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Summary

Objectives

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 WTP process include the separation of *’Tc by ion
exchange from the liquid portion of the waste. The SuperLig® 639 (SL-639) ion exchange resin was
selected by the project to perform this **Tc separation.

The RPP-WTP is evaluating the SL-639 resin to determine its behavior under various potential
processing conditions. Under test scoping statements S-142 and S-143, a model is being developed at the
Savannah River Technical Center (SRTC) that will be able to predict the response of SL-639 under
various processing conditions. This investigation was conducted according to the test plan prepared by
Rapko (2001) in response to the test requirements to investigate ion exchange resin degradation
delineated by Barnes et al. (2002) in Section 3.7.2.1 of the Research and Technology Plan and test
scoping statement B-50. The results from these tests will be incorporated into the afore-mentioned
model. Objectives as noted in test scoping statement B-50 were to:

o cvaluate the impact of the solution’s nitrate to pertechnetate ratio on the SL-639 distribution ratio
o cvaluate the impact of the solution’s chloride to pertechnetate ratio on the SL-639 distribution ratio
o cvaluate the impact of the solution’s ionic strength on the SL-639 distribution ratio

o cvaluate the impact of temperature and time on the SL-639 distribution ratio.

These results were achieved.

Conduct of Testing

A batch of SuperLig" 639 was preconditioned by contact with an alkaline solution at 5 M sodium.
Excess hydroxide and sodium were removed by repeated contacts with deionized water, and the resin was
dried to a constant weight. Approximately 0.1 g of resin was contacted with 10 mL of a pertechnetate
(*Tc)-containing test solution. Sample aliquots were taken before and after contact with the resin, and
their activity was analyzed by liquid scintillation counting.

il



Results and Performance Against Objectives

The variables tested and a summary of key findings are given below:

1)

2)

3)

4)

5)

Room-temperature kinetic measurements were performed under the experimental conditions used
for subsequent batch contacts. The primary purpose behind this measurement was to verify that
subsequent room-temperature batch contacts were performed under equilibrium conditions. It
was determined from the results reported in Section 3.1 that under the experimental conditions
employed for these batch contacts, in particular the speed (225 rpm) used with this rotary shaker,
that 48 h would be sufficient to achieve equilibrium. Contact times of 72 h were used in
subsequent measurements to assure that these measurements were made under equilibrium
conditions.

Elevated (65°C) kinetic measurements were performed under the experimental conditions used
for subsequent batch contacts. At high (5 M) sodium concentrations, the targeted concentration
for treated Hanford tank solutions by the SuperLig® 639 resin, the results reported in Section 3.2
indicate that the system reaches equilibrium at 65°C, the temperature proposed for elution of the
SuperLig® 639 resin, much more rapidly than at room temperature, with the system achieving a
distribution value within 4 h that remained unchanged even if contacted for several additional
days. For consistency’s sake with the room-temperature measurements, 72 h was used for
subsequent measurements made at 65°C. As described in Section 3.3, at 65°C and low,
approximately 2 mM, sodium concentrations, the pertechnetate distribution values were so low
that no decrease in pertechnetate concentration was observed (a K4 of effectively zero). Such low
K4 values are a desirable feature for the resin under elution conditions.

Pertechnetate K4 measurements were made as a function of [NO;]/[TcO,’] at room temperature.
In Section 3.4, the pertechnetate K is reported as a function of the equilibrium
nitrate/pertechnetate ratio over a range of 10°. In addition, pertechnetate measurements on an
envelope A supernatant, AN-105, simulant, as well as selected perrhenate Ky measurements, were
reported. The most striking features are: 1) the enhanced Kgs for perrhenate and pertechnetate
observed in the AN-105 simulant versus the simple, 5 M [Na'] simulant and 2) the approximately
50% lower perrhenate K4 as compared to the pertechnetate Ky. The cause of the enhanced Kgs is
unclear, but extraction of pertechnetate as an ion-pair coupled with the presence of a more tightly
binding cation (such as potassium) in the AN-105 simulant or a slightly higher sodium
concentration in the AN-105 simulant are possible explanations.

Pertechnetate K4 measurements were made as a function of [NO;1/[TcO.] at elevated
temperature (65°C). In Section 3.5, the same scope of measurements performed in Section 3.4 is
repeated, but with the test samples at 65°C. The same trends noted above are also found at 65°C,
but the distribution values are substantially decreased.

Pertechnetate Ky measurements were studied as a function of changing the solution’s ionic
strength. In Section 3.7, the impact of changing the salt concentration on the pertechnetate
distribution value was examined. A strong linear correlation of the pertechnetate distribution
value to both the total sodium concentration and to the solution’s ionic strength was found. In
this test, those two factors are so closely related that it cannot be said with certainty which
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solution property is impacting the pertechnetate distribution value. If the ionic strength effect is
indeed the controlling factor, the magnitude of the response is remarkable. However, the resin
has been reported to operate by extracting a sodium pertechnetate ion pair. Consistent with that
interpretation, these test results simply illustrate the resin affinity for sodium ion.

6) A measurement was made to evaluate the impact of varying the competing anions chloride and
hydroxide on the pertechnetate K4. In Section 3.6, the pertechnetate distribution value was
measured as the chloride and hydroxide ratios were changed while keeping the solution’s sodium
concentration constant. The results indicate that hydroxide competes more effectively than
chloride with pertechnetate for binding to SuperLig® 639.

For each set of test results, the distribution values are presented both in a table and graphically.

Quality Requirements

PNWD implemented the RPP-WTP quality requirements in a quality assurance project plan (QAPjP)
as approved by the RPP-WTP QA organization. This work was conducted to the quality requirements in
NQA-1-1989 Part I, Basic and Supplementary Requirements, and NQA-2a-1990, Subpart 2.7, as
instituted 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.

Issues

No WTP design or operational issues have been identified.
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Acronyms

DI deionized water

HLW high-level waste

ICP-MS inductively-coupled plasma mass spectroscopy

LAW low-activity waste

LSC liquid scintillation counting

PNWD Battelle Pacific Northwest Division

QAPjP quality assurance project plan

RPP-WTP River Protection Project — Waste Treatment Plant

SRTC Savannah River Technology Center

WTPSP Waste Treatment Plant Support Project Quality Assurance Requirements and

Description Manual
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1.0 Introduction

1.1 Background

The U.S. Department of Energy plans to vitrify the waste from the 177 underground storage tanks at
the Hanford Site. Vitrification will immobilize the tank waste for permanent disposal. In the proposed
facility for immobilizing tank waste, the incoming tank waste will be initially split into a low-activity
waste (LAW) solution stream and a high-level waste (HLW) solids steam for separate vitrification. To
render the solution stream suitable for LAW vitrification, additional processing to remove radioactive
cesium and technetium will be required (Barnes et al. 2002). Much recent work has been performed
investigating the use of two ion exchange resins developed by IBC Advanced Technologies, Inc. for use
in removing selected radionuclides from Hanford tank waste supernatants. Superlig® 639 has been and is
being investigated for removing technetium (as pertechnetate) from alkaline, high sodium solutions,
including actual Hanford tank supernatants (Hamm et al. 2000; Blanchard et al. 2000). Existing data to
date using both simulants and actual tank wastes have been evaluated and included in an ion exchange
process model under continuing development at Savannah River Technology Center (SRTC) (Hamm et
al. 2000).

It has been shown that batch-contact distribution data collected from simple binary systems can be
incorporated in such a process model for use in more complex systems (Mehablia et al. 1994).
Incorporating such information from previous data is difficult because of changing conditions amongst
prior testing with SuperLig® 639, such as differing resin batches and varying experimental designs
(Hamm et al. 2000). A need for additional, equilibrium-batch-contact data has been identified in order to
continue to develop and extend the modeling for use under likely process conditions (Hamm et al. 2000;
Barnes et al. 2002). The work covered in this report measures a subset of the desired binary equilibrium-
batch-contact data together with the appropriate controls (such as the batch-distribution kinetics) required
to interpret the batch equilibrium data for Superlig® 639.

1.2 Objectives

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 WTP process include the separation of *Tc by ion
exchange from the liquid portion of the waste. The SuperLig® 639 (SL-639) ion exchange resin was
selected by the project to perform **Tc separations.

The RPP-WTP is evaluating the SL-639 resin to determine its behavior under various potential
processing conditions. Under test scoping statements S-142 and S-143, a model is being developed at the
Savannah River Technical Center (SRTC) that will be able to predict the response of SL-639 under
various processing conditions. This investigation was conducted according to the test plan prepared by
Rapko (2001) in response to the test requirements to investigate ion exchange resin degradation
delineated by Barnes et al. (2002) in Section 3.7.2.1 of the Research and Technology Plan and test
scoping statement B-50. The results from these tests will be incorporated into the afore-mentioned
model.
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Objectives as noted in test scoping statement B-50 were to:
o cvaluate the impact of the solution’s nitrate to pertechnetate ratio on the SL-639 distribution ratio
o cvaluate the impact of the solution’s chloride to pertechnetate ration on the SL-639 distribution ratio
o cvaluate the impact of the solution’s ionic strength on the SL-639 distribution ratio

o cvaluate the impact of temperature and time on the SL-639 distribution ratio

1.3 Purpose

This report documents testing, results, and analysis associated with the measurement of kinetic and
equilibrium batch contacts involving SL-639. The report is intended to aid the RPP-WTP project in
developing the computer model to be used to predict performance of the Tc ion exchange system in the
WTP over a wide variety of conditions.

1.4 Quality Assurance

PNWD implemented the RPP-WTP quality requirements in a quality assurance project plan (QAPjP)
as approved by the RPP-WTP QA organization. This work was conducted to the quality requirements in
NQA-1-1989 Part I, Basic and Supplementary Requirements, and NQA-2a-1990, Subpart 2.7 as instituted
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.
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2.0 Experimental

SuperLig® 639 was obtained from IBC Advanced Technologies, Inc., American Fork, Utah. The
resin batch used for all testing in this report was # 010227 CTC-9-23. The material appears visually as
beige beads of varying sizes. No attempt was made to sieve the material to a uniform particle size or to
measure the particle size distribution of the resin.

2.1 Preparation of Non-Radioactive Stock Solutions

Chemicals were obtained from standard commercial sources unless indicated otherwise. Deionized
(DI) water was purified by passing distilled water through a commercial water purifier and was stored in
plastic containers until used. The hydroxide concentrations of the simple sodium hydroxide/sodium
nitrate/sodium chloride and Hanford Tank 241-AN-105 simulant solutions used in this work were verified
by titration by Analytical Chemistry Laboratory personnel in the 325 Building.

The AN-105 simulant (2 L) was prepared as follows:

1) 200 g of water were placed in a tared 2-L volumetric flask.
2) The following reagents (to a precision of at least = 1 mg) were added as indicated in Table 2.1a:

Table 2.1a. Reagents Added to Simulant

Target Measured | Simulant
Compound Compound Formula Mass (g) Mass (g) Target M
Boric Acid H;BO; 0.292 0.292 2.36E-03
Cadmium Nitrate Cd(NO;),-4H,0 0.009 0.009 1.47E-05
Calcium Nitrate Ca(NO;),-4H,0 0.236 0.236 4 99E-04
Lead Nitrate Pb(NO3), 0.085 0.086 2.18E-04
Potassium Nitrate KNO; 19.221 19.222 9.51E-02
Magnesium Nitrate Mg(NOs),-6H,0 0.057 0.057 1.11E-04
Silver Nitrate AgNO; 0.026 0.026 7.56E-05
Zinc Nitrate Zn(NOs),-6H,0 0.046 0.047 7.72E-05
Glycolic Acid HOCH,COOH, 70 wt. % 1.665 1.666 1.09E-02
Sodium Chloride NaCl 14.984 14.985 1.28E-01
Sodium Fluoride NaF 0.420 0.421 5.00E-03
Sodium Chromate Na,CrO4-4H,0O 6.086 6.088 1.30E-02
Sodium Sulfate Na,SOy4 1.140 1.140 4.01E-03
Potassium Molydate | K;MoQO, 0.204 0.206 4.27E-04
Ammonium Acetate | CH;COONH, 0.513 0.514 3.33E-03

3) In a separate container the following was prepared (Table 2.1b).
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Table 2.1b. Solution Prepared in Separate Container

Target Measured | Simulant
Compound Compound Formula Mass (g) Mass (g) Target M
Sodium Aluminate NaAlO, 120.61 120.60 7.36E-01
Sodium Hydroxide NaOH 137.83 137.84 1.72E+00
Selenium Dioxide SeO, 0.001 0.001 6.27E-06
Sodium meta- Na,Si0;-9H,0 2.135 2.135 3.76E-03
Silicate
Sodium Acetate CH;COONa 2.330 2.330 1.42E-02
Sodium Formate HCOONa 4.351 4.354 3.20E-02
Sodium Oxalate Na,C,04 0.929 0.929 3.47E-03
Sodium Phosphate Na,HPO,-7H,0 1.608 1.608 3.00E-03

4) An additional 300 (+ 1) g of water was added to the separate container, the solution was mixed
thoroughly, and the contents of the separate container were added to the volumetric flask.

5) The following (Table 2.1c) was then added to the volumetric flask:

Table 2.1c. Compound Added to Volumetric Flask

Target Measured | Simulant
Compound Compound Formula Mass (g) Mass (g) Target M
Sodium Carbonate Na,CO; 22.149 22.15 1.04E-01

6) The added material was mixed, and the following (Table 2.1d) was next added to the volumetric

flask:
Table 2.1d. More Compounds Added to Volumetric Flask
Target Measured | Simulant
Compound Compound Formula Mass (g) Mass (g) Target M
Sodium Nitrate NaNO; 209.70 209.71 1.23E+00
Sodium Nitrite NaNO, 166.48 166.49 1.21E+00

7) The solution was again mixed thoroughly and then diluted to the mark with DI water. The final
weight was measured and the density was calculated as 1.24 g/mL.

Once prepared the simulant was visually examined for precipitates; none were observed.
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2.2 Preparation of Sodium Perrhenate Stock Solutions

To a 10-mL volumetric flask, 4.9204 g (18.0 mmol) of sodium perrhenate was added. The solution
was diluted to 10 mL and agitated until all solids dissolved. A 100-fold diluted (by volume) sample,
submitted in duplicate for analysis by inductively-coupled plasma mass spectroscopy (ICP-MS), gave Re
concentrations in the stock solution of 0.0180 M and 0.0182 M, respectively, making for a stock-solution
concentration of 1.8 M in Re. A second stock solution, 1.8 mM in Re, was generated by a 1000-fold
dilution by volume of the initial stock solution.

2.3 Preparation of Pertechnetate Stock Solutions
(Procedure based on the information reported in Kolthoff and Elving [1964], p. 427)

A 2.3 g quantity of solid TcO, (obtained from in-house stores) was suspended in ca. 10 mL of
concentrated ammonium hydroxide. Hydrogen peroxide (30% in water) was added until the bulk of the
solids dissolved. The solution was evaporated using gentle heating to dryness; this procedure was
repeated twice more. The final residue was taken up in ca. 35 mL of DI water and filtered through a 0.45-
micron Nylon® syringe filter. This solution was diluted 1:1000 by volume with DI water by weight to
generate a second stock solution. Assays of each solution were submitted to the Analytical Chemistry
Laboratory at Battelle Pacific Northwest Division (PNWD) to measure the *’Tc concentration. The
results indicated a concentration of 0.0411 g Tc/mL or 0.415 M pertechnetate (1.55E+09 dpm/mL) for the
first stock solution and 0.0000401 g Tc/mL or 0.405 mM pertechnetate (1.51E+06 dpm/mL) for the
second stock solution.

2.4 Pretreatment of SuperLig® 639

The SuperLig® resin was pre-equilibrated starting with an initial contact with 5 M NaNO3/0.1 M
NaOH in approximately a 10:1 (mL liquid/g resin) ratio performed in a polypropylene bottle. For each
contact, the suspension was agitated in a rotary shaker sufficient to achieve a vortex for at least 2 h. At
the conclusion of each pre-equilibration contact, the shaking was stopped and the solids isolated by
filtration through a 0.45-micron Nylon® filter. The solids were then sluiced back into the bottle with the
next contact solution. Following the initial 5 M NaNQO3/0.1 M NaOH pre-equilibration contact, three
further 5 M NaNO;/0.1 M NaOH contacts were performed, followed by three contacts with DI water.
Using broad-range pH paper as an indicator, the filtrate from the final DI water contact appeared identical
to DI water itself, so further DI water washings were deemed unnecessary. The resin was then air dried
for several days and placed in a plastic bottle until needed.
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2.5 F-Factor Measurement for Pretreated SuperLig® 639

In duplicate, approximately 0.2-g samples of the pre-equilibrated SuperLig® 639 were placed in tared,
20-mL glass vials and reweighed. These open vials were placed in a vacuum oven and heated to 50 +
2°C. The samples were dried until the observed weight change was less than 5% of the resin weight after
about 24 h of drying. The F-factor is simply the ratio of the final 50°C/vacuum-dried resin weight to the
air-dried resin weight. Table 2.2 shows the results of the F-factor experiment, which yielded a calculated
average F-factor of 0.7643 = 0.0041.

Table 2.2. Results from F-Factor Experiment

1* sample 2" sample
Tare wt. (g) 17.1494 17.1947
Tare wt. + resin (g) 17.3478 17.3963
Initial wt. resin (g) 0.1984 0.2016
Wt. after 24 hours drying (g) 17.3017 17.3485
Wt. after 48 hours drying (g) 17.3016 17.3482
Final wt. resin (g) 0.1522 0.1535
F-factor 0.7671 0.7614

2.6 Batch Contact Measurements — General Procedure

Step 1. Approximately 0.1 g of pre-treated SuperLig" 639 resin was placed in a tared 20-mL glass liquid
scintillation counting (LSC) vial and reweighed.

Step 2. 10.1 mL of the test solution were placed in a second vial that was spiked with the appropriate Tc
or Re stock solution. The spiked solution was agitated for at least 1 min, and a 0.1-mL aliquot was
removed and added to a tared LSC vial containing 10 mL of Ultima Gold® LSC cocktail (Tc) or a tared
2-dram vial (Re), and reweighed.

Step 3. 10 mL of the spiked test solution was added to the vial containing the SuperLig" 639 resin,
taking care not to disturb the resin so as to splash resin above the liquid. The vial was then sealed, placed
in an orbital shaker, set to 25 £+ 5°C unless indicated otherwise, and stirred at 225 rpm. The sample
temperature was monitored using a thermocouple placed in a 20-mL LSC vial containing 10 mL DI water.

Step 4. At the conclusion of the shaking (generally 72 h unless indicated otherwise), the vial was
removed, and the liquid was separated from the resin by filtration through a 0.2-micron Nylon® syringe
filter.

Step 5. In the case of technetium, a 0.1-mL aliquot of the filtered solution was removed, added to a tared

vial containing 10 mL of Ultima Gold® LSC cocktail, and reweighed. For the rhenium-spiked solution,
the aliquot was placed in a tared 2-dram vial and reweighed.
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Step 6. In the case of technetium, the sample’s beta activities were measured on a Packard Instruments
liquid scintillation counter using an 18-nanosecond coincidence time from the region of 200 to 800 KeV.
In the case of rhenium, the concentration was determined by ICP-MS.

Step 7. K4 measurements were obtained according to the standard formula shown below (Brown et al.
1995):

K. = C[] _Cn " \ 1
CECED) )
where:
K4 = distribution coefficient (in mL solution/g dried resin)
Co = initial metal concentration (Re) or activity (Tc)
C; = final metal concentration (Re) or activity (Tc)
M = mass of resin (in grams) used in the batch contact experiment
V = volume of test solution (in mL) used in the batch contact experiment
F = F-factor.

Each experimental condition was examined in duplicate. Uncertainties presented in the tables and
plots are presented as one standard deviation of the average K.
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3.0 Results and Discussion

As noted earlier, both column and batch contact studies with SuperLig® 639 have been incorporated
into a model (Hamm 2000). Because of either the importance of the data or because of conflicting results,
a need for additional equilibrium data was noted. The goal of this study was to provide a large subset of
the needed data. The set of binary measurements originally proposed (Test Plan CHG-TP-41500-014)
were:

1) Room temperature kinetics under the experimental conditions used for subsequent batch contacts.
This assures that later measurements are made under equilibrium conditions.

2) Elevated (65°C) kinetics under the experimental conditions used for subsequent batch contacts.
This elevated temperature is the current choice for elution for column tests with both actual
wastes and simulants.

3) Pertechnetate loading isotherm

4) Pertechnetate Ky measurements as a function of [NO;)/[TcO4] at room temperature

5) Pertechnetate Ky measurements as a function of [NO;']/[TcO,4] at elevated temperature (65°C)
6) Pertechnetate Ky measurements as a function of changing the solution’s ionic strength

7) Measurement of the impact of varying the competing anions (chloride and hydroxide) on the
pertechnetate Ky

8) Measurement of pertechnetate capacity.

Several studies using SuperLig"® 639 have used perrhenate as a substitute for pertechnetate. However,
no study to date has done a side-by-side equilibrium batch contact comparison of perrhenate versus
pertechnetate Kys. For this reason, intermittent measurements of perrhenate Kys were included. For each
type of measurement, the general experimental conditions, a table providing the experimental results, an
accompanying graph of the experimental results, and any needed commentary are provided. In general,
aspects of the experimental design such as [NO;]/[MOy] ratio, the solution ionic strength, and the
solution sodium concentration have been kept constant to the extent practical to facilitate comparisons
between sets of experiments.
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3.1 Pertechnetate 25°C Kinetic Measurements

Samples of SuperLig" 639 were contacted with pertechnetate-spiked solutions that were 1.8 M in
sodium nitrate, 0.1 M in sodium hydroxide, and 3.1 M in sodium chloride (for a total sodium
concentration of 5 M) at 25 = 0.5°C. The nitrate/pertechnetate ratio for these contacts was approximately
3400 (a 35 microliter spike of the 0.415 M pertechnetate stock solution into 10.1 mL of the 1.8 M nitrate
test solution) in this experiment, and the volume of solution (mL) to grams resin was 100. Duplicate
samples were agitated in a rotary shaker at 225 rpm and removed from the shaker at varying intervals out
to almost 1 week in time, and the activity of each filtered solution was assayed. The results of this
experiment are summarized in Table 3.1 and in Figure 3.1.

Table 3.1. Results of 25°C Pertechnetate Kinetic Tests with SuperLig® 639

Time (h) Ky (Test 1) K,y (Test 2) Ave. K4 SD Ave. K,

2 289 298 293 6

4 399 425 412 18

21 580 632 606 37

28 597 658 627 43

47 656 643 649 9

72 629 673 651 31

94 645 632 638 9
166 602 475 538 90

SD = standard deviation

These test results clearly show that contact times of 48 to 72 h are sufficient to achieve a steady and
maximum Ky value. There is some suggestion of decreasing Kgs after extended contact times beyond
72 h, but it should be noted that such a conclusion is based primarily on the final data point that possesses
a substantially larger experimental uncertainty than the other data points. This larger experimental
uncertainty is because of the low Ky value measured in Test 2.
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3.2 Pertechnetate Kinetics Tests at 65°C Under Loading Conditions

The experimental procedure described in Part A was repeated except that the rotary shaker was heated
such that the sample solution remained at 64.4 £+ 0.5°C during shaking. This elevated temperature is
expected during elution of the SuperLig® 639 resin. The results are shown in Table 3.2 and plotted in
Figure 3.2.

A comparison of the 65°C data with the room-temperature data reveals several notable features. First,
increasing the temperature causes a marked decrease in the pertechnetate Ky, with a decrease in these
otherwise identical K4 measurements from about 650 at room temperature to approximately 140 at 65°C.
Second, the system reaches a steady Ky value much more quickly than at room temperature, with
essentially no change in the measured K, from the initial 4-h measurement out to 168 h. Indeed, the
average of all the average K4s measured over the course of the experiment agree well, with an average Ky
over all times of 142 £ 7.

Table 3.2. Results of 65°C Pertechnetate Kinetic Tests with SuperLig® 639 at 5 M Total Sodium

Time (h) Kqg (Test 1) Ky (Test 2) Ave. Ky SD Ave. K4

4 162 136 149 19

7 155 151 153 3

24 137 136 137 1

48 142 139 141 2

72 134 141 137 5

96 144 136 140 6
120 139 129 134 7
168 135 156 146 15

SD = standard deviation
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3.3 Pertechnetate Kinetics Tests at 65°C Under Stripping Conditions

The experimental approach described in Part B was repeated, but with two changes to the
experimental conditions. First, the contact solution was composed of 0.005 M sodium nitrate and 0.001 M
sodium hydroxide for a total [Na] = 0.006 M, instead of the total [Na] = 5M used in Part B. Second, the
initial aqueous nitrate/pertechnetate ratio for these contacts was only about 15 (a 10-microliter spike of
the 0.415 M pertechnetate stock solution into 10.1 mL of the 0.005 M nitrate test solution) in this
experiment instead of the approximately 3400 in Part B. Contact temperatures were at 64.9 + 1°C.
Despite the lower initial nitrate-to-pertechnetate ratio in these test solutions, there was no detectable
decrease in the aqueous pertechnetate activity in any of the solutions following contact with SuperLig®™
639. This behavior, which implies a K, of effectively zero, is desirable during elution.

200
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100
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Figure 3.2. Plot of 65°C Pertechnetate Kinetic Tests with SuperLig® 639 at 5 M Total Sodium
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3.4 Effect of Varying Nitrate/(Pertechnetate or Perrhenate) Ratios on
SuperLig® 639 Distribution Values at 25°C

These experiments examined the impact of changing the nitrate to pertechnetate or perrhenate ratios
at a constant sodium concentration of 5 M. The shaker temperature bath was held at 25.8 + 0.3 °C over
the course of the experiment. Two general types of test solutions were examined. The first test solution
contained only sodium hydroxide (0.1 M), sodium chloride, and sodium nitrate. The second test solution
was the AN-105 (Envelope A) simulant. The AN-105 simulant possesses a [Na'] of 5.34 M, a [NO;] of
1.33 M, a[Cl] 0of 0.128 M, and a [OH] of 1.72 M.

