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Summary

The U. S. Department of Energy is tasked with the disposition of high-level radioactive waste stored
at the Hanford site. The waste is to be vitrified following specific pretreatment processing, separating the
waste into a small-volume high-level waste fraction and a large-volume low-activity waste fraction. The
River Protection Project-Waste Treatment Plant (RPP-WTP) baseline process for '*’Cs removal from
Hanford high-level tank waste is ion exchange. The current pretreatment flowsheet includes the use of
Cs-selective, elutable, organic ion exchanger SuperLig® 644 (SL-644) material for Cs removal from the
aqueous waste fraction. This material has been developed and supplied by IBC Advanced Technologies,
Inc., American Fork, UT. SL-644 has been shown to be effective in removing Cs from a variety of
Hanford tank wastes.

Battelle—Pacific Northwest Division (PNWD) was contracted to perform Cs ion exchange studies
under Contract 24590-101-TSA-W000-0004. The Cs ion exchange activities are further defined in
Appendix C of the Research and Technology Plan™ under Technical Scoping Statement B-44. These
studies are to verify design and operating parameters for plant-scale ion exchange systems. Test results
will also be used to validate ion exchange models.

Objectives

Previous testing conducted at the Savannah River Technology Center with Hanford Tank
241-AZ-102 (AZ-102) waste resulted in poor ion exchange performance. The poor load performance was
attributed to the possibility of in situ precipitation of metal hydroxides on the ion exchanger and/or the
low ionic strength of the supernatant combined with the high Cs concentration. Because the low ionic
strength (Na molarity equal to 2.77) of the AZ-102 supernatant was suspected to contribute to the poor Cs
ion exchange performance, the AZ-102 was concentrated to nominally 5 M Na for performance testing.

The Cs ion exchange test objectives were to develop load and elution breakthrough profiles using
241-AZ-102 concentrated to 4.6 M Na (AZ-102C); produce and characterize the Cs eluate; remove *’Cs
from the AZ-102C to meet low-activity waste (LAW) vitrification criteria; and develop batch-distribution
coefficients for AZ-102C. The final effluent was to contain <0.322 uCi *’Cs/mL, based on a 5-wt%
waste Na,O loading in the waste glass.® All testing objectives were met.

Conduct of Test

This report summarizes testing of the SL-644 in batch-contact studies and in a dual small-column
system. The test matrix was Hanford tank waste 241-AZ-102 (Envelope B) concentrated by evaporation
to 4.6 M Na, 1.246 g/mL (26°C), and 2.00E+3 uCi *’Cs/mL. Batch contacts were performed with the
waste at three Cs concentrations at a phase ratio of 100 (liquid volume to exchanger mass) with SL-644.
The ion exchange processing system was composed of a lead and lag column with resin bed volumes

(a) S. Barnes, R. Roosa, and R. Peterson. 2002. Research and Technology Plan, 24590-WTP-PL-RT-01-002,
Rev. 1.

(b) The minimum waste Na,O loading is 5 wt% for Envelope B tank waste; the maximum waste Na,O loading is
5.5 wt%, corresponding to 0.292 pCi/mL "*’Cs.
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(BV) of 10.2 mL (L/D® = 4.2) during the conditioning phase with 0.25 M NaOH, and 9.5 mL (L/D = 3.9)
during the AZ-102C loading phase. Proper functioning of the ion exchange apparatus and resin beds had
initially been tested with an AW-101 simulant. The resin beds had then been used to process 1.2 L of
AP-101 diluted feed (an Envelope A waste feed) and 0.75 L of AN-102 (an Envelope C waste feed)
combined with wash and leachate solutions of C-104 solids. The AZ-102C waste volume processed was
1.07 L, corresponding to 105 BVs. All ion exchange process steps were tested, including resin-bed
preparation, loading, feed displacement, water rinse, elution, eluant rinse, and resin regeneration.

Results and Performance Against Objectives

The batch-contact performance data are summarized in Table S.1. The Cs A value (column
distribution ratio) represents a measure of the effective capacity of the SL-644 resin—the higher the A
value, the higher loading capacity. The batch-contact tests resulted in a predicted Cs distribution
coefficient (K4) of 160 mL/g in the feed condition (Na/Cs mole ratio of 8.8 E+3). Using a bed density of
0.241 g/mL in the 0.25 M NaOH regeneration condition, the Cs A value is predicted to be 38 BVs.

Table S.1. Summary of Performance Measures

Interpolated Cs 50%
Flow Breakthrough, BV K4, mL/g
rate, Lead Lag Composite | Maximum (feed Predicted Cs
BV/h | Column | Column DF® DF® condition) A, BV
1.37 93 Y 1.04 E+5 3.7 B+5 160 38

(1) NM = not measured; the AZ-102C feed did not break through the lag column.

