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Summary

The River Protection Project-Waste Treatment Plant (RPP-WTP) baseline process for '*’Cs removal
from Hanford high-level tank waste is ion exchange. The current flowsheet includes the use of Cs-
selective, organic ion exchanger SuperLig® 644 (SL-644) material for Cs removal from the aqueous waste
fraction. This material has been developed and supplied by IBC Advanced Technologies, Inc., American
Fork, UT. The RPP-WTP Development Requirements Document (DRD)® Task 8.2.6 and the RPP-WTP
Research and Technology schedule identify Cs and Tc ion exchange process verification tests [WTP
Request for Proposal reference Standard 2 Item (a)(3)(ii)].

Battelle, Pacific Northwest Division (PNWD) was contracted to perform Cs ion exchange studies
under Contract 24590-101-TSA-W000-0004 and work breakdown structure BN.02.08.05. The Cs ion
exchange activities are further defined in Technical Scoping Statement B-46, which is included in
Appendix C of the Research and Technology Plan.® These studies are to verify design and operating
parameters for plant-scale ion exchange systems. Test results will also be used to validate ion exchange
models.

Objectives

The Cs ion exchange test objectives were to develop load and elution breakthrough profiles using a
combination of Hanford tank waste 241-AN-102 supernatant (Envelope C) mixed with wash and
permeate solutions from Hanford tank waste 241-C-104 solids (AN-102/C-104); produce and characterize
the Cs eluate; remove "*’Cs from the AN-102/C-104 to meet low-activity waste (LAW) vitrification
criteria; and develop batch-distribution coefficients for AN-102/C-104. The final effluent was to contain
<1.75E-5 Ci "*'Cs per mole Na, equivalent to < 0.087 pCi *’Cs/mL, based on a 20 wt% waste Na,O
loading in the waste glass. Direction from Bechtel National, Inc. (BNI) for calculating Na,O loading was
later reduced to 10 wt%. All testing objectives were met.

Conduct of Test

This report summarizes testing of the SL-644 in batch-contact studies and in a dual small-column
system. The test matrix was AN-102/C-104 evaporated to nominally 4.8 M Na and 161 uCi/mL "Cs.
Batch contacts were performed with the waste at three Cs concentrations at a phase ratio of 100 (liquid
volume to exchanger mass) with SL-644. Crystalline silicotitanate (IE-911, an alternative Cs ion
exchanger) was also tested similarly to the SL-644; however, the contact solution was AN-102 tank waste
supernatant diluted to nominally 6 M Na". Ion exchange processing was conducted with two small
columns in series with resin bed volumes (BVs) of 10.4 mL (L/D = 4.2) during the conditioning phase
with 0.25 M NaOH, and 9.9 mL (L/D = 4.0) during the AN-102/C-104 loading phase. Proper functioning

(a) PL-W375-TE00002, Rev. 1, River Protection Project Waste Treatment Plant Development Requirements
Document, October 31, 2000, M. E., Johnson and T. W. Crawford, CH2MHill Hanford Group, Inc., Richland, WA.
DRAFT.

(b) Barnes, S., R. Roosa, and R. Peterson. 2002. ‘Research and Technology Plan.’, 24590-WTP-PL-RT-01-002,
Rev. 1, RPP-WTP project.

(c) L/D, equal to length over diameter, is the resin bed aspect ratio.
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of the ion exchange apparatus and resin beds had initially been tested with an AW-101 (Envelope A)
simulant. The resin beds had then been used to process 1.2 L of AP-101 diluted feed, an Envelope A
waste feed. The AN-102/C-104 waste sample processed was approximately 753 mL, corresponding to
72 BVs. All ion exchange process steps were tested, including resin-bed preparation, loading, feed
displacement, water rinse, elution, eluant rinse, and resin regeneration.

Results and Performance Against Objectives

The batch-contact performance data are summarized in Table S.1. The Ky values for SL-644 and IE-
911 are shown for the feed condition at the Na/Cs mole ratio of 8E+4. The calculated Cs A value
(column-distribution ratio) is the predicted BVs required to reach 50% Cs breakthrough. It is a function
of the equilibrium K, value and bed density.

Table S.1. Summary of Performance Measures

Extrapolated 50% Cs Ky, mL/g Cs A, BY
Flow breakthrough, BV (feed condition) | (feed condition)
rate Lead Lag Composite | Maximum
(BV/h) | column | column DF® DF®  |S1-644 | IE-911 | SL-644 | IE-911
2.7 M NM® 1.13E+4 | 7.7E+5 950 1100 | 250 1100

(1) NM = not measured; AN-102/C-104 feed volume was insufficient to establish a breakthrough curve.

(2) The decontamination factor (DF) is calculated by dividing the feed Cs concentration by the composite
effluent Cs concentration, based on the total of 67 BVs of feed. This does not necessarily reflect the
DF that could be obtained with an estimated loading of 250 BVs to reach 50% C/C.,.

(3) The maximum DF is obtained by dividing the feed Cs concentration by the lowest lead column
sample Cs concentration.

The column performance data are also summarized in Table S.1. The 50% Cs breakthrough value
from column testing could not be determined; no measurable Cs broke through the lead column. The
decontamination factor (DF) for '*’Cs was based on '*’Cs concentration in the feed divided by the '*’Cs
concentration in the composite effluent sample. The composite effluent '*’Cs concentration was 1.4E-02
uCi/mL and was equivalent to a DF of 1.13 E+4. The maximum DF, 7.7 E+5, measured the best
performance that could be expected from this column system. It was calculated relative to the sample
containing the lowest '*’Cs concentration, i.e., the eighth sample from the lead column. The low-activity
vitrified waste form must be no greater than 0.3 Ci/m’; this limit can be converted to '*’Cs concentration
in the ion exchange effluent (contract limit). The composite effluent '*’Cs concentration was an order of
magnitude below the minimum waste loading contract limit (0.168 pCi *’Cs/mL).¥

The lead column was eluted with 0.5 M HNO; reaching a C/C, of 1% in 11 BVs with >99% of the
¥7Cs contained in 3 BVs of eluate. The peak '*’Cs C/C, value was 53 (based on 1-BV collection
increments of nominally 10-mL). The "*’Cs concentration in the composite eluate was 6.65E+2 pCi/mL,
corresponding to a C/C, of 4.13.

(d) The conversion requires the following assumptions: Envelope C LAW will contain a minimum of 10 wt%
Na,0, all Na comes from the tank waste, the glass density is 2.66 g/mL, and the waste Na concentration is 4.8 M.
For the maximum 14 wt% Na,O waste loading, the Cs ion exchange effluent must be less than 0.120 pCi/mL.
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Quality Requirements

This work was designated as QL-3 per the RPP-WTP Quality Assurance (QA) Program, BNFL-5193-
QAP-01, Rev. 6. PNWD implemented the RPP-WTP quality requirements by performing work in
accordance with the QA plan, CHG-QAPjP, Rev. 0. The Cs eluate was analyzed at the time in
accordance with PNWD’s Nuclear Quality Assurance Requirements and Description (NOARD) manual,
which implemented the requirements of DOE/RW-0333P, Quality Assurance Requirements and
Description (QARD), and to the approved Test Plan, TP-RPP-WTP-013.

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

Issue

The lag column effluent '*’Cs concentration was higher than the lead column "*’Cs effluent
concentration. The lag column had previously been in the lead column position for processing AP-101
diluted feed. The "*'Cs coming off the lag column was attributed to inadequacy of the baseline elution
(i.e., elution to C/Cy=1%) to sufficiently elute Cs from the resin during AP-101 processing.






AP-101DF
AN-102/C-104

AV
BNI
BV
C/C,

CMC
CST
DF

DI
DOE
DRD
EQL
F-factor
FMI
GEA
HLW
IBC

IC

ICP AES
ICP MS
IDL
KPA

A

LAW

Terms and Abbreviations

Hanford tank waste AP-101 diluted feed to 5 M Na

Hanford tank waste AN-102 supernatant mixed with wash and permeate
solutions from Hanford tank waste C-104 solids

apparatus volume
Bechtel National, Incorporated
bed volume

analyte concentration in column effluent divided by analyte concentration
in feed

chemical measurement center

crystalline silicotitanate

decontamination factor

deionized

U.S. Department of Energy

Development Requirements Document

estimated quantitation level

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

gamma energy analysis

high level waste

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

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

kinetic phosphorescence analysis

column distribution ratio

low activity waste

length over diameter ratio

molarity, moles/liter

milli-equivalent

minimum reportable quantity
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NA
NMRQ
NPT
NQARD
OH
PNWD
QA
QARD
RPL
RPP-WTP
SL-644
SRTC
TC

TIC
TIMS
TOC
TRU
wt%

WTP

not analyzed

no minimum reportable quantity

National Pipe Thread

Nuclear Quality Assurance Requirements and Description (manual)
hydroxide

Battelle, Pacific Northwest Division

quality assurance

Quality Assurance Requirements and Description
Radiochemical Processing Laboratory

River Protection Project-Waste Treatment Plant
SuperLig® 644

Savannah River Technology Center

total carbon

total inorganic carbon

thermal ionization mass spectrometry

total organic carbon

transuranic

weight percent

Waste Treatment Plant
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1.0 Introduction

The U. S. Department of Energy plans to vitrify tank wastes at the Hanford Site in preparation for
permanent disposal. Before vitrification, tank wastes will be divided into low-activity and high-activity
fractions through specific pretreatment processes. The Waste Treatment Plant (WTP) pretreatment
flowsheet for the Hanford high-level tank wastes includes the use of SuperLig® 644 (SL-644) material for
7Cs removal from the aqueous waste fraction. The SL-644 is a cesium-selective ion exchanger and has
been shown to be effective in removing Cs from a variety of Hanford tank wastes (Hassan, McCabe, and
King 2000; Hassan et al. 2000; Hassan et al. 2001; King, Hassan, and McCabe 2001; Kurath, Blanchard,
and Bontha 2000a; Kurath, Blanchard, and Bontha 2000b; Fiskum, Blanchard, and Arm 2002; Fiskum et
al. 2002). The SL-644 has been developed and supplied by IBC Advanced Technologies, Inc., American
Fork, UT.

The Cs ion exchange testing was conducted to support the River Protection Project-Waste Treatment
Plant (RPP-WTP) Development Requirements Document (DRD)® Task 8.2.6, and the RPP-WTP
Research and Technology (Barnes et al., 2002) schedule identify the need for Cs and Tc ion exchange
process verification tests [WTP Request for Proposal reference Standard 2 item (a)(3)(ii)]. The testing
requirements were communicated to Battelle, Pacific Northwest Division (PNWD) according to Test
Specification Tank 241-AN-102 and 241-AP-101 Ion Exchange, TSP-W375-00-00028, Rev. 1 (M. E.
Johnson, CH2M Hill Hanford Group, Dec. 11, 2000). Testing was conducted according to PNWD Test
Plan Actual Waste lon Exchange Testing for the RPP-WTP Project, CHG-TP-41500-013, Rev. 0 (D. L.
Blanchard, Jan. 24, 2000) and AP-101 and AN-102/C-104 Actual Waste lon Exchange Testing, TP-RPP-
WTP-013, Rev. 0 (D. L. Blanchard Jr., August 2001).

This report summarizes batch-contact studies of SL-644 and crystalline silicotitanate®™ (IE-911
provided by UOP LLC, Des Plaines IL), and dual small-column testing of the SL.-644 ion exchange
material. The test matrix for the small-column ion exchange and SL-644 batch-contact tests was
241-AN-102 Hanford tank waste supernatant, mixed with caustic leaching and wash solutions from the
pretreatment of Tank 241-C-104 solids, and evaporated to nominally 5 M Na (hereafter referred to as
AN-102/C-104). The test matrix for the IE-911 batch contact was 241-AN-102 supernatant diluted to
nominally 6 M Na (hereafter called AN-102). Approximately 753 mL of AN-102/C-104 were processed
through the ion exchange column system. The ion exchange process steps tested include resin-bed
preparation, loading, feed displacement, water rinse, elution, and resin regeneration.

The objectives of this work were to

e determine distribution coefficients as a function of Na/Cs molar concentration for SL-644 in the
AN-102/C-104 matrix and for IE-911 in the AN-102 matrix

e demonstrate the '*’Cs decontamination of Envelope C tank waste sample AN-102/C-104 and provide
a Cs-decontaminated sample for downstream process testing (i.e., > Tc removal)

(a) PL-W375-TE00002, Rev. 1, River Protection Project Waste Treatment Plant Development Requirements
Document, October 31, 2000, M. E., Johnson and T. W. Crawford, CH2MHill Hanford Group, Inc., Richland, WA.
DRAFT.

(b) IE-911 is an alternative Cs ion exchanger and is being tested in parallel to SL-644 only with batch contacts. The
IE-911 was developed and supplied by UOP LLC, Des Plaines, IL.
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o develop Cs loading and elution profiles

o produce and characterize a Cs-eluate solution for use in evaporation tests and high-level waste
(HLW) vitrification

o demonstrate the effectiveness of all SL-644 ion exchange process steps, including loading, feed
displacement, deionized (DI) water washing, elution, and resin regeneration.
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2.0 Experimental

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

2.1 SL-644 Resin

The SL-644 was obtained from IBC production batch number 010319SMC-IV-73. This batch
exhibited a black-red appearance peppered with light-brown specks. It was received from the vendor as a
dry, granular, free-flowing material in a 1-L polyethylene bottle with an approximately 32% gaseous head
space. There was no indication that this head space was filled with nitrogen or other inert gas, and no
attempt was made to exclude air during storage. The as-received resin form was not identified by the
vendor; it was found to contain potassium salts (Fiskum, Blanchard and Arm 2002). The dry-sieved
particle-size distribution for this material is shown in Table 2.1. The 212- to 425-um particle-size dry-
sieved fraction of the as-received material was used. This fraction represents 22 wt% of the as-received
material. The average particle size of the 212- to 425-um fraction corresponds to 540-um diameter when
expanded in a solution of 3 M NaOH—2 M NaNO;—0.1M KOH (Fiskum, Blanchard, and Arm 2002). As
a general rule, the column diameter should be 20 times greater than the resin particle diameter to
minimize wall effects (Korkish 1989, p. 39). Given the diameter of the column at 1.46 cm, the column
diameter is 27 times the average diameter of the expanded form of 212- to 425-um diameter dry-sieved
resin. For comparison, the SL-644 particle-size distribution used for AN-102 testing at Savannah River
Technology Center (SRTC) (Hassan et al. 2000) is also shown in Table 2.1.

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

Particle Size 010319SMC-1V-73 981020mb48-563
Sieve Size'"” (um) wt % (SRTC) wt %

18 >1000 0.06

30 600-1000 37.27 57.33

40 425-600 38.23 23.73

50 300425 18.01 13.71

70 212-300 6.08 5.12

100 150212 0.26 0.11
140 106-150 0.06
>140 <106 0.03

(1) U. S. standard sieve size corresponds to ASTM E-11 specification.

Properties of the 212- to 425-um 010319SMC-IV-73 SL-644 resin have been previously reported
(Fiskum, Blanchard, and Arm 2002), and selected properties are reproduced in Table 2.2. The F-factor is
the ratio of the dry mass of exchanger to the initial mass of the exchanger and was determined at the same
time the batch contact samples and column resin fractions were weighed. The F-factor was obtained by
drying approximately 0.5 g resin, under vacuum, at 50°C to constant mass. The F-factor was determined
on the H-form and the as-received form of the resin. The F-factor for the Na-form of the resin was
performed differently because of stability problems observed in prior tests on the Na-form of resin
(Steimke et al. 2001). Drying to constant mass under vacuum at ambient temperature was considered
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adequate for removing water from the Na-form resin.”” The L-factor represents the fractional mass
remaining after washing the as-received resin form with 0.5 M HNOs and DI water, and correcting for
residual water content as described above. The Iy, represents the fractional mass gain upon conversion
from the H-form to the Na-form, correcting for water content as described above.

Table 2.2. SL-644 Properties

Property 010319SMC-1V-73
Bulk density, g/mL (as-received) 0.74
F-factor, as-received 0.877
L-factor, conversion to H-form, fractional mass remaining 0.538
F-factor, H-form 0.932

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

2.2 Crystalline Silicotitanate

Crystalline silicotitanate (CST) IE-911, Lot 2081000009, was obtained from UOP LLC, Des Plaines,
IL. The UQOP particle-size specification of this material was 30 to 60 mesh. The material was provided in
the hydrogen form. A 5-g aliquot was converted to the Na form by soaking in 40 mL of 1 M NaOH for
two days. The NaOH solution was then decanted, and the CST was rinsed with five successive volumes
of DI water. The resin was then dried at 95°C overnight. The F-factor, 0.9708, was determined at the
same time the batch-contact samples were weighed. This was obtained by drying approximately 0.5 g at
105°C to constant mass.

2.3 AN102/C-104 and AN-102 Feeds

The AN-102 sample receipt, homogenization, phase separation, subsampling, mixing with C-104
wash and permeate solutions, and analysis have been previously reported (Urie et al. 2002a). This
material was then evaporated to nominally 5 M Na (Lumetta et al. 2002) and underwent Sr/TRU®
precipitation and removal by filtration (Hallen et al. 2002). The total volume of AN-102/C-104 available
for Cs ion exchange and batch-contact processing was about 788 mL. To conserve the AN-102/C-104
material for follow-on work, the IE-911 batch contacts were conducted with AN-102. The total volume
of AN-102 available for batch contacts was 34 mL. Both feeds, AN-102/C-104 and AN-102, were
analyzed, and the results are summarized in Table 2.3 (analytical details are provided in Appendix D).
Generally, the AN-102 feed analytes were about a factor of 1.2 more concentrated than the AN102/C104
analytes. An exception is the *Sr that was removed from the AN-102/C104 combined feed before Cs ion
exchange.