For the AN-105 simulant, the nitrate concentration is fixed, so the nitrate to perrhenate or
pertechnetate ratios were varied only through changing the amount of added metal. For the simpler
nitrate/hydroxide/chloride test solution, both the pertechnetate or perrhenate concentrations and the nitrate
concentrations in the test solution were varied. With these test solutions, as the nitrate concentration was
varied, the sodium concentration was maintained at 5 M by appropriately varying the sodium chloride
concentrations. The results from this set of experiments are listed in Table 3.3 and illustrated in Figure
3.3.

Table 3.3. Impact of Varying Nitrate/(Pertechnetate or Perrhenate) Ratios on Metal Ky at 25°C

Equilibrium M in Solution SD of Ave.
INO;31/[MOy4] MOy Type Ky(Test 1) | Ky(Test 2) Ave. Ky Ky
2.40E+01 Tc A 2187 2138 2163 35
2.20E+03 Te A 2099 1972 2036 90
7.34E+03 Tc A 636 608 622 19
1.03E+05 Tc A 898 890 894 6
7.60E+03 Tc B 881 898 889 12
1.06E+05 Te B 1288 1292 1290 2
4.92E+03 Re A 254 251 253 3
5.18E+03 Re B 380 339 360 29
6.30E+05 Re B 490 522 506 23
1.71E+07 Re B 476 469 473 5
Solution A = simple nitrate/chloride/hydroxide at 5 M total Na.
Solution B = AN-105 simulant

Several points are apparent from the data listed in Table 3.3 and plotted in Figure 3.3. First, the
AN-105 simulant gives consistently higher Kys for both Re and Tc than is found with the simple 0.1 M
sodium hydroxide/sodium nitrate/sodium chloride test solution. The reason for these higher Kgs is
unclear and may be difficult to say with certainty, especially given the unknown structure of the
complexing agent in SuperLig® 639. All anions should be at least in competition with pertechnetate and
perrhenate; it is difficult to imagine how an anion could be acting as a synergist. With respect to the
relative type and concentration of cation in the AN-105 simulant versus the simple sodium
hydroxide/sodium nitrate, sodium chloride simulant, if an ion-pair extraction mechanism were involved,
the slightly higher sodium concentration (5.3 M versus 5 M in the simple simulant) and/or the presence of
potassium (0.1 M versus 0.0 M in the simple simulant) in the AN-105 simulant may be in part responsible
for the observed enhanced Kgs.
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Two other features of note include the consistently lower Kys observed for perrhenate when compared
to pertechnetate and the trend in Kys as the nitrate/perrhenate or pertechnetate ratio increases. Although
the number of comparable data points are few, the perrhenate K, appears to be consistently about half of
the pertechnetate K4 under similar conditions. This is comparable to the approximately 70% higher
values for pertechnetate versus perrhenate previously reported (Hamm 2000). The trend in Kds for both
perrhenate and pertechnetate as the nitrate/metal ratio is varied appear similar. At low nitrate/metal ratios,
the Kgs are at their highest. Between a ratio of 1000 and 10000, a marked drop in K4 is observed. It is
unfortunate that more data were not collected in this region to better map these sharp changes in K4. As
the nitrate/metal ratio increases from 10 to 10°, the K4 again increases. Data are only available for
perrhenate above a ratio of 10°, but it appears that little change in K4 occurs as the nitrate/metal ratios
increase above 10°. A simple model would have predicted decreasing Kgs as the ratio of a competing
anion, nitrate, to the metal increases. The chemical behavior underlying the more complex behavior

observed here is unknown.
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Figure 3.3. Plot of Varying Nitrate/(Pertechnetate or Perrhenate) Ratios on Metal K, at 25°C
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3.5 Effect of Varying Nitrate/(Pertechnetate or Perrhenate) Ratios on
SuperLig® 639 Distribution Values at 65°C

A set of batch contacts analogous to those reported in Section D was performed, only here the shaker
temperature was maintained at the elution temperature of 65.2°C. The results are listed in Table 3.4 and
illustrated in Figure 3.4.

The trends observed in these 65°C batch contacts parallel the trends observed in the analogous room-
temperature set of batch contacts.

e A sharp decrease in K is seen as the nitrate/pertechnetate ratio increases from approximately
10° to 10*,

e The AN-105 simulant yields markedly higher K4s than does the simple 5 M sodium,
0.1 M hydroxide nitrate/chloride test solution.

e In general, the perrhenate Kd appears to be about one-half the pertechnetate K.

e Atapproximately 10* to 10° nitrate/pertechnetate ratios, the pertechnetate Kgs increase.

e At very high (>10°) nitrate/perrhenate ratios, little change in K, is observed.

Table 3.4. Impact of Varying Nitrate/(Pertechnetate or Perrhenate) Ratios on Metal K4 at 65°C

Equilibrium M in Solution SD of Ave.
[NO5)/[MOy4] [MOy4] Type Kqy(Test 1) | Ky(Test2) | Ave. Ky Ky
3.90E+00 Tc A 247 220 234 19
3.42E+02 Tc A 228 213 221 11
2.64E+03 Tc A 150 135 143 11
2.84E+04 Tc A 171 165 168 5
2.29E+03 Tc B 176 195 186 13
2.48E+04 Tc B 212 210 211 1
4.50E+03 Re A 83 62 72 15
2.09E+03 Re B 172 117 144 39
3.34E+05 Re B 85 98 91 9
9.97E+06 Re B 83 62 72 15
Solution A = simple nitrate/chloride/hydroxide at 5 M total Na.
Solution B = AN-105 simulant.

Similar to the results seen in the batch-contact kinetics tests, increasing the temperature from 25°C to
65°C substantially decreases in K4. The only unexpected feature is observed during the measurement at a
ca. 10° nitrate/perrhenate ratio when contacted with the AN-105 simulant, which appears to have an
unexpectedly high Ky4. However, this point also exhibits poor reproducibility, which suggests that some
problem is associated with the results of this particular batch contact. If the K4(1) point is ignored, then
the results fall more in line with the trends seen in the 25°C data set.
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3.6 Effect of Varying Chloride Versus Hydroxide as the Competing Anion
on SuperLig® 639 Pertechnetate Distribution Values at 25°C

In this set of batch-contact experiments, with the shaker temperature maintained at 25.8 + 0.3°C, the
relative proportions of sodium hydroxide and sodium chloride were varied while keeping a constant
initial nitrate to pertechnetate ratio (approximately 40) and a constant total sodium concentration of 5 M.
The results of this set of batch contacts are listed in Table 3.5 and are illustrated in Figure 3.5. They
indicate that hydroxide is a more effective competitor than chloride for pertechnetate.

Table 3.5. Effect of Varying Hydroxide Versus Chloride at 5 M Total Sodium, 0.018 M Nitrate, 25°C

Equilibrium
[CI],M | [OH], M | [NOs]/[TcOy] | Ku(Test 1) | Ky(Test 2) | Ave. Ky | SD of Ave. Kq
4.9 0.1 1.1E+03 2789 2864 2826 53
4 1 1.1E+03 2903 2970 2937 48
2.5 2.5 9.4E+02 2585 2672 2629 61
1 4 9.0E+02 2531 2250 2391 199
0.1 4.9 6.4E+02 1753 1508 1630 174
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Figure 3.5. Plot of Effect of Varying Hydroxide Versus Chloride at 5 M Total Sodium,
0.018 M Nitrate, 25°C
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3.7 Impact of the Sodium Concentration on SuperLig® 639 Pertechnetate
Distribution Values at 25°C

In this set of batch-contact experiments, the hydroxide concentration was fixed at 0.01 M, the total
sodium was adjusted from approximately 0.02 to 5 M sodium with sodium chloride, and the initial
nitrate/pertechnetate ratio was kept constant at about 12. During these batch contacts, the shaker

temperature was kept at 25.5 + 0.2°C. The results of this set of batch contacts are listed in Table 3.6 and

are illustrated in Figure 3.6.

Table 3.6. Impact of Varying Sodium Concentration on Pertechnetate Ky Values at
0.018 M Nitrate/0.01 M Hydroxide, 25°C

Total [Na'], Equilibrium SD of Ave.
M [NO;)/[TcOs] | Ka(Test1) | Kq(Test 2) Ave. Kq Kq
5.028 2.23E+02 2069 1924 1997 103
1.028 4.94E+01 360 342 351 13
0.528 3.15E+01 217 188 203 20
0.128 1.92E+01 69 73 71 3
0.028 1.38E+01 15 10 12 3
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Figure 3.6. Plot of the Impact of Varying Sodium Concentration on Pertechnetate
K4 Values at 0.018 M Nitrate/0.01 M Hydroxide, 25°C
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These results show a striking linear correlation between the solution’s sodium concentration and the
pertechnetate K, and they are consistent with the previous statements that pertechnetate and the cation
are extracted as an ion pair (Kurath et al. 1999, King et al. 2000). However, as shown in Table 3.7 and
Figure 3.7, the agreement with solution molality, which for the 1:1 salts used in this test is equivalent to
the test solution’s ionic strength, is also excellent. In conclusion, it is impossible to eliminate either
interpretation based on the experiments performed here.

Table 3.7. Impact of Varying lonic Strength on Pertechnetate Distribution Values at 0.018 M
Nitrate/0.01 M Hydroxide, 25°C

Strength, m INO;1/[TeO4] | Ky(Test1) | Ky(Test 2) Ave. Ky Ky
5.62E+00 2.23E+02 2069 1924 1997 103
1.04E+00 4.94E+01 360 342 351 13
5.34E-01 3.15E+01 217 188 203 20
1.29E-01 1.92E+01 69 73 71 3
2.80E-02 1.38E+01 15 10 12 3
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Figure 3.7. Plot of the Impact of Varying Solution Ionic Strength on Pertechnetate
Distribution Values at 0.018 M Nitrate/0.01 M Hydroxide, 25°C
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4.0 Conclusions

This report summarizes a series of batch contacts with SuperLig" 639 that was used to measure how
various system perturbations alter pertechnetate and perrhenate distribution values. Several goals were
described in the introduction. For the sake of convenience, they are repeated here along with the main
conclusions from each set of tests.

1)

2)

3)

4)

Room-temperature kinetic measurements under the experimental conditions used for subsequent
batch contacts. The primary purpose behind this measurement was to verify that subsequent
room-temperature batch contacts were performed under equilibrium conditions. It was determined
from the results reported in Section A that under the experimental conditions employed for these
batch contacts, in particular the speed (225 rpm) used with this rotary shaker, that 48 h would be
sufficient to achieve equilibrium. Contact times of 72 h were used in subsequent measurements to
assure that these measurements were made under equilibrium conditions.

FElevated (65°C) kinetic measurements under the experimental conditions used for subsequent
batch contacts. At high (5 M) sodium concentrations, the targeted concentration for treated
Hanford tank solutions by the SuperLig® 639 resin, the results reported in Section B indicate that
the system reaches equilibrium at 65°C much more rapidly than at room temperature, with the
system achieving a distribution value within 4 h that remained unchanged even if contacted for
several additional days. For consistency’s sake with the room-temperature measurements, 72 h
was used for subsequent measurements made at 65°C. In Part C, at 65°C and low, approximately
2 mM, sodium concentrations, the pertechnetate distribution values were so low that no decrease
in pertechnetate concentration was observed (a Ky of effectively zero).

Pertechnetate K4 measurements as a function of [NO;]/[TcO4 ] at room temperature. In Part D,
the pertechnetate K is reported as a function of the equilibrium nitrate/pertechnetate ratio over a
range of 10°. In addition, pertechnetate measurements on a Envelope A supernatant, AN-105,
simulant, as well as selected perrhenate Ky measurements, were reported. The most striking
features are: 1) the enhanced Kgs for perrhenate and pertechnetate observed in the AN-105
simulant versus the simple, 5 M [Na'] simulant and 2) the approximately 50% lower perrhenate
K4 as compared to the pertechnetate Ky. The cause of the enhanced Kgs is unclear, but extraction
of pertechnetate as an ion-pair coupled with the presence of a more tightly binding cation (such as
potassium) in the AN-105 simulant or a slightly higher sodium concentration in the AN-105
simulant are possible explanations.

Pertechnetate K4 measurements as a function of [NO5]/[TcO4] at elevated temperature (65°C).
In Part E, the same scope of measurements performed in Part D are repeated, but with the test
samples at 65°C. The same trends noted above are also found at 65°C, but the distribution values
are substantially decreased.
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5)

6)

Pertechnetate K4 measurements as a function of changing the solution’s ionic strength. In Part G,
the impact of changing the salt concentration on the pertechnetate distribution value was
examined. A strong linear correlation of the pertechnetate distribution value to both the total
sodium concentration and to the solution’s ionic strength was found. In this test, those two
factors are so closely related that it cannot be said with certainty which solution property is
impacting the pertechnetate distribution value. If the ionic strength effect is indeed the controlling
factor, the magnitude of the response is remarkable. Alternatively, if the resin operates by
extracting a sodium pertechnetate ion pair, the test results may be simply reflecting the resin
affinity for sodium ion.

Measurement of the impact of varying the competing anions chloride and hydroxide on the
pertechnetate K4. In Part F, the pertechnetate distribution value was measured as the chloride and
hydroxide ratios were changed while keeping the solution’s sodium concentration constant. The
results indicate that hydroxide competes more effectively than chloride with pertechnetate for
binding to SuperLig" 639.
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Applicability

This test plan governs the measurement of distribution values (Kd) through batch contacts for technetium
(as pertechnetate), cesium, and uranium (as uranyl ion) with various ion exchange materials in contact
with a variety of solutions. Radioactive cesium, technetium and uranium tracers may be used in the
solutions for measuring concentration changes and so allow Kd calculation. The ion exchange materials
to be tested include Superlig® 644 (cesium and uranyl ion removal), and Superlig 639* (Tc removal). The
tests will be conducted in fume hoods in lab 410, 507, 510, 511 and 516 of the 325 building as needed.

The test plan applies to staff working on this task in the Radiological Processing Laboratory (RPL) and
includes laboratory technicians, scientists and engineers.

DRD Reference

The work described in this test plan will be performed in partial fulfillment of task 8.2.12, Mathematical
Modeling, of the River Protection Project Waste Treatment Plant (RPP-WTP) Development
Requirements Document. The RPP-WTP Research and Technology schedule for fiscal year 2001

identifies this activity as R20500, Eluant Equilibrium Behavior PNNL. The corresponding activity on the
PNNL schedule for fiscal year 2001 is BN.02.08.03.

Justification/Test Objectives/Success Criteria

The proposed facility for immobilization of Hanford underground storage tank waste will pretreat the
waste to split it into a Low Activity Waste (LAW) and a high level waste (HLW) for separate
vitrification. Unit processes are planned to remove radiocesium and radioactive technetium (in the
pertechnetate form) by ion exchange from these strongly alkaline solutions. Currently, Savannah River
Technology Center (SRTC) is attempting to develop a model for these ion exchange processes. Batch
distribution coefficients with each ion exchange material are needed both to supply information about the
behavior of these ion exchange resins under various processing conditions and to validate the developed
model. The RPP-WTP contractor will then incorporate this SRTC process model into the process flow
sheet.

The equilibrium batch data for technetium (Superlig 639%), cesium and uranyl (Superlig 644%) generated
by this study will be incorporated by SRTC personnel into their ion exchange process models. Therefore,
the RPP-WTP contractor success criteria for these tests are to accurately measure batch distribution
coefficients (£10%) and understand the influences of contact duration and equilibrium concentrations on
the batch distribution coefficients.

Background

Much recent work has been performed investigating the use of two ion exchange resins developed by IBC
Advanced Technologies, Inc. for use in removing selected radionuclides from Hanford tank waste
supernatants. Superlig 639% is being investigated for removal of technetium (as pertechnetate) and
Superlig 644% (cesium) from alkaline, high sodium solutions including actual Hanford tank supernatants
(Hamm 2000a, Hamm 2000b and Blanchard 2000). The existing data have been evaluated and included
in an ion exchange process model currently under development at SRTC. However, a need for additional,
equilibrium -batch -contact data has been identified in order to continue to develop and extend the
modeling for use under likely process conditions. It has been shown that such batch contact distribution
data collected from binary systems can be incorporated in such a model for use in more complex systems
(Mehablia et. al. 1994). The work covered in this test plan will measure such binary equilibrium batch
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contact data together with the appropriate controls (such as the batch distribution kinetics) required to
interpret the batch equilibrium data for both Superlig® 644 and Superlig® 639.

Previous work in this area has generated information that impacts the experimental design described in
this test plan. For instance, the capacity of SuperLig® 639 resin has been reported (Hamm 2000b) as 0.88
meq/g resin) and the capacity of SuperLig® 644 resin is uncertain but best estimates (Hamm, private
communication) indicate a value around 0.6 meq/g resin. In general, batch distribution contacts should be
designed so that the resin will not be fully loaded even under conditions that will generate very high Kds,
i.e., effectively all of the binding species reports to the resin under the experimental conditions. A target
of no more than 20% loading has been used in similar, prior, PNNL equilibrium batch contact tests. With
a solution volume/resin mass ratio of 100 this would indicate that a solution should not be more

concentrated than ca. 1.2 mM in the binding species for batch contacts with SuperLig® 644 and not more
than ca. 1.8 mM in the binding species for contacts with SuperLig® 639.

Emergency Response

Spill containment will be provided where practical. In the event of a leak from the recirculating heating
bath, the heater should be turned off or unplugged immediately.

Equipment Description
The test equipment required for the batch distribution tests are as follows:

* Aqueous test solutions - prepared as required in accordance with test instructions.

* lon Exchange Materials - purchased as required or else obtained from existing stocks as needed.

e Appropriate tracers (*Tc, ™ T, ** ™Tc, ""Cs) - the radiotracers may be obtained either through
commercial sources (i.e., Brookhaven National Laboratory, Brookhaven NY; New England
Nuclear, Boston, MA; or Amersham, Arlington, IL; or from stock solutions already in the
laboratory). Technical data sheets accompanying the commercial shipments should list the assay
of the isotope (i.e., chemical form, purity, assay date, specific activity, concentration, and
volume). Because comparative measurements of tracers will be made, nominal activity
concentrations of tracers may be used.

* Counting Equipment - gamma counting is performed by the use of a multichannel ana]yzc_r and
suitable detector, such as a high purity germanium detector or Nal well detector. The equipment
is user calibrated. Alpha and beta scintillation activities will be obtained by liquid scintillation
counting using commercial instrumentation.

¢ Shaker/Temperature Control Systems - the shaker table will include a test chamber that _hulds the
sample container. A calibrated thermocouple or other temperature measuring device is inserted in
the shaker package along with the samples.

e Calibrated thermometer or thermocouple.

e Filters, 0.2 pore size disposable.

e Syringe, 5 mL, plastic, Luer-Loc or equivalent.

e Vials, 20 mL glass scintillation type.

¢ Bottles, 20 to 4000 mL polyethylene or polypropylene.
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W, * Pipets, adjustable, 10 to 10000 pL maximum capacity.

Safety Considerations

All activities conducted under this test plan will be performed in accordance with approved safety
procedures, including but not limited to proper radiological control procedures. Personnel involved in the
testing in the 325 Building will be familiar with specific safety procedures for that facility. All personnel

performing work to this test plan shall be qualified to work in fume hood and to work with acids and
bases.

Special safety considerations for these procedures include:

* lon exchange materials are not to come in contact with nitric acid solutions of greater than 3
molar concentration.

Outline of test scope and work instructions

Note: The work covered in this test plan is governed by the RPL Work Practices document, RPL-OP-
001, rev. 0, Routine Research Operations as well as those additional work practices described in the
Radiochemical Processing Laboratory’s Laboratory Handbook.

1. The ion exchange materials to be used in this test are SuperLig® 644 (Cs) and SuperLig® 639 (Tc)

manufactured by IBC Advanced Technologies, Inc. The production lot number for each resin is to
be recorded.

2. Preconditioning of the ion exchange materials is required before batch contacts will be performed
for both SuperLig® 644 and SuperLig® 639.

(a) SuperLig® 644: a weighed portion of the resin will be contacted once with 5 M NaNQs/0.1 M NaOH
followed by 4 times with 0.5 M nitric acid at a V/m (mL to grams) ratio of 100. The solution and
resin will remain in contact with agitation for at least 1 hour during each pre-equilibration. After each
contact, the solid and liquid will be separated, either by centrifugation or settling, with the liquid
removed and discarded. The resin will then be washed with DI water at a V/m (mL to grams) of 100
until the pH of the liquid is 5 or above, air dried, reweighed, and stored.

(b) SuperLig® 639: a weighed portion of this resin will be contacted 4 times with $ M NaNO/0.1 M
NaOH at a V/m (mL to grams) ratio of 100. The solution and resin will remain in contact for at least
I hour during each pre-equilibration. After each contact, the solid and liquid will be separated either
by centrifugation or settling, with the liquid removed and discarded. The resin will then be washed
with DI water at a V/m (mL to grams) of 100 until the pH of the liquid is 8 or below, air dried,
reweighed, and stored.

3. A portion of both the as-received and the conditioned materials will be dried to determine an F
factor (relative water content of the resin).

(a) SuperLig® 644: the resin will be dried under reduced pressure at a temperature no greater than 50°C
until the resin reaches a constant weight. A constant weight is assumed to be reached if there is no
greater than a 5% change in the system weight after 24 hours of drying or at the discretion of the

. cognizant scientist. The temperature and duration of the drying will be recorded. A second portion
< will be similarly dried at 85°C under vacuum to allow for a comparison to earlier work.
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(b) Superlig® 639: the resin will be dried under reduced pressure at no greater than 50°C until the resin

reaches a constant weight. A constant weight is to be assumed if there is no greater than a 5% change
in the system weight after 24 hours of drying or at the discretion of the cognizant scientist. The

temperature and duration of the drying will be recorded. A second portion will be similarly dried at
85°C under vacuum to allow for a comparison to earlier work.

All batch contacts will be performed in duplicate.
Unless otherwise specified, the minimum equilibrium batch contact duration will be 72 hours.

The concentrations of the targeted elements will be measured for each batch contact before and
after each batch contact. Either the solution activity for specific radionuclides used as tracers or

the total solution activity are considered as an acceptable substitute for an actual elemental
concentration measurement.

(a) SuperLig® 644: cesium concentrations will be determined through gamma counting of a Cs-
137 tracer using either a Nal or Ge detector.

(b) SuperLig® 644: uranium concentrations will be determined by counting of the total alpha
activity of a U-233 tracer using liquid scintillation counting or by a laser fluorimetric
determination of the solution’s total uranium concentration.

(c) SuperLig® 639: technetium concentrations will be determined either by total beta activity of
Tc-99 using liquid scintillation counting or by gamma counting of a Tc-95m tracer using
either a Nal or Ge detector.

(d) SuperLig® 639: rhenium concentrations in solutions will be determined by ICP-MS.

The batch contacts will be conducted at a specific recorded temperature or at ambient temperature
as specified in the test instructions. The temperature of the temperature bath (or the surrounding
air temperature) will be recorded during each batch contact test.

Two Tc-99 stock solutions will be prepared. The first, ca. 1.8 M Tc in water, will be prepared by
taking 2.3 g of ’TcO; and dissolving it in ammonium hydroxide/hydrogen peroxide, evaporating
to dryness at low temperature/atmospheric pressure and redissolving the solid to a total volume of
10 mL with DI water. The second Tc-99 stock solution will be ca. 1.8 mM in water and prepared
by a 1:1000 volumetric dilution from the first Tc-99 stock solution. The specific activity will be

measured by beta scintillation counting and the radiochemical purity of the material will be
verified by ICP-MS before use.

A rhenium stock solution ca. 1.8 M Re in water, will be prepared by dissolving 4.92 grams of
sodium perrhenate to a total volume of 10 mL with DI water.

To verify that the kinetics of the Superlig® 639 with pertechnetate are such that a 72 hr contact
time will yield an equilibrium distribution value, a series of contacts will be performed at room
temperature (25 + 5°C) under the conditions described in Table 1. The temperature will be
recorded during these batch contact tests. The sample’s agitation will be stopped after 2, 4, 8, 24,
48, 72, 96 and 168 hr (1 week), respectively and the final solution activity measured.
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Table 1. Room temperature kinetics under loading conditions. Contact conditions: ambient
temperature, [Na]Jr =5 M
[Tc] stock Stock sol. Test [Tc], M | NaNO;, M NaOH, M NaCl, M [NO;)/[TcQy)
solution.M aliquot, puL
1.8 10 1.8E-03 1.8 M 0.1 3.1 1E03

11;

Chloride and hydroxide are believed to be spectator ions in pertechnetate absorption by
SuperLig® 639. To test this, batch contacts at a constant [NO;}/[TcO,] ratio and total [Na] will be
performed with varying ratios of hydroxide and chloride as described in Table 2. The temperature
will be recorded during these batch contact tests. If chloride is determined to have a significant
impact on the pertechnetate distribution constant, then sodium nitrite will be used instead of
sodium chloride for the technetium measurements indicated below.

Table 2. Tc loading isotherm. Contact conditions: room temperature (25 £ 5°C), 72 hours contact
time, [NO;]/[TcO,] = 1E03, [Na}r=5M
[Te] stock Stock sol. Test [Tc],M | NaNO;, M NaOH, M NaCl, M [NO;}/[TcOy]
solution.M aliquot, pL
0.0018 10 1.8E-06 0.018 0.1 49 1E04
0.0018 10 1.8E-06 0.018 1 4 1E04
0.0018 10 1.8E-06 0.018 25 25 1E04
0.0018 10 1.8E-06 0.018 4 1 1E04
0.0018 10 1.8E-06 0.018 4.9 0.1 1E04
12. To verify that the kinetics of the Superlig® 639 with pertechnetate are such that a 72 hr contact

time will yield an equilibrium distribution value at the elevated temperatures proposed for elution,
a series of contacts will be performed at 65°C under the conditions described in Table 3. The
measured temperature will be recorded during these batch contact tests. The sample’s agitation
will be stopped after 2, 4, 8, 24, 48, 72, 96 and 168 hr (1 week), respectively and the final solution
activity measured.