(2) The DF was calculated by dividing the feed Cs concentration by the composite effluent Cs
concentration, based on the total of 105 BV of feed.

(3) The maximum DF was obtained by dividing the feed Cs concentration by the lowest sample Cs
concentration (in this case, this was from the lead column; the lag column samples were slightly
higher in Cs concentration than lead column samples).

The ion exchange column performance of SL-644 with AZ-102 waste feed was much better than
previously observed in a similar test of SL-644 with AZ-102 at the Savannah River Technology Center.®
The improved performance may be a result of the concentration of AZ-102 (during which solids were
observed to precipitate), differences in the resin batches, storage/process histories, or a combination of
these factors. The 50% Cs breakthrough from column testing was measured for the lead column at 93
BVs. No breakthrough was observed from the lag column. The decontamination factor (DF) for '*’Cs
was based on the "*’Cs concentration in the feed relative to the '*’Cs concentration in the composite
effluent sample. The composite DF for *’Cs was 1.04 E+5. The maximum DF, 3.7 E+5, measured the
best performance that could be expected from this column system. It was calculated relative to the
sample containing the lowest '*’Cs concentration, i.e., the third sample from the lead column taken after
loading 14.9 BVs. The effluent '*’Cs concentration was 1.92 E-2 uCi/mL. The LAW vitrified waste

(a) L/D, equal to length over diameter, is the resin-bed aspect ratio.

(b) Hassan NM, WD King, DJ McCabe, and ML Crowder. 2001. Small-Scale lon Exchange Removal of Cesium
and Technetium from Envelope B Hanford Tank 241-AZ-102, WSRC-TR-2000-00419, SRT-RPP-2000-00036,
Savannah River Technology Center, Westinghouse Savannah River Co. Aiken, SC.
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form must be no greater than 0.3 Ci/m’; this limit can be converted to a '*’Cs maximum concentration of
0.32 pCi *’Cs/mL in the ion exchange effluent.”) The composite effluent '*’Cs concentration was below
the contract limit.

The lead column was eluted with 0.5 M HNOj; to C/C, of 1% in 11 BVs with >94% of the "*’Cs
contained in 4 BVs of eluant. The peak '*’Cs C/C, value was 71 (based on 1-BV collection increments of
nominally 10-mL). The "*’Cs concentration in the composite eluate was 1.45 E+4 pCi/mL, corresponding
to a C/C, of 7.23.

QA Requirements

PNWD implemented the RPP-WTP quality requirements by performing work in accordance with the
quality assurance project plan (QAPjP) approved by the RPP-WTP Quality Assurance (QA) organization.
This work was conducted to the quality requirements of NQA-1-1989 and NQA-2a-1990, Part 2.7 as
instituted through PNWD’s Waste Treatment Plant Support Project Quality Assurance Requirements and
Description (WTPSP) Manual, and to the approved Test Plan, TP-RPP-WTP-111.

PNWD addressed verification activities by conducting an Independent Technical Review of the final
data report in accordance with Procedure QA-RPP-WTP-604. This review verified that the reported
results were traceable, that inferences and conclusions were soundly based, and that the reported work
satisfied the Test Plan objectives.

Issues

The composite regeneration effluent solution was slightly acidic. As such, it would be inadequate for
recycle as a feed-displacement solution.

(a) The conversion requires the following assumptions: Envelope B LAW will contain 5 wt% Na,O, all Na comes
from the tank waste, the glass density is 2.66 g/mL, and the waste Na concentration is 4.6 M. For maximum
waste loading, 5.5 wt% Na,O, the maximum 137Cs concentration is 0.29 puCi/mL.






AP-101DF
AN-102/C-104

AZ-102C
ASR

AV

BV

C/C,

CMC
DF

DI
F-factor
FMI
GEA
HP

IBC

IC
ICP-AES
ICP-MS
IDL

A

LAW
L/D

meq
MRQ
NMRQ
NPT
PNWD

Terms and Abbreviations

AP-101 tank waste diluted to 5 M Na

AN-102 tank waste mixed with wash and leachate solutions from C-104
solids

AZ-102 tank waste supernate concentrated to 4.6 M Na
analytical service request

apparatus volume

bed volume

analyte concentration in column effluent divided by analyte concentration
in feed

chemical measurement center

decontamination factor

deionized

mass of dry ion exchanger divided by mass of wet exchanger
Fluid Metering, Inc., Syosset, NY

gamma energy analysis

hot persulfate

IBC Advanced Technologies, Inc., American Fork, Utah
ion chromatography

inductively coupled plasma-atomic emission spectrometry
inductively coupled plasma-mass spectrometry
instrument detection limit

column distribution ratio

low-activity waste

length over diameter ratio

molarity, moles/liter

milli-equivalents

minimum reportable quantity

no minimum reportable quantity

national pipe thread

Battelle—Pacific Northwest Division
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PSD