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

measurements.
(b) TRU = transuranic
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Table 2.3. Compositions of AN-102/C-104 and AN-102 (Envelope C)

Analyte AN-102/C-104 AN-102
Solution density, g/mL 1.244 1.301
Cations, M
Na® 4.8 E+0 6.1 E+0
K [2.4 E-2] [2.8 E-2]
Cs'® 5.99 E-5 7.70 E-5
Ca®’ [3.7 E-3] [4.7 E-3]
Ccd** 2.31 E-4 2.86 E-4
Cu?' [1.6 E-4] [1.3 E-4]
Ni*" 3.20 E-3 4.06 E-3
Pb*" [3.2 E-4] [42 E-4]
Sr** 9.87 E-4 6.98 E-4
Mole Ratios
Na/Cs mole ratio 8.0 E+4 79 E+4
K/Cs mole ratio 4.0 E+2 3.6 E+2
Anions, M
AlO, @ 3.04 E-1 2.46 E-1
Cr 539 E-2 NA
F <23 E-1(3) NA
CO;> (hot persulfate method) 6.94 E-1 NA
CO;> (furnace method) 4.75 E-1 NA
Cro/> @ 2.08 E-3 2.31 E-3
NO, 9.23 E-1 NA
NOy 1.66 E+0 NA
OH 2.0 E-1 NA
PO, @ (ICP-AES) 2.41 E-2 1.47 E-2
PO, (IC) 3.63 E-2 NA
SO~ 6.84 E-2 NA
Uranyl 1.15 E-4 NA
Oxalate 34 E-2 NA
TOC, g/L (hot persulfate method) 1.19 E+1 NA
TOC, g/L (furnace method) 1.89 E+1 NA
Radionuclides, pCi/mL
Total alpha 1.26 E-2 NA
Co 4.06 E-2 5.48 E-2
9Sr 1.70 E+0 1.40 E+1
PTc 7.71 E-2 NA
¥Cs 1.61 E+2 2.07 E+2
By <6 E-2 <2 E-1

(1) The Cs concentration was calculated from the *’Cs concentration measured by gamma energy
analysis (GEA), and the isotopic ratio was measured by thermal ionization mass spectrometry

(TIMS).

(2) Al Cr, and P were determined by inductively-coupled plasma atomic emission spectrometry
(ICP-AES). The anionic form was assumed on the basis of waste chemistry.
(3) F concentration is an upper bound; coeluting anions positively interfered with peak integration.

NA = not analyzed

Bracketed results indicate that the analyte concentration uncertainty exceeded 15%.
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The aluminum concentration was higher in the AN-102/C-104 feed than in the AN-102 feed, most
probably from caustic leaching of the C-104 solids. The measured AN-102 feed composition generally
agreed within 10% of the AN-102 composition previously reported (Hassan et al. 2000); the
AN-102/C-104 composition generally agreed within 30% with the published composition, with the
exception of OH. Hassan et al. reported 1.69 M OH, eight times the OH concentration found in
AN-102/C-104.

Carbonate and total organic carbon (TOC) are reported here and elsewhere for two different
analytical methods: hot persulfate oxidation and furnace oxidation. The differences in results of the two
methods reflect the ease or difficulty with which various organic constituents oxidize in the given method.

2.4 Batch Contacts

The batch contacts were performed with the H-form of SL-644 batch 010319SMC-1V-73, 212- to
425-um dry particle size.” The Na-form of IE-911 was tested in parallel with the SL-644. Batch
contacts were performed using feed at three different Cs concentrations. Aliquots of tank-waste samples
were tested without spiking, and additional aliquots were spiked with 0.75 M CsNOj; to obtain stock
solutions of nominally 1 E-3 M and 5 E-3 M Cs. The initial Cs concentrations in the stock contact
solutions and the corresponding Na/Cs and K/Cs mole ratios are given in Table 2.4.

Table 2.4. Initial Cs Concentrations in the AN-102/C-104 Solutions Used for the Batch Ky Tests

Target Initial Target Nominal Target Nominal
Solution Cs Conc. [M] Na/Cs"mole ratio K/Cs” mole ratio
SL.-644 Batch Contact with AN-102/C-104
Un-spiked 6.0 E-5 8.0 E+4 4.0 E+2
Cs Spike 1 1.0 E-3 5.0 E+3 2.4 E+1
Cs Spike 2 5.0 E-3 1.0 E+3 4.8 E+0
1E-911 Batch Contact with AN-102
Un-spiked 7.7 E-5 7.9 E+4 3.6 E+2
Cs Spike 1 1.0 E-3 6.0 E+3 2.8 E+1
Cs Spike 2 5.0 E-3 1.2 E+3 5.6 E+0
(1) Na' and K" are the primary cations that compete with Cs" for ion exchange with SL-644.

The batch K, tests were performed in duplicate 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 feed. The
exchanger mass was determined to an accuracy of 0.0002 g. The waste volume was transferred by pipet,
and the actual volume was determined by mass difference with an accuracy of 0.0002 g and the solution
density. An orbital shaker provided agitation for approximately 24 h for SL-644 and 72 h for IE-911.¥
The temperature was not controlled but was generally constant at 25 to 29°C during the 3 days of contact.

(c) Batch-contact testing was conducted according to, and documented in, Test Instruction TI-RPP-WTP-082,
Rev. 0, Batch Contact of AP-101 and AN-102/C104 Waste with SuperLig 644 (Batch ID 010319SMC-1V-73) and
CST, S. K. Fiskum, June 2001.

(d) The 24-h contact time for SL-644 was defined in the test specification. The 72-h contact time for IE-911 was
applied based on the results of Brown et al. 1996.
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All Cs K4 measurements were determined by measuring "*’Cs on both the stock solution (initial
concentration) and the contacted solution (final concentration). Initial **Cs concentrations were
confirmed by inductively-coupled plasma-mass spectrometry (ICP-MS). The IE-911 batch-contact
samples were also measured for PSr to evaluate Sr Kgs.

The batch-distribution coefficient, K4 (with units of mL/g), was determined using the following
relationship:
_ (CO - CI) * V

= 1
K C, M*F (1)

where C, = the initial "*’Cs concentration
C, = the final *’Cs concentration
V = the volume of the liquid sample (mL)
M = the mass of the ion exchanger (g) (SL-644 H-form mass corrected for the Na-form mass
increase or Na-form IE-911 mass)
F = the dried resin mass divided by the initial resin mass.

For the Sr K, determination, C, and C; are the initial and final %Sr concentrations.

The SL-644 dry-bed resin density, p (g of resin per mL of resin in contact with solution), was
obtained according to the following equation:

m*L*F =],
p= A —\ (2)
BV
where m = resin mass in the ion exchange column, as-received form
L = fractional mass remaining after washing (0.538)
F = water-loss factor, as-received form (0.877)

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

BV = resin bed volume (BV) in the feed (discussed in Section 3.2.5).

The dry-bed density for IE-911 was calculated according to the following equation:

m*F
= 3
P="2y 3)
where m = resin mass
F = water loss factor
BV = resin BV in AW-101 simulant.
The Cs A value (column-distribution ratio) is a function of the dry-bed density and is obtained as
shown in Equation 4.
A=K, *p 4)
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2.5 Experimental Conditions for SL.-644 Column Ion Exchange Test

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

The columns were prepared at the SRTC Glassblowing Laboratory. Each column consisted of a
15-cm glass column with a 24/40 taper ground-glass fitting on top and a threaded fitting on the bottom. A
polyethylene bushing was installed in the glass-threaded fitting to accommodate a Y4-in stainless steel
National Pipe Thread (NPT) fitting. The inside diameter of each column was 1.46 cm, which
corresponded to a volume of 1.67 mL/cm. A stainless steel, 200-mesh screen supported the resin bed.
The height of the resin bed (and thus shrinkage and swelling) was measured with a decal millimeter scale
affixed to the column. The upper section contained four entry ports and a taper joint with a screw cap that
securely fitted the column. The lead column assembly used a pressure relief valve (10 psi trigger),
pressure gauge, and sample inlet; the remaining port was plugged. The lag column assembly used one
port for sample entry, and the other three ports were plugged. In both columns, the inlet sample lines
extended through the port opening to the top of the column. The connecting tubing was '/s-in. OD, '/¢-in.
ID polyethylene. Valved quick-disconnects (Cole Parmer) were installed in-line to allow for ease of
column switching. An FMI QVG50 pump (Fluid Metering, Inc., Syosset, NY) equipped with a ceramic
and Kynar® coated low-flow piston pump head was used to introduce all fluids. The flowrate was
controlled with a remotely operated FMI stroke-rate controller. The pump was calibrated with the
stroke-rate controller and could provide pumping rates from 0.08 to16 mL/min. The volume actually
pumped was determined using the mass of the fluid and the fluid density. The pressure indicated on the
pressure gauge remained below 5 psi during all runs. The total holdup volume of the Cs ion exchange
system was the summed volume of all fluid-filled parts and was estimated to be 42 mL.
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Before installing the system into the hot cell, both of the resin beds were individually cycled through
the acid form. After the resin cycling, the corrected mass of the Na-form SL-644 was calculated to be
2.4 g, on a dry-weight basis, in each column according to the following equation:

Mped = Mar * Far * L *Ina (5)

where My = the resin bed mass in the Na-form on a dry-weight basis
Mjr = the resin mass loaded in the column, as-received form
Far = the F-factor for the as-received resin (0.877)
L = the fractional mass remaining after conversion to the H-form (0.538)
Ina = the fractional mass gain on conversion from the H-form to the Na-form (1.25).

The entire ion exchange system was then used for a full shakedown experiment with AW-101
simulant (Fiskum, Blanchard, and Arm 2002). Both columns were individually eluted, rinsed, and
regenerated. The ion exchange system was then used to process AP-101 diluted feed (AP-101DF) tank
waste (Fiskum et al. 2002). Only the lead column was eluted to a '*’Cs concentration C/C, of 4 E-3,
which was equivalent to a "*’Cs concentration of 0.5 pCi/mL. The lead column was then rinsed with DI
water, regenerated with 0.25 M NaOH, and again rinsed with DI water. The lag column contained an
estimated 35 pCi "*’Cs from the lead column Cs breakthrough (Fiskum et al. 2002). The beds had been
stored approximately 8 weeks in the Na-form in DI water since the end of the AP-101DF column run.

The lead and lag columns were switched, and the apparatus volume (AV) of DI water was displaced
with 0.25 M NaOH before introducing AN-102/C-104 feed. All subsequent processing® was performed
in the hot cells at temperatures ranging from 25 to 29°C. The experimental conditions for each process
step are shown in Table 2.5, where one BV is the volume in 0.25 M NaOH, 10.4 mL. The bed
conditioning, AN-102/C-104 loading, feed displacement, and DI water-rinse steps were conducted by
passing these solutions through both resin beds connected in series. The AN-102/C-104 effluent was
collected in two effluent bottles. The first bottle collected 41 mL, nominally one AV, and consisted
primarily of the displaced regeneration solution. The remaining effluent was collected as one fraction.
The initial 43-mL (1 AV) of feed-displacement solution was collected in the AN-102/C-104 effluent
composite bottle. This allowed maximum recovery of the AN-102/C-104 feed and minimized loss
associated with feed-displacement sampling. Sampling of the feed-displacement solution began
immediately after the 1-AV displacement. The elution was conducted on the lead column only,
continuing until 16.8 BV had been processed through the column. The ion exchange system was idled at
this point overnight for 13.5 h in 0.5 M HNO;. Then two additional BVs of 0.5 M HNO; were passed
through the column. The resin bed was then rinsed, regenerated, and rinsed again as shown in Table 2.5.

(a) Processing and data collection were recorded in Test Instruction TI-PNNL-WTP-080, Rev. 0, “Separation of
Cesium from Hanford Tank Waste AN-102/C-104 Wash Solution Integrated Test Sample Using the Dual Small-
Column SuperLig 644 Cesium lon Exchange System,” SK Fiskum, 6/21/02.
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Table 2.5. Experimental Conditions for AN-102/C-104 Ion Exchange

Total Volume Flowrate Time,
Process step Solution BV® [AV® | mL | BV/h | mL/min| h | T,°C
Two columns in series
DI water displacement [0.25 M NaOH | 8.0 2.0 83 2.7 0.47 2.9 27
AN-102/
Loading Lead column® | C-104 Feed 2.4 i 753 27 047 272 28
AN-102/
Loading Lag column | C-104 Feed 708 . 736 27 047 272 28
Feed displacement 0.l MNaOH | 11.6 29 | 121 2.8 0.48 4.6 28
DI water rinse DI water 8.2 2.0 86 2.7 0.47 3.2 28
Lead column only
Elution 0.5MHNO, | 189 - 197 | 0.95 0.16 |33.79 28
Eluant rinse DI water 5.9 2.7 62 2.8 0.49 2.1 28
Regeneration 0.25 M NaOH 4.9 2.2 51 0.92 0.16 5.5 32
Rinse DI water 4.6 2.1 48 2.6 0.45 2.0 32

(1) BV =bed volume (10.4 mL in 0.25 M NaOH regeneration condition)
(2) AV = apparatus volume (42 mL for columns in series; 23 mL for lead column and 21 mL for lag column)
(3) Ion exchange run began on 6/26/01.
(4) The feed volume through the lag column is reduced because of sampling from the lead column.
(5) The elution time includes 13.5 h when the system was idled in 0.5 M HNO; overnight.
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2.6 Column Sampling

The sampling and analysis protocol is shown in Table 2.6. During the loading phase, small samples
(about 2 mL) were collected from the lead and lag columns starting at 5 BVs, then at 13 BVs and
continuing in nominal 10-BV increments of feed. The flowrate varied between 2.6 and 2.9 BV/h. The
flowrate doubled during sample collection from the lead column because of the strong siphoning effect at
the sample port. Thus, for the eight samples collected from the lead column and for 2 min for each
sample, AN-102/C-104 fed at a nominal flowrate of 6 BV/h. The feed displacement, DI water rinse,
elution, and elution-rinse samples were taken at 1-BV increments at flowrates shown in Table 2.5.

Table 2.6. Sampling Interval and Analyses

Frequency
Lead Column | Lag Column Approximate
Process Step BV BV Sample Size (mL) Analyses
Loading Every 10 BV Every 10 BV 2 GEA
Feed
displacement — Every 1 BV 10 GEA
DI water rinse — Every 1 BV 10 GEA
Elution Every 1 BV — 10 GEA
Eluant rinse Every 1 BV — 10 GEA
Composite Samples
Effluent — 1 — — 2 GEA
GEA, ICP-AES, IC, U,
ICP-MS (Tc),
Effluent pertechnetate, OH,
composite — — 10 TOC/TIC
Regeneration 1 composite — 10 ICP-AES, GEA, OH-
ICP-AES, GEA, TOC,
IC, U,
TIMS, and various

Eluate 1 composite — 10 radioisotopes

GEA = gamma energy analysis

ICP-AES = inductively coupled plasma atomic energy spectrometry
IC = ion chromatography

ICP-MS = inductively coupled plasma mass spectrometry

OH = hydroxide

TOC = total organic carbon

TIC = total inorganic carbon

TIMS = thermal ionization mass spectrometry
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2.7 Sample Analysis

The "*’Cs concentration was determined using a benchtop GEA spectrometer, which allowed for rapid
sample analysis. Selected sample results were later confirmed by GEA analysis in the Chemical
Measurements Center (CMC) analytical laboratory. The effluent composite sample was submitted for
various analyses: GEA, ICP-AES, TOC/TIC, IC, T, pertechnetate, U, and OH". The eluate samples
required dilution before removal from the hot cell to reduce the dose rate from '*’Cs. The extent of
dilution was determined by mass difference. Once the GEA results were confirmed for the eluate
samples, the eluate samples were composited,® and a sample of the composite was submitted for various
analyses: GEA, ICP-AES, TOC, IC, U, *Sr, total alpha, and thermal ionization mass spectrometry
(TIMS) for Cs isotopic distribution. A sample of the regeneration solution was taken for ICP-AES and
OH’ determination.

The Na and other metal concentrations were determined with ICP-AES. The OH concentration was
determined by potentiometric titration with standardized HCl. Uranium was determined using kinetic
phosphorescence. The total Tc concentration was determined by ICP-MS, and the pertechnetate
concentration was determined using radiochemical separations specific for pertechnetate followed by beta
counting. Anions were determined using ion chromatography. TOC and TIC were determined by silver-
catalyzed hot-persulfate oxidation and furnace oxidation methods.

(b) Compositing was conducted according to Test Instruction TI-RPP-WTP-106, Rev. 0, “Preparing a Composite
Solution of the Acid Eluate Samples from AN-102/C-104 Cs Ion Exchange Column 1,” SK Fiskum, 9/4/01.
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3.0 Results and Discussion

This section describes the results from batch-contact tests and the column test with SL-644.
3.1 Batch Contact Results

The K4 values were calculated using Equation 1 and are based on '*’Cs concentrations as measured by
GEA. The Na/Cs mole ratios were calculated based on the measured Na and total Cs concentrations in
the uncontacted AN-102/C-104 and AN-102. The equilibrium Cs concentration was based on the '*’Cs
concentrations and the ratio of '*’Cs:total Cs determined for the unspiked and spiked solutions. The Na
concentration was assumed to be constant for the batch contacts. Since the quantity of H" added with the
resin was small relative to the moles of Na” and OH" in the contact solution (phase ratio of 100 mL of
solution:gram of exchanger), this was a reasonable assumption. In these experiments the waste solutions
were estimated to have 1 meq of OH™ and 24 meq of Na', while the resin contained 0.1 meq of H' for the
0.05 g resin used in the batch distribution tests.”’

The calculated *’Cs distribution coefficients (Kgs) are plotted in Figure 3.1 for SL-644 in contact
with AN-102/C-104 and IE-911 in contact with AN-102. At the nominal feed condition of 8§ E+4 Na/Cs
mole ratio, the SL-644 and IE-911 have nearly equivalent K4 values of 950 and 1100 mL/g, respectively.

