PNWD-3399
WTP-RPT-109 Rev. 0

Elution Testing of SuperLig® 644
with AN-105 Simulant

I. E. Burgeson

D. L. Blanchard Jr.
B. J. Cook

J. R. Deschane
D.R. Weier

February 2004

Prepared for Bechtel National, Inc.
under Contract 24590-101-TSA-W000-00004



LEGAL NOTICE

This report was prepared by Battelle Memorial Institute (Battelle) as an account of
sponsored research activities. Neither Client nor Battelle nor any person acting on
behalf of either:

MAKES ANY WARRANTY OR REPRESENTATION, EXPRESS OR
IMPLIED, with respect to the accuracy, completeness, or usefulness of the
information contained in this report, or that the use of any information, apparatus,
process, or composition disclosed in this report may not infringe privately owned
rights; or

Assumes any liabilities with respect to the use of, or for damages resulting from the
use of, any information, apparatus, process, or composition disclosed in this report.
References herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or
imply its endorsement, recommendation, or favoring by Battelle. The views and
opinions of authors expressed herein do not necessarily state or reflect those of
Battelle.






COMPLETENESS OF TESTING

This report describes the results of work and testing specified by Test
Specification 24590-PTF-TSP-RT-02-017, Revision 0 and Test Plan
TP-RPP-WTP-234, Rev. 0. The work and any associated testing
followed the quality assurance requirements outlined in the Test
Specification/Plan. The descriptions provided in this test report are an
accurate account of both the conduct of the work and the data
collected. Test plan results are reported.  Also reported are any
unusual or anomalous occurrences that are different from expected
results, The test results and this report have been reviewed and
verified.

Approved;

oA e

Gordon H. Beeman, Manager Date
WTP R&T Support Project



Summary

Battelle—Pacific Northwest Division (PNWD) is contracted to Bechtel National Inc. (BNI) on the River
Protection Project-Waste Treatment Plant (RPP-WTP) project to perform research and development
activities. Unit operations of the low-activity waste (LAW) treatment process include the separation of
cesium-137 (**’Cs) by ion exchange from the liquid portion of the waste. SuperLig®644 (SL-644) was
selected by the project as the baseline ion exchange resin to perform the *’Cs separation. The tests
described in this report were undertaken to establish the conditions for eluting a loaded column so that it
could successfully operate in the polishing-column position. In addition, the conditions for eluting a

column for spent resin disposal were examined.

Objectives

This investigation was conducted according to the test plan prepared by Burgeson (2003) in response to
the test requirements for investigating ion exchange resin elution delineated by BNI (2002) in the
Research and Technology Plan, with specific testing detailed in Toth (2002). The research testing is
identified in test scoping statement B-90. Table S.1 identifies the test objectives and provides a brief
discussion of the test results. Additional discussion of the testing and results are provided later in this

section.
Table S.1. Summary of Test Objectives and Results
Objective
Test Objective Met Discussion

Measure and report the cesium elution Yes The parametric elution data were hampered by

performance as a function of nitric acid two elution failures (of twelve elutions) and

concentration (0.5 to 1.0 M), temperature poor reproducibility. The data indicate that the

(25 to 45°C), flow rate (1 BV/h to 2 BV/h), most efficient Cs removal occurs when the

volume (25 BV to 40 BV), and load Cs temperature is maximized, the flow rate is

concentration (5 pg/ml and 50 pg/ml). minimized and the acid concentration is
minimized, resulting in optimum elution
conditions to be at 25°C with a volume of
approximately 14 BV for polishing service and
15 BV at 45°C for resin disposal. The use of
strong acid or high temperatures causes
significant resin mass loss and their use should
be avoided if the resin is to be reused after
elution.

Define the performance of nitric acid to Yes Based upon the batch contact feed isotherm (at

remove cesium from SL-644 sufficient to low cesium concentrations), it is predicted that

re-use the SL-644 as a polishing column. an eluted-resin residual cesium concentration
of 14.6 pg/g would provide an Envelope A
effluent which would be less than 75 of the
LAW disposal levels. This eluted-resin
concentration was met for all tested column
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after processing with 6.3 to 13.5 BV,
depending upon the load and elute conditions.
Thus, Envelope A feeds could be processed
with 0.50 M HNOj; at 25°C for a maximum of
13.5 BV, to be ready to be placed in the
polishing column position.

Demonstrate that nitric acid elution will Yes Demonstrated that the spent resin residual

successfully reduce the spent resin Cs-137 cesium levels were below the design basis

concentration to 60 pCi/g to comply with disposal limit for elutions performed at

spent resin disposal equipment design elevated temperature (45°C). The confirmatory

assumptions. column run, performed at 45°C, corroborated
these results.

Measure equilibrium distribution Yes A low-cesium-concentration loading isotherm

coefficients for Envelope A simulant at low was produced from the testing data. The feed-

(nominally 1E-4 to 100 pg/ml) Cs side isotherm predicts that a residual resin Cs

concentrations to determine how much Cs concentration value of 41.2 pg Cs/g resin

can remain on the resin while resulting in would result in an effluent product that would

tolerated Cs bleed or leakage into Cs just meet the LAW effluent criteria for an

effluent product during polishing. Envelope A feed.

Determine equilibrium-distribution Yes Batch contacts were performed using 0.50 g of

coefficients for acid-side elution conditions resin and 3.5 ml of 0.50 M HNOj. The Ky

at low (nominally 1E-4 to 0.5 pg/ml) Cs ranged from 6.2 to 7.3 over the cesium

concentrations. concentration range tested.

For spent resin disposal concerns, determine | Partially | Six of the seven organics examined were

the semivolatile organic analyte (SVOA)
concentrations remaining on SL-644 after
processing Envelope B waste spiked with
SVOA constituents.

measured on the eluted resin, but only three
organics, hexachlorobenzene,
hexachlorobutadiene, and nitrobenzene,
exceeded the land-disposal recommendation
(LDR) levels. Although three of the organic
analytes were measured in the resin above the
LDR levels (hexachlorobenzene,
hexachlorobutadiene, and nitrobenzene), the
measured concentrations for
hexachlorobenzene were spurious, and no
conclusions can be derived from that data.
The system recoveries for the remaining two
organics, hexachlorobutadiene and
nitrobenzene, were high (2070 and 150%,
respectively). As a result, it is difficult to
determine if the resin results are also biased
high. The reported resin concentration for
hexachlorobutadiene and nitrobenzene should
be considered an upper-level resin
concentration.
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Test Exceptions

The work details of this testing were modified in test-exception 24590-WTP-TEF-RT-03-087. Table S.2
describes the test exceptions initiated by Toth (2003) for this test.

Table S.2. Test Exceptions

Test Exception

Discussion

Increase the volume of simulant
used in column loading and
prepare more simulant as needed.

The test plan provided estimates of the amount of waste
simulant that would be expected to fully load the cesium ion
exchange resin before conducting the elution tests. However, the
cesium exhibited much higher capacity than anticipated based
upon previous testing. Thus, a second large-scale batch of
simulant has to be prepared to meet demand.

Change the resin pretreatment
protocol.

Consistent resin pretreatment by Savannah River Technology
Center (SRTC) and PNWD was needed for comparison and
modeling of test results. Two shrink-swell cycles were needed
to properly condition the resin, based upon input from SRTC.
The testing schedule required overnight conversion of resin to
the Na-form to reduce the time needed for resin conditioning.

Increase the number of replicates
for batch contacts and allow
performance of batch-contact
equilibrium to be performed
independently.

Additional batch-contact replicates were needed to ensure good
statistical results. The batch-contact equilibrium time test
needed to be performed before other batch contacts to determine
the equilibrium time.

Allow increased elution volumes
during testing.

Longer elution times were required in the first tests to determine
the minimum elution time for subsequent tests.

Perform spent-resin batch
contacts on all resins rather than
selected resins.

Severe resin degradation in some of the parametric elution tests
made the assessment of resin degradation by selected batch
contacts unreliable; batch contacts of all tested resins were
necessary.

Remove analysis requirement for
fluoride.

The organic-based simulant contained short-chain organic
anions that co-elute with fluoride, so the specified analytical
requirement for fluoride could not be met using current
analytical methodologies.

Collect elution samples more
frequently during elution peak.

Comparison of the effect of elution conditions on the elution
peaks required better than the specified 1-2 BV resolution.

Results and Performance Against Success Criteria

As described by Toth (2002), the RPP-WTP project would consider this test successful when laboratory

data are obtained to demonstrate whether nitric acid will sufficiently elute SL-644 of cesium in order for

the resin to be reused as a polishing-column resin bed for processing subsequent feeds of either Envelope
v



A or B low activity waste (LAW). In addition, the client also requested the investigation of the residual
cesium on spent resin as a disposal concern. Thus, the nitric acid elution conditions of the test should also
be shown to sufficiently elute SL-644 resin to below a residual resin cesium concentration comparable to
the spent resin disposal limit, 60 uCi/g (dry basis sodium form)®. These test criteria were satisfied, as
demonstrated later in this summary.

Quality Requirements

PNWD implemented the RPP-WTP quality requirements in a quality assurance project plan (QAPjP) as
approved by the RPP-WTP quality assurance (QA) organization. Testing and analytical activities were
conducted in accordance with PNWD’s QA project plan, RPP-WTP-QAP;jP, which invoked NQA-1-1989
Part I, “Basic and Supplementary Requirements,” and NQA-2a-1990, Part 2.7. These quality
requirements were implemented through PNWD’s Waste Treatment Plant Support Project Quality
Assurance Requirements and Description Manual (WTPSP).

PNWD addressed data-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.

Research and Technology Test Conditions

The test specification (Toth 2002) established extensive conditions to ensure that the results are valid for
RPP-WTP project needs. Due to their extensive nature, the conditions are not repeated here, but they
essentially constitute the test methodology described later in this summary. The conditions, as modified
by the test exceptions and test plan (Fiskum 2003a) were satisfied.

Simulant Use

The RPP-WTP project has a contractual requirement to compare the results of testing with simulants to
the results from similar tests using actual waste. The tests described by this report used AN-105
simulated LAW. Results from actual waste testing of single load and elution cycles are available (Fiskum
2003a, 2003b, 2003c); however, these actual waste tests did not vary the elution parameters as performed
in this testing. There are no actual waste testing results available where the elution parameters have been
varied to examine the impact on cesium elution and the residual cesium concentration; however,
simulants should behave effectively similar to actual waste under elution conditions.

Test Methodology

Tests were performed using a simulated 241-AN-105 (AN-105) LAW. The simulated AN-105 LAW
recipe was modified to provide an ion exchange feed that was 5 M in sodium. The simulated LAW was

a Meeting minutes prepared by John Olson for Bechtel National, Inc., CCN 055152. April 24, 2003. “Determine the Baseline
Spent Resin Cesium Concentration." Richland, WA.
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traced with '*’Cs so that process samples could be analyzed by gamma energy analysis (GEA). Twelve
columns were prepared using SuperLig®644 ion exchange resin from lot #C-10-05-28-02-35-60 (the
“first 25 gallon” batch) and were processed in groups of four. These columns were processed to perform
simultaneous load and elution cycles using SL-644 resin. The resin beds were nominally 11 ml of
SL-644 resin expanded in 0.25 M NaOH. Each column was jacketed to enable temperature control during
elution.

The SL-644 resin was conditioned outside of the column with 0.50 M HNO; before transfer to the
column. The SL-644 resin was cycled through two shrink-swell cycles before initiating testing. The
SL-644 resin was processed with AN-105 simulant prepared at three Cs concentrations, 5 pug/ml,

27.5 pg/ml, and 50 pg/ml, to 290% Cs breakthrough. Each column then underwent feed displacement
with 0.10 M NaOH, deionized (DI) water rinse, and then elution. The elution parameters (flow rate,
temperature, and nitric acid concentration) were simultaneously varied in a partial parametric design. The
elution was monitored for nominally 40 BVs. Once the elution was completed, the resin was rinsed with
DI water, removed from the column, and dried at room temperature under nitrogen flow.

Batch contacts were performed under acidic conditions and with AN-105 simulant at various Cs
concentrations. Batch contacts were performed to assess resin degradation (comparing the results of
conditioned resin with that of spent resin processed through a single load and elution cycle), to assess Cs
capacity at low Cs concentrations and to assess Cs capacity under elution conditions. Batch contacts
performed with AN-105 simulant were performed using 0.50 g of resin and 50 ml of feed and were
contacted in a 60-ml polyethylene bottle for 48 hours. Acidic batch contacts were performed using 3.5 ml
of 0.488 M HNO; contacted with 0.50 g of exchanger in a 4-ml glass vial for 48 hours.

Test Results

All 12 columns were loaded to >290% Cs breakthrough and then processed for elution testing. Ten of the
columns has successful elutions. Two other columns were processed for elution testing, but the elution
failed due to excessive gas generation within the bed. The elution peaks most quickly using high acid
strength and high temperature. Although elution may peak more quickly, it does not necessarily translate
into a more complete elution. The caveat to this prediction is that the combination of 45°C temperature
with 1.0 M HNOs results in significant gas generation during elution. Gas generation caused separation
of the resin bed and a positive pressure that stopped the flow of eluant from entering the column. The
column eluted under these conditions at a flow rate of 1 BV/h failed (i.e. excessive gas stopped eluant
flow and fragmented the resin beds) after processing 24 BVs of eluant; the column eluted under these
conditions at a flow rate of 2 BV/h failed after processing 8 BVs of eluant.

The partial parametric elution design was hampered by the elution failure of two sets of conditions (45°C,
1.0 M HNO; at 1 BV/h and 45°C, 1.0 M HNO; at 2 BV/h) and by poor reproducibility of the replicate
column elutions. Because of these failures, any conclusions based upon the modeling are suspect. The
data were modeled after processing 40 BVs of eluant, resulting in a linear relationship to determine the
residual Cs on the resin. All the parameters were found to have a significant impact on the residual Cs
resin concentration, with the most significant factors being the flow rate and temperature. The model
suggests that decreasing the flow rate and increasing the temperature will result in the lowest residual Cs
concentration on the resin.
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A qualitative examination of the parametric elution data identifies the most efficient Cs removal to occur
when the temperature is maximized, and the flow rate is minimized. In this scenario, less total acid is
consumed during processing, and the minimum residual Cs concentration is reached in a smaller eluant
volume. The examined changes in acid concentration have a sufficiently minor impact on the elution
performance when processing with large volumes of eluant; thus, there was little influence of the acid
concentration on the total amount of Cs eluted from the resin. However, the use of 0.50 M acid
concentration provides the most complete Cs depletion from the resin, based upon the spent-resin
analysis.

The low Cs concentration, AN-105 simulant batch contacts were performed with four replicates, resulting
in batch-contact values that demonstrated an average relative standard deviation of 6% (ranging from 3%
to 9%). The resulting loading isotherm (umole Cs/g spent resin versus mole/L Cs in solution) had a slope
of 0.93 with an R” value of 0.997. Using the LAW effluent criteria of Cs <0.087 pCi '*’Cs/ml for
Envelope A feeds, the feed-side isotherm predicts that a residual resin Cs concentration value of

3.1E-07 mole Cs/g resin would result in an effluent product that would just meet the LAW effluent
criteria for an Envelope A feed, assuming that 25% of the Cs in the Envelope A feed is '*’Cs. This value
correlates to 41.2 pg Cs/g resin. Each of the elution sets provided a residual Cs concentration that was

<3 ng '"*Cs/g resin. These residual Cs concentrations are a factor of 13 lower than the predicted
maximum residual resin Cs concentration allowed to avoid producing an effluent that exceeds the LAW
effluent criteria.

Based upon the batch contact feed isotherm (at low cesium concentrations), it is predicted that an eluted-
resin residual cesium concentration of 14.6 ug/g would provide an Envelope A effluent which would be

less than %5 of the LAW disposal levels. This eluted-resin concentration was met for all tested columns

after processing with 6.3 to 13.5 BV, depending upon the load and elute conditions. Thus, Envelope A
feeds could be processed with 0.50 M HNO; at 25°C for a maximum of 13.5 BV, to be ready to be placed
in the polishing column position.

The confirmatory column-run objective was modified by the client to demonstrate an elution protocol that
would successfully reduce the spent-resin "*’Cs concentration to < 60 uCi/g resin for disposal. The
confirmatory column was processed under conditions expected for an Envelope B waste processing, even
though an Envelope A simulant was being processed. The Cs-loading target was the equivalent of
75,000 Ci *"Cs, assuming that 33% of the total Cs exists as 137Cs, and there are no isotope effects on the
loading and elution behavior. With these assumptions, and using a resin bulk density of 0.66 g/ml, the
spent-resin disposal basis value correlates to 2.1 pg/g. The elution was performed at 45°C with 38 BVs
0f 0.50 M HNO; at 1.4 BV/h. The resulting residual resin Cs concentration was 0.69 pg Cs/g dry spent
resin. Thus, the resin *’Cs concentration was a factor of 3.0 below the design assumptions and
demonstrate that the resin can be eluted to meet the design requirement for spent-resin residual Cs for
disposal within the baseline (15 BVs) by eluting at an elevated temperature.

The potential for resin uptake of semi-volatile organics was examined by processing AN-105 simulant
spiked with seven organic species: 2,4-dintrotoluene, 2,4,5-trinitrotoluene, hexachlorobenzene,
hexachlorobutadiene, nitrobenzene, pyridine, and cresols (2-methylphenol and 4- and 3-methylphenol).
Although three of the organic analytes were measured in the resin above the LDR levels
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(hexachlorobenzene, hexachlorobutadiene, and nitrobenzene), the measured concentrations for
hexachlorobenzene were spurious, and no conclusions can be derived from that data. The system
recoveries for the remaining two organics, hexachlorobutadiene and nitrobenzene, were high (2070 and
150%, respectively). As a result, it is difficult to determine if the resin results are also biased high. The
reported resin concentration for hexachlorobutadiene and nitrobenzene should be considered an upper-
level resin concentration.

Discrepancies and Follow-on Tests

Resin elution cannot be performed with a combination of high-temperature and high-acid concentration
without adversely impacting the integrity of the column resin bed. Elution runs that were performed with
high acid strength (1.0 M HNO;) and high temperature (45°C) resulted in significant gas generation
during elution. The point at which gas generation initiated was not dependent upon the amount of acid
processed through the column, nor was it dependent upon the contact time with the acid.

Three of the seven organic analytes tested were measured on the spent resin at quantities greater than the
LDR limits. Although the analytical QC results were all met, there is reason to doubt the results of these
three analytes. Further tests are recommended to verify the behavior of these three organics with the ion
exchange resin.
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ASO
ASTM
BNI
BV

DI
FMI
GC/MS
GEA
HLW
IC
ICP-AES
ICP-MS
D
LAW
L/D
LDR
LEPS
M&TE
oD
PNWD
QA
QC
QAPjP
RPD
RPL
RPP
SRTC
SVOA
TIC
TOC

Terms, Symbols, and Abbreviations

Analytical Service Operations

American Society for Testing and Materials
Bechtel National, Inc.

bed volume

distilled and deionized (water)

Fluid Metering, Inc.

Gas Chromatography/Mass Spectrometry
gamma energy analysis

high-level waste

ion chromatography

inductively coupled plasma/atomic emission spectrometry
inductively coupled plasma-mass spectrometry
inner diameter

low-activity waste

ratio of bed height to bed diameter

land disposal restrictions

low energy photon spectroscopy

measuring and test equipment

outer diameter

Battelle—Pacific Northwest Division
quality assurance

quality control

quality assurance project plan

relative percent difference

Radiochemical Processing Laboratory
River Protection Project

Savannah River Technology Center
semi-volatile organic analyte

total inorganic carbon

total organic carbon
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VOA volatile organic analysis
WTP Waste Treatment Plant
WTPSP Waste Treatment Plant Support Project
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1.0 Introduction

1.1 Background

Battelle—Pacific Northwest Division (PNWD) is contracted to Bechtel National Inc. (BNI) on the River
Protection Project-Waste Treatment Plant (RPP-WTP) project to perform research and development
activities. The purpose of the RPP-WTP project is to design, construct, and commission a plant to treat
and immobilize high-level waste (HLW) and low-activity waste (LAW) stored in underground storage
tanks at the Hanford Site. Unit operations of the LAW treatment process include the separation of
cesium-137 ("’Cs) by ion exchange from the liquid portion of the waste. SuperLig® 644 (SL-644) was
selected by the project as the baseline ion exchange resin to perform the Cs separation and is available
from IBC Advanced Technologies, Inc., American Fork, Utah.

Staff at Savannah River Technology Center (SRTC) and PNWD previously conducted extensive small-
column load, elution, and regeneration testing of SL-644 resin using Envelopes A, B, and C tank wastes
in a lead and lag column configuration. Actual waste from tanks AP-101 (Fiskum et al. 2003c), AZ-102
(Fiskum et al., 2003a), AN-102/C-104 (Fiskum et al. 2003b), and AZ-101 was processed through
columns containing nominally 10-ml resin beds, providing laboratory-scale column loading and elution
data. Some of these tests clearly identified a problem with eluting with only 15 bed volumes (BVs) of
0.5 M nitric acid at a flow rate of 1 BV/h, which are the RPP-WTP baseline elution conditions (Bergman
et al. 2001). In the earlier test by Fiskum and coworkers,® the column having processed AZ-101 LAW in
the lead position was eluted and regenerated and then placed in the lag position to process a further batch
of LAW. In the lag position, sufficient residual Cs bled from the resin to contaminate the LAW
previously decontaminated by the lead column so that the product exceeded the '*’Cs target concentration.
In response to these observations, the tests described in this report were undertaken to establish the
conditions for eluting a loaded column so that it could successfully operate in the polishing-column, i.e.,
post-lag column, position. In addition, during processing, the resins are repeatedly loaded then eluted and
regenerated for use. At some point disposal of the resin is desired, due to degradation in performance or
for other reasons. At this point, the resins are “spent” and must be prepared for disposal by elution. Thus
the spent resin residual cesium concentration were examined to determine if the nitric acid elutions would
provide a residual cesium concentration which would meet the spent resin design basis.

1.2 Objectives

The primary objectives of this task were to:

e measure and report the cesium elution performance as a function of nitric acid concentration (0.5
to 1.0 M), temperature (25 to 45°C), flow rate (1 BV/h to 2 BV/h), volume (25 BV to 40 BV), and
load Cs concentration (5 pg/ml and 50 pg/ml).

e define the performance of nitric acid to remove cesium from SL-644 sufficient to re-use the
SL-644 as a polishing column.

e demonstrate that nitric acid elution will successfully reduce the spent resin Cs-137 concentration
to 60 uCi/g to comply with spent resin disposal equipment design assumptions.
1.1



e measure equilibrium distribution coefficients for Envelope B simulant at low (nominally 1E-4 to
100 pg/ml) initial cesium concentrations to determine how much cesium can remain on the resin
while resulting in tolerated Cs bleed or leakage into Cs effluent product.

e determine equilibrium distribution coefficients for acid side elution conditions at low (nominally
1E-4 to 0.5 pg/ml) Cs concentrations. These data would enable the elution process to be
modeled.

e for spent resin disposal concerns, determine the semivolatile organic analyte (SVOA)
concentrations remaining on SL-644 after processing Envelope A waste spiked with SVOA
constituents determine the semivolatile organic analytes (SVOA) concentration remaining on
SL.-644 after processing Envelope A waste spiked with SVOA constituents.

1.3 Purpose

This report documents the testing, results, and analysis associated with the SL-644 elution investigation.
The purpose of the investigation was to provide information for an assessment of the best means of
eluting the SL-644 ion exchange resin. The report is intended to aid the RPP-WTP project in decisions
regarding the design and operation of the Cs ion exchange system in the WTP.

1.4 Quality Assurance
1.4.1 Application of RPP-WTP Quality Assurance Requirements

PNWD implemented the RPP-WTP quality requirements by performing work in accordance with the
PNWD Waste Treatment Plant Support Project quality assurance project plan (QAPjP) approved by the
RPP-WTP Quality Assurance (QA) organization. This work was performed to the quality requirements
of NQA-1-1989 Part I, Basic and Supplementary Requirements, and NQA-2a-1990, Part 2.7. These
quality requirements were implemented through PNWD’s Waste Treatment Plant Support Project
(WTPSP) Quality Assurance Requirements and Description Manual. The analytical requirements were
implemented through PNWD’s Conducting Analytical Work in Support of Regulatory Programs through
WTPSP’s Statement of Work (WTPSP-SOW-005) with the Radiochemical Processing Laboratory
Analytical Service Operations (RPL ASO).

A matrix that cross-references the NQA-1 and 2a requirements with the PNWD’s procedures for this
work is given by Burgeson (2003). It includes justification for those requirements not implemented.

1.4.2 Conduct of Experimental and Analytical Work

Experiments that were not method-specific were performed in accordance with PNWD’s procedures
QA-RPP-WTP-1101 “Scientific Investigations” and QA-RPP-WTP-1201 “Calibration Control System”
assuring that sufficient data were taken with properly calibrated measuring and test equipment (M&TE) to
obtain quality results.
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As specified by Test Specification, 24590-PTF-TSP-RT-02-017, Rev. 0, Small Column lon Exchange
Testing of Cesium Elution, BNI’s QAPjP, PL-24590-QA00001, is not applicable since the work will not
be performed in support of environmental/regulatory testing, and the data will not be used as such.

The applicable quality control (QC) parameters for chemical analysis are delineated by Fiskum (2003d).
Blank spike and/or Lab Control Sample QC failures will result in re-analyzing the sample for the
particular analyte for which the spike failed. Matrix spike and/or duplicate analysis QC failures will not
result in reanalyzing the sample, but probable reasons for the failure will be discussed in the analytical
report to be stored in the project files. A qualitative impact assessment of the failure on the results is
discussed in the report.

Analytical processes were performed in accordance with the requirements in the PNWD’s Conducting
Analytical Work in Support of Regulatory Programs and WTPSP’s Statement of Work (WTPSP-SOW-
005) with the RPL ASO. Cesium-137 tracer used in the batch contacts and column tests was counted
using a gamma energy analysis (GEA) system consisting of a multi-channel analyzer and a suitable
detector, such as a high-purity germanium detector. Counting was performed according to the procedure
Gamma Energy Analysis (GEA) and Low Energy Photon Spectroscopy (LEPS), PNL-ALO-450, when
activity concentrations are required for reporting. The procedure Routine Research Operations, RPL-OP-
001, was used to control counting when relative activity concentrations (e.g., in calculating equilibrium-
distribution coefficients and column-breakthrough profiles) were required for reporting. Absolute
counting efficiency and energy calibration were not required since the analysis is comparative. The GEA
instruments were monitored for consistent operation by counting *’Cs control standards both before and
after one day’s analysis sequence. The instrument background was counted once per day that the system
was used.

Additional equipment that was used included a ruler, thermocouple, thermometer, clock, and balances.
The thermometer for monitoring the batch-contact temperature, ruler, and timepiece are standard
laboratory equipment for use as indicators only. The thermocouple was used to verify the water-bath
temperature and resin-bed temperature and was calibrated by PNNL Instrumentation Services and
Technology. Balances are calibrated annually by a certified contractor, QC Services, Portland, Oregon.

1.4.3 Internal Data Verification and Validation

PNWD addressed internal verification and validation activities by conducting an Independent Technical
Review of the final data report in accordance with PNWD’s procedure QA-RPP-WTP-604. This review
verified that the reported results are traceable, that inferences and conclusions are soundly based, and that
the reported work satisfies the Test Plan objectives. This review procedure is part of PNWD’s WTPSP
Quality Assurance Requirements and Description Manual.
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2.0 Experimental

This section describes the preparation and composition of the AN-105 tank simulant, the resin
preconditioning, and the column preparation. It also covers the batch-distribution measurements and
resin wet-sieving results. The column ion exchange test procedure and conditions are described.

2.1 AN-105 Simulant

Noah Technologies (San Antonio, TX) prepared 100 L of AN-105® tank-waste simulant according to
specifications provided by PNWD. The AN-105 simulant recipe was reported by Eibling and Nash
(2001), but was adjusted to provide a simulant that was 5 M in sodium and did not contain Cs. The
simulant recipe is provided in Table 2.1. Noah analyzed the simulant for metals by inductively coupled
plasma-atomic emission spectroscopy (ICP-AES), and the composition was verified before the simulant
was shipped to PNWD. The simulant was a yellow-green color. Upon filtering, a black solids precipitate
was collected, and the resulting simulant was bright yellow. The formation of a black precipitate was
observed in other preparations as well (Arm et al. 2003) and is likely silver metal, a photodecomposition
product of precipitated silver chloride. The mass of precipitate was not measured during filtering, thus the
total amount of precipitate formed is not known.

Once received, the filtered simulant density was determined with a volumetric flask in duplicate

(1.238 + 0.003 g/ml), and an aliquot of the simulant was analyzed for metals by ICP-AES, anions by ion
chromatography (IC anions), total inorganic and total organic carbon (TIC/TOC) using both furnace and
hot persulfate methods, and free hydroxide by titration. The results of the analyses are summarized in
Appendix A. Note that silver was not observed above the detection limit in the simulant analysis, which
supports the above prediction that the black material was silver metal formed from the precipitation and
photodecomposition of AgCL.

(a) AN-105 is an Envelope A waste. In this testing, the Cs concentration will be varied from 5 pg/ml (typical of an
Envelope A waste) to 50 pug/ml (typical of an Envelope B waste).
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Table 2.1. AN-105 Simulant Recipe-Modified to 5 M Sodium Content

Formula g to make
Species Main Reagent Used Formula Weight | Moles/Liter @ 1L
Metals
Aluminum Sodium aluminate NaAlO, 81.96 7.36E-01 60.32
Cadmium Cadmium nitrate Cd(NO;),'4 H,O 308.5 1.47E-05 0.01
Calcium Calcium nitrate Ca(NO3),4H,0 236.1 4.99E-04 0.12
Cesium Cesium nitrate CsNO;, 199 6.09E-05 0.02
Chromium Sodium chromate Na,CrO, 162 1.30E-02 5.05
Lead Lead nitrate Pb(NO:s), 331.2 1.28E-04 0.13
Magnesium Magnesium nitrate Mg(NOs),"6H,0 256.4 1.11E-04 0.03
Molybdenum Potassium molybdate KsMoO, 238.1 4.27E-04 0.10
Potassium Potassium nitrate KNO; 101.1 9.51E-02 9.61
Selenium Selenium dioxide SeO, 111.0 6.27E-06 0.07
Silicon Sodium meta-silicate Na,Si10;°9H,0 284.1 3.76E-03 1.07
Silver Silver nitrate AgNO; 169.9 7.56E-05 0.04
Sodium Various -- -- 5.34E+00 --
Zinc Zinc nitrate Zn(NOs),"6H,0 297.5 7.72E-05 0.02
Cations
Ammonium Ammonium acetate CH;COONH,4 77.1 3.33E-03 0.26
Boron Boric acid H;BO; 61.8 2.36E-03 0.15
Anions
Carbonate Sodium carbonate Na,CO3 106.0 1.04E-01 11.02
Chloride Sodium chloride NaCl 58.4 1.28E-01 7.48
Fluoride Sodium fluoride NaF 42.0 5.00E-03 0.21
Hydroxide Sodium hydroxide NaOH 40.0 1.72E+00 68.77
Nitrate Sodium nitrate NaNO; 85.0 1.33E+00 113.02
Nitrite Sodium nitrite NaNO, 69.0 1.21E+00 83.47
Phosphate Sodium phosphate Na,HPO, 12H,0 380.1 3.00E-03 1.14
Sulfate Sodium sulfate Na,SO, 142.1 4.01E-03 0.57
Organic compounds
Glycolic acid Glycolic acid HOCH,COOH 70%| 76.0 1.09E-02 1.18°
Acetate Sodium & ammonium acetate | CH;COONa'3H,0 | 136.0 1.75E-02 2.38
Formate Sodium formate HCOONa 68.0 3.20E-02 2.18
Oxalate Sodium oxalate Na,C,0, 134.0 3.47E-03 0.46

(@ Recipe from Eibling and Nash (2001), scaled down to 5 M Na.

®) Mass of glycolic acid is measured in a 70 wt% aqueous solution. All other mass values are as dry-basis.
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2.2 Feed Preparation

Immediately before each column run, the Noah AN-105 simulant was filtered in-house using a 0.45-um
Nylon filter and then spiked with a CsNOj; solution prepared from ACS reagent grade CsNOs (99.999%
purity) and deionized water. Three Cs concentrations were prepared for the column runs: 50 pg/ml,

27.5 pg/ml, and 5 pg/ml (3.76E-04 M, 2.07E-04 M and 3.76E-05 M Cs, respectively). Each prepared
feed solution was analyzed for **Cs by inductively coupled plasma-mass spectrometry (ICP-MS) to
determine the final Cs concentration. The feed solutions were spiked with a '*’Cs tracer. The '*’Cs decay
product *"™Ba provides a strong gamma emission peak at 661 KeV (t;,= 30 years). In general, the
column feeds were spiked with 0.10 pCi/ml of *’Cs. The radiotracer was added using a small volume
(1000 pL) of 1.0 or 2.0 mCi/ml Cs nitrate prepared in water. The mole ratio of *>Cs to *’Cs in the feed
preparations was calculated using the specific activity of '*’Cs. The **Cs to "*’Cs mole ratio ranged from
8.9 x 10°, to 4.5 x 10", demonstrating that the contribution of the tracer to the total Cs was negligible. A
5-ml aliquot of the spiked feed typically provided 88,000 counts (peak area) in 5 minutes. This spiking
level was adequate to monitor column break though during loading. This spiking level would be low if
the desire were to measure high decontamination factors (i.e. 4000); however, that was not the intent of
this testing.

2.3 SL-644 Resin and Resin Conditioning

The SL-644 resin was supplied by IBC Technologies, Inc. (American Fork, UT) from a 25-gal production
batch, # C-10-05-28-02-35-60. The resin was received from the vendor as a wet (in water), sodium-form
material in a 5-gal bucket. A subsample of the as-received resin was pulled from the original 5-gal
container in a manner consistent with American Society for Testing and Materials (ASTM) protocol
2687. The rim of the container was marked at 10 equal intervals. The container was inverted briefly to
suspend the resin. A '2-in.-diameter PVC pipe was inserted at the marked position of the container,
approximately 4 cm from the edge toward the center of the container. The pipe was inserted all the way
to the bottom of the container, the top of the pipe was covered to provide a seal, and the collected material
was transferred to a 1-L wide-mouth polyethylene bottle. The resin was rinsed and converted to the acid
form, the base form, and then to the acid form again for storage. The resin conditioning protocol,
recommended across the WTP pretreatment projects, is detailed below.

2.3.1 First Conditioning Protocol

The resin was soaked in a 3-fold excess volume of DI water (450 g of resin soaked in 1350 ml of water)
for 10 minutes, the water was decanted, and the resin was soaked in a 3-fold excess of 0.50 M HNO; for

1 hour and then decanted. The decanted nitric acid pH was measured and was confirmed to be below

pH 4. The resin was soaked a second time in a 3-fold excess volume of DI water for 10 minutes, and then
the water was decanted and measured for pH. The pH was 5, so an additional water contact was
performed with the goal of obtaining a solution that had a measured pH equivalent to that of deionized
water. However, after five successive contacts with distilled (DI) water, the pH had only increased to 5.9.
At this point, a total of 6.75 L of water had been contacted with the resin. The water rinses were
discontinued without obtaining the desired solution pH, and the resin was soaked in a 3-fold excess of
0.25 M NaOH for 2 hours. The sodium hydroxide was decanted, and the target solution pH was reached
(pH >10), so the resin was soaked in a 3-fold excess of DI water for 10 minutes. The water contacts were
to continue until the pH was less than 10; however, after nine successive contacts (12.2 L of DI water),
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the pH was 10.8. At this point, the water washes were discontinued. The resin was then converted to the
acid form for storage by contacting a 3-fold excess of 0.50 M HNO; for 1 hour. The solution pH was
confirmed to be below pH 4, so the resin was contacted with a 3-fold excess of DI water for 10 minutes.
The resin was dried under nitrogen until a free-flowing state was achieved.

2.3.2 Second Conditioning Protocol

In an effort to reach the desired pH values indicated above, a large volume of water was utilized in the
rinsing of the resin, which may have compromised the resin integrity and/or Cs capacity. A second aliquot
of resin was conditioned for use in the final batch contacts and column runs, to rule out such impacts on
the resin performance. In this second conditioning protocol, there was no specification to obtain a
specific solution pH. A second aliquot of as-received SL-644 resin was sub-sampled from the 5-gal
bucket and cycled from the acid form to the base form and back to the acid form. The same conditioning
protocol was used as described above; however, only single contacts with a 3-fold excess of DI water
were used during each water-wash step. This resin was dried under nitrogen and sub-sampled for the
SVOA and confirmatory column runs. Duplicate F-factors® were performed to determine the dry-resin
mass. Each aliquot, as well as the remaining resin, was stored under water with a nitrogen headspace.

A 10-g aliquot of the preconditioned dry resin was wet sieved to determine the particle-size distribution of
the conditioned resin. A Retsch (Haan Germany) AS200 digital vibratory shaker equipped with eight
8-inch by 2-inch sieves, a catch pan, and a cover lid was used for the wet sieving. Deionized water was
introduced at the maximum flow rate (~1015 ml/min), and the sieves were shaken at an amplitude setting
of 40 for 20 minutes. The resin was air dried and weighed and then dried in a vacuum oven at 50°C until
a constant mass was obtained. Table 2.2 provides the sieve results.

Table 2.2. Wet Sieving Data for SL-644 Batch Number C-10-05-28-02-35-60

% of Total ©®

Sieve Number Particle Size, pm Mass of Resin, g (mass basis)
Sieve 18 >1000 0.0495 £ 0.0004 0.8
Sieve 20 1000-850 0.0592 £ 0.0004 0.9
Sieve 30 850-600 1.0188 £ 0.0004 15.8
Sieve 40 600425 2.0852 £0.0004 324
Sieve 50 425-300 1.63 £ 0.0004 253
Sieve 70 300-212 1.3505 + 0.0004 21.0
Sieve 100 212-150 0.2379 £ 0.0004 3.7
Totals 6.4311 £ 0.0004 99.9

(a) Started with 6.4536 g dry resin; recovered 6.4311 g dry resin (99.6%); % of total results are
shown for the recovered resin.

2.4 Parametric Elution Test Column lon Exchange Runs

Twelve columns were prepared and were processed in groups of four. Each column system, which is
mounted in a radiological fume hood, consists of a single small column containing the resin, a small
metering pump, two valves, a pressure gauge, and a pressure-relief valve. The pump inlet tube was

(a) F-factor = the ratio of the mass of the dried exchanger to the mass of the wet exchanger.
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manually switched between the waste feed and various process solutions. Both valves are three-way
valves that can be turned to a flow position, a sample position, or a no-flow position. The first valve is
placed at the outlet of the pump and is used to eliminate air from the system, purge the initial volume of
the system, or isolate the columns from the pump. The second valve is located after the column and is
used for obtaining samples.

The columns are Spectra Chrom™ chromatography columns made of glass with adjustable plungers on
the bottom and the top. The inside diameter of the columns is 1.5 cm, which corresponds to a volume of
1.77 ml per cm of length. The columns are jacketed with a clear plastic to provide temperature regulation
and a safety shield. Two water baths (Brinkmann and VWR International) were used to control the
temperature during elution. The column-connecting tubing is a polyfluorinated plastic with '/s-in. OD
and '/;¢-in. ID. An Accu® piston pump (SciLog, Middleton, WI) was used to deliver solutions to the
columns. This pump was equipped with a metering pump head (Fluid Metering, Inc. [FMI], Oyster Bay,
NY) and a pump stroke-rate controller (0.025 ml/stroke). Alternately, a QVG50 pump (FMI, Syosset,
NY) was used that was equipped with ceramic and Kynar® coated low-flow piston pump heads. The
volume actually pumped through the system was determined using the effluent mass (including analytical
samples) and the fluid density. The pressure-relief valve is set at 40 psi, which is below the maximum
operating pressure for the columns.

The dried-acid-form SL-644 resin was sub-sampled to provide approximately 2.32 g of resin for the
elution column runs. Duplicate fractions of the conditioned resin (0.5 g each) were dried in a vacuum
oven at 50°C until the dry mass was constant (within £0.0006 g). This allowed a determination of the
F-factor (0.6719 £0.0005). Each resin aliquot was stored under water with a nitrogen head-space. The
remaining conditioned resin was stored dry, under nitrogen. During the course of the column elution
tests, it was necessary to weigh out two additional resin aliquots. These aliquots came from the dry,
conditioned resin produced in the first conditioning process. Duplicate fractions of the resin were dried in
a vacuum oven at 50°C until the dry mass was constant (within £0.0006 g), resulting in an F-factor of
0.6497 £0.0027. Table 2.3 provides the mass of resin and the corresponding F-factor for each column-run
aliquot of resin.

Table 2.3. Initial Mass of Resin Used in Column Testing

Column H-Form Resin Resin H-Form Resin Dry
Identification Mass, g F-Factor Basis Mass, g
Run 1 Pink 3.3213 £ 0.0004 0.6719 +£0.0005 2.2316 £ 0.0019
Run 1 Yellow | 3.3202 +0.0004 0.6719 +0.0005 2.2308 £0.0019
Run 1 Blue 3.3248 £ 0.0004 0.6719 £0.0005 2.2340 £ 0.0019
Run 1 Green 3.3219 £ 0.0004 0.6719 £0.0005 2.2320 £ 0.0019
Run 2 Pink 3.3202 + 0.0004 0.6719 £0.0005 2.2308 £0.0019
Run 2 Yellow | 3.3230 + 0.0004 0.6719 £0.0005 2.2327 £0.0019
Run 2 Blue 3.3240 £ 0.0004 0.6719 £0.0005 2.2334+0.0019
Run 2 Green 3.3205 £ 0.0004 0.6719 £0.0005 2.2310 £ 0.0019
Run 3 Pink 3.3258 £ 0.0004 0.6497 £0.0027 2.1608 +0.0123
Run 3 Yellow | 3.3252 +0.0004 0.6497 £0.0027 2.1604 +0.0123
Run 3 Blue 3.3217 £ 0.0004 0.6719 £0.0005 2.2318 £0.0019
Run 3 Green 3.3233 +£0.0004 0.6719 £0.0005 2.2330+0.0019
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Each column was loaded with a pre-weighed aliquot of conditioned SL-644 identified in Table 2.3. The
resin mass was selected so the L/D of ~4, as determined using the volume of resin expanded in 0.25 M
NaOH. The storage water was decanted from the resin, and the resins were contacted with a 10-fold
excess of 1.0 M NaOH for 2 hours. The sodium hydroxide solution was decanted, and the resin was
slurried with DI water and immediately transferred to the column. The resin was rinsed with DI water
and was cycled to the acid form using 0.50 M HNOj; and back to the sodium-form using 0.25 M NaOH.
The column conditioning steps are shown in Table 2.4. Table 2.4 reports the relative expansion and
contraction of the resin bed volume as the resin is cycled through the expanded form (Na-form) and the
contracted form (H-form). The bed volumes are relative to the expanded resin volume determined in
0.25 M NaOH.

Table 2.4. Resin-Conditioning Protocol Performed After Resin Loaded into Column

Total VVolume of Flow Rate of _ _ Volume

Reagent Reagent Resin Resin Ratio to

Height, | Volume, 0.25 M
1. DI water 32 3 33 3 6.4 11.3 1.14
2. 0.5 M HNO; 159 15 33 3 4.7 8.3 0.84
3. DI water 106 10 33 3 42 7.4 0.75
4. 0.25 M NaOH 32 3 11 1 5.6 99 1.00

Each column was identified by the Cs feed concentration and a color: blue, green, pink, or yellow. The
loading flow rates were varied to reasonably minimize load time within the limits of the available feed.
Otherwise, each of the twelve columns was processed in the same manner, with the exception of the
elution stage. The processing steps for each group run are shown in Table 2.5 through Table 2.7. The
elution tests were a partial factorial statistical design where four parameters were simultaneously being
evaluated for the impact on Cs resin retention. The following four parameters are being examined:
elution temperature, eluant concentration, eluant flow rate, and Cs feed concentration. The resin was
removed from each column at the end of each elution test to measure mass loss and residual Cs.

Table 2.5 through 2.7 report the relative expansion and contraction of the resin bed volume as the resin is
cycled through the expanded form (Na-form) and the contracted form (H-form).
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Table 2.5. Column-Run Parameters for First Column Run, AN-105 Simulant at 50 pg/ml ***Cs

Volume Ratio

Column Flow Rate, t00.25 M
Step Solution ID BV BV/h NaOH®
Pink 226 3.0 1.04
AN-105 Simulant at Yellow 200 3.0 1.15
Load 133
50 pg/ml °Cs Blue 223 3.0 0.92
Green 257 4.4 0.89
Feed Displacement 0.10 M NaOH All 3 3 1.00
Water Rinse DI water All 3 3 0.97
0.50 M HNOs; 45°C Pink 52 1.0 0.72
Elute 1.0 M HNO; 45°C Yellow (b) (b) (b)
0.50 M HNO; 25°C Blue 64 1.1 0.67
1.0 M HNO; 25°C Green 45 1.0 0.67
Water Rinse DI water All 3 3 0.69

(b) Not eluted.

(a) Average of four columns is provided where the column is not uniquely identified.

Table 2.6. Column-Run Parameters for Second Column Run, AN-105 Simulant at 5.0 pg/ml **Cs

Volume Ratio

Column Flow Rate, t00.25 M
Step Solution ID BV BV/h NaOH®
Pink 780 6.6 1.04
AN-105 Simulant at Yellow 824 7.0 1.07
Load 133
5.0 pg/ml ~°Cs Blue 846 7.1 1.05
Green 878 6.6 1.07
Feed Displacement 0.10 M NaOH All 3 3 1.21
Water Rinse DI water All 3 3 1.20
1.0 M HNO; 45°C Pink 27® 1.0 0.80
Elute 0.50 M HNO; 45°C Yellow 52 2.4 0.66
1.0 M HNO; 25°C Blue 48 2.2 0.77
0.50 M HNO; 2°5C Green 40 1.0 0.82
Water Rinse DI water All 3 3 0.69

(a) Average of four columns is provided where the column is not uniquely identified.
(b) Stopped elution due to air in the column bed
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Table 2.7. Column-Run Parameters for Third Column Run,

AN-105 Simulant at 50 and 27.5 pg/ml **Cs

Volume Ratio
Column Flow Rate, t00.25M
Step Solution ID BV BV/h NaOH®
AN-105 Simulant at Pink 232 3.8 0.88
Load 50 ug/ml '33Cs Yellow | 250 2.8 0.88
AN-105 Simulant at Blue 335 2.2 0.84
27.5 pg/ml '¥Cs Green 335 2.7 0.90
Feed Displacement 0.10 M NaOH All 3 3 0.99
Water Rinse DI water All 3 3 1.00
0.75 M HNOs; 35°C Pink 47 1.5 0.63
Elute 0.75 M HNOs 35°C Yellow 44 1.4 0.64
0.25 M HNO; 45°C Blue 41 1.0 0.63
1.0 M HNO; 45°C Green (b) (b) (b)
Water Rinse DI water All 3 3 0.63
(a) Average of four columns is provided where the column is not uniquely identified.
(b) Not eluted.

All steps of the column run were performed at ambient temperature, with the exception of the elution,
which was performed at various temperatures: 25°C, 35°C and 45°C. The 25°C elution was performed at
ambient temperature, the 35°C and 45°C elutions were controlled with a water bath. Ambient
temperature during this run ranged from 23°C to 24°C. A recirculating water bath was used to circulate
heated water through the column jacket during elution. The adjustable plungers at the top of each column
were adjusted at each processing stage to minimize the volume of solution above each of the resin beds
during processing. The pink and yellow columns in Run 3 were intended to be loaded with simulant at
27.5 pg/ml Cs, and the blue and green columns were intended to be loaded with simulant at 50 pg/ml Cs.
But the feeds were inadvertently switched, as shown in the table.

2.5 Semi-Volatile Column Run for Spent Resin Disposal

The SVOA test was designed to examine the potential for the ion exchange resin to retain organic species.
The client selected representative organic species from dangerous waste environmental codes to be added
to the simulant in bounding (high) concentrations to perform this evaluation. The potential for resin
uptake of semi-volatile organics was examined in a separate column run. A 1-in. inner-diameter column
was loaded with SL-644 resin (7.4020 g dry weight basis) to provide a BV of 38.6 ml, determined in

0.25 M NaOH. This resulted in an L/D of ~3, as determined using the volume of resin expanded in

0.25 M NaOH. The resin had been conditioned according to the conditioning protocol reported in
Section 2.3.1 and stored under water with a nitrogen head space. The storage water was decanted from
the resin, and the resins were contacted with a 10-fold excess of 1.0 M NaOH for 2 hours. The sodium
hydroxide solution was decanted, and the resin was slurried with DI water and immediately transferred to
the column. Once loaded in the column, the resin was processed through a shrink-swell cycle as
described in Table 2.8. Table 2.8 reports the relative expansion and contraction of the resin bed volume
as the resin is cycled through the expanded form (Na-form) and the contracted form (H-form).
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Table 2.8. Resin-Conditioning Protocol for SVOA Column Run

Total Volume of Flow Rate of Volume
Reagent Reagent Resin Resin Ratio to
Height, | Volume, 0.25 M
Reagent ml BV ml/h BV/h cm ml NaOH

1. DI water 116 3 116 3 7.4 37.5 1.03
2. 0.5 M HNO; 579 15 116 3 4.7 23.8 0.64
3. DI water 386 10 116 3 -- - —
4. 0.25 M NaOH 116 3 39 1 7.4 37.5 1.00
-- Indicates no data collected.

The feed was AN-105 simulant at 50 pg/ml Cs. The feed was spiked with the semi-volatile analytes of
interest, shown in Table 2.9. No attempt was made to evaluate the tank-characterization data to determine
likely levels of each component in the tank waste. Instead, each component was spiked into the AN-105
simulant at approximately 10 mg/L, or near the compound solubility in highly alkaline, high-salt
environments, in the case of the organics hexachlorobutadiene (3.2 pg/ml) and hexachlorobenzene
(0.0062 pg/ml). Each of the compounds was added to a single container that generated a liquid mixture
of the neat compounds. The mixture of organic materials was then added as a neat solution, rather than
having a solvent carrier, to 500 ml of simulant in a clean amber 4-L glass container. Immediately after
spiking in the organics, the simulant container was tightly closed and placed in a sonic bath for 2 hours to
ensure dissolution and a homogeneous solution. The remaining 3.6 L of simulant were then added to the
container, tightly closed again, and gently agitated for 4 hours.

Table 2.9. Semi-Volatile Organic Components and the Associated Land-Disposal Restrictions

LDR Treatment Standard LDR Treatment Standard
Analyte (mg/kg) Analyte (ma/kg)
2.,4- dinitrotoluene 140 hexachlorobutadiene 5.6
2,4,5-trichlorophenol 7.4 nitrobenzene 14
Cresols 5.6 pyridine 16
hexachlorobenzene 10

LDR = land disposal restrictions.

The column was processed through a complete cycle: loading, feed displacement, water rinse, and elution.
The processing parameters are shown in Table 2.10. Table 2.10 also reports the relative expansion and
contraction of the resin-bed volume as the resin is cycled through the expanded form (Na-form) and the
contracted form (H-form).
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Table 2.10. Column-Processing Parameters for Semi-Volatile Column Run

Volume Ratio
Column Flow Rate t00.25M
Step Solution ID BV (BV/h) NaOH
Load AN-105 Simulant at 50 pg/ml *°Cs,

spike with seven organic species Pink | 104 3 1.30
Feed Displacement |[0.10 M NaOH All 3 3 1.46
Water Rinse DI water All 3 3 1.42
Elution 0.50 M HNO;,25°C Pink 24 1 1.00

Duplicate samples of the feed were collected in pre-cleaned 20-ml septa sealed glass volatile organic
analysis (VOA) vials before initiation of column loading and at the completion of column loading.
Immediately after completion of the elution, the resin was removed from the first and second half of the
column and stored in VOA glass vials. Duplicate samples of the effluent composite and the eluant
composite were also submitted for analysis.

The samples were prepared according to TPR-RPP-WTP-170 Rev. 0, Analysis of Semi-Volatile Organics
Using Gas Chromatography/Mass Spectrometry (GC/MS) and TI-RPP-WTP-312 Rev. 0, Organic
Analytical Support for Alternate Resin Testing. Ten milliliter aliquots of simulant samples were prepared
using liquid-liquid extractions with dichloromethane under the appropriate pH conditions. The resulting
organic residue was concentrated to 1 ml and analyzed by GC/MS.

The resin samples were prepared by mixing with a drying agent followed by subjecting the material to
high-intensity sonication in a methylene chloride/acetone solvent mixture. The resulting organic residue
was concentrated to 1 ml and analyzed by GC/MS in a manner identical to the simulant samples.

The residues were analyzed according to TPR-RPP-WTP-170 Rev. 0 and TI-RPP-WTP-312 Rev. 0 using
a Hewlett Packard 5890 GC (WB47238) and a Hewlett Packard MS (WD25623). The results obtained
are provided in Table 3.16.

2.6 Confirmatory Column Run for Spent Resin Disposal

After consultation with the client, the conditions for a confirmatory elution column run were selected.
The intent of this column run was to demonstrate adequate removal of Cs from the column resin before
resin disposal. The intent, then, was not to demonstrate an elution protocol implemented in the typical
processing where the resin would be reused, but to define the final elution of the resin before resin
removal and subsequent disposal.

A 1-in. inner-diameter column was loaded with SL-644 resin (7.3916 g dry weight basis) to provide a BV
of 38.6 ml, determined in 0.25 M NaOH. This resulted in an L/D of ~3. The resin had been conditioned
according to the conditioning protocol reported in Section 2.3.2 and stored under water with a nitrogen
headspace. The storage water was decanted from the resin, and the resins were contacted with a 10-fold
excess of 1.0 M NaOH for 2 hours. The sodium hydroxide solution was decanted, and the resin was
slurried with DI water and immediately transferred to the column. Once loaded in the column, the resin
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was processed through a shrink-swell cycle as described in Table 2.11. Table 2.11 also reports the
relative expansion and contraction of the resin bed volume as the resin is cycled through the expanded
form (Na-form) and the contracted form (H-form).

Table 2.11. Resin Conditioning Protocol for Confirmatory Elution Column Run

Total Volume of Flow Rate of _ _ Volume

Reagent Reagent Resin Resin Ratio to

Height, | Volume, 0.25 M

Reagent mi BV mi/h BV/h cm mi NaOH
1. DI water 116 3 116 3 7 35.5 0.92
2. 0.5 M HNO;3 580 15 116 3 5.6 28.4 0.74
3. DI water 390 10 116 3 5.6 28.4 0.74
4. 0.25 M NaOH 116 3 39 1 3.8 19.3 1.00

The feed was AN-105 simulant containing 50 pg/ml Cs. The column was processed through a complete
cycle: loading, feed displacement, water rinse, elution, and water rinse. The processing steps are shown
in Table 2.12. Table 2.12 also reports the relative expansion and contraction of the resin bed volume as
the resin is cycled through the expanded form (Na-form) and the contracted form (H-form). After the
column runs were completed, the resin was quantitatively removed from the column and dried under a
nitrogen flow until the resin was free-flowing. The resin was then weighed and sent for analysis of "*'Cs.

Table 2.12. Column Processing Parameters for Confirmatory Elution Column Run

Flow Rate Volume Ratio to
Step Solution BV (BV/h) 0.25 M NaOH
AN-105 Simulant at 50 pg/ml
Load 133Cs, spike with seven

organic species 104 3 0.88
Feed Displacement [0.10 M NaOH 3.0 3 0.95
Water Rinse DI water 3.0 3 0.91
Elution 0.50 M HNO; 45°C 38 1 0.71
Water Rinse DI water 3.0 3 0.67

2.7 Batch-Distribution Measurement

Three types of batch-distribution measurements were performed in this testing. 1) AN-105 simulant
containing low-levels of Cs. The low Cs levels were meant to mimic the concentration of Cs typical of a
polishing column. 2) Nitric acid solution at low levels of Cs. The acid-side batch-distribution
measurements were collected to determine the resin capacity for Cs under elution conditions. 3) Spent
resin contacted with a high concentration of Cs. The spent resin is the resin from each column run
remaining after processing with a load and elute cycle. These batch-distribution measurements were
performed to determine the effect of the elution conditions on the resin performance.
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All Cs batch-distribution values (K,) were determined by measuring the *’Cs of the initial solution and
contacted solution. Initial *>Cs concentrations were confirmed by inductively coupled plasma-mass
spectroscopy (ICP-MS). The batch-distribution coefficient, K4 (with units of ml/g), was determined using
the following relationship:

dz(CO_Cl)* \

K e M*F

@2.1)

where C,and C, = the initial and final *’Cs solution counts

V = the volume of the liquid sample (ml)

M = the mass of resin used for the contact (g)

F = the mass of a sample of dried resin divided by its mass before drying. The
resin was sampled for F-factor determination at the same time resin
samples for the batch contacts were measured to minimize mass changes
due to changes in atmospheric humidity.

2.7.1 Feed-Side Batch-Distribution Measurements at Low Cs Concentrations

AN-105 simulant at low Cs concentrations was used to assess the batch-distribution coefficients (K4
values) of the SL-644 resin at polish-column conditions. Four initial Cs concentrations were used for the
polish-column batch contacts. The concentrations ranged from ~1.0E-04 M Cs to ~1.0E-06 M Cs. To
determine the contact time necessary to verify that the Cs removal had reached equilibrium,® an
independent batch-contact run was performed at the high and low Cs concentrations to assess the time to
equilibrium. Table 2.13 shows the conditions of the equilibrium contacts. The AN-105 simulant was
spiked with a freshly made solution of CsNOj; in water. Each solution was then spiked with
approximately 0.05 uCi/ml "*’Cs tracer (CsCl in 0.1M HCI). The batch-distribution measurements for
both the equilibrium and the polish-column conditions were performed in the manner described below.

The batch contacts were conducted at a phase ratio of approximately 100:1 (liquid volume to resin mass),
using resin batch # C-10-05-28-02-35-60 that had been conditioned using the first conditioning protocol
described in Section 2.3. Fifty milliliters of AN-105 simulant were contacted with 0.50 g of exchanger in
a 60-ml polyethylene bottle. The exchanger mass was determined to an accuracy of £0.0001 g. The
simulant volume was determined using the solution mass and density. The headspace was purged with
nitrogen and the caps taped shut to retard air infusion. An orbital shaker (Labline 3520) was used to
provide agitation at approximately 2300 rpm. The temperature was not controlled, and it varied between
23°C and 25°C over the course of the contacts. A single solution was used for each equilibrium contact
time; when the appropriate time was reached, a 5-ml sample aliquot was filtered using a 0.45-pm nylon
syringe filter.

(a) The term equilibrium is not used rigorously in this section. Equilibrium is identified as the maximum K, value
for cesium uptake. In the presence of competing equilibria, the K4 values drop after leveling off.
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Table 2.13. Feed-Side Low-Cs Concentration Batch-Contact Conditions

Solution 50-ml AN-105 Simulant
"Cs Concentration | C1=1.12E-04 mole/L C4=1.12E-06 mole/L
Tracer 0.21 puCi/ml *'Cs
Resin/Form Batch C-10-05-28-02-35-60 First Conditioning, Acid Form
Container 60-ml Poly Bottle
Headspace Backfilled with Nitrogen
Temperature 25°C
Agitation Orbital Shaker, Samples Upright

Sample ID Contact Time, Hours | Sample ID | Contact Time, Hours
FSL-C1-EQl 5 FSL-C4-EQ1 5
FSL-C1-EQ2 10 FSL-C4-EQ2 10
FSL-C1-EQ3 24 FSL-C4-EQ3 24
FSL-C1-EQ4 34 FSL-C4-EQ4 34
FSL-C1-EQ5 48 FSL-C4-EQ5 48
FSL-C1-EQ6 72 FSL-C4-EQ6 72
FSL-C1-EQ7 96 FSL-C4-EQ7 96
FSL-C1-EQS8 120 FSL-C4-EQS8 120

2.7.2 Acid-Side Batch-Distribution Measurements at Low-Cesium Concentrations

In addition to the feed-side batch-distribution measurements, acid-side batch contacts using 0.50 M HNOj3
were also performed. The resin capacity for Cs under acidic conditions is, of course, quite low; thus, it
was necessary to perform some scoping experiments to develop the conditions for the batch-distribution
measurements. The volume of solution versus the mass of resin (phase ratio) needs to be minimized to
maximize change between the initial and equilibrium Cs concentrations and so maximize the ability to
detect any change in the K4. Thus, the scoping study examined five phase ratios. The purpose of
examining the different phase ratios was two-fold: one, to maximize the Ky values and two, to verify that
changing the phase ratio did not affect the K4. In general, the volume of solution was varied to obtain
these phase ratios. When using such low phase ratios (large resin mass and small solution volumes),
solution contact with the resin becomes a very important factor in obtaining reproducible K4s. To
maximize the contact of the solution with the large quantity of resin, small vials (4 ml capacity) were used
and placed on their sides during the batch contacts. The headspace was purged with nitrogen, and an
orbital shaker (Labline 3520) provided agitation at 2300 rpm. Five replicate contacts were performed at
each condition. Table 2.14 shows the conditions, including resin mass and acid volumes, used in the
acid-side batch-contact scoping study.

The batch contacts were conducted at a phase ratio of approximately 2, 3, 5, 7, and 10 (liquid volume to
resin mass), using resin batch # C-10-05-28-02-35-60 that had been conditioned using the first
conditioning protocol described in Section 2.3. The volume of 0.488 M HNO; was varied from 1.3 ml to
3.6 ml, which was contacted with 0.65 g of exchanger in a small glass vial. The exchanger mass was
determined to an accuracy of £0.0001 g. The acid volume was determined using the solution mass and
density. The headspace was purged with nitrogen and the caps taped shut to retard air infusion. An
orbital shaker (Labline 3520) was used to provide agitation at 2300 rpm. The temperature was not

2.13



controlled, and it varied between 23°C and 25°C over the course of the contacts. Five replicate solutions
were prepared at each phase ratio. Sample aliquots of 1 or 2 ml were filtered using a 0.45-pm nylon
syringe filter and counted for "*’Cs.

Table 2.14. Acid-Side Scoping Batch-Contact Conditions

Solution 0.488 M HNO;

¥3Cs Concentration | C1=7.97E-07 mole/L

Tracer 0.30 pCi/ml *’Cs

Resin/Form Batch C-10-05-28-02-35-60 First Conditioning, Acid Form

Container Glass Vials

Headspace Backfilled with Nitrogen

Temperature 25°C

Agitation Orbital Shaker, Samples on Side

Contact Time, | Volume Acid, | Mass Resin, Phase Ratio
Sample ID . .
Hours ml g (vol lig/mass resin)

CIP2-A-E 143 1.3 0.65 2
C1P3-A-E 143 3.0 1 3
CI1P5-A-E 143 3.5 0.7 5
CIP7-A-E 143 3.5 0.5 7
CI1P10-A-E 143 3.5 0.35 10

The optimal phase ratio was selected based upon the observed K4 and the volume of solution used in the
contacts. Once the optimal phase ratio was identified, an independent batch-contact run was performed to
assess equilibrium time at the high and low concentration range for the acid-side batch-distribution
measurements. Table 2.15 shows the conditions of the batch-distribution equilibrium contacts. Three and
one-half milliliters of 0.488 M HNO; were contacted with 0.50 g of exchanger in a 4-ml glass vial. The
0.50 M HNOs solution was spiked with a freshly made solution of CsNO; in 0.50 M HNOs. Each
solution was then spiked with approximately 0.05 uCi/ml "*’Cs tracer (CsCl in 0.1M HCI). The
contribution of Cs from the tracer was minimized; the mole ratio of '**Cs to "*’Cs ranged from 22 to 60.
The SL-644 resin was conditioned using the first conditioning protocol described in Section 2.3. The
batch-distribution measurements were performed in the manner described above, in duplicate.
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Table 2.15. Acid-Side Equilibrium Batch-Contact Conditions

Solution 0.488 M HNO;
'3Cs Concentration | C1=9.67"-07 mole/L C3=9.64E-09 mole/L
Tracer 0.30 uCi/ml *'Cs
Resin/Form Batch C-10-05-28-02-35-60 First Conditioning, Acid Form
Container Glass Vials
Headspace Backfilled with Nitrogen
Temperature 25°C
Agitation Orbital Shaker, Samples on Side
Contact Time, | Volume Acid, | Mass Resin, Phase Ratio
Sample ID .
hours ml g (vol sol /mass resin)
HSL-C1-EQI1, Dup 3.8 3.5 0.5 7
HSL-C1-EQ2, Dup 8.6 3.5 0.5 7
HSL-C1-EQ3, Dup 24.0 3.5 0.5 7
HSL-C1-EQ4, Dup 48.4 3.5 0.5 7
HSL-C1-EQS5, Dup 72.5 3.5 0.5 7
HSL-C1-EQ6, Dup 96.8 3.5 0.5 7
HSL-C3-EQ1, Dup 3.9 3.5 0.5 7
HSL-C3-EQ2, Dup 8.5 3.5 0.5 7
HSL-C3-EQ3, Dup 47.9 3.5 0.5 7
HSL-C3-EQ4, Dup 48.3 3.5 0.5 7
HSL-C3-EQS5, Dup 72.4 3.5 0.5 7
HSL-C3-EQ6, Dup 96.7 3.5 0.5 7

After determining the time needed to reach equilibrium, the final acid-side batch-distribution
measurements were performed. Three concentrations of Cs in 0.488 M HNO; were contacted with
SL-644 resin for 48 hours. The concentrations ranged from ~1.0E-06 M Cs to ~1.0E-08 M Cs. The
SL-644 resin was conditioned using the second conditioning protocol described in Section 2.3. The
batch-distribution measurements were performed at a phase ratio of 7 in the manner described above.
Four replicate batch contacts were performed at each Cs concentration. Table 2.16 shows the conditions
of the final, acid-side batch-distribution measurements.
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Table 2.16. Acid-Side Final Batch-Contact Conditions

Solution 0.488 M HNO;

3Cs Concentration | C1=9.32E-07, C2= 9.26E-08, C3=9.34E-09 mole/L

Tracer 0.32 uCi/ml *’Cs

Resin/Form Batch C-10-05-28-02-35-60 Second Conditioning, Acid Form

Container Glass Vials

Headspace Backfilled with Nitrogen

Temperature 25°C

Agitation Orbital Shaker, Samples on Side

Contact Time | Volume Acid, | Mass Resin, Phase Ratio
Sample ID .
hours ml g (vol sol/mass resin)

FSL-C1-A-E 48 35 0.5 7
FSL-C2-A-E 48 35 0.5 7
FSL-C3-A-E 48 35 0.5 7

2.7.3 Spent-Resin Batch-Distribution Measurements

After completing the column elution testing, the spent resin was dried under a stream of nitrogen and
contacted with AN-105 simulant prepared with 10 ug/ml Cs. The AN-105 simulant was spiked with a
freshly made solution of CsNO; in water. The solution was then spiked with approximately 0.05 pCi/ml
7Cs tracer (CsCl in 0.1M HCI). The spent-resin batch-distribution measurements were performed in the
manner described below.

The batch contacts were conducted at a phase ratio of approximately 100:1 (liquid volume to resin mass),
using resin batch # C-10-05-28-02-35-60 that had been conditioned with the first conditioning protocol
described in Section 2.3, processed through the base form to the acid form within the column, and then
processed in a single load-elute cycle described in Section 2.4. Fifty milliliters of AN-105 simulant were
contacted with 0.50 g of spent resin for 48 hours in a 60-ml polyethylene bottle. The exchanger mass was
determined to an accuracy of £ 0.0001 g. The simulant volume was determined using the solution mass
and density. The headspace was purged with nitrogen and the caps taped shut to retard air infusion. An
orbital shaker (Labline 3520) was used to provide agitation at approximately 2300 rpm. The temperature
was not controlled, and it varied between 23°C and 25°C over the course of the contacts. Duplicate
solutions were used for each spent-resin batch-distribution measurement. A 5-ml sample aliquot of each
solution was filtered using a 0.45-pum nylon syringe filter and counted for "*'Cs.
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3.0 Results

This section shows the composition of the feed and the batch-distribution measurements. The column
results for Cs loading and elution are also provided. In addition, the confirmatory column run and the
SVOA column run are reported.

