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Summary

The current BNFL Inc. flowsheet for the pretreatment of the Hanford high-level tank wastes includes
the use of Superlig® materials for removing *’Cs from the aqueous fraction of the waste. The Superlig®
materials applicable to cesium removal include the cesium-selective Superlig®632 and Superlig®644.
These materials have been developed and supplied by IBC Advanced Technologies, Inc., American Fork,
Utah.

This report describes the testing of the Superlig®644 ion exchange material in a small dual-column
system. The bed volume of the lead column was 18.6 mL (L/D = 7), and the bed volume of the lag
column was 15.9 mL (L/D=6) during the loading phase. The sample processed was approximately 1.6 L
of diluted waste ([Na'] = 4.84 M) from Tank 241-AN-107 (Envelope C). This sample had been
previously treated for removal of Sr/transuranic (TRU) values and 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, eluant rinse, and resin regeneration.

A summary of performance measures for both columns is shown in Table S1. The Cs A values
represent a measure of the effective capacity of the SL-644 resin. The Cs A of 20 for the lead column is
much lower than the estimated 150 obtained by the Savannah River Technology Center during Phase 1A
testing. Equilibrium data obtained with batch contacts using the AN-107 Cs IX feed predicts a Cs A of
183. A Cs A for the lag column could not be determined due to insufficient breakthrough, but it appeared
to work well and removed nearly all of the cesium not removed by the lead column. The low value for
the lead column indicates that it did not perform as expected. This may have been due to air or gas in the
bed that caused fluid channeling or blinding of the resin. The maximum decontamination factor (DF) for
¥7Cs listed in Table S1 is based on "*'Cs concentration in the first samples collected from each column
and the "’Cs concentration in the feed. The composite DF for "*’Cs was 1760, which provided an
effluent with a '*’Cs concentration of 8.7E-02 Ci/m’. The "*’Cs concentration is below the basis of design
limit and is 7.2% of the contract limit for "*’Cs.

Table S1. Summary of Performance Measures

Flow Rate Cs A Composite Maximum “’Cs DF
(BV@/hr) | Lead Column | Lag Column DF Lead Column | Lag Column
4.6 20 -- 1760 4.2 114,000

(a) BV =Bed Volume

The elution of both columns proceeded very well with the majority of the '*’Cs contained in 2.4 BVs
of eluant (0.5 M nitric acid). The peak C/C, values for *’Cs were 34 for the lead column and 61 for the
lag column.
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Terms and Abbreviations

BNFL BNFL, Inc; subsidiary of British Nuclear Fuels, Ltd.

BV Bed Volume

C/Cy analyte concentration in column effluent divided by analyte concentration in
feed

DF decontamination factor

DI deionized water

DL detection limit

E elution

ER elution rinse

F feed

FD feed displacement

GEA gamma energy analysis

HLW high-level waste

HLRF High Level Radiation Facility

IC ion chromatography

ICP AES inductively coupled plasma/atomic emission spectrometry

ICP MS inductively coupled plasma/mass spectrometry

LAW low-activity waste

L/D bed length (height) to diameter ratio

MDL method detection limit

MRQ minimum reportable quantity

NMRQ no minimum reportable quantity

R regeneration

SAL Shielded Analytical Laboratory

SRTC Savannah River Technology Center

TIC total inorganic carbon

TOC total organic carbon

TRU transuranic
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1.0 Introduction

The current BNFL Inc. flow sheet for the pretreatment of the Hanford high-level tank wastes (HLW5s)
includes the use of Superlig® materials for removing "*’Cs from the aqueous fraction of the waste. The
Superlig® materials applicable to cesium removal include the cesium selective Superlig®632 (SL-632)
and Superlig®644 (SL-644). These materials have been developed and supplied by IBC Advanced
Technologies, Inc., American Fork, Utah.

This report describes the small-column testing of the Superlig®644 ion exchange material.* The
sample processed was approximately 1.6 L of diluted and treated waste (@ 4.84 M Na) from Tank
241-AN-107 (the 241 prefix, which is common to all Hanford tanks, will not be used hereafter). This
waste had been previously treated for removal of Sr/transuranic (TRU) values and clarified in a single-
tube cross-flow filtration unit (Hallen et al. 2000). 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:

e demonstrate the "*’Cs decontamination of Envelope C (Tank AN-107) and provide a cesium
decontaminated sample for downstream process testing (i.e., *’Tc removal, SO4 removal, 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, deionized (DI) water washing, elution, and resin regeneration

e obtain process performance data for SL-644 at conditions different than those previously tested
e investigate exchanger/waste chemistry

¢ investigate the potential for exchanger fouling.

* The results presented in this report are based on work conducted under Test Plan TP-29953-3 Rev. 1
(November 1999), and test instructions BNFL-T1-29953-053, BNFL-TI-29953-062,
BNFL-TI-29953-066. Some data are recorded in Laboratory Record Book BNW 13687. Conditions for
conducting these tests were given in the “lon Exchange Test Specification Rev 2,” TSP-W375-99-00013
Rev 2.

1.1



2.0 Experimental

2.1 lon 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 the flow
position, sample position, or 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 Y+in. OD ('/s-
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 an FMI piston pump with the
flow rate controlled from outside of the hot cell with an FMI stroke-rate controller. The pump was
calibrated with the stroke-rate controller and can provide pumping rates from 0—152 mL/h. 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 with the holdup volume to Valve 2 being 30 mL.

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 Battelle values at room temperature and at 85°C are duplicated from Kurath et al.
(1999a) while all of the Savannah River Technology Center (SRTC) data are 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 g in 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 mL 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).

2.1



oouereqg

omog
wanyg

Y,

omod
odwreg

¥ 9ATBA

AATRA ABM-€

uwpno)
J1qenipy

woISAS wun[o)) AZULYOXH UOJ WNISY)) “T°7 INJIq

omod
odwreg

€ 9A[BA

ATeA Aem-¢

93nen
aImssaid

ureiq
O[JI0A
QATRA dung
RENEN SuoeN
2Imssalg
AATRA ABM-€ [ e
QATRA

Kem-g

FONH N S0

15em I
asury

HOBN N
§coIo 10

pasd

2.2



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

Battelle SRTC
as-received bulk density (room 0.86 g/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 @ 85°C (% water) 0.907 (9.3%) -
F factor @ 95°C (% water) 0.80 (20%) 0.9 (10%)

The particle size distribution for the as-received SL-644 resin subsample (Kurath et al. 1999a) is

compared to the subsample used in column experiments by SRTC (Hassan et al. 1999) in Table 2.2. It is

apparent that the average particle size of the Battelle subsample 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.
Table 2.2. Particle Size Distribution of the As-Received, Hydrogen Form of SL-644
Battelle Subsample SRTC Subsample

Sieve Size Size (Lm) (wt %) Size (Lm) (wt%)

>600 not measured >600 14

40 >425 9.9 600425 44

70 425-210 88 425-210 40

100 210-149 2.1 210-62 0

200 149-74 0

The resin beds used in this experiment were previously used to remove cesium from a waste sample
from Tank AW-101 (Envelope A) (Kurath et al. 2000). The initial 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. Before 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 h. The NaOH was decanted, and the SL-644 was washed three times
with 100 mL of DI water per wash. The resin was then slurried into the columns in DI water. The
swollen resin volume was about 22 mL and was greater than required. Approximately 32% of the slurried
resin volume was removed, leaving about 5.4 g of as-received resin per column. The F factor was
determined 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
(Kurath et al. 2000). Before installing 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 to ensure that the system was completely
flushed and that the resin beds were fully conditioned. The total system hold-up volume was 60 mL.
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Table 2.3. Shakedown Testing and Bed Conditioning Parameters

Solution Volume Contact Time
Elution 0.5 M HNO; > 6 BV® (90 mL) >1h
Eluant Rinse DI water >6BV (90 mL) >1h
Regeneration 0.25 M NaOH >6BV (90 mL) >1h
DI Water Wash DI water > 6BV (90 mL) >1h

(a) BV =Bed Volume

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. These BVs are slightly larger than the 15 mL determined during testing of the
AW-101 sample (Kurath et al. 2000). 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 resin volume and the initial rough estimate of the average
particle size of the resin (330 um). 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

Lead Column Lag Column
BV, mL 18.6 15.9
Bed Height — cm 10.5 9
L/D 7.0 6.0
Expanded Particle Size Diameter — um 475 450
Resin Particles Per Column Diameter 32 33

2.3 Feed Preparation

A sample of the waste from Tank AN-107 (Envelope C) was received in the High Level Radiation
Facility (HLRF) during the 4™ quarter of 1998. The homogenization, dilution, caustic adjustment, and
subsampling of this sample is described in Urie (1999). The diluted AN-107 sample was then processed
for Str/TRU removal with a precipitation process. The precipitate and entrained solids were removed with
a single-tube cross-flow filter using a 0.1-micron sintered metal Mott filter (Hallen 2000). The clarified
AN-107 sample was then transferred in two containers from the HLRF to the shielded analytical
laboratory (SAL) hot cells. The total volume transferred was about 1.8 L. The contents of the two
transfer containers where combined and homogenized and subsampled leaving a total of about 1740 mL
of feed. The density of the cesium ion exchange feed was determined with a 25-mL volumetric flask and
a 4-place analytical balance.
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2.4 Column Run Experimental Procedure and Conditions

The experimental conditions for each process step are shown in Table 2.5. The BVs and flow rates
are somewhat different from the target values (BNFL-TP-29953-003 Rev 1) because the experiment was
planned on the assumption that the BV was 15 mL, which was the volume during the loading phase for
the treatment of the AW-101 sample. The BVs during the loading phase in this run were larger—18.6 mL
for the lead column and 15.9 mL for the lag column. Since the BVs were larger than anticipated, the flow
rates in BVs per hour are lower than the target values. The actual volumes of the bed conditioning, feed
displacement, and DI-water rinse solutions were increased relative to the runs with the AW-101 sample to
ensure that the system was adequately flushed. The bed conditioning was performed within 12 h of
initiating the column run. Before the bed conditioning, the beds had been stored in 0.25 M NaOH since
the end of the AW-101 column runs (approximately 15 weeks). 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.

The adjustable plungers at the top of each column were used to minimize the volume of solution
above each of the resin beds. The BVs changed dramatically from a minimum volume in the acid form
during elution to a maximum volume 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 constrain or compress the resin bed. The height
of liquid above the beds was kept to less than 1 cm (about 1.8 mL).

