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SUMMARY

The current BNFL Inc. flow sheet for the pretreatment of the Hanford High-Level tank wastes
includes the use of Superlig@materials for the removal of 137CSfrom the aqueous fraction of the waste.
The Superlig@materials applicable to cesium removal include the cesimn selective Superlig@632and
Superlig@644. These materials have been developed and supplied by IBC Advanced Technologies, Inc.,
American Fork, UT.

The work contained in this report involves testing the Superlig@644ion exchange material in a small
dual column system (15 mL each; L/D= 5.7). The sample processed was approximately 2.5 L of diluted
waste (ma+] = 4.6MJfkomTank241-AW-101 (Envelope A). This waste had been previously clarified
in a single tube cross-flow filtration unit. All ion exchange process steps were tested including resin bed
preparation, loading, feed displacement water rinse, elution and resin regeneration. During the initial
run, the lag column did not perform as expected so that the *37Csconcentration in the effluent composite
was above the LAW treatment limits. This required a second column run with the partially
decontaminated feed that was conducted at a higher flow rate.

A summary of peflormance measures for both runs is shown in Table S1. The Cs Z values represent
a measure of the effective capacity of the SL-644 resin. The Cs A of 143 for the lead column in run 1 is
very similar to the value obtained by the Savannah River Technolo~ Center during Phase 1A testing.
The larger Cs 1.value for run 2 reflects a general trend for the effective capacity of the SL-644 material to
increase as the cesium concentration decreases. The low value for the lag column during the fwst run
indicates that it did not perilorm as expected. This may have been due to insufficient conditioning of the
bed prior to the start of the loading step or to air in the bed that caused channeling. Equilibrium data
obtained with batch contacts using the AW-101 Cs IX feed indicates a range for the Cs 1 of 80-97. The
maximum decontamination factor (DF) for 137CSis based on analysis of tie first samples collected from
each column and the concentration in the feed for each run. While the DF’s are lower for the second run,
this is attributed to the lower 137CSconcentration in the feed and the increased flowrate. The overall
composite DF for run 2 was quite good since both columns functioned well. The overall DF for both runs
was 3000, which provided an effluent with a 137CSconcentration of 5.89E-02 Ci/m3 (C/CO= 3.3 lE-04).
The *37CSconcentration in the effluent composite was 7.3% of the contract limit for 137CSand also below
the basis of design limit.

Table S1. Summary of Performance Measures

Flow Cs A Composite Maximum 137CSDF
rate Lead column Lag column DF Lead column Lag column

(BV/hr)
Run 1 6.0 143 25 8 11,600 47,100
Run 2 8.4 185 NA 355 99 1,130

The elution of the lead column after run 1 proceeded very well with the majority of the 137CScontained in
the fourth bed volume of eluant (0.5 M nitric acid). The peak 137CSconcentration in this sample was 97
times the 137CSconcentration in the feed.
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1.0 INTRODUCTION

The current BNFL Inc. flow sheet for the pretreatment of the Hanford High-Level tank wastes
includes the use of Superlig” materials in a dual column system for the removal of *37CSfrom the aqueous
fraction of the waste. The Superlig@materials applicable to cesium removal include the cesium selective
Superlig@632and Superlig@644. These materials have been developed and supplied by IBC Advanced
Technologies, Inc., American Fork, UT.

The work contained in this report involves the small column testing of the Superlig@644 ion exchange
materiall. The sample processed was approximately 2.5 L of diluted waste (@ 4.6 M Na) from Tank 241-
AW-101 (the 241 prefix, which is common to all Hanford tanks, will not be used hereafter). This waste
had been previously clarified in a single tube cross-flow filtration unit (Brooks et al.). The ion exchange
process steps tested include resin bed preparation, loading, feed displacement water rinse, elution and
resin regeneration.

The objectives of this work were to:

●

●

●

●

●

Demonstrate the *37CSdecontamination of Envelope A (TankAW-101) and provide a cesium
decontaminated sample for downstream process testing (i.e. 99Tcremoval, corrosion testing, Low
Activity Waste. (LAW) melter feed testing and LAW vitrification).

Demonstrate the effectiveness of all SL-644 ion exchange process steps including loading, feed
displacement DI water washing, elution and resin regeneration.

Obtain process performance data for SL-644 at conditions different than those previously tested.

Investigate exchanger/waste chemistry.

Investigate the potential for exchanger fouling.

I
1The results presentedin this report are basedon work conductedundertest planTP-29953-3
Rev OIon ExchangeTesting for BNFL Inc, December1998,and test instructionsTI-29953-O16,Test Instructions
for CesiurnRemovalColumn Testingfrom EnvelopeA, TI-29953-042Test Instructionsfor CesiumRemoval
ColumnTestingfrom Envelope A: Run 2, and BNFL-TP-29953-048,Preparinga Composite Solutionof the acid
eluant Samples from AW-1 01 Cs Ion Exchange Column 1 for Analysis. Some data are recorded in Laboratory

l.”
9

Record Book BNW 13687. Conditions for conducting these tests were given in the “Ion Exchange Test
Specification Rev 1,“ TSP-W375-99-OO0 13.
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2.0 EXPERIMENTAL

2.1 Ion Exchange Column System

A schematic of the ion exchange column system is shown in Figure 2.1. The system consists of two
small columns containing the ion exchange material, a small metering pump, four valves, a pressure
gauge and a pressure relief valve. Valve 1 is a five-way valve that allows switching between the waste
feed and various process solutions. Valves 2,3 and 4 are three-way valves that can be turned to a flow
position, a sample position or a no flow position. Valve 2 is placed at the outlet of the pump and is used
to eliminate air from the system, purge the initial volume of the system or isolate the columns from the
pump. Valves 3 and 4 are primarily used for obtaining samples and may also be used to isolate the
columns from the rest of the system. The columns are Kontes Chromaflex chromatography columns
made of glass with adjustable plungers on the bottom and the top. The inside diameter of the columns is
1.5 cm which corresponds to a volume of 1.77 mL/cm of length. The connecting tubing is %-in OD (l/8-
in ID) polyethylene. The columns are connected in series with the first column referred to as the lead
column and the second column referred to as the lag column. The pump is a FIvll piston pump with the
flow rate controlled fi-om outside of the hot cell with a FMI stroke rate controller. The pump was
calibrated with the stroke rate controller and can provide pumping rates from O-120mL/hr. The volume
actually pumped is determined using the mass of the fluid and the fluid density. The pressure relief valve
is set at 40 psi, which is below the maximum operating pressure of 45 psi for the columns. The pressure
indicated on the pressure gauge remained below 5 psi during the run. The total holdup volume of the Cs
IX system was estimated to be 60 mL (4 BV) with the holdup volume to valve 2 being 30 mL (2 BV).

2.2 SL-644 Resin and Bed Preparation

Some properties of the as-received, hydrogen form of the SL-644 resin (batch # = 644BZ) are shown
in Table 2.1. The Battelie values at room temperature and at 85°C are duplicated from Kurath, et al.,
1999, while all of the SRTC data is reproduced from (Hassan, et al., 1999). The F factor is the ratio of the
dry mass of exchanger to the initial mass of the exchanger. This was obtained by drying approximately
0.5 gin an oven at the temperature of interest until there was no significant change in mass. The as-
received bulk density was determined by weighing approximately 10 rnL of exchanger in a 50 mL
graduated cylinder. The dry bulk densities were obtained by multiplying the as-received bulk density by
the appropriate f factor. A particle density of 1.611 g/mL was reported by Hassan, et al., 1999.

Table 2.1. Physical Properties of the As-Received Hydrogen Form of SL-644

Battelle SRTC
As-received bulk density (room 0.86 #mL 0.88
temperature)
Dry as received bulk density (85”C) 0.78 g/mL
Dry as received bulk density (95°C) 0.69 g/mL 0.793 g/mL
F factor I@85°C (% water) 0.907 (9.3%)
F factor@ 95°C (% water) 0.80 (20VO) 0.9 (1OYO)

The particle size distribution for the as-received SL-644 resin subsample (Kurath, et al., 1999) is
compared to the subsample used in column experiments by SRTC (Hass~ et al., 1999) in Table 2.2. It is
apparent that the average particle size of the Battelle subsarnple is smaller than that of the SRTC
subsample. The data are not precise enough to allow an accurate estimate of the average particle diameter
but the average apparently lies between 210 and 425 microns with a rough estimate of 330 microns.
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Table 2.2. Particle Size Distribution of the As-Received, Hydrogen Form of SL-644

Battelle SRTC
Size (Mm) subsample 1

(w ‘Y-6) (Wt%)
>(3)() not measured >600” 14

40 >425 9.9 600-425 44
70 425-210 88 425-210 40
100 210-149 2.1 210-62 0
200” 149-74 0, f

I <74 0 I

a

The SL-644 resin and bed preparation was performed using a procedure similar to that recommended
by Hassan et al. 1999, with the exception that the solution volumes and flow rates were larger. Prior to
packing the resin bed, two 7.9 g batches of the as-received SL-644 resin were placed in separate beakers.
The resin was soaked in about 70 mL of 1 M NaOH with light agitation for 2.5 hours. The NaOH was
decanted and the SL-644 was washed 3 times with 100 mL of DI water per wash. The resin “wasthen
slurried into the columns in DI water. The swollen resin volume was about 22 mL and was greater than
required. Approximately 32°/0of the slurried resin volume was removed leaving about 5.4 g of as-
received resin per column. The F factor (ratio of the mass of damp resin to dried resin) was detem”ined to
be 0.80 at 95°C so the amount of SL-644 in each column was about 4.3 g on a dry basis. Prior to
installation of the system into the hot cell, both of the resin beds were cycled through the acid form with
the solution amounts shown in Table 2.3. The solution volumes were significantly in excess of those
planned for full-scale operation in order to ensure the system was completely flushed and that the resin
beds were filly conditioned. The total system hold-up volume was 60 mL. e

Table 2.3. Shakedown Testing and Bed Conditioning Parameters

Contact
Solution Volume Time

Elution 0.5 M HN03 >6 BV (>90 mL) >lhr

Eluant rinse DI water >6 BV (>90 mL) >lhr

Regeneration 0.25 M NaOH >6 BV (>90 mL) >lhr

DI water wash DI water >6 BV (>90 mL) >lhr
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A number of the resin bed properties determined during the testing discussed in this report are shown in
Table 2.4. The bed volume definition is based on the volume of the SL-644 resin in each column during the
loading step. The corresponding bed height and bed length (height) to diameter ratio (L/D) is also given.
The expanded particle size diameter was estimated on the basis of the bed volume expansion relative to the
as-received bed volume and the initial rough estimate of the average particle size of the resin (330 urn). The
average number of resin particles per column diameter is greater than the 20-30 particle diameters commonly
assumed necessary to prevent channeling.

Table 2.4. Resin Bed Properties

Expanded particle size diameter 440

Resin particles per column 34
diameter

2.3 Feed Preparation

A sample of the waste from Tank AW- 101 (Envelope A) was received in the High Level Radiation
Facility (HLRF) during the 4* quarter of 1998. The homogenization, dilution, and subsampling of this
sample is described in Urine (1999). The dilutedAW-101 sample was then processed in a single tube cross-
flow filter to remove entrained solids using a 0.1 micron sintered metal Mott filter (Brooks et al., 1999). The
diluted feed added to the filtration unit had a sodium concentration of 6.5 M as determined by ICP-AES
(’Me, 1999). Due to dilution from residual water in the filtration uni~ the permeate was determined to have
a sodium concentration of 6.05 M (Brooks et al. 1999). The clarifiedAW-101 sample was then transferred
in two containers fi-omthe HLRF to the shielded analytical laboratory (SAL) hot cells. The total volume
transferred was about 2.1 L. The contents of the two transfer containers where combined and homogenized
and the sample was diluted with DI water to a target concentration of 4.6 M sodium in preparation for the
cesium ion exchange testing. The density of the cesium ion exchange feed was determined with a 25 mL
volumetric flask and a 4 place analytical balance.

2.4 Experimental Procedure and Conditions

The experimental conditions for each process step for Run 1 are shown in Table 2.5. In general the flow
rates were maintained as close as possible to the recommended values2 but in some steps the total volume of
the process solutions was increased in an attempt to ensure adequate flushing of the system. In particular, the
volume of bed conditioning solutions was increased because the lag column did not appear to be shrinking or
swelling as much as the lead column. As will be shown in Section 3.2, the lag column did not perform as
expected, possibly because of inadequate bed conditioning. The total lead column eluant volume was also
increased in order to achieve the cutoff criteria of C/CO= 0.01 for elution. The lag column was eluted at
higher flow rate since the objective was to remove the cesium from the column to prepare for a second run.
Samples were not taken during elution of the lag column. The bed conditioning loading, feed displacement
and DI water rinse steps were conducted by passing these solutions through both resin beds connected in
series. The elution, elution rinse and the regeneration steps were conducted on each column separately.

2 Ion Exchange Testing for BNFL Inc, BNFL-TP-22953-003, December
023, EV Morrey to ME Johnson.
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Table 2.5. Experimental Conditions for Run 1

Total Volume, Flow Rate in Bed
Process Step Soiution Bed Volumes Volumes Per Hour Time

(mL) (mL/hr) hr
Bed conditioning 0.5 M nitric 6 (90) 4.4 (66) 1.4
Bed conditioning DI water 8 (120) 8 (120) 1
Bed conditioning 0.25 M NaOH 17.9 (270) 7.8 (117) 2.3
Loading AW- 101 Feed 164 (2455) 6 (90) 27.6
Feed displacement 0.1 M NaOH 3 (45) 3 (45) 1
DI water rinse DI water 6.7 (100) 3.1 (47) 2.1

Elution of lead column
Elution (lead COI) 0.5 M HN03 13’ (195) 1.2 (18) 10.8
Eluant rinse (lead) DI water 7.1 (106) 3 (45) 2.4
Regeneration (lead) 0.25 M NaOH 6.2 (93) 5.9 (89) 1.1

Elution of lag column
DI water rinse DI water 4 (60) 8 (120) 0.5
(lag CO1)
Elution (lag CO1) 0.5 M HNOS 12 (180) 3 (45) 4
Eluant rinse (lag CO1) DI water 4 (60) 8 (120) 0.5
Regeneration (lag CO1) 0.25 M NaOH 6 (90) 8 (120) 0.75

Note: The columnvolume is basedon the volume in the columnsat the sw of the loadingstep. The bed
volume in both columns was 15 mL with a height of 8.5-cm.

Since insufficient cesium decontamination was obtained during Run 1, a second run utilizing the
partially decontaminated AW-I 01 sample from Run 1 was conducted. The experimental conditions for each
process step for Run 2 are shown in Table 2.6. In general the flow rates were higher than those in Run 1 and
samples were taken only during the loading phase.

The adjustable plungers at the top of each column were used to minimize the volume of solution above
each of the resin beds. The bed volumes changed dramatically from a minimum volume in the acid form
during elution (9-10 mL) to a maximum volume of about 21 mL in the sodium form in contact with water.
The plungers were moved downward at the end of each process step in which the resin beds shrank and were
moved upward periodically as the bed expanded. The plungers did not compress or constrain the resin beds.
The height of liquid above the beds was kept to less than 1 cm (about 1.8 mL).
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Table 2.6. Experimental Conditions for Run 2

Total Volume, Flow Rate in Bed I
Process Step Solution Bed Volumes Volumes Per Hour Time

(mL) (mL/hr) hr
Bed conditioning 0.25 M NaOH 7.7 (116) 4.7 (71) 1.6
Loading AW-101 Feed 152 (2280) 8.4 (126) 18.2
Feed displacement 0.1 M NaOH 6.3 (95) 5.8 (87) 1.1
DI water rinse DI water 5.4 (80) 5.4 (80) 1
Elution 0.5 M HNOq 21 (310) 3-4 (45-60) 5.5
Eluant rinse DI water 7 (105) 6.4 (96) 1.1
Regeneration 0.25 M NaOH 12.3 (185) 6.5 (98) 1.9

lote: The column volumeis based on the volumein the columns at the startof the loadingstep. The bed volume in
both columns was 15 mL with a height of 8.5-cm.

The sampling w,d analysis protocol is shown in Tables 2.7 and 2.8 for Run 1 and Run 2, respectively.
The 137CScontent was determined in all of the samples using a portable GEA instrument. This allowed near
real time analysis of the samples. The response time was limited by the rate at which samples could be
removed from the hot cell and was often on the order of hours. Due to the dose rate from 137Cs,many of the
samples required dilution prior to removal from the hot cell. Samples were diluted in either 0.25 M NaOH or
0.5 M HNO~. The extent of dilution was determined by mass difference on a 4 place analytical balance. The
samples that required dilution included the feed sample, the effluent samples from the last half of the loading
phase of Run 1 and most of the eluant samples. The 137CSresults from the portable GEA instrument were
confirmed by analyzing selected samples with the GEA instrument in the analytical laboratory. The sodium
and other metal concentrations were determined with ICP-AES. The OH- concentration was determined by e

titration with hydrochloric acid.

During the loading phase, the treated effluent was collected in one of two effluent bottles except for the
small (2 mL) samples that were taken. A composite sample from each of the two effluent bottles was taken
for analysis by GEA. The rest of the samples were collected in approximately 1 BV aIiquots. Once the GEA
results were confined for the eluate, all of the eluate samples were eomposited and a sample of the
composite was submitted for GEA, ICP-AES, TOC and ICP-MS for 99Tc.
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Table 2.7. Sampling Interval and Analyses for Run 1

Process Step Lead Column Lag Column Approximate Analyses
BV BV Sample Size (mL)

Bed conditioning
Bed conditiorm.tg
Bed conditioning
Loading Every 10 BV Every 20 BV 2 GEA
Feed displacement .- Every 1 BV 15 ICP, GEA, OH-
DI water rinse Every 1 BV 15 ICP, GEA, OH-
Elution Every 1 BV 15 GEA
Eluant rinse Every 1 BV - 15 GEA
Regeneration 1 composite 90 ICP, GEA, OH-

Composite Samples
Effluent – 1 2 GEA
Effluent -2 2 GEA
E1uate 1 composite - 7 ICP-AES, GEA,

TOC,
ICP-MS (Tc)

Table 2.8. Sampling Interval for Run 2

Process Step Lead Lag Column Approximate Analyses
Column Sample Size (mL)

Bed conditioning

I Loading - I Every 20 BV I Every 20 BV I 2 I GEA 1
i Feed d~placement I I I I . I
I DI water rinse I I I
I Elution I I I I .

Eluant rinse
Regeneration 1

2.5 Batch Contacts

A number of batch contacts between the SL-644 and subsarnples of the AW-101 feed were conducted to
obtain equilibrium data. Portions of the subsamples were spiked with 0.1 M CSN03 stock solutions to obtain
additional concentrations of cesium. The initial cesium concentrations in the AW-101 subsamples are given
in Table 2.9. The purpose of these spikes was to ensure that the equilibrium composition of the solutions
bracketed the cesium feed concentration.

Table 2.9. Initial Cs Concentrations in the AW-101 Solutions Used for the Batch Kd Tests

(a)

Solution Initial Cs Cone. [M] Initial Na./Cs (a) Initial WCS (a)
Un-spiked 6.14E-05 74,700 6,350 .
Cs Spike 1 3.67E-04 12,500 1,060
Cs Spike 2 6.17E-04 7,440 632

Na and K’ are the primary cations that compete with Cs’ for ion exchange with SL-644.
ConcentrationsofNa+and K+in the AW-101solutionwere4.59Mand 0.39Mrespectively.
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The batch Kd tests were pefiorrned at a phase ratio of approximately 100 mL/g (liquid volume to
exchanger mass). Typically, 0.05 g of exchanger was contacted with 5 mL of solution. The exchanger mass a
was determined to an accuracy of 0.0001 g. The waste volume was transferred by pipette, and the actual
volume was determined by mass difference with an accuracy of 0.0001 g and the solution density. Agitation
was provided by an orbital shaker set at 200 rpm for approximately 96 h. The temperature was not
controlled, but was generally constant at 24°C during the 4 days of contact.

All & measurements were made in duplicate and blank samples (i.e., without the ion exchange resin)
were used to determine the initial concentration of the species of interest. All initial and final solutions were
analyzed by GEA to determine the 137CSconcentration. The initial sodium and potassium concentrations
were determined with ICP-AES.

The batch distribution coefficient, & (with units of mL/g), was determined using the -following
relationship:

~d=(co-cl). J’
c1 M*F

(1)

where Co and Cl are the initial and final 137CSconcentrations, respectively, V is the volume of the liquid
sample (mL), M is the mass of the (as received) ion exchanger (g), and F is the mass of the dried resin
divided by the mass of the as-received resin.

2.8
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3.0 RESULTS AND DISCUSSION

3.1 Feed Composition

The composition of the feed to the cesium ion exchange system is shown in Table 3.1. The
concentrations of Na, K, Al, Cr, and P were determined by analysis of a feed sample by ICP-AES. The
total cesium concentration is estimated using the GEA results for 137Csand the isotopic ratios determined
with thermal ionization mass spectroscopy and reported in Uric (1999). For the AW- 101 sample the
137Cs:totalcesium was 0.2465. Some of the anion concentrations are based on an analysis of the Tc IX
feed. Some of the component concentrations (generally the anions) are estimated on the basis of the
known sample dilution from component concentrations given in the characterization report (Uric, 1999).
The feed had a light yellow color that has been attributed to the presence of chromate.

Table 3.1. Composition of Envelope A (AW-101) Cs IX Column Feed”)

i Cations. M 1

Cs’ 6.14E-5
Na/Cs mole ratio 74,700
KICs mole ratio 6,350

Anions, M
AIOj ‘“J 0.411
c1 I U.Ubb ‘-’

C16’-’‘o) 8.4E-04
NO; 1.01

Po’-’ ‘D) 0.007
so’-’ 0.0072
Oxalate <8.6E-3 ~a~

I

Radionuclides
i34CS(~Ci/mL) 3.4E-2
137CS(pCi/mL) 177.5
Solution Densi&, g/mL 1.228
a) Thesevalueshavebeen estimatedfromthe diluted feed characterizationdata

reported in PNWD-2463,BNFL-RPT-O03,Rev O. Unless otherwisenotedthe
resultsare basedon directanalysisof the feed.

b) Al, Cr, and P determinedby ICP-AES. Anionic form is assumedon the basis of
wastechemistry.

c) The raw analyticalresultsmaybe found in the appendix.
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3.2 Loading (137CSBreakthrough Curves),
Water Wash

After the resin beds were conditioned, the loading phase was

Feed Displacement and

initiated with the diluted AW-101
sample. During the initiation of the loading step, the initial 4 bed volumes(~)of effluent were not
collected. This prevented the estimated holdup of 4 bed volumes of 0.25 M NaOH in the system from
being mixed with the AW- 101 effluent. Small samples (about 2 mL) were collected from the lead column
every 10 BV of feed and from the lag column every 20 BV of feed. Initial samples were collected from
both columns soon after loading was initiated in order to obtain a determination of the maximum
decontamination factors. The loading phase generally went well except for some leakage of air into the
lag column. This was observed by the dropping of the air-liquid interface above the top of the bed. At
approximately 45 BV the loading was stopped for slightly over an hour to remove air from the column
system. The air did not appear to get into the resin beds and there was no discemable discontinuity in the
breakthrough curve.

The cesium eflluent concentrations from the columns are shown in Figure 3.1 as C/COvs the bed
volumes of feed processed through each column. The C. value for 137CSwas determined to be 177.5
pCi/mL. The C/COis plotted on a probability scale (i.e. gaussian distribution) since this tends to provide a
straight line breakthrough curye. The C/Co values for the feed displacement (3 BV of 0.1 M NaOH) and
DI water rinse (6 BV) are also shown in Figure 3.1. These exhibit a steadily decreasing concentration of
*37CS.Most of the C/COvalues were determined with a portable GEA instrument and selected samples
were independently analyzed with a laboratory GEA instrument. The two analyses are generally in good
agreement (within 10O/O).Raw analytical results and calculations may be found in the appendix.

Two *37Cs-removallimits are also shown in Figure 3.1. The higher C/COvalue of 0.45% corresponds
to the contractual limit of 3 Ci/m3 for 137CSin the low-activity waste (LAW) glass, and the lower C/Co
value of 4.5E-02°/0corresponds to the basis of design target of 0.3 Ci/m3 for 137Csin the LAW glass,
which is 10 times less than the contractual limit. The C/COvalues corresponding to these limits are
determined using the sodium concentration of 4.59 M in the AW- 101 sample, the *37CSfeed concentration
of 177.5 pCi/mL, a 20 wtYototal NazO loading in the glass, and a glass product density of 2.66 g/mL.

Volume corrections have been made in the analysis of the data so that the indicated data points
correspond to the bed volumes that have actually passed through each column at the time of sampling.
These volumes are different from the amount of feed pumped from the feed container because of the
holdup volume. The bed volumes actually pumped from the feed vessel can be estimated by adding 2 bed
volumes for the lead column and 4 bed volumes for the lag column.

The Cs Avalue is 143 for the lead column and an estimated (by extrapolation) 25 for the lag column.
ne Cs L value is the point at which the C/COvalue is 50% (0.5) and is a direct indicator of the effective
capacity of the resin. The Cs k value of 143 for the lead column is consistent with the estimated Cs Aof
145-150 obtained during Phase IA testing (Hassan and McCabe, 1997). The very low value for the lag
column indicates that this resin bed was not fimctioning properly.

“) Many solution volumes given as bed volumes are based on the 15.O-mLBV for both columns.
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The cause of the relatively poor performance of the lag column could have been due to channeling
due to air in the resin bed or due to incomplete bed conditioning. Air is probably not the cause of the

e
poor bed performance because the initial C/Co values for the lag column indicate the bed was not
performing well prior to the leakage of air into the column system. Furthermore, air was not observed in
the lag column resin bed during subsequent process steps. The cause may be incomplete bed conditioning
even though the recommended or greater volumes of conditioning solutions were used. As discussed in
section 3.4, the second resin bed did not change volume as much as the lead column during the
shakedown testing and the resin bed preconditioning prior to introduction of the feed. This could have
been due to partial consumption of the bed conditioning solutions by the resin in the lead column. The
SL-644 resin has been shown to be sensitive to the bed conditioning prior to initiating the loading
(McCabe et al. 1997).

The maximum decontamination factors measured were 11,600 for the lead column and 47,100 for the lag
column. These values are based on 137CSconcentrations of 1.54E-2 p.Ci/mL for the lead column and
3.8E-3 pCi/mL for the lag column. The overall DF was only 8.5 and is low due to the poor performance
of the lag column.