3.1 AN-105 Feed Composition

Table 3.1 shows the composition of the AN-105 tank simulant used for the batch contacts and column ion
exchange. Table 3.1 contains all of the analytes observed by each analytical method: ICP-AES, titration,
ICP-MS, IC anions, and TIC/TOC. The total cation normality, 5.1 N, is less than the total anion
normality, 5.8 N. This difference is approximately 15 percent and is slightly outside the analytical

uncertainty.
Table 3.1. Composition of AN-105 Simulant
Analytical
Analyte Result Method Analyte | Analytical Result Method
Carbon Results in pg C/ml
TIC | 1310 | HotPersulfate | TOC | 880 | Hot Persulfate
Inorganic Analysis Results in pg/ml
Al 18,450 ICP-AES Mo 43 ICP-AES
B 27 ICP-AES Na 115,500 ICP-AES
Ca <6 ICP-AES P 94 ICP-AES
Cr 645 ICP-AES Pb <29 ICP-AES
K 3,460 ICP-AES Si [120] ICP-AES
Mg <3 ICP-AES
Inorganic Anion Results in pg/ml
Cl 3,820 IC Anions NO; 73,800 IC Anions
F [126] IC Anions PO, 1,355 IC Anions
NO, 53,750 IC Anions SO, 390 IC Anions
Physical Properties Units as Reported; M is moles/L
Hydroxide ‘ 1.52M ‘ Titration || Density 1.230 g/ml ‘ Gravimetric

[ ] Analyte was detected within 10 times the instrument detection limit, and the uncertainty is estimated to exceed

+15%.

< Indicates the analyte was not observed above the instrument detection limit.

The analytical results are shown in the appendices. The comparison of the target and observed analyte
concentrations is also provided in the appendices.
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3.2 AN-105 Column Loading

Twelve columns were processed with AN-105 simulant prepared with three different Cs concentrations:
50 pg/ml, 27.5 pg/ml, and 5 pg/ml. Four separate columns were processed simultaneously in each of three
sets. The four columns in each set were further designated by color: pink, yellow, blue, and green. The
columns were loaded to >90% breakthrough, based upon '*’Cs counting data. The loading flow rate
(BV/h) was not a significant parameter in this testing and was varied to accommodate available feed
volume while trying to minimize the time needed to reach >90% breakthrough. The loading data are
reported in Table 3.2 through Table 3.4.

Figure 3.1 through Figure 3.3 show the loading curves for the columns of the 50 pg/ml Cs, 5 pg/ml Cs,
and 27.5 pg/ml Cs in AN-105, respectively. The load data are plotted as % C/C, versus the BVs of
processed feed. The feed was first processed through the column system until the effluent was the same
color as the initial feed, bright yellow. This took approximately 3 BVs. At this point, the first sample
collected was considered to be 1 BV. The C, value for the Cs tracer was determined for each feed
condition.

100

105-

O 1E oy AN A pink column; 2.9 BV/h
Do : ' — ———  yellow column; 2.7 BV/h |
i ——v—— blue column; 3.1 BV/h
o o1 I —-=O-— green column; 3.6 BV/h
001} .
0'001 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300

Bed Volumes of Processed Feed

Figure 3.1. Loading Profile of SL-644 Resin, Batch C-10-05-28-02-35-60, with 50 pg/ml
Cs in AN-105 Simulant (Run 1). Column Diameter is 1.5 cm and L/D is 4.
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Table 3.2. Loading Data for Run 1 Loading Graph

%

%

%

%

Run 1 Pink BV CICy Run 1 Yellow BV CICy Run 1 Blue BV C/ICy, | Run1Green | BV | C/C,
P-50-SL-L01 4.8 0.02 | Y-50-SL-L01 4.8 0.00 | B-50-SL-L01 52 0.01 | G-50-SL-L01 12 0.01
P-50-SL-L02 49 0.02 | Y-50-SL-L02 49 0.00 | B-50-SL-L02 | 50 0.01 | G-50-SL-L02 | 55 0.10
P-50-SL-L03 64 0.05 | Y-50-SL-L03 64 0.00 | B-50-SL-L03 65 0.01 | G-50-SL-L03 75 0.11
P-50-SL-L04 80 0.06 | Y-50-SL-L04 80 0.00 | B-50-SL-L04 | 79 0.05 | G-50-SL-L04 | 85 0.08
P-50-SL-L05 123 1.0 | Y-50-SL-L05 123 1.4 | B-50-SL-L05 | 120 0.57 | G-50-SL-L05 | 107 0.63
P-50-SL-L06 137 6.3 | Y-50-SL-L06 137 9.3 | B-50-SL-L06 | 134 3.6 | G-50-SL-L06 | 163 | 39
P-50-SL-L07 152 23 Y-50-SL-L07 152 21 B-50-SL-L07 | 147 14 G-50-SL-L07 | 184 | 68
P-50-SL-L08 165 45 Y-50-SL-L08 165 39 B-50-SL-L08 | 160 32 G-50-SL-L08 | 214 | 74
P-50-SL-L09 193 80 Y-50-SL-L09 193 62 B-50-SL-L09 | 195 79 G-50-SL-L09 | 223 85
P-50-SL-L10 204 86 Y-50-SL-L10 204 70 B-50-SL-L10 | 208 88 G-50-SL-L10 | 238 | 89
P-50-SL-L11 211 95 Y-50-SL-L11 211 75 B-50-SL-L11 | 217 98 G-50-SL-L11 | 254 | 102
P-50-SL-L12 216 91 Y-50-SL-L12 216 77 B-50-SL-L12 | 223 102
P-50-SL-L13 226 95
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Figure 3.2. Loading Profile of SL-644 Resin, Batch C-10-05-28-02-35-60, with 5 pg/ml Cs

Bed Volumes of Processed Feed

in AN-105 Simulant (Run 2). Column Diameter is 1.5 cm, and L/D is 4.
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Table 3.3. Loading Data for Run 2 Loading Graph

¢'e

% % % %
Run 2 Pink BV C/Co | Run2Yellow | BV C/Co Run 2 Blue BV C/Co Run 2Green BV C/Co
P-5-SL-L01 3.8 0.01 | Y-5-SL-L01 03 0.12 | B-5-SL-L01 0.4 0.05 | G-5-SL-L01 39 0.05
P-5-SL-L02 75 0.01 | Y-5-SL-L02 73 0.05 | B-5-SL-L02 91 0.19 | G-5-SL-L02 73 0.00
P-5-SL-L03 130 0.01 | Y-5-SL-L03 141 0.01 | B-5-SL-L03 164 0.66 G-5-SL-L03 126 0.00
P-5-SL-L04 | 200 0.20 | Y-5-SL-L04 230 1.5 | B-5-SL-L04 254 5.7 G-5-SL-L04 193 0.10
P-5-SL-L05 | 269 1.8 | Y-5-SL-L05 322 11 B-5-SL-L05 312 22 G-5-SL-L05 260 1.6
P-5-SL-L06 | 333 7.9 | Y-5-SL-L06 411 30 B-5-SL-L06 411 47 G-5-SL-L06 329 8.7
P-5-SL-L07 | 354 12 Y-5-SL-L07 439 37 B-5-SL-L07 442 55 G-5-SL-L07 353 13
P-5-SL-L08 | 382 16 Y-5-SL-L08 472 41 B-5-SL-L08 482 61 G-5-SL-L08 386 20
P-5-SL-L09 | 434 29 Y-5-SL-L09 526 52 B-5-SL-L09 558 77 G-5-SL-L09 449 38
P-5-SL-L10 | 460 36 Y-5-SL-L10 548 55 B-5-SL-L10 596 82 G-5-SL-L10 482 48
P-5-SL-L11 482 44 Y-5-SL-L11 572 66 B-5-SL-L11 628 59 G-5-SL-L11 510 55
P-5-SL-L12 | 504 49 Y-5-SL-L12 602 72 B-5-SL-L12 659 88 G-5-SL-L12 538 61
P-5-SL-L13 | 594 76 Y-5-SL-L13 679 82 B-5-SL-L13 726 90 G-5-SL-L13 601 72
P-5-SL-L14 | 634 80 Y-5-SL-L14 711 84 B-5-SL-L14 753 91 G-5-SL-L14 625 74
P-5-SL-L15 684 86 Y-5-SL-L15 746 85 B-5-SL-L15 779 126 G-5-SL-L15 651 95
P-5-SL-L16 | 709 87 Y-5-SL-L16 785 88 B-5-SL-L16 806 93 G-5-SL-L16 675 80
P-5-SL-L17 | 747 92 Y-5-SL-L17 816 91 B-5-SL-L17 831 97 G-5-SL-L17 699 85
P-5-SL-L18 | 780 93 Y-5-SL-L18 824 93 B-5-SL-L18 846 91 G-5-SL-L18 713 87
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Figure 3.3. Loading Profile of SL-644 Resin, Batch C-10-05-28-02-35-60, with 50 or 27.5 pg/ml Cs
in AN-105 Simulant (Run 3). Column Diameter is 1.5 cm and L/D is 4.
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Table 3.4. Loading Data for Run 3 Loading Graph
Run 3 Pink BV | % C/Co | Run3Yellow | BV | % C/Co | Run 3Blue BV [ % C/Co | Run3Green | BV | % C/Co

P2-50-SL-LO1 0.4 0.07 Y2-50-SL-LO1 0.4 0.05 B-27-SL-LO1 0.4 0.01 G-27-SL-L01 0.4 0.00
P2-50-SL-L02 | 57 0.01 Y2-50-SL-L02 | 52 0.07 B-27-SL-L02 | 46 0.01 G-27-SL-L02 | 43 0.00
P2-50-SL-L03 73 0.04 Y2-50-SL-L03 | 65 0.02 B-27-SL-L03 56 0.03 G-27-SL-L03 53 0.01
P2-50-SL-L04 92 0.27 Y2-50-SL-L04 80 0.05 B-27-SL-L04 68 0.03 G-27-SL-L04 65 0.01
P2-50-SL-L05 | 149 38 Y2-50-SL-L05 | 119 0.14 B-27-SL-LO05 | 104 0.06 G-27-SL-L05 | 101 0.03
P2-50-SL-L06 | 164 81 Y2-50-SL-L06 | 128 0.47 B-27-SL-L06 | 113 0.01 G-27-SL-L06 | 110 0.01
P2-50-SL-L08 | 173 44 Y2-50-SL-L0O7 | 142 8.3 B-27-SL-L07 | 133 0.17 G-27-SL-L07 | 126 0.01

P2-50-SL-L09 | 180 46 Y2-50-SL-L08 | 201 88 B-27-SL-L0O8 | 187 19 G-27-SL-L08 | 181 17

P2-50-SL-L10 | 186 52 Y2-50-SL-L09 | 217 102 B-27-SL-L09 | 194 35 G-27-SL-L09 | 188 27

P2-50-SL-L11 | 197 79 Y2-50-SL-L10 | 220 77 B-27-SL-L10 | 202 43 G-27-SL-L10 | 195 46

P2-50-SL-L12 | 217 94 Y2-50-SL-L11 | 225 77 B-27-SL-L11 | 217 47 G-27-SL-L11 | 208 63

P2-50-SL-L13 | 232 99 Y2-50-SL-L12 | 228 82 B-27-SL-L12 | 262 87 G-27-SL-L12 | 251 81

Y2-50-SL-L13 | 236 86 B-27-SL-L13 | 300 91 G-27-SL-L13 | 287 90

Y2-50-SL-L14 | 250 93 B-27-SL-L14 | 307 79 G-27-SL-L14 | 294 79

B-27-SL-L15 | 312 80 G-27-SL-L15 | 300 78

B-27-SL-L16 | 316 82 G-27-SL-L16 | 303 81

B-27-SL-L17 | 322 85 G-27-SL-L17 | 309 85

B-27-SL-L18 | 336 92 G-27-SL-L18 | 335 95




3.3 Column Elution

Once the column loading was completed, the feed was displaced with 3 BVs of 0.25 M NaOH, and the
resin was rinsed with 3 BVs of DI water; then each column was processed for elution. Three of the 12
columns loaded with AN-105 simulant were not successfully eluted. One column (Run 1 yellow) failed
during loading due to operator error (column bed went dry) and was not processed any further, and two
others failed during elution (Run 2 pink and Run 3 green). The target elution was 40 BVs of eluant;
however, in most cases, this target volume was slightly exceeded. Table 3.5 summarizes the elution

experiments.
Table 3.5. Summary of Elution Experimental Conditions
Feed Nitric Elution Total
Column [Cs] Elution Conc. | Flow Rate | Elution Vol
Identification | (ug/ml) | Temp (°C) | (M)® (BV/h) (BV) Comment

Run 1 pink 50 45 0.50 1 52.2 --
Run 1 yellow 50 B B B B Column load failed, not

processed further.
Run 1 blue 50 25 0.50 2 64.0 --
Run 1 green 50 25 1.0 45.1 --

Large amount of gas
Run 2 pink 5 45 1.0 1 27.8 generation, elution
stopped.
Run 2 yellow 5 45 0.50 2 51.9 --
Run 2 blue 5 25 1.00 2 49.0 --
Run 2 green 5 25 0.50 1 40.8 --
Run 3 pink 50 35 0.75 1.5 45.1 --
Run 3 yellow 50 35 0.75 1.5 44.2 --
Run 3 blue 27.5 45 0.25 1 41.1 --
Large amount of gas

Run 3 green 27.5 45 1.0 2 8.0 generation, elution

stopped.

(a) Target concentration, titration results are: 0.986 M, 0.488 M, 0.732 M and 0.499 M HNO:s.

The elution was designed to be a parametric evaluation of four parameters: feed Cs concentration, elution
temperature, eluant flow rate, and eluant concentration. The elution parameters were simultaneously
varied within the set of four columns loaded with the same feed Cs concentration. Figure 3.4 through
Figure 3.6 show the elution curves for the columns loaded with 50 ug/ml Cs, 5 pg/ml Cs, and either

50 pug/ml or 27.5 ug/ml Cs in AN-105, respectively. The elution data are plotted as C/C, versus the BVs
of processed feed. The C/C, is plotted on a log scale. The elution data are presented in the appendices

3.8




10000

1000

100

10

0.01

0.001

0.0001

0.00001
0

........ A Run1 Pink; 45°C; 0.5 M HNO,; 1 BV/hr
—-—@-—- Run 1 Green; 25°C; 1.0 M HNO,; 1 BV/hr

——s—— Run 1 Blue; 25°C; 0.5 M HNO;; 2 BV/hr

5 10 15 20 25 30 35 40 45 50

BV Processed

55

Figure 3.4. Elution Profile of SL-644 Resin Loaded with 50 pg/ml Cs in AN-105 Simulant (Run 1).
The elution conditions are shown in the legend. Symbols and lines are consistent with

Run 1 loading curves.
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Figure 3.5. Elution Profile of SL-644 Resin Loaded with 5 pg/ml Cs in AN-105 Simulant (Run 2).
The elution conditions are shown in the legend. Symbols and lines are consistent with

Run 2 loading curves.
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Figure 3.6. Elution Profile of SL-644 Resin Loaded with either 50 or 27.5 pg/ml Cs in AN-105
Simulant (Run 3). The elution conditions are shown in the legend. Symbols and lines
are consistent with Run 3 loading curves.

After elution, each column resin was rinsed with 3 BVs of DI water. The resin was removed from the
column and dried under nitrogen until free-flowing. The resin was weighed, and an F-factor was
measured for each resin. The mass change observed during the single load-elute cycle is reported in
Table 3.6.

The two elution-run failures, Run 2 pink column and Run 3 green column, occurred at 24 BVs and 8 BVs,
respectively. Gas generation in the bed was observed before aborting the elution runs; the elutions were
continued until gas generation within the resin bed caused a fragmentation of the resin bed. For Run 2,
pink column, the gas production would continue until burping of the resin bed was observed. After gas
generation began, venting the column and resettling the resin bed would stop the burping for
approximately 3 minutes. For the Run 3 green column, the same acid strength and temperature, the gas
burping was more pronounced; venting the column and resettling the resin bed would stop the burping for
approximately 1 minute.
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Table 3.6. Resin Mass Changes During Processing of SL-644 Resin Through a Single
Load and Elution Cycle. A negative mass change represents a mass loss.

% Mass | Feed | Elution | Nitric Elution
Column Initial Resin | Final Resin | Change [Cs] Temp | Conc. | Flow Rate
Identification | Mass® (g) | Mass® (g) ©@® | (ug/ml) | (°C) (M) (BV/h)
Run 1 Pink 2.2316 1.9595 -12 50 45 0.50 1.0
Run 1 Yellow® - -- - - - - -
Run 1 Blue 2.2340 2.0649 -8 50 25 0.50 2.0
Run 1 Green 2.2320 1.9112 -14 50 25 1.0 1.0
Run 2 Pink 2.2308 2.3083 3 5 45 1.0 1.0
Run 2 Yellow 2.2327 2.1629 -3 5 45 0.50 2.0
Run 2 Blue 2.2334 2.1254 -5 5 25 1.0 2.0
Run 2 Green 2.2310 2.2679 2 5 25 0.50 1.0
Run 3 Pink 2.1608 2.0816 -4 50 35 0.75 1.5
Run 3 Yellow 2.1604 2.1575 0 50 35 0.75 1.5
Run 3 Blue 2.2318 2.2123 -1 27.5 45 0.25 1.0
Run 3 Green” 2.2330 -- -- 27.5 45 1.0 2.0

(a) Resin mass is in H- form, dried under nitrogen and corrected for F-factor.

(b) Due to difficulties encountered with transferring the resin from the column, the mass-change uncertainty is
estimated to be 5%.

(c) This column was not processed after the load failure; mass change was not measured.

(d) The elution failed after 8 BVs; the remaining Cs activity was too high to dry and weigh this sample.

-- Indicates no data.

3.4 Residual Cesium on Resin

After elution, each column was rinsed with 3 BVs of DI water at 3 BV/h. The resin was then removed
from the column and dried under a flow of nitrogen until the resin was free-flowing. The entire resin
sample was analyzed for *’Cs by GEA. The '*’Cs was introduced as a tracer for '**Cs; thus, a sample of
the initial feed control at each '**Cs concentration was also submitted for analysis. The spent-resin **Cs
concentration (ug '**Cs/g dry spent resin) was determined from Equation 3.1. Equation 3.1 assumes that
there is no isotope effect on column loading. The "*'Cs counting data was adjusted for shielding (~2%
adjustment) using the bulk density of the resin.

Reo= [(A/A)x(Ce *2ml)]/(M = F) 3.1)

where Res = spent resin residual cesium concentration, pg Cs/g vacuum-dried spent resin
A ="Cs activity on entire spent resin sample, pCi "*’Cs in sample
Ao = "Cs activity in 2 ml of initial feed, pCi '*’Cs in solution
Cr = *Cs concentration in initial feed, pg/ml
M = mass of spent resin, g
F = spent resin F-factor (g dry resin/g free-flowing mass).
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Table 3.7 reports the spent-resin '*>Cs concentration as well as the feed-concentration and resin-elution
conditions.

Table 3.7. Spent-Resin Residual Cesium Concentration

Elution Conditions

Flow
ng **Cslg Rate, BV

Column ID | pg/ml Feed | Spent Resin® | Temp, C | [HNO;], M BV/h Processed

Run 1 Pink 50 0.7 45 0.50 1.0 52
Run 1 Blue 50 2.0 25 0.50 2.0 64
Run 1 Green 50 1.6 25 1.0 1.0 45
Run 2 Pink 5 24.3® 45 1.0 1.0 28
Run 2 Yellow 5 1.0 45 0.50 2.0 52
Run 2 Blue 5 1.5 25 1.0 2.0 49
Run 2 Green 5 24 25 0.50 1.0 41
Run 3 Pink 50 3.1 35 0.75 1.5 41
Run 3 Yellow 50 3.0 35 0.75 1.5 45
Run 3 Blue 27.5 1.8 45 0.25 1.0 44

(a) Spent resin mass dry-weight basis.
(b) This elution run was aborted after 24 BVs.

3.5 Batch Distribution

This section reports the batch-distribution measurement with preconditioned resin under acidic conditions
and polish-column conditions, and with spent resin. In addition, batch contacts were performed to
determine the time to equilibrium under acidic conditions and polish-column conditions. The batch-
distribution coefficient, Ky (with units of ml/g), was determined using the following relationship:

d:(CO_Cl)* \

WM (3.2)

K

where C,and C; = the initial and final *’Cs solution counts
V = the volume of the liquid sample, ml
M = the mass of resin used for the contact, g
F = the mass of a sample of dried resin divided by its mass before drying. The
resin was sampled for F-factor determination at the same time resin
samples for the batch contacts were measured to minimize mass changes
due to changes in atmospheric humidity.
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3.5.1 Batch-Distribution Acid-Side Scoping Studies

The resin capacity for Cs under acidic conditions is quite low; thus, it was necessary to perform some
scoping experiments to develop the conditions for the batch-distribution measurements. Two approaches
were considered to measure the low Ky values; however, these scoping studies indicated the initial
approach would provide the necessary data. The volume of solution versus the mass of resin (phase ratio)
was minimized to maximize the equilibrium batch-distribution values. The scoping study examined five
phase ratios to determine how low a phase ratio could be used without introducing large experimental
uncertainties in the Ky measurement. The results of the acid-side Ky scoping experiments are shown in
Table 3.8.

Table 3.8. Scoping Batch-Contact Results at ~8.0 x 107 mole/L Initial Cesium in 0.50 M HNO;

Batch Number | Phase Ratio® | Average K4® | Standard Deviation © | % Deviation
1 2 4.2 0.14 33
2 3 5.7 0.13 2.3
3 5 5.6 0.46 8.2
4 7 5.6 0.39 6.9
5 10 6.1 0.70 11.4

(a) Ratio of liquid to resin mass.
(b) Average of five replicates, contact time 143 hours.
(c) The variability of the five measurements provides a measure of the method uncertainty.

The K, values were fairly consistent from a phase ratio 3 to 7. The phase ratio of 7 was selected for
future acid-side batch contacts because it offered the best combination of maximizing the counting-
sample volume and minimizing the uncertainty of the batch-distribution measurement.

3.5.2 Batch-Distribution Equilibrium Evaluation

The equilibrium contact time under acid-side and feed-side, polish-column conditions was evaluated in
separate experiments. The acid-side batch contacts were performed in duplicate at two initial Cs
concentrations in 0.50 M nitric acid. The two concentrations bracket the concentration range of interest.
The solution volume to resin mass phase ratio was 7. Individual batch-contact solutions were sub-
sampled only once. Table 3.9 shows the results of the acid-side equilibrium batch contacts.
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Table 3.9. Acid-Side Cesium Equilibrium Batch-Distribution Values

Initial Cesium Concentration Initial Cesium Concentration
9.7E-07 mole/L 9.6E-09 mole/L
Contact | Duplicate Contact | Duplicate
Time, h Kqg, ml/g % RPD | Time, h Kg, ml/g % RPD
3.8 54+0.05 0.9 3.8 5.0+ 0.01 0.1
8.6 4.6+0.17 3.7 8.6 4.8+0.03 0.6
24.0 2.9+0.63 21.8 24.0 3.3+0.08 2.3
48.4 6.0 £0.40 6.7 48.4 351042 12.0
72.5 3.1£0.09 2.8 72.5 33+0.17 5.2
96.8 5.1£0.20 3.9 96.8 5.3+0.12 2.2
RPD = relative percent difference.

The data in Table 3.9 are plotted in Figure 3.7. The equilibrium Ky values for both concentration values
show a slight scatter in the data. However, it is clear that equilibrium is reached within 4 hours and
remains steady through the entire contact time, 96 hours. The data also indicate that the K4 values are not
significantly impacted by the initial Cs concentration over the concentration range of interest.
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Figure 3.7. Acid-Side Equilibrium Cesium Determination—Average of Duplicate Measurements

The feed-side, polish-column condition batch contacts were performed at two initial Cs concentrations in
AN-105 simulant. The two concentrations bracket the concentration range of interest, which was 1E-04
to 1E-06 M Cs. The mass-phase ratio for solution volume to resin was 100. Individual batch-contact

solutions were sub-sampled only once. Table 3.10 shows the results of the feed-side equilibrium batch
contacts.

3.14



Table 3.10. Feed-Side Cesium Equilibrium Batch-Distribution
Values at Low Cesium Concentrations

Initial Cesium Concentration Initial Cesium Concentration

1E-04 mole/L 1E-06 mole/L
Contact Time, hours | K4, ml/g | Contact Time, hours | Ky, ml/g

4.1 2220 4.1 3290

8.9 2910 8.9 4090

24.3 3530 24.3 5510

48.8 3820 48.8 5480

72.9 3710 72.9 3890

97.2 2390 97.2 4510

The data in Table 3.10 are plotted in Figure 3.8. The upper curve representing the higher initial Cs
concentration appears to have an anomalous data point at 72 hours. Maximization of the Cs K, values
appears to have been achieved after 24 hours for the higher initial Cs concentration and after 48 hours for
the lower initial Cs concentration. Both the low and the high initial Cs concentration Ky values begin to
drop after 72 hours, presumably due to competing equilibria. A contact time of 48 hours was selected for
the full feed-side isotherm determination. This contact time was also applied to the acid-side isotherm

determination.
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Figure 3.8. Feed-Side Equilibrium Cesium Determination
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3.5.3 Batch-Distribution Isotherms

After determining the optimal contact time, the loading behavior of SL-644 resin was assessed at low Cs
concentrations in either AN-105 simulant or 0.50 M HNOs. The low concentrations of Cs were prepared
by serial dilution, and the feed **Cs concentrations were verified by ICP-MS analysis. Cesium-137 was
added as a tracer. The mole ratio of '**Cs to *’Cs ranged from 22 to 51,800. Thus, the contribution of
7Cs was not included in the calculations. The K values were calculated by using Equation 2.1. The
feed-side and acid-side contact results are shown in Table 3.11 and Table 3.12, respectively. The final
solution Cs concentration was determined according to Equation 3.2, and the resin Cs concentration was
calculated from Equation 3.3. The acid-side K, values are somewhat higher than expected and slightly

higher than previously reported for RF resin (Kurath et al. 1994).

Table 3.11. Batch-Contact Results of Low Cesium Concentrations in AN-105 Simulant

Equilibrium Cesium

Concentration

Equilibrium Cesium
Concentration

Final Mole®
Sample Solution, |  Cslg Final Mole®
ID® Kq, ml/g M resin | Sample ID® | Ky, ml/g | Solution, M | Cs/g resin
Feed C1-A 5,000 1.86E-06 | 9.31E-06 Feed C3-A 5,620 7.94E-08 4.46E-07
Feed C1-B 4,830 1.91E-06 | 9.20E-06 Feed C3-B 5,640 8.18E-08 4.62E-07
Feed C1-C 5,710 1.61E-06 | 9.21E-06 Feed C3-C 5,210 8.81E-08 4.59E-07
Feed C1-D 5,890 1.52E-06 | 8.98E-06 Feed C3-D 6,020 7.58E-08 4.57E-07
5,360 5,620
Average +520 1.73E-06 | 9.18E-06 Average +330 8.13E-08 4.56E-07
Feed C2-A 7,250 1.26E-07 | 9.14E-07 Feed C4-A 7,770 1.22E-08 9.46E-08
Feed C2-B 6,840 1.33E-07 | 9.12E-07 Feed C4-B 7,550 1.26E-08 9.49E-08
Feed C2-C 7,380 1.24E-07 | 9.13E-07 Feed C4-C 7,480 1.27E-08 9.48E-08
Feed C2-D 6,470 1.43E-07 | 9.25E-07 Feed C4-D 7,930 1.19E-08 9.44E-08
6,990 7,680
Average +410 1.31E-07 | 9.16E-07 Average +260 1.23E-08 9.47E-08

(a) Initial Cs concentration C1 =9.40E-05, C2 = 9.26E-06, C3 = 4.63E-06 and C4 =9.40E-07.
(b) Resin mass is dry-weight basis.
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Table 3.12. Batch-Contact Results of Low Cesium Concentrations in 0.50 M HNO;

Average Equilibrium Cesium Concentration
Sample ID® | Kq mllg | K /(RSD) | Final Solution, M | mole Cs/ g Resin®
ACID C1-A 5.92 6.23 6.07E-07 3.60E-09
ACID C1-B 6.51 (3.5%) 5.87E-07 3.64E-09
ACID C1-C 6.31 5.95E-07 3.68E-09
ACID C1-D 6.29 5.95E-07 3.65E-09
ACID C1-E 6.13 6.01E-07 3.58E-09
ACID C2-A 6.83 6.59 5.73E-08 3.84E-10
ACID C2-B 6.59 (4.0%) 5.81E-08 3.79E-10
ACID C2-C 6.86 5.73E-08 3.65E-10
ACID C2-D 6.41 5.88E-08 3.65E-10
ACID C2-E 6.25 5.93E-08 3.58E-10
ACID C3-A 7.03 7.27 5.72E-09 3.96E-11
ACID C3-B 7.11 (2.7%) 5.68E-09 3.85E-11
ACID C3-C 7.51 5.57E-09 3.95E-11
ACID C3-D 7.38 5.61E-09 3.96E-11
ACID C3-E 7.33 5.64E-09 3.95E-11
(a) Initial Cs concentration C1 =9.3E-07, C2 = 9.3E-08, C3 = 9.3E-09.
(b) Resin mass is dry-weight basis.

The loading isotherm for the feed-side contacts and the acid-side contacts are shown in Figure 3.9. The
equilibrium concentration of Cs on the resin is displayed as the y-axis in mole Cs/g resin. All resin
masses were based on the dry-weight, H-form resin. The feed-side contacts were performed with four
replicates at each concentration, and the acid-side contacts were performed with five replicates at each
concentration; the error bars are included in the plots. The error estimate based on propagation of the
uncertainty in each individual measurement was determined for one data point. The error propagation for
the largest feed-side data point (1.73E-06 M Cs, 9.18E-06 mole Cs/g resin) was £2.65E-08 M Cs and
17.67E-07 mole Cs/g resin. This propagated error is not shown in Figure 3.9.
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Figure 3.9. Cesium Loading Isotherm for Low-Level Cesium in AN-105 Simulant-with Error Bars

The slopes of both isotherms are quite similar, 0.93 for the feed- side contacts and 0.97 for the acid-side
contacts, but the curves are greatly offset. The slight difference in the slope may be caused by the
competition with sodium (and other alkali metals) in the AN-105 simulant. The offset of the curves
confirms that the capacity of the resin for Cs is much lower in the acidic media than in the AN-105
simulant.

3.5.4 Batch-Distribution Measurements on Spent Resin

The impact of the elution conditions on the resin capacity was assessed by performing batch contacts on
both spent resin and conditioned-only resin. After completion of the elution, the spent resin was collected
from each column run, rinsed with DI water, and dried under nitrogen until free-flowing. Aliquots of the
spent resin were contacted with AN-105 simulant with 50 pg/ml Cs. These results were compared to that
of the conditioned resin, which had not been processed for Cs removal. The results of the batch contacts
are shown in Table 3.13.
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Table 3.13. Spent-Resin Ky

Elution Conditions
Deviation Temp, °C| [HNO3], Flow
Column Run from Average| Control K4 | % Difference M Rate,
ID Average Ky | (RPD)® ) from Control BV/h
Run 1 Pink 3,490 75 (21%) | 4240 (180) -18 45 0.5 1
Run 1 Blue 5,290 888 (17%) | 4240 (180) 25 25 0.5 2
Run 1 Green 2,990 153 (5%) | 4240 (180) -29 25 1 1
Run 2 Pink® 110 12 (11%) | 4240 (180) 97 45 1 1
Run 2 Yellow® 3,770 77 (2%) | 4240 (180) -11 45 0.5 2
Run 2 Blue 4,390 37 (1%) | 4240(180) 4 25 1 2
Run 2 Green 2,930 66 (2%) 4240 (180) -31 25 0.5 1
Run 3 Pink 5,440 313 (6%) | 5940 (190) -8 35 0.75 1.5
Run 3 Yellow 4,080 240 (6%) | 5940 (190) -31 35 0.75 1.5
Run 3 Blue 3,370 210 (6%) | 4240 (180) -21 45 0.25 1
Run 3 Green®™ 5 4 (80%) 4240 (180) -100 45 1 2

(a) Relative percent difference (uncertainty/measured value)*100%.
(b) There was visible resin dissolution upon contact of the simulant with the spent resin
(¢c) There was visible discoloration of solution, but no observable dissolution of resin.

The AN-105 simulant changed color immediately upon contact with two resins, turning a dark brown
from the initial bright-yellow solution color. These solutions are identified in Table 3.13. Further
inspection of these solutions verified that a significant fraction of the resin had dissolved. In addition, the
solution from the Run 2 yellow column darkened appreciably; however, it did not appear that a significant
fraction of the resin had dissolved.

3.6 Confirmatory Run

After evaluating the parametric elution data and consultation with the client, the conditions for a
confirmatory elution column run were selected. The intent of this column run was to demonstrate
adequate removal of Cs from the column resin before disposing of the resin. The intent, then, was not to
demonstrate an elution protocol that would eliminate Cs bleed from the resin once the eluted column was
switched to the polish column position.

The confirmatory column run was designed to mimic plant operations with an Envelope B feed, even
though an Envelope A feed was being used for loading. Thus, the column was loaded with 32 BVs of
AN-105 simulant containing 50 pg/ml Cs. The loading rate was 1 BV/h. This represents the maximum
expected processing volume for the high Cs feed, using 75,000 Ci '*’Cs as the column load limit and
assuming that 33% of the total Cs is °’Cs. The column-load data are shown in Table 3.14. The data
clearly demonstrate that there was no significant Cs breakthrough on the column during processing.
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Table 3.14. Cesium Breakthrough of Confirmatory Column Run

Bed Volumes Cesium
Sample ID Processed Breakthrough, C/Co

SL-Conf-LO01 0.4 0.0003
SL-Conf-L02 9.3 0.0005
SL-Conf-L03 15 0.0004
SL-Conf-L04 21 0.0003
SL-Conf-L05 31 0.0002
SL-Conf-L06 33 0.0001

Once the column loading was completed, the feed was displaced with 3 BVs of 0.25 M NaOH, and the
resin was rinsed with 3 BVs of DI water. The column was then eluted with 39 BVs of 0.50 M HNO; at
45°C. The elution flow rate was 1.4 BV/h. The elution data are shown in Table 3.15 and Figure 3.10.

Table 3.15. Elution of Cesium from Confirmatory Column Run

Sample ID BV C/Co Sample ID BV C/Co
SL-Conf-E01 0.87 0 SL-Conf-E15 | 15 0.03
SL-Conf-E02 2.0 2270 SL-Conf-E16 16 0.02
SL-Conf-E03 2.7 1956 SL-Conf-E17 17 0.01
SL-Conf-E03a 3.2 293 SL-Conf-E18 18 0.02
SL-Conf-E03b 3.6 44 SL-Conf-E16 | 16 0.02
SL-Conf-E03c 4.0 5.8 SL-Conf-E17 | 17 0.01
SL-Conf-E03d 4.4 0.85 | SL-Conf-E19 | 19 0.02
SL-Conf-E03e 4.8 0.45 | SL-Conf-E20 | 20 0.01
SL-Conf-E03f 5.2 0.29 | SL-Conf-E21 21 0.01
SL-Conf-E04 6.0 0.19 | SL-Conf-E22 | 22 0.009
SL-Conf-E05 6.9 0.11 | SL-Conf-E23 | 23 0.008
SL-Conf-E06 7.8 0.09 | SL-Conf-E24 24 0.011
SL-Conf-E07 8.6 0.06 | SL-Conf-E25 25 0.010
SL-Conf-E08 9.4 0.06 | SL-Conf-E26 27 0.011
SL-Conf-E09 10 0.07 | SL-Conf-E27 | 29 0.009
SL-Conf-E10 11 0.05 | SL-Conf-E28 | 31 0.005
SL-Conf-E11 12 0.03 | SL-Conf-E29 | 33 0.005
SL-Conf-E12 13 0.03 | SL-Conf-E30 | 36 0.005
SL-Conf-E13 14 0.03 | SL-Conf-E31 | 38 0.003
SL-Conf-E14 14 0.03
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Figure 3.10. Elution Profile of SL-644 Resin Loaded with 50 pg/ml
AN-105 Simulant in Confirmatory Column Run

After elution, the resin was rinsed with 3 BVs of DI water and removed from the column. The resin was
dried under a flow of nitrogen until the resin was free-flowing. The resin was transferred to two glass
scintillation vials, each containing approximately 10 ml of resin, and it was analyzed for *’Cs by GEA
analysis. The 1¥7Cs was introduced as a tracer for '**Cs; thus, a sample of the initial feed control was also
submitted for analysis. The spent-resin '*>Cs concentration (ug '**Cs / g dry spent resin) was determined
from Equation 3.3.

R _ (A /A)x(Cg *10ml) . (A, /A)x(Cp *10ml)
“ MI*FI MZ*FZ
(3.3)

where Rcs = spent resin residual cesium concentration, pg Cs/g vacuum-dried spent resin
A, = "Cs activity of the first fraction of spent resin, nCi *’Cs in sample
A, = "Cs activity of the second fraction of spent resin, pCi '*’Cs in sample
Ao = the ¥’Cs concentration in 10 ml of initial feed, uCi ¥7Cs in solution
Cr = the **Cs concentration in initial feed, pg/ml
M;& M, = the wet mass of each counted spent resin fraction, g
F, & F, = the spent resin F-factor of each counted spent resin fraction.

The combined Cs content of the two aliquots of the spent resin was 5.16 pg **Cs. The spent-resin,
vacuum-dried mass was 7.4307g, giving a final '**Cs concentration of 0.69 ug **Cs/g spent resin
(vacuum dried, H-form mass basis).
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3.7 SVOA Run

The SVOA test was designed to examine the potential for the ion exchange resin to retain organic species.
Seven of the nine organic species from the dangerous waste environmental codes were selected to be
added to the simulant in bounding (high) concentrations to perform this evaluation. The SVOA column
run was performed using a 1-in. inner-diameter column with a height-to-diameter ratio of 3 for the resin
bed. The bed volume was 38.6 ml, determined in 0.25 M NaOH. A total of 4.1 L of AN-105 simulant
was spiked with the seven selected organic species: 2,4-dintrotoluene, 2,4,5-trinitrotoluene,
hexachlorobenzene, hexachlorobutadiene, nitrobenzene, pyridine, and cresols. A total of 4.0 L of this
simulant was processed through the column. Two sets of duplicate feed samples were collected: the first
set was collected immediately before the initiation of loading, and the second was collected from the
residual feed remaining after processing 4 L of feed through the column. These two sets of samples were
collected to provide an indication of whether the organic species were being lost from the spiked feed
during processing.

The effluent was collected into two 2-L glass bottles. Each bottle was capped and shaken gently to
homogenize the contents. The mass of effluent in each container was determined, and the fraction of the
total effluent was calculated for each container. A whole sample composite was prepared using the
appropriate mass from each container.

After loading was complete, the feed was displaced with 3 BVs of 0.1 M NaOH followed by a water rinse
using 3 BVs of DI water. These solutions were not retained. The resin was eluted at ambient-temperature
with 24 BVs of 0.50 M HNOs. The eluate was collected in a single container, homogenized, and sub-
sampled in duplicate. Immediately after elution, the resin was removed from the column and transferred
to two glass-sampling containers.

Each of the collected samples, feed, effluent composite, eluant composite, and spent resin was analyzed
for the organic constituents of interest. The results of the analysis are provided in Table 3.16.

The data clearly show that each of the organic species was being lost from solution during processing.
The amount of material lost from the feed solution varied from 8% to 97% of the total amount initially
spiked into the AN-105 simulant. The feed bottles were rinsed with a solvent (90% methylene chloride,
10% acetone) and analyzed. Analysis indicated that there was a slight amount of hexachlorobenzene and
hexachlorobutadiene plated out on the glass-feed bottle. It is likely then, that the organic constituents
were lost from the simulant during processing (matrix hostile to the organic analytes). The
2,4-dinitrotoluene was not detected in any of the spiked simulant samples, indicating that the matrix was
hostile for this compound. Although hexachlorobenzene was spiked at the solubility limit, this
concentration is still very low and well below the land disposal restrictions (LDR) or the reasonable
quantitation limit of the analytical instrumentation. It was spiked in case it influenced the behavior of
other compounds or if it concentrated onto the resin, in which case it might be quantified.

The effluent composite concentrations were similar to the initial feed concentrations as long as the
gradual loss of analyte from the feed is considered. The nitrobenzene concentration in the effluent
compares well with the initial feed concentration, indicating that nitrobenzene may have been lost from
the final feed sample. The results for hexachlorobutadiene in the effluent were much higher than
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expected; this would indicate that hexachlorobutadiene may have formed during processing. None of the
compounds were present in appreciable quantity in the “SVOA elution” samples.

Table 3.16. Organic Analytical Results for Process Solutions and Column Resin

Cresols
Pyridine 2-Methylphenol 4- and 3-Methylphenol Nitrobenzene
Average
Result, Average Average Average
pg/ml, Result, Result, Result,
Sample ID orug | RPD | pg/mlor pg RPD pg/ml or g RPD | pg/mlorpg | RPD
Feed at beginning
of Column Run 7.4 3.8 6.0 7.1 13.2 5.9 8.0 6.2
Feed at end of
Column Run 52 4.1 5.5 14 12.1 12 0.2 0.0
Effluent Composite| 6.4 4.4 5.8 7.3 12.7 6.7 6.8 3.1
Eluate Composite 0.2 -- N.D. -- 0.1 -- 0.1 0.0
Resin (top 12 ) 18.2 - N.D - N.D - 12918 -
Resin (bottom %) # | 69.4 - N.D - N.D - 7505 -
Amount Spiked
into Simulant 9.8 - 11.1 - 20.8 - 9.9 --
Hexachlorobutadiene| 2,4,5-Trichlorophenol | 2,4-Dinitrotoluene | Hexachlorobenzene
Average Average Average Average
Result, Result, Result, Result,
Sample 1D pg/mlor ug | RPD | pg/mlorpug | RPD | pg/mlor ug | RPD | pg/mlor ug | RPD
Feed at beginning
of Column Run 1.7 17 9.1 2.3 -- -- 0.15 47
Feed at end of
Column Run -- - 6.7 3.2 - - 0.10 0
Effluent Composite 34 12 8.7 7.4 -- -- 6.7 11
Eluate Composite N.D. -- 0.2 -- N.D -- N.D. --
Resin (top 1/2)® 4890 - 18 -- 153 -- 336 -
Resin (bottom 1/2)® 116 - 9.4 -- 43 -- 243 -
IAmount Spiked into
Simulant 3.8 -- 9.9 -- 9.8 0.02 --

(a) The resin results

are given in ug.

RPD = relative percent difference.
IN.D. indicates the organic analyte was not detected.
-- indicates not applicable.
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4.0 Discussion

This section discusses 1) the concentration of Cs in the feed, 2) the significant gas generation during
elution under high temperature and high acid strength, 3) the modeling of the eluant (Cs concentration,
temperature, and flow rate), 4) the spent-resin batch contacts, 5) the acceptable amount of residual Cs on
the resin to avoid bleed of an eluted column during subsequent loading, 6) test results of Cs processed
through the confirmatory run, and 7) SVOA analysis.

4.1 Column Loading

Although the focus of the testing reported here was the parametric elution, one of the parametric factors
was the concentration of Cs in the feed. The concentration was varied from 5 pg/ml to 50 pg/ml,
including a mid-point concentration of 27.5 pg/ml. Each column was loaded until the column
breakthrough was 90% or greater. From previous testing (Fiskum 2003c), it was expected that this level
of loading would be achieved within 150 to 300 BVs of processed feed. However, this particular batch of
SL-644 resin exhibited an improved Cs capacity compared to previous batches, and a far greater amount
of simulant was processed to achieve >290% breakthrough than anticipated. Table 4.1 shows the amount
of feed processed as well as the total amount of Cs loaded onto each column. The amount of Cs loaded
onto the resin was calculated by the following equation:

i=N

Cs= Y [1-C/Cy),(Cizn)(AV),] (4.1)

i=0
where Csp = amount of cesium loaded onto the resin, ug
C = ""Cs counts in each loading sample
Co = "Cs counts in the initial feed
C)33 = initial feed '¥*Cs concentration, pg/ml
AV = volume of feed processed between each sample (including sample volume), ml
N = number of samples collected during loading.

Table 4.1. Summary of Cesium Loading onto SL-644 Resin Batch C-10-05-28-02-35-60

Cs % Mass | Cs Loaded
Cs Feed, Flow Rate, Processed, | Cs Column | Cesium | Spent on Resin,

Column Run| pg/ml | BV Bv/h  |% BT mg Loading, mg| Retained | Resin, g | mg/g Resin
Run 1 Pink 50 226 3.0 95 124 89.4 72 2.2316 40.1
Run | Blue 50 223 3.0 102 123 89.2 73 2.2340 39.9
Run 1 Green 50 257 44 102 141 87.2 62 2.2320 39.1
Run 2 Pink 5 780 6.6 93 43 27.0 63 2.2308 12.1
Run 2 Yellow 5 824 7.0 93 45 33.6 74 2.2327 15.1
Run 2 Blue 5 846 7.1 91 47 23.6 51 2.2334 10.6
Run 2 Green 5 878 6.6 90 48 27.6 57 2.2310 12.4
Run 3 Pink 50 232 3.8 99 127 41.7 33 2.1608 19.3
Run 3 Yellow 50 248 2.8 93 137 82.9 61 2.1604 38.4
Run 3 Blue 27.5 245 22 92 74 63.0 85 2.2318 28.2
Run 3 Green 27.5 335 2.7 95 101 61.3 60 2.2330 27.5
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The data in Table 4.1 show that there was less Cs loaded onto the resin at the lowest Cs feed
concentration, 5 ug/ml, by at least a factor of two, when compared to the 50 and 27.5 pg/ml runs. The
flow rate was higher for the Run 2 columns; this likely affected the column kinetics. The data also show
that the amount of Cs retained by those four columns varied significantly for this run, which is puzzling.
The reason for this variance is unknown.

Note that the value presented in the last column (mg Cs loaded/g resin) is a good representation of the
resin Cs capacity. The column processed at ~3 BV/h shows a similar capacity (~40 mg Cs/g resin), with
the exception of the Run 3 blue column. The column loaded at ~6 BV/h demonstrate a much lower Cs
capacity, ~15 mg Cs/g resin, indicating that the higher flow rate impacts the loading kinetics.

Table 4.1 also shows inconsistencies in the amount of Cs processed by the two duplicate column runs of
Run 3: pink and yellow columns. These columns were processed at the same feed Cs concentration

(50 pg/ml), but the calculated amount of Cs loaded on to the column varies by a factor of two. An
examination of Figure 3.3, the loading profile for Run 3, shows a break in the Cs breakthrough of each
column. This was caused by a shutdown of the columns during loading. The columns were processed to
the target-loading 90% breakthrough, except for the pink column, which was loaded to 80% before the
shutdown. Upon sitting, additional Cs was adsorbed by the resin, which was expected. What was
unexpected was the slow return to the breakthrough observed before the column shutdown. An additional
40 BVs of feed were processed to re-establish the breakthrough at the point where the columns were shut
down. This represents approximately 12 to 15% of the processed volume for blue, green, and yellow
columns, and 25% for the pink column. This ratio (the pink column requiring twice the previously
processed volume of the other columns) is about what would be expected for the pink column since it was
10% less loaded than the yellow column. The break in the loading curve and the extra volume of feed
processed may in part explain the variability in the amount of Cs processed by the duplicate column runs
(pink and yellow). Likely, the frequency in which the load samples were collected also has a significant
contribution to the uncertainty. However, these do not completely explain the reason for the factor of two
differences in the calculated amount of Cs processed through those two columns.

4.2 Column Elution

The parametric elution design included elution runs that were performed at high acid strength

(1.0 M HNO:;) and high temperature (45°C). That combination of temperature and acid strength resulted
in significant gas generation during elution. The point at which gas generation initiated was not
dependent upon the amount of acid processed through the column, as shown in Table 4.2. The
dependence of strong gas generation (e.g., resin decomposition) cannot be well correlated to contact time
with the resin or mmole of acid passed through the column, and it cannot be predicted based on these
limited observations.
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Table 4.2. Identification of Columns Exhibiting Gas Evolution During Elution

Column BV Processed Feed [Cs] Elution Nitric Conc Elution Flow

Identification During Elution (ng/ml) Temp (°C) (M) Rate (BV/h)
Run 2 pink 24 5 45 1.0 1
Run 3 green 8 27.5 45 1.0 2

The data collected from the parametric elution experiment simultaneously varied the eluant concentration,
elution temperature, eluant flow rate, and initial feed concentration; thus, it is difficult to provide any
direct interpretation of the column-run results. However, the BVs processed at the elution peak and the

elution curve shape can be evaluated qualitatively.

The location of the elution concentration peak is affected by the changing elution parameters as shown in
Figure 4.1. Note that Run 1 yellow column went dry during loading and thus was not eluted. The main
impact on the shape and location of the elution peak is the concentration of HNO;. Temperature also has
an effect; however, in general, one can conclude that the higher the acid strength, the sooner the elution
peak is reached. Although elution may peak more quickly, it does not necessarily translate into a more
complete elution. The flow rate is also somewhat important, i.e., the higher the acid concentration and the
slower the flow rate, the earlier the elution starts on a volume basis. Note also that the peak shapes at the
higher flow rate are not as well defined as that of the lower flow rate. Samples were collected using the
same time increment; thus, there is more sample data for the lower flow rate than the higher. Additional
qualitative discussions of the elutions are provided in the next paragraph.
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Figure 4.1. Overlay of Expanded View of each Column Elution to Demonstrate the Impact of
Elution Conditions on the Location and Shape of the Elution Peak

The amount of Cs remaining on the resin during elution was determined for each elution according to
Equations 4.2 and 4.3. The data are reported as umole Cs per g of spent resin. Figure 4.2 through Figure
4.4 show the residual '**Cs on the resin during elution. The data are shown in the appendices. These
plots allow a direct determination of the residual Cs at any point during elution. The plots also clearly
show the elution peak—i.e., the strong drop in Cs concentration on resin is the peak point.

Equation 4.2 is used to determine the amount of cesium eluted from the resin in each sample:
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i—-N
Cspwe= Y (C/Cy)*Csyyy ¥ AV (4.2)

i=0

where Csgy = amount of cesium eluted from the resin, ug
C = "Cs counts in each elution sample
Co = "VCs counts in the initial feed
Cy33 = initial feed "**Cs concentration, pg/ml
AV = volume of feed processed between each sample (including sample volume), ml
N = number of samples collected during elution.

After determining the total amount of Cs present on the resin at the start of elution, the amount of cesium
remaining on the resin would be equal to the amount eluted from the resin plus the final residual cesium
measured on the resin. Thus, one must work backward using the last elution sample and the resin residual
cesium level as indicated in Equation 4.3:

i—-N
CSresin = Cseaa+ Y (C/Cy)*Cs,5 ¥ AV (4.3)

i=0

where Csgresin = amount of cesium remaining on the resin at each data point, ug
Csgng = amount of residual cesium on the resin at the end of elution, ug
C = ""Cs counts in each elution sample
Co = "'Cs counts in the initial feed
C,33 = initial feed '**Cs concentration, pg/ml
AV = volume of feed processed between each sample (including sample volume), ml
N = number of samples collected during elution.

After determining the Csgesin Value at each elution sample (ug Cs), those values were divided by the final
dry weight mass of the spent resin to provide the reported value in (ug Cs/ g H-form vacuum-dried resin).
This data is reported in Appendix D. Note that the calculation provided in equations 4.2 and 4.3 result in
a cesium load value which is significantly higher than that calculated from equation 4.1. This is likely a
result of using two different detectors for the load and elution samples. These different cesium load
concentrations are not expected to significantly impact the calculated residual cesium concentrations
(especially at the low C/C, values) because the calculated value is based upon an accurately determined
value (residual cesium on the resin) and back calculated from that point.
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Figure 4.2. Residual Cesium on the Resin for Columns Loaded
with 50 pg/ml Cs in AN-105 Simulant (Run 1)
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Figure 4.3. Residual Cesium on the Resin for Columns Loaded
with 5.0 pg/ml Cs in AN-105 Simulant (Run 2)
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Figure 4.4. Residual Cesium on the Resin for Columns Loaded with
50 or 27.5 pg/ml Cs in AN-105 Simulant (Run 3)

The WTP design basis for spent resin is 60 pCi/g resin® based upon data from Arm et al. (2003). This
value is based upon the air-dried, H-form SL-644 resin. This value, based on processing with SL-644
resin with a bulk density of 0.66 g/ml, corresponds to a '*’Cs concentration per unit volume basis of
40 pCi/ml. This volume-basis activity limit is the primary driver for WTP spent resin handling. In
conjunction with the "*’Cs isotopic fraction, this volume-basis limit can be used to determine allowable
total Cs concentrations on the spent resins (mass basis). The Envelope A tank wastes, represented by
AN-105 simulant, contain nominally 25% '*’Cs. The total residual Cs concentration limits for the RF
resins after processing Envelope A tank wastes can be calculated according to Equation 3.5.

- b (3.5)
0 * B SpA

where C = total cesium concentration limit, pg/g H-form
Ly = "Cs concentration limit, 40 pCi/ml H-form resin
8 = bulk dry resin density (0.66 g/ml H-form resin, Fiskum 2003d)
B = *"Cs isotopic fraction (0.25 ng *’Cs/ pug Cs)
SpA = specific activity of *’Cs (86.8 pCi/ug *’Cs).

After processing Envelope A tank waste, the mass-basis limit for total Cs on spent SL-644 is calculated to
be 2.8 ng/g.

@ Meeting Minutes Prepared by John Olson for Bechtel National, Inc., CCN 055152. April 24, 2003. “Determine
the Baseline Spent Resin Cesium Concentration." Richland, WA.
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To ensure that the residual cesium is always below the design specification, a value equal to one-half of
the design basis has been selected for comparison with the measured spent-resin residual cesium. The
resin residual cesium concentration at one-half the design basis is 1.4 pg Cs/g resin for SL-644 resin. As
can be seen from Figures 4.2 through 4.4, most of the elution conditions resulted in a spent resin residual
cesium concentration which would meet the full design basis disposal limit; however, only the elutions
performed at 45°C with 0.50 M HNO; resulted in residual cesium concentrations that would meet one-
half of the WTP design basis.

The data in Figure 4.2 through Figure 4.4 are displayed as pg Cs per g of spent resin, but this presentation
does not permit a direct comparison of the impact of each parameter on the resin elution since each resin
load level was different. The data from Figure 4.2 through Figure 4.4 have been normalized to the total
ug Cs loaded per g of spent resin to allow direct comparison of each elution curve. These data are shown
in Figure 4.5 through Figure 4.7. These graphs do not imply there is a direct relationship between the
amount of cesium loaded on the resin and the final spent resin residual cesium.
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Figure 4.5. Normalized Residual Cesium on the Resin for the Columns
Loaded with 50 pg/ml Cs in AN-105 Simulant (Run 1)
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Figure 4.6. Normalized Residual Cesium on the Resin for the Columns
Loaded with 5 pg/ml Cs in AN-105 Simulant (Run 2)
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Figure 4.7. Normalized Residual Cesium on the Resin for the Columns
Loaded with 50 or 27.5 pg/ml Cs in AN-105 Simulant (Run 3)

These normalized graphs give a better understanding of how varying the parameters affects the elution
curves. For the initial onset of removal of the Cs, the most important factor is the acid concentration with
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the flow rate being somewhat important, i.e., the slower the flow rate, the earlier the elution starts, on an
elution volume basis.

The second observation is that the slower the flow rate, the faster the curve drops, and the curve displays
less tailing. This involves the kinetics of the exchange of Cs" and H" with the slower flow rate, allowing
the acid to be in contact longer with the resin, which allows for a more complete exchange of Cs” for H'.
This trend will likely be affected by the temperature because the kinetics of exchange should
correspondingly be affected by temperature.

In addition, the normalized graphs show that the high temperature elutions provide the best overall cesium
removal. The spent resin residual Cs concentration is lowest for the Run 1 Pink column and the Run 3
Blue column is a close second. Both elutions were performed at 45°C and 1 BV/h. The pink column
used 0.50 M HNO; and the blue column used 0.25 M HNO;.

The data presented in Figure 4.6 are shown below in Figure 4.8; this time the x-axis is the mmole of acid
processed through the column during elution. This graph shows more clearly how each of the parameters
affects the elution since it shows how the curves are affected on the basis of how much acid has passed
through the system.

1 o LA R T T T T T T T T T T

— & Run2Pink; 45°C; 1.0 M HNO,; 1 BV/h
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Figure 4.8. Normalized Residual Cesium on the Resin for the Columns Loaded with 5 pg/ml Cs in
AN-105 Simulant Versus the mmole of Processed Acid (Run 2)

This graph shows more clearly the effect that each of the parameters has on the elution by showing how
the curves are affected on the basis of how much acid has passed through the system. While the time
required for the elution to take place is most important to the operation of the plant, the amount of
chemicals consumed may also be of interest, e.g., minimize waste-stream volume or minimize volume of
material processed through the evaporators. The elution curves for the 2™ and 4" plots (green and yellow
columns) vary only slightly from one another, whereas the 3™ curve for the blue column is vastly different
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than either of them. These differences identify the use of lower acid concentration coupled with a lower
flow rate as a more efficient means of removing Cs from the resin. In this usage, efficient indicates that
less total acid is consumed during processing, and the minimum residual Cs concentration on the resin is
reached in a smaller eluant volume. The impact of the flow rate is not as large as that of the acid strength.
From the standpoint of chemical consumption, the slower flow rate and lower concentration of acid
results in the least amount of acid consumed.

Note that the amount of Cs remaining on the resin for the Run 2 pink column is significantly higher than
that of the other elutions. This elution was one of the two elutions that failed because of excessive gas
generation. It may be that the production of gas caused channeling through the column, resulting in less
Cs being removed from the resin during elution.

4.3 Elution Modeling

The parametric elution experiment incorporated the eluant concentration, elution temperature, eluant flow
rate, and initial feed concentration in the experimental design in which each of these parameters was
varied. Table 4.3 shows the original parametric design and the actual data collected. The two column
elutions performed at high temperature and high acid strength failed. In addition, the elution data from
Run 3 showed some puzzling behavior; there were dips and humps in the Cs eluant concentration that had
not been observed in the previous two runs. The modeling was adversely impacted as a result of the poor
and missing data. Nonetheless, the modeling provided some useful predictions.

Table 4.3. Parametric Elution Experimental Design and Data Collected for Modeling

HNO; Eluant |  Elution Elution Feed Cs
Concentration | Temperature | Flow Rate | Concentration
(M) (°C) (BV/h) (pg/ml) Comment
0.50 25 2.0 50 Ran as planned. Run 1blue column
0.50 45 1.0 50 Ran as planned. Run 1pink column
1.00 25 1.0 50 Ran as planned. Run lgreen column
1.00 45 2.0 50 Resin dissolution during elution. Run 3 green column
0.50 25 1.0 5 Ran as planned. Run 2 green column
0.50 45 2.0 5 Ran as planned. Run 2 yellow column
1.00 25 2.0 5 Ran as planned. Run 2 blue column
1.00 45 1.0 5 Resin dissolution during elution. Run 2 pink column
Column inadvertently loaded with 50 pg/ml Cs, 27.5
0.75 35 1.5 27.5(50) |pg/mlintended. Run 3 pink column.
Column inadvertently loaded with 50 pg/ml Cs, 27.5
0.75 35 1.5 27.5(50) |pg/mlintended. Run 3 yellow column.

Note that Run 3 blue was not part of the parametric design; elution conditions were 45°C, 0.25 M HNO;, 1 BV/h.

The intent of the parametric design was to determine the relative effects of temperature, eluant
concentration, flow rate, and Cs load concentration on the residual Cs on the resin. The values of each
parameter and the ug of Cs present on the resin after processing with 40 BVs of eluant were entered into a
statistical software package to facilitate analysis. The detailed results of the statistical analysis are
provided in the appendices.
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The data were fitted to the correlation,
Csg =2.685-0.519 [H'] - 0.0400 T + 0.835 Fr + 0.00947 [Cs] 4.4)

where  Csg = residual Cs on the resin, pg per total resin sample
[H] = HNO; concentration, M
T = elution temperature, °C
Fr = flow rate of eluant, BV/h
[Cs] = Cs concentration of feed, pg/ml.

The applicable range for [H'] in the equation is 0.50 to 1.0 M, and the applicable range for temperature is
25°C to 45°C, 1.0 to 2.0 BV/h for the flow rate, and 5 to 50 pg/ml for [Cs]. The good statistical fit of the
data appears to show that all significant parameters are accounted for in the correlation. The good
statistical fit of the data identifies each of the four factors as significant to the determination of the
residual Cs on the resin. The statistical significance factor “p-value” identifies temperature and flow rate
as the most statistically significant factors in the fit. Table 4.4 shows the calculated residual Cs retained
by the resin using the above correlation. The residual Cs on the resin is calculated by holding three
variables constant and varying a single parameter to demonstrate the impact of each variable. As can be
seen from the data in Table 4.4, the variables that have the largest impact on residual Cs, under the range
of parameters tested, are the flow rate and temperature.

Table 4.4. Model Residual Resin Cesium Value Predictions at 40 BVs Processed
Eluant Where Each Parameter is Varied Independently

Residual | Trend of Residual

[HNOs], | Temperature, | Flow Rate, | Feed [Cs], | Cesium on Cesium within
M °C BV/h pg/ml Resin, pg Modeling Set Variable
0.5 25 1 5 2.31
0.5 25 15 5 273 +35% Flow Rate
0.5 25 2 5 3.14
0.5 25 1 5 2.31
0.75 25 1 5 2.18 -11% H+
1.0 25 1 5 2.05
0.5 25 1 5 2.31
0.5 25 1 27.5 2.52 +18% [Cs]
0.5 25 1 50 2.74
0.5 25 1 5 2.31
0.5 35 1 5 1.91 +35% Temp
0.5 45 1 5 1.51
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4.4 Spent-Resin Batch Contacts

Batch contacts were performed on each of the eluted resins to evaluate the impact of elution conditions on
subsequent resin performance. The K, results were reported in Table 3.13 and are repeated in Table 4.5.
The spent-resin Kys are compared to the K, results of a control resin (i.e., conditioned but not processed).

Table 4.5. Spent-Resin Batch-Distribution Values

Deviation Elution Conditions
Column Run from Average| Control Kd | % Difference Flow Rate,

ID Average Kd (RPD) () from Control ®| Temp, °C | [HNOJ], M BV/h
Run 1 Pink 3,490 75 (21%) | 4240 (180) -18 45 0.5 1
Run | Blue 5,290 888 (17%) | 4240 (180) 25 25 0.5 2
Run | Green 2,990 153 (5%) 4240 (180) -29 25 1 1
Run 2 Pink® 110 12 (11%) | 4240 (180) -97 45 1 1
Run 2 Yellow' 3,770 77 (2%) 4240 (180) -11 45 0.5 2
Run 2 Blue 4,390 37 (1%) 4240 (180) 4 25 1 2
Run 2 Green 2,930 66 (2%) 4240 (180) 31 25 0.5 1
Run 3 Pink 5,440 313 (6%) 5940 (190) -8 35 0.75 1.5
Run 3 Yellow 4,080 240 (6%) 5940 (190) 31 35 0.75 1.5
Run 3 Blue 3,370 210 (6%) 4240 (180) 21 45 0.25 1
Run 3 Green® 5 4 (80%) | 4240 (180) -100 45 1 2

(a) The resin mass loss was not factored into the percent change from control column calculation.

(b) There was visible resin dissolution upon contact of the simulant with the spent resin.

(c) There was visible discoloration of solution, but no observable dissolution of resin.

The resins that had been eluted under the highest examined acid (1.0 M) and temperatures (45°C)
performed poorly on subsequent Cs retention. Note that the poor K4 values are not caused by
neutralization of the resin since the simulant contained an excess of hydroxide. In addition, these resins
dissolved significantly immediately upon contact with the AN-105 simulant. Significant changes in the
K4 were observed for many of the spent resins. A combination of high acid strength and high temperature
clearly impacts the resin Cs capacity as well as the resin integrity.

Previous studies have shown that SL-644 loses approximately 60% of its effective Cs capacity as a result
of chemical degradation of the resin while undergoing 25 processing cycles (Arm et al. 2003). The loss
was attributed to both resin mass loss and capacity loss of the remaining resin. These studies were
performed using AN-105 simulant; the elutions were performed with 0.50 M HNO; at 25°C. Assuming
this degradation was linear, this would correlate to a loss of capacity of ~2.5% per cycle. Thus, the

changes reported in Table 4.5 are quite large compared to those observed by Arm et al. (2003).

45 Batch-Contact Isotherms and Residual Cesium Content

The low Cs feed-side isotherm can be used in conjunction with the data shown in Figure 4.2 through
Figure 4.4 to determine the acceptable amount of residual Cs on the resin to avoid bleed of an eluted
column during subsequent loading. Using the contract-specified LAW effluent disposal criteria of

0.3 Ci *"Cs/m® LAW glass, and assuming that the Cs in the Envelope A feed is 25% '*’Cs, the maximum
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allowed total Cs concentration of the LAW effluent can be calculated. Figure 4.9 reproduces the feed-
side isotherm.
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Figure 4.9. Feed-Side, Low Cesium Concentration Isotherm Representing
the Cesium Concentrations Expected for a Polishing Column

LAW effluent concentrations are also shown in the plot. The intersection of the Envelope A effluent Cs
concentrations with the isotherm linear fit provides the maximum value for the resin residual Cs. This
concentration represents the maximum concentration of Cs that can be present on the resin and still allow
the processed feed to meet the LAW effluent disposal criteria.

The maximum concentration of Cs on the spent resin derived from Figure 4.9 is 3.1E-07 moles Cs per g
of resin. The resin concentration that provides an effluent feed that is ¥4 of the Envelope A LAW disposal

criteria is 1.1E-07 mole Cs per g of resin. These values correlate to 41.2 and 14.6 pg Cs/g resin,
respectively. The measured residual Cs concentrations for each of the column runs are reported in Table
4.6. The data are presented as pg Cs/g spent resin and pg Cs/g of original resin.

The spent resin residual cesium concentration that is predicted to provide an effluent feed that is 3 of the
Envelope A LAW disposal levels, 14.6 ug Cs/g resin, can be compared against the data presented in
Figures 4.2, 4.3 and 4.4. The residual cesium on the spent resin was less than 14.6 ug Cs/g resin after
processing with < 13.5 BV for Run 1 columns, < 6.3 BV for Run 2 columns and < 9.7 BV for Run 3

columns. Note, however, that Run 2 column resin did not reach the target spent resin concentration
because the elution failed as a result of excessive gas generation.
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Table 4.6. Spent-Resin Residual Cesium Concentration

Elution Conditions
Column | pg/ml| pg™*Cs/g ug **Cslg Temp, | [HNOs], |Flow Rate, BV
ID Feed | Spent Resin® | Original Resin®| °C M (BV/h) | Processed

Run 1 Pink 50 0.7 0.6 45 0.5 1 52
Run 1 Blue 50 2 1.8 25 0.5 2 64
Run 1 Green 50 1.6 1.3 25 1 1 45
Run 2 Pink 5 243 25.2 45 1 1 28
Run 2 Yellow 5 1 1 45 0.5 2 52
Run 2 Blue 5 1.5 1.4 25 1 2 49
Run 2 Green 5 2.4 2.4 25 0.5 1 41
Run 3 Pink 50 3.1 3.1 35 0.75 1.5 45
Run 3 Yellow | 50 3 3 35 0.75 1.5 44
Run 3 Blue 27.5 1.8 1.7 45 0.25 1 45
(a) Spent resin mass dry-weight basis.
(b) Original resin mass dry-weight basis.
(c) This elution run was aborted after 24 BVs.

The residual Cs from each column-run resin easily meets the lowest calculated value, except for the

anomalous Run 2 Pink column. The lowest value, based on ¥ of the maximum allowed *’Cs in the

LAW effluent, was calculated to provide a margin of safety to ensure that there is no Cs bleed from the
eluted column during the subsequent waste processing.

4.6 Confirmatory Test Results

The total amount of Cs processed through the confirmatory column is shown in Table 4.7. The table also
reports other quantities pertinent to the confirmatory run (6.66 mg Cs/g resin loaded).

Table 4.7. Operational Details of Confirmatory Column Run
Including Spent-Resin Analysis Results

Amount pg Residual
Cs Amount Cs Mass @ | Cs per g of
BV Loading | % Break- |Processed,| Retained by (% Cesium| Spent | Spent Resin
ID Loaded| Flow Rate | through mg Column, mg | Retained |Resin, g|After Elution
Confirmatory Run | 32 1 BV/h 0.07 62.7 61.5 98.1 |7.4307| 0.69®

(a) Mass vacuum dried H-form spent resin
(b) ng Cs/g vacuum-dried spent resin

The elution of the confirmatory column run is shown in Figure 3.10. The concentration of Cs retained by
the resin was calculated using Equation 4.1. Figure 4.10 shows the plot of the residual Cs remaining on
the resin during elution. The confirmatory run data are shown along with the elution data from the
parametric testing columns that were also loaded with 50 pg/ml Cs in AN-105 simulant.

