filter, the pressure drop
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returned to about 1 psi.) After about 3 CV, the rate was fairly stable; after 6 CV, very little variation
occurred from flow check to flow check throughout the rest of the loading operation.

The cell detector data collection and the fraction collector were started after it had been determined
that liquid had passed through the filter. No problems were encountered until about 7 h after the feed had
been started. At this point, the feed pump did not get restarted after checking the flow rate of supernatant
through the column. The flow rate was checked by increasing the pump rate of the feed pump, filling up
the top part of the column with liquid, shutting off the feed pump, and then timing the fall of the liquid in
the column by using the dimensional tape attached to the outside of the column. A fall of 2 cm during
3 min 10 s gave the desired flow rate. After the check, the feed pump was restarted at the normal flow rate.
After the flow check at 11:30 p.m., the feed pump was accidentally not restarted and, as a result, the
column was drained of liquid. After this error was discovered, the feed pump was restarted and the column
was refilled with supernatant with the column pump turned off. The column pump was then restarted at
its normal rate; however, the pressure drop caused by air in the effluent filter made it necessary to increase
the pump rate slightly to compensate. |

Once flow had been completely reestablished through the column, pump, and filter at the desired flow
rate (the feed pump was set at the flow rate used previous to the pfoblem, and the column pump was
adjusted to match it during the air purging process), attempts were made to remove the air bubbles that had
formed in the bed. The procedure involved reversing the pump flow momentarily (about 10 s) in an effort
to make the bubbles rise through the bed and exit via the vent. This sequence, which was repeated twice,
did not fluidize the bed but did discharge several large and small bubbles. After the upset, the height of the
settled bed was 6.4 cm instead of the original 6.3 cm, but the 6.3-cm level was used for CV calculations for
the entire run. Although several small and very small bubbles remained visible in the bed, they gradually
disappeared over the next several hours of feeding; the bed height did not change. Since the total flow was
off for approximately 30—35 .min, this time was subtracted from the elapsed time of the run in the data
analysis. The detector was watched carefully for indications of channeling or any other problems; however,
none was noted. As aresult, the run was continued and was completed uneventfully during the next
500 CV.

The loading was terminated by stopping the feed to the column, emptying the lines back to the feed
tank, and adding 100 mL of simulant (4.5 N NaNO; and 0.1 N NaOH) to the eluent tank to rinse the

supernatant out of the column and system. During the rinse, the detector counts did not decrease as
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expected once the simulant had passed through the column and traveled through the detector. Instead, the
¥1Cs level remained relatively constant for more than 2 h (12* CV) during the simulant feeding. The
100 mL of simulant was not exhausted at the estimated time, and it was discovered that about 50 mL of
0.1 N NaOH had been left in the tank during the prerun rinse. However, this made no difference during the
simulant rinse because the pH of each solution (0.1 N NaOH) was the same. Following the simulant rinse,
the system was rinsed with DI water, and the detector counts decreased, as expected, from about 55%
breakthrough level to about 5% breakthrough in about 1 h. After the rinse indicated that the system had
been cleared of supernatant, the column was drained for counting and transport purposes. The final reading
on the detector showed that the level of ’Cs in the column effluent was less than 1% after the column had
been drained. The column was then isolated from the system, the inlet and outlet tubes were clamped, and

the column was prepared for removal from the cell.
4.6.4 Results of the W-29 Loading of the CST

The run was continued until the *’Cs breakthrough was greater than 50%, as determined by
comparing the concentration in column effluent sample 30 (516 CV) with the feed concentration. The final
breakthrough when the run was complete was greater than 55% at 560 CV. Following the run, samples
were analyzed and the results were used to calibrate the cell detector and to make the final determination
of the extent of loading.

Samples of the fractions that contained approximately 55 CV were packaged for transfer to the CASD
for chemical and radiological analyses. From these results (Table 6), comparisons of the calibrations could
be made between the detector systems in Building 4501 and the loading ability of the CST for other metals
could be ascertained. The loading curves for the qualification run are shown in Figs. 12-14.