2700 I
2400 ' .
I /' —&— SL-644
2100 I /
o 1800 | O SL-644, CMC
3 : analysis
% 1500 | —— [E-911
%1200 '
& A o IE-911 CMC
900 | analysis
. — — SL-644 feed
600
/// I condition
300 "f/ I
0 — L ]

1E+3 1E+4 1E+5 1E+6 1E+7
Equilibrium Na:Cs Mole Ratio

Figure 3.1. "’Cs Distribution Coefficients (K4) for SL-644 (AN-102/C-104)
and IE-911 (AN-102) (T = 27 °C)

(a) The resin contained 2.2 meq H' per gram of H-form resin (Rapko et al. 2002).
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The calculated dry-bed densities determined using the resin masses and volumes in the ion exchange
column system (discussed in Section 3.2.5) are given in Table 3.1. The Na-form resin mass was corrected
as defined in Equation 5. Good agreements of the dry-bed densities were obtained between the lead and
lag columns. The AN-102/C-104 form dry-bed density was approximately equivalent to the 0.5 M HNO;
form dry-bed density. In this case, the decrease in mass associated with the change from the Na-form to
the H-form was approximately equivalent to the decrease in volume upon contracting from the Na-form
to the H-form.

Table 3.1. SL-644 Dry Bed Density

010319SMC-1V-73,

010319SMC-1V-73,

Property Lead Column Lag Column
Column resin mass, g"" 4.20 4.17
Corrected column Na-form resin mass, g 2.48 2.46
Bed volume, 0.25 M NaOH, mL 10.4 10.5

Bed volume, AN-102/C-104, mL 9.9 9.9

Bed volume, 0.5M HNO; 7.7 not performed
Dry bed density, py, in given matrix

Na-form resin

0.25 M NaOH, g/mL 0.238 0.234
AN-102/C-104, g/mL 0.250 0.248
H-form resin

0.5 M HNO;, g/mL 0.258 not performed

(1) The 212- to 425-um particle-size resin mass measured in the as-received form.

The Cs A value for SL-644 was calculated according to Equation 4 to be 250 BVs in the
AN-102/C-104 feed condition, and 240 BVs in the 0.25 M NaOH regeneration condition. This value is
the approximate point at which the Cs breakthrough curve is predicted to pass through C/C, = 50% if
sufficient feed were available for processing. There was insufficient AN-102/C-104 available to
determine the IE-911 bed density in the feed. The dry-bed density was determined in AW-101 simulant
to be 1.04 g/mL. Assuming that the bed density of I[E-911 is constant in these matrices, the Cs A value for
IE-911 was estimated to be 1100 BVs. Figure 3.2 shows the Cs A values as a function of Na/Cs mole
ratio for the IE-911 (assumed bed density of 1.04 g/mL, dried to 105 °C) and the SL-644 (calculated bed
density in 0.25 M NaOH of 0.25 g/mL, dried at ambient temperature under vacuum).

Strontium-90 was also measured in the IE-911 batch-contacted AN-102 aqueous fractions to evaluate
Sr Kgs. The *’Sr Kgs were fairly constant, ranging from 35 to 53 mL/g for the range of Na/Cs mole ratios
tested. These results were much lower than previously reported results for IE-911 (Brown et al. 1996),
where Sr Ky4s >1E+6 mL/g were obtained using an AW-101 simulant (no added complexants). The
difference was probably due to the presence of complexants in the AN-102/C-104 waste (Urie et al.
2002b) that may bind with the Sr and inhibit the ion exchange process.
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Figure 3.2. Estimated *’Cs A Values for SL-644 (AN-102/C-104) and IE-911 (AN-102) (T = 26°C)

3.2 Column Test with SL-644

The column system and resin beds used for AN-102/C-104 processing were also used for processing
the AW-101 simulant and the AP-101DF actual waste. This test represented the third complete cycle
using these resin beds. No resin fouling was observed through all ion exchange processing.

3.2.1 Loading, Feed Displacement, and Rinse

The loading phase was initiated with AN-102/C-104. Approximately 1 AV (41 mL) of effluent was
initially collected in a separate collection bottle. Most of this effluent was 0.25 M NaOH from the
regeneration step mixed with some AN-102/C-104 in the ion exchange apparatus. This solution was
maintained separately and not mixed with the final Cs-decontaminated AN-102/C-104 effluent
composite; thus, most of the apparatus 0.25 M NaOH solution was prevented from mixing with the
AN-102/C104 effluent. The resin beds shrank an average 5.6% to 9.9 mL as they converted from the
regeneration solution to the AN-102/C-104 feed.

The effluent Cs concentrations are shown in Figure 3.3 as % C/C, vs. the BVs of feed processed
through each column. The abscissa reflects BVs as a function of the resin in the expanded regeneration
condition of 10.4 mL. The C, value for *’Cs was determined to be 161 uCi/mL. The % C/C, is plotted
on a probability scale as this scale tends to provide a straight-line breakthrough curve. The C/C, values,
determined using an in-house GEA spectrometer, were generally in good agreement with selected
samples independently analyzed by the CMC analytical laboratory. Raw analytical results and
calculations are located Appendix C.
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Figure 3.3. "*'Cs Breakthrough Curves for AN-102/C-104 Sample

There was insufficient feed available to result in any Cs breakthrough from the lead column.® Thus
the Cs A value (the point at which the C/C, value is 50%) could not be estimated or compared with the Cs
A value predicted from batch-contact studies. This load profile is different than that reported by Hassan
et al. (2000), where breakthrough was found within 5 BV, and at 60-BV loading they observed 4.5%
breakthrough on the lead column. Differences in the load profiles may be attributable in part to the
differences in feed composition, the differences in resin particle-size distributions, differences in specific
characteristics of the two SL-644 production batches, and differences in the storage and process history of
the resins.

(b) Only 753-mL or 72.4 BVs AN-102/C-104 were available; an estimated 2500 mL or 240 BVs were necessary to
reach 50% C/C.,.
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The '*'Cs concentrations in the lag column samples were clearly higher (by a factor of 50) in activity
than those of the lead column. This was consistent with '*’Cs “bleed-off” from the previous AP-101DF
ion exchange processing where the Cs elution ended at a '*’Cs concentration of 0.5 pCi/mL. The effluent
¥7Cs concentration averaged 1.4 E-2 pCi/mL over the entire AN-102/C-104 processing period. Thus a
total of 10.3 pCi "*’Cs were removed from the lag column as bleed-off and collected in the 736-mL
AN-102/C-104 effluent. This is equivalent to 0.007 % of the total *’Cs loaded during the AP-101DF
processing, where AP-101DF loading continued through 112 BV and a lead column C/C, of 0.27 %. The
plant-design loading was expected to continue to about 190 BV to a C/C, of 50 %. The possibility exists
that Cs bleed-off during AN-102/C-104 processing could be higher if more AP-101DF feed could have
been processed. With plant-design operation continuing through only 74-BV processing, the possibility
exists that the subsequent Cs bleed-off during subsequent waste processing could be lower than observed.

The bleed-off was constant over the course of the loading phase, dropping sharply with the
introduction of the feed displacement and DI water rinse. The drop in Cs bleed-off is related to the drop
in Na concentration in the feed, which acts as a competing ion to the Cs on the ion exchanger.

The contract "*’Cs removal limit is also shown in Figure 3.3. The C/C, value of 0.104% corresponds
to the contract limit of 0.3 Ci/m’® for '*’Cs in the LAW glass. The C/C, value corresponding to this limit
was determined using the Na concentration of 4.8 M in the AN-102/C-104, the '*’Cs feed concentration
of 161 pCi/mL, a 10 wt% total Na,O loading in the glass, and a glass-product density of 2.66 g/mL.
Despite the "*’Cs bleed-off from the lag column, the effluent *’Cs concentration remained below the
contract limit.

The decontamination factors (DFs) were calculated on selected effluent samples and the composite
effluent, and are summarized in Table 3.2. These may be compared to the contract limit of C/C, =
0.104% (DF =960). Sufficient Cs was removed so that the contract limit was met.

Table 3.2. Decontamination Factors for '*’Cs from AN-102/C-104

volume, Y7Cs Concentration
Sample BV (mL) pCi/mL" C/C,, % DF
Second lead column sample 13.2 (137) 2.95 E-4 1.83 E-4 5.5 E+5
Final lead column sample 67.1 (697) 2.10 E-4 1.30 E-4 7.7 E+5
Second lag column sample 13.0 (135) 1.40 E-2 8.70 E-3 1.2 E+4
Final lag column sample 65.6 (682) 1.21 E-2 7.52 E-3 1.3 E+4
Composite effluent 72.4 (753) 1.42 E-2 8.82 E-3 1.1 E+4

(1) The "’Cs uncertainty ranges from 3% to 8% relative error, 1-c.

The Cs-decontaminated effluent was characterized, and the results are summarized in Table 3.3.
Major analyte concentrations were equivalent to the feed concentrations within the experimental error of
the method (typically £15%). Uranyl and Cu have been notably removed from the tank waste along with
the Cs. Oxalate, Ni, PO,, and ®*Co concentrations were also lower in the LAW product than the feed.

(¢) The maximum Envelope C waste Na,O loading is 14 wt%, corresponding to a C/C, of 0.074%.
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Table 3.3. AN-102/C-104 Cs-Decontaminated Effluent

Analyte AN-102/C-104, Effluent M % Change from Feed
Solution density, g/mL 1.237 T=24°C -0.6
Cations, M
Na® 4.78 E+0 -1.0
K 2.76 E-2 13.6
Cs' 5.28 E-9 >-99
Ca®* 3.72 E-3 0.5
Ccd* 2.15 E-4 -13.0
Cu?! <1 E-5 [>-95]
NiZ 2.47 E-3 -22.8
Pb** 3.33 E-4 6.1
Sr*’ 9.92 E-4 0.5
Anions, M
AlO, @ 291 E-1 -4.3
Cr 5.08 E-2 -5.8
F@ <33 E-1 NA
CO,> (hot persulfate method) 7.6 E-1 9.2
CO5> (furnace method) Indeterminate"”’ NA®
Cro,> 1.89 E-3 9.1
NO, 9.00 E-1 2.2
NOy 1.73 E+1 4.0
OH 1.80 E-1 -10.0
PO, " (ICP-AES) 1.81 E-2 252
PO, (IC) 2.32 E-2 -36.1
SO~ 6.97 E-2 1.9
Uranyl 3.45 E-6 -97.0
Oxalate 1.59 E-2 -53.2
TOC, g/L (hot persulfate method) 12.3 34
TOC, g/L (furnace method) 21.2 12.2
Radionuclides, pCi/mL

Total alpha 1.10 E-2 -12.7
Co 3.41 E-2 -16.0
Sy 1.52 E+0 -10.6
"Tc 7.95 E-2 3.1
YCs 1.40 E-2 >-99
Eu 2.20 E-2 NA

(1) Al, Cr, and P determined by ICP-AES. The anionic form is assumed on the basis of waste chemistry.
(2) F concentration is an upper bound; coeluting anions positively interfered with peak integration.
(3) The furnace method TIC could not be determined. The total carbon (TC) was equivalent to the TOC

and TIC = TC-TOC.
NA = not analyzed

Bracketed results indicate the analyte concentration uncertainty exceeds 15%. Less-than results indicate that

the analyte concentration was below the instrument detection limit (IDL); the dilution-corrected IDL is

given.
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3.2.2 Elution and Eluant Rinse

The lead column elution and eluant rinse steps ¥cs ¢/C, values are shown in F igure 3.4. The
ordinate is a logarithmic scale to clearly show the large range of C/C, values obtained. The abscissa is
given in BVs relative to the regeneration condition. Most of the '*’Cs was contained in elution BVs 3 to
5. The peak value of C/C, was found to be 53. The elution cutoff of C/C, = 0.01 was reached at 11 BVs
but elution was continued beyond this because of the lag between sample collection and the determination
of the Cs concentration. The relative C/C, increased at 18 BVs. The ion exchange system was idled at
this point overnight for 13.5 h in 0.5 M HNO;. During this time, additional Cs exchanged out of the
SL.-644, indicating that previous eluate samples from the elution curve tail were not in equilibrium with
the Cs still loaded on the resin. Thus, the increase in C/C, is attributed to a slight non-equilibrium
condition during the elution process, not a change in elution kinetics. The C/C, values for the eluant rinse
with DI water drop rapidly in "*’Cs concentration, indicating that DI water does not continue Cs elution.

1E+2 *
£\
—— i
1E+1 3 Cs Elution
\ ¢ CMC analytical
1E+0 —&— DI water rinse
9 1E1
@)
z <
O B2
o o
153 ‘\‘\‘\A—H
1E-4
EFHBAbF-—m™ ™
0 5 10 15 20 25
Bed Volume

Conditions: SL-644 batch # 010319SMC-1V-073 212- to 425-um dry particle size
Bed volume in the 0.25M NaOH regeneration condition = 10.4 mL
Flowrate = 0.95 BV/h Process temperature = 28 °C
¥Cs C, =161 uCi/mL  Eluant = 0.5 M HNO:;.

Figure 3.4. "*'Cs Elution and Eluant Rinse of the Lead Column

(d) The C, refers to the *’Cs concentration in the AN-102/C-104 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 eluate samples from the lead column were composited, and a sub-sample was taken for analysis.
The analytical results are shown in Tables 3.4 and 3.5. Sodium was the dominant component detected
using ICP-AES with some Cd, Cr, Cu, Fe, Ni, Pb, and U eluting as well. A summary of these analyte

Table 3.4. Inorganic and Organic Analytes in the Lead Column Eluate Composite

MRQ® | Cs eluate® MRQ® | Cs eluate®
Analyte Method pg/mL pg/mL Analyte Method pg/mL pg/mL
Al ICP-AES 75 [5.8] U KPA 600 167
Ba ICP-AES 2.3 [0.18] | Zn ICP-AES 17 [2.8]
Ca ICP-AES 150 <3 Cr IC 3 22
Cd ICP-AES 8 2.35 F IC 150 <13
Co ICP-AES 30 <0.5 NO;5 IC 3000 27,800
Cr ICP-AES 15 23 PO,” IC 2500 <25
csY GEA L5 33.2 N IC 2300 <25
Cu ICP-AES 17 [31] TOC Hot Pers. 1500 130
Fe ICP-AES 150 [6.4] TOC Furnace 1500 <100
K ICP-AES 75 <20 Glycolate Organic IC 1500 <150
La ICP-AES 35 <0.5 Acetate Organic IC 1500 <120
Mg ICP-AES 300 <1 Formate Organic IC 1500 <200
Mn ICP-AES 150 <0.5 Oxalate Organic IC 1500 <260
Mo ICP-AES 150 <0.5 Citrate Organic IC 1500 <510
Na ICP-AES 75 790 EDTA GC/FID 1500 <5
Ni ICP-AES 30 68 HEDTA GC/FID 1500 <9

Pb ICP-AES 300 25 ED3A GC/FID 1500 <5

Si ICP-AES 170 [20] NTA GC/FID 1500 <6

Sn ICP-AES 1500 <15 NIDA/IDA® | GC/FID 1500 <11

Sr ICP-AES | NMRQY [1.1] | Citric acid GC/FID 1500 <6

Ti ICP-AES 17 <0.3 | Succinic acid | GC/FID 1500 19

U ICP-AES 600 [175]

EDTA = ethylenediaminetetraacetic acid; HEDTA = N-(2-hydroxyethyl ethylenediaminetriacetic acid

ED3A = ethylenediaminetriacetic acid; NTA = nitrilotriacetic acid; IDA = iminodiactic acid

NIDA = nitrosoiminodiacetic acid

(1) MRQ is minimum reportable quantity requested by Bechtel.

(2) 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%. Less-than values indicate that the analyte was not detected
by the instrument, and the reported value represents the IDL multiplied by the sample dilution factor.

(3) NMRQ is no minimum reportable quantity requested.

(4) The total Cs concentration was calculated based on the "*’Cs concentration and the isotopic distribution
ratio.

(5) TheOIDA was completely converted to NIDA in the presence of nitrite in tank waste.
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Table 3.5. Radionuclides in the Lead Column Eluate Composite

MRQ" | Cseluate | Error MRQ" | Cseluate |Error
Analyte | Method | pCi/mL | pCi/mL® Y% Analyte Method | uCi/mL | pCi/mL %
Co GEA |NMRQY?| <7E-3 — S2Ey GEA | NMRQ | <9E-3 -
*Sr Radchem | 1.50E-1| 7.8E-2 50 '*Eu GEA | 200E-3 | <8E-3 -
125Sn/Sb GEA NMRQ | <7E-2 — 55Ey GEA | 900E-2 | <3E-1 -
Cs GEA NMRQ | <7E-3 — *'Am | Radchem | 7.20E-04 | 1.18 E-3 3
B7Cs GEA | 5.00E-2| 6.65E+2 3 | Total alpha | Radchem | 2.30E-01 | <2 E-2 —

(1) MRQ is minimum reportable quantity requested by Bechtel.

(2) NMRQ is no minimum reportable quantity requested.

(3) Less-than values indicate that the analyte was not detected by the instrument, and the reported value represents
the IDL multiplied by the sample dilution factor.

recoveries is presented in Table 3.6. The U recovered in the eluate (~33 mg) represented 160% of the U
present in the AN-102/C-104 feed (21 mg). The AP-101DF processing apparently loaded some U on the
lag column. The total U loaded with the AP-101DF was 48 mg, and the amount recovered in the eluate
was 42 mg. The difference of 6 mg U was applied to the lag column U loading. Switching this column
into the lead position for AN102/C-104 processing resulted in a partially U-loaded lead column. Thus,
the total U recovered in the eluate (33 mg) represented 123% of the total U loaded on the lead column

(6 mg from AP-101DF processing plus 21 mg from AN-102/C-104 processing). The apparent Cu loading
was surprising with 80% recovered in the eluate. Despite the larger uncertainty in the Cu result (exceeded
+15%), the total calculated mass was supported by the apparent mass loss of Cu in the AN-102/C-104
effluent (Table 3.3). As expected, '*’Cs was the dominant radionuclide detected. The only significant
anion detected was nitrate, which was not surprising since the eluant was 0.5 M HNOs.