Table 3. Elevated temperature kinetics under stripping conditions. Contact conditions: 65 + 5°C
[Na]r = 0.006 M, [NO;)/[TcO4] = 3E00
[Tc] stock Stock sol. Test [Tc], M | NaNO;, M NaOH, M NaCl, M [NO;)/[TcQq]
solution.M aliquot, pL
1.8 10 1.8E-03 0.005s M 0.001 0 3E0
13. The impact of the NO;/TcOj ratio under loading conditions will be investigated. Additionally, the

adsorption of Re and Tc by SL-639 resin will be compared to verify the suitability of Re as a
surrogate for Tc. The batch contact will be performed at a V/m (mL/grams) of 100 unless
otherwise specified. An initial aliquot will be removed for activity assay and a weighed amount of
resin added. The sample will be agitated at ambient temperature (25 + 5°C) for at least 72 hours,
the resin removed by filtration through a 0.2 micron syringe filter, and another aliquot removed to
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determine the final solution activity. The range of experimental conditions to be tested is outlined
in Table 4 and the temperature will be recorded during these batch contact tests

Table 4: Contact conditions for the NO;/TcOy ratio variations under loading conditions; [Na); = §
M, ambient temperature (25 + 5°C), 72 hour contact time
[Tc] stock | Stock sol. Initial NaNO;,M | NaOH,M | NaCl,M | Initial
solution.M | aliquot, uL [Tcl, M [NO;)/[TcO4]
1.8 M 10 0.0018 0.0018 0.1 4.9 1E0O
1.8 M 10 0.0018 0.180 0.1 4.7 1E02
1.8 M 10 0.0018 1.80 0.1 3.1 1E03
1.8 M 1 1.8E-04 1.80 0.1 3.1 1E04
0.0018 100 1.8E-05 1.80 0.1 3.1 1E05
0.0018 10 1.8E-06 1.80 0.1 3.1 1E06
1.8 M 7 0.00125 Envelope A (AN-105) simulant(a) 1E03
1.8 M 7 0.00125 Envelope A (AN-105) simulant(a) 1E03
(Re) (Re)
0.0018 M 70 1.25E-05 Envelope A (AN-105) simulant(a) 1E05
0.0018 M 70 1.25E-05 Envelope A (AN-105) simulant(a) 1E05
(Re) (Re)
0.0018 M 7 1.25E-06 Envelope A (AN-105) simulant(a) 1EO6
0.0018 M 7 1.25E-06 Envelope A (AN-105) simulant(a) 1E06
(Re) (Re)
1.8 M 10 0.0018 (Re) 1.80 F;'.l 3.1 1E03 (Re)
(Re)

(a) Note that the 241-AN-105 simulant is approximately 1.25 M in nitrate.

14. The impact of temperature will be investigated by repeating the equilibrium batch contact
experiments outlined in part 13 but the samples will be agitated while being kept in a 65°C+ 5°C
temperature bath for at least 72 hours. The temperature will be recorded during these batch
contact tests. An aliquot will be removed and rapidly filtered through a 0.2 micron syringe filter
to remove the SuperLig® 639 resin. An aliquot will then be removed to determine the final
solution activity.

I5. The effect of total ionic strength changes at a constant NOy/TcO, ratio of 1E04 will be evaluated
as shown in Table 5. The temperature will be recorded during these batch contact tests. The
density of each solution in the absence of added technetium or rhenium stock solution will be
determined by three independent measurements of the weight of a 1 mL aliquot. The precision of
the balance must be at least + 1 mg or better.
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Table 5. Evaluating the effect of total ionic strength with a constant NO; /TcO, ratio. Contact
conditions: [NO5]/[TcO4] = 1E04, 72 hr contact time, ambient temperature (25 + 5°C).

[Tc] stock Stock sol. Test [Tc], M | NaNO,;, M NaOH, M NaCl, M App. lonic

solution.M aliquot, puL strength
0.0018 10 1.8E-06 0.018 0.01 5 5
0.0018 10 1.8E-06 0.018 0.01 1 1
0.0018 10 1.8E-06 0.018 0.01 0.5 0.5
0.0018 10 1.8E-06 0.018 0.01 0.1 0.1
0.0018 10 1.8E-06 0.018 0.01 0 0.03

0.0018 (Re) 10 1.8E-06 (Re) 0.018 0.01 1 1

16.  To verify the capacity of the SuperLig® 639 under the testing conditions, a Tc loading isotherm

will be generated under high [Na] loading conditions. The temperature will be recorded during
these batch contact tests. The conditions for these batch contacts are summarized in Table 6.

Table 6. Te loading isotherm. Contact conditions: room temperature (25 £ 5°C), 72 hours contact
time, [NOs)/[TcO4] = 1E02, [Na}; =5 M
[Tc] stock | Stock sol. Test [Tc], M | NaNO;, M | NaOH, M NaCl, M % Theor.
solution.M | aliquot, L capacity
1.8 100 0.018 1.80 0.1 3 200
1.8 50 0.009 0.9 0.1 4 100
1.8 10 0.0018 0.18 0.1 47 20
0.0018 100 1.8E-05 0.0018 0.1 49 0.2
0.0018 10 1.8E-06 0.00018 0.1 4.9 0.02
17. Two Cs containing stock solutions will be prepared. The first, ca. 1 M in total cesium, will be

18.

19.

prepared by dissolving 1.95 grams of cesium nitrate in water to a total volume of 10 mL followed
by spiking of the solution with a small amount of "*’Cs. The second cesium stock solution will be
10 mM in total cesium and will be prepared by a 1:100 volumetric dilution from the first cesium
stock solution. The specific activity and radiochemical purity will be evaluated by gamma
counting and the radiochemical purity of the material will be verified by ICP-MS or graphite
furnace AA before use.

Two uranyl ion-containing stock solutions will be prepared. For the uranyl ion batch contacts, a
stock solution ca. 1 M in uranium will be prepared by dissolving 5.02 grams of urany! nitrate
hexahydrate in water to a total volume of 10 mL, followed by spiking of the solution with a small
amount of **U. The specific activity and radiochemical purity of the stock solution will be
determined by alpha energy analysis of a sample aliquot before use. The total uranium content
will be determined by laser fluorimetry before use.

To verify that the kinetics of the Superlig® 644 with cesium ion are such that a 72 hr contact time
will yield an equilibrium distribution value, a series of contacts will be performed at room
temperature (25 + 5°C) under the conditions described in Table 7. The temperature will be
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recorded during these batch contact tests. The sample’s agitation will be stopped after 2, 4, 8, 24,
48,72, 96 and 168 hr (1 week), respectively and the final solution activity measured.

Table 7. Cs kinetics under loading conditions. Contact conditions: ambient temperature (25 +
5°C), [Na)/[Cs] = 1E04
[Cs] stock | Stock sol. Test [Cs], M | NaOH, M NaNO;, M Na/Cs
solution.M | aliquot, pL
1 5 0.0005 0.25 4.75 1.0E04

20.  Two methods will be employed to verify the capacity of the SuperLig® 644. First, a Cs loading
isotherm will be generated under high [Na]r loading conditions. The conditions for these batch

contacts are summarized in Table 8. Each batch contact will be conducted at 25 + 5°C, with the
actual temperature being recorded.

Table 8. Cs isotherm under loading conditions. Contact conditions: ambient temperature, 72
hours contact time, [Na]/[Cs] = 100

[Cs] stock | Stock sol. Test [Cs], M | NaOH, M NaNO;, M Na/Cs % Theor.
solution.M | aliquot, uL capacity

1 500 0.05 0.25 4.75 100 830

1 250 0.025 0.25 2.25 100 415

1 100 0.01 0.25 0.75 100 166

1 50 0.005 0.25 0.25 100 83

1 25 0.0025 0.25 0 100 42

The second approach involves a pH titration of a solution containing 0.1 grams of SuperLig 644 in the
acid form with a standardized CsOH solution.

21.  Since the pH conditions change substantially from loading (high pH) to stripping (0.5 M nitric
acid) the effect on changing pH on the equilibrium distribution values of Cs with SuperLig® 644 at
a constant [Na]/[Cs] ratio will be measured as described in Table 9.
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Table 9. Effect of changing pH. Contact conditions: ambient temperature (25 + 5°C), 72 hours
contact time, [Na]/[Cs] = 5000

[Cs] stock | Stock sol. Test [Cs], M pH or NaNO;, Na/Cs
solution.M | aliquot, pL NaOH, M or M
HNO;, M
1 10 0.001 2.5 (NaOH) 25 5000
1 10 0.001 1 (NaOH) 4 5000
1 10 0.001 0.1 (NaOH) 4.9 5000
1 10 0.001 0.01 (NaOH) 5 5000
1 10 0.001 9 5 5000
I 10 0.001 7 5 5000
1 10 0.001 5 5 5000
1 10 0.001 2 5 5000
1 9 0.001 0.5 (HNO;) 45 5000

22.  The effect of total ionic strength with a constant [Na]/[Cs] ratio of 5000 will be evaluated over the
conditions described in Table 10. The density of the cesium stock solution will be determined by
three independent measurements of the weight of a 1 mL aliquot. The precision of the balance
must be at least + 1 mg or better.

Table 10. Effect of changing ionic strength. Contact conditions: ambient temperature (25 £+ 5°C), 72
hours contact time

[Cs] stock | Stock sol. Test [Cs], M | NaOH, M NaNO;, M Na/Cs Appr. lonic
solution.M | aliquot, pL Strength
1 10 0.001 0.25 4.75 5000 5
1 5 0.0005 0.25 2.25 5000 25
I 2 0.0002 0.25 0.75 5000 1
0.01 50 5E-05 0.25 0.00 5000 0.25

23.  The effect of changing [Na]/[Cs] ratios on the cesium equilibrium distribution value will be
evaluated over the conditions outlined in Table 11.
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Table 11. Effect of changing [Na)/[Cs]. Contact conditions: ambient temperature (25 + 5°C), 72
hours contact time
[Cs] stock | Stock sol. Test [Cs], M | NaOH, M NaNO;, M Na/Cs Appr. Jonic
solution.M | aliquot, puL Strength
1 10 0.001 0.25 4,75 5000 5
1 5 0.0005 0.25 4.75 10000 5
1 1 1E-04 0.25 4.75 50000 5
0.01 50 5E-05 0.25 4.75 100000 5
0.01 10 1E-05 0.25 4.75 500000 5
0.01 5 5E-06 0.25 4.75 1000000 5
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24.  The effect of changing [K]/[Cs] ratios on the cesium equilibrium distribution value will be
evaluated over the conditions outlined in Table 12.
Table 12. Effect of changing [K]/[Cs]. Contact conditions: ambient temperature (25 + 5°C), 72

hours contact time

[Cs] stock | Stock sol. Test [Cs],M | KOH, M KNO;, M K/Cs Appr. Ionic
solution.M | aliquot, uL Strength
1 10 0.001 025 0.75 1000 1
| 2 0.0002 0.25 0.75 5000 I
1 | 1E-04 0.25 0.75 10000 1
0.01 20 5E-05 0.25 0.75 50000 1
0.01 10 1E-05 0.25 0.75 100000 1
0.01 2 5E-06 0.25 0.75 500000 1

25.  To verify that the kinetics of the Superlig® 644 with uranyl ion are such that a 72 hr contact time
will yield an equilibrium distribution value, a series of contacts will be performed at room
temperature under the conditions described in Table 13. The sample’s agitation will be stopped
after 2, 4, 8, 24, 48, 72, 96 and 168 hr (1 week), respectively and the final solution activity

measured. '
Table 13. UO,*" kinetics. Contact conditions: ambient temperature (25 + 5°C), [Na)/[UO,*] =
1E03
[UO,™] stock | Stock sol. Test [UO,”'],M [ NaOH,M | NaNO;, M [Na)/[UO,™]
solution.M aliquot, pL
1 10 0.001 0.25 0.75 1000

26.  The effect of changing the sodium to uranyl molar ratio on the uranyl distribution value with
SuperLig® 644 will be investigated over the conditions described in Table 14.

Table 14. Effect of changing [Na}/[UO,**]. Contact conditions: ambient temperature (25 £ 5°C), 72
hours contact time

[UO,""] stock Stock sol. | Test[UO,"'], M [ NaOH,M | NaNO;, M | [NaJ/[UO,’] Appr. Ionic
soln. M aliquot, pL Strength
I 10 0.001 0.25 0.75 1000 1
1 2 0.0002 0.25 0.75 5000 1
1 1 1E-04 0.25 0.75 10000 1
0.01 20 SE-05 0.25 0.75 50000 1
0.01 10 1E-05 0.25 0.75 100000 1
0.01 2 5E-06 0.25 0.75 500000 1
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Quality Control

Personnel shall conduct this activity in accordance with the CH2MHill approved quality assurance plan
that implements the applicable requirements of 10 CFR 830.120, “Technical Support to CHG for Phase
1B2 Quality Assurance Project Plan”, CHG-QAPjP, Rev.0.
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Starting Date ’2/13 /(TO l%t-'l"«uua C(«ﬂt_k 10 J - 10,0000 j
: (H Qg- 1< DGO Lf '
_ weidd sl ¥ 99- 350603
LRB # 5-—]("‘51, pP- ] 7"1
362 clroi-o4 3 _ B
Balance No. , Next Calibration Date 0 2/ 200 |
Balance No. , Next Calibration Date

Objective: 1) to prepare a standard stock solution of NCAW Waste (5M Nat).
FILTER SOLUTIONS IF NECESSARY.

This solution was used for tests: : , A
1. Test Solution Make-Up, NCAW Stock Solution (Date

9/ 180 w i
Component FW.q M a/L 217 Weighed,g Date
NaNO4 85 0.258 21.9 2.153877 2. 19335, nzhfﬁm
Na,S0, 142.05 0.15 21.3  2.3°8852 2:1308q. |
KNO; 101.11  ° 0.14 14.3 1. 4133580 1. 415 25, ‘
Na,CO4 105.99 0.23 24.7  2,4373989 2,437,
NaNO, 69.0 0.43 29.9  2.GL701196 . 2.9670 ¢
Na,HPO,*7H,0  268.07 0.025 6.7 0.LTOL 268 b, L7047,
AL(NO3)3°9H,0 375.15 0.43 = 162.6  1L.\31565p3 161394 ¢,
NaF 42.0 0.089 3.75 6.373% 150 0,3741 ¢,
NaOH - 40.0 3.4 136 13,0 5440 ‘3-5b5'37, Y/
CSN03 194.9
Species NCAW, M 2
Na 5.0 s By /’/
K 0.14 Labogzgiz& No.__ <1l
Al 0.43 Bala . Blz-b-pl70Cd3
504 0.15 Reviewed by :
OH(free) ~1.6 Date
CO4 0.23
F 0.089
NO, 0.43
NO3 1.69
PO, 0.025
S0, 0.15

Cesium nitrate will be added in different amounts to give various
sodium:cesium mole ratios.

Project-No | : E | _|_pate-of} Work— L.l
EnlJrad- L-; 4 w_x.-_L Aaans l Date—tlé (afen |
-——Disc\oseJJc»and-UnderstoodJBJ—Q" - |
- Sign!ed-1l | J Lo Date —
L] N T ) L} s
| RN EEEN L1
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Make-up of Rhenium Stock Solution
Dissolve 4.92 g. sodium perrhenate to a total volume of 10 mL with DI water. 12 / 18 / oo

2626061 — o3 Belan e chock. /g

Balance:
Calibration expires: _© ?—! 200 ( 10 4 ~ (5,600 dj.

NaReO, 4azeq g. W'f‘-‘jh“\ seal # _"l q -J5e w3~

T T
Prepare dilution for Re analysis by ICP-MS
ppet  Cablon * 0253029 sd at /el P
0,067 { q. ik 'ZJ."' Oc -_i
.0943 4. {
0.0944 &,
60,0997 +-
0 -oﬁ‘?‘-! ?\ E 5
7 T
' i
Qe- Io.06T8 5. 20 * o sl g = 10, 2055 g, :
Ke = b1 Z5 |8
fe- 10.05355 K20 100 4 J ANE
?u\ R
W \ t -— 5?.‘.’
; ot e 1=
G-l and Ue-2 svbwitted v 4 o i
N 4|8
cl"‘-‘t"bls‘% Citj szl”- MS 1?“}‘(&/50- }‘(U‘( X \Lb ; -+
—
Frojact-No ol ALY Date lof -Work
Ztemdasj U ‘ {JV ZY _’gm 2./ 19/00
Dlado-;ed-ilo-ard-ﬁnda‘g‘ood-ﬂy—é’ J




|  ChemRec_61 Prepdate:  12/18/2000

i ‘ Preparation of Standardized 5M, 0.1 M, and 0.01M NaOH /((o
o WP#| F17605 | Requester: K. Carson g

Request: Brain Rapko has given me the job of making up jillions of stock solutions for batch contact tests he is going to do for

; CH2MHill. In order to make up the solutions, | need some different NaOH solutions made up and validated by titration. Please make up:
' 0.01 M NaOH, 2 liters: 0.1 M NaOH, 2 liters: 5.0 M NaOH, 250 m!

: Charge to F17605. Thanks! --—Katharine Carson

.__ Preparation: Use 50% NaOH (19.06N) Fisher stock solution (CMS # 52456) to prepare the 5M NaOH -- then prepare
= 0.1M NaOH from this stock and standardize this solution and adjust 5M NaOH accordingly. Then prepare the 0.01M
| . [solution and also standardize this 10X dilution.
. | |Calculations: 250 mL*S5MNaOH = 65.6 mL concNaOH —-to 250 mL with DI water.
—— =T 19.06M NaOH
1. 458 2000mL * Q. 1M NaOH = 40.0 mL of ~5M NaOH --- to 2000 mL with DI water.
SR | 5M NaOH
- Standardization : Use NIST SRM 84j, Potassium Acid Phthalate KHC8H404 (KAP) --CMS# 52232
44 . Technique used will be via hand-titration to the phenopthalein endpint. A good titration would use about 20-25 mL of a
o 50 mL burrette. Hence. since KHC8H404 = 204.23 g/mole or mg/meq
i S 20 mL*0.1M NaOH =2 meq. and 2 meqof KAP =204.22 mg/meq * 2 =~ 408 mg weigh on 5-place balance
R | Target wt for KAP to titrate 0.01M NaOH will be about 40 mg.
(s
el
sv{?g a NaOH Molarity verification performed on ~ 0.1 M NaOH prep.
' (target = .41g) [Vol. Of ~ 0.1M NaOH| NaOH Molarity =a * | Molarity Error
Verification Test # Wt. of KAP to neutralize 1000/ b *204.23 +H-@1s WA L
1 0.40351 20.95 0.09431 S
2 0.39661 20.62 0.08418 o
3 0.41712 21.65 0.09434
Ave= 0.09428 0.0001 A
certified value peREREEE
5M NaOH is revised as follows based on standardized 0.09428M NaOH
2000 mL * 0.09428 MNaOH = 4.71M NaOH
40.0mL
and:
*0.01M = 212. 1 mL of 0.0943M to 2L with DI H20
E ' 0.09428
.E NaOH Molarity verification performed on 0.01 M NaOH dilution
£ (target= .41g) | Vol. Of ~0.01M | NaOH Molarity =a * | Molarity Error . mgz55 2
t Verification Test# | Wt of KAP | NaOH to neutralize | 1000/b*20423 | +-@1s e
; 1 0.04822 23.78 0.00993 ' ©ATEAT g
-2 0.03937 17.82 0.01082
I 3 0.02939 14.55 0.00989 4. BIS77 3
Ave= 0.01021 0.0005
- certified value
! 0
‘ Analyst/Date (@W 2]i& o
N} -
3 i | C-rec_61.XLS Page 10of 1 12/15/2000
— EIOIBCT-ING n 1] nata.oq LWVOIR ' . -
H Entered-By. | (0 B_ﬂ Date ; lf_ﬁ.i =
Y 1 |U¢64Aﬂu | ] 1 1 FL' [y
E Disclosed-To-and- Understood-B ) ‘! = I
u Signed-1 — Date,
i 2 \ DatL l | i
- 2 - :
- 1 e S NS Vo S T
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ADVANCED INORGANIC ANALYSIS GROUP, NATIONAL SECURITY DIVISION i
BATTELLE, PACIFIC NORTHWEST NATIONAL LABORATORY, RICHLAND, WA 3 5 {,»] L
7

RESULTS

Reviewed By% V) M

(date]/cﬁ/-'ﬂ /

Name: Brian Rapko
‘Work Package #: F17605 Reference:  on file 329/114, ICP Printout 01-03-01
Report Date: 1/4/01 Analyst: LMP Thomas 05~
P
Concentration: as noted
Sample Re
a D
Log-in# S mpie l pg/ml M NaReO,4 % RPD
01-12-14 RE-1 3350 0.018, 0.27% RPD
01-12-14 RE-1 duplicate 3360 0.018, T
01-12-14 RE-1 MS 101% spike recovery
01-12-15 RE-2 3390 0.018, 0.020% RPD
01-12-15 RE-2 duplicate 3390 0.018, Sl

T
l

|

e

Analytical Equipment:

Procedure(s):

Sample Matrix:

Inductively Coupled Ar

gon Plasma Spectrometer (ICP), IRIS/AP Jarrell-Ash (WD25801)

Mettler AK160 balance (366-06-01-005), "S" class Troemner weights (22549-523).

AIAL-01 Rev. 0
2% HNO;

| <




\l:‘ l 1 1 | ] ] 1 i ¥ i . 3 T ——
"; = G g - ] /1 '-2_'
Dlssolve 2.3 g. technetium oxide in ammonium hydrox:d ihydrogen p ide and evaporate to t_\uJ (
dryness at room temperature. — e 12 [13] 00 ®
Redlssolve the solid ammonium pertechnetate to a total volume mL with DI water.
£ 354 -0l-6l-00& ted 2X
Balanoe. 5 o. sty rype (.
¥ Calibration expires: ¥ ! 2006 | ”Hl{ ] H'?u [ ".L( f
f | . DAsolie pertehuetutc My 2 39 bl Hz'
TEKTCOZ 21303 g. 3.0 [ = aprmwﬁ dwcft(.
& 12
+ Pipet B 0% 314l F=22.5 % l/az]m mz},(_
._“-. 1'0 ,0 .D"‘qq ‘:‘ , U%’Q &r"" ?f!r‘lvﬂ.t &I tl}ih[fhs
' lo, 6% S '{T 50
10.0bF 7 a, of Te-sto
E Lb 034%4
/’

e 033120 s Ao ke vp dilutivas
awd CUVMJM] 5““"‘7025
e Te-91 AP
b " Ly itk
A £ l4er with 043 M £
t ( stode dilutt Da\ 100 % =7 61| (OT L
.::I_..f‘-.'- .
Tl . ( Llutivn dl} 100 x 47 (0.lwl (DT w«ffr> -
ooy = 15#ul A2 001“)
Do ! 61w (rv Dl w3
0) ] ofu" 5. | ik r‘s-“\l
13 [auk

j60 } DI M0 215 w) (Ulthg @a(%
.
0.43 4 ‘F('H’i’" Stne 50\‘} bs\&mﬂ‘;{ Atill tud sy

T sfr Al ol Toan sh vy

Sigliled‘. - I,i'\ [ l Dai}g | Ji———‘! | l
A P = T
T T 1T T T T T T T 1T 17
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12 Jan 2001 16:186 ALPHA/BETA - 1.09 Page #1 |
>rotocol #:21 PTC2550 Tc-988 User : BM |
Pime: 1.00 Te-9 st R
Data Mode: CPM Nuclide: MANUAL 3 -
Background Subtract: None (Vﬂuak Chﬂjé‘ -
LL UL  LCR  28% BKG o | N
Region A: 0.0 - 40.0 0 0.0 0.00 | easwfe coet -
Region B: 40.0 - 400 0 0.0 0.00 a
Region C: 2.0 - 2000 0 0.0 0.00
Ol w2 100 | 5 COI LJqf'Cr) el
Quench Indicator: tSIE/AEC . 4
Ext Std Terminator: Count O 1 wil ¥ qo.lal 2 LDtuJW) &
Coincidence Time(ns): 18 bl -t 1§t (Ut Gl T
Delay Before Burst(ns): Normal L
Protocol Data Filename: A:\AENOS\PROT .DAT -
Count Data Filename: A:\AENOS\SDATA21.DAT 1Al o1 ml 1H0 7 =

(Uitmeg
éﬂf}é

= 2

Spectrum Data Drive & Path: A:\AENOS

SH TIME CPMA A:25% CPMB B:25% CPMC C:25% SIS tSIE FLAG
e 1 1.00 41.00 31.23 12.00 57.74 52.37 27.64 83.398 538.13
b 2 1.00 3715.22 3.28 10759.8 1.93 14445.8 1.68 180.65 543.67
&*% 1.00 3832.05 3.23 10615.0 1.94 14412.4 1.87 178.28 541.54

s S——

[Tt

Disclosed To arld UnderJtond By

1 : ANl
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‘r Carson, Katharine J

- From: . Rapko, Brian M

1
Sent: Sunday, January 14, 2001 5:28 PM ’\lp‘g “
. To: Carson, Katharine J KT 5 (
Subject: RE: Rough cut Tc-99 counting data e’

Katharine: | would go ahead and filter and use as is - the current activity is plenty. Using the
numbers you gave (and taking 1.07E04 cpm for the measured activity) and since the specific activi

- of Tc-99 is 0.017 Cilg, the activity of the stock solution comes out to 4.8E-04 Ci/mL. This translate

" to about 2.8E-02g/mL in the stock solution or about 1 gram total Tc (35 mLs of stock solution). We
that about the amount of Tc you weighed out?

- Brian
From: Carson, Katharine J
Sent: Friday, January 12, 2001 4:42 PM
To: Rapko, Brian M

Subject:  Rough cut Tc-99 counting data

| got some numbers for you - at least enough to give you an idea.
The Tc stock is in about 35 mL water, no large chunks visible but it is still cloudy.
| filtered a small portion using a 0.45 micron filter, then made two successive 0.1 mL to 10 mL dilutions.

| took 0.1 mL of the second dilution into 15 ml Ultima Gold for counting. | also made up a blank of 0.1 mL water ir
cocktail.

| did a one minute count of each sample.
Blank 12 CPM

Tc stock #1 10760 CPM

Tc stock #2 10615 CPM

Whipping out my calculator. . . | get 1.09E+09 counts/mL.