The concentrations of sodium, potassium, Al and hydroxide in the feed displacement and DI water rinse
solutions from run 1 are shown in Figure 3.2. The concentrations of the sodium, potassium, and Al are
indicated on the left hand axis while the hydroxide concentration is shown on the right hand axis. Both Y
axes are logarithmic scales in order to clearly show the roughly 100 fold decrease in concentrations. The
samples were taken from the effluent line after the lag column, after the solutions had passed sequentially
through both columns. Analytical results and calculations may be found in the appendix.

Due to the holdup volume in the system there was a delay between the introduction of the feed
displacement and DI water wash solutions and the collection of these samples from the effluent line.
In switching from the feed to the feed displacement step, valve 2 (Figure 2. 1) was switched to the drain o

position and the initial part of the system was flushed. The valve was then switched to the flow position
and sampling was initiated from the effluent line after the lag column. The holdup in the system between
valve 2 and the effluent line was estimated to be about 40 mL so it is likely that the first 2 samples and
much of the third sample consisted largely ofAW-101 feed. This is supported by the component
concentrations that are similar to the feed concentrations in the first two samples and by the visual
observation of the sample color. The first two samples had a light yellow color that looked like the AW-
101 feed and tbe third sample had a slight pink tinge to it. The.source of the pink color is probably the
SL-644 resin. In switching to the DI water rinse step, valve 1 was turned to the water supply container
and the initial part of the system was not flushed. The total holdup in the system is estimated at 60 mL
(4 BV) so the first four samples in the DI water rinse step, probably contained decreasing amounts of feed
and caustic. The component concentrations indicate that washing was nearing completion at the fifth and
sixth samples. The first four samples collected during the water rinse step had a distinct pink tinge to
them while the last tsvo were nearly clear. The required volume of feed displacement and DI water rinse
solutions cou[d be significantly reduced with a smaller holdup volume in the system and may not reflect
the performance of a large-scale system.
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Figure 3.2. Component Concentrations in Feed Displacement and DI Water Rinse Solutions

Since the lag column did not perform as expected, the overall decontamination factor was only about
8 and the level of *37CSin the effluent. Consequently a second column run was conducted with the
partially treated AW- 101 sample. This breakthrough curve is shown in Figure 3.3. A reduced sample set
was collected only for the loading step. Two 137Cs-removallimits are also shown in Figure 3.3. The
higher C/COvalue of 3 .,9??corresponds to the contractual limit for 137CSin the low-activity waste (LAW)
glass, and the lower C/COvalue of 0.39% corresponds to the basis of design target for 137CSin the LAW
glass, which is 10 times less than the contractual limit. The C/COvalues corresponding to these limits are
determined using the sodium concentration of 4.59 M in the AW-101 sample, the 137CSfeed concentration
of 20.9 pCihnL, a 20 wtVOtotal Na20 loading in the glass, and a glass product density of 2.66 g/mL.

The Cs k value for the lead column in run 2 is estimated by extrapolation, to be 185. Insufficient
breakthrough of *37CSprevents the determination of a Cs L for the lag column. The uniformly low level
of ~37Csin the effluent from the lag column indicates that the performance of the resin bed was much
improved over the first run. The relatively good performance may be due to the additional cycle of the
resin bed through the acid form during the elution of the lag column. The maximum decontamination
factor measured was 99 for the lead column and at least 1130 for the lag column. These values are based
on the *37CSconcentrations determined by the analytical laboratory in the first sample from each column.
While these DF’s appear to be lower than those for run 1, it should be noted that roughly 88% of the 137CS
was removed from the waste during the first run. A comparison of the 137CSconcentrations and
decontamination factors for both runs is shown in Table 3.2.
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Table 3.2. Decontamination Factors for ‘37CS

Processed
Volume”), 137CsConcentration

BV (mL) pCi/mL Cfco, % DF
Run 1

First sample from 8.2 (123) 1.54E-02 8.6E-03 11,600
Lead Column
First sample from lag 6 (90) 3.8E-03 2. lE-03 47,100
column
Effluentbottle-l 127 (1905) 10.9 6.2 16.3
Effluent bottle-2 37 (550) 56.1 31.6
Composite effluent 164 (2455) 20.9 11.8 8.5

Run 2
First sample from 25 (375) 0.21 1.0 99
lead column
First sample from lag 22 (330) 1.85E-02 0.089 1130
column
Composite effluent 152 (2280) 5.89E-02 0.28 355
Overall (both runs) 5.89E-02 3.3E-02 3000
(a) Processedvolume is the volumecollectedin the eftluentbottles adjusted for samplingand column
systemholdup.

3.3 Elution, Eluant Rinse and Regeneration

At the completion of the DI water wash, elution of the lead column was initiated by pumping 0.5 M
nitric acid into the lead column at 1.2 BV/hr. Samples of the eluate and the eluant rinse were collected in
approximately 1 BV increments while the regeneration solution was collected as a single composite. The
137CScontent of these samples was determined with the portable GEA instrument and confirmed with
analysis in the laboratory instrument. Due to holdup in the system, the first couple of bed volumes
probably contained a substantial amount of the DI water rinse that preceded the elution.

The elution generally went well except for two instances when the top portion of the bed started to
float due to air bubbles in the resin bed. The source of this air is thought to be in-leakage around the
upper column plunger and not due to gas generation in the bed. The air was removed from the bed by
tapping the column until the bubble migrated to the top of the resin and into the headspace above the bed
and the elution was resumed. Eluate sample #3 was observed to contain solids. Although the solids were
riot analyzed they were light in color and very fluf& and are suspected of being precipitated NaA102. The
source of this is likely residual waste that was not washed out of the column system.

The C/C$) values for 137CSare shown in Figure 3.4 for the elution, the eluant rinse and the
regeneration steps. The Y axis is a logarithmic scale to clearly show the large range of C/COvalues. The
majority of the 137CScame off in just one sample (#4) which had a C/COvalue of 97. The elution was
continued until a C/COof 0.01 was reached. The C/COvalues for the eluant rinse are below the elution

‘a)The C refers to the 137CSconcentration in the AW-101 sample fed to the lead column. For elutio~ the C/COvalue
is an indication of the extent to.which 137CSis concentrated relative to the feed. It is an indirect measure of the
extent to which the resin is actually eluted.
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cutoff of C/CO= 0.01. The *37CSconcentration in the eluant rinse ranges from 0.12-5 uCi/mL. The last
DI water rinse sample shows an unexpected spike in C/CO. The resuhs of an analysis of the regeneration
composite sample are shown in Table 3.3. For the ICP-AES results, the component determined is shown
along with the assumed form in the regeneration solution.

Table 3.3. Composition of Regeneration Solution

Concentration, pg/mL BNFL MRQ, pg/mL Concentration, M
29 1.lE-03

2.2E-03
[71] 8.OE-07
[0.5] 9.8E-06
[0.8] 1.5E-05

[0.02] 4.2E-07
Mo [0.37] 3.9E-06
Na’ 1800 75 7.8E-02
P [0.65] 2.lE-05
Si 45.7 1.6E-03
Ti [0.07] 1.6E-03
Zr 0.31 3.4E-06
OH- 1,100 17 0.065
1“CS 6.9E-2 uCi/mL 9
Total Cs 2.4E-08
Density, g/mL 1.004
Notes: MRQ is minimumreportablequantity. The overallerror is estimatedto be within +/-15%.
Values in bracketsare within 10 times the detectionIimi$and errorsare likelyto exceed+/-15%.

Samples of the eluate composites from runs 1 Wd 2 were submitted to the analytical laboratory for
analysis with ICP-AES, GEA, total alph~ TOC and ICP-MS to deterniine the 99Tccontent. The results
are shown in Tables 3.4, 3.5 and 3.6. Sodium was the dominant component detected with ICP-AES,
although a number of other metals were also detected. Many of these same metals were also found in the
eluate from the AN-107 testing (Kurath et al., 2000) and include Ca, Cr, Cu, Fe, Na Ni, Pb, U and Zn.
Many of these same components were also detected during the analysis of the spent resin (Kurath and
Wagner 2000) and include Ca, Cr, Cu, Fe, & N% Ni, Pb and Zn. A relatively high concentration of Al
was found in the lead column eluate (Table 3.3) and this is attributed to the solids observed in sample # 3.
As expected, the cesium isotopes are the dominant radionuclides. The only anion detected was nitrate,
which is not surprising since the eluant was 0.5 M nitric acid. A small amount of total organic carbon
was detected, but it is not known if this is from residual waste in the column system or from organic
materials leaching from the resin.

Most of the BNFL-specified minimum reportable quantity (MRQ) levels were met with some
exceptions. The large amount of ‘37CSprevented the detection limits for 241Am, 154Etqand 155Eufrom
meeting the MRQ levels.. Relatively high *37CSactivity increases the gamma background level in the
detectors due to Compton scattering, thereby making it diflicult to detect lower concentrations of other
gamma emitters. The large amount of nitrate prevented the detection limit for Cl and F (Table 3.3 only)
from meeting the MRQ levels. The large concentration of nitrate requires large sample dilutions and
increases the method detection limit (MDL) for the other components. In any case, the anion
concentrations other than nitrate are expected to be small. This is somewhat confirmed by the fact that no
P was detected with the ICP-AES analysis. The total inorganic carbon (TIC) analysis was not completed
because carbonate is known to evolve as COZin acidic solutions.
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Table 3.4. Analysis of the Lead Column Eluate Composite from Run 1 and Minimum Reportable
Quantities

*

j@mL ~g/mL
7.50E+01 TOC [119] 1.50E+03

Ba [0.42] 7.80E+01 TIC NA 1.5E+02
Ca [2.1] 1.50E+02 Br <500 NMRQ
Cd [0.31] 7.50E+O0 cl <500” 3.OE+OO
co <0.27 3.00E+O1 F <500 1.5E+02
Cr 3.48 1.50E+01 N02 <1()()() NMRQ
Cu 50.6 1.70E+01 N03 33,000 3.0E+03
Fe 12.3 1.50E+02 P04 [8.9] 2.5E+03
K 382 7.50E+01 S04 <1000 2.3E+03
La <0.27 3.50E+01 oxalate <1000 NMRQ
Mg <1.07 1.50E+02
Mn 0.67 1.50E+02 Radionuclides MRQ
Mo <0.32 9.00E+O1 ~Ci/mL pCi/mL
Na 2230 7.50E+01 CS-134 3.36E-01 NMRQ
Ni 5.89 3.00E+O1 CS-137 1.61E+03 9.00E+OO
Pb 15.6 3.00E+02 Sr-90 c5E-2 1.50E-01
Si 51.4 1.70E+02 Tc-99 9.05E-04 1.50E-03

(5.3E-2 ug/mL)
Sn <10.7 1.50E+03 Am-24 1 <lE+O 7.20E-04
Ti <0.05 1.70E+01 Eu- 154 <6E-2 2.00E-03 e

u [48] 6.00E+02 Eu-155 <1E+() 9.00E-02
Zn 12 1.65E+01 Total alpha <4E-2 2.30E-01
B 72.6 NMRQ Total volume = 195 mL
P [2.9] NMRQ Total mass = 198 g

Density = 1.015 g/mL
Notes: MRQ is minimumreportablequantity. NMRQ is no minimumreportablequantity.NA = not analyzed.
< ~dicaks dete~ion limit; componentnot detected. Overallerror is estimatedto be within+/-15°/0.Values in
brackets are within 10-times the detection limit and errors are likely to exceed +/-15%.
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Table 3.5. Analysis of the Lag Column Eluate Composite fkomRun 1 and Minimum Reportable
Quantities

ICP-AES Components BNFL MRQ Anions BNFL MRQ
pg/mL ~g/mL w mL I.’@mL

Al rl.31 7.50E+01 TOC <18 1.50E+03
Ba [0.23] 7.80E+01 TIC NA 1.5E+02 !

Ca [3.3] “1.50E+02 Br <100” NMRQ
Cd [0.34] 7.50E+O0 cl <100” 3.OE+OO
co <0.52 3.00E+O1 F <100 1.5E+02 I
Cr 6.54 1.50E+01 N02 Qoo NMRQ
Cu 12.7 1.70E+01 N03 31,500 3.0E+03
Fe 12.8 1.50E+02 P04 <3 2.5E+03
K r1901 7.50E+01 S04 eoo 2.3E+03
La <0.52 3.50E+OI oxalate eoo NMRQ
Mg <1.1 1.50E+02
Mn <0.52 1.50E+02 Radionuclides MRQ
Mo <0.52 9.00E+O1 I ~ci/mL pci/mL
Na 698 7.50E+01 CS-134 4.05E-02-- NMRQ
Ni [2.8] 3.00E+O1 CS-137 2.42E+02 9.00E+OO
Pb 12.8 3.00E+02 Sr-90 2.44E-01 1.50E-01
Si [6.5] 1.70E+02 Tc-99 4.66E-04 1.50E-03

(2.74E-02 Ug/mL)
Sn <15.5 1.50E+03 An-241 <2E-(31 7.20E-04
Ti < ().26 1.70E+01 Eu-154 <7E-03 2.00E-03
u r481 6.00E+02 Eu-155 ~E-01 9.00E-02
!Zn I 6.2 I 1.65E+01 I Total aloha I ~E-5 I 2.30E-01 I
B 7.s NMRQ Total volume =182mL ‘-
P <1.0 NMRQ Total mass = 185 g

Densitv = 1.015’dmL
$ . f

Notes: MRQ is minimum reportable quantity. NMRQ is no minimum reportable quantity. NA = not analyzed.
< ~~cates d&@iOn limit componentnot deteaed. Ovemllerror is estimatedto be within +/-1.5°/0. Values in
brackets are vvithin 10-times the detection limit and errors are likely to exceed +/-15!%..
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Table 3.6. Analysis of the Eluate Composite for Both Columns, Run 2 and Minimum Reportable
Quantities

ICP-AES Components BNFL MRQ Anions BNFL MRQ

l.@mL WYmL @mL I@ mL
Al [6.11 7.50E+01 TOC <18 1.50E+03

<().1 7.80E+01 TIc NA 1.5E+02
[2.9] 1.50E+02 Br <100 NMRQ

[0.231 7.50E+O0 cl <100 3 .OE+OO
Ico I <0.52 I 3.00E+O1 ! F I 1500 I 1.5E+02 [

Cr 3.25 1.50E+01 N02 <200 NMRQ
Cu 7.13 1.70E+01 N03 26,500 3 .0E+03

Fe 8.1 1.50E+02 P04 <3 2.5E+03 I
!K I r2101 I 7.50E+01 I S04 I <200 I 2.3E+03 I

I .

La i 0.52 3.50E+01 oxalate I <200 NMRQ
Mg <1.04 1.50E+02

1.50E+02 Radionuclides I MRQMl c 0.52
Mo <0.52 9.00E+O1 f..lci/mL I pci/rnL
Na 1150 7.50E+01 CS-134 I 2.43E-02 NMR(-) 1.— .
Ni 5.69 3:OOE+O1 ci-137 1.47E+02 9.00E+OO
Pb [9.9] 3.00E+02 Sr-90 8.56E-02 1.50E-01
Si [6.3] 1.70E+02 Tc-99 2.59E-04 1.50E-03

(1 .52E-02 Ug/ti) !

Sn <15.5 1.50E+03 Am-241 <9E-02 7.20E-04
Ti < ().26 1.70E+01 Ew154 <t513-3 2.00E-03
u <20.6 6.00E+02 Ew155 ~E-02 9.00E-02 &
Zn <0.52 1.65E+01 Total alpha 1.64E-05 2.30E-01
B 7.42 NMRQ Total volume = 305 mL
P <1.03 NMRQ Total mass = 310 g

1 I Density = 1.015 g/rnL !
Notes: MRQ is minimumreportablequantity. NMRQ is no minimumreportablequantity.NA = not analyzed.
< indicates dete~ion limit componentnot detected. overall error is estimated to be within +/- 15°/0. Values in
brackets are within 10-times the detection limit and errors are likely to exceed +/-15%.

3.4 Mass Balance for ‘37CS

A mass balance for 137CSwas completed for runs 1 and 2 in order to compare the 137CSrecovered in
various process streams to the 137CSpresent in the feed sample (Table 3.7 and 3.8). As expected, the
majority of the 137Cswas found in the eluate streams. Most of the 137CSpresent in the feed sample was
accounted for in the samples and process streams, indicating that the integrity of the experiment was
fairly good.
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o Table 3.7. Mass Balance for 13TCS,Run 1

137Cs, pCi 0/0 of’s ‘Cs in Feed Sample
Feed sample 435,900 100

Effluent-1 20,200 4.63
Effluent-2 29,100 6.67
Load samples 3,100 0.71
Feed displacement 3,500 0.80
D] waterrinse 2,500 0.57
Column #1 eluate 313,800 71.98
Column #1 DI water rinse 120 0.03
Column #1 regeneration 6 0.00
Column #2 eluate 44,000 10.10

Total ‘5’CSrecovery 416,300 95.5

Table 3.8. Mass Balance for 137CS,Run 2

~ % of Cs in Feed Sample
Feed sample 47,700 100

I
Effluent 132 0.28
Load samples 47 0.10
Eluate-both columns 45,900 96.26

f
ToM ‘“CS recovery 46,100 96.6

3.5 SL-644 Resin Volume Changes

The SL-644 resin is known to change in volume as a fimction of the solution pH and ionic strength
(Hassan et al., 1999). The variation in bed volume as a fimction of the process steps for both columns is
shown in Figur& 3.5 and 3.6 as a ratio of bed volume to the baseline value of 15 mL. In this case the
baseline value was chosen as the volume of the beds shortly after the loading step was initiated. This is
the same volume as the bed volume in 0.25 M NaOH when the column system was loaded into the hot
cell. The bed volume ratios can be converted to an as-received resin bed volume basis by multiplying the
values given in Figures 3.5 and 3.6 by 2.4. This value is the ratio of the 15 mL bed volume used. in the
figures to the as-received resin volume of 6.2 mL.

Together, the two figures show the bed vohune changes of each bed as they are cycled 4 times
through the acid and sodium form. The fust three cycles are shown in Figure 3.4. The first cycle was
pefiormed outside of the hot cell during shakedown testing. A second cycle was performed in order to
condition the resin bed just prior to initiating run 1. The third cycle was run 1 with theAW-101 waste
sample and the fourth run was the second run with the AW-101 sample. Each process step is denoted

o

with a letter defined as follows: W (DI water), E (elution with 0.5 M nitric acid), ER (elution rinse with
DI water), R (regeneration with 0.25 M NaOH), F (feed), and FD (feed displacement with 0.1 M NaOH).
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The following observations are qualitatively similar to the resin volume changes reported in Hassan
et al., 1999.

●

●

Both columns reached minimum volumes in the hydrogen form (after elution) and maximum
volumes in the sodium form after contact with dilute caustic and water.

The amplitude of the swelling and shrinking increased for both resin beds as the resin was
successively cycled through the hydrogen and sodium forms,

A close comparison of the voh.une changes in the two beds indicates the following:

. By the end of the 4* cycle, the resin bed in the lead column appears to be about 10’%0larger than
the resin bed in the lag column.

● Both columns had nearly the same volume during the loading step when in contact with the waste
sample.

. During the bed conditioning steps prior to the initiation of run 1, the volume change of the lag
column did not occur as quickly as the lead column and the lag column may not have been as
fully conditioned as the lead column. This could have been due to partial consumption of the bed
conditioning chemicals in the lead column. Since adequate conditioning of the resin beds has
been found to be important to the SL-644 performance this could explain the relatively poor
loading performance of the lag column. In fbture testing, the bed conditioning solutions will be
pumped through the beds until the volume changes of both columns are complete and the
columns may be conditioned separately instead of together in series.

3.6 Batch Contact Results

The distribution coefilcients (Kds) are shown in Figure 3.7 for the SL-644 resin in contact with the
AW- 101 column feed. The Kd values were calculated using Equation 1 and are based on the *34CSand
137CSconcentrations as measured by GEA. The Na/Cs ratio is calculated from the individual sodium and
cesium concentrations. The sodium concentrations are based on an analysis of the initial feed as prepared
for the column run and is assumed to be constant for the batch contacts”. Since the quantity of ~ added
with the resins is small relative to the moles of Na+ and OH- (phase ratio of 100 mL of solution: gram of
exchanger), this is a reasonable assumption. In these experiments, the waste solutions were estimated to
have 10.9 me of OH- and 23 meq of Na+, while the resin had 0.005 meq of ~. The total cesium was

?based on the* 7CSconcentrations, and the ratio of 137Cs:totalcesium was determined for the unspiked and
spiked solutions. There appears to be considerable scatter in the data since the results are expected to lie
on a reasonably smooth curve.
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The Kd at the AW-101 feed conditions can be estimated to range from 280-340 mL/g from the point
at which the Kd plot crosses the Na/Cs mole ratio (74,700) for the AW- 101 sample. The column
distribution ratio can be determined from the Kd and the appropriate bed density using the following
relationship

9

C# = Kd * pb (2)

where C~1, is the column distribution ratio, and ~bis the dry bed density.

In this case, the dry-bed density is 0.287 g/mL, which is determined from the dry (@ 95°C) mass of
exchanger (4.3 g) divided by the expanded BV in the columns of 15 mL. The Cs L is then estimated to
range fkom 80-97. This value should correspond fairly closely to the Cs 1.of 143 determined from the
breakthrough curve for the lead column (see Figure 3.1). The reason for the considerable difference is not
known.
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4.0 CONCLUSIONS AND RECOMENDATIONS

. Small-column testing with SL-644 indicates that sufilcient decontamination of 137CScan be
obtained with waste from Tank 241-AW- 101 (Envelope A) to allow the LAW glass product to
meet the basis of design limit for ‘37CSremoval, which is a factor of 10 less than the contractual
limit. An overall decontamination factor of 3000 was obtained providing a cesium-
decontaminated effluent with a 137Csconcentration of 5.89E-02 Ci/m3. This is 7.3V0of the
contract limit.

● While two separate runs were required to achieve the necessary decontamination, this is not
expected to be normally required. During the first run the lag column did not function as
expected and an unexpectedly large amount of cesium passed through the system. During the
second run both columns functioned well and good decontamination factors were obtained.

. The poor performance of the lag column is thought to have been caused by inadequate bed
conditioning prior to the introduction of the waste into the columns. Thk could have caused
channeling or slow uptake of cesium. Channeling could also have resulted from air in the bed
due to air leakage into the system. Although air did get into the system it was never observed in
the bed in the lag column.

. Batch contacts were conducted to obtain equilibrium data in the form of batch distribution
coefficients (Kds). These equilibrium data predict a range for the Cs L of 80-97.

. The feed displacement (0.1 M NaOH) volume of 3 BV followed by 6 BV of DI water rinse
appeared to leave some residual waste in the column system since a small amount of solids were
observed in the third eluate sample. An increase in the volume of feed displacement solutions is
recommended.

● The cesium loaded columns are efficiently eluted with 0.5 M nitric acid. The majority of the
137CSelutes from the column in 1 bed volume of eluate although a total of 12 bed volumes of
eluant was necessary to reach the elution end point of a C/CO = 0.01.

. The SL-644 was adequately regenerated with 6 bed volumes of 0.25 M NaOH. The average 137CS
concentration’in the regeneration solution was 6.9E-2 pCi/mL with a C/COof 3.89E-04.

4.1

. Fouling of the resin bed or exchanger was not observed.



5.0 REFERENCES

Brooks, K.P., P.R. Bredt, G.R. Golcar, S.A. Hartley, M.W. Uric, J.M. Tlngey, K.G. Rappe, L.K. Jagoda,
1999, Ultrafiltration and Characterization ofA W-1OI Supernatant and Entrained Solids, October, 1999,
BNFL-RPT-O02, PNWD-3000, Pacific Northwest National Laboratory, Richland, WA.

Hassan, N. M., and D. J. McCabe. 1997. Hanford Envelope C Tank Waste Ion Exchange Column Study.
SRTC-BNFL-O 18, Rev O,Savannah River Technology Center, Westinghouse Savannah River Co. Aiken,
South Carolina.

Hassan, N. M., W. D. King, and D. J. McCabe. 1999. Superlig@Ion Exchange Resin Swelling and
Buoyancy Study ~, Savannah River Technology Center, Westinghouse Savannah River Co. Aiken,
South Carolina.

Kurath, D. E., D. L Blanchard, Jr. and J. R. Bontha. 1999. Ion Exchange Distribution Coej%ients for
137CSand 99Tc removal>orn Hanford Tank Supernatants A W-101 (Envelope A) and AN-107 (Envelope
C), BNFL-RPT-009 Rev. O,PNWD-2467, Battelle, Pacific Northwest Division, Richland, Washington.

Kurath, D. E., D. L Blanchard, Jr., and J. R. Bontha. 2000a. Small Column Ion Exchange Testing of
Superlig 644 for Removal of ‘37Cs@om Hanford Tank Waste Envelope C (Tank 241-AN-107),
BNFL-RPT-024 Rev. O,PNWD-3039, Pacific Northwest National Laboratory, Richkmd, Washington.

Kurath, D. E., and J. J. Wagner. 2000b. Analysis of Spent Ion Exchange Media: Superlig 639 and
Superlig 644, BNFL-RPT-028, Rev O, PNWD 3037, Battelle, Pacific Northwest Division, Richkmd,
Washington.

McCabe, D. J., N. M. Hassan, and M. C. Thompson. 1997. Superligm 644 Pretreatment Requirements
for Hanford Privatization Samples (lJ,, SRTC-BNFL-012, Rev O,Savannah River Technology Center,
Aiken, South Carolina.