Table 3.6. Seclect Analyte Recoveries in Eluate

Estimated remaining Amount Amount

AN102/C-104 from AP-101DF recovered in recovered in Recovery in
Analyte feed, total mg processing, mg eluate, mg eluate, mmoles Eluate, %
U 20.7 6 32.9 0.138 123
Al 6.18 E+3 — [1.13] 0.042 [0.02]
Cd 19.6 — 0.46 0.0041 2.3
Cr 81.3 — 4.5 0.087 5.6
Cu [7.5] — 6.0 0.094 [80]
Fe [7.1] — 1.3 0.023 [18]
Na 8.36 E+4 — 156 6.78 0.19
Ni 142 — 13.3 0.227 9.4
Pb 50.5 — 4.9 0.024 9.8
Values in brackets are based on results reported within 10 times the detection limit, and errors are likely to
exceed +/-15%.

The minimum reportable quantity (MRQ) specified by the client is provided in Table 3.4 for
information along with the actual analytical result. In cases where a result was below the instrument
detection limit (IDL), the dilution-corrected IDL is provided as a “less-than” value. Most of the MRQ
levels were met with some exceptions. The large amount of '*’Cs prevented the detection limits for "**Eu,
and '*’Eu from meeting the MRQ levels. Relatively high *’Cs activity increases the gamma background
level in the detectors because of Compton scattering, thereby making it difficult to detect lower
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concentrations of other gamma emitters. The large nitrate concentration required large sample dilutions
and prevented the estimated quantitation limit (EQL) for CI (13 pg/mL) from meeting the MRQ level.
However, Cl was found above the EQL at 22 pg/mL. The total inorganic carbon (TIC) analysis was not
completed because carbonate is known to evolve as CO, in acidic solutions.

3.2.3 Regeneration

The composition of the regeneration solution is shown in Table 3.7. Sodium was the only cation
found above the blank concentration. The charge balance between Na and OH was not equal. The
counter-ion for the extra Na is predicted to be residual NO; from the elution step. The regeneration
solution '*’Cs C/C, was 4.68E-4.

Table 3.7. Composition of Regeneration Solution

Analyte Concentration, ug/mL Concentration, M
Na' 301 1.32 E-2

K" <40 <1E-3

OH 60 3.6 E-3

Total Cs 3.77 E-3 2.8 E-8

PTCs 7.54E-2 pCi/mL —
Density, g/mL 0.998 (T=24°C)

3.2.4 Activity Balance for *’Cs

An activity balance for '*’Cs was completed to compare the *’Cs recovered in various process
streams to the *’Cs present in the feed sample (Table 3.8). As expected, virtually all *’Cs was found in
the eluate stream, recovering >99% of the '*’Cs present in the initial AN-102/C-104 feed. The eluate
resulted in 108% Cs recovery; this high recovery is attributed to analytical error and is most likely closer
to 100%. The other processing effluent Cs recoveries were several orders of magnitude below the eluate
Cs recovery.

Table 3.8. Activity Balance for "*’Cs

Cs Relative to
Solution YCs, pCi Feed Sample, %
Feed Sample (AN-102/C-104) 1.21 E+5 1.0 E+2
Initial AP-101DF loading 3.5 E+l 29 E-2
Effluent 1.0 E+1 85 E-3
Load samples 3.8 E-I 3.1 E4
Feed displacement 84 E-1 6.6 E-4
DI Water Rinse 34 E-1 2.8 E-4
Column #1 Eluate 1.31 E+5 1.08 E+2
Column #1 DI water rinse 6.0 E+0 5.0 E-3
Column #1 regeneration 3.8 E+0 32 E-3
Lag column Cs loading 2.2 E-1 1.8 E-4
Total *’Cs Recovery 1.31 E+5 1.08 E+2
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3.2.5 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, King, and McCabe 1999). The resin BV change history is shown in Table 3.9. The columns are
labeled 1 and 2. Column 1 was the lead column for the AW-101 simulant test and the AP-101DF test;
Column 2 was the lag column for these tests. Results from both tests have been previously reported
(Fiskum, Blanchard, and Arm 2002; Fiskum et al. 2002). These columns were switched for the
AN102/C104 ion exchange test. Thus Column 1 was placed in the lag position, and Column 2 was placed
in the lead position.

The volume contraction after each subsequent 0.5 M HNO; elution step became more pronounced
with cycling. The first volume contraction stabilized at 9.2 mL; the final measured volume contraction
stabilized at 7.7 mL. The variation in BV as a function of the process steps for both columns is shown in
Figure 3.5a and b. In Figure 3.5a, the BVs are normalized to the volume in the 0.25 M NaOH
regeneration condition just before AN-102/C-104 loading. Each process step is denoted with a number
corresponding to the step number in Table 3.9. In Figure 3.5b, the observed volume changes show clearly
the greater contraction and slightly reduced expansion observed over time with repeated cycling.
Fluidizing the bed in the H-form (process Step 10) resulted in tighter resin packing, yet the subsequent
expansion in the Na-form appeared to have been largely unaffected in that the regeneration volume was
equivalent to that obtained before fluidization. There appeared to have been a stepwise decline in resin
volume in both the H-form and the Na-form from AW-101 simulant processing and AP-101DF
processing. The AN-102/C-104 process-step resin volumes appeared similar to those found for
AP-101DF.
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Table 3.9. SL-644 Bed Volumes

010319SMC-1V-73

Process 212- to 425-um particle size
Feed Symbol Step Column 1 Column 2
Initial column positions Lead column, mL Lag column, mL
Initial packing P 1 10.9 10.9
0.5 M HNO; E 2 9.2 8.9
DI water i 3 9.2 8.9
0.25 M NaOH R 4 11.2 10.8
AW-101 simulant F 5 10.2 10.0
0.1 M NaOH FD 6 10.9 10.7
DI water w 7 10.9 10.9
0.5 M HNO; E 8 8.9 8.9
DI water W 9 8.9 8.7
Re-fluidize bed RP 10 7.5 7.5
0.25 M NaOH R 11 11.0 10.9
DI water W 12 10.5 11.0
0.5 M HNO; E 13 7.9 7.7
DI water \ 14 7.9 7.7
0.25 M NaOH R 15 10.7 10.5
AP-101DF F 16 9.7 9.7
0.1 M NaOH FD 17 10.5 10.4
DI water w 18 10.4 10.5
0.5 M HNO; E 19 7.7 —
DI water \ 20 7.7 —
0.25 M NaOH R 21 10.5 —
DI water W 22 10.2 —
Switch column positions Lag column, mL Lead column, mL
0.25 M NaOH R 23 10.5 10.4
AN-102/C-104 F 24 9.9 9.9
0.1 M NaOH FD 25 10.7 10.4
DI water i 26 10.7 10.4
0.5 M HNO; E 27 — 7.7
DI water W 28 — 7.5
0.25 M NaOH R 29 — 10.2
DI water w 30 — 10.4
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4.0 Conclusions

The objectives of the testing were met.

Batch-distribution coefficients (Kys) were developed as a function of Na/Cs mole ratios for both SL-

644 and IE-911 in AN-102/C-104.

The SL-644 feed condition equilibrium data resulted in a K4 of 950 mL/g, corresponding to a
predicted Cs A of 240 BVs (0.25 M NaOH condition) at a Na/Cs mole ratio of 8 E+4, 27°C.

The IE-911 CST feed condition equilibrium data resulted in a K4 value of 1100 mL/g, corresponding
to a predicted Cs A of 1100 BVs at a Na/Cs mole ratio of 8 E+4, 27°C.
Cs decontamination from AN-102/C-104 (Envelope C) was successfully demonstrated.

An overall DF of 1.13 E+4 was obtained, providing a Cs-decontaminated effluent with
1.42 E-2 uCi/mL "’Cs. This corresponded to 8.1% of the contract limit of 1.68 E-1 pCi/mL in the
treated effluent (based on 10% Na,O loading).®

Cs load and elution breakthrough profiles were developed.

Only 72-BVs (753-mL) of feed were available for processing. The Cs A value from column testing
could not be determined because insufficient feed was available for processing relative to the 10-mL
resin bed. The load profile through 72 BVs resulted in no Cs breakthrough.

The partially Cs-loaded lead column was efficiently eluted with 0.5 M HNO;. Over 99% of the *'Cs
was eluted from the column in 2.5 BVs of eluate, although a total of 11 BVs of eluant were required
to reach the elution end point of a C/Co = 0.01. The peak C/Co value for *’Cs was 53. Virtually
100% of the "*’Cs present in the feed sample was recovered in the eluate fraction, which had a *'Cs
concentration of 6.675 E+2 uCi/mL in 197 mL.

The Cs eluate solution was composited and characterized.®

Along with Cs, U and Cu were recovered in the eluate.

The effectiveness of all SL-644 ion exchange process steps including loading, feed displacement, DI

water washing, elution, elution rinse, and resin regeneration were demonstrated.

Lag column bleed-off, from previous ion exchange waste processing, affected the effluent product
with "*’Cs contamination. Lag-column samples were a factor of 50 times higher in *’Cs
concentration than lead column samples, but were still <10% of the contract '*’Cs limit. The elution
protocol may have to be revised to avoid subsequent '*’Cs contamination in processed tank waste
effluent.

(a) The effluent "*’Cs concentration was 12 % of the contract limit of 1.2 E-1 pCi/mL based on the maximum
loading of 14 wt% waste Na,O.
(b) Full characterization was not necessary because eluate vitrification was cancelled.
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e The SL-644 was adequately regenerated with 4.9 BVs or 2.2 AVs (51 mL) of 0.25 M NaOH. The

average '~'Cs concentration in the regeneration solution was 7.5 E-2 uCi/mL, equivalent to C/C, of
4.7 E-4.

e An activity balance for *’Cs indicated that 100% of the '*’Cs present in the feed sample was
accounted for in the samples and process streams (mostly in the eluate), which is indicative of good
experimental integrity.
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Appendix A: General Calculations

37Cs Contractual Limit and Design Basis Limit in AN-102/C-104 Env. C Vitrification Feed

Assumptions-minimum waste loading

1) Concentration of Na,O in Env. C glass = 10% (= 10 g Na,O/100 g glass)

2) For maximum "*’Cs concentration in glass, assume that all Na comes from the feed. If some Na
is added to the vitrification feed, multiply the maximum "*’Cs value determined below by ratio of
total Na:feed Na.

3) Glass density = 2.66 MT/m’ (= 2.66 g/mL)

4) Maximum "’Cs in glass = 0.3 Ci/m’ (= 0.3 Ci/1 E+6 mL =3 E-7 Ci/mL)

5) AN-102/C-104 actual waste Na concentration = 4.8 M

6) AN-102/C-104 actual waste *’Cs concentration = 161 pCi/mL/4.8 M Na

Na Loading in Glass

10 g Na,0O/100g glass * 1 mole Na,0/62 g Na,O) * (2 mole Na/ mole Na,O)*
(23 g Na/mole Na) * (2.66 g glass/mL glass) = 0.197 g Na/mL glass

Maximum "*’Cs:Na in glass
(3.0E-7 Ci *"Cs/mL glass)/(0.197 g Na/mL glass) = 1.52 E-6 Ci "*’Cs/g Na

(1.52 E-6 Ci *'Cs/g Na) * (23 g Na/mole) = 3.50E-5 Ci *’Cs/mole Na

Maximum '*’Cs:Na in feed
(3.50E-5 Ci *’Cs/mole Na) * (4.8 mole Na/L feed) = 1.68 E-4 Ci *’Cs/L
=1.68 E+2 uCi 'Cs/L
=1.68 E-1 uCi *’Cs/mL

AN-102/C-104 actual waste Cs fraction remaining (C/Co) Contractual and Design Limit
(1.68 E-1 uCi *’Cs/mL)/(161 pCi *’Cs/mL)= 1.04 E-3 C/C,; DF =958
=0.104 % C/C,
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¥7Cs Contractual Limit and Design Basis Limit in AN-102/C-104 Env. C Vitrification Feed
Assumptions-maximum waste loading

1) Concentration of Na,O in Env. C glass = 14% (= 14 g Na,0/100 g glass)

2) For maximum "*’Cs concentration in glass, assume that all Na comes from the feed. If some Na
is added to the vitrification feed, multiply the maximum '*’Cs value determined below by ratio of
total Na:feed Na.

3) Glass density = 2.66 MT/m’ (= 2.66 g/mL)

4) Maximum "’Cs in glass = 0.3 Ci/m’ (= 0.3 Ci/1 E+6 mL =3 E-7 Ci/mL)

5) AN-102/C-104 actual waste Na concentration = 4.8 M

6) AN-102/C-104 actual waste *’Cs concentration = 161 nCi/mL/4.8 M Na

Na Loading in Glass

14 g Na,0/100g glass * 1 mole Na,0/62 g Na,O) * (2 mole Na/ mole Na,O)*
(23 g Na/mole Na) * (2.66 g glass/mL glass) = 0.276 g Na/mL glass

Maximum *’Cs:Na in glass
(3.0E-7 Ci "Cs/mL glass)/(0.276 g Na/mL glass) = 1.09 E-6 Ci *’Cs/g Na

(1.09 E-6 Ci *"Cs/g Na) * (23 g Na/mole) = 2.50E-5 Ci "*’Cs/mole Na

Maximum '*’Cs:Na in feed
(2.50E-5 Ci *’Cs/mole Na) * (4.8 mole Na/L feed) =1.20 E-4 Ci *’Cs/L
=1.20 E+2 uCi *'Cs/L
=1.20 E-1 puCi "'Cs/mL

AN-102/C-104 actual waste Cs fraction remaining (C/Co) Contractual and Design Limit
(1.20 E-1 pCi "’Cs/ mL)/(161 pCi *’Cs/mL) =7.45 E-4 C/C,; DF = 1343
=0.0745 % C/C,
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Table A.1. AN-102/C-104 Feed and Effluent Composition

AN102/C104 Feed volume

AN102/C104 Effluent volume

753 mL 753 mL
AN102/C104 Feed composition AN102/C104 Effluent composition
ASR 6130 ASR-6130 ASR 6281 ASR 6281 ASR 6281
Multiplier= 100.0 100.0 24.9 24.9 124.7
RPL/LAB #= PB-1338 01-1345 PB-776 02-0777 02-0777@5
AN102/
process ANC102/104- process AN102/C104 | C104 Cs % recovered
Det. Limit Client ID= Fw blank C-FIA Molarity | ug total blank Cs removed | removed | Molarity | ug total in effluent
(ug/mL) (Analyte) (ug/mL) (ug/mL) (ug/mL) (ug/mL) (ug/mL)
0.150 Na 22.99 1010 111000 4.83E+0 | 83583000 -- over range 110000 4.78E+0 | 82830000 99.1
2.000 K 39.0983 - [950] [2.43E-2] | [715350] - 1080 2.76E-2 813240 [114]
0.060 Al 26.98 84.10 8210 3.04E-1 6182130 - 7840 2.91E-1 | 5903520 95.5
0.010 Ba 137.33 [1.3] [1.6] high blank NA - - <1.8E-6 -
0.250 Ca 40.08 - [150] [3.74E-3] | [112950] -- 149 3.72E-3 112197 [99]
0.015 Cd 112.41 - 26.0 2.31E-4 19578 -- 24.2 2.15E-4 18223 93.1
0.050 Co 58.9332 - - <8.5E-5 -- [1.9] [3.22E-5] [1431] --
0.020 Cr 51.996 - 108 2.08E-3 81324 - 98 1.89E-3 73945 90.9
0.025 Cu 63.546 - [10.0] [1.57E-4] | [7530] - - <9.8E-6 -
0.025 Fe 55.847 [5.7] [9.4] [6.63E-5] [2786] - [2.0] [3.58E-5] [1506] [54]
0.100 Mg 24.305 - - <4.1E-4 - -- <1.0E-4 -
0.050 Mn 54.938 - - <9.1E-5 - -- <2.3E-5 -
0.030 Ni 58.7 - 188 3.20E-3 141564 -- 145 2.47E-3 109185 77.1
0.100 Pb 207.2 - [67] [3.23E-4] | [50451] - 69 3.33E-4 52032 [103]
0.050 Zn 65.38 - [8.6] [1.32E-4] | [6476] - [4.0] [6.12E-5] | [3012] [47]
Other Analytes

0.025 Ag - -- -- -- --
0.250 As - - - - -
0.050 B 10.81 750 624 high blank NA - 86 7.99E-3 65059 NA
0.010 Be - - -- -- --
0.100 Bi - - - - -
0.200 Ce - - - - -
0.050 Dy - -- -- -- --
0.100 Eu - - - - -
0.050 La - - - - -
0.030 Li - -- -- -- --
0.050 Mo 95.94 -- [22] [2.29E-4] | [16566] -- 23 2.41E-4 17394 [105]
0.100 Nd 144.24 - - -- [3.6] [2.50E-5] | [2711] -
0.100 P 30.974 - 748 2.41E-2 563244 - 562 1.81E-2 423186 75.1
0.750 Pd - - - - -
0.300 Rh - - - - -
1.100 Ru - - - - -
0.500 Sb - -- -- -- --
0.250 Se - -- - -- --
0.500 Si 28.0855 973 1110 3.95E-2 835830 - 179 6.37E-3 134787 16.1
1.500 Sn - - - - -
0.015 Sr 87.62 - 86.5 9.87E-4 65135 - 86.9 9.92E-4 65436 100.5
1.500 Te - - - - -
1.000 Th - - - - -
0.025 Ti - -- -- -- --
0.500 TI - - - - -
2.000 U 238 - - - - -

U(KPA) 238 0.11 27.49 1.15E-4 20698 0.03 0.82 3.45E-6 619 3.0
0.050 \4 - -- -- -- --
2.000 w - - - - -
0.050 Y - - - - -
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).
4) The Fe value for ASR 6130 was blank-subtracted

5) The feed sample was also analyzed per ASR 6107
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Table A.2. AN-102/C-104 Eluate Composition