RPP-WTP
SRTC

TC

TIC

TIMS
TOC

particle size distribution

dry bed density

Radiochemical Processing Laboratory

River Protection Project-Waste Treatment Plant
Savannah River Technology Center

total carbon

total inorganic carbon

thermal ionization mass spectrometry

total organic carbon
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1.0 Introduction

The U. S. Department of Energy plans to vitrify tank wastes at the Hanford Site in preparation for
permanent disposal. Before vitrification, tank wastes will be divided into low-activity and high-level
fractions through specific pretreatment processes. The pretreatment flowsheet for the Hanford tank
wastes includes the use of SuperLig® 644 (SL-644) material for '*’Cs removal from the aqueous waste
fraction. The SL-644 is a Cs-selective, organic ion exchanger and has been shown to be effective in
removing Cs from a variety of Hanford tank wastes (Hassan, McCabe, and King 2000; Hassan et al. 2000;
Hassan et al. 2001; King, Hassan, and McCabe 2001; Kurath, Blanchard, and Bontha 2000a; Kurath,
Blanchard, and Bontha 2000b; Fiskum, Blanchard, and Arm 2002a and b; Fiskum et al. 2002a). The
SL.-644 has been developed and supplied by IBC Advanced Technologies, Inc., American Fork, UT.

Previous testing conducted at Savannah River Technology Center (SRTC) with Hanford tank
241-AZ-102 (AZ-102) waste resulted in poor ion exchange performance. The poor load performance was
attributed to the possibility of in situ precipitation of metal hydroxides on the ion exchanger and/or the
low ionic strength of the supernatant combined with the high Cs concentration. Because the low ionic
strength (Na molarity equal to 2.77) of the AZ-102 supernatant was suspected to contribute to the poor Cs
ion exchange performance, the AZ-102 was concentrated to nominally 5 M Na for performance testing.

This report summarizes batch-contact studies of SL-644 and dual small-column testing of the SL-644
ion exchange material. The test matrix for the small-column ion exchange and SL-644 batch contact was
AZ-102 Hanford tank waste, concentrated to 4.6 M Na by evaporation (hereafter referred to as AZ-102C).
Approximately 1.07 L of AZ-102C was processed through the ion exchange column system. The ion
exchange process steps tested include resin-bed preparation, loading, feed displacement, water rinse,
elution, and resin regeneration.

The objectives of this work were to:

o develop distribution coefficient (K) values as a function of Na/Cs molar concentration for SL.-644 in
the AZ-102C matrix

e demonstrate the *’Cs decontamination of Envelope B tank waste sample AZ-102C and provide a
Cs-decontaminated sample for downstream process testing (i.e., batch-contact studies for **Tc
removal and *’Tc measurements using a prototype Tc monitor)

e develop Cs load and elution profiles

o demonstrate the effectiveness of all SL-644 ion exchange process steps, including loading, feed

displacement, deionized water (DI) washing, elution, and resin regeneration.®

(a) Test Specification: “Tank 241-AZ-101 and 241-AZ-102 Ion Exchange Test Specification,” 24590-PTF-TSP-
RT-01-002, Rev. 1, James Toth, Bechtel National Inc., October, 2001 and Test Plan “Tank 241-AZ-101 and
241-AZ-102 Waste Sample Ion Exchange Testing,” TP-RPP-WTP-111, Rev. 0, D. L. Blanchard, November 5,
2001.
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2.0 Experimental

This section describes materials, experimental approach to batch-contact tests and column tests,
sample analyses, and calculations. Experimental data were recorded in specific test instructions (as
identified) and analytical reports. All raw data are maintained in the Project File 42365.

2.1 SL-644 Resin

The SL-644 was obtained from IBC production batch number 010319SMC-1V-73 prepared at IBC on
3/19/01. This material batch exhibited a black-red appearance peppered with light-brown specks. It was
received from the vendor as a dry, granular, free-flowing material in a 1-L polyethylene bottle with an
approximately 32% gaseous headspace. There was no indication that this headspace was filled with
nitrogen or other inert gas, and no attempt was made to exclude air during storage. The as-received resin
form was not identified by the vendor; it was found to contain potassium salts (Fiskum, Blanchard, and
Arm 2002a). Before sampling SL-644 from the IBC-supplied plastic bottle, the bulk resin bottle was
turned several times to produce a well-mixed material. Sub-samples were removed immediately after
mixing. The sieve results of the resin batch were previously reported (Fiskum, Blanchard, and Arm
2002a) and are reproduced in Table 2.1. The dry-sieved fraction incorporating the 212- to 425-um
particle sizes was used in the ion exchange columns.®”’ This fraction represents 22 wt% of the as-received
material. The average particle size corresponded to 540-um in diameter, expanded in 3 M NaOH-2 M
NaNO;-0.1 M KNOj; (Fiskum, Blanchard, and Arm 2002a). As a general rule, the column diameter
should be 20 times greater than the resin particle diameter to minimize wall effects (Korkisch 1989,

p. 39). Given the diameter of the column at 1.46 cm, the column diameter was 27 times the average
diameter of the 212- to 425-um dry-sieved resin particles expanded in caustic solution. For comparison
with previous reports, the SL-644 dry-sieved particle-size distribution used for AZ-102 testing at SRTC
(Hassan et al. 2001) is also shown in Table 2.1.