Table 2.5. Experimental Conditions for Column Run

Total Volume, Flow rate Time

Process Step Solution BV® (mL) BV/h (mL/h) (h)
Bed Conditioning DI water 12.6 (235) 5.6 (104) 2.25
Bed Conditioning 0.5 M nitric 14.1 (260) 6.5 (122) 2.17
Bed Conditioning DI water 8.6 (160) 8.0 (147) 1.1
Bed Conditioning 0.25 M NaOH 8.3 (155) 8.3 (155) 1
Loading Based on AN-107 Feed 88.6 (1649) 4.6 (86) 19.2
Lead Column
Loading Based on Lag | AN-107 Feed 102.1 (1623) 5.3 (85) 19.2
Column ®
Feed Displacement 0.1 M NaOH 6.3 (117) 3.4 (63) 1.8
DI Water Rinse DI water 52 097) 2.6 (48) 2.0

Elution of Lead Column

Elution (lead col) 0.5 M HNO; 10.5 (195) 0.84 (15) 12.6
Eluant Rinse (lead) DI water 4.2 (77) 2.9 (53) 1.5
Regeneration (lead) 0.25 M NaOH 6.9 (128) 5.4 (100) 1.3
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Elution of Lag Column

DI Water Rinse DI water 5.2(97) 2.6 (48) 2.0
(lag column)

Elution (lag column) 0.5 M HNO; 13.3 (210) 0.94 (15) 14.1
Eluant Rinse DI water 6.4 (104) 3.6 (58) 1.8
(lag column)

Regeneration 0.25 M NaOH 6.9 (109) 3 (47) 2.3
(lag column)

Notes:

(a) The column volume is based on the volume in the columns during the loading step. The BV in
the lead column was 18.6 mL with a height of 10.5-cm. The BV in the lag column was
15.9 mL with a bed height of 9 cm. Unless otherwise indicated, values are based on the BV in
the lead column.

(b) The column volume of the lag column is used for the elution volumes of the lag column and for
the loading data of the lag column. The feed volume through the lag column is reduced
because of sampling from the lead column.

The sampling and analysis protocol is shown in Table 2.6. The "*’Cs content was determined in most
of the samples using a portable gamma energy analysis (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 "*’Cs, many of the
samples required dilution before 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, and most of the eluate samples. The '*’Cs results 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 inductively coupled
plasma-atomic emission spectroscopy (ICP-AES). The OH™ concentration was determined by 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) analytical samples that were taken. A composite sample from each of the two loading
effluent bottles was taken for analysis by GEA. Another loading effluent composite sample was taken for
analysis once the contents of the two loading effluent bottles were combined for Tc ion exchange. The
samples for the other process steps were collected in approximately 0.8-BV aliquots. Once the GEA
results were confirmed for the eluate, all of the eluate samples were composited, and a sample of the
composite was submitted for GEA, ICP-AES, total organic carbon (TOC), ion chromatography (IC), total
alpha, *°Sr, and inductively coupled plasma-mass spectrometry (ICP-MS) for *Tc.
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Table 2.6. Sampling Interval and Analyses

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

Bed conditioning - - - -

Bed conditioning - - - -

Bed conditioning - - - -

Loading Every 8§ BV Every 16 BV 2 GEA

Feed displacement - Every 0.8 BV 15 ICP, GEA, OH-

DI water rinse - Every 0.8 BV 15 ICP, GEA, OH-

Elution Every 0.8 BV - 15 GEA

Eluant rinse Every 0.8 BV - 15 GEA

Regeneration 1 composite - 128 ICP, GEA, OH-

Composite Samples

Effluent — 1 2 GEA

Effluent — 2 2 GEA

Eluate 1 Composite - 2 ICP-AES, GEA, TOC,
IC, Sr-90, total alpha

ICP-MS (Tc)

2.5 Batch Contacts

A number of batch contacts between the SL-644 and subsamples of the AN-107 feed were conducted
to obtain equilibrium data. Portions of the subsamples were spiked with 0.1 M CsNOj stock solutions to
obtain additional concentrations of cesium. The initial cesium concentrations in the AN-107 subsamples
are given in Table 2.7. The purpose of these spikes was to ensure that the equilibrium composition of the
solutions bracketed the cesium feed concentration.

Table 2.7. Initial Cs Concentrations in the AN-107 Solutions Used for the Batch Kd Tests

Waste Solution | Imitial Cs Conc. [M] | Initial Na/Cs (a) | Initial K/Cs (a)
AN-107 Un-spiked 5.25E-5 92,130 360
(4.84 M Na") | Cs Spike 1 3.92E-4 12,300 49
(0.019 MK") | Cs Spike 2 9.26E-4 5,230 21

(a)Na" and K are the primary cations that compete with Cs” for ion exchange with SL-644.

The batch Kd tests were performed 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 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.
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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 K4 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 *’Cs concentration. The initial sodium and potassium
concentrations were determined with [CP-AES.

The batch distribution coefficient, K4 (with units of mL/g), was determined using the following
relationship:

:(CO-CI)* 4
c,  M*F

K )

where Cy and C, are the initial and final '*’Cs concentrations, respectively, V is the volume of the liquid
sample (mL), M is the mass of the ion exchanger (g), and F is the mass of the dried resin divided by the
mass of the as-received resin.
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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 and Al were determined by ICP-AES, and are averages of the analyses for the
filtrate from the St/TRU removal process, cesium IX feed, Tc IX feed, Tc IX effluent, and sulfate-
removal feed. The concentrations of K, Cr, and P were also determined by ICP-AES and are averages of
analyses for the filtrate from the St/TRU removal process and the cesium ion exchange feed. Additional
compositional data for the individual analyses and standard deviations for averaged results may be found
in Appendix A. The total cesium concentration was estimated using the GEA results for '*’Cs from six
different subsamples, and the isotopic ratios were determined with thermal ionization mass spectroscopy
and reported in Urie (1999). For the AN-107 sample, the "*’Cs:total cesium was 0.2455. The anion
concentrations were obtained from analyses conducted on the feed and effluent samples from the Tc IX
experiments. These results were assumed to be valid since the anion concentrations were not greatly
affected by cesium and Tc removal. No residual solids were observed in the feed, which is not surprising
since the sample had been refiltered approximately 2 weeks after the initial treatment for St/TRU
removal.

3.2 Loading ("*"Cs Breakthrough Curves), Feed Displacement, and
Water Wash

After the resin beds were conditioned, the loading phase was initiated with the AN-107 sample.
Collection of the effluent was initiated when the color of the AN-107 sample appeared in the effluent
tube. Approximately 2.8 BVs® (52 mL) of 0.25 M NaOH were diverted to the waste bottle. This
prevented most of the 0.25 M NaOH in the system from being mixed with the AN-107 effluent. Small
samples (about 2 mL) were collected from the lead column every 8 BV of feed and from the lag column
every 16 BV of feed. It had been planned to collect samples every 10 BVs, but this was based on the
15 mL BV obtained during the initial column loading with the AW-101 sample. Initial samples were
collected from both columns soon after loading was initiated to obtain a determination of the maximum
decontamination factors. The loading phase generally went well, except for some difficulty controlling
the flow rate to a constant value.

The cesium effluent concentrations from the columns are shown in Figure 3.1 as C/C, vs. the BVs of
feed processed through each column. The Co value for *'Cs was determined to be 153.0 uCi/mL. The
C/C, is plotted on a probability scale (i.e., gaussian distribution) since this tends to provide a straight-line
breakthrough curve. The C/C, values for the feed displacement (0.1 M NaOH) and DI water rinse are

(a) Many solution volumes given as bed volumes are based on the 18.6-mL BV of the lead column.
Volumes associated with the lag column are based on the 15.9-mL BV of the lag column.
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also shown in Figure 3.1. These exhibit a steadily decreasing concentration of *’Cs. The C/C, values
were determined with a portable GEA instrument, and selected samples were independently analyzed
with an analytical laboratory GEA instrument. The two analyses are generally in good agreement (within

10%). Raw analytical results and calculations are located in the appendix.

Table 3.1. Composition of Envelope C (AN-107) Cs IX Column Feed®

Cations, M
Na" 4.84
K" 0.019
Cs' 5.25E-5
Na/Cs mole ratio 92,130
K/Cs mole ratio 360

Anions, M
AlO, ® 0.087
Cr 0.014
CO3y 0.57
Cro,” ® 8.8E-04
NO, 0.62
NO5 1.82
OH" 0.8 (estimated)
PO, ® 0.01
S0O,” 0.042
Oxalate 0.016
TOC 13.6 g/L

Radionuclides, (WCi/mL)

Total alpha 9.8E-03
“Co 6.1E-02
“Sr 5.9E-01
“Tc (ug/mL) 3.37 ug/mL
Ycs 153.0
Eu 3.8E-02
Solution Density, g/mL 1.2414

(a) The analytical results for various samples that contribute to the values in
Table 3.1 may be found in the appendix.
(b) Al, Cr, and P determined by ICP-AES. The anionic form is assumed on the

basis of waste chemistry.
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Two "*’Cs-removal limits are also shown in Figure 3.1. The higher C/C, value of 0.79% corresponds
to the contractual limit of 3 Ci/m’ for "*’Cs in the low-activity waste (LAW) glass, and the lower C/C,
value of 7.9E-02% corresponds to the basis of design limit of 0.3 Ci/m’ for "*’Cs in the LAW glass, which
is 10 times less than the contractual limit. The C/C, values corresponding to these limits are determined
using the sodium concentration of 4.84 M in the AN-107 sample, the *’Cs feed concentration of
153 uCi/mL, a 14 wt% total Na,O 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 BVs 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 BVs actually pumped from the feed vessel can be estimated by adding 1.6 BVs for the lead
column (30 mL) and 3.8 BVs (60 mL) for the lag column.

The Cs A value is about 20 for the lead column, and there is insufficient data for an estimate of the
Cs A for the lag column. The Cs A value is the point at which the C/C, value is 50% (0.5) and is normally
a direct indicator of the effective capacity of the resin. The Cs A value of 20 for the lead column is very
much lower than the estimated Cs A of 145-150 obtained during Phase IA testing (Hassan and McCabe
1997). The very low value for the lead column indicates that this resin bed was not functioning properly.

The cause of the relatively poor performance of the lead column is not known, but could have been
due to fluid channeling caused by air in the resin bed, although care was taken to ensure that this did not
happen, and air bubbles were not observed during the loading phase. Air (or some kind of gas) was
observed during elution of the lead column. Also, the bed height in the lead column was larger than the
bed height in the lag column whereas the bed heights of the two columns had been the same during
previous runs. This supports the theory that there was unobserved air in the lead column during the
loading phase. Another possible explanation for the poor performance could be improper bed
conditioning since the SL-644 resin has been shown to be sensitive to the bed-conditioning process before
initiating the loading (McCabe et al. 1997). This explanation seems unlikely since the lag column
appeared to perform well.

Several decontamination factors for various samples are shown in Table 3.2. These may be compared
to the contractual limit for cesium removal of C/C, = 0.79% (decontamination factor [DF] = 127) and the
basis of design limit of C/C, = 7.9E-02% (DF= 1270). In all cases, sufficient cesium was removed that
the contractual limit for cesium removal was met. The final sample from the lag column and the effluent
collected in Bottle 2 did not meet the basis of design limit. Significantly, the *’Cs in the composite
effluent met the basis of design limit, even though the lead column was not functioning properly.
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Table 3.2. Decontamination Factors for *’Cs

Processed

Volume, 37Cs Concentration

BV (mL) pCi/mL C/Cy, % DF
First Sample From 5.9 (110) 1.3E-3 8.8E-04 114,000
Lag Column
Final Sample From 81 (1513) 5.4E-01 3.5E-01 284
Lag Column
Effluent Bottle-1 61 (1134) 5.9E-03 3.86E-03 25,900
Effluent Bottle-2 26 (476) 2.89E-01 1.89E-01 530
Composite Effluent 87 (1610) 8.71E-02 5.69E-02 1760

The concentrations of sodium, potassium, Al, and hydroxide in the feed displacement and DI water
rinse solutions 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 to clearly show the roughly 100-fold decrease in concentrations. The
samples were taken from the effluent line following the lag column, after the solutions had passed
sequentially through both columns. Analytical results and calculations are located 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.
Approximately 29 mL of cesium-decontaminated AN-107 was collected as effluent before starting the
feed-displacement sampling. Since the sample size was about 15 mL and the holdup volume was 60 mL,
the first two feed-displacement samples largely consisted of AN-107 effluent.