AN102/C104 Cs Eluate volume
197 mL
AN102/C104 Cs Eluate composition

ASR 6281 ASR 6281 ASR 6281
Multiplier= 1.0 10.0 10.0
02-00779
RPL/LAB #= 02-00779-DB 02-00779 DUP
AN102/C104- estimated ug %
AN102/C104-| CsE-Comp 1 from AP-101| recovered
Det. Limit Client ID= Fw Diluent Blank | CsE-Comp 1 Dup Average m ug total | processing in eluate
(ug/mL) (Analyte) (ug/mL) (ug/mL) (ug/mL)
0.150 Na 22.99 - 775 810 792.50 3.45E-02 156123 0.19
2.000 K 39.0983 - - - -
0.060 Al 26.98 - [5.7] [5.8] [5.8] [2.13E-4] | [1133] [0.02]
0.010 Ba 137.33 - [0.16] [0.19] 10.18] | [1.27E-6] [34] NA
0.250 Ca 40.08 - - - <2.5E+0 -
0.015 Cd 112.41 - 2.31 2.38 2.35 2.09E-05 462 2.36
0.050 Co 58.9332 - - -- <5.0E-1 -
0.020 Cr 51.996 - 22.5 23.3 22.9 4.40E-04 4511 5.55
0.025 Cu 63.546 - 30.1 31.1 30.6 4.82E-04 6028 [80]
0.025 Fe 55.847 - 6.16 6.56 6.36 1.14E-04 1253 [45]
0.100 Mg 24.305 - -= - <1.0E+0 -
0.050 Mn 54.938 - - - <5.0E-1 --
0.030 Ni 58.7 - 66.6 68.9 67.8 1.15E-03 13347 9.43
0.100 Pb 207.2 - 24.8 25.4 25.1 1.21E-04 4945 9.80
0.050 Zn 65.38 - [2.7] [2.8] [2.8] [4.21E-5] | [542] [8.37]
Other Analytes
0.025 Ag -- - - --
0.250 As - - - -
0.050 B 10.81 - 7.28 7.47 7.38 6.82E-04 1453 NA
0.010 Be - - - -
0.100 Bi - - - --
0.200 Ce - - - -
0.050 Dy - - - --
0.100 Eu - - - -
0.050 La - - - -
0.030 Li - - - -
0.050 Mo 95.94 - - - <5.0E-1 -
0.100 Nd 144.24 - - - -
0.100 P 30.974 - - - <1.0E+0 -
0.750 Pd - - - -
0.300 Rh - - - -
1.100 Ru - - - -
0.500 Sb - - - -
0.250 Se -- -- - --
0.500 Si 28.0855 -- [20] [20] [20] [7.12E-4] | [3940] [0.47]
1.500 Sn -- -- - --
0.015 Sr 87.62 -- [1.0] [1.1] [1.1] [1.20E-5] [207] [0.32]
1.500 Te -- -- - --
1.000 Th -- -- - --
0.025 Ti -- -- - --
0.500 Tl -- -- - --
2.000 U 238 -- [170] [180] [175] [7.35E-4] | [34475] 6000 NA
U(KPA) 238 0.16 169 165 167 7.02E-04 32899 6000 123.22
0.050 \' - -- - -
2.000 W -- -- - --
0.050 Y - -- - -
0.050 Zr - - - -

Note: 1) C Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values 2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) "--"indii 3) "--" indicate measurement is below detection. Sample detection limit may be found by
multiplying multiplying "det. limit" (far left column) by "multiplier" (top of each column).
4) The Fe value for ASR 6130 was blank-subtracted
5) The feed sample was also analyzed per ASR 6107

A4

high blank in feed

high blank in feed

not detected in feed by ICP



Table A.3. AN-102 Feed Composition

AN102 Feed composition

ASR= 6130 6130 6130
Multiplier= 100.0 200.0 200.0
RPL/LAB #= PB-1338 01-1354 01-2354D average average
process. |AN102 CST-| AN102CST-
Det. Limit Client ID= blank C-F/A C-F/A
(ug/mL) FW (Analyte) (ug/mL) (ug/mL) (ug/mL) (ug/mL) M
0.150 22.990 Na 1010 136000 146000 141000 6.13E+0
2.000 39.098 K - [1100] [1100] [1100] [2.8E-2]
0
0.060 26.980 Al 84.10 6520 6,730 6625 2.46E-1
0.010 137.330 Ba [1.3] [2.5] -
0.250 40.080 Ca - [190] [190] [190] [4.7E-3]
0.015 112.410 Cd - 32.1 32.3 32 2.86E-4
0.050 58.930 Co - -
0.020 51.996 Cr - 119 121 120 2.31E-3
0.025 63.546 Cu - [8.4] [7.5] [8.0] [1.3E-4]
0.025 55.847 Fe [5.7] [9.1] [8.8] [9.0] [5.8E-5]
0.100 24.305 Mg - - -
0.050 54.938 Mn - - -
0.030 58.700 Ni - 237 240 239 4.06E-3
0.100 207.200 Pb - [88] [84] [86] [4.2E-4]
0.050 65.380 Zn - - -
Other Analytes
0.025 Ag - - -
0.250 As - - -
0.050 10.810 B 750 815 755 785 high blank
0.010 Be - - -
0.100 Bi - - -
0.200 Ce - - -
0.050 Dy - - -
0.100 Eu - - -
0.050 La - - -
0.030 Li - - -
0.050 95.940 Mo - [26] [27] [27] [2.8E-4]
0.100 Nd - -
0.100 30.970 P - 457 455 456 1.47E-2
0.750 Pd - - -
0.300 Rh - - -
1.100 Ru - - -
0.500 Sb - - -
0.250 Se - - -
0.500 28.086 Si 973 1250 1240 1245 high blank
1.500 Sn - - -
0.015 87.620 Sr - 60.3 62.1 61 6.98E-4
1.500 Te - - -
1.000 Th - - -
0.025 Ti - - -
0.500 Tl - - -
2.000 238.000 U - - -
0.050 v - - -
2.000 w - - -
0.050 Y - - -
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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Appendix B

Batch-Contact Calculations
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Appendix C

Column Testing Calculations
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Table C.3. AN-102/C-104 Column Samples CMC Analytical Results Summary

AN-102/C-104 column run CMC Analytical data

Lead column, loading phase

Sample ID CMC ID Cs-137, uCi/mL___error, % C/Co % C/Co BV DF

AN102/C104L-F0 161 3 1.00E+0 From ASR 6174
AN102/C104L-F2 01-01714 2.95E-04 5 1.83E-6 1.83E-04 13.2 5.46E+5
AN102/C104L-F5 01-01715 2.55E-04 8 1.58E-6 1.58E-04 40.9 6.31E+5
AN102/C104L-F8 01-01716 2.10E-04 6 1.30E-6 1.30E-04 67.1 7.67E+5 Maximum
AN102/C104P-F2 01-01717 1.40E-02 3 8.70E-5 8.70E-03 13.0 1.15E+4
AN102/C104P-F6 01-01718 1.55E-02 2 9.63E-5 9.63E-03 48.7 1.04E+4
AN102/C104P-F8 01-01719 1.21E-02 3 7.52E-5 7.52E-03 65.6 1.33E+4

AN102/C104 comp 01-1733 1.42E-02 4.84 8.82E-5 8.82E-03 1.13E+4 composite

Feed Displacement

Sample ID CMCID  Cs-137, yCi/mL error, % C/Co % C/Co
AN102/C104-FD-1 01-1721 1.73E-2 2 1.07E-4 1.07E-2
AN102/C104-FD-5 01-1722 1.76E-3 2 1.09E-5 1.09E-3
AN102/C104-FD-9 01-1723 1.81E-3 3 1.12E-5 1.12E-3
AN102/C104-FDI-4 01-1724 1.88E-3 3 1.17E-5 1.17E-3
AN102/C104-FDI-8 01-1725 7.03E-4 3 4.37E-6 4.37E-4

Lead column, eluting phase

Sample ID CMCID  Cs-137, yCi/mL error, % C/Co BV
AN102/C104LE-4DR 01-1726 4.63E+3 2 2.88E+1 3.43E+0
AN102/C104LE-5DD 01-1727 8.52E+3 2 5.29E+1 4.41E+0
AN102/C104LE-6DD 01-1728 1.13E+3 3 7.02E+0  5.38E+0
AN102/C104LE-9DR 01-1729 3.43E+0 2 2.13E-2 8.33E+0
AN102/C104LE-12D 01-1730 7.21E-1 3 4.48E-3 1.11E+1
AN102/C104L-EDI2 01-1731 5.64E-02 2 3.50E-4
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Table C.4. Integration Column Breakthrough

AN-102/C-104 Cs IX Lead Column Breakthrough Curve Integration

Lead Col Bed Volume in AN102/C104 Feed = 9.9 mL
Lead Col Bed Volume in 0.25 M NaOH = 10.4 mL
Activity of Cs-137 in Feed = 161 uCi/mL
Cs-137
Cs-137 Midpoint (uCi/mL)
Processed Vol  Cs-137 Conc A Vol C/Co Conc CMC
Sample (mL) C/Co (uCi/mL) (mL) Midpoint  (uCi/mL)  Area (uCi) Analysis
AN102L-F1 48.4 -1.07E-6  -1.73E-4 484 -1.07E-6  -1.73E-4 -8.36E-3
AN102L-F2 137.0 1.19E-6  1.92E-4 88.7 5.78E-8 9.30E-6 8.25E-4 2.95E-4
AN102L-F3 230.6 343E-6 5.51E-4 93.5 2.31E-6 3.72E-4 3.47E-2
ANI102L-F4 330.9 1.29E-6  2.08E-4 100.4 2.36E-6 3.80E-4 3.81E-2
AN102L-F5 425.9 543E-6  8.74E-4 94.9 3.36E-6 5.41E-4 5.14E-2 2.55E-4
ANI102L-F6 516.7 4.07E-7  6.56E-5 90.9 2.92E-6 4.70E-4 4.27E-2
AN102L-F7 607.1 341E-6 5.49E-4 90.4 1.91E-6 3.07E-4 2.78E-2
ANI102L-F8 697.4 -3.58E-8 -5.77E-6 90.3 1.69E-6 2.72E-4 2.45E-2 2.10E-4

AN-102/C-104 Cs IX Lag Column Breakthrough Curve Integration

sum through 67 BV

2.20E-1 pCi Cs-137

Lag Col Bed Volume in AN-102/C-104 Feed = 9.9 mL
Lag Col Bed Volume in 0.25 M NaOH = 10.5 mL
Activity of Cs-137 in Feed = 161 uCi/mL
Cs-137 Midpoint
Processed Vol  Cs-137 Conc A Vol C/Co Conc
Sample (mL) C/Co  (uCi/mL) (mL) Midpoint  (uCi/mL)  Area (uCi)
ANI102P-F1 48.8 1.92E-4  3.10E-2 48.8 1.92E-4 3.10E-2 1.51E+0
AN102P-F2 135.0 1.60E-4  2.57E-2 86.2 1.76E-4 2.83E-2 2.44E+0
AN102P-F3 225.8 1.73E-4  2.79E-2 90.8 1.66E-4 2.68E-2 2.43E+0
AN102P-F4 3232 2.19E-4  3.52E-2 97.4 1.96E-4 3.15E-2 3.07E+0
ANI102P-F5 415.5 1.91E-4  3.08E-2 92.3 2.05E-4 3.30E-2 3.05E+0
AN102P-F6 506.0 1.60E-4  2.57E-2 90.5 1.75E-4 2.82E-2 2.55E+0
AN102P-F7 593.6 1.46E-4  2.35E-2 87.6 1.53E-4 2.46E-2 2.15E+0
AN102P-F8 682.1 1.75E-4  2.81E-2 88.5 1.60E-4 2.58E-2 2.29E+0
sum through 67 BV

C.10
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Appendix D

Analytical Data
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Battelle PNNL/RSE/Inorganic Analysis ... ICPAES Analysis Report
PO Box 999, Richland, Washington 99352

Project / WP#: 423065 / W57984
ASR#: 6107

Client: R. Hallen

Total Samples: 14 liquids

| RPL#: 0101003 01-01016

 Client ID: O eLs.017 " “1S-14”
| Sample Preparation: PNL-ALO-128 (1mL/26mL or 1.2g/26ml)

Procedure;  PNNL-ALO:211, "Determinaton of Elements by
Inductively Coupled Argon Plasma Atomic Emission
Spectrometry” (ICPAES).

Analyst: D.R. Sanders

" Analysis Date (File): 05-25-2001 (A0G76)
06-15-2001 (A0G82)
06-19-2001  (AOGSH)
(6202001 (ACESS)
. az
be(. Chemical Measurement Center 93620 file: ICP-325-405-1
= (Calibration and Maintenance Records)

M&TE Number: X'B73520 (ICPAES instrument)
i 360-06-01-029  (Mettler AT400 Balance)

7///(/% G-C )

Reviewed by

l/m /JMT/A__ Q-25-0/

/ // Coxlc&{r
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Battelle PNNL/RSE/Inorganic Analysis ... ICPAES Analysis Report

Fourteen liquid samples from Analytical Service Request (ASR) 6107 were prepared by acid
digestion per PNL-ALO-128 in the Shielded Analytical Laboratory (SAL). The samples were
prepared by using nominal 1.0 mL of sample and diluting to a final volume of about 26 mL. The
final volume was calculated by using the mass and density of the resulting digestate.

In the ASR, Al, Ba, Ca, Cd, Cr, Fe, K, La, Mg, Mn, Na, Ni, P, Pb, and St were identified as analytes
of interest for this work. The quality control (QC) results for each of these analytes have been
evaluated and are presented below. Analytes other than those detected as part of the ICPAES
analysis are reported, but have concentrations less than the method detection limit MDL) and have
not been fully evaluated for QC performance.

'The attached ICPAES Results (9 pages; 2 pages from each of the analysis runs on 5-25, 6-19, and
6-20, and 3 pages from analysis run on 6-15) presents the final results. Results are from the direct
measurement of the digestates, except for Na which required an additonal 5x dilution to bring the
Na concentration within the ICPAES linear range. The ICPAES measurement results are reported
in pg/g of liquid sample (as requested by the ASR) and have been corrected for all dilunons
resulting from sample processing. It should be noted that the preliminary results reported were
presented on a ug/mlL basis.

The following is a list of quality control measurement results relative to ICPAES analysis
requirements of the controlling QA plan. A digestion processing blank, laboratory control sample
(blank spike), matrix spike, and duplicate were prepared with the sample for each processing batch.
The blank spikes was prepared by using 3 mL of a custom multi-element solutions “0105141901 and
010514i902” per 26 mL digestate volume, 2nd the matrix spikes were prepared by using 1 mlL of the

same mult-element soluttons.

Process Blank:
Concentration of analytes of interest measured in the three process blanks were all within
acceprance criteria of € EQL (estimated quantitation level) or less than £5% of the
concentration 1n the sample.

Blank Spike (laboratory control sample):
The blank spike recovery for analytes of interest was within the acceptance criteria of 80
120%, except for Na for the 6-19-2001 znalysis which recovered stightdy hugh ar 121%.

17

S 1O

Duplicate RPD (Relarive Percent Difference):
For those analytes of interest measured above the EQL, the RPDs were wichin the acceptance
criceria of less than 20%. Even for analytes with concentration between the method detection
limit (MDL) and the EQL, the RPDs are quite good, with only the Mg for LS-06 exceeding
the 20% critetia.

Matrix Spiked Sample:
Matrix spike were prepared for L5-02, LS- 06, LS-10, and LS-12. Except for Al and Na, which
had spike concentration less than 20% of the sample concentration, the analytes of interest
meert the matrix spike recovery ctiteria of 75% to 125%. Post spiking or serial dilution is
required for the Al and Na.

©/20/2001 ASR 6107 Ligquids Hallen.doc Page 20of 3



Battelle PNNL/RSE/Inorganic Analysis ... ICPAES Analysis Report

Post-Spiked Samples (Spike A Elements):
Post spiking was performed on L.5-02, L.S-06 and LS-10. All post-spiked analytes of interest in
samples tested were recovered within tolerance of 75% to 125%, except Al and Na. The post
spike analysis uses a general spiking solution intended to be usable on the majority of sample
analyzed by ICPAES. However, for the sample selected for post spiking, the spike
concentration for Al and Na was less than 20% of the sample concentration and the recovery
results are considered meaningless. For these analytes, the use of serial dilution results is
required to evaluate potential matrix interferences.

Post-Spiked Samples (Spike B Elements):
The post spike recovery for La, which is the only Spike B analyte of interest, were within
tolerance of 75% to 125%.

Senal dilution:
Serial dilutton was required for Al, Na, Sr, since for these analytes the post spike
concentrations were less than 20% of the sample concentration (i.e., recoveries could not be
evaluated). These analytes demonstrated a percent difference (% D) within the acceptance
criteria of £10% after correcung for dilution for all the serial dilutions measured. In some
case the samples were not have enough serial dilutions to be able to calculate the Na %Diff
(i.e., at all dilutions except for the highest ddution, the Na was over range).

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 (Det. Limit) shown are for acidified water. Detection limits for other matrices may be
determined if requested. Mlethod detection limits (MIDL) can be estimated by mulaplying the ‘Muluplier’ mes
the Detection Limit,

3) Routine precision and bias is rypically = 13% 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 calibraton 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). Note that bracketed values listed in the data report are within ten times instrument detection limit
(adjusted for processing factors and laboratory dilutions) and have a potential uncertainty much greater than
15%.