Table 2.1. Dry Particle-Size Weight-Percent Distribution of Various Batches of As-Received SL-644

Particle Size 010319SMC-1V-73 981020mb48-563
Sieve Size" (um) Wt% (PNWD) Wt% (SRTC)
18 >1000 0.06 not analyzed
30 600-1000 37.27 57.33
40 425-600 38.23 23.73
50 300425 18.01 13.71
70 212-300 6.08 5.12
100 150212 0.26 0.11
140 106-150 0.06 not analyzed
>140 <106 0.03 not analyzed
(1) U.S. standard sieve size corresponds to ASTM E-11 specification.

(a) This particle size distribution (PSD) was used successfully in AW-101 simulant testing. It is not representative
of the PSD that will be used in the plant.
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Properties of the 212- to 425-um 010319SMC-1V-73 SL-644 resin have been previously reported
(Fiskum, Blanchard, Arm 2002a), and selected properties are reproduced in Table 2.2. The F-factor is the
ratio of the dry mass of exchanger to the initial mass of the exchanger and was determined at the same
time the batch-contact samples and column resin fractions were weighed. The F-factor was obtained by
drying approximately 0.5 g resin, under vacuum, at 50°C to constant mass. The F-factor was determined
on the H-form (for batch-contact studies) and the as-received form (for column testing) of the resin. The
F-factor for the Na-form of the resin was performed differently because of stability problems observed in
prior tests on the Na-form of resin (Steimke et al. 2001). Drying to constant mass under vacuum at
ambient temperature was considered adequate for removing water from the Na-form resin.”” The L-factor
represents the fractional mass remaining after washing the as-received resin form with 0.5 M HNO; and
DI water and correcting for residual water content as described above. The Iy,-factor represents the
fractional mass gain upon conversion from the H-form to the Na-form, correcting for water content as
described above.

Table 2.2. SL-644 Properties

Property 010319SMC-1V-73

Bulk density of as-received form resin, g/mL 0.74

F-factor, as-received 0.877

L, conversion to H-form, fractional mass remaining 0.538

F-factor, H-form® 0.762

Ine, fractional mass gain from H-form to Na-form 1.25

(a) SL-644 was stored for 1 year in the H-form before sampling for batch contacts. The
H-form F-factor was used in batch-contact calculations.

2.2 AZ-102 Feed

The AZ-102 sample receipt, phase separation, mixing, subsampling, evaporative concentration, and
analysis were reported separately (Fiskum et al. 2002b). Solids were observed to precipitate during the
evaporative concentration. The major components and estimated weight percentages in the solids (based
on anion, metals, and XRD analysis) were: sodium fluorosulfate (Na;FSO,), 57%; sodium oxalate
(NayC,0y4), 28%; and sodium nitrite (NaNQO,), 7%. Sodium nitrate (NaNO;) was also believed to be
present in the solids (4wt%), and the remaining material (4wt%) was not identified. The total volume of
concentrated AZ-102 (AZ-102C) available for Cs ion exchange and batch-contact processing was about
1.8 L. The AZ-102C feed composition is summarized in Table 2.3. The AZ-102C composition generally
agreed with the AZ-102 composition reported by Hassan et al. (2001), allowing for evaporative
concentration, with the exception of oxalate and OH. The OH" concentration in the AZ-102C feed was 5
times higher than previously reported, after correcting for the concentration factor. The oxalate
concentration was generally unchanged at 3.6E-2 M.

(a) After initial drying at ambient temperature under vacuum to constant mass, the resin was heated to 50°C. The
heated product appeared (visual inspection) to have degraded, thus potentially nullifying subsequent mass
measurements.