~ The feed and effluent samples were analyzed for the elements of concern, including Cs, Al, Hg, Pb,
Ni, Ag, Ba, Cd, Se, Cr, Ag, K, Na, Ca, Si, and the radioactive isotopes **Cs, **’Cs, ©“Co, *Sr, Pu, *Tc,
1%Ru, and gross alpha and beta. The feed and two other samples were tested for nitrate, and the feed was
checked for pH. The analyses showed that the CST loaded Ba, Ca, Cs, gross alpha and beta, *°Sr, U, and
Zn. The Hg, Cd, ”1“6, Cr, '%Ru, Rb, Ni, Na, K, and Al levels were essentially unchanged between feed and
the effluents. The ®Co level was almost constant in each of the effluents, but slightly lower than that of the
feed, while the Si level was slightly higher than that of the feed for most samples. The *'Cs/***Cs and the
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BICs/total Cs ratios were also almost constant for all samples except the earliest ones (which had very low
Cs concentrations). Plutonium was found in some of the later samples.

Curves for the ¥’Cs samples and the cell detector output give about the same column volumes at 50%
breakthrough, as shown in Figs. 12-14. The szimples analyzed by CASD gave breakthroughs at 550 CV
of 56.7, 51, and 50% for "*Cs, **'Cs, and total Cs, respectively. These values show good agreement, given
the error bars on the measurements of £2—4%. Least-squares fits on the log probability plots for the
different cesium analyses give 50% breakthroughs of 503.7 CV for the Building 4501 analyses using the
germanium detector on the samples, 506.65 CV for the analyses using the cell detector, 507 CV for the
CASD total cesium analyses, 546.75 CV for the CASD Cs analyses, and 546.2 CV for the CASD *"Cs
analyses. The main difference between the Building 4501 samples counting and the CASD sample counting
was in the values of the *’Cs concentrations of the feed. The CASD values were slightly higher, thus giving
a C/C, value that was lower for CASD measurements. v

The in-line detector and sample data are also plotted in Fig. 13 for comparison with data from previous
CST runs that used W-27 feed at both pH 13.3 and 14 (with extra cold cesium). The CV to 50%
breakthrough for the W-29 feed is significantly greater than any of the others. The primary differences in
the feed analyses besides the cesium concentration are the pH level (W-29, 12.6, W-27, 13.3 and 14.0), the
potassium concentration (W-29, 0.37 M, W-27, 0.26-0.3 M), and the nitrate concentration (W-29, 4.0 M,
W-27, 4.8-5.2 M. These differences are significant and seem to indicate that the CST is both pH and nitrate
dependent. Studies made with simulants had shown only a slightly greater decrease in the Kd when 0.5 mol
of KNO, was added, as compared with adding 0.5 mol of NaNO;. (This amounted to a 200% increase in
K but only an 11% increase in Na.) The total Cs in W-29 was lower, 0.58 ppm vs 0.98 ppm (9.95 ppm with
added cesium), for a total cesium reduction of about 40%. The increase in CV to 50% for the comparable
CST runs was about 345 to 505 CV, or 45%. Since the previous runs using increased cesium had not
shown this much dependence, the pH, nitrate, and cesium levels are apparently all involved in the increase.

The other materials that exhibited apparent loadings were plotted in Fig. 14, along with the *’Cs
analyzed at CASD and both **’Cs and **Cs analyzed in Building 4501 facilities. The plots show that the
divalent cations, Pb and *Sr, exhibited loading curves, while Ba and Zn did not show up in the effluent
samples until the last fraction or two. Good curves were developed for U, Pb, and *°Sr, although the *°Sr
curve was erratic. The apparent breakthroughs for the U, *Sr, and Pb were 433, 1164, and 3327 CV,

respectively.
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Sorbent from the loaded column was subjected to a modified TCLP procedure performed by Babcock
& Wilcox, Research and Development Division (Lynchburg, VA). The results showed levels of As
<0.16 mg/L, Ba=1.8 mg/L,, Cd <0.02 mg/L, Cr <0.05 mg/L, Pb <0.29 mg/L, Hg <0.002 mg/L, Se =
0.31 mg/L, and Ag <0.07 mg/L in the leach liquid — all of which were below the regulatory limits.