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

3) The maximum aumber of significant figures for all ICP measurements is 2,

9/20/2001 ASR 6107 Liquids Hallen.doc Page 3of 3



Battelle PNNL/RSE/Inorganic Analysis... ICPAES Results Page 1 of 2
Run Data= 5/25/2001 52512001 5/25/2001 5/25/2001 5/251200% 5/25/20(1 525/2001
Multiplier= 20,6 103.6 512.8 103.4 103.9 102.8 24.3
RPL#=/01-1014-PB |01-1003 01-1003-D [01-1014 01-1014-D  [¢1-4015 01-1016
Client 1D= Bl:;ic{islfo-

Det. Limit 128) LS-01 LS-01-Dup | LS-12 | L$-12-Dup LS-13 L$-14
ug/mL Analytes ug/g ug/g uglg ugly ug/g ug/g uglg
0.060 Al 4.0} 7,230 7,320 5,960 6,830 6.800 1,180
0.010 Ba ~ - - - - - -
0.250 Ca - [160] [150]) [130] {120] {120) (34]
0.015 Cd —~ 227 {23] 229 22.2 221 3.96
0.020 Cr - 89.2 {89] 94.0 93.2 912 15.8
0.025 Fe - [7.3] - [3.2] [3.2) [3.3] [1.3]
2.000 K - [720] - [710) [660] (690 (130
0.050 La - - - - - N -
0.100 Mg - - - - - - -
0.050 Mn - - - - . - N
0.150 Na 48.2 95,700 99,400 91,100 91,400 90,200 22,500
0.030 Ni - 165 167 163 162 158 27.8
0.100 P - 685 670 667 655 638 99.3
0.100 Pb - (61) - (55) {52] [51] [13]
0.015 Sr -- - - 745 745 73.0 15.2

Other Analytes
0.025 Ag - - - - - - .
0.250 As - - - - - _ -
0.050 B 39.4 63.1 (60] 58.8 5.3 57.5 87.0
0.010 Be - - - - - - ;
0.100 Bi - - - - _ - _
0.200 Ce - - - - - - -
0.050 Co - - - - - - .
0.025 Cu - (3.7] - [6.7] 16.1] (5.01 {0.94]
0.050 Dy - - - - - - =
0.100 Eu - - - - - - -
0.030 Li - - - - - — -
0.050 Mo - [19] - (20] [19] (18] (5.0}
0.100 Nd - - - - - - -
0.750 Pd -- - - - -- - -
0.300 Rh - - - - - - -
1.100 Ru - - .- - - - -
0.500 sb - - - - - - -
0.250 Se - -- -~ - - - -
0.500 Si {81) [160] - {160] [160) [160] 669
1.500 Sn - - - - - - -
1.500 Te - - - - - - -
1.000 Th - - - - N _ ~
0.025 Ti - - -~ - - - -
0.500 Tl - - -~ - - - -
2.000 U - - - - - - -
0.050 v - - - - - _ .
2.000 w - - - - - - -
0.050 Y - - - - - - -
0.050 Zn - - -~ [5.5] {5.4] (5.5] [2.2]
0.050 Zr .- - - - - -- .

Note: 1} Overall errar greater than 10-times detection himit {s estimated lo be within +/- 15 %.
2) Values in brackets [] are within 10-times detection limit with errors likely lo exceed 15%.

3 --"indicate measurement is below detection. Sampts detection limit may be found by

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

Final - ASR 6107a Hallen - A0G76.XL.S



Battelle PNNL/RSE/Inorganic Analysis... ICPAES Results Page 2 of 2

QC Performance 5/25/2001

75%- 75%- ¥5%-
Criteria» <20% <20% 80% - 120%) 125% 125% 125% | < +1-10%| < +-10% | < +/10% | < +/-10%
ac D= 010514i901 01-1014 +| 041014 +| 01-10023 | 011014 | 011045 | 01-1016
01-1003 & | 01-1014 & | 010514202 | 01-1014 Post Post @5/@25 | @5/@25 | @5/@25 | @1/@s
01-4003D0 | 01-1074D LCS/BS MS Spike A | Spike B |Serial Dil| Serizl Dil| Serial Dil| Serial Dil
Analytes | RPD (%) RPD {%) %Rec “%Rec Y%Rec %Rec %Diff % Diff %Diff % Diff
Al 34 0a 96.7 nr. n.r. -0.5 0.2 09 2.0
Ba 956 98 8 102.8
Ca 1.1 04 85.6 102.2 104 .4
Cd 2.1 27 85.2 100.2 1031
Cr 23 0.5 66.0 10 .8 105.4
Fe 1.8 98.5 1040 108.1
K 4.0 93.3 98.5 97.9
La 92.7 98 4 98.4
Mg G98.2 106.6 1113
Mn 953.8 i06.9 108.7
Na 6.0 0.9 g97.4 n.r. n.r. 2.4 -1.7 -2.8 4.1
Ni 33 0.3 g7 6 166 3 108.4
P 01 1.3 95.0 t01.9 1021
Fb 3.4 87.7 1031 105.8
Sr 05 857 1053 103.0
Other Analytes
Ag g1.2 973 100.4
As 1056.3
B 13 1.2 106.5
Be 104.0
Bi 95.4 1001 1036
Ce 99.1
Co 109.5
Cu 83 97.7 100.9 107.4
Dy 1017
Eu 109.0
Li 102.2
Mo 1.0 1058.2
Nd 825 95.1 98.2
Pd 939 939D 89.7
Rh 94.7 933 87.4
Ru 91.5
Sh 102.5
Se 108.4
Si 41 1245 105.8 121.4
Sn
Te
Th 102.3
Ti 92.9 £5.2 101.1
Tl 104.9
U 2.4 €39 960
W 555
W
Y 100.7
Zn 1.8 95.6 122.0 105.8
Zr 95.2 102.0 105.2

.. = not recavered; spike is less than 20% of sample concentration.
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Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Results Page 10f 3
Run Date= | 6/15/2001 | 6/1%/2001 | 61152001 | /1572001 | 6/15/2001 | 6/15/2001 | 6/15/2001 | 6152001 | 6/15/2001
19.6 20.3 20.1 20.3 20.0 20.1 19.9 19.1
Multiplier= 1.0 (Na98.2} | (Na104.7) | (Na100.3) | (Na10%.3) | (Na100.0) | (Nat00.6) | (Na99.5) {Nag5.6)
RPL#=(01-1004-B [01-1004 01-1004-D [0%-1005 01-1005-D  |01-1006 01-1006-D  |01-1007 01-1007-D
Process
Client iD=| Blank {ALO-

Det. Limit 128) LS-02 LS-02 Dup |LS-03 LS-03 Dup |LS-04 LS-04 Dup (LS-05 LS-05 Dup
ugfmlL Analytes ug/g uglig ug/g ugfig ug/g uglg uglg ugig ugig
0.060 Al 17.5 £.710 6.750 6,500 6,570 6.800 6,640 6,750 6.830
0.010 Ba - - - - _ - - - ~
0.250 Ca {5.9] 119 121 105 108 117 113 114 115
0.015 Cd - 20.9 210 20.1 20.3 21.0 20.7 20.9 211
0.020 Cr - 76.7 778 80.4 80.8 84.0 82.3 83.9 85.0
0.025 Fe [1.1] [4.7] (4.5 [2.8] (2.4] (2.8} {2.6] [2.6] [2.4]
2.000 K - 814 824 809 816 841 815 a17 823
0.050 La - [2.2] {2.3 - - - . - -
0.100 Mg - - - - [2.2] [2.3] - - -

" 0.050 Mn - - - - - - - N .
i 0150 Na 61.1 89,900 90,8C0 86,200 87,600 81,000 90,200 91,500 §2,000
v 0.030 Ni - 145 147 143 143 148 145 148 149
0.100 P - 631 638 624 528 647 634 641 648
| 0.100 Pb - 57.5 58.4 425 422 452 453 45.0 45.4
0.015 Sr - 161 168 100 102 95.5 g1.0 84.9 83.5
Cther Anaiytes
0.025 Ag . - - - - - - - -
0.250 As - " - - - - - - -
T 0.050 B 27.9 64.4 75.5 0.1 a3.5 95.3 58.7 53.5 5.1
0.010 Be - - - - . - - - -
0,100 Bi - [2.4] [2.2] - - - - - -
0.200 Ce . - - - . - - - -
I 0.050 Co - [1.5] [1.5] (1.5 [1.5] {1.5] [1.5] (1.5) {1.5]
0.025 Cu - [4.3) {4.3] (4.2 [4.2] [4.4] [4.2] (4.3] (4.3]
0.050 Dy - - - - - - - - -
0.100 Eu - . . - - - - - -
0.030 Li - - - - - . - - -
0.050 Mo . i7.6 17.7 17.3 17.4 18.1 17.7 18.1 182
0.100 Nd - (6.8] [7.0] [3.5] (3.4] [3.2] {3.1) {2.9] (2.9]
0.750 Pd - - . - - - - - -
0.300 Rh - - - - - - - - -
1.100 Ru - - . - - - - -
| 0.500 Sb . - . .. - - - .- -
0.250 Se . - - - - - - - -
0.500 Si 103 243 259 217 295 372 228 192 213
1.500 Sn - .- - - - - - - -
1.500 Te - - - - . - - - -
1.000 Th - . . - - - - - -
" 0.025 Ti - - - - - - - - -
0.500 Tl - - - - - - - - -
2.000 u - - - - - - -- - -
0.050 v - - - - - - - - -
2.000 w - - - - - - - - -
0.050 Y - - - - - - - - - 1]
0.050 Zn (1.1} (2.2] [2.0] [1.4] [1.1] [1.1] [1.5] [1.4] [1.3]
[ 0.050 Zr - 12.0] (200 - - - - - -

MNote: 1) Overatt error greater than 10-times detection fimit is estimaled to be within +/- 15%.
2i Values in brackets {] are within 10-times detection limit with errurs likely to exceed 15%.
3) "--"indicate measurement is below detection. Sarpfe detectior limit may be found by
multiplying “det. limit™ (far Jeft column) by “muitiplier” (top of each zolumn).
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Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Results

QC Performance 6/15/2001 - RPDs and LCS/BS Recovery

Criteria> <20% <20% <20% «20% 80% - 120%
010514i901
QC ID=| 01-1004 & |01-10058 01] O1-1006 & | 01-1007 & | 010514i902
01-1004D 10050 01-1006D 01-1007D LCS/8S
Analytes RPD {%) RPD (%]} RPD (%) RPD {%) %Rec
Al 38 1.0 1.0 2.8 112.0
Ba 95.0
Ca 2.7 33 2.2 3.8 §9.7
Cd 34 0.8 01 2.5 892
Cr 35 0.6 0.6 25 8g.2
Fe 7.3 4.9 2.9 8.0 101.2
K 3.4 0.9 1.8 3.0 101.7
La 0.5 98.4
Mg 101.2
Man 102.4
Na 1.1 1.6 0.9 0.5 119.2
Mi 3.4 0.6 0.5 2.5 99.5
P 34 0.7 0.6 2.5 98.0
Pb 29 0.6 0.6 2.4 100.8
Sr 06 1.9 3.4 0.1 88.0
Other Analytes
Ag 593 °
As
B 1.4 435 45.2 21.2
Be
Bi 139 989
Ce
Co 0.5 2.0 0.2 1.6
Cu 4.2 0.7 2.5 3.5 140.0
Dy
Eu
Li
Mo KRS 04 0.8 2.6
Nd 2.0 3.6 0.0 0.1
Pd §9.5
Rh 100.2
Ru 96.4
Sb
Se
Si 20 30.5 45.8 12.2 1591 -
Sn
Te
Th
Ti 95.9
T!
U 89.0
vV
W
Y
Zn 16.3 22,9 30.7 0.9 98.2
Zr 2.0 8.7

Shaded results exceed acceptance criteria

Bold and unshaded RPDs indicate one or both results <€QL.

Page 2 of 3
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Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Results

QC Performance 6/15/2001- MS & PS Recovery and %Diff

i Criteria> T5%-125% | 75%-123% { T5%-125% < +H0% < +{-10% < +-10% < HA0%
01-1004 + | 01-1004+ | 01-1004 01-1005 01-1006 01-1007
QcC ID= Post Spike | Post Spike | @1/@5 @1/@s @1@s @1u@s
011004 MS A B Serial Dil Serial Dil Serial Dit Serial Cil
Analytes “:Rec %Rec %Rec Yo Diff % Diff % Diff % Diff
Al nr. n.r. 7 1.4 2.2 2.7
Ba 93.0 95.3
Ca 98.5 Q7.7
cd 496.7 89.6
Cr 81.% 8.1
Fe a7.2 9.3
K 96.1 S6.0
Lta 95.6 a7.0
Mg 99.3 103.4
Mn 103.4 103.3
Na n.r. nr. n.m. n.m. T, n.m. -
Ni 88.5 9.0
P 95.5 954
Pb 97.8 130.3
Sr n.r, 99.3
Other Analytes
Ag 957 6.1
As 130.2
B 99.6
Be 97 6
Bi 6.6 877
Ce 887
Co 1011
Cu 96.8 100.0
Dy 98.5
Eu 1057
Li 95.2
Mo S8.0
Nd 99.8
Pd 1G3.0 a11
Rh 1016 96.2
Ru 105.0
Sb a7.8
Se 9%.9
Si 120.1 107.2
Sn
Te
Th 981
Ti 91.1 93.2
Tl 55.4
U 95.9 86.5
v 94.4
W
Y 96.0
Zn 98.6 102.1
Zr a7.4 97.6

Shaded resuwits exceed acceptance criteria
n.r. = not recovered; spike concentration less than 20% of sample concentration

n.m. = not measured; insufficient difutions prepared fo evaluate %Diff.

Page 3of 3
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Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Results Page 10f2
Run Date= 6/19/2001 6/19/2001 6/19/2001 6/18/2001 6/19/2001 6/19/2001 6/19/2001 6/19/2001 671912001
201 201 2141 2035 208 20.5 19.8 19.4
Multiplier= 203 {Na100.3) {Na100.6} {Na105.4) {Na102.8) {Na103.9) {Na102.3} {Na99.4) (Na97.2)
RPL#= 01-1008-8 01-1008 01-1003-D 01-1009 01-1003-D 3-1010 01-1010-D 01-1011 01-1011-D
Client ID=
Det. Limit Proc. Blk LS-06 LS-05 LS-07 LS-07 LS-08 LS-08 LS-09 LS-09
ugimL Analytes ugig ugfg ugig ug/g ugly ug/g ug/g ugig ug/g
0.060 Al [4.6] 7,180 5,99 6,640 6.670 6.840 6,560 B8.810 6600
0.010 Ba f0.22] [0.23] - - {0.22] -- (.23 - {0.27]
0.250 Ca -- 127 122 120 123 122 125 122 120
0.015 Cd - 22.4 21.8 21.1 20.9 21.4 22.0 20.8 20.8
0.020 Cr -- 90.3 a8t 85.2 84.3 87.0 88 6 §4.5 84.2
0.025 Fe 10.65] 13.2) 12.7; [4.6] (4.7] {5.0] 5.83 [4.8] (4.8]
2.000 K -- 895 8g4a 817 794 798 812 769 768
0.050 La - - - i1.2] - - - - -
0.100 Mg - (2.7] (2.1 - [2.1] - - {2.1] -
0.050 Mn - - - -- - - - - -
0.150 Na 45.5 88,700 97,200 92,500 92,500 94,500 97.600 93,800 94,200
0.030 Ni - 159 156 149 147 152 154 147 147
0.1¢0 p -- 655 849 629 622 610 614 8§22 620
0.160 Ph -- 4.4 433 45.5 437 458 46.4 44 4 44.2
0.015 Sr -- 87.6 88 2 185 185 174 178 160 161
Other Analytes
0.025 Ag - -~ - - - - - - -
0.250 AS -- - - — -- - - -- -~
0.050 B 38.7 104 52.4 43.5 88.0 43.4 69.0 707 65.0
0.010 Be - - -- - - -~ -- - -~
0.100 Bi - (2.6} (2.6 (2.6] - - - ~ -
0.200 Ce - -- - -- - - - -- -
0.050 Co - [3.7] (1.7) [1.6] [1.4] [1.5] {1.5] [1.4] [1.4]
0.026 Cu - (4.7] 14.5] [4.4] [4.2] [4.4] (4.5] (4.3] (4.3]
0.050 Dy - -~ - -~ - - - - -
0.100 Eu -- -- -- -- - -- - - -
4.030 Li - 16.61] [0.65] - - - - -- -
0.050 Mo - 19.0 18.8 17.9 17.5 18.1 185 17.6 17.6
0.100 Nd - [4.4] (4.5 14.8] [3.4] (3.4 (3.5) [3.2] (3.1
0.750 Pd - - . - - - - -
0.300 Rh - - - - . . - . -
1.100 Ru - - - - - . .- - -
0.500 Sh - - - - - - - - -
0.250 Se -- - - -- . - - - -
0.500 Si [86] 385 205 199 317 220 268 300 245
1,500 Sn - - - - - - - - -
1.500 Te — - - - - - - - -
1,000 Th — - - - - - - - -
0.025 Ti - -- - - . - _ -
0.500 Ti - - . - - - - -
2.000 U - - [45] - - - - - -
0.050 v -- - - - - - - - -
2.000 W - - - - - - - - -
0.050 Y - - - - - - - - -
0.050 Zn [1.1] (1.6 [1.7] [3.9] {3.4] [4.2] [4.2) [4.3] {4.5]
0.050 Zr - [1.2) {11 [1.1] - - - - -

Nare: 1) Overall error greater than 10-times detection fimit is estimated to be within +/- 15%.

2] Values in brackets {] are within 10-times detection limit with errors likely to exceed 15%.