4.15




100000 E — s RunlPink;45°C; 0.50 M HNO,; I BV/hr | 3
s Eg —-—o-—-  Run 1 Green; 25°C; 1.0 M HNO,; 1 BV/hr

10000 k£ X ——-———Run 1 Blue; 25°C; 0.50 M HNO,; 2 BV/hr J

._J — —&— —  Confirmatory column elution ]

[ 45°C; 0.50 M HNO,; 1.4 BV/hr ]

1000 ¢ ‘ — Design Basis Disposal Limit (Envelop B) E

F — — — — Y Design Basis Disposal Limit (Env B) E

100 |

ug Cs/g spent resin

10

BV Processed

Figure 4.10. Confirmatory Column Run Elution Showing the Residual Cesium Concentration on
the Resin During Elution. The Run 1 elution results are shown for comparison.

Figure 4.10 shows that the elution peak occurs very rapidly, within the first 2 BVs of elution, and the
elution is quite steep. It also shows that the residual Cs on the resin is significantly lower than that
measured in the parametric elution runs.

The goal of the confirmatory test was to verify that the elution conditions would result in a spent resin
that would comply with the design assumptions for the spent-resin disposal equipment, 60 pCi *’Cs/g of
resin (dry basis, sodium form). As detailed in Section 4.2 this value is based upon the air-dried, H-form
SL-644 resin. This value correlates to 2.1 pg/g, based on processing with SL-644 resin with a bulk
density of 0.66 g/ml, and assuming a 33% "*’Cs isotopic fraction. The spent resin contained Cs at a
concentration of 0.69 pg/g spent resin after eluting for 38 BVs with 0.50 M HNOs at a flow rate of

1.4 BV/h. The resin *’Cs concentration is a factor of 3.0 below the resin-disposal design assumptions,
indicating that the resin can be eluted to meet the design requirement for spent-resin residual Cs for
disposal within the baseline (15 BVs) by eluting at an elevated temperature.

4.7 SVOA Analysis

Analysis of the column feed at the beginning of column loading and at the end of column loading
indicated that the organic species were being lost from solution during processing. The amount of
material lost from the feed solution varied from 8% to 97% of the total amount initially spiked into the
AN-105 simulant. To provide a system recovery, the amount of each organic analyte processed through
the column is calculated using the average of the analyzed feed determined at the beginning and the end
of column loading according to Equations 4.5 and 4.6.
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Table 4.8 reports the recovery of each organic analyte based upon the amount of material processed
through the column, the analysis of each process solution, and the analysis of the processed resin.

Equation 4.5 is used to calculate the total amount of organic analyte processed (Mproc) through the
column:

C, +C,

Meroc, Ug = 12 *V (4.5)

Where C; = the concentration of analyte in the feed at beginning of loading, nug/ml
C, = the concentration of analyte in the feed at the end of loading, pg/ml
Vi = the total volume of feed processed, ml

Equation 4.6 is used to calculate the recovery for each analyte during the processing stage:

Coomp *¥V
% Recovery = —2 T %100 (4.6)

PROC
where C.m, = the concentration of analyte in the eluate or effluent composite , pg/ml

Veomp = the total volume of eluate or effluent composite, ml
Mproc = total amount of organic analyte processed through the column, pg
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Table 4.8. System Recovery for Organic Analytes

Pyridine 2-Methylphenol |4-and 3-Methylphenol | Nitrobenzene
Mg Found | % Rec | ug Found | % Rec | pg Found | % Rec |ug Found |% Rec
Mass Spiked into
4000 ml feed 39100 -- 44500 -- 83200 -- 39400 --
Mass Found in
Pre-Column Simulant Feed| 29600 76 23900 54 52700 63 31800 81
Mass Recovered
in Effluent Composite 25600 86 23200 97 50800 97 27000 85
Mass Recovered in
Eluate Composite 190 1 0 -- 100 0.2 100 0.3
Total Mass Recovered
in Process Solutions 25800 87 23200 97 50900 97 27100 85
Mass Measured in top
!> of Resin 18 0.06 0 -- 0 -- 12900 41
Mass Measured in
[bottom Y5 of resin 69 0.2 0 - 0 - 7510 24
Total Mass Measured
in Resin 87 0.3 0 -- 0 -- 20400 64
Total System Recovery 87% 97% 97% 150%
Hexachlorobutadiene|2,4,5-Trichlorophenol|2,4-Dinitrotoluene [Hexachlorobenzene
pg Found | % Rec | pg Found | % Rec | ug Found |% Rec| ug Found | % Rec
Mass Spiked into
|4000 ml feed 15000 -- 39400 -- 39200 -- 100 --
ass Found in
E/:e—Column Simulant Feed 6800 45 36200 92 0 -- 600 750
ass Recovered in
|]I;/’fﬂuent Composite 136000 2000 34600 96 120 -- 26800 4470
Mass Recovered in
luate Composite 0 -- 100 0.3 0 -- 0 --
Total Mass Recovered
in Process Solutions 136000 2000 34700 96 120 -- 26800 4470
Mass Measured in top
5 of Resin 4890 72 18 0.05 153 -- 340 56
Mass Measured in
ottom Y% of resin 120 2 9 0.03 43 - 24 4
Total Mass Measured
in Resin 5010 74 27 0.08 200 -- 360 60
Total System Recovery 2070% 96% - 4530%

The system recovery for pryidine, 2,4,5- trichlorophenol and the cresols (2-methylphenol and 4- and 3-
methylphenol) were excellent, ranging from 90 to 98%. The 2,4-dinitrotoluene did not survive in the
matrix, so no accounting could be performed. Although hexachlorobenzene was spiked at the solubility
limit, this concentration was below the quantitation limit of the analytical instrumentation. The amount of
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hexachlorobenzene measured in the feed and effluent samples was 600 and 27,000 times above what was
spiked into the feed. These analytical results clearly show the impact of attempting to measure the low
hexachlorobenzene concentrations: the data are meaningless. Thus, the system-recovery determination
for hexachlorobenzene is spurious. The system recovery of nitrobenzene is high at 150%, and the
recovery for hexachlorobutadiene is much larger (2070%). These last two organics are the two most non-
polar organic analytes tested. The high recoveries for these two analytes may have been caused by
incomplete dissociation of these non-polar species, resulting in a non-homogeneous sample aliquot
collected for analysis. Alternatively, the high recovery could be a result of the presence of these organics
on the resin itself. However, in a personal communication with Ron Bruening of IBC, it was indicated
there are no chlorinated hydrocarbons present in the SL-644 resin. Since the reasons for the high
recovery of nitrobenzene and hexachlorobutadiene are not known, any interpretation of the data must be
made cautiously, i.e., only general conclusions can be made based upon the analytical results for those
two analytes.

Examination of the eluant and resin data indicates that there was little to no resin uptake for
2-methylphenol, 4-and 3-methylphenol, or 2,4-dinitrotoluene. There may have been a very slight uptake
and subsequent elution of pyridine and 2,4,5-trichlorophenol as evidenced by the slight amount of each
analyte present in the eluate composite. There appears to be definite resin uptake and retention
throughout elution of nitrobenzene, hexachlorobutadiene, and hexachlorobenzene, based upon analysis of
the resin. The top resin fraction contained the bulk of the hexachlorobutadiene and hexachlorobenzene
observed on the resin, indicating that those analytes may be depositing on the resin. The nitrobenzene on
the resin is split more evenly between the top and bottom fractions of the resin; thus, it is likely that
retention of nitrobenzene occurs in a manner different than that of either hexachlorobutadiene or
hexachlorobenzene, e.g., adsorption on the resin rather than deposition on the resin (or possibly
dissolution of the resin).

Table 4.9 compares the measured resin concentration of each organic analyte with the LDR levels. The
maximum possible concentration on the resin is shown for each analyte based upon the amount of
material spiked into the feed solution (not the concentration measured in the feed) and using the wet H-
form resin mass. The measured resin concentration is shown using both the wet H-form and the free-
flowing H-form resin mass.
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Table 4.9. Comparison of Concentration of Organics Measured on Resin with LDR Levels

Maximum Resin | Resin Analysis, | Resin Analysis,
LDR Treatment | Concentration, |mg/kg (wet resin| mg/kg (air dried
Analyte standard, mg/kg mg/kg® mass basis) resin mass basis)
2.,4- dinitrotoluene 140 1430 7.2 15
2,4,5-trichlorophenol 7.4 1440 1.0 2.1
Cresols 5.6 3040 0 0
Hexachlorobenzene 10 3.6 13.1® 28
Hexachlorobutadiene 5.6 550 183©@ 390
Nitrobenzene 14 1440 745 1590
Pyridine 16 1425 3.2 6.8
(a) Determined assuming that all of the processed analyte (Equation 4.5) was retained by the resin.
(b) Measured resin concentration was 5 times greater than the total amount of hexachlorobenzene spiked into
the feed; spiking levels were too low to be accurately measured.
(c) System recoveries were extremely high; thus, these values represent an upper-limit resin concentration; the
actual concentration may be lower.

Three of the organic analytes were measured above the LDR levels. As discussed above, the measured
concentrations for hexachlorobenzene were spurious, and no conclusions can be derived from the data.
The system recoveries for the remaining two organics, hexachlorobutadiene and nitrobenzene, were very
poor. As aresult, it is difficult to determine if the resin results are biased high. The values reported in
Table 4.9 for hexachlorobutadiene and nitrobenzene represent a maximum resin concentration.

It is important to realize that the spiking levels of each organic analyte were not based upon tank
characterization data; the analytes were spiked in at nominally 10 pg/ml, or the solubility limit, whichever
was less. Thus, the results from this testing likely represents a highly conservative estimate of the amount
of each organic analyte retained on the resin during processing.
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5.0 Conclusions

The conclusions section covers experimental testing observations, semi-volatile organic processing,
qualitative observation of elution performance, and modeling predictions.

5.1 Experimental Testing Observations

e This particular batch of SL-644 resin showed superior "*’Cs retention compared to past batches, and a
far greater amount of simulant was processed to achieve >90% breakthrough than anticipated.
Processing was expected to be complete within 300 BVs for the lowest Cs feed concentration
(5 ng/ml); however, an average of 830 BVs was processed to obtain 90% breakthrough.

o Elution runs that were performed with high acid strength (1.0 M HNO;) and high temperature (45°C)
resulted in significant gas generation during elution. The point at which gas generation initiated was
apparently not dependent upon the amount of acid processed through the column, nor was it
dependent upon the contact time with the acid.

e The acid-side loading isotherm demonstrated that the SL.-644 resin has a low but measurable capacity
for Cs in 0.50 M HNOs;. The acid-side K4 values are slightly higher than previously reported for RF
resin (Kurath et al. 1994). The batch-distribution values were essentially the same for batch contacts
performed at a phase ratio of 2 to 10 (K4 ~5 ml/g).

e The low-Cs concentration feed-side isotherm was used to predict the maximum allowable
concentration of Cs on the spent resin to meet the LAW disposal criteria, which would allow the
eluted column to be reused in the polishing column position. The resin concentration that provides an

effluent feed that is equal to either the Envelope A LAW disposal criteria or /5 of the Envelope A
LAW disposal criteria is 41.2 and 14.6 pg **Cs/g resin, respectively.

e The measured spent-resin Cs concentration, after nominally 40 BV elutions, ranged from 3.1 to
0.7 pug *Cs/g resin, easily meeting the expected maximum residual Cs resin concentration.

o Based upon the batch contact feed isotherm (at low cesium concentrations), it is predicted that a spent
resin residual cesium concentration of 14.6 ng/g would provide an Envelope A effluent which would

be less than %5 of the LAW disposal levels. This spent resin concentration was met for all tested

column after processing with 6.3 to 13.5 BV, depending upon the load and elute conditions. Thus,
Envelope A feeds could be processed with 0.50 M HNO; at 25°C for a maximum of 13.5 BV, to be
ready to be placed in the polishing column position.

o The spent resin Ky values indicate the highest acid (1 M) combined with the highest temperature

(45°C) examined are deleterious to column performance, with gas generation, mass losses, and poor
Kgs for Cs obtained for the residual material.
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e The confirmatory column run demonstrated that the spent resin residual cesium concentration for
resin disposal was below the design basis disposal limits after processing 15 BVs of 0.50 M HNO; at
an elevated temperature (45°C).

5.2 Semi-Volatile Organic Processing

e The potential for resin uptake of semi-volatile organics was examined by processing AN-105
simulant spiked with seven organic species: 2,4-dintrotoluene, 2,4,5-trinitrotoluene,
hexachlorobenzene, hexachlorobutadiene, nitrobenzene, pyridine, and cresols (2-methylphenol and 4-
and 3-methylphenol). Although three of the organic analytes were measured in the resin above the
LDR levels (hexachlorobenzene, hexachlorobutadiene, and nitrobenzene), the measured
concentrations for hexachlorobenzene were spurious, and no conclusions can be derived from that
data. The system recoveries for the remaining two organics, hexachlorobutadiene and nitrobenzene,
were high (2070% and 150%, respectively). As a result, it is difficult to determine if the resin results
are also biased high. The reported resin concentration for hexachlorobutadiene and nitrobenzene
should be considered an upper-level resin concentration.

5.3 Qualitative Observation of Elution Performance

e The main impact on the shape and location of the elution peak is the concentration of HNO;.
Temperature also has an effect; however, in general, one can conclude that the higher the acid
strength, the sooner the elution peak is reached.

e A qualitative examination of the parametric elution demonstrated that a higher acid concentration
initially elutes the resin more quickly. Although elution may peak more quickly, it does not
necessarily translate into a more complete elution. The flow rate is also somewhat important, i.e., the
higher the acid concentration and the slower the flow rate, the earlier the elution starts, on a volume
basis.

o The slower the eluant flow rate, the faster the elution curve drops, and the curve displays less tailing.
This involves the kinetics of the exchange of Cs” and H" with the slower flow rate, allowing the acid
to be in contact longer with the resin, which allows for a more complete exchange of Cs” for H'. This
trend will likely be affected by the temperature because the kinetics of exchange should
correspondingly be affected by temperature.

e The most efficient Cs removal involves maximizing the temperature and minimizing the flow rate. In
addition, the use of lower acid concentration provides the most complete Cs depletion from the resin.
In this scenario, less total acid is consumed during processing, and the minimum residual Cs
concentration is reached in a smaller eluant volume.

5.4 Modeling Predictions

e The parametric elution modeling effort was hampered by loss of data points at the high-acid and high-
temperature conditions, which represents one corner of a four dimensional cube. In addition, the two
duplicate runs showed poor reproducibility. The two runs showed variability fully equivalent to any
parameter examined in the modeling. These unanticipated column performances led to the loss of a
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major portion of the factorial design, which renders any conclusions or predictions based upon the
modeling suspect.

The modeling results indicate that to minimize the residual Cs on the resin for a given total elution
volume (40 BVs), the temperature should be high, the acid strength should be high, and the flow rate
should be minimized. There is a limit to this, as demonstrated by gas generation within the column
during elution at 1.0 M HNO; and 45°C.
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Appendix A: Target AN-105 Simulant Composition Versus
Actual Measured Composition

Analyte | Target, mole/L | Analysis, mole/L | % of target | Analysis Method
Ag 7.07E-05 < 5.8E-06 <8 ICP/AES
Al 6.88E-01 6.82E-01 99 ICP/AES
B 2.21E-03 2.53E-03 114 ICP/AES
Ca 4.67E-04 < 1.4E-04 <30 ICP/AES
Cd 1.37E-05 [1.5E-05] 110 ICP/AES
Cr 1.21E-02 1.24E-02 103 ICP/AES
K 8.97E-02 8.95E-02 100 ICP/AES
Mg 1.04E-04 < 1.3E-04 <125 ICP/AES
Mo 4.00E-04 4.51E-04 113 ICP/AES
Na 4.99E+00 5.00E+00 100 ICP/AES

P 2.81E-03 3.03E-03 108 ICP/AES
Pb 1.20E-04 < 1.4E-05 <12 ICP/AES
Se 5.87E-06 [1.0E-05] 174 ICP/AES
Si 3.15E-03 [4.3E-03] 136 ICP/AES
Zn 7.23E-05 [2.6E-05] 36 ICP/AES
Cr 1.20E-01 1.12E-01 94 IC Anions
F 4.68E-03 [7.5E-03] 160 IC Anions

NO, 1.13E+00 1.19E+00 105 IC Anions
NOy 1.44E+00 1.15E+00 80 IC Anions
OH 1.61E+00 1.52E+00 94 IC Anions
PO, 2.81E-03 1.38E-02 491 IC Anions
SO~ 3.75E-03 4.23E-03 113 IC Anions
TIC Not calculated 4.86E-01 -- Hot persulfate
TOC Not calculated 1.25E-01 -- Hot persulfate
free OH 1.60E+00 1.52E+00 95 Titration
Density | 1.2 to 1.4 g/ml 1.235 -- Gravimetry
-- Indicates the value could not be calculated.
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Appendix B: Column-Run Spreadsheets

Loading Feed = AN-105 Simulant at 50 ppm Cs
Resin = SuperLig 644, batch #C-01-05-28-02-35-60 MT Effluent-1 Jug/cap-w/o hole = 284.0 g
Supernate Density = 1.2434 MT Effluent-2 Jug/cap-w/o hole = 284.5 g
Flow Rate = approx 30 mL/hr or ~3.0 CV/hr Start Date and Time = 6/2/2003 2:18 PM
Pink Bed volume = 11 mL End Date and Time = 6/5/2003 2:25 PM
Table B.1. Run 1 Cs Loading of Yellow Column — 50 pg/L Cs with SL-644
Source Elapsed Time . _|Vol. |Vial+Cap| Sampling | Sampling | Eff. Bottle | Sample+Vial+| Sample |  Mass St Bt Flow
Sample Column Fev ilths‘ttsllirtl’ Projected Date/Time (mL) | Mass (g)p Stanl?[irri: End l"Dl“imi Mass (g) CappMass (2) Massp(g) Processed, g Ef?/l:jnt Rate #ev
Y-50-SL-LO1 Yellow 5 1:40 6/2/2003 3:55 PM 5 17.1149 3:55 PM 4:04 PM 348.7 22.8967 5.7818 70.5 56.7 -- 5.2
Y-50-SL-L02 Yellow | 49 16:20 6/3/2003 6:35 AM 5 17.0743 6:35 AM 6:48 AM 963.3 27.0566 9.9823 695.1 559.2 34.2 50.8
Y-50-SL-L03 Yellow | 64 21:19 6/3/2003 11:34 AM 5 16.8607 11:34 AM | 11:43 AM 1167.7 23.3517 6.4910 906.0 728.8 34.2 66.3
Y-50-SL-L04 Yellow | 79 26:15 6/3/2003 4:30 PM 5 17.1015 4:30 PM 4:39 PM 1375.2 23.5480 6.4465 1119.9 901.0 34.3 81.9
Y-50-SL-L05 Yellow | 121 40:15 6/4/2003 6:30 AM 5 17.0281 6:30 AM 6:39 AM 1970.3 23.3945 6.3664 1721.4 1384.8 34.4 125.9
Y-50-SL-L06 Yellow | 136 45:15 6/4/2003 11:30 AM 5 17.1027 11:16 AM | 11:25 AM 2167.7 23.5230 6.4203 1925.2 1548.8 34.2 140.8
Y-50-SL-L07 Yellow | 146 48:30 6/4/2003 4:30 PM 5 17.2105 4:03 PM 4:12 PM 2224.1 23.3785 6.1680 1987.8 1599.2 33.0 145.4
Y-50-SL-L08 Yellow | 166 55:15 6/4/2003 9:30 PM 5 17.0924 9:25 PM 9:34 PM 351.0 21.6991 4.6067 2091.9 1682.9 30.5 153.0
Y-50-SL-L09 Yellow | 193 64:15 6/5/2003 6:30 AM 5 17.0942 6:30 AM 6:39 AM 696.9 21.9756 4.8814 2442.6 1965.1 30.6 178.6
Y-50-SL-L10 Yellow | 203 67:45 6/5/2003 10:00 AM 5 16.9937 10:00 AM | 10:09 AM 820.7 21.7962 4.8025 2571.2 2068.6 30.5 188.1
Y-50-SL-L11 Yellow | 209 69:45 6/5/2003 12:00 PM 5 17.0859 12:29 PM 12:38 PM 906.3 22.1395 5.0536 2661.9 2141.5 30.7 194.7
Y-50-SL-L12 Yellow | 224 74:45 6/5/2003 5:00 PM 5 17.0306 2:15 PM 2:24 PM 968.5 22.0183 4.9877 2729.1 2195.6 29.4 199.6
-- indicates no data
Count start Mass count | gross back |Sample cts -| Control AN- | counts /g| control | C/Co,
Sample Count date . file name . Net counts
time Counted, g | time, sec| counts ground | background| 105 counts | sample | counts/g| Cs-137
Y-50-SL-LO1 | 6/4/2003 9:00 PM | Y50SLLOI 5.7818 602 179 152 149 3 68617 0.5 10967 | 0.0000
Y-50-SL-L02 | 6/4/2003 8:45PM | Y50SLLO2 | 9.9823 602 160 138 149 -11 68617 -1.1 10967 | -0.0001
Y-50-SL-L03 | 6/4/2003 | 10:30 AM | Y50SLLO3 | 6.4910 602 115 100 153 -53 68741 -8.2 10987 | -0.0007
Y-50-SL-L04 | 6/4/2003 | 12:55PM | Y50SLL04 | 6.4465 602 142 93 153 -60 68741 -9.3 10987 | -0.0008
Y-50-SL-LO5 | 6/4/2003 | 11:05 AM | Y50SLLO5 | 6.3664 602 1199 1148 153 995 68741 156.3 10987 | 0.0142
Y-50-SL-L06 | 6/4/2003 1:40 PM | Y50SLLO6 | 6.4203 603 6929 6711 120 6591 68741 1026.6 10987 | 0.0934
Y-50-SL-L07 | 6/4/2003 6:20 PM | YS0SLLO7 | 6.1680 605 15005 14414 120 14294 68639 2317.4 10970 | 0.2112
Y-50-SL-L08 | 6/4/2003 | 10:40 PM | Y50SLLO8 | 4.6067 606 | 20375 19724 149 19575 68617 4249.2 10967 | 0.3875
Y-50-SL-L09 | 6/5/2003 | 7:55 AM | Y50SLL09 | 4.8814 608 | 36729 35266 149 35117 72443 7194.0 11578 | 0.6213
Y-50-SL-L10 | 6/5/2003 | 11:10 AM | Y50SLLIO | 4.8025 609 | 40386 38974 149 38825 72443 8084.3 11578 | 0.6982
Y-50-SL-L11 | 6/5/2003 1:10PM | YSOSLL11| 5.0536 610 | 44075 42387 149 42238 70163 8358.0 11214 | 0.7453
Y-50-SL-L12 | 6/5/2003 3:20PM | YSOSLL12 | 4.9877 610 | 45102 43467 149 43318 70163 8685.0 11214 | 0.7745

Yellow column run was aborted due to the need to agitate the bed during loading, no further data was collected.




cd

Loading

Feed = AN-105 Simulant at 50 ppm Cs
Resin = SuperLig 644, batch #C-01-05-28-02-35-60
Supernate Density = 1.2434

Flow Rate = approx 30 mL/hr or ~3.0 CV/hr

Pink Bed volume = 11 mL

MT Effluent-1 Jug/cap-w/o hole = 284.1 g

MT Effluent-2 Jug/cap-w/o hole = 285.5 g
Start Date and Time = 6/2/03 2:13 PM
End Date and Time = 6/6/2003 12:59 PM

Table B.2. Run 1 Cs Loading of Green Column — 50 pg/L Cs with SL-644

Source Elapsed Time . . Vol. | Vial + Ca Samplin, Samplin, Eff. Bottle | Sample+Vial+| Sample Mass Est. Est. Flow
Sample Column Bev ?hsltt;r;’ Projected Date/Time (mL) | Mass (g)p Stan?[irri: End ?Fimi Mass (g) CappMass (2) Massp(g) Processed, g Efsl:jm Rate #ev
G-50-SL-LO1 Green 5 1:40 6/2/2003 3:55 PM 5 17.0847 3:55 PM 4:04 PM 443.1 24.1123 7.0276 166 133.5 80.1 12.1
G-50-SL-L02 Green | 22.4 7:28 6/2/2003 9:43 PM 5 17.0763 9:43 PM 9:52 PM - 21.6176 4.5413 - -- - 54.6
G-50-SL-L03 Green | 49 16:19 6/3/2003 6:34 AM 5 17.3324 | 6:35 AM 6:44 AM 1295.9 21.3074 3.9750 1027 826.2 50.6 75.1
G-50-SL-L04 Green | 63.8 21:15 6/3/2003 11:30 AM 5 17.1570 | 11:34 AM | 11:43 AM 1425.2 22.8482 5.6912 1162 934.8 44.0 85.0
G-50-SL-LO05 Green | 78.8 26:15 6/3/2003 4:30 PM 5 17.0543 4:30 PM 4:39 PM 1726.6 22.5137 5.4594 1469 1181.6 45.0 107.4
G-50-SL-L06 Green | 121 40:15 6/4/2003 6:30 AM 5 17.0645 6:30 AM 6:39 AM 2482.0 22.5620 5.4975 2230 1793.5 44.6 163.0
G-50-SL-L07 Green | 136 45:15 6/4/2003 11:30 AM 5 17.0168 | 11:16 AM | 11:25 AM 487.1 23.2693 6.2525 2510 2018.8 44.6 183.5
G-50-SL-LO8 Green | 158 52:45 6/4/2003 7:00 PM 5 17.0289 7:04 PM 7:13 PM 655.5 22.0968 5.0679 2924 2351.3 44.6 213.8
G-50-SL-L09 Green | 166 55:15 6/4/2003 9:30 PM 5 17.1034 9:30 PM 9:39 PM 780.3 22.3205 5.2171 3054 2455.9 44.5 223.3
G-50-SL-L10 Green | 193 64:15 6/5/2003 6:30 AM 5 17.1193 6:30 AM 6:39 AM 972.6 21.8357 4.7164 3251 2614.4 40.7 237.7
G-50-SL-L11 Green | 206 68:45 6/5/2003 11:00 AM 5 17.2082 | 11:00 AM | 11:09 AM - 21.8519 4.6437 3478 2797.1 40.7 254.3
G-50-SL-L12 Green | 212 70:35 6/5/2003 12:50 PM 5 17.0916 | 12:50 PM | 12:59 PM 1223.4 20.4453 3.3537 3509 2822.5 40.0 256.6
-~ indicates no data
Count start Mass count | gross back |Sample cts -| Control AN- | counts /g| control | C/Co,
Sample Count date . file name . Net counts

time Counted, g | time, sec| counts ground | background| 105 counts | sample | counts/ g| Cs-137

G-50-SL-LO1 | 6/4/2003 3:45PM | GS50SLLO1 7.0276 602 153 127+14 120 7 68639 1.0 10966 | 0.0001

G-50-SL-L02 | 6/4/2003 3:30 PM | G50SLL02 | 4.5413 602 199 171£15 120 51 68639 11.2 10966 | 0.0010

G-50-SL-L03 | 6/4/2003 | 10:30 AM | GSOSLLO3 3.9750 602 143 138+12 153 -15 68741 -3.8 10982 | -0.0003

G-50-SL-L04 | 6/4/2003 3:15PM | G50SLL04 | 5.6912 602 172 168+13 120 48 68741 8.4 10982 | 0.0008

G-50-SL-L05 | 6/4/2003 | 12:15PM | GSOSLLOS 5.4594 602 572 529+25 153 376 68741 68.9 10982 | 0.0063

G-50-SL-L06 | 6/4/2003 | 11:21 AM | G50SLLO6 | 5.4975 606 24756 | 23,726£163 | 153 23573 68741 4287.9 10982 | 0.3905

G-50-SL-L07 | 6/4/2003 3:00 PM | G50SLLO7 | 6.2525 610 | 48749 | 47030+228 | 120 46910 68639 7502.6 10966 | 0.6842

G-50-SL-LO8 | 6/5/2003 8:15PM | G50SLLO8 | 5.0679 609 | 41522 | 40044+210 | 149 39895 66639 7872.1 10646 | 0.7394

G-50-SL-L09 | 6/5/2003 | 10:20 PM | GSOSLL0O9 | 5.2171 610 | 49242 | 473794230 | 143 47236 66639 9054.1 10646 | 0.8504

G-50-SL-L10 | 6/6/2003 7:50 AM | GS50SLL10 | 4.7164 610 | 46520 | 44681+224 | 169 44512 66639 9437.7 10646 | 0.8865

G-50-SL-L11 | 6/6/2003 | 12:10 PM | G50SLL11 4.6437 611 53158 51091+239 | 169 50922 67245 10965.8 | 10743 1.0207

G-50-SL-L12 | 6/7/2003 5:30 PM | G50SLL12 | 3.3537 608 38057 | 36600+202 96 36504 67245 10884.7 | 10743 1.0132
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Wash & Rinse

Feed = Wash - 0.1 M NaOH, Rinse - water
Resin = SuperLig 644, batch #C-01-05-28-02-35-60

Bed Volume = 11 mL

NaOH density = 1.008 g/mL

Flow Rate = approx 33 mL/hr or 3 CV/hr

Start Date and Time = 6/6/03 3:30 PM
End Date and Time = 6/6/03 5:30 PM

Table B.3. Run 1 Data Collection During 0.10 M NaOH Feed Displacement and Water Rinse of Green Column — 50 ppm Feed

Sample Source 4cv Ela‘psed Projected Date/Time Vol. C(ill,lifgzon Vial + Cap Sampl%ng Start Sampl'ing End | Sample+Vial+| Sample Mass
Column Time (mL) . Mass (g) Time Time Cap Mass (g) (2)
minutes
G-50-SL-FDO1 Green 1 0:00 6/6/2003 3:30 PM 11 20 17.1488 3:30 PM 3:50 PM 24.9864 7.8376
G-50-SL-FD02 Green 2 0:20 6/6/2003 3:50 PM 11 20 17.0948 3:50 PM 4:10 PM 26.9147 9.8199
G-50-SL-FD03 Green 3 0:40 6/6/2003 4:10 PM 11 20 17.0238 4:10 PM 4:30 PM 27.9277 10.9039
G-50-SL-RLO1 Green 1 0:00 6/6/2003 4:30 PM 11 20 17.0267 4:30 PM 4:50 PM 25.0085 7.9818
G-50-SL-RLO2 Green 2 0:20 6/6/2003 4:50 PM 11 20 17.0991 4:50 PM 5:10 PM 25.9535 8.8544
G-50-SL-RLO3 Green 3 0:40 6/6/2003 5:10 PM 11 20 17.0597 5:10 PM 5:30 PM 24.2155 7.1558
Count start Count Time, ross back Sample cts - | AN105 | C/Co, | count/ g |counts/ C/Co,
Sample Count date time file name sec cgounts Net counts ground back[jground control | Cs-137 sampleg controlg Cs-137
G-50-SL-FDO1 6/11/2003 8:40:00 AM | GFDO1 617.5 92646 | 89203+315 140 89063 70045 1.27 11364 | 11353 1.001
G-50-SL-FD02 6/11/2003 | 9:40:00 AM | GFDO02 622.3 121636 | 1169964361 140 116856 70045 1.67 11900 | 11353 1.048
G-50-SL-FDO03 6/17/2003 | 7:50:00 AM | GFDO3 620.8 111704 | 1072524347 115 107137 69191 1.55 9826 11215 | 0.876
G-50-SL-RLO1 6/17/2003 8:25:00 AM | GRLO! 605.7 22180 | 21385+154 115 21270 69191 0.31 2665 11215 | 0.238
G-50-SL-RL0O2 6/17/2003 8:45:00 AM | GRLO02 603.3 7815 7481492 115 7366 69191 0.11 832 11215 | 0.074
G-50-SL-RLO3 6/17/2003 | 9:00:00 AM | GRLO3 602.7 3963 3752+66 115 3637 69191 0.05 508 11215 | 0.045
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Feed = 1 M HNO; at 25°C

Resin = SuperLig 644, batch #C-01-05-28-02-35-60

Bed Volume = 11 mL
Density 1.0 M HNO; = 1.021 g/mL

Flow Rate = approx 11 mL/hr or 1 CV/hr
Start Date and Time = 6/6/03 7:30 AM
End Date and Time = 6/8/03 4:30 PM

Table B.4. Run 1 Data Collection for Cs Elution of Green Column - 50 ppm Cs Feed — 25°C, 1 M HNO; and 1 BV/h Flow

- . . . Sample+Vial
Source Elapsed Time . . Vial + Ca Samplin, Samplin, Sample | Volume, #CV
Sample Column rev at Str;rt, hh:mm| Projected Date/Time} Vol. (mL) Mass (g)p Startlzfini End I")l"imi " Ca(l; i\/[ ass Massp(g) mL processed

G-50-SL-E01 Green | 0.5 0:00 6/6/03 7:30 PM 5.5 7.5363 7:30 PM 8:00 PM 9.7591 2.2228 | 2.1921 0.20
G-50-SL-E02 | Green 1 0:30 6/6/03 8:00 PM 5.5 7.5815 8:00 PM 8:30 PM 10.2759 2.6944 | 2.6572 0.44
G-50-SL-E03 Green 1.5 1:00 6/6/03 8:30 PM 5.5 7.5959 8:30 PM 9:00 PM 9.7364 2.1405 | 2.1109 0.63
G-50-SL-E04 | Green 2 1:30 6/6/03 9:00 PM 5.5 7.4749 9:00 PM 9:30 PM 10.7028 3.2279 | 3.1833 0.92
G-50-SL-E05 Green | 2.5 2:00 6/6/03 9:30 PM 5.5 7.4146 9:30 PM 10:00 PM 10.8313 3.4167 | 3.3695 1.23
G-50-SL-E06 | Green 3 2:30 6/6/03 10:00 PM 5.5 7.4724 10:00 PM 10:30 PM 13.4584 5.9860 | 5.9034 1.77
G-50-SL-E07 | Green | 3.5 3:00 6/6/03 10:30 PM 5.5 7.4502 10:30 PM 11:00 PM 14.2937 6.8435 | 6.7490 2.38
G-50-SL-E08 | Green 4 3:30 6/6/03 11:00 PM 5.5 7.5594 11:00 PM 11:30 PM 12.9563 5.3969 | 5.3224 2.86
G-50-SL-E09 | Green | 4.5 4:00 6/6/03 11:30 PM 5.5 7.4601 11:30 PM | 12:00 AM 12.5298 5.0697 | 4.9997 3.32
G-50-SL-E10 | Green 5 4:30 6/7/03 12:00 AM 5.5 7.5878 12:00 AM | 12:30 AM 12.9992 5.4114 | 5.3367 3.80
G-50-SL-E11 Green | 5.5 5:30 6/7/03 12:30 AM 5.5 7.5097 12:30 AM 1:00 AM 13.4560 5.9463 | 5.8642 4.34
G-50-SL-E12 | Green 6 6:30 6/7/03 1:00 AM 5.5 7.5304 1:00 AM 1:30 AM 14.5993 7.0689 | 6.9713 4.97
G-50-SL-E13 Green | 6.5 7:30 6/7/03 1:30 AM 5.5 7.5861 1:30 AM 2:00 AM 12.3084 4.7223 | 4.6571 5.39
G-50-SL-E14 | Green 7 8:30 6/7/03 2:00 AM 5.5 7.4891 2:00 AM 2:30 AM 14.2969 6.8078 | 6.7138 6.00
G-50-SL-E15 Green | 7.5 9:30 6/7/03 2:30 AM 5.5 7.5860 2:30 AM 3:30 AM 22.1205 14.5345 | 14.3338 7.31
G-50-SL-E16 | Green | 8.5 10:30 6/7/03 3:30 AM 11.0 7.4818 3:34 AM 4:34 AM 20.6653 13.1835 | 13.0015 8.49
G-50-SL-E17 | Green | 9.5 11:30 6/7/03 4:30 AM 11.0 7.5032 4:34 AM 5:34 AM 21.3548 13.8516 | 13.6604 9.73
G-50-SL-E18 | Green | 10.5 12:30 6/7/03 5:30 AM 11.0 7.4512 5:34 AM 6:34 AM 21.1243 13.6731 | 13.4843 10.96
G-50-SL-E19 | Green | 11.5 13:30 6/7/03 6:30 AM 11.0 7.4212 6:34 AM 7:34 AM 19.8575 12.4363 | 12.2646 12.07
G-50-SL-E20 | Green | 12.5 14:30 6/7/03 7:30 AM 11.0 7.6810 7:34 AM 8:30 AM 19.0360 11.3550 | 11.1982 13.09
G-50-SL-E21 Green | 13.5 15:30 6/7/03 8:30 AM 11.0 7.4770 8:30 AM 9:30 AM 19.4916 12.0146 | 11.8487 14.17
G-50-SL-E22 | Green | 14.5 16:30 6/7/03 9:30 AM 11.0 7.5600 9:30 AM 10:30 AM 18.6925 11.1325 | 10.9788 15.16
G-50-SL-E23 Green | 15.5 17:30 6/7/03 10:30 AM 11.0 7.4575 10:30 AM | 11:30 AM 18.1544 10.6969 | 10.5492 16.12
G-50-SL-E24 | Green | 16.5 18:30 6/7/03 11:30 AM 11.0 7.6631 11:30 AM | 12:30 PM 18.9211 11.2580 | 11.1026 17.13
G-50-SL-E25 Green | 17.5 19:30 6/7/03 12:30 PM 11.0 7.4434 12:30 PM 1:30 PM 18.9424 11.4990 | 11.3402 18.16
G-50-SL-E26 | Green | 18.5 20:30 6/7/03 1:30 PM 11.0 7.5976 1:30 PM 2:30 PM 19.8838 12.2862 | 12.1166 19.26
G-50-SL-E27 | Green | 19.5 21:30 6/7/03 2:30 PM 11.0 7.4931 2:30 PM 3:30 PM 20.8795 13.3864 | 13.2016 | 20.46
G-50-SL-E28 | Green | 20.5 22:30 6/7/03 3:30 PM 11.0 7.4354 3:30 PM 4:30 PM 20.4888 13.0534 | 12.8732 | 21.63
G-50-SL-E29 | Green | 21.5 23:30 6/7/03 4:30 PM 11.0 7.4500 4:30 PM 5:30 PM 18.4141 10.9641 | 10.8127 | 22.62
G-50-SL-E30 | Green | 22.5 0:30 6/7/03 5:30 PM 11.0 7.5759 5:30 PM 6:30 PM 17.6230 10.0471 | 9.9084 23.52
G-50-SL-E31 Green | 23.5 1:30 6/7/03 6:30 PM 11.0 7.5171 6:30 PM 7:30 PM 19.0819 11.5648 | 11.4051 24.56
G-50-SL-E32 | Green | 24.5 2:30 6/7/03 7:30 PM 11.0 7.4470 7:30 PM 8:30 PM 16.1611 8.7141 | 8.5938 25.34
G-50-SL-E33 Green | 25.5 3:30 6/7/03 8:30 PM 11.0 7.5422 8:30 PM 9:30 PM 17.5188 9.9766 | 9.8389 26.23
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Table B.4 (Contd)

- . . . Sample+Vial
Source Elapsed Time . . Vial + Ca Samplin, Samplin, Sample | Volume, #CV
Sample Column rov at Strz)irt, hh:mm| Projected Date/Time} Vol. (mL) Mass (g)p Startlzfini End I")l“imi " Ca(l; i\/[ ass Massp(g) mL processed
G-50-SL-E34 | Green | 26.5 4:30 6/7/03 9:30 PM 11.0 7.4840 9:30 PM 10:30 PM 16.9492 9.4652 | 9.3345 27.08
G-50-SL-E35 | Green | 27.5 5:30 6/7/03 10:30 PM 11.0 7.5376 10:30PM | 11:30 PM 18.6614 11.1238 | 10.9702 | 28.08
G-50-SL-E36 | Green | 28.5 6:30 6/7/03 11:30 PM 11.0 7.4381 11:30PM | 12:30 AM 18.9456 11.5075 | 11.3486 | 29.11
G-50-SL-E37 | Green | 29.5 7:30 6/8/03 12:30 AM 11.0 7.5572 12:30 AM 1:30 AM 17.6444 10.0872 | 9.9479 30.01
G-50-SL-E38 | Green | 30.5 8:30 6/8/03 1:30 AM 11.0 7.4483 1:30 AM 2:30 AM 17.6604 10.2121 | 10.0711 | 30.93
G-50-SL-E39 | Green | 31.5 9:30 6/8/03 2:30 AM 11.0 7.5369 2:30 AM 3:30 AM 17.0544 9.5175 | 9.3861 31.78
G-50-SL-E40 | Green | 32.5 10:30 6/8/03 3:30 AM 11.0 7.4811 3:30 AM 4:30 AM 17.8617 10.3806 | 10.2373 | 32.71
Remaining sample counts were too low to count on Nal system. Selected samples were sent for GEA analysis.
Sample Count date Cou.nt start file name Mass count time, gross counts Total Net back cts-bek counts/g control 9% C/Co C/Co
time Counted, g sec counts ground sample counts/ g
G-50-SL-E01 6/12/03 2:19 PM gsle01 2.2228 120.54 3937 32,945 0 32,945 14,822 74,215 20.0% 0.20
G-50-SL-E02 6/12/03 2:22 PM gsle02 2.6944 120.76 10929 1,546,258 0 1,546,258 573,878 74,350 772% 7.72
G-50-SL-E03 6/12/03 2:26 PM gsle03 2.1405 120.6 6384 893,114 0 893,114 417,246 74,251 562% 5.62
G-50-SL-E04 6/12/03 2:29 PM gsle04 3.2279 120.66 7639 1,928,560 0 1,928,560 597,466 74,288 804% 8.04
G-50-SL-E05 6/12/03 11:49 AM gsle05da 3.4167 90.32 330 30,105 0 30,105 8,811 55,609 16% 0.16
G-50-SL-E06 6/12/03 11:52 AM gsle06da 5.9860 90.4 2458 566,620 0 566,620 94,658 55,658 170% 1.70
G-50-SL-E07 6/13/03 3:00 PM | GSLEO7DB 6.8435 121.9 45348 11,490,175 0 11,490,175 | 1,678,991 75,052 2237% 22.37
G-50-SL-E08 6/12/03 1:48 PM gsle08db 5.3969 125.3 146230 81,336,012 0 81,336,012 | 15,070,876 77,145 19536% | 195.36
G-50-SL-E09 6/12/03 1:58 PM gsle09db 5.0697 124.86 132748 41,467,053 0 41,467,053 | 8,179,390 76,874 10640% | 106.40
G-50-SL-E10 6/12/03 12:02 PM gslel0da 5.4114 90.89 16814 2,430,308 0 2,430,308 449,109 55,960 803% 8.03
G-50-SL-El11 6/12/03 12:04 PM gslel 1da 5.9463 90.78 14331 364,829 0 364,829 61,354 55,892 110% 1.10
G-50-SL-E12 6/12/03 12:06 PM gslel2da 7.0689 90.54 6512 156,605 0 156,605 22,154 55,744 40% 0.40
G-50-SL-E13 6/12/03 12:09 PM gslel3da 4.7223 90.68 10944 109,910 0 109,910 23,275 55,830 41.7% 0.42
G-50-SL-E14 6/16/03 7:50 AM GSLE14 6.8078 308.1 216178 203,011 0 203,011 29,820 189,692 15.7% 0.16
G-50-SL-E15 6/11/03 12:00 PM GSLE15 14.5345 308.8 227964 212,807 0 212,807 14,642 190,123 7.7% 0.0770
G-50-SL-E16 6/11/03 12:05 PM GSLE16 13.1835 203 71262 66,811 0 66,811 5,068 124,984 4.1% 0.0405
G-50-SL-E17 6/11/03 12:10 PM GSLE17 13.8516 202 41068 38,316 0 38,316 2,766 124,368 2.22% 0.0222
G-50-SL-E18 6/11/03 12:20 PM GSLE18 13.6731 201.5 23427 21,688 0 21,688 1,586 124,060 1.28% 0.0128
G-50-SL-E19 6/11/03 12:30 PM GSLE19 12.4363 201.2 14489 13,262 0 13,262 1,066 123,876 0.86% 0.0086
G-50-SL-E20 6/11/03 12:45 PM GSLE20 11.3550 301.5 13457 11,863 0 11,863 1,045 185,629 0.56% 0.0056
G-50-SL-E21 6/11/03 12:50 PM GSLE21 12.0146 301 7968 6,410 0 6,410 534 185,321 0.29% 0.0029
G-50-SL-E22 6/11/03 1:00 PM GSLE22 11.1325 401.6 6016 4,098 0 4,098 368 247,259 0.15% 0.0015
G-50-SL-E23 6/11/03 1:20 PM GSLE23 10.6969 602.4 8995 6,136 0 6,136 574 370,888 0.15% 0.0015
G-50-SL-E24 6/11/03 1:30 PM GSLE24 11.2580 602.9 5926 2,420 0 2,420 215 371,196 0.06% | 0.00058
G-50-SL-E25 6/11/03 1:50 PM GSLE25 11.4990 702.6 5450 2,880 0 2,880 250 432,580 0.06% | 0.00058
G-50-SL-E26 6/11/03 2:10 PM GSLE26 12.2862 903.4 6054 2,616 0 2,616 213 556,209 0.04% | 0.00038
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Table B.4 (Contd)

Sample Count date Coupt start file name Mass count time, gross counts Total Net back ctscbok counts/g control 9% C/Co C/Co
time Counted, g sec counts ground sample counts/ g
G-50-SL-E27 6/11/03 2:20 PM GSLE27 13.3864 1204.5 7370 2,919 0 2,919 218 741,591 0.029% | 0.00029
G-50-SL-E28 6/11/03 3:20 PM GSLE28 13.0534 1505.56 8172 2,744 0 2,744 210 926,949 0.023% | 0.00023
G-50-SL-E29 6/11/03 3:50 PM GSLE29 10.9641 1505.56 7444 2,342 0 2,342 214 926,949 0.023% | 0.00023
G-50-SL-E30 6/11/03 6:26 PM GSLE30 10.0471 3613.24 17477 2,682 0 2,682 267 2,224,614 0.012% | 0.00012
G-50-SL-E31 6/11/03 9:08 PM GSLE31 11.5648 3613.28 18145 3,603 0 3,603 312 2,224,639 0.014% | 0.00014
G-50-SL-E32 6/24/03 11:38 AM GSLE32 8.7141 3611.48 13531 3,075 0 3,075 353 2,223,530 0.016% | 0.00016
G-50-SL-E33 6/24/03 1:17 PM GSLE33 9.9766 3611.6 13904 2,906 0 2,906 291 2,223,604 0.013% | 0.00013
G-50-SL-E34 6/24/03 3:37 PM GSLE34 9.4652 3611.98 14438 3,116 0 3,116 329 2,223,838 0.015% | 0.00015
G-50-SL-E35 6/24/03 4:50 PM GSLE35 11.1238 3611.84 14010 2,975 0 2,975 267 2,223,752 0.012% | 0.00012
G-50-SL-E36 6/25/03 10:00 AM GSLE36 11.5075 3611.98 13314 2,570 0 2,570 223 2,223,838 0.010% | 0.00010
G-50-SL-E37 6/25/03 11:15 AM GSLE37 10.0872 3611.96 12770 1,773 0 1,773 176 2,223,826 0.008% | 0.00008
G-50-SL-E38 6/25/03 1:20 PM GSLE38 10.2121 3612.1 12588 2,603 0 2,603 255 2,223,912 0.011% | 0.00011
G-50-SL-E39 6/26/03 8:52 AM GSLE39 9.5175 3612.48 12182 1,112 0 1,112 117 2,224,146 0.005% | 0.00005
G-50-SL-E40 6/26/03 12:22 PM GSLE40 10.3806 3612.54 12487 1,634 0 1,634 157 2,224,183 0.007% | 0.00007

Remaining sample counts were too low to count on Nal system. Selected samples were sent for GEA analysis.
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Second Water Rinse

Feed = DI water
Resin = SuperLig 644, batch #C-01-05-28-02-35-60
Bed Volume = 11 mL

Flow Rate = approx 33 mL/hr or 3 CV/hr

Start Date and Time = 6/8/03 4:36 PM
End Date and Time = 6/8/03 6:30 PM

Table B.5. Run 1 Data Collection During Second Water Rinse of Green Column — 50 ppm Feed

Collection
Source Elapsed . . . Vial + Cap | Sampling | Sampling | Sample+Vial+| Sample
Sample Column Bev Time Projected Date/Time | Day Vol. (mb) rr};ilmuteés Mass (g) Start Time | End Time | Cap Mass (g) | Mass (g)
G-50-SL-WRO1 Green 1 0:00 ]6/8/2003 4:37 PM Sunday 11 20 17.0024 4:37 PM 4:57 PM 30.5828 13.5804
G-50-SL-WRO02 Green 2 0:20 |6/8/2003 4:57 PM Sunday 11 20 17.1448 4:57 PM 5:17 PM 24.4658 7.3210
G-50-SL-WRO03 Green 3 0:40 ]6/8/2003 5:17 PM Sunday 11 20 16.9991 5:17 PM 5:37 PM 26.1159 9.1168
G-50-SL-WR04 Green 4 1:00 ]6/8/2003 5:37 PM Sunday 11 -- 17.0812 -- - 26.9550 9.8738
G-50-SL-WRO05 Green 5 1:20 |6/8/2003 5:57 PM Sunday 11 -- 17.1280 -- 6:30 PM 19.2825 2.1545
trouble with inlet tube and then bubbles. Added water with pipet and drained until pH was 5. Collected into WR-04 and WR-05.
pH WR-04 was ~4. pH of WRO0S5 was ~5. IB 6/8/03
IIlindicates no data
Sample Count start back Estimated
P Count date | time file name |Count Time, sec|gross counts| Net counts | ground | Tot cts-bck | Control C/Co,
G-50-SL-WRO01 6/17/2003 | 9:20 AM | GWRO1 602.04 129 125411 115 10 69191 0.0001
G-50-SL-WR02 6/17/2003 | 9:35 AM | GWRO02 602.00 123 94+13 115 -21 69191 -0.0003
G-50-SL-WRO03 6/17/2003 | 9:50 AM | GWRO03 602.06 90 86+9 115 -29 69191 -0.0004
G-50-SL-WR04 6/17/2003 [10:10 AM| GWRO04 601.98 105 101+10 115 -14 69191 -0.0002
G-50-SL-WRO05 6/17/2003 [10:30 AM| GWRO05 602.04 101 97+10 115 -18 69191 -0.0003
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Table B.6.

Run 1 Data Collection for Resin Mass - Before and After Column Run - Green Column, 50 ppm Feed

SL-644 Loaded with 50 ppm AN-105 Simulant -Green Column
Resin: SL-644, pre-conditioned 5/03- Acid Form

Mass Initial Resin 3.32185]prior to column loading
F-factor 0.6719
dry wt resin 2.2320
Mass Final Resin 1.9745 after column elution
F-factor 0.9680
dry wt rfinal resin 1.9112
Mass Change 0.3207
% Mass Change 14.4%
F-factor Data and Calculation - Initial Resin
Vial Tare Wt,| Vial + Resin | Wet Resin Dry Wt #2, g | Frinal Dry
Date/Time Drying Temp, °C g Wt, g Mass, g Dry WT #1, g| (5/27/03) Resin Wt., g F-Factor average
5/23/03 9:20 AM 50 16.9840 17.4960 0.5120 17.3683 17.3278 0.3438 0.6715 0.6719
5/23/03 9:20 AM 50 17.1963 17.7107 0.5144 17.5749 17.5421 0.3458 0.6722
F-factor Data and Calculation - Spent Resin
Drying Temp, | Vial Tare Wt, | Vial + Resin | Wet Resin Frinal Dry
Date/Time °C g Wt, g Mass, g Dry Wt #1, g | Dry Wt#2, g | Resin Wt., g F-Factor
9/15/03 10:20 AM 50 16.9626 17.5151 0.5525 17.5014 17.4974 0.5348 0.9680
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Loading Feed = AN-105 Simulant at 50 ppm Cs
Resin = SuperLig 644, batch #C-01-05-28-02-35-60 MT Effluent-1 Jug/cap-w/o hole = 284.2 g
Supernate Density = 1.2434 MT Effluent-2 Jug/cap-w/o hole = 285.5 g
Flow Rate = approx 30 mL/hr or ~3.0 CV/hr Start Date and Time = 6/2/2003 2:21 PM
Pink Bed volume = 11 mL End Date and Time = 6/5/2003 7:13 PM
Table B.7. Run 1 Cs Loading of Pink Column — 50 pg/L Cs with SL-644
Source Elapsed Time . . Vol. | Vial + Cap| Samplin, Samplin, Eff. Bottle | Sample+Vial+| Sample Mass Est. Est. Flow
Sample Column Fevl atStart, Projected Date/Time (mL)| Mass (g)p StartpTimge End EJl"im%: Mass (g) CappMass (g Massp(g) Processed, g| Effluent Rate #ev
hh:mm Vol

P-50-SL-L01 Pink 5 1:40 6/2/2003 3:55 PM 5 16.9931 3:55 PM 4:04 PM 343.8 22.5149 5.5218 65.1 52.4 - 4.8
P-50-SL-L02 Pink 49 16:20 6/3/2003 6:35 AM 5 17.1092 | 6:35 AM 6:48 AM 941.6 27.0566 9.9474 672.9 541.2 33.1 49.2
P-50-SL-L03 Pink 64 21:19 6/3/2003 11:34 AM 5 17.2355 | 11:34 AM | 11:43 AM 1141.5 23.5417 6.3062 879.1 707.0 33.2 64.3
P-50-SL-L04 Pink 79 26:15 6/3/2003 4:30 PM 5 17.0385 4:30 PM 4:39 PM 1343.2 23.2762 6.2377 1087.0 874.2 33.3 79.5
P-50-SL-L05 Pink 123 40:15 6/4/2003 6:30 AM 5 17.2011 6:30 AM 6:39 AM 1926.5 23.4123 6.2112 1676.5 1348.3 33.5 122.6
P-50-SL-L06 Pink 137 45:01 6/4/2003 11:16 AM 5 17.1026 | 11:16 AM | 11:25 AM 2120.4 23.3337 6.2311 1876.7 1509.3 33.5 137.2
P-50-SL-L07 Pink 152 49:48 6/4/2003 4:03 PM 5 17.0573 4:03 PM 4:12 PM 2314.3 23.3292 6.2719 2076.8 1670.3 33.5 151.8
P-50-SL-L08 Pink 165 55:10 6/4/2003 9:25 PM 5 17.0727 9:25 PM 9:34 PM 363.4 23.4464 6.3737 2253.7 1812.5 32.9 164.8
P-50-SL-L09 Pink 193 64:15 6/5/2003 6:30 AM 5 17.0889 | 6:30 AM 6:39 AM 739.2 23.3434 6.2545 2635.8 2119.8 33.0 192.7
P-50-SL-L10 Pink | 203 67:45 6/5/2003 10:00 AM 5 17.0598 | 10:00 AM [ 10:09 AM 880.2 23.2314 6.1716 2782.9 2238.2 33.0 203.5
P-50-SL-L11 Pink 211 70:14 6/5/2003 12:29 PM 5 17.1824 | 12:29 PM | 12:38 PM 976.1 23.4169 6.2345 2885.1 2320.3 33.0 210.9
P-50-SL-L12 Pink 216 72:00 6/5/2003 2:15 PM 5 17.0775 2:15 PM 2:24 PM 1044.3 23.2425 6.1650 2959.4 2380.1 33.1 216.4
P-50-SL-L13 Pink | 226 76:49 6/5/2003 7:04 PM 5 17.0355 7:04 PM 7:13 PM 1166.0 23.2343 6.1988 3087.3 2483.0 32.3 225.7

indicates no data
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Count start Mass count | gross back |Sample cts -| Control AN- | counts /g| control | C/Co,
Sample Count date . file name . Net counts
time Counted, g | time, sec| counts ground | background| 105 counts | sample | counts/g| Csl137
P-50-SL-LO1 | 6/5/2003 | 10:10 AM | P50SLLO] 5.5218 602 179 160+14 149 11 72443 2.0 11564 | 0.02%
P-50-SL-L02 | 6/4/2003 6:10 PM | PSOSLLO2 | 9.9474 602 174 148+15 120 28 68639 2.8 10957 | 0.03%
P-50-SL-L03 | 6/4/2003 3:55PM | P50SLLO3 6.3062 602 174 152+14 120 32 68639 5.1 10957 | 0.05%
P-50-SL-L04 | 6/4/2003 | 12:15PM | P50SLL04 | 6.2377 602 166 162+13 153 9 68741 1.4 10973 | 0.01%
P-50-SL-LO5 | 6/4/2003 | 11:30 AM | P50SLLO5 6.2112 602 869 847430 153 694 68741 111.7 10973 1.02%
P-50-SL-L06 | 6/4/2003 1:25PM | P50SLLO6 | 6.2311 603 4599 | 4408+70 120 4288 68741 688.2 10973 | 6.27%
P-50-SL-L07 | 6/4/2003 4:45PM | P5SOSLLO7 | 6.2719 605 16751 | 16081+34 120 15961 68639 2544.8 10957 | 23.23%
P-50-SL-L08 | 6/4/2003 | 10:30 PM | P50SLLO8 | 6.3737 608 | 33122] 31851+188 | 149 31702 68617 4973.9 10953 | 45.41%
P-50-SL-L09 | 6/5/2003 8:25 AM | P50SLL0O9 | 6.2545 612 | 60162 | 57819+254 | 149 57670 72443 9220.6 11564 | 79.73%
P-50-SL-L10 | 6/5/2003 | 10:45 AM | P5S0SLLIO | 6.1716 613 | 64156 | 61624+263 | 149 61475 72443 9961.0 11564 | 86.14%
P-50-SL-L11 | 6/5/2003 1:35PM | P5SOSLLI1 6.2345 614 | 68631 | 66260+£270 | 149 66111 70163 10604.1 | 11200 | 94.68%
P-50-SL-L12 | 6/5/2003 3:05PM | PSOSLL12 | 6.1650 613 | 65627 | 63275265 | 149 63126 70163 10239.4 | 11200 | 91.42%
P-50-SL-L13 | 6/5/2003 7:25PM | PSOSLL13 6.1988 614 | 68621 | 66269+£270 | 149 66120 70163 10666.6 | 11200 | 95.24%
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Wash & Rinse

Bed Volume = 11 mL
NaOH density = 1.008 g/mL

Feed = Wash - 0.1 M NaOH, Rinse - water
Resin = SuperLig 644, batch #C-01-05-28-02-35-60

Flow Rate = approx 33 mL/hr or 3 CV/hr
Start Date and Time = 6/5/03 8:08 PM
End Date and Time = 6/5/03 10:08 PM

Table B.8 Run 1 Data Collection during 0.10 M NaOH Feed Displacement and Water Rinse of Pink Column — 50 ppm Feed

Sample Source 4cv Ela.psed Projected Date/Time Vol. C(ill,lifgzon Vial + Cap Sampl%ng Start Sampl'ing End | Sample+Vial+| Sample Mass
Column Time (mL) . Mass (g) Time Time Cap Mass (g) (g)
minutes
P-50-SL-FDO1 Pink 1 0:00 6/5/2003 8:08 PM 11 20 17.3471 8:08 PM 8:28 PM 31.0714 13.7243
P-50-SL-FD02 Pink 2 0:20 6/5/2003 8:28 PM 11 20 17.1018 8:28 PM 8:48 PM 30.9227 10.9227
P-50-SL-FD03 Pink 3 0:40 6/5/2003 8:48 PM 11 20 17.0503 8:48 PM 9:08 PM 29.4077 9.4077
P-50-SL-RLO1 Pink 1 0:00 6/5/2003 9:08 PM 11 20 17.0717 9:08 PM 9:28 PM 27.6411 7.6411
P-50-SL-RL02 Pink 2 0:20 6/5/2003 9:28 PM 11 20 17.1090 9:28 PM 9:48 PM 28.7597 8.7597
P-50-SL-RL0O3 Pink 3 0:40 6/5/2003 9:48 PM 11 20 17.0465 9:48 PM 10:08 PM 26.4130 6.4130
Sample Count date Coupt start file name Count Time,| gross Net counts back Sample cts - | AN105 | count/ g|counts/ g| C/Co,
time sec counts ground | background | control | sample | control | Cs-137
P-50-SL-FDO1 6/6/2003 7:10 AM PFD1 631.3 172756 | 166597+430 169 166428 67245 | 12127 | 10899 1.113
P-50-SL-FD02 6/6/2003 7:25 AM PFD2 624.4 133579 | 1292084377 169 129039 67245 | 11814 | 10899 1.084
P-50-SL-FDO3 6/10/2003 8:00 AM PFDO3 603.7 14926 | 14282+127 237 14045 70869 1493 11487 | 0.130
P-50-SL-RLO1 6/10/2003 11:10 AM PRLI 602.1 6464 6157+84 134 6023 70869 788 11487 | 0.069
P-50-SL-RL02 6/10/2003 11:25 AM PRL02 602.2 6694 6479+84 134 6345 70869 724 11487 | 0.063
P-50-SL-RL0O3 6/10/2003 11:45 AM PRLO3 601.6 6767 3619+63 134 3485 70869 543 11487 | 0.047
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Elution

Density 0.5 M HNO; = 1.014 g/mL

Feed = 0.5 M HNO; at 45°C

Resin = SuperLig 644, batch #C-01-05-28-02-35-60

Bed Volume = 11 mL

Flow Rate = approx 11 mL/hr or 1 CV/hr

Start Date and Time = 6/6/03 9:30 AM
End Date and Time = 6/8/03 3:30 PM

Table B.9. Run 1 Data Collection for Cs Elution of Pink Column — 50 ppm Cs Feed — 45°C, 0.5 M HNOs and 1 BV/h Flow

Source Elapsed Time . . Vial + Ca Sampling |Samplin, Sample Vial Sample | Volume, #CV
Sample Column BV at Stirt, hh:mm| Projected Date/Time Vol. (mL) Mass (g)p StartpTimg;: End?l"imge - Ca(p:g;\/l ass Massp(g) mL processed

P-50-SL-E01 Pink 0.5 0:00 6/6/03 9:30 AM 5.5 7.4521 9:30 AM 10:00 AM 12.2260 4.7739 | 4.7080 0.43
P-50-SL-E02 Pink 1 0:30 6/6/03 10:00 AM 5.5 7.6095 10:00 AM | 10:30 AM 12.5416 4.9321 | 4.8640 0.87
P-50-SL-E03 Pink 1.5 1:00 6/6/03 10:30 AM 5.5 7.4903 10:30 AM | 11:00 AM 12.5982 5.1079 | 5.0374 1.33
P-50-SL-E04 Pink 2 1:30 6/6/03 11:00 AM 5.5 7.5357 11:00 AM | 12:00 PM 17.1189 9.5832 | 9.4509 2.19
P-50-SL-E05 Pink 3 2:00 6/6/03 12:00 PM 11.0 7.4862 12:00 PM | 12:30 PM 12.4903 5.0041 | 4.9350 2.64
P-50-SL-E06 Pink 3.5 2:30 6/6/03 12:30 PM 5.5 7.5056 12:30 PM 1:00 PM 12.5985 5.0929 | 5.0226 3.09
P-50-SL-E07 Pink 4 3:00 6/6/03 1:00 PM 5.5 7.7632 1:00 PM 1:30 PM 12.6208 4.8576 | 4.7905 3.53
P-50-SL-E08 Pink | 4.5 3:30 6/6/03 1:30 PM 5.5 7.5699 1:30 PM 2:00 PM 12.6993 5.1294 | 5.0586 3.99
P-50-SL-E09 Pink 5 4:00 6/6/03 2:00 PM 5.5 7.4875 2:00 PM 2:30 PM 12.5650 5.0775 | 5.0074 4.44
P-50-SL-E10 Pink 5.5 4:30 6/6/03 2:30 PM 5.5 7.5812 2:30 PM 3:00 PM 12.6316 5.0504 | 4.9807 4.90
P-50-SL-E11 Pink 6 5:30 6/6/03 3:00 PM 5.5 7.5733 3:00 PM 3:30 PM 12.5520 4.9787 | 4.9100 5.34
P-50-SL-E12 Pink 6.5 6:30 6/6/03 3:30 PM 5.5 7.4787 3:30 PM 4:00 PM 11.9151 4.4364 | 4.3751 5.74
P-50-SL-E13 Pink 7 7:30 6/6/03 4:00 PM 11.0 7.4903 4:00 PM 4:30 PM 12.4512 4.9609 | 4.8924 6.18
P-50-SL-E14 Pink 8 8:30 6/6/03 4:30 PM 11.0 7.6665 4:30 PM 5:30 PM 17.0927 9.4262 | 9.2961 7.03
P-50-SL-E15 Pink 9 9:30 6/6/03 5:30 PM 11.0 7.5892 5:30 PM 6:30 PM 17.3022 9.7130 | 9.5789 7.90
P-50-SL-E16 Pink 10 10:30 6/6/03 6:30 PM 11.0 7.4450 6:30 PM 7:30 PM 17.3338 9.8888 | 9.7523 8.79
P-50-SL-E17 Pink 11 11:30 6/6/03 7:30 PM 11.0 7.4630 7:30 PM 8:30 PM 17.0943 9.6313 | 9.4983 9.65
P-50-SL-E18 Pink 12 12:30 6/6/03 8:30 PM 11.0 7.4987 8:30 PM 9:30 PM 17.2952 9.7965 | 9.6612 10.53
P-50-SL-E19 Pink 13 13:30 6/6/03 9:30 PM 11.0 7.4847 9:30 PM 10:30 PM 13.5149 6.0302 | 5.9469 11.07
P-50-SL-E20 Pink 14 14:30 6/6/03 10:30 PM 11.0 7.4784 10:30 PM 11:30 PM 17.5176 10.0392 | 9.9006 11.97
P-50-SL-E21 Pink 15 15:30 6/6/03 11:30 PM 11.0 7.4849 11:30 PM | 12:30 AM 19.8173 12.3324 | 12.1621 13.08
P-50-SL-E22 Pink 16 16:30 6/7/03 12:30 AM 11.0 7.4985 12:30 AM 1:30 AM 20.1473 12.6488 | 12.4742 14.21
P-50-SL-E23 Pink 17 17:30 6/7/03 1:30 AM 11.0 7.4817 1:30 AM 2:30 AM 18.5486 11.0669 | 10.9141 15.20
P-50-SL-E24 Pink 18 18:30 6/7/03 2:30 AM 11.0 7.4687 2:30 AM 3:30 AM 18.8122 11.3435] 11.1869 16.22
P-50-SL-E25 Pink 19 19:30 6/7/03 3:30 AM 11.0 7.4294 3:30 AM 4:30 AM 17.9869 10.55751 10.4117 17.17
P-50-SL-E26 Pink 20 20:30 6/7/03 4:30 AM 11.0 7.5123 4:30 AM 5:30 AM 18.5540 11.0417 | 10.8893 18.16
P-50-SL-E27 Pink 21 21:30 6/7/03 5:30 AM 11.0 7.5095 5:30 AM 6:30 AM 18.5990 11.0895 | 10.9364 19.15
P-50-SL-E28 Pink 22 22:30 6/7/03 6:30 AM 11.0 7.4643 6:30 AM 7:30 AM 18.7069 11.2426 | 11.0874 | 20.16
P-50-SL-E29 Pink 23 23:30 6/7/03 7:30 AM 11.0 7.5892 7:30 AM 8:30 AM 18.7226 11.1334 ] 10.9797 | 21.16
P-50-SL-E30 Pink 24 0:30 6/7/03 8:30 AM 11.0 7.5630 8:30 AM 9:30 AM 18.8543 11.2913 | 11.1354 | 22.17
P-50-SL-E31 Pink 25 1:30 6/7/03 9:30 AM 11.0 7.5056 9:30 AM 10:30 AM 18.6768 11.1712 ] 11.0170 |  23.17
P-50-SL-E32 Pink 26 2:30 6/7/03 10:30 AM 11.0 7.4885 10:30 AM | 11:30 AM 18.9929 11.5044 ] 11.3456 | 24.20
P-50-SL-E33 Pink 27 3:30 6/7/03 11:30 AM 11.0 7.4668 11:30 AM | 12:30 PM 18.9024 11.4356 | 11.2777 | 25.23
P-50-SL-E34 Pink 28 4:30 6/7/03 12:30 PM 11.0 7.4486 12:30 PM 1:30 PM 18.8665 11.4179 | 11.2603 | 26.25
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Table B.9 (Contd)