4.7 RF COLUMN TEST USING AEA RF AND W-27 SUPERNATANT

An experiment was completed using RF resin obtained from AEA (AEA batch) in which the feed rate
through the bed was 3.5 CV/h. Three previous experiments were completed with resin obtained from Bibler
and supernatant at 0.1 N hydroxide concentration.”® For this run, 5.413 g of resin (tapped volume, 6.2 cm?)
was treated with 10 CV of 0.5 M HNO,. The first 2 CV of acid released a significant quantity of gas from
the resin. The liquid leaving the resin initially had an amber color, which gradually decreased during the
acid feed. Fluffy white particles formed on the top of the bed and were removed by pipette. The bed had
a height of 4.6 cm following acid treatment. The acid was followed by 7 CV of DI water. During this
treatment, the bed volume stayed at 4.6 cm. The bed was then treated with 1 A/ NaOH for 10 CV at the
expanded volume of resin and rinsed with DI water for 3 CV. The resin expanded to 10.3 cm® during
caustic treatment. The column was filled with a surrogate salt solution of 4.5 N NaNO; and 0.1 N NaOH
in preparation for loading. .

The column was installed as described above. Supernatant feed (the original W-27 adjusted to
13.2-13.3 used in the first tests) was started through the bed at 6 CV/h. Once feed was started through
the bed, the effluent had a brown color that lasted for 2 to 3 CV. The height of the bed increased to
6.2 cm during the run. The loading was continued through 75 CV, with the breakthrough only reaching
about 1.1-1.2%. The loading curve, shown in Fig. 15, demonstrates that the initial breakthrough did not
occur until 15 CV and then the curve was very shallow to 1% at about 65 CV. The curve for CST batch
-38B using the same feed is also plotted, and the two curves for the RF and CST are very close together.
Following the loading, the column was rinsed with several CV of DI water, drained, and then removed to

storage.



47

SO W 01 X 1 Put HO ¥ 1°0 3¢ Jueseutadns L7-A\ ym (Yoreq yIV) uisa 1y 10§ 3aand Suipeo] gy *814

Joyoaleq ybnosyi AD
010]0] 9 00s 00} 00l 0S o€ ol }

U/AD 9 je un mmmu_
: N ——

0 N A OO DOV N SR SO r.n,.(,,,,’ﬂfﬂ,d;iq---‘n.. B R I S Yy .} -~ 1000

vy
gt U] O ol ,
! .

| fa: -4 .
NN N R _ .%ﬁ] 4 J-1 - Xow sovp . G000

— S B S U S DR S SO S - . 10°0
RN SNt ) WY OSSN UOURN NN SRR DU — illﬂl.i.k.ﬂmi SRR SN S RPN SIS SR 200

—
L)

Y R ifﬂ%&. (R WS VN U S I B L hu...,.-A.....ﬂ..l”m-l-.m A RPN I \..O 0 OO
N I Jnvﬁqwll SN (N (OO R N S d b u...ﬁ- o XM./IAF [ O G R o . 10

d WAD I Z 0N 3 || p A 7 | wno L1e uns sy | |
2] —{WAD 91 uns 3y pig | e €0

——

- - E S S . [T OTR E vo

{wno9ieiso]” 1

G9€-0L6 OMA INYO



48

4.8 AEA EIX TEST RESULTS
4.8.1 First Loading and EIX Elution of Test Cell 1

The EIX rig was placed in the hot cell after the test cells had been filled with conditioned RF resin,
and all tubing, electrical connections, and power supply cables were attached and tested. Then about
1900 mL of W-27 supernatant was pumped from the storage tank to the hot-cell feed tank through a
0.45-pum filter. Because the first filter was plugged at the start of pumping, the second filter was used.
When the tank was full, the lines were emptied and the pump rinsed. Next, the EIX rig feed tank was filled
with 1100 mL of supernatant using the column feed pump of the hot-cell experiment. |