The concentrations given in Figures 3.1 and 3.2 indicate that washing was nearing completion at the
fifth and sixth samples. The slight rise in concentrations in the middle of the DI water rinse step has not
been explained, but it is probably not due to analytical dilution errors since independent analytical results
all show the same rise, and the sample density also increases (indicates more dissolved solids). The
required volume of feed displacement and DI water rinse solutions could 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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3.3 Elution, Eluant Rinse, and Regeneration

At the completion of the DI water wash, elution of the lead and lag columns was initiated by pumping
0.5 M nitric acid into each column. Elution of each column was performed separately (i.e., the columns
were not connected in series as they were for loading). Samples of the eluate and the eluant rinse were
collected in approximately 0.8-BV increments while the regeneration solution was collected as a single
composite. The *’Cs content of these samples was determined with the portable GEA instrument and
confirmed with analysis in the analytical laboratory instrument. Due to holdup in the system, the first
couple of BVs probably contained a substantial amount of the DI water rinse that preceded the elution.

The elution generally went well, except for a short downtime (= 5 min) during collection of sample
# 8 from the lead column to remove an air bubble from the resin bed. The source of this air is probably
due to in-leakage, although the resin bed was covered with liquid. The air was removed from the bed by
tapping the column and moving the plunger on top of the column until the bubble migrated to the top of
the resin and into the headspace above the bed. The elution was resumed and completed without further
difficulties.

The lead column C/C,® values for "*’Cs are shown in F igure 3.3 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/C, values.
The majority of the 1¥7Cs was contained in Samples #4, #5, and #6. The peak value of C/C, was found to
be 31. The elution cutoff of C/C, =0.01 was reached at sample #10 (8 BV), but elution was continued
slightly beyond this due to the lag between sample collection and the determination of the cesium
concentration. The C/C, values for the eluant rinse indicate a rise in "*’Cs concentration. This is probably
because column operations were shut down overnight before the elution rinse was initiated the following
morning. This downtime allowed more of the '*’Cs to ion exchange out of the resin and into the eluate.

At the end of the eluant rinse, the '*’Cs concentration had dropped to a relatively low value.

The lag column C/C, values for "’Cs are shown in Figure 3.4 for the elution step. The majority of
the *’Cs was contained in Samples #4, #5, and #6. The peak value of C/C, was found to be 61. The
elution cutoff of C/C, = 0.01 was reached at Sample #13 (12 BV).

(a) The C, refers to the '*’Cs concentration in the AN-107 sample fed to the lead column. For elution, the
C/C, value is an indication of the extent to which '*’Cs is concentrated relative to the feed. It is an
indirect measure of the extent to which the resin is actually eluted.
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The composition of the regeneration composite sample collected during the regeneration of the lead
column is shown in Table 3.3.

Table 3.3. Composition of Regeneration Solution

Concentration, pug/mL BNFL MRQ Concentration, M

Al 0.9 - 3.3E-5
B 3.8 - 3.5E-04
Cr 0.25 - 4.8E-06
Cu 0.28 - 4.4E-06
Fe 0.49 - 8.8E-06
Na' 1790 75 0.08
K" DL =2 - -

Ni [0.1] - 1.7E-06
Si 18.9 - 6.7E-04
Zn 0.5 - 7.6E-06
OH- 580 17 0.034
BT 2.29E-02 uCi/mL 9 -
Total cesium - - 7.9E-09
Density, g/mL - - 1.0025

Notes: MRQ is minimum reportable quantity. DL = detection limit; component not detected. The overall
error is estimated to be within +/-15%. Values in brackets are within 10 times the detection limit, and
errors are likely to exceed +/-15%

The eluate samples from each column were composited separately, and a sample of each composite
was submitted to the analytical laboratory for analysis with ICP-AES, IC (anions), GEA, total alpha, S,
TOC, and ICP-MS to determine the **Tc content. The results are shown in Tables 3.4 and 3.5. Sodium
was the dominant component detected with ICP-AES, although a number of other metals were also
detected. Many of the same metals detected by ICP-AES were also found in the eluate from the AW-101
testing (Kurath et al. 2000) and include Cr, Cu, Fe, Na, Ni, K, 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, Co, Cr, Cu, Fe, Na, Ni, Pb, Sr, Zn and Zr. As expected, 1¥Cs was the dominant radionuclide
detected. 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 "*’Cs prevented the detection limits for **'Am, **Eu, and '*Eu from
meeting the MRQ levels. Relatively high *’Cs activity increases the gamma background level in the
detectors due to Compton scattering, thereby making it difficult to detect lower concentrations of other
gamma emitters. The large amount of nitrate prevented the detection limit for Cl from meeting the MRQ
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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 CO; in acidic solutions.

Table 3.4. Analysis of the Lead Column Eluate Composite and Minimum Reportable Quantities

ICP-AES Components BNFL MRQ Anions BNFL MRQ
pg/mL pg/mL pg/mL pg/mL
Al [3.6] 7.50E+01 TOC 151 1.50E+03
Ba DL=0.1 7.80E+01 TIC NA 1.5E+02
Ca DL=2.6 1.50E+02 Br DL=100 NMRQ
Cd [0.5] 7.50E+00 CI DL=100 3.0E+00
Co DL=0.52 3.00E+01 F DL=100 1.5E+02
Cr 5.25 1.50E+01 NO, DL=200 NMRQ
Cu 20.3 1.70E+01 NO; 24,500 3.0E+03
Fe 7.23 1.50E+02 PO,” DL=200 2.5E+03
K DL=20.7 7.50E+01 S04~ DL=200 2.3E+03
La DL=0.52 3.50E+01 oxalate DL=200 NMRQ
Mg DL=1.0 1.50E+02
Mn DL=0.52 1.50E+02 Radionuclides MRQ
Mo DL=0.52 9.00E+01 uCi/mL uCi/mL
Na 920 7.50E+01 BiCs DL=2E-02 NMRQ
Ni 67.5 3.00E+01 BTcs 4.74E+02 9.00E+00
Pb [7.7] 3.00E+02 “Sr 4.16E-2 1.50E-01
Si [15] 1.70E+02 “Tc 3.8E-4 1.50E-03
(2.23E-2 ug/mL)
Sn DL=15.5 1.50E+03 “TAm DL=6E-1 7.20E-04
Ti DL=0.26 1.70E+01 BBy DL=4E-2 2.00E-03
U [87] 6.00E+02 P Ey DL=6E-1 9.00E-02
Zn [0.84] 1.65E+01 Total alpha 1.22E-04 2.30E-01
B 12.5 NMRQ Total volume = 173 mL
P DL=1.0 NMRQ Total mass =176 g
Sr [0.84] NMRQ Density = 1.015 g/mL

Notes: MRQ is minimum reportable quantity. NMRQ is no minimum reportable quantity. NA = not
analyzed. DL = detection limit; component not detected. The overall error is estimated to be within +/-
15%. 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 and Minimum Reportable Quantities

ICP-AES Components BNFL MRQ Anions BNFL MRQ
pg/mL pg/mL pg/mL pg/mL
Al [4.6] 7.50E+01 TOC 196 1.50E+03
Ba DL=0.1 7.80E+01 TIC NA 1.5E+02
Ca [5.3] 1.50E+02 Br DL=100 NMRQ
Cd [0.59] 7.50E+00 Cr DL=100 3.0E+00
Co DL=0.52 3.00E+01 F DL=100 1.5E+02
Cr 5.29 1.50E+01 NO, DL=200 NMRQ
Cu 39.3 1.70E+01 NO; 26,300 3.0E+03
Fe 7.63 1.50E+02 PO,” DL=200 2.5E+03
K DL=20.7 7.50E+01 SO,” DL=200 2.3E+03
La DL=0.52 3.50E+01 oxalate DL=200 NMRQ
Mg DL=1.0 1.50E+02
Mn DL=0.52 1.50E+02 Radionuclides MRQ
Mo DL=0.52 9.00E+01 uCi/mL uCi/mL
Na 1630 7.50E+01 BiCs DL=3E-02 NMRQ
Ni 36.7 3.00E+01 BTcs 7.16E+02 9.00E+00
Pb [10] 3.00E+02 “Sr 5.68E-2 1.50E-01
Si [39] 1.70E+02 “Tc 2.59E-04 1.50E-03
(1.52E-2 pug/mL)
Sn DL=15.5 1.50E+03 “TAm DL=7E-1 7.20E-04
Ti DL=0.26 1.70E+01 BBy DL=4E-2 2.00E-03
U [170] 6.00E+02 P Ey DL=7E-1 9.00E-02
Zn 5.4 1.65E+01 Total alpha 1.0E-04 2.30E-01
B 13.8 NMRQ Total volume = 212 mL
P DL=1.0 NMRQ Total mass =215 ¢
Sr [0.49] NMRQ Density = 1.015 g/mL

Notes: MRQ is minimum reportable quantity. NMRQ is no minimum reportable quantity. NA = not
analyzed. DL = detection limit; component not detected. The overall error is estimated to be within +/-
15%. Values in brackets are within 10 times the detection limit, and errors are likely to exceed +/-15%.

3.4 Mass Balance for *'Cs

137 137 . :
A mass balance for ~'Cs was completed to compare the ~'Cs recovered in various process streams to

the '*'Cs present in the feed sample (Table 3.6). As expected, the majority (96.6%) of the '*'Cs was
found in the eluate streams. Nearly 97.8% of the '*’Cs present 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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Table 3.6. Mass Balance for *’Cs

YCs, uCi % of ’Cs in Feed Sample

Feed Sample 252,300 100
Effluent 140 0.05
Load samples 2,600 1.0
Feed displacement 65 0.03
DI Water Rinse 7 0.00
Column #1 Eluate 92,400 36.6
Column #1 DI water rinse 69 0.03
Column #1 regeneration 3 0.00
Column #2 Eluate 151,300 60.0
Total ’Cs Recovery 246,600 97.8

3.5 SL-644 Resin Volume Changes

The SL-644 resin is known to change in volume as a function of the solution pH and ionic strength
(Hassan et al. 1999). The variation in BV as a function of the process steps for both columns is shown in
Figure 3.5 as a ratio of BV to the baseline value of 18.6 mL. In this case, the baseline value was chosen
as the volume of the bed in the lead column after several BVs of feed had passed through the column and
the BV reached a steady value. Two process cycles are shown with the first cycle consisting of the bed
conditioning steps and the second cycle consisting of the actual process test. Each process step is denoted
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).

The following qualitative observations are made on the BV changes:

e Both columns reached minimum volumes in the hydrogen form (after elution) and maximum volumes
in the sodium form after contact with dilute caustic (0.1 M) and water.