Uric, M. W., J. J. Wagner, L. R. Greenwood, O. T. Farmer, S. K. Fiskum, R. T. Ratner, and C. Z.
Soderquist. 1999. Inorganic and RadiochemicalAnalysis of A W-101 and AN-107 4’Diluted Feed”
Materials, BNFL-RPT-003 Rev O,PNWD-2463, Battelle, Pacific Northwest Division, Richkmd,
Washington

5.1



APPENDIX A



Appendix A: Sample Identification for AW-I 01 Cs IX Runs

Sample ID Description
A1-CS-O Initial feed sample for run 1– AW-101
A1-CS-ICP Initialfeedsampleforrun1–AW-101
A1-CS-L1 thrOUghL17 Loading samples from lead column, run 1 – AW-101
A1-CS-P1 through P9 Loading samples tiom lag column, run 1 – AW-101
Eff– 1 Effluent composite container 1, run 1 –AW-101
Eff– 2 Effluent composite container 2; run 1 – AW- 101
AI-CS-PW1 through PW3 Feed displacement samples, run 1 – AW-101
A1-CS-PR1 through PR6 DI water rinse samples, run 1–AW-101
A1-CS-E1-1 through E1-12 Eluate samples fiorn run 1, lead column–AW-101
A1-CS-E1-R1 through R6 Eluant rinse samples from run 1, lead column – AW-101
Regeneration soluti~n Regenerationcom-posite, run 1, lead column - AW-I 01

I

AI R-CS-O Feed sample for run 2 – AW-101
AIR-CS-L1 through L17 Loading samples from lead column, run 2–AW-101
AI R-CS-P1 through P9 Loading samples from lag column, run 2 – AW-101
A1-Cs-El-composite Eluate composite, lead column, run 1 – AW-101
A1-Cs-E2-Comp and A1-CS-E2-CO Eluate composite, lag column, run 1 – AW-101
AIR-Cs-E-comp Eluate composite, both columns, run 2 – AW-101
A1-Tc-LC AW-101 Tc IX Feed which is the same as the Cs IX

effluent composite from run 2.
A1-Tc-O Tc IX Feed which is the same as the Cs IX effluent

composite from run 2
Notes: 1)The letterA, B, C or D after the sample ID indicates that the original sample was diluted
and/or transferred to a new, uncontaminated vial for loading out tlom the hot cell.
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Sample Identification Continued

The following sample results are included in the appendix since they were reported with some of the
AW-101 Cs IX samples. Samples from other work were batched to reduce cost and duration (schedule).
These results are discussed in other reports.

C1-CS-OAR Initial feed sample – AN-107 Cs IX
c 1-CS-ICP Additional feed sample – AN-107 Cs IX
C1-CS-L1 through L12 Loading samples from lead column – AN-107 Cs IX
C1-CS-P1 thrOUghP6 Loading samples from lag column – AN-107 Cs IX
Effluent – lD Effluent composite container 1– AN-107 Cs IX
Effluent – 2D Effluent composite container 2- AN-107 Cs IX
AN- 107-TCIX Cs IX effluent which is also the Tc IX feed
C1-CS-FD1 thrOU@FD7 Feed displacement samples - AN- 107 Cs IX
C 1-CS-PR1 throu~h PR6 DI water rinse sarmdes - AN-107 Cs IX
C1-CS-E1-1 throu~h E1-13

1
I Eluate sanmles from lead column - AN-107 Cs IX I

C 1-CS-E1-R1 thro&zh R6
1
I Eluant rins~ sanmles ilom lead column - AN-107 Cs IX 1

Regeneration - Regeneration composite for lead column - AN-107 Cs IX
C 1-CS-E2-1 through E2-13 Eluate samples from lag column - AN-107 Cs IX
C l-CA AN-1 07 fe~d control fo~batch contacts
CI-SIA AN-107 spike 1 feed control for batch contacts
C1-S2A AN-1 07 spike 2 feed control for batch contacts
C 1-44A, C 1-44-D-A Batch contact with unspiked AN-107 sample
C 1-44-S1--A,C1-44-S1-D-A Batch contact with spike 1 AN-107 sample
C1-44-S2-A, C1-44-S2-D-A Batch contact with spike 2 AN-107 sample
C l-Cs-El-composite Eluate composite from column 1, AN-107 run
C l-Cs-E2-com~osite Eluate comnosite from column 2. AN-107 run

L

N7-TC-O ‘ Tc IX feed which is also Cs IX effluent composite
AN- 107-TCIX AN-107 Tc IX feed sample
A1-Tc-EC 1 Eluate composite from Tc IWAW-101
N7-Tc-Elu-Comp Tc IX eluant composite Ilom elution of lead column loaded

with AN-107 sample
N7-TC-PW1 – PW7 Feed displacement samples from Tc IX, AN-107 run
N7-TC-PR1 –PR2 Rhse samples from Tc IX, AN-107 run

a

o
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Battelle PNNU325 BldgZRPCMnorganic Analysis ...
ICPAES Data Report

Project: 29953

ClienC D. E. Kurath

----------- ----------------------------- ---------

ACE Number(s): 99-2018,99-2046 through 99-2054, & 99-2072

Client ID: “A1-CS-ICP”, “A1-CS-PW1-A” through “A1-CS-PR6-A”, & “regeneration soln”

ASR Numbe~ 5421
-------------------------------------------------

Total Samples: 11

--------------- -------------------------- -------

Procedure: PNL-ALO-211, “Determination of Ele~ents by Inductively Coupled
Argon Plasma Atomic Emission Spectrometry” (ICP-AES).

Analyst: DR Sanders

Analysis Date (Filename): 07-08-99 (A0533)

See Chemical Measurement Center 98620: ICP-325-405-1 File for Calibration and
Maintenance Records.

M&TE Number: ICPAES instrument -- WB73520
Mettler AT400 Balance -- Ser.No. 360-06-01-029
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Battel/e PMVU325 B/d~RPG/horganic Analysis ...
ICPAES Data Report

Eleven radioactive liquid samples, A1-CS-ICP through “regeneration SOln” (ACL# 99-2018
through 99-2072), were analyzed by ICPASES after preparation by the sample Receiving and
Preparation Laboratory (SRPL). Samples were prepared by SRPL using PNL-ALO-128 acid
digestion procedure. Approximately lml to 5ml of sample (weighed) was processed and diluted
to a final volume of 10ml or 20ml. Several of the liquid samples contained some visible solids
before processing. Sample AI-CS-PW1-A, A1-CS-PW2-A, and A1-CS-PR1-A (ACL# 99-2@16,
99-2047 and 99-2049 respectively) required an additional 0.5ml of concentrated nitric acid to
dissolve the solids. An additional lml of concentrated nitric acid was added to sample
A1-CS-PW3-A (ACL# 99-2048) in an attempt to dissolve the solids but ultimately it had to be
filtered using 0.45 urn filter. After digestion and filtering the one sample, all solutions remained
clear. Additional dilution, up to 25-fold, was performed during lCPAES analysis because of high
aluminum and sodium concentration levels.

All measurement results reported have been corrected for preparation and analytical dilution.
Analytes of interest include Al, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, La, Mg, Nfn, Mo, Na, Ni, Pb, Si,
Sn, Ti, U, and Zn. All results reported are in pg/g including liquid samples as requested by the
client. Volumes and weights have been recorded on bench sheets (included with raw data, etc.).

Note: changes in concentration from the preliminary results have been made for the following
samples: A1-CS-PW1-A, A1-CS-PW2-A, A1-CS-PW3-A, and A1-CS-PRI-A (ACL# 99-2046
through 99-2049 respectively).

All quality control checks met tolerance requirements for analytes of interest except as noted
below. Following is a list of quality control check measurement results relative to ICPAES
analysis toIerance requirements under MCS-033.

m

Five fold serial dilution:

(Aqueous samples) AIl results were within tolerance limit of S 10% after correcting for
dilution except K (approximately 11%) in sample A1-CS-ICP
(ACL# 99-2018) and Ni (approximately 87%) in sample A1-CS-PR3-A
(ACL# 99-2051) all other analytes above EQL were less than 6%
difference after dilution correction. The discrepancy for Ni may have
resulted from carry-over in a pipet used to dilute a previous sample or
standard having high concentration of nickel. Five other diluted

samples prepared similarly were all within the S 10% tolerance limit.
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Battelle PNNU325 Bld#RPG/Tnorganic Analysis ...
ICPAES Data Report

Dudicate RPD (Relative Percent Difference):

(Aqueous samples) All analytes of interest were recovered within tolerance limit of < 20%
relative percent difference (RPD).

Post-Suiked %rn~les (Group A):
(Aqueous samples) All analytes of interest were recovered within tolerance of 7590 to

125%.

Post-Spiked %rndes (Group B):
(Aqueous samples) All analytes of interest were recovered within tolerance of 75% to

125%.
BIank S~ike:
(Aqueous s~ples) All analytes of interest in the blank spike were recovered within

tolerance limit of 80% to 120%.
Matrix Spiked Sample:
(Aqueous samples) All analytes of interest in the matrix-spike were recovered within

tolerance limit of 75% to 125Y0.

C)uality Control Check Standards:
Concentration of all analytes of interest within tolerance limit Of
~ 10% accuracy ~ the st~d~ds: Qc_McJ7A ~d Qc_MCVB.

Calibration Blank (ICP98.0) concentration was less than two times
IDL. Silicon concentration in the fwst of two measurements was high
by 13%. The second measurement at the end of the ICPAES run WaS
within the tolerance limit of* 10~o accuracy.

High Calibration Standard Check:
Verification of the high-end calibration concentration for all analytes

of interest was within tolerance of* 570 accuracy.

Process Blank:
(Aqueous samples) All analytes of interest were within tolerance limit of < EQL or c 570

of sample concentration except Si which was equivalent to about 1870
or less of that measured in the samples. Boron was also found in the
blank which suggests that both silicon and boron was likely from the
glass digestion vessel used to prepare the samples.

Q!2a?
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Batfelle PMW325 Bld~RPG/7norganic Analysis ...
ICPAES Data Report

Laboratory Control Standard (LCS~
(Aqueous samples) No LCS was prepared for PNL-ALO-128 acid digested samples.

Analytes other than those requested by the client are for information only, Please note bracketed
values listed. in the data report are. within ten times instrument detection limit and have a
potential uncertainty much greater than 15%. See attached ICPAES data results.

Comments
1) “Final Results” have been corrected for all laboratory dilution performed on the sample during

processing and analysis unless specifically noted.

2) Detection limits (DL) shown are for acidified water. Detection limits for other matrices maybe
determined if requested.

3) Routine precision and bias is typically ~ 15% or better for samples in dilute, acidified water (e.g.
2% v/v HN03 or less) at analyte concentrations ~eater than ten times detection limit up to the
upper calibration level. This also presumes that the total dissolved solids concentration in the
sample is less than 5000 pg/rnL (0.5 percent by weight).

4)- Absolute precision, bias and detection limits may be determinedon eachsampleif required by the
client.

5) The maximumnumberof significantfiguresfor all ICP measurements is 2.
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PN/VURPG/inorganic Analysis ... lCPAES Data Report ‘age’“f3

Mu/tip/ier= 1.0

0

40.3 17.4 17.0 18.7

ALO#= BL-2018 98-2018 @5 98-2046 @5 98-2047 @5 98-2048 @5

Client ID= Blank (D.!. Watecl A 1-CS-ICP A l-Cs-PWl- A A1-CS-PW2-A A l-Ce-PW3- A.

3et. Limit Run Date= 718199 716f89 7f6S9 7/6/89 7m199

(uc#mL) (Analyte) (ugfmL) Ugfg Ugfg “...... . ....... ............. . ..... .. ..... Uglg uglg

0.015 Ag
0.060 . Al [0.28J 9,030 8,460 8,680 5,480
0.080 As [15] 14.1 13.8..... . . ................. .. .. ........ ....... ...... ..... .... [8.8]............ . ...... ....
0.050

.... .... ...........
B 1.97

,.”... . . . ........., ..”.......”””..”...”
59.4 37.9 40.2 35.5

0.010 Ba [0.020]
0.010 Be -,......... .. ...... .......... ......... .... . .......”.”....””..... [0.76J [0.71] [0.73] [0.43]... .. ...... ..... ....
0.100

.. . ... .............. ...... . ............ .
Bi

...”..”......””...”..

0.100 Ca [4.6] [6.5] ~.8] [4.3]

0.015 cd [1.2].........”..”...”.... . . ........... .. ... ...... . . ... . . ....””..... [1.2] [1.3] [1.3],..- . ...”.......””.. . .. . . ....... . ...
0.100

..”.-..”” ......”... .. . .. . .... . .
Ce

0.025 co

....%?.?!?........”””. . ..!?!. . ... ...... - 35.4 31.2 30.3 16.6.... .............. ..... .... . . . . .... ......
0.015

.... .... ....... . .....
Cu

........ ... ... .........
[4.0]

... .. . . . .. . .
3.39 3.82 2.97

0.050 Dy

0.100 Eu......... .... ... .... . .... ......... ....... ...”.-.....”..”””. ...... ............ ..
0.025

.. ................ .....
Fe [0.034]

... ... . . . .........
11.6

.. ...-.......”..
5.75 5.85 [2.8]

2.000 K 12,700 11,700 12,200 9,370

0.025 La............. ........... ...... ............ ....
-,

....””...........”.... .. ....... ... .... . ....
0.005

.........................
Li

... . . ... . .. ... .... . .. . . . ........
[0.13] [0.089]

0.100 Mg

0.005 Mra [1.3].... ... . . .... .... . .... ........ .. .... .. .. . ............ ..... 7...... ............. . ..
0.030

............ ............
Mo 20.1

.......”.”.”-”..... . . .. . .... ...... .....
18.6 19.0 11.5

a

100 Na 2.36 85,900 73,700 78,700 58,800..... .............. .... .............. ... ...““
.100

... ... . ...............
Nd

,.-””” . .. ...”..... .... ..... .. ..

0.030 Ni [3.6] [3.0] [3.1] [3.5]

0.100 P 161 173 *79 134...s.... .... ..................—”... .. .... .... .... ................ ..... . ........ . ....
0.060

.. . .. . .. ..... .....
Pb [22]

. . . . .............. .. ... . ...... . . ..
20.5 20.6 14.9

0.300 Pd

0.300 ml -...... . . ..............”....... . ....... .... ........... . ............. . . . .................
0.075

.. ........... ..........
Ru

... .. . ................. ... ....-.”” . . ....
-. [2.1] [2.0]

0.050 Sb [2.6] [2.1] [2.0] [1.4]

0.050 Se [4.71 [4.2] [4.1] [2.7-J....... . .. . ......... . .... . ....... .. .... ... . ... . ............ . . . .................
0.100 Si 5.19

.. .... ... ............. ... . .. . ..... ......
180

...—.. —-.....
79.5 86.2 70.7.

1.000 Sn [43] [38] [38] [23]

0.005 Sr...... . . ..................... .... .... .. . .. ... . ..... ... ......... , ,“”-” ”.”....”.....
0.500

.. .... .... ............
Te

. . . ........ ... ..... . .. . . ... .. .

0.800 Th

0.005 Ti [0.015]...... . .................................... .... ............. ............ ,“”.”.. .... .......... ..... ...... ... ........
0.250 TI -

.. . ..... .............. ...... .... . .. .. .....

2.000 u .-

0.015 v.................. .......... .................. . ........ .................. ...................... ...
0.500

.........................
w

.. . ......... ..........
[39]

....”””..”.....-..”
[36] [371 [lq

0.010 Y .-

0.020 Zn [4.2] 4.29 4.46 [2.3].......................... ......... ............ . ............ ........... ● ..... ....... .........., ..... .. . ............... . .. ........ . ....... ..... .. . ...........
0.025 Zr l-l------.----- I [1.71 I I [3.11 I I [3.01 I

Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%,

2) Vafues in brackets Dare - 10-times detection limit witfr errvrs likely to exceed 15%.

3) “--”indicate measurement is ~w oWction. Sample detection limit maybe found by

a multiplying “det. limit’ (far left wlumn) by “multipiie~ (top of each column).

D.KurathASR5421 rev.1 from ‘A0533 D.Kurath ASR5421 ALO-1 28 BNFL AW101COI.1 &2 eft ICP98 Iow.xls 7122/99 @ 5:2 PM



Battelle PNNURPG/’lnorganic Analysis ICPAES Data Repo~ paw 2 of3

~~l%zRet. Limit Run Date=

3.9

99-2051 1
A 1-CS-PR3-A

mi98

ugfmL) (Analyte) Ugfg Ugfg Ugfg... .. . .. .........” .—. ... ... .
0.015 Ag

0.060 Al 2,650 1,170

0.080 As [4.3] .-” ....”...”.”e”. [1.8].... ... . . ......... .. .. .. . ... ... ....... ........ .......
0.050 B 20.5 14.9 ‘:] ----~----”---a------

7/6/89 7f6199

Ugfg Uglg

0.010 Ba [0.0861 [0.092] [0.084] [0.091]

0.010 Be [o.0471. . .. . .. ... . . . . . . .. .... .. .. . ....... ..... . . . ........... ....... ..... .................. ....... . ....... ........ ,
0.100 Bi

.. .... ... . . .

0.100 Ca [0.84] [0.41]

0.015 cd [0.81] [0.39]....... ..... ... .... . .. .......... ............ . . ......... .............. .......... [0.23] [0.068]. ........ ..............
0.100 Ce

..-.-- ..... ....... . ........... .............

0.025 co

0.020 Cr 6.20 2.49.. .. . ...... ........ .. . ... ........... ...... . .... ... . ..-”....., [0.71]......... ............... ...... ................. [0.31] [0.25]... ... .. ..............
0.015

.. .... . .. . . ......
Cu [1.8] 1.03 0.626 [0.46] [0.271

0.050 Dy

0.100 Eu.... ...... ...... ....... . . ... ........ ... .. .. ...... ..... . ......... ....... . .. ....... .................
0.025 Fe

.... .......... ... .... ,
[0.90]

.....-”.....”....”””
[0.51] [o.551 [0.24] [0.17’J

2.000 K 5,340 2,300 976 543 345

0.025 La...”...”.”.......”.........””..””””.. .................”....... ........... . ........... .. ........... .......... ... .... ..............
0.005 Li

.... .. ... ... ........

0.100 Mg

0.005 Mn.... .... .. ....... .... . . ... ............ .. .. ..... .. ......... .. .... .......... ....... ........... ...... ......
0.030 Mo

,......,.. ...............
[5.5]

... ... ..... .......
2.46 [0.85] [0.26] [0.19]

0.100 Na 29,400 13,200 5,800.. ... ............”...... 2,980 1,920... .. .... ............
0.100

...... ..................
Nd

.... .......... . ... ... ....”.”-..-

“0
0.030 Ni [3.1] 1.82 1.46 1.41 1.21

0.100 P 158 47.4 12.4... . . ... ............ . ..... ...... ... ... . .. ............... ......... ................ . . ...... .............. [2.8] [1.8]

0.060
..... .... . . . ... .....

Pb [6.4]
.. . . . . . . . .

2.36 [0.95] [0.41]

0.300 Pd

0.300 Rtl.... .... .................... . . ..... ..... ...................”..... ... ...................... .. ......... ...... .....
0.075

... .... ................. ............. ....... . .
Ru

0.050 Sb [0.21]

0.050 se [1 .0] [0.46]......”.....””.........”...........””.... ........ .... . ......... .... . . .... ........... [0.21]

0.100 Si
....... ........... ...-

36.4 32.6
... . ......... . ... . ..

32.4
. ...... . . ...

33.1 32.6

1.000 Sn [3.9] [4.4]

0.005 Sr............................ ......... ...... .. . .. .... . ... .... ...... .................. .“...””...............
0.500

,...”......-..”..”.. ... ...... .. ......
Te

0.800 -ill

0.005 Ti [0.053].... .... ................... ................. ..... ..... . ........... [0.063]... ......... ........... [0.062] [0.053].... ... ...............
0.250 1-l

..... ...... ... ..”........ .......””.”......”-

2.000 u

0.015 v....... . .... . ........... . . ............. .. ......... . ......... ...... . ................ ......... . .............
0.500

.... ...... . ..... ......
w

. ........... ....... . .
[11] [4.8] -

0.010 Y

0.020 Zn [0.65] [0.24].... .... ............. ... . .......... ..... ...... ... . .......... .., [0.12].......... .............. [0.0911........... ............. [0.081].... ...... ....... .. ...
0.025 Zr

“..”.”..- ”....—
[0.16]..----- . . ..— [0.13]

Note: 1) Oversf\ error greater than lo-times detection limit is estimated to be within +/- 15%.

2) Values in brackets I are w 10-fimes detection limit w“therrors likely to exceed 15%.

3) “--=indicate measurement is -w detection. Sample detection limit maybe found by

multiplying ‘det. limit” (far left wlumn) by ‘multiplied (top of each column).

D.Kurath ASR5421 rev.1 from .A0533 D.Kurath ASR5421 ALO-1 28 BNFL AW101coLl&2 eff ICP98 Iow.xls 7/22/99 @ 5:21 Pfd
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_Il-
0.015 Ag

0.060 Al 104 108 29.0

0.080 As -“
..... . . . .. . ..... ..... .... ..... ....... .“”.”... ........ . ... . . . . . .. . .. . . ..- ......-”...”

0.050 B
.......... .... . ... ..,

10.4
. .. . .. ... ....

11.8 23.1

0.010 Ba [0.081] [0.087J [0.11]

0.010 Be...... ... . .... ....... . . . .. .. ......... ..— .......”””...... .. . .. .. .... ...“.. . . ..-”.. .... ..
0.100

.... .... .... . . ... .
Bi

... ......... ... ....

0.100 Ca

0.015 cd...... . . ... ............. ..... .. ..... “...”-. ””..”.... ... . . . . .... ......
0.100 Ce

. .. .. . . . .... ..... . ...... ...... . .....--”- —...

0.025 (20

0.020 Cr [0.23] ‘.. ... ... ..... ........ ..... . . . . ... . ..... .... ... .... [0.23] [0.51].... .. .... .... ..... .
0.015

. ....... ........ . ..
Cu

,.”. .... ... ... . ..
[0.14]

...”..””.. ..””....”.
[0.15]

0.050 Dy

!: Ew--””””-w”-”-”-w----”w-””--...................................
0.025... ..-- . . .... .... .

= : B.””.....””.........El._....................””-. -” . . . . . ..”. ---.. ”.....

0.030

Q’”
00

.030

,Di=cl.........”..”....””.[

A!.....-..m._...”..............m___..”_.......- ...”..–.....”. - ................ - ....................

Mo
Na

Nd

Ni

:; 1:: : :::E::E::S::

5--!-----R-”‘:==E==B
..................................
.................................... “.....”. 1’..........................-..”. . . . . . . . . . . . . . . . . . . . .

0.005 ‘r m._.._ ..............m... .. ...... .......... .... . ......... . . .. . .. ....... ...m ... .... . ..........m . . .. ..".Q.." ....." .........
I l-l l-l

~k+B:[O!=[i”=E-E.........................-” ””. -.” . . . . ...”

Note: 1) Overall error greater than lo-times detection limit is estimated to be within+/- 15%.

2) Values in brackets O are _ 10-times detection limit wr”therrors likely to exceed 15%.

3) ●--= indicate measurement is -W deteotion. Sample detection fimitmay be found by

multiplying “det. limi~ (far left column) by “multrplief (topof each column).

D. Kursth ASR5421 rev.1from‘A0533D.KurathASR5421ALO-128 BNFLAW101COI.1&2eff ICP98Iow.xls 7122/99 @ !%21 PM
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Hydroxideand AlkalinityDetermination
GoverningProcedures: PNL-ALO-228:Detemlinationof Hydroxyl(OH-)and

Alkalinityof AqueousSolutions,Leachatesand Supemates
and Operationof Brinkman636 Auto-Titrator

Equip# WB76843 :::-il
LabLot. 525

E3EEEl E2i5i%E”
Sample Sample ‘ni’ia’wmi,::~: “Molarit, mil,moleDensity pH

RPG # Sample ID Vol. (mL) wt. (g) g/mL reading Vol. (mL) pH base base RPD
99-2046 A1-CS-PW’1-A I 0.300 I 0.3692] 1.2311 12.000 3.0421 10.153 0.6191 2.061

99-2046 A 1-CS-PWI-A !Re~.- 1 0.200 0.2521 1.2601 11,924 2,0111 10.179 0.4091 2.05[ 0.84%

99-2046
99-2046
99-2047
99-2047
99-2048
99-2048
99-2049
99-2049
99-2049
99-2050
99-2050
99-2050
99-205I
99-2051

99-2052

99-2052

99-2053

99-2053

99-2054

99-2054

99-2072

99-2072

, 1

A1-CS-PW1-A Rep.-2 0.200 0.2457 1.229 11,882 2.034 10.196 0.414 2.07 1.14’?40

A l-Cs-PWt -A Rep.-3 O.1oo 0.1218 1.218 11.726 1.015 10.004 0.206 2.06 0.20’?40

A I-CS-PW2-A 0.300 0.3691 1.230 11.907 2.906 10.323 0.59 I 1.97

A 1-CS-PW2-A Replicate 0.200 0.2466 1.233 11.925 2.019 10.304 0.411 2.05 4.13%

A 1-CS-PW3-A 0.200 0.2311 1.156 11.895 1.610 10.000 0.327 1.64

A 1-CS-PW3-A Replicate 0.200 0.2345 1.173 11.808 1.634 9.972 0.332 1.66 1.48%

AI-CS-PR1-A 0.200 0,2156 1.078 11.587 0.737 9.639 0.150 0,75

A1-CS-PR1-A Rep.- 1 0.300 0.3244 1.081 11.686 1.108 9.860 0.225 0.75 0.23’?4.

AI-CS-PR1-A Rep.-2 0.500 0.5433 1.087 11.964 1,833 10.241 0.373 0.75 0.74’XO

A 1-CS-PR2-A 0,400 0.4101 1.025 11.477 0.689 9.447 0.140 0.35

A 1-CS-PR2-A Rep,- I 1.000 1.0345 1.035 11.796 1.735 9.862 0,353 0.35 0.72’%

A 1-CS-PR2-A Rem-2 1.000 1.0314 1.03I 11.801 1.719 9.967 0.350 0.35 0.93%
1

Al -CS-PR3-A 1.000 1.018 1.018 11.583 0.933 9.608 0.190 0.19
Al -CS-PR3-A Replicate 2.000 2.0274 1.014 11,897 1.849 9.915 0.376 0.19 0,92%
A 1-CS-PR4-A 2.000 2.019 1.010 11.655 1.192 9.479 0.242 0,12

A 1-CS-PR4-A Replicate 3.000 3.0275 1.009 11,663 1.782 9.826 0.362 0.12 0.34%

A1-CS-PR5-A * 1.000 1.0079 1.008 11.099 .,

AI-CS-PR5-A Replicate 1.000 1.0078 1,008 10.901

A I-CS-PR6-A * 1.000 1.0064 t .006 11.026

A I-CS-PR6-A Replicate I .000 1.005I I .005 11.000

Regenerate-A * 1.000 1.0027 1,003 11,173 0.315 8.563 0.064 0.06
Regenerate-A Replicate 0.500 0.502 1.004 10.905 ,,”.0.162 ., ,,8.213 0.033 0.07 2.82%

‘S’5421 oXk Page 1 of4 718199
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BattellePacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Radioahalytical Applications Team

ASR# ~“ File: L:\radchemVwdroxide\asr5421

wP# !W48409 1

HydroxideandAlkalinityDetermination
GoverningProcedures: PNL-ALO-228: Determinationof Hydroxyl(OH-)and

Alkalinityof AqueousSolutions,Leachatesand Supernates Analyst: c~~ 7@fy

and Operationof Brinkman636 Auto-Titrator
Equip # WB76843 Reviewer: $?lKQ*...f 7/f/?y(

Lab Lot. 525

E%523E15S?E3EI
Samp[e Sample Density

RPG # SampleID Vol. (mL) wt. (g) g/mL ;::gmmil‘0tam
I

I
! I I I I I I I I 1

170Recovery, Accuracy

Standard 1 0.1018 NNaOH 5.000 5.0371 1.007 11.862 2.504 7.751 0.5093 100.1 y. standard
Standard 2 0.1018 NNaOH 5.000 5.0398 1.008 11.814 2.485 7.880 0.5054 99.3% standard

99-2046MS PW-IA -1-2mL O.IN NaOH 0.100 0.1228 1.228 11.700 1.967 10.062 0.400 9s.3% matrix snk I-.