~ | can repeat all this with longer count times, and making dilutions by weight to give you something "official" for the

records. Since the Tc stock hasn't cleared up yet, | thought you might want to have me dilute it out a little more, «
else filter all of it to get a uniform solution.

Katharine Carson
katharine.carson@pnl.gov
509-376-4299
Project No. ; /1) Date of Wark
| \ | [ 7 J I
Eniered By 4 l Date 1/14/0
\ ] I i
Disclosed Tg and Understcuq] Ely (
Signed 1 | | = Det'le
| P
2. | i Daita
] [ | | ]
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b 17 Jan 2001 14:43 ALPHA/BETA - 1.09 Page #
: otucnl #:21 PTC2550 Tc-99 User
X 10.00
prla Mode: CPM Nuclide: MANUAL
ﬁ ckground Subtract: None

i LL UL  LCR  25% BKG éqb

Fegion A: 0.0 - 40.0 0 0.0 0.00 P (

\Region B: 40.0 - 400 0 0.0 0.00

ion C: 2.0 - 2000 0 0.0 0.00
ench Indicator: tSIE/AEC
{Ext Std Terminator: Count
;0oincidence Time(ns): 18
I Delay Before Burst(ns): Normal
Bl Protocol Data Filename: A:\AENO9\PROT.DAT
4 . Count Data Filename: A:\AENO9\SDATAZ21.DAT
& Spectrum Data Drive & Path: A:\AENO9
TIME CPMA A:2S% CPMB B:2S% CPMC C:2S% SIS tSIE FLAG
10.00 22.90 13.22 12.80 17.68B 41.75 9.79 130.70 537.27
10.00 3611.99 1.05 10391.5 0.62 13973.4 0.54 177.97 537.12
10.00 3667.18 1.04 10417.8 0.62 14053.5 0.53 177.56 539.93
10.00 36373.5 0.33 106442 0.19 142451 0.17 180.21 541.54
10.00 37490.5 0.33 108336 0.19 145446 0.17 180.71 549.16
i_“l‘“?' JSEU] 1V QU WD) O s —y I
5@wd1, . A Dm% [
2. /hﬁh}b\”w—--‘i' (—J/L/\/\.M. Datg L qz Dl
\ Z S




2 .

g _:Tc{Stock 2

counts/mL = 1.086E+06

“ounts/mL = 1.073E+06
Average =  1.079E+06
- ;

sample A
sample B

i

] Prepared by Katharine Carson 1/18/01 Page 2
- 1

E"“*’“’ B, i, Ly D
] * | Disclosed To |and |Understogd By AL L{ (A [9/o]
- i ' /L<-L et A, A
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Assay of Tc-99 Stock Solutions for Equilibrium Batch Contact Testing

Balance 362-06-01-056 ; 1
Mettler PM400 L1
calibration expires 8/2001 6&“0 ‘a (0
Make up a Tc Stock 2 by dilution of original Tc stock 1:1000 in water.
g Vial & Water water. Tc Water.g Tc. g factor

13.209 23.372 23.38 10.163 0.008 1270.375

Make up two successive 100X dilutions of the original Tc stock.

- iaht Vial _ Diluti
g Vial & Water water, Tc Water,.g Tc. g factor
13.438 23577  23.679 10.139 0.102 99.40196 dilution #1
13.432 23.612 23.711 10.18 0.099 102.8283 dilution #2

(used to prepare counting samples)

Preparation of samples for LSC

I iaht Vial. T Diluti
13.367 13.467 28.438 0.1 14.971 149.71 Tc stock #1 sample A

13.251 13.351 28.373 0.1 15.022 = 150.22 Tc stock #1 sample B
13.296 13.394 28.43 0.098 15.036 153.4286 Tc stock #2 sample A

13.11 13.211 28.228 0.101 15.017 148.6832 Tc stock #2 sample B

Blank counting sample made up with 0.1 mL DI water in 15 mL cocktail

Counting data
Sample CPM
Blank 12.8
Stock 1 A 10391.5
Stock 1B 10417.8
Stock 2 A 106442
Stock 2 B 108336 ‘
For Tc Stock 1 s
counts/mL= 1.061E+09 sample A 3
counts/mL = 1.064E+09 sample B X
Average = 1.062E+09 i
L
Prepared by Katharine Carson 1/18/01 Page t
Discigsed [To and Understood By | ' ' ) i E
Signed 1. /'K\ y CAAAL~] Date / IT’T' b1
2. I\ Data | il




e prd 0%31428

| Bu3s, 238714

ot pypd 0ZF3C ..
PUD_’“( 7&)41' OD 308‘ -

sk 2 B

e W

",_3__',gm_ 5 :3';'_?_@3
13,254 13350 4

s2lg 15
3,00 4,

3Lz~ 6l -0L-05(0

| (f‘;‘--’l-:f
reiler Prdon

calibutmn  expives. 2/2001 -
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~ peschane, Jaquetta R ‘
* Frbm: Rapko, Brian M
_ Sent: Thursday, December 28, 2000 9:27 AM

= | To: Deschane, Jaquetta R
- Subject: RE: KNO3-KOH Solution

Change it from 5 M KNO3/0.01 M KOH to 1 M KNO3/0.01 M KOH. [ just checked the KNO3
solubility and indeed we are about 30% over the maximum KOH solubility in room temperature wate

- Oops.
- Brian
From: Deschane, Jaguetta R
S sent: ~ Thursday, December 28, 2000 7:48 AM
‘) To: Rapko, Brian M

F subject:  KNO3-KOH Solufion

Etoi%i_ﬂo £ N1 5 ata_of Work.
Entered_By. R [AAANAL Z.Lff/n L Dmlf L _140
Disclosec To-and_JnderemAjLH ¢ {
| Signed-1 - _Date.
2 l DalL_—
R I
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Notes on solution make-up . ﬁ ;/ 2{/00
Balance O ©2 0b—01-¢473 By b (uan
Calibration expires ¢ 2/ 280 Q
Bultnce gk log = Io.caoo}j’ weuht sevisl # 95-Jd50toz-4 £ T
| 51
) | o
Pipet# Eygandod N32¢71 Pipet #
Weight checks . Weight checks
6.99%¢ 4.
0. 9% %l 4,
0. 9913 %
0,99¢61 47
.99k 27,
T= 214"
Pipet # Pipet #
Weight checks Weight checks
7
60{[“0‘(_1@_ 3o~ Ol 0]- 09 7 ﬁ _ i
Repres 3/200 | D wit Vol
"lgg(anu; ched. . ‘ 'I':'-?g
| ¥ Gg-3566LSE-2d oF
Ak . -
il fk}r ﬁblu*\“\. u \& ! !\(ﬁf\loa _ 'T
l%nt‘u%ﬂ 32 - o0t "¢ 3 Oﬁq% ol 0> }’
' expives & [ zool
dedeo e desdadodor - TT T 5 |
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RE L L oE Lel A
“FP . 7T
L f,w’sﬂ;’.ﬁ
~ Pipet weight checks
i | . o Date |2[241| oD
et Balancefig[)-—@(p%’)( -03S BY@LAM
. Calibration expires 2 [ (
Pipet# H309123 Pipet# _H 309732
‘ ~ Weight checks Weight checks
i o o b L.ODO ()
T &Q&jf_g__ © 39205
1000l 2~ 999 |
i
b
- Pipet# Y71D Pipet# HA02A13
2 Weight checks Weight checks
I 0.00947] 0.09932
1138 O.6095] TP E)
{18 0.00923 O0.026
18
118
-'“ Pipet# _H30213 Pipet# _ {3012
— Weight checks Weight checks
Al 0.4 0045 oo 1%3
A [.B0O0LR
| 0, 2% > o 992K
Pipet# H2021> Pipet #
Weight checks Weight checks
pllo2t _1opadp
| 0020 2~
| .OD(pD
= Entefed-By. omi% | f '
Di osed-To-and—UndeTstood-E'.‘ ;
— Signed %L[&w——r Q//L Dat|e__ [ CI,/ of
\JI s j _%' I Date I




TRACEABLE®
Certificate of Calibration for Temperature Probe
Certificate Number Model Number Serial Number
This Tcmpecr:’z'lzﬁcsl%robc was calibrated against}ﬁiiuﬁlzlzng;iﬁgfc of Standards anzdn%”ggzlgglogy Traceable

Instrumentation. This calibration complies with the requirements of ISO 9000 Certification.  All values are
in accordance with ITS-90 (International Temperature Scale of 1990).

Calibration Test Information

Test Equipment Serial Number Calibration Due Date

HART PRECISION BATH, 7011 56063 06/23/00
NIST Traceable Test Number(s)

256495, 178-90 ‘
Accuracy
Testing was performed on the unit as shown below. Test results are as follows: )

Standard °C Reading °C Standard °F Reading °F
25.00 25.1 17.00 17.2

The maximum error of this Temperature Probe at the time of calibration did not exceed the specified
accuracy of: % 0.1°C
Test Conditions: Temperature °C Relative Humidity % Barometric Pressure (inHg)

23.00 41.00° 29.91

Maintaining Accuracy

Once measured and calibrated your Temperature Probe should maintain it's accuracy. There is no exact way to
determine how long calibration will be maintained. Electronics change little, if any at all, but can be affected by

aging, temperature, and shock.

Calibration Dates
Factory Calibration Date
= 06/05/00 0sfosjo2
We recommend that the unit's accuracy be recertified on an annual basis for those users with critical needs such as
accreditation demands, government specifications, or ISO 9000 requirements. :

Tester’s Initials Metrology Manager
PUL - U\)ﬂﬂuf&m»g
Recalibration

For factory calibration and recertification of this Temperature Probe contact:
Control Company =« 308 West Edgewood « Friendswood, Texas 77546 + USA
Phone 281 482-1714 « Fax 281 482-9448

Control Company is an 1SO 9001 Quality Certified Company.
1SQ 9001 Certificate No. 98-HOU-AQ-1805

Next Calibration Due Date

@© contral Company

Traceable® Is a registared trademark of

©1997 @ Contral Company Rav. 1/93
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TRACEABLE®
E) Certificate of Calibration for Digital Thermometer

Certificate Number Model Number Serial Number
: 373297 NEW 61220-601 20207313

This Electronic Digital Thermometer was calibrated against National Institute of Standards and Technology
. Trageab!e Instrumentation. This calibration complies with the requirements of ISO 9000 Certification. All values
are in accordance with 1TS-90 (Intemational Temperature Scale of 1990).

Calibration Test Information

Test Equipment Serial Number Calibration Due Date
THERMISTOR CALIBRATION STD 98179306 08/25/00
NIST Traceable Test Number(s)
811/256331
Accuracy
Testing was performed on the unit as shown below. Test results are as follows:
’ Standard “C Reading *C Standard * ding *
; e 5.00 5.0 41.00 41.0
T g 25.00 25.0 17.00 77.0
45.00 45.0 113.00 113.0
: 100.00 100.0 212.00 212.0
L

The maximum error of this Electronic Digital Thermometer at the time of calibration did not exceed the specified

accuracy of: + 0.2°C

Test Conditions: Temperature °C Relative Humidity % Barometric Pressure (inHg)

23.00 41,00 29.83

Maintaining Accuracy

Once measured and calibrated your Electronic Digital Thermometer should maintain it's accuracy. There is no

exact way 1d determine how long calibration will be maintained. Electronics change little, if any at all, but can be
affected by aging, temperature, and shock.

Calibration Dates
Factory Calibration Date
— 06/05/00 06/05/02

We recommend that the unit’s accuracy be recertified on an annual basis for those users with critical needs such as
accreditation demands, government specifications, or ISO 9000 requirements.

Tester's Initials Metrology Manager

Next Calibration Due Date

B n 0oy
Recalibration

l For factory calibration and recertification of this thermometer contact:
|

B G i Control Company + 308 West Edgewood -« Friendswood, Texas 77546 - USA
' { Phone 281 482-1714 - Fax 281 482-9448.

r_-—' T ' Control Company is an 1SO 9001 Quality Certified Company.
1SO 9001 Certificate No. 97 177

Tracezble® it a registered trademark of @ Contral Company
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Obtain vial of nominally 5 mCi Cs-137 in dilute HCI. Evaporate to dryness.

Dissolve Cs-137 residue in minimal amount of DI water.
Divide Cs-137 between 2 cesium stock solutions.

1 M Cs solution

Weigh out 0.975 g. cesium nitrate into a 5 mL volumetric flask.

Dissolve using Cs-137 - DI water. Rinse Cs-137 residue with DI water, transfer washes to flask.

Balance:

3¢ 2-0lo—0l- 0473

Calibration expires:

2!01

6.9752 g

0.01 M Cs solution

Weigh out 9.75 mg cesium nitrate into a 5 mL volumetric flask.

[og = 10,0000 g
eyt xvial # g -Jsow3-4

Dissolve using Cs-137 - DI water. Rinse Cs-137 residue with DI water, transfer washes to flask.

Balance:

262 -6b-0\ == 040

Calibration expires:

’Z!m

00, 6097171

Remove a 0.1 mL aliquot of each stock for gamma counting.

g.
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Instructions for the preparation of 137-Cs stock solutions. ne 5t &
L

<
: 5 .
1)  Background. B f

We need two solutions. The first is 1 M in Cs and contains substantial activity so
that counting of a 1 mL solution is straightforward, even if up to 99% of the total
activity is removed. The second is 0.01 M in Cs and contains the same activity.
Given that a 1 mL aliquot can be used, the assumption of a 100,000 dpm activity
seem plenty. So a stock solution capable of delivering a 10 mL of a 100,000
dpm/mL 137Cs solution is needed. The typical spike solution is 10 microliters
into 10 mL or a 1E03 dilution. This makes the required activity of the stock
solution 1E06 dpm/mL multiplied by 1E03 or a 1E09 dpm/mL solution. Given
that 1 Ci is about 1E12 dpm a ca. 1 mCi/mL concentration of Cs-137 is required.

The current estimate is that about 2.5 mL of each stock solution is needed. To be
safe, prepare 5 mL of stock solution. Note that the specific activity of 5 mCi of
137Cs is only 5.76E-05 grams. To prepare 5 mL of each stock solution, ca. 5 mCi
source of 137Cs should be evaporated to dryness at room temperature to minimize
any aerosols that might spread 137Cs contamination.

2) Stock solution preparation:

To generate the 1 M total Cs stock solution, place 5 mmol (194.91 g/mol * 0.005
= 0.973 grams) of CsNO, or 5 mmol (168.36 grams/mol * 0.005 = 0.842 grams)
of CsCl into a 5 mL volumetric flask. Rinse the ca. 5 mCi 137-Cs residue
repeatedly with small (0.5-1mL) portions of DI water, transferring each wash into
the 5 mL volumetric flask. Cap and agitate the volumetric flask, remove a 0.1 mL
aliquot into a 2 dram vial containing 1 mL DI water, and measure the sample
activity on a gamma counter.

Repeat the process for the 0.01 M Cs stock .solution, only here the 5 mL
volumetric flask will containing 9.75 mg of CsNO, or 8.42 mg of CsCl.
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' Assay of Cs-137 Stock Solutions for Equilibrium Batch Contact Testing

" ' Balance 384-06-01-008

13.435
13.409

13.154
13.485

' calibration expires 8/2001

23.62
23.464

23.248
23.554

Vial,_
Tare weight. g Vial & Water water, Cs

23.737
23.565

23.35
23.658

Take 1 ml of each dilion & .

Vial&Cs_
- ight uti
8.196 9.194
8.146 9.156
8.073 9.084
8.145 9.155
Gamma counting data
Sample ID
IPL source

Cs stock 1 dilution #2
Cs stock 2 dilution #2

Cs

'Make up two successive 100X dilutions of the original Cs stocks.

10.185
10.055

10.094
10.069

solution, g

0.998 dilution #1
1.01 dilution #2

1.011 dilution #1
1.01 dilution #2

0.117
0.101

0.102
0.104

_MﬂJm factor

Cs stock 1
Cs stock 1

Cs stock 2
Cs stock 2

87.1 dilution #1 Cs stoc
99.6 dilution #2 Cs stoc

99.0 dilution #1 Cs stoc
96.8 dilution #2 Cs stoc

All spectrum files are located on c:\mca\data\cesium A u MUH’EM vwhEE

e

168 0.0396 uCi
316 0.1186 uCi
72 0.0309 uCi

130stnd.spc
sk1dil2.spc
sk2dil2.spc

3

p i

[ee— .

Dilution #1 samples have too much activity to count.
] E.I I.
Tare weight. g Vial & water Water,g Stock, g. factor
13.4471 23.6539 10.2068 0.01 1021 Cs stock 1
13.51 23.5093  9.9993 0.01 1000 Cs stock 2
Vial &Cs_ Cs
[ T ial uti uti
8.074 9.096 1.022 Cs stock 1
L d 8.167 9.182 1.015 Cs stock 2
— Prepared by Katharine Carson 1/31/01 Pag
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_’_ Gamma counting data All spectrum files are located on c:\mca\data\cesium
| samplelD Net counts Activity, Cs-137 Data file
—L. IPL source 168 0.0396 uCi 130stnd.spc
i Cs stock 1 698 0.6597 uCi ’ 10Isk1.spc
| Csstock 2 270 0.4161 uCi 10Isk2.spc
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Chem Rec_61 ( Prep date: 12/18/2000
Preparation of Standardized 5M, 0.1 M, and 0.01M NaOH
wp# [ F17605 | Requester: K. Carson

0.01M NaOH, 2 liters: 0.1 M NaOH, 2 liters: 5.0 M NaOH, 250 ml
Charge to F17605. Thanks! -—Katharine Carson

solution and also standardize this 10X dilution.
19.06M NaOH

5M NaOH

50 mL burrette. Hence. since KHC8H404 = 204.23 g/mole or mg/meq

Target wt for KAP to titrate 0.01M NaOH will be about 40 mg.

Request: Brain Rapko has given me the job of making up jillions of stock solutions for balch contact tests he is going to do for
CH2MHill. In order to make up the solutions, | need some different NaOH solutions made up and validated by titration. Please make up:

Preparation: Use 50% NaOH (19.06N) Fisher stock solution (CMS # 52456) to prepare the 5M NaOH -- then prepare
0.1M NaOH from this stock and standardize this solution and adjust 5M NaOH accordingly. Then prepare the 0.01M

Calculations : 250mL*5MNaOH = = 65.6 mL conc NaOH -—to 250 mL with DI water.
2000mL * 0.AM NaOH = 40.0 mL of ~5M NaOH - to 2000 mL with DI water.

Standardization : Use NIST SRM 84j, Potassium Acid Phthalate KHC8H404 (KAP) —~CMS# 52232
Technique used will be via hand-titration to the phenopthalein endpint. A good titration wou

20 mL*0.1M NaOH =2 meq. and 2 meq of KAP =204.22 mg/meq * 2 =~ 408 mg weigh on 5-place balance

Id use about 20-25 mL ofa

|

NaOH Molarity verification performed on ~ 0.1 M NaOH prep.

(target = .41g) | Vol. Of ~ 0.1M NaOH| NaOH Molarity =a *1 Molarity Error
Verification Test # Wt. of KAP to neutralize 1000/ b * 204.23 +H-@1s

1 0.40351 20.95 0.09431

2 0.39661 20.62 0.09418

3 - 041712 21.65 0.09434

Ave= 0.09428 0.0001
certified value
5M NaOH is revised as follows based on standardized 0.09428M NaOH N
2000 mL*0.09428 MNaOH _ = 4.71M NaOH
40.0mL
and:
2000mL *0.01MNaOH = 212.1mlL of 0.0943M to 2L with DI H20
0.09428
NaOH Molarity verification performed on 0.01 M NaOH dilution
(target = .41g) Vol Of ~0.01M | NaOH Molarity =a * | Molarity Error
Verification Test # Wt. of KAP | NaOH to neutralize | 1000/b *204.23 +H-@1s

1 0.04822 23.78 0.00993

2 0.03937 17.82 0.01082

3 0.02939 14.55 0.00989

Ave= 0.01021 0.0005
certified value

/
Analyst/Date (\ AZ 7 glonr™ ,5 ’g/ 0l
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Chem Rec_62 Prep date: 02/19/2001

Preparation of Standardized 0.25M NaOH

WP#| F22698 | Requester: K. Carson

Request: /need some more NaOH solution made up and validated by titration. Please make up:

0.25 M NaOH, 250 ml -—Charge to F22698. Thanks! Katharine Carson

Preparation: Prepare ~ 10M NaOH from reagent grade solid NaOH -- then prepare 500 mL of 0..25M NaOH from this
stock and standardize this solution and adjust 10M NaOH accordingly. Then aliquot 250 mL for use and keep 250 for
backup.

Calculations:  40g NaOH/mole *10M* .25L = 100g NaOH pellets dissolved to 250 mL with DI water.

500mL * 0.25M NaOH = 12.5 mL (use 13mL) of ~ 10M NaOH ---to 500 mL with DI water.
10 M NaOH

Standardization : Use NIST SRM 84j, Potassium Acid Phthalate KHC8H404 (KAP) --CMS# 52232
Technique used will be via hand-titration to the phenopthalein endpint. A good titration would use about 20-25 mL of a
50 mL burrette. Hence. since KHC8H404 = 204.23 g/mole or mg/meq
20mL *0.25M NaOH =5 meq. and 5 meq of KAP =204.22 mg/meq * 5 = ~ 1021mg (~1g) weighed on 5-place
balance
Hence, Target wt for KAP to titrate 0.01M NaOH will be about 1 g.

NaOH Molarity verification performed on ~ 0.25 M NaOH prep.
(target = 1g) Vol. Of ~0.25M | NaOH Molarity =a * | Molarity Error
Verification Test # Wt. of KAP NaOH to neutralize | 1000/b * 204.23 +H-@1s

1 : 0.90624 : 17.55 0.25284
2 0.80848 15.60 0.25376
3 0.88187 17.08 0.25281
Ave= . 0.25314 0.0005

certified value

~10M NaOH is revised as follows based on standardized 0.09428M NaOH

500 mL *0.25314MNaOH = 9.73 M NaOH
13 mL

Analyst/Date 8 W.J ol J:/f(o// 2o0)
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st National Laboratory filename 01-0544
: . 3/12/2001

Battelle, Pacific Northwe

Richland, WA
Radiochemical Processing Group

Cognizant Scientist: C. Sederue 37 13-0

Client: Carson
Concur: ﬁWﬁj 2350 |

Results of Tc-99 Assay
Lab
1D dpm/mL Ci/mL g/mL s

Sample
Tc Stock 1 01-0544 1.55E+9 6.97E-4 411E-2 +1%
01-0545 6.80E-7 4.01E-5 +1%

Tc Stock 2

1.51E+6

Spike 1.41E+5 dpm/mL observed
. 1 39E+5 dpm/mlL expected
101% spike yield
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! Standardizatiorl Use NIST SRM 84j, Potassium Acid Phthalate KHC8H404 (KAP) --CMS# 52232

Prep date: 12/18/2000

1 Lﬂ

Preparation of Standardized 5M, 0.1 M, and 0.01M NaOH Qi 2 o %%

W58010 | Requester: K. Carson

WP# |

Request: | need more NaOH solutions made up and validated by titration. Please make up: 0.01 M NaOH, 2 liters: 0.1 M NaOH, 2
liters: Charge to W58010. Thanks! —Katharine Carson
Pre;}aration: Restandardize some previous 0.1M NaOH from current stock and standardize this solution. Then prepare
the 0.01M solution and also standardize this 10X dilution.
c'alqulat!ons See Chem Rec_60 for prep information on the ~ 0.1M NaOH.

i 2000mL *0.01M NaOH = 200.0 mL of ~ 0.1M NaOH ---to 2000 mL with DI water.

0.1M NaOH
Technique used will be via hand-titration to the phenopthalein endpint. A good titration would use about 20-25 mL of a
50 mL burrette. Hence. since KHC8H404 = 204.23 g/mole or mg/meq
20mL *0.1M NaOH =2 meq. and 2 meq of KAP =204.22 mg/meq *2 =~ 408 mg weigh on 5-place balance

Target wt for KAP to titrate 0.01M NaOH will be about 0.4 g.