Source Elapsed Time . . Vial + Ca Sampling |Samplin Sample+Vial Sample | Volume, #CV
Sample Column rev at Str;rt, hh:mm| Projected Date/Timef Vol. (mL) Mass (g)p Startr:‘l"ini End l"Jl"irnge " Ca(p:g;\/l ass Massp(g) mL processed
P-50-SL-E35 Pink 29 5:30 6/7/03 1:30 PM 11.0 7.5687 1:30 PM 2:30 PM 18.4280 10.8593 | 10.7094 | 27.22
P-50-SL-E36 Pink 30 6:30 6/7/03 2:30 PM 11.0 7.4672 2:30 PM 3:30 PM 19.0352 11.5680 | 11.4083 | 28.26
P-50-SL-E37 Pink 30 7:30 6/7/03 3:30 PM 11.0 7.4737 3:30 PM 4:30 PM 18.3661 10.8924 | 10.7420 | 29.24
P-50-SL-E38 Pink 30 8:30 6/7/03 4:30 PM 11.0 7.5874 4:30 PM 5:30 PM 18.9670 11.3796 | 11.2225] 30.26
P-50-SL-E39 Pink 30 9:30 6/7/03 5:30 PM 11.0 7.5114 5:30 PM 6:30 PM 18.3709 10.8595 ] 10.7096 | 31.23
P-50-SL-E40 Pink 30 10:30 6/7/03 6:30 PM 11.0 7.5175 6:30 PM 7:30 PM 19.9165 12.3990 | 12.2278 | 32.34
P-50-SL-E41 Pink 30 11:30 6/7/03 7:30 PM 11.0 7.4575 7:30 PM 8:30 PM 17.5862 10.1287 | 9.9889 33.25
P-50-SL-E42 Pink 30 12:30 6/7/03 8:30 PM 11.0 7.4583 8:30 PM 9:30 PM 18.5033 11.0450 | 10.8925| 34.24
P-50-SL-E43 Pink 30 13:30 6/7/03 9:30 PM 11.0 7.5783 9:30 PM 10:30 PM 18.7570 11.1787 ] 11.0244 | 35.24
P-50-SL-E44 Pink 30 14:30 6/7/03 10:30 PM 11.0 7.5565 10:30 PM 11:30 PM 19.0222 11.4657 | 11.3074 | 36.27
P-50-SL-E45 Pink 30 15:30 6/7/03 11:30 PM 11.0 7.4731 11:30 PM | 12:30 AM 19.0709 11.5978 | 11.4377] 37.31
P-50-SL-E46 Pink 30 16:30 6/8/03 12:30 AM 11.0 7.4902 12:30 AM 1:30 AM 17.9370 10.4468 | 10.3026 | 38.25
P-50-SL-E47 Pink 30 17:30 6/8/03 1:30 AM 11.0 7.4155 1:30 AM 2:30 AM 18.6328 11.2173 | 11.0624 | 39.25
P-50-SL-E48 Pink 30 18:30 6/8/03 2:30 AM 11.0 7.4837 2:30 AM 3:30 AM 18.8206 11.3369 | 11.1804 | 40.27
P-50-SL-E49 Pink 30 19:30 6/8/03 3:30 AM 11.0 7.5608 3:30 AM 4:30 AM 18.7306 11.1698 | 11.0156 | 41.27
P-50-SL-E50 Pink 30 20:30 6/8/03 4:30 AM 11.0 7.4820 4:30 AM 5:30 AM 18.8141 11.3321 | 11.1756 | 42.29
Remaining sample counts were too low to count on Nal system. Selected samples were sent for GEA analysis.
Sample Count date Cou'nt start file name Mass count time, sec| gross counts Total Net back Tot cts-bck counts/g control % C/Co C/Co
time Counted, g counts ground sample counts/ g
P-50-SL-E01 6/12/03 10:50 AM psle0lda 4.7739 120.54 4026 37,304 0 37,304 7814 74,215 10.5% 0.11
P-50-SL-E02 6/12/03 2:06 PM psle02 4.9321 120.82 13111 1,871,833 0 1871833.06 379521 74,387 510% 5.10
P-50-SL-E03 6/12/03 2:09 PM psle03 5.1079 120.88 15144 2,205,344 0 2205344.47 431752 74,424 580% 5.80
P-50-SL-E04 6/12/03 2:13 PM psle04 9.5832 126.38 176949 45,464,406 0 45464406.3 | 4744178 77,810 6097% 60.97
P-50-SL-E05 6/12/03 2:16 PM psle05 5.0041 126.04 171453 43,511,787 0 43511786.6 | 8695227 77,601 11205% | 112.05
P-50-SL-E06 6/12/03 1:30 PM psle06db 5.0929 241.3 15550 410,821,129 0 410821129 | 80665462 148,565 54297% | 542.97
P-50-SL-E07 6/12/03 1:35 PM psle07db 4.8576 125.1 141147 79,864,119 0 79864118.9 | 16441065 77,022 21346% | 213.46
P-50-SL-E08 6/12/03 11:21 AM psle08da 5.1294 120.8 12288 3,183,577 0 3183577.31 620653 74,375 834% 8.34
P-50-SL-E09 6/12/03 11:25 AM psle09da 5.0775 120.78 11325 1,624,163 0 1624163.43 319875 74,362 430% 4.30
P-50-SL-E10 6/12/03 11:28 AM pslel0da 5.0504 120.66 7315 1,012,145 0 1012145.2 200409 74,288 270% 2.70
P-50-SL-E11 6/12/03 11:31 AM pslel 1da 4.9787 121.26 25621 647,934 0 647934.253 130141 74,658 174% 1.74
P-50-SL-E12 6/12/03 11:33 AM pslel2da 4.4364 121 18069 464,899 0 464899.171 104792 74,498 141% 1.41
P-50-SL-E13 6/12/03 11:36 AM pslel3da 4.9609 121.38 29701 301,249 0 301249.124 60725 74,732 81.3% | 0.81257
P-50-SL-E14 6/10/03 2:02 PM pslel4 9.4262 62.5 70755 66,087 0 66087 7011 38,480 18.2% | 0.18220
P-50-SL-E15 6/10/03 1:53 PM pslel5 9.7130 305 139397 131,654 0 131654 13554 187,784 7.2% 0.07218
P-50-SL-E16 6/10/03 1:38 PM pslel6 9.8888 605 100324 92,563 0 92563 9360 372,489 2.5% 0.02513
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Table B.9 (Contd)

Sample Count date Cou'nt start file name Mass count time, sec| gross counts Total Net back Tot cts-bek counts/g control % C/Co C/Co
time Counted, g counts ground sample counts/ g
P-50-SL-E17 6/10/03 1:20 PM pslel7 9.6313 603 37800 33,276 0 33276 3455 371,257 0.93% | 0.00931
P-50-SL-E18 6/10/03 1:08 PM pslel8 9.7965 612 18246 15,130 0 15130 1544 376,799 0.41% | 0.00410
P-50-SL-E19 6/10/03 12:09 PM pslel9 6.0302 2409 33838 22,255 0 22255 3691 1,483,183 0.25% | 0.00249
P-50-SL-E20 6/10/03 11:19 AM psle20c 10.0392 1807 32610 20,600 0 20600 2052 1,112,541 0.18% | 0.00184
P-50-SL-E21 6/10/03 2:06 PM psle21 12.3324 1205 20282 12,219 0 12219 991 741,899 0.13% | 0.00134
P-50-SL-E22 6/10/03 4:30 PM psle22 12.6488 1870.26 23117 13,602 0 13602 1075 1,151,489 0.09% | 0.00093
P-50-SL-E23 6/11/03 2:50 AM psle23 11.0669 3613.8 36999 20,034 0 20034 1810 2,224,959 0.08% | 0.00081
P-50-SL-E24 6/11/03 1:45 AM psle24 11.3435 3613.76 34739 18,678 0 18678 1647 2,224,934 0.07% | 0.00074
P-50-SL-E25 6/11/03 12:45 AM psle25 10.5575 3613.5 29627 15,049 0 15049 1425 2,224,774 0.06% | 0.00064
P-50-SL-E26 6/10/03 11:40 PM psle26 11.0417 3613.34 27714 12,919 0 12919 1170 2,224,676 0.05% | 0.00053
P-50-SL-E27 6/10/03 10:35 PM psle27 11.0895 3613.62 25808 11,663 0 11663 1052 2,224,848 0.047% | 0.00047
P-50-SL-E28 6/10/03 9:30 PM psle28 11.2426 3613.3 23940 9,795 0 9795 871 2,224,651 0.039% | 0.00039
P-50-SL-E29 6/10/03 8:10 PM psle29 11.1334 3613.38 22177 6,623 0 6623 595 2,224,700 | 0.027% | 0.00027
P-50-SL-E30 6/10/03 5:30 PM psle30 11.2913 3613.34 21121 5,819 0 5819 515 2,224,676 | 0.023% | 0.00023
P-50-SL-E31 6/13/03 8:21 AM PSLE31 11.1712 1806.62 9800 2,310 0 2310 207 1,112,307 | 0.019% | 0.00019
P-50-SL-E32 6/11/03 11:37 PM psle32 11.5044 3613.3 19008 4,826 0 4826 419 2,224,651 0.019% | 0.00019
P-50-SL-E33 6/11/03 4:06 AM psle33 11.4356]  14452.22 71337 13,829 0 13829 1209 8,898,001 0.014% | 0.00014
P-50-SL-E34 6/13/03 12:01 PM PSLE34 11.4179 3613.36 16987 2,192 0 2192 192 2,224,688 0.009% | 0.00009
P-50-SL-E35 6/13/03 1:19 PM PSLE35 10.8593 3613.28 16224 3,017 0 3017 278 2,224,639 | 0.012% | 0.00012
P-50-SL-E36 6/13/03 2:29 PM PSLE36 11.5680 3614.2 22987 2,440 0 2440 211 2,225,205 | 0.0095% | 0.00009
P-50-SL-E37 6/23/03 3:14 PM PSLE37 10.8924]  54196.36 405848 49,206 0 49206 4517 33,367,832 | 0.0135% | 0.00014
P-50-SL-E38 6/24/03 9:04 AM PSLE38 11.3796 3611.86 13810 2,342 0 2342 206 2,223,764 | 0.0093% | 0.00009
P-50-SL-E39 6/24/03 10:22 AM PSLE39 10.8595 3611.72 12029 1,031 0 1031 95 2,223,678 | 0.0043% | 0.00004

Remaining sample counts were too low to count on Nal system. Selected samples were sent for GEA analysis.
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Second Water Rinse

Table B.10 Run 1 Data Collection During Second Water Rinse of Pink Column — 50 ppm Feed

Feed = DI water

Resin = SuperLig 644, batch #C-01-05-28-02-35-60
Bed Volume = 11 mL

Flow Rate = approx 33 mL/hr or 3 CV/hr
Start Date and Time = 6/8/03 3:34 PM
End Date and Time = 6/8/03 5:17 PM

Collection
Source Elapsed . R . Vial+ Cap | Sampling Sampling | Sample+Vial+ | Sample
Sample Column rev Time Projected Date/Time - Day Vol. (mb) n};ixrlrlltee,s Mass (g) Start Time | End Time | Cap Mass (g) | Mass (g)
P-50-SL-WRO1 Pink 1 0:00 ]6/8/2003 3:34 PM  |Sunday 11 20 17.0400 3:34 PM 3:54 PM 28.7401] 11.7001
P-50-SL-WRO02 Pink 2 0:20 16/8/2003 3:54 PM  |Sunday 11 20 17.0589 3:54 PM 4:17 PM 29.2058| 12.1469
P-50-SL-WRO03 Pink 3 0:40 16/8/2003 4:17 PM  |Sunday 11 20 17.0877 4:17 PM 4:37 PM 28.3410] 11.2533
P-50-SL-WR04 Pink 4 1:00 16/8/2003 4:37 PM  |Sunday 11 20 17.0303 4:37 PM 4:57 PM 28.3066| 11.2763
P-50-SL-WRO05 Pink 5 1:20 16/8/2003 4:57 PM  |Sunday 11 20 16.9846 4:57 PM 5:17PM 28.0212] 11.0366
Sample Count date Cou.nt start file name Count Time, gross counts Net counts back ground cts-bek AN-105 C/Co,
time sec Control Cs-137
P-50-SL-WRO1 6/17/2003 1:05 PM PWRO1 602.08 106.00 91«11 115.00 -24.00 69191 0.00
P-50-SL-WRO02 6/17/2003 1:20 PM PWRO02 602.00 106.00 78+12 115.00 -37.00 69191 0.00
P-50-SL-WRO03 6/17/2003 1:30 PM PWRO03 601.98 90.00 7510 115.00 -40.00 69191 0.00
P-50-SL-WR04 6/17/2003 1:45 PM PWRO04 602.02 95.00 94+9 115.00 -21.00 69191 0.00
P-50-SL-WRO05 6/17/2003 1:55 PM PWRO05 601.98 119.00 10012 115.00 -15.00 69191 0.00




Table B.11. Run 1 Data Collection for Resin Mass — Before and After Column Run Pink Column - 50 ppm Feed

SL-644 Loaded with 50 ppm AN-105 Simulant -Pink Column
Resin: SL-644, pre-conditioned 5/03- Acid Form

Mass Initial Resin 3.32126|prior to column loading

F-factor 0.6719
Initial Dry Wt resin 2.2316
Mass Final Resin 2.0171 after column elution
F-factor 0.9714|waiting for GEA analysis so I can determine the F factor
Final Dry wt resin 1.9595
Mass Change 0.2721
% mass change 12%

F-factor Data and Calculation - Initial Resin

91'd

Vial Tare Wt,| Vial + Resin | Wet Resin Dry Wt #2, g | Frinal Dry
Date/Time Drying Temp, °C g Wt, g Mass, g Dry WT #1, g| (5/27/03) Resin Wt., g F-Factor average
5/23/03 9:20 AM 50 16.9840 17.4960 0.5120 17.3683 17.3278 0.3438 0.6715 0.6719
5/23/03 9:20 AM 50 17.1963 17.7107 0.5144 17.5749 17.5421 0.3458 0.6722
F-factor Data and Calculation - Spent Resin
Drying Temp, | Vial Tare Wt, | Vial + Resin | Wet Resin Frinal Dry
Date/Time °C g Wt, g Mass, g Dry Wt #1, g | Dry Wt #2, g | Resin Wt., g F-Factor
9/15/03 10:20 AM 50 16.9316 17.4149 0.4833 17.3978 17.4011 0.4695 0.9714
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Loading

Feed = AN-105 Simulant at 50 ppm Cs

Resin = SuperLig 644, batch #C-01-05-28-02-35-60

Supernate Density = 1.2434
Flow Rate = approx 30 mL/hr or ~3.0 CV/hr

Pink Bed volume = 11 mL

Table B.12 Run 1 Cs Loading of Blue Column — 50 pg/L Cs with SL-644

MT Effluent-1 Jug/cap-w/o hole = 285.2 g
MT Effluent-2 Jug/cap-w/o hole = 285.5 g
Start Date and Time = 6/2/2003 2:19 PM
End Date and Time = 6/5/2003 2:25 PM

Source Elapsed Time . . |Vol. |Vial+Cap| Sampling | Sampling | Eff. Bottle | Sample+Vial+| Sample |  Mass St Bt Flow
Sample Column rev i;ths_:jrr;’ Projected Date/Time (mL) | Mass (g)p StartpTini: End l?Fimi Mass (g) CappMass (g) Massp(g) Processed, g| Ef?/zfnt Rate #ev
B-50-SL-LO1 Blue 5 1:40 6/2/2003 3:55 PM 5 17.2240 3:55 PM 4:04 PM 350.1 23.3350 6.1110 71 57 34.3 5.2

B-50-SL-L02 Blue 49 16:20 6/3/2003 6:35 AM 5 16.9712 | 6:35 AM 6:48 AM 953.2 25.8762 8.9050 683 549 33.6 49.9
B-50-SL-L03 Blue 64 21:15 6/3/2003 11:30 AM 5 17.0185 | 11:34 AM | 11:43 AM 1150.0 22.4993 5.4808 885 712 33.5 64.7
B-50-SL-L04 Blue 79 26:15 6/3/2003 4:30 PM 5 17.0834 | 4:30 PM 4:39 PM 1343.4 22.6064 5.5230 1084 872 33.2 79.3
B-50-SL-L05 Blue | 121 40:15 6/4/2003 6:30 AM 5 17.3430 | 6:30 AM 6:39 AM 1896.9 22.9535 5.6105 1643 1322 32.8 120.1
B-50-SL-L06 Blue | 136 45:15 6/4/2003 11:30 AM 5 17.1258 | 11:16 AM | 11:25 AM 2074.5 22.6690 5.5432 1826 1469 32.5 133.5
B-50-SL-L07 Blue | 151 50:15 6/4/2003 4:30 PM 5 17.0305 4:03 PM 4:12 PM 2247.7 22.5508 5.5203 2005 1613 32.1 146.6
B-50-SL-L08 Blue | 166 55:15 6/4/2003 9:30 PM 5 17.0547 9:25 PM 9:34 PM 368.6 21.7120 4.6573 2190 1761 31.9 160.1
B-50-SL-L09 Blue | 193 64:15 6/5/2003 6:30 AM 5 17.1892 | 6:30 AM 6:39 AM 832.6 24.0267 6.8375 2661 2140 33.3 194.5
B-50-SL-L10 Blue | 203 67:45 6/5/2003 10:00 AM 5 17.1753 | 10:00 AM | 10:09 AM 1004.2 23.8247 6.6494 2839 2283 33.7 207.6
B-50-SL-L11 Blue | 211 70:15 6/5/2003 12:30 PM 5 17.6088 | 12:29PM | 12:38 PM 1123.3 23.5263 5.9175 2964 2384 33.9 216.7
B-50-SL-L12 Blue | 217 72:15 6/5/2003 2:30 PM 5 17.1048 2:15 PM 2:24 PM 1202.7 23.3186 6.2138 3050 2453 33.9 223.0

Count start Mass count | gross back |Sample cts -| Control AN- | counts /g| control | C/Co,

Sample Count date . file name . Net counts

time Counted, g | time, sec| counts ground | background| 105 counts | sample | counts/ g| Cs-137

B-50-SL-LO1 | 6/5/2003 | 10:25 AM | BS0SLLO1 6.1110 602 179 153+15 149 4 72443 0.7 11518 | 0.0001

B-50-SL-L02 | 6/5/2003 | 11:25 AM | BSOSLLO2 | 8.9050 602 166 163+13 149 14 72443 1.6 11518 | 0.0001

B-50-SL-L03 | 6/4/2003 | 10:00 PM | BSOSLLO3 | 5.4808 602 179 157+14 149 8 68617 1.5 10909 | 0.0001

B-50-SL-L04 | 6/4/2003 9:40 PM | B50SLL04 | 5.5230 602 169 150+14 149 1 68617 0.2 10909 | 0.0000

B-50-SL-LO5 | 6/4/2003 | 12:00 PM | BSOSLLOS | 5.6105 602 522 503+23 153 350 68741 62.4 10929 | 0.0057

B-50-SL-L06 | 6/4/2003 | 2:25 AM | BSOSLLO6 | 5.5432 602 2388 2286+50 120 2166 68639 390.7 10913 | 0.0358

B-50-SL-LO7 | 6/4/2003 5:05PM | BSOSLLO7 | 5.5203 604 8653 8298496 120 8178 68639 1481.4 10913 | 0.1358

B-50-SL-LO8 | 6/4/2003 | 10:20 PM | BSOSLLO8 | 4.6573 605 17156 | 16585+135 | 149 16436 68617 3529.1 10909 | 0.3235

B-50-SL-L09 | 6/5/2003 8:10 AM | BSOSLLO9 | 6.8375 613 64808 | 62497+263 | 149 62348 72443 9118.5 11518 | 0.7917

B-50-SL-L10 | 6/5/2003 | 10:55 AM | BSOSLLIO | 6.6494 614 | 69819 | 671724274 | 149 67023 72443 10079.6 | 11518 | 0.8751

B-50-SL-L11 | 6/5/2003 | 12:55PM | BSOSLLI1 5.9175 614 | 67081 | 645584268 | 149 64409 70163 10884.5 | 11155 | 0.9757

B-50-SL-L12 | 6/5/2003 2:05PM | B50SLLI2 | 6.2138 614 | 73077 | 70541+£279 | 149 70392 70163 11328.3 | 11155 | 1.0155
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Wash & Rinse

Feed = Wash - 0.1 M NaOH, Rinse - water
Resin = SuperLig 644, batch #C-01-05-28-02-35-60
Bed Volume = 11 mL
NaOH density = 1.008 g/mL

Flow Rate = approx 33 mL/hr or 3 CV/hr

Start Date and Time = 6/5/03 4:52 PM
End Date and Time = 6/5/03 6:52 PM

Table B.13. Run 1 Data Collection during 0.10 M NaOH Feed Displacement and Water Rinse of Blue Column — 50 ppm Feed

Sample Source 4oV Ela‘psed Projected Date/Time Vol. C(ill,lifgzon Vial + Cap Sampl%ng Start Sampl'ing End | Sample+Vial+| Sample Mass
Column Time (mL) . Mass (g) Time Time Cap Mass (g) (g)
minutes
B-50-SL-FDO1 Blue 1 0:00 6/5/2003 4:52 PM 11 20 17.1546 4:52 PM 5:12 PM 30.6238 10.6238
B-50-SL-FD02 Blue 2 0:20 6/5/2003 5:12 PM 11 20 17.0341 5:12 PM 5:32 PM 30.1683 10.1683
B-50-SL-FD03 Blue 3 0:40 6/5/2003 5:32 PM 11 20 17.0476 5:32 PM 5:52 PM 28.1703 8.1703
B-50-SL-RLO1 Blue 1 0:00 6/5/2003 5:59 PM 11 20 16.9798 5:59 PM 6:19 PM 29.3912 9.3912
B-50-SL-RL02 Blue 2 0:20 6/5/2003 6:19 PM 11 20 16.9585 6:19 PM 6:39 PM 29.4381 9.4381
B-50-SL-RL0O3 Blue 3 0:40 6/5/2003 6:39 PM 11 20 17.3128 6:39 PM 6:59 PM 28.6998 8.6998
Count start Count Time, ross back sample cts - | AN105 | C/Co, | count/ g |counts/ C/Co,
Sample Count date time file name sec cgounts Net counts ground baclgground control | Cs-137 sampleg controlg Cs-137
B-50-SL-FDO1 6/6/2003 6:55 AM BFDI 629.0 159811 | 1537644414 629 153,595 67,245 | 2.2841| 14458 | 10899 1.326
B-50-SL-FD02 6/6/2003 7:35 AM BFD2 622.4 121564 | 117449+360 622 117,280 67,245 1.7441] 11534 | 10899 1.058
B-50-SL-FDO03 6/10/2003 9:00 AM BFDO03 605.2 24434 | 23579+161 605 23,342 70,869 | 0.3294] 2857 11487 | 0.249
B-50-SL-RLO1 6/10/2003 10:15 AM BRLO! 602.5 8491 8109+96 602 7,975 70,869 | 0.1125] 849 11487 | 0.074
B-50-SL-RL02 6/10/2003 10:35 AM BRLO02 602.1 6287 6001+82 602 5,867 70,869 | 0.0828] 622 11487 | 0.054
B-50-SL-RL02 6/10/2003 10:35 AM BRLO02 602.1 6287 6001+82 602 5,867 70,869 | 0.0828] 674 11487 | 0.059
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Elution Feed = 0.5 M HNO; at 25°C Flow Rate = approx 22 mL/hr or 2 CV/hr
Resin = SuperLig 644, batch #C-01-05-28-02-35-60 Start Date and Time = 6/6/03 9:30 AM
Bed Volume = 11 mL End Date and Time = 6/7/03 5:30 PM
Density 0.5 M HNO; = 1.014 g/mL

Table B.14 Run 1 Data Collection for Cs Elution of Blue Column — 50 ppm Cs Feed — 25°C, 0.5 M HNOz and 2 BV/h Flow

Elapsed Time . . Vial + Ca Sampling |Samplin; Sample+Vial+ | Sample | Volume, #CV
Sample Source | #CV at Str:m, hh:mm Projected Date/TimefVol. (mL) Mass (g)p Stan?l"irr;ge End l”)l"imge CappMass () Massp(g) mL processed

B-50-SL-E01 Blue 1 0:00 6/6/03 9:30 AM 11.0 7.5732 9:30 AM 10:00 AM 19.0387 11.4655| 11.31 1.0
B-50-SL-E02 Blue 2 0:30 6/6/03 10:00 AM 11.0 7.4776 10:00 AM | 10:30 AM 20.7515 13.2739 | 13.09 2.2
B-50-SL-E03 Blue 3 1:00 6/6/03 10:30 AM 11.0 7.5378 10:30 AM | 11:00 AM 22.1974 14.6596 | 14.46 3.5
B-50-SL-E04 Blue 4 1:30 6/6/03 11:00 AM 11.0 7.4418 11:00 AM | 12:00 PM 20.5177 13.0759 | 12.90 4.7
B-50-SL-E05 Blue 5 2:00 6/6/03 12:00 PM 11.0 7.5508 12:00 PM 12:30 PM 20.2404 12.6896 | 12.51 5.8
B-50-SL-E06 Blue 6 2:30 6/6/03 12:30 PM 11.0 7.4587 12:30 PM 1:00 PM 20.0325 12.5738 | 12.40 7.0
B-50-SL-E07 Blue 7 3:00 6/6/03 1:00 PM 11.0 7.5049 1:00 PM 1:30 PM 20.4832 129783 | 12.80 8.1
B-50-SL-E08 Blue 8 3:30 6/6/03 1:30 PM 11.0 7.5560 1:30 PM 2:00 PM 21.0072 13.4512 | 13.27 9.3
B-50-SL-E09 Blue 9 4:00 6/6/03 2:00 PM 11.0 7.4501 2:00 PM 2:30 PM 20.6754 13.2253 | 13.04 10.5
B-50-SL-E10 Blue 10 4:30 6/6/03 2:30 PM 11.0 7.4157 2:30 PM 3:00 PM 20.8873 13.4716 | 13.29 11.7
B-50-SL-E11 Blue 11 5:30 6/6/03 3:00 PM 11.0 7.5672 3:00 PM 3:30 PM 20.9553 13.3881 | 13.20 12.9
B-50-SL-E12 Blue 12 6:30 6/6/03 3:30 PM 11.0 7.4307 3:30 PM 4:00 PM 18.9085 11.4778 | 11.32 14.0
B-50-SL-E13 Blue 13 7:30 6/6/03 4:00 PM 11.0 7.4689 4:00 PM 4:30 PM 20.6008 13.1319] 12.95 15.1
B-50-SL-E14 Blue 14 8:30 6/6/03 4:30 PM 11.0 7.5576 4:30 PM 5:00 PM 20.3905 12.8329 | 12.66 16.3
B-50-SL-E15 Blue 15 9:30 6/6/03 5:00 PM 11.0 7.6625 5:00 PM 5:30 PM 20.8350 13.1725] 12.99 17.5
B-50-SL-E16 Blue 16 10:30 6/6/03 5:30 PM 11.0 7.4035 5:30 PM 6:00 PM 21.0075 13.6040 | 13.42 18.7
B-50-SL-E17 Blue 17 11:30 6/6/03 6:00 PM 11.0 7.5131 6:00 PM 6:30 PM 21.0972 13.5841 | 13.40 19.9
B-50-SL-E18 Blue 18 12:30 6/6/03 6:30 PM 11.0 7.5868 6:30 PM 7:00 PM 21.4411 13.8543 | 13.66 21.2
B-50-SL-E19 Blue 19 13:30 6/6/03 7:00 PM 11.0 7.5295 7:00 PM 7:30 PM 20.8783 13.3488 | 13.16 22.3
B-50-SL-E20 Blue 20 14:30 6/6/03 7:30 PM 11.0 7.4856 7:30 PM 8:00 PM 16.3835 8.8979 8.78 23.1
B-50-SL-E21 Blue 21 15:30 6/6/03 8:00 PM 11.0 7.5605 8:00 PM 8:30 PM 17.3999 9.8394 9.70 24.0
B-50-SL-E22 Blue 22 16:30 6/6/03 8:30 PM 11.0 7.4238 8:30 PM 9:00 PM 16.9057 9.4819 9.35 24.9
B-50-SL-E23 Blue 23 17:30 6/6/03 9:00 PM 11.0 7.4251 9:00 PM 9:30 PM 17.2416 9.8165 9.68 25.8
B-50-SL-E24 Blue 24 18:30 6/6/03 9:30 PM 11.0 7.4632 9:30 PM 10:00 PM 20.4224 12.9592 | 12.78 26.9
B-50-SL-E25 Blue 25 19:30 6/6/03 10:00 PM 11.0 7.5573 10:00 PM 10:30 PM 19.5695 12.0122] 11.85 28.0
B-50-SL-E26 Blue 26 20:30 6/6/03 10:30 PM 11.0 7.4696 10:30 PM 11:00 PM 18.6419 11.1723 | 11.02 29.0
B-50-SL-E27 Blue 27 21:30 6/6/03 11:00 PM 11.0 7.5674 11:00 PM 11:30 PM 19.0931 11.5257 | 11.37 30.0
B-50-SL-E28 Blue 28 22:30 6/6/03 11:30 PM 11.0 7.4641 11:30 PM | 12:00 AM 19.3588 11.8947] 11.73 31.1
B-50-SL-E29 Blue 29 23:30 6/7/03 12:00 AM 11.0 7.5142 12:00 AM | 12:30 AM 19.2865 11.7723 ] 11.61 32.2
B-50-SL-E30 Blue 30 24:30 6/7/03 12:30 AM 11.0 7.5387 12:30 AM 1:00 AM 19.0760 11.5373 | 11.38 33.2
B-50-SL-E31 Blue 31 25:30 6/7/03 1:00 AM 11.0 7.5173 1:00 AM 1:30 AM 21.0134 13.4961 | 13.31 34.4
B-50-SL-E32 Blue 32 26:30 6/7/03 1:30 AM 11.0 7.4703 1:30 AM 2:00 AM 15.9383 8.4680 8.35 35.2
B-50-SL-E33 Blue 33 27:30 6/7/03 2:00 AM 11.0 7.5711 2:00 AM 2:30 AM 19.1077 11.5366 | 11.38 36.2
B-50-SL-E34 Blue 34 28:30 6/7/03 2:30 AM 11.0 7.4289 2:30 AM 3:00 AM 19.1908 11.7619 | 11.60 37.2
B-50-SL-E35 Blue 35 29:30 6/7/03 3:00 AM 11.0 7.5025 3:00 AM 3:30 AM 20.8077 13.3052 | 13.12 38.4
B-50-SL-E36 Blue 36 30:30 6/7/03 3:30 AM 11.0 7.5331 3:30 AM 4:00 AM 17.7016 10.1685 | 10.03 39.3
B-50-SL-E63 Blue 63 57:30 6/7/03 5:00 PM 11.0 7.6040 5:00 PM 5:30 PM 17.2717 9.6677 9.53 64.0
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Table B.14 (Contd)

Count start

Mass

Total Net

back

counts/g

control

Sample Count date . file name count time, sec| gross counts cts-bek % C/Co
time Counted, g counts ground sample counts/ g

B-50-SL-E01 6/12/03 2:32 PM bsle01 11.4655 120.64 7193 1,794,656 0 1,794,656 156,527 74,276 210.7%
B-50-SL-E02 6/12/03 2:35 PM bsle02 13.2739 123.46 91484 24,110,924 0 24110924] 1,816,416 76,012 2390%
B-50-SL-E03 6/12/03 2:03 PM bsle03db 14.6596 126.12 168375 95,170,234 0 95170233.9] 6,492,008 77,650 8361%
B-50-SL-E04 6/12/03 12:19 PM bsle04da 13.0759 90.96 19621 4,992,877 0 4992877.25| 381,838 56,003 682%
B-50-SL-E05 6/12/03 12:21 PM bsle05da 12.6896 90.68 10976 1,504,079 0 1504079.21| 118,528 55,830 212%
B-50-SL-E06 6/12/03 12:24 PM bsle6da 12.5738 90.52 6640 66,526 0 66525.9871 5,291 55,732 9%
B-50-SL-E07 6/8/03 3:09 AM e07a 12.9783 613.76 270088 231,422 0 231422 17,831 377,882 5%
B-50-SL-E08 6/8/03 1:25 AM e08a 13.4512 609.64 133786 99,018 0 99018 7,361 375,346 2%
B-50-SL-E09 6/7/03 10:46 PM e09a 13.2253 604.46 44974 28,081 0 28081 2,123 372,156 1%
B-50-SL-E10 6/7/03 10:59 PM el0b 13.4716 1205.44 26802 15,805 0 15805 1,173 742,170 0.16%
B-50-SL-E11 6/9/03 8:37 PM ellb 13.3881 1824.3 24562 15,590 0 15590 1,164 1,123,192 0.10%
B-50-SL-E12 6/9/03 10:24 PM el2b 11.4778 1204.72 11760 6,812 0 6812 593 741,727 0.08%
B-50-SL-E13 6/9/03 11:07 PM el3a 13.1319 1204.64 10658 5,773 0 5773 440 741,678 0.059%
B-50-SL-E14 6/10/03 12:40 AM clda 12.8329 1807.76 14766 7,285 0 7285 568 1,113,009 | 0.051%
B-50-SL-E15 6/10/03 3:01 AM el5a 13.1725 3613.92 26784 11,774 0 11774 894 2,225,033 0.040%
B-50-SL-E16 6/10/03 4:07 AM elba 13.6040 7227.56 49730 20,645 0 20645 1,518 4,449,893 0.034%
B-50-SL-E17 6/12/03 8:59 AM bslel7 13.5841 3613.62 23433 9,723 0 9723 716 2,224,848 | 0.032%
B-50-SL-E18 6/12/03 10:05 AM bslel8 13.8543 2107.86 12743 4,313 0 4313 311 1,297,776 | 0.024%
B-50-SL-E19 6/16/03 11:00 AM | B50SLE19 13.3488 3612.4 18737 4,186 2829.7| 1356.57333 102 2,224,097 0.00%
B-50-SL-E20 6/16/03 1:30 PM BS50SLE20 8.8979 3611.9 15792 4,867 0 4867 547 2,223,789 0.02%
B-50-SL-E21 6/16/03 2:40 PM BSLE21 9.8394 3611.88 17048 5,038 0 5038 512 2,223,777 0.02%
B-50-SL-E22 6/17/03 11:05 AM BSLE22 9.4819 3611.86 16712 4,736 0 4736 499 2,223,764 0.02%
B-50-SL-E23 6/17/03 1:05 PM BSLE23 9.8165 3611.9 16773 4,147 0 4147 422 2,223,789 0.02%
B-50-SL-E24 6/17/03 3:00 PM BSLE24 12.9592 3611.9 17646 4,732 0 4732 365 2,223,789 0.02%
B-50-SL-E25 6/17/03 4:42 PM BSLE25 12.0122 3612.1 16241 4,303 0 4303 358 2,223,912 0.02%
B-50-SL-E26 6/17/03 6:00 PM BSLE26 11.1723 3611.96 15449 3,439 0 3439 308 2,223,826 0.01%
B-50-SL-E27 6/18/03 7:20 AM BSLE27 11.5257 3611.88 15407 3,173 0 3173 275 2,223,777 | 0.012%
B-50-SL-E28 6/18/03 8:25 AM BSLE28 11.8947 3611.44 14597 3,527 0 3527 297 2,223,506 | 0.013%
B-50-SL-E29 6/18/03 9:40 AM BSLE29 11.7723 3611.42 13713 2,462 0 2462 209 2,223,494 | 0.009%
B-50-SL-E30 6/18/03 9:45 AM BSLE30 11.5373 3611.5 13413 2,045 0 2045 177 2,223,543 0.008%
B-50-SL-E31 6/18/03 12:45 PM BSLE31 13.4961 3611.7 13913 2,810 0 2810 208 2,223,666 | 0.009%
B-50-SL-E32 6/18/03 1:50 PM BSLE32 8.4680 7222.98 24112 2,626 0 2626 310 4,447,073 0.007%
B-50-SL-E33 6/19/03 6:20 AM BSLE33 11.5366 7223.4 26411 2,900 0 2900 251 4,447,332 | 0.006%
B-50-SL-E34 6/19/03 8:55 AM BSLE34 11.7619 7223.46 26353 2,739 0 2739 233 4,447,369 | 0.005%
B-50-SL-E35 6/19/03 11:25 AM BSLE35 13.3052 7223.48 25884 3,931 0 3931 295 4,447,381 0.007%
B-50-SL-E36 6/19/03 1:40 PM BSLE36 10.1685 14445.7 47246 82 0 82 8 8,893,986 | 0.00009%

Remaining sample counts were too low to count on Nal system. Selected samples were sent for GEA analysis.
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Second Water Rinse

Table B.15 Run 1 Data collection During Second Water Rinse of Blue Column — 50 ppm Feed

Feed = DI water
Resin = SuperLig 644, batch #C-01-05-28-02-35-60
Bed Volume = 11 mL

Flow Rate = approx 33 mL/hr or 3 CV/hr
Start Date and Time = 6/7/03 5:40 PM
End Date and Time = 6/7/03 7:35 PM

Collection
Source Elapsed . . . Vial + Caj Samplin, Sampling | Sample+Vial+ | Sample
Sample Column rev TiIr)ne Projected Date/Time - Day Vol. (mb) mTilanfés Mass (g)p Startr")l"imge End EI"im%: CappMass (2) Massp(g)
B-50-SL-WRO01 Blue 1 0:00 |6/7/2003 5:40 PM  |Saturday 11 20 17.0198 5:40 PM 6:00 PM 28.4581 11.4383
B-50-SL-WR02 Blue 2 0:20 |6/7/2003 6:00 PM  |Saturday 11 20 17.0352 6:00 PM 6:20 PM 25.4451 8.4099
B-50-SL-WRO03 Blue 3 0:40 |6/7/2003 6:20 PM  |Saturday 11 20 17.0135 6:20 PM 6:50 PM 27.3463 10.3328
B-50-SL-WR04 Blue 4 1:00 [6/7/2003 6:40 PM  [Saturday 11 20 16.9683 6:50 PM 7:10 PM 22.8974 5.9291
B-50-SL-WRO05 Blue 5 1:20 [6/7/2003 7:00 PM  [Saturday 11 20 17.0198 7:10 PM 7:35 PM 24.1285 7.1087
Sample Count start AN-105 Estimated
Count date time file name Count Time, sedgross counts Net counts back ground cts-bck Control C/Co,
B-50-SL-WRO01 6/17/2003 10:45 AM BWRO1 602.06 123 97+13 115 -18 69191 0.00
B-50-SL-WR02 6/17/2003 11:00 AM BWRO02 602.00 106 101+10 115 -14 69191 0.00
B-50-SL-WRO03 6/17/2003 11:30 AM BWRO03 601.98 80 76+9 115 -36 69191 0.00
B-50-SL-WR04 6/17/2003 11:40 AM BWR04 602.02 79 7749 115 -38 69191 0.00
B-50-SL-WRO05 6/17/2003 11:50 AM BWRO05 602.00 91 66+11 115 -49 69191 0.00
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Table B.16. Run 1 Data Collection for Resin Mass - Before and After Column Run Blue Column — 50 ppm Feed

SL-644 Loaded with 50 ppm AN-105 Simulant -Blue Column
Resin: SL-644, pre-conditioned 5/03- Acid Form

Mass Initial Resin 3.32484|prior to column loading

F-factor 0.6719

mass dry resin 2.2340
Mass Final Resin 2.1169 after column elution

F-factor 0.9755

Dry wt resin 2.0649

Mass Change 0.1690

% Mass Change 7.6%

F-factor Data and Calculation - Initial Resin

Vial Tare Wt,| Vial + Resin | Wet Resin Dry Wt #2, g | Frinal Dry
Date/Time Drying Temp, °C g Wt, g Mass, g Dry WT #1, g| (5/27/03) Resin Wt., g F-Factor average
5/23/03 9:20 AM 50 16.9840 17.4960 0.5120 17.3683 17.3278 0.3438 0.6715 0.6719
5/23/03 9:20 AM 50 17.1963 17.7107 0.5144 17.5749 17.5421 0.3458 0.6722
F-factor Data and Calculation - Spent Resin
Drying Temp, | Vial Tare Wt, | Vial + Resin | Wet Resin Frinal Dry
Date/Time °C g Wt, g Mass, g Dry Wt #1, g | Dry Wt #2, g | Resin Wt., g F-Factor
9/15/03 10:20 AM 50 16.7840 17.2810 0.4970 17.2751 17.2688 0.4848 0.9755
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Loading

Feed = AN-105 Simulant at 5 ppm Cs

Supernate Density = 1.2434
Flow Rate = approx 30 mL/hr or ~3.0 CV/hr
Pink Bed volume = 11 mL

Table B.17 Run 2 Cs Loading of Yellow Column - 5 pg/L Cs with SL-644

Resin = SuperLig 644, batch #C-01-05-28-02-35-60

MT Effluent-1 Jug/cap-w/o hole = 423.0 g
MT Effluent-2 Jug/cap-w/o hole = 284.2 g
MT Effluent-3 Jug/cap-w/o hole = 423.0 g
MT Effluent-4 Jug/cap-w/o hole = 284.1 g

Start Date and Time = 7/4/2003 7:22 PM
End Date and Time = 7/9/2003 5:30 PM

E?apsed . . . Sample+Vial Mass Est. Est.
Sample Source #CV Time at Projected Date/Time Vol. | Vial + Cap | Samp l%ng Sampl.l ng Endf Eff. Bottle + Cap Mass Sample Processed,| Effluent | Flow| #CV
Column Start, (mL) | Mass (g) | Start Time Time Mass (g) Mass (g)
(2) g Vol Rate
hh:mm

Y-5-SL-LO1 yellow 4 0:38 7/4/2003 8:00 PM 5 17.2132 8:00 PM 8:05 PM 445.9 20.8869 3.6737 3.7 3.0 --
Y-5-SL-L02 yellow 77 12:45 7/5/2003 8:07 AM 5 17.1746 | 8:07 AM 8:12 AM 1407.2 24.8432 7.6686 996 804.2 | 63.1] 73.1
Y-5-SL-L03 yellow | 136 22:36 7/5/2003 5:58 PM 5 17.2423 5:58 PM 6:03 PM 2326.2 25.1490 7.9067 1922 1552.9 | 68.7| 141.2
Y-5-SL-L04 yellow | 213 11:33 7/6/2003 6:55 AM 5 17.2519 | 6:55 AM 7:00 AM 3522.9 25.3951 8.1432 3127 2526.1 | 71.1] 229.6
Y-5-SL-L05 yellow | 289 0:13 7/6/2003 7:35 PM 5 17.4541 7:35 PM 7:40 PM 4775.8 26.0735 8.6194 4389 3545.1 | 73.5| 322.3
Y-5-SL-L06 yellow | 358 11:38 7/7/2003 7:00 AM 5 17.1526 | 7:00 AM 7:05 AM 1440.6 25.5589 8.4063 5590 4515.0 | 75.7] 410.5
Y-5-SL-L07 yellow | 371 13:48 | 7/7/2003 10:55 AM 5 17.1781 | 10:55 AM | 11:00 AM 1826.5 25.5037 8.3256 5984 4833.5 | 78.21 4394
Y-5-SL-L08 yellow | 409 20:11 7/7/2003 3:33 PM 5 17.0929 3:33 PM 3:38 PM 811.9 24.1281 7.0352 6433 51959 | 76.2 | 472.4
Y-5-SL-L09 yellow | 467 5:46 7/8/2003 1:08 AM 5 17.4135 1:03 AM 1:08 AM 1532.2 24.1350 6.7215 7160 5783.2 | 74.4 | 525.7
Y-5-SL-L10 yellow | 500 11:18 7/8/2003 6:40 AM 5 17.1675 6:40 AM 6:45 AM 1830.0 21.7114 4.5439 7462 6027.4 | 72.4 | 547.9
Y-5-SL-L11 yellow | 526 15:41 | 7/8/2003 11:03 AM 5 17.4103 | 11:03 AM | 11:08 AM 2143.6 24.9943 7.5840 7783 6286.8 | 71.7| 571.5
Y-5-SL-L12 yellow | 552 19:58 7/8/2003 3:20 PM 5 17.4696 3:20 PM 3:25 PM 2551.8 25.7661 8.2965 8200 6623.2 | 72.0 [ 602.1
Y-5-SL-L13 yellow | 301 4:24 7/8/2003 11:46 PM 5 17.0265 | 11:41 AM | 11:46 AM 3590.7 26.6953 9.6688 9248 7470.2 | 74.4 | 679.1
Y-5-SL-L14 yellow | 317 9:43 7/9/2003 5:05 AM 5 16.9486 | 5:00 AM 5:05 AM 4018.8 26.6772 9.7286 9686 78239 | 74.0| 711.3
Y-5-SL-L15 yellow | 329 13:43 7/9/2003 9:05 AM 5 16.9023 9:05 AM 9:10 AM 4482.5 26.5506 9.6483 10159 | 8206.2 | 74.8 | 746.0
Y-5-SL-L16 yellow | 336 16:03 | 7/9/2003 11:25 AM 5 17.0994 | 11:25 AM | 11:30 AM 687.7 26.6328 9.5334 10688 8633.6 | 63.5| 784.9
Y-5-SL-L17 yellow | 347 19:46 7/9/2003 3:08 PM 5 16.9930 3:08 PM 3:13 PM 1101.4 26.6929 9.6999 11112 8975.6 | 54.8 | 816.0
Y-5-SL-L18 yellow | 354 21:58 7/9/2003 5:20 PM 5 16.9628 5:20 PM 5:25 PM 1343.7 26.6000 9.6372 11225 9066.9 | 54.6 | 824.3
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Table B.17 (Contd)

Sample Count date Cou'nt start file name Mass Counted, count time, sec| gross counts Net counts back ground Tot cts-bck Control counts /g
time g sample

Y-5-SL-LO1 7/29/2003 7:00 AM YS5SLLOI 3.6737 603 240 214 158 56 75673 15.2
Y-5-SL-L02 7/29/2003 7:15 AM YS5SLL02 7.6686 603 225 203 158 45 75673 5.9
Y-5-SL-L03 7/7/2003 1:35 PM YS5SLLO3 7.9067 605 176 161 150 11 87855 1.4
Y-5-SL-L04 7/7/2003 11:10 AM YS5SLLO4 8.1432 605 2033 1938 150 1788 87855 219.6
Y-5-SL-L05 7/7/2003 10:10 AM YS5SLLOS 8.6194 608 14598 14095 150 13945 87855 1617.9
Y-5-SL-L06 7/7/2003 9:20 AM YS5SLLO6 8.4063 612 37823 36301 150 36151 87855 4300.5
Y-5-SL-L07 7/7/2003 11:35 AM YS5SLLO7 8.3256 613 46376 44568 150 44418 87855 5335.1
Y-5-SL-L0O8 7/7/2003 4:10 PM YS5SLLOS 7.0352 613 42940 41037 150 40887 87855 5811.8
Y-5-SL-L09 7/29/2003 7:25 AM Y5SL09B 6.7215 611 45924 43673 158 43515 75673 6474.0
Y-5-SL-L10 7/8/2003 10:50 AM Y5SLL10 4.5439 612 38598 36774 93 36681 90673 8072.6
Y-5-SL-L11 7/8/2003 1:10 PM Y5SLLII 7.5840 618 74921 71674 93 71581 87349 9438.4
Y-5-SL-L12 7/8/2003 4:25 PM Y5SLL12 8.2965 621 89511 85857 129 85728 87349 10333.0
Y-5-SL-L13 7/9/2003 2:24 PM Y5SLL13 6.2105 618 75559 72637 109 72528 87349 11678.3
Y-5-SL-L14 7/9/2003 1:38 PM Y5SLL14 6.1536 618 76910 73642 109 73533 87349 11949.6
Y-5-SL-L15 7/9/2003 10:20 AM Y5SLLIS 6.1866 627 132108 126585 109 126476 87349 20443.5
Y-5-SL-L16 7/9/2003 12:10 PM Y5SLL16 5.9399 618 77896 74701 109 74592 87349 12557.8
Y-5-SL-L17 7/9/2003 3:50 PM Y5SLL17 6.1878 619 82806 79487 109 79378 86251 12828.1
Y-5-SL-L18 7/9/2003 5:55 PM Y5SLLIS 6.2849 620 86216 82598 109 82489 86251 13125.0
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Wash & Rinse Feed = Wash - 0.1 M NaOH, Rinse - water Flow Rate = approx 33 mL/hr or 3 CV/hr
Resin = SuperLig 644, batch #C-01-05-28-02-35-60 Start Date and Time = 7/10/03 9:55 AM
Bed Volume = 11 mL End Date and Time = 7/10/03 12:07 PM
NaOH density = 1.008 g/mL

Table B.18. Run 2 Data Collection During 0.10 M NaOH Feed Displacement and Water Rinse of Yellow Column — 5 ppm Feed

Sample Source 4CV Elapsed Projected Date/Time Day Vol. C?}li:izon Vial + Cap Sampl?ng Sampl.ing End| Sample+Vial+| Sample Mass
Column Time (mL) minutes Mass (g) Start Time Time Cap Mass (g) (g)

Y-5-SL-FDO1 Yellow 1 0:00 |7/10/2003 9:55 AM Thursday | 11 20 17.4578 9:55 AM 10:15 AM 33.7288 16.2710
Y-5-SL-FD02 Yellow 2 0:20 |7/10/2003 10:15 AM Thursday | 11 20 17.4749 10:15 AM 10:35 AM 34.1662 16.6913
Y-5-SL-FD03 Yellow 3 0:40 [7/10/2003 10:35 AM Thursday | 11 20 17.2446 10:35 AM 10:55 AM 23.5795 6.3349
Y-5-SL-RLO1 Yellow 1 0:00 [7/10/2003 11:07 AM Thursday | 11 20 17.2796 11:07 AM 11:27 AM 26.9699 9.6903
Y-5-SL-RLO2 Yellow 2 0:20 |7/10/2003 11:27 AM Thursday | 11 20 17.2972 11:27 AM 11:47 AM 26.2555 8.9583
Y-5-SL-RLO3 Yellow 3 0:40 [7/10/2003 11:47 AM Thursday | 11 20 17.3009 11:47 AM 12:07 PM 35.1990 17.8981
Sample Count date Count start file name Count Time, aross counts| Net counts back Sample cts - | AN105 | C/Co, | count/ g| counts/ g| C/Co,

time sec ground | background | Control [ Cs-137| sample | control | Cs-137

Y-5-SL-FDO1 7/28/2003 | 2:45PM | YSSLFDO1 640.0 220186 211415 172 211243 77173 | 2.74 12983 12603 | 1.030
Y-5-SL-FD02 | 7/29/2003 | 7:40 AM | Y5SLFDO02 629.9 160516 153329 158 153171 75673 | 2.0241| 9177 12358 | 0.743
Y-5-SL-FDO3 | 7/29/2003 | 7:50 AM | Y5SSLFDO03 605.2 12483 11904 158 11746 75673 | 0.1552 | 1854 12358 | 0.150
Y-5-SL-RLO1 7/29/2003 | 8:05 AM | YSSLRLO1 605.3 13286 125791 158 125633 75673 | 1.6602 | 12965 12358 | 1.049
Y-5-SL-RL02 | 7/29/2003 | 9:05 AM | YSSLRLO2 604.5 8566 8023 158 7865 75673 | 0.1039 ] 878 12358 | 0.071
Y-5-SL-RLO3 | 7/29/2003 | 9:15 AM | Y5SLRLO3 605.2 12675 11960 158 11802 75673 | 0.1560 ] 659 12358 | 0.053




9T'd

Elution

Table B.19 Run 2 Data Collection for Cs Elution of Yellow Column — 5 ppm Cs Feed — 45°C, 0.5 M HNO; and 2 BV/h Flow

Feed = 0.50 M HNO; at 45°C
Resin = SuperLig 644, batch #C-01-05-28-02-35-60
Bed Volume = 11 mL
Density 0.5 M HNO; = 1.014 g/mL

Flow Rate = approx 22 mL/hr or 2 CV/hr
Start Date and Time = 7/10/03 1:00 PM
End Date and Time = 7/11/03 11:05 AM

Source Elapsed Time . . Vol. | Vial + Ca Samplin, Sampling |Sample+Vial+| Sample | Volume, #CV
Sample Column rev z;thS.:E, Projected Date/Time (mL) | Mass (g)p Start?l'in;ge End l;imz(i CappMass (g) Massp(g) mL processed

Y-5-SL-E01 Yellow | 0.5 0:00 7/10/03 1:00 PM 15.0 7.4692 1:00 PM 1:15 PM 12.0486 4.5794 | 4.5162 0.41
Y-5-SL-E02 Yellow 1 0:15 7/10/03 1:15 PM 15.0 7.4332 1:15 PM 1:30 PM 11.6069 4.1737 | 4.1161 0.78
Y-5-SL-E03 Yellow | 1.5 0:30 7/10/03 1:30 PM 15.0 7.4630 1:30 PM 1:45 PM 12.3360 4.8730 | 4.8057 1.22
Y-5-SL-E04 Yellow 2 0:45 7/10/03 1:45 PM 15.0 7.4733 1:45 PM 2:00 PM 11.9233 4.4500 | 4.3886 1.62
Y-5-SL-E05 Yellow | 2.5 1:00 7/10/03 2:00 PM 15.0 7.5259 2:00 PM 2:15 PM 12.6158 5.0899 | 5.0196 2.08
Y-5-SL-E06 Yellow 3 1:15 7/10/03 2:15 PM 15.0 7.4322 2:15 PM 2:30 PM 12.4297 4.9975 | 4.9285 2.52
Y-5-SL-E07 Yellow | 3.5 1:30 7/10/03 2:30 PM 15.0 7.4760 2:30 PM 3:00 PM 21.2998 13.8238 | 13.6329 3.76
Y-5-SL-E08 Yellow | 4.5 2:00 7/10/03 3:00 PM 30.0 7.5053 3:00 PM 3:30 PM 21.2174 13.7121 | 13.5228 4.99
Y-5-SL-E09 Yellow | 5.5 2:30 7/10/03 3:30 PM 30.0 7.5762 3:30 PM 4:00 PM 20.9998 13.4236 | 13.2383 6.20
Y-5-SL-E10 Yellow | 6.5 3:00 7/10/03 4:00 PM 30.0 7.3589 4:00 PM 4:30 PM 20.6365 13.2776 | 13.0943 7.39
Y-5-SL-E11 Yellow | 7.5 3:30 7/10/03 4:30 PM 30.0 7.3682 4:30 PM 5:00 PM 20.5969 13.2287 | 13.0461 8.57
Y-5-SL-E12 Yellow | 8.5 4:00 7/10/03 5:00 PM 30.0 7.5358 5:00 PM 5:30 PM 20.8051 13.2693 | 13.0861 9.76
Y-5-SL-E13 Yellow | 9.5 4:30 7/10/03 5:30 PM 30.0 7.4519 5:30 PM 6:00 PM 24.7671 17.3152 | 17.0761 11.32
Y-5-SL-E14 Yellow | 10.5 5:00 7/10/03 6:00 PM 30.0 7.5194 6:00 PM 6:30 PM 20.1938 12.6744 | 12.4994 | 12.45
Y-5-SL-E15 Yellow | 11.5 5:30 7/10/03 6:30 PM 30.0 7.4381 6:30 PM 7:00 PM 20.3866 12.9485 | 12.7697 13.61
Y-5-SL-E16 Yellow | 12.5 6:00 7/10/03 7:00 PM 30.0 7.4554 7:00 PM 7:30 PM 20.9455 13.4901 | 13.3038 14.82
Y-5-SL-E17 Yellow | 13.5 6:30 7/10/03 7:30 PM 30.0 7.5179 7:30 PM 8:00 PM 18.2144 10.6965 | 10.5488 15.78
Y-5-SL-E18 Yellow | 14.5 7:00 7/10/03 8:00 PM 30.0 7.5203 8:00 PM 8:30 PM 20.9840 13.4637 | 13.2778 16.99
Y-5-SL-E19 Yellow | 15.5 7:30 7/10/03 8:30 PM 30.0 7.4448 8:30 PM 9:00 PM 20.3778 12.9330 | 12.7544 | 18.15
Y-5-SL-E20 Yellow | 16.5 8:00 7/10/03 9:00 PM 30.0 7.5654 9:00 PM 9:30 PM 21.8517 14.2863 | 14.0891 19.43
Y-5-SL-E21 Yellow | 17.5 8:30 7/10/03 9:30 PM 30.0 7.5413 9:30 PM | 10:00 PM 21.7153 14.1740 | 13.9783 | 20.70
Y-5-SL-E22 Yellow | 18.5 9:00 7/10/03 10:00 PM 30.0 7.4679 10:00 PM | 10:30 PM 21.9950 14.5271 | 14.3265 | 22.00
Y-5-SL-E23 Yellow | 19.5 9:30 7/10/03 10:30 PM 30.0 7.6595 10:30 PM | 11:00 PM 21.9276 14.2681 | 14.0711 23.28
Y-5-SL-E24 Yellow | 20.5 10:00 7/10/03 11:00 PM 30.0 7.4610 11:00 PM | 11:30 PM 21.8510 14.3900 | 14.1913 | 24.57
Y-5-SL-E25 Yellow | 21.5 10:30 7/10/03 11:30 PM 30.0 7.4574 11:30 PM | 12:00 AM 21.5670 14.1096 | 13.9148 | 25.84
Y-5-SL-E26 Yellow | 22.5 11:00 7/11/03 12:00 AM 30.0 7.5490 12:00 AM | 12:30 AM 21.9197 14.3707 | 14.1723 | 27.12
Y-5-SL-E27 Yellow | 23.5 11:30 7/11/03 12:30 AM 30.0 7.6514 12:30 AM | 1:00 AM 21.8762 14.2248 | 14.0284 | 28.40
Y-5-SL-E28 Yellow | 24.5 12:00 7/11/03 1:00 AM 30.0 7.5381 1:00 AM 1:30 AM 21.4834 13.9453 | 13.7528 | 29.65
Y-5-SL-E29 Yellow | 25.5 12:30 7/11/03 1:30 AM 30.0 7.5421 1:30 AM | 2:00 AM 21.7557 14.2136 | 14.0174 | 30.92
Y-5-SL-E30 Yellow | 26.5 13:00 7/11/03 2:00 AM 30.0 7.4776 2:00 AM | 2:30 AM 8.6400 1.1624 | 1.1464 31.03
Y-5-SL-E31 Yellow | 27.5 13:30 7/11/03 2:30 AM 30.0 7.5565 2:30 AM | 3:00 AM 21.5921 14.0356 | 13.8418 | 32.29
Y-5-SL-E32 Yellow | 28.5 14:00 7/11/03 3:00 AM 30.0 7.4233 3:00 AM | 3:30 AM 21.8329 14.4096 | 14.2107 | 33.58
Y-5-SL-E33 Yellow | 29.5 14:30 7/11/03 3:30 AM 30.0 7.4405 3:30 AM | 4:00 AM 21.8609 14.4204 | 14.2213 | 34.87
Y-5-SL-E34 Yellow | 30.5 15:00 7/11/03 4:00 AM 30.0 7.3663 4:00 AM | 4:30 AM 21.5819 14.2156 | 14.0193 | 36.15
Y-5-SL-E35 Yellow | 31.5 15:30 7/11/03 4:30 AM 30.0 7.4268 4:30 AM | 5:00 AM 21.3832 13.9564 | 13.7637 | 37.40
Y-5-SL-E36 Yellow | 32.5 16:00 7/11/03 5:00 AM 30.0 7.5501 5:00 AM | 5:30 AM 22.1828 14.6327 | 14.4307 | 38.71
Y-5-SL-E37 Yellow | 33.5 16:30 7/11/03 5:30 AM 30.0 7.4109 5:30 AM | 6:00 AM 21.3930 13.9821 | 13.7891 | 39.96
Y-5-SL-E38 Yellow | 34.5 17:00 7/11/03 6:00 AM 30.0 7.5700 6:00 AM | 6:30 AM 21.4772 13.9072 | 13.7152 | 41.21
Y-5-SL-E39 Yellow | 35.5 17:30 7/11/03 6:30 AM 30.0 7.4662 6:30 AM | 7:00 AM 21.9083 14.4421 | 14.2427 | 42.50
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Table B.19 (Contd)

Elapsed Time . . . .
Source . . Vol. | Vial + Ca Samplin, Sampling |Sample+Vial+| Sample | Volume, #CV
Sample Column Fov ahths'rtr?rrrtl, Projected Date/Time (mL) | Mass (g)p Startr")l"in'lge End I";im%: CappMass (g Massp(g) mL processed
Y-5-SL-E40 Yellow | 36.5 18:00 7/11/03 7:00 AM 30.0 7.5385 7:00 AM 7:30 AM 21.6691 14.1306 | 13.9355| 43.77
Y-5-SL-E41 Yellow | 37.5 18:30 7/11/03 7:30 AM 30.0 7.4340 7:30 AM 8:00 AM 22.0375 7.4340 | 7.4340 44.45
Y-5-SL-E42 Yellow | 38.5 19:00 7/11/03 8:00 AM 30.0 7.4338 8:00 AM 8:30 AM 21.7210 14.2872 | 14.0899 | 45.05
Y-5-SL-E43 Yellow | 39.5 19:30 7/11/03 8:30 AM 30.0 7.4316 8:30 AM | 9:00 AM 22.1240 14.6924 | 14.4895 | 46.37
Y-5-SL-E44 Yellow | 40.5 20:00 7/11/03 9:00 AM 30.0 7.3895 9:00 AM | 9:30 AM 21.6598 14.2703 | 14.0733 | 47.65
Y-5-SL-E45 Yellow | 41.5 20:30 7/11/03 9:30 AM 30.0 7.5710 9:30 AM | 10:00 AM 22.3390 14.7680 | 14.5641 48.97
Y-5-SL-E46 Yellow | 42.5 21:00 7/11/03 10:00 AM 30.0 7.6584 10:00 AM | 10:30 AM 21.9324 14.2740 | 14.0769 | 50.25
Y-5-SL-E47 Yellow | 43.5 21:30 7/11/03 10:30 AM 30.0 7.5153 10:30 AM | 11:00 AM 22.2920 14.7767 | 14.5727| 51.58
Y-5-SL-E48 Yellow | 44.5 22:00 7/11/03 11:00 AM 30.0 7.5253 11:00 AM | 11:05 AM 11.0097 3.4844 | 3.4363 51.89
Count start Mass count Total Net back counts/g control control
Count date . file name |Counted,| . gross counts Tot cts-bck % C/Co C/Co
time time, sec counts ground sample counts/ g counts
Sample g
Y-5-SL-E01 | 7/15/03 2:20PM | YS5SLEO! 4.5794] 303 0 0 -1268 0 0 451,907 0.000% 0.00E+00 | 2,767,295
Y-5-SL-E02 | 7/15/03 2:30 PM | YSSLEO02 4.1737] 302.68 60016 56,216 -1268 56216 13469 451,907 2.981% 2.98E-02 | 2,767,295
Y-5-SL-E03 | 7/15/03 3:01 PM | YS5SLEO3 4.8730] 302.54 54349 50,115 -1268 50115 10284 451,907 2.276% 2.28E-02 | 2,767,295
Y-5-SL-E04 | 7/15/03 3:09 PM | YSSLEO4 4.4500] 304.46 117199 109,456 -1268 109456 24597 451,907 5.443% 5.44E-02 | 2,767,295
Y-5-SL-E05 | 7/15/03 3:15PM | YSSLEOS 5.0899] 311 324117 302,775 -1268 302775 59485 451,907 13.163% 1.32E-01 | 2,767,295
Y-5-SL-E06 | 7/17/03 | 11:20 AM | YS5SLEO6 4.9975] 314 399575 374,496 121 374496 74937 443,117 16.911% 1.69E-01 | 2,713,473
Y-5-SL-E07 | 7/21/03 2:20 PM | YSSLEO7D | 10.1194] 302.2 39608 1.01E+09 178 1010183550 | 99826428 | 446,762 22344% | 2.23E+02 | 2,735,792
Y-5-SL-E08 | 7/18/03 | 10:23 AM | YSSLEOSD | 11.0732] 308.14 216614 55,370,418 | -146 | 55370418.23 5000399 449,023 | 1113.617% | 1.11E+01 | 2,749,640
Y-5-SL-E09 | 7/21/03 3:21 PM | YSSLEO9D [ 11.0860] 1204.2 13707 2,571,682 178 2571681.61 231976 446,762 51.924% | 5.19E-01 | 2,735,792
Y-5-SL-E10 | 7/17/03 | 11:36 AM | YSSLE10 | 13.2776] 312.58 345511 322,964 121 322964 24324 443,117 5.489% 5.49E-02 | 2,713,473
Y-5-SL-E11 | 7/16/03 12:00 PM [ YSSLE11 | 13.2287] 305.5 144161 132,982 -1268 132982 10053 451,907 2.224% 2.22E-02 | 2,767,295
Y-5-SL-E12 | 7/16/03 | 11:15 AM | YSSLEI2 | 13.2693] 302.9 64401 59,047 -1268 59047 4450 451,907 0.985% 9.85E-03 | 2,767,295
Y-5-SL-E13 | 7/16/03 9:55 AM | YSSLEI3 | 17.3152] 301.98 33373 30,332 -1268 30332 1752 451,907 0.388% 3.88E-03 | 2,767,295
Y-5-SL-E14 | 7/11/03 11:00 PM | YSSLE14 | 12.6744] 601.89 66065 59,867 299 59867 4723 859,882 0.549% 5.49E-03 | 5,265,574
Y-5-SL-E15 | 7/12/03 | 12:05 AM | YSSLEIL5 | 12.9485] 602.75 27533 23,289 299 23289 1799 859,882 0.209% 2.09E-03 | 5,265,574
Y-5-SL-E16 | 7/12/03 | 12:15 AM | YS5SSLE16 | 13.4901] 602.54 20988 18,408 299 18408 1365 859,882 0.159% 1.59E-03 | 5,265,574
Y-5-SL-E17 | 7/12/03 | 12:45 AM | YSSLEL7 | 10.6965] 602.58 21799 18,748 299 18748 1753 859,882 0.204% 2.04E-03 | 5,265,574
Y-5-SL-E18 | 7/12/03 2:00 AM | YS5SLEI8 | 13.4637] 602.72 26535 23,014 299 23014 1709 859,882 0.199% 1.99E-03 | 5,265,574
Y-5-SL-E19 | 7/12/03 2:30 AM | YSSLE19 | 12.9330] 602.26 14293 10,194 299 10194 788 859,882 0.092% 9.17E-04 | 5,265,574
Y-5-SL-E20 | 7/12/03 4:00 AM | YS5SLE20 | 14.2863] 602.14 10571 7,557 299 7557 529 859,882 0.062% 6.15E-04 | 5,265,574
Y-5-SL-E21 | 7/14/03 3:00 PM | YSSLE21 | 14.1740] 602.1 9570 7,065 149 7065 498 900,363 0.055% 5.54E-04 | 5,513,461
Y-5-SL-E22 | 7/14/03 3:10PM | YSSLE22 | 14.5271] 602.1 8932 6,468 149 6468 445 900,363 0.049% 4.95E-04 | 5,513,461
Y-5-SL-E23 | 7/14/03 3:220PM | YSSLE23 [ 14.2681] 602.1 8231 6,306 149 6306 442 900,363 0.049% 4.91E-04 | 5,513,461
Y-5-SL-E24 | 7/14/03 3:45 AM | YSSLE24 | 14.3900] 602.1 7784 5,317 149 5317 369 900,363 0.041% 4.10E-04 | 5,513,461
Y-5-SL-E25 | 7/15/03 9:15 AM | YSSLE25 | 14.1096] 1204.1 14969 10,479 -1268 10479 743 1,814,457 0.041% 4.09E-04 | 11,111,009
Y-5-SL-E26 | 7/15/03 | 10:10 AM | YS5SLE26 | 14.3707| 1204.1 14027 9,322 -1268 9322 649 1,814,457 0.036% 3.58E-04 | 11,111,009
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Table B.19 (Contd)

Mass
Count start Counted,| count Total Net back counts/g control control
Sample Count date time file name g time, sec | gross counts counts ground| Tot cts-bck sample counts/ g % C/Co C/Co counts
Y-5-SL-E27 7/15/03 10:40 AM | YSSLE27 14.2248 1204 13207 8,721 -1268 8721 613 1,814,457 0.034% 3.38E-04 | 11,111,009
Y-5-SL-E28 | 7/15/03 | 11:05 AM | YSSLE28 | 13.9453] 1203.9 11970 8,243 -1268 8243 591 1,814,457 0.033% 3.26E-04 | 11,111,009
Y-5-SL-E29 | 7/15/03 12:30 PM | Y5SLE29 | 14.2136] 1203.9 11635 7,798 -1268 7798 549 1,814,457 0.030% 3.02E-04 | 11,111,009
Y-5-SL-E30 7/15/03 12:55 PM | YSSLE30 1.1624| 1334.7 4482 1,007 -1268 1007 866 1,814,457 0.048% 4.77E-04 | 11,111,009
Y-5-SL-E31 | 7/22/03 7:45 AM | YSSLE31 | 14.0356] 1806.2 16582 9,455 -1175 9455 674 2,684,356 0.025% 2.51E-04 | 16,437,925
Y-5-SL-E32 | 7/22/03 8:25 AM | YSSLE32 | 14.4096| 3612.23 31298 17,082 -1175 17082 1185 2,684,356 0.044% 4.42E-04 | 16,437,925
Y-5-SL-E33 7/22/03 9:52 AM Y5SSLE33 14.4204] 1806.26 15534 8,190 -1175 8190 568 2,684,356 0.021% 2.12E-04 | 16,437,925
Y-5-SL-E34 | 7/22/03 | 10:24 AM | YS5SLE34 | 14.2156] 1806.16 15014 8,321 -1175 8321 585 2,684,356 0.022% 2.18E-04 | 16,437,925
Y-5-SL-E35 | 7/22/03 | 10:55 AM | YSSLE35 | 13.9564] 1806.16 13924 7,882 -1175 7882 565 2,684,356 0.021% 2.10E-04 | 16,437,925
Y-5-SL-E36 | 7/22/03 | 11:29 AM | YS5SLE36 | 14.6327| 1806.1 14205 7,077 -1175 7077 484 2,684,356 0.018% 1.80E-04 | 16,437,925
Y-5-SL-E37 | 7/22/03 12:02 PM | YS5SSLE37 | 13.9821] 1806.08 13938 7,786 -1175 7786 557 2,684,356 0.021% 2.07E-04 | 16,437,925
Y-5-SL-E38 | 7/22/03 12:34 PM | Y5SLE38 | 13.9072] 1806.1 12940 6,897 -1175 6897 496 2,684,356 0.018% 1.85E-04 | 16,437,925
Y-5-SL-E39 | 7/22/03 1:05PM | YSSLE39 | 14.4421] 1806.06 13035 6,702 -1175 6702 464 2,684,356 0.017% 1.73E-04 | 16,437,925
Y-5-SL-E40 | 7/22/03 1:39 PM | YSSLE40 [ 14.1306] 1806.06 12494 5,909 -1175 5909 418 2,684,356 0.016% 1.56E-04 | 16,437,925
Y-5-SL-E41 7/24/03 8:45 AM Y5SLE41 7.4340 | 1806.16 12479 6,747 160 6747 908 2,676,709 0.034% 3.39E-04 | 16,391,098
Y-5-SL-E42 | 7/24/03 9:31 AM | Y5SLE42 | 14.2872] 1806.06 12479 6,168 160 6168 432 2,676,709 0.016% 1.61E-04 | 16,391,098
Y-5-SL-E43 | 7/24/03 | 10:04 AM | YS5SLE43 [ 14.6924]| 1806.12 12391 6,152 160 6152 419 2,676,709 0.016% 1.56E-04 | 16,391,098
Y-5-SL-E44 7/24/03 10:36 AM | YSSLE44 14.2703] 1806.26 12281 5,499 160 5499 385 2,676,709 0.014% 1.44E-04 | 16,391,098
Y-5-SL-E45 | 7/24/03 | 11:11 AM | YSSLE45 [ 14.7680] 1806.18 11672 3,988 160 3988 270 2,676,709 0.010% 1.01E-04 | 16,391,098
Y-5-SL-E46 | 7/24/03 | 11:42 AM | YS5SLE46 | 14.2740] 1806.2 11286 4,902 160 4902 343 2,676,709 0.013% 1.28E-04 | 16,391,098
Y-5-SL-E47 7/24/03 12:22 PM | YSSLE47 14.7767] 1806.2 11952 5,967 160 5967 404 2,676,709 0.015% 1.51E-04 | 16,391,098
Y-5-SL-E48 | 7/24/03 1:03 PM | YSSLE48 3.4844| 1806.26 7919 884 160 884 254 2,676,709 0.009% 9.48E-05 | 16,391,098
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Second Water Rinse Feed = DI water Flow Rate = approx 33 mL/hr or 3 CV/hr
Resin = SuperLig 644, batch #C-01-05-28-02-35-60 Start Date and Time = 7/11/03 1:15 PM
Bed Volume = 11 mL End Date and Time = 7/11/03 2:55 PM

Table B.20. Run 2 Data Collection during Second Water Rinse of Yellow Column -5 ppm Feed

Source # | Elapsed . . Vol. Coll.ection Vial + Ca Samplin; Samplin Samplet Vial Sample
Sample Column | CV Tilzne Projected Date/Time | - Day (mL) Tlme, Mass (g)p StartpTimge End l'Jl"imge * Cap Mass Massp(g)
minutes (2)

Y-5-SL-WR1 Yellow | 1 0:00 |7/11/2003 1:15 PM Friday 11 20 17.2739 1:15 PM 1:35 PM 35.0382 17.7643
Y-5-SL-WR2 Yellow | 2 0:20 |7/11/2003 1:35 PM Friday 11 20 17.2972 1:35 PM 1:55 PM 35.2064 17.9092
Y-5-SL-WR3 Yellow | 3 0:40 |7/11/2003 1:55 PM Friday 11 20 17.2902 1:55 PM 2:15 PM 31.4960 14.2058
Y-5-SL-WR4 Yellow | 4 1:00 |7/11/2003 2:15 PM Friday 11 20 17.4018 2:15 PM 2:35 PM 41.0792 23.6774
Y-5-SL-WR5 Yellow | 5 1:20 |7/11/2003 2:35 PM Friday 11 20 17.6156 2:35 PM 2:55 PM 32.5390 14.9234

Count start Count TOSS back Sample cts - | AN-105 C/Co,

Sample Count date time file name Time, sec c%)unts Net counts ground backrzground Control | Tc-95m

Y-5-SL-WR1 7/29/2003 | 9:25 AM | YSSLWRI1 600.0 674 611 158 453 75673 0.0060

Y-5-SL-WR2 7/29/2003 | 9:40 AM | YSSLWR2 603.2 375 339 158 181 75673 0.0024

Y-5-SL-WR3 7/29/2003 | 9:50 AM | YSSLWR3 603.2 250 225 158 67 75673 0.0009

Y-5-SL-WR4 7/29/2003 | 10:05 AM | YSSLWR4 603.3 939 872 158 714 75673 0.0094

Y-5-SL-WR5 7/29/2003 | 10:15 AM | YSSLWRS5 603.2 261 203 158 45 75673 0.0006
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Table B.21.