3) - indicate measurernent is below detection. Sample detection /imit may be found by
muluplying "det. imit” (far teft column) by "multigher” (tog of each column).
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Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Results

QC Performance 6/19/2001

75%- 75%- 75%-
Criteria> <20% <20% <20% <20% 80% -120% 7 125% 125% 125% < +-10%
010514i901 011008 +|01-1008 +| 011008
QC iD=} 011008 & | 011008 & | 011010 & | 011011 & | 0105141802 | 01-1008 Post Post @as
0110080 | 0110090 01-1040D | 111D L.CSIBS M3 Spike A | Spike B | Serial Dil
Analytes RPD {%) RPD (%} | RPD (%) { RPD (%) Y Rec “%Rec %hRec “%Rec Y Diff
Al 28 05 1.7 0.1 111.0 n.r. nr 2.8
Ba 99.2 G925 101.9
Ca 4.3 2.0 26 1.3 @3.7 867 102.5
Cd 2.5 07 24 0.8 97.9 951 1033
Cr 20 1.4 1.8 0.3 97.8 89.8 104.5
Fe 17.6 1.9 14.9 0.5 101.3 96.6 105.0
K 36 28 1.8 0.0 998 95.4 100.6
La 982 97.6 100.5
Mg 25.1 100.9 97.5 108.4
Mn 100.9 1011 107 .4
Na 1.5 0.0 32 04 1291%%] nr nr. Cnm.
Ni 1.9 1.4 1.8 0.1 99.5 842 1094
P 2.4 1.1 06 0.4 98.1 9.7 102.0
Ph 2.3 6.2 1.3 0.5 102.3 954 107.8
Sr 1.5 0.1 2.0 0.4 89 4 §41 1043
Cther Analytes
Ag 55350 B4 99 1
As 1036
B 66.2 67.7 455 8.3 105.3
Be 100.5
Bi 10.3 25.0 G34 99.8
Ce 1027
Co 0.3 128 0.7 0.7 1076
Cu 586 4.5 1.7 0.3 G0 4 958 105.3
Dy 102.0
Eu 109.7
Li 10.8 102.3
Mo 1.4 2.5 1.9 0.3 1038
Nd 3.0 338 1.2 1.7 102.9
Pd g97.0 47 6 282
Rh 97.8 298 100.8
Ru 950 1048
Sb 101.5
Se 104 4
Si €0.5 45.8 19.6 20.0 © 154,87 4969 114 4
3n
Te
Th 1031
Ti 95.0 91.4 580
Ti 101.2
J 96.9 944 99.0
v 98.7
W
\'s a8.5
Zn 3.8 13.8 0.4 2.8 99.5 1004 108.4
Zr 3.4 98.9 981 103.6

Shaded resuits do not meet QC acceptance criteria.

n.r. = not recovered, spike is fess than 20% of sample concentral:on.
Bold and unshaded RPDs indicale one or both results <EQL.
nm. = not measured, insufficient ditutions prepared to evalyate %aDiff
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Battelle PNNL/RSE/Inorganic Analysis...

ICPAES Report

Run Date= 620/2001 §/20/2001 6/20/2001 6/20/2001 §/20/2001
21.3 203 294 21.2
Multiplier= 1.0 {Nat106.7) | (Na101.4) | {Nat05.5) | {Nai1Q5.B)
RFEL&#=| 01-1012-B 01-1012 01-1012-D 0411013 01-1013-D
Client I0=
Det, Limit LS-10 LS-10 LS5-11 L5-11
ug/imlL Analytes ugig ugig uglg ugly ug/g
0.060 Al [3.17] 6,580 6,540 §,590 5,600
0.010 Ba [0.011] -- - [0.21} -
0.250 Ca - 118 117 120 120
0.015 Cd [0.016] 21.2 211 21.2 21.2
0.020 Cr - 85.1 851 88.1 887
0.025 Fe (0.028] {4.8] [4.9] [4.6] [4.7]
2.000 K -- 795 789 784 780
0.050 La - - - - -
0.100 Mg - - - - N
0.050 Mn - - - - -
0.150 Na 223 80,100 83,500 90,600 90,700
0.030 Ni -- 147 146 149 149
0.100 P - 516 614 585 587
0.100 Pb -- 46.9 46.2 47.2 473
0.015 Sr -- 129 128 13 113
Other Analytes
0.025 Ag -- - - - -
0.250 As - - -- -- -
0.050 B 1.68 54.8 526 56.5 52.8
0.010 Be - - -- - -
0.100 8i {2.15] [3.5] [2.3] [2.3} --
0.200 Ce - -- - - -
0.050 Co -- [1.5] 1.6} (1.5] [1.6}
0.025 Cu - 551 540 6.46 6.39
0.050 Dy -~ -- -- - -
0.100 Eu - - -- -- --
0.030 Li - - - -- --
0.050 Mo - 17.6 17.4 17.6 17.8
0.100 Nd - (3 9] [4.1} [3.8] [3.9]
0.750 Pd - -- - - --
0.200 Rh - - -- -- -
1.100 Ru - - -- -- -
0.500 S5h -- - - - -
0.250 Se -- -- -- -- -
0.500 Si [3.1] 208 189 202 185
1.500 S5n -- - - - --
1.500 Te - -- - - -
1.000 Th - - - - .
0.025 Ti - - - = -
0.500 Tl - -- - -
2.000 U -- - - - -
0.050 W - -- -- - -
2.000 W - - = - -
0.050 Y -- -- -- - —
0.050 Zn [0.054] [5.0] [5.0] [5.31 [5.2}
0.050 Zr - (1.1] (1.1] {1.1] [1.1]

MNote' 1) Overalf error greater than 10-times detecton fim.t is estimaled to be within +/- 15%

2) Values in brackets {] are within 10-times detection timi: with errors likely (o exceed 15%.

3) - indicate measurement s befow detection. Sample detection timit may be found by
multiplying “det. bmit” (far feft cofurnn) by “muiltiofier” (top of each column).

Page 1of2
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Battefle PNNL/RSE/Inorganic Analysis... ICPAES Report

QC Performance 6/20/2001

Criteria> <20% 80% ~120% | 75%-1258% | 75%-125% | 75%-125% | < +/-10%
01-1013
Qc iD= 01-1013 & none + Post| none + Post| @1/@5
01-1012D | 01-1012-B5 | 01-1012 M5 Spike A Spike B Serial Dil
Analytes RPD (%) “hRec %Ree %Rec %Rec %Diff
Al 00 106.3 n.r. 2.8
Ba 1181 86.7
Ca a0 11,7 a3
Cd 01 111.4 878
Cr 02 112.8 75.9
Fe 7.3 115.6 0.5
K a5 111.2 87.3
La 301
Mg 1187 925
Mn 1161 830
Na 0.2 101.7 nr, n.m,
Ni 01 1177 78
P a1 110.0 804
Pb 28 116.0 BG.6
Sr 0.0 111.3 ni. 3.7
Other Analytes
Ag 107 .1 88.4
As 108.2
B 59 n.r. 3.4
Be 108.5
Bi 111.0 875
Ce
Co 114.5
Cu 27 114.0 885
Dy
Eu
Li 114 .9
Mo 07 4.7
Nd
Pd 90.6
Rh 8272
Ru 96.0
Sb
Se 109 4
St 5.3 97.7
3n
Te
Th
Ti 85.0
Tl 108.8
U B9.3
W 105.8
W
Y 105 4
Zn .5 115.0 916
Zr 816

Shaded results exceed acceplance critena
Bold results for information onfy, LCS or Serical Dilufion concentration fess than EQL.

n.r. = not recovered, spike concentration less than 20% of sample concentration

n/a = not applicable; KOH flux and Ni crucible usad for preparing samples.
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L Battelle, PNNL / ATAL
Inorgamc Analysis / ICP-MS Data Report

Project / WPH; 42365 / W57984
. ASR#: 6107

Client: Rich Hallen

Total Samples: 4

RPL # Client JD
01-1014 LS-12
01-1015 LS-13
01-101¢ LS4
01-1017 LS-16

Procedure:  PNL-ALO-280 Rev. 1, Inductively-C oupled Plasma Mass Spectrometric (ICP-

MS) Analysis \
M&TE Number: WB36013 | ICP/MS, VG Elemental
512-06-01-014 Mettler AJ100 Balance
Analyst: James P Bramson
Analysis Dates: 9/12/01, 9/25/01, 9/26/01, 9/28/01, 10/1/01
Analysis Files: Experiment - 12SEP01, 25SEP0I1, 25SEP01b, 26SEPCI, 28SEPO],
010CT01

Procedure - 010912a, 010925a, 010925b, 0109264, 0109284, 011001a
Element Menu - CsTcRb, UNp, Uiso Pu, multi, Tc

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

ﬂ / é"‘h P ‘7%? 5/) L MWW dhvmiag 22402

Analyst Reviewed By

ICP-MS Data Report, ASR 6107 | Page 1 of 2
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1. Analysis

Four samples, 2 filtrates, | wash composite, and 1 solid prepared by the RPG, were submitted for
analysis and analyzed on a radioactive material-contained ICP/MS. The filtrates and wash
composite were analyzed for Tc-99. The solids were analyzed for total U, U isotopes, Pu-239
and 240, Np-237, and Ry, Rh, and Pd.

See attached ICP/MS data reports for final results and run order for the analytical batch. The
final results have been corrected for all client dilutions and laboratory dilutions performed on the
sample during analysis. A process blank, blank spike, duplicate, and matrix spike were also
submitted and analyzed with the samples. In addition, replicate and post spike analyses were
also performed.

The analysis for Ru, Rh, and Pd was difficuit due to the isobaric interferences of SrO isotopes
and masses common to both Ru and Pd, and the potential mixture of natural and fission yield
isotopic abundances. 'Some of the sample concentrations were also very near detection limit.

2. Quality Control

Duplicate (DUP). The RPDs for all analyses (duplicate and replicate) were < 15%, with the
exception of the solids duplicate analysis for Ru, Pd, and Tc-99. The problem with the Ru and
Pd was most likely due to the difficulties mentioned above. The Tc-99 concentrations were very
near the detection limit.

Matrix Spike (MS), The MS recoveries for ail post spike analyses were within 75% to 125%
with the exception of Ru. The analytical lab only had MS information for Ru, Rh, and Pdto
calculate recovery, none of which met the QC criteria.

Process Blank (PB) and Blank Spike (BS). The PBs were all below or near detection. The
recovery of the blank spikes met the QC criteria for LCS recovery of 80% to 120%.

Initial Calibration Blank (ICB) and Continuing Calibration Blank (CCB). The ICB and CCB
standards are a 1% high purity nitric acid solution used as the diluent for the samples, except for
the Pu analysis, where the eluent for the Pu separation was used. The ICB and CCB standards
were at or below the instrument detection level except for the Pu analysis, where the standards
were above detection level but 2 to 7 orders of magnitude below the sample concentrations.

Initial Calibration Verification (ICV) and Continuing Calibration Verification (CCV}
Recoveries of the ICV and CCV standards were within 90% to 110%.

Internal Standard ({S). The ISs were within the range of 30% to 120%.

JCP-MS Data Report, ASR 6107 g Page 2 of 2



Client: R.Hallen

WP/Project: W57384 / 42365
ASR/Log-In: 6107, 01-01014 to 01-010186
Report Date; 2/9/02

Battelle, PNNL, AIAL
ICP/MS Analysis Data Report

!

N
-

Y

Reviewed by ) J/d’V

Unless otherwise specified; the results are reported in 1Ci analyte/g of original sample.

2/25/2

RFL Log-In # Sample ID ICP/MS ID MDL Tc 99 Rec/RPD
T uCilg uCilg e 18D %
1%HNO; IC8 2.05E-09
1 %HNQ, Cccel 2.80E-09
1%HND, cce2 2.35E-09
1% HND, CCB3 3.48E-08
1%HNQ, CCB4 3.51E-09
[True Value i.70E-06
ICv ~ ICV 1.62E-06 & 3.43E-08 95%
CCvi cCwvi 1.62E-08 = 4.61E-08 95%
ccv2 ccvz 1.66E-06 =+ 4,23E-08 98%
CCv3 CCv3 1.82E-06 + 1.6BE-0O7 107%
CCva CCv4 1.67E-06 + 3.74E-08 8%
01-01014-PB PROCESS BLANK Sample14  7.16E-07 3.19E-06 =+ 1.B9E-07
01-01014-PB PROCESS BLANK post spike  Sample1b B.46E-07 4. 70E-04 + D0.08E-05
Post Spike Concentration expected 4.12E-04 113%
01-01014-BS-2 BLANK SPIKE Sample18 1,66E-06 5.16E-04 + 8.12E-08
01-01014 LS-12 . I Samplel? 1.50E-05 6.29E-02 = 2.09E-03
01-071014 L5-12 replicate Sampi218 1.B2E-05 6.30E-02 & 4.24E-04 0.2%
(1-01014-Dup LS-12-Dup Sample19 1.53E-05 6.26E-02 £ 1.94E-04 0.3%
01-01015 LS-13 Sample20 1,54E-05 6.03E-02 9.02E-04
01-01015 LS-13 post spike Sample22 1.86E-05 6.59E-02 = 2.76E-04
Post Spike Concentration 6.97E-03 B0%
01-01015-MS3-2  LS-13 ICP/MS MS Sample23 1.55E-0b 6.106-02 + 7.72E-04
01-01016 L5-14 Sample2i  8.95E-06 1.20E-02 + 3.08e-04
MTE: ICP/IMS VG (WB36913), Mettler 512-06-01-014
Procedure: PNL-ALO-280 Rev. 1
Analysis Date; 9/12/01 f1
Instrument Filenames: Experiment (12SEP01}, Procedure (010812a), Element Menu {CsTcRb) Page 10



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

Client: R. Hallen Charge Code/Project:  'W37984/ 42365
RPL Numbers: 01-01014 to 01-01017 ASR Number: 6107
Analyst: MIJ Steele Analysis Date: July 19720431, 2001

Procedure: PNL-ALO-381, "Direct Dz2termination of TC, TOC, and TIC in Radicactive Sludges
and Liquids by Hot Persulfate Method"
M&TE: Carbon System (WA92040}; Balance (360-06-01-023)

Analysis Results

|Liquid TIC TIc | TOC TOC TC TC
RPL # ESﬂmplc ID ugC/mlL RPD ugC/mL RPD ugCiml RYD
01-01014 LS-12 8,540 12,000 fo20,500
01-01014 Dup LS-12 8,550 0% 12,200 1 2% | 20700 | 1%
01-01015 LS-13 L7930 11,500 | 19,400 |
01-01015 Dup LS-13 7,680 3% 11,400 1% 19,100 2%
01-01015 Trip £S-13 8,700 12,100 20,800
01-01016 Lsia 1,500 ERTL 4,640
01-01016 Dup 1S-14 1,500 0% 3,030 3% 4,540 2%
01-01016 MS Recovery 101% 99% 100%
BSLCS (07-19-01) Recovery 102% 106% | |
BS LCS (07-20-01) Recovery L103% 102% | | 'i
' Solid . TIC TIC TOC TOC TC TC
RPL, # Sample ID ugC/g RPD ugClg RPD ugC/g RPD
01-01017 LS-16 18,500 5,190 24,700
01-01017 Dup 1S-16 17,700 4% | 6,960 12% 24,700 0%
01-01017 MS Recovery T 104% 90% 97%
BSL.CS (07-31-01) iRecovery 101% 102%

The TOC/TIC analyses of the samples submitted under ASRs 6107 are to be performed by both the
hot persulfate and furnace methods. This report presents the results from 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.

The table above shows the results, rounded to two to three significant figures. 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, as per procedure PNL-ALO-381,

Q.C. Comments:
The standards for TIC and TOC supernatant analysis are liquid carbon standards from VWR. The
lot numbers and Chemical Management System (CMS) numbers for the standards are included on

the raw data benchsheets.

ASR 6107 Hallen P.doc Page 1 of 2




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

For TIC and TOC solids analysis pure chemical compounds are used as the calibration, as well as
matrix spiking, standards. The TIC analysis uses calcium carbonate and the TOC uses a-Glucose
(JT Baker, Aldrich, Sigma, and Mallinckrodt lot numbers and CMS numbers are provided on the
raw data benchsheets).

The QC for the methods involves calibration blanks, sample duplicates, laboratory control sample,
and matrix spikes. The ASR indicates that the analyses are to be performed to “Conducting
Analytical Work in Support of Regulatory Programs”. The performance of the QC samples is
compared to this QA Plan.

Laboratory Control Sample (LCS)Blank Spike(BS): A LCS/BS was analyze each day that the
samplcs were analyzed. The LCS/BSs for both the liquid analysis and the solids analysis were
within acceptance criteria of 80% to 120%.

Matrix Spike: The accuracy of the carbon measurements can be gstimated by the recovery results
from the matrix spike. The matrix spikes for the LS-14 liquid sample and the LS-16 solids sample
demonstrate recoveries well within the acceptance criteria of 75% to 123% recovery.

Duplicates: The precision between the duplicates (replicates), as demonstrated by the Relative
Percent Difference (RPD) between sample and duplicate. The TIC and TOC RPD resulis are well
within the acceptance criteria of <20% RPD.

General Comments:

. The reporied "Final Resclis" have been corrected for 2ll dilution performed on the sample dering processing or analyvsis.
. Routing precision and bias are typicaily £15% or beter for non-complex samples that are free of interferences.

¢ Theestimated quantitation imit (EQLY is defined as & times the MODL. Results less than 5 times the MDLE have higher uncertainties, and RFDs
are not caleuiated for any resalts fess than 3 times the MDL. The analvsis MDLUs (total ug C) are based on 3 times the standard deviation ofa
set ot histerical data The samplc MDLs (in ug Crmlor ug Cig) are caleulated by using the analysis MDL ad:usted for the sample volume or
wetght.

. Some resuits may be reportad as less than ("<} vaiies. These less than values represent the sample MDL {method detection limit), which is
the system MR adjusied fur the volume of sample uszd for the analysis. The system MDL is based on the atiached pooled historical blank
dats. The eviiuaion and caleclstion of the system M DL is inciuded in the data package.

Report Prepared by: ﬂ//ﬁ/ /_%/x__ Date /O -02-9 /

Review/Approval by: /V}% M Date _/() r/z,é»‘- /O/
r

Excel Archive File: ASR 6014L 6031L 6107L&S 6121L.xls

ASR 6107 Hallen P.doc Page 2 of 2



Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report
PO Box 999, Richland, WA 89352

Client R. Hallen Charge Code/Project: W57984 /42365
RPL Numbers: 01-1014 to 01-1017 ASR Number; 6107
Analyst: MJ Steele Analysis Date: 8/22, & 8/23 2001

Procedure: PNL-ALO-380, "Determination of Carbon in Solids Using the Coulometrics Carbon
Dioxide Coulometer”
M&TE: Carbon System (WD13071); Balance (360-06-01-023).