NaOH Molarity verification performed on ~ 0.1 M NaOH prep.
(target = .41g) [Vol. Of ~ 0.1M NaOH| NaOH Molarity =a * [ Molarity Error
Verification Test # Wit. of KAP to neutralize 1000/b *204.23 +H-@1s
1 0.40071 19.5 0.10062
2 0.43252 21.1 0.10037
3 0.41742 20.35 0.10044
Ave= 0.10047 0.00013
certified value 0.13%
NaOH Molarity verification performed on 0.01 M NaOH dilution >
(target=.41g)[ Vol. Of ~0.01M | NaOH Molarity =a * [ Molarity Error
Verification Test # Wt. of KAP | NaOH to neutralize | 1000/b *204.23 +H-@1s
1 0.06842 33.52 0.00999
2 0.07756 38.00 0.00999
3 0.07141 34.94 0.01001
Ave= 0.01000 0.00001
certified value 0.08%
Analyst/Date bt Slag/ot
/ AJ
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BaTed H-(,

[AN165 st

ane lope A Recipe

Volume of Feed

In a tared 2-L Volumetric

Flask add

L

2000/mL

iActuaI Wi, grams

- Faau Spr 433y,

grams
[\ﬁ'ute: 200} 19 % % ¢ ,gs\'ﬁ ste ._) I 31 Lj_
Transition Metals and Complexing agents
Compounds Formula Mass Needed| Mass Measured MW M
Boric Acid H3BO3 02820 0.797¢, 61.83 2.36E-3
Cadmium Nitrate Cd(NO3)2 4H20 0.008 .00, 308.47 1.47E-5
Calcium Nitrate Ca(NO3)2.4H20 0.236 a7 5(5_;5\ 236.15 4.99E-4
Lead nitrate Pb(NO3)2 0.085 0.0%07,. 331.2) 1.28E-4
Magnesium Nitrate Mg(NO3)2.6H20 0.057 bos714, 256.41 1.11E-4
Potassium Nitrate KNO3 19221 |G, 220 Y,, 101.1 9.51E-2
Silver Nitrate AgNO3 0026f ©,vllbe” 169.87 7.56E-5
Zinc Nitrate Zn(N03)2.6H20 0.046 0.04 297.47 7.72E-5
Glycolic Acid HOCH2COOH, 70 wt% 1.665 bl . 76.05 1.09E-2
Sodium Chloride NaCl 14,984 ldags 58.44 1.28E-1
Sodium Fluoride NaF 0420, oMUy~ - 41.99 5.00E-3
Sodium Chromate Na2Cro4 « 4 Hy0 |0 0BG 42080 (0% %o 2348161-070] 1.30E-2
Sodium Sulfate Na2504 1140, 1,140 142.04 4.01E-3)
Potassium Molybdate  [K2MoO4 0204 {0, 'Z.G@c]. 238.140 4.27E-4
IAmmonium Acetate  [CH3COONH4 0513, 0,5 n&’ﬁ, 77.080 3.33E-3
In a separate container mix the following
Compounds Formula Mass Needed| Mass Measured FW| _MI
Sodium Aluminate NaAlO2 120.61] | 2b.(L s 81.97 7.36E-1
Sodium Hydroxide NaOH 137.83. {371, ]Y 4 40.00 1.72E+0
Selenium dioxide Se02 0001 (y,0¢lg” 110.950) 6.27E-6
Sodium meta-silicate  [Na2Si03,9H20 2.135 24354 284.200) 3.76E-3
Sodium Acetate NaCH3COO8H2O | 2.33% 3865  2.3%C0% [x2.:li36080 1.42E-2
Sodium Formate HCOONa 4.351 4 354 ¢/ 68.010) 3.20E-2
Sodium Oxalate Na2C204 0928 0,4 29¢. 134.000 3.47E-3
Sodium Phosphate  INa3RO4-12H20 : 2281 bbbk |2wsopoo-t29 3.00E-3
e B  THZG Loy J
iAdd Igra'ﬂs Actual W, gramsl
Water i 3000 32l 5 o
Mix thoroughly. Then add this solution to the volumetric flask. ~
Add Formula Mass Needed Mass Measured FW M
Sodium Carbonate  |[Na2CO3 22.149 2%l \% 105.990 1.04E-1
Mix thoroughly. J
Add Formula Mass Needed Mass Measured FW| M
Sodium Nitrate NaNO3 209.70 129 ¢ 84.99 1.23E+0
Sodium Nitrite NaNO2 166.48 1e¥.44 7, 69.00 1.21E+40
Mix thoroughly. . =
Mix thoroughly and dilute to the mark. e %'.[%L 31*@1]1&/ 4 5olu1l.'wq = 292%.2
Record Final Weight 2d %9 % lgrams o ' ‘
Record Final Density VoM gram/mL /E
Preparation Date !0! 3 1! e Signed {/f [ [/‘l,w ﬂ/14¢f
{
Blace {7r-n( : 'ﬁ'b’lm{ mo Bt Heoon s H}b e j {1{




Unique Numerical Desiénation: TI-PNNL-WTP-040 | Author Approval: i&@f;% 74-4

Revision number: 1 Technical Reviewer: .

Effective Date: ~ 04/11/01 MM
Controlling Procedure No: CHG-TP-41500-014 /474
TITLE Instructions for SuperLig 639 and SuperLig 644 Batch Contacts.

Work Instructions

General Background: Pre-equilibration of SuperLig 639 and 644 resins

Materials: DI water (ca. 2000 mL)
5 M in NaNO,/0.1 M NaOH solution (ca. 1000 mL)
0.2 micron Nylon filter and filter assembly
0.5 M HNO; (ca. 1000 mL)

balance #: i s WSt
last calibration date: ém w a |
calibration exp. Date: (J |
Performance test: test weight \ ", ®
test weight ﬁaj _ P
test we%ght i ot o f,-)i
test weight found weight W

test weight found weight 6 o
GB.1 Pre-equilibration of SuperLig 639. Place 15 grams of SuperLig 639 in a 250 mL l ,Q ,
polypropylene or polyethylene plastic bgttle together with 150 mL of a solution 5 M in w)
NaNQO, and 0.1 M in NaOH. Place thé bottle on a shaker and agitate for at least 1 hour. {}‘ﬁ‘ .
Decant off the supernatant and discard the liquid as waste. Repeat three more times for a {93
total of 4 contacts with the alkagn’e solution. Contact the resin with 150 mL of deionized

(DI) water as with the alkaling/Solution above. Measure the pH of the decanted liquid \
either with a pH meter or pH paper. Repeat the DI water treatment until the measured pH
reads 8 or lower. Transfer the resin with a DI water slurry to a tared 0.2 micron Nylon

filter system and pass aif through the system until no weight change is observed over the

time of at least 1 hour. Transfer the resin to a tared plastic bottle for storage.

SuperLig 639 production lot number:
Tare wt. 250 mL bottle:
Wit. 250 mL bottle + resin:

Initial resin wt:

pH of Ist DI water treatment:
pH of 2nd DI water treatment:
pH of 3rd DI water treatment:
pH of final DI water treatment:

1 of 82 -
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GB2b. Determining the F factor for the as-received SuperLig €39 through dryifig atf#°C
under vacuum.

Transfer a ca. 0.25 gram sample of the as-received SuperLig 639 to a‘tared 20 mL glass
LSC vial. Weigh the material and record the weight. Cover the open vial with a piece of
paper and dry in a vacuum over at ca. 50°C for ca. 24 hours. Rémove the sample from
the oven, remove the paper and cap, allow the sample and vi4l to cool to room
temperature, and weigh. Repeat until the resin mass changes by less than 5% after 24

hours of drying. S¢ 687 L
. 7. 279
Tare wt. vial: T
Wt. vial + resin: 42, FEEL
Initial resin wt.:
P K)
Temperature of oven (Heating 1): F 4% °C i
Start Heating 1 J6!00 Y-15-2 Je:9 §-15-0/
Stop Heating 1 19:60 §-2J%0) /2.90 g2
Wt. vial + resin (Heating”1): 12,925 ¢ 123762,
Temperature of oyén (Heating 2): e e }71;)3
!\,Vf ﬂ{hﬂc
resin (Heating 2): g ﬂfvc/‘}’ ?407 0
v
L
erature of oven (Heating 3): e g

Stop Heating 3 E—
Wt. vial + resin (Heating 3): — z
Final resin wt.: - g

GB2c. Determining the F factor for the pre-equilibrated SuperLig 639 through drying at
7 C under vacuum

o

In duplicate, transfer a ca. 0.25 gram sample of the pre-equilibrated SuperLig 639 to a
tared 20 mL glass LSC vial. Weigh the material and record the weight. Cover the open
vial with a piece of paper and dry in a vacuum over at ca. 85°C for ca. 24 hours. Remove
the sample from the oven, remove the paper, cap, allow to vial and sample to cool to
room temperature, and weigh. Repeat until the resin mass changes by less than 5% after
24 hours of drying. Dispose of this resin after completion of the expe{rglrzlzent

Tare wt. vial: 9. ;!ﬁt{_/_'Z,___g _:’:r"zﬁéﬂg 17.19%)
Wt. vial + resin: 12. 3478 — g R
Initial resin wt.: _QMg _O_éf_QAG_g

3 of 82



Temperature of oven (Heating 1): 49 oc f i G
Start Heating 1 1AM 472 L =17

Stop Heating 1 3. 394K 12:35 Y~% ke :‘"7"/"
Wt. vial + resin (Heating 1): /22978 ¢ ; s ns To
Y L2258 <% _ ,
. bf) /f(-(-a“j/_‘//ﬂ
Temperature of oven (Heating 2): °C i 0 .
Start Heating 2 F0 45 [2.50 §-1F sty
Stop Heating 2 L2 307+] 20:35 ¥7g.
Wt. vial + resin (Heating 2): 7 3 /7.3982 ¢
D e J
Temperature of oven (Heating 3): oc MT AL
Start Heating 3 p> :{J Pff[g/)
Stop Heating 3 élf*j*‘j
Wt. vial + resin (Heating 3): g o be
Final resin wt,: g g & ,f)/d"'
Cu}f yz‘g{v?

GB3 Pre-equilibration of SuperLig 644. Sieve SuperLig 644. Collect fraction < 0.425
mm (40 mesh) and greater than 0.212 mm (70 mesh) for pre-equilibration. Place 25 or.

least 1 hour. Decant off the supernatant and discard the liquid as waste. C
0.5 M nitric acid to a total volume of 250 mL. Place the bottle on a sha
at least 1 hour. Decant off the supernatant and discard the liquid as
M nitric acid contact three more times for a total of 4 contacts with'the acid solution.
Next contact the resin with 150 mL of deionized (DI) water aswith the acid solution.
Measure the pH of the decanted liquid either with a pH metér (preferred) or pH paper.
Repeat the DI water treatment until the measured pH reads 4 or greater. Transfer the
resin with a DI water slurry to a tared 0.2 micron Nylon filter and pass air through the
system until less than a 5% weight change is obgeﬁfed over the time of at least | hour.
Transfer the resin to a tared plastic bottlef}yérage.

and agitate for
ste. Repeat the 0.5

SuperLig 644 production lot number: S/ 9635 SmC-1v-73

Tare wt. 250 mL bottle: rd g _

Wt. 250 mL bottle + resin: __.,/ g ot fﬂﬂ'j

Initial resin wt.: /S g /.Q;r

pH of 1st DI water treatment: f’b“

pH of 2nd DI watef treatment: an

pH of 3rd DI water treatment: f l’J

pH of final DI water treatment: /8 [”f’ oL
P 539!

Wit. filtér g

t. filter + resin: I -
Wt. filter + resin; g

4 of 82



Tc Distribution Measurements
A) Kinetics of SuperLig 639 with pertechnetate at ambient temperature.

A.l.  Prepare sixteen, 20 mL sample vials. Label and tare the sample vials. Record the
weights in Table A1 below.

..&t'l‘:\o"&ﬂ/).l Determine the density of the test solution (1.8 M sodium nitrate, 0.1 M sodium
&“L hydroxide and 3. I M in sodium chloride) by weighing three, 1 mL aliquots.

3 ,{t “L.l Lt -—‘ L
& 1 Temperature: 22.73 °® 7 b
nu Size of aliquot: | mL  Weight | mL aliquot: ‘+'¥/
—— ) Size of aliquot: 1 mL  Weight 1 mL aliquot: | 200 ¢
‘&’5;; L Size of aliquot: mL Weight 1 mL aliquot: /L /§l3 g
22.3% Ave. density: g/mL (A3a)

0,971 lﬁ A.3.  Place ca. 0.100 grams of SuperLig 639 in each vial listed in part A.1. Record the
0.9%33 new weight in Table A1 below.

.4 Y :
2 :tfq g A4.  Place 10.1 mL of the test solution (1.8 M sodium nitrate, 0.1 M sodium hydroxide
s 2'~[ and 3. 1 M in sodium chloride) into a different set of 20 mL LSC vials using a pipette.
0.9% Record the weight change in Table A1.

" A.5. Place a 35 microliter aliquot from a ca. 0.3 M T stock solution into each
solution-containing vial.

A.6.  Agitate the solutions for I minute. Remove a 0.1 mL aliquot and place in a
labeled 20 mL liquid scintillation vial containing 10 mL of Ultima Gold XR. Weigh the
samples and record this information (t = 0) in table A2.

A.7.  Transfer each solution to the corresponding vial described in A1 containing the
SuperLig 639. Take care not to disturb the resin so as to splash it on the vial’s sides.
Seal the cap to the vial with a piece of tape and place the vials in an orbital shaker set to
25°C £ 5°C. Record the vial’s temperature. Stir the solutions at ca. 225 rpm for the
times indicated in Table Al. Shaker speed: LS

A.8. At the indicated time remove the sample, filter the liquid through a 0.2 micron
syringe filter, and place an 0.1 mL aliquot in a labeled 20 mL liquid scintillation vial
containing 10 mL of Ultima Gold XR. Weigh the sample in record the weight in Table
A2.

A.9. Count the LSC samples and record this information in Table A.2.

A.10. Decant and discard the remaining liquids into a radioactive waste container and the
resin into a solid “SuperLig 639 waste container containing DI water.

6 of 76



Table Al. Tc Kinetics Collection Data

Vial Tare Tare Wt. + | Wt. Stir Start Stop Temp.
Label wt. (g) SuperLig Initial Time Time Time (°C)

(8 soln. (g) "
ti LA 17, sUY 2,268 2 ?;ij} jf:’ w i
At .37 il 12 [12.20%4 S J
A el | 75996 [z et [ *jz:; Ve
R 22 11,3295 |i2,1826 o J/ T‘
A% g 174203 [17.2003 8 tﬁ;’ M’,’c
A3 ussl 11,333 { 2,206 s J/ J
M s 363 [gaws [T el il
At (.88 | 17,295 3 [z 86y [ 2400 1 L
ASe | asot| sl | 2a9a |8 el
A-3b 3| 11,4050 |12, 207 48 br J
A-6a - 12,1975 | 72hr ‘v;:#;/ xjf.z,
A 388 7,495 [12.2271 72 hr h J
A-Ta ‘1.5515 17,9322 |iz. 1373 96 hr 4;2;7;1 x.;’;/ﬁ’c/
A-Tb Lagl5| 1 7.0863 | jz,0850 96 hr J, d/
A-8b | 1oz | 5237 168 hr 4 l/
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Table A2. Tc kinetics: LSC data cymé
Vial Label Sample Initial wt. | Initial wt. + Activity (cpm)
reaction time (2)* aliquot (g)
A-11a 0 hr 27.A5¢Y
271639 I2F 49 9990
A-1F 2 hr
¢ 27 AIo2 97.3318 | 14993 3)
A-11b 0 hr
Q7282 | 27 3955 50 3Sb
A-1Fb 2 hr
27.2392 | 27.35%7 | 459942
A-2Ia 0 hr
273033 | 724290 | soova3
A-2F 4 hr
: ([@7302 | 26.8%60 | 4/ s8¢
A-21b 0 hr k 27.2205 | 27394 | 49754,
A-2Fb 4hr T /e
Q2. il 50 ‘?7";2‘?‘?? //9/90
A-3la 0 hr
222520 | A2.3735 | 60507
A-3F 8h
% . 27.22/188 | 22.3902 | o600/
Al 0 hr 27,1992 | 2.3902 | g0 3097
A-3Fb 8 hr a
271120 R7. 233 79599, g
A-41a 0 hr .
2722570 | 37.3737 | 50048y
A-4F 24 hr T6Y89.C
‘ 27.2780 | &I1.4000_ f
A-41b 0 hr 4 $<,09
27 /217 | 273930 | &
A-4Fb 24 hr
273096 |97.431F | Tll00.y
neala 0 br 272570 |27 3776 | 499359
A-5F 48 hr _
. 27 /285 | 17,2641 | Fogaz.)
-5Ib 0 hr
A 22324 | 229242 | s00057
A-5Fb 48 h
' 272.296¢ | 37,3099 | 9159 b
Vial Label Sample Initial wt. Initial wt. + Activity (cpm)
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reaction time

aliquot

A-6la 0 hr
27 2644y | 27.3%850 | Y4939
A-6Fa 72 hr ;
27.3)18 27.9390b 94 P76.8
A-6Ib 0 hr
272061 | 273368 | 5o j1p&3
—— 72 hr R7.2295 | 37.353% | 7582y
A-Tla 0 hr
R7.23%0 | 27.3598 | o2 08
A-TF 96 hr
A-7Ib 0 hr
270964 |27. 2175 | S 012
A-TFb 96 hr
273197 | 237.4330 | 207532 7
A-8la 9 hr 27.1b) | 27 865 | 497580
— e X7 9643
e 27.3475 | 374090 | 959
A-8Ib 0 hr '
27.1923 | 273115 | 493340
A-8Fb 168 hr 273327 | R7.3542 | T4 7
Blank a 0 hr et
Blank b 0 hr ay

*Note: In the table above the initial wt. refers to the weight of the 20 mL scintillation
vial plus 10 mL Ultima Gold. Blanks refer to simple Ultima Gold in the absence of a

radioactive aliquot.
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B) Effect of “Spectator Ions” on SuperLig 639 distribution measurements.

./ B.1.  Prepare ten, 20 mL sample vials. Label and tare the sample vials. Record the
weights in Table B1 below.

\/fs.z. Place ca. 0.100 grams of SuperLig 639 in each vial listed in B.1. Record the new
weight in Table B1 below.

V§3. Place 10.1 mL of the test solution as indicated in Table B1 into a different set of
20 mL LSC vials using a pipette. Record the weight change in Table B1.

B4, Placea 10 microliter aliquot from a ca. 0.3 M Tc stock solution into each
solution-containing vial.

B.5.  Agitate the solutions for 1 minute. Remove a 0.1 mL aliquot and place in a
labeled 20 mL liquid scintillation vial containing 10 mL of Ultima Gold XR. Weigh the
samples and record this information in Table B2.

B.6.  Transfer each solution to the corresponding vial described in B1 containing the
SuperLig 639. Take care not to disturb the resin so as to splash it on the vial’s sides.
Seal the cap to the vial with a piece of tape and place the vials in an orbital shaker set to
25°+ 5°C. Stir the solutions at ca. 225 rpm. Record the initial and final vial
temperatures.

Initial temperature: _’thf.f—oc ‘J}MIDI B3 pam
Final temperature: R
Shaker speed 25

B.7. After 72 hours, stop shaking and remove the sample vial. Filter the liquid through a
0.2 micron syringe filter, and place a 0.1 mL aliquot in a labeled 20 mL liquid
scintillation vial containing 10 mL of Ultima Gold XR. Weigh the samples and record
the weight in Table B2.

B.8. Count the LSC samples and record this information in Table B2.
B.9. If needed, perform pipette performance checks on the pipettes used to transfer the
10 microliter stock solutions, the 0.1 mL LSC aliquots and the 10.1 mL test solution

transfers. Record the data in attachment 1.

B.10. Decant and discard the remaining liquids into a radioactive waste container and the
resin into a solid “SuperLig 639” waste container containing DI water.
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Table B1. Effect of “Spectator Ions” on SuperLig 639 - Collection Data

Vial Tare wt. (g) | Wtsoln. (g) Tare Wt. + Solution
Label SuperLig (g) Type
B-la 177, 260 | ].995 3 17,384 - L

2350 a6y | 173338 (A
B2 2385 | 12,0354 | 11,3319 |B
B2 o PRSI B T W B I A Y 2 s
B 2082 |2 077 | 17,3035 |© “y "
B-3b i), Hiol i1,8572 51.51‘-\\ C
PRz naazd | nadas (P
B 9,329 Lg8l2 | 33k | P )
B3 4213741, 9977] 173898 |B o,
B0 9,5219 [ 1L7655] 17,4277 | B

Table B1 code:
Bowl A =0.018 M NaNO;, 0.1 M NaOH, 4.9 M in NaCl
=B =0.018 M NaNO;, 1 M NaOH, 4 M in NaCl
5+AC=0.018 M NaNOs, 2.5 M NaOH, 2.5 M in NaCl
30w!D =0.018 M NaNOs, 4 M NaOH, 1 M in NaCl
39.'E = 0,018 M NaNO3, 4.9 M NaOH, 0.1 M in NaCl

Start Time:
Stop Time:

Initial Temperature:

-_xﬂfcltm 1.8 pom.
Slialn " ‘:)(0') -
2. | oC

Final Temperature:

11 of 76
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Table B2. Effect of “Spectator Ions” on SuperLig 639 - LSC data

Vial Label | Initial wt. (g) | Initial wt. + | Activity (cpm)
aliquot (g)
B-1la 271, 4229 | 27,5402 1dgad’)
B-1Fa 21.5199 | 2. ,29% 5322.00
B-1Ib 271.4770 | 771, 5939 150207
B-1Fb 71.5105 | 2,611 | (099 3
B2la 206458 | 21,1570 | 4543T
B-2Fa 27,4108 | 21, 57201 (b, 2ol. 10
B-2Ib 274290 | 21,5430 | [ua13%
B-2Fb 2. 33T 27,4490 | 557560
e 2700280 | 21417 1413771
B-3Fa 27,4099 | 272 51 3% (5332
B-3Ib >q.dot3 | 215 14o | S1206%
B-3Fb 21.5352] 27, 439 -359.35
el 21,3228 | 27,4342 | w1334
B-4Fa 21,4997 | 27T @I Z| 7163, 32
B-4Ib 2175263 | 27,479 | juaa4d
B-4Fb 271,490 | 27,5093 L347.%2
B-5la 27,3285 | 27.4436 | 144143
B-5Fa 27,5124 | 27, (24| §18%. 71
el 27,4508 | 27,5663 | gU (sl
B-5Fb 21,5512 | 27, (51 33 (511 2
Blank a LEEL]
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[Blankb | [ | x4 |

*Note: In the table above the initial wt. refers to the weight of the 20 mL scintillation
vial plus 10 mL Ultima Gold. Blanks refer to simple Ultima Gold in the absence of a
radioactive aliquot.
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)) Kinetics of SuperLig 639 with Pertechnetate at 65°C Under Stripping Conditions.

.1, Prepare sixteen, 20 mL sample vials. Label and tare the sample vials. Record the
weights in Table C1 below.

/C.2.  Place ca. 0.100 grams of SuperLig 639 in each vial listed in C.1. Record the new
weight in Table C1 below.
(" =
tC.3. Place 10.1 mL of the test solution (0.005 M sodium nitrate, 0.001 M sodium
hydroxide) into a different set of 20 mL LSC vials using a pipette. Record the weight
change in Table C1.

e
‘3/ '{3/ Place a 10 microliter aliquot from a ca. 0.3 M Tc stock solution into each
solution-containing vial.

5 f‘{C.S. Agitate the solutions for 1 minute. Remove a 0.1 mL aliquot and placg in a
labeled 20 mL liquid scintillation vial containing 10 mL of Ultima Gold XR./Weigh the
samples and record this information in Table C2.

‘5‘1C.6. Transfer each solution to the corresponding vial described in C1 containing the
SuperLig 639. Take care not to disturb the resin so as to splash it on the vial’s sides.
Bring the shaker table temperature to ca. 65°+ 5°C. Place the sample vials on the shaker
table and stir the solutions at ca. 225 rpm for the times indicated in Table C1.

Initial temperature: 031 ec
Final temperature: LY, § 9QC .
Shaker speed 248

C.7. At the indicated time remove the sample vial, filter the liquid through a 0.2 micron
syringe filter, and place an 0.1 mL aliquot in a labeled 20 mL liquid scintillation vial
containing 10 mL of Ultima Gold XR. Weigh the sample and record the weight in Table
CZ,

C.8. Count the LSC samples and record this information in Table C.2.

C.9. Decant and discard the remaining liquids into a radioactive waste container and the
resin into a solid “SuperLig 639” waste container containing DI water.
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Table C1. Tc Kinetics Under Stripping Conditions at 65°C Collection Data

Vial Tare | Tare Wt. + Wt. soln. | Stir Start Stop Temp.
Label | wt.(g) | SuperLig (g) (2) |Time |Time |Time |(°C)
I igamd 13333 |waseq (2 '3/,{;]!‘?'2 AN 5,50
o1 11965 17, 3042 [10.09Z =l "1/ ll/
- 12.2499) 1. 3628 |10.1371 Hhr ﬂ._:';,‘ 633%
CB 0 amal i a6z o zed |4 L &
el 17,1635 177,251 10,1262 Sy féq N?_ (5.
g 12525 17.3597 |jp, (084 S LL
o 17007 [ 177,200 T {0,081 s ]DH!?{ 655G
o 173l 172400 |jp.092b ke .J/ 3
N e BRCEYY PRTICE ‘}Tﬂgl LS4
0 i 7.3 17,4017 [}0,083) o J/ J/
e L) 3033 10,116k | 2™ jf;‘l‘i'?_ (5.3
o 17232 17,3454 | pazdz 72hr 3 iy
o 114784 17, 2%¢z |10, 1184 ik {,{;‘.,’i’f? (5.5
b 17 2e6d| 17 9121 [ (0. 1048 il J, J/
8 e 17,3770, | 10.037% S ﬂ"g"fé 0Y.%°
OB rssis ot L]
5]3/26o| s

2w 3br-BL-ol o043

ol Tian {H:hf‘; 'Zl 1002
- , 0000 ¢
ij |o 9

I6d. 6 60 ’j.

fos 4 -
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Table C2. Tc Kinetics Under Stripping Conditions at 65°C LSC data

Vial Label | Sample Initial wt. (g) | Initial wt. + Activity (cpm)
reaction time aliquot (g)

I o 27,3224 27,4183 | g5l
C-1Fa 21 272929 | 213877 | iyg4zl
C-11b 0 hr 21, 2675 | 29, 3627 TES 4173
C-1Fb 2 hr 27,3951 | 21,4400k | 143309
C2la 0 hr 27,3119 | 221.4136 | 150520
C-2Fa 4hr 21,355 3] 2724485 | wa 11%
=20 0 br 27,3155 [ 27,4705 | ,y2T2e
C-2Fb 4hr 11842 | 212757 | 13994
C-3la Ohe 273932 | 29,4947 | 1513271
C3ka S 27,4085 | 27494949 EHeIL
C-3Ib 0 hr 27,4700 | 27,5657 | 19L4La
C-3Fb 8 hr 21,3807 | 27,4765 | 149 63|
- e 2.1 [292,275 1 | HL393
C-4Fa 24 hr 27,3378 | 27,4317 1SN ET
C-41b 0hr 271,250 |27, 30y 145155
C4Fb | 24hr 21 NSZ [ 22,565 1 | j4dsS
C-5Ia 0 hr 21,2503 | 27, 296l 1271996
C-5Fa 48 hr 21,3253 | 27.4179 | 14q63%
C-5Ib 0 hr 4SS 27,502 NN
C-5Fb 48 hr 27,4715 (215653 | cq50%
Vial Label | Sample Initial wt. | Initial wt. + | Activity (cpm)
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Pt W & pctwity ( ape)

reaction time aliquot
C-6la 0 hr ,1.2159 | 271, 3219 NS
C-6Fa 72 hr 27, 321 L 2. t.;oai'—( | <SY JO2L
C-61b 0 hr 27,2316 | 27132773 a1l
C-6Fb 72 hr 21,3161 [ 29, 4odl | 153502
C-7la 0 hr 27,317 [ 209071 | qg24d
C-7Fa Josh 21,3981 | 22.4%8) | | Leo %o
C-7Ib 0 hr 27, 2185 | 27 345 NESTH]
C-7Fb 96 hr 72,214 |57 362 | ] 65 23
C-8la 9 hr 27,236l | 27,3313 | 44939
C-8Fa 168 hr 1,333 | 27,4726 | 793720
C-4lb 0 br 277, 3548 | 21,4513 14p55 D
C-8Fb Ll 27,4850 | 21,5063 | 168253
Blank a NA 1.5
Blank b NA K E

*Note: In the table above the initial wt. refers to the weight of the 20 mL scintillation
vial plus 10 mL Ultima Gold. Blanks refer to simple Ultima Gold in the absence of a

radioactive aliquot.
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C*)  Kinetics of SuperLig 639 with Pertechnetate at 65°C Under Loading Conditions.