¢ Except for the final end state, the resin bed in the lead column was significantly larger than the bed in
the lag column, even though the same amount of resin had been added to the columns initially. At the
end of the previous process test with AW-101 (Envelope A), it was noted that the resin bed in the lead
column was about 10% larger than the bed in the second column, although the beds had been the
same size during the loading phase.

¢ Since both columns exhibited similar qualitative volume changes, it seems unlikely that the volume
change contributed to the early breakthrough of "*’Cs for the first column.
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The variation in bed volume as a function of the process steps for both columns is shown in Figure
3.6 as a ratio of BV to the estimated as-received resin volume (6.2 mL). The initial volume of the as-
received resin added to each column was estimated from the as-received mass of 5.6 g and the as-received
resin density of 0.86 g/mL. The initial BV of as-received resin was not measured since the resin
preparation procedure required preconditioning in a beaker. It can be seen that the resin expands by as
much as a factor of 4 relative to the initial volume.
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Note: Bed volume ratios are referenced to the bed volume of the as-received resin.

Figure 3.6. Bed Volume Ratio for Lead and Lag Columns During Processing
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3.6 Batch Contact Results

The "*'Cs distribution coefficients (Kds) are shown in Figure 3.7 for the SL-644 resin in contact with
the AN-107 column feed. The Kd values were calculated using Equation 1 (page 2.8) and are based on
the '*'Cs concentrations 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 H
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 4 meq of OH and 25.8 meq of Na', while the resin had 0.005 meq of H'. The total
cesium was based on the *’Cs concentrations, and the ratio of *’Cs:total cesium was determined for the
unspiked and spiked solutions.

The Kd at the AN-107 feed conditions can be estimated at 790 mL/g from the point at which the Kd

plot crosses the Na/Cs mole ratio (92,130) for the AN-107 sample. The column distribution ratio can be
determined from the Kd and the appropriate bed density using the following relationship

CA=Kd*p, @)
where C, A is the column distribution ratio, and py is the dry bed density.

In this case, the dry-bed density is 0.231 g/mL, which is determined from the dry (@ 95 °C) mass of
exchanger (4.3 g) divided by the expanded BV in the lead column of 18.6 mL. The Cs A is then determined
to be 183. This value is the approximate point at which the Cs breakthrough curve would have passed
through C/C, = 50% if the lead column had been functioning properly.
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4.0 Conclusions and Recommendations

Small-column testing with SL-644 indicates that sufficient decontamination of "*’Cs can be obtained
with waste from Tank 241-AN-107 (Envelope C) to allow the LAW glass product to meet the basis of
design limit for "*’Cs removal, which is a factor of 10 less than the contractual limit. An overall
decontamination factor of 1760 was obtained providing a cesium-decontaminated effluent with a

"¥'Cs concentration of 8.7E-02 Ci/m’. This is 7.2% of the contract limit.

The Cs A value for the lead column was estimated to be about 20, which is much lower than the 150
that was expected based on prior testing (Hassan, et al 1997). This low value indicates that the lead
column was not functioning properly. The poor performance of the lead column was possibly caused
by fluid channeling or blinding of the resin due to gas or air in the bed. The lag column functioned
well and provided excellent decontamination of the '*’Cs, but breakthrough of '*’Cs was insufficient
to allow an estimate of the Cs A for this column.

Batch contacts were conducted to obtain equilibrium data in the form of batch distribution
coefficients (Kds). These equilibrium data predict a Cs A of 183.

The feed displacement (0.1 M NaOH) volume of 6.3 BV followed by 5.2 BV of DI water rinse was
sufficient to adequately flush feed and residual caustic from the columns before the start of elution.
While these volumes are larger than the assumed flowsheet volumes, it should be noted that the test
system has a total system holdup in the pumps, valves, and tubing equal to 3.2 BVs of resin (60 mL).
A smaller holdup volume would likely allow a reduction in the required amount of feed displacement
and DI water-rinse solutions.

The cesium-loaded columns are efficiently eluted with 0.5 M nitric acid. The majority of the *'Cs is
eluted from the column in 2.4 BVs of eluate, although a total of 8 and 13 BVs of eluant were required
to reach the elution end point of a C/C, = 0.01 for Columns 1 and 2, respectively. The peak C/C,
values for "*’Cs were 34 for the lead column and 61 for the lag column.

The SL-644 was adequately regenerated with 6.9 BVs of 0.25 M NaOH. The average *'Cs
concentration in the regeneration solution was 2.3E-2 uCi/mL and a C/C, of 1.5E-04.

Fouling of the resin beds or exchanger was not observed.
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Appendix A: Analytical Results

Al



Sample Identification

Sample ID Description
C1-Cs-0AR Initial feed sample - AN-107 Cs IX
C1-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 through P6

Loading samples from lag column - AN-107 Cs IX

Effluent — 1D Effluent composite container 1 - AN-107 Cs X
Effluent — 2D Effluent composite container 2 - AN-107 Cs [X
AN-107-TcIX Cs IX effluent which is also the Tc IX feed

C1-Cs-FDI through FD7

Feed displacement samples - AN-107 Cs [X

C1-Cs-PR1 through PR6

DI water rinse samples - AN-107 Cs IX

C1-Cs-E1-1 through E1-13

Eluate samples from lead column - AN-107 Cs IX

C1-Cs-E1-R1 through R6

Eluant rinse samples from lead column - AN-107 Cs IX

Regeneration

Regeneration composite for lead column - AN-107 Cs IX

C1-Cs-E2-1 through E2-13

Eluate samples from lag column - AN-107 Cs IX

CI-CA

AN-107 feed control for batch contacts

CI1-S1A

AN-107 spike 1 feed control for batch contacts

C1-S2A

AN-107 spike 2 feed control for batch contacts

Cl1-44A, C1-44-D-A

Batch contact with unspiked AN-107 sample

C1-44-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

C1-Cs-E1-composite

Eluate composite from column 1, AN-107 run

C1-Cs-E2-composite

Eluate composite from column 2, AN-107 run

N7-Tc-0

Tc IX feed which is also Cs IX effluent composite

AN-107-TeIX

AN-107 Tc IX feed sample

Notes: 1) The letter A, 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 from the hot cell.
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Sample Identification Continued

The following sample results are included in the appendix since they were reported with the AN-107
Cs IX samples. Samples from other work were batched to reduce cost and duration (schedule). These
results are discussed in other reports.

Al1-Cs-E2-CO

Eluate composite from second column, Cs IX, run 1 with AW-101

A1-Cs-E2-comp

Cs IX eluant composite from elution of lag column loaded with AW-101
sample, Run 1

A1R-Cs-0

Feed sample for Run 2, Cs IX, AW-101

A1R-Cs-E-comp

Cs IX eluant composite from elution of both columns loaded with AW-101
sample, Run 2

AI1R-Cs-L1 through L2

Loading samples from lead column, Run 2, Cs IX, AW-101

A1R-Cs-P1 through P7

Loading samples from lag column, Run 2 Cs IX, AW-101

Al-Tc-ECl1

Eluate composite from Tc IX/AW-101

Al-Te-LC

Tc IX load effluent from AW-101 sample

N7-Tc-Elu-Comp

Tc IX eluant composite from 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

Rinse samples from Tc IX, AN-107 run
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AN-107 Column Run Analytical Results
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Eluate Composite Analytical Results
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Sample Identification

Sample ID Description
C1-Cs-0AR Initial feed sample - AN-107 Cs IX
C1-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 through P6

Loading samples from lag column - AN-107 Cs IX

Effluent - 1D 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 through FD7

Feed displacement samples - AN-107 Cs IX

C1-Cs-PR1 through PR6

DI water rinse samples - AN-107 Cs IX

C1-Cs-El-1 through E1-13

Eluate samples from lead column - AN-107 Cs IX

C1-Cs-E1-R1 through R6

Eluant rinse samples from lead column - AN-107 Cs IX

Regeneration

Regeneration composite for lead column - AN-107 Cs IX

C1-Cs-E2-1 through E2-13

Eluate samples from lag column - AN-107 Cs IX

Cl1-CA

AN-107 feed control for batch contacts

Cl-S1A

AN-107 spike 1 feed control for batch contacts

C1-S2A

AN-107 spike 2 feed control for batch contacts

C1-44A, C1-44-D-A

Batch contact with unspiked AN-107 sample

C1-44-S1-A, C1-44-S1-D-A

Batch contact with spike 1 AN-107 sample

C1-44-82-A, C1-44-S2-D-A

Batch contact with spike 2 AN-107 sample

C1-Cs-El-composite

Eluate composite from column 1, AN-107 run

C1-Cs-E2-composite

Eluate composite from column 2, AN-107 run

N7-Tc-0

Tc IX feed which is also Cs IX effluent composite

AN-107-TcIX

AN-107 Tc IX feed sample

Notes: 1) The letter A, 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 from the hot cell.
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Sample Identification Continued

The following sample results are included in the appendix since they were reported with the AN-107
Cs IX samples. Samples from other work were batched to reduce cost and duration (schedule). These
results are discussed in other reports.

Al1-Cs-E2-CO

Eluate composite from second column, Cs IX, run 1 with AW-101

Al1-Cs-E2-comp

Cs IX eluant composite from elution of lag column loaded with AW-101
sample, Run 1

AIR-Cs-0

Feed sample for Run 2, Cs IX, AW-101

A1R-Cs-E-comp

Cs IX eluant composite from elution of both columns loaded with AW-101
sample, Run 2

AlR-Cs-L1 through L2

Loading samples from lead column, Run 2, Cs IX, AW-101

AIR-Cs-P1 through P7

Loading samples from lag column, Run 2 Cs IX, AW-101

Al-Te-ECI

Eluate composite from Tc IX/AW-101

Al-Te-LC

Te IX load effluent from AW-101 sample

N7-Te-Elu-Comp

Te IX eluant composite from elution of lead column loaded with AN-107
sample

N7-Te-PWI1 - PW7

Feed displacement samples from Tc IX, AN-107 run

N7-Tc-PR1 -PR2

Rinse samples from Tc IX, AN-107 run
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Sixteen radioactive liquid samples, C1-Cs-ICP through A1-Tc-EC1 (ACL# 00-0295 through 00-
0348), were analyzed by ICPAES after preparation by the Sample Receiving and Preparation Lab
(SRPL). All samples except ACL# 00-0295, 00-0331 and 00-0348 were prepared by SRPL using
PNL-ALO-128 acid digestion procedure. Approximately 2 to 4 ml of sample (weighed) was
processed and diluted to a final volume of approximately 10ml. Density of the final solution will
be determined using a 1ml aliquot taken from each processed sample, weighed and the density
estimated by dividing the aliquot weight by the weight of water using the same pipette. The final
volume of each processed sample may then be calculated using the final weight of processed
sample divided by the estimated density. Results of the density estimates for the samples will be
sent as a separate report. Several samples required analytical dilution of 5-fold or more because
of high sodium concentration. Concentration for samples ACL# 00-0306 through 00-0318 are
reported in ug/ml and corrected for analytical dilution and sample processing (diluted by mass:
weight of final solution divided by weight of sample aliquot).