TOC/TIC/TC Results

| TC @) | TIC(b) | “-TOC | TOC | TC | TC -
. _ . .| MDL |'Results | MDL | Results | MDL | Resulis
RPL Number Sample ID - - ugC/mL | ugC/mL | ugC/mL ugC/mL | ugC/mL | ugC/mL
01-01014 Ls-12 220 | 5,700 180 | 15,500 | 220 | 21200
01-01014 Dup  [LS-12 220 | 21,200
RPD 0%
01-01015 LS-13 220 nd 180 | 22300 | 220 | 19,000
01-01016 1$-14 50 850 180 | 35350 90 4,400
01-01016 Dup  |LS-14 90 500 180 | 3370 90 4,270
RPD 5% %
01-01015 MS LS-13 | 107%
01-01016 MS LS-14 105%
BS/LCS Blank Spike/LCS 96% 9:4%
RPL Number Sample ID ugClg | ugClg | ugClg | ugClg | upClg | ugClg
01-01017 LS-16 Washed Solids 190 nd 400 | 22,700 | 190 | 28,000
01-01017 Dup  ILS-16 Washed Solids 120 | 5400 | 240 | 23,100 | 130 | 28,500
RPD 2% 2%
01-01017MS LS-16 Washed Solids | 100% 111%
BS/ACS Blank Spike/LCS i 99% 104%

nd = not detected (1.e., TC results > TOC results)
(a) TIC MDL setto TC MDL
(b} TIC is determined by difference (TC - TOC)

The TOC/TIC analyses of the samples submitted under ASRs 6107 were to be performed by both
the hot persulfate and furnace methods. This report presents the results from the furnace oxidation
method and the results are compared to the results obtained from the hot persulfate method.
Determination of total organic carbon (TOC) is performed by combusting an aliquot of the sample
(solids or liquid) in oxygen at 750 °C for 30 minutes. The total carbon is determined on another
aliquot of the sample by combusting at 1000 °C for 30 minutes, The total inorganic carbon is
obtained by differcnce.

The table above shows the results, rounded to two to three significant figures. The raw data bench
sheets and calculation work sheets showing all calculations are attached. All sample results are

ASR 6107 Hallen F.doc Page 1 of 3



Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report
PO Box 999, Richland, WA 99352

corrected for average percent recovery of system calibration standards and are also corrected for
contribution from the blank, as per procedure PNL-ALO-380.

Q.C. Comments:

The calibration and QC standards for TC and TOC analysis are liquid or solid carbon standards or
pure chemicals from JT Baker, Aldrich, Sigma, and Mallinckrodt. The identification of the

standards and their Chemical Management System (CMS) numbers are included on the raw data
benchsheets.

The coulometer analysis system calibration is checked by analyzing calibration standards at the
beginning, middie, and end of each day’s run. The average recovery from these calibration check
standards is applied as a correction factor to the ‘raw data’ results obtained for the samples. The
average recovery for the two analysis days was 100%, and 98%.

System blanks were analyzed similarly to the calibration check, averaged, and subtracted from the
sample ‘raw data’ results prior to calculating the final reported result. The TOC determination
produced an average blank of 15 ugC. The TC determination produced an average blank of 54 ugC.
The 54 pgC blank level is unusually high; however, the reproducibility of the blank was reasonably
good (1.e., 49 to 59 ueC).

For each days analysis run, the QC for the analyses include sample duplicates, blank spikes (as a
laboratory control sample), and matrix spikes.

Blank Spike/Laboratory Control Sample: The BS/LCS was within acceptance criteria of 80% to
120% required by the governing QA Plan for both the TC and TOC analysis of the liquid and solids
samples.

Duplicates: The precision between the duplicates (replicates), as demonstrated by the Relative
Percent Difference (RPD), is within the acceptance criteria of the governing QA Plan (i.e., <20%).

Matrix Spike: The accuracy of the carbon measurements can be estimated by the recovery results
from the matrix spike. The TOC and TC matrix spike for both the liquids and solids samples
demonstrates recoveries between 100% and 111%, which are within the acceptance criteria of 75%
to 125%.

Furnace Results Compared to Hot Persulfate Results

TIC HP |TIC FurnTOC HP{TOC Furn| TC HP | TC Furn

- RS Results Results™® Results Results - [Results™| Results
RPL Number |Sample ID '. ugC/mL | ugC/mL | ugC/mL | ugC/mL | ugC/mL | ugC/mL

01-01014 L5-12 8,540 5,700 12,000 15,500 [ 20,500 | 21,200
01-01015 [.5-13 7,930 nd 11,500 [ 22300 19,400 | 19,000

01-01016 LS-14 1,500 850 3,140 3,550 4,640 4,400
- TIC HP {TIC Furn/TOC HP|TOC Fura] TC HP-{TC Furn

S : L Results [Results®| Results -__;_Res_u}ts .|Results™| Results’

RPL Number |SampleID =~~~ | ugClg | ugClg | ‘ugClg | ‘ugClg | ugClg | ugClg

LOI—OIOI? LS-16 Washed Solids 18,500 130 6,190 22,700 24,700 | 28,000

nd = not detected (1.e., TOC result > TC result)

(a) TIC Furn is determined by difference {TC - TOC)

(b) TCHP is determined by sum (TIC + TOC)

ASR 6107 Hallen F.doc Page 2 of 3



Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report
PO Box 999, Richland, WA 89352

The two method appear to produce comparable results for TC, with the furnace producing slightly
higher results. However, there are significant differences between the TIC and TOC results
reported by each method. The reason for the discrepancy between the hot persulfate methed and
furnace method is unknown, but it appears that the inorganic carbon, perhaps in the form of easily
oxidized metal carbonates, is being combusted at 750 °C (as TOC) with the furnace method.
Typically, the furnace method provides the best TC results and the hot persulfate the best TIC
results, thus the TOC would be the difference between these measurements. Based on the furnace
TC result for sample LS-16, the TOC result from the hot persulfate method may be about 30% low.

General Comments:

+  The reponted "Final Results™ have been comrected for all dilution performed on the sample during processing or analysis.
¢ Routine precision and bias are typically £15% or better for non-complex samples that are tree of interferences.

. For both the TC and TOC, the analysis Method Detection Limit (MDL) is based on the standard deviation czleulated from the number (n}
of system blanks analyzed with the bateh of samples. The standard deviation is multiplied by the Student’s ¢ values for n-1 degrees of
freedom to establish the daily MDL. The sample MDE {in ug C/ml or ug C/g) are caleulated by using the analysis MDL adjusted for the
sample volume or weight.

. Some results may be reported as lgss 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 estimated quantitation limit (EQL) is defined as 5 times the MDL. Results less than 3 times the MDL have higher uncertainties, and
RPDs are not caleulated for any results less thaa 3 times the MDL.

Report Prepared by: M&V/%&, Date,/Z;'/q*@ /
Review/Approval by: \{Y\Q(}/ m Date | — 35— o2

Raw Data Calculation/Archive Information:
ASR 6019L&S 6025L 6031L 61078.x1s

ASR 6014 6104 5103 6106 6107 6155 6162 6192.xls
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. . . Putting Technology To Work

Cate:| 6/20/01

Subject: Hydroxide Analyses for: R. Hallen
ASR: 6107

To; R. Halien

From: L Greenwood »}/{};

Samples of the filtrate compasite and wash composite from the Sr/TRU Project AN-102/C-104 blend were
analyzed for the hydroxide content following precedure PNL-ALO-228. Direct sample aliquots were analyzed
in duplicate using a Brinkman 6386 Auto-Titrator. A 0.1186 N NaCH solution was prepared for use as a
standard and sample spike and the titrant was a 0.2040 M HCI prepared sclution. Three inflection points
were observed for each sample generally corresponding to hydroxide, carbonate, and bicarbonate. The
standard hydroxide recovery averaged 95% and a sample spike recovered at 96%. No hydroxide was
detected in a reagent blank. The titration curves are included with the report.

ASR6107 & ASR 6097.xls Page | of | 06:20/01



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-3235 Building
Chemical Measurements Center

Hydroxide and Alkalinity Determination

Procedure: PNL-ALO-228 Eqypp-4 WB76843
Annl_vst:pélv M 4"‘2/'£/

0 .
Reviewer: r}oﬂ);)’\iﬁ_mg 5:"—,’/ 6"25‘ . /

Summary Report

ASR &

Cencentration, moles

RPG # Client 11} First Point Second Point

01-1014 LS§-12 0.21 1.29

01-1014 LS-12 Rep 0.19 1.28
RPD T% 1%

01-10153 LS-13 0.21 1.26

01-1015 1.5-13 Rep 0.t8 1.28
RFPD 18% 1%

01-1016 LS-14 0.057 0.24

01-1016 L.S-14 Rep 0.053 0.22
RPD 6% 6%

Standard 1 95%

Standard 2 93%

MS-1H5 Matrix spike 6%

Blank nd

Third Point
0.93
0.96
4%
0.87
0.89
2%
0.18
0.12
41%

Note: Results are presented for the first, second. and third inflection peints on the titration curves, as
applicable. The first inflection point is generally associated with the hydroxide concentration. The
second and third points generally represent the carbonate and bicarbonate concentrations.




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

Client: R. Hallen Charge Code/Project: W57984/42365
ASR Number: 6107 Liquids Sample Receipt Date: 05/11/2001
Sample Prep Date:  N/A Sample Analysis Date: 06/13-14/2001
Analyst: MI Steele

Preparation Procedure: N/A

Procedure:  PNL-ALO-212, "Determination of Inorganic Anions by fon Chromatography”

M&TE: [C system (WD23214): Balance (360-06-01-031) --- See Chemical Measurement Center
98620 RIDS IC File for Calibration, Standards Preparations, and Maintenance Records.\

The final ion chromatography results ASR 6107 Liquid Samples (01-01014 through 01-01016)

are presented in Table 1. Table 1 includes the samples, duplicates. processing blank (dilution
liquid), low level standard, and laboratory control standard results.

Table 1: Anion Analysis Results — ASR 6107 Liquids

F Cl NO, Br NO, PO, 50, C,0,

RPL Number Sample ID Le/mt pg/mi pe/ml o/m} pe/ml pa/nl pg/m! g/ml
EQL 0.13 0.13 0.25 .13 0.25 0.23 0.23 0.25

01-01014 Dilution Blank <0.13 | <013 | <0235 | <013 < ().23 <025 | <0.23 <0.25
EQL| 623 123 625 125 1230 230 i 230 230

01-01014 L5-12 4.300 1960 | 43.600 <123 106,000 | 3.260 ¢ 6.710 1.338

01-01014 DUP L5-12 Dup 4.500 1.520 1 43,900 <125 107.000 | 3.280 | 6710 1.530
RPD 4% 2% 1%a n‘a 1% 1% 0% %%

01-01013 LS-13 4.400 1.880 [ 41,200 <125 59,500 3,620 6.430 L.460

01-01015 MS %Rec 1.5-13 MS %Rec 114%% 104% 106% 106% H0% 97% | 100% 107%
EQL 125 25 230 23 2350 250 1 s0 30

01-0t016 L5-14 4.300 380 7.290 < 25 16,900 340 1.060 2,770

UL-01016 MS %Rec L8-14 MS %Rec 111% 104% 103% 107% 110% 100% 101% 109%

LLS %iRec 1062 1% 102% 101% 98% 98% 95% 108%

LCS %eRec 9725 100% 97%% 98% 93%a 91% 91% 100%

Fluoride exhibits significant interference from unknown anions making quantitation difficult.  Fluoride results are maximum value,

EQL = Estimate quantitation limt; based on lowest calibration standard times all dilution factors used to cateulate the reported results,
INa results below the EQL are reported.

The sample was prepared for ion chromatography anion analysis by dilution at 200-fold to
5000-fold in order to ensure that the anions were measured within the calibration range.

Column overloading prohibited analysis of the sample as dilutions less than 200-fold. The
estimated quantitation limits which are based on the lowest calibration standard and the dilutions
used for reporting the results are provided in Table 1.

Q.C. Comments:

Duplicates: No duplicate was provided. However, one sample was split and analyzed in
duplicate. The duplicate relative percent difterence (RPD) meets the acceptance criteria of
<20%.
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Battelle PNNL/RPG/Inorganic Analysis --- IC Report

Matrix Spike (HCV 010328): A matrix spike was prepared from two samples all anion
recoveries were within the 75% to 125% recovery acceptance criteria, as shown in Table 1.

Laboratorv Control Sample-LSC/BS (HCV 010328 @4x): A Blank Spike {i.e., the spike
solution used to prepare the matrix spike samples) was prepared and measured at the same time
as the Matrix Spike sample and demonstrated recoveries within the 90% to 110% acceptance
criteria.

Low Level Standard (LLS/LCV 010328} As shown in Table 1, the LLS meets the acceptance
criteria of 75% to 125% recovery.

Svstem Blank/Processing Blanks: Ten system blanks were processed during the analysis of the

liquid sample. No anions were detected in the system blanks above the estimate quantitation
level.

Quality Control Calibration Verification Check Standards (ICV 010328). Ten mid-range
verification standards were analyzed throughout the analysis runs. Except for four oxalate
measurements, all anions recoveries were within the acceptance criteria from 90% to 110% for

the verification standard. The oxalate measurements that failed produced a recovery from 111%
to 112%.

General Comments:

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

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

. Routine precision and bias are typically =13% or better for non-complex aqueous samples that are free of interference and have similar

congentrations as the measored anions.
Report Prepared by: ‘-777 %/ Z/ Date 7 -/ g" a5

Review/Approval: _,747//,:/ Date 7//5}"&/

Archive Information:

Files: ASR 6107 Hallen.doc ASR 6104, 6106, 6107 REPxIs |
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Subjeet  Radiochemical Analyses for AN-102/C-104 Blend —
ASR 6107

Samples of the filerates from tanks AN-102/C-104 blend were analyzed for gamma emiters, *'Sr,
alpha/ALA, U, and Am/Cm according to ASR 6107. The samples were acid digested or fused in
the hot cells according to procedures PNL-ALO-128 or ~115 and aliquots were delivered to the
laboratory for analysis. The actd digestions were performed in four different batches in the hot cells,
cach batch having a separate process blank. The one sohd sample, L5-16, was prepared in the hot
cells by KOH-KING, fusion. The attached reports list measured analvte activities in the original
sample material in units of uCi/g. The reported errors (1-0) represent the total propagated error
including counting, dilution, yield, and calibration ¢rrors, as appropnate. Laboratory and process
blank values given with each analysts are the best indicators of the method detection limirs, raking
into account the actual sample sizes and countng tmes used for each analysis.

Gamma Spectrometry

Sample aliquots were directly counted for gamma emitters according to procedure PNL-ALO-450,
Since no sample preparation was involved, no laboratory blanks or spikes were prepared for these
analyses other than the standard laboratory control samples and background counts. In order to
meet the requested detection limits, diluted aliquots of the hot cell preparations were counted for
periods of 3 to 14 hours. All of the samples showed the presence of significant "'Cs activity. Some
of the samples also showed the presence of “Co, ®'Eu, "Fu, and *"Am. The MRQ values for
extended counting trae GEA were met in all cases. Detection limits are Listed 1n the tables. The hot
cell process blanks showed the presence of ¥'Cs. However, the activities in the blanks were
negligible with respect to the samples. Sample duplicates showed good repeatability for sample LS-
12. However, agreement for the hot cell preparation duplicates was marginal for sample LS-16 with
RPD values of 8% to 15% for all of the isotopes except for “'Co, where the RPD value was 37%,
well outside of the expected range. The reason for the large disagreement for this one 1sotope is not
known, but may suggest contamination or heterogeneity in the sampling in the hot cells. The
activitics measured for **'Am are in good agreement with the Am/AEA resules reported below for

sample LS-17.
Strontium-90

The Sr separatdon was performed according to PNL-ALO-476 and radiochemical vields were traced
with ®Sr. The separated fracrions were then beta-counted according to RPG-CMC-408 and gamma
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counted according to PNL-ALO-450 (for ¥Sr determination and "’Cs impurity assessment). Some
of the separated Sr fractions contained a small amount of 'Cs and a correction to the beta count
rate was applied for these samples in addition to the small beta correction from *'Sr. In all cases, the
"Cs correction was small compared to the acuvity in the samples. The samples were analy zed i
two batches in the laboratory. The laboratory blank for the first bqtch showed significant "'Cs
contamination in the gamma count for “Sr. After correction for the '*'Cs beta contribution, the
resultant *'Sr value in the lab blank was about 15% of the activity in the samples; however, the
uncertainty 1s very high due to the large correcuon. The lab blank for the second batch and the hot
cell process blanks did not show any significant *'Str contamination. Sample duplicates showed good
repeatability 10 all cases. The blank spike and matrix spike vields ranged from 97% to 104%. All of
the samples showed the presence of ”'Sr at levels that were significantly less than the requested
MRQ values.

Total Uraninm

Total uranium was measured 1n samples LS5-12 to [.5-16 according 1 procedure PNNL-ALQO-4014
using Kinetic Phosphoresence Analysis (KPA). Uranium was detected 1in both the hot cell
preparation blanks; however, the levels were not significant relative to the samples. Sample
duplicates and a lab replicate showed good repeatability. Since the analyses were performed on the
samples as received from the hot cells, o sample spikes were required. LCS samples gave uranium
results at 99%6 and 102% of the expected values. All of the measured uranium values were well

below the requested MRQ values.
Total Alpha with Alpha Energy Analysis

The total alpha acuvity was determined by direct-plating small aliquots of the acid-digested samples
onto planchers accordmg to RPG-CMC-4001. The samples were then counted on Ludlum ZnS
scintillation detectors according to RPG-CMC-408. Alpha energy analyses were performed on all
mmplcs '1ccordir1g to procedure RPG-CNC-422.  Peaks were observed due to “*U+*'Np,
BPpy+2Pu, Fru+ ! Am, P*Cm+"*Cm, and **Cm. The sums of the individual alpha emitters are
generally in reasonable agreement with the total alpha data indicaring minimal losses due to alpha
self-absorpuon,

Most of the hot cell preparaton blanks and the laboratory blank did not show any significant alpha
contamination. However, for the hot cell acid digestion batch containing samples 1.5-01, LS-12, LS~
13, and L.8-14, the process blank contained high alpha contaminaton. The blank actvity is small
compared to sample 1.5-01, but it is significant compared to the other samples. The alpha acuvity in
the blank is 16% of that in sample LS-12, 23% of LS-13, and 115% of sample 1.5-14. Thesc
activities are well below the requested MRQ value of 0.23 uCi/ml, but the samples may need to be
reprepared to meet the project reporting