~C*.1. Prepare sixteen, 20 mL sample vials. Label and tare the sample vials. Record the
weights in Table C*1 below.

A*.2. Place ca. 0.100 grams of SuperLig 639 in each vial listed in C.1. Record the new
weight in Table C*1 below.
e
L€*.3. Place 10.1 mL of the loading test solution used in part A (1.8 M sodium nitrate,
0.1 M sodiufm hydroxide and 3. 1 M in sodium chloride) into a different set of 20 mLs
LSC vials using a pipette. Record the weight change in table C*1.

"J/ l-' 64. Place a 35 microliter aliquot from a ca. 0.3 M Tc stock solution into each
solution-containing vial.

5/ 4 "6“.5. Agitate the solutions for 1 minute. Remove a 0.1 mL aliquot and place in a
labeled 20 mL liquid scintillation vial containing 10 mL of Ultima Gold XR /Weigh the
samples and record this information in Table C*2.

4 I’] C*.6. Transfer each solution to the corresponding vial described in C*1 containing the
SuperLig 639. Take care not to disturb the resin so as to splash it on the vial’s sides.
Bring the shaker table temperature to ca. 65°+ 5°C. Place the sample vials on the shaker
table and stir the solutions at ca. 225 rpm for the times indicated in Table C*1.

Initial temperature: ©3.9 -°c
Final temperature: 48  °C

Shaker speed 225

C*.7. At the indicated time remove the sample vial, filter the liquid through a 0.2 micron
syringe filter, and place an 0.1 mL aliquot in a labeled 20 mL liquid scintillation vial
containing 10 mL of Ultima Gold XR. Weigh the sample and record the weight in Table
B

C*.8. Count the LSC samples and record this information in Table C*.2.

C*.9. Decant and discard the remaining liquids into a radioactive waste container and the
resin into a solid “SuperLig 639” waste container containing DI water.
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Table C*1. Tc Kinetics Under Loading Conditions at 65°C Collection Data

Vial Tare | Tare Wt. + Wt soln. | Stir Start Stop Temp.
Label wt. (g) | SuperLig (g) (2) Time | Time Time (°C)
e i1,1229) 17.2393 |17, 2325 2he 5.?1’.;;_‘ :(;{}o{ 6334
S= .299] 17,3249 |12 24573 21 l Y d/
2| ws13330 12,0625 |4 \ [T Jusis
cr2b 1. 134 17.3241 12,190 4 hr J, ‘l/
o i1.33U) 17,4924 | 12,2800 ahr ?’[’!;'L (ps.l,"c.
3 11,3100 [ 17,4140 |, 2,204 8 hr 1{/
e 1,358 1. 4999 12,2410 o f‘!ﬁl;j (,G:S"é
i i2wg 17 3626 12,2541 “hin J/ ll/
5 ams|17. 3287 |9, 226 | B e lhsud
e 17 20e[ 17, 3096 |)2,232% wh L J
€8 2|17, 3475 12,230 |2 Shelor [ = 2
0 s 1. 4273 |25 | P \Y,
T sy 1. 304 [ 12.0q22 |6 i |est
e 1 7.0392] 11, 2038 ||2,2247 sohe ), J/
C*-8a e s 168 hr j,/:al‘% LUK %
I | 1, 3wy [ 12,200 1B v i
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Table C*2. Tc Kinetics Under Loading Conditions at 65°C - LSC data

Vial Label | Sample Initial wt. () | Initial wt. + [ Activity (cpm)
reaction time aliquot (g)
C*-1la itz 21,3393 | 214581 | 51012
C*-1Fa 2hr 21,3875 | 224990 | 502 gib
C*-11b 0 hr 21, 4013 | 41, 5295 552301
C*-1Fb e 2123498 | 27,3400 | 223512
C*-2Ia 0 hr 2714153 | 97,4319 5071693
C*-2Fa 4 hr 21.3082 | 2147255 243027
C*2Ib 0 hr 51,430 | 277, 584 503532
C*-2Fb 4 hr 21,3321 | 27,44 | 2 db22
C*-3]a 0 hr 27, 5T | 51, 321 5ol 23 |
C*-3Fa 8 hr 21, 45717 | 39,572 218370
C*-3Ib 0 hr 11,2993 | 77.5159 $50% 71 1
C-3Fb 8 hr 21,4905 |27,033 23379
C*-4la 0 hr 21,389 | 27,5665 | 584713
C*-4Fa 24 hr 27, 4129 |21, 5 260 2277719
C*-4Ib 0 hr 27,3270 27,d43 | 4yg5133
C*-4Fb 24 hr 21,3729 | 27,4357 | 2355 o
C*-5la 0 hr 1434l | 27,5519 L5062 |
C*-5Fa 48 hr 21,245 59,3547 | 240%10
C*51b 0 hr 27,3652 | 27, 4820 | 5525Ld
C*_5Fb 48 hr 21,3631 | 27,4709 | 55,235
Vial Label | Sample Initial wt. | Initial wt. + | Activity (cpm)
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Thtval wi, | Act '1“019 (< Jh..\_

reaction time aliquot
C*-6la 0 hr 27,324k | 49 9402 qq%ﬂ
C*-6Fa 72 hr 27355 | 214618 | 949 a2
Ceb G 2. z15 | 21,4083 56863
C*-6Fb 72 hr 21,2835 | 2. 2928 | z131L2
C*7la 0 hr 21,3693 | 21,4259 | spedo’]
C*-7Fa 96 hr 211855 | 27,2930 | 223675
C*-7Ib 0 hr 27,392 | 27, 4259 03997
C*-7Fb 96 hr 212522 | 21,2443 196114
C*-8la 9 hr 2149607 | 27,5777 | 4pYy 163
C*-8Fa 168 hr 21,2225 | 21.3379| 2367140
C*-8Ib 0 hr 27,4635 277, 5787 4449 LA
C*_8Fb 168 hr 274353 | 21,4499 | 23722%%
Blaka ___|NA HLge
Blank b NA RS

*Note: In the table above the initial wt. refers to the weight of the 20 mL scintillation
vial plus 10 mL Ultima Gold. Blanks refer to simple Ultima Gold in the absence of a
radioactive aliquot.
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D) The Effects of Varying Nitrate/Pertechnetate Ratios on SuperLig 639 Distribution
Measurements at Room Temperature.

vD.1.  Prepare twenty, 20 mL sample vials. Label and tare the sample vials. Record the
weights in Table D1 below.

\152 Place ca. 0.100 grams of SuperLig 639 in each vial listed in D.1. Record the new
weight in Table D1 below.

vD.3.  Place 10.1 mL of the test solution as indicated in Table D1 into a different set of
20 mL LSC vials using a pipette. Record the weight change in Table D1.

D4. Placean aliquot from the appropriate stock solution as indicated in Table D1 into
each solution-containing vial.

D.5.  Agitate the solutions for I minute. Remove a 0.1 mL aliquot and place in a
labeled 20 mL liquid scintillation vial containing 10 mL of Ultima Gold XR. Weigh the
samples and record this information in Table D2.

D.6.  Transfer each solution to the corresponding vial described in D1 containing the
SuperLig 639. Take care not to disturb the resin so as to splash it on the vial’s sides.
Seal the cap to the vial with a piece of tape and place the vials in an orbital shaker set to
25°+ 5°C. Stir the solutions at ca. 225 rpm. Record the initial and final vial
temperatures.

Initial temperature: 2o, | °C 5 I I‘t‘lbl W5y |7
Final temperature: 2506 °C
Shaker speed A{_

D.7. After 72 hours, stop shaking and remove the sample vials, filter the liquid through a
0.2 micron syringe filter, and place an 0.1 mL aliquot in a labeled 20 mL liquid
scintillation vial containing 10 mL of Ultima Gold XR. Weigh the samples and record
the weight in Table D2.

D.8. Count the LSC samples and record this information in Table D.2.

D.9. Decant and discard the remaining liquids into a radioactive waste container and
the resin into a solid “SuperLig 639” waste container containing DI water.
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Table D2. Tc Nitrate/Pertechnetate Room Temperature LSC data

Vial Label | Initial wt. (g) | Initial wt.+ | Activity (cpm)
aliquot (g)

D-1la 27,3895 | 27,5046 | 403071
D-1Fa 21, s0z4 | 29, S 256213
D-1Ib 22,5108 | 21,6254 | 462159
D-1Fb 21,3577 | 91, de | 2,0l 0
D-2Ia 27,391 | 37,5052 | uas#?
D-2Fa 27,4184 | 29,5301 | 2%%5.p
D-2Ib 21554l | 4. (108 kL
R 27411 | 215280 | 283899
D-3la 59,444 S | 27.5092 4617140
D-3Fa 27,4227 | 21.5398 | 992424
D-3Ib 52,4921 | 21, Glo7 Lbi 5!
DI 22,4456 [ 21 kol | 34593
D-4la 27,4999 | 21,6183 | 52805, 3
D-4Fa 27,5698 | 271, LEH 590,73
A 27,4377 | 21.555 ~ 51&:*5-5
D-4Fb Sa,dsbd | 21,6121 | Lqu3s )
D-51a 4655 | 21,5358 ngn o
D-5Fa 57, 45164 Lhile 2% o 30U
D-Slb 21.55M [ 27,0773 | yadssl
D-5Fb 21,4271 | 27, 5462 (Y2947
Vial Label | Initial wt. Initial wt. + Activity (cpm)
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Tadgel @ oAt petvly Cepa)
aliquot
Kl b, 1383 | (. 2L30
ﬂ5 D-6Fa G136 T | . 2l
N3 ) D-6lb b1 267 b, 220
Dok 6.0523 | (ol
D-7la 27,4579 | 271.5%65 | gp20a]
D-7Fa 27, 4429| 21 SLL]|  y 5.
D-7Ib 27.382b | 21,5652 51L%13,0
D-7Fb 27,4920 | 271 Lot 454l b1
D-81la 6 LY4s L. 2LA0
D-8Fa L5 . 1D 2
D-8Ib L. 1550 Loll"lclb/
D-8Fb G ol b 2\A%
D-9]a L0322 | L2053
D-9Fa Lol P IPA
: aﬁ\; D-9Ib L. 158 | ¢.239%
D-9Fb L1229 L.2454
D-10Ia .\ 28! b, 24 64
D-10Fa (057 | (. 26T
D-10Ib 60936 | (. 2099
D-10Fb W A 2N 1Hag
Blank a 255
Blank b T

*Note: In the table above the initial wt. refers to the weight of the 20 mL scintillation
vial plus 10 mL Ultima Gold. In addition, #8, 10, 12 and 13 are to be sampled into an
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empty 1 dram vial. Blanks refer to simple Ultima Gold in the absence of a radioactive
aliquot.
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E) The Effects of Varying Nitrate/Pertechnetate Ratios on SuperLig 639 Distribution
Measurements at 65°C.

A\ ,
b,/E. 1. Prepare twenty, 20 mL sample vials. Label and tare the sample vials. Record the
weights in Table E1 below.

-“E.2.  Place ca. 0.100 grams of SuperLig 639 in each vial listed in E.1. Record the new
weight in Table E1 below.

“E.3.  Place 10.1 mL of the test solution as indicated in Table E1 into a different set of
20 mL LSC vials using a pipette. Record the weight change in Table E1.

“E.4. Place an aliquot from the appropriate stock solution as indicated in Table E1 into
each solution-containing vial.

~E.5.  Agitate the solutions for 1 minute. Remove a 0.1 mL aliquot and place in a
labeled 20 mL liquid scintillation vial containing 10 mL of Ultima Gold XR. Weigh the
samples and record this information in Table E2.

E.6.  Transfer each solution to the corresponding vial described in E1 containing the
SuperLig 639. Take care not to disturb the resin so as to splash it on the vial’s sides.
Bring the shaker table temperature to ca. 65°+ 5°C. Place the sample vials on the shaker
table and stir the solutions at ca. 225 rpm for the times indicated in Table E1.

Initial temperature: o S L i
Final temperature: S2- °C
Shaker speed 225

E.7. After 72 hours, stop shaking and remove the sample vials, filter the liquids through
a 0.2 micron syringe filter, and place an 0.1 mL aliquot in a labeled 20 mL liquid
scintillation vial containing 10 mL of Ultima Gold XR. Weigh the samples and record
the weight in Table E2.

E.8. Count the LSC samples and record this information in table E.2.

E.9. Decant and discard the remaining liquids into a radioactive waste container and
the resin into a solid “SuperLig 639 waste container containing DI water.
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Table E2. Tc Nitrate/Pertechnetate 65°C LSC data

Vial Label | Initial wt. (g) | Initial wt. + | Activity (cpm)
aliquot (g)

E-1la 27,4537 | 27,5710 450127173
E-1Fa 27,9629 | 21.5%09 | 158 1%¢
E-11b 27,4490 | 22,5656 | <15
E-1Fb 57,4417 | 2. 8597 | j12i24
S 27.3763 | 22. 4993 | Soq043
Fraka 276057 | 227174 | jusas
E-2Ib 27,415 | 275892 | <0542y
E-2Fb 27,3994 | 27,5182 | 2005 |
E-3Ia 273127 | 214330 | g7y
B 24016 | 2752006 234799
E-3Ib 277, 52T 27 HTT | 5133L7
E 27.456% | 27,5730 | 2405%
E-4la 27,4345 | 27, 5542 52936.73
E 27,3741 | 274948 | 24433
E-4Tb 27,4641 | 21584l | 44,7
E-4Fb 71,2227/ 721, 3402 5 5338 %
E-51a 2704149 | 215367 | yaus2T
— 271,365 | 27,4863 | 9889
E-5Ib . 5403 | 27, LAl $093 ! dJ
E-5Fb 27,3970 | 27,5147 211 3959
Vial Label | Initial wt. | Initial wt. + | Activity (cpm)
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Db wh 4
aliquot
E-61
a b 372 | (,, 5190
E-6Fa 6.5828 | (L. L1006
E-61b
(plt_[(;” LD.'_S—‘{L‘%
E-6Fb
64893 | (. 594
E-71
71a 21.23999 271, 57209 5\(»57-7
E-7Fa 20,4627 | 21,5869 | a1,
E-7Ib 273317 | 2249558 | 445%3.1
BRI 21498 | 27,6236 | 211073
E-8la (D‘L_l'z_(-['.l e 5"”.&’
E-SF
8 456l | (.5%062
E-8Ib
L. 4b2Y | (. 580%
E-8Fb
(.45 | £.57173
E-9Ia
LYSM | w534
E-9Fa
(.52%349 | G.e46A
E-9Ib . Joo (.56L173
E-9Fb :
65651 | 0301
E-10I
‘ 6. 4634 | ©.58%0
E-10F
a L, 4367 | 558
E-10Ib Fias e
(b, 5 fcl') P .LPSC’ 2
E-10Fb 6,563 6. 2500
Blank a Lt
s 2 2%y wwsad

*Note: In the table above the initial wt. refers to the weight of the 20 mL scintillation
vial plus 10 mL Ultima Gold. In addition, #8, 10, 12 and 13 are to be sampled into an
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empty 1 dram vial. Blanks refer to simple Ultima Gold in the absence of a radioactive
aliquot.

33 0f 76



F) lonic Strength Effects on SuperLig 639 Distribution measurements.

|/F 1. Prepare twelve 20 mL sample vials. Label and tare the sample vials. Record the
weights in Table F1 below.

1/1{2. Place ca. 0.100 grams of SuperLig 639 in each vial listed in F.1. Record the new
weight in Table F1 below.

L-F.3. Place 10.1 mL of the test solutio.n as indicated in Table F1 into a different set of
20 mL LSC vials using a pipette. Record the weight change in Table F1.

“f.4.  Place a 35 microliter aliquot from the ca. 0.3 M Tc stock solution and 6

microliters of the ca. 1.8 M Re stock solution as indicated in Table F1 into each solution-
containing vial.

<F.5.  Agitate the solutions for I minute. Remove a 0.1 mL aliquot and place in a
labeled 20 mL liquid scintillation vial containing 10 mL of Ultima Gold XR. Weigh the
samples and record this information in Table F2.

F.6.  Transfer each solution to the corresponding vial described in F1 containing the
SuperLig 639. Take care not to disturb the resin so as to splash it on the vial’s sides.
Seal the cap to the vial with a piece of tape and place the vials in an orbital shaker set to
25°+ 5°C. Stir the solutions at ca. 225 rpm. Record the initial and final vial
temperatures.

Initial temperature: 250 °C
Final temperature: G
Shaker speed 225

F.7. After 72 hours, stop shaking and remove the sample vials, filter the liquids through a
0.2 micron syringe filter, and place an 0.1 mL aliquot in a labeled 20 mL liquid
scintillation vial containing 10 mL of Ultima Gold XR. Weigh the samples and record
the weight in Table F2.

F.8. Count the LSC samples and record this information in Table F.2.

F.9. Decant and discard the remaining liquids into a radioactive waste container and the
resin into a solid “SuperLig 639” waste container containing DI water.
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Table F1. Tc Ionic Strength Collection Data

350f76

Vial Tare wt. (g) Tare Wt. Wt. soln. | Solution Stock Soln.
Label SuperLig (g) (2) Type Type
F-la : A
1, U5 [ 173280 (12,1328 15
F-1b A T
M. 22719 | 17,3262 |j2.07538 ‘
F-2a : B T
17,3403 |17, 4498 | 0,605 ‘
F-2b _« | B T
i, 17151 |7,Z%Z% 10 §C1‘3§ 2
F-3a i7,4403 C Tc
17,3427 | i0. 129
F-3b - C
1.3135 (119107 g do b h
F-4a ; D Tc
17,2435 | i7:344 2 i0, 2090
F-4b - D Te
(1.3388 | 174339 | 0,20072
F-5a E Te
172337 | 17,3930 |0, 204 %
F-5b = E Tc
17,4363 177, 4429 | 1014720
F-6a - B Re
(11664 17, 209 | 10,5291
F-6b oo e B Re
(7, 3093 | 17,4190 | 15,5751
Table F1 code:
Tc = 0.3 mM pertechnetate in DI water
Re = 1.8 mM perrhenate in DI water
5 LA =0.018 M NaNOs3, 0.01 M NaOH, 5 M in NaCl
\x‘f“ w! —7B=0.018 M NaNOs, 0.01 M NaOH, 1 M in NaCl
v C=0.018 M NaNO3, 0.01 M NaOH, 0.5 M in NaCl
D =0.018 M NaNOs, 0.01 M NaOH, 0.1 M in NaCl
/E=0.018 M NaNOs, 0.01 M NaOH
Start Time: 1350 b// 21} d
Stop Time: 11 20 S/a4fe|
Initial Temperature: 25.6 °C  Final Temperature: 5.3 °C




Table F2. Tc Ionic Strength LSC data

Vial Label [ Initial wt. (g) [ Initial wt. + | Activity (cpm)
aliquot (g)

F-11a 21,9085 | 27, 6184 Jaz214g
F-IFa 27,4058 21.5141 | 243656
F-1Ib 214352 51,5497 | yg127%
F-1Fb 27,5308 | 21, ,Mo% 3076b.5
F-2la 27,4548 [ 27,5471 | 456775k
F-2Fa 21,3052 57,3377 | 109 750
F-2Ib 271,591 | 2 0dT | Y3345 30
F-2Fb 27,5447 27, 34 1 1R 32
F-3la 21,4783 27, 57167 | 455577
F-3Fa 20 2T 21.7280 | 195505
F-3Ib 21421% | 215225 | 495442
F-3Fb 20,4562 21,5293 | 151017
F-4la 27.4756| 22,577 | ygyq ||
R 215519 | 206361 | 2979yy
F-4Ib 21,522\ | 11612 | 497730
F-4Fb 271.3729| 27,4593 | 29%3%2
F-sla 21,5478 | 21 6922] gy 787
F-5Fa 214999 | 27,5857 o275
F-5Ib 21,5477 29, 345 4957260
F-5Fb 51, 2224 27 4024 Yo | 537
Vial Label | Initial wt. Initial wt. + | Activity (cpm)
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[

Dt (. 4
aliquot
F-6la
b.43063 |, 2333
F-6Fa B
6.1235 | (o.2240
s b 1095 | . 2094
F-6Fb
0 6. 1989 | 6.299%
Blank a Bls
Blank b 3625

*Note: In the table above the initial wt. refers to the weight of the 20 mL scintillation
vial plus 10 mL Ultima Gold. #6 (Re sample) is to be sampled into an empty 1 dram vial.
Blanks refer to simple Ultima Gold in the absence of a radioactive aliquot.
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G) Tc Loading Isotherm for SuperLig 639.

v/G.1.  Prepare eight, 20 mL sample vials. Label and tare the sample vials. Record the
weights in Table G1 below.

LG.2.  Place ca. 0.100 grams of SuperLig 639 in each vial listed in G.1. Record the new
weight in Table G1 below.

~/G.3. Place 10.1 mL of the test solution as indicated in Table GI into a different set of
vials using a pipette. Record the weight change in Table G1.

“"G.4. Placean aliquot from the ca. 0.3 M Tc stock solution as indicated in Table G1
into each solution-containing vial.

~G.5.  Agitate the solutions for 1 minute. Remove a 0.1 mL aliquot and place in a
labeled 20 mL liquid scintillation vial containing 10 mL of Ultima Gold XR. Weigh the
samples and record this information in Table G2.

vG.6.  Transfer each solution to the corresponding vial described in G1 containing the
SuperLig 639. Take care not to disturb the resin so as to splash it on the vial’s sides.
Seal the cap to the vial with a piece of tape and place the vials in an orbital shaker set to
25+ 5°C. Stir the solutions at ca. 225 rpm. Record the initial and final vial
temperatures.

Initial temperature: Z5 i
Final temperature: <
Shaker speed 223

G.7. After 72 hours, stop shaking and remove the sample vials, filter the liquids through
a 0.2 micron syringe filter, and place a 0.1 mL aliquot in a labeled 20 mL liquid
scintillation vial containing 10 mL of Ultima Gold XR. Weigh the samples and record
the weight in Table G2.

G.8. Count the LSC samples and record this information in Table G2.

G.9. Decant and discard the remaining liquids into a radioactive waste container and the
resin into a solid “SuperLig 639” waste container containing DI water.
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Table G1.

Tc Loading Isotherm for SuperLig 639 Collection Data

TFare w4 Snulg

Vial Tare WtSoln. | Aliquot size |-Wi—seln—+ | Solution
Label wt. (g) (2 aliquet(g) Type
G-la (7, 2534 12,3615 1000 puL ., 2448 A
G-1b P 17,4055 | 1000 uL 19,39 1T A
02 (1,2327[12, 3413 il 13965 | P
o 17, 3kold 12,2168 SO HL i 7.4637 s
o3 1552412, 21,0 W 177,25 060 ¢
G0 PrnaE [1 2077 | 10E T 2263 ¢
8 lizasd] 12089 1OHE 17, 3783 |°
G40 | 4,253 121215 | OHE 171.35 29 .