(b) Solids formed upon evaporative concentration of the AZ-102 contained significant oxalate.
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Table 2.3. Composition of AZ-102C (Envelope B)

Cations, M Anions, M
Na* 4.61 E+0 AlO, ® 3.44 E-02
K" 1.70 E-1 Cr <3.95E-3
Cs" 521 E-4® COs> (HP) 1.21 E+0
Ca'™ <9 E-4 CO;” (F) <IE-1©
cd™ <2 E-5 Cro 2 ® 2.90 E-2
U (Uranyl) ® 6.37 E-5 F 9.29 E-2@
Mo 1.14E-3 NO, 1.69 E+0
Ni™ <6.8E-5 NO;y 6.08 E-1
Pb" <6.3E-5 OH 1.11 E+0

Mole ratios PO, ® (ICP) 9.25E-3
Na/Cs mole ratio 8.85 E+3 PO, (IC) 1.42 E-2
K/Cs mole ratio 3.26 E+2 SO,™ 3.68 E-1

Radionuclides, pCi/mL Oxalate 1.90 E-2©
0Co <3 E-2 TOC (HP) 8.33 E-2
Bics 1.26 E+0 TOC (F) 1.16 E+0©
B1Cs 2.00 E+3 TC (HP) 1.29
154 1B TC (F) 1.24
Solution Density, g/mL 1.246 (T =26°C)

(a) The Cs isotopic distribution ratio determined by thermal ionization mass spectrometry (TIMS) is
52.3 wt% '*’Cs, 14.9 wt% '*°Cs, and 32.8 wt% "'Cs.

(b) Al, Cr, and P determined by ICP-AES; U determined by KPA. The ionic form is assumed on the
basis of waste chemistry.

(c) The furnace method determined total carbon (TC) and TOC; the TIC was calculated by difference
TIC = TC-TOC. The hot persulfate method (HP) was considered more accurate for TIC and the
furnace method more accurate for TC.

(d) The F results should be considered the upper-bound concentration since the F peak shape and
retention time suggests the presence of co-eluting anion(s), possibly formate or acetate.

(e) Duplicate oxalate analysis resulted in 1900 and 1450 pg/mL RPD = 27%.

P = hot-persulfate method; F = furnace method

racketed results indicate that the analyte concentration uncertainty exceeds 15%. Less-than results
indicate that the analyte concentration was below the instrument detection limit (IDL); the dilution-
corrected IDL is given.
lAnalytical details are provided with Analytical Service Request (ASR) 6280, sample ID 02-0751.

Total carbon (TC), total inorganic carbon (TIC or carbonate), and total organic carbon (TOC) are
reported here and elsewhere for two different analytical methods: hot-persulfate (HP) oxidation and
furnace (F) oxidation. The differences in the two methods were reflective of the ease with which various
organic constituents oxidize in the given method. For these analyses, the furnace oxidation method
historically provided more accurate results for TC on tank waste matrices and the hot-persulfate method
provided more accurate TIC results on tank waste matrices. The most accurate TOC was therefore the
difference TC/F — TIC/HP. The TIC concentration was further evaluated relative to the third equivalency
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point (considered to be the HCO;™ neutralization) on the OH titration curve. The reported HCO;
concentration of 1.12 M was in good agreement with the TIC determined by the hot-persulfate (1.21 M).
Phosphate was reported based on P determination by inductively coupled plasma atomic emission
spectrometry (ICP-AES) and on PO, determination by ion chromatography (IC).

The anionic charge sum (6.85 M) was not in balance with the cationic charge sum (4.78 M).
Therefore one or more anions were positively biased. In comparison with the characterization data
reported by Hay and Bronikowski (2000), the carbonate concentration was most likely biased high.

2.3 Batch Contacts

The batch contacts were performed with the H-form of SL-644 batch 010319SMC-1V-73, 212- to
425-um dry-particle-size resin. The sieved resin fraction was washed on 3/24/01 by contacting three
times with 0.5 M HNO; followed by four contacts with DI water. The resin was then air-dried and stored
in a polyethylene bottle for nearly 1 year. Resin for all subsequent batch contacts was used directly from
the storage bottle with no additional conditioning. The F-factor, 0.762, was determined on the stored
H-form of SL-644 at the same time aliquots were taken for the batch-contact test. The F-factor represents
the ratio of resin mass dried under vacuum at 50°C to the initial resin mass.

The efficacy of the 1-year aged resin was tested before use on the actual tank waste sample. An AW-
101 simulant was prepared as described by Golcar et al. (2000). Batch contacts were performed in
duplicate at three Cs concentrations, similarly to previously reported AW-101 simulant batch-contact
work (Fiskum, Blanchard, and Arm 2002a). The liquid volume to solids mass ratio was 100, the batch
contact time was 24 h, and the contact temperature was nominally 24°C. The Cs equilibrium
concentration was determined using a *’Cs tracer and counting by gamma energy analysis (GEA).

After determining that the SL-644 was adequate for the purpose, the resin was used for AZ-102C
batch-contact testing.”) Batch contacts were performed using feed at three different Cs concentrations.
Aliquots of the AZ-102C tank waste samples were tested without spiking, and additional aliquots were
spiked with 0.5 M CsNO;j to obtain stock solutions of nominally 4 E-3 M and 7 E-3 M Cs. The initial Cs
concentrations in the stock contact solutions and the corresponding Na/Cs and K/Cs mole ratios are given
in Table 2.4.