The system was readied for operation by filling tank B with 250 mL of DI water to check the flow
through the EIX cells. Water was pumped to the bubble traps of both cells and then allowed to flow
through the EIX cells. When water left the cells, color could be seen in the exit tubing. The system was
readied by placing sample bottles in the fraction collector to collect the effluent from the column after it had
passed through the detector. The feed pump was then started at the rate of about 6.6 CV/h to load the cell
resin with cesium. The feed was allowed to flow for 16 h, or about 106 CV. At this point, the cesium
breakthrough was about 1-2% as measured by the in-line detector. Then, the lines were emptied back to
the feed tank, and DI water was pumped to the bubble trap to rinse the cell and reduce the conductivity to
prepare for the elution. The loading curve is shown in Fig. 16.

The electrochemical elution was begun by first filling the catholyte tank with 250 mL of 0.1 A/ NaOH
and the anolyte tank with 250 mL 0.1 N HNO,. Next, the solutions were pumped through the cell chambers
and tubing at 800 mL/h for the duration of the elution. The power supply was set at 150 mA, which
resulted in a voltage of about 20 V when the power was directed to the cell. During the elution, the
voltage increased up to the maximum setting of 60 V over a 30-min period and then the current gradually
dropped to about 40 mA. After 5 h, the elution was discontinued and the lines were emptied back to their
tanks (Fig. 17). The 5-h period was based on the results of simulant studies performed at AEA, where it
was determined that complete elution should be accomplished during that time. The system was then
prepared for the loading of cesium onto the resin again by passing 25 mL of 1M NaOH through the cell

resin.
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4.8.2 Second Loading and EIX Elution of Test Cell 1

The first loading-and-elution sequence was followed by the next batch of W-27 feed. When the feed
material reached the detector after passing through the resin, the cesium level was higher than before the
elution (Fig. 16). This suggested that either the resin had developed a channel or it had not been eluted.
After determining that the catholyte did not contain the expected amount of cesium when it was analyzed,
the decision was made to proceed with loading the resin for about 60~-70 CV and then attempt
electrochemical elution again. The second loading curve is plotted both individually and as a continuation
of the first curve. The cesium breakthrough afier the loading was about 15%.

The second elution was started after the cell had been rinsed with 20 mL of DI water and the catholyte
tank filled with 250 mL of fresh 0.1 A/ NaOH. This elution followed the same course as the first attempt;
the only difference was that the current stayed at 150 mA for a slightly longer period (Fig. 17). Again, the
elution was carried out for 5 h before termination. When the catholyte had been emptied and sampled, it
was again found that very little cesium had been eluted. A test was then made to check the elution system
by putting 0.1 A HNO; in the catholyte tank instead of the NaOH. The current was reapplied to the cell
for about 1 h. The catholyte was then drained and the resin analyzed. Again, very little cesium had been
eluted from the resin.

In order to ensure that the cells were installed correctly with the correct membranes, cell 2 was readied
for an elution with 0.1 M HNO; as the anolyte and 0.01 N HNO, as the catholyte. The catholyte system
was rinsed with DI water before the start. If the cell was installed correctly, then the 0.01 M acid would
be neutralized during the application of electric current. The cell was operéted as before, and the catholyte
was then removed after the elution was complete. When the catholyte was sampled, the pH level had

increased to greater than 7; therefore, it was concluded that the cell was correctly configured.
4.8.3 First Loading and EIX Elution of Test Cell 2

Based on the knowledge that the cell was configured correctly, cell 2 was prepared for loading with
about 45-50 CV of W-27 supernatant to try the elution again. This time, the plan was to pass the catholyte
through the cesium detection circuit during the elution. To do this, the line was broken downstream of the

catholyte pump and routed through the detector and then back through the cell to the catholyte tank. With
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this arrangement, the Cs removal from the resin could be monitored and the elution continued if the results
were favorable.