Sample ACL# 00-0295 was not processed, only diluted about 10-fold before analysis using 2%
v/v nitric acid. Also samples ACL# 00-0331 and 00-0348 were not processed and analyzed as
received except for analytical dilution analysis using 2% v/v nitric acid as needed. Concentration
for samples ACL# 00-0295, 00-0331, 00-0348 are reported in ug/g and corrected for dilution
(final solution volume divided by weight of sample aliquot).

Volumes and weights have been recorded on bench sheets and included with this report. Specific -
analytes of interest requested in table 6-1 attached to ASR-5571 include: Al, Ba, Ca, Cd, Co, Cr,
Cu, Fe, K, La, Mg, Mn, Mo, Na, Ni, Pb, Si, Sn, Ti, U, and Zn.

Most of samples contained high concentrations of sodium. A few samples had moderately high
concentrations of aluminum. All other analytes measured were much lower in concentration.
Please note that sample C1-Cs-PR3-A (ACL# 00-0315) appears to be quite different than those
in the series of six samples C1-Cs-PR1-A through C1-Cs-PR6-A (ACL# 00-0313 through 00-
0318). Several analytes such as aluminum, cadmium, sodium, phosphorus, lead, and strontium
are higher in concentration than those in the previous or later sample series.

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

Five fold serial dilution:

(Aqueous samples) All results for analytes of interest were within tolerance limit of < 10%
after correcting for dilution.

12/14/99
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Duplicate RPD (Relative Percent Difference):

(Aqueous samples) All analytes of interest were recovered within tolerance limit of < 20%
relative percent difference (RPD) except for barium and zinc. The
original sample aliquot did not have any significant amount (detectable
but below EQL) of either barium or zinc. However the replicate
processed sample had about twice as much zinc and thirty times more
barium than the original sample. Also noted was the concentration of
barium and zinc in the process blank. Only sample “C1-Cs-PR4-A”
(ACL# 00-0316) had as much barium as the process blank. It appears
that the preparation blank had become contaminated during sample
processing.

Post-Spiked Samples (Group A):
(Aqueous samples) All analytes of interest were recovered within tolerance of 75% to
125%.

Post-Spiked Samples (Group B):

(Aqueous samples) All analytes of interest were recovered within tolerance of 75% to
125%.

Blank Spike:

(Aqueous samples) None prepared.

Matrix Spiked Sample:
(Aqueous samples) None prepared.

Quality Control Check Standards (aqueous samples):

Concentration of all analytes of interest was within tolerance limit of +
10% accuracy in standards: QC_MCVA, QC_MCVB, and
QC_SSTMCYV. Calibration Blank (ICP98.0) concentration was
acceptable, less than two times IDL.

High Calibration Standard Check (aqueous samples):

Verification of the high-end calibration concentration for all analytes
of interest is within tolerance of + 5% accuracy except nickel. Nickel
was slightly low (6.4%) at the end of the run in QC_SST however it
was within 5% (low) when measured at the start of the run.

12/14/99
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...

ICPAES Data Report
Process Blank:
(Aqueous samples) All analytes of interest were within tolerance limit of < EQL or < 5%

of sample concentration except barium. As noted above for the %RPD
quality control check, barium was above EQL (0.5 ug/ml) and
appeared to be about the same concentration as that measured in the
replicate sample (ACL# 00-0313REP) and (ACL# 00-316). It would
appear that the process blank was contaminated during sample
processing.

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

Analytes other
values listed in

than those requested by the client are for information only. Please note bracketed
the data report are within ten times instrument detection limit and have a

potential uncertainty much greater than 15%.

Comments:

1)

2)

3)

#)

3)

12/14/99

"Final Results” have been corrected for all laboratory dilution performed on the sample during
processing and analysis unless specifically noted.

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

Routine precision and bias is typically + 15% or better for samples in dilute, acidified water (e.g.
2% v/v HNOj or less) at analyte concentrations greater 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/mL (0.5 per cent by weight).

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

The maximum number of significant figures for all ICP measurements is 2.
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report ram] ol

Multiplier= 5.0 | 20.6 20.3 205 216
ALO#= |PROCESS BLANK 00-0306 @5 00-0307 @5 00-0308 @5 00-0309 @5
Client ID= | 00-0295 series C1-Cs-FD1-B C1-Cs-FD2-B C1-Cs-FD3-B C1-Cs-FD4-B
Det. Limit  Aun Date= 12/2/99 1272198 1272/99 12/2/99 1272139
(ug/mL) (Analyte) ug/mL ug/mL ug/mL ug/mL ug/mL
0.025 Ag - - - - -
0.060 Al - 2,020 2,080 1,480 854
0.250 As - - - - -
0.050 B - 24.6 26.0 21.8 18.5
0.010 Ba 3.50 - - - s
0.010 Be - - - - -
0.100 Bi - - — - -
0.250 Ca - 144 151 111 57.2
0.015 Cd - 23.7 24.9 28.6 20.9
0.200 Ce - - - - -
0.050 Co - [1.8] [1.8] [1.9] [1.5]
0.020 Cr - 36.0 36.5 23.6 12.7
0.025 Cu - 14.7 15.3 20.2 18.4
0.050 Dy - - - - -
0.100 Eu - - - - -
0.025 Fe [0.14] 7.98 8.23 5.18 [2.7]
2.000 K - 624 631 503 [290]
0.050 La - - - - -
0.030 Li - - - - -
0.100 Mg - - - - -
0.050 Mn - [1.3] [1.3] [1.5) [1.2]
0.050 Mo - 12.5 12.8 [8.8] [4.8]
0.150 Na - 92,100 91,900 71,900 43,800
0.100 Nd - [2.1] - - —~
0.030 Ni [0.68] 183 192 226 185
0.100 P - 257 262 229 155
0.100 Pb - 53.5 55.8 80.8 775
0.750 Pd - - - - =
0.300 Rh - - o - -
1.100 Ru - - v - -
0.500 Sb - - - - -
0.250 Se - - - - -
0.500 Si - [50] [50) [49] [43)
1.500 Sn - - - - - -
0.015 Sr - 109 114 84.8 43.8
1.500 Te - - - - -
1.000 Th - - - - -
0.025 Ti - - e - -
0.500 Tl - - o - -
2.000 v - - - - =
0.050 v - - - - -
2.000 w - [64) [65] [45] -
0.050 Y = - [1.0] - -
0.050 Zn [1.3] [5.6] [5.6] [6.4] [4.4]
0.050 Zr - [1.71 [1.8] - -

Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) "-"indicate measurement is below detection. Sample detection limit may be found by

multiplying "det. limit" {far left column) by "multiplier” (top of each column).

Data (1) from “A0563 D.Kurath ASR-5571 ALO-128 ICP98 hi.XLS
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report roge ot
Multiplier= 4.7 5.0 5.1 33 3.3
ALO#= 00-0310 00-0311 00-0312 00-0313 00-0313-REP
Client iD= |C1-Cs-FD5-B C1-Cs-FD6-B 1-Cs-FD7-8 C1-Cs-PR1-A C1-Cs-PR1-A
Det. Limit Run Date= 12/2/99 12/2/99 1272199 12/2/99 12/2/99 -
(ug/mL) (Analyte) ug/mL ug/mL ug/mL ug/mL ug/mL
0.025 Ag - - - - -
0.060 Al 429 215 110 55.8 56.7
0.250 As - e - -~ -
0.050 B 15.2 12.2 10.6 4.41 4.51
0.010 Ba [0.13] [0.081] - [0.111 3.36
0.010 Be - = - - -
0.100 Bi - - - - -
0.250 Ca 28.8 21.2 [7.6] [3.4] [3.0)
0.015 Cd 11.9 6.68 3.82 1.84 1.89
0.200 Ce - - - - -
0.050 Co [1.0] [0.62] [0.41] [0.23] [0.25]
0.020 Cr 6.50 3.36 1.83 0.899 0.916
0.025 Cu 13.3 8.56 6.54 3.99 4.03
0.050 Dy - - - & -
0.100 Eu - - - - -
0.025 Fe 1.56 [1.0] [0.73] [0.49] [0.42)
2.000 K 157 77 [37] [28] [36]
0.050 La - - - - -
0.030 Li - - - - -
0.100 Mg - - - - -
0.050 Mn [0.68] [0.39] - [0.19] -
0.050 Mo [2.3] [1.1] [0.50] [0.22] [0.23]
0.150 Na 22,500 12,100 6,820 4,530 4,440
0.100 Nd - - - - -
0.030 Ni 119 80.2 58.2 34.6 35.0
0.100 P 70.1 34.2 16.3 6.11 6.37
0.100 Pb 56.9 41.6 23.4 10.2 10.6 -
0.750 Pd - - - - -
0.300 Rh - - - - -
1.100 Ru = - - - -
0.500 Sb - - - - -
0.250 Se - - - - -
0.500 Si 35.4 25.8 [24] [15] [11]
1.500 Sn - - - - -
0.015 Sr 21.3 10.6 4.92 1.57 1.60
1.500 Te - - - - -
1.000 Th - - - - -
0.025 Ti - - - - -
0.500 Tl - - - - -
2.000 U - - - - -
0.050 v - - - - -
2.000 w [12] - = - -
0.050 Y - - - - -
0.050 Zn 2.87 [1.9] (1.3 [0.82) 1.3
0.050 2r [0.26] - - - -
Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) "--* indicate measurement is below detection. Sample detection limit may be found by
multiplying "det. limit" (far left column) by “multiplier” (top of each column).
{1
'
Data (1) from "A0563 D.Kurath ASR-5571 ALO-128 ICP98 hi.XLS 12/13/99 @ 1:14 PM




Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report

Page 3 of 4

Multiplier= 3.4 25 5.0 33 33
ALO#=  |00-0314 00-0315 00-0316 00-0317 00-0318
Client ID= |C1-Cs-PR2-A C1-Cs-PR3-A C1-Cs-PR4-A C1-Cs-PR5-A C1-Cs-PRE6-A
Det. Limit  Run Date= 12/2/99 12/2/99 12/2/99 12/2/39 12/2/99
(ug/mL) (Analyte) ug/mL ug/mL ug/mL ug/mL ug/mL
0.025 Ag - - - - -
0.060 Al 40.3 92.3 34.2 16.8 6.37
0.250 As - - - - -
0.050 B 4.18 3.58 6.85 6.34 6.41
0.010 Ba [0.26] {0.092) 3.34 0.565 1.28
0.010 Be - - - — -
0.100 Bi - - - - -
0.250 Ca [1.8] [6.1) [2.2] [0.90] -
0.015 cd 0.939 1.89 0.785 [0.46] [0.22]
0.200 Ce - - - - -
0.050 Co - [0.17] - - -
0.020 Cr 0.704 1.02 [0.54] [0.36] [0.27]
0.025 Cu 2.73 2.60 2.41 2.15 1.80
0.050 Dy - - - - -
0.100 Eu - - - - -
0.025 Fe [0.31] [0.52] [1.0] [0.23] [0.19]
2.000 K [28] [44] [14] [8.3] -
0.050 La - - - - -
0.030 Li - - - - -
0.100 Mg - - - - -
0.050 Mn - [0.19] - - -
0.050 Mo - [0.49] - - -
0.150 Na 3,760 5,570 3,050 1,790 1,180
0.100 Nd - - - - -
0.030 Ni 21.1 236 17.0 12.1 7.95
0.100 P [2.6] 9.08 [2.2] [0.99] -
0.100 Pb 5.44 25.6 6.26 [2.7] [0.67]
0.750 Pd - - - - -
0.200 Rh - - - - -
1.100 Ru - - - - -
0.500 Sb - - - - -
0.250 Se - - - - -
0.500 Si [14] [10] [19] [4.9] [11]
1.500 Sn - - - - -
0.015 Sr 0.530 4.58 1.26 0.517 [0.15]
1.500 Te - - - - -
1.000 Th - - - - -
0.025 Ti - - - - -
0.500 Ti - - - - -
2.000 U - - - - -
0.050 v - - - - -
2.000 w - - - - -
0.050 Y - - - - -
0.050 Zn [1.5] 1.35 297 2.62 [1.6]
0.050 Zr - - - - -

Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) "--" indicate measurement is below detection. Sample detection limit may be found by

multiplying "det. limit" (far left column) by "multiplier” (top of each column).