SL-644 Loaded with 5 ppm AN-105 Simulant -yellow Column
Resin: SL-644, pre-conditioned 5/03- Acid Form

Run 2 Data Collection for Resin Mass — Before and After Column Run Yellow Column -5 ppm Feed

Mass Initial Resin 3.3230|prior to column loading
F-factor 0.6719
dry resin 2.2327
Mass Final Resin 2.1652 after column elution
F-factor 0.9989
dry wt| 2.16292563
Mass Change 0.0698
% Mass Change 3.1%
F-factor Data and Calculation - Initial Resin
Vial Tare Wt,| Vial + Resin | Wet Resin Dry Wt#2, g | Frinal Dry
Date/Time Drying Temp, °C g Wt, g Mass, g Dry WT #1, g| (5/27/03) Resin Wt., g F-Factor average
5/23/03 9:20 AM 50 16.9840 17.4960 0.5120 17.3683 17.3278 0.3438 0.6715 0.6719
5/23/03 9:20 AM 50 17.1963 17.7107 0.5144 17.5749 17.5421 0.3458 0.6722
F-factor Data and Calculation - Spent Resin
Drying Temp, | Vial Tare Wt, | Vial + Resin | Wet Resin Frinal Dry
Date/Time °C g Wt, g Mass, g Dry Wt#1, g | Dry Wt #2, g | Resin Wt., g F-Factor
9/15/03 10:20 AM 50 16.8439 17.4151 0.5712 17.4130 17.4145 0.5706 0.9989
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Loading

Feed = AN-105 Simulant at 5 ppm Cs

Supernate Density = 1.2434
Flow Rate = approx 30 mL/hr or ~3.0 CV/hr
Pink Bed volume = 11 mL

Table B.22. Run 2 Cs Loading of Green Column -5 pg/L Cs with SL-644

Resin = SuperLig 644, batch #C-01-05-28-02-35-60

MT Effluent-1 Jug/cap-w/o hole = 443.1 g
MT Effluent-2 Jug/cap-w/o hole = 283.9 g
MT Effluent-3 Jug/cap-w/o hole = 443.1 g
MT Effluent-4 Jug/cap-w/o hole = 443.1 g

Start Date and Time = 7/4/2003 7:04 PM
End Date and Time = 7/10/03 8:16 PM

E?apsed . . . Sample+Vial Mass Est. Est.
Sample Source #CV Time at Projected Date/Time Vol. | Vial +Cap | Samp l%ng Sampl.l ng Endf Eff. Bottle + Cap Mass Sample Processed,| Effluent | Flow| #CV
Column Start, (mL) | Mass(g) | Start Time Time Mass (g) Mass (g)
(2) g Vol Rate
hh:mm

G-5-SL-LO1 Green 6 0:56 7/4/2003 8:00 PM 5 17.2079 8:00 PM 8:05 PM 491.2 21.9677 4.7598 53 42.7 |45.7] 3.9
G-5-SL-L02 Green 78 13:03 7/5/2003 8:07 AM 5 17.2099 | 8:07 AM 8:12 AM 1419.4 25.9161 8.7062 990 799.5 | 61.3| 73
G-5-SL-L03 Green 137 22:54 7/5/2003 5:58 PM 5 17.4080 5:58 PM 6:03 PM 2144.1 23.5640 6.1560 1721 1389.8 | 60.7| 126
G-5-SL-L04 Green | 215 35:51 7/6/2003 6:55 AM 5 17.1354 | 6:55 AM 7:00 AM 3048.0 23.0154 5.8800 2630 2124.7 | 59.3] 193
G-5-SL-L05 Green | 291 48:31 7/6/2003 7:35 PM 5 17.4438 | 7:35 AM 7:40 AM 3952.2 23.9515 6.5077 3541 2860.3 | 59.0] 260
G-5-SL-L06 Green 360 59:56 7/7/2003 7:00 AM 5 17.4211 7:00 AM 7:05 AM 1189.7 24.1951 6.7740 4486 3623.3 | 60.5| 329
G-5-SL-L07 Green 383 63:51 | 7/7/2003 10:55 AM 5 17.2121 | 10:55 AM | 11:00 AM 1510.1 24.4233 7.2112 4813 3888.0 | 60.9| 353
G-5-SL-L08 Green | 411 68:29 7/7/2003 3:33 PM 5 17.3025 3:33 PM 3:38 PM 834.2 24.5902 7.2877 5258 4246.9 | 62.0] 386
G-5-SL-L09 Green | 468 78:04 7/8/2003 1:08 AM 5 17.1820 1:08 AM 1:13 AM 1690.0 24.7928 7.6108 6121 4944.3 | 63.3| 449
G-5-SL-L10 Green 502 83:36 7/8/2003 6:40 AM 5 17.3438 | 6:40 AM 6:45 AM 2131.0 25.3846 8.0408 6570 5307.1 | 63.5| 482
G-5-SL-L11 Green 528 87:59 | 7/8/2003 11:03 AM 5 173136 | 11:03 AM | 11:08 AM 2505.2 24.5979 7.2843 6952 5615.2 | 63.8| 510
G-5-SL-L12 Green | 277 92:16 7/8/2003 3:20 PM 5 17.4412 3:20 PM 3:25 PM 2873.8 24.8336 7.3924 7328 5918.9 | 64.2| 538
G-5-SL-L13 Green 302 100:37 | 7/8/2003 11:41 PM 5 17.0862 | 11:41PM | 11:46 PM 3718.5 24.6439 7.5577 8180 6607.3 | 65.7| 601
G-5-SL-L14 Green 318 105:56 | 7/9/2003 5:00 AM 5 17.0318 | 5:00 AM 5:05 AM 4045.6 24.3960 7.3642 8514 6877.5 | 64.9| 625
G-5-SL-L15 Green 330 | 109:56 | 7/9/2003 9:00 AM 5 17.0672 | 9:05 AM 9:10 AM 4394.1 24.4899 7.4227 8870 7165.0 | 65.2| 651
G-5-SL-L16 Green 337 112:21 | 7/9/2003 11:25 AM 5 169233 | 11:25 AM | 11:30 AM 647.0 24.3722 7.4489 9188 7421.3 | 66.1| 675
G-5-SL-L17 Green 348 116:04 | 7/9/2003 3:08 PM 5 16.9166 3:08 PM 3:13 PM 968.2 24.4107 7.4941 9516 7686.8 | 66.2| 699
G-5-SL-L18 Green 355 118:16 | 7/9/2003 5:20 PM 5 17.1437 5:20 PM 5:25 PM 1155.5 24.4000 7.2563 9711 7844.0 | 55.1| 713
G-5-SL-L19 Green 397 132:16 | 7/10/2003 7:20 AM 5 17.0929 | 8:11 AM 8:16 AM 2549.1 24.4000 7.3071 11952 | 9654.5 | 61.8| 878
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Table B.22 (Contd)

Sample Count date Cou?" start file name Mass Counted, count time, sec| gross counts Net counts back ground Tot cts-bck AN-105 counts /g control counts/ CiCo,
time g Control 50 ppm sample g Cs-137

G-5-SL-LO1 7/8/2003 2:00 PM G5SLLO1 4.7598 605 153 128 93 35 87531 7.4 14075 0.0005
G-5-SL-L02 7/30/2003 8:15 AM GSSLL02X 8.7062 603 232 190 204 -14 75174 0.0 12088 0.0000
G-5-SL-L03 7/7/2003 2:00 PM G5SLLO03 6.1560 606 121 120 150 -30 85193 0.0 13699 0.0000
G-5-SL-L04 7/7/2003 1:05 PM GSSLL04 5.8800 605 268 238 150 88 85193 15.0 13699 0.0011
G-5-SL-LO5 7/7/2003 10:35 AM G5SLLO5 6.5077 605 1614 1559 150 1409 85193 216.5 13699 0.0158
G-5-SL-L06 7/7/2003 9:45 AM GSSLL06 6.7740 607 8603 8240 150 8090 85193 1194.3 13699 0.0872
G-5-SL-L07 7/7/2003 12:00 PM G5SLLO7 7.2112 607 13986 13311 150 13161 85193 1825.1 13699 0.1332
G-5-SL-L08 7/7/2003 4:35 PM GSSLLO8 7.2877 609 20916 20097 150 19947 85193 2737.1 13699 0.1998
G-5-SL-L09 7/8/2003 11:25 AM G5SLL09 7.6108 613 44165 42366 93 42273 90473 5554.3 14548 0.3818
G-5-SL-L10 7/8/2003 11:05 AM GSSLL10 8.0408 615 58346 55678 93 55585 90473 6912.9 14548 0.4752
G-5-SL-L11 7/8/2003 12:50 PM G5SLL11 7.2843 616 60510 58036 93 57943 90473 7954.5 14548 0.5468
G-5-SL-L12 7/8/2003 4:50 PM GSSLL12 7.3924 617 66765 64026 129 63897 87531 8643.6 14075 0.6141
G-5-SL-L13 7/9/2003 2:50 PM G5SLL13 6.2522 616 65906 63251 109 63142 87531 10099.2 14075 0.7175
G-5-SL-L14 7/9/2003 2:00 PM GSSLL14 6.1869 616 67098 64428 109 64319 87531 10396.0 14075 0.7386
G-5-SL-L15 7/9/2003 9:50 AM G5SLL15 6.1630 620 86547 82688 109 82579 87531 13399.2 14075 0.9520
G-5-SL-L16 7/9/2003 12:20 PM GSSLL16 6.1920 617 72767 69792 109 69683 87531 11253.7 14075 0.7996
G-5-SL-L17 7/9/2003 4:10 PM G5SLL17 6.1986 618 75849 72801 109 72692 85599 11727.2 13764 0.8520
G-5-SL-L18 7/9/2003 6:10 PM GSSLL18 6.3695 618 79324 76234 109 76125 85599 11951.5 13764 0.8683
G-5-SL-L19 7/10/2003 8:59 AM G5SLL19 6.1920 619 80100 76778 114 76664 85599 12381.1 13764 0.8995
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Wash & Rinse Feed = Wash - 0.1 M NaOH, Rinse - water Flow Rate = approx 33 mL/hr or 3 CV/hr
Resin = SuperLig 644, batch #C-01-05-28-02-35-60 Start Date and Time = 7/10/03 9:55 AM
Bed Volume = 11 mL End Date and Time = 7/10/03 12:07 PM
NaOH density = 1.008 g/mL

Table B.23. Run 2 Data Collection During 0.10 M NaOH Feed Displacement and Water Rinse of Green Column — 5 ppm Feed

Sample Source 4oV Ela‘psed Projected Date/Time Day Vol. C(ill,liiis’on Vial + Cap Sampl?ng Sampl'ing End| Sample+Vial+ | Sample Mass
Column Time (mL) minutes Mass (g) Start Time Time Cap Mass (g) (2)

G-5-SL-FDO1 Green 1 0:00 |7/10/2003 9:55 AM Thursday | 11 20 17.2434 9:55 AM 10:15 AM 36.6782 19.4348
G-5-SL-FD02 Green 2 0:20 |7/10/2003 10:15 AM Thursday | 11 20 17.2986 10:15 AM 10:35 AM 32.9910 15.6924
G-5-SL-FD03 Green 3 0:40 |7/10/2003 10:35 AM Thursday | 11 20 17.2292 10:35 AM 10:55 AM 35.8635 18.6343
G-5-SL-RLO1 Green 1 0:00 |7/10/2003 11:07 AM Thursday | 11 20 17.3234 11:07 AM 11:27 AM 27.0448 9.7214
G-5-SL-RLO2 Green 2 0:20 |7/10/2003 11:27 AM Thursday | 11 20 17.2450 11:27 AM 11:47 AM 26.2670 9.0220
G-5-SL-RLO3 Green 3 0:40 |7/10/2003 11:47 AM Thursday | 11 20 17.4225 11:47 AM 12:07 PM 28.0018 10.5793
Sample Count date Count start file name Count Time, aross counts| Net counts back Sample cts - | AN105 | C/Co, | count/ g| counts/ g| C/Co,

time sec ground | background | Control [ Cs-137| sample | control | Cs-137

G-5-SL-FDO1 7/30/2003 | 8:30 AM | GSSLFDO1 649.08 274529 261971 204 261767 75174 | 3.4821 | 13469 12088 | 1.114
G-5-SL-FD02 | 7/30/2003 | 8:45 AM | G5SLFD02 629.66 159562 52499 204 52295 75174 1 0.6957 | 3333 12088 | 0.276
G-5-SL-FD03 7/30/2003 | 8:55 AM | GS5SLFD03 614.20 68464 65333 204 65129 75174 | 0.8664 | 3495 12088 | 0.289
G-5-SL-RLO1 7/30/2003 | 9:05 AM | GSSLRLO1 605.46 14547 13766 204 13562 75174 1 0.1804 | 1395 12088 | 0.115
G-5-SL-RLO2 | 7/30/2003 | 9:20 AM | G5SLRLO2 604.66 9494 8911 204 8707 75174 | 0.1158 ] 965 12088 | 0.080
G-5-SL-RL03 7/30/2003 | 9:30 AM | G5SLRLO3 604.50 8393 7934 204 7730 75174 | 0.1028 | 731 12088 | 0.060
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Elution Feed = 0.50 M HNO; at 25°C Flow Rate = approx 11mL/hr or 1 CV/hr
Resin = SuperLig 644, batch #C-01-05-28-02-35-60 Start Date and Time = 7/10/03 1:00 PM
Bed Volume = 11 mL End Date and Time = 7/12/03 4:00 AM
Density 0.5 M HNO; = 1.014 g/mL
Table B.24 Run 2 Elution of Green Column - 25°C, 0.50 M HNO; at 1 BV/h Flow
Elapsed Time
Source at Start, Vol. | Vial + Cap| Sampling | Sampling |SampletVial+| Sample | Volume, #CV
Sample Column| #CV hh:mm Projected Date/Time| (mL) [ Mass (g) | Start Time | End Time | Cap Mass (g) | Mass (g) mL processed

G-5-SL-E01 | Green 0.25 0:00 7/10/03 1:00 PM | 2.8 7.4826 1:00 PM 1:15 PM 9.8584 2.3758 | 2.3430 0.21
G-5-SL-E02 | Green 0.5 0:15 7/10/03 1:15PM | 2.8 7.6301 1:15 PM 1:30 PM 9.9165 2.2864 | 2.2548 0.42
G-5-SL-E03 | Green 0.75 0:30 7/10/03 1:30 PM | 2.8 7.5495 1:30 PM 1:45 PM 10.4548 2.9053 | 2.8652 0.68
G-5-SL-E04 | Green 1 0:45 7/10/03 1:45 PM 2.8 7.5559 1:45 PM 2:00 PM 10.4101 2.8542 | 2.8148 0.93
G-5-SL-E05 | Green 1.25 1:00 7/10/03 2:00 PM | 2.8 7.4242 2:00 PM 2:15 PM 10.3129 2.8887 | 2.8488 1.19
G-5-SL-E06 | Green 1.5 1:15 7/10/03 2:15PM | 2.8 7.5138 2:15 PM 2:30 PM 10.4086 2.8948 | 2.8548 1.45
G-5-SL-E07 | Green 1.75 1:30 7/10/03 2:30 PM | 2.8 7.3924 2:30 PM 3:00 PM 13.1838 5.7914 | 5.7114 1.97
G-5-SL-E08 | Green 2.25 2:00 7/10/03 3:00 PM | 5.5 7.5599 3:00 PM 3:30 PM 13.3128 5.7529 | 5.6735 2.49
G-5-SL-E09 | Green 2.75 2:30 7/10/03 3:30 PM 5.5 7.5093 3:30 PM 4:00 PM 13.3075 5.7982 | 5.7181 3.01
G-5-SL-E10 | Green 3.25 3:00 7/10/03 4:.00 PM | 5.5 7.4203 4:00 PM 4:30 PM 13.3229 5.9026 | 5.8211 3.54
G-5-SL-E11 | Green 3.75 3:30 7/10/03 4:30 PM | 5.5 7.5600 4:30 PM 5:00 PM 13.4508 5.8908 | 5.8095 4.07
G-5-SL-E12 | Green 4.25 4:00 7/10/03 5:00 PM | 5.5 7.4715 5:00 PM 5:30 PM 13.3521 5.8806 | 5.7994 4.59
G-5-SL-E13 | Green 5.25 4:30 7/10/03 5:30 PM | 11.0 | 7.3953 5:30 PM 6:00 PM 13.3232 5.9279 | 5.8461 5.12
G-5-SL-E14 | Green 6.25 5:00 7/10/03 6:00 PM 11.0 7.4569 6:00 PM 7:00 PM 19.0658 11.6089 | 11.4486 6.16
G-5-SL-E15 | Green 7.25 6:00 7/10/03 7:00PM | 11.0 | 7.4218 7:00 PM 8:00 PM 19.2051 11.7833 ] 11.6206 7.22
G-5-SL-E16 | Green 8.25 7:00 7/10/03 8:00 PM | 11.0 | 7.4694 8:00 PM 9:00 PM 19.0910 11.6216 | 11.4611 8.26
G-5-SL-E17 | Green 9.25 8:00 7/10/03 9:00 PM | 11.0 | 7.4202 9:00 PM | 10:00 PM 18.7922 11.3720 | 11.2150 9.28
G-5-SL-E18 | Green | 10.25 9:00 7/10/03 10:00 PM | 11.0 [ 7.6415 10:00 PM | 11:00 PM 19.3308 11.6893 | 11.5279 | 10.33
G-5-SL-E19 | Green 11.25 10:00 7/10/03 11:00 PM | 11.0 7.5401 11:00 PM | 12:00 AM 19.1346 11.5945| 11.4344 11.37
G-5-SL-E20 | Green | 12.25 11:00 7/11/03 12:00 AM | 11.0 | 7.4066 12:00 AM | 1:00 AM 19.1099 11.7033 | 11.5417 | 12.42
G-5-SL-E21 | Green | 13.25 12:00 7/11/03 1:00 AM | 11.0 | 7.5240 1:00 AM | 2:00 AM 19.0181 11.4941 | 11.3354 | 13.45
G-5-SL-E22 | Green | 14.25 13:00 7/11/03 2:00 AM | 11.0 | 7.4423 2:00 AM | 3:00 AM 19.1069 11.6646 | 11.5036 | 14.50
G-5-SL-E23 | Green | 15.25 14:00 7/11/03 3:00 AM | 11.0 | 7.6566 3:00 AM | 4:00 AM 19.4802 11.8236 ] 11.6604 | 15.56
G-5-SL-E24 | Green 16.25 15:00 7/11/03 4:00 AM | 11.0 7.4273 4:00 AM 5:00 AM 18.9479 11.5206 | 11.3615 16.59
G-5-SL-E25 | Green | 17.25 16:00 7/11/03 5:00 AM | 11.0 | 7.3871 5:00 AM | 5:30 AM 13.3883 6.0012 | 5.9183 17.13
G-5-SL-E26 | Green | 18.25 17:00 7/11/03 6:00 AM | 11.0 | 7.4485 5:30 AM | 6:00 AM 13.1924 5.7439 | 5.6646 17.64
G-5-SL-E27 | Green | 19.25 18:00 7/11/03 7:00 AM | 11.0 | 7.4626 6:00 AM | 7:00 AM 19.1002 11.6376 | 11.4769 | 18.68
G-5-SL-E28 | Green | 20.25 19:00 7/11/03 8:00 AM | 11.0 | 7.5165 7:00 AM | 8:00 AM 19.1229 11.6064 | 11.4462 | 19.73
G-5-SL-E29 | Green 21.25 20:00 7/11/03 9:00 AM | 11.0 7.4739 8:00 AM 9:00 AM 19.0800 11.6061 | 11.4459 20.77
G-5-SL-E30 | Green | 22.25 21:00 7/11/03 10:00 AM | 11.0 [ 7.4111 9:00 AM | 10:00 AM 19.0191 11.6080 | 11.4477 | 21.81
G-5-SL-E31 | Green | 23.25 22:00 7/11/03 11:00 AM | 11.0 | 7.4973 | 10:00 AM | 11:00 AM 18.9974 11.5001 | 11.3413 | 22.84
G-5-SL-E32 | Green | 24.25 23:00 7/11/03 12:00 PM | 11.0 | 7.6432 11:00 AM | 12:00 PM 19.0276 11.3844 | 11.2272 | 23.86
G-5-SL-E33 | Green | 25.25 24:00 7/11/03 1:00PM | 11.0 | 7.4214 12:00 PM | 1:00 PM 18.8737 11.4523 ] 11.2942 | 24.88
G-5-SL-E34 | Green 26.25 25:00 7/11/03 2:00 PM 11.0 7.5437 1:00 PM 2:00 PM 18.9757 11.4320 | 11.2742 2591
G-5-SL-E35 | Green | 27.25 26:00 7/11/03 3:00 PM | 11.0 | 7.5655 2:00 PM 3:00 PM 18.9297 11.3642 | 11.2073 | 26.93
G-5-SL-E36 | Green | 28.25 27:00 7/11/03 4:00PM | 11.0 | 7.4565 3:00 PM 4:00 PM 18.7225 11.2660 | 11.1105 | 27.94




ced

Table B.24 (Contd)

Elapsed Time
Source at Start, Vol. | Vial + Cap| Sampling | Sampling |Sample+Vial+| Sample | Volume, #CV
Sample Column| #CV hh:mm Projected Date/Time| (mL) | Mass (g) | Start Time | End Time | Cap Mass (g) | Mass (g) mL processed
G-5-SL-E37 | Green | 29.25 28:00 7/11/03 5:00PM | 11.0 | 7.3930 4:00 PM 5:00 PM 18.7434 11.3504 | 11.1937| 28.96
G-5-SL-E38 | Green | 30.25 29:00 7/11/03 6:00PM | 11.0 | 7.5168 5:00 PM 6:00 PM 18.9550 11.4382 ] 11.2803 | 29.98
G-5-SL-E39 | Green | 31.25 30:00 7/11/03 7:.00 PM | 11.0 | 7.4281 6:00 PM 7:00 PM 18.8045 11.3764 | 11.2193 | 31.00
G-5-SL-E40 | Green | 32.25 31:00 7/11/03 8:00 PM | 11.0 | 7.4963 7:00 PM 8:00 PM 18.9340 11.4377 1 11.2798 | 32.03
G-5-SL-E41 | Green | 33.25 32:00 7/11/039:00 PM | 11.0 | 7.5245 8:00 PM 9:00 PM 19.0588 11.5343 ] 11.3750 |  33.06
G-5-SL-E42 | Green | 34.25 33:00 7/11/03 10:00 PM | 11.0 | 7.5071 9:00 PM 10:00 PM 19.0144 11.5073 | 11.3484 | 34.09
G-5-SL-E43 | Green | 35.25 34:00 7/11/03 11:00 PM | 11.0 [ 7.4319 10:00 PM | 11:00 PM 18.8392 11.4073 | 11.2498 | 35.12
G-5-SL-E44 | Green | 36.25 35:00 7/12/03 12:00 AM | 11.0 | 7.0010 11:00 PM | 12:00 AM 18.3291 11.3281 | 11.1717| 36.13
G-5-SL-E45 | Green | 37.25 36:00 7/12/03 1:00 AM | 11.0 [ 7.4355 12:00 AM [ 1:00 AM 18.4998 11.0643 | 10.9115| 37.12
G-5-SL-E46 | Green | 38.25 37:00 7/12/032:00 AM | 11.0 [ 7.3963 1:00 AM | 2:00 AM 18.9945 11.5982 | 11.4381 38.16
G-5-SL-E47 | Green | 39.25 38:00 7/12/03 3:00 AM | 11.0 | 7.4066 2:00 AM | 3:00 AM 18.8204 11.4138 | 11.2562 | 39.19
G-5-SL-E48 | Green | 40.25 39:00 7/12/03 4:00 AM | 11.0 [ 7.3393 3:00 AM | 4:00 AM 18.8988 11.5595] 11.3999 | 40.22
Second Water Rinse Feed = DI water Flow Rate = approx 33 mL/hr or 3 CV/hr
Resin = SuperLig 644, batch #C-01-05-28-02-35-60 Start Date and Time = 7/12/03 4:05 AM
Bed Volume = 11 mL End Date and Time = 7/12/03 5:05 AM
Table B.25. Run 2 Data Collection During Second Water Rinse of Green Column -5 ppm Feed
Collection . . . Sample+Vial
Source # | Elapsed . . Vol. . Vial + Ca Samplin, Samplin, Sample
Sample Column | CV TiI:ne Projected Date/Time | Day (mL) Tlme, Mass (g)p Startr")l"imi End I")l“im%: + Cap Mass Massp(g)
minutes (2)
G-5-SL-WR1 Green 1 0:00 [7/12/2003 4:05 AM | Saturday| 11 20 17.4792 4:05 AM 4:25 AM 36.6781 19.1989
G-5-SL-WR2 Green 2 0:20 |7/12/2003 4:25 AM | Saturday| 11 20 17.3880 4:25 AM 4:45 AM 38.4307 21.0427
G-5-SL-WR3 Green 3 0:40 |7/12/2003 4:45 AM | Saturday| 11 20 16.6872 4:45 AM 5:05 AM 34.7913 18.1041
Count start Count TOSS back | Sample cts - | AN-105 | Estimated
Sample Count date time file name Time, sec cgounts Net counts ground backr;ground Control C/Co,
G-5-SL-WR4 7/30/2003 | 1/0/1900 | GSSLWR4| 603.42 1,910 | 11/30/1904 204 1592 75174 0.0212
G-5-SL-WRS 7/30/2003 | 1/0/1900 | GSSLWRS| 603.32 1,388 | 8/1/1903 204 1105 75174 0.0147
G-5-SL-WR6 7/30/2003 | 1/0/1900 | GSSLWR6| 603.12 261 8/21/1900 204 30 75174 0.0004
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Table B.26. Run 2 Data Collection for Resin Mass — Before and After Column Run Green Column -5 ppm Feed

SL-644 Loaded with 5 ppm AN-105 Simulant -green Column
Resin: SL-644, pre-conditioned 5/03- Acid Form

Mass Initial Resin 3.3205|prior to column loading
F-factor 0.6719
dry wt resin 2.2310
Mass Final Resin 2.2679 |after column elution
F-factor 1.0004
dry wt resin 2.2679
Mass Change| -0.03685605
% Mass Change -1.7%
F-factor Data and Calculation - Initial Resin
Vial Tare Wt,| Vial + Resin | Wet Resin Dry Wt#2, g | Frinal Dry
Date/Time Drying Temp, °C g Wt, g Mass, g Dry WT #1, g| (5/27/03) Resin Wt., g F-Factor average
5/23/03 9:20 AM 50 16.9840 17.4960 0.5120 17.3683 17.3278 0.3438 0.6715 0.6719
5/23/03 9:20 AM 50 17.1963 17.7107 0.5144 17.5749 17.5421 0.3458 0.6722
F-factor Data and Calculation - Spent Resin
Drying Temp, | Vial Tare Wt, | Vial + Resin | Wet Resin Frinal Dry
Date/Time °C g Wt, g Mass, g Dry Wt#1, g | Dry Wt #2, g | Resin Wt., g F-Factor
9/15/03 10:20 AM 50 16.7262 17.2831 0.5569 17.2851 17.2833 0.5571 1.0004




Led

Loading

Feed = AN-105 Simulant at 5 ppm Cs

Supernate Density = 1.2434
Flow Rate = approx 30 mL/hr or ~3.0 CV/hr
Pink Bed volume = 11 mL

Resin = SuperLig 644, batch #C-01-05-28-02-35-60

MT Effluent-1 Jug/cap-w/o hole = 368.3 g
MT Effluent-2 Jug/cap-w/o hole = 283.9 g
MT Effluent-3 Jug/cap-w/o hole = 368.3 g
MT Effluent-4 Jug/cap-w/o hole = 292.2 g
MT Effluent-5 Jug/cap-w/o hole = 368.3 g

Start Date and Time = 7/4/2003 7:22 PM
End Date and Time = 7/9/2003 5:30 PM

Table B.27. Run 2 Cs Loading of Pink Column -5 pg/L Cs with SL-644

E?apsed . . . Sample+Vial Mass Est. Est.
Sample Source #CV Time at Projected Date/Time Vol. | Vial +Cap | Samp I%ng Sampl-1 ng Endf Eff. Bottle + Cap Mass Sample Processed,| Effluent | Flow| #CV
Column Start, (mL) | Mass(g) | Start Time Time Mass (g) Mass (g)
(2) g Vol Rate
hh:mm

P-5-SL-L01 Pink 1 0:38 7/4/2003 8:00 PM 5 17.1948 8:00 PM 8:05 PM 413.8 24.0524 6.8576 52.4 423 ]66.8] 3.8
P-5-SL-L02 Pink 5 12:45 7/5/2003 8:07 AM 5 17.2666 | 8:07 AM 8:12 AM 1374.6 23.7224 6.4558 1019.6 823.6 | 64.6] 74.9
P-5-SL-L03 Pink 10 22:36 7/5/2003 5:58 PM 5 17.2664 5:58 PM 6:03 PM 2112.5 23.5665 6.3001 1763.8 | 1424.7 | 63.0| 129.5
P-5-SL-L04 Pink 20 35:33 7/6/2003 6:55 AM 5 17.1484 | 6:55 AM 7:00 AM 3066.8 23.3043 6.1559 2724.3 | 2200.5 | 61.9] 200.0
P-5-SL-L05 Pink 40 48:13 7/6/2003 7:35 PM 5 17.4470 7:35 PM 7:40 PM 3995.4 23.6814 6.2344 3659.1 | 2955.7 | 61.3 | 268.7
P-5-SL-L06 Pink 60 59:38 7/7/2003 7:00 AM 5 17.1855 7:00 AM 7:05 AM 1120.0 23.2000 6.0145 4533.2 | 3661.7 | 61.4]332.9
P-5-SL-L07 Pink 80 63:33 | 7/7/2003 10:55 AM 5 17.1856 | 10:55 AM | 11:00 AM 1404.3 23.4417 6.2561 4823.8 | 3896.4 | 61.3] 354.2
P-5-SL-L08 Pink 100 68:11 7/7/2003 3:33 PM 5 17.2873 3:33 PM 3:38 PM 699.6 23.3079 6.0206 5205.4 | 4204.7 | 61.7| 382.2
P-5-SL-L09 Pink 120 77:46 7/8/2003 1:08 AM 5 17.2643 1:08 AM 1:13 AM 1394.3 23.4873 6.2230 5906.3 | 4770.8 | 61.3 | 433.7
P-5-SL-L10 Pink 140 83:18 7/8/2003 6:40 AM 5 17.4971 6:40 AM 6:45 AM 1744.8 23.4151 5.9180 6262.7 | 5058.7 | 60.7 | 459.9
P-5-SL-L11 Pink 160 87:41 | 7/8/2003 11:03 AM 5 17.3857 | 11:03 AM | 11:08 AM 2042.2 23.1296 5.7439 6565.9 | 5303.6 | 60.5 | 482.1
P-5-SL-L12 Pink 180 91:58 7/8/2003 3:20 PM 5 17.1916 3:20 PM 3:25 PM 2331.1 22.9682 5.7766 6860.5 | 5541.6 | 60.3 | 503.8
P-5-SL-L13 Pink 200 | 100:19 | 7/8/2003 11:41 PM 5 17.0134 | 11:41PM [ 11:46 PM 3542.6 28.8311 11.8177 | 8083.9 | 6529.8 | 65.1] 593.6
P-5-SL-L13 Pink 200 | 100:19 | 7/8/2003 11:41 PM 5 17.0134 | 11:41PM | 11:46 PM 3542.6 28.8311 11.8177 | 8083.9 | 6529.8 | 65.1] 593.6
P-5-SL-L14 Pink 200 | 105:38 | 7/9/2003 5:00 AM 5 17.0011 5:00 AM 5:05 AM 4083.9 29.0127 12.0116 | 8637.2 | 6976.7 | 66.0 | 634.2
P-5-SL-L15 Pink 200 | 109:43 [ 7/9/2003 9:05 AM 5 16.9735 9:05 AM 9:10 AM 856.5 28.9278 11.9543 | 9311.2 | 7521.2 | 68.6 | 683.7
P-5-SL-L16 Pink 200 | 112:03 | 7/9/2003 11:25 AM 5 17.1061 | 11:25 AM | 11:30 AM 1181.8 28.7778 11.6717 | 9648.2 | 7793.4 | 57.3 | 708.5
P-5-SL-L17 Pink 200 | 115:46 | 7/9/2003 3:08 PM 5 16.9185 3:08 PM 3:13 PM 1695.9 28.7749 11.8564 | 10174.1 | 8218.2 | 58.8 ] 747.1
P-5-SL-L18 Pink 200 | 117:43 7/9/2003 5:05 PM 5 16.9865 5:20 PM 5:25 PM 668.3 28.7000 11.7135 | 10619.1 | 8577.6 | 51.8 | 779.8
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Table B.27 (Contd)

Sample Count date Cou?" start file name Mass Counted, count time, sec| gross counts Net counts back ground Tot cts-bck control counts /g control counts/ C/Co,
time g sample g Cs137

P-5-SL-L01 7/28/2003 2:15 PM P5SLLO1 6.8576 603 245 182 172 10 77173 1.5 12603 0.0001
P-5-SL-L02 7/28/2003 2:30 PM P5SLLO2 6.4558 603 238 171 172 -1 77173 0.0 12603 0.0000
P-5-SL-L03 7/7/2003 1:20 PM P5SLLO3 6.3001 605 139 131 150 -19 87855 0.0 14347 0.0000
P-5-SL-L04 7/7/2003 10:50 AM P5SLL04 6.1559 605 344 322 150 172 87855 27.9 14347 0.0019
P-5-SL-L05 7/7/2003 10:00 AM P5SLLO5 6.2344 605 1900 1801 150 1651 87855 264.8 14347 0.0185
P-5-SL-L06 7/7/2003 9:10 AM P5SLLO6 6.0145 606 7251 6952 150 6802 87855 1130.9 14347 0.0788
P-5-SL-L07 7/7/2003 11:25 AM P5SLLO7 6.2561 607 10866 10479 150 10329 87855 1651.0 14347 0.1151
P-5-SL-L08 7/7/2003 4:00 PM P5SLLO8 6.0206 608 14377 13742 150 13592 87855 2257.6 14347 0.1574
P-5-SL-L09 7/8/2003 12:10 PM P5SLLO9 6.2230 610 27981 26783 93 26690 90673 4288.9 14807 0.2897
P-5-SL-L10 7/8/2003 9:55 AM P5SLL10 5.9180 611 33587 32051 93 31958 90673 5400.1 14807 0.3647
P-5-SL-L11 7/8/2003 1:00 PM P5SLL11 5.7439 612 37674 36068 93 35975 87349 6263.2 14264 0.4391
P-5-SL-L12 7/8/2003 4:05 PM P5SLL12 5.7766 613 42380 40653 129 40524 87349 7015.2 14264 0.4918
P-5-SL-L13 7/9/2003 2:13 PM P5SLL13 6.1756 617 69394 66679 109 66570 87349 10779.5 14264 0.7557
P-5-SL-L13 7/9/2003 2:13 PM P5SLL13 6.1756 617 69394 66679 109 66570 87349 10779.5 14264 0.7557
P-5-SL-L14 7/9/2003 1:25 PM P5SLL14 6.1209 617 73003 69968 109 69859 87349 11413.2 14264 0.8001
P-5-SL-L15 7/9/2003 12:34 PM P5SLL15 6.0132 618 76668 73449 109 73340 87349 12196.5 14264 0.8550
P-5-SL-L16 7/9/2003 12:00 PM P5SLL16 6.2379 619 80758 77339 109 77230 87349 12380.8 14264 0.8680
P-5-SL-L17 7/9/2003 3:35 PM P5SLL17 6.1981 619 84104 80532 109 80423 86251 12975.4 14085 0.9212
P-5-SL-L18 7/9/2003 5:45 PM P5SLL18 6.3264 620 86704 83329 109 83220 86251 13154.4 14085 0.9339
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Wash & Rinse Feed = Wash - 0.1 M NaOH, Rinse - water Flow Rate = approx 33 mL/hr or 3 CV/hr
Resin = SuperLig 644, batch #C-01-05-28-02-35-60 Start Date and Time = 7/10/03 9:40 AM
Bed Volume = 11 mL End Date and Time = 7/10/03 12:07 PM
NaOH density = 1.008 g/mL

Table B.28. Run 2 Data Collection During 0.10 M NaOH Feed Displacement and Water Rinse of Pink Column - 5 ppm Feed

Sample Source 4CV Ela.psed Projected Date/Time Day Vol. C(ﬁli:izon Vial + Cap Sampl?ng Sampl.ing End| Sample+Vial+| Sample Mass
Column Time (mL) minutes Mass (g) Start Time Time Cap Mass (g) (2)
P-5-SL-FDO1 Pink 1 0:00 |7/10/2003 9:40 AM Thursday | 11 20 17.5304 9:40 AM 10:00 AM 34.1702 16.6398
P-5-SL-FD02 Pink 2 0:20 17/10/2003 10:00 AM Thursday | 11 20 17.5057 10:00 AM 10:20 AM 29.7718 12.2661
P-5-SL-FD03 Pink 3 0:40 17/10/2003 10:20 AM Thursday | 11 20 17.2156 10:20 AM 10:40 AM 36.1119 18.8963
P-5-SL-RLO1 Pink 1 0:00 17/10/2003 11:07 AM Thursday | 11 20 17.2305 11:07 AM 11:27 AM 26.3800 9.1495
P-5-SL-RLO2 Pink 2 0:20 |7/10/2003 11:27 AM Thursday | 11 20 17.2272 11:27 AM 11:47 AM 26.1333 8.9061
P-5-SL-RL0O3 Pink 3 0:40 17/10/2003 11:47 AM Thursday | 11 20 17.2590 11:47 AM 12:07 PM 30.7924 13.5334
Sample Count start Count gross back |Counts - C/Co, |count/ g |counts/ g| C/Co,
Count date time file name | Time, sec | counts | Net counts | ground bkg | Control | Cs-137 | sample | control | Cs-137

P-5-SL-FDO1| 7/17/2003 | 11:15 AM |P5SLFDO1| 629.16 | 143305 | 137662 291 137371 | 93608 | 1.4675 8256 15286 | 0.540
P-5-SL-FDO2| 7/28/2003 | 12:05 PM |P5SSLFD02| 624.68 | 128958 | 123324 172 123152 | 77173 | 1.5958 | 10040 | 12603 | 0.797
P-5-SL-FDO3| 7/28/2003 1:20 PM |PSSLFDO03| 608.54 33063 31660 172 31488 | 77173 | 0.4080 1666 12603 | 0.132
P-5-SL-RLOL1| 7/28/2003 1:35PM [PSSLRLO1| 604.58 8812 8388 172 8216 | 77173 | 0.1065 898 12603 | 0.071
P-5-SL-RLO2| 7/28/2003 1:40 PM [PSSLRLO2| 604.28 6860 6482 172 6310 | 77173 | 0.0818 709 12603 | 0.056
P-5-SL-RLO3| 7/28/2003 | 2:00 PM |P5SSLRLO3| 604.60 9006 8502 172 8330 | 77173 | 0.1079 616 12603 | 0.049
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Elution Feed = 1.0 M HNO; at 45°C Flow Rate = approx 11 mL/hr or 1 CV/hr
Resin = SuperLig 644, batch #C-01-05-28-02-35-60 Start Date and Time = 7/10/03 1:00 PM
Bed Volume = 11 mL End Date and Time = 7/11/03 4:00 PM
Density 1.0 M HNO; = 1.021 g/mL Stoped elution due to air bubbles
Table B.29. Run 2 Elution of Pink Column - 45°C, 1.0 M HNO; at 1 BV/h Flow
Elapsed Time . . . Sample+Vi
Sample Source| # CV ft Start, |Projected Date/Time Vol. Vial + Cap Sampang ngplmg End al+pCap Sample | Volume, [ #CV
hhemm (mL) Mass (g) | Start Time |Time Mass () Mass (g) mL processed

P-5-SL-E01 Pink | 0.25 0:00 7/10/03 1:00 PM 2.8 7.4467 1:00 PM 1:15PM 10.5893 3.1426 | 3.0992 0.28
P-5-SL-E02 Pink 0.5 0:15 7/10/03 1:15 PM 2.8 7.3403 1:15 PM 1:30 PM 10.3719 3.0316 | 2.9897 0.55
P-5-SL-E03 Pink | 0.75 0:30 7/10/03 1:30 PM 2.8 7.4671 1:30 PM 1:45 PM 10.5040 3.0369 | 2.9950 0.83
P-5-SL-E04 Pink 1 0:45 7/10/03 1:45 PM 2.8 7.5153 1:45 PM 2:00 PM 10.3182 2.8029 | 2.7642 1.08
P-5-SL-E05 Pink | 1.25 1:00 7/10/03 2:00 PM 2.8 7.4609 2:00 PM 2:15 PM 10.2862 2.8253 | 2.7863 1.33
P-5-SL-E06 Pink 1.5 1:15 7/10/03 2:15 PM 2.8 7.5404 2:15 PM 2:30 PM 10.2705 2.7301 | 2.6924 1.58
P-5-SL-E07 Pink 1.75 1:30 7/10/03 2:30 PM 2.8 7.4377 2:30 PM 3:00 PM 13.0006 5.5629 | 5.4861 2.07
P-5-SL-E08 Pink | 2.25 2:00 7/10/03 3:00 PM 5.5 7.5168 3:00 PM 3:30 PM 13.4649 5.9481 | 5.8660 2.61
P-5-SL-E09 Pink | 2.75 2:30 7/10/03 3:30 PM 5.5 7.4443 3:30 PM 4:00 PM 13.2646 5.8203 | 5.7399 3.13
P-5-SL-E10 Pink | 3.25 3:00 7/10/03 4:00 PM 5.5 7.5696 4:00 PM 4:30 PM 13.3643 5.7947 | 5.7147 3.65
P-5-SL-E11 Pink | 3.75 3:30 7/10/03 4:30 PM 5.5 7.5276 4:30 PM 5:00 PM 13.3555 5.8279 | 5.7474 4.17
P-5-SL-E12 Pink | 4.25 4:00 7/10/03 5:00 PM 5.5 7.4412 5:00 PM 5:30 PM 13.3880 5.9468 | 5.8647 4.70
P-5-SL-E13 Pink | 5.25 4:30 7/10/03 5:30 PM 11.0 7.4888 5:30 PM 6:00 PM 13.3547 5.8659 | 5.7849 5.23
P-5-SL-E14 Pink | 6.25 5:00 7/10/03 6:00 PM 11.0 7.5190 6:00 PM 7:00 PM 19.3229 | 11.8039 | 11.6409 6.29
P-5-SL-E15 Pink | 7.25 6:00 7/10/03 7:00 PM 11.0 7.5329 7:00 PM 8:00 PM 19.4298 | 11.8969 | 11.7326 7.35
P-5-SL-E16 Pink | 8.25 7:00 7/10/03 8:00 PM 11.0 7.4277 8:00 PM 9:00 PM 19.2644 | 11.8367 | 11.6733 8.42
P-5-SL-E17 Pink | 9.25 8:00 7/10/03 9:00 PM 11.0 7.4673 9:00 PM 10:00 PM 19.0050 | 11.5377 | 11.3784 9.45
P-5-SL-E18 Pink | 10.25 9:00 7/10/03 10:00 PM | 11.0 7.6182 10:00 PM 11:00 PM 19.5374 | 11.9192 | 11.7546 10.52
P-5-SL-E19 Pink | 11.25 10:00 7/10/03 11:00 PM 11.0 7.4315 11:00 PM 12:00 AM 19.1236 | 11.6921] 11.5307 11.57
P-5-SL-E20 Pink | 12.25 11:00 7/11/03 12:00 AM 11.0 7.4434 12:00 AM 1:00 AM 19.2245 | 11.7811] 11.6184 12.62
P-5-SL-E21 Pink | 13.25 12:00 7/11/03 1:00 AM 11.0 7.3832 1:00 AM 2:00 AM 18.9674 | 11.5842 | 11.4243 13.66
P-5-SL-E22 Pink | 14.25 13:00 7/11/03 2:00 AM 11.0 7.4306 2:00 AM 3:00 AM 19.3079 | 11.8773 | 11.7133 14.73
P-5-SL-E23 Pink | 15.25 14:00 7/11/03 3:00 AM 11.0 7.5453 3:00 AM 4:00 AM 19.5154 | 11.9701 | 11.8048 15.80
P-5-SL-E24 Pink | 16.25 15:00 7/11/03 4:00 AM 11.0 7.5119 4:00 AM 5:00 AM 19.2367 | 11.7248 | 11.5629 16.85
P-5-SL-E25 Pink | 17.25 16:00 7/11/03 5:00 AM 11.0 7.4392 5:00 AM 5:30 AM 13.5472 6.1080 | 6.0237 17.40
P-5-SL-E26 Pink | 18.25 17:00 7/11/03 6:00 AM 11.0 7.4422 5:30 AM 6:00 AM 13.2648 5.8226 | 5.7422 17.92
P-5-SL-E27 Pink | 19.25 18:00 7/11/03 7:00 AM 11.0 7.5055 6:00 AM 7:00 AM 19.4530 | 11.9475| 11.7825 18.99
P-5-SL-E28 Pink | 20.25 19:00 7/11/03 8:00 AM 11.0 7.4382 7:00 AM 8:00 AM 19.5181 | 12.0799 | 11.9131 20.08
P-5-SL-E29 Pink | 21.25 20:00 7/11/03 9:00 AM 11.0 7.4421 8:00 AM 9:00 AM 19.5412 | 12.0991 | 11.9321 21.16
P-5-SL-E30 Pink | 22.25 21:00 7/11/03 10:00 AM 11.0 7.5125 9:00 AM 10:00 AM 19.7342 | 12.2217 | 12.0530 22.26
P-5-SL-E31 Pink | 23.25 22:00 7/11/03 11:00 AM | 11.0 7.4205 10:00 AM | 11:00 AM 13.1346 5.7141 | 5.6352 22.77
P-5-SL-E32 Pink | 24.25 23:00 7/11/03 12:00 PM 11.0 7.3945 -- 2:35 PM 22.6818 | 15.2873 | 15.0762 24.14
P-5-SL-E33 Pink | 25.25 0:00 7/11/03 1:00 PM 11.0 7.4049 2:35 PM -- 16.5544 9.1495 | 9.0232 24.96
P-5-SL-E34 Pink | 26.25 1:00 7/11/03 2:00 PM 11.0 7.4349 -- -- 17.4557 | 10.0208 | 9.8824 25.86
P-5-SL-E35 Pink | 27.25 2:00 7/11/03 3:00 PM 11.0 7.4409 -- -- 24.5837 | 17.1428 | 16.9061 27.39

Stoped Elution at 4:00 PM 7/11/03 - stoped flow elution at 11:00 AM 7/11/03

indicates no data
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Table B.29 (Contd)

Count start Mass count time, | gross Total Net back counts/g control
Sample Count date time file name | Counted, g sec counts counts ground| Tot cts-bck sample counts/ g | % C/Co | C/Co | control counts
P-5-SL-E01 7/15/03 1:35PM | PS5SSLEO! 3.1426 302.6 53224 50,403 -1268 51671 16442 451,907 3.6% 0.04 2,767,295
P-5-SL-E02 7/15/03 1:40 PM | P5SLE02 3.0316 302.5 55208 52,784 -1268 54052 17830 451,907 4% 0.04 2,767,295
P-5-SL-E03 7/15/03 1:45PM | PS5SLEO3 3.0369 302.3 47579 45,155 -1268 46423 15286 451,907 3% 0.03 2,767,295
P-5-SL-E04 7/15/03 1:55PM | PS5SLE0O4 2.8029 302.5 54158 51,625 -1268 52893 18871 451,907 4% 0.04 2,767,295
P-5-SL-E05 7/15/03 2:05PM | PS5SLEOS 2.8253 306 170157 159,884 -1268 161152 57039 451,907 13% 0.13 2,767,295
P-5-SL-E06 7/15/03 2:10 PM | P5SLEO06 2.7301 306.7 192040 181,985 -1268 183253 67123 451,907 15% 0.15 2,767,295
P-5-SL-E07 7/17/03 11:44 AM | P5SLEO07 5.5629 316.1 460070 429,095 121 428974 77113 443,117 17% 0.17 2,713,473
P-5-SL-E08 7/21/03 12:45 PM | PSSLEOSD 10.1949] 12154 357390 9.18E+09 -398 9178988973] 900351055 | 1,790,840 | 50275% | 502.75| 10,966,389
P-5-SL-E09 7/18/03 9:16 AM | PSSLE09D 11.0445 315.8 438958 | 110,567,085 | -146 110567231 10011067 | 449,023 | 2230% | 22.30 2,749,640
P-5-SL-E10 7/18/03 9:41 AM | PSSLE10D 11.0309] 302.48 46556 11,486,594 -146 11486739.98| 1041324 449,023 232% 2.32 2,749,640
P-5-SL-E11 7/18/03 9:56 AM | PSSLE11D 11.0482] 301.78 25308 6,142,421 -146 6142567.022| 555979 449,023 124% 1.24 2,749,640
P-5-SL-E12 7/18/03 10:15 AM | PSSLE12D 11.0479] 301.44 14536 3,459,256 -146 3459402.085] 313128 449,023 70% 0.70 2,749,640
P-5-SL-E13 7/18/03 3:42 PM | PSSLE13D 11.0152] 602.54 17479 3,766,289 -83 3766372.379| 341925 875,394 | 39.1% | 0.39 5,360,560
P-5-SL-E14 7/21/03 1:30 PM | PSSLE14D 11.0244 301.1 4549 975,713 178 975535.4412 88489 446,762 19.8% | 0.20 2,735,792
P-5-SL-E15 7/17/03 12:16 PM | PSSLE15 11.8969 312.2 335612 313,752 121 313631 26362 443,117 5.9% 0.06 2,713,473
P-5-SL-E16 7/17/03 12:10 PM | PSSLE16 11.8367| 306.02 153636 143,096 121 142975 12079 443,117 2.7% 0.03 2,713,473
P-5-SL-E17 7/17/03 12:04 PM | PSSLE17 11.5377|  303.36 72887 66,867 121 66746 5785 443,117 1.31% | 0.01 2,713,473
P-5-SL-E18 7/17/03 11:57 AM | P5SLEI8 11.9192 302.2 37358 34,665 121 34544 2898 443,117 | 0.65% | 0.01 2,713,473
P-5-SL-E19 7/11/03 8:32PM | PSSLE19 11.6921] 603.14 39802 35,874 19 35855 3067 859,882 | 0.36% | 0.00 5,265,574
P-5-SL-E20 7/11/03 8:44 PM | PSSLE20 11.7811 602.6 24748 21,544 19 21525 1827 859,882 | 0.21% | 0.00 5,265,574
P-5-SL-E21 7/11/03 8:56 PM | PSSLE21 11.5842] 602.38 16730 14,067 19 14048 1213 859,882 | 0.14% [ 0.001 5,265,574
P-5-SL-E22 7/11/03 9:18 PM | PS5SSLE22 11.8773 602.2 12609 10,163 19 10144 854 859,882 | 0.10% [ 0.001 5,265,574
P-5-SL-E23 7/11/03 9:21 PM | PSSLE23 11.9701 602.1 10151 8,105 19 8086 676 859,882 | 0.08% [ 0.001 5,265,574
P-5-SL-E24 7/11/03 9:33 PM | PS5SSLE24 11.7248] 602.14 8901 7,252 19 7233 617 859,882 | 0.07% [ 0.001 5,265,574
P-5-SL-E25 7/11/03 9:44 PM | PSSLE25 6.1080 602 5220 3,177 19 3158 517 859,882 | 0.06% [ 0.001 5,265,574
P-5-SL-E26 7/11/03 9:56 PM | PS5SSLE26 5.8226] 601.98 4691 3,076 19 3057 525 859,882 | 0.06% [ 0.001 5,265,574
P-5-SL-E27 7/11/03 10:08 PM | PSSLE27 11.9475]  602.08 7518 5,109 19 5090 426 859,882 | 0.050% | 0.000 5,265,574
P-5-SL-E28 7/11/03 10:24 PM | P5SLE28 12.0799]  602.06 7162 5,367 19 5348 443 859,882 | 0.051% | 0.001 5,265,574
P-5-SL-E29 7/14/03 10:40 AM | P5SLE29 12.0991 602 7255 4,751 149 4602 380 900,363 | 0.042% | 0.000 5,513,461
P-5-SL-E30 7/14/03 11:00 AM | PS5SLE30 12.2217]  1204.1 14438 10,959 149 10810 884 1,810,393 | 0.049% | 0.000 11,086,121
P-5-SL-E31 7/14/03 11:30 AM | P5SLE31 5.7141 1203.9 9097 4,533 149 4384 767 1,810,393 | 0.042% | 0.000 11,086,121
P-5-SL-E32 7/14/03 12:05 AM | P5SLE32 15.2873] 1214.7 339164 315,323 149 315174 20617 1,810,393 | 1.139% | 0.01 11,086,121
P-5-SL-E33 7/17/03 12:26 PM | P5SLE33 9.1495] 1207.72 | 113759 103,416 -310 103726 11337 443,117 | 2.558% | 0.03 2,713,473
P-5-SL-E34 7/17/03 1:47PM | P5SLE34 10.0208] 1205.76 57123 49,618 -310 49928 4982 1,792,581 ] 0.278% | 0.00 10,977,049
P-5-SL-E35 7/17/03 2:09 PM | PSSLE35 17.1428]  1206.9 93295 83,005 -310 83315 4860 1,792,581 | 0.271% | 0.00 10,977,049

Pink Column was aborted due to air in the bed during elution. No further data was taken.
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Table B.30.