99-2047MS PW-2A+ 2mL O.!N NaOH
.- .... .. ... -r. .

0.100 0.1227 1.227 11.759 1:985 ‘9:973 “-- ‘--0.404 99.5%’. matrix spk
99-2048MS PW-3A+ 2mL O.lN NaOH 0.100 0.1175 1.175 11.849 1.751 9.950 0.356 93.9% matrix spk
99-2049MS PRIA + 2mL O.lNNaOH 0.500 0.5404 1.081 11.969 2.764 10.097 0.562 92.2% matrix spk
99-2050MS PR2A+ 2mL O.lN NaOH 1,000 1.034 1.034 11.884 2,652 ~~ 9.965 0.539 92.6?40matrix spk
* -- Volumerestrictionsexisted

Buffer VWR Lot # CMS# ExpireDate
10 981659-24 144109 Ju1-00

I 4 981583-24 144107 Jun-00
7 981894-24 144108 Awz-00 I

AS

@

1.Xls Pa e20f4

b

Performance checks
Balance# 360--01-06-037 vol. wt.

Pipet # H30762 5.00 4.984 I

Pipet # 288618 0.300 0.2997

Pipet # 120737 0.100 0,1002

7/8/99

@
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BattellcPacificNorthwestLaboratory ‘s” ~ ~ File: L:hadchemMydroxide\asr5421*

RadiochemicalProcessingGroup-325Building . *;$I:.;?’?;;y.<,jAnalysisDate.l,:Y:gi&~~~?$7~$~$g~$~~@;@,~
RadioanalyticalApplicationsTeam “’E!Z!ZZ

.1%,.s~>..%*.!&$&c.&?,..,C,V*<A/.
Print Date: 718199

Hydroxide and Alkalinity Determination

GoverningProcedures: PNL-ALO-228:Determinationof Hydroxyl(OH-)and Analyst:
Alkalinityof Aqueous,Solutions,Leachatesand Supernates

and Operationof Brinkman636 Auto-Titrator Reviewer: 7/~&?

Equip# WB76843

e“ 525 c03

HC03
2nd Eqwalence 3rd Equivalence

Point Found Point Found
Sample Titrant . millimoles Molarity millimole Titrant millimoles Molarity millimole

RPG # Sample ID Vol.(mL) Vol. (mL) pH base base RPD Vol. (mL) pH base base RPD
99-2046 AI-CS-PWI-A [0 I 0.300 4.0271 7.449 0.2001 0.6681 I I I
99-2046
99-2046
99-2046
99-2047
99-2047
99-2048
99-2048
99-2049
99-2049
99-2049
99-2050
99-2050
99-2050
99-~05I
99-2051
99-2052
99-2052
99-2053
99-2053
99-2054
99-2054
99-2072
99-2072

A1-CS-PWI-A Rep.-1 0.200 2,684 7.529 0.137 0.684 2.46%
AI-CS-PW1-A Rep.-2 0.200 2.714 7.558 0.138 0.692 1.03% 2.813 5.434 0.020 0.10
A1-CS-PW1-A Rep.-3 0.100 1:369 6.461 0.072 0.720 4.03% I.404 5.477 0.007 0.07 34.32%

A1-CS-PW2-A o 0.300 3.983 7.262 0.219 0.730 4.244 4.769 0.053 0.18
&

A1-CS-PW2-A Replicate 0.200 2.682 7.576 0.135 0.674 7.97% 2.787 5.475 0.021 0,11 49.46%
AI-CS-PW3-A o 0.200 2.051 6.321 0.090 0.448 2.092 5.370 0.008 0.04
AI-CS-PW3-A Replicate 0.200 2.051 7.203 0.085 0.424 5.59% 2,i41 4,912 0.018 0.09 74.81%
Al -CS-PR1-A o 0.200 0.923, 5.560 0.038 0.189
A1-CS-PR1-A Rep.-1 0.300 1.374 6.596 0.054 0.180 4.77% 1.412 5.057 0.008 0.03
AI-CS-PRI-A Rep.-2 0.500 2.280 7.30i 0.09I 0.182 0.82%
A{-CS-P’2-A o 0.400 0.855 5.683 0.034 0.084
AI-CS-PR2-A Rep.-l 1.000 2.131 6.367 0,08I 0.081 4.69% 2.227 4.460 0.020 0.020
A I-CS-PR2-A Rem-2 1.000 2.127 6.461 0.083 0.083 2.99’% 2.165 5.612 0.008 0.008 86.57%
AI-CS-PR3-A o I.000 1.088 6.209 0.032 0.032 1.123 4..777 0.007 - 0.007
AI-CS-PR3-A Replicate 2.000 2,137 7.163 0.059 0.029 7.36% 2.248 4,457 ().023 0.01I 45.30”/0
A1-CS-PR4-A o 2.000 1.300 6.265 0.022 0.011 1.336 4.536 0.007 0.004
AI-CS-PR4-A Redicate 3,000 1.947 6.762 0.034 0.011 1.83% 2.006 4.524 0.012 0.004 RR’%

1 1 I 1 1 1 1 1 I I I

tAI-CS-PR5-A 1“ ‘
#

1.0001 0.372[
----- ------

7.401I 0,0761 0,0761 I 0.4001 4.6481 I
1’1-CS-PR5-A lRedicrde I 1.0001’ 0.3991 5.253i
L41-CS-PR6-A I* I I.00010.243I 5.3861
A1-CS-PR6-A Replicate 1.000 0.250 5.250
Regenerate-A * 1.000 ,0.333 7.324
Re~enerate-A Redicate 0,500 .: 0:192 .:,.. 4,380

0.081 0.081 7.00%

0.049 0.049

0.051 0.051 2.84%

0.004 0.004 0.383 .4.266 0.010 0.010 10,43%
0.006 0.012 192.89% :,,,’ ,, ,,, ,: ,,,,

ASR5421 .xk Page3 of4 7/8J99



BattellePacificNorthwestLaboratory ‘s” m File: L:b-adchem\hydroxide\asr542 1

Radiochemical Processing Group-325 Building Analysis Date:ly ~W ,,,,, N‘ ‘‘“$’7/1/99;!;4;{:i’:$’ci;j
.’.:~..,?’.;.’;.,,:i.,; ,’*,< ,

Radioanalytical Applications Team “ m

“&&.>~t,as.&i.k.,..:m..jc>,>%r&<4<4.2:.,.,
Print Date: 7/8/99 .,

Hydroxide and Alkalinity Determination
GoverningProcedures: PNL-ALO-228:Determinationof Hydroxyl(OH-)and Analyst:

Alkalinityof AqueousSolutions,Leachatesand Supemates
and Operationof Brinkman636 Auto-Titrator Reviewe~

Equip# WB76843
LabLot. 525

Titrant Molarity.

HCI 0.2034

RPG # Samde ID
Sample

Vol. [mL)

Standard I 0.1018NNaOH 5.000

Standard 2 0.1018 NNaOH 5.000

99-2046MS PW-l A + 2mL O.lN NaOH 0.100
99-2047MS PW-2A+ 2mL O.lN NaOH 0.100
99-2048MS PW-3A+ 2mL O.lNNaOH O.1oo
99-2049MS PRIA + 2mL0.lN NaOH 0.500

99-2050MS IPR2A + 2mL O.IN NaOH I 1.000

C03 HC03
2nd Equivalence

Point I Found

Titrant millimoles Molarity millimole
Vol. (mL) ~H I base base RPD

2,557 4.121

2.545 4.246 C03 % Recovered

2.355 6,271 0.07892 114.2yo sample

2.367 6.525 0.0777 11O.6”A sample

2.026 6.573 0.05594 128.2% sample

3,230 7.517 0.09478 103.1% sample

3.072 7.48 0.08543 lo3.4% sample

3rd Equivalence

Point
Titrant

Vol. (mL) PH

Found
millimoles Molmity millimole

base base RPD

HC03 “A recovered

2.399 5.252 0.0089 104.1“A sample

sample

2.099 4.540 0.0148 222.9!X0 samde
3.357 5,006 0.0258 200.5% sample

3.203 4.824 0.0266 195.5?4. sample

Matrixspike recovery is calculatedas follows:
Spike=2.00 mL 0.1018N NaOI-Iwas addedto the O..100-mLof sample for eachmatrix spilke.
SpikeTitrantvol. (sample@ .lmL +-’spike)- SampleTitrantvol. (averagesampleonly equatedto. lmL ) * 0.2034N (HCItitrant) = meq. OH
meqOH/2,00 mL added= meq OH/mLfound / O.1018N OHadded* 100= ‘Arecovered.

Preprecordon 0.2034 M HCIis on followingpage.

Page4 of4
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Chem Rec_51a
Prep date: 4/1 8199

Preparationof Standardized0.2 M HCI

VW/# \ K51300 I
Standardized 0.1021 M NaOH will be re-checked and then used to standardized the -0.1 M HCI solution. The 0.1021
M NaOH was prepared in Chem Rec_37 ( see Chem Rec_37 -prep.date 2-25-98 for original data) and re-verified
against NIST SRM84j Potassium Acid Phthalate KHC8H404 (KAP) = 204.23 g/mole - Barcode # 52232 — (see below
verification check).
The re-standardized value of 0.1018 M NaOH was reassigned to this NaOH solution with a revised Expiration Date of
Feb. 2000.
Prepared 1- liters of -0.2 M HCI by diluting 100 mL of 1.029M HCI .(Chemrec_lO) to 0.5 L with D1.H20.
20 mL aliquots of 0.2 M HCI were were neutralized to the phenopthalien endpoint using the re-standardized 0.1018 M
NaOH. The volume of NaOH is accurate to +/- 0.02mL and the pipitting error is estimated to be c 1% @ 1s. Thus total

error is <3 ‘Mo for the measurements

.
I

NaOH Molarity verification
~01. Of0.I021M NaOH NaOH Molarity =a * Molarity t rror

Verification Test # wt. of KAP to neutralize 1000 / b * 204.23 +/. @ls

1

a L

0.80894 38.95 0.1017
2 0.80582 38.84 0.1016
3 0.96233 I 46.12 0.1022

Ave= 0.1018 0.0003
re-certified value a

ahquot of vol. of 0.IO18M NaOH Molar@ of A cfd m Molardy t rror

Titration Id. sample to neutralize Sample +/-@ls

‘1 20.00 39.88 0.2030 ;
2 20.00 39.92 0.2032 :.
3 20.00 40.04 0.2038: . ~.

Ave Molarity HCl = ~?;?;:;;0.2034’~;&$V+9 .a%%q.0004~:#gg,.,.,,;,,..,.$*&$.-?-

7/$/qy

mAnalyst/Date I /

ASR5421.Xk Page 1 of 1 7/8/99



Battelle, Pacific Northwest National Laboratory

Radmchemioal Processing Group-325 Building r—————

.1
lo

~j:pn~ ‘
99-2019

Radioanalytical Appficetions Team ~@Jj
6130/99

Client : Dean Kurath

~ Lf’w. w
Cognizant Scientist: . Date : G

7.
>d “? q

Concur : -i--i!zutia. b. Date : G13e~%5

ALO. ID

Client ID

99-2019

AI-CS-OA

99-2020

A1-CS-LIA

99-2024

A 1-CS-L5A

99-2026
Al -CS-L7A

99-2029

Al -CS-LI OA

99-2032

A1-CS-L13A

99-2036

A1-CS-L17A

99-2037

A1-CS-PIA

99-2039

A 1-CS-P3A

99-2041

A 1-CS-P5A

99-2043

A 1-CS-P7D

99-2045

A1-CS-P9A

99-2046

Al -CS-PW1 A

99-2047

A1-CS-PW2-A

99-2048

A 1-CS-PW3-A

99-2049

A 1-CS-PR 1-A

99-2050

A 1-CS-PR2-A

99-2051

A1-CS-PR3-A

Measured Activities (#Ci/g)

Cs-134 CS-137 CO-60 SnSb-126 RuRh-106 Sb-125 Eu-154

* 1s * 1s * 1s & 1s & 1s * 1s k 1s

1.50 E-3 8.17E+0 <2 E-4

21% 2’%0

< 2E-4 1.25 E-2 5.82 E-4

3 ?40 7%Y

1.08E-3’ 4.68E+0 5.25 E-4

21”A 2’% 12%

2.82 E-3 1.59 E-I- 1 6.76 E-4
llVO 2’XO 970

7.49 E-3 3.56E i- 1 6.06 E-4

7 ‘YO 2% 17yo

8.85 E-4 3.99E+0
17”A 270

1.48 E-3 1.07E+ 1

26V0 2%!0

1.27 E-5 3.07 E-3 4.28 E-4

18’% 4yo 2%

2-96 E-4 1.63E+0 5.19 E-4

2570 270 9%

2.49 E-3 1.38E+ 1 6.59 E-4

1170 2% 9 y.

6.26 E-4 3.77E+0
24!L0 270

1.38 E-3 7.15E+0

1070 2%

7.56 E-3 5.59E+ 1

22% 2%

8.46 E-3 5.39E + 1

23% 2%

8.69 E-3 4.32E + 1

17?ko 2%

6.81 E-3 3.29E+1

770 2 %’0

3.49 E-3 1.78E+ 1

9’70 270

2.46 E-3 1.40E+ 1

10’% 270

< 2E-3

2.16 E-4

18V0

< 2E-3

2. 16 E-4 3.74 E-4 1. 1OE-4 4.58 E-5

3 y. 6°A 8 ?4. 9%

3.93 E-4

26%

Page 1

Densities of

Samples

9 ml

2.0396

2.4625

2.4743

2.4621

2.4671

2.0756

2.0649

2.4553

2.4631

2.4741

2.0728

2.0632

2.4673

2.4729

2.3377

2.1463

2.0695

2.0299

1.992

1,.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992



Measured Activities (pCi/g)
Densities of

ALO ID
Client ID

99-2052

A 1-CS-PR4-A

99-2053

AI-CS-PR5-A

99-2054

A 1-CS-PR6-A

99-2055
A 1-CS-E 1-2A

99-2056

Al -CS-E1 -3A

99-2057

A 1-CS-E 1-4A

99-2058
Al -CS-E1 -5A

99-2059
Al -CS-E1 -6A

99-2060

A1-CS-E1-7A

99-2062

A1-CS-E-9A

99-2065

Cs-134 Cs-137 CO-60 SnSb-126 RuRh-106 Sb-125 Eu-154 Samples

* Is * Is * 1s * 1s k 1s * 1s * 1s 9 ml

1.03 E-3 5.16E+0

23% 2%

4.22 E-4 2.31E+0

41’%0 270

4.18 E-4 1.30E+0

26% 2%

< lE-4 4.56 E-2
270

< 2E-4 7.17 E-2

2°%

7.51 E-4 3.56E+0

22’% 2%

3.28 E-2 1.68E+2
1Ovo 270

2.29 E-3 1.19E+ 1
10?0 2%

< 2E-4 1.85 E-1

2?40

< 2E-4 2.30 E-1

2%

4.29 E-4 1.91E+0

A1-CS-E1-12A 25% 270

99-2066 1.19 E-3 5.11 E+O 4.62 E-4

Al -CS-EI-R I-A 11?40 2 Y. 10’%0

99-2068 2.08 E-4 4.44E-1 2.74 E-4

Al -CS-E1 -R3-A 29yo 270 14yo

99-2071 2.73 E-4 1.1 lE+O <9 E-5

A1-CS-E1-R6-A 16?J0 270

99-2072 < 9E-5 6.84E-2’ < 2E-4

Regeneration soln 270

99-2079 1.54 E-3 8.89E+0 5.04E-4

Eff-l A 10% 270 10’%

99-2080 8.79 E-3 4.57E+ 1 < 2E-3

Eff-2A 16’?XO 2%

2.014

2.0078

2.002,

2.0299

2.0278

2.0318

2.0336

2.0287

2.0303

2.0305

2.0297

2.026

1.998

1.9941

2.003

2.4646

2.4689

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

1.992

Page 2
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Rcf Date
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e
Mdiochemist.j Bench Sheet

o
Client D ~fAk?AT~
WorkOrder # ~
ASR Balance 3bo-CGPc)(-b37

Proccdurc PNL- $LO-450
C?efi 4@d5

-%-&Y%” Pipct ID Numbers
SampleID Dilntionsand Aliquot Sizes

M% w.~~
v Olwyf Pipet Checks

Z&* 86W4 $Lmk Z.osq ,\ &

‘ii-6 ● I * 3059 24 ● 8s2& 2.oz$3fq lJ q
CI-7 , [. *@ J(2Y . 8+ EG 4 200303: D&
tl-% 1- ~a~/ &b. ‘7675q (b

Spike, Tracer ID
Isotope
Concentration
Ref Date

Laz3--9?
.

Analystfl%te Reviewer/Date
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Radiochemwy Bench Sheet

Client
Work Order #

(.

ASR Sqa \ Balance 360 -06 -Of-037

S~ikc.Tracer ID.,
Isotope
Concentration
RcfDntc

Anidyst/Date $. /5!?!? 4-23+7
.

. Revlcwer/Date W ~%=” 6[C+j



‘o e

’11
,=(.— ---------- —+.

[

“;?rr~’j[i~ a)File. - 295.xIs
;:,;,,, i.

Battelle Pacific Northwest Laboratory i (,>w .> 6 ~j

Radiochemical Processing Group-325 Building
Radioanalytical Applications Team 121611999

[Oii
; “~\.f

.

Client: Kurath
. .. .. . ..e-----

‘ ~qq {“3

Cognizant Scientist: $*A’ Date: /Zk/~? ~y~q ; ~
●

Concur: -T* Date: (z.j~!~~
Ti i .2

Procedure: PNL-ALO-450

Y

[/5’
Measured Activities (uCi/g) with 1-sigma error

ALO ID CO-60 Rurh-106 Sb-125 SnSb-126 CS-134 CS-137 “ Eu-154 Eu-155 Am-241 Y-88 Tc-95 TC-95M co-57
Client 1. Error % Error 9!o Error !4. Error YO Error YO Error % Error ‘%. Error Y. Error ?40 Error ?40 Error ‘%0 Error YO Error %

00-00295
CI-CS-ICP

00-00296
CI-CS-OA

00-00297
CI-CS-LIA

00-00298
CI-CS-L3A

00-00299
CI-CS-L6A

00-00300
CI-CS-L9B

00-00301
CI-CS-L12B

00-00302
CI-CS-PIA

00-00303
CI-CS-P2A

4.86 E-2
3%

7.IOE-4
4%

4.38 E-2
2%

4.43 E-2
2%

4.69E-2
2940

5.16E-4

6%

5,40 E-4

6%

3.52 E-2

2!40

4.00E-2

2%

c2. E-I

<3.E-3

c2. E-2

<9,E-2

<5,E-2

<5.E-3

<5,E-3

<8.E-4

<2.E-3

<2.E-I

<2.E-3

<7.E-3

<6.E-2

<3.E-2

<3.E-3

<3.E-3

2.98E-4
28%

5.57E-4
25%

<5.E-2 <4.E-3 1.26E+2 3.24E-2
2?40 6%

<8.E-2 <7.E-2

<6.E-4 <6.E-5 1.60E+0 3.39 E-4
270 14?40

<2.E-3 <2.E-3

~3.E-3 2.93E-4
35%

2.93E+I 2.80 E-2
2?J0 2%

1.67E-2
1070

c4. E-2

9.77E-3
17%

<4.E-2<3.E-2 <2.E-3 5.29E+I 2.90 E-2
2% 5yo

8.81E+I 2.85E-2
270 370

<z.’E-z <1.E-3 <2.E-2 <2.E-2

<1.E-3 c7. E-5 1.13E+0 4.OIE-4
2?!0 1270

<2.E-3 <2.E-3

<1.E-3 <7.E-5 1.16E+0 4.94 E-4
2?fo 12?’!0

<3.E-3 <2.E-3

3.20E-4
670

3.58 E-4

870

<2.E-4 1.08E-3 2.52E-2
5?40 2%

1.79E-2
3?40

1.96E-2
3yo

9,03E-4
5%

1.03E-2
770

c2.E-4 4.70E-3 2.83E-2
3!40 2%

IPage 1 ~



File: 00-0295.xIs

Measured Activities (uCi/g) with 1-sigma error

ALO ID CO-60 Rurh-106 Sb-125 SnSb-126 CS-134 CS-137 Eu-154 Eu-155 Am-241 Y-88 Tc-95 TC-95M co-57
Client ID Error % Error YO Error YO Error ‘%0 Error ?40 Error ?(o Error YO Error ‘%0 Error ?40 Error ?40 Error !40 Error YO Error YO

00-00304
CI-CS-P3A

00-00305
cl -CS-P6A

00-00306
CI-CS-FDI-B

00-00307
CI-CS-FD2-B

00-00308
CI-CS-FD3-B

00-00309
CI-CS-FD4-B

00-00310
CI-CS-FD5-B

00-00311
CI-CS-FD6-B

00-00312
CI-CS-FD7-B

00-00313
CI-CS-PRI-A

00-0031.4
CI-CS-PR2-A

00-00315
C1-CS-PR3-A

00-00316
CI-CS-PR4-A

00-00317
CI-CS-PR5-A

4.26E-2
2%

4.47E-2
2%

4.64 E-2
2?40

4.50E-2
2%

4.91 E-2

2%

4.06E-2

2?40

2.80E-2
2%

1.77E-2
2%

1.21E-2
2%

6.71E-3
270

4.25E-3

2%

4.67E-3

2%

3.46E-3
2’%

2.71 E-3

2%

<2. E-3

<3. E-3

c3.E-3

<3. E-3

~2.E-3

<2. E-3

<2, E-3

<2, E-3

<9. E-4

<8. E-4

<5. E-4

<5. E-4

<3. E-4

c2.E-4

7.81E-4
20%

<1,E.3

<2.E-3

<2.E-3

<1,E-3

<1,E-3

<7.E-4

<6.E-4

c5.E-4

<5.E-4

<3.E-4

<3.E-4

<2.E.4

<2.E-4

2.82E-4
‘t I’xo

<4.E-4

<5.E-4

<6.E-4

<4,E-4

<3.E-4

c3.E-4

<3.E.4

c2.E-4

<8.E-5

c3. E-4

<3,E-4

<3.E-5

<3.E-5

<2.E-4

<3,E-4

<2.E-4

<2.E-4.