Data (1) from "A0563 D.Kurath ASR-5571 ALO-128 ICP98 hi.XLS

'7/{7,

12/13/99 @ 1:14 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report Fage ol

Multiplier= 40.5 1.0 1.0
ALO#= 00-0295 @5 00-0331 00-0348
ClientID= |C1-Cs-ICP Regeneration soln A1-Te-ECT J
Det Limit RunDate= | 122199 12/2/99 12/2/99 -
(ug/mL) (Analyte) ug/g ug/g ug/g
0.025 Ag - - - - -
0.060 Al 1,960 0.870 7.46 - -
0.250 As - - - - -
0.050 B 28.8 .74 8.41 - -
0.010 Ba - - [0.030] - -
0.010 Be - - - - -
0.100 Bi - - - - -
0.250 Ca 137 - - - -
0.015 cd 231 - - - -
0.200 Ce = = - - -
0.050 Co - - - - -
0.020 Cr 36.6 0.252 1.51 - -
0.025 Cu 15.5 0.282 - - -
0.050 Dy - - - - -
0.100 Eu - - - - i
0.025 Fe [8.3] 0.488 10.7 - -
2.000 K [630] - 238 - -
0.050 La - - - - -
0.030 Li - - - - -
0.100 Mg - - [0.13] - -
0.050 Mn - - [0.15] - -
0.050 Mo [12] - = - -
0.150 Na 90,100 1,790 108 - -
0.100 Nd - - - - - i
0.030 Ni 188 [0.11] 1.34 - -
0.100 P 249 - [0.24] - - —
0.100 Pb 53.0 ~ - - -
0.750 Pd - - - - -
0.300 Rh - - - - -
1.100 Ru - - - - -
0.500 Sb = - - - pid
0.250 Se -~ - - - -
0.500 Si [59] 18.8 16.7 - -
1.500 sn - - - - -
0.015 Sr 107 - - - -
1.500 Te - - - - -
1.000 Th - - - - -
0.025 Ti - - - - -
0.500 Ti - - - - -
2.000 U - - - - -
0.050 v - - - - -
2.000 w - - - - -
0.050 Y - - - - -
0.050 Zn [5.4) 0.532 [0.12) - -
0.050 Zr - - - - -

Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) "--" indicate measurement is below detection. Sample detection limit may be found by
multiplying “det. limit* (far left column) by "multiplier” (top of each column).
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Battelle Pacific Northwest Laboratory 00-1073
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Client: Kurath
Cognizant Scientist: %M/ Date: 2—/ f’/fd
Concur : 53 T\zg,\qq "\.L Date: &l &lCD

N

Procedure: PNL-ALO-450

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

ALOID Co-60 Cs-137 Eu-154
Client ID Error % Error % Error % [ .

| Gipnnn
00-1073 421E2  431E+1  2.66E-2 AILULE
C1-Cs L2 2% 2% 4% [N g?” :

AL !
00-1074* 6.14E-2 8.99E+1  4.47E-2 I Jr ;
C1-Cs L4 3% 3% 6% B *
00-1075* 4.15E-2 6.84E+1  2.54E-2 M 28963
C1-Cs L5 3% 3% 6%
- a.55.2

00-1076 4.43E-3 8.95E+0  3.19E-3
C1-Cs 8A 3% 2% 6% Tk L.
00-1077 5.17E-3 1.09E+1  3.43E-3 P
C1-Cs 10A 3% 2% 7%
00-1078 4.24E-3 9.67E+0  2.83E-3
C1-Cs 11A 3% 2% 8%
00-1079 5.31E-4 1.17E+0  3.51E4
C1-Cs 10B 3% 2% 8%
00-1080 2.62E-3 6.11E+0  1.58E-3
C1-Cs 11B 3% 2% 9%

~*Note: These 2 samples contained very high activity; thus a ~1% bias (low) can be
expected with the reported activities. This bias is included with the reported uncertainties.
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Client : Kurath

Cognizant Scientist:

Concur :

Procedure: PNL-ALO-450

00-1073

Date:

Date:

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

Note: These 2 samples contained very high activity; thus a ~1% bias (low) can be

ALO ID Co-60 Cs-137 Eu-154
Client ID Error % Error % Error %
00-1073 4,21E-2 4.31E+1 2.66E-2
Ci-Cs L2 2% 2% 4%
00-1074* 6.14E-2 8.99E+1 4.47E-2
Cl-Cs L4 3% 3% 6%
00-1075%* 4,15E-2 6.84E+1 2.54E-2
C1-Cs LS 3% 3% 6%
00-1076 4.43E-3 8.95E+0 3.19E-3
Ci-Cs BA 3% 2% 6%
00-1077 5.17E-3 1.09E+1 3.43E-3
C1-Cs 10A 3% 2% 7%
00-1078 4.24E-3 - 9.67E+0 2.83E-3
Cl-Cs 11A 3% 2% 8%
00-1079 5.31E-4 1.17E+0 3.51E-4
C1-Cs 10B 3% 2% 8%
00-1080 2.62E-3 6.11E+0 1.58E-3
Cl-Cs 11B 3% 2% 9%

S o
M Y49 < %
—r“ﬁ, 28
T )‘— ‘S’- ; r g
Pl
Volume Mass
ml g
2.00 1.9219
2.00 2.7406
2.00 1.8372
2.00 2.1057
2.00 2.1177
2.00 2.0709
10.00 10.1596
2.00 10.2126

expected with the reported activities. This bias is included with the reported uncertainties.
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Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report

Client: D. Blanchard Charge Code: 75%/25% W48409/W48414
: 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).

Final Results:

Vol TOC |TOCRPD
Lab Number (Sample ID ml pug C/ml %
00-0615 N7-Te-Elu-Comp 0.3000 <60
00-0615 Dup  |N7-Tc-Elu-Comp Rep | 1.0000 <20 n/a
00-0615 Spike |N7-Te-Elu-Comp MS | 1.0000 104%
00-0616 Al1-Cs-E2-Comp 0.3000 80
00-0616 Dup |A1-Cs-E2-Comp Rep 1.0000 <20 n/a
00-0617 A1R-Cs-E-Comp 1.0000 <20
00-0617 Dup |A1R-Cs-E-Comp Rep | 1.0000 <20 n/a
00-0618 Cl1-Cs-E1-Comp 1.0000 150
00-0618 Dup |CI1-Cs-E1-Comp Rep 1.0000 150 0
00-0619 C1-Cs-E2-Comp 1.0000 200
00-0619 Dup |C1-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 pg/ml) and should be considered qualitative. The raw data bench
sheets and calculation work sheets showing all calculations are attached. All sample results are
corrected 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 a-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 | of 2



Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report

The QC for the methods involves calibration blanks, system calibration standards, sample
duplicates, and one matrix spike per matrix type.

Calibration Standards: The QC system calibration standards were all within acceptance criteria,
with the average recovery being 98.4% for TIC and 98.1% for 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 ugC TOC.

Duplicates: 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% for 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 103.8%, well within the 75% to 125% recovery acceptance criteria.

General Comments:

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

e Routine precision and bias are typically £15% or better for non-complex samples that are free of
interferences.

e 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. :

e 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: \ﬁ(()/é«_—- Date =/ -0
Review/Approval by: QMBQ@Q §idd Date /—/7-0€
— e

Archive Information:

Files: ASR 5626 Blanchard.doc ASR 5478 5626 Lig+Solids.xls J
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

i TR oy g
L E E 2 !,::
Project: 29953 t ﬁ LU {3 bH
Client: D. Blanchard | g FV :
Cowelh
Pt 2915 3
'Pauv-k 2
ACL Number(s): 00-0615 to 00-0619 Tudl N %
&
00-0626 to 00-0664 ot s P ¥

Client ID: “N7-Tc-Elu-Comp” to “C1-Cs-E2-Composite” T Etrr >

- Aast- O
“N7-Tc-0" to “N7-Tc-R01” "

(‘(}“vv‘?m .

ASR Number: 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

/M,a A/ruww /2 -29 97

77//2)%/21 )-4-20

Concur
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Five radioactive liguid samples, N7-Tc-Elu-Comp to C1-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 samples, N7-Tc-0 to N7-Tc-R01 (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 10ml (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 pg/ml for liquid samples. Weights have been recorded on bench sheets and
included with this report.

Liquid samples contained low to high concentrations of sodium (<0.1% 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 onatl
requirements under MCS-033.

Five fold serial dilution:
(Aqueous samples) All results for analytes of interest were within tolerance limit of < 10%
after correcting for dilution.

Duplicate RPD (Relative Percent Difference):
(Aqueous samples) All analytes of interest were recovered within tolerance limit of € 20%
relative percent difference (RPD).

Post-Spiked Samples (Group A):

(Aqueous samples) All analytes of interest were recovered within tolerance of 75% to
125%.

Post-Spiked Samples (Group B):

(Aqueous samples) All analytes of interest were recovered within tolerance of 75% to
125%.

12/29/99
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Batitelle PNNL/325 Bldg/RPG/Inorganic Analysis ...

ICPAES Data Report
Blank Spike:
(Aqueous samples) None required or prepared.
Matrix Spiked Sample:
(Aqueous samples) None required or prepared.

Quality Control Check Standards (aqueous samples):

Concentration of all analytes was within tolerance limit of + 10%
accuracy in the standards: QC_MCVA, QC_MCVB, ICP98.0 and
QC_SSTMCYV 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 pg/ml and palladium 2 pg/ml measured
were well within the tolerance limit thus confirming calibration check
for these two analytes.

High Calibration Standard Check (aqueous samples):

Verification of the high-end calibration concentration for all analytes is
within tolerance of * 5% accuracy.

Process Blank:
(Aqueous samples) All analytes are within tolerance limit of < EQL or < 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%.