SL-644 Loaded with 5 ppm AN-105 Simulant -Pink Column
Resin: SL-644, pre-conditioned 5/03- Acid Form

Mass Initial Resin

3.32018]prior to column loading

Run 2 Data Collection for Resin Mass — Before and After Pink Column Run -5 ppm Feed

F-factor 0.6719
Initial Dry Wt resin 2.2308
Mass Final Resin 2.3386 |after column elution
F-factor 0.9870
Final Dry wt resin 2.3083
Mass Change -0.0774
% change -3%
F-factor Data and Calculation - Initial Resin
Vial Tare Wt, | Vial + Resin | Wet Resin Dry Wt#2, g | Frinal Dry
Date/Time Drying Temp, °C g Wt, g Mass, g Dry WT #1, g| (5/27/03) Resin Wt., g F-Factor average
5/23/03 9:20 AM 50 16.9840 17.4960 0.5120 17.3683 17.3278 0.3438 0.6715 0.6719
5/23/03 9:20 AM 50 17.1963 17.7107 0.5144 17.5749 17.5421 0.3458 0.6722
F-factor Data and Calculation - Spent Resin
Drying Temp, | Vial Tare Wt, | Vial + Resin | Wet Resin Frinal Dry
Date/Time °C g Wt, g Mass, g Dry Wt#1, g | Dry Wt#2, g | Resin Wt., g F-Factor
9/15/03 10:20 AM 50 16.9877 17.5196 0.5319 17.5166 17.5127 0.5250 0.9870
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Loading

Supernate Density = 1.2434
Flow Rate = approx 30 mL/hr or ~3.0 CV/hr

Pink Bed volume = 11 mL

Feed = AN-105 Simulant at 5 ppm Cs
Resin = SuperLig 644, batch #C-01-05-28-02-35-60

MT Effluent-1 Jug/cap-w/o hole = 431.9 g
MT Effluent-2 Jug/cap-w/o hole = 285.1 g
MT Effluent-3 Jug/cap-w/o hole = 431.9 g
MT Effluent-4 Jug/cap-w/o hole = 431.9 g

Start Date and Time = 7/4/2003 7:22 PM
End Date and Time = 7/9/2003 5:30 PM

Table B.31. Run 2 Cs Loading of Blue Column -5 pg/L Cs with SL-644

E%apsed . . . Sample+Vial Mass Est. Est.
Sample Source #CV Time at Projected Date/Time Vol. | Vial + Cap Sampl¥ng Sampl'mg End| Eff. Bottle + Cap Mass Sample Processed,| Effluent | Flow| #CV
Column Start, (mL) | Mass (g) | Start Time Time Mass (g) Mass (g)
(2) g Vol Rate
hh:mm

B-5-SL-L01 Blue 5.6 0:56 7/4/2003 8:00 PM 5 17.1872 8:00 PM 8:05 PM 478.9 21.9667 4.7795 4.78 3.9 --
B-5-SL-L02 Blue 78.3 13:03 7/5/2003 8:07 AM 5 17.2291 8:07 AM 8:12 AM 1656.0 25.9161 8.6870 1238 1000 | 76.6] 90.9
B-5-SL-L03 Blue 137.4 | 22:54 7/5/2003 5:58 PM 5 17.4088 5:58 PM 6:03 PM 2648.2 25.6859 8.2771 2238 1808 | 78.9] 164.3
B-5-SL-L04 Blue | 215.1 11:51 7/6/2003 6:55 AM 5 17.1488 6:55 AM 7:00 AM 3859.4 25.7011 8.5523 3458 2793 |77.9]253.9
B-5-SL-L0S Blue | 291.1 0:31 7/6/2003 7:35 PM 5 17.2727 7:35 PM 7:40 PM 4646.6 26.4569 9.1842 4254 3436 | 70.8]312.4
B-5-SL-L06 Blue | 359.6 | 11:56 7/7/2003 7:00 AM 5 17.3713 7:00 AM 7:05 AM 1579.6 26.3264 8.9551 5597 4521 | 75.41]411.0
B-5-SL-L07 Blue | 383.1 15:51 7/7/2003 10:55 AM 5 17.2335 | 10:55 AM | 11:00 AM 1997.6 26.7752 9.5417 6025 4866 | 76.2 | 442.4
B-5-SL-L08 Blue | 410.9 | 20:29 7/7/2003 3:33 PM 5 17.1842 3:33 PM 3:38 PM 910.0 26.1233 8.9391 6570 5307 | 77.5|482.4
B-5-SL-L09 Blue | 468.4 6:04 7/8/2003 1:08 AM 0 17.3929 1:08 AM 1:13 AM 1934.0 27.2614 9.8685 7604 6142 | 78.7] 558.3
B-5-SL-L10 Blue | 501.6 | 11:36 7/8/2003 6:40 AM 5 17.4118 6:40 AM 6:45 AM 2440.9 26.9951 9.5833 8120 6559 | 78.5]596.3
B-5-SL-L11 Blue | 527.9 | 15:59 | 7/8/2003 11:03 AM 5 17.3703 | 11:03 AM | 11:08 AM 2864.8 19.6297 2.2594 8552 6908 | 78.5] 628.0
B-5-SL-L12 Blue | 276.8 | 20:16 7/8/2003 3:20 PM 5 17.4588 3:20 PM 3:25 PM 3280.0 26.0480 8.5892 8976 7250.5 | 78.6 | 659.1
B-5-SL-L13 Blue | 301.9 4:37 7/8/2003 11:41 PM 5 169846 | 11:41PM | 11:46 PM 4188.3 25.2985 8.3139 9893 7990.9 | 79.4 | 726.4
B-5-SL-L14 Blue | 317.8 9:56 7/9/2003 5:00 AM 5 16.9643 5:00 AM 5:05 AM 4534.3 25.5693 8.6050 10247 8277.4 | 78.1| 752.5
B-5-SL-L15 Blue | 330.1 14:01 7/9/2003 9:05 AM 5 17.2218 9:05 AM 9:10 AM 4880.2 25.5193 8.2975 10602 8563.5 | 77.8 | 778.5
B-5-SL-L16 Blue | 337.1 16:21 7/9/2003 11:25 AM 5 17.0586 | 11:25 AM | 11:30 AM 667.1 25.1361 8.0775 10973 8863.9 | 65.0 [ 805.8
B-5-SL-L17 Blue | 348.2 | 20:04 7/9/2003 3:08 PM 5 17.0275 3:08 PM 3:13 PM 1001.6 25.0020 7.9745 11316 9140.5 | 55.7 | 831.0
B-5-SL-L18 Blue | 354.8 | 22:16 7/9/2003 5:20 PM 5 16.9143 5:20 PM 5:25 PM 1194.4 25.0000 8.0857 11517 9302.8 | 56.0 [ 845.7
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Table B.31 (Contd)

Sample Count date C"“?“ start file name Mass count time, gross counts | Net counts | back ground Tot cts-bck AN-10550 counts /g control counts/ CiCo,
time Counted, g sec ppm Control sample g Cs-137

B-5-SL-L01 7/29/2003 10:40 AM B5SLLO1 4.8 603 249 199 158 41 82695 8.6 13297 0.06%
B-5-SL-L02 7/29/2003 10:55 AM B5SLLO02 8.7 603 241 205 158 47 82695 5.4 13297 0.04%
B-5-SL-L03 7/7/2003 1:45 PM B5SLLO03 8.3 605 815 757 150 607 85193 73.3 13699 0.54%
B-5-SL-L04 7/7/2003 12:55 PM B5SLLO4 8.6 606 7162 6878 150 6728 85193 786.7 13699 5.74%
B-5-SL-L05 7/7/2003 10:25 AM B5SLLO5 9.2 610 29285 28270 150 28120 85193 3061.8 13699 22.35%
B-5-SL-L06 7/7/2003 9:30 AM B5SLLO6 9.0 616 60771 58380 150 58230 85193 6502.4 13699 47.47%
B-5-SL-L07 7/7/2003 11:45 AM B5SLLO7 9.5 618 74895 71748 150 71598 85193 7503.7 13699 54.78%
B-5-SL-L08 7/7/2003 4:20 PM B5SLLO8 8.9 618 77408 74330 150 74180 85193 8298.4 13699 60.58%
B-5-SL-L09 7/8/2003 11:55 AM B5SSLLO9 9.9 625 115071 110501 93 110408 90473 11187.9 14548 76.91%
B-5-SL-L10 7/8/2003 10:35 AM B5SLL10 9.6 626 119341 114331 93 114238 90473 11920.5 14548 81.94%
B-5-SL-L11 7/8/2003 12:30 PM BSSLLI1 8.4 618 75822 72759 93 72666 90473 8605.9 14548 59.16%
B-5-SL-L12 7/8/2003 4:40 PM B5SLL12 8.6 624 110513 106093 129 105964 87531 12336.9 14075 87.65%
B-5-SL-L13 7/9/2003 2:35 PM B5SLL13 6.1865 618 79299 76149 109 76040 87531 12291.3 14075 87.33%
B-5-SL-L14 7/9/2003 1:49 PM BSSLL14 6.0113 618 77360 74225 109 74116 87531 12329.4 14075 87.60%
B-5-SL-L15 7/9/2003 10:05 AM B5SLLI15 6.1888 624 114082 109591 109 109482 87531 17690.3 14075 125.69%
B-5-SL-L16 7/9/2003 11:45 AM B5SLL16 6.0060 619 80352 76421 109 76312 87531 12706.0 14075 90.28%
B-5-SL-L17 7/9/2003 4:00 PM B5SLL17 6.0938 619 84153 80846 109 80737 85599 13249.0 13764 96.26%
B-5-SL-L18 7/9/2003 6:10 PM B5SLL18 6.5618 619 85469 82402 109 82293 85599 12541.2 13764 91.12%
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Wash & Rinse Feed = Wash - 0.1 M NaOH, Rinse - water Flow Rate = approx 33 mL/hr or 3 CV/hr
Resin = SuperLig 644, batch #C-01-05-28-02-35-60 Start Date and Time = 7/10/03 9:55 AM

Bed Volume = 11 mL End Date and Time = 7/10/03 12:07 PM
NaOH density = 1.008 g/mL

Table B.32. Run 2 Data Collection during 0.10 M NaOH Feed Displacement and Water Rinse of Blue Column -5 ppm Feed

Sample Source 4CV Elapsed Projected Date/Time Day Vol. C(ill,li:;ton Vial + Cap Sampl?ng Sampl.ing End| Sample+Vial+ | Sample Mass
Column Time (mL) minutes Mass (g) Start Time Time Cap Mass (g) (2)

B-5-SL-FDO1 Blue 1 0:00 |7/10/2003 9:55 AM Thursday | 11 20 17.2271 9:55 AM 10:15 AM 33.0329] 15.8058
B-5-SL-FD02 Blue 2 0:20 |7/10/2003 10:15 AM Thursday | 11 20 17.1704 10:15 AM 10:35 AM 32.5119] 15.3415
B-5-SL-FD03 Blue 3 0:40 |7/10/2003 10:35 AM Thursday | 11 20 17.2666 10:35 AM 10:55 AM 25.0287 7.7621
B-5-SL-RLO1 Blue 1 0:00 |7/10/2003 11:07 AM Thursday | 11 20 17.2305 11:07 AM 11:27 AM 28.6377]  11.4072
B-5-SL-RL02 Blue 2 0:20 17/10/2003 11:27 AM Thursday | 11 20 17.2146 11:27 AM 11:47 AM 27.9218 10.7072
B-5-SL-RL0O3 Blue 3 0:40 |7/10/2003 11:47 AM Thursday | 11 20 17.2288 11:47 AM 12:07 PM 34.7558] 17.5270
Sample Count date Count start file name Count Time, gross counts | Net counts back Sample cts - | AN105 | C/Co, | count/ g| counts/ g| C/Co,

time sec ground | background | Control [ Cs-137| sample | control | Cs-137

B-5-SL-FDO01 7/29/2003 | 11:20 AM | BSSLFDO1 | 12:28 AM 207864 198825 158 198,667 82,695 | 2.4024 | 12569 13297 | 0.945
B-5-SL-FD02 | 7/29/2003 | 12:15PM | B5SLFD02 | 9:07 PM 131700 126278 158 126,120 82,695 | 1.5251| 8221 13297 | 0.618
B-5-SL-FD03 | 7/29/2003 | 12:25PM | BSSLFDO3 | 2:52 PM 14853 14077 158 13,919 82,695 | 0.1683 | 1793 13297 | 0.135
B-5-SL-RLO1 7/29/2003 | 12:40 PM | BSSLRLO1 | 6:43 AM 19499 18624 158 18,466 82,695 | 0.2233 ] 1619 13297 | 0.122
B-5-SL-RL02 | 7/29/2003 | 12:55PM | BSSLRL0O2| 8:38 PM 10655 10168 158 10,010 82,695 | 0.1210] 935 13297 | 0.070
B-5-SL-RL02 | 7/29/2003 | 12:55PM | BSSLRL0O2| 8:38 PM 10655 10168 158 10,010 82,695 | 0.1210| 571 13297 | 0.043
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Elution Feed = 1.0 M HNO; at 25°C Flow Rate = approx 22 mL/hr or 2 CV/hr
Resin = SuperLig 644, batch #C-01-05-28-02-35-60 Start Date and Time = 7/10/03 1:00 PM
Bed Volume = 11 mL End Date and Time = 7/11/03 11:10 AM
Density 1.0 M HNO; = 1.021 g/mL
Table B.33. Run 2 Elution of Blue Column - 25°C, 1.0 M HNOj; at 2 BV/h Flow
Source Elapsed Time . . Vol. | Vial + Cap| Samplin Sampling |Sample+Vial+| Sample | Volume, #CV
Sample column rev at Stl:lrt, hh:mm Projected Date/Time (mL) | Mass (g)p Start?l"in;ge End I"Dl"imge CappMass (2) Massp(g) mL processed

B-5-SL-E01 Blue 0.5 0:00 7/10/03 1:00 PM | 15.0 7.3733 1:00 PM 1:15 PM 13.0685 5.6952 5.62 0.5
B-5-SL-E02 Blue 1 0:15 7/10/03 1:15PM | 15.0 7.4192 1:15 PM 1:30 PM 12.0675 4.6483 4.58 0.9
B-5-SL-E03 Blue 1.5 0:30 7/10/03 1:30 PM | 15.0 7.4883 1:30 PM 1:45 PM 13.1399 5.6516 5.57 1.4
B-5-SL-E04 | Blue 2 0:45 7/10/03 1:45PM | 15.0 | 7.4264 1:45PM | 2:00 PM 12.9296 5.5032 5.43 1.9
B-5-SL-E05 Blue 2.5 1:00 7/10/03 2:00 PM | 15.0 7.4315 2:00 PM 2:15 PM 13.5600 6.1285 6.04 2.5
B-5-SL-E06 | Blue 3 1:15 7/10/03 2:15PM | 15.0 [ 7.4295 2:15PM | 2:30 PM 13.2818 5.8523 5.77 3.0
B-5-SL-E07 Blue 3.5 1:30 7/10/03 2:30 PM | 15.0 7.5344 2:30 PM 3:00 PM 19.7937 12.2593 | 12.09 4.1
B-5-SL-E08 | Blue 4.5 2:00 7/10/03 3:00 PM | 30.0 | 7.5359 3:00 PM | 3:30 PM 19.8935 12.3576 | 12.19 5.2
B-5-SL-E09 Blue 5.5 2:30 7/10/03 3:30 PM | 30.0 7.4106 3:30 PM 4:00 PM 19.3146 11.9040 | 11.74 6.3
B-5-SL-E10 Blue 6.5 3:00 7/10/03 4:00 PM | 30.0 7.4165 4:00 PM 4:30 PM 19.7275 12.3110 | 12.14 7.4
B-5-SL-El1 Blue 7.5 3:30 7/10/03 4:30 PM | 30.0 7.5162 4:30 PM 5:00 PM 20.6784 13.1622 | 12.98 8.6
B-5-SL-E12 Blue 8.5 4:00 7/10/03 5:00 PM | 30.0 7.4465 5:00 PM 5:30 PM 20.5407 13.0942 | 1291 9.7
B-5-SL-E13 Blue 9.5 4:30 7/10/03 5:30 PM | 30.0 7.3967 5:30 PM 6:00 PM 20.3047 12.9080 | 12.73 10.9
B-5-SL-E14 Blue 10.5 5:00 7/10/03 6:00 PM | 30.0 7.5054 6:00 PM 6:30 PM 21.2481 13.7427 | 13.55 12.1
B-5-SL-E15 Blue 11.5 5:30 7/10/03 6:30 PM | 30.0 7.5142 6:30 PM 7:00 PM 20.1910 12.6768 | 12.50 13.3
B-5-SL-E16 Blue 12.5 6:00 7/10/03 7:00 PM | 30.0 7.4524 7:00 PM 7:30 PM 22.1877 14.7353 | 14.53 14.6
B-5-SL-E17 | Blue 13.5 6:30 7/10/03 7:30 PM | 30.0 | 7.5129 7:30 PM | 8:00 PM 20.5634 13.0505 | 12.87 15.8
B-5-SL-E18 Blue 14.5 7:00 7/10/03 8:00 PM | 30.0 7.4390 8:00 PM 8:30 PM 21.8288 14.3898 | 14.19 17.0
B-5-SL-E19 | Blue 15.5 7:30 7/10/03 8:30 PM | 30.0 | 7.4076 8:30 PM | 9:00 PM 23.8886 16.4810 | 16.25 18.5
B-5-SL-E20 Blue 16.5 8:00 7/10/03 9:00 PM | 30.0 7.5265 9:00 PM 9:30 PM 25.0150 17.4885| 17.25 20.1
B-5-SL-E21 Blue 17.5 8:30 7/10/03 9:30 PM | 30.0 | 7.5080 9:30 PM | 10:00 PM 24.9090 17.4010 | 17.16 21.6
B-5-SL-E22 Blue 18.5 9:00 7/10/03 10:00 PM | 30.0 7.3435 10:00 PM | 10:30 PM 23.1610 15.8175| 15.60 23.1
B-5-SL-E23 Blue 19.5 9:30 7/10/03 10:30 PM | 30.0 7.3709 10:30 PM | 11:00 PM 18.4006 11.0297 | 10.88 24.1
B-5-SL-E24 Blue 20.5 10:00 7/10/03 11:00 PM | 30.0 7.4450 11:00 PM | 11:30 PM 18.4514 11.0064 | 10.85 25.0
B-5-SL-E25 Blue 21.5 10:30 7/10/03 11:30 PM | 30.0 7.3921 11:30 PM | 12:00 AM 18.4180 11.0259 | 10.87 26.0
B-5-SL-E26 Blue 22.5 11:00 7/11/03 12:00 AM | 30.0 7.4155 12:00 AM | 12:30 AM 18.1560 10.7405 | 10.59 27.0
B-5-SL-E27 Blue 23.5 11:30 7/11/03 12:30 AM | 30.0 7.4091 12:30 AM | 1:00 AM 17.6706 10.2615| 10.12 279
B-5-SL-E28 | Blue | 24.5 12:00 7/11/03 1:00 AM | 30.0 [ 7.3568 1:00 AM | 1:30 AM 17.4497 10.0929 | 9.95 28.8
B-5-SL-E29 Blue 25.5 12:30 7/11/03 1:30 AM | 30.0 7.4024 1:30 AM | 2:00 AM 17.7200 10.3176 | 10.18 29.7
B-5-SL-E30 | Blue | 26.5 13:00 7/11/03 2:00 AM | 30.0 [ 7.5122 2:00 AM | 2:30 AM 18.4304 10.9182 | 10.77 30.7
B-5-SL-E31 Blue 27.5 13:30 7/11/03 2:30 AM | 30.0 7.4492 2:30 AM | 3:00 AM 18.2293 10.7801 | 10.63 31.7
B-5-SL-E32 | Blue | 28.5 14:00 7/11/03 3:00 AM | 30.0 [ 7.5176 3:00 AM | 3:30 AM 18.8596 11.3420 ] 11.19 32.7
B-5-SL-E33 Blue 29.5 14:30 7/11/03 3:30 AM | 30.0 7.5223 3:30 AM | 4:00 AM 18.8647 11.3424 | 11.19 33.7
B-5-SL-E34 Blue 30.5 15:00 7/11/03 4:00 AM | 30.0 7.5137 4:00 AM | 4:30 AM 18.8932 113795 11.22 34.7
B-5-SL-E35 Blue 31.5 15:30 7/11/03 4:30 AM | 30.0 7.3927 4:30 AM 5:00 AM 18.7992 11.4065| 11.25 35.8
B-5-SL-E36 Blue 32.5 16:00 7/11/03 5:00 AM | 30.0 7.4822 5:00 AM 5:30 AM 19.5385 12.0563 | 11.89 36.8
B-5-SL-E37 Blue 33.5 16:30 7/11/03 5:30 AM | 30.0 7.5429 5:30 AM | 6:00 AM 19.1842 11.6413 | 11.48 37.9
B-5-SL-E38 Blue 34.5 17:00 7/11/03 6:00 AM | 30.0 7.4735 6:00 AM | 6:30 AM 19.1699 11.6964 | 11.53 38.9
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Table B.33 (Contd)

Source Elapsed Time . . Vol. | Vial + Cap| Samplin, Sampling |Sample+Vial+| Sample | Volume, #CV
Sample column rev at Stzrt, hh:mm Projected Date/Time (mL) | Mass (g)p StartpTimge End Ei"imi CappMass (g) Massp(g) mL processed
B-5-SL-E39 | Blue 35.5 17:30 7/11/03 6:30 AM | 30.0 | 7.4999 6:30 AM | 7:00 AM 19.8387 12.3388 | 12.17 40.0
B-5-SL-E40 | Blue 36.5 18:00 7/11/03 7:00 AM | 30.0 | 7.3210 7:00 AM | 7:30 AM 19.3805 12.0595| 11.89 41.1
B-5-SL-E41 Blue 37.5 18:30 7/11/03 7:30 AM | 30.0 | 7.3300 7:30 AM | 8:00 AM 20.0583 12.7283 | 12.55 42.3
B-5-SL-E42 | Blue 38.5 19:00 7/11/03 8:00 AM | 30.0 | 7.5357 8:00 AM | 8:30 AM 18.3233 10.7876 | 10.64 43.2
B-5-SL-E43 Blue 39.5 19:30 7/11/03 8:30 AM | 30.0 | 7.4674 8:30 AM | 9:00 AM 18.1033 10.6359 | 10.49 44.2
B-5-SL-E44 | Blue 40.5 20:00 7/11/03 9:00 AM | 30.0 | 7.3309 9:00 AM | 9:30 AM 17.7569 10.4260 | 10.28 45.1
B-5-SL-E45 Blue 41.5 20:30 7/11/03 9:30 AM | 30.0 | 7.5391 9:30 AM | 10:00 AM 18.4109 10.8718 | 10.72 46.1
B-5-SL-E46 | Blue 42.5 21:00 7/11/03 10:00 AM | 30.0 | 7.3904 10:00 AM | 10:30 AM 18.0087 10.6183 | 10.47 47.0
B-5-SL-E47 | Blue 43.5 21:30 7/11/03 10:30 AM | 30.0 | 7.3729 10:30 AM | 11:00 AM 18.6317 11.2588 | 11.10 48.1
B-5-SL-E48 Blue 44.5 22:00 7/11/03 11:00 AM | 30.0 | 7.5219 11:00 AM | 11:10 AM 10.1740 2.6521 2.62 48.3
Second Water Rinse Feed = DI water Flow Rate = approx 33 mL/hr or 3 CV/hr
Resin = SuperLig 644, batch #C-01-05-28-02-35-60 Start Date and Time = 7/11/03 1:30 PM
Bed Volume = 11 mL End Date and Time = 7/11/03 3:10 PM
Table B.34. Run 2 Data Collection during Second Water Rinse of Blue Column -5 ppm Feed
Source # | Elapsed . . Vol. Coll.ection Vial + Ca Samplin Samplin, Sample+Vial Sample
Sample Column | CV Tilr)ne Projected Date/Time | Day (mL) Tlme, Mass (g)p StartpTini End l;imi + Cap Mass Massp(g)
minutes (2)
B-5-SL-WR1 Blue 1 0:00 | 7/11/2003 1:30 PM | Friday 11 20 17.3700 1:30 PM 1:50 PM 30.8089 13.4389
B-5-SL-WR2 Blue 2 0:20 | 7/11/2003 1:50 PM | Friday 11 20 17.2555 1:50 PM 2:10 PM 29.0885 11.8330
B-5-SL-WR3 Blue 3 0:40 | 7/11/2003 2:10 PM | Friday 11 20 17.4193 2:10 PM 2:30 PM 32.3263 14.9070
B-5-SL-WR4 Blue 4 1:00 | 7/11/2003 2:30 PM | Friday 11 20 17.4251 2:30 PM 2:50 PM 29.8547 12.4296
B-5-SL-WRS5 Blue 5 1:20 | 7/11/2003 2:50 PM | Friday 11 20 17.4111 2:50 PM 3:10 PM 28.1145 10.7034
Count start Count TOSS back Sample cts - | AN-105 | Estimated
Sample Count date time file name Time, sec c%)unts Net counts ground backrzground Control C/Co,
B-5-SL-WRI1 7/29/2003 | 1:20 PM | BSSLWRI1 603.2 677 650 158 492 82695 0.01
B-5-SL-WR2 7/29/2003 | 1:30 PM | BSSLWR2 603.1 416 388 158 230 82695 0.003
B-5-SL-WR3 7/29/2003 | 1:40 PM | BSSLWR3 603.1 289 250 158 92 82695 0.001
B-5-SL-WR4 7/29/2003 | 1:50 PM | BSSLWR4 603.2 241 215 158 57 82695 0.001
B-5-SL-WR5 7/29/2003 | 2:10 PM | BSSLWRS5 603.2 244 192 158 34 82695 0.000
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Table B.35.

SL-644 Loaded with 5 ppm AN-105 Simulant -BlueColumn
Resin: SL-644, pre-conditioned 5/03- Acid Form

Run 2 Data Collection for Resin Mass — Before and After Blue Column Run — 5 ppm Feed

Mass Initial Resin 3.32403|prior to column loading
F-factor 0.6719
dry wt resin 2.2334
Mass Final Resin 2.1298 after column elution
F-factor 0.9979
dry wt resin 2.1254
Mass Change 0.1080
% Mass Change 4.8%
F-factor Data and Calculation - Initial Resin
Vial Tare Wt,| Vial + Resin | Wet Resin Dry Wt#2, g | Frinal Dry
Date/Time Drying Temp, °C g Wt, g Mass, g Dry WT #1, g| (5/27/03) Resin Wt., g F-Factor average
5/23/03 9:20 AM 50 16.9840 17.4960 0.5120 17.3683 17.3278 0.3438 0.6715 0.6719
5/23/03 9:20 AM 50 17.1963 17.7107 0.5144 17.5749 17.5421 0.3458 0.6722
F-factor Data and Calculation - Spent Resin
Drying Temp, | Vial Tare Wt, | Vial + Resin | Wet Resin Frinal Dry
Date/Time °C g Wt, g Mass, g Dry Wt #1, g | Dry Wt #2, g | Resin Wt., g F-Factor
9/15/03 10:20 AM 50 16.8098 17.3419 0.5321 17.3434 17.3408 0.5310 0.9979
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Loading

Feed = AN-105 Simulant at 50 ppm Cs

Resin = SuperLig 644, batch #C-01-05-28-02-35-60

Supernate Density = 1.2434
Flow Rate = approx 30 mL/hr or ~3.0 CV/hr

Yellow Bed volume = 11 mL

Table B.36. Run 3 Cs Loading of Yellow Column — 50 pg/L Cs with SL-644

MT Effluent Jug/cap-w/o hole = 423.0 g

Start Date and Time = 7/16/2003 1:50 PM
End Date and Time = 7/22/2003 11:05 PM

Elapsed Time . . . Sample+Vial Mass Est. Est.
Sample g(())lllll rr;i #CV at Start, Projected Date/Time XI{') Vl\l;;; g;p Sst 2:?;;21‘1 :iglr_}l:r?i Eg;zit;;e + Cap Mass lazrsr;p(l; Processed| Effluent | Flow| #CV
hh:mm (g) , g Vol Rate
Y2-50-SL-LO1 | yellow 0 0:00 7/16/2003 1:50 PM 5 17.0132 1:50 PM 1:59 PM 423.4 22.7497 5.7365 5.7 4.6 - 0.4
Y2-50-SL-L02 | yellow | 52 17:10 7/17/2003 7:00 AM 5 17.0655 7:00 AM | 7:09 AM 1116.5 23.6149 6.5494 706 570.1 | 33.4| 52.2
Y2-50-SL-L03 | yellow | 64 21:10 7/17/2003 11:00 AM 5 17.0811 11:00 AM | 11:09 AM 1284.2 23.5584 6.4773 880 710.8 | 33.8] 65.0
Y2-50-SL-L04 | yellow | 79 26:10 7/17/2003 4:00 PM 5 17.0167 4:00 PM 4:09 PM 1483.5 23.1904 6.1737 1085 876.8 | 33.7| 80.2
Y2-50-SL-LO5 | yellow | 124 41:10 7/18/2003 7:00 AM 5 16.9802 7:00 AM | 7:09 AM 2010.1 21.2160 4.2358 1616 1305.6 | 31.9] 119.5
Y2-50-SL-L06 | yellow | 135 45:03 7/18/2003 10:53 AM 5 16.9667 10:53 AM | 11:02 AM 21153 22.0804 5.1137 1727 1394.7 | 31.2] 127.6
Y2-50-SL-L07 | yellow | 145 48:25 7/18/2003 4:00 PM 5 17.0490 4:00 PM 4:09 PM 2306.6 22.8205 5.7715 1924 1553.8 | 32.3] 142.2
Y2-50-SL-LO8 | yellow | 209 69:45 7/19/2003 11:35 AM 5 17.0835 11:35 AM | 11:44 AM 3097.6 23.6696 6.5861 2721 2198.1 | 31.7] 201.1
Y2-50-SL-L09 | yellow | 227 75:40 7/19/2003 5:30 PM 5 17.1097 5:30 AM | 5:39 AM 3308.9 24.4765 7.3668 2940 | 2374.7 | 31.6217.3
Y2-50-SL-L10 | yellow | 228 76:00 7/22/2003 7:35 AM 5 16.9888 7:35 AM | 7:44 AM 3338.0 23.1586 6.1698 2975 2403.2 | 31.8] 219.9
Y2-50-SL-L11 | yellow | 234 78:00 7/22/2003 9:35 AM 5 17.1064 9:35 AM | 9:44 AM 3397.1 21.1959 4.0895 3038 2454.3 | 31.7] 224.6
Y2-50-SL-L12 | yellow | 241 80:25 7/22/2003 12:00 PM 5 17.0386 12:00 PM | 12:09 PM 3439.8 22.4519 5.4133 3086 | 2493.1 | 31.2 228.1
Y2-50-SL-L13 yellow | 250 83:19 7/22/2003 2:54 PM 5 17.0842 2:54 PM 3:03 PM 3539.3 22.6715 5.5873 3192 2578.0 | 31.1] 235.9
Y2-50-SL-L14 | yellow | 265 88:26 7/22/2003 8:01 PM 5 16.9916 8:01 PM 8:10 PM 3723.1 22.4482 5.4566 3381 2730.9 | 31.1] 249.9
Count start Mass cpunt gross back counts /g| control | C/Co, | %C/Co,
Sample Count date . file name time, Net counts Tot cts-bck | Control
time Counted, g sec counts ground sample | counts/ g| Cs-137| Cs-137
Y2-50-SL-LO1 | 7/18/2003 | 12:00 PM | Y250SLO1 5.7365 605 379 329 280 49 103841 8.5 16953 | 0.0005] 0.05
Y2-50-SL-L02 | 7/18/2003 1:10 PM | Y250SL02 6.5494 605 426 363 280 83 103841 12.7 16953 | 0.0007 ] 0.07
Y2-50-SL-L03 | 7/18/2003 1:30 PM | Y250SL03 6.4773 605 366 303 280 23 103841 3.6 16953 1 0.0002| 0.02
Y2-50-SL-L04 | 7/18/2003 1:40 PM | Y250SL04 | 6.1737 605 339 335 280 55 103841 8.9 16953 1 0.0005| 0.05
Y2-50-SL-L05 | 7/18/2003 | 9:30 AM | Y250SL0S 4.2358 605 454 379 280 99 103841 23.4 16953 10.0014| 0.14
Y2-50-SL-L06 | 7/22/2003 1:20 PM | Y250SL06 5.1137 605 819 756 320 436 112120 85.3 18304 | 0.0047| 0.47
Y2-50-SL-L07 | 7/19/2003 1:41 PM | Y27SLLO7 | 5.7715 621 8739 8396 315 8081 103112 | 1400.2 16834 | 0.0832| 8.32
Y2-50-SL-L08 | 7/19/2003 1:58 PM | Y27SLLO8 | 6.5861 605 | 101912 98197 315 97882 103112 | 14861.9 | 16834 | 0.8829| 88.29
Y2-50-SL-L09 | 7/19/2003 5:58 PM | Y27SLLO9 | 7.3668 626 | 131766 | 127314 315 126999 103112 | 17239.4 | 16834 | 1.0241] 102.41
Y2-50-SL-L10 | 7/22/2003 | 10:55 AM [ Y250SL10 | 6.1698 621 | 91853 87645 320 87325 112120 | 14153.6 | 18304 | 0.7732] 77.32
Y2-50-SL-L11 | 7/22/2003 | 10:00 AM | Y250SL11 4.0895 615 | 61344 58030 320 57710 112120 | 14111.7 | 18304 | 0.7709 | 77.09
Y2-50-SL-L12 | 7/22/2003 | 12:25PM | Y250SL12 5.4133 620 | 84973 81382 320 81062 112120 | 14974.6 | 18304 | 0.8181 ] 81.81
Y2-50-SL-L13 | 7/22/2003 3:40 PM | Y250SL13 5.5873 621 | 91871 88036 320 87716 112120 | 15699.2 | 18304 | 0.8577| 85.77
Y2-50-SL-L14 | 7/22/2003 8:48 PM | Y250SL14 5.4566 621 | 96559 93140 320 92820 112120 | 17010.6 | 18304 | 0.9293 | 92.93
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Feed Displacement & Water Rinse

Feed = 0.1 M NaOH and Water
Resin = SuperLig 644, batch #C-01-05-28-02-35-60
0.1 M NaOH density = 1.008 g/mL Start Date and Time = 7/22/2003 11:02 AM
Flow Rate = approx 30 mL/hr or ~3.0 CV/hr End Date and Time = 7/22/2003 1:02 PM
Yellow Bed volume = 11 mL

Table B.37. Run 3 Data Collection during 0.10 M NaOH Feed Displacement and Water Rinse of Yellow Column —50 ppm Feed

Collection
Column | # | Elapsed Vol. Time, Vial + Cap | Sampling Sampling | Sample+Vial+| Sample Analyst

Sample Source | CV| Time Projected Date/Time (mL) minutes Mass (g) Start Time | End Time | Cap Mass (g) | Mass (g) Initials Bed Height
Y2-50-SL-FD1 Yellow | 1 0:00 |7/22/2003 11:02 AM 11 20 17.0610 11:02PM | 11:22 PM 29.3110 12.2500 BMK/IEB 6.3
Y2-50-SL-FD2 Yellow | 2 0:20 |7/22/2003 11:22 AM 11 20 17.0133 11:22PM | 11:42PM 29.2998 12.2865 BMK/IEB 6.3
Y2-50-SL-FD3 Yellow | 3 0:40 |7/22/2003 11:42 AM 11 20 17.3168 11:42PM | 12:02 AM 27.8211 10.5043 BMK/IEB 6.3
Y2-50-SL-RL1 Yellow | 1 0:00 |7/22/2003 12:02 PM 11 20 16.9743 12:02 AM | 12:22 AM 26.2843 9.3100 BMK/IEB 6.5
Y2-50-SL-RL2 Yellow | 2 0:20 |7/22/2003 12:22 PM 11 20 17.1374 12:22 AM | 12:42 AM 27.0650 9.9276 BMK/IEB 6.5
Y2-50-SL-RL3 Yellow | 3 0:40 |7/22/2003 12:42 PM 11 20 17.0370 12:42 AM 1:02 AM 27.1487 10.1117 BMK/IEB 6.5

Sample
Count Time, Net cts-back | AN105 C/Co, |count/g| counts/ g C/Co,

Sample Count date Count start time |  file name sec gross counts counts | back ground | ground | Control | Cs-137 | sample | control Cs-137
Y2-50-SL-FD1 8/4/2003 9:30 AM Y250SFD1 641.9 228822 217135 197 216938 | 98361 2.2055] 17709 15943 1.111
Y2-50-SL-FD2 8/4/2003 10:30 AM Y250SFD2 641.6 227719 216371 197 216174 | 98361 2.1978] 17594 15943 1.104
Y2-50-SL-FD3 8/4/2003 10:45 AM Y250SFD3 617.9 88724 84229 197 84032 98361 0.8543] 8000 15943 0.502
Y2-50-SL-RL1 8/4/2003 11:00 AM Y250SRL1 605.5 14363 13617 197 13420 98361 0.1364] 1441 15943 0.090
Y2-50-SL-RL2 8/4/2003 11:30 AM Y250SRL2 604.7 10073 9426 197 9229 98361 0.0938] 930 15943 0.058
Y2-50-SL-RL3 8/4/2003 12:20 AM Y250SRL3 604.4 8062 7531 197 7334 98361 0.0746] 725 15943 0.045
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Elution

Density 0.75 M HNO; = 1.018 g/mL

Feed = 0.75 M HNO; at 35°C
Resin = SuperLig 644, batch #C-01-05-28-02-35-60
Bed Volume = 11 mL

Flow Rate = approx 17 mL/hr or 1.5 CV/hr

Start Date and Time = 7/23/03 2:09 AM
End Date and Time = 7/24/03 9:45 AM

Table B.38 Run 3 Data Collection for Cs Elution of Yellow Column - 50 pg/L Cs Feed — 35°C, 0.75 M HNO3 at 1.5 BV/h Flow

Sample+Vial
Source Elapsed Time Vol. | Vial + Cap| Sampling | Sampling | + Cap Mass | Sample | Volume, #CV
Sample Column | # CV |at Start, hh:mm| Projected Date/Time | (mL) | Mass (g) | Start Time | End Time (2) Mass (g) mL processed

Y2-50-SL-E01 Yellow | 0.8 0:00 7/23/03 2:09 AM 9.0 7.5577 2:09 AM 2:41 AM 11.0624 3.5047 3.4 0.3
Y2-50-SL-E02 Yellow | 1.4 0:32 7/23/03 2:41 AM 6.6 7.4054 2:41 AM 3:05 AM 11.5040 4.0986 4.0 0.7
Y2-50-SL-E03 Yellow | 2.0 0:56 7/23/03 3:05 AM 6.9 7.5016 3:05 AM 3:30 AM 14.0870 6.5854 6.4 1.3
Y2-50-SL-E04 Yellow | 2.8 1:21 7/23/03 3:30 AM 8.3 7.4000 3:30 AM 4:00 AM 13.7957 6.3957 6.3 1.8
Y2-50-SL-E05 Yellow | 3.5 1:51 7/23/03 4:00 AM 8.3 7.5333 4:00 AM 4:30 AM 14.8160 7.2827 7.1 2.5
Y2-50-SL-E06 Yellow | 4.3 2:21 7/23/03 4:30 AM 8.3 7.5307 4:30 AM 5:00 AM 15.0101 7.4794 7.3 3.1
Y2-50-SL-E07 Yellow | 5.0 2:51 7/23/03 5:00 AM 8.3 7.4313 5:00 AM 5:30 AM 14.8604 7.4291 7.3 3.8
Y2-50-SL-E08 Yellow | 5.8 3:21 7/23/03 5:30 AM 8.3 7.4612 5:30 AM 6:00 AM 15.2593 7.7981 7.6 4.5
Y2-50-SL-E09 Yellow | 6.7 3:51 7/23/03 6:00 AM 9.6 7.5249 6:00 AM 6:30 AM 15.1076 7.5827 7.4 5.2
Y2-50-SL-E10 Yellow | 7.4 4:26 7/23/03 6:35 AM 8.3 7.4461 6:35 AM 7:05 AM 14.3624 6.9163 6.8 5.8
Y2-50-SL-E11 Yellow | 8.3 4:56 7/23/03 7:05 AM 9.6 7.5370 7:05 AM 7:40 AM 15.7847 8.2477 8.1 6.5
Y2-50-SL-E12 Yellow | 9.3 5:31 7/23/03 7:40 AM 11.0 7.4616 7:40 AM 8:20 AM 16.9910 9.5294 9.3 7.4
Y2-50-SL-E13 Yellow | 10.3 6:11 7/23/03 8:20 AM 11.0 7.4269 8:20 AM 9:00 AM 16.9982 9.5713 9.4 8.2
Y2-50-SL-E14 Yellow | 11.3 6:51 7/23/03 9:00 AM 11.0 7.5608 9:00 AM 9:40 AM 17.1265 9.5657 9.4 9.1
Y2-50-SL-E15 Yellow | 12.3 7:31 7/23/03 9:40 AM 11.0 7.4354 9:40 AM | 10:20 AM 17.1022 9.6668 9.5 9.9
Y2-50-SL-E16 Yellow | 13.3 8:11 7/23/03 10:20 AM 11.0 7.5139 10:20 AM | 11:00 AM 17.1633 9.6494 9.5 10.8
Y2-50-SL-E17 Yellow | 14.3 8:51 7/23/03 11:00 AM 11.0 7.4279 11:00 AM | 11:40 AM 16.9789 9.5510 9.4 11.7
Y2-50-SL-E18 Yellow | 15.3 9:31 7/23/03 11:40 AM 11.0 7.5252 11:40 AM | 12:20 PM 17.1686 9.6434 9.4 12.5
Y2-50-SL-E19 Yellow | 16.3 10:11 7/23/03 12:20 PM 11.0 7.6285 12:20 PM 1:00 PM 17.4326 9.8041 9.6 13.4
Y2-50-SL-E20 Yellow | 17.3 10:51 7/23/03 1:00 PM 11.0 7.4073 1:00 PM 1:40 PM 18.9154 11.5081 11.3 14.4
Y2-50-SL-E21 Yellow | 18.3 11:31 7/23/03 1:40 PM 11.0 7.4253 1:40 PM 2:20 PM 18.6644 11.2391 11.0 15.4
Y2-50-SL-E22 Yellow | 19.3 12:11 7/23/03 2:20 PM 11.0 7.5568 2:20 PM 3:00 PM 18.5654 11.0086 10.8 16.4
Y2-50-SL-E23 Yellow | 20.3 12:51 7/23/03 3:00 PM 11.0 7.4647 3:00 PM 3:40 PM 18.8951 11.4304 11.2 17.4
Y2-50-SL-E24 Yellow | 21.3 13:31 7/23/03 3:40 PM 11.0 7.4332 3:40 PM 4:20 PM 18.6001 11.1669 10.9 18.4
Y2-50-SL-E25 Yellow | 22.3 14:11 7/23/03 4:20 PM 11.0 7.4452 4:20 PM 5:00 PM 19.1206 11.6754 11.4 19.4
Y2-50-SL-E26 Yellow | 23.4 14:51 7/23/03 5:00 PM 12.4 7.6491 5:00 PM 5:45 PM 19.8383 12.1892 11.9 20.5
Y2-50-SL-E27 Yellow | 24.3 15:36 7/23/03 5:45 PM 9.6 7.4317 5:45 PM 6:20 PM 17.0334 9.6017 9.4 21.4
Y2-50-SL-E28 Yellow | 25.3 16:11 7/23/03 6:20 PM 11.0 7.5088 6:20 PM 7:00 PM 18.6215 11.1127 10.9 22.4
Y2-50-SL-E29 Yellow | 26.3 16:51 7/23/03 7:00 PM 11.0 7.4269 7:00 PM 7:40 PM 18.4000 10.9731 10.7 233
Y2-50-SL-E30 Yellow | 27.3 17:31 7/23/03 7:40 PM 11.0 7.4582 7:40 PM 8:20 PM 18.5260 11.0678 10.8 24.3
Y2-50-SL-E31 Yellow | 28.3 18:11 7/23/03 8:20 PM 11.0 7.3600 8:20 PM 9:00 PM 18.1410 10.7810 10.6 25.3
Y2-50-SL-E32 Yellow | 29.3 18:51 7/23/03 9:00 PM 11.0 7.5377 9:00 PM 9:40 PM 18.4323 10.8946 10.7 26.3
Y2-50-SL-E33 Yellow | 30.3 19:31 7/23/03 9:40 PM 11.0 7.5163 9:40 PM 10:20 PM 18.6026 11.0863 10.9 27.2
Y2-50-SL-E34 Yellow | 31.4 20:11 7/23/03 10:20 PM 12.4 7.4521 10:20 PM | 11:05 PM 19.3178 11.8657 11.6 28.3
Y2-50-SL-E35 Yellow | 32.4 20:56 7/23/03 11:05 PM 11.0 7.4379 11:05PM | 11:45PM 19.9195 12.4816 12.2 29.4
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Table B.38 (Contd)

Sample+Vial
Source Elapsed Time Vol. | Vial + Cap| Sampling | Sampling | + Cap Mass | Sample | Volume, #CV
Sample Column | # CV |at Start, hh:mm| Projected Date/Time | (mL)| Mass (g) | Start Time | End Time (g) Mass (g) mL processed

Y2-50-SL-E36 Yellow | 33.4 21:36 7/23/03 11:45 PM 11.0 7.5274 11:45PM | 12:25 AM 17.1619 9.6345 9.4 30.3
Y2-50-SL-E37 Yellow | 34.4 22:16 7/24/03 12:25 AM 11.0 7.4976 12:25 AM | 1:05 AM 19.1985 11.7009 11.5 31.3
Y2-50-SL-E38 Yellow | 35.4 22:56 7/24/03 1:05 AM 11.0 7.6269 1:05 AM 1:45 AM 18.8547 11.2278 11.0 323
Y2-50-SL-E39 Yellow | 36.4 23:36 7/24/03 1:45 AM 11.0 7.5142 1:45 AM 2:25 AM 19.1483 11.6341 11.4 334
Y2-50-SL-E40 Yellow | 37.4 24:16 7/24/03 2:25 AM 11.0 7.5791 2:25 AM 3:05 AM 18.0260 10.4469 10.2 34.3
Y2-50-SL-E41 Yellow | 38.5 24:56 7/24/03 3:05 AM 12.4 7.3781 3:05 AM 3:50 AM 19.3613 11.9832 11.7 35.3
Y2-50-SL-E42 Yellow | 39.5 25:41 7/24/03 3:50 AM 11.0 ] 6.9880 3:50 AM 4:30 AM 18.3725 11.3845 11.2 36.4
Y2-50-SL-E43 Yellow | 40.5 26:21 7/24/03 4:30 AM 11.0 | 6.9401 4:30 AM 5:10 AM 17.7870 10.8469 10.6 37.3
Y2-50-SL-E44 Yellow | 41.5 27:01 7/24/03 5:10 AM 11.0 ] 6.9218 5:10 AM 5:50 AM 18.3169 11.3951 11.2 38.3
Y2-50-SL-E45 Yellow | 42.5 27:41 7/24/03 5:50 AM 11.0 ] 6.9239 5:50 AM 6:30 AM 17.9782 11.0543 10.8 39.3
Y2-50-SL-E46 Yellow | 43.5 28:21 7/24/03 6:30 AM 11.0 7.4136 6:30 AM 7:10 AM 18.7005 11.2869 11.1 40.3
Y2-50-SL-E47 Yellow | 44.5 29:01 7/24/03 7:10 AM 11.0 | 6.9928 7:10 AM 7:50 AM 18.1873 11.1945 11.0 41.3
Y2-50-SL-E48 Yellow | 45.5 29:41 7/24/03 7:50 AM 11.0] 6.9368 7:50 AM 8:30 AM 18.1559 11.2191 11.0 42.3
Y2-50-SL-E49 Yellow | 46.4 30:21 7/24/03 8:30 AM 9.6 7.3994 8:30 AM 9:05 AM 17.1617 9.7623 9.6 43.2
Y2-50-SL-E50 Yellow | 47.4 30:56 7/24/03 9:05 AM 11.0] 7.5385 9:05 AM 9:45 AM 19.1937 11.6552 11.4 44.2
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Table B.38 (Contd)

Count | Count start Mass count £ross back control

Sample date time file name Counted, g | time, sec | counts net counts ground cts-bck counts/g sample| counts/g % C/Co
Y2-50-SL-E01 7/25/03 | 10:47 AM Y2SLEO1 3.5047 302.64 | 52526 49,012 0 49,012 13,985 318996 4.4%
Y2-50-SL-E02 7/25/03 | 10:56 AM Y2SLE02 4.0986 302.68 | 54419 50,835 0 50,835 12,403 319038 4%
Y2-50-SL-E03 7/25/03 | 11:02 AM Y2SLEO3 6.5854 303.32 | 73139 68,218 0 68,218 10,359 319713 3%
Y2-50-SL-E04 7/25/03 | 11:08 AM Y2SLE04 6.3957 313.98 | 395652 371,454 0 371,454 58,079 330949 18%
Y2-50-SL-E05 7/25/03 | 2:41 PM Y2SLEO5d 10.8816 311.86 | 327000 [ 81,827,760 0 81,827,760 7,519,828 328714 2288%
Y2-50-SL-E06 7/28/03 1 1:16 PM Y2S2DE06 11.3169 327.04 | 751666 | 778,119,451 0 778,119,451 71,507,816 344715 20744%
Y2-50-SL-E07 7/25/03 | 2:49 PM Y2SLE0Q7d 10.8589 303.42 | 76075 18,801,638 0 18,801,638 1,727,838 319818 540%
Y2-50-SL-E08 7/25/03 | 11:16 AM Y2SLEOS 7.7981 306.68 | 176075 164,897 0 164,897 21,146 323254 7%
Y2-50-SL-E09 7/28/03 | 8:23 AM Y2SLE09 7.5827 302.26 | 41259 37,712 0 37,712 4,973 318595 2%
Y2-50-SL-E10 7/28/03 | 8:44 AM Y2SLE10 6.9163 301.6 21600 20,040 0 20,040 2,898 317900 0.91%
Y2-50-SL-El1 7/28/03 | 8:51 AM Y2SLE11 8.2477 602.96 | 34725 30,816 0 30,816 3,736 635547 0.59%
Y2-50-SL-E12 7/30/03 | 8:53 AM Y2SLE12 9.5294 1807.56 | 70048 59,666 0 59,666 6,261 1905248 0.33%
Y2-50-SL-E13 7/30/03 | 9:24 AM Y2SLE13 9.5713 1806.8 | 45941 36,715 0 36,715 3,836 1904447 0.201%
Y2-50-SL-E14 7/30/03 | 9:57 AM Y2SLE14 9.5657 1806.46 | 35614 27,221 0 27,221 2,846 1904089 0.149%
Y2-50-SL-E15 7/30/03 | 10:32 AM Y2SLE15 9.6668 1806.22 | 27840 19,085 0 19,085 1,974 1903836 0.104%
Y2-50-SL-E16 7/30/03 | 11:03 AM Y2SLE16 9.6494 1806.08 [ 23885 16,468 0 16,468 1,707 1903688 0.090%
Y2-50-SL-E17 7/30/03 | 11:34 AM Y2SLE17 9.5510 1806 21783 13,787 0 13,787 1,444 1903604 0.076%
Y2-50-SL-E18 7/30/03 | 12:05 PM Y2SLE18 9.6434 1805.88 | 19967 13,056 0 13,056 1,354 1903477 0.071%
Y2-50-SL-E19 7/30/03 | 12:38 PM Y2SLE19 9.8041 1805.78 | 17093 10,580 0 10,580 1,079 1903372 0.06%
Y2-50-SL-E20 7/30/03 1 1:11 PM Y2SLE20 11.5081 1805.86 | 16184 9,707 0 9,707 843 1903456 0.04%
Y2-50-SL-E21 7/30/03 | 1:48 PM Y2SLE21 11.2391 1805.74 | 14199 7,614 0 7,614 677 1903330 0.04%
Y2-50-SL-E22 7/30/03 | 2:42 PM Y2SLE22 11.0086 | 1805.64 | 13759 8,621 0 8,621 783 1903225 0.04%
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Table B.38 (Contd)

Count | Count start Mass count gross back control

Sample date time file name Counted, g | time, sec | counts net counts ground cts-bck counts/g sample| counts/g % C/Co
Y2-50-SL-E23 7/30/03 | 3:28 PM Y2SLE23 11.4304 | 1805.64 | 14667 8,628 0 8,628 755 1903225 0.04%
Y2-50-SL-E24 7/31/03 | 9:07 AM Y2SLE24 11.1669 | 1805.52 | 13887 7,917 0 7,917 709 1903098 0.04%
Y2-50-SL-E25 7/31/03 | 9:45 AM Y2SLE25 11.6754 | 1805.56 | 14099 8,780 0 8,780 752 1903140 0.04%
Y2-50-SL-E26 7/31/03 | 10:17 AM Y2SLE26 12.1892 | 1805.68 | 17177 11,677 0 11,677 958 1903267 0.05%
Y2-50-SL-E27 7/31/03 | 10:48 AM Y2SLE27 9.6017 1805.3 11793 5,460 0 5,460 569 1902866 0.030%
Y2-50-SL-E28 7/31/03 | 11:27 AM Y2SLE28 11.1127 1805.4 | 12594 7,135 0 7,135 642 1902972 0.034%
Y2-50-SL-E29 7/31/03 | 11:58 AM Y2SLE29 10.9731 1805.44 | 10507 5,259 0 5,259 479 1903014 0.025%
Y2-50-SL-E30 7/31/03 | 12:29 PM Y2SLE30 11.0678 1805.42 | 9952 4,090 0 4,090 370 1902993 0.019%
Y2-50-SL-E31 7/31/03 | 1:01 PM Y2SLE31 10.7810 1805.4 9009 3,541 0 3,541 328 1902972 0.017%
Y2-50-SL-E32 8/7/03 3:03 PM Y2SLE32 10.8946 1805.42 | 9428 2,337 0 2,337 215 1902993 0.011%
Y2-50-SL-E33 8/7/03 3:36 PM Y2SLE33 11.0863 3610.9 | 11742 3,815 0 3,815 344 3806048 0.009%
Y2-50-SL-E34 8/8/03 | 12:22 PM Y2SLE34 11.8657 | 3611.18 | 33899 21,237 0 21,237 1,790 3806344 0.047%
Y2-50-SL-E35 8/8/03 1:24 PM Y2SLE35 12.4816 3613.6 | 100070 78,295 0 78,295 6,273 3808894 0.165%
Y2-50-SL-E36 8/11/03 | 10:15 AM Y2SLE36 9.6345 3611.06 | 13855 3,907 0 3,907 406 3806217 0.011%
Y2-50-SL-E37 8/20/03 | 3:16 PM Y2SLE37 11.7009 3611.8 15430 4,286 0 4,286 366 3806997 0.010%
Y2-50-SL-E38 8/11/03 | 11:20 AM Y2SLE38 11.2278 3610.9 | 14284 4,299 0 4,299 383 3806048 0.010%
Y2-50-SL-E39 8/11/03 | 12:22 PM Y2SLE39 11.6341 3610.94 | 14044 4,782 0 4,782 411 3806091 0.011%
Y2-50-SL-E40 8/11/03 | 1:49 PM Y2SLE40 10.4469 | 3612.62 | 69206 55,966 0 55,966 5,357 3807861 0.141%
Y2-50-SL-E41 8/20/03 | 4:19 PM Y2SLE41 11.9832 | 3610.92 | 14490 5,699 0 5,699 476 3806070 0.012%
Y2-50-SL-E42 8/11/03 | 2:52 PM Y2SLE42 11.3845 | 3610.88 | 12918 3,475 0 3,475 305 3806027 0.008%
Y2-50-SL-E43 8/11/03 | 3:54 PM Y2SLE43 10.8469 | 3611.16 | 13449 3,065 0 3,065 283 3806323 0.007%
Y2-50-SL-E44 8/12/03 | 9:35 AM Y2SLE44 11.3951 | 3610.96 | 13238 2,466 0 2,466 216 3806112 0.006%
Y2-50-SL-E45 8/12/03 | 10:36 AM Y2SLE45 11.0543 | 3610.88 | 12191 1,845 0 1,845 167 3806027 0.004%
Y2-50-SL-E46 8/21/03 | 9:09 AM Y2SLE46 11.2869 | 3611.12 | 12761 1,836 0 1,836 163 3806280 0.004%
Y2-50-SL-E47 8/12/03 | 11:38 AM Y2SLE47 11.1945 | 3610.86 | 12522 2,501 0 2,501 223 3806006 0.006%
Y2-50-SL-E48 8/12/03 | 12:42 PM Y2SLE48 11.2191 7222 24823 4,748 0 4,748 423 7612308 0.006%

Remaining sample counts were too low to count on Nal system. Selected samples were sent for GEA analysis.




Final Water Rinse

Feed = Water
Resin = SuperLig 644, batch #C-01-05-28-02-35-60
Water density = 1 g/mL Start Date and Time = 7/24/2003 9:50 AM
Flow Rate = approx 30 mL/hr or ~3.0 CV/hr End Date and Time = 7/24/2003 11:30 AM

Yellow Bed volume = 11 mL

Table B.39. Run 3 Data Collection during Second Water Rinse of Yellow Column — 50 ppm Feed

¢¢d

Elapsed . . Vol. Vial + Ca Samplin Sampling End| SampletVial+ | Sample Analyst
Sample Source rev Tirr)ne Projected Date/Time (mL) |Collection Time,| Mass (g)p StartpTimge E’Fim{i CappMass (g) Massp(g) lnitizls
Column minutes
Y2-50-SL-WR1 Yellow 1 0:00 ]7/24/2003 9:50 AM 11 20 16.9818 9:50 AM 10:10 AM 26.1863 9.2045 BJC
Y2-50-SL-WR2 Yellow 2 0:20 |7/24/2003 10:10 AM 11 20 17.0283 10:10 AM 10:30 AM 28.4428 11.4145 BJC
Y2-50-SL-WR3 Yellow 3 0:40 ]7/24/2003 10:30 AM 11 20 17.0019 10:30 AM 10:50 AM 28.7187 11.7168 BJC
Y2-50-SL-WR4 Yellow 4 1:00 [7/24/2003 10:50 AM 11 20 16.9977 10:50 AM 11:10 AM 28.2034 11.2057 BJC
Y2-50-SL-WRS Yellow 5 1:20  [7/24/2003 11:10 AM 11 20 17.1758 11:10 AM 11:30 AM 28.3744 11.1986 BJC
Sample Sample
Count start Count gross Net back | cts-back| ANI105 C/Co,
Count date time file name Time, sec | counts | counts | ground | ground | control | Cs-137
Y2-50-SL-WR1 8/4/2003 12:30 PM Y250SWR1 603.2 753 683 197 486 98361 0.0049
Y2-50-SL-WR2 8/4/2003 12:50 PM Y250SWR2 603.1 273 242 197 45 98361 0.0005
Y2-50-SL-WR3 8/4/2003 1:05 PM Y250SWR3 603.1 256 217 197 20 98361 0.0002
Y2-50-SL-WR4 8/4/2003 1:25 PM Y250SWR4 603.2 256 230 197 33 98361 0.0003
Y2-50-SL-WRS 8/4/2003 1:35 PM Y250SWRS 603.1 287 244 197 47 98361 0.0005
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Table B.40.

SL-644 Loaded with 50 ppm AN-105 Simulant -Yellow 2 Column
Resin: SL-644, pre-conditioned 5/03- Acid Form

Run 3 Data Collection for Resin Mass — Before and After Yellow Column Run - 50 ppm Feed

Mass Initial Resin 3.3252|prior to column loading
F-factor 0.6497
dry resin 2.1604
Mass Final Resin 2.1725 after column elution
F-factor 0.9931
Final Dry wt resin 2.1575
Mass Change 0.0030
% mass change 0.1%
F-factor Data and Calculation - Initial Resin
Drying Temp, | Vial Tare Wt,| Vial + Resin | Net Resin Frinal Dry
Date/Time °C g Wt, g Mass, g Dry Wt#l1, g | Dry Wt #2, g | Dry Wt #3, g | Dry Wt #4, g | Resin Wt., g F-Factor average
7/15/03 12:30 PM 50 16.8204 17.3690 0.5486 17.1869 17.1780 17.1779 - 0.3575 0.6517 0.6497
7/15/03 12:30 PM 50 16.7512 17.2719 0.5207 17.1003 17.0924 17.0885 17.0907 0.3373 0.6478
F-factor Data and Calculation - Spent Resin
Drying Temp, | Vial Tare Wt, | Vial + Resin | Wet Resin Frinal Dry
Date/Time °C g Wt, g Mass, g Dry Wt #l1, g | Dry Wt#2, g | Resin Wt., g F-Factor
9/15/03 10:20 AM 50 16.9600 17.5093 0.5493 17.5090 17.5055 0.5455 0.9931
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Loading

Feed = AN-105 Simulant at 27.5 ppm Cs

Resin = SuperLig 644, batch #C-01-05-28-02-35-60

Supernate Density = 1.2434
Flow Rate = approx 30 mL/hr or ~3.0 CV/hr

Green Bed volume = 11 mL

MT Effluent 4L Jug/cap-w/o hole = 443.1
MT Effluent 2L Jug/cap-w/o hole = 277.8
Start Date and Time = 7/16/2003 1:50 PM

End Date and Time = 7/22/2003 11:05 PM

Table B.41. Run 3 Cs Loading of Green Column — 27.5 pg/L Cs with SL-644

Elapsed Time . . . Sample+Vial Mass Est. Est.
Sample gc())lllll 1;:1 #CV at Start, Projected Date/Time (\:2]1;) Vl\l:;;; (Cge;p Sst z:ﬁ}:i ;zgl,’}lll;i El\t;lf;lslio(tgt;e + Cap Mass ﬁ:rsr;p(l; Processed| Effluent | Flow | #CV
hh:mm () , 8 Vol Rate

G-27-SL-L01 Green 0 0:00 7/16/2003 1:50 PM 5 17.0685 1:50 PM 1:59 PM 443.4 22.3261 5.2576 6 4.5 00| 04
G-27-SL-L02 Green | 52 17:10 7/17/2003 7:00 AM 5 16.9663 7:00 AM | 7:09 AM 1018.0 22.0756 5.1093 585 472.8 |27.5] 43
G-27-SL-L03 Green | 64 21:10 7/17/2003 11:00 AM 5 16.9409 | 11:00 AM | 11:09 AM 1145.3 22.0003 5.0594 718 579.7 [ 262 53
G-27-SL-L04 Green | 79 26:10 7/17/2003 4:00 PM 5 17.0850 4:00 PM 4:09 PM 1303.4 22.1693 5.0843 881 711.5 [ 272 65
G-27-SL-L0S Green | 124 41:10 7/18/2003 7:00 AM 5 17.0833 7:00 AM | 7:09 AM 1789.1 21.9966 4.9133 1371 1107.8 | 26.9| 101
G-27-SL-L06 Green | 135 45:03 7/18/2003 10:53 AM 5 17.0478 10:53 AM | 11:02 AM 1909.4 23.9325 6.8847 1499 1210.5 126.9] 110
G-27-SL-L07 Green | 151 50:10 7/18/2003 4:00 PM 5 16.9606 4:00 PM 4:09 PM 2123.0 22.9238 5.9632 1718 1387.9 | 27.7] 126
G-27-SL-L08 Green | 209 69:45 7/19/2003 11:35 AM 5 17.0976 | 11:35 AM | 11:44 AM 2865.2 22.8249 5.7273 2466 1992.0 | 28.6| 181
G-27-SL-L09 Green | 218 72:30 7/19/2003 2:20 PM 5 17.3306 2:20 PM 2:29 PM 2957.8 23.0677 5.7371 2564 2071.4 | 28.6| 188
G-27-SL-L10 Green | 226 75:25 7/19/2003 5:15 PM 5 17.0326 5:15 PM 5:24 PM 3048.5 22.8828 5.8502 2661 21494 | 28.5] 195
G-27-SL-L11 Green | 242 80:40 7/19/2003 10:30 PM 5 17.0348 10:30 AM | 10:39 AM 3214.8 22.9123 5.8775 2833 2288.5 | 28.4| 208
G-27-SL-L12 Green | 292 97:10 7/20/2003 3:00 PM 5 16.8657 3:00 PM 3:09 PM 3790.1 22.3787 5.5130 3414 | 2757.7 | 28.4] 251
G-27-SL-L13 Green | 338 112:45 7/21/2003 6:35 AM 5 17.2698 6:35 AM | 6:44 AM 4285.0 22.7192 5.4494 3914 3161.8 | 28.0] 287
G-27-SL-L14 Green | 339 113:05 7/22/2003 7:35 AM 5 17.0401 7:35 AM | 7:44 AM 295.1 22.4187 5.3786 4009 3238.6 | 28.6] 294
G-27-SL-L15 Green | 345 115:05 7/22/2003 9:35 AM 5 17.0186 9:35AM | 9:44 AM 361.4 22.4326 5.4140 4081 3296.6 | 28.6| 300
G-27-SL-L16 Green | 353 117:30 7/22/2003 12:00 PM 5 17.0667 12:00 PM | 12:09 PM 402.7 22.4069 5.3402 4128 3334.2 | 28.4] 303
G-27-SL-L17 Green | 361 120:24 7/22/2003 2:54 PM 5 16.9844 2:54 PM 3:03 PM 474.8 22.3706 5.3862 4205 3396.8 | 28.2 ] 309
G-27-SL-L18 Green | 377 125:31 7/22/2003 8:01 PM 5 16.9479 8:01 PM 8:10 PM 701.4 24.6162 7.6683 4565 3687.5 | 29.4] 335
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Table B.41 (Contd)

count

AN-105

Sample Count date Cou.nt start file name Mass time, E0S8 [ Net counts back Tot cts-bck | Control counts /g control f C/Co, | %C/Co,
time Counted, g counts ground sample | counts/ g| Cs-137| Cs-137
sec 50 ppm
G-27-SL-LO1 | 7/21/2003 | 9:05 AM |G27SLLOIR| 5.2576 605 349 286 316 -30 106599 0.0 17403 | 0.0000 ] 0.0000
G-27-SL-L02 | 7/21/2003 | 9:25 AM | G27SLL02 5.1093 605 365 294 316 -22 106599 0.0 17403 | 0.0000 ] 0.0000
G-27-SL-L03 | 7/21/2003 | 10:50 AM | G27SLL03 5.0594 605 351 285 316 -31 106599 0.0 17403 | 0.0000 ] 0.0000
G-27-SL-L04 | 7/21/2003 | 11:05 AM | G27SLL04 | 5.0843 605 325 255 316 -61 106599 0.0 17403 | 0.0000 ] 0.0000
G-27-SL-L05 | 7/18/2003 | 10:20 AM | G27SLLO5 | 4.9133 606 414 308 280 28 103841 5.7 16953 | 0.0003 ] 0.0336
G-27-SL-L06 | 7/22/2003 1:30 PM | G27SLL0O6 | 6.8847 605 371 301 320 -19 112120 0.0 18304 | 0.0000] 0.0000
G-27-SL-L07 | 7/19/2003 2:10 PM | G27SLLO7 5.9632 603 373 330 315 15 103112 2.5 16834 | 0.0001] 0.01
G-27-SL-L0O8 | 7/19/2003 2:20 PM | G27SLLOS 5.7273 605 | 17202 16501 315 16186 103112 | 2826.1 16834 | 0.1679] 16.79
G-27-SL-L09 | 7/19/2003 3:10 PM | G27SLL09 5.7371 608 | 27503 26343 315 26028 103112 ] 4536.8 16834 | 0.2695] 26.95
G-27-SL-L10 | 7/19/2003 5:35PM | G27SLL10 | 5.8502 611 | 46951 45343 315 45028 103112 ] 7696.8 16834 | 0.4572| 45.72
G-27-SL-L11 7/19/2003 | 11:10 PM | G27SLLI11 5.8775 614 | 65398 62884 315 62569 103112 ] 10645.5 | 16834 | 0.6324| 63.24
G-27-SL-L12 | 7/20/2003 4:20 PM | G27SLL12 5.5130 617 | 80338 76980 304 76676 105106 | 13908.2 | 17159 | 0.8105] 81.05
G-27-SL-L13 | 7/21/2003 | 7:30 AM | G27SLL13 5.4494 620 | 90117 86117 316 85801 106599 | 15745.0 | 17403 | 0.9047 | 90.47
G-27-SL-L14 | 7/22/2003 1:45PM | G27SLL14 | 5.3786 619 | 81283 77965 320 77645 112120 | 144359 | 18304 | 0.7887| 78.87
G-27-SL-L15 | 7/22/2003 | 10:40 AM | G27SLL15 5.4140 619 | 81815 77816 320 77496 112120 | 14314.0 | 18304 ] 0.7820| 78.20
G-27-SL-L16 | 7/22/2003 | 12:50 PM | G27SLL16 5.3402 620 | 83353 79718 320 79398 112120 | 14868.0 | 18304 | 0.8123 | 81.23
G-27-SL-L17 | 7/22/2003 4:05 PM | G27SLL17 5.3862 620 | 87515 84127 320 83807 112120 | 15559.6 | 18304 ] 0.8500| 85.00
G-27-SL-L18 | 7/22/2003 9:16 PM | G27SLL18 7.6683 629 | 138291 | 133425 320 133105 112120 | 17357.8 | 18304 | 0.9483 | 94.83




65'd

Feed Displacement & Water Rinse

Feed = 0.1 M NaOH and Water
Resin = SuperLig 644, batch #C-01-05-28-02-35-60
0.1 M NaOH density = 1.008 g/mL

Flow Rate = approx 30 mL/hr or ~3.0 CV/hr
Green Bed volume = 11 mL

Start Date and Time =
End Date and Time =

7/22/2003 11:02 AM
7/22/2003 1:02 PM

Table B.42. Run 3 Data Collection during 0.10 M NaOH Feed Displacement and Water Rinse of Green Column — 27.5 ppm Feed
Collection . . . . Date and
. . + +Vial+ .
Sample Source # Ela'psed Projected Date/Time Vol Time, Vial +Cap Sampl?ng Sampl‘mg SampletVial Sample Analyst Bed Height
CvV Time (mL) . Mass (g) Start Time | End Time | Cap Mass (g) | Mass (g) .\
minutes Initials
G-27-SL-FDI Green 1 0:00 |7/22/2003 11:02 AM 11 20 17.2063 11:02PM | 11:22 PM 33.7863 16.5800 | BMK/IEB 7.1
G-27-SL-FD2 Green 2 0:20 |7/22/2003 11:22 AM 11 20 17.0182 11:222PM | 11:42PM 32.9437 15.9255 BMK/IEB 7.1
G-27-SL-FD3 Green 3 0:40 |7/22/2003 11:42 AM 11 20 17.0581 11:42PM | 12:02 AM 29.8137 12.7556 | BMK/IEB 7.1
G-27-SL-RLI Green 1 0:00 |7/22/2003 12:02 PM 11 20 17.1351 12:02 AM | 12:22 AM 28.6588 11.5237 | BMK/IEB 7.0
G-27-SL-RL2 Green 2 0:20 |7/22/2003 12:22 PM 11 20 17.0652 12:22 AM | 12:42 AM 29.0481 11.9829 | BMK/IEB 7.0
G-27-SL-RL3 Green 3 0:40 |7/22/2003 12:42 PM 11 20 17.0349 12:42 AM | 1:02 AM 31.9088 14.8739 | BMK/IEB 7.0
Run was aborted during elution so these samples were not counted
Table B.43. Run 3 Data Collection for Resin Mass — Before and After Green Column Run - 27.5 ppm Feed
SL-644 Loaded with 27 ppm AN-105 Simulant -Green Column
Resin: SL-644, pre-conditioned 5/03- Acid Form
Mass Initial Resin 3.32334|prior to column loading
F-factor 0.6719
dry masss 2.2330
Mass Final Resin 2.4458 after column elution
F-factor| not measured
Mass Change| not measured
F-factor Data and Calculation - Initial Resin
Drying Temp, | Vial Tare Wt, | Vial + Resin | Wet Resin Dry Wt#2, g | Frinal Dry
Date/Time °C g Wt, g Mass, g Dry WT #1, g|  (5/27/03) Resin Wt., g F-Factor average
5/23/03 9:20 AM 50 16.9840 17.4960 0.5120 17.3683 17.3278 0.3438 0.6715 0.6719
5/23/03 9:20 AM 50 17.1963 17.7107 0.5144 17.5749 17.5421 0.3458 0.6722
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Loading

Feed = AN-105 Simulant at 50 ppm Cs

Resin = SuperLig 644, batch #C-01-05-28-02-35-60

Supernate Density = 1.2434
Flow Rate = approx 30 mL/hr or ~3.0 CV/hr

Pink Bed volume = 11 mL

MT Effluent Jug/cap-w/o hole = 368.3 g

Start Date and Time = 7/16/2003 1:50 PM
End Date and Time = 7/22/2003 11:57 PM

Table B.44. Run 3 Cs Loading of Pink Column —50 pg/L Cs with SL-644

Elapsed Time . . . Sample+Vial Mass Est. Est.
Sample CS(())llil r::;l #CV at Start, Projected Date/Time (\r/r(l)lld.) Sst 22131};1?@ ;i?%ﬁge Egéi?g;e Vl\l/?alls: fg";p + Cap Mass l\iirsr;p(lg) Processed| Effluent | Flow| #CV
hh:mm (g) , g Vol Rate
P2-50-SL-L01 Pink 1 0:00 7/16/2003 1:50 PM 5 1:50 PM 1:59 PM 367.6 17.2938 22.9024 5.6086 4.9 4.0 -- 0.4
P2-50-SL-L02 Pink 5 17:10 7/17/2003 7:00 AM 5 7:00 AM | 7:09 AM 1136.4 17.0242 24.7635 7.7393 | 7814 631.2 | 36.8] 574
P2-50-SL-L03 Pink 10 21:10 7/17/2003 11:00 AM 5 11:00 AM | 11:09 AM 1335.9 17.0404 24.8815 7.8411 988.8 798.7 | 37.7] 72.6
P2-50-SL-L04 Pink 20 26:10 7/17/2003 4:00 PM 5 4:00 PM 4:09 PM 1587.7 17.0102 24.8437 7.8335 | 1248.4 | 1008.4 | 38.5] 91.7
P2-50-SL-L05 Pink 40 41:10 7/18/2003 7:00 AM 5 7:00 AM | 7:09 AM 2362.3 17.0560 24.9876 7.9316 | 2031.0 | 1640.5 | 39.9] 149.1
P2-50-SL-L06 Pink 60 45:03 7/18/2003 10:53 AM 5 10:53 AM | 11:02 AM 2557.7 17.1020 24.9643 7.8623 | 2234.2 | 1804.7 | 40.1] 164.1
P2-50-SL-L07 |Sample was spilled before data could be collected
P2-50-SL-L08 Pink 100 50:30 7/22/2003 7:35 AM 5 7:35 AM | 7:44 AM 2665.8 17.0251 25.0184 7.9933 | 2350.3 | 1898.5 | 71.6| 172.6
P2-50-SL-L09 Pink 120 52:30 7/22/2003 9:35 AM 5 9:35 AM | 9:44 AM 2764.1 17.0683 18.7284 1.6601 | 2456.5 | 1984.3 | 69.6 | 180.4
P2-50-SL-L10 Pink 140 54:55 7/22/2003 12:00 PM 5 12:00 PM | 12:09 PM 2827.8 17.0106 24.9631 7.9525 | 2528.2 | 2042.2 | 37.2| 185.7
P2-50-SL-L11 Pink 160 57:49 7/22/2003 2:54 PM 5 2:54 PM 3:03 PM 2971.5 16.9938 24.9451 7.9513 | 2679.8 | 2164.7 | 37.4] 196.8
P2-50-SL-L12 Pink 180 62:56 7/22/2003 8:01 PM 5 8:01 PM 8:10 PM 3231.9 17.0072 24.7715 7.7643 | 2948.0 | 2381.3 | 37.8] 216.5
P2-50-SL-L13 Pink | 200 66:44 7/22/2003 11:48 PM 5 11:48 PM | 11:57 PM 3423.9 17.0504 25.4529 8.4025 | 3156.0 | 2549.3 | 37.8] 231.8
Count start Mass cpunt gross back counts /g| control | C/Co, | %C/Co
Sample Count date . file name time, Net counts Tot cts-bck | control i ’
time Counted, g sec counts ground sample | counts/ g| Cs137 | Cs137
P2-50-SL-LO1 | 7/18/2003 | 11:20 AM | P250SLO1 5.6086 605 398 344 280 64 103841 11.4 16953 | 0.0007 | 0.07
P2-50-SL-L02 | 7/18/2003 | 11:30 AM | P250SL02 7.7393 605 366 295 280 15 103841 1.9 16953 | 0.0001] 0.01
P2-50-SL-L03 | 7/18/2003 | 11:40 AM | P250SL03 7.8411 605 422 339 280 59 103841 7.5 16953 | 0.0004 | 0.04
P2-50-SL-L04 | 7/18/2003 | 10:35 AM | P250SL04 7.8335 605 686 643 280 363 103841 46.3 16953 | 0.0027 | 0.27
P2-50-SL-LO5 | 7/18/2003 | 9:20 AM | P250SL0OS 7.9316 614 | 54370 51594 280 51314 103841 | 6469.6 16953 ] 0.3816] 38.16
P2-50-SL-L06 | 7/18/2003 | 11:05 AM | P250SL06 7.8623 624 | 113239 108507 280 108227 103841 | 13765.3 | 16953 ] 0.8120| 81.20
P2-50-SL-L07 |Sample was spilled before data could be collected
P2-50-SL-LO8 | 7/22/2003 | 11:45 AM | P250SLO8 7.9933 617 | 68435 65228 320 64908 112120 | 8120.3 18304 | 0.4436| 44.36
P2-50-SL-L09 | 7/22/2003 | 10:10 AM | P250SL09 7.9324 617 | 70205 66843 320 66523 112120 | 8386.2 18304 | 0.4582| 45.82
P2-50-SL-L10 | 7/22/2003 1:05 PM | P250SL10 7.9525 619 | 79348 76022 320 75702 112120 | 9519.3 18304 | 0.5201| 52.01
P2-50-SL-L11 | 7/22/2003 3:30 PM | P250SL11 7.9513 626 | 119975 | 115476 320 115156 112120 | 14482.7 | 18304 | 0.7912] 79.12
P2-50-SL-L12 | 7/22/2003 8:33 PM | P250SL12 7.7643 629 | 138412 | 133644 320 133324 112120 | 17171.4 | 18304 | 0.9381] 93.81
P2-50-SL-L13 | 10/1/2003 | 12:30 PM | Y250L13A | 8.4025 623 | 111159 106817 416 106401 101256 | 12663.0 | 16531 | 0.7660| 76.60
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Feed Displacement & Water Rinse