The second elution was run in the same manner as that described previously, and the current started
at 150 mA. Throughout the first 5 h, very small amounts of Cs began to enter the catholyte stream and
the Cs level gradually increased. After the increase was noted (Fig. 18), the decision was made to continue
the elution to determine whether the Cs would eventually be removed. After the first 5 h, a curve of the
Cs content in the catholyte vs time began to increase sharply and finally reached a level near the projected
feed level. When the curve “flattened out,” the elution was stopped and the catholyte was pumped back
to the catholyte tank and then sampled. As the cell detector indicated, the level of Cs in the catholyte was
about 85% of that predicted for the volumes used if all the Cs was eluted. In addition, the bed level
decreased slightly, which is the expected result for resin converted to the hydrogen form from the sodium
form.

In order to check the extent of elution, the bed was next subjected to a normal acid elution by passing
0.5 N HNO, through the bed and collecting the effluent for counting analyses. The results showed that

about 10% of the cesium loaded was recovered during the acid elution and another 85% was recovered

during the EIX elution.

4.8.4 Third EIX Elution of Test Cell 1

Based on the success of eluting cell 2, cell 1 was set up for continuation of the EIX elution (where it
had been left after the previous attempts). Nothing had been changed or passed through the resin since the
first attempted EIX elution. This time, by passing catholyte through the detector, Cs could be seen coming
off the resin at an increasing rate during the elution (Fig. 18). The elution was continued for several hours,
and then the solutions were pumped back to their tanks; the elution was restarted the following day. During
the first day, the detector counts rose from several hundred to well over 20,000 (more than twice the initial
feed concentration). The elution was continued the next day, but very little additional Cs was eluted. The

results showed that the EIX elution had removed about 90% of the loaded Cs.
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S. DISCUSSION OF CONTINUOUS COLUMN RUNS
5.1 COMPARISON OF THE CONTINUOUS RUNS WITH BATCH EXPERIMENTS

Many of the materials tested in the continuous system had been examined in batch studies using both
actual supernatant and surrogate materials. Batch studies were done at PNNL on SuperLig® 644 and RF
jon-exchange materials for comparison with the same materials in column tests.® Based on the batch
studies, the SuperLig® 644 and RF materials had K, values of 1340 and 620 mL/g, respectively. K, which
is the batch distribution coefficient, is defined as the equilibrium solid-phase ion concentration divided by

the equilibrium liquid-phase concentration. It can be simplified to
K= (C-CY/CHFVIM,

where C; is the initial ion concentration in the feed solution; C; is the final concentration; V is the solution
volume, in milliliters; and M is the exchanger mass, in grams. The simulated feed was 5 M in Na, 0.12 M
inK, 5 x 10* Min Cs, and 1.68 M in free hydroxide concentrations.

Other batch tests were conducted to compare RF, SuperLig® 644, and CST (-38B)."> In these tests,
both double-shell tank shurry feed (DSSF) simulant composite and actual DSSF composite were compared
in batch distribution tests, using Na concentrations of 0.2, 1, 3, and 5 M and Na/Cs ratios of 50; 500; 5000,
50,000; and 500,000. Results were given for time-dependent Cs uptake for simulant at 5 A/ Na and a Na/Cs
ratio of 50,000, indicating that up to 10 h was required for equilibrium to be reached for the RF, SuperLig®
644, and CST. Equilibrium results for the RF showed a range of A (K, * resin density) from 100 to 2000,
depending on the Na concentration at the same Na/Cs ratio. Over the same range for SuperLig® 644, the
A also varied from 100 to 2000, while the CST -38B ranged from 1000 to >20,000. When vthe exchanger
results were compared with data for actual waste, the greatest deviations in performance were noted (1)
for the RF resin, which had about 25 to 50% lower values across the range; and (2) for the CST -38B at
the highest Na/Cs ratios, where the actual supernatant resulted in a 35% decrease in performance (although
all exchangers showed decreased performance).