C2.E-4

c2.E-4

<2.E-4

<2.E-4

<8.E-5

<6.E-5

<3.E-5

<4,E-5

c3,E-5

<2.E-5

9.59 E-3

2%

2.85 E-2 1.95E-2 1,02E-2
2% 3?40 7%

2.79E-2 2.04E-2 1.04E-2
270 3’70 570

4,34E-I
2%

9.00 E-I
2%

2,93E-2 2.09 E-2 1.08E-2
2% 3yo 5?40

7.96E-I

2?40

2.72 E-2 1.99E-2 1.08 E-2

2?”0 3~o 5?40

6.03 E-I
2?40

1..63E-2 1.17E-2 6.56 E-3
2% 3% 6%

4.69E-1
2’%

8.21E-3 5.97E-3 3.27E-3
2!40 59!0 13%

3.00 E-I
2%

4.95E-3 3.53 E-3 2.51 E-3

2% 4% 8%

3.15E-3 2.16 E-3 1.24E-3
3% 6% 12’%

1.65E-I
2?40

1.80E-I
2%

2.09E-3 1.34E-3 1,04 E-3

3% ‘8% f 7~o

1.26E-I

2%

1.14E-I
2%

5.32 E-4 3.47 E-4 2.38 E-4

4~o 11’%0 22%

7.31E-2
2?40

1>28E-3 9.27E-4 5.50 E-4
2% 5’% 11?40

3.83E-2
2%

4.81E-4 3.76 E-4 1.74E-4
4% 9% 26%

2.51E-2
270

3.18E-4 2.05 E-4 1.32E-4
4% 11% 27%

Page 2
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Measured Activities (uCi/g) with 1-sigma error

Q!File: - 295.xIs

ALO ID CO-60 ,Rurh-106 Sb-125 SnSb-126 CS-134 CS-137 Eu-154 Eu-155 Am-241 Y-88 Tc-95 TC-95M co-57
Client ID Error % Error ‘Yo Error ?40 Error % Error YO Error % Error ?40 Error ?40 Error Y. Error Y. Error YO Error % Error %

<7.E-5

<5.E-4

<4.E-4

<4.E-4

<6.E-4

<9.E-4

<f3.E-4

<1.E-3

~7.E-4

<2.E-3

<5.E-3

<7.E-4

~2.E-4

<2, E-5

<2. E-5

<3, E-5

<9. E-6

C2.E-5

c4.E-5

c2.E-5

<3, E-5

c4. E-5

c9. E-5

<3, E-4

c4.E-5

3.46 E-5

1.97 E-2

2%

1,94E-4
4?Z0

<5. E-5

1.40 E-4 c3.E-5

1o%

-=3..!34 <3.E-4

00-00318
CI-CS-PR6-A

2.11 E-3
2!40

c2.E-4

<9, E-4

<6. E-4

<7. E-4

c9.E-4

c2.E-3

c9.E-4

<2. E-3

<2. E-3

<3. E-3

C8,E-3

<2. E-3

<3. E-4

<2. E-5

c5. E-4

<6. E-5

<2. E-4

<6. E-4

<2. E-4

<9. E-5

<4. E-4

<2. E-4

K3.E-4

<9. E-4

<3. E-4

<7. E-5

00-00319
CI-CS-EI-IB

1.03E-4
6%

2.13E-I
2%

00-00320
CI-CS-EI-3B

c2.E-5 5.41E-2
2%

<4. E-5 c3.E-4 <3.E-4

00-00321

CI-CS-EI-4B n

00-00322

CI-CS-EI-5B2

<7,E-6 1.46E-I
3%

c2.E-5 <3.E-4 <3.E-4

c7.E-6 3.41E-1
3%

<2. E-5 <3.E-4 ~3.E-4

00-00323

Cl -CS-EI -6BL

<3,E-5 3.31E-I

2940

c6.E-4 <7. E-4<6.E-5

00-00324
CI-CS-EI-7B I

5.66E-5
8%

3.21E-I
270

<4.E-5 <4.E-4 <4.E-4

00-00325
CI-CS-EI-9B1

3.34E-4
5%

4.93 E-I
2%

c7.E-5 c6. E-4 <6.E-4

00-00326
C1-CS-EI-IIBI

2.48 E-4
5!J0

2.54 E-I
2%

<6,E-5 <5.E-4 <6.E-4

00-00327
C1-Cs-El-13~

9,09E-4

3%

8.98E-I
2%

-=2.E-4 cZ.E-3 <2. E-3

00-00328

CI-CS-EI-R14

00-00329
Cl -CS-EI -R3/4

1,55E-3
4%

3.32E+0
2!40

<4. E-4 <4.E-3 <5.E-3

3.63E-I
2’?40

1.57E-3
2!40

<6.E-5 c5.E-4 <5.E-4

00-00330
cl-cs-El-R6~

1.78 E-4

3%

5.50E-2 <2.E-5 <1.E-4 <1.E-4
12’%0 2%

Page 3



File: 00-0295.xIs

Measured Activities (uCi/g) with 1-sigma error

ALO ID CO-60 Rurh-106 Sb-125 SnSb-126 CS-134 CS-137 Eu-154 Eu-155 Am-241 Y-88 Tc-95 TC-95M co-57

Client ID Error !40 Error % Error YO Error % Error YO Error YO Error 9’o Error YO Error ?40 Error ?4. Error % Error YO Error %

00-00331
Regeneration

00-00332
Cl-CA

00-00333
CI-SIA

00-00334
CI-S2A

00-00335
Cl-44A

00-00336
cl-44-D-A

00-00337
CI-44-SI-A

00-00338
CI-44-SI-D

00-00339
C I-44-S2-A

00:00340
CI-44-S2-D

4.56 E-4
2%

2.98E-3
3?40

2.85E-3
3%

2.86 E-3
3?40

2.45 E-3

2%

2.50E-3

2%

2.51 E-3

2%

2.52 E-3

2%

2.53 E-3

3%

2.45 E-3

3%

5.14 E-4

5%

2.91 E-4

2%

3.03E-4

2%

2.79E-4

2%

<2.E-4

<2.E-2

<2.E-2

<2.E-2

<2.E-3

c2. E-3

c4.E-3

<4.E-3

<7.E-3

~6.E-3

Cl ,E-2

<3.E.4

c4. E-4

3.40E-4
10?40

<& E-5

<7.E-3

<7.E-3

<7.E-3

<2.E-3

<2.E-3

<3.E-3

<3.E-3

<4.E-3

<4.E-4

<6.E-3

<2.E-4

<3.E-4

8,60E-5
1970

<3.E-5

<3.E-3

<3.E-3

~3.E-3

<3.E-4

<4.E-4

<8.E-4

<8.E-4

<2.E-3

<2.E-3

<6.E-3

i .82E-4
10%

1.61E-4
4?40

2.12 E-4

3?40

2.95E-5 2.29E-2 <2.E-5 ~5.E-5 <5.E-5
1o% 2%

<3,E-4 7,41 E+O 6.04E-4 <6.E-3 <5,E-3

270 23%

<3.E-4 7.30E+0 2.20 E-3 c6.E-3 c5.E-3
270 770

<3,E-4 7.29E+0 1.78E-3 <6.E-3 <5.E-3
270 9?”0

<7,E-5 7.16 E-I 1.65E-3
270 4?Z0

1.43 E-3

20%
<2.E-3

<6.E-5 5.49 E-I 1.67E-3
270 4%

8.36E-4
‘t9%

7.47 E-4
30%

<8.E-5 1.40E+0 1.73E-3
2?’0 570

c2.E..3 <2.E-3

<8.E-5 1.49E+0 1.64E-3
2% 5?40

1.12E-3
30%

-=2.E-3

<2.E-4 3.19E+0 1.80E-3
2% 5~o

<3. E-3 <3.E-3

<1,E-4 2.46E+0 1.65E-3
2?40 6%

<3,E-3 <3.E-3

00-00341 3.45E-3 2.09E+I <3,E-4
4% 29f0

<4.E-3 <4.E-3
AI R-CS-O

4,92 E-5 2.11 E-1 3.36E-5
1o% 2?X0 20%

c2.E-4 c2. E-400-00342
AI R-CS-LI

6.19E-5 3.12 E-I 3.23E-5
670 270 18940

<2.E-4 <2. E-400-00343
AI R-CS-L2

1.62E-5 1.85E-2 1.72E-5 <5.E-5 c5.E-5
15% 2!40 24~o

00-00344
AI R-CS-PI

@
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e ●
Measured Activities (uCi/g) with l-sigma error

eFile: -0295.xIs

ALO ID CO-60 Rurh-106 Sb-125 SnSb-126 CS-134 CS-137 Eu-154 Eu-155 Am-241 ‘t-88 Tc-95 TC-95M co-57
Client ID Error VO Error YO Error ‘Yo Error % Error ?40 Error YO Error YO Error % Error% Error ?40 Error ?40 Error % Error ?40

00-00345
Al R-CS-P2

00-00346
Al R-CS-P7

00-00347
AI-CS-E2-CO

00-00348*
AI-Tc-ECI

00-00349**
AI-Tc-LC

00-00365
CI-CS-OAR

3.08 E-4
2%

2.77 E-4
2?lo

<1. E-5

c2.E-6

2.88 E-4

2%

7.29 E-3

3%

2.78E-4 .9.85E-5 2.18 E-4 4.91 E-5 1.97E-2 2.87 E-5 c6.E-5 <7.E-5

12’% 1770 2% 770 270 1570

2.30 E-4 6.97 E-5 1.77 E-4 7.31 E-6 2.91 E-2 1.78 E-5 c5.E-5 <7, E-5

14!40 24% 3% 37% 2?40 21?40

<2.E-3 -=7.E-4 c2. E-4 6.76 E-5 4.54 E-I <5.E-5 <5.E-4 ~6.E-4
22?40 2%

~2,E-4 <6.E-5 <2.E-5 <2.E-5 6.61 E-5 <5.E-6 c7. E-5 <6.E-5 9.93 E-6 4.61 E-3 9.76E-2
10% 7% 2% 270

2.83 E-4 8.48 E-5 2.04 E-4 9.00E-6 5.89E-2 2.33 E-5 <4.E-5 <6.E-5 2.14 E-5 8.5~E-5 1.80E-3 6.84E-5
8% 20% 470 16% 2% 8% 4~o 4~o 270 38?4,

<3.E-2 <2.E-2 <6.E-3 <6.E-4 1.81E+l 4.65 E-3 Cl .E-2 -=9.E-3

270 8?40

*Sample activity of Tc-95m as of 11/17/99 at 15:00
**Sample activity ofTc-95masof11/18/99 at 14:30
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CLIENT /2 ,J&’d(
f=.~1

1‘amplelDlL&*Jutlons should be done by mass.

C1-CS-ICP 00-0295 16.7602 17.9922 1.232— .- — 18.9798

CI-CS-OA 00-0296 16.7755 17.7844 1.0089 18.7732

C1-Cs-t.lA 00-0297 16.7903 18.0211

~ E

1.2308 19.0117.._— ..—. .-. _ —— .-
C1-CS-L3A

.—_
00-0298

——
16.6708 19.143 2.4722

C1-CS-L6.
.—. ..—

00-0299 16X8 19.1424 2.4844.——
c1 -CS-L9B 00-0300 16.9888 22.0289 5.04K 26.9407

CI-CS-L12B 00-0301 16.9~57 22.0073 5.0416 26.9156.

CI-CS-PIA 100-0302 16.7541 [ 19.20271—
2“4486+

Cl -.CS-P2A +1 16,7488] 17.9864 1.2376 18.9755

YO-030’+- ““2878P
c 1-CS-FD2-B 00-0307 16.948 19.4158 2.4678

cl -CS-FD3-B 00-0308 16.9552 19.3009 2.3457

1~+++ 2“1’521------
4°0-03’0 16,683 18.7853 2.1023

I
,

CI-CS-FD6-B *I+ 2045’1
lrm.m7.R Irmrm I ,fMM171 18.95511 2.0134

DILUTION

1.80

,1.98

1.80

1.97
1.97—

1.80

1.79—.—
1.79

ANALYST !&

& DATE&
t

REVIEWER DATE

Minimum

GEA reportable

;EOMETRY quantities (MRQ) Notes

2 Na, K (75 ug.mL)
;xtra long coun[fi=rTa~GflGtiei

2 Cs-137; 9 uCilmL requested
extra long count for minor radionuclides

2 C5-13? 9 uCilmL requested——. ,
2 Cs-137; 9 uC1/mL—.-—
2 CS-137; 9 uC~mL
10 Cs-137; 9 uCihL
10 Cs-137; 9 uCi/mL ———-...—. .._—.— ... ...—

extra long count for minor radionuclides

4--
2 CS-137: 9 uCilmL requested-.—. -————

extra long count for minor radionuclides
2 Cs-137; 9 uCilmL requested__ ——-_z .—.— .——

extra long count for minor radionuclides
2 Cs-137; 9 uCilmL requested..— .—
2 CS-137; 9 uC-i~L

Cs-137; 9 uCi/mL,
— .. . ..

\Na, K (75 ug.mL), \

Z?!!!!!ki
Need to load out undiluted sample

Need to load out undiluted sample

J---k%%:;Need to load out undiluted sample

lNa, K(75 ug.mL), I

+%%%%Z-INeed to load out undiluted sample

+i-z%t--Need to load out undiluted sample

2

P

H (17 ug/mL) Need to load out undiluled sample..-. -——.—..;—-_
Cs-137; 9 uC1/mL,

lNa, K (75 u~.mL)i I
2 IOH (17 ug/~L) ““ lNeed to load out undiluted sample

page 1 of 3 filename = ASR5571 .x15



GEA PREP SHEET

lions should be done by mass.

n

1-CS-PR3-A 100-0315

1-CS-PR4-A 00-0316

1-CS.PR5-A 00-0317

I
I-CS-PR6-A 100-0318.—.

1

-—.-. . .
I-CS-E1-IB 00-0319.— —- .—...-.——
1-CS-EI-3B 00-0320

—— .———. . ..-—. ..___
l-Cs.El-llf31 00-0326-..—-—-___
liCs-E 1-13A 00-0327.-—
1-CS-EI-RI-A 00-0328

generation soln 00-0331.—.
1-CA 00-0332-.—
I-SIA 00-0333——..——
=2A 00-0334——--——
i-44A 00-0335—— ..—. .
I-44. D-A 00-0336—.—
1-44-s1 -A 00-0337

VIAL

166851—_.-—

17.0297

16.7783

16.9674

16.7893

16,7316
16.709$—. .. .
16.7882—.—
16.6441—- ..--—--
16.842~——. —.-—
16,733S
16.744E—..——
16.6514
16.735C—. —-.
16.712S
16.858i——. —
16.818:—._ ,_ .-..

16.727—..

16.757f-.—...—
16.737t

76=—-——
16.664~
16.62fi
16.809:—--—
16,761X

REVIEWER

‘D, ‘tLuTION k

VIAL +
VIAL+ SAMPLE +

SAMPLE MASS

CS-137; 9 uCilmL,,
Na, K (75ug.mL),

26.7142 10.0291 10 OH (17 ug/mL)

1
—-——

Cs-137; 9 uCi/mL,

I I I I INa, K (75 ug.mL),

----+

Na, K (75 ug.mL),
26.8425 10.0642 10 OH (17 ug/mL)

C~~/mL,
Na, K (75 ug.mL),

I;I “ , “- ““:

26.6941 9.9625 10—. ——----- ——-— OH (17 ug/mL)
16.7458 2.0359 2 Cs-1 37; 9 uCi/mL—.
18.8182 2.0299

——
2 Cs-1 37’9 uCi/mL———. .——

21.7182 5.0741
. . -—. —

io Cs-1 37; 9 uCi/mL——. ..—. —.— .-—-
21.878 5,0354

.—
‘o .——Cs-1 37; 9 uCilmL— .—. — —— .

18.7569 2.023 2———. ---- --—.— . Cs-1 37; 9 uCi/mL
18.7761 2.0315

.— .-
2 CS-137; 9 uCi/mL———- .— .-.-.-— —

18.6796 2.0284
— .——. —— --—

2 Cs-1 37; 9 uCi/mL—— ---- —... .—.-. . ..——.—_____._ .._
18.7691 2.0332 2 es-l 37. Cltf!i/ml

——— —-
26.8081 10.0952

— . —.-
10——-— CS-13 ,

18.8788 2.0207 2-- —.- CS-I 37; 9 uCi/mL
26.9791 \~ 9 uCi/mL—-.. —
26.7102 9.9832

-————
10

-1

Cs-1 37; 9 uCi/mL.— _
Cs-137;~Ci/mL,

. .,-”-..,. .-

———

17:9 uCi/mL

I I I I lNa, K (75 ummLl
26.7397 9.9819 10. —.— . OH(17 ug/;L) ‘“
21.794 5.0562 26.6989 1.97 10

21.682% 5.0427 26,571 1.97 10—— . ———
21.7125 5.0481

—+ ‘.
26.6167 1.97

=F-

—
10

21.6696
—-——_-. —__

5.0471 26.5551 1.97
.—

10..—.
21.8543 5.0451 26.7674 ‘-”-— 1.97— 10
21.79~ 5,0359 26.7005 1.97 10

DATE

Notes—

—-. —_______
.——.

——
——.
—- ..— ——

.—

_-—

—.—
—. —.——
—-—_ ________ .—

I

●
page 2 of 3
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@Battelle “
Pacific Northwest Laboratories

Date

To

From

Subject

December 21, 1999

Dave Blanchard

Tom Farmer mLLk

lCP/MS Analvsis of Submitted SamtAes

Project Number

Internal Distribution

329/4 File
Mike Uric

(ACL #00-0615 through 00-0619)

Pursuant to your request, the 7 samples that you submitted for analysis were analyzed
by ICPMS for 99Tc.The results of this analysis are reported on the attached page.

An Amersham 99Tcstandard was used to generate the calibration curve and an
independent Amersham 99Tc standard was used as the continuing calibration
verification (CCV) standard. The 170 high-purity nitric acid solution used to dilute the
standards and samples was used as a reagent blank. The samples were diluted .an
extra 10x from the dilutions received. The results include your dilutions and are
reported in ng analyte/ g (ppb) of original sample + one standard deviation.

The ‘9Tc values reported assume that the Ru present is exclusively fission-product Ru,
and therefore does not have an isotope at m/z 99; i.e., everything observed at m/z 99 is
due to 99Tc. The fingerprint we’re seeing for Ru is obviously not natural, and is
consistent with that observed in previous tank waste analyses. Semiquantitative Ru
concentrations, corrected for sample dilution, are provided for your information.

[f you have any questions regarding this analysis, feel free to call meat 372-0700 or
James Bramson at 372-0624.

w--..9———.—



Kurath\Blanchard Tc-99 Analysis
December 21, 1999

Results are reported in rig/g (ppb) of original sample.
f$jj

Sample Client lCP/MS Tc-99 f#f RII-101/ tR~-101

ID Number Number rig/g f lSD WS Ru-102 n glg

1%HN03

r

9c17a7 0.035 t0.005’ “
1YOHN03 9c17al <0.0244~
1%1-IN03 9c17a18 <0.024 ?%

e

. .......

00-00615DB Dilution Blank 9cl 7a8 <1. og# 1.0303 0.6

00-00615 N7-Tc-Elu-Comp 9c17a15
3600+170$]

r

0.7692 4
00-00615DUP N7-Tc-Elu-Comp 9c17a16 3510+160 $fj 3.2727 8**$$

$$~!
00-00616 A1-Cs-E2-Comp 9c17all 27&6~j 0.0242 0.8

~$~

00-00617 Al R-Cs-E-Comp 9c17a12 15k4@J

b

0.9706 1
?+W*+Y?&
g:!j$$

00-00618 Cl -CS-EI -Comp 9c17a13 22*4B 0-7927 6

00-00619 C1-Cs-E2-Comp 9c17a14 15*4$@ 1.2948 16
00-00619 + spike Cl -Cs-E2-Comp 9c17a17 547+21 ~~

Spike Recovery k103%>:#

CCV results are” reported in rig/ml (ppb) ?#
i

9

5ppb Tc-99 9cI 7a5
$&j

4.72+ o.15$&$

5ppb Tc-99 9c17a19 5.13* o-03pi .+.$<;

~Based on response from iridium



Battelle PNNfft?PG/inorganic Analysis --- IC Report

Client: D Blanchard Charge Code/Project: W48409/29953-75%
W48414129953-25%

ACL Numbers: 00-0615 to 00-0619,00-0626 ASR Number: 5626 and 5628
Analyst: MJ Steele Analysis Date: December 18-20, 1999

Procedure: PNL-ALO-212, “Determination of inorganic Anions by lon Chromatography”
M&TE: IC system (WD25214); Balance (360-06-01-031) --- See Chemical Measurement
Center 98620 RIDS IC File for Calibration~_Stg\~dllds Preparations, and Maintenance Records.

r
v%r=~-;
$,:$, -~,, ,:’;,~$ ~. * ,%?753

i *&.*!---:.:.‘*3
Final Results:

‘.2* (’-””~~%~$y:3~3%# ~po~::.x gso~:!i. 3@@&

Ew#w%:?@: Sam.~+.~. .$...*$J?,....+*&T&,?.&
00-00615 N7-Tc-EIu-Comp <0.3 15 8 <0.3 19 <0.5 1 <0.5
00-00615MS N7-Tc-Elu-CompMSIZec 94~o OvrRng 101’70 103’% 103% 103Y0 lo3Vo 101%
00-00616 A1-Cs-E2-Comp <100” <100” <200” <100” 31,400 <200 <200 <200
00-00616 A1-Cs-E2-CompDup <100 <100 <200 < 1O(I 31,600 <200 <200 < 20(3

RSD nla nla nla nla 1v. nla nta nla

00-00617 Al R-Cs-E-Comp <100 <100 <200 <100” 26,500 <200 < ~()() < ~()()

00-00618 C1-Cs-El-Composite <1oo <100 <200 <100 24,500 <200 < ~oo < Zi)(l

00-00619 C1-Cs-E2-Composite <100” <100 <2013 <100 26,300 < 2(X) < ~()() < 7.()()

00-00626 N7-TC-O 3,200 480 27,900 < 2j(l 110,000 1,100 3.800 1,400

00-00626 MS N7-Tc-O MS Rec 112% 105Y’O 122% 108’% OvrRng II IY!O I 14’%0 111%

RPD = Relative Percent Difference (between sample and duplicateheplicate)
MS Rec = Matrix Spike Standard ‘%0 recovery
(l) Fluoride is most likely formate or acetate due to slight peak shift and broadening

The samples were analyzed by ion chromatography (IC) for inorganic anions as specified in the

governing ASR. The liquid samples were diluted at the IC workstation up to 4,000-fold to

ensure that all anions were within the calibration range.

Q.C. Comments:

Duplicates: No actual sample duplicates were provided to the laboratory for analysis. However,
the sample, AI -Cs-E2-Comp (00-06 16), was split at the IC workstation and analyzed as two
samples (replicate). For anions above the estimated quantitation level (i.e., the lowest calibration
standard), the Relative Percent Difference (RPD) is will within the acceptance criteria of 200/o.

Matrix Spike: Two matrix spikes were prepared from samples submitted. The recoveries for
all anions were within the 75°/0 to 125°/0 recovery acceptance criteria for those anions measured
within the calibration range.

ASR 56265628 Blanchard.doc pa~e ] of2



Battelle PNNLLRPGLhorganic Analysis --- IC Report

Blank Spike: No blank spikes were analyzed within the analytical runs.

Svstem Blank/Processing Blanks: Twelve system blanks were process during the analysis of the
samples. No anions were detected in the system blanks above the estimate quanthation level.

C)ualitv Control Calibration Verification Check Standards: Seven mid-range verification

standards were analyzed throughout the analysis runs. Except for only two oxalate values, the
reported results for all anions of interest were recovered within the acceptance criteria of+ 10°/0
for the verification standard.

General Comments:

●

●

●

The reported “Final Results” have been corrected for all dilution performed on the sample
during processing or analysis.

The low calibration standards are defined as the estimated quantitation limit (EQL) for the
reported results and assume non-complex aqueous matrices. Actual detection limits or
quantitation limits for specific sample matrices maybe determined, if requested.

Routine precision and bias are typically +15% m- better for non-complex aqueous samples
that are free of interference and have similar concentrations as the measured anions.

Archive Information: :

~Files: ASR 56265628 Blanchard.doc ASR 56065626 5642.xIs

ASR 56265628 Blanchard.doc



File: 00-061 5.xIs

Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building

Client: Blanchard/Kurath

Cognizant Scientist

1212211999

Procedure: PNL-ALO-450 Gamma Energy Analysis

Measured Activities (uCi/g) with 1-a error

ALO ID Tc-95m* Cs-134 CS-137 Eu-154 Eu-155 Am-241

Client ID Error YO Error 7. Error Y. Error ?10 Error V. Error YO

00-0615

N7-Tc-Elu-Comp

00-0615 Di.lp

N7-Tc-Elu-Comp

00-0616

Al -Cs-E2-Comp

00-0617

Al R-Cs-E-Comp

00-0618

C1-CS-E1 -Composite

00-0619

Cl -Cs-E2-Composite

4.44E-1

2%

4.55 E-1

270

<G E-2

<5. E-2

<3. E-I

<4. E-I

<2.E-4 <3.E-4 <9.E-5 <7:E-4 c7.E-4

<2.E-4 <3.E-4 <I-E-4 <7.E-4 <7.E-4

3.99 E-2 2.38E+2 <7. E-3 <2. E-I <2. E-1

7’?/0 2CX0

2.39 E-2 1.45E+2 <6. E-3 ~9, E.2 <9. E-2

8!Z0 2%
,,

<2. E-2 4.67E+2 c4. E-2 <6. E-I <6. E.1

2%

<3. E-2 7.05E+2 <4, E-2 <7. E-1 <7. E-I

2%

* Tc-95m values are reported as of December 17, 1999. at 8:00 am PST.

Page 1



File: 00-061 5.xIs

I

Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Client:

1/18/2000

Blanchard/Kurath

Procedure: PNL-ALO-420/421

Measured Activities (uCi/g) with 1-c error

ALO ID Alpha Sr-90

Client ID Error +/- Error +/-

00-0615 5.73 E-6 8.70 E-4

N7-Tc-Elu-Comp 43% 5940

00-0616 c2.E.5 2.40 E-1
Al -Cs-E2-Comp 4%

00-0617 1.62 E-5 8.43 E-2

Al R-Cs-E-Comp 38% 3?40

00-0618 1.20 E-4 4. IOE-2

C1-Cs-El-Composite “ 10% 8?40

00-0619 9.86E-5 5.60E-2
C1-Cs-E2-Composite 11% 9%

00-0619 DUP 1.41 E-1

C1-Cs-E2-Composite 6%

RPD 86%

Matrix Spike 987. 105%

Blank Spike 108% 103’70

Blank <2. E-5 <7. E-5

Page II
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Battel/e PNNU325 Bld@RP&7norganic
lCPAES Data Report

Project: 29953

Client: D. Blanchard

.---------------.---- -----.--- ---_--------------

ACL Number(s): 00-0615 to 00-0619 i~ 1.’%
&

00-0626 to 00-0664 -j->, g.?.%

------------- ------------------------------------

Client ID: “N7-Tc-Elu-Comp” to “C l-Cs-E2-Composite” ~
&

“N7-TC-0” to “N7-TC-RO1” & - .
------------------------------- ------------------

AIR Numbe~ 5626& 5628
----------------------------------------------- --

Total Samples: 13

Procedure: PNL-ALO-211, “Determination of Elements by Inductively Coupled
Argon Plasma Atomic Emission Spectrometry” (ICP-AES).

Analyst D.R. Sanders

Analysis Date (Filename): 12-16-99 (A0570) & 12-17-99 (A0571)

See Chemical Measurement Center 98620: ICP-325-405-1 File for Calibration and
Maintenance Records.

M&TE Number: ICPAES instrument -- WB73520
Mettler AT400 Balance -- Ser.No. 360-06-01-029

/4 -29-$7

.4-B
Concur

H.!2w2

Page 1



Battelle PMVU325 B1dgYRP~norganic Analysis ...
ICPAES Data Report

Five radioactive li~uid sanmles, N7-Tc-Elu-Comp to Cl-Cs-E2-Composite (ACL# 00-0615 to
00-0619), were analyzed by ICPAES after each sample was diluted using dilute nitric acid by the
Sample Receiving and Preparation Laboratory (SRPL). Final sample volume was 25ml
(weighed). Concentration was adjusted for dilution using the weight of final solution divided by
sample weight.

Eight radioactive liquid sanmles, N7-Tc-O to N7-Tc-RO1 (ACL# 00-0626 to 00-0664), were
analyzed by ICPAES after samples were prepared by SRPL using PNL-ALO- 128 acid digestion
procedure. Approximately 3ml of sample (weighed) was digested and diluted to a final volume
of approximately 10rnl (weighed). Concentration was adjusted for dilution from processing
using the weight of final solution divided by sample weight.

Measurement results reported have been corrected for preparation and analytical dilution. All
results reported are in ~ghn.1for liquid samples. Weights have been recorded on bench sheets and
included with this report.

Liquid samples contained low to high concentrations of sodium (cO.1% to about 10%). All other
analytes measured were typically much lower in concentration.

Quality control check-standard results met tolerance requirements except as noted below.
Following is a list of quality control measurement results relative to ICPAES analysis tolerance o
requirements under MCS-033.

Five fold serial dilution:
(Aqueous samples) All results for ana.lytes of interest were within tolerance limit of S 10%

after correcting for dilution.

IXmlicate RPD (Relative Percent Difference):
(Aqueous samples) AU analytes of interest were recovered within tolerance limit of S 20%

relative percent difference (RPD).

Post-S~iked Samples (Grou~ A):
(Aqueous samples) All analytes of interest were recovered within tolerance of 75% to

125%.

Post-SPiked !%.rrmles(Grou~ B):
(Aqueous samples) All analytes of interest were recovered within tolerance of 75% to

125%.

12/29/99

Page 2
m



m
Battelle PNNU325 Bld~RP&7norganic Analysis ...

ICPAES Data Report

Blank Spike:
(Aqueous samples) None required or prepared.

Matrix S~iked Sanmle:
(Aqueous samples) None.required or prepared.