12/29/99
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

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 may be
determined if requested.
3) Routine precision and bias is typically + 15% or better for samples in dilute, acidified water (e.g.
2% v/v HNO; or less) at analyte concentrations greater 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/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.
12/29/99
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report Page i oh4

Multiplier= 1.0 52 5.2 10.3 10.3
ALO#= 00-0615-DB 00-0615 00-0615-DUP] 00-0616 00-0617
Client ID= |Dilution Blank N7-Te-Elu-Comp N7-Te-Elu-Comp Al-Cs-E2-Comp A1R-Cs-E-Comp
Det. Limit  Run Date= 12/16/99 121699 1216/99 12/116/99 1216/99
(ug/mL) (Analyte) ug/mL ug/mL ug/mL ug/mL ug/mL
0.025 Ag - - - - -
0.060 Al - [0.47] [0.44] [1.3] [6.1]
0.250 As - - - - -
0.050 B - 10.5 10.5 7.78 7.42
0.010 Ba - [0.11] [0.096] [0.23] -
0.010 Be - - - - -
0.100 Bi - - - - -
0.250 Ca - [1.9] - [3.3] [2.9]
0.015 cd - - - [0.34) [0.23]
0.200 Ce - - - - -
0.050 Co - - - - -
0.020 Cr - - - 6.54 3.25
0.025 Cu - - - 12.7 7.13
0.050 Dy - - - - -
0.100 Eu - - - - -
0.025 Fe - - - 12.8 8.09
2.000 K - - - [190] [210]
0.050 La - - - - -
0.030 Li - - - - =
0.100 Mg = = - - -
0.050 Mn - - - - -
0.050 Mo - - - - -
0.150 Na - 105 105 698 1,150
0.100 Nd - - - - -
0.030 Ni [0.044) [0.18] - [2.8] 5.69
0.100 P - - - - -
0.100 Pb - - - 12.8 [9.9]
0.750 Pd - - - - -
0.300 Rh - - - - -
1.100 Ru - - - - -
0.500 Sb - -— - - -
0.250 Se - - - - -
0.500 Si - [23] [22) [6.5] [6.3]
1.500 Sn - - - - ad
0.015 Sr - - - - -
1.500 Te - - - - -
1.000 Th - - - - -
0.025 Ti - - - - -
0.500 Ti - - - - -
2.000 U - - - - -
0.050 v - - - - -
2.000 w - - - - e
0.050 Y - - - - -
0.050 Zn - - - 6.20 -
0.050 Zr - - - - s

Data (1) from "A0570 D.Blanchard ASR-5626 & 5628 (ALO-128) AN107 Supernate ICP98 hi.XLS

Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) -" indicate measurement is below detection. Sample detection limit may be found by
multiplying "det. limit* (far left column) by "multiplier” (top of each column).
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report

Page 2 of 4

Multiplier= 10.3 10.4 1.0 l 15.1 14.6
ALO#= 00-0618 00-0619 00-0626-BLK1 00-0626 @5 00-0641 @5
Client ID= |C1-Cs-E1-Composite C1-Cs-E2-Composite | Process Blank-1 N7-Te-0 N7-Te-PW1 j
Det. Limit Run Date= 12/16/99 12/16/99 12116/99 1216/99 12/16/99 -
(ug/mL) (Analyte) ug/mL ug/mL ug/mL ug/mL ug/mL
0.025 Ag - - - - -
0.060 Al [3.6] [4.6] - 2,070 1,920
0.250 As - - - - -
0.050 B 12.5 13.8 - 25.4 335
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] - 242 22.8
0.200 Ce - - - - -
0.050 Co - - - [1.8) [1.8]
0.020 Cr 5.25 5.29 - 372 353
0.025 Cu 203 39.3 - 11.9 11.3
0.050 Dy - - - - -
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 - - - 141 13.5
0.150 Na 920 1,630 - 99,600 90,500
0.100 Nd - - - [2.1] [2.7]
0.030 Ni 67.5 36.7 [0.047]) 181 174
0.100 P - - - 266 245 i’
0.100 Pb 7.7 [10] - 52.2 50.7
0.750 Pd - - = - -
0.300 Rh - - - - -
1.100 Ru - b - - L2
0.500 Sb - - - - -
0.250 Se - - - - -
0.500 si [15]) [39] - [65] 85.7
1.500 Sn - - - - -
0.015 Sr [0.84] {0.49] - 115 110
1.500 Te - - - - -
1.000 Th - - - - -
0.025 Ti - - - - -
0.500 Tl - - - - -
2.000 ] [87] [170] - - -
0.050 v - - - - -
2.000 w - - - [66] [63)
0.050 Y - - - [1.0] [0.98]
0.050 Zn [0.84) 5.40 [0.13] [5.7] [5.8)
0.050 Zr - - - [2.1] [1.1]
Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) "--"indicate measurement is below detection. Sample detection limit may be found by
multiplying “det. limit* (far left column) by "multiplier* (top of each column).
-

Data (1) from

"A0570 D.Blanchard ASR-5626 & 5628 (ALO-128) AN107 Supernate ICP98 hi.XLS
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report

Page 3 of 4

Multiplier= 14.7 16.4 3.4 34 3.8
ALO#= 00-0642 @5 00-0643 @5 00-0644 00-0645 00-0646
Client ID= |N7-Tc-PW3 N7-Tc-PW5 N7-Tc-PW7 N7-Te-PR1 |N7-Te-PR2
Det. Limit Run Date= 12H6/99 12/16/99 1216/29 1216/99 12116/99
(ug/mL) (Analyte) ug/mL ug/mL ug/mL ug/mL ug/mL
0.025 Ag - - - - -
0.060 Al 1,870 398 211 135 8.37
0.250 As — - - - -
0.050 B 3441 26.8 19.3 18.7 22,4
0.010 Ba - - [0.041] - -
0.010 Be - - - - -
0.100 Bi - - - - -
0.250 Ca 134 [31] [3.0] [2.2]) [1.4]
0.015 Cd 22.1 4.72 [0.24] [0.14] -
0.200 Ce - - - - =
0.050 Co [1.8) - - - -
0.020 Cr 34.5 7.59 [0.39] 117 [0.69]
0.025 Cu 10.9 [2.3] [0.16) [0.14] -
0.050 Dy - - - - -
0.100 Eu - - - - -
0.025 Fe 6.81 [1.6] [0.44] [0.25] [0.81]
2.000 K 613 [100] [14) [9.9] [7.6]
0.050 La - - - - -
0.030 Li - - - - -
0.100 Mg - - - - -
0.050 Mn [0.95) - - [0.24] -
0.050 Mo 13.2 [2.7] - - -
0.150 Na 91,500 31,100 3,420 2,920 2,740
0.100 Nd [2.7] - - - -
0.030 Ni 168 38.2 2.22 1.63 [0.66]
0.100 P 245 735 5.49 4.63 [1.8]
0.100 Pb 49.1 [11] [0.71) - -
0.750 Pd - - [2.9] [2.9] [3.0]
0.300 Rh - - - - -
1.100 Ru - - - = -
0.500 Sb - - - - -
0.250 Se - - - - =
0.500 Si 980.1 142 107 123 155
1.500 Sn - - - - =-
0.015 Sr 106 24.0 1.31 [0.34] -
1.500 Te - = - - -
1.000 Th - - - - b
0.025 Ti - - - = Gl
0.500 Tl - - - - s
2.000 U - - - - e
0.050 v - - = - L
2.000 W [61) - - - -
0.050 Y [0.93] - - - -
0.050 2Zn [5.2] [1.6] [0.45) [0.43] [0.35]
0.050 Zr [2.1] - - - -

Data (1) from

Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) "--"indicate measurement is below detection. Sample detection limit may be found by

multiplying "det. limit" (far left column) by "muitiplier” (top of each column).

“A0570 D.Blanchard ASR-5626 & 5628 (ALO-128) AN107 Supernate ICP98 hi.XLS
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report

Page 4 of 4

Multiplier= 16.9
ALO#= 00-0664 @5
Client ID= |N7-Tc-RO1
Det. Limit RunDate= | 12/16/99 -
(ug/mL) (Analyte) ug/mL
0.025 Ag - - -
0.060 Al 112 - -
0.250 As - - -
0.050 B 34.7 - -
0.010 Ba - - -
0.010 Be - - o
0.100 Bi - - .
0.250 Ca - - e
0.015 cd - = _
0.200 Ce - - =
0.050 Co - - =
0.020 Cr - - s
0.025 Cu - - -
0.050 Dy o = =
0.100 Eu - - -
0.025 Fe [0.44] - =
2.000 K - - -
0.050 La - - -
0.030 Li - - -
0.100 Mg - - -
0.050 Mn - - =5
0.050 Mo - - =
0.150 Na 19,200 - -
0.100 Nd - - =
0.030 Ni - - -
0.100 P -_ - - —
0.100 Pb - - =
0.750 Pd - - =
0.300 Rh - - =
1.100 Ru - - -
0.500 Sb - - -
0.250 Se - - -
0.500 Si 310 - -
1.500 Sn - - -
0.015 Sr [0.38] - -
1.500 Te - - -
1.000 Th - - -
0.025 Ti - - -
0.500 TI - - -
2.000 v - - -
0.050 v - - -
2.000 w - - -
0.050 Y -~ - -
0.050 Zn - - -
0.050 Zr - - =

Data (1) from

Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) "-"indicate measurement is below detection. Sample detection limit may be found by
multiplying "det. limit" (far left column) by *multiplier” (top of each column).

"A0570 D.Blanchard ASR-5626 & 5628 (ALO-128) AN107 Supernate ICP98 hi.XLS
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Battelle PNNL/RPG/Inorganic Analysis --- IC Report

Client: D Blanchard Charge Code/Project: W48409/29953-75%
) W48414/29953-25%

ACL Numbers: 00-0615 to 00-0619, 00-0626 ~ ASR Number: 5626 and 5628

Analyst: M]J Steele Analysis Date: December 18-20, 1999

Procedure: PNL-ALO-212, "Determination of Inorganic Anions by Ion Chromatography"
M&TE: IC system (WD25214); Balance (360-06-01-031) --- See Chemical Measurement
Center 98620 RIDS IC File for Cali_kia_t_igg_l_,ﬁs_tgndg:‘ds Preparations, and Maintenance Records.

| preagg 1 preg M5

i 83i.% * ‘ T :
Final Results: : T 's

' ]

{UE-, PO [
LabID ~ [SamplelD . @ - | lug/ml | _ug/ml | Tug
00-00615  |N7-Tc-Elu-Comp <03 <05
00-00615 MS [N7-Tc-Elu-Comp MS Rec| 94% |OvrRng| 101% 103% 103% 103%
00-00616 A1-Cs-E2-Comp <100 <100 | <200 | <100 | 31,400 | <200
00-00616 A1-Cs-E2-Comp Dup < 100 <100 <200 | <100 31.600 <200
RSD n/a n/a n/a n/a 1% n/a

00-00617 AIR-Cs-E-Comp < 100 <100 <200 | <100 26,500 <200
00-00618 C1-Cs-E1-Composite <100 <100 | <200 | <100 | 24,500 | <2006
00-00619 C1-Cs-E2-Composite < 100 <100 | <200 [ <100 | 26,300 | <200
00-00626 N7-Te-0 3.200 480 27,900 | <250 | 110,000 | 1,100
00-00626 MS |N7-Tc-0 MS Rec 112% 105% 122% 108% | OvrRng | 111%

RPD = Relative Percent Difference (between sample and duplicate/replicate)
MS Rec = Matrix Spike Standard % recovery
(1) 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, A1-Cs-E2-Comp (00-0616), 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 20%.