The predictions for operation of a column for the W-27 supernatant, based on the above batch tests,
gave column volumes greater than those observed in the experiments. The batch distribution coefficients

give an equilibrium measure of the overall ability of the solid-phase ion-exchange material to remove an ion
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from solution under the particular experimental conditions that exist during the contact. When simplified
by using analyte concentrations in solution, the K, represents the theoretical volume of solution at
equilibrium that can be processed per mass of exchanger, and multiplying by the bed density results in the
theoretical number of bed volumes of solution that can be processed per volume of exchanger.* For
example, the RF (p = 0.33, where p is the sorbent bulk dry density) batch results cited above suggest that
50% breakthrough should be achieved at approximately 100 CV; for SuperLig® 644C (p = 0.33), it should
occur at about 110 CV, and for CST -38B at about 800 CV. The results for the W-27 showed the actual
CV to be 18-50 for RF, 100-150 CV for SuperLig® 644C, 17.5 CV for CS-100, and 350 CV for CST
-38B (p = 1.18). These results compare very favorably except for (1) the predictions for CST -38B,
which is affected by other ions present in the W-27; and (2) the lower-than-expected 50% breakthroughs
in most of the RF experiments, probably due to resin degradation during storage. The comparable
experiments using the AEA RF resin did show 50% breakthrough predictions of greater than 100 CV with
the same W-27 used earlier, adding credence to the indication that degradation was the cause of the poor
performance. The lower performance of the CSTs could be due to the higher pH level as well as the high

concentration of nitrate in the W-27 supernatant.

5.2 COMPARISON WITH RESULTS FROM OTHER CONTINUOUS COLUMN
EXPERIMENTS

SuperLig® 644 and RF ion-exchange materials were compared at PNNL in column tests using
simulated alkaline supernatant solutions.® The simulant in this series was 5 Min Na, 0.12Min K, 5 x
10*M in Cs, and 1.68 M in free hydroxide. The tests used columns that were 2.54 c¢m in diameter,
41.9 cm tall, and contained 200 mL of ion-exchange resin. The flow rate through the columns was set at
9 CV/h. The results for the SuperLig® 644 showed almost immediate cesium breakthrough, as compared
with the RF resin, and 50% breakthrough at about 100 CV, as compared with 140 CV for the RF resin.
SuperLig® 644 used the low-density material and had a density‘ about one-half that of the RF resin. The
results for SuperLig® 644 are comparable to those reported for the current series of W-27 tests. The RF
results are almost seven times higher with the PNNL simulant than those achieved in these tests using the
W-27 adjusted to pH 14; this can be partly explained by the higher concentration of potassium in the W-27
supernatant and oxidation of the RF resin during storage. The elution of the RF and SuperLig® 644 PNNL

simulant-loaded resins showed the same patterns as reported here for W-27. The elution of
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SuperLig® 644C from the W-27 loaded column yielded a very sharp peak using a comparatively small
volume of eluent (~6 CV), while the RF resin required a much larger volume of eluent to achieve the same
eluent cesium concentration from the column (10-15 CV).

Additional considerations for the column studies include the effects of the resin or particle density on
the performance during the column testing. If the resin is very light, the possibility exists that it may almost
float and result in an unpacked column, thereby resembling a fluidized bed in its removal capabilities. Such
effects can result in very early breakthrough of the cesium due to the dispersion through the bed. The
columns used in this study had a bed depth/bed diameter ratio of about 4; thus, for the light organic resins,
especially SuperLig® 644C, there was not very much material to create a long, packed depth. The
compressibility of the SuperLig® 644C was noticed when the bed follower was used. The packed depth
of the column decreased by about 30% when the follower was added in the presence of the 5 A/ NaNO,.
The compressibility was then taken into account, and the loading of the SuperLig® 644C discussed in the
previous report’ was recalculated by using a column volume of 8.3 cm® instead of 11.3 cm?® and plotted with
the first loading of the multiple loading cycle discussed in Sect. 4.5. The results are shown in Fig. 19 for
the original volume, the adjusted compressed volume, and the first loading of the multiple cycle. The
original 50% breakthrough for the first case was 102 CV, while the calculated breakthrough based on the
compressed volume was 138 CV. This compares more favorably with the 157 CV obtained at 3.5 CV/h
by using the W-27 adjusted to pH 14. The flow rate for the test based on the compressed volume was
8 CV/h (instead of 6 CV/h).