Oualitv Control Check Standards (actueous sarrmles):
Concentration of all analytes was within tolerance limit of * 10%
accuracy in tie standards: QC_MCVA, QC_MCVB, ICP98.O and
QC_SSTMCV except as follows. Tin and palladium was low by as
much as 23% in QC_MCVB check standard measurements. Single
element standards of tin at 2 ~ghnl and palladium 2 pghnl measured
were well within the tolerance limit thus confting calibration check
for these two analytes.

High Calibration Standard Check (aaueous sanmles):
Verification of the high-end calibration concentration for all analytes is
within tolerance of* 570 accuracy.

a Process Blank
(Aqueous samples) All analytes are within tolerance limit of < EQL or e 5% of sample

concentration.

Laboratory Control Standard (LCS>
(Aqueous samples) No LCS was prepared for PNL-ALO-128 acid digested samples.

Please note bracketed values listed in the data report are within ten times instrument detection
limit and have a potential uncertainty much greater than 15%.

12mm?

a Page 3



Baite\le PMVU325 Bld#RPG/?norganic Analysis .. .
lCPAES Data Report e

Comments:
1) “FinalResults”havebeen correctedfor all laboratorydilutionperformedon the sampleduring

processingand analysisunlessspecificallynoted.

2) Detection limits(DL) shcwn are for acidifiedwater.Detectionlimits for other matricesmaybe
determinedif requested.

3) Routineprecisionand bias is typicallyA15%or better for samplesin dilute, acidifiedwater (e.g.
2% VIVHN03 or less) at analyteconcentrationsgreaterthan ten timesdetection limit up to the
upper calibration level. This also presumes that the total dissolved solids concentration in the
sample is less than 5000 pg/mL (0.5 per cent by weight).

4) Absolute precision, bias and detection limits may be determined on each sample if required by the
client.

5) The maximum number of significant figures for all ICP measurements is 2.

0

ELQ3!22

Page 4 e



PNNURPGt7norganic Analysis ... ICPAES Data Report Page 1 of 4

'F:;..R ...........R.... ...........................R..........r.. ..............R.. ........... “.”. ”.”.....”..”..,.,

7.42
0.250

=
* m . . ..... ....... .. ..... ‘“flq ....... ........-”. e-._ ..... .. ........ . . ..........

10.5

I I 1 I

.....”....” Y ...................... “.”.””.”.

10.5 7.78

16] [0.231

0.100... .. .. . . .. .... .. El.....”i!._m........”............. ~ ......

l-l

..........~~ ...... ..................~l""...................~~...".......=.
0.025
2.000 : t-l H-””””””””””””””-”” ~ ~

0.050 La...... ... . . ... ... ..... .. ...... .. .... ...... .......
0.030

.... ..-“=”””””””B”0.100

0.050 ~ H .. ..." ................H .......".. ......." ....B ..... ..."......... ....m. . . .."..". .....m.."."." . ........ ......... ... ... . .......... ... .. ......... ......

0.150 Na
~-

-1 r
I I

tii-”-”””!”-@”””-”a: ““””””E.. ................ .....

Et
.................

5.69

...”.”..... .. ..... ... [9.9] . .. ..... ........ .... .

1.500 Te...... . . . .. .. ....... ... .... ..... .. . ....... . ....................”.... ...... ..... .............
1.000

.. ...”..”...”.”.”.... ““,........”.,....”...
Th

......... .... . ...... .

0.025 n

0.500 l-l... .. ..... . .... ..... ...... .. ...... .... .. .......””..........”.” ............... . .......
2.000

.. .. ...... .. ....... ... ..”-” .. . ........
u

.. . .... ........... .

0.050 v

2.000 w.“...-.-.”- ..... ..... .. .. ........ .... ..... .. . .... ....... .. .....
0.050 Y

.. .. .. .. ............ . .“”.” ...........”.”.. . ... .. .............. .... .. .............. . .

0.050 Zrl 6.20

0.050 Zr

Note: 1) Overall enur graater than lo-times detectionlimitis estimatedto be w?hin+/- 15%.

2) Values in brackets5 are - 10-timesdetectionlimitwilherrorslikely to exceed 15%.

3) ‘- “indicWemeasurementis &w detectkm.Sample detectionlimitmaybe foundby

multiplying“det.limit”(far left column)by “multiplied(topof each column],

Data (1)from .A0570 D. Blanchard ASR-5626 & 5628 (ALO-1 28) AN1 07 Supernate ICP98 hi.XLS 12/28/99 @ 314PM



Batte!le PNNURPGBnorganjc Ana/ysk ... lCPAES Data Report Page 2 of 4

t
Multiplier= 10.3 10.4 1.0 1 15.1 14.6

ALO#= 00-0818 00-0619 00-0626-BLK1 00-0826 @5 00-0841 @5

Client ID= Ci-cs-lsl-co mDosite C1-Ca-E2-Co moosite Process Blank-1 N7-TC-O N7-TC-PW1

Det. Limit Run Dat&- 12/16/99 12t16189 12/16/89 12/’t6I99 12n6/89 9

(u~mL) (Analyte) uglmL ug/mL... ..... .. ...”.”.....”.”.”...”...”.”.”..... . . .. ........ .... .... .. uglmL.. .. ... .. .. ......... ug/mL uglmL

0.025 Ag
.. .. . . .. .. .. .. ...... . .... .......... .... .. .. .. .... .. .. .

0.060 Al [3.6] [4.6] 2,070 1,920

0.250 As. ......... ...... .......... ....... ..... .. ....... . .. ............. .. ...... ....... ......... .. .....
0.050

.......... ....... .......
B 12.5 13.8

....... .. ... ..... ..... ..................... . ..
25.4 33.5

0.010 Ba

0.010 Be......... ... . ... .... ............. .. ........ ... .. .. ... . ... .......... .“.”.....”.....”...”.,
0.100

.“.”.”.. .. ...”.”...”
Bi

... .. ............ ..... ......... .. ... .... .. .

0.250 Ca [5.3] [0.34] 146 141

0.015 cd [0.50]. ...... .. .... .............. ... .... . .. .. .... . ....... ................ [0.59] .... ........ ..... ...... 24.2 22.8

0.200 Ce
. ....... .. ....... .... .. .. .................... ...................””.”.

0.050 co [1.8] [1.8]

0.020 Cr 5.25 6.29 37.2.. ....... . . ... .......... .... .. .. ..... ........ ............................ 35.3......... .................
0.025

...... .. ..... ..........
Cu 20.3 39.3

. .. .......... .......... ........... ................
11.9 11.3

0.050 w -
0.100 Eu. ....... . .. ........ .... ........................ ....... ............. ..... . .. ....................
0.025 Fe

“.....””............”.
7.23

... .. ....... ...........
7.63

.-....... ....... .. .. ...
7.35 7.00

2.000 K 641 620

0.050 La...... ... ...... ............. ...... .......... .. .. .......... ................ ......... ...... .........
0.030

......... .. .. ..........
Li

.. ....................... .......”.........”.”.”..

0.100 Mg

0.050 Mn............... ........ ...... .... .... .. ....... . ................ ....... . [1.1]. .. ............. ....... ,...”..”...... ......... [1.0]

0.050 Mo
... .......... .. ....... ... .. ...... .... .... ...

14.1 13.5

0.150 Na 920 1,630 99,600 90,500

0.100 Nd....... .... . .... ....... ....... . . ..... ...... ........ . .............. .. [2.1].. ......... ... ......... ......... .......... ..... [2.71

0.030
.. ....... ................

Ni 67.5 36.7 [0.047]
..... .. . ....... .......

181 174

0.100 P 266 245
a

0.100 Pb ~.~ ‘.... .. . .. . . . ..... . [10].....— . ........ .. . . . . . . .. 52.2 50.7... ...”.“.. ......”._...
0.750

... . . .. . .. . ... .. . ....... .. ...
P(i

...... ........ .... .. ....

0.300 Rh

1.100 Ru -...... .. . ..... ............................... .... ......... ........... ..... ........ ......... ....... .. .... .. .. ....... .... ..... . ..... ...... ....... ....... .. ....... ..... .

~:i:R’E’’E’’=
2.000 u [8Tl [170]

0.050 v

2.000 w [58]. ....... ............. ....... ........ .. ......... . .. ............. ........ ..... .. .... ............ ....”.”......”..”..”. [63]

0.050 Y
... ..... ................ . ........ .. ......... ....

[1.0] [0.98]

0.050 Zn [0.84] !5.40 [0.13] [6.71 [5.8]

0.050 Zr [2.1] [1.1]

Note: 1) Overallerror areater than lo-times detectionlimitis eatimatedto be !viIhin+/- 15%.

2) Values inbrackets Dare - 10-timesdetectionlimitwitherrors likelyto exceed 15%.

3) “- “indicatemeasurement is -w detection.Sample detectionlimitmaybe foundby

multiplyingmdet.limit”(far left column)by ‘mu/tiplieF’(tap of each column).

Data (1) from ‘A0570 D.Blanchard ASR-5626 & 5628 (ALO-I 28) AN107 Supernate ICP98 hi.XLS 12/28199 42 314PM
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Multiplier= m

L
3.4

00-0645

N7-TC-PR1

12/16/99

u mL.... .......”.”...”... 1“...”.”.”.”......”.”..I 16.4

l-+-
3.4

00-0644
N7-Tc-PW7

12116f88

u mL.“.”..”.”...”.””

3.8

00-0646

●
ALO#=

II
Oo-0642@5 00-0643@5

Client IO= N7-Tc-PW3 N7-TC-PW5

Det. Limit Run Date= 12f16/89 12f16f89

N7-Tc-PR2

12f16188

“-’:f-””:7-w””-”””-”””--”E
l---+-- E

13.5

. .. . ....... ........
18.7

6.37

““-””:-”””””””””””””:-”””””l+””. .. ....... .. ......H ................
22.4

,“ . . . ..”.. ”””.”...

1=19.3

[0.041]

““”””~f~”’-””--~””””””H”””””-”””””””””””k”l-l

1-

E[3.0]

........................ [0.24] B[1.4]

—“. ”.”....”.”.. ....... .. .. .... ....4-=””-””-:-w------s
[2.2]

.. .. .. .......... .... [0.14]

l-+---0.050

0.020 ~ M .. .. .. .. ...... ............. ... ........ ... ..... . . ..... .... .....

1-

... .. ..... .........B[0.69] ..... ........... ...... .e[0.39,“. ...........”.”.”.
[0.16

t=

1.17.. ..... ....... ... ..
0.14]

= : Ea......”...-....=...................................... .. ... ....... . ......“E[0.25]

9.9

.. . .... ...... ......

El
...................

[0.81]

~.6]

... .................... ....... .. ....... .... ...= ~ 12EI.....................BE........................................ t==

[0.44]
14]

... ..................

E~ ~ la ......”..........”..=.......................................... I-+--l
--...- ............I== ,....-....”.-........=.. .. ................

l==3,420 H2,740

P%--

E
2.22

5.49

0.71]. .. ...... ..........
[2.9

1.63

4.63

[0.66]

[1.8]

.. ...................’. .....”....-” ..”-----
[3.0]

--=--:-B-----E &[2.9]

,“. ”... -”...,. ”.”. E

E123............ ...........

[0.34

B“155....... . ............. ...... ...............:“--i”-””w-””””EE
107... .... ... .... .....

i .31

.“... ............... El
-“

.. .................... .. ... . ..... ......1.500 ‘e ~ ....”... ...”. ...”.-k.............. .. .............. ... ....... .. ....

-[=------E-”B-----E......... ... .. .. ..E t----+
1-

,“ . . . . . . . . . . . . . . . . .

=““w-””t-w-”””-&--”---i---+--
I== biz [0.35]

I
be wlhin +/- 15%.

I
Note: 1) Ovemtlerror greater then I&times detectionlimitis estimated

2) Values in bracketso are - I&times detectionlimitwitherrors Iikefyto exceed 15%.

3) “–”indicatemeasurement is -w detection.Sample detectionlimitmaybe foundby

multiplying‘det. limit”(far left column)by “multiplier”(topof each column).

Data (1) from ‘A0570 D.Blanchard ASR-5626 & 5628 (ALO-128) AN1 07 Supernate ICP98 hi.XLS 12/28/99 @ 3:14 PM
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~::H..................D...................D.. ............D... ..........D... ............Multiplier= .

Det. Limit

(ug/mL)............. .. ......... .... ..... . ... ......
n nx

“:’i”E’’s’’s’’s
““”””””=””””””””’..............................................
""""""~~"""""""""""""

o.05r...........””.
0.030

0.100

0.050“.”.....””””.
n nfal

1- 1 1- 1 I- I 1- 1 l.. I

Li

Mg

Mn.......<. .. .. ..................
M. H----H--”-H--”-H----H--

1.500 Sn

0.015 Sr [0.38]

1.500 Te. .. .. .... ........ ............... ........ .. ..... ..... ... ............... .,
1.000

. ... ..... .............. .. . ...”..............”..
Ttr

... .. .. ....... ....... ........ ......... .. . ...

0.025 m

0.500 l-l........... ... ......... .. .. .. .. ... ... ......... .. ...... .. ..... . .. .. ..... ............. ......
2.000

...... . ......... .... .
u

“..”.”.....”....”.”. ,.........”.”....”—.

0.050 v

2.000 w..... ..... . .. .. . . ..... ............. ........... ... .......... .. ......... .“.”...””.”..........
0.050

........ ............... .
Y

. ........ ............... .......... .. ...... .

0.050 Zn

0.050 Zr

Note: 1) Overall error areater than 10-times detectionlimitis estimatedtobe within+/- 15%.

2) Valuesh biackets D are - 10-times detectionlimitwitherrorslikelyto exceed 15%.

3) “- “indicatemeasurement is &w detection.Sample detectionlimitmaybe foundby

multiplying“det.iimit”(far left w!umn) by ‘multipliefl (topof each cofumn).

a
Data (1) from ‘A0570 D.Blanchard ASR-5626 & 5628 (ALO-1 28) AN1 07 Supernate ICP98 hi.XLS 12/28/99 @ 3:14 PM



Battefle

Multiplie*

@

ALO#=

Client ID=

DeL Limit Run Date=

L> % f..lLa=L#-#wa

PNMJRPG/Morganic Ana!ysis ... /CPAES Data Report “9’1 “f1
.rw&r-. - . .

10.7

99-2289 @l

A ~-&-E f-&mDosite

8f3199 ‘

(u#mL) (Ana@te) Uglg. . . . . .... . .... ...... .. . . .... .... ..
0.015

0.060 %M H 1=1 1:1 l-+-l
0.050

0.080 As = ...... ...... ... ...”.=.... ..-.. -”...”...”..”..... . ..”.. ””.....” ._-”” ~ .. . ...". .. . . .. ....... . ................EJ . . .."." . ......~l

0.010 Ba [0.42] -.

0.010 Be. ....... .. ... ...... .. . . .. . . .......... ... ..... . .... .... ,“-”” ... . ..... ..
0.100 ‘i

. .. . .... ... . .. .-..”. ”.....””..”. . . . .. . ......

0.100 Ca [2.1]

0.015 “d [0.31].... .....”.”......””.. -... -”.”......”..... .“” ..... . . ...... ... .. ... ....... ............
0.100 Ce

.“”- .......”....”. ....”””””” .......... .. ... .. .. . ... .

0.025 co

0.020 Cr 3.48 .-
... ..... . ... . ... ........ . . ... ........... .... .. .... .......... . ... .. ...................

0.015 Cu
.. ... .. ........... .. .. ... . ....... ........ .. ...... . ... .........

50.6

0.050 Dy

0.100 Eu........”.”—”” ....... ...”.......””...”.. .... .... . .... . . .... ... .. . . ... . ........ .. .. . ..... . ...... ,“.”............”””.
0.025

.. .. .. ... . . .....
Fe 12.3

2.000 K 382

0.025 La..... . . .. .................. .. ........- ...... ....”.”.. ””.... ....... ..... ............ . ““”.......””..”....
0.005 Li

.. ...... ................ ........ . . ... . .....
._

0.100 Mg

0.005 Mn 0.67“..——.—. . ....... .. ....... . ...... . ..”.....”...””.....” ..”..”-” . .......”. .. ..... ........... ...
0.030

.-”-””... ””... . . . . ... . ......
Mo -

a

0.100 Na 2,230 L
... . .... ........ ..... .... ....”.. ”””.....

0.100 Nd
.. ........ ... .. . .. . .. .. ..... . .. .. . . . . .... .. ..

0.030 Ni 5.89

0.100 P...... . ......... . . ...... ............... [2.9] .... . ... . . ...... ... .... . .. ................
0.060

. ..... . ......... ..
Pb

.. .. . .. ....... .. .. .......-.” “......-
15.6

0.300 Pd

0.300 Fih... .... . . . . ............ . ....... . . ....... .... . .. ...... .... .
0.075 Ru

..“-”” ”” ”...,.... ... ... . ......... ..... ...””. . . ........... ........ ... ..........

0.050 Sb

0.050 se... . . . . . ... . . . ........ .... ............. . . .... . ..”-...””... ,... .. ... .............
0.100

—-”... ”.... .
Si

.. .. ...... .... ...
51.4

. . . .... .. . ...”

1.000 Sn

0.005 Sr. . .. .. . . ... .. .......... ....... ........ . ..“.”...... . .... .. !..””. . . .............
0.500

.“.”...”””. .. ....
Te

.““”.... . ..... .. . . . .. . . .... .....

0.800 Th

0.005 Ti. ...... . ................... .... . ............. .......... . . .. .. . -“”” . ... ... ....... “—...”. ..... .....”
0.250

..““.”..—...”..”.
TI

. . . . .. .. .... . ..

2.000 u [48]

0.015 v.... ... . . . . . . . .... ... . ...... .... ... . .. . .... . .... ,.. ..................””..
0.500

.. .. ...... ..... ... .
w

,.. . . ...... ... . .. . .. . . .. .

0.010 Y

0.020 Zn 12.0..... . . . .............. ..... ....... ....... “........... ... ...... ,—“”””” ........
0.025

... ... ..... . .....
Zr

.“. . .. ........... ““.”......”.....”.

---—- ..----. --------- .---. -—--- —--..—. -——----
Note: 1) Overall error greater than lo-times detection limit is estimated to be with;n+/- 15%. .,

2) Values m bracke~ I are @ lGtimes detection limit with errors likely to exceed 15%.

3) ‘--’ indicate measurement is -w detection. Sample detection timitmay be found by

multiplying “det. limit=(far left column) by “multiplied(top of each column).

t 1- I

Data (3) from ‘A0537 D.Kurath ASR5461 ,5463 G.Sevigny ASR541 O W.Gray multi ICP98 Iow.xls 8116199 @ 5:26 PM
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Bafte!ie PIVNURPGllnorganic Analysis --- TOCITIC Report

Client: D. Blanchard Charge Code: 75Yo125?40W48409AV48414
Project: 29953

ACL Numbers: 00-0615 to 00-0619 ASR Number: 5626
Analyst: MJ Steele Analysis Date: January 7,2000

Procedure: PNL-ALO-381, “Direct Determination of TC, TOC, and TIC in Radioactive Sludges
and Liquids by Hot Persulfate Method”

M&TE: Carbon System (WA92040); Balance (360-06-01-023).
t-----—-------’”” —-?

I
:

Final Results: T’ ~“;R0?:;:?: j+.~.>+ :~&ac.i ,;
~~b=t:$~:ii?::” j~.~.J..-.

Vol TOC TOC RPD
, ......

i <
Lab Number SampleID ml ~

-. !
pg C/ml 70

~

p ~,;: y

00-0615 N7-Tc-Eiu-Comp 0.3000 <60
I

U%i i ‘
i

00-0615Dup N7-Tc-Elu-CompRep 1.0000 -QO nla ———

00-0615 Spike N7-Tc-Elu-Comp MS 1.0000 104%’

00-0616 A l-Cs-E2-Comp 0.3000 80 “*2975<
00-0616 Dup A l-Cs-E2-Comp Rep 1.0000 Go nla -t-d 2-%
00-0617 A 1R-Cs-E-Comp 1.0000 <20

00-0617 Dup A 1R-Cs-E-Comp Rep 1.0000 -G!O nla -fl.%3r?
00-0618 C 1-Cs-El-Comp 1.0000 150

00-0618 Dup Cl -Cs-El-Comp Rep 1.0000 150 0 ~“\/L
00-0619 C1-Cs-E2-Comp I 1.0000 200

00-0619 Dup C 1-Cs-E2-Comp Rep 1.0000 190 5
RPD = Relative Percent Difference (between sample and duplicate/replicate)
n/a = Not applicable; either sample or duplicate result is <5 times MDL

The analysis of the subject samples submitted under ASR 5626 were performed by the hot
persulfate wet oxidation method. The hot persulfate method uses acid decomposition for TIC and
acidic potassium persulfate oxidation at 92-95°C for TOC, all on the same sample, with TC being
the sum of the TIC and TOC. Per the ASR and since the samples were acidic, only TIC analyses
were performed on these samples.

The table above shows the results, rounded to one to two significant figures. The result for
Al -Cs-E2-Comp (i.e., 80 pg/ml) is only marginally above the method detection limit for the 0.3 ml
sample size analyzed (i.e., 60 pglml) and should be considered qualitative. The raw data bench
sheets and calculation work sheets showing all calculations are attached. All sample results are
coi-rected for average percent recovery of system calibration standards and are also corrected for
contribution from the blank

Q.C. Comments:

The TIC standard is calcium carbonate and TOC standard is et-Glucose (the certificates of purity are
attached). The standard materials were used in solid form for system calibration standards as well
as matrix spikes. TIC and TOC percent recovery are determined using the appropriate standard
(i.e., calcium carbonate for TIC or glucose for,TOC).

ASR 5526 Blanchard.doc page 1 of 2



Battelle PNNLLRPGllnorganic Analysis --- TOCITIC Report

The QC for the methods involves calibration blanks, system calibration standards, sample

duplicates, and one matrix spike per matrix type.

Calibration Standtids: The QC system calibration standards were all within acceptance criteria,
with the average recovery being 98.4’XOfor TIC and 98.1’XOfor TOC.

Calibration Blanks: The three calibration blanks run at the beginning and middle of the analysis run

were acceptable, averaging 13.9 pgC TIC and 454.7 pgC TOC.

Dudicates: No actual sample duplicates were provided to the laboratory for analysis. However,
each sample was analyzed in replicate and the relative percent differences (RPD) between replicates
are within the acceptance criteria of 20°/0for all values measured above the EQL (i.e., 5 times the
method detection limit).

Matrix Spike: The accuracy of the carbon measurements can be estimated by the recovery results
from the matrix spike. A matrix spike was prepared from sample 00-0615 (N7-Tc-Elu-Comp) with
the TOC spike recovery being 103.8Y0,well within the 75% to 125% recovery acceptance criteria.

General Comments:

●

☛

●

●

The reported “Final Results” have been corrected for all dilution performed on the sample
during processing or analysis.

Routine precision and bias are typically +15% or better for non-complex samples that are free of
interferences.

The estimated quantitation limit (EQL) is defined as 5 times the MDL. Results less than 5 times
the MDL have higher uncertainties, and RPDs are not calculated for any results less than 5 times
the MDL.

Some results may be reported as less than (“<”) values. These less than values represent the
sample MDL (method detection limit), which is the system MDL adjusted for the volume of
sample used for the analysis. The system MDL is based on the attached pooled historical blank
data. The evaluation and calculation of the system MDL is included in the data package.

Report Prepared by: fl[(>fzz.~

Review/Approval by: )/ M’

Archive Information:

Files: ASR 5626 Blanchard.doc ASR 54785626 Liq+Solids.xls

a

ASR 5526 Blanchard.doc page 2 of2



BatteIle

Mu!t{plie=

●
ALO#=

Client ID=

Det. Limit RurI Date=

(Q.&J K t.LAz-L%&c@
PNNURPGllnorganic Analysis ... ICPAES Data Report ‘age’ “f’

Rmf’Os;ten nnn
(u@mL) (Analyte) Ugfg. ..... ..... . .... .......... . . ...... ...... I
0.015 Ag

0.060 AI 141

““””F””’”-”-””;~F..........................................
0.100

‘=i””a=B==a==B==B.........................................
m“

0.030 Ni

0.100 P. ....................... . .. .... .....
--&m Ph--- .-

L
----

!
0.300 Pd

f

0.300 Rh -,
. .. ... . ................... ............... .... . . . .............. .. .... ................. .. . .. ................

0.075 Ru
...... . ................ . ..... .... .... ..........

-.

0.050 Sb

0.050 Se. ................ .......... ................. ...-.”...........”..
0.100

... .......... ...........
Si 51.4

... ....”....””... ...” . .... . ............. ., .. .. ...................”.

1.000 Sn

0.005 Sr. ............................. . ................. .. . ..... ... ......... ...... ..... ............. ... . .................
0.500

...... ........... . .....
Te

.. . . .................
,_

0.800 Th

0.005 Ti. .. . ................. . ... . ................. ... .......... .......... .... ........ ............ ... .. ... ....... .....
0.250 TI

... .... .... .......... . .. . ... . .. ......... ..

2.000 u [48]

0.015 v. .. .... ......... ..... ............... . ..... ... ............ ....... ...... .. .. ...........”. ......................... . . ...... ....... ....... .. ... .... .... ..........;z—.------.---.--—-.----------------.........................~. .......l~. .......~.. ..".........".......~...."........"~."... .............
a

Note: 1) Overall error areater than 10-titrres detection limit is estimated to be with;n+/- 15%.

2) Values in brackets flare m 10-times detection limit with errors likely to exceed 15%.

3) “--”indicate measurement is ~w detection. Sample detection limit maybe found by

multiplying “det. limit”(far left column) by “multiplie? (top of each column).

Data (3) from .A0537 D.Kurath ASR5461 ,5463 G. Sevigny ASR54’ O W.Gray multi ICP98 Iow.xls 8/1 6199 @ 5:26 PM



Rti(liocl]emishyBenchSheet

Client .
Work Order #

ASR

Procedure w
Pipet ID Numbers T’ 2]. 5 ‘c

O.wwj !,,, , ..i,
cx999s3:
U.9982+

0, O?9%J
0. [tuxlj

# 47/7 O=o, osolq .

I O.cww;

Spike, Tracer iD

Isotope
Concentration
Ref Da[ti

Anulyst/Date

o

32 Reviewer/Date
f

o“



Battelie Pacific Northwest Laborato~
Radiochemical Processing Group-325 Building 99-2289
Radioanalytical Applications Team 8/12/1999

Client: DE Kurath

.&y L/’
Cognizant Scientist ~ /J

Total Alpha (PNL-ALO-4001 )

Sr-90 (PNL-ALO-476, 431)

Gamma (PNL-ALO-450)

ALO ID
Client ID

Measured Activities (pCi/ml)

Alpha Sr-90 Cs-134 Cs-137 Eu-154 Eu-155 Am-241
Error ?ko Error 70 Error % Error YO Error % Error % Error ‘Yo

99-2289
Al-CS-El -Composite

99-2289 DUP
Al-CS-El -Composite

Matrix Spike

Reagent Spike

Blank

c5.E-2 <5. E-2 3.36 E-1 1.61 E+3 <6, E-2 <I .E+o <1. E+o

1o% 2$40

<4. E-2

109% 88?40

10I% 102940

<4. E-2 <3. E-1

. . ..
.- ---

Note: Due to~he-~g~evelofCs-137, it was not possible to achieve the requested detection limits for
Eu-154, Eu-155, and .Am-241.