Table 2.4. Initial Cs Concentrations in the AZ-102C Solutions Used for the Batch Ky Tests

Target initial Target nominal Target nominal
Solution Cs conc. [M] Na/Cs® mole ratio K/Cs® mole ratio
Un-spiked 52 E-4 8.9 E+3 33E+2
Cs Spike 1 4.0 E-3 1.2 E+3 4.2 E+1
Cs Spike 2 7.0 E-3 6.6 E+2 2.4 E+1
(a) Na" and K" are the primary cations that compete with Cs" for ion exchange with SL-644.

(a) Batch contact tests for the AW-101 simulant and AZ-102C actual waste were conducted according to Test
Instruction TI-RPP-WTP-164, Rev. 0 Batch Contact of AZ-101 and AZ-102 Concentrate Tank Waste with
SuperLig 644 (Batch ID 010319SMC-1V-73), S. K. Fiskum, February 2002.
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The batch K, tests were performed in duplicate at a phase ratio of approximately 100 mL/g (liquid
volume to exchanger mass). Typically, 0.07 g of exchanger were contacted with 7 mL of feed. The
exchanger mass was determined to an accuracy of 0.0002 g. The waste volume was transferred by pipet,
and the actual volume was determined by mass difference with an accuracy of 0.0002 g and the solution
density. Samples were agitated with an orbital shaker for approximately 48 h at ambient hot cell
temperatures ranging from 23 to 27°C during the two days of contact.

The SL-644 resin generally appeared to float when initially contacted with AZ-102C. Attempts to
swirl the vial to pull resin into better solution contact were not successful, and in some cases appeared to
be counter-productive. At the end of the 48-h contact period, a small amount of resin was still evident on
the vial walls and floating on the surface. At worst case, approximately 5% of the resin volume was
visually estimated to be floating and on vial walls.”) At the end of the contact time, the samples were
passed through a 0.45 mm nylon syringe filter. Filtrate aliquots were counted for *’Cs.

All Cs K4 measurements were determined by measuring '>’Cs on both the stock solution (initial
concentration), and the contacted solution (final concentration). Initial '**Cs concentrations were
confirmed by inductively coupled plasma-mass spectrometry (ICP-MS).

The batch-distribution coefficients, K4 (with units of mL/g), were determined using the following
relationship:

:(CO-Ceq)* V
Ceq m*F*INa

@.1)

d

where C, = initial "*’Cs concentration
Ceq = equilibrium *’Cs concentration
V = volume of the liquid sample (mL)
m = SL-644 ion exchanger H-form mass (g)
F = water loss factor, H-form resin (0.762)
Ina = mass correction factor for conversion of SL-644 from H-form to Na-form mass (1.25).

The Cs A value (column distribution ratio) is a function of the dry-bed density (p) and feed-condition
equilibrium-distribution coefficient, and was obtained as shown in Equation 2.2.

A=K, *p (2.2)

(a) AZ-101 batch contacts were conducted in parallel to the AZ-102C batch contacts. The SL-644 contacted with
the AZ-101 did not float and behaved well. The AZ-101 density was 1.224 g/mL.
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The SL-644 dry-bed resin density was determined from the ion exchange processing. It was
calculated from the column dry-bed resin mass (M.) and the resin bed volume (BV) according to
Equation 2.3.

p=— (2.3)

where M. = corrected dry bed resin mass (discussed in Section 2.4)
BV = resin-bed volume in AZ-102C or 0.25 M NaOH (discussed in Section 3.3.5).

2.4 Column Run Experimental Conditions

Figure 2.1 shows a schematic of the ion exchange-column system. The system consisted of two small
serial columns containing the SL-644 ion exchange material, a small metering pump, three valves, a
pressure gauge, and a pressure-relief valve. Valves 1, 2, and 3 were three-way valves that could be turned
to the flow position, sample position, or no-flow position. Valve 1 was placed at the outlet of the pump
and was used to eliminate air from the system, purge the initial volume of the system, or isolate the
columns from the pump. Valves 2 and 3 were primarily used to obtain samples and could also be used to
isolate the columns from the rest of the system. The columns were connected in series with the first
column referred to as the lead column and the second column referred to as the lag column.