The PNNL studies® used columns with a length/diameter ratio of ~16 and still had a very early
breakthrough with the SuperLig® 644. These results can be compared with the CST results obtained by
using -38B, where the initial breakthrough was at almost 100 CV. The CST is almost five times more
dense than the SuperLig® 644C resin. Evidence for these density and bed-height effects was also seen with
RF resin in several experiments and modeling efforts.”” In the case of the RF resin, results showed that a
bed length/diameter ratio of 15 was required before the bed would actually behave like a fixed bed with a
constant pattern. As a result, a weighted bed follower (described earlier) was successfully used for the RF
and SuperLig® 644C loading and elution steps under pH 14 conditions. Other possibilities for poor
~ breakthrough curves are improper preconditioning of the bed and mismatching of bed presaturant and the

column feed, both in salt concentration and in density. Some of these conditions could have had an effect
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on the runs with W-27 for the organic resins because, in some cases, they were washed with water before

the W-27 feed (5 M salt) was introduced.
5.3 PROBLEMS ASSOCIATED WITH THE RUNS

Some of the experimental procedures generated solids in the effluent that collected in the equipment
downstream from the column or module. Inthe RF and SuperLig® 644C runs, some reddish liquid left the
column in the first part of the loading, elution, and preparation/regeneration steps. During one of the runs
with SuperLig® 644C, the first fraction collected during loading contained a brown liquid, but no solids;
the last sample contained traces of solids, as did the lines to and from the fraction collector. No solids were
observed in the collection bottles or tubes during the RF and SuperLig® 644C loading and elution
ekperiments using the supernatant adjusted to pH 14, although color was removed from the column and
some colored material collected on the downstream filters. Preparation of the engineered forms of the
CSTs (IONSIV® IE-911 lots -0001 and -0003) required equilibration with caustic solution prior to use to
prevent any aluminum precipitation due to the capacity of the CSTs to reduce the pH of the solution if not
pretreated with caustic. The CSTs also had a tendency to produce fines upon changes of solution ionic
strength. This problem was not encountered during operation, but it could cause difficulties during

preparation and startup.
6. CONCLUSIONS

In order to compare all of the tested materials, the breakthrough curves under similar conditions were
plotted together on the same graphs shown in Figs. 20 and 21. The results are also shown in Table 7. As
can be readily seen, the CST materials exhibited better overall performance than any of the other materials
when the column volumes to 50% breakthrough are compared at any flow rate, using the W-27 feed at pH
12.95-13.32, or at pH 14 with extra Cs added. The best kinetic performance occurred at 3 CV/h. The
CST was also able to maintain the column effluent at less than 1% breakthrough for much longer than the
other materials except the RF (AEA batch) used in the last AEA test series. This means that the effluent
through the CST columns contained lower levels of Cs (e.g., if C/C, is 0.01, then 99% of the Cs is removed

from the supernatant) as compared with the SuperLig® materials, which showed almost immediate
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breakthrough at more than 1-5% breakthrough in less than 10 CV. The last RF runs with the AEA RF
resin, although not taken to 50% breakthrough, showed much improved capacity over the two batches of
RF that had been previously tested, and the results were closer to those predicted, based on the earlier batch
contacts.

Comparison of the column data for the W-27 feed with results obtained using simulant and actual
supernatants at other sites (Figs. 9, 12, and 13) showed good agreement and predictability from batch
equilibrium to column testing. There were exceptions, and the comparisons must take into account not only
the cesium concentration, but also the hydroxide concentration, the other anions and cations in the
supernatant, the ratios of the other cations to the cesium concentration, and, for the RF resin, the degree
of degradation during storage.

The comparative evaluations discussed here have provided (1) critical data for the selection 6f the
sorbent for the CsRD,; (2) qualification of the sorbent chosen with the supernatant used; and (3) data
applicable to other DOE sites, taking into account variations and differences in the supernatant
compositions. In addition to the cestum removal capacity of the materials tested, the operational
characteristics during continuous loading experiments were monitored. As described above, the organic
sorbents RF and SuperLig® yielded colored products upon the first introduction of feed or during
regeneration after elution. They also exhibited volume changes during various stages of the preparation,

loading, elution, and regeneration steps.
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