Feed = 0.1 M NaOH and Water

0.1 M NaOH density = 1.008 g/mL
Flow Rate = approx 30 mL/hr or ~3.0 CV/hr
Pink Bed volume = 11 mL

Resin = SuperLig 644, batch #C-01-05-28-02-35-60

Start Date and Time =
End Date and Time =

7/22/2003 11:59 AM
7/22/2003 1:59 PM

Table B.45. Run 3 Data Collection during 0.10 M NaOH Feed Displacement and Water Rinse of Pink Column- 50 ppm Feed

Source | # | Elapsed . . Vol. | Collection | Vial + Ca Samplin Samplin Sample+Vial+| Sample Analyst .
Sample Column | CV Ti]:ne Projected Date/Time (mL) Time, Mass (g)p StartpTini End Ei"im{:”e CappMass (2) Massp(g) ]nitizls Bed Height
minutes
P2-50-SL-FD1 Pink 1 0:00 |7/22/2003 11:59 PM 11 20 17.1050 11:59PM | 12:19 AM 34.3180 17.2130 IEB 6.4
P2-50-SL-FD2 Pink 2 0:20 |7/23/2003 12:19 AM 11 20 17.0431 12:19 AM | 12:39 AM 32.9772 12.9772 IEB 6.6
P2-50-SL-FD3 Pink 3 0:40 |7/23/2003 12:39 AM 11 20 17.0340 12:39 AM | 12:59 AM 30.9085 10.9085 IEB 6.6
P2-50-SL-RLI Pink 1 0:00 |7/23/2003 12:59 AM 11 20 17.1355 12:59 AM | 1:19 AM 31.8520 11.8520 IEB 6.6
P2-50-SL-RL2 Pink 2 0:20 |7/23/2003 1:19 AM 11 20 17.0375 1:19 AM 1:39 AM 30.6986 10.6986 IEB 6.6
P2-50-SL-RL3 Pink 3 0:40 |7/23/2003 1:39 AM 11 20 17.0998 1:39 AM 1:59 AM 22.6917 2.6917 IEB 6.4
Sample Sample count/ g| counts/ g C/Co,
Count Time, Net cts - back| ANI105 C/Co, | sample | control Cs-137
Count date Count start time |  file name sec gross counts counts | back ground | ground | Control | Cs-137
P2-50-SL-FDI 8/1/2003 9:35 AM P250SFD1 662.1 349002 332698 228 332470 | 99284 | 3.3487 | 53075 15850 3.349
P2-50-SL-FD2 8/1/2003 9:45 AM P250SFD2 635.5 195144 185709 228 185481 | 99284 1.8682 | 29610 15850 1.868
P2-50-SL-FD3 8/1/2003 9:55 AM P250SFD3 605.9 17250 16403 228 16175 99284 | 0.1629 | 2582 15850 0.163
P2-50-SL-RLI 8/1/2003 10:10 AM P250SRL1 605.6 14958 14223 228 13995 99284 | 0.1410 | 2234 15850 0.141
P2-50-SL-RL2 8/1/2003 10:25 AM P250SRL2 605.9 17052 16169 228 15941 99284 | 0.1606 | 2545 15850 0.161
P2-50-SL-RL3 8/1/2003 10:35 AM P250SRL3 603.8 4253 3965 228 3737 99284 | 0.0376 597 15850 0.038
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Elution Feed = 0.75 M HNO; at 35°C Flow Rate = approx 17 mL/hr or 1.5 CV/hr
Resin = SuperLig 644, batch #C-01-05-28-02-35-60 Start Date and Time = 7/23/03 2:09 AM
Pink Column Bed Volume = 11 mL End Date and Time = 7/24/03 9:45 AM
Density 0.75 M HNO; = 1.018 g/mL

Table B.46 Run 3 Data Collection for Cs Elution of Pink Column —50 pg/L Cs Feed — 35°C, 0.75 M HNO3 at 1.5 BV/h Flow

Elapsed Time Vol. | Vial + Cap| Sampling | Sampling End | Sample+Vial+| Sample | Volume, #CV
Sample Source | # CV |at Start, hh:mm| Projected Date/Time | (mL)| Mass (g) | Start Time Time Cap Mass (g) | Mass (g) mL processed

P2-50-SL-E01 Pink 0.8 0:00 7/23/03 2:09 AM 9.0 7.4855 2:09 AM 2:41 AM 16.9163 9.4308 9.2368 0.84
P2-50-SL-E02 Pink 1.4 0:32 7/23/03 2:41 AM 6.6 7.4062 2:41 AM 3:05 AM 13.8169 6.4107 6.2788 1.41
P2-50-SL-E03 Pink 2.0 0:56 7/23/03 3:05 AM 6.9 7.4219 3:05 AM 3:30 AM 15.4078 7.9859 7.8216 2.12
P2-50-SL-E04 Pink 2.8 1:21 7/23/03 3:30 AM 8.3 7.5152 3:30 AM 4:00 AM 15.9924 8.4772 8.3028 2.88
P2-50-SL-E05 Pink 3.5 1:51 7/23/03 4:00 AM 8.3 7.3934 4:00 AM 4:30 AM 16.8398 9.4464 9.2521 3.72
P2-50-SL-E06 Pink 4.3 2:21 7/23/03 4:30 AM 8.3 7.6371 4:30 AM 5:00 AM 17.3457 9.7086 9.5089 4.58
P2-50-SL-E07 Pink 5.0 2:51 7/23/03 5:00 AM 8.3 7.4547 5:00 AM 5:30 AM 17.2458 9.7911 9.5897 5.45
P2-50-SL-E08 Pink 5.8 3:21 7/23/03 5:30 AM 8.3 7.6268 5:30 AM 6:00 AM 17.6792 10.0524 | 9.8456 6.35
P2-50-SL-E09 Pink 6.7 3:51 7/23/03 6:00 AM 9.6 7.4125 6:00 AM 6:30 AM 17.1625 9.7500 9.5495 7.22
P2-50-SL-E10 Pink 7.4 4:26 7/23/03 6:35 AM 8.3 7.4218 6:35 AM 7:05 AM 16.4386 9.0168 8.8313 8.02
P2-50-SL-E11 Pink 8.3 4:56 7/23/03 7:05 AM 9.6 7.4273 7:05 AM 7:40 AM 18.2924 10.8651 | 10.6416 8.99
P2-50-SL-E12 Pink 9.3 5:31 7/23/03 7:40 AM 11.0 ] 7.4649 7:40 AM 8:20 AM 20.0102 12.5453 | 12.2873 10.10
P2-50-SL-E13 Pink | 10.3 6:11 7/23/03 8:20 AM 11.0] 7.4358 8:20 AM 9:00 AM 20.0340 12.5982 | 12.3391 11.23
P2-50-SL-E14 Pink | 11.3 6:51 7/23/03 9:00 AM 11.0 | 7.4479 9:00 AM 9:40 AM 20.0140 12.5661 | 12.3076 12.34
P2-50-SL-E15 Pink | 12.3 7:31 7/23/03 9:40 AM 11.0 ] 7.4419 9:40 AM 10:20 AM 20.0510 12.6091 | 12.3498 13.47
P2-50-SL-E16 Pink | 133 8:11 7/23/03 10:20 AM 11.0] 7.4180 10:20 AM 11:00 AM 20.1617 12.7437 | 12.4816 14.60
P2-50-SL-E17 Pink | 14.3 8:51 7/23/03 11:00 AM 11.0 ] 7.4040 11:00 AM 11:40 AM 19.7832 12.3792 | 12.1246 15.70
P2-50-SL-E18 Pink | 15.3 9:31 7/23/03 11:40 AM 11.0] 7.5644 11:40 AM 12:20 PM 20.1202 12.5558 | 12.2976 16.82
P2-50-SL-E19 Pink | 16.3 10:11 7/23/03 12:20 PM 11.0 | 7.5072 12:20 PM 1:00 PM 19.3625 11.8553 | 11.6115 17.88
P2-50-SL-E20 Pink | 17.3 10:51 7/23/03 1:00 PM 11.0] 7.4766 1:00 PM 1:40 PM 18.1324 10.6558 | 10.4366 18.83
P2-50-SL-E21 Pink | 18.3 11:31 7/23/03 1:40 PM 11.0] 7.5166 1:40 PM 2:20 PM 18.1373 10.6207 | 10.4023 19.77
P2-50-SL-E22 Pink | 19.3 12:11 7/23/03 2:20 PM 11.0] 7.4330 2:20 PM 3:00 PM 17.8006 10.3676 | 10.1544 20.70
P2-50-SL-E23 Pink | 20.3 12:51 7/23/03 3:00 PM 11.0 ]| 7.4424 3:00 PM 3:40 PM 18.2616 10.8192 | 10.5967 21.66
P2-50-SL-E24 Pink | 213 13:31 7/23/03 3:40 PM 11.0 ] 7.5286 3:40 PM 4:20 PM 18.0563 10.5277 | 10.3112 22.60
P2-50-SL-E25 Pink | 22.3 14:11 7/23/03 4:20 PM 11.0 | 7.5645 4:20 PM 5:00 PM 18.3435 10.7790 | 10.5573 23.56
P2-50-SL-E26 Pink | 23.4 14:51 7/23/03 5:00 PM 124 ] 7.4880 5:00 PM 5:45 PM 19.1346 11.6466 | 11.4071 24.59
P2-50-SL-E27 Pink | 24.3 15:36 7/23/03 5:45 PM 9.6 7.4097 5:45 PM 6:20 PM 16.5611 9.1514 8.9632 25.41
P2-50-SL-E28 Pink | 25.3 16:11 7/23/03 6:20 PM 11.0] 7.3679 6:20 PM 7:00 PM 18.0030 10.6351 | 10.4164 26.35
P2-50-SL-E29 Pink | 26.3 16:51 7/23/03 7:00 PM 11.0 | 7.5433 7:00 PM 7:40 PM 18.0387 10.4954 | 10.2795 27.29
P2-50-SL-E30 Pink | 27.3 17:31 7/23/03 7:40 PM 11.0] 7.3744 7:40 PM 8:20 PM 17.7406 10.3662 | 10.1530 28.21
P2-50-SL-E31 Pink | 28.3 18:11 7/23/03 8:20 PM 11.0] 7.6779 8:20 PM 9:00 PM 18.1280 10.4501 | 10.2352 29.14
P2-50-SL-E32 Pink | 29.3 18:51 7/23/03 9:00 PM 11.0] 7.5394 9:00 PM 9:40 PM 18.0346 10.4952 | 10.2793 30.08
P2-50-SL-E33 Pink | 30.3 19:31 7/23/03 9:40 PM 11.0| 7.5175 9:40 PM 10:20 PM 18.0004 10.4829 | 10.2673 31.01
P2-50-SL-E34 Pink | 314 20:11 7/23/03 10:20 PM 124 7.5273 10:20 PM 11:05 PM 18.5870 11.0597 | 10.8322 32.00
P2-50-SL-E35 Pink | 32.4 20:56 7/23/03 11:05 PM 11.0] 7.5269 11:05 PM 11:45 PM 19.1158 11.5889 | 11.3505 33.03
P2-50-SL-E36 Pink | 33.4 21:36 7/23/03 11:45 PM 11.0] 7.5288 11:45 PM 12:25 AM 18.6145 11.0857 | 10.8577 34.01
P2-50-SL-E37 Pink | 344 22:16 7/24/03 12:25 AM 11.0 ] 7.3356 12:25 AM 1:05 AM 18.3391 11.0035 | 10.7772 34.99
P2-50-SL-E38 Pink | 35.4 22:56 7/24/03 1:05 AM 11.0] 7.4656 1:05 AM 1:45 AM 18.1993 10.7337 | 10.5129 35.95
P2-50-SL-E39 Pink | 36.4 23:36 7/24/03 1:45 AM 11.0 | 7.4041 1:45 AM 2:25 AM 18.1355 10.7314 | 10.5107 36.91
P2-50-SL-E40 Pink | 37.4 24:16 7/24/03 2:25 AM 11.0] 7.5587 2:25 AM 3:05 AM 17.2994 9.7407 9.5404 37.77
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Table B.46 (Contd)

Elapsed Time Vol. | Vial + Cap| Sampling | Sampling End | Sample+Vial+| Sample | Volume, #CV
Sample Source |# CV |at Start, hh:mm| Projected Date/Time | (mL)| Mass (g) | Start Time Time Cap Mass (g) | Mass (g) mL processed
P2-50-SL-E41 Pink | 38.5 24:56 7/24/03 3:05 AM 12.4 7.3625 3:05 AM 3:50 AM 18.4129 11.0504 | 10.8231 38.76
P2-50-SL-E42 Pink | 39.5 25:41 7/24/03 3:50 AM 11.0 7.4519 3:50 AM 4:30 AM 17.8977 10.4458 | 10.2310 39.69
P2-50-SL-E43 Pink | 40.5 26:21 7/24/03 4:30 AM 11.0 7.6523 4:30 AM 5:10 AM 17.6810 10.0287 9.8224 40.58
P2-50-SL-E44 Pink | 41.5 27:01 7/24/03 5:10 AM 11.0 7.5430 5:10 AM 5:50 AM 18.0977 10.5547 | 10.3376 41.52
P2-50-SL-E45 Pink | 42.5 27:41 7/24/03 5:50 AM 11.0 7.4401 5:50 AM 6:30 AM 17.6697 10.2296 | 10.0192 42.43
P2-50-SL-E46 Pink | 43.5 28:21 7/24/03 6:30 AM 11.0 7.5237 6:30 AM 7:10 AM 17.8918 10.3681 10.1548 43.35
P2-50-SL-E47 Pink | 44.5 29:01 7/24/03 7:10 AM 11.0 7.4194 7:10 AM 7:50 AM 17.6585 10.2391 10.0285 44.27
P2-50-SL-E48 Pink | 45.5 29:41 7/24/03 7:50 AM 11.0 7.4442 7:50 AM 8:30 AM 17.6221 10.1779 9.9686 45.17
P2-50-SL-E49 Pink | 46.4 30:21 7/24/03 8:30 AM 9.6 7.4504 8:30 AM 9:05 AM 16.3184 8.8680 8.6856 45.96
P2-50-SL-E50 Pink | 47.4 30:56 7/24/03 9:05 AM 11.0 7.4881 9:05 AM 9:45 AM 17.9580 10.4699 | 10.2546 46.89
Count start Mass count time, back counts/g control
Sample Count date time file name | Counted, g sec gross counts | Net counts ground Tot cts-bck sample counts/ g % C/Co C/Co control counts
P2-50-SL-EO01 7/25/03 8:32 AM P2SLEO1 9.4308 303.98 91856 85,560 0 85560 9072 320,408 2.8% 0.03 320,408
P2-50-SL-E02 7/25/03 8:39 AM P2SLE02 6.4107 307.06 186584 173,236 0 173236 27023 323,655 8% 0.08 323,655
P2-50-SL-E03 7/25/03 2:27 PM P2SLE03 7.9859 333.1 915261 840,068 0 840068 105194 351,102 30% 0.30 351,102
P2-50-SL-E04 7/28/03 1:09 PM | P2S2DE04 8.4772 323.26 649475 853,060,731 0 853060731 100630011 340,730 29534% 295.34 340,730
P2-50-SL-E05 7/25/03 2:35 PM | P2SLEOSd 9.4464 311.36 311523 77,648,138 0 77648137.95 8219866 328,187 2505% 25.05 328,187
P2-50-SL-E06 7/25/03 8:56 AM P2SLE06 9.7086 333.44 921404 853,697 0 853697 87932 351,461 25% 0.25 351,461
P2-50-SL-E07 7/25/03 9:03 AM P2SLE07 9.7911 313.12 363674 340,056 0 340056 34731 330,042 11% 0.105 330,042
P2-50-SL-E08 7/25/03 9:09 AM P2SLE08 10.0524 306.84 178131 166,115 0 166115 16525 323,423 5% 0.051 323,423
P2-50-SL-E09 7/25/03 9:17 AM P2SLE09 9.7500 303.7 83476 77,886 0 77886 7988 320,113 2% 0.025 320,113
P2-50-SL-E10 7/25/03 9:23 AM P2SLE10 9.0168 302.3 40222 36,964 0 36964 4099 318,638 1% 0.013 318,638
P2-50-SL-E11 7/25/03 9:30 AM P2SLEI1 10.8651 603.68 53494 49,260 0 49260 4534 636,305 1% 0.007 636,305
P2-50-SL-E12 7/25/03 9:41 AM P2SLE12 12.5453 603.02 32258 28,204 0 28204 2248 635,610 0% 0.004 635,610
P2-50-SL-E13 7/25/03 9:52 AM P2SLE13 12.5982 1205.06 38129 31,579 0 31579 2507 1,270,187 0.2% 1.97E-03 1,270,187
P2-50-SL-E14 7/25/03 | 10:16 AM | P2SLE14 12.5661 1807.4 42763 34,374 0 34374 2735 1,905,080 0.1% 1.44E-03 1,905,080
P2-50-SL-E15 7/29/03 9:06 AM P2SLEILS 12.6091 1806.22 27062 20,404 0 20404 1618 1,903,836 0.1% 8.50E-04 1,903,836
P2-50-SL-E16 7/29/03 9:37 AM P2SLE16 12.7437 1806.04 22727 16,394 0 16394 1286 1,903,646 0.1% 6.76E-04 1,903,646
P2-50-SL-E17 7/29/03 | 10:08 AM | P2SLE17 12.3792 1805.84 15832 10,296 0 10296 832 1,903,435 0.04% 4.37E-04 1,903,435
P2-50-SL-E18 7/29/03 | 10:38 AM | P2SLE18 12.5558 1805.98 19400 13,032 0 13032 1038 1,903,583 0.05% 5.45E-04 1,903,583
P2-50-SL-E19 7/29/03 | 11:09 AM | P2SLE19 11.8553 1805.78 17591 10,934 0 10934 922 1,903,372 0.05% 4.85E-04 1,903,372
P2-50-SL-E20 7/29/03 | 11:45 AM | P2SLE18 10.6558 1805.74 14608 8,708 0 8708 817 1,903,330 0.04% 4.29E-04 1,903,330
P2-50-SL-E21 7/29/03 12:16 PM P2SLE19 10.6207 1805.74 15861 9,674 0 9674 911 1,903,330 0.05% 4.79E-04 1,903,330
P2-50-SL-E22 7/29/03 12:53 PM P2SLE20 10.3676 1805.72 15395 9,244 0 9244 892 1,903,309 0.05% 4.68E-04 1,903,309
P2-50-SL-E23 7/29/03 1:34 PM P2SLE21 10.8192 1805.66 14003 7,599 0 7599 702 1,903,246 0.04% 3.69E-04 1,903,246
P2-50-SL-E24 7/29/03 2:08 PM P2SLE22 10.5277 1805.7 13322 6,989 0 6989 664 1,903,288 0.03% 3.49E-04 1,903,288
P2-50-SL-E25 7/29/03 2:40 PM P2SLE23 10.7790 1805.66 14446 7,463 0 7463 692 1,903,246 0.04% 3.64E-04 1,903,246
P2-50-SL-E26 7/31/03 1:32 PM P2SLE26 11.6466 1805.56 12097 6,886 0 6886 591 1,903,140 0.03% 3.11E-04 1,903,140
P2-50-SL-E27 7/31/03 2:03 PM P2SLE27 9.1514 1805.52 11121 5,259 0 5259 575 1,903,098 0.030% 3.02E-04 1,903,098
P2-50-SL-E28 7/31/03 2:34 PM P2SLE28 10.6351 1805.56 11475 5,757 0 5757 541 1,903,140 0.028% 2.84E-04 1,903,140
P2-50-SL-E29 7/31/03 3:06 PM P2SLE29 10.4954 1805.5 11018 4,939 0 4939 471 1,903,077 0.025% 2.47E-04 1,903,077
P2-50-SL-E30 7/31/03 3:37 PM P2SLE30 10.3662 1805.52 10325 4,757 0 4757 459 1,903,098 0.024% 2.41E-04 1,903,098
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Table B.46 (Contd)

Count start Mass count time, back counts/g control
Sample Count date] time file name | Counted, g sec gross counts | Net counts ground Tot cts-bek sample counts/ g % C/Co C/Co control counts
P2-50-SL-E31 8/5/03 10:16 AM | P2SLE31 10.4501 2708.78 13550 5,266 0 5266 504 2,855,174 | 0.018% | 1.76E-04 2,855,174
P2-50-SL-E32 8/5/03 11:05 AM | P2SLE32 10.4952 1805.42 10439 4,757 0 4757 453 1,902,993 0.024% | 2.38E-04 1,902,993
P2-50-SL-E33 8/5/03 11:37 AM | P2SLE33 10.4829 1805.46 10012 4,295 0 4295 410 1,903,035 0.022% | 2.15E-04 1,903,035
P2-50-SL-E34 8/5/03 12:09 PM | P2SLE34 11.0597 1805.66 13608 8,216 0 8216 743 1,903,246 | 0.039% | 3.90E-04 1,903,246
P2-50-SL-E35 8/5/03 12:41 PM | P2SLE35 11.5889 1805.66 15031 8,627 0 8627 744 1,903,246 | 0.039% | 3.91E-04 1,903,246
P2-50-SL-E36 8/5/03 1:12 PM P2SLE36 11.0857 1805.48 10179 4,390 0 4390 396 1,903,056 | 0.021% | 2.08E-04 1,903,056
P2-50-SL-E37 8/5/03 1:57 PM P2SLE37 11.0035 1805.46 9602 4,102 0 4102 373 1,903,035 0.020% | 1.96E-04 1,903,035
P2-50-SL-E38 8/5/03 3:37 PM P2SLE38 10.7337 1805.68 11528 5,412 0 5412 504 1,903,267 | 0.026% | 2.65E-04 1,903,267
P2-50-SL-E39 8/6/03 9:03 AM P2SLE39 10.7314 1805.8 14133 7,550 0 7550 704 1,903,393 0.037% | 3.70E-04 1,903,393
P2-50-SL-E40 8/6/03 9:36 AM P2SLE40 9.7407 1805.86 17038 9,911 0 9911 1017 1,903,456 | 0.053% | 5.35E-04 1,903,456
P2-50-SL-E41 8/6/03 10:18 AM | P2SLE41 11.0504 1806.6 38500 28,407 0 28407 2571 1,904,236 | 0.135% | 1.35E-03 1,904,236
P2-50-SL-E42 8/6/03 1:26 PM P2SLE42 10.4458 1806.12 27239 20,974 0 20974 2008 1,903,730 | 0.105% | 1.05E-03 1,903,730
P2-50-SL-E43 8/6/03 12:05PM | P2SLE43 10.0287 1805.7 17034 10,521 0 10521 1049 1,903,288 | 0.055% | 5.51E-04 1,903,288
P2-50-SL-E44 8/6/03 12:52 PM | P2SLE44 10.5547 1805.74 16887 10,193 0 10193 966 1,903,330 | 0.051% | 5.07E-04 1,903,330
P2-50-SL-E45 8/6/03 1:59 PM P2SLEA45 10.2296 1805.7 14810 8,116 0 8116 793 1,903,288 | 0.042% | 4.17E-04 1,903,288
P2-50-SL-E46 8/6/03 2:34 PM P2SLE46 10.3681 1805.68 14158 7,936 0 7936 765 1,903,267 | 0.040% | 4.02E-04 1,903,267
P2-50-SL-E47 8/6/03 3:05 PM P2SLE47 10.2391 1805.58 12147 6,322 0 6322 617 1,903,161 0.032% | 3.24E-04 1,903,161

Remaining sample counts were too low to count on Nal system. Selected samples were sent for GEA analysis.




Final Water Rinse

Feed = Water
Resin = SuperLig 644, batch #C-01-05-28-02-35-60
Water density = 1 g/mL Start Date and Time = 7/24/2003 9:50 AM
Flow Rate = approx 30 mL/hr or ~3.0 CV/hr End Date and Time = 7/24/2003 11:30 AM

Pink Bed volume = 11 mL

Table B.47. Run 3 Data Collection during Second Water Rinse of Pink Column- 50 ppm Feed
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Source Elapsed Vol. [Collection Time,| Vial + Cap Sampling | Sampling End| Sample+Vial+ | Sample Analyst
Sample Column |#CV| Time Projected Date/Time (mL) minutes Mass (g) Start Time Time Cap Mass (g) | Mass(g) | Initials
P2-50-SL-WR1 Pink 1 0:00 |7/24/2003 9:50 AM 11 20 17.0413 9:50 AM 10:10 AM 27.2214 10.1801 BIJC
P2-50-SL-WR2 Pink 2 0:20 |7/24/2003 10:10 AM 11 20 17.1086 10:10 AM 10:30 AM 28.5776 11.4690 BIC
P2-50-SL-WR3 Pink 3 0:40 |7/24/2003 10:30 AM 11 20 16.9843 10:30 AM 10:50 AM 28.6826 11.6983 BIC
P2-50-SL-WR4 Pink 4 1:00 |7/24/2003 10:50 AM 11 20 17.2995 10:50 AM 11:10 AM 28.4709 11.1714 BIC
P2-50-SL-WRS5 Pink 5 1:20  |7/24/2003 11:10 AM 11 20 17.2085 11:10 AM 11:30 AM 28.5760 11.3675 BIC
Sample
Count start Count gross Net back | cts-back| AN-105 | C/Co,
Sample Count date time file name Time, sec | counts | counts | ground | ground | Control | Cs-137
P2-50-SL-WR1 8/1/2003 12:40 PM P250SWR1 603.2 294 255 228 27 99284 0.0003
P2-50-SL-WR2 8/4/2003 7:35 AM P250SWR2 603.2 293 230 197 33 98361 0.0003
P2-50-SL-WR3 8/4/2003 8:15 AM P250SWR3 603.1 276 230 197 33 98361 0.0003
P2-50-SL-WR4 8/4/2003 8:40 AM P250SWRS5 603.2 309 226 197 29 98361 0.0003
P2-50-SL-WR5 8/4/2003 8:30 AM P250SWR4 603.2 303 255 197 58 98361 0.0006
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Table B.48. Run 3 Data Collection for Resin Mass- Before and After Pink Column Run - 50 ppm Feed

SL-644 Loaded with 50 ppm AN-105 Simulant -Pink 2 Column
Resin: SL-644, pre-conditioned 5/03- Acid Form

Mass Initial Resin 3.3258|prior to column loading
F-factor 0.6497
Initial Dry Wt resin 2.1608
Mass Final Resin 2.0816 after column elution
F-factor 1.0129
Final Dry wt resin 2.0816
Mass Change 0.0792
% mass change 3.7%
F-factor Data and Calculation - Initial Resin
Drying Temp, | Vial Tare Wt,| Vial + Resin Net Resin Frinal Dry
Date/Time °C g Wt, g Mass, g Dry Wt #1, g | Dry Wt #2, g | Dry Wt #3, g | Dry Wt #4, g | Resin Wt., g F-Factor average
7/15/03 12:30 PM 50 16.8204 17.3690 0.5486 17.1869 17.1780 17.1779 - 0.3575 0.6517 0.6497
7/15/03 12:30 PM 50 16.7512 17.2719 0.5207 17.1003 17.0924 17.0885 17.0907 0.3373 0.6478
F-factor Data and Calculation - Spent Resin
Drying Temp, | Vial Tare Wt, | Vial + Resin | Wet Resin Frinal Dry
Date/Time °C g Wt, g Mass, g Dry Wt #1, g | Dry Wt#2, g | Resin Wt., g F-Factor
9/15/03 10:20 AM 50 16.7123 17.3224 0.6101 17.3341 17.3303 0.6180 1.0129
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Loading

Feed = AN-105 Simulant at 27.5 ppm Cs

Resin = SuperLig 644, batch #C-01-05-28-02-35-60

Supernate Density = 1.2434
Flow Rate = approx 30 mL/hr or ~3.0 CV/hr

Blue Bed volume = 11 mL

MT Effluent 4L Jug/cap-w/o hole = 431.9
MT Effluent 2L Jug/cap-w/o hole = 297.5
Start Date and Time = 7/16/2003 1:50 PM

End Date and Time = 7/22/2003 11:05 PM

Table B.49. Run 3 Cs Loading of Blue Column —27.5 pg/L Cs with SL-644

Elapsed Time . . . Sample+Vial Mass Est. Est.
Sample CS(())llil r:;:; #CV at Start, Projected Date/Time (\r/r(l)lld.) Vl:jzli; ?ge;p Sst 21;11311 :rr;ge Sigl?rlll;i El\f/‘lfés}zo(t;)e + Cap Mass l\iirsr;p(lg) Processed| Effluent | Flow| #CV
hh:mm (g) , g Vol Rate

B-27-SL-LO1 Blue 0.0 0:00 7/16/2003 1:50 PM 5 16.9747 1:50 PM 1:59 PM 432.7 22.5007 5.5260 | 5.5260 4.5 -- 0.4
B-27-SL-L02 Blue | 51.5 17:10 7/17/2003 7:00 AM 5 16.9807 7:00 AM | 7:09 AM 1041.1 22.3230 5.3423 620 501 29.2] 45.5
B-27-SL-L03 Blue | 63.5 21:10 7/17/2003 11:00 AM 5 16.9076 | 11:00 AM | 11:09 AM 1175.5 22.1591 5.2515 760 614 [29.0f 55.8
B-27-SL-L04 Blue | 78.5 26:10 7/17/2003 4:00 PM 5 17.0264 4:00 PM 4:09 PM 1339.1 22.2099 5.1835 929 750 | 28.7| 68.2
B-27-SL-L05 Blue |123.5 41:10 7/18/2003 7:00 AM 5 16.9930 7:00 AM | 7:09 AM 1821.6 21.8857 4.8927 1416 1144 | 27.8] 104.0
B-27-SL-L06 Blue | 135.2 45:03 7/18/2003 10:53 AM 5 17.0181 10:53 AM | 11:02 AM 1939.2 26.5910 9.5729 1543 1246 | 27.7|113.3
B-27-SL-L07 Blue | 150.5 50:10 7/18/2003 4:00 PM 5 16.9581 4:00 PM 4:09 PM 2198.1 22.7819 5.8238 1808 1460 | 29.1| 132.8
B-27-SL-L08 Blue |217.5 72:30 7/19/2003 11:35 AM 5 17.0543 11:35PM | 11:44 PM 2929.4 22.7335 5.6792 2545 2056 | 28.4] 186.9
B-27-SL-L09 Blue |226.3 75:25 7/19/2003 2:20 PM 5 17.2106 2:20 PM 2:29 PM 3026.4 22.9865 5.7759 2648 2139 | 28.4]194.4
B-27-SL-L10 Blue |242.0 80:40 7/19/2003 5:15 PM 5 17.0253 5:15 PM 5:24 AM 3128.8 22.7384 5.7131 2756 2226 | 27.6]202.4
B-27-SL-L11 Blue |291.5 97:10 7/19/2003 10:30 PM 5 16.9331 10:30 AM | 10:39 AM 3324.0 22.6804 5.7473 2957 2388 | 24.6]217.1
B-27-SL-L12 Blue |338.3 112:45 7/20/2003 3:00 PM 5 17.0111 3:00 AM | 3:09 AM 3927.7 22.6968 5.6857 3566 2880 | 25.5]261.9
B-27-SL-L13 Blue |413.2 137:45 7/21/2003 6:35 AM 5 17.0709 6:35 AM | 6:44 AM 4436.1 22.6085 5.5376 4080 3296 | 29.0299.6
B-27-SL-L14 Blue |414.2 138:05 7/22/2003 7:35 AM 5 17.0023 735 AM | 7:44 AM 3153 22.3461 5.3438 4179 3375 129.6]306.9
B-27-SL-L15 Blue | 420.2 140:05 7/22/2003 9:35 AM 5 16.9497 9:35 AM | 9:44 AM 384.0 22.0861 5.1364 4253 3435 ]29.6]312.3
B-27-SL-L16 Blue |427.5 142:30 7/22/2003 12:00 PM 5 17.0167 12:00 PM | 12:09 PM 426.2 21.8395 4.8228 4300 3473 129.3]315.7
B-27-SL-L17 Blue |436.2 145:24 7/22/2003 2:54 PM 5 17.3398 2:54 PM 3:03 PM 512.8 22.0295 4.6897 4391 3547 |29.2]3224
B-27-SL-L18 Blue |451.5 150:31 7/22/2003 8:01 PM 5 17.0219 8:01 PM 8:10 PM 685.4 22.4221 5.4002 4569 3691 | 24.5]335.5
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Table B.49 (Contd)

count

Count start Mass . gross back Control | counts /g| control | C/Co, | %C/Co,
Sample Count date . file name time, Net counts Tot cts-bck
time Counted, g sec counts ground Counts | sample | counts/ g| Cs-137| Cs-137
B-27-SL-LO1 7/18/2003 2:00 PM | B27SLLO1 5.526 605 332 281 280 1 103841 0.2 16953 | 0.000 | 0.001
B-27-SL-L02 | 7/18/2003 2:10 PM | B27SLL02 5.342 605 357 287 280 7 103841 1.3 16953 | 0.000 | 0.008
B-27-SL-L03 7/21/2003 8:40 AM | B27SLL0O3 5.252 605 361 339 316 23 106599 4.4 17403 | 0.000 | 0.025
B-27-SL-L04 | 7/21/2003 | 7:50 AM | B27SLL04 5.184 605 400 345 316 29 106599 5.6 17403 | 0.000 | 0.032
B-27-SL-L05 7/18/2003 | 10:05 AM | B27SLLO5 4.893 605 374 326 280 46 103841 9.4 16953 | 0.001 | 0.055
B-27-SL-L06 | 7/18/2003 2:25 PM | B27SLL0O6 9.573 605 348 302 280 22 103841 2.3 16953 | 0.000 | 0.014
B-27-SL-L0O7 | 7/19/2003 1:00 PM | B27SLLO7 5.824 605 519 485 315 170 103112 29.2 16834 | 0.002 0.17
B-27-SL-L08 | 7/19/2003 1:10 PM | B27SLLOS8 5.679 607 | 18979 18233 315 17918 103112 ] 3155.0 16834 | 0.187 | 18.74
B-27-SL-L09 | 7/19/2003 2:43 PM | B27SLL0O9 5.776 609 | 35180 33869 315 33554 103112 ] 5809.3 16834 | 0.345 | 34.51
B-27-SL-L10 | 7/19/2003 5:20PM | B27SLL10 5.713 610 | 42980 41364 315 41049 103112 ] 7185.1 16834 | 0.427 | 42.68
B-27-SL-L11 7/19/2003 | 11:00 PM | B27SLL11 5.747 612 | 48055 46113 315 45798 103112 ] 7968.6 16834 | 0.473 | 47.34
B-27-SL-L12 | 7/20/2003 | 4:00 AM | B27SLLI2 5.686 618 | 88845 85382 304 85078 105106 | 14963.5 | 17159 | 0.872 | 87.20
B-27-SL-L13 7/21/2003 | 7:20 AM | B27SLL13 5.538 621 | 92913 88463 316 88147 106599 | 15917.9 | 17403 | 0.915 | 91.47
B-27-SL-L14 | 7/22/2003 | 12:12 PM | B27SLL14 5.344 619 | 81328 77497 320 77177 112120 | 14442.3 | 18304 | 0.789 | 78.90
B-27-SL-L15 | 7/22/2003 | 10:25 AM | B27SLL15 5.136 619 | 79516 75584 320 75264 112120 | 14653.1 | 18304 | 0.801 | 80.05
B-27-SL-L16 | 7/22/2003 | 12:35 PM | B27SLL16 4.823 618 | 76044 72717 320 72397 112120 | 15011.4 | 18304 | 0.820 | 82.01
B-27-SL-L17 | 7/22/2003 3:50 PM | B27SLL17 4.690 618 | 76046 73124 320 72804 112120 | 15524.2 | 18304 | 0.848 | 84.81
B-27-SL-L18 | 7/22/2003 9:01 PM | B27SLL18 5.400 621 | 94619 91339 320 91019 112120 | 16854.7 | 18304 | 0.921 | 92.08
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Feed Displacement & Water Rinse

Feed = 0.1 M NaOH and Water
Resin = SuperLig 644, batch #C-01-05-28-02-35-60
0.1 M NaOH density = 1.008 g/mL

Flow Rate = approx 30 mL/hr or ~3.0 CV/hr
Blue Bed volume = 11 mL

Start Date and Time =
End Date and Time =

7/22/2003 11:02 AM
7/22/2003 1:02 PM

Table B.50. Run 3 Data Collection during 0.10 M NaOH Feed Displacement and Water Rinse of Blue Column- 27.5 ppm Feed

Collection Date and
Source Elapsed Vol. Time, Vial + Cap | Sampling Sampling | SampletVial+| Sample Analyst
Sample Column | CV| Time Projected Date/Time (mL) minutes Mass (g) | Start Time | End Time | Cap Mass (g) | Mass (g) Initials Bed Height
B-27-SL-FDI Blue 1 0:00 |7/22/2003 11:02 AM 11 20 17.0710 11:02PM | 11:22 PM 28.1636 11.0926 | BMK/IEB 6.9
B-27-SL-FD2 Blue 2 0:20 |7/22/2003 11:22 AM 11 20 16.9431 11:22PM | 11:42 PM 28.9844 12.0413 BMK/IEB 6.9
B-27-SL-FD3 Blue 3 0:40 |7/22/2003 11:42 AM 11 20 17.1511 11:42PM | 12:02 AM 27.3708 10.2197 | BMK/IEB 6.9
B-27-SL-RLI Blue 1 0:00 |7/22/2003 12:02 PM 11 20 16.9866 12:02 AM | 12:22 AM 25.5120 8.5254 BMK/IEB 7.1
B-27-SL-RL2 Blue 2 0:20 |7/22/2003 12:22 PM 11 20 16.9333 12:22 AM | 12:42 AM 26.4000 9.4667 BMK/IEB 7.1
B-27-SL-RL3 Blue 3 0:40 |7/22/2003 12:42 PM 11 20 16.9732 12:42 AM | 1:02 AM 28.4999 11.5267 | BMK/IEB 7.1
Sample
cts -
Count Time, Net backgrou| ANI105 C/Co, |count/g| counts/ g C/Co,
Sample Count date Count start time |  file name sec gross counts counts | back ground nd Control | Cs-137 | sample | control Cs-137
B-27-SL-FDI 8/5/2003 7:15 AM B27SLFDI 637.4 202605 192762 163 192,599 | 99,622 1.9333] 17363 16147 1.075
B-27-SL-FD2 8/5/2003 8:40 AM B27SLFD2 639.8 217498 207660 163 207,497 | 99,622 2.0828| 17232 16147 1.067
B-27-SL-FD3 8/5/2003 9:05 AM B27SLFD3 614.5 87654 82983 163 82,820 | 99,622 0.8313] 8104 16147 0.502
B-27-SL-RLI 8/5/2003 9:25 AM B27SLRLI 606.0 17282 16151 163 15,988 | 99,622 0.1605] 1875 16147 0.116
B-27-SL-RL2 8/5/2003 9:40 AM B27SLRL2 604.9 11050 10331 163 10,168 | 99,622 0.1021] 1074 16147 0.067
B-27-SL-RL3 8/5/2003 10:30 AM B27SLRL3 604.9 10515 9984 163 9,821 99,622 0.0986] 852 16147 0.053
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Elution Feed = 0.25 M HNO; at 45°C Flow Rate = approx 11 mL/hr or 1 CV/hr
Resin = SuperLig 644, batch #C-01-05-28-02-35-60 Start Date and Time = 7/23/03 2:09 AM
Bed Volume = 11 mL End Date and Time = 7/24/03 7:10 PM
Density 0.25 M HNO; = 1.007 g/mL

Table B.51 Run 3 Data Collection for Cs Elution of Blue Column —27.5 pg/L Cs Feed — 45°C, 0.25 M HNO; at 1 BV/h Flow

Elapsed Time at Vial + Cap | Sampling Start | Sampling End | Sample+Vial+ Sample | Volume,

Sample Source | #CV Start, hh:mm Projected Date/Time | Vol. (mL)| Mass (g) Time Time Cap Mass (g) Mass (g) mL #CV processed
B-27-SL-E01 Blue 0.5 0:00 7/23/03 2:09 AM 32.0 7.4593 2:09 AM 2:41 AM 14.1787 6.7194 6.63 0.6
B-27-SL-E02 Blue 0.9 0:32 7/23/03 2:41 AM 24.0 7.4933 2:41 AM 3:05 AM 12.3160 4.8227 4.76 1.0
B-27-SL-E03 Blue 1.4 0:56 7/23/03 3:05 AM 25.0 7.5417 3:05 AM 3:30 AM 12.9691 5.4274 5.35 1.5
B-27-SL-E04 Blue 1.9 1:21 7/23/03 3:30 AM 30.0 7.4936 3:30 AM 4:00 AM 18.6538 11.1602 11.01 2.5
B-27-SL-E05 Blue 24 1:51 7/23/03 4:00 AM 30.0 7.5078 4:00 AM 4:30 AM 13.9666 6.4588 6.37 3.1
B-27-SL-E06 Blue 2.9 2:21 7/23/03 4:30 AM 30.0 7.3874 4:30 AM 5:00 AM 14.0443 6.6569 6.56 3.7
B-27-SL-E07 Blue 3.4 2:51 7/23/03 5:00 AM 30.0 7.3418 5:00 AM 5:30 AM 13.9800 6.6382 6.55 4.3
B-27-SL-E08 Blue 3.9 3:21 7/23/03 5:30 AM 30.0 7.4525 5:30 AM 6:00 AM 14.4030 6.9505 6.85 4.9
B-27-SL-E09 Blue 44 3:51 7/23/03 6:00 AM 35.0 7.5200 6:00 AM 6:35 AM 14.5226 7.0026 6.91 5.5
B-27-SL-E10 Blue 4.9 4:26 7/23/03 6:35 AM 30.0 7.5412 6:35 AM 7:05 AM 13.8981 6.3569 6.27 6.1
B-27-SL-E11 Blue 5.9 4:56 7/23/03 7:05 AM 55.0 7.5074 7:05 AM 8:00 AM 19.2683 11.7609 11.60 7.2
B-27-SL-E12 Blue 6.9 5:51 7/23/03 8:00 AM 60.0 7.5346 8:00 AM 9:00 AM 20.5580 13.0234 12.84 8.3
B-27-SL-E13 Blue 7.9 6:51 7/23/03 9:00 AM 60.0 7.5321 9:00 AM 10:00 AM 20.2758 12.7437 12.57 9.5
B-27-SL-E14 Blue 8.9 7:51 7/23/03 10:00 AM 60.0 7.4823 10:00 AM 11:00 AM 20.7330 13.2507 13.07 10.7
B-27-SL-E15 Blue 9.9 8:51 7/23/03 11:00 AM 60.0 7.4249 11:00 AM 12:00 PM 20.0661 12.6412 12.47 11.8
B-27-SL-E16 Blue 10.9 9:51 7/23/03 12:00 PM 60.0 7.4295 12:00 PM 1:00 PM 19.9775 12.5480 12.37 12.9
B-27-SL-E17 Blue 11.9 10:51 7/23/03 1:00 PM 60.0 7.4499 1:00 PM 2:00 PM 18.4730 11.0231 10.87 13.9
B-27-SL-E18 Blue 12.9 11:51 7/23/03 2:00 PM 60.0 7.4303 2:00 PM 3:00 PM 18.3345 10.9042 10.75 14.9
B-27-SL-E19 Blue 13.9 12:51 7/23/03 3:00 PM 60.0 7.5039 3:00 PM 4:00 PM 17.8382 10.3343 10.19 15.8
B-27-SL-E20 Blue 14.9 13:51 7/23/03 4:00 PM 60.0 7.5328 4:00 PM 5:00 PM 18.5467 11.0139 10.86 16.8
B-27-SL-E21 Blue 15.9 14:51 7/23/03 5:00 PM 60.0 7.3522 5:00 PM 6:00 PM 17.8676 10.5154 10.37 17.7
B-27-SL-E22 Blue 16.9 15:51 7/23/03 6:00 PM 60.0 7.5493 6:00 PM 7:00 PM 18.0907 10.5414 10.40 18.7
B-27-SL-E23 Blue 17.9 16:51 7/23/03 7:00 PM 60.0 7.5129 7:00 PM 8:00 PM 17.5522 10.0393 9.90 19.6
B-27-SL-E24 Blue 18.9 17:51 7/23/03 8:00 PM 60.0 7.4563 8:00 PM 9:00 PM 17.8657 10.4094 10.27 20.5
B-27-SL-E25 Blue 19.9 18:51 7/23/03 9:00 PM 60.0 7.3972 9:00 PM 10:00 PM 17.3921 9.9949 9.86 21.4
B-27-SL-E26 Blue 20.9 19:51 7/23/03 10:00 PM 65.0 7.6062 10:00 PM 11:00 PM 18.0468 10.4406 10.30 22.4
B-27-SL-E27 Blue 21.9 20:56 7/23/03 11:05 PM 60.0 7.3932 11:05 PM 12:05 AM 17.4045 10.0113 9.87 23.3
B-27-SL-E28 Blue 22.9 21:56 7/24/03 12:05 AM 60.0 7.4172 12:05 AM 1:05 AM 17.5945 10.1773 10.04 24.2
B-27-SL-E29 Blue 23.9 22:56 7/24/03 1:05 AM 60.0 7.5014 1:05 AM 2:05 AM 17.5524 10.0510 9.91 25.1
B-27-SL-E30 Blue 24.9 23:56 7/24/03 2:05 AM 60.0 7.5940 2:05 AM 3:05 AM 17.4066 9.8126 9.68 25.9
B-27-SL-E31 Blue 25.9 24:56 7/24/03 3:05 AM 60.0 7.5125 3:05 AM 4:05 AM 16.8132 9.3007 9.17 26.8
B-27-SL-E32 Blue 26.9 25:56 7/24/03 4:05 AM 60.0 7.5198 4:05 AM 5:05 AM 17.6784 10.1586 10.02 27.7
B-27-SL-E33 Blue 27.9 26:56 7/24/03 5:05 AM 60.0 7.4212 5:05 AM 6:05 AM 17.7636 10.3424 10.20 28.6
B-27-SL-E34 Blue 28.9 27:56 7/24/03 6:05 AM 60.0 7.4896 6:05 AM 7:05 AM 17.7219 10.2323 10.09 29.5
B-27-SL-E35 Blue 29.9 28:56 7/24/03 7:05 AM 60.0 7.3996 7:05 AM 8:05 AM 17.6173 10.2177 10.08 30.5
B-27-SL-E36 Blue 31.0 29:56 7/24/03 8:05 AM 65.0 7.4373 8:05 AM 9:10 AM 19.1155 11.6782 11.52 31.5
B-27-SL-E37 Blue 32.0 31:01 7/24/03 9:10 AM 60.0 7.3939 9:10 AM 10:10 AM 18.0161 10.6222 10.48 32.5
B-27-SL-E38 Blue 33.0 32:01 7/24/03 10:10 AM 60.0 7.4045 10:10 AM 11:10 AM 18.4629 11.0584 1091 33.4
B-27-SL-E39 Blue 34.0 33:01 7/24/03 11:10 AM 60.0 7.3740 11:10 AM 12:10 PM 17.9137 10.5397 10.39 34.4
B-27-SL-E40 Blue 35.0 34:01 7/24/03 12:10 PM 60.0 7.3580 12:10 PM 1:10 PM 18.3831 11.0251 10.87 35.4
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Table B.51 (Contd)

Elapsed Time at Vial + Cap | Sampling Start | Sampling End | Sample+Vial+ Sample | Volume,

Sample Source | #CV Start, hh:mm Projected Date/Time | Vol. (mL)| Mass (g) Time Time Cap Mass (g) Mass (g) mL #CV processed
B-27-SL-E41 Blue 36.0 35:01 7/24/03 1:10 PM 60.0 7.6133 1:10 PM 2:10 PM 18.1912 10.5779 10.43 36.3
B-27-SL-E42 Blue 37.0 36:01 7/24/03 2:10 PM 60.0 7.5116 2:10 PM 3:10 PM 18.1323 10.6207 10.47 37.3
B-27-SL-E43 Blue 38.0 37:01 7/24/03 3:10 PM 60.0 6.8859 3:10 PM 4:10 PM 17.6159 10.7300 10.58 38.2
B-27-SL-E44 Blue 39.0 38:01 7/24/03 4:10 PM 60.0 7.4297 4:10 PM 5:10 PM 18.4040 10.9743 10.82 39.2
B-27-SL-E45 Blue 40.0 39:01 7/24/03 5:10 PM 60.0 7.4193 5:10 PM 6:10 PM 17.7599 10.3406 10.20 40.2
B-27-SL-E46 Blue 41.0 40:01 7/24/03 6:10 PM 60.0 7.4433 6:10 PM 7:10 PM 17.9835 10.5402 10.39 41.1

Count start Mass count time, gross back control
Sample Count date time file name Counted, g sec counts net counts ground cts-bck counts/g sample | counts/ g % C/Co

B-27-SL-E01 7/25/03 11:24 AM B27SLO1 6.7194 306.44 170584 160,274 0 160,274 23,852 323,001 7.4%

B-27-SL-E02 7/25/03 11:30 AM B27SL02 4.8227 304.02 95676 89,959 0 89,959 18,653 320,451 6%

B-27-SL-E03 7/30/03 2:24 PM B27SLE03 5.4274 305.76 152931 143,669 0 143,669 26,471 322,285 8%

B-27-SL-E04 7/28/03 1:29 PM B27S2D04 11.1602 322.1 612302 1.3E+09 0 1.31E+09 1.18E+08 339,508 34700%

B-27-SL-E05 7/28/03 9:04 AM B27SLE05 6.4588 315.02 425260 397,337 0 397,337 61,519 332,045 19%

B-27-SL-E06 7/28/03 9:11 AM B27SLE06 6.6569 316.22 459433 428,725 0 428,725 64,403 333,310 19%

B-27-SL-E07 7/28/03 12:27 PM B27S1D07 6.6382 303.74 85981 21,752,768 0 21,752,768 3,276,908 320,155 1024%

B-27-SL-E08 7/28/03 12:36 PM B27S2D08 6.9505 307.64 204222 524,105,570 0 5.24E+08 75,405,449 324,266 23254%

B-27-SL-E09 7/28/03 12:44 PM B27S2D09 7.0026 306.46 168304 429,088,199 0 4.29E+08 61,275,555 323,022 18969%

B-27-SL-E10 7/28/03 12:50 PM B27S2D10 6.3569 302.78 56516 145,876,114 0 1.46E+08 22,947,681 319,144 7190.40%

B-27-SL-E11 7/28/03 12:56 PM B27S1D11 11.7609 326.86 744288 7,502,377 0 7,502,377 637,908 344,525 185.16%

B-27-SL-E12 7/28/03 1:03 PM B27S1D12 13.0234 320.88 580918 1,069,614 0 1,069,614 82,130 338,222 24.28%

B-27-SL-E13 7/28/03 9:37 AM B27SLEI13 12.7437 305.42 136064 126,873 0 126,873 9,956 321,926 3.093%

B-27-SL-E14 7/28/03 9:44 AM B27SLE14 13.2507 302.16 36747 34,249 0 34,249 2,585 318,490 0.812%

B-27-SL-E15 7/28/03 9:50 AM B27SLE1S5 12.6412 301.2 7158 5,597 0 5,597 443 317,478 0.139%

B-27-SL-E16 7/28/03 9:56 AM B27SLE16 12.5480 1204.52 24699 20,256 0 20,256 1,614 1,269,617 0.127%

B-27-SL-E17 7/28/03 1:38 PM B27SLE17 11.0231 1806.98 43009 35,773 0 35,773 3,245 1,904,637 0.170%

B-27-SL-E18 7/28/03 2:10 PM B27SLEI18 10.9042 1806.42 25773 18,355 0 18,355 1,683 1,904,047 0.088%

B-27-SL-E19 8/1/03 8:51 AM B27SLE19 10.3343 1805.86 21782 15,848 0 15,848 1,534 1,903,456 0.08%

B-27-SL-E20 8/1/03 9:22 AM B27SLE20 11.0139 1805.76 20361 14,571 0 14,571 1,323 1,903,351 0.07%

B-27-SL-E21 8/1/03 9:57 AM B27SLE21 10.5154 1805.7 18223 12,904 0 12,904 1,227 1,903,288 0.06%

B-27-SL-E22 8/1/03 10:28 AM B27SLE22 10.5414 1805.78 19522 13,914 0 13,914 1,320 1,903,372 0.07%

B-27-SL-E23 8/1/03 11:01 AM B27SLE23 10.0393 1805.76 15860 10,251 0 10,251 1,021 1,903,351 0.05%

B-27-SL-E24 8/1/03 11:37 AM B27SLE24 10.4094 1805.62 13511 7,649 0 7,649 735 1,903,203 0.04%

B-27-SL-E25 8/1/03 12:09 PM B27SLE25 9.9949 1805.74 17468 11,172 0 11,172 1,118 1,903,330 0.06%

B-27-SL-E26 8/1/03 12:44 PM B27SLE26 10.4406 1805.58 11873 6,047 0 6,047 579 1,903,161 0.03%

B-27-SL-E27 8/1/03 1:21 PM B27SLE27 10.0113 1805.72 16408 10,401 0 10,401 1,039 1,903,309 0.055%

B-27-SL-E28 8/1/03 1:52 PM B27SLE28 10.1773 1805.54 10616 3,923 0 3,923 385 1,903,119 0.020%

B-27-SL-E29 8/1/03 2:24 PM B27SLE29 10.0510 1805.56 10877 5,195 0 5,195 517 1,903,140 0.027%

B-27-SL-E30 8/1/03 2:56 PM B27SLE30 9.8126 1805.6 11925 6,891 0 6,891 702 1,903,182 0.037%
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Table B.51 (Contd)

Count start Mass count time, gross back control

Sample Count date time file name Counted, g sec counts net counts ground cts-bck counts/g sample | counts/ g % C/Co
B-27-SL-E31 8/4/03 9:54 AM B27SLE31 9.3007 3611.24 24359 12,457 0 12,457 1,339 3,806,407 0.035%
B-27-SL-E32 8/4/03 11:10 AM B27SLE32 10.1586 3620.38 309997 281,277 0 281,277 27,689 3,816,041 0.726%
B-27-SL-E33 8/4/03 12:12 PM B27SLE33 10.3424 3611.02 19044 7,251 0 7,251 701 3,806,175 0.018%
B-27-SL-E34 8/4/03 1:19 PM B27SLE34 10.2323 3610.86 18219 5,739 0 5,739 561 3,806,006 0.015%
B-27-SL-E35 8/4/03 2:19 PM B27SLE35 10.2177 3610.94 17390 6,139 0 6,139 601 3,806,091 0.016%
B-27-SL-E36 8/5/03 1:12 PM B27SLE36 11.6782 1805.48 10178 4,390 0 4,390 376 1,903,056 0.020%
B-27-SL-E37 8/6/03 4:03 PM B27SLE37 10.6222 1805.46 8969 3,686 0 3,686 347 1,903,035 0.018%
B-27-SL-E38 8/7/03 10:07 AM B27SLE38 11.0584 1805.42 8602 3,536 0 3,536 320 1,902,993 0.017%
B-27-SL-E39 8/7/03 9:11 AM B27SLE39 10.5397 1805.32 8289 2,247 0 2,247 213 1,902,887 0.011%
B-27-SL-E40 8/7/03 1:54 PM B27SLE40 11.0251 3610.84 16733 2,734 0 2,734 248 3,805,985 0.007%

Remaining sample counts were too low to count on Nal system. Selected samples were sent for GEA analysis.

Final Water Rinse

Feed = Water
Resin = SuperLig 644, batch #C-01-05-28-02-35-60
Water density = 1 g/mL Start Date and Time = 7/24/2003 7:15 AM
Flow Rate = approx 30 mL/hr or ~3.0 CV/hr End Date and Time = 7/24/2003 8:55 AM

Blue Bed volume = 11 mL

Table B.52. Run 3 Data Collection during Second Water Rinse of Blue Column- 27.5 ppm Feed

Source Elapsed Vol. |Collection Time,| Vial + Cap Sampling |Sampling End| Sample+Vial+ Sample Analyst

Sample Column | #CV | Time Projected Date/Time (mL) minutes Mass (g) Start Time Time Cap Mass (g) | Mass (g) Initials
B-27-SL-WRI1 Blue 1 0:00 |7/24/2003 7:15 AM 11 20 17.4223 7:15 AM 7:35 AM 30.6325 13.2102 RLS
B-27-SL-WR2 Blue 2 0:20 |7/24/2003 7:35 AM 11 20 17.0457 7:35 AM 7:55 AM 31.9109 14.8652 RLS
B-27-SL-WR3 Blue 3 0:40 |7/24/2003 7:55 AM 11 20 17.0082 7:55 AM 8:15 AM 32.3228 15.3146 RLS
B-27-SL-WR4 Blue 4 1:00 |7/24/2003 8:15 AM 11 20 17.1000 8:15 AM 8:35 AM 31.3541 14.2541 RLS
B-27-SL-WR5 Blue 5 1:20 |7/24/2003 8:35 AM 11 20 16.9646 8:35 AM 8:55 AM 30.6491 13.6845 RLS
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Table B.52 (Contd)

Sample

Count start Count gross Net back | cts-back| AN-105 | C/Co,

Sample Count date time file name Time, sec | counts | counts | ground | ground | Control | Cs-137
B-27-SL-WR1 8/5/2003 11:05 AM B27SLWR1 603.4 1958 1815 163 1652 99622 0.02
B-27-SL-WR2 8/5/2003 1:05 PM B27SLWR2 603.4 193 162 163 -1 99622 0.00
B-27-SL-WR3 8/5/2003 1:20 PM B27SLWR3 603.1 253 211 163 48 99622 0.00
B-27-SL-WR4 8/5/2003 1:45 PM B27SLWR4 603.2 282 251 163 88 99622 0.00
B-27-SL-WRS5 8/5/2003 2:00 PM B27SLWRS 603.8 290 227 163 64 99622 0.00
Table B.53. Run 3 Data Collection for Resin Mass- Before and After Column Run Blue Column- 27 ppm Feed

SL-644 Loaded with 27 ppm AN-105 Simulant -Blue Column
Resin: SL-644, pre-conditioned 5/03- Acid Form

Mass Initial Resin

3.32166]prior to column loading

F-factor 0.6719
dry resin 2.2318
Mass Final Resin 2.2389 after column elution
F-factor 0.9881
Final Dry wt resin 2.2123
Mass Change 0.0195
% mass change 0.9%
F-factor Data and Calculation - Initial Resin
Drying Temp, | Vial Tare Wt, | Vial + Resin | Wet Resin Dry Wt#2, g | Frinal Dry
Date/Time °C g Wt, g Mass, g Dry WT #1, g| (5/27/03) Resin Wt., g F-Factor average
5/23/03 9:20 AM 50 16.9840 17.4960 0.5120 17.3683 17.3278 0.3438 0.6715 0.6719
5/23/03 9:20 AM 50 17.1963 17.7107 0.5144 17.5749 17.5421 0.3458 0.6722
F-factor Data and Calculation - Spent Resin
Drying Temp, | Vial Tare Wt, | Vial + Resin | Wet Resin Frinal Dry
Date/Time °C g Wt, g Mass, g Dry Wt #l1, g | Dry Wt #2, g | Resin Wt., g F-Factor
9/15/03 10:20 AM 50 16.9671 17.5235 0.5564 17.5148 17.5169 0.5498 0.9881
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Loading

Feed = AN-105 Simulant at 50 ppm Cs

Resin = SuperLig 644, batch #C-01-05-28-02-35-60

Supernate Density = 1.23

Bed volume = 38.6 mL

Flow Rate = approx 38 mL/hr or ~1.0 CV/hr

Start Date and Time = 10/6/2003 9:27 PM
End Date and Time = 10/8/2003 7:50 AM

Table B.54. Confirmatory Run - Cs Loading Column — 50 pg/L Cs with SL-644

Sample and | Sample Mass | Eff Bottle | Eff. Bottle | Sampling | Sampling End| Effluent | Est. Effluent (6% Flow Rate,
Sample Projected Date/Time Vial Tare, g Vial Mass,g (2) Tare Mass (g) Start Time Time Mass, g Vol Processed mL/hr
SL-Conf-L01 10/6/2003 9:30 PM 16.9422 23.3324 6.3902 279.5 294.2 9:30 PM 9:40 PM 21.1 17.1 0.4 -
SL-Conf-L02 10/7/2003 7:00 AM 16.9550 24.1309 7.1759 279.5 708.6 7:00 AM 7:10 AM 442.7 359.9 9.3 0.98
SL-Conf-L03 10/7/2003 1:00 PM 17.1641 24.4124 7.2483 279.5 969.0 1:00 PM 1:10 PM 710.3 571.5 15.0 0.96
SL-Conf-L04 10/7/2003 8:00 PM 17.0917 24.5341 7.4424 279.5 1270.9 7:55 PM 8:05 PM 1019.7 829.0 21.5 0.95
SL-Conf-L05 10/8/2003 6:00 AM 17.1110 24.6787 7.5677 279.5 1713.8 6:00 AM 6:10 AM 1470.1 1195.2 31.0 0.95
SL-Conf-L06 10/8/2003 7:00 AM 16.8943 24.5035 7.6092 279.5 1750.6 7:00 AM 7:10 AM 1514.5 1231.3 31.9 0.95
SL-Conf-L07 10/8/2003 7:40 AM 17.1332 24.8488 7.7156 279.5 1771.9 7:40 AM 7:50 AM 1543.5 1254.9 32.5 0.95
- indicates no data
volume, | count | gross net back sample cts - control (cts- | counts/ml | counts/ml
Sample Date Counted mL time | counts | counts | +/-| ground | background bkg) sample control C/Co C/Co
SL-Conf-LO1 10/9/2003 5 604.4 532 499 24 364 135 198178 27 39636 0.0007 [ 7340
SL-Conf-L02 10/9/2003 5 604.3 490 433 25 364 69 198178 14 39636 0.0003 | 14361
SL-Conf-L03 10/9/2003 5 604.3 518 460 25 364 96 198178 19 39636 0.0005 | 10322
SL-Conf-L04 10/9/2003 5 604.3 503 453 25 364 89 198178 18 39636 0.0004 | 11134
SL-Conf-L05 10/9/2003 5 604.2 463 420 23 364 56 198178 11 39636 0.0003 [ 17694
SL-Conf-L06 10/9/2003 5 604.0 449 401 23 364 37 198178 7 39636 0.0002 | 26781
SL-Conf-L07 10/9/2003 5 604.0 417 387 22 364 23 198178 5 39636 0.0001 | 43082
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Feed Displacement & Water Rinse

Feed = 0.1 M NaOH and Water

Resin = SuperLig 644, batch #C-01-05-28-02-35-60

0.1 M NaOH density = 1.008 g/mL

Table B.55. Confirmatory Run Data Collection during 0.10 M NaOH Feed Displacement and Water Rinse - 50 ppm Feed

Flow Rate = approx 116 mL/hr or ~3.0 CV/hr

Bed volume = 38.6 mL

Start Date and Time = 10/8/2003 9:26 AM
End Date and Time = 10/8/2003 10:30 AM

Sampling Start| Sampling End | Vial + Cap Sample and | Sample Mass
Sample Date Time Time Mass (g) Vial Mass,g (g) volume BV
SL-Conf-FD 10/8/03 8:26 AM 9:26 AM 24.6552 150.9 126.2448 125 3.2
SL-Conf-WR1 10/8/03 9:30 AM 10:30 AM 24.5356 141.3 116.7644 116 3.0
volume, gross net back | sample cts - | control (cts- | counts/ml | counts/ml
Sample Date Counted mL count time | counts | counts | +/- | ground bkg bkg) sample control C/Co
SL-Conf-FD 10/9/2003 5 603.8 375 345 | 21| 364 -19 198178 -4 39636 | 0.0001
SL-Conf-WR1 10/9/2003 5 603.7 348 332 | 19| 364 -32 198178 -6 39636 | 0.0002
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Elution

Feed = 0.5 M HNO; at 45°C

Resin = SuperLig 644, batch #C-01-05-28-02-35-60

Bed Volume = 38.6 mL
Density 0.5 M HNO; = 1.014 g/mL

Start Date and Time = 10/8/03 10:45 AM
End Date and Time = 10/9/03 2:45 PM

Flow Rate = approx 54 mL/hr or 1.4 CV/hr

Table B.56. Confirmatory Run Data Collection for Cs Elution 50 pg/L Cs Feed — 45°C, 0.5 M HNO3 at 1.4 BV/h Flow

Vial and

Approx. Elapsed Projected Date/Time to | Collection | Vial + Cap [Sample Mass| Sample Sampling |Sampling End flow