The columns were prepared at the SRTC Glassblowing Laboratory. Each column consisted of a 15-
cm glass column with a 24/40 taper ground-glass fitting on top and a threaded fitting on the bottom. A
polyethylene bushing was installed in the glass-threaded fitting to accommodate Y4-in. stainless steel
national pipe thread (NPT) fitting. The inside diameter of each column was 1.46 cm, which corresponded
to a volume of 1.67 mL/cm. A stainless steel, 200-mesh screen supported the resin bed. The height of the
resin bed (and thus shrinkage and swelling) was measured with a decal millimeter scale affixed to the
column. The upper section contained four entry ports and a taper joint with screw cap that securely fitted
the column. The lead column assembly used a pressure relief valve (10 psi trigger), pressure gauge, and
sample inlet; the remaining port was plugged. The lag column assembly used one port for sample entry,
and the other three ports were plugged. In both columns, the inlet sample lines extended through the port
opening to the top of the column. The connecting tubing was “&-in. OD, 1/16-in. ID polyethylene.
Valved quick-disconnects (Cole Parmer, Vernon Hills, IL) were installed in-line to allow for ease of
column switching. An FMI QVG50 pump (Fluid Metering, Inc., Syosset, NY) equipped with a ceramic
and Kynar® coated low-flow piston pump head was used to introduce all fluids. The flow rate was
controlled with a remotely operated FMI stroke-rate controller. The pump was set up to deliver flowrates
from 0.08- to 16-mL/min. The volume actually pumped was determined using the mass of the fluid and
the fluid density. The pressure indicated on the pressure gauge remained below 5 psi during all runs. The
total holdup volume of the Cs ion exchange system was the summed volume of all fluid-filled parts, and
was estimated to be 42 mL.
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Before installing the system into the hot cell, both of the resin beds were individually cycled through
the acid form. After the resin cycling, the mass of the washed Na-form SL-644 (M,) was calculated to be
2.4 g, on a dry-weight basis, in each column according to Equation 2.4.

M, =M=*L*F=*I,, 2.4)

where M, = Na-form SL-644 mass in the resin bed

M = SL-644 as-received resin mass
L = fractional mass remaining after washing (0.538)
F = water-loss factor, as-received form (0.877)

Ina = fractional mass gain on conversion from H-form to Na-form (1.25) (this factor is set to 1
when calculating the dry-bed density in the H-form or 0.5 M HNOs).

The entire ion exchange system was then used for a full shakedown experiment with AW-101
simulant (Fiskum, Blanchard, Arm 2002a). Both columns were individually eluted, rinsed, and
regenerated. The ion exchange system was then transferred to the hot cell and used to process AP-101DF
tank waste (Fiskum et al. 2002a). Only the lead column was eluted to a "*’Cs concentration C/C, of
4 E-3, which was equivalent to a '*’Cs concentration of 0.5 uCi/mL. The lead column was then rinsed
with DI water, regenerated with 0.25 M NaOH, and again rinsed with DI water. The lag column
contained an estimated 35-uCi "*’Cs from the lead column Cs breakthrough. After an 8-week storage
period (resin as Na form in DI water), the lead and lag column positions were switched, and 0.75 L of
AN-102/C-104 was processed (Fiskum, Blanchard, and Arm 2002b). Again, only the lead column was
eluted to a '*’Cs concentration C/C, of 6 E-3, which was equivalent to a '*’Cs concentration of 1 pCi/mL.
The lead column was then rinsed with DI water, regenerated with 0.25 M NaOH, and again rinsed with
DI water. The lag column contained an estimated 0.22-uCi "*’Cs based on the integration of the lead
column Cs breakthrough.

The system was stored for 118 days since the end of the AN-102/C-104 column run. The lead and lag
columns were switched, and the apparatus volume (AV) of DI water was displaced with 0.25 M NaOH
before introducing AZ-102C feed. All subsequent processing was performed in the hot cells at
temperatures ranging from 25 to 27°C. Table 2.5 shows the experimental conditions for each process
step, where one bed volume (BV) is the volume in 0.25 M NaOH (10.2 mL). The bed conditioning,
AZ-102C loading, feed displacement, and DI water-rinse steps were conducted by passing these solutions
through both resin beds connected in series.”” The AZ-102C effluent was collected in twelve effluent
bottles. The first bottle collected 41 mL, nominally one AV, and consisted primarily of the displaced
regeneration solution. The remaining effluent was collected in nominally 10-BV fractions. After
ascertaining that the '*’Cs concentration met product specifications, the individual effluent fractions were
combined (excluding the initial effluent bottle).”’ Sampling of the feed displacement solution began

(a) The ion exchange processing of the AZ-102C actual waste was conducted according to Test Instruction
TI-PNNL-WTP-132, Rev. 0, Separation of Cesium from Hanford Tank Waste 241-AZ-102 Using the Dual
Small-Column SuperLig® 644 Cesium lon Exchange System, S. K. Fiskum, November 2001.