Matrix Spike: Two matrix spikes were prepared from samples submitted. The recoveries for

all anions were within the 75% to 125% recovery acceptance criteria for those anions measured
within the calibration range.

ASR 5626 5628 Blanchard.doc ' Page 1 of 2



Battelle PNNL/RPG/Inorganic Analysis --- IC Report

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

System 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 quantitation level.

Qualitv 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%
for the verification standard.

General Comments:

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

e 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 may be determined, if requested.

e Routine precision and bias are typically £15% or better for non-complex aqueous samples
that are free of interference and hdve similar concentrations as the measured anions.

Analyst: ‘*'7@)@/&@ Date //7’/{’(’/
Approval: Wﬂ j %w Date /// 7’/90

Archive Information:

Files: ASR 5626 5628 Blanchard.doc ASR 3606 5626 5642 xls
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File: 00-0615.xls

Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
12/22/1999

Client: Blanchard/Kurath

b0 4 |
Cognizant Scientist: O\Lb/\ /ﬂ«.ez,w,%(-/ Date : /Z_@Zf?"/

Gt 1"{2043_@ pate:  1&/R8[/9 T

Procedure: PNL-ALO-450 Gamma Energy Analysis

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

ALO ID Tc-95m* Cs-134 Cs-137 Eu-154 Eu-155 Am-241
Client ID Error % Error % Error % Error % Error % Error %
00-0615 4.44E-1 <2 E-4 <3.E-4 <9.E-5 <7.E-4 <7.E-4
N7-Tc-Elu-Comp 2%

00-0615 Dup 4.55E-1 <2.E-4 <3.E-4 <1.E-4 <7.E-4 <7.E-4
N7-Tc-Elu-Comp 2%

+00-0616 <6.E-2 3.99E-2 2.38E+2 <7.E-3 <2.E-1 <2.E-1
A1-Cs-E2-Comp 7% 2%

00-0617 <5.E-2 2.39E-2  1.45E+2 <6.E-3 <G.E-2 <9.E-2
A1R-Cs-E-Comp 8% 2%

00-0618 <3.E-1 <2.E-2 4.67E+2 <4 E-2 <6.E-1 <6.E-1
C1-Cs-E1-Composite 2%

00-0619 <4 E-1 <3.E-2 7.05E+2 <4 E-2 <7.E-1 <7.E-1
C1-Cs-E2-Composite 2%

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

Py 21953

) 1
ThAnpn
% E;.f-.zi;;.ﬁ Tord 2.5
oAanny
cLUTH T2.83.3
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File: 00-0615.xIs

Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

1/18/2000
Client . Blanchard/Kurath
7
Cognizant Scientist: ."rL/,{, %MMM// Date : ///f/@'"
-—-/_
Concur : / ﬂaﬁq —~ &_ Date : /18] ROTO
Sl

Procedure: PNL-ALO-420/421

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

ALOID Alpha Sr-90
Client ID Error +/-  Error +/-
00-0615 573E-6 8.70E-4
N7-Tc-Elu-Comp 43% 5%
00-0616 <2.E-5 2.40E-1
A1-Cs-E2-Comp 4%
00-0617 1.62E-5 8.43E-2
A1R-Cs-E-Comp 38% 3%
00-0618 _ 1.20E-4  4.10E-2
C1-Cs-E1-Composite 10% 8%
00-0619 9.86E-5 5.60E-2
C1-Cs-E2-Composite 11% 9%
00-0619 DUP 1.41E-1
C1-Cs-E2-Composite 6%
RPD 86%
Matrix Spike 98% 105%
Blank Spike 108% 103%
Blank <2.E-5 <7.E-5

Page 1



Project Number

%
¢ Battelle
Pacific Northwest Laboratories
Internal Distribution

329/4 File
Date December 21, 1999 Mike Urie

To Dave Blanchard

From Tom Farmer (_4&4,.,6( i‘éewmé’a,(m&z

subject ICP/MS Analysis of Submitted Samples
(ACL #00-0615 through 00-0619)

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

An Amersham *Tc standard was used to generate the calibration curve and an
independent Amersham *Tc standard was used as the continuing calibration
verification (CCV) standard. The 1% 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 **Tc 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 *Tc. 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.

If you have any questions regarding this analysis, feel free to call me at 372-0700 or
James Bramson at 372-0624.
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Kurath/Blanchard Tc-99 Analysis
December 21, 1999

Results are reported in ng/g (ppb) of original sample.

Sample Client ICP/MS Tc-99 Ru-101/ {Ru-101
ID Number Number ng/g + 1SD Ru-102 ngl/g
1%HNO3 9c17a7 0.03510.005%
19%HNO3 9c17a1 :
1%HNO3 9c17a18
00-00615DB Dilution Blank 9c17a8 1.0303 0.6
00-00615 N7-Tc-Elu-Comp 9c17a15 36001 70_,,; 0.7692 4
00-00615DUP N7-Tc-Elu-Comp 9ci17a16 351016 3.2727 8
00-00616 A1-Cs-E2-Comp 9c17al 0.0242 0.8
00-00617 A1R-Cs-E-Comp 9c17a12 0.9706 1
00-00618 C1-Cs-E1-Comp 9c17a13 0.7927 6
00-00619 C1-Cs-E2-Comp 9c17a14 154 1.2948 16
00-00619 + spike C1-Cs-E2-Comp 9c17a17 547421
Spike Recovery 103% %
CCV results are reported in ng/ml! (ppb)
5ppb Tc-99 ' 9c17a5 4.72+0.15
5ppb Tc-89 9c17a19 5.13+0.03:
tBased on response from indium
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Feed analyses for batch contacts with SL-632 and SL-639 6/2/00 12:29 PM

AN-107 Cs IX \

Composition Estimate for Column Run

sity = 1.2414 | g/mL@ *C
[Note: Independently verfied as Tc IX feed at 1.24 g/mL
} charge
MW  concentration ' concentration |
Cations ug/mL | g/mole M M |
Na* | 111307 | 23 4.839 4839 |
K 777 | 40 0.019 | 0019 1
Cs” | 5.25E-05 | 5.25E-05 \
; | Sum of cation charge = 4859 | \
Na/Cs mole ratio 92128 i
K/Cs mole ratio | 370
ug/mL | |
B 358 | |
Ca 162 | |
cd 271
Co 2.5 |
cr | 457 | ; ;
Cu | 198 | | ‘ | '
Fe 107 | ;
K 777 -
Mn | 29 | | |
Mo | 155 ; ‘
Na 111307 -
Ni | 237 - ‘
Nd | 34 | ‘
Pb | 672 |
Si 48.6 |
Sr 136 \ !
U 48 | |
Zn 6.7 | \ {
zr 25 | : | !
charge
Anions MW | concentration | concentration |
ug/mL ‘ |
A0, ® 2343 2698 | 0087  0.087
cr | 480 3545 0.014 0.014
Co,™™ | e825 | 12 0.569 1.14
cro 1 457 52 8.79E-04 1.76E-03
F 0 ‘ 19 0.000 probably due to organic interference
NO, 28392 | 46 0617 0.617
NO; - 112500 @ 62 1.815 1.815 i
OH*M ‘ | 17 0.000 | 0800 |estimated i
PO, (a) 311 30.97 0.010 0030 | :
S0.* 4008 96.06 0.042 | 0.083 i
oxalate 1375 | 88.04 0016 |  0.031 ’
TOC,(bc) | 13600 | 12 1133 | 1.102 .
| Sum of anion charge = 5718 |
cation - anion = -0.859

(a) analytical concentrations are for Al, P, Cr from ICP

(b) MW = 12 is for carbon only.

' TOC species unknown but assumed to be oxalate (2 carbons and a -2 charge)
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Feed analyses for batch contacts with SL-632 and SL-639

6/2/00 12:29 PM

Radionuclides uCi/mL |

total 9.84E-03 | ;
total B |
Co60 6.07E-02 [
Sr-80 5.92E-01 '

Tc-99, ug/mL | 3.37E+00 |

Ru/Rh-106

Sb-125 <0.144 \

Sn/Sb-126 <6.2E-2 | | 1

Cs-134 <6.2E-3 ! ‘

Cs-137 | 153.0 i !
Eu-154 | 3.77E-02 | '

Eu-155 | <9.9E-2

Am-241 | <B.7E-2 |

page 2
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SL-644 Kd's with AW-101 Column Feed

idensity of 0.1 M [
1.0126|g/mL

Cs nitrate |waste density = | 1.2414|g/mL
l T 1
Dispense 50 uL of water density of water at 21 °C = | 0.99754 g/mL |
|mass dispensed, | mL | uL '
0.0531 0.05323| 53.231
0.0527 0.05283 52.830
0.0525  0.05263| 52.629|
‘ 0.052 0.05213 52.128|
0.052 0.05213 52.128] s
|ave = 0.05259 52.589|
spike vial preparation ‘ ‘
[vial + 50 ul of /mass ‘
tare {0.1 M Cs nitrate |addedg  |volume, uL
16.5742 16.6257! 0.0515] 50.86]
Nonrad Cs added in spike 1 = | 5.086E-06 |moles |
. |waste waste
/tare, g |mass, g |mass |volume
9 g g mL
waste added to spike vial 1 (C1-S1)= L 16.6252| 35.2387| 18.6135| 14.9940,
incremental cesium concentration = 3.39E-04|M . ‘
initial Cs-137 concentration = 153.0|uCi/mL
initial Cs-137 concentration = 1.29E-05|M
initial Cs-137 = 1.83E-07 |[moles
initial total Cs concentration = | 5.25E-05|M
initial total Cs in sample = 7.88E-07 Imoles
total Cs in spiked sample = 5.87E-06 Imoles
concentration of total Cs in spiked sample | 3.92E-04 M
Cs-137: total Cs in spiked waste = 3.29E-02 | !
|
Dispense 135 ul. of water |density of water at 23 °C = | 0.99754|g/mL
start \mass dispensed, | mL uL i
0.1314, 0.13172 131.724| |
0.1321  0.13243 132.426
| 0.1327  0.13303 133.027
0.133| 0.13333 133.328
| 0.133) 0.13333 133.328 )
jave = - 0.13303 133.027 S
spike 2 vial preparation |
tare of vial + 135 uL of |mass
spike vial  |0.1 M Cs nitrate |added g  |volume, uL |
16.7356 16.8696 | 0.134] 132.33] ;
! |
Nonrad Cs added in spike 2 = | 1.323E-05|/moles
{ waste |waste
' tare, g mass, g mass |volume
‘ | g g g imL. |
waste added to spike vial 2 (C1-S2)= 16.8695 35.6782/ 18.8087 15.1512]
incremental cesium concentration = 8.73E-04 M | |
initial Cs-137 concentration = 153.0/uCiVmL | |
initial Cs-137 concentration = | 1.29E-05'M |
initial Cs-137 = | 1.95E-07 moles
initial total Cs concentration = 5.25E-05 M
initial total Cs in unspiked sample = 7.96E-07 moles |
total Cs in spiked sample = | 1.40E-05 'moles |
concentration of total Cs in spiked sample 9.26E-04 M i
Cs-137: total Cs in spiked waste = 1.39E-02] '

6/2/00 12:34 PM
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