Sample CvV Time, hour | Start Sample Collection | Time, min Mass (g) () Mass (g) | Start Time Time #CV rate
SL-Conf-E01 1.1 0:45 10/8/2003 10:45 AM 45 24.7176 58.6837 33.9661 10:45 AM | 11:30 AM 0.87 1.16
SL-Conf-E02 2.3 1:38 10/8/2003 11:30 AM 53 24.7917 68.3650 43.5733 | 11:30 AM 12:23 PM 1.98 1.21
SL-Conf-E03 3.2 2:15 10/8/2003 12:23 PM 37 24.9432 54.9293 29.9861 12:23 PM 1:00 PM 2.75 1.22
SL-Conf-E03a 3.6 2:35 10/8/2003 1:00 PM 20 17.0213 34.2278 17.2065 1:00 PM 1:20 PM 3.19 1.23
SL-Conf-E03b 4.1 2:55 10/8/2003 1:20 PM 20 17.0407 33.0521 16.0114 1:20 PM 1:40 PM 3.60 1.23
SL-Conf-E03c 4.6 3:15 10/8/2003 1:40 PM 20 17.1504 33.3769 16.2265 1:40 PM 2:00 PM 4.01 1.23
SL-Conf-E03d 5.0 3:35 10/8/2003 2:00 PM 20 16.9994 33.2909 16.2915 2:00 PM 2:20 PM 4.43 1.24
SL-Conf-E03e 5.5 3:55 10/8/2003 2:20 PM 20 16.8927 33.2647 16.3720 2:20 PM 2:40 PM 4.84 1.24
SL-Conf-E03f 6.0 4:15 10/8/2003 2:40 PM 20 16.9001 32.7452 15.8451 2:40 PM 3:00 PM 5.25 1.24
SL-Conf-E04 6.9 4:55 10/8/2003 3:00 PM 40 24.7589 55.8174 31.0585 3:00 PM 3:40 PM 6.04 1.23
SL-Conf-E05 7.8 5:35 10/8/2003 3:40 PM 40 24.8713 59.4499 34.5786 3:40 PM 4:20 PM 6.93 1.24
SL-Conf-E06 8.8 6:15 10/8/2003 4:20 PM 40 24.6587 57.1674 32.5087 4:20 PM 5:00 PM 7.76 1.24
SL-Conf-E07 9.7 6:55 10/8/2003 5:00 PM 40 24.6435 57.1602 32.5167 5:00 PM 5:40 PM 8.59 1.24
SL-Conf-E08 10.6 7:35 10/8/2003 5:40 PM 40 24.8239 58.1368 33.3129 5:40 PM 6:20 PM 9.44 1.24
SL-Conf-E09 11.6 8:15 10/8/2003 6:20 PM 40 24.6908 56.4115 31.7207 6:20 PM 7:00 PM 10.25 1.24
SL-Conf-E10 12.5 8:55 10/8/2003 7:00 PM 40 24.7187 57.8614 33.1427 7:00 PM 7:40 PM 11.10 1.24
SL-Conf-E11 13.5 9:35 10/8/2003 7:40 PM 40 25.0271 57.9525 32.9254 7:40 PM 8:20 PM 11.94 1.25
SL-Conf-E12 14.4 10:15 10/8/2003 8:20 PM 40 24.8754 57.3983 32.5229 8:20 PM 9:00 PM 12.77 1.25
SL-Conf-E13 15.3 10:55 10/8/2003 9:00 PM 40 24.7311 56.4833 31.7522 9:00 PM 9:40 PM 13.58 1.24
SL-Conf-E14 16.3 11:35 10/8/2003 9:40 PM 40 24.6927 56.8108 32.1181 9:40 PM 10:20 PM 14.40 1.24
SL-Conf-E15 17.2 12:15 10/8/2003 10:20 PM 40 24.8432 61.0055 36.1623 10:20 PM 11:00 PM 15.32 1.25
SL-Conf-E16 18.1 12:55 10/8/2003 11:00 PM 40 24.6044 62.2108 37.6064 | 11:00 PM 11:40 PM 16.29 1.26
SL-Conf-E17 19.1 13:35 10/8/2003 11:40 PM 40 24.7319 60.8026 36.0707 | 11:40 PM 12:20 AM 17.21 1.27
SL-Conf-E18 20.0 14:15 10/9/2003 12:20 AM 40 24.9141 61.7996 36.8855 | 12:20 AM 1:00 AM 18.15 1.27
SL-Conf-E19 20.9 14:55 10/9/2003 1:00 AM 40 24.8244 61.6539 36.8295 1:00 AM 1:40 AM 19.09 1.28
SL-Conf-E20 21.9 15:35 10/9/2003 1:40 AM 40 24.8117 61.6848 36.8731 1:40 AM 2:20 AM 20.03 1.29
SL-Conf-E21 22.8 16:15 10/9/2003 2:20 AM 40 24.8140 61.8491 37.0351 2:20 AM 3:00 AM 20.98 1.29
SL-Conf-E22 23.7 16:55 10/9/2003 3:00 AM 40 24.7478 61.4005 36.6527 3:00 AM 3:40 AM 21.91 1.30
SL-Conf-E23 24.7 17:35 10/9/2003 3:40 AM 40 24.9598 61.7672 36.8074 3:40 AM 4:20 AM 22.86 1.30
SL-Conf-E24 25.6 18:15 10/9/2003 4:20 AM 40 24.6907 61.5286 36.8379 4:20 AM 5:00 AM 23.80 1.30
SL-Conf-E25 26.6 18:55 10/9/2003 5:00 AM 40 24.6705 61.6105 36.9400 5:00 AM 5:40 AM 24.74 1.31
SL-Conf-E26 28.7 20:25 10/9/2003 5:40 AM 90 24.3542 107.5865 83.2323 5:40 AM 7:10 AM 26.87 1.32
SL-Conf-E27 30.8 21:55 10/9/2003 7:10 AM 90 24.2838 106.7138 82.4300 7:10 AM 8:40 AM 28.97 1.32
SL-Conf-E28 32.9 23:25 10/9/2003 8:40 AM 90 24.2692 106.6319 82.3627 8:40 AM 10:10 AM 31.08 1.33
SL-Conf-E29 35.0 24:55 10/9/2003 10:10 AM 90 24.2879 113.6827 89.3948 | 10:10 AM | 11:40 AM 33.36 1.34
SL-Conf-E30 37.1 26:25 10/9/2003 11:40 AM 90 24.2301 117.0065 92.7764 | 11:40 AM 1:10 PM 35.73 1.35
SL-Conf-E31 39.2 27:55 10/9/2003 1:10 PM 95 24.3451 122.83 98.48 1:10 PM 2:45 PM 38.25 1.37
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Table B.56 (Contd)

Mass Real
Date Time counted, | file name | Time, Adjusted net
Sample ID Counted | counted mL sec | Gross Cts| Net Cts | +/- | control | Dilution counts C/Co
SL-Conf-E01 10/9/03 | 11:05 AM 10 Con01 | 3612 | 10331 -992 | 630 | 51521 1 992 1.55E-04
SL-Conf-E02 10/9/03 1:32 PM 10 Con02 301 12211 10834 | 243 51521 10794 116945781 1.83E+01
SL-Conf-E03 | 10/9/03 | 1:40 PM 10 Con03 301 11380 9603 | 268 | 51521 10495 100784602 1.57E+01
SL-Conf-E03a | 10/9/03 | 1:58 PM 10 Con03a | 306 | 157053 | 145658 | 739 | 51521 104 15090169 2.36E+00
SL-Conf-E03b | 10/9/03 | 2:06 PM 10 Con03b | 302 24668 | 22099 | 335 | 51521 102 2263288 3.53E-01
SL-Conf-E03c | 10/9/03 | 8:55 AM 10 Con03c | 312 | 323986 | 298631 | 1091 ] 51521 1 298631 4.66E-02
SL-Conf-E03d | 10/9/03 | 9:03 AM 10 Con03d | 303 48236 | 44038 | 437 | 51521 1 44038 6.88E-03
SL-Conf-E03e | 10/9/03 | 2:13 PM 10 Con03e | 302 25721 23255 | 331 51521 1 23255 3.63E-03
SL-Conf-E03f | 10/9/03 | 2:19 PM 10 Con03f | 302 17010 15054 | 289 | 51521 1 15054 2.35E-03
SL-Conf-E04 | 10/9/03 | 2:25PM 10 Con04 301 11079 9557 | 251 | 51521 1 9557 1.49E-03
SL-Conf-E05 | 10/9/03 | 2:32 PM 10 Con05 301 7087 5565 | 243 | 51521 1 5565 8.69E-04
SL-Conf-E06 | 10/10/03 | 11:24 AM 10 Con06 602 10830 8657 | 291 | 101723 1 8657 6.85E-04
SL-Conf-E07 | 10/10/03 | 11:35 AM 10 Con07 602 9145 6611 | 309 | 101723 1 6611 5.23E-04
SL-Conf-E08 | 10/10/03 | 12:13 PM 10 Con08 602 8449 5914 | 308 | 101723 1 5914 4.68E-04
SL-Conf-E09 | 10/10/03 | 12:24 PM 10 Con09 | 1205 | 19390 14939 | 414 | 204067 1 14939 5.89E-04
SL-Conf-E10 | 10/10/03 | 12:47 PM 10 Conl0 | 1204 | 14047 9452 | 413 | 204067 1 9452 3.73E-04
SL-Conf-E11 | 10/10/03 | 1:08 PM 10 Conll | 1204 | 11303 6345 | 425 | 204067 1 6345 2.50E-04
SL-Conf-E12 | 10/10/03 | 2:04 PM 10 Conl2 | 1806 | 16918 9754 | 511 | 306079 1 9754 2.56E-04
SL-Conf-E13 | 10/10/03 | 2:37 PM 10 Conl3 | 1806 | 15842 9799 | 471 | 306079 1 9799 2.58E-04
SL-Conf-E14 | 10/10/03 | 3:15PM 10 Conl4 | 1806 | 14611 8315 | 479 | 306079 1 8315 2.19E-04
SL-Conf-E15 | 10/13/03 | 9:57 AM 10 Conl5 | 1807 | 14484 8116 | 481 | 306079 1 8116 2.13E-04
SL-Conf-E16 | 10/13/03 | 10:28 AM 10 Conl6 | 1806 | 13179 7606 | 451 | 306079 1 7606 2.00E-04
SL-Conf-E17 | 10/13/03 | 11:06 AM 10 Conl7 | 1807 | 11687 4523 | 506 | 306079 1 4523 1.19E-04
SL-Conf-E18 | 10/13/03 | 11:39 AM 10 Conl8 | 1806 | 12214 5845 | 479 | 306079 1 5845 1.54E-04
SL-Conf-E19 | 10/13/03 | 12:26 PM 10 Conl9 | 2709 | 16321 6915 | 581 | 459733 1 6915 1.21E-04
SL-Conf-E20 | 10/13/03 | 1:13 PM 10 Con20 | 2709 | 15909 5562 | 607 | 459733 1 5562 9.73E-05
SL-Conf-E21 | 10/13/03 | 1:59 PM 10 Con2l | 3612 | 19988 7580 | 666 | 612453 1 7580 9.96E-05
SL-Conf-E22 | 10/13/03 | 3:42 PM 10 Con22 | 3613 | 18186 5272 | 677 | 612453 1 5272 6.93E-05
SL-Conf-E23 | 10/14/03 | 9:04 AM 10 Con23 | 3613 [ 18008 4985 | 680 | 612453 1 4985 6.55E-05
SL-Conf-E24 | 10/14/03 | 10:06 AM 10 Con24 | 3613 | 19671 6720 | 679 | 612453 1 6720 8.83E-05
SL-Conf-E25 | 10/14/03 | 11:09 AM 10 Con25 | 3613 [ 19014 6388 | 671 | 612453 1 6388 8.39E-05
SL-Conf-E26 | 10/14/03 | 12:11 PM 10 Con26 | 3613 [ 19180 6627 | 669 | 612453 1 6627 8.71E-05
SL-Conf-E27 | 10/14/03 | 1:13 PM 10 Con27 | 3612 | 19236 5641 | 695 | 612453 1 5641 7.41E-05
SL-Conf-E28 | 10/14/03 | 2:15PM 10 Con28 | 7225 | 32169 6669 | 950 | 1221686 1 6669 4.39E-05
SL-Conf-E29 | 10/15/03 | 10:17 AM 10 Con29 | 7225 | 31975 5787 | 962 | 1221686 1 5787 3.81E-05
SL-Conf-E30 | 10/15/03 | 12:32 PM 10 Con30 | 7226 | 33771 6716 | 978 | 1221686 1 6716 4.42E-05
SL-Conf-E31 | 10/15/03 | 2:35PM 10 Con31 | 7226 | 30598 3362 | 980 | 1221686 1 3362 2.21E-05
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Final Water Rinse

Feed =

Resin = SuperLig 644, batch #C-01-05-28-02-35-60

Water density =

Water

1 g/mL

Flow Rate = approx 118 mL/hr or ~3.0 CV/hr

Bed volume =

38.6 mL

Start Date and Time = 10/9/2003 2:45 PM
End Date and Time = 10/9/2003 3:45 PM

Table B.57. Confirmatory Run Data Collection during Second Water Rinse of Blue Column- 50 ppm Feed

Sampling | Sampling End| Vial + Cap Sample and | Sample Mass
Sample Date Start Time Time Mass (g) Vial Mass,g (9) Bed Height Analyst volume BV
SL-Conf-WR2 10/9/03 2:45 PM 3:45 PM 24.3477 1334 109.0523 8.9 BJC 108 2.8
volume, gross net back |sample cts -| control (cts- [ counts/ml | counts/ml
Sample Date Counted mL count time | counts | counts | +/-| ground bkg bkg) sample control C/Co
SL-Conf-WR2 11/14/2003 5 608.2 612 544 |1 27| 533 11 197265 2 39453 ] 0.0001
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Appendix C: Batch-Contact Data

Table C.1. Scoping Batch Contact for Cs in 0.488 M HNO; SL-644

ID Number C1P2-A C1P2-B C1P2-C C1P2-D C1P2-E C1P3-A C1P3-B C1P3-C C1P3-D C1P3-E
Material SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644
C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28-
Resin Batch ID 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60
Date Performed 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003
Measured Isotope s s s s s Bcs ¥cs Bcs s Ycs
Solution 0.488 M 0.488 M 0.488 M 0.488 M 0.488 M 0.488 M 0.488 M 0.488 M 0.488 M 0.488 M
HNO3 HNO3 HNO3 HNO3 HNO3 HNO3 HNO3 HNO3 HNO3 HNO3
Solution ID C1P2-A C1P2-B C1P2-C C1P2-D C1P2-E C1P3-A C1P3-B C1P3-C C1P3-D C1P3-E
Start time 1:40 PM 1:40 PM 1:40 PM 1:40 PM 1:40 PM 1:40 PM 1:40 PM 1:40 PM 1:40 PM 1:40 PM
Start date 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003
Stop time 12:50 PM 12:50 PM 12:50 PM 12:50 PM 12:50 PM 12:50 PM 12:50 PM 12:50 PM 12:50 PM 12:50 PM
Stop date 6/26/2003 6/26/2003 6/26/2003 6/26/2003 6/26/2003 6/26/2003 6/26/2003 6/26/2003 6/26/2003 6/26/2003
Total time, hrs 143.2 143.2 143.2 143.2 143.2 143.2 143.2 143.2 143.2 143.2
Mass, g 0.6526 0.6505 0.6514 0.6484 0.6487 0.9946 1.0138 0.9957 0.9981 1.0178
Volume, mL 1.3 1.3 1.3 1.3 1.3 3.0 3.0 3.0 3.0 3.0
Temp, ° C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C
F-Factor 0.6478 0.6478 0.6478 0.6478 0.6478 0.6478 0.6478 0.6478 0.6478 0.6478
Resin Mass, g 0.6526 0.6505 0.6514 0.6484 0.6487 0.9946 1.0138 0.9957 0.9981 1.0178
Phase Ratio, mL/g 2 2 2 2 2 3 3 3 3 3
Counting Data
Control counts, 2 mL
@ 10 min (-bkg) 30421 30421 30421 30421 30421 122242 122242 122242 122242 122242
Sample counts (-bkg) 12716 13180 13252 12685 12681 54485 54391 54481 54696 55514
Kd 4.2 4.0 4.1 4.3 4.3 5.8 5.7 5.8 5.7 5.5
% Removed 58% 57% 56% 58% 58% 55% 56% 55% 55% 55%
Kd values have been bolded.
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Table C.1 (Contd)

ID Number C1P5-A C1P5-B C1P5-C C1P5-D CI1P5-E C1P7-A C1P7-B C1P7-C CI1P7-D CI1P7-E
Material SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644
C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28-
Resin Batch ID 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60
Date Performed 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003
Measured Isotope 137 137 137~ 137 137~ 137 137 137 137 137
Solution 0.488 M 0.488 M 0.488 M 0.488 M 0.488 M 0.488 M 0.488 M 0.488 M 0.488 M 0.488 M
HNO3 HNO3 HNO3 HNO3 HNO3 HNO3 HNO3 HNO3 HNO3 HNO3
Solution ID CIP5-A CIP5-B C1P5-C C1P5-D CIP5-E CIP7-A C1P7-B C1P7-C C1P7-D CIP7-E
Start time 1:40 PM 1:40 PM 1:40 PM 1:40 PM 1:40 PM 1:40 PM 1:40 PM 1:40 PM 1:40 PM 1:40 PM
Start date 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003
Stop time 12:50 PM 12:50 PM 12:50 PM 12:50 PM 12:50 PM 12:50 PM 12:50 PM 12:50 PM 12:50 PM 12:50 PM
Stop date 6/26/2003 6/26/2003 6/26/2003 6/26/2003 6/26/2003 6/26/2003 6/26/2003 6/26/2003 6/26/2003 6/26/2003
Total time, hrs 143.2 143.2 143.2 143.2 143.2 143.2 143.2 143.2 143.2 143.2
Mass, g 0.6934 0.6933 0.703 0.6952 0.693 0.4975 0.5002 0.4972 0.4988 0.5076
Volume, mL 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Temp, ° C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C
F-Factor 0.6478 0.6478 0.6478 0.6478 0.6478 0.6478 0.6478 0.6478 0.6478 0.6478
Resin Mass, g 0.6934 0.6933 0.703 0.6952 0.693 0.4975 0.5002 0.4972 0.4988 0.5076
Phase Ratio, mL/g 5 5 5 5 5 7 7 7 7 7
Counting Data
Control counts, 2 mL
@ 10 min (-bkg) 122242 122242 122242 122242 122242 122242 118990 118990 118990 118990
Sample counts (-bkg) 71309 72364 74456 68762 69192 80931 80909 75818 77960 77987
Kd 5.6 5.4 5.0 6.1 6.0 5.6 5.1 6.2 5.7 5.6
% Removed 42% 41% 39% 44% 43% 34% 32% 36% 34% 34%

Kd values have been bolded.
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Table C.1 (Contd)

ID Number CIP10-A C1P10-B C1P10-C C1P10-D CIP10-E
Material SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644
C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28-
Resin Batch ID 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60
Date Performed 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003
Measured Isotope ¥cs B¢ B¢ Bcs s
Solution 0.488 M 0.488 M 0.488 M 0.488 M 0.488 M
HNO3 HNO3 HNO3 HNO3 HNO3
Solution ID CIP10-A C1P10-B C1P10-C C1P10-D CIP10-E
Start time 1:40 PM 1:40 PM 1:40 PM 1:40 PM 1:40 PM
Start date 6/25/2003 6/25/2003 6/25/2003 6/25/2003 6/25/2003
Stop time 12:50 PM 12:50 PM 12:50 PM 12:50 PM 12:50 PM
Stop date 6/26/2003 6/26/2003 6/26/2003 6/26/2003 6/26/2003
Total time, hrs 143.2 143.2 143.2 143.2 143.2
Mass, g 0.3531 0.3488 0.3511 0.3487 0.3541
Volume, mL 35 3.5 3.5 35 3.5
Temp, ° C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C
F-Factor 0.6478 0.6478 0.6478 0.6478 0.6478
Resin Mass, g 0.3531 0.3488 0.3511 0.3487 0.3541
Phase Ratio, mL/g 10 10 10 10 10
Counting Data
Control counts, 2 mL
@ 10 min (-bkg) 122242 118990 118990 118990 118990
Sample counts (-bkg) 85048 88773 85197 87578 82078
Kd 6.7 5.3 6.1 5.6 6.9
% Removed 30% 25% 28% 26% 31%

Kd values have been bolded.
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Table C.2. Equilibrium Batch Contact for Feed Side with SL-644

ID Number FSL-C1-EQ1 | FSL-C1-EQ2 | FSL-C1-EQ3 | FSL-C1-EQ4 | FSL-C1-EQ5 | FSL-C1-EQ6 | FSL-C4-EQ1 | FSL-C4-EQ2 | FSL-C4-EQ3 | FSL-C4-EQ4 | FSL-C4-EQ5 | FSL-C4-EQ6
Material SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644
C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28-
Batch ID| 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60
Date Performed July 7,2003 | July 7,2003 | July 7,2003 | July 7,2003 | July 7,2003 | July 7,2003 | July 7,2003 | July 7,2003 | July 7,2003 | July 7,2003 | July 7, 2003 | July 7,2003
Measured Isotope 137 137 137 137 137 137 137 137 137 137 137 137
. AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105
Solution Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant
FSL-C1-EQ1 FSL-C1- FSL-C1-EQ2 FSL-C1- FSL-C1-EQ3 FSL-Cl1- FSL-C1-EQ4 FSL-C1- FSL-C1-EQ5 FSL-C1- FSL-C1-EQ6 FSL-C1-
Solution ID EQID EQ2D EQ3D EQ4D EQ5D EQ6D
Start time 7:15 AM 7:15 AM 7:15 AM 7:15 AM 7:15 AM 7:15 AM 7:15 AM 7:15 AM 7:15 AM 7:15 AM 7:15 AM 7:15 AM
Start date 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003
Stop time 11:20 AM 4:10 PM 7:30 AM 8:00 AM 8:07 AM 8:25 AM 11:20 AM 4:10 PM 7:30 AM 8:00 AM 8:07 AM 8:25 AM
Stop date 7/8/2003 7/8/2003 7/9/2003 7/10/2003 7/11/2003 7/12/2003 7/8/2003 7/8/2003 7/9/2003 7/10/2003 7/11/2003 7/12/2003
Total time, hrs 4.1 8.9 24.3 48.8 72.9 97.2 4.1 8.9 24.3 48.8 72.9 97.2
Mass, g 62.0702 62.1366 62.0154 62.0153 62.4171 62.7904 62.3901 62.0783 62.0392 62.0342 62.1792 58.3181
Volume, mL 50.1 50.2 50.1 50.1 50.4 50.7 50.4 50.1 50.1 50.1 50.2 47.1
Temp, ° C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C
F-Factor 0.6719 0.6719 0.6719 0.6719 0.6719 0.6719 0.6719 0.6719 0.6719 0.6719 0.6719 0.6719
Resin Mass, g 0.5057 0.5053 0.5066 0.5016 0.4938 0.4945 0.4981 0.4961 0.5007 0.4838 0.5031 0.5005
Phase Ratio, mL/g 99 99 99 100 102 103 101 101 100 104 100 94
Counting Data
Control counts, 2 mL
@ 10 min (-bkg) 116969 116969 116969 116969 115907 115907 116330 116330 116330 116330 123526 123526
Sample counts (-bkg) 5020 4077 3044 3087 4361 3792 7392 5717 4713 4517 4752 6831
Kd 3291 4094 5508 5483 3887 4513 2219 2911 3528 3816 3714 2393
% Removed 96% 97% 97% 97% 96% 97% 94% 95% 96% 96% 96% 94%

Kd values have been bolded.
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Table C.3. Equilibrium Batch Contact for Acid Side with SL-644

HSL-C1-EQ1| HSL-C1- | HSL-CI-EQ2| HSL-C1- |HSL-C1-EQ3| HSL-Cl- |HSL-CI1-EQ4| HSL-C1- |HSL-C1-EQ5| HSL-Cl-
ID Number EQID EQ2D EQ3D EQ4D EQ5D
Material SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644
C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28-
Batch ID] 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60
Date Performed July 7,2003 | July 7,2003 | July7,2003 | July7,2003 | July7,2003 | July 7,2003 | July 7,2003 | July7,2003 | July 7,2003 | July 7,2003
Measured Isotope B¢ Bcs s Bcs s ¥cs Bcs ¥cs Bcs 1¥cs
. AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105
Solution Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant
Solution ID HSL-C1-1 HSL-C1-1D | HSL-C1-2 | HSL-C1-2D | HSL-C1-3 HSL-C1-3D | HSL-C1-4 | HSL-C1-4D | HSL-C1-5 HSL-C1-5D
Start time 7:35 AM 7:35 AM 7:40 AM 7:40 AM 7:40 AM 7:40 AM 7:40 AM 7:40 AM 7:40 AM 7:40 AM
Start date 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003
Stop time 3:50 AM 11:27 AM 4:15 PM 4:17 PM 7:40 AM 7:45 AM 8:03 AM 8:03 AM 8:12 AM 8:15 AM
Stop date 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/9/2003 7/9/2003 7/10/2003 7/10/2003 7/11/2003 7/11/2003
Total time, hrs 3:50 3:52 8:35 8:37 24:00 24:05 48:23 48:23 72:32 72:35
Mass, g 3.5747 3.5643 3.5646 3.5902 3.5732 3.5737 3.568 3.5694 3.5773 3.5712
Volume, mL 3.53 3.52 3.52 3.54 3.52 3.52 3.52 3.52 3.53 3.52
Temp, ° C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C
F-Factor 0.6544 0.6544 0.6544 0.6544 0.6544 0.6544 0.6544 0.6544 0.6544 0.6544
Resin Mass, g 0.5156 0.4978 0.4928 0.4945 0.5071 0.507 0.5037 0.4988 0.5037 0.505
Phase Ratio, mL/g 7 7 7 7 7 7 7 7 7 7
Counting Data
Control counts, 2 mL
@ 10 min (-bkg) 102027 102027 102027 102027 102027 102027 120945 120945 102366 102366
Sample counts (-bkg) 67129 68157 72150 71114 77684 82987 76282 79206 79839 79058
Kd 5.4 5.4 4.5 4.8 3.3 2.4 6.2 5.7 3.0 3.1
% Removed 34% 33% 29% 30% 24% 19% 37% 35% 22% 23%

Kd values have been bolded.
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Table C.3 (Contd)

HSL-C1-EQ6| HSL-C1- | HSL-C3-EQ1| HSL-C3- |HSL-C3-EQ2| HSL-C3- |HSL-C3-EQ3| HSL-C3- |HSL-C3-EQ4| HSL-C3-
ID Number EQ6D EQID EQ2D EQ3D EQ4D
Material SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644
C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28-
Batch ID] 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60
Date Performed July 7,2003 | July 7,2003 | July7,2003 | July7,2003 | July7,2003 | July 7,2003 | July 7,2003 | July7,2003 | July 7,2003 | July 7,2003
Measured Isotope B¢ Bcs s Bcs s ¥cs Bcs ¥cs Bcs 1¥cs
. AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105
Solution Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant
Solution ID HSL-C1-6 | HSL-C1-6D | HSL-C3-1 HSL-C3-1D | HSL-C3-2 | HSL-C3-2D | HSL-C3-3 HSL-C3-3D | HSL-C3-4 | HSL-C3-4D
Start time 7:40 AM 7:40 AM 7:35 AM 7:35 AM 7:48 AM 7:48 AM 7:48 AM 7:48 AM 7:48 AM 7:48 AM
Start date 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003
Stop time 8:30 AM 8:32 AM 11:26 AM 11:28 AM 4:16 PM 4:18 PM 7:40 AM 7:45 AM 8:06 AM 8:06 AM
Stop date 7/12/2003 7/12/2003 7/8/2003 7/8/2003 7/8/2003 7/8/2003 7/9/2003 7/9/2003 7/10/2003 7/10/2003
Total time, hrs 96:50 96:52 3:51 3:53 8:28 8:30 23:52 23:57 48:18 48:18
Mass, g 3.5105 3.5667 3.5734 3.5839 3.5909 3.5799 3.5907 3.5909 3.5923 3.5949
Volume, mL 3.46 3.52 3.52 3.53 3.54 3.53 3.54 3.54 3.54 3.55
Temp, ° C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C
F-Factor 0.6544 0.6544 0.6544 0.6544 0.6544 0.6544 0.6544 0.6544 0.6544 0.6544
Resin Mass, g 0.5002 0.5069 0.5105 0.4991 0.5092 0.5083 0.4984 0.5025 0.5099 0.5036
Phase Ratio, mL/g 7 7 7 7 7 7 7 7 95 99
Counting Data
Control counts, 2 mL
@ 10 min (-bkg) 102366 102366 48682 48682 48682 48682 48682 48682 48682 48682
Sample counts (-bkg) 69520 68350 32947 33234 33587 33662 37192 37402 35783 37444
Kd 5.0 5.3 5.0 5.0 4.8 4.7 3.4 3.2 3.8 3.2
% Removed 32% 33% 32% 32% 31% 31% 24% 23% 26% 23%

Kd values have been bolded.
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Table C.3 (Contd)

HSL-C3-EQ5| HSL-C3- | HSL-C3-EQ6| HSL-C3-
ID Number EQ5D EQ6D
Material SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644
C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28-
Batch ID| 02-35-60 02-35-60 02-35-60 02-35-60
Date Performed July 7,2003 | July 7,2003 | July7,2003 | July 7,2003
Measured Isotope Bcs B¢ Y¥cs Bcs
. AN-105 AN-105 AN-105 AN-105
Solution Simulant Simulant Simulant Simulant
Solution ID HSL-C3-5 HSL-C3-5D | HSL-C3-6 | HSL-C3-6D
Start time 7:48 AM 7:48 AM 7:48 AM 7:48 AM
Start date 7/8/2003 7/8/2003 7/8/2003 7/8/2003
Stop time 8:12 AM 8:15 AM 8:30 AM 8:32 AM
Stop date 7/11/2003 7/11/2003 7/12/2003 7/12/2003
Total time, hrs 72:24 72:27 96:42 96:44
Mass, g 3.5945 3.5738 3.5861 3.5747
Volume, mL 3.54 3.52 3.54 3.53
Temp, ° C 24-25°C 24-25°C 24-25°C 24-25°C
F-Factor 0.6544 0.6544 0.6544 0.6544
Resin Mass, g 0.5069 0.5133 0.4906 0.5106
Phase Ratio, mL/g 7 7 7 7
Counting Data
Control counts, 2 mL
@ 10 min (-bkg) 48957 48957 48957 48957
Sample counts (-bkg) 37656 36843 32807 32670
Kd 3.2 3.4 5.4 5.3
% Removed 23% 25% 33% 33%

Kd values have been bolded.
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Table C.4. Batch-Contact Data for SL-644 Resin 0.5 M HNO;

ID Number SL-ACI1-A SL-AC1-B SL-AC1-C SL-AC1-D SL-ACI-E SL-AC2-A SL-AC2-B SL-AC2-C SL-AC2-D SL-AC2-E
Material SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644
C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28-
Batch ID| 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60
Date Performed 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003
Measured Isotope s Bcs s Bcs s s s s Bcs s
Solution 0.466 M 0.466 M 0.466 M 0.466 M 0.466 M 0.466 M 0.466 M 0.466 M 0.466 M 0.466 M
HNO3 HNO3 HNO3 HNO3 HNO3 HNO3 HNO3 HNO3 HNO3 HNO3
Solution ID Acid C1 Acid C1 Acid C1 Acid C1 Acid C1 Acid C2 Acid C2 Acid C2 Acid C2 Acid C2
Start time 12:05 PM 12:05 PM 12:05 PM 12:05 PM 12:05 PM 12:05 PM 12:05 PM 12:05 PM 12:05 PM 12:05 PM
Start date 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003
Stop time 12:34 PM 12:35 PM 12:36 PM 12:37 PM 12:43 PM 12:42 PM 12:44 PM 12:45 PM 12:46 PM 12:47 PM
Stop date 8/13/2003 8/13/2003 8/13/2003 8/13/2003 8/13/2003 8/13/2003 8/13/2003 8/13/2003 8/13/2003 8/13/2003
Total time, hrs 48.5 48.5 48.5 48.5 48.5 48.5 48.5 48.5 48.5 48.5
Mass, g 3.5631 3.5709 3.5726 3.5699 3.5718 3.5653 3.5638 3.5674 3.5756 3.5702
Volume, mL 3.51 3.52 3.52 3.52 3.52 3.52 3.51 3.52 3.53 3.52
Temp, ° C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C
F-Factor 0.6502 0.6502 0.6502 0.6502 0.6502 0.6502 0.6502 0.6502 0.6502 0.6502
Resin Mass, g 0.4874 0.5128 0.4969 0.4995 0.5009 0.4974 0.4922 0.5242 0.5031 0.5053
Phase Ratio, mL/g 7 7 7 7 7 7 7 7 7 7
Counting Data
Control counts, 2 mL
@ 10 min (-bkg) 91,389 91,389 91,389 91,389 91,389 127,565 127,565 127,565 127,565 127,565
Sample counts (-bkg) 59,567 57,612 58,316 58,361 58,913 78,940 79,995 78,842 80,919 81,618
Kd 5.9 6.5 6.3 6.3 6.1 6.8 6.6 6.9 6.4 6.3
% Removed 35% 37% 36% 36% 36% 38% 37% 38% 37% 36%
initial mole/L cs 9.32E-07 9.32E-07 9.32E-07 9.32E-07 9.32E-07 9.26E-08 9.26E-08 9.26E-08 9.26E-08 9.26E-08
final mole/L Cs 6.07E-07 5.87E-07 5.95E-07 5.95E-07 6.01E-07 5.73E-08 5.81E-08 5.73E-08 5.88E-08 5.93E-08
mole/L on resin 3.24E-07 3.44E-07 3.37E-07 3.37E-07 3.31E-07 3.53E-08 3.45E-08 3.54E-08 3.39E-08 3.34E-08
mole /g resin 3.60E-09 3.64E-09 3.68E-09 3.65E-09 3.58E-09 3.84E-10 3.79E-10 3.65E-10 3.65E-10 3.58E-10

Kd values have been bolded.
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Table C.4 (Contd)

ID Number SL-AC3-A SL-AC3-B SL-AC3-C SL-AC3-D SL-AC3-E
Material SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644
C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28-
Batch ID] 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60

Date Performed 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003
Measured Isotope s Bcs s Ycs e

. 0.466 M 0.466 M 0.466 M 0.466 M 0.466 M
Solution HNO3 HNO3 HNO3 HNO3 HNO3
Solution ID Acid C3 Acid C3 Acid C3 Acid C3 Acid C3
Start time 12:05 PM 12:05 PM 12:05 PM 12:05 PM 12:05 PM
Start date 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003
Stop time 12:54 PM 12:55 PM 12:56 PM 12:57 PM 12:58 PM
Stop date 8/13/2003 8/13/2003 8/13/2003 8/13/2003 8/13/2003
Total time, hrs 48.5 48.5 48.5 48.5 48.5
Mass, g 3.5649 3.5503 3.5634 3.5595 3.5852
Volume, mL 3.52 3.50 3.51 3.51 3.54
Temp, ° C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C
F-Factor 0.6502 0.6502 0.6502 0.6502 0.6502
Resin Mass, g 0.4943 0.5119 0.5162 0.509 0.5097
Phase Ratio, mL/g 7 7 7 7 7

Counting Data

Control counts, 2 mL
@ 10 min (-bkg) 149,420 149,420 149,420 149,420 149,420
Sample counts (-bkg) 91,455 90,892 89,084 89,693 90,199
Kd 7.0 7.1 7.5 7.4 7.3
% Removed 39% 39% 40% 40% 40%
initial mole/L cs 9.34E-09 9.34E-09 9.34E-09 9.34E-09 9.34E-09
final mole/L Cs 5.72E-09 5.68E-09 5.57E-09 5.61E-09 5.64E-09
mole/L on resin 3.62E-09 3.66E-09 3.77E-09 3.73E-09 3.70E-09
mole /g resin 3.96E-11 3.85E-11 3.95E-11 3.96E-11 3.95E-11

Kd values have been bolded.
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Table C.5. Batch-Contact Data for SL-644 Resin with AN-105 Simulant

ID Number SL-FC1-A SL-FC1-B SL-FC1-C SL-FC1-D SL-FC2-A SL-FC2-B SL-FC2-C SL-FC2-D
Material SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644
C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28-
Batch ID| 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60

Date Performed 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003
Measured Isotope 137 137 137 137g 137 137 137 137

. AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105
Solution Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant
Solution ID Feed C1 Feed C1 Feed C1 Feed C1 Feed C2 Feed C2 Feed C2 Feed C2
Start time 8:11 AM 8:11 AM 8:11 AM 8:11 AM 8:11 AM 8:11 AM 8:11 AM 8:11 AM
Start date 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003
Stop time 11:58 AM 12:00 PM 12:01 PM 12:03 PM 12:07 PM 12:08 PM 12:09 PM 12:11 PM
Stop date 8/13/2003 8/13/2003 8/13/2003 8/13/2003 8/13/2003 8/13/2003 8/13/2003 8/13/2003
Total time, hrs 3.8 3.8 27.8 51.9 75.9 100.0 4.0 4.0
Mass, g 62.0 61.8 61.4 59.1 62.2 62.1 62.1 61.9
Volume, mL 50.0 49.9 49.6 47.8 50.2 50.2 50.2 50.0
Temp, ° C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C
F-Factor 0.6502 0.6502 0.6502 0.6502 0.6502 0.6502 0.6502 0.6502
Resin Mass, g 0.7615 0.7678 0.7653 0.7566 0.7722 0.7722 0.7723 0.7575
Phase Ratio, mL/g 66 65 65 63 65 65 65 66

Counting Data

Control counts, 2 mL
@ 10 min (-bkg) 244,550 244,550 244,550 244,550 249,892 249,892 249,892 249,892
Sample counts (-bkg) 4,850 4,955 4,194 3,965 3,402 3,599 3,338 3,858
Kd 4996 4832 5709 5890 7249 6838 7382 6472
% Removed 98% 98% 98% 98% 99% 99% 99% 98%
initial mole/L cs 9.40E-05 9.40E-05 9.40E-05 9.40E-05 9.26E-06 9.26E-06 9.26E-06 9.26E-06
final mole/L Cs 1.86E-06 1.91E-06 1.61E-06 1.52E-06 1.26E-07 1.33E-07 1.24E-07 1.43E-07
mole/L on resin 9.22E-05 9.21E-05 9.24E-05 9.25E-05 9.13E-06 9.12E-06 9.13E-06 9.11E-06
mole /g resin 9.31E-06 9.20E-06 9.21E-06 8.98E-06 9.14E-07 9.12E-07 9.13E-07 9.25E-07

Kd values have been bolded.
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Table C.5 (Contd)

ID Number SL-FC3-A SL-FC3-B SL-FC3-C SL-FC3-D SL-FC4-A SL-FC4-B SL-FC4-C SL-FC4-D
Material SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644 | SuperLig 644
C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28-
Batch ID| 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60

Date Performed 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003
Measured Isotope Bcs s Bcs s s Bcs B¥cs Bcs

. AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105
Solution Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant
Solution ID Feed C3 Feed C3 Feed C3 Feed C3 Feed C4 Feed C4 Feed C4 Feed C4
Start time 8:11 AM 8:11 AM 8:11 AM 8:11 AM 8:11 AM 8:11 AM 8:11 AM 8:11 AM
Start date 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003 8/11/2003
Stop time 12:15 PM 12:16 PM 12:17 PM 12:18 PM 12:20 PM 12:22 PM 12:23 PM 12:24 PM
Stop date 8/13/2003 8/13/2003 8/13/2003 8/13/2003 8/13/2003 8/13/2003 8/13/2003 8/13/2003 |
Total time, hrs 28.1 52.1 76.1 100.1 100.2 100.2 100.2 100.2
Mass, g 61.9 62.0 62.3 62.3 61.82 62.41 62.39 62.2
Volume, mL 50.0 50.1 50.3 50.3 49.9 50.4 50.4 50.2
Temp, ° C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C
F-Factor 0.6502 0.6502 0.6502 0.6502 0.6502 0.6502 0.6502 0.6502
Resin Mass, g 0.7852 0.7595 0.7657 0.7725 0.7531 0.7579 0.7582 0.7598
Phase Ratio, mL/g 64 66 66 65 66 67 66 66

Counting Data

Control counts, 2 mL
@ 10 min (-bkg) 249,495 249,495 249,495 249,495 249,168 249,168 249,168 249,168
Sample counts (-bkg) 4,273 4,405 4,744 4,082 3,228 3,330 3,359 3,153
Kd 5618 5643 5211 6022 7770 7551 7480 7933
% Removed 98% 98% 98% 98% 99% 99% 99% 99%
initial mole/L cs 4.63E-06 4.63E-06 4.63E-06 4.63E-06 9.40E-07 9.40E-07 9.40E-07 9.40E-07
final mole/L Cs 7.94E-08 8.18E-08 8.81E-08 7.58E-08 1.22E-08 1.26E-08 1.27E-08 1.19E-08
mole/L on resin 4.55E-06 4.55E-06 4.55E-06 4.56E-06 9.28E-07 9.28E-07 9.28E-07 9.28E-07
mole /g resin 4.46E-07 4.62E-07 4.59E-07 4.57E-07 9.46E-08 9.49E-08 9.48E-08 9.44E-08

Kd values have been bolded.
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Table C.6. Batch-Contact Data for SL-644 Spent Resin with AN-105 Simulant

Pink Alfred Blue Alfred Green Alfred Pink Charles Yellow Yellow
Resin ID Number Pink Alfred Dup Blue Alfred Dup Green Alfred Dup Pink Charles Dup Charles Charles Dup
Spent Column| Spent Column| Spent Column| Spent Column| Spent Column| Spent Column| Spent Column| Spent Column| Spent Column| Spent Column
Material Resin Resin Resin Resin Resin Resin Resin Resin Resin Resin
C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28-
Batch ID| 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60
Date Performed 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003
Measured Isotope s Bcs s Bcs s Bcs s Ycs Bcs Ycs
. AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105
Solution Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant
P-50ppm-SL- | P-50ppm-SL- | B-50ppm-SL- | B-50ppm-SL- | G-50ppm-SL-| G-50ppm-SL-| P-5ppm-SL- | P-5ppm-SL- | Y-5ppm-SL- | Y-5ppm-SL-
Solution ID Alfred Alfred DUP Alfred Alfred DUP Alfred Alfred DUP Charles Charles DUP Charles Charles DUP
Start time 12:05 12:05 12:05 12:05 12:05 12:05 12:05 12:05 12:05 12:05
Start date 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003
Stop time 12:10 12:10 12:10 12:10 12:10 12:10 12:10 12:10 12:10 12:10
Stop date 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003
Total time, hrs 48.1 48.1 48.1 48.1 48.1 48.1 48.1 48.1 48.1 48.1
Volume, mL 50.0 47.9 52.0 50.2 53.4 51.1 48.1 49.9 51.5 50.2
Temp, ° C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C
F-Factor 0.9714 0.9714 0.9755 0.9755 0.9680 0.9680 0.9870 0.9870 0.9989 0.9989
Resin Mass, g 0.5202 0.5342 0.4979 0.5084 0.4989 0.52 0.5114 0.5143 0.4849 0.5051
Phase Ratio, mL/g 96 90 104 99 107 98 94 97 106 99
Counting Data
Control counts, 2 mL
@ 10 min (-bkg) 261093 261093 261093 261093 261093 261093 174153 174153 261093 261093
Sample counts (-bkg) 7230 6635 5999 4574 9571 8978 75028 84174 6910 6906
Kd 3471 3542 4555 5674 2904 2852 126 105 3908 3664
% Removed 97% 97% 98% 98% 96% 97% 57% 52% 97% 97%

Kd values have been bolded.
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Table C.6

(Contd)

Blue Charles Green Charles Pink Denise Yellow Denise Blue Denise Green Denise
Resin ID Number Blue Charles Dup Green Charles Dup Pink Denise Dup Yellow Denise| Dup Blue Denise Dup Green Denise Dup
Spent Column| Spent Column| Spent Column| Spent Column| Spent Column| Spent Column| Spent Column| Spent Column| Spent Column| Spent Column| Spent Column| Spent Column
Material Resin Resin Resin Resin Resin Resin Resin Resin Resin Resin Resin Resin
C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28-
Batch ID] 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60
Date Performed 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003
Measured Isotope Bcs Bcs s Bcs Bcs Bcs Bcs Bcs Bcs Bcs Bcs Bics
. AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105 AN-105
Solution Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant Simulant
P-50ppm-SL Y-50ppm-SL B-27.5ppm- G-27.5ppm-
B-5ppm-SL- | B-5ppm-SL- | G-5ppm-SL- | G-5ppm-SL- | P-50ppm-SL | (P2)-Denise | Y-50ppm-SL | (Y2)-Denise | B-27.5ppm- SL-Denise | G-27.5ppm- | SL-Denise
Solution ID Charles Charles DUP Charles Charles DUP | (P2)-Denise DUP (Y2)-Denise DUP SL-Denise DUP SL-Denise DUP
Start time 12:05 12:05 12:05 12:05 12:05 12:05 12:05 12:05 12:05 12:05 12:05 12:05
Start date 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003
Stop time 12:10 12:10 12:10 12:10 12:10 12:10 12:10 12:10 12:10 12:10 12:10 12:10
Stop date 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003
Total time, hrs 48.1 48.1 48.1 48.1 48.1 48.1 48.1 48.1 48.1 48.1 48.1 48.1
Volume, mL 50.3 49.5 50.2 51.7 49.7 49.6 49.5 49.2 49.7 49.6 50.6 51.6
Temp, ° C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C
F-Factor 0.9979 0.9979 1.0004 1.0004 0.9881 0.9881 0.9931 0.9931 0.9881 0.9881 0.9893 0.9893
Resin Mass, g 0.5209 0.5146 0.5182 0.5232 0.5109 0.5192 0.506 0.4915 0.5109 0.5192 0.5087 0.5139
Phase Ratio, mL/g 97 96 97 99 97 96 98 100 97 96 99 100
Counting Data
Control counts, 2 mL
@ 10 min (-bkg) 261093 245113 261093 245113 261093 261093 259249 261093 261093 261093 261093 243868
Sample counts (-bkg) 5519 5546 8313 8151 7170 7488 6363 6032 7170 7488 240591 238481
Kd 4485 4160 2942 2871 3487 3277 3919 4259 3487 3277 9 2
% Removed 98% 98% 97% 97% 97% 97% 98% 98% 97% 97% 8% 2%

Kd values have been bolded.
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Table C.6 (Contd)

Resin Control

Resin Control

Resin Control

Resin Control

Resin Control

Resin Control

Resin ID Number 1BC 1 BC DUP 1 BC TRIP 2 BC 2 BC DUP 2 BC TRIP
Conditioned | Conditioned | Conditioned | Conditioned | Conditioned | Conditioned
Material Resin #1 Resin #1 Resin #1 Resin #2 Resin #2 Resin #2
C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28- | C-01-05-28-
Batch ID] 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60 02-35-60
Date Performed 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003
Measured Isotope s Bcs s s B¢ s
. AN-105 AN-105 AN-105 AN-105 AN-105 AN-105
Solution Simulant Simulant Simulant Simulant Simulant Simulant
Resin Control | Resin Control | Resin Control | Resin Control | Resin Control | Resin Control
Solution ID 1 BC 1 BC DUP 1 BC TRIP 2 BC 2 BC DUP 2 BC TRIP
Start time 12:05 12:05 12:05 12:05 12:05 12:05
Start date 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003 9/24/2003
Stop time 12:10 12:10 12:10 12:10 12:10 12:10
Stop date 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003 9/26/2003
Total time, hrs 48.1 48.1 48.1 48.1 48.1 48.1
Volume, mL 51.3 48.6 494 51.1 50.6 50.9
Temp, ° C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C 24-25°C
F-Factor 0.7516 0.7516 0.7516 0.6050 0.6050 0.6050
Resin Mass, g 0.5052 0.5075 0.5071 0.5197 0.5281 0.5079
Phase Ratio, mL/g 102 96 98 98 96 100
Counting Data
Control counts, 2 mL
@ 10 min (-bkg) 261093 261093 245113 261093 261093 245113
Sample counts (-bkg) 8343 7629 7660 7277 6851 6631
Kd 4096 4234 4021 5667 5872 5957
% Removed 97% 97% 97% 97% 97% 97%

Kd values have been bolded
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Appendix D: Graph Data Not Presented in Tables

Table D.1. Figure 4.2 Data - Residual Cesium on the Resin for Columns
Loaded with 50 pg/ml Cs in AN-105 Simulant (Run 1)

Run 1 Pink Run 1 Green Run 1 Blue
ng Cs/g ng Cs/g ng Cs/g
BV resin BV resin BV resin
0.4 1.32E+05 0.2 4.75E+04 1 3.94E+04
0.9 - 0.4 4.71E+04 2.2 3.18E+04
1.3 1.31E+05 0.6 4.68E+04 3.5 2.86E+03
2.2 1.15E+05 0.9 4.61E+04 4.7 6.78E+02
2.6 1.03E+05 1.2 4.60E+04 5.8 5.67E+01
3.1 2.65E+04 1.8 4.58E+04 7 2.64E+01
3.5 2.57E+03 2.4 4.19E+04 8.1 1.25E+01
4 1.40E+03 2.9 1.38E-+04 9.3 6.28E+00
4.4 9.19E+02 3.3 1.53E+03 11 4.45E+00
4.9 5.40E+02 3.8 3.79E+02 12 3.95E+00
5.3 3.45E+02 4.3 2.21E+02 13 3.62E+00
5.7 1.87E+02 5 1.40E+02 14 3.38E+00
6.2 7.26E+01 5.4 9.18E+01 15 3.21E+00
7 3.17E+01 6 6.42E+01 16 3.05E+00
7.9 1.35E+01 7.3 3.53E+01 18 2.92E+00
8.8 7.14E+00 8.5 2.14E+01 19 2.81E+00
9.7 4.79E+00 9.7 1.37E+01 20 2.71E+00
11 3.87E+00 11 8.91E+00 21 2.62E+00
11 3.45E+00 12 6.19E+00 22 2.61E+00
12 2.99E+00 13 4.57E+00 23 2.56E+00
13 2.57E+00 14 3.66E+00 24 2.50E+00
14 2.29E+00 15 3.22E+00 25 2.45E+00
15 2.06E+00 16 2.84E+00 26 2.40E+00
16 1.85E+00 17 2.67E+00 27 2.35E+00
17 1.67E+00 18 2.49E+00 28 2.31E+00
18 1.52E+00 19 2.36E+00 29 2.27E+00
19 1.40E+00 21 2.26E+00 30 2.24E+00
20 1.28E+00 22 2.19E+00 31 2.20E+00
21 1.21E+00 23 2.13E+00 32 2.17E+00
22 1.14E+00 24 2.09E+00 33 2.15E+00
23 1.09E+00 25 2.05E+00 34 2.12E+00
24 1.04E+00 25 2.02E+00 35 2.10E+00
25 9.97E-01 26 1.98E+00 36 2.09E+00
26 9.73E-01 27 1.95E+00 37 2.08E+00
27 9.38E-01 28 1.91E+00 38 2.05E+00
28 9.09E-01 29 1.88E+00 40 2.00E+00
29 8.73E-01 30 1.86E+00
30 8.47E-01 31 1.83E+00
31 8.35E-01 32 1.82E+00
35 7 36E-01 33 1.78E+00 63 BV Processed
40 6.56E-01 37 1.68E+00
52 BV Processed 41 1.57E+00
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Table D.2. Data for Figure 4.3 - Residual Cesium on the Resin for Columns
Loaded with 5.0 pg/ml Cs in AN-105 Simulant (Run 2)

Run 2 Pink Run 2 Green Run 2 Blue Run 2 Yellow
g Cs/g ng Cs/g ng Cs/g ng Cs/g

BV resin BV resin BV resin BV resin
0.3 6.72E+03 0.2 2.02E+04 0.5 1.17E+04 0.4 7.40E+03
0.6 6.72E+03 0.4 2.02E+04 0.9 1.17E+04 0.8 7.40E+03
0.8 6.72E+03 0.7 2.02E+04 1.4 1.17E+04 1.2 7.40E+03
1.1 6.72E+03 0.9 2.02E+04 1.9 8.89E+03 1.6 7.40E+03
1.3 6.72E+03 1.2 2.02E+04 2.5 3.10E+03 2.1 7.40E+03
1.6 6.72E+03 1.5 2.02E+04 3 4.04E+02 2.5 7.40E+03
2.1 6.72E+03 2 2.02E+04 4.1 2.85E+01 3.8 3.68E+02
2.6 3.67E+02 2.5 2.02E+04 5.2 1.47E+01 5 2.04E+01
3.1 9.05E+01 3 2.02E+04 6.3 9.67E+00 6.2 4.46E+00
3.6 6.23E+01 3.5 1.53E+04 7.4 7.22E+00 7.4 2.80E+00
4.1 4.70E+01 4.1 1.07E+03 8.6 5.04E+00 8.6 2.14E+00
4.7 3.82E+01 4.6 4.89E+01 9.7 3.89E+00 9.8 1.84E+00
5.2 3.33E+01 5.1 1.65E+01 11 3.10E+00 11 1.68E+00
6.3 2.83E+01 6.2 7.36E+00 12 2.64E+00 13 1.53E+00
7.3 2.68E+01 7.2 4.84E+00 13 2.37E+00 14 1.47E+00
8.4 2.62E+01 8.3 3.80E+00 15 2.21E+00 15 1.42E+00
9.4 2.58E+01 9.3 3.41E+00 16 2.12E+00 16 1.37E+00
11 2.57E+01 10 3.21E+00 17 2.05E+00 17 1.31E+00
12 2.56E+01 11 3.10E+00 19 1.99E+00 18 1.28E+00
13 2.55E+01 12 3.00E+00 20 1.94E+00 19 1.26E+00
14 2.55E+01 14 2.93E+00 22 1.91E+00 21 1.24E+00
15 2.55E+01 15 2.88E+00 23 1.88E+00 22 1.22E+00
16 2.54E+01 16 2.83E+00 24 1.86E+00 23 1.21E+00
17 2.54E+01 17 2.80E+00 25 1.83E+00 25 1.19E+00
17 2.54E+01 17 2.77E+00 26 1.81E+00 26 1.18E+00
18 2.54E+01 18 2.76E+00 27 1.78E+00 27 1.17E+00
19 2.54E+01 19 2.72E+00 28 1.76E+00 28 1.16E+00
20 2.54E+01 20 2.69E+00 29 1.74E+00 30 1.15E+00
21 2.54E+01 21 2.66E+00 30 1.72E+00 31 1.14E+00
22 2.54E+01 22 2.64E+00 31 1.70E+00 31 1.14E+00
23 2.54E+01 23 2.62E+00 32 1.68E+00 32 1.13E+00
24 2.50E+01 24 2.60E+00 33 1.66E+00 34 1.11E+00
25 2.45E+01 25 2.57E+00 34 1.64E+00 35 1.11E+00
26 2.44E+01 26 2.55E+00 35 1.63E+00 36 1.10E+00
27 2.43E+01 27 2.53E+00 36 1.61E+00 37 1.09E+00
28 2.52E+00 37 1.60E+00 39 1.09E+00
29 2.50E+00 38 1.59E+00 40 1.08E+00
30 2.48E+00 39 1.57E+00 41 1.08E+00
31 2.47E+00 40 1.56E+00 43 1.07E+00
32 2.45E+00 41 1.55E+00 44 1.06E+00
33 2.44E+00 42 1.54E+00 45 1.06E+00
34 2.42E+00 43 1.53E+00 45 1.06E+00
35 2.41E+00 44 1.52E+00 46 1.05E+00
36 2.40E+00 45 1.51E+00 48 1.05E+00
37 2.39E+00 46 1.50E+00 49 1.04E+00
38 2.38E+00 47 1.49E+00 50 1.04E+00
39 2.38E+00 48 1.49E+00 52 1.03E+00
40 2.37E+00 48 1.48E+00 52 1.03E+00
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Table D.3. Data for Figure 4.4 - Residual Cesium on the Resin for Columns
Loaded with 50 or 27.5 pg/ml Cs in AN-105 Simulant (Run 3)

Run 3 Pink Run 3 Blue Run 3 Yellow
ng Cs/g ng Cs/g ng Cs/g
BV resin BV resin BV resin
0.8 6.49E+04 0.6 9.11E+04 0.3 3.68E+04
1.4 6.49E+04 1 9.10E+04 0.7 3.68E+04
2.1 6.48E+04 1.5 9.10E+04 1.3 3.68E+04
2.9 5.70E+03 2.5 4.32E+04 1.8 3.68E+04
3.7 1.13E+02 3.1 4.32E+04 2.5 3.27E+04
4.6 5.58E+01 3.7 4.32E+04 3.1 9.88E+02
5.5 3.15E+01 4.3 4.24E+04 3.8 2.43E+01
6.4 1.94E+01 5 2.24E+04 4.5 1.26E+01
7.2 1.37E+01 5.6 5.96E+03 5.2 9.82E+00
8 1.09E+01 6.2 3.18E+02 5.8 8.43E+00
9 9.13E+00 7.2 4.98E+01 6.5 7.38E+00
10 7.94E+00 8.4 1.07E+01 7.4 6.63E+00
11 7.36E+00 9.5 5.84E+00 8.2 6.22E+00
12 6.93E+00 11 4.51E+00 9.1 5.88E+00
14 6.68E+00 12 4.29E+00 9.9 5.66E+00
15 6.48E+00 13 4.09E+00 11 5.46E+00
16 6.35E+00 14 3.86E+00 12 5.28E+00
17 6.19E+00 15 3.74E+00 13 5.14E+00
18 6.05E+00 16 3.64E+00 13 5.01E+00
19 5.94E+00 17 3.55E+00 14 4.90E+00
20 5.82E+00 18 3.46E+00 15 4.80E+00
21 5.71E+00 19 3.37E+00 16 4.70E+00
22 5.61E+00 20 3.31E+00 17 4.60E+00
23 5.53E+00 21 3.26E+00 18 4.50E+00
24 5.43E+00 22 3.18E+00 19 4.40E+00
25 5.35E+00 23 3.14E+00 21 4.26E+00
26 5.28E+00 23 3.08E+00 21 4.19E+00
26 5.21E+00 24 3.05E+00 22 4.11E+00
27 5.15E+00 25 3.02E+00 23 4.05E+00
28 5.09E+00 26 2.97E+00 24 4.00E+00
29 5.05E+00 27 2.93E+00 25 3.96E+00
30 4.99E+00 28 2.02E+00 26 3.93E+00
31 4.94E+00 29 2.00E+00 27 3.91E+00
32 4.83E+00 30 1.98E+00 28 3.77E+00
33 4.73E+00 31 1.96E+00 29 3.31E+00
34 4.67E+00 32 1.93E+00 30 3.29E+00
35 4.62E+00 33 1.91E+00 31 3.25E+00
36 4.55E+00 34 1.89E+00 35 3.11E+00
37 4.46E+00 35 1.87E+00 40 2.98E+00
38 4.34E+00 38 1.81E+00
39 3.99E+00 40 1.76E+00
40 3.73E+00
41 3.60E+00
42 3.47E+00
43 3.37E+00
44 3.27E+00
44 3.19E+00
47 BV Processed
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Table D.4. Figure 4.5 Data - Normalized Residual Cesium on the Resin

for the Columns Loaded with 50 pg/ml Cs in AN-105

Simulant (Run 1)

Run 1 Pink Run 1 Green Run 1 Blue
pg Cs/g dry pg Cs/g dry pg Cs/g dry
BV spent Resin BV spent Resin BV spent Resin
0.4 1.0 0.2 1.0 1.0 1.0
0.9 1.0 0.4 0.99 2.2 0.806
1.3 0.99 0.6 0.98 3.5 7.24E-02
2.2 0.87 0.9 0.97 4.7 1.72E-02
2.6 0.78 1.2 0.97 5.8 1.41E-03
3.1 0.20 1.8 0.96 7 6.43E-04
3.5 1.95E-02 2.4 0.88 8.1 2.92E-04
4 1.06E-02 2.9 0.29 9.3 1.33E-04
4.4 6.96E-03 33 3.23E-02 11 8.68E-05
4.9 4.09E-03 3.8 7.96E-03 12 7.40E-05
5.3 2.61E-03 4.3 4.63E-03 13 6.56E-05
5.7 1.41E-03 5 2.93E-03 14 5.96E-05
6.2 5.47E-04 5.4 1.92E-03 15 5.52E-05
7 2.38E-04 6 1.33E-03 16 5.11E-05
7.9 9.97E-05 7.3 7.28E-04 18 4.78E-05
8.8 5.17E-05 8.5 4.34E-04 19 4.51E-05
9.7 3.39E-05 9.7 2.72E-04 20 4.25E-05
11 2.69E-05 11 1.72E-04 21 4.04E-05
11 2.37E-05 12 1.14E-04 22 4.00E-05
12 2.02E-05 13 8.05E-05 23 3.87E-05
13 1.71E-05 14 6.11E-05 24 3.73E-05
14 1.49E-05 15 5.21E-05 25 3.59E-05
15 1.31E-05 16 4.39E-05 26 3.48E-05
16 1.16E-05 17 4.04E-05 27 3.36E-05
17 1.02E-05 18 3.65E-05 28 3.24E-05
18 9.09E-06 19 3.40E-05 29 3.14E-05
19 8.19E-06 21 3.19E-05 30 3.06E-05
20 7.27E-06 22 3.03E-05 31 2.96E-05
21 6.70E-06 23 2.89E-05 32 2.89E-05
22 6.21E-06 24 2.83E-05 33 2.84E-05
23 5.81E-06 25 2.74E-05 34 2.76E-05
24 5.41E-06 25 2.67E-05 35 2.72E-05
25 5.12E-06 26 2.60E-05 36 2.69E-05
26 4.94E-06 27 2.52E-05 37 2.65E-05
27 4.67E-06 28 2.44E-05 38 2.60E-05
28 4.45E-06 29 2.38E-05 40 2.45E-05
29 4.18E-06 30 2.34E-05
30 3.98E-06 31 2.28E-05
31 3.89E-06 32 2.25E-05
35 3.14E-06 33 2.17E-05 64 BV Processed
40 2.53E-06 37 1.97E-05
52 BV Processed 41 1.73E-05
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Columns Loaded with 5 pg/ml Cs in AN-105 Simulant (Run 2)

Table D.5. Figure 4.6 Data - Normalized Residual Cesium on the Resin for the

Run 2 Pink Run 2 Green Run 2 Blue Run 2 Yellow
pg Cs/g dry pg Cs/g dry png Cs/g dry png Cs/g dry
BV spent Resin BV spent Resin BV spent Resin BV spent Resin
0.3 1 0.2 1 0.5 1 0.4 1
0.6 1 0.4 1 0.9 1 0.8 1
0.8 1 0.7 1 1.4 1 1.2 1
1.1 1 0.9 1 1.9 0.757 1.6 1
1.3 1 1.2 1 2.5 0.264 2.1 1
1.6 1 1.5 1 3 3.44E-02 2.5 0.999
2.1 1.00 2 1 4.1 2.36E-03 3.8 4.96E-02
2.6 5.26E-02 2.5 1 5.2 1.19E-03 5 2.69E-03
3.1 1.14E-02 3 1 6.3 7.57E-04 6.2 5.28E-04
3.6 7.24E-03 3.5 0.759 7.4 5.49E-04 7.4 3.04E-04
4.1 4.95E-03 4.1 5.31E-02 8.6 3.63E-04 8.6 2.14E-04
4.7 3.63E-03 4.6 2.35E-03 9.7 2.65E-04 9.8 1.73E-04
5.2 2.91E-03 5.1 7.49E-04 11 1.97E-04 11 1.53E-04
6.3 2.17E-03 6.2 2.99E-04 12 1.58E-04 13 1.31E-04
7.3 1.95E-03 7.2 1.74E-04 13 1.35E-04 14 1.23E-04
8.4 1.84E-03 8.3 1.22E-04 15 1.21E-04 15 1.16E-04
9.4 1.79E-03 9.3 1.03E-04 16 1.13E-04 16 1.10E-04
11 1.77E-03 10 9.34E-05 17 1.08E-04 17 1.01E-04
12 1.76E-03 11 8.76E-05 19 1.02E-04 18 9.76E-05
13 1.75E-03 12 8.31E-05 20 9.87E-05 19 9.49E-05
14 1.74E-03 14 7.97E-05 22 9.61E-05 21 9.25E-05
15 1.74E-03 15 7.70E-05 23 9.34E-05 22 9.03E-05
16 1.74E-03 16 7.47E-05 24 9.14E-05 23 8.82E-05
17 1.73E-03 17 7.28E-05 25 8.93E-05 25 8.63E-05
17 1.73E-03 17 7.18E-05 26 8.69E-05 26 8.46E-05
18 1.73E-03 18 7.09E-05 27 8.49E-05 27 8.30E-05
19 1.73E-03 19 6.92E-05 28 8.30E-05 28 8.15E-05
20 1.73E-03 20 6.76E-05 29 8.14E-05 30 8.01E-05
21 1.73E-03 21 6.63E-05 30 7.97E-05 31 7.88E-05
22 1.72E-03 22 6.51E-05 31 7.78E-05 31 7.86E-05
23 1.72E-03 23 6.39E-05 32 7.61E-05 32 7.75E-05
24 1.67E-03 24 6.29E-05 33 7.46E-05 34 7.55E-05
25 1.59E-03 25 6.18E-05 34 7.32E-05 35 7.46E-05
26 1.59E-03 26 6.08E-05 35 7.19E-05 36 7.37E-05
27 1.57E-03 27 5.99E-05 36 7.06E-05 37 7.28E-05
28 5.90E-05 37 6.94E-05 39 7.19E-05
29 5.81E-05 38 6.82E-05 40 7.11E-05
30 5.72E-05 39 6.70E-05 41 7.03E-05
31 5.65E-05 40 6.59E-05 43 6.95E-05
32 5.57E-05 41 6.50E-05 44 6.88E-05
33 5.50E-05 42 6.41E-05 45 6.80E-05
34 5.43E-05 43 6.34E-05 45 6.77E-05
35 5.38E-05 44 6.25E-05 46 6.70E-05
36 5.33E-05 45 6.19E-05 48 6.63E-05
37 5.29E-05 46 6.11E-05 49 6.59E-05
38 5.24E-05 47 6.04E-05 50 6.53E-05
39 5.21E-05 48 5.96E-05 52 6.46E-05
40 5.17E-05 48 5.95E-05 52 6.45E-05
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Table D.6. Figure 4.7 Data - Normalized Residual Cesium on the Resin for the

Columns Loaded with 50 or 27.5 pug/ml Cs in AN-105 Simulant (Run 3)

Run 3 Pink Run 3 Blue Run 3 Yellow
pmole Cs/g umole Cs/g umole Cs/g
dry spent dry spent dry spent
BV Resin BV Resin BV Resin
0.8 1.0 0.6 1.0 0.3 1.0
1.4 1.0 1.0 1.0 0.7 1.0
2.1 0.999 1.5 1.0 1.3 1.0
2.9 8.78E-02 2.5 0.48 1.8 1.00
3.7 1.72E-03 3.1 0.48 2.5 0.89
4.6 8.35E-04 3.7 0.48 3.1 2.68E-02
5.5 4.61E-04 4.3 0.47 3.8 6.16E-04
6.4 2.74E-04 5 0.25 4.5 2.99E-04
7.2 1.85E-04 5.6 6.54E-02 5.2 2.23E-04
8 1.43E-04 6.2 3.49E-03 5.8 1.85E-04
9 1.15E-04 7.2 5.36E-04 6.5 1.57E-04
10 9.69E-05 8.4 1.07E-04 7.4 1.36E-04
11 8.79E-05 9.5 5.35E-05 8.2 1.25E-04
12 8.13E-05 11 3.89E-05 9.1 1.16E-04
14 7.74E-05 12 3.65E-05 9.9 1.10E-04
15 7.42E-05 13 3.44E-05 11 1.05E-04
16 7.23E-05 14 3.18E-05 12 1.00E-04
17 6.98E-05 15 3.05E-05 13 9.61E-05
18 6.77E-05 16 2.94E-05 13 9.25E-05
19 6.60E-05 17 2.84E-05 14 8.95E-05
20 6.42E-05 18 2.75E-05 15 8.70E-05
21 6.24E-05 19 2.65E-05 16 8.41E-05
22 6.10E-05 20 2.57E-05 17 8.14E-05
23 5.96E-05 21 2.52E-05 18 7.88E-05
24 5.82E-05 22 2.44E-05 19 7.61E-05
25 5.69E-05 23 2.40E-05 21 7.23E-05
26 5.59E-05 23 2.32E-05 21 7.04E-05
26 5.48E-05 24 2.29E-05 22 6.81E-05
27 5.38E-05 25 2.26E-05 23 6.65E-05
28 5.29E-05 26 2.21E-05 24 6.51E-05
29 5.22E-05 27 2.16E-05 25 6.39E-05
30 5.13E-05 28 1.16E-05 26 6.32E-05
31 5.05E-05 29 1.14E-05 27 6.26E-05
32 4.89E-05 30 1.12E-05 28 5.90E-05
33 4.73E-05 31 1.10E-05 29 4.65E-05
34 4.65E-05 32 1.06E-05 30 4.58E-05
35 4.57E-05 33 1.04E-05 31 4.48E-05
36 4.46E-05 34 1.01E-05 35 4.11E-05
37 4.32E-05 35 9.97E-06 40 3.76E-05
38 4.13E-05 38 9.31E-06
39 3.59E-05 40 8.72E-06
40 3.19E-05
41 2.99E-05
42 2.79E-05
43 2.64E-05
44 2.49E-05
44 2.36E-05
47 BV Processed
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Table D.7. Figure 4.9 Data - Feed-Side, Low Cesium Concentration Isotherm Representing
the Cesium Concentrations Expected for a Polish Column

mole/L 133Cs/g mole/L '*CS in
resin Solution
9.18E-06 1.70E-06
9.16E-07 1.26E-07
4.56E-07 7.68E-08
9.57E-08 1.19E-08
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Appendix E

Modeling Data



Response Cs Resin
Whole Model
Summary of Fit

RSquare

RSquare Adj

Root Mean Square Error
Mean of Response
Observations (or Sum Wgts)
Analysis of Variance
Source DF
Model 4
Error 3

C. Total 7
Lack Of Fit

Source DF
Lack Of Fit 2
Pure Error 1
Total Error 3

Parameter Estimates
Term

Intercept

HNO3 Conc

Temp

Flowrate

Cs Conc

Scaled Estimates

Appendix E: Modeling Data

0.832095
0.608223
0.331138
2.59625
8

Sum of Squares
1.6302308
0.3289567
1.9591875

Sum of Squares
0.31450667
0.01445000
0.32895667

Std Error
0.934591
0.639819
0.015995
0.283569

0.0057

Estimate
2.6851667
-0.518667
-0.039967
0.8353333
0.0094667

Continuous factors centered by mean, scaled by range/2

Term
Intercept
HNO3 Conc
Temp
Flowrate

Cs Conc

Scaled Estimate Plot Estimate

Mean Square
0.407558
0.109652

Mean Square
0.157253
0.014450

t Ratio
2.87
-0.81
-2.50
2.95
1.66

2.59625 [

-0.129667 [

-0.399667 [

0.4176667 [

0.213 [

E.1

F Ratio
3.7168
Prob > F
0.1547

F Ratio
10.8826
Prob > F

0.2096

Max RSq

0.9926

Prob>|t|
0.0639
0.4769
0.0878
0.0602
0.1953

Std Error
0.117075
0.159955
0.159955
0.141785
0.128249

t Ratio
22.18
-0.81
-2.50
2.95
1.66

Prob>|t|
0:.0002
0.4769
0.0878
0.0602
0.1953
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