Table D1 code:

v"A =1.8 M NaNOs, 0.1 M NaOH, 3.1 M in NaCl

«‘B =0.9 M NaNO3, 0.1 M NaOH, 4 M in NaCl

«C=0.18 M NaNOs3, 0.1 M NaOH, 4.7 M in NaCl

«D =0.018 M NaNO3, 0.1 M NaOH, 4.9 M in NaCl
M NS

Start Time:
Stop Time:

Initial Temperature:

13!5¢

S [=[ol

11: o

5’/-"1/ o

256 %C °C  Final Temperature:

390f76

K5 3

°C



Table G2. Tc Loading Isotherm for SuperLig 639 LSC data

(Note: dilute all G1 samples by a factor of 40 by weight before counting; dilute all G2
samples by a factor of 20 before counting; and dilute all G3 samples by a factor of 4
before counting) all dilutins veel 10p ) q[:):uo'[ :

C'D'CW‘\M’)
Vial Label [ Initial wt. g) [ Initial wi. + | Activity (cpm) | | | chilvent (5)
) aliquot (g) -
G-11I B
] 21,536l | 21,0302 | 32575 | 18T
( o-tre 27,3873 | 27,4742 | 264642 | 3,9420
4oy - et
== 27,4480 | 27,5357| 322458 | 3981
= 27,405 |21, 544 | 267283 | 2 1]
_ o8
o 27,85 | 27.5335] 33)444 | 1712
y G 27,4234 | 27. 5058 | z34(Ly? i Ul
70 G-2Ib e =
277, 36399 | 277 4L ! 334b Yy (L9776
0210 274017 |27, 4777 | 1348979 .a280
— 27,5199 | 271.6140 go b5 20 p.do 10
G-3F
) 277,.4dbb? 27,5537 d6L33.7 | 0, 399
\_{% G-3Ib 57 537 o gy £ 350 ’2,—79 79L‘ O_ngg
G-3Fb
27.4373 | 27. 5260 | 330607.2| 0.40Ib
e 27,4164 | 27,5231 | qdyin
B 277 4135 | 27T 5'4"{ b 37.40
G-41b . - -
27, 3811 | 214937 143245
e 27.5M | 216064 | ¢ 360G
Blank a 3593 3y
Blank b Al o | Fo. 25

In the table above the initial wt. refers to the weight of the 20 mL scintillation vial plus
10 mL Ultima Gold. Blanks refer to simple Ultima Gold in the absence of a radioactive
aliquot.
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Appendix C

Analytical Data



Battelle, Pacific Northwest National Laboratory flename 01-0544
Richland, WA 3/12/2001
Radiochemical Processing Group

Client: Carson Cognizant Scientist: C-.jroolaz{ww 3-13-0|

1
Concur: Mﬂwﬁ/ 3450

Results of Tc-99 Assay

Lab
Sample ID dpm/mL  Ci/mL g/mL t1s
Tc Stock 1 01-0544 1.55E+9 6.97E-4 4.11E-2 +1%
Tc Stock 2 01-0545 1.51E+6 6.80E-7 4.01E-5 +1%
Spike 1.41E+5 dpm/mL observed

1.39E+5 dpm/mL expected
101% spike yield
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Battelle — PNNL / AIAL
Inorganic Analysis / 320-ICP/MS Data Report

Project / WP#: 42365/ W58010
ASR#: 6134

Client: K.J. Carson / B. Rapko
Total Samples: 42

RPL # Client ID
01-1412 to 01-1447 * See below

Procedure: PNL-SC-01 Rev. 1, Inductively Coupled Plasma Mass Spectrometric (ICP-MS)

Analysis
M&TE Number: WB36913 ICP/MS, VG Elemental
512-06-01-014 Mettler AJ100 Balance
Analyst: Orville Thomas Farmer 111
Report Written by: Orville Thomas Farmer 111
Analysis Date(s): 8/19/01
Analysis Files: Experiments — 19Aug01S

Procedures — Manual data collection
Element Menus — 19Aug018

Laboratory Record Book (LRB): LRB BNW 56465 Sample login:  p.47-48
LRB BNW 56465: Rhenium assay: p.47-48

For Calibration and Maintenance Records, see ICPMS Service Center 98038 RIDS

T o F-25-0] Q%ZZWMJ{M

C——Reviewed By Concur RSHugO(

ASR-6134: Building 329/ Room 115 Page | of 4



1. Analysis

Ll

Forty-two liquid samples for Rhenium analysis were received from the client and were analyzed
by ICP/MS. All samples were first diluted by a factor of 100,000 and screened to determine an
estimate of the Re concentration. After screening, the samples were dilution to yield a known Re
solution concentration and bracketed by the calibration standards accordingly.

Data was collected using peak-hopping data acquisition parameters and manual solution
sampling into the instrument. All solutions (Standards, Instrument QC’s, Preparation QC’s and
Samples) were spiked with thallium that was used as the internal standard element.

ICP/MS results for all solutions are reported in units of mg/L and are instrument blank corrected.
In Table 1, reported concentrations for instrument QC’s are reported back to the instrument
solutions only. In Table 2, final results have been corrected for all laboratory dilutions
performed on the samples during analysis.

ICB® <EQL T.1E-06 T4TE-08
CCB-1 <EQL [.1E-06 453E-08
CCB-2 <EQL T.1E-06 2.83E-08
CCB-17 <EQL [.1E-06 3.10E-08
ccB2” <EQL T.1E-06 6.78E-08
CCBI™ <EQL I.1E-06 1.21E-07
ICV +710% 1.67E-04 | 1.68E-04 | 101
ICV?® F/)10% 1.67E-04 | 1.68E-04 | 101
CCV-1 +/10% 1.67E-04 | 1.68E-04 | 101
CCV2 +710% 1.67E-04 | 1.70E-04 | 102
CCV-1™ +710% 1.67E-04 | 1.J0E-04 | 102
ceva® +710% 1.67E-04 | 1.69E-04 | 101
CCV3" *7/)10% 1.67E-04 | 1.69E-04
ICS 8.16E-04
ICS Dup. +710% 8.14E-04 | 100
ICS Dup. Spike +7)25% 1.67E-04 | 1.71E-04 | 102
Ics* 8.12E-04
ICS Dup. * F/)10% 8.12E-04 | 100
ICS Dup. Spike * +7)25% 1.67E-04 | 1.69E-04 | 101

% Second run was preformed on the samples due to nebulizer plugging. Samples between CCV-2 and CCV-3 in the
first analytical run were re-analyzed in the second analytical run,

ASR-6134: Building 329/ Room 115 Page 2 of 4



QC Summary:

Duplicate (DUP): No duplicate was submitted. However, a replicate instrument QC analysis
(ICS and ICS Dup.) was performed on sample (D-6Fb) and met the QC criteria of +20%.

Matrix Spike (MS): A post matrix spike (E-6Fa) was submitted, however no information as too
the spiking level was provided, therefore no recovery was calculated.

Post Spike (PS): No post spike was submitted. However, an instrument post spike analysis
(ICS Dup. Spike) was performed on sample (D-6Fb) and met the QC criteria of +25%.

Preparation Blank (PB) and Laboratory Control Standard (LCS/BS): A preparation blank was
submitted and analyzed and meet the criteria of being < 5% of the measured concentration in the
samples but was greater than the calculated EQL. A LCS/BS was submitted and analyzed,
however no information as too the spiking level in this QC was provided and no recover was
calculated.

Initial Calibration Blank (ICB) and Continuing Calibration Blank (CCB): The ICB/CCB
standards are 1-% high purity nitric acid solution used as the diluent for the samples. The QC
criteria of less than the estimated quantitation limit (<EQL) were met for all ICBs and CCBs.

Initial Calibration Verification (ICV) and Continuing Calibration Verification (CCV): The
ICV/CCV standards met the QC criteria of +10% were met for all ICV and CCV check
solutions. '

Internal Standard (ISTD): The ISTDs met the QC criteria of 30% to 120%.
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Battelle - PNNL / AIAL / Inorganic Analysis ... 320-ICP/MS Data Report

Table 2: Sample results

A 2069 1.76E+00 1.16E-03

01-1413 D-6Fa B 500 4.32E-01 2.81E-04
01-1414 D-6Ib C 1714 1.48E+00 9.64E-04
01-1415 D-6Fb D 484 3.93E-01 2.73E-04
DUP 01-1415 D-6Fb D 484 3.93E-01 2.72E-04
DUP Spike 01-1415 D-6Fb D 484 4.75E-01 2.72E-04
01-1416 D-8la E 120 1.76E-02 6.74E-05
01-1417 D-8Fa F 120 3.25E-03 6.74E-05
01-1418 D-8Ib G 120 1.89E-02 6.74E-05
01-1419 D-8Fb H 120 3.63E-03 3.58E-05
01-1420 D-9la I 120 5.79E-04 4.01E-06
01-1421 D-9Fa J 120 1.20E-04 2.62E-06
01-1422 D-9Ib K 120 5.93E-04 7.98E-06
01-1423 D-9Fb L 120 1.32E-04 1.45E-06
01-1424 D-10Ia M 2069 1.78E+00 1.16E-03
01-1425 D-10Fa N 750 6.29E-01 4.21E-04
01-1426 D-101b 0] 2069 1.68E+00 1.16E-03
01-1427 D-10Fb P 674 5.68E-01 3.80E-04
01-1428 E-6Ia Q 2143 1.81E+00 1.21E-03
01-1429 E-6Fa R 923 7.68E-01 5.19E-04
Reagent Blank Spike DI-H20 spike S 120 2.78E-03 7.24E-06
Process Water DI-H20 i 120 6.98E-06 1.39E-06
Post MS-1429 E-6Fa U 414 3.89E-01 2.79E-04
01-1430 E-61b A-1 2069 1.74E+00 1.17E-03
01-1431 E-6Fb B-1 1176 9.55E-01 6.63E-04
01-1432 E-8la C-1 120 1.86E-02 6.74E-05
01-1433 E-8Fa D-1 120 1.14E-02 6.74E-05
01-1434 E-8Ib E-1 120 [.97E-02 6.74E-05
01-1435 E-8Fb F-1 120 1.11E-02 6.74E-05
01-1436 E-91a G-1 120 6.77E-04 1.26E-05
01-1437 E-9Fa H-1 120 3.69E-04 1.20E-06
01-1438 E-91b I-1 120 6.63E-04 5.63E-06
01-1439 E-8Fb J-1 120 4.04E-04 7.25E-06
01-1440 E-10la K-1 2143 1.80E+00 1.21E-03
01-1441 E-10Fa L-1 1304 1.09E+00 7.34E-04
01-1442 E-10Ib M-1 2143 1.82E+00 1.21E-03
01-1443 E-10Fb N-1 1429 1.19E+00 8.03E-04
01-1444 F-6la O-1 120 7.54E-04 7.85E-06
01-1445 F-6Fa P-1 779 6.44E-01 4.38E-04
01-1446 F-61b Q-1 120 1.04E-02 6.74E-05
01-1447 F-6Fb R-1 822 6.87E-01 4.62E-04
Reagent Blank Spike DI-H20 spike S-1 120 2.68E-03 1.80E-06
Process Water DI-H20 T-1 120 5.24E-06 1.04E-06
Post MS-1447 F-6Fb U-1 353 3.06E-01 2.80E-04
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24 Apr 2001 19:5% ALFPHA/BETA -~ 1.09 Fage #1
Protocol #:721 FTC2850 Tc-99 User @ BM
Time: 20,00 .
Data Hode: CPN Nuclide: MANUAL e Swelic 639
Background Subtract: None RT Kf‘nctﬁ'icf u./ shaken /)| u}v\
LL UL LCR 251 BKG 2S5~ O
Region A:  0.0- 300 0 0.0 .00 6 @pko R 4
Region B: 2.0 - 300 0 0.0 0.00 L2 ppm
Region C:  300-2000 0 0.0  ¢.00 shake specd r
Buench Indicator: tSIE/AEC
Ext Std Terminator: Count
Coincidence Time(ns): {8
Delay Before Burst{ns): Normal
Protocol Data Filename: A:\AENOS\PROT.DAT
Count Data Filename: A:\AENO9\SDATA2L.DAT
Spectrum Data Drive & Path: A:\AENO9
S TIME CFMA As2sy CFME R:28% CFMC Cr2ey 815 tSIE FLAG
1 20,00 29.70 8.21 28.88 8.3 8.80 15.08 94,998 512.78 91574'4
20 20,00 S00440 0,06 499490 0,06 1182.30  1.z=0 144 .80 441.789 A lT
S BO.00 1444619 o,17 144781 O.12 266.89 2.74 142.79 439,22 Al1a F
4 20,00 504539 0.046 S[O3IEIL 0,06 1134.38 1 33 144 .62 445 .57 4 18T
G 20,00 140207 .11 159942 0,11 27%.97 2.47 1472 .53 442.04 4| B\=
& 20,00 8501728 .06 500722 0,06 1022.99  1.40 144,50 448.85 AR T
720,00 114054 0,13 1158465 0.1 210.71 3.08 140.67 472,18 SARA L
8 20.00 494845 D.06 493846 0.046 9461.864 1.44 144.55 450.18 42 "’_:E
7 20.00 114369 0.1 114190 0.13 226.07 2.97 142.22 436.71 AL~
10 20.00 503501 0.06 202007 0.06 1010.00 1 41 144,47 448,70 4 Za T
11 20.00 89772.4 0.15 89629.6 0.15% 172.05 .41 141.27 435,32 Ade F
1 MISSING TUBRE(S)
13 20.00 504104 0.046 03097 0.06 1046.73  1.3I8 144 .27 448.14 A26 T
14 20.00 74671.0 0.1é 74549.8 0.16 149.03 .46 141.18 434,23 A3bF
15 20.00 501473 0.06 200484 0.06 1015.09 1.40 144, 12 448.10 A4aT
16 20.00 485071 0.06 484104 0.06 FOR.E65 1.49 144.72& 451.13 A#I
17 20.00 500364 0.06 499789 0,06 1114.66 1.34 144 30 445,037 ASa+
18 20.00 501075 0.04 300087 0.06 1052.91 1.38 143.99 445.97 46T
19 20.00 498352 0.04 497371 0.06 1017.16 1.40 144.14 447.35  AHoad
20 20.00 502061 0.06 301083 0.06 1015.06 1.40 144.56 448.57 A 641
21 20.00 503061 0.06 302081 0.06 1136.71 1 WIS 144,25 444,71 A2aT
22 20.00 S02122 0.06 01122 0.06 1008.55 1.41 144.28 449,41 /475.2'
23 20,00 498552 0.06 497380 0.06 101B.9& 1.40 144.56 448.656 4 Ja t
24 20.00 493326 0.06 492360 0,06 1021.21  1.40 144,71 448.77 AebT
25 20,00 79823.0 0.16 79693.7 0.14 156.45 3.58 147.46 451.28 A92Fa 5SS
=6 20.00 82228.9 0.16 82093.2 0.16 166.99 3.46 148.08 451.58 4276 SJ.
27 20,00 28.85 . 33 27 .87 B8.48 9.40 14.59 94,494 520.09

Blant b



07 May 2001 10:57 ALPHA/BETA - 1.09 Page #1
Protocol #:21 PTC2550 Tc-99 User : BM

Time: 20.00

Data Mode: CPM Nuclide: MANUAL
Background Subtract: None

l=)= UL LCR 2S57% BKG
Region A: 0.0 - 300 0 0.0 0.00
Region B: 2.0 - 300 0 0.0 0.00
Region C: 300 - 2000 o] 0.0 0.00
Quench Indicator: tSIE/AEC
Ext Std Terminator: Count
Coincidence Time(ns): 18
Delay Before Burst(ns): Normal
Protocol Data Filename: A: \AENO9\PROT.DAT
Count Data Filename: A:\AENOP\SDATAZ1.DAT
Spectrum Data Drive & Path: A:\AENO9
S# TIME CPMA A:25% CPMB B:235% CPMC C:25% SIS tSIE FLAG
1 20.00 41.00 4.98 32.86 7.08 B8.45 15.38 75.655 444 14 ¢?Aw4"
2 20.00 B6622.8 0.15 B6489.5 0.15 196.68 3.19 142.81 433.60 A Y4F
3 20.00 71209.8 0.17 71100.4 0.17 166.89 3.46 142.55 431,39 AYBF~
4 20.00 80998.6 0.16 80878.1 0.16 181.60 3.32 142.05 432,22 ASAF
5 20.00 84285.9 0.15 B4159.6 0.15 201.44 3.15 141.99 431.93 AsBF
& 20.00 94985.3 0.15 94840.8 0.15 211.3¢ 5.08 144.58 439.58 A64(
7 20.00 75616.8 0.16 75502.1 0.16 174.61 3.38 145.53 439.15 /4653'
8 20.00 85820.2 0.15 85691.0 0.15 192.01 3.23 145.22 439.44 A 74
9 20.00 80902.9 0.16 80782.7 0.16 164.19 3.49 146.03 443,02 A78F
10 20.00 92527.0 0.15 92391.1 0.15 225.85 2.98 142.81 433.51 A SAFSJS
11 20.00 70426.5 0.17 70320.3 0.17 164.74 3.48B 143.07 434.97 A48BFY
12 20.00 95491.4 0.14 95342.1 0.14 214.47 3.05 149.13 450.36 A LAF
13 20.00 95773.9 0.14 75624.7 0.14 250.75 2.82 149.97 450.54 Ay BF
14 20.00 145141 0.12 144921 0.12 383.64 2.28 147 .52 444,468 c)TA
15 20.00 145473 0.17 145243 0,12 371.62 2.32 147 .67 448,23 o
16 20.00 150520 0.12 150291 0.12 409.43 2.21 148.28 447 .47 ‘CQIM
17 20.00 142720 0.12 142499 0.12 362.81 2.35 148.42 449.10 T8
18 20.00 151327 o0.11 151092 0.12 389.07 2.27 148.01 449.20H'c31ﬂ
19 20.00 146469 0.12 146248 0.12 392.07 2.2&6 148,55 448.5?;lj;1a3
20 20.00 146358 0.12 146129 0.12 386.46 2.27 148.36 447.43 Cyrn
21 20.00 145153 0.12 144935 0.12 380.30 2.29 148.51 448.34 Cc41d8
22 20.00 137996 0.12 137789 0.12 385.81 2.28 148.49 446.61 0£24
23 20.00 146515 0.12 146291 0.12 407.06 2.22 148.88 447.23 CsT8
24 20.00 146154 0.12 145930 0.12 365.37 2.34 148.03 450.20 ClTA
25 20.00 141817 0.12 141606 0.12 381.03 2.29 148.10 448.32 CLTPR
26 20.00 144244 0.12 144021 0.12 395.57 2.25 148.64 448.84 C7T4
27 20.00 145905 0.12 145677 0.12 381.39 2.29 148.45 449.83 C718
28 20.00 144939 0.12 144727 0.12 416.23 2.19 148.53 445,98 [ela Pz
29 20.00 140558 0.12 140347 0.12 381.65 2.29 149.36 450.30 CsT L
30 20.00 510125 0.06 509130 0.06 1435.84 1.18 149.80 454 .80 C*ixA
31 20.00 502809 0.06 5018172 0.06 1299.63 1.24 150.04 458.07 C?I1Ié
32 20.00 507093 0.06 506097 0.06 1360.09 1.21 150.02 457.52 CPITH
33 20.00 503582 0.06 502586 0.06 1331.48 1.23 149.70 458.47 C2ATB
34 20.00 501281 0.06 500302 0.06 1319.06 1.23 149.57 457.16 Cor0
35 20.00 503779 0.06 502794 0.06 1323.91 1.23 149.58 457.02 C*37¢
36 20.00 504713 0.06 503713 0.06 1310.68 1.24 149.13 456.52 Cfrrﬂ
37 20.00 495733 0.06 494771 0.06 1380.93 1.20 148.98 453.39 <514
38 20.00 506021 0.06 505031 0.06 1295.82 1.24 148.39 454.19 Cﬁtﬂﬂ
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08 May 2001 00:53 ALPHA/BETA - 1.09 Page #2

Protocol #:721 PTC2550 Tec-99 User : BM
S# TIME CPMA A:2S% CPMB B:2S% CPMC C:2S% SIS tSIE FLAG
39 20.00 502868 0.06 501865 0.06 1327.62 1.23 149.39 454.10 C?s20
40 20.00 499674 0,06 498717 0.06 1408.04 1.19 148.86 451.70 C%2A
41 20.00 508631 0.06 507645 0.06 1331.40 1.23 148.83 453.94 (* 28
42 20.00 500407 0.06 499434 0.06 1316.98 1.23 148.43 453.37 ¢~ 734
43 20.00 503992 0.06 502983 0.06 1267.81 1.26 148.54 455.35 724
44 20.00 504768 0.06 503783 0.06 1315.83 1.23 14B.73 454.23 C? 524
45 20.00 499669 0.06 498695 0.06 1276.63 1.25 148.62 454,70 C” 274
46 20.00 34.60 7.60 33.90 7.68 8.85 15.03 B81.979 449.27 LBl b



08 May 2001 11:56 ALPHA/BETA - 1.09 Page #1
Protocol #:21 PTC2550 Tc-99 User : BM

Time: 20.00

Data Mode: CPM Nuclide: MANUAL
Background Subtract: None

LL UL LCR 2S% BKG
Region A: 0.0 - 300 o) 0.0 0.00
Region B: 2.0 - 300 0 0.0 0.00
Region C: 300 - 2000 0 0.0 0.00

Quench Indicator: tSIE/AEC

Ext Std Terminator: Count
Coincidence Time(ns): 18
Delay Before Burst(ns): Normal
Protocol Data Filename: A: \AENO9\PROT.DAT
Count Data Filename: A:\AENO9\SDATAZ1.DAT
Spectrum Data Drive & Path: A: \AENO®?

S# TIME CPMA A:25% CPMB B:25% CPMC C:25% SIS tSIE FLAG

1 20.00 48.90 6.40 48.26 6.44 10.80 13.61 97.622 444.38-5[{‘9,\,

2 20.00 144426 0.12 144199 0.12 3I75.54 2,31 146.49 442.95.c Uﬁb
S 20.00 143305 0.12 143083 0.12 360.47 2.36 146.37 443.87-¢ IFb

4 20.00 149718 0.1?2 149481 0.12 393.61 2.25 146.55 443.16.¢C aFa
S 20.00 139194 0.17 138979 0.12 373.29 2.31 146.59 442.15-¢ AF b
6 20.00 154072 0.11 153831 0.11 418.62 2.19 146.39 441.12-C 3Ffen
7 20.00 149631 0.1? 149400 0.12 357.00 2.37 146.16 445.23-C3Fb
8 20.00 151182 0.12 150954 0.12 422.00 2.18 146.19 439.07-0“?2
9 20.00 147455 0,17 147228 0.12 378.87 2.30 146.31 440.‘5‘8-C'L1F
10 20.00 202816 0.10 202499 0.10 511.72 1.98 146.20 443.26-CF \Vo-
11 20.00 228812 0.09 228445 0.09 589.27 1.84 146.33 443.63-C¥\Fb
12 20.00 243027 0.09 242635 0.09 588.22 1.84 146.35 446.51-C¥aFo
13 20.00 214622 0.10 214286 0.10 561.58 1.89 146.43 443.024&}}Fb
14 20.00 228370 0.09 228018 0.09 597.81 1.83 146.18 442.91.C4§3Fa
15 20.00 233795 0.09 233417 0.09 582.07 1.85 146.42 444.96-Ci&3FL
16 20.00 227719 0.09 227362 0.09 572.42 1.87 145.51 442.27-6*q(%h
17 20.00 235540 0.09 235172 0.09 610.47 1.81 146.14 442.80{:*!4Fb
18 20.00 49.25 b6.37 48.60 6.42 10.60 13.74 106.14 448.&:1-3le

qﬂ/.—gflma,y 5lals)
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02 May 2001 10:10 ALPHA/BETA - 1.09 Page #1
Protocol #:21 PTC2550 Tc-99 User : BM

Time: 20.00

Data Mode: CPM Nuclide: MANUAL
Background Subtract: None

L UL LCR 2S7. BKG
Region A: 0.0 - 300 0 0.0 0.00
Region B: 2.0 - 300 (o} 0.0 0.00
Region C: 300 - 2000 0 0.0 0.00
Quench Indicator: tSIE/AEC
Ext Std Terminator: Count
Coincidence Time(ns): 18
Delay Before Burst(ns): Normal
Protocol Data Filename: A: \AENOY\PROT.DAT
Count Data Filename: A:\AENO9\SDATA21.DAT
Spectrum Data Drive & Path: A:\AENO9
S# TIME CPMA A:25% CPMB B:2S% CPMC C:25% SIS tSIE FLAG
1 20.00 47.80 b6.47 46.66 b6.55 7.65 14.40 B86.347 444 .44 Bl G
2 20.00 149638 0.12 149401 0.12 370.26 2.32 144.72 436.48C 5 <
3 20.00 159808 0.11% 159561 0.11 386.90 2.27 144 .44 437 .24¢ ST:Q
4 20.00 240810 0.09 240408 0.09 577.28 1.86 143.40 436.09¢ % 5 [«
S 20.00 232235 0.09 231863 0.09 610.78 1.81 143.62 433.09c¥ 3 FG
6 20.00 49.70 b6.34 48.76 6.40 8.95 14.95 93,537 444.471ﬂk



10 May 2001 10:14 ALPHA/BETA - 1.09 Page #1
Protocol #:21 PTC2550 Tc-99 User : BM
Time: 20.00
Data Mode: CPM Nuclide: MANUAL
Background Subtract: None
LL uL LCR 2S7% BKG
Region A: 0.0 - 300 o] 0.0 0.00
Region B: 2.0 - 300 0 0.0 0.00
Region C: 300 - 2000 o] 0.0 0.00
Quench Indicator: tSIE/AEC
Ext Std Terminator: Count
Coincidence Time(ns): 18
Delay Before Burst(ns): Normal
Protocol Data Filename: A:\AENOZ\PROT.DAT
Count Data Filename: A:\AENO?\SDATAZ21 .DAT
Spectrum Data Drive & Path: A:\AENO9
S# TIME CPMA A:25% CPMB B:2S% CPMC C:25% SIS tSIE FLAG
1 20.00 62.67 5.65 60.87 5.73 11.58 13.14 121.78 s515.75 # |
2 20.00 158802 O0.11 158558 0.11 393.81 2.25 145.28 438.46C (&4
3 20.00 153902 0.11 153662 0.11 405.27 2.22 144 .44 435.22<4GF9_
4 20.00 242092 0.09 241705 0.09 595.52 1.83 142.72 432.686*(9?%
3 20.00 213147 0.10 212823 0.10 922.64 1.946 143F.26 434.25&&“6:5
& 20.00 65.00 5.55 63.21 5.63 13.15 12.33 116.39 518.11 3”:5



11 May 2001 10:955 ALPHA/BETA - 1.09 Page #1
Protocol #:21 PTC2550 Tc-99 User : BM

Time: 20.00
Data Mode: CPM Nuclide: MANUAL

Background Subtract: None

LL uL LCR 25Y BKG
Region A: 0.0 - 300 0 0.0 0.00
Region B: 2.0 - 300 o} 0.0 0.00
Region C: 300 - 2000 0 0.0 0.00
Quench Indicator: tSIE/AEC
Ext Std Terminator: Count
Coincidence Time(ns): 18
Delay Before Burst(ns): Normal
Protocol Data Filename: A: \AENO9\PROT.DAT
Count Data Filename: A:\QENO?\SDATAZI.DQT
Spectrum Data Drive & Path: A:\AENO9
S# TIME CPMA A:2S5% CPMB B:25% CPMC C:25% SIS tSIE FLAG
1 20.00 33.75 7.70 32.11 7.89 6.80 17.15 68.990 446.24-3&&
2 20.00 166090 0.11 165827 0.11 445.13 2.12 145.85 438.92(.1E§
3 20.00 165623 0.11 165364 0.11 440.80 2.13 1446.19 441 ,67¢1rb
4 20.00 223675 0.09 223324 0,09 571.05 1.87 145.34 439'82Ci-1ﬁﬁ
5 20.00 1946174 0.10 195869 0.10 518.67 1.96 145.70 439.37ck 1FH
& 20.00 29.60 8,22 28.86 B8.33 825 15.57 72.84% 445.72;&%—5