Page 1 of 1



<# Ballelle
Putting TechnologyToWork

Date September 1, 1999 File/LB

p,oj~~tNo. 29953

Internal Distribution

To D. Kurath

Subject Carbon analvsis of CX-IX Sam~le

The analysis of the subject sample submitted under ASR 5463 was performed by the hot

persulfate wet oxidation method, PNL-ALO-381,. rev. 1. The hot persulfate method uses acid
decomposition for TIC and acidic potassium persulfate oxidation at 92-95 ‘C for TOC, all on the

same sample, with TC being the sum of the TIC and TOC. However, since the sample was

highly acidic only the TOC portion of the analysis was performed to obtain total carbon (as

TOC).

The samples were analyzed on August 27, 1999 and Table 1 below shows the results, rounded
“to two significant figures. The raw data bench sheets and calculation work sheets showing all
calculations are attached. Ail sample results are corrected for average percent recovery of
system calibration standards and are also corrected for contribution from the blank.

All samples were analyzed directly (i.e., no preparative or analytical dilution), and are reported
in microgram of carbon per milliliter of original sample. The masses of the sample aliquots
used for analysis are provided.

Table 1: TC Results (as TOC) #

Sample Quantity TOC/TC TOCITC RPD
ALO Number Sample ID mL .g pg/mL (%) ~~

99-02289 Cs-lx 0.300 0.296 130
99-02289 Replicate CS-IX Rep 0.300 0.304 -lIo nfa J

RPD = Relative Percent Difference

da = not calculated sample and/or replicate result less than five times MDL

QC Narrative

The TOC standard is a-Glucose (the certificates of purity are attached). The standard material
was used in solid form for system calibration standards as well as matrix spikes.

‘,

E54-1 900-W) 1 [4196)



I
D. Kurath
September 1, 1999
Page 2

The QC for the methods involves calibration blanks, system calibration standards, sample
duplicates, and one matrix spike per batch of samples analyzed. The QC system calibration
standards were all within acceptance criteria, with the average recovery being 97.2% for TOC.
The calibration blanks were acceptable, averaging 68 pgC for TOC. The standard deviation of
the calibration blanks was significantly higher than normal, and has moderate impact on the
reported results since the reported results are less than five times the method detection limit.

The accuracy of the carbon measurements can be estimated by the recovery results from the
matrix spike. No spike was performed on the CS-IX sample; however, the TOC spike recovery
for another acidic sample in the same analytical batch had a recoveryof116’Yo. This is within
the acceptance criteria of 75?40to 125Y0. The precision (as Relative Percent Difference [RPD])
could not be determined since the carbon concentration in the sample is less than 5 times the
method detection limit.

I
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WO/Project: W48412/29953
Client: D. Kurath

ACL Numbers: 99-02276
ASR Number 5461 i

Results:

F .CI “N02 Br W3 PO+ so, C204~
LabQ. , Sample ID u“g/ml ug/d Ughl ug/lI?l ug/&l : Ughl Ughd Ugld

99-02276 A1-Tc-O 1,020 2,670 46,500 <200 92,800 <400 690 <400

99-02276 MS A1-Tc-O Spike 3.6 3.7 25.0 3.3 37.1 13.6 13.4 13.5

Spike Recovery lll% 102% 112”/0 110% 1160/0 113~o 111?40 112’70

Comments:

All sample and analytical QC was within acceptance criteri~ however, no duplicate was
provided to assess precision. The sample was analyzed at various analytical dilutions providing
RPDs for F, Cl, and N02 of 47%, 9’Yo,and 3%, respectively. The NOq was measured at only one
dilution that provided results within the calibration range. Significant coeluting intetierences
were prominent at the F and Cl retention times; most likely from organic anions. These
interferences make the quantitation of F and Cl difficult, and the reported values should be
considered upper bounds for the F and Cl concentrations.

Procedure: PNL-ALO-212, “Determination of Inorganic Anions by Ion Chromatography”
Analyst: MJ Steele
Analysis Date: August 5,1999

M&TE: IC system (WD25214); Mettler AT400 Balance (360-06-01 -03 1) See Chemical
Measurement Center 98620 RIDS for IC File for Calibration, Standards Preparations, and
Maintenance Records.

1) “Final Results” have been corrected for all dilution performed on the sample during proce@ng or analysis.
2) The low calibration standards are defined as the estimated quantitation limit (EQL)for the reportedresults

and assumenon-complexaqueousmatrices. Actualdetection limits or quantitationlimits for specific
samplematricesmaybe determined,if requested.

3) Routine precisionand bias is typically+ 15% or better for non-complexaqueoussamplesthat are freeof
interferenceand havesimilarconcentrationsas the measured anions.

ASR 5461 Kurath.doc Page 1 of 1
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Appendix B: Spreadsheet Calculations

B.1



rl-40
1 Loadingof .%-644with
2 LQading
3
4

AW.

——

Cs

I r I n E F G
101 feed

I
1 1 1 t I I
lStart Date andTime: 6/8/99 15:59
IBedvolume CO1i- I 15.0 I mL I I

IX Column

H I I K I L I M I N I o I P 1- Q 1 R I

I
-- I I I 1 1 1

51 I iBedvolumec;l >-”fi”’ 1s.0 I
I 1 I I

ml. I I I

, t——-c7[
r. —----,

[Emp& Eff Btl -2 w/ cap(w/ holes) +
R I [RPAvrhm.-c Aiv.wt.wl rn urmt,= =

I .- 1 ! 1-“ ,,. ..,, —, . .“-”, , . . . . . “. “c.- .- —
[

-.,., ,., ,.,44... ,

I
...—

61 I [EmmvEff Bd -1 w/ carrfw/ hrrlesl+ plastic wra 386.7 g
plastic wra 260.3 g

1 1 -.” .- .”.-””- .-. .. . .“ .. . .. 1 3.75
ii SupernateDensity = 1!228 (g/ml)
*n co (.”,=) - I 71LIJ7A f.fit. /o d .Oml,le = ‘)%Q7QG .-*”/g of Waste/mitrute = 293239.7 cnts/mL of wsate/minute
11 regenerationand diluent (0,25M NaOH) density @ 25“C R 1.008 mL
12 density of 0.1 M NaOH @25 “C = \

13 ehtsnt density (0.5M nitric acid)@25 “C =. 1.;14 g/mL
14 Feed analvses:CS-137.uCi/mI. I...>--_ .-—
1161 I I t-k, I *K!i/mT I

~ May-99 174.7 IBatchcontaf
rml I I M.”J.YS I 17A n Irt.,,.k ,-fi-.i;

.- 1 I I ---- --- ---- ! I I I I I
1s3I M.AN I 1791 IR.toh on.t.qts with AW.101 feedand SL.632;sample# RDIAW.C

:tswith AW-101feedand SL-644;sample# AW-101-C “–
.- 1 I I ...- ,, ., “.” ,- . .. .. .U,,...xs with AW-101feedand SL-64$sample# AW-101-S1

1191 Mav-99 I 177.7 lBatchcontacts with AW-101feedand S1.-644;sample# AW-101-S2
20 Jun-99 179.6 Column rustfeedanalysis I
21 average 177.5 I I I I I 1 I I I I I
e. I I I
LL I I I I I I I I I I I I
23 The effluent volume on which the bed volumesis basedwasdetermined by estimatingthe total massand volume of waste pumpedthrough the columns at the time of
24 sampling. For column #1 this includesthe massof the waste in the effluent bottle + the samplestahen from column # 1 and # 2 prior to the sampleof interest (the
25 massof the effluent bottle was recordedduring each sampleevent). For column # 2 the effluent volume includesthe massof the waste in the effluent bottle + the
26 samplestahen from column #2 prior to the the sampleof interest (samplestahert from column # 1did not go through column # Z. A holdup volume of 2 bed volumes
27 (30mL) is addedfor column # 1. This is the systemvolume betweenthe end of the effluentline and valve3. This is actuallyaddedin the bed volumecolumn in the
28 spreadsheet. The holdup between the bottom of column # 2 and the effluent bottle was not accountedfor. The 80.77g sub samplewas addedto the effluent mass
29 starting at sampleA1-CS-L5and A1-CS-P3.
30
31 Sincethe run startedwith 0.25 M causticin the system,approximately3.75bed volumesof solution were diverted to the wastejug. Effluent collectiontherefore started
32 about the time the waste beganexitingthe system.
33

Page 1 filename=AW-lOl .SL-644.Runl .XLS
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Cs IX Column

I A B I c I D I E 1 F I G I H I I I J 1 K I L I M I N 1 0 I P r Q I R
massof

massof sample +
sample massof diluent sample U7CS

ACL sample elapsed sample massof volumeof pipetted for sample + transferred samplemass volume count time, cOunts/g of analytical
34 Vial number time time masstaken diktent dihrent dilution dihrent (4) counted (4) counted tin Tot Cts back ground Tot cts.bck sample

35
value

(hnmm:s) (h-) g i? mL 13 13 g g
36 A1-CS-O(cnt 1)

mL
0.5685 9.6080 9.5317

Ucvg
0.5685 10.1765

37 A1-CS-O(cnt 2)
9.3740 0.5237 0,4264 3 382375 4649 377726 721307

0.5685 9.6080 9.5317 0.5685 10.1765
36 A1-CS-O

9.3740 0.5237 0.4264 3 372589 19 372570 711461
99-2019 15:59:00 0.000 0.5685 9.6080 9.5317 0.5685 10.1765

39 A1-CS-L1“)

9.3740 0.5237 0.4264 3— 716384 8.17

99-2020 17:41:00 1.700 5.2291 na na na

40 A1-CS-L2(’)–

na na 4.6635 3.7976 3 4739 4649 90 19 1.25E-02

99-2021 19:21:00 3,367 4.3819 na na na na 3.7768 – 3.0756

41 A1-CS-L3“)

na 3

99-2022

6360 4649 1711 453 -
21:00:00 5.017 3.3300- na na na na

42 A1-CS-L4“)

na 2,8705 2.3375 3 10769 4649 6120

4.7865 na

2132 -

99-2023 22:4000 6.683 na na na na 4.6507 - 3.7872 3 40492 4649 35843 7707 -

43 A1-CS-L5(’) 99-2024 0:20:00 8.350 4.5398 na na na na na 4.3417 3.5356

44 A1-CS-L6“)

3 98935 4649 94286 21716 4.68

99-202;- 3:20:00 10.270 4.0571 na na na na na 3.8629 3.1457 3 183112 4649 178463 46199 -

15 A1-CS-L7(’) 99-2026 5:00:00 11.937 5.2023 na na na na na 5.0288 4.0951 3 364967 4649 360318 71651 15.90
46 Al&Lg (1)(~) 99-2027 6:40:00

—-
~3.603 4.0347 na na na na na 3.8652 3.1476 3 370325

47 A1-CS-L9“)

4649 365676 94607 -

99-2028 8:20:00 15.270 4.2058 na na na na na 3.8643 3.1468

48 A1-CS-L1O“)

3 497614 4649 492965 127569 -

99-2029 10:00:00 -16.937 4.3877 na na na na na -3.9165

49 A1-CS-L11“)

3.1893 3 35.60

99-2030 11:40:00 18.603 4.4231 na na na 4.0788 3.3215 3 838406 4649 833757
50 A1-CS-L12 99-2031 13:20:00 20.270 3.8758 4.6604 4.:;34 0.::49

204412 -
5.2653

51 A1-CS-L13(2)

4.9420 – 0.5678 0.4623 3 151016 5732 145284 255891 -

99-2032 15:00:00 21.937 3.6942 4.6772 4.6401 - 0.6049 5.2821 5.0516
52 A1-CS-L14

0.5785 0.4711 3 98546 9763 98546 170346 3.99

53 A1-CS-L15 99-2034 18:20:00 25.270 3.6147 I 4.6822 J 4.6450 0.6021 5.2843 5.0183 0.5718 0.4656 3 ,[ 228749 5732 I 223017 390032. ] -
54 A1-CS-L16
55 A1-CS-L17 483669 10.70

I I. . . 1 I I

99-2033 16:40:00 23.603 I _5.0048 L 4.6908 4.6536 0.6000 I 5.2908 4.9755 0.5642 0.4595 J 3 199728 5732 ~~3Yfl~

99-2035 200000 26.937 4.0148 4.7007 4.6634 0.5823 5,2830 4,9983 0.5509 0.4486 3 254327 [“ 5732 248595 451236
99-2036 20:43:00 I 27.653 3.0418 4.6684 4.6313 0.5689 5.2373 4.9493 [ 0.5376 0.4378 3 260281 253 260028

56 (1)Initiafsampleswere removed from hot cell without dihrtion. Sincethe CS-137concentration was I I I

57 relativelylow, the dose was alsolow.
- (4)samplesA1-CS-Oand A1-CS-P2Ahaveextra valuesin iormtda to

. .
58 (2)vial L13had P7 lid and vial P7 had L13lid, assumedthat vial label wascorrect, massof sample

- account for new cap%the originalcapswere dropped in the hot cell.

59 transferred may be incotrect sincecaps haveslightlydifferent masses.
60 (3)Portable counter not used,vial contaminated.

I massof T

‘1
massof sample +
sample massof dihrent sample Counts/go

H
‘37CS

ACL sample elapsed sample massof volumeof pipetted for sample + transferred samplemass volume count time, samde analytical

I 1(hcmrns) I @) I 13 I g I mL I tt I il g I g mL min cnts
99-2019 0.0:0

cnts
15:59:00i 0.5685 9.6080 9.5317 0.5685 10.1765 I 9.3740 0.5237 I 0.4264 I I I

61 Via3 number time time Imasst-&enl diluent diluent - khrtion dil;ent (5) I “counted counted Tot Cts back ground Totct~bck cou~ted
,

tnin
62

vahce

63 A1-CS-O
cnts ‘cnts/g Uctig

, ,
64 A1-CS-P1

716384 8.17
99-2037 17:45:00.] 1.767 4.3369 na na na na na 3.9024 3:1779 3 156 56 100 23 3.07E-03

65 A1-CS-P2 99-2038
66 A1-CS-P3 99-2039 ’587 4649 32938 7660 1.63E+O0
67 A1-CS-P4 99-2040 5:05:00 12.020 3.9565 na na na na na 3.7704 3.0704 3 125433 4649 120784 32035 -

68 A1-CS-P5(’) 99-2041 8:24:00 15.337 4.0298 na na na na na 3.5785 2,9141 3 1.38E+OI
69 A1-CS-P6 99-2042 11:44:00 18.670 4.3199 na na na na na 3.9237 3.1952 .3 417304 4649 412655 105170 -

70 A1-CS-P7(’). 99-2043 15:03 21.987 3.5656 4.6737 4.6366 0.562 5.2357 5.2885 0.562 0.4577 3 95810 9763 86047 153109 3.77E+O0
71 A1-CS-P8 99-2044 18:24:00 25.337 3.6544 4.6436 4.6067 0.5626 5.2062 5.1709 0.5588 0.4550 - 3 137001 5732 ~31269 234918 -

21:03:00 I 5.067 3.9472 na na na na na I 2.9995 2.4426 3 1985 .56__l 1929 ‘1~89 I .-l
0:26:00 8.450 4.4894 na na na na na 4.2999 3.5015 3 37—

72 A1-CS-P9 99-2045 20:00:00 26.937 3.4425 4.6688 4.6317 0.6019 5.2707 5.0023 0.5712 0.4652 3 169554 253
73

169301 [ 296370 7.15E+O0

-.
74

(5)samplesA1-CS-Oand A1-cs-P2A have extra vahresin formula to account for new capy the

75
originafcapswere dropped in the hot cell.
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Eff Vol (6) (6) BV/hr
(mL)

I I

=

0,0 0.0
93.8 8.2 4.84

237.5 17.8 5.73

389.9 27.9 6.14

549.2 38.5 6.35

Cs IX Column Run 1, AW-101, SL-644

A s T u v w x Y z AA AB AC AD AE

massof massof “7CSper c/co, c/co, Effluent Bed
sample waste ‘37CSin ‘J7CSper g mL of portable analytical analytiml/ Mass+ volumes Flow Rate

34 Vial counted counted sample of waste waste GEA (5) portable Eff Btl Mas samples(6)
35 g g UC1 uci/g uCi/mL k) (8)
36 A1-CS-O(cnt 1)
37 A1-CS-O(cnt 2)
36 A1-CS-O 2.0396 0.1139 83.14 146 179.6 - 386.7 0-——— -.
39 A1-CS-L1“) “- 0.07 0.0125 1.54E-02 (t.003yo 0.0086% 3.21 492.3 115.2

40 A1-CS-L2-(’)
—.

0.40 - 0.063% - 664.4 291.6

41 A1-CS-L3(’) 1.4 0.298% - 848.2 478.8

42 A1-CS-L4“) 7.4 - 1.08% - 1035.1 674.4

43 A1-CS-L5(“ 21 4.7 5.75E+ 00 3.03% 3.24% 1.07 1155.9 880.5 717.0 49.7 6.69

44 A1-CS-L6(’) ‘- 38 6.4570 1372.5 1105.7 900.4 61.8 6.35

45 A1-CS-L7(’) 83 15.9 1.95E+01 10.00%– ‘-11.oo% 1.10 ‘— 1564.2 1302.6 1060.7 72.5 ;39
46 Ap&Lg (1)(J) 77 13.21% - 1727.6 1474.0 1200.3 5.57—

47 A1-CS-L9(’) ‘. -

81.8
108 17.81% - 1902 1652.6 1345.7—_... - — 91.4 5.80

~A1-cs-W .-J - I - 200 I - 35.72% I - I - 2427.6 2199.2 1790.9

46 [A1-CS-L1O(1) 156 35.6 4.37E+01 - 24.63% - 2070.9 1829.9-— 1490.1 101.0 5.76

49[A1-CS-L11 ‘1) 182 28.53% - 2248 2011.4 1638.0 110,9 5.90
121.0

H..’ ‘ ‘- ‘

6.10

51 A1-CS-L13(2) 2.0756 0.2377 129 34.8 42.8 23.787. 24.1l“h 1.01 288.6 2380.2 1938.3 130.8 5.88
52 A1-CS-L14— 347 - ‘- - ““ - 47.99% - - 465.1 2565.3 2089.0 140.8 6.01
53 A1-CS-L15 284 54.44% - 645.9 2749.7 2239.2 150.8 5.99
54 A1-CS-L16 365 - - 62.99”h - 821.1 2932.6 2388.1 160.7 5.94
55 A1-CS-L17 2.0649 0.2243 300 98.5 121.0 67.52% 68.16% 1.01 896.8 3014.7 2455.0 165.2 6.21_——. —
56 ave=— 5.97

EH- - ;:;;~:
57 —
56

(5) The analyticalvaluefrom ce13U36 is used for Co.
.-

59
(6)Bedvolumesare the volume of feedthat has passedthrough the column(s). For column #1,this requiresthat the massof samples —
from both columnsbe addedto the massof effluent in the effluent bottle. The volumeis determinedby dividingby the density. Two

60
(2)bed volumesare addedto account for the 30 mL holdup betweenthe bottom of column 1and the effluent bottle. —

massof massof ‘Y7CSper Effluent
sample waste 137C5in ‘‘7CSper g mL of c/co, atrdytical/ Eff Bd Maas+H

I Ubu g I UGVm~ I I I I w I w I \mc.)
61 Vial counted counted samples of waste waste Clco analytical ponable Mass sample (7) Eff VO1 (7) d volumes(7)
62 g ~ uCi I -. /– I ./.. /--, I I I I (–\ I t-\ I l—, \ BV
63 A1-CS-O 2,0396 0.1139 146.2480 179.6 - .386.7 -
64 A1-CS-P1 L33E-02 3.07E-03 “3.8E-03 0.0032% ‘“ 0.0021% 0.66 492.3 109.9 89.5.-. 6.0
65 A1-CS-P2 3.89E-01 - 0.0682% - 848.2 469.8 382.6 25.4
66 A1-CS-P3 7.32E+O0 L63E+O0 2.OE+OO L07~o 1.13% -1.05 1155.9 862.7 702.6 46.7
67 A1-CS-P4 ‘rwF4. nl . A A?% 1WA k 1’3754 1038.6 69.0

~ 5.56E+OI i L38E+OI \ 1.7E+OI \ ‘“ ‘“ ! 9.55% i .

. ..””- ! -.
I

.-- ..” .-, -. .

i m lA1-CS-P5(3) I - 1902 1616.8 t 1316.6 I 87.5 I
69A1-CS-P6 9.17E+01 - 14.68% - 2247.7 1966.8 1601.7 106.5

70 A1-CS-P7‘2) 2,0728 0.2203 L26E+02 35.4762 43.6 21.37% 24.55% 1.15 288.6 2327.6. 1895.5 126.0
7+ A1-CS-P8 L73E+02 - 32.79% - - 645.9 2688.6 2189.4 145.5
72 A1-CS-P9 2.0632 0,2356 2.16E+02 62.6109-” 76.9 41.37% 43.32% E5 896.8 2942.9 2396.5 159.3

t the massof IH
(7)Bedvolumesare the volume of feedthat has passedthrough the column(s). For column#2, this requiresthat
samplefrom column #2 be addedto the massof effluentin the effluent bottle. The volumeis determined by dividingby the
density. Holdup between the bottom of column 2 and the effluent bottle is small and not accountedfor. E
I

AF AG AH Al AJ

CS-137in
samples

uCi

0.020—
0.400

1.43

80.771g taken in separate
7.4

poly bottle starting at 11:30. 19.9

Starting with sample Al-Cs- 37.8

L5, 80.77g is addedto the 75.2
effluent bottle mats. 77.0

108.2
I

I I
II 156.2

CS-137in
samples

Ucl

I I I I
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Cs IX Column
q

1 A B I c I D I E I F I G I H I I I J I K I L i M 1 N I nl’P

I I I

final mass I I mass of analytical
ACL massof of bottle+ massof volume of massof massof vial + massof analytical vial + cap + mass of I I I I

77 Bottle number bottle waste waste * waste vial + cap cap + sample sample vial + cap sample sample count time Tot Cts back ground Tot cts-bck
78 g g g mL g g 1? g g g tin
79 Effluent bottle 1

cnts cnts
99-2079 386.7 2576.6

cnts
2270.7 1849 16.8388 20.8866 4.0478 17.0246 20.7529 3.7283

80 Effluent bottle 2
3 155008 253 154755

99-2080 260.3 896.8 636.5 518 17,0686 21.3081 4.2395 16.9795 21.0023
81 total

4.0228 3 884541 253 884288
2907.17 2367

82 * includes80.77g from a subsample: ided back to effluent -1
83 I I I II
ii initial DF cokcmn1 =
85 initial DF column 2 -

86 CompositeDF =
07
88
89

90 IwINaQH
91
92 StartDate andTime 6/9/99

93 Density of 0.1 M NaO 1.001

95 hr:min hmnin hr
96 A1-CS-PW1 99-2046 21:39 2201 0.367
97 AI-CS-PW2 99-2047 22:02 22:21 0.700
98 A1-CS-PW3 99-2048 22:22 22:40 1.017
99
100 DI water rinse
101

=3
99-2051
99-2052
99-2053
99-2054

=

tmmm:s ttrmun
23:08 23:27
23:28 2348
6:23 6:47
6:49 ?09

11561
47073

——

8.49

__— —..

21:39 -.
g/mL

I I I I massof massof
massof massof analytical analytical I massof I I I I

massof vial vial + cap sample sample vial + cap vial + cap + sample count time, backgroun total cnts -
+ cap + sample collected volume (tare) sample (tare) counted miss d Total counts bckg

i3 g g mL g g g ruin cnts cnts cnts
16.875 37.2728 20.398 16.533 16.198 22.353 6.155 1 57 526504 526447
16.865 34.6309 17.766 14.368 16.369 22.385 6.017 1 57 495412 495355
16.827 34.156 17.329 14.826 16.275 22.108 5.833 1 57 382026 381969

I02
I 1 !

Down from 10:40to 11:08to removeair from abovecohcmn1 and to switch to DI water rinse
103 start date and time 6/9/99 23:08
104 system shut down and

-———

massof massof
sample massof analytical

ACL
analytical massof

start time sample Elapsed cumulative sample sample vial + cap vial + cap + waste Total
I05 Vial/Bottle number (hrmtrns) finish time time

count
time vial + cap cap + sample collected volume (tare) waste (tare) counted time, min background

106 ,. hr ‘
counts

mL g g g
99-2049 0.317 16.992 16.7031 31.7156 15.013
99-2050 0.333 17.090 16.6897 32.3299 15.640

0.400 17.457 16.7045 32.4953 15.791
0.333 15.662 16.7809 31.9417 15.161

7:12 7:32 0.333
7:35 8:02

I

I hr g g

0.317 17.008 34
16.910 34

E=i=
mL

15.834
16.516
17.200
15,553

Y-i-+-t cnts
2260081
424503
337434
121934

T

I 15.632 15.571 16.7359 26.3271 9.591 1 I 57 i 34917
20.351 20.330 16.5282 36.7529 20.225

I . . . .