(b) Compositing the Cs-decontaminated effluent was conducted according to Test Instruction TI-RPP-WTP-145,
Rev. 0, Compositing AZ-102C Cesium Ion Exchange Effluent and Subsequent Sub-Sampling for Analysis, S. K.
Fiskum, November, 2001.
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immediately after switching the feed line into the 0.1 M NaOH solution. The elution was conducted on
the lead column only, continuing until 14.8 BV had been processed through the column. The resin bed
was then rinsed, regenerated, and rinsed again as shown in Table 2.5. Because initial test results indicated
low Cs recovery in the eluate, the lead column was re-eluted 16 days later.”). The re-elution process was
halted when it was apparent that little additional Cs was removed. Only the initial 14.8 BVs of Cs eluate
samples were composited® and sampled for analysis.

Table 2.5. Experimental Conditions for AZ-102C Ion Exchange

Total Volume Flow rate Time| T

Process Step Solution BV® | AV® | mL | BV/h | mL/min| h °C
Two Columns in Series®

DI water displacement |0.25 M NaOH 8.9 2.2 91 2.4 0.42 3.6 25
Loading Lead column [ AZ-102C Feed 105 255 1071 1.4 0.23 80.2 26
Loading Lag column® |AZ-102C Feed | 100 243 [1022 1.4 0.23 80.2 26
Feed displacement 0.1 M NaOH 10.5 2.6 107 2.6 0.44 4.0 25
DI water rinse DI water 9.2 2.2 94 2.6 0.44 32 25
Lead Column Only

Elution 0.5 M HNO; 14.8 6.6 151 0.74 0.13 20.2 25
Eluant rinse DI water 4.4 2.0 45 2.6 0.45 1.75 25
Regeneration © 0.25 M NaOH 4.4 2.0 45 0.95 0.16 4.75 26
Rinse DI water 4.6 2.0 47 2.7 0.45 1.75| 26-27
Second Elution Cycle

Elution © 0.5 M HNO;3 6.5 2.9 66 2.8 0.48 2.5 25
Eluant rinse DI water 4.8 2.1 49 2.6 0.44 1.9 25
Regeneration'® 0.25 M NaOH 49 | 22 50 0.83 0.14 5.9 25
Rinse DI water 4.1 1.8 41 2.5 0.42 1.7 25
(a) BV =bed volume (10.2 mL in 0.25 M NaOH regeneration condition).
(b) AV = apparatus volume (42 mL for columns in series; 23 mL for lead column, and 21 mL for lag column).
(c) Run date began on 11/5/01.
(d) The feed volume through the lag column was reduced because of sampling from the lead column.
(e) The eluant rinse ended on 11/10/01; regeneration began 3 days later on 11/13/01.
(f) The second elution began 16 days after the regeneration rinse on 11/29/01.
(g) Regeneration was initiated 11/30/01, % day following the eluant rinse.

(a) The continued elution was conducted according to Test Instruction TI-PNNL-WTP-147, Rev. 0, Continued
Cesium Elution Following Cs Removal from Hanford Tank Waste 241-AZ-102 Using the Dual Small-Column
SuperLig® 644 Cesium lon Exchange System, S. K. Fiskum, November, 2001.

(b) The Cs eluate samples were composited according to Test Instruction TI-RPP-WTP-151, Rev. 0, Preparing a
Composite Solution of the Acid Eluant Samples from AZ-102C Cs lon Exchange Lead Column, S. K. Fiskum,
January 2001.
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2.5 Column Sampling

The sampling and analysis protocol is shown in Table 2.6. During the loading phase, small samples
(about 2 mL) were collected from the lead and lag columns at nominal 5-BV increments. The flow rate
averaged 1.4 BV/h. The flow rate increased slightly during sample collection from the lead column
because of the siphoning effect at the sample port. The feed displacement, DI water rinse, elution, and
elution rinse samples were taken at 1-BV increments at flow rates shown in Table 2.5.

Table 2.6. Sampling Interval and Analyses

Frequency Approximate Sample
Process Step Lead Column Lag Column Size (mL) Analyses
Loading Every 5 BV Every 5 BV 2 GEA
Feed displacement none Every 1 BV 10 GEA
DI water rinse none Every 1 BV 10 GEA
Elution Every 1 BV NA 10 GEA
Eluant rinse Every 1 BV NA 10 GEA
Composite Samples
Effluent — 1 NA NA 2 GEA
Effluent composite GEA, ICP-AES, IC, U,
(bottles 2-12) NA NA 10 OH, TOC/TIC
Regeneration 1 composite NA 10 ICP-AES, GEA, OH-

ICP-AES, GEA, TIMS,

Eluate 1 composite NA 10 TOC, IC, U,
GEA = gamma energy analysis OH = hydroxide
ICP-AES = inductively-coupled plasma atomic energy TOC = total organic carbon
spectrometry TIC = total inorganic carbon
IC = ion chromatography TIMS = thermal ionization mass spectrometry
ICP-MS = inductively-coupled plasma mass spectrometry NA = not applicable

2.6 Sample Analysis

The "*’Cs concentration was determined using a bench-top GEA spectrometer. 