14 May 2001 1512 ALPHA/BETA - 1.09 Page #1
Protocol #:21 PTC2550 Tc-99 User : BM

Time: 20.00
Data Mode: CPM Nuclide: MANUAL
Background Subtract: None

Ll uL LCR 257 BKG
Region A: 0.0 - 300 0 Q0 0.00
Region B: 2.0 - 300 o} 0.0 0.00
Region C: 300 - 2000 0 0.0 0.00
Quench Indicator: tSIE/AEC
Ext Std Terminator: Count
Coincidence Time(ns): 18
Delay Before Burst(ns): Normal
Protocol Data Filename: A:\AENOZ\PROT.DAT
Count Data Filename: A:\AENOZ\SDATAZ1.DAT
Spectrum Data Drive & Path: A:\AENOS9
S# TIME CPMA A:25% CPMB B:2S5% CPMC C:25% SIS tSIE FLAG
1 20.00 28.05 8.44 27.61 8.51 7.75 16.06 70.064 444,41 Blkq
2 20.00 179320 O0.11 179031 0.11 476.37 2.05 147.02 443 .94 C]F4
3 20.00 165253 0.11 164993 0.11 443.62 2.12 147.06 442.73C3F€
4 20.00 236747 0.09 236369 0.09 583.71 1.85 147.31 445,078
9 20.00 232388 0.09 232018 0.09 548.81 1.88 147 .33 445_15¢£$Vb
6 20.00 149947 0.12 149725 0.12 334.03 2.45 144.90 443_54g;t§
7 20.00 150203 0.12 149974 0,172 334.37 2.45 147.04 444.460':JD
8 20.00 145432 0.12 145210 0.12 313.57 2.53 146.46 444,75 82F
9 20.00 149738 0.12 149511 0.12 326.15 2.48 146.96 445,32 072

10 20.00 147377 0.12 147152 0.12 322.08 2.49 147.65 446.40 B3
11 20.00 151208 0.12 150976 0.12 360.91 2.35 147.11 443.05 @ 3LH
12 20.00 147334 0.12 147106 0.12 349.38 2.39 147.88 446.14 @

13 20.00 149980 0.12 149755 0.12 356.05 2.37 147.63 443.788Y
14 20.00 149153 0.12 148926 0.12 346.32 2.40 147.88 446.27 835 R
15 20.00 154107 0.11 153869 0.11 358.47 2.36 147.69 444,77 35T
16 20.00 503027 0.06 502057 0.06 1235.84 1.27 148.35 451.04 D1T4
17 20.00 502759 0.06 501780 0.06 1265.53 1.24 149.29 452.94 VL=
18 20.00 491589 0.06 490643 0.06 1184.34 1.30 149.20 454.62P2 44
19 20.00 512631 0.06 511623 0.06 1271.847 1.25 149.64 453.870 2Tk
20 20.00 501780 0.06 S00817 0.06 1161.55 1.31 147.84 450.61p 31
21 20.00 501561 0.06 500611 0.06 1234.58 1.27 148.10 450.19P3Lb
22 20.00 52805.3 0.19 52725.3 0.19 106.74 4.33 145.33 440.80 D UIh
23 20.00 51615.5 0.20 51537.4 0.20 108.41 4.30 145.31 440.66 DYTH
24 20.00 497710 0.06 496893 0.06 568.48 1.88 106.93 320.85 P95 1%
25 20.00 494556 0.06 493732 0.06 560.31 1.89 106.73 319.96D5tb
26 20.00 50219.7 0.20 50159.2 0.20 41.31 6.96 103.83 310.80 P1Th
27 20.00 52818.0 0.19 52757.9 0.19 45.89 6.60 104.48 312.20 01T°
28 20.00 28.95 8.31 28.45 8.38 8.85 15.03 74,677 449.00 BIk



17 May 2001 15:26 ALPHA/BETA - 1.09 Page #1
Protocol #:21 PTC2550 Tc-99 User : BM

Time: 20.00
Data Mode: CPM Nuclide: MANUAL
Background Subtract: None

L uL LCR 257% BKG
Region A: 0.0 - 300 0 0.0 0.00
Region B: 2.0 - 300 0 0.0 0.00
Region C: 300 - 2000 0 0.0 0.00
Quench Indicator: tSIE/AEC
Ext Std Terminator: Count
Coincidence Time(ns): 18
Delay Before Burst(ns): Normal
Protocol Data Filename: A:\AENOZ\PROT.DAT
Count Data Filename: A:\NAENOY\SDATAZ1.DAT
Spectrum Data Drive & Path: A: \AENO®9
S# TIME CPMA A:2S7% CPMB B:25% CPMC C:25% SIS tSIE FLAG
1 20.00 46.90 6.53 45.91 6.60 10.05 14.11 97.606 446.63 S
2 20.00 5322.00 0.61 9312.94 0.61 20.06 9.99 145,34 440.10!3if“
3 20.00 6099.35 0.57 6089.02 0.57 21.45 9,446 145.74 440.886'ﬁ9
4 20.00 6201.10 0.57 6190.90 0.57 23.60 9.21 145.88 441.20031f
5 20.00 5575.66 0.60 5567.24 0.60 21.49 9,465 146,73 442.133255
& 20.00 6531.52 0.55 6519.74 0.55 22.88 9.35 147.16 445,32 3 3«
7 20.00 6859.85 0.54 6£850.724 0.54 23.50 9.23 147.49 442,768 35
8 20.00 7163.32 0.53 7151.14 0.53 24.18 9.09 147.01 45&4515.t€:51’7“‘“f"l
9 20.00 46547.82 0.55 6536.60 0.55 24.58 9.02 147.58 443.635‘“?
10 20.00 8738.97 0.48 8723.93 0.48 26.23 8.73 147.47 446.03'55E
11 20.00 10779.9 0.43 10763.8 0.43 30.27 B8.13 147.97 445.1713 55
12 20.00 25021.3 0.28 24986.3 0.28 60.48B 5.75 146.65 441.31D 15
13 20.00 26061.0 0.28 26019.9 0.28 59.39 5.8B0 146.27 442.180 |Fb
14 20.00 28998.0 0.2&6 28952.7 0.26 70.42 5.33 146.57 442.21 D 24
15 20.00 28389.9 0.27 28345.8 0.27 70.44 5.33 146.20 437.83 DlE%
16 20.00 79242.4 0.16 79121.7 0.16 192.62 3.22 146.35 439.02i>3f‘
17 20.00 B4599.3 0.15 84471.8 0.15 186.42 3.728 146.74 443.30173f5
18 20.00 5994.98 0.58 5987.58 0.58 22.82 9.36 145.50 440.570‘4?1
19 20.00 6463.51 0.56 6454.29 0.56 22.74 9.38 143.44 436.67D‘it5
20 20.00 43111.1 0.22 43050.8 0.22 56.56 5.95 116.10 346.45 D?fﬁ
21 20.00 64894.7 0.18 64812.0 0.18 68.89 5.39 110.60 327.1905f5
22 20.00 4151.66 0.69 4144 .21 0.69 13.94 11.98 108.77 324.67D7ff
23 20.00 4546.67 0.66 453B8.48 0.66 14.24 11.85 108.33 321.7791r5
24 20.00 41.90 6.91 41.10 6&6.98 B.80 15.08 94.431 446,64 3K b



21 May 2001 13:42 ALPHA/BETA - 1.09 Page #1
Protocol #:21 PTC2550 Tc-99 User : BM
Time: 20.00
Data Mode: CPM Nuclide: MANUAL
Background Subtract: None
L UL LCR 25% BKG
Region A: 0.0 - 300 0 0.0 0.00
Region B: 2.0 - 300 0 0.0 0.00
Region C: 300 — 2000 0 0.0 0.00
Quench Indicator: tSIE/AEC
Ext Std Terminator: Count
Coincidence Time(ns): 18
Delay Before Burst(ns): Normal
Protocol Data Filename: A:\AENOS\PROT.DAT
Count Data Filename: A:\AENOZ\SDATAZ1.DAT
Spectrum Data Drive & Path: A:\AENO?
S# TIME CPMA A:2S% CPMB B:2S% CPMC C:28% SIS tSIE FLAG
1 20.00 35.95 7.46 35.50 7.951 B.50 15.34 95.092 443.82 %lk 4
2 20.00 492748 0.06 491813 0.06 1241.42 1.27 149.45 450.18L1 TR
3 20.00 497275 0.06 496309 0.06 1268.00 1.26 149.06 452.01F I L5
4 20.00 496736 0.06 495799 0.06 1353.75 1.22 149.47 450.59 F 2714
S 20.00 493530 0.06 492583 0.06 1251.13 1.26 149.40 453.43 ¢ 2Lb
& 20.00 495577 0.06 494648 0.06 1276.87 1.25 149.47 452.99 ¢ 314
7 20.00 495442 0.06 494487 0.06 1292.90 1.24 149.24 451.89F 3Tb
8 20.00 494411 0.06 493455 0.06 1239.95 1.27 149.30 454.¢9fqiﬁ
? 20.00 497786 0.06 4968346 0,06 1395.88 1.20 149.19 451.35F 416
10 20.00 495787 0.06 494820 0.06 1226.76 1.28 149.72 455.10F 574
11 20.00 497260 0.06 496277 0.06 1146.23 1.32 150.20 459.40+F5Ih
12 20.00 325790 0.08 325244 0.08 766.44 1.62 149.23 452.62 (414
13 20.00 322450 0.08 321912 0.08 B807.47 1.57 149.44 450.94 b
14 20,00 331649 0.08 331101 0.08 B829.07 1.55 149.81 452.07(-2T1%
15 20.00 334645 0.08 334078 0.08 791.81 1.59 149.33 452.284 215
16 20.00 406520 0.07 405800 0.07 1077.72 1.36 149.87 451.64 (» 314
17 20.00 279794 0.0B 279355 0.08 645.45 1.76 150.03 448.99( 3%
18 20.00 144412 0.12 144182 0.12 347.10 2.40 149.47 450.93 (- 4T1s
19 20.00 143245 0.12 143034 0.12 337.76 2.43 148.79 44B.&67 - UI5
20 20.00 41.60 6.93 40.83 7.00 9.45 14.55 92.884 451.99 Akb



01 Jun 2001 13:59 ALPHA/BETA - 1.09 Page #1
Protocol #:21 PTC2350 Tec-99 User : BM
Time: 20.00
Data Mode: CPM Nuclide: MANUAL
Background Subtract: None
LL UL LCR 25% BKG
Region A: 0.0 - 300 o} 0.0 0.00
Region B: 2.0 - 300 0 0.0 0.00
Region C: 300 - 2000 0 0.0 0.00
Quench Indicator: tSIE/AEC
Ext Std Terminator: Count
Coincidence Time(ns): 18
Delay Before Burst(ns): Normal
Protocol Data Filename: A:\AENOZ\PROT.DAT
Count Data Filename: A:\AENO9\SDATAZ1.DAT
Spectrum Data Drive & Path: A:\AENO9
S# TIME CPMA A:2S5% CPMB B:2S% CPMC C:25% 815 tSIE FLAG
1 20.00 31.15 8.01 30.21 8.14 10.10 14.07 81.908 445.243k a . 511-0228
2 20.00 1977.00 1.01 1971.34 1.01 21.20 9.71 147.61 457.54L”*3P73 <
3 20.00 24365.6 0.29 24326.0 0.29 50.62 6.29 146.32 445,66 F 179
4 20.00 30766.5 0.25 30713.1 0.26 65.10 5.54 147.38 4446.38¢F IFH
5 20.00 109756 0.13 109579 0.14 227.00 2.97 148.07 844B.97F 7 F«q
6 20.00 118832 0.13 118B647 0.13 247.38 2.84 147.89 448.64¢ 115
7 20.00 175805 0.11 175528 0.11 3I73.60 2.31 148.46 849.67F 3
8 20.00 181017 0.11 180722 0.11 3I81.28 2.29 148.43 449.75\- 3F5
9 20.00 297945 0.08 297442 0.08 682.72 1.71 149.41 451.0474%
10 20.00 298352 0.08 297829 0.08 663.02 1.74 149.58 454,46¢ 4L
11 20.00 402759 0.07 401991 0.07 874.49 1.51 150.16 457.69F 5=
12 20.00 401537 0.07 400776 0.07 924.80 1.47 150.59 457.85¢ 54
13 20.00 264642 0.09 264191 0.09 604.46 1.82 149.56 453.84 (5 =
14 20.00 267283 0.09 266825 0.09 587.72 1.84 149.84 455.756 | L
15 20.00 346647 0.08 3446024 0.08 760.15 1.62 150.17 457.636 1724
16 20.00 184899 0.10 184601 0.10 406.63 2.22 149.48 453.45¢ 71 ¢S5
17 20.00 46633.7 0.21 46560.6 0.21 95.20 4.58 147.70 448.71 6 3™
18 20.00 33007.2 0.25 32955.7 0.25 74.26 5.19 148.11 449.33631°5
19 20.00 6367.40 0.56 6355.95 0.56 21.35 9.68B 1446.67 448.226¥%9
20 20.00 6361.09 0.56 6350.97 0.56 19.11 10.23 147.64 451.06064¢>
21 20.00 30.25 8.13 29.84 8.19 8.15 15.67 78.620 450.81 6ﬂﬁb



04 Jun 2001 19:55 ALPHA/BETA - 1.09 FPage #1
Protocol #:21 PTC2550 Tc-99 User : BM

Time: 20.00
Data Mode: CPM Nuclide: MANUAL
Background Subtract: None

LiL UL LCR 25% BKG
Region A: 0.0 - 300 o) 0.0 0.00
Region B: 2.0 - 300 0 0.0 0.00
Region C: 300 - 2000 0 0.0 0.00

Quench Indicator: tSIE/AEC

Ext Std Terminator: Count
Coincidence Time(ns): 18
Delay Before Burst(ns): Normal
Protocol Data Filename: A:\AENOZ\PROT.DAT
Count Data Filename: A:\AENOP\SDATAZ1.DAT
Spectrum Data Drive & Path: A:\AENO?9

# TIME CPMA A:2S% CPMB B:25% CPMC C:2S% SIS tSIE FLAG
1 20.00 29.45 B.24 28.90 8.32 7.65 16.17 80.526 447.70 Bk &
2 20.00 5S07273 0.06 506284 0.06 1233.59 1.27 149.19 452.44 £ ‘Th
3 20.00 507615 0.06 506601 0.06 1155.20 1.32 149.64 457.44E 1V FY
4 20.00 509043 0.06 508025 0.06 1148.53 1.32 148.81 456.55 & 234
5 20.00 509424 0.06 508431 0,06 1298.03 1.24 149.72 453.99 € 214
6 20.00 510725 0.06 509722 0.06 1191.11 1.30 148.25 452.31 & DI
7 20.00 513367 0.06 512342 0.06 1090.60 1.35 148.08 456.03 ¢ dLb
B 20.00 52936.3 0.19 52854.4 0.19 113.70 4.19 145.30 442.16CcdTA
9 20.00 51149.7 0.20 51072.1 0.20 112.44 4.22 145.13 439.09 4TS
10 20.00 496527 0.0&6 495662 0.06 661.81 1.74 114.472 3I43.27E9TR
11 20.00 509574 0.06 508656 0.06 632.53 1.78 113.23 342.07¢&

12 20.00 51657.7 0.20 51591.7 0.20 58.61 5.84 110.50 329.42¢ 134
13 20.00 54583.7 0.19 54512.9 0.19 58.94 5.83 109.88 327.80 E 1TL
14 20.00 28.75 8.34 28.04 B8.45 9.40 14.59 75.018 451.00 &k b



07 Jun 2001 15:03 ALPHA/BETA - 1.09 Page #1

Protocol #:21 PTC2550 Tc-99 User : BM

Time: 20.00
Data Mode: CPM Nuclide: MANUAL 5
Background Subtract: None

L UL LCR 25% BKG
Region A: 0.0 - 300 (o) 0.0 0.00
Region B: 2.0 - 300 (¢} 0.0 0.00
Region C: 300 - 2000 0 0.0 0.00

OQuench Indicator: tSIE/AEC

Ext Std Terminator: Count
Coincidence Time(ns): 18
Delay Before Burst(ns): Normal
Protocol Data Filename: A:\AENOZ\PROT.DAT
Count Data Filename: A:\AENO9\SDATAZ21.DAT
Spectrum Data Drive & Path: A:\AENO9

S#  TIME CPMA A:2SY% CPMB B:2S% CPMC C:2S% SIS  tSIE FLAG
1 20.00 30.90 B8.05 30.35 8.12 8.85 15.03 B4.731 446.09 KA
2 20.00 158180 0.11 157929 0.11 328.43 2.47 148.56 450.67C 1fa
3 20.00 172124 0.11 171846 0.11 368.26 2.33 148.52 451.44C b
4 20.00 165919 0.11 165654 0.11 352.42 2.38 148.74 450.43€ 2
5 20.00 201151 0.10 200817 0.10 418.24 2.19 148.72 452.17E2¢5
6 20.00 236794 0.09 236413 0.09 510.21 1.98 148.31 449.9115 3
7 20.00 240590 0.09 240187 0.09 497.57 2.00 148.30 451.43 3¢5
8 20.00 24433.1 0.29 24398.0 0.29 53.16 6.13 146.22 443.62 - (K
9 20.00 21330.2 0.31 21295.8 0.31 50.13 6.32 146.68 443.81C Y¢S

10 20.00 198892 0.10 198608 0.10 235.85 2.91 118.68 352.49: S
11 20.00 211359 0.10 211057 0.10 231.55 2.94 120.02 356.40&5¢%
12 20.00 19811.3 0.32 19781.1 0.32 26.54 B8.68 116.07 347.79¢;’?%:
13 20.00 21107.3 0.31 21077.1 0.31 24.17 9.10 116.27 347.38 5 1}
14 20.00 28.95 8.31 28.42 8.39 8.30 15.52 79.970 456.13 &l L

SYSTEM NORMALIZED

C14 IPA DATA PROCESSED - 08-Jun-2001 04:05
Ci4 Eff (0-156 keV) = 96.66 %
C14 CHI SQUARE IPA DATA PROCESSED - 08-Jun-2001 06:15
C14 Chi Square = 22.54
H3 IPA DATA PROCESSED - 08-Jun-2001 0b6:16
H3 Eff (0-18.6 keV) = 64.95 %
HS CHI SQUARE IPA DATA PROCESSED - 0B-Jun—-2001 0&:27

7T Pes L - - —_— LR A = el



Appendix D

Sample Calculations
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P d By: Date: Project: -
repared By /@,M /%m{'o afz-i‘.?'al roject {"’236\5

Title/Subject: \S—An}p.,e, Coleu] ‘ 8 % A@ 639 @"WL

S—ﬁm,ofe, Ca | culahow :

© Coledodon of /”O/eni-{y M. Ea  Ague G (see bW 57652,
4 rg- 2 )

Do1A . Formila, wejgh? MNaC) = <8.49 g Jmvo )
[Bemola, w%m‘ Mapsoy = H.e%/mj

Nk 0.1 /h weok solidea /an;om:o( é, difihbon of Stk colibon
(see G 5—7’5%1” S7652 | pg 3
7

Ex: Sf/ﬁju YW Ml 0.9 /M A Neno,

pata; 116979 g fMalllm SOml 0.0.m paoH
a 321:63 A0y

/_’_7 ¥ mo{:J COIV'MCN/ Cdc:(/uﬁcw)
L.

o.l 1_4__ ‘s Na O

J

moles = mass = N UG79q Mec = O .2001moles
molecilar wt = Formda ot oTs ¢+ S8 g Mt/ MaC )
@u-urw mole ra
WMo, © 02002 mles - %003 A pacl
O.os L
Sh;I/N\}, ZEWTs NG = 0 0%98Gmoks B
5499 9 /mole
0. 04959 moles = 0.2979 M Ser
g.o5 L
Tokl M Q& = M., + Ay, , * Muou = FW3F0I977v0./ =so0lp

%X&EM

Ao e ki ad ’
/VOJC '574%6{/’1/’6@ d(‘/v.ﬁ’)l)ovj CQJCV’Q:}TJ [ﬂj fxal® S‘Prtﬁcﬁa'éctff Cﬂ.’c’&*{yf

DOE-AL Richiand, YA 54-1007-114 (1/83)



Page _ 2  of S

9%
%+ Baltelle ENGINEERING WORKSHEET

Pacific Northwest Laboratories

Prepared By: Date: Project: -
Y Eﬂfﬂ,\) ﬁ#ﬂ /R2~IE -0 | ! m‘b

Title/Subject: Q , : , E !‘ 5 S L @ 635 [fPesen 4

@ CQJGuJﬂ"JJt-)N of mo};c/hfyl m. m = /nol:f Canomu/
k:j ‘Solrte

ok solte here s waten
Ex: Coleyladan molslidy of  ®lben SA ey 0014 Naol | C.01FM Nark,

%1 Jb/u!ba M:’j = 34\0@5«%} DAJ‘H * Pormda At sok © ?o‘aajA./C
mlL So/he
/45-5676 oéafxé C&lcu)@‘;w Cota Sml uabp:g&f}, %J/c M 4= 9.0029 4
flask + sml soluhon = I11.99%) 4
densidy = Cﬁq_}_l_q/wi‘:?'md)g = (U499 T9002%)g = 118Y5/0
o~ S mé

Jo A oF Jo/u’.{w\.) & llfgij/m(. - /szL c /IJ"?S/L

Soliboy S M 1 NMaCl hes Cs?tf_;i Al o 5',-3@;—) /L = 292.2 g Al
mol

i

mz ) ray

0.0l M 1y NaoN An_w, ("{D.aﬂg Na Ol o 69‘0%?-'5 /L = 0.‘1‘3 Na, OM
@9

OCIEM jw ooy, ha €499 4 Naro, dormrﬂ/L S LSy Mooy
me i T

59 ia 1 L ekl  solde = 292,24 + O.4g # /S5y T 27414

Smce  Pohl Wt = Solk L soked D 185 = 294 + ja,a/w
= 979«% C«..rl')‘l:/“

T /'0003 ‘so/uu} '7’/{(_', mmw’cs).g/ cech &?:7@4&.,/ wodd r:icc./?4 A‘l

T

Increased Ly /oo0 = [ 117 Ao P molel = 107 e C/ﬂofan%J
Y949

So Fvr waQ m[&»% : SeLN? T $.SG
Na OH = ool*l.N= Golgk
M"Ws = 00lf*[n7= ©.020)
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Title/Subject:

Li® 26 2
“g ﬁ:}amf

@ Coleathon of  solbon 103 Shewgth; T .

J= 21 < n, 2‘;2- where m, = "770}91:)_7 of #b CM/:oawvj
2, = dﬂy ¢ of ¥ Comfst

Note  sSwee 22141 Fr o) sjos o 6 SoliBon
SO faC), 0.0l D NaoH, 0.08M plasio, o R ;
From () wet devmued Hod A s Shhon me 1117 = M

CHad, m = X (Cancidy +<haow) + Cladb]d ), /)
T8 B

S S + 00l + 0018 ® 502y = Crad. M

J;‘m»‘luﬁ Ccid = sh  QuoJ oosh g Couwd= 0.o1 M

So [adm = E/Ua.j@ » L0 Ceid, = Cedy = s, Twg] =lug), @ 1.1
c}: Cond, « @HJ@-o ) 1P
Soe C D | s /17 = CCl) 5% .17 = $85F,C0,]) <~ 01y el i1r?
Nq,m'@gd” Xy '6-'&2.: o © L1 . ) Jnﬂo.«aa‘

Con) © ©.01 = 11172= 00|

Yokl moleldy = L = m; < F(scr+rs59+0 02400

= &2
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.S_m;'g/(, Gku’ﬁj;oﬂj ‘)Gn LS:J«“’L 631 EJM
F -tk - Cgfcgfo.an)
Oefnidon: F = dried resin ot | o
-——-——_-_-'-——-.-_,_________-
Shred resn oF 5
Dﬁ‘ﬁ rﬁom F': test dﬂ?‘?) ’ﬁlﬂ'. F vel = 7 /‘l"/j Ca)
v.'al- + SKved resin = }7.3‘!9"8/5 (b)
vel + dhed rasin = 17.30/6 5 <)
Stred resiv  wF = b-o ¢ 17.2998 - 77,1999 = 0.1?945
df} rein  wd T C-< T 72.30/6-,9.7499 = 0./1522g
[~ -fockn = 0uUS2Le = 0.7(7)
0.!99‘/3
k CA,Cvlc-bc;AJ - (-Co "CC) ___Y._ da{;.-%:u .
d ko{ - * emeE)
Py

Co = fm"jwfﬂc’ooc on ACkuHS J ConcC .

< ng{-bfnm Mass cenc. op  Ahui, cenC .
: Test Soliben w/ome Cro0ml Br nu Fests)
mass  of resiw (3)

:  Facton,  (0.7671)
Ex: T ‘tmcjm.; Jest - /Oo;';:)‘ 7 A

097(93 ‘nitlel Bil'fuof < O.f0035 /-DCJ"W% = so2zos&/ C/GM
andbism sliovt = 0.1225 Ackuidy = SFE9) cm |

Vobme = Joml ‘ wt resin s 0./&933

Kf’oo-::’?' ) gss $ﬁ )j /0ml

o 9 O.1225
%mlfﬁ 5 (07671 0./003 )
0. f-"-?S'j

= (a‘ff_fLL-_

J
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M T:.O."' 14 Kasl ‘fCJ} CN/U:J:;AJ
Achurhy inhel TldolAa, M

TLCS," M nhel ‘5‘6):!‘ db/uj O.:d

[?-Cﬁrmdqt;’ 'b /o}"’.if”""ﬁ Y a/méﬂ @:'CHJ'.

C L4307 MT.07) o [220080 cpmly 5 = Teo,, M epubbrin Jud oditey
4320395 c,am/j

= 722x05 1M
i . Kvoun) .
Since Fh Test saldon /7 pssomd Fo O.000¥ M 5 My ndel and
240y
5 Avumd o be u«lﬂajtj
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CTea,) ©.00/¥3Mm J
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