1 57 41116
I I

Q R

:ounts/g 0,
sample
counted

*

219819

c/co

5.79%
30.68%

—

net cnts
per g of

sampleper
ruin

net cnts

per mL of
samplepei

tin

:nts/g/mic
85534
82333
65485

:rrtsht,hnil

105528

101800
76542

total cnts -

_&k
cnts

2260024
424446
337377
121877
34860
41059

net cnts
per g of

kunplepe]

+

27138
21365
8039
3635
2030

—
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A

I I ,

diluent and ehtant (0.5M nitric) density@ 25 “C
———

1.014 g/mL
massof

sample +
massof massof diluent

massof diluent vial sample transferred
massof diluent vial + cap + massof transferred

ACL
massof

sample sample Elapsed
to

curnrdative massof massof vial + massof volumeof dilution vial + cap + diluent
lVial/Bottle

sample + volume of to dikrtion Analytical eluant
number start time finish time time time vial + cap cap + sample sample eluant + cap diluent +eluant dihtent diluent

hmnin
vial vial counted

hr:min hr br ~ g g mL g g g 13 g g
!:39

mL
0.300

g
0.300 16.964 19.1003 2.136 2.107 16.795 26.505‘A1-CS-E1-1 8:21 &

A1-CS-E1-2 99-2055 8:50 9:50 1.000 1.300 16.843 33.3892 16.546
A1-CS-E1-3

16.318 16.889 27.010 27.471 10,582 10.040 0.461 10.152 0.442
99-2056 9:53 11:32 0.700 2.000 16.864 33.8635 17.000

A1-CS-E1-4
16.765 16.902 27.023 27.086 10.184 10.040 0.063 9.932

99-2057 11:35 12:32 0.950
0.062

2.950 16.882 34.7913 17.909 17.662 16.925 27.055 27.149 “ 10.224
Al-cS-El-s

10.049 0.095 9.868 0.091
99-2058 12:38 1:35 0.950 3.900 16.924 35.2461 18.322

A1-CS-E1-6
18.069 16.984 27.116 27.217 10,234 10.052 0.101 9.926 0.098

99-2059 1:39 2:33 0.900 4.800 16.780
A1-CS-E1-7

34.264 17.485 17.243 16.941 27.066 27.156 10,215 10.045 0.090 9.922 0.088
99-2060 2:36 3:36 1.000 5.800 16.870 36.6603 “-19.790 19.517 16.926 27.0~

Al-cS-El-s
27.164 10.238 10.062 0.095 9.875 0.092

99-2061 3:38 4:30 0.867 6.667 16.760 33.6586 16.899
A1-CS-E1-9

16.666 16.750 26.474 26,957 10,207 9.647 0.483 8.861 0.419
99-2062 435 5:26 0.850 7.517 16.916 32.8171 15.902 15.682 16.803 “-- 26.528

A1-CS-E1-1O
27.010 10.207 9.648 0.482 8.755 0.413

99-2063 5:29 6:29 1.000 8.517 16.900 35.0337 18.134 17.884 16.793
AI-CS-E1-11

21.903 na 17.855
99-2064 6:31

na 17.855
7:31 1.000

na
9.517 17.036 35.4636 18.428 18.173

A1-CS-E1-12
16.812 21.930 - na 18.064

99-2065 7:33
na 18.064

8:29
na

0.933 10,450 16.912 33.7219 16.810 16.578 16.664 21.773 -
A1-Cs-El-comp_ 99-2289

na na na 16.335 16.335

Elsationrinse DI
—.

water

StartDate andTime 6/11/99 8:39

1
I ACL sample sample Elapsed cumulative massof massof vial +
Viaf/Bottle number start time finish time time time vial + cap cap + sample sample sample vial counted count time d ITotal counts] bckg I sample. . . .

minute

I hrnnirt ! hmnin hr I hr I g g g mL g g miss cnts Cnts cnts cnts/g cnts/mL/nri

1 I 56 5052 I 4996 I 263 I 263

Page 7 filename=AW-101.SL-644.Runl .XLS



A s T u

115 QQllmln
116
117
116

119

backgroun Total
120 Vial/Bottle count time d counts
121
122 Al
123 z:
124 . .

I I I

136 Vial/Bottle den~ity sample vakce

139 g/mL uCi Ucvg
140 A1-CS-E1-R1 1.013 84 5.110
141 A1-CS-E1-R2 6
142 AI-CS-E1-R3 0.999 8 0.444
143 A1-CS-E1-R4 3—

m“ 0-;97“ l“;10

Cs IXColumn Run 1, AW-I 01, SL-644

TLxI
total cnts - I per g of I sample/ I analytical I sample

bckg Sample minute value counted
cnts cnts/g cnts/rrrL/min Ucvg g

2153 4866 1645 4.56E-02 2.0299

3290 53461 18070 7.17E-02 2.0278

166027 1816472 613967 3.56E+O0 2.0318

307767 \ 3129393 27593085 1.68E+02 2.0336

539648 6166551 2084294 L19E+01 2.0287

8584 93577 31629 1.85E-01 2.0303

8) sampling initiated immediately afler starting to pumpI

0.0885 17 1.0 1.1
0.0126 197 12 11.7
0.0188 6884 384 389.7
0.0201 310653 16955 17192.4
0.0179 23589 1349 1368.1
0.0189 394 20 20.2

166
0.0958 78 4.9 4.9

61 - ‘-——-
43 - -

2.0297 32 1.9 1.9

AE

—-——
—.

c/co
basedon
portable

GEA

.—
0.0056
o.0616–
2.0937
94.0974
7.1078
0.1079
0.0560
0.0289
0.0191
0.0133
0.0102

I I I
ricacid. The first 1 or 2 column volumes wery

rater. Density measurements indicate sample (column volume) # 2 was nitric acid.

analytical cumulative
c/co c/co/ cumulative BV’Sof

“7CS basedon C/Co based portable Bed BV’Sof elution
analytical portable, on analytical GEA volumesof ekrtion rinse i-

value GEA data c/co sample rinse ekcant Flow rate
uCi/mL BV BV BV BV/hr

5.110 8.93E-03 2.88E-02 3.23 1.09 1.09 13.90 4.4
1.74E-03 - 1.23- 2.32 15.13 1.5

0.444 2.27E-03 2.50E-03 1.10 1.17 3.49—. 16.30 3.5
8.98E-04 - 1.30 4.79 17.59 3.5
6.57E-04 - 1.08 5.87 18.67 3.4

1.110 - 5.85E-03 6.25E-03 1.07 1.26 7.12 19.93 3.8 ‘–

AF AG AH Al AJ

c/co
basedon
analytical

data

0.006—
0.066
2.196
96.878 ““
7.709
0.114

0.028

0.011

analytical
c/co/

1

Cumulativ
ponable Bed e bed

GEA volumeso volumes

Lo’ 1.11 2.3 1.6
1.05 1.17 3.5 1.2
1.03 1.20 4.7 1.3
1.08 1.15 5.9 1.3
1.05 1.30 7.2 1.3

1.11 8.3 1.3
0.96 1.04 9.3 1.2

ave =

-“-”-t -----

1.23

I I I

I

! I 1

=t=El=
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Cs IX Column

I A B I c I D I E I F I G I H I K I L I M I N I o I P Q I R
lIJI.rlinu of non I I I

I1811R

Uctig uCi/mL uCi/mL uCi/mL Ucvg Uctig uCi/g Uctig Ucvg
I I ‘1~C12llA I 1 I “n-” 1 leadcol#l 5.82E-04 2.16E-04

leadCO1#5 5.25E-04
*,, ,,.. ,-,, ”,..

173 A1-CS-L1 99-2020 lead #1 7.15E-04 A. U.JL-VT

174 A1-CS-L5 99-2024 lead#5
n l-b>-b, ,

6.45E-04
175 A,l-CS-L7

A1-CS-L5 1
99-2026 lead U? 8.30E-04 At-ca-L7 ieaa COIn/

176 A1-CS-L1O
0,{Or,-u+

99-2029 lead #10
__ —-—

7.44E-04
.—.

A1-CS-L1Olead CO1#10 6.06E-04
177
178 A1-CS-P1 99-2037 lag Col#l 5.21E-04 4.59E-04 1.35E-04 2.65E-04 5.62E-05 A1-CS-P1 @~Ol #1 4.24E-04 3.74E-0~ L1OE-O4 2.16E-04 4.58E-05
179 A1-CS-P3 99-2039 lag CO1#3 6.37E-04 4.83E-04 A1-CS-P3 1,0ml 43 51 W.OA ‘1cllr7.n4

1ml A 1.fk.Pfi 99-’7041 1,0(Y-J#5 R09t7.r14 A 1.C..JW
--e ---- -. .,- .,

------

------ - .

1
.. ---- 1 .-O --- ,.- 1 ------- I 1 1 I 1 1 . ------ 1 lagCO1#5 6.59E-04

I
.-. ,-hrn 2 —>

I I Ic%lx fed 1 I i I I I I I r-%lx (.IA

__l__l.82E-04 I 3.36E-05 I I 1

—--------
182 AIR-CS-O

-. --- ----
00-0341 sample 6.31E-04 < L2E-2 < 7E-3 < 7E-3 <3.6E-4 AIR-CS-O sample 5.14E-04 < lE-2 < 6E-03 < 6E-03 I

183 AIR-CS-L1 00-0342 lead#l
< 3E-4

3.57E-04 2.23E-04 4.13E-05 2.91E-04
184 AIR.CS-L2 00-0343 lead#2 3.72E-04 1.98E-04 3.97E-05 3.03E-04
185

1.61E-04 3.23E-05

186 AIR-CS-P1 00-0344 lag CO1#1 3.43E-04 4.18E-04 L06E-04 2.60E-04 2.llE-05 – AIR-CS-P1 lagCOI#1 2.79E-04 3.40E-04 8.60E-05
187 AIR-CS-P2

2.12E-04 1.72E-05
00-0345 lag CO1#2 3.78E-04 3.41E-04 1.21E-04 2.68E-04 3.52E-05 AIR-CS-P2 lae CO1#2 3.08E-04 2.;

188 AIR-CS-P7 00-0346 IaeCOI#7 3.40E-04 2.82E-04 8.56E-05 2.17E-(
78E-04 9.85E-05 2.18E-04 2.87E-05—--—

I 1
04 \ 2.19E-05 AIR-Cs-P7I lag CO1#7 2.77E-04 2.30E-04 6.97E-05 1.77E-04 L78E-05

A1-Tc-LC 00-0349 Ic 1Xefflue 3.54E-04 I 3.48E-04 I 1.04E-04 I 2.51E-04 I 2.86E-05 I \ A1-Tc-LC \ c IX effluerd 2.88E-04 “1 2.83E-04 8.48E-05 2.04E-04 2.33E-05
—
189
190

.—
—

191

192 Ealallw
193

massof volumeof CS-137,
194 Cs-137at start feed,g feed,mL u~;iml ~Q-137f.~i—
195 3016 2456 .,, .a Ta.”.z,
196

Voof % of

197 CS-137recovered mass volume CS-137 CS-137(~ original‘n CS-137(s)
198

original‘8)

g mL u Ci/mL u Ci u Ci
199 Effluent# 1 2271 1849 10.917 20186 4.63% 20186 4.63?J0 , .—.

--- ---- -. .-, , “ -.

! \ 1 ! I \ 1 I I I
177 K I ,41CQC7 I

I
I

, , , r 1 I

2001Effluent# 2
—.

637 1-” 518 56.120 I 290RR I 6.67% 290R8 I 6.67% I(7) Cesium content in eluanls is traseaon I I
2nl 110oadsamples# 1 72 59 2

oadsamples# 2 36 29 (~w concentration in compositesamplea.
(8) Cesium content in eluants is based on
summation of individualsamples.

--- .-
202 la
203 Feeddisplacement 55.5 45.7 3+/7 U.UVY1
204 DI water rinse 204.5 103.2 2495 0.57%
205 Ehrtion, 1stCol: 197.8 194.9 1610.0 313752 71.98% .17&L,.l ,0.7, ,“

DI water rinse CO1
206 #l 107.2 107.2 123 0.03% 123 0.03%

regeneration

207 solution#l 93.2 93.0 0.069 6 0.0090 6 0.00%
208 J?lutinn ?nrl cA, 1R47 lR9n 7490 44037 1o.10% 44037 10.1OY” I I I I,-.-..--, ---- ----

1 1 -- . . . 1 -----
1

- ---- 1 . . . . ------- 1 ----- , -. ..-,-
1 I 1 I 1 I

~hr —-–. –.. ..! –.. “a IJ . . . . . . . ! I 4~”- {

14Qi!wL~ Idatanot taken > \ II I I ,1 I I

I I I I I

1 1- , 1 I I 1 1 1 I 1 I

I I 41A7AA I 95 m% I 444rmf3 I 10’) 01% I I

Page 11 filename=AW-101.SL-644.Runl .XLS



e
CSIX Column run #2, AW-101, SL-644

A I B I c D E F G H I J K L M N
1 Loading of SL-644 with AW-101 feed

2

3 J&Ml@ .——
4 Start Date and Time: 6/16/99 11:21

—

5 Bed volume CO11-
—..—.

15.0 mL
6 Bed volume CO12.-

—
15.0 mL

.—.

7 Empty Eff Btl. 2 w/ cap(w / holes) + plastic wrap - 262.7 g
8 265.1 g

Bed volumes diverted to waste =

10 Supernate Density 1.228 (g/ml)
11 co -

.—
91Q795 cnts/g of sample/minute run 1

12 co - . .“#- ,e...., ~ “. .S,...y.- — I <“.51 cnts/g of samplelminute run 2

regeneration and diluent (0.25 M NaOH) density @25 ‘C - 1.008 g/mL
Feed analyses: CS-137, uCi/mL

15[
r 1

Date uCi/mL
16I I Mo..WI 17Q a I%teh .-,-.”*.,-*.w;*L AWI. Ini (-J .).J w -kx~. en-nla AInnl ~wr-~

9[
I 1

—

Rk--
716384 cnts/ of sample =
91(-K? ..+./!.{=...l.. --F%

.- .,. C.. . , ., ,../ u’., ”,. -“... -./.. . . ..1. i . “ -.”. .-e” ,a’.u “-–”<f., .-., ! IQ ,, . . . . . w -“

17 May-99 174,7 Batch contacts with AW-101 feed and SL-64~ sample # AW-101-C
18 May-99 176.0 Batch contacts with AW-1OI feed and SL-644; sample # AW-101-S1
19 ‘-- May-j9 177.7 Batch contacts with AW-101 feed and SL-64~ sample # AW-101-S2
20 Jun-99 179.6 column run feed analvsis

.

71 O.ra.-ma 177C

. —----- .—. ...—-..-., ---
1 I t

-, ,.. e, ‘.~+ *#, .5 Estimated CS-137 concentration run 2 feed - 22.6 uCi/mL
22 ratio of run 2 feed:nut 1 feed .= 0.127
23 CS-137 concentration ACL feed analysis - ‘ 20.9 uCi/mL
a.

B
L4

25

26

27

28

29

30
31 ‘–
32

I I I I I I

The effluent volume on which the bed volumes is based was determined by estimating the total mass and volume of waste pumped through the columns at the time

of sampling. For column #1 this includes the mass of the waste in the effluent bottle+ the samples taken from column # 1 and # 2 prior to the sample of interest (the —
mass of the effluent bottle was recorded during each sample event). For column # 2 the effluent volume includes the mass of the waste in the effluent bottle + the

samples taken from column #2 prior to the the sample of interest (samples taken from column # 1 did not go through column # 2. A hold up volume of 2 bed
volumes (30 mL) is added for column # 1. This is the system volume between the end of the effluent line and valve 3. This is actually added in the bed volume
column in the spreadsheet. The holdup between the bottom of column # 2 and the effluent bottle was not accounted for.

I I I I I I I 1 1 I I 1

Page 1 filename=AW-lO1 .SL-644,Run2.XLS
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CSIX Column run #2, AW-101, SL-644

A B c D E F G H I J K L M N
sample sample CS-137 c/co

sample mass mass volume count time, back counts/K of concentration oortable

I .6, .-J”.”” I 1“.”, “ I I I I I

bedstartedat 11:21 on 6/16/99 and effluent diverted to waste bottle until 11:53 at which time
93
46

effluent collection was initiated. —

47 (2) pump off from 1:20-2:55 to remove air from columns, settle floating resin, fix a loose

48 connection.

49
(3) pump off from 17:58-1614 to switch feed bottles.

—-
50 (4) pump shut down at 19:09 for the night until 8:11 AM on 6/17199.

51
(5) pump off from 16:35 to 16:47 on 6/17/99

q

sample counts/g of CS-137
sample mass mass count time, back sample concentration c/co c/co

53 Vial sample time elapsed time taken counted min Tot Cts ground Tot cts-bck counted n (ACL) (portable GF.A) (ACT)
r:mm:s (hr) g uCi/mL

10-0341 11:53!00 0.000 2.397(3 ?091 3 1Qo~79 ?~ lQn%6A mx~l m Q

[541 I
-.-, \. . --,

I I-.
55 AIR-CS-O OL ---- -------- ----- ------ ----- .

56 AIR-CS-P1
.. ”-, . -. ..” J.,, .VJ.Z. -“..

00-0344 16:11:00 2.720 3.0742 2.7006 3 290 25 265 33 1.85E-02 0.108% 0,0885%
57 AIR-CS-P2 00-0345 18:5600 5.200 3.5324 3.2633 3 356 25 331 34 1.97E-02 0.1110/0 0.09430/.

58 AIR-CS-P3 .. 10:44:00 7.970 4.3019 3.8995 3 376 25 351 30 - 0,099%
59 AIR-CS-P4 .. 13:18:00 10.537 3,132 2.8337 5 562 25 537 ‘- 38 -- 0.1257.
60 AIR-CS-P5 -. 15:50:00 13.070 4.2113 3.9199 5 763 25 738 38 - 0.124~o :
61 AIR-CS-P6 - -- 18:3000 15.537 3.2822 – 2.9355 5 615 25 –“590 40 - 0,132%
62 AIR-CS-P7 00-0346 21:08:00 18.170 5.8958

..

5.5628 5 1671 25 1646 59 2.91E-02 &195~o 0.14%
cm

Page 3 filename=AW-lO1 .SL-644.Run2.XLS



CSIX Column run #2, AW-10

A o P Q R s T u
Effluent

Mass+ Bed

33 Vial C/Co (ACL) CS-137 Eff Btl Mass samples Eff Vo] volumes Flow rate
34 - uCi (8) (d mL) Bv BV/hr
35 AIR-CS-O (1) 265.1 0 0.0 0.0

36 AIR.CS-L1 (2) 1,010% 0.57 673.7 415.0 338.0 24.5 8.99
37 AIR-CS-L2 (3) ‘1.493% 1.08 1059.4 808.5 658.4 45.8 8.59

~--
10.22] 412 2375.4 1934.4 130.6 8.28
18.661 797.3 2770.1 22%.7 I 151.9 8.11,- . . .. . -.-,

: l—~
. ----- ,,. -

1 I
I

~ . . . . ---- . -----
.A .,,.. - an, -,. . --O. . I . . . /

m I I I I I I ave = I 8.36 I

~
Initial DF for lead column =. 99

I I I I I

%---+ anaww1 Effluent
-+ II I portable I I Mass I-

; samsde I Eff Vol Bed volumes I53 I Vial c/co CS-137 I Eff Btl Mas:
Ziil I I uCi I (!?) (d mL) Bv

55 AIR-CS-O 265.1 0

56 AIR-CS-P1 0.82 0.05 6~7 411.7
57 .4nfi. n. - ~ .=

335.2 22.3 - –
0.06 “ 1059.4 800,9 652.2 43.4

3 449.5 1195,3 973.4 64.7

E-

59 AIR-CS-P4 .. 0.07 1844.1 ‘- 1593.0 1297.3 86,2
60 AIR-CS-P5 0.09 2226 1979.2 1611.7 107.1
61 AIR-CS-P6 .. 0.07 412 2353.8 - 1916.8 127.4

62 AIR-CS-P7 0.71 0.20 797.3 “ 2745.0 2235.4 148.6
63 828.7 2776.4 2260.9 150.3

1, SL-644

filename=AW-l Ol .SL-6 * 2.)(LS



9CSIX Column run , AW-101, SL-644

A B c D E F G H I J K L
final massof

M N
volume of CS-137

64 Bottle mass of bottle bottle + waste mass of waste waste (ACL) c/co
65 % g g mL uCi/mL

66 Effluent bottle 2 -- 262.7 828.7 566.0 461 -

67 Effluent bottle 3 -- 265.1 2448.1 2183 1778 -

68 A1-Tc-LC 00-349 2749 2239 5.89E-02 2.82E-03
rwl ;n;t;ai mlm9 nn .-fiillmmUI - Qo-. J ............--.,.........,,.— ,. I I

70 - initial run 2 DF column #2 I= 1130 —
71 composite run 2 DF - 355 composite DF (run #1 + run #2~ 3014
72 ‘ .-

1 ImSA@wwul I I I I I I I I I I I I
73 IW&QH

74
-..

75 Data not taken
-.

76

77 DI water rinse
I ! 1 I 1 1 I 1 I

IzLzITl l--- 1 I I I I I I I I I I.- - . .. ... . .. ...”..

80
both

81 QAUmlls

82 diluent and eluant (0,5 M nitric) density@ 25 “C - 1.014 g/mL
83 mass CS-137 volume CS-137

84 g uCi/-mL mL uCi

85 AIR-Cs-E-comp 00-0617 316.6 147 312 45898

86
Elution rinse DI

—

87 water

88
89 Data not taken
90

Regeneration (0.25
—-

91 M NaOH)

92

93 [Data not taken
94[

Page 5 filename=AW-lOl, SL-644,Run2.XLS
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*
CSIX Column run #2, AW-I 01, SL-644

97 CS-137at start mass of feed,
98 i I I ?oni

a
A B c D E F G H I J K L M N,

95 EafamX
96

volume of CS-137, CS-137,

@ __ feed, mL uCi/mL u Ci
LOU1 2281 20.9—— 47680

99

100 CS-137 recovered mass

101 g
102 Effluent comp 2749 I ““J . I “.”<

103 load samples # 1 25 20

104 load samples # 2 77 I 77 I

Ilution. 1st Col:

_— I
volume CS-137 CS-137 0/0of total

mL u Ci/mL u Ci
T21Q n n$9 132 0,28%

46 0.10%

I -. I -- I 1 0.00%
316.6 312.2

J 45898 96.26% -—
46076 96,64%

~E._.____, ___ ---- I I I -----
1

-----
1

1061Total:
I I I I

Page 7 filename=AW-101 .SL-644,Run2.XLS



al *
SL-644 Kd’s with AW-I 01 Column Feed

o
Density of AW-101 waste diluted for IX Resin batch number 644BZ, std Kd= 570 mL/g
pipette check T= 23 C density of wate 0.99753 g/mL As received resin density= 0.66 g/mL

waste mass waste density,
--

mass delivered, g volume, mL delivered, g g/mL

5.0099 5.0223 6.1707 1.2347 f factor@ =95 “c 0.8006
4.9529 4.9652 6.2034 1.2412 dry density = 0.689 g/mL
4.9755 4.9878 6.1863 1.2378
4.9841 4.9964 6.1674 1.2340
5.0047 5.0171 6.1872 1.2380

——

ave 4.9978 6.1798 1,2365
ave waste
density = 1.2370

waste density by VOIflask (use this value) = 1.228 glmL

pipett check for analytical dilutions Dens~of 0.25 M NaOH @ 25 C 1.0078 g/mL
0.4809 mL

—

0.4795 mL

0.4787 mL Average CS-137 concentration= 177.50 uCi/mL
0.4775 mL Average Cs-134 concentration = 3.44E-02 uCi/mL

.

0.4788 mL
———.—. -——

average 0.47908 mL
——-.—._

-—

page 1
file: Kds AW-I 01 .SL-644,XIS

sheet: Kd cabs



SL-644 Kds with AW-I 01 Column Feed

Analytical Sample *
ID AWI 01-644 AWI 01-644D AWIOI-SI-644 AWIOI-SI-644D AW10&644 AWI 01-S$644D AW-I 01-C AW-101-SI AW-101-S2

analytical Cs-137,
—.

uCilmL 1.82 2.25 3.9 3 3.59 3.47 8.41 8.65 10.6
analytical CS-134,

—

uCilmL 3.56E-04 4.08E-04 8.08E-04 5.33E-04 6,74E-04 6.91 E-04 1.72E-03 1.51E-03 2,20E-03

net waste added to
analytical vial, g 0.5816 0.5685 0.5891 0.5916 0.594 0.594 0.5931 0.6037 0.7446
analytical waste

—

volume, mL 0.4736 0.4629 0.4797 0.4818 0.4837 0.4837 0.4830 0.4916 0.6064
mass of vial + 0.25

M NaOH 26.4968 26.5595 26.5409 26.4009 26.7023 26.5952 26.4303 26.4880 ‘26.4995
Tare, g 16,8542 16.9284 16.9000 16.7618 17.0955 16.9990 16.8037 16.9043 16.8651

—

diluent mass, g 9.6426 9.6311 9.6409 9.6391 9.6068 9.5962 9.6266 9.5837.— 9.6344

diluent volume, mL 9.57 9.56 9.57 9.56 9.53 9.52 9.55 9.51 9.56
dilution factor 21.20 21.64 20.94 20.85 20.71 20.69 20.78 20.34
CS-137, sample

16.77

concentration,
uCilmL 38.59 48.70 81.67 62.56 74.34 71.78 174.74 175.97 177.72
CS-137, sample

.-.

concentration, M 3.25E-06 4.1 OE-06 6.88E-06 5.27E-06 6.27E-06 6.050E-06 1.473E-05 1.483E-05 1.498E-05
total cesium 1.32E~05 1.67E-05 1.70E-04 1.31E-04 2.58E-04 2.49E-04 5,97E-05 3.67E-04 6. 17E-04
CS-134, sample

concentration,
uCi/mL 7.55E-03 8.83E-03 1.69E-02 1.IIE-02 1.40E-02 1.43E-02 3.57E-02 3.07E-02 3.69E-02—_
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Kd’s based on

average Cs-137
contact waste
mass, g 6.4748 6.5287
contact waste
volume, mL 5.27 5.32
resin mass 0.0502 0.0502

f factor@ 95 “C 0.8008 0.8008
Kd, mUg (CS-137)

.——
472.2 349.8

Kd, mUg (Cs-fi4) 467.4 383.7

I 1 r

SL-644 Kd’s with AW-101 Column Feed

–+
6.4847 6.4733 6.4111 6,6415 6.4593

5.281 5.291 5.281 5.27 I 5.221 5.41 I 5.26
0.0497 I 0.05021 0.05051 0.05061
0,8008[ 0!80081 0.80081 0.8008I

155.8] 241.71 181.21 191.61

‘-l-- ‘9’”1 I183.4
I I

~–l
I I

1 INote total cesium in waste is >ased I
4.59 4.59 4.59 4.59 on CS-137 concentration and the

2.69E+04 3.51E+04 1.78E+04 1.84E+04 TIMS results which indicate that the

CS-137 mole fraction is 0.2465. The
I I I

spikes are adjusted for the addition of
Sodium concentration is based on the ICP 0.1 M cesium nitrate. See Cs spike
results for the Cs IX column run conducted prep sheet.

6/99. See ASR 5421, Density measured in 25
mL volumetric flask at 1.228 g/mL.

I
I I I I I

+==

1=
I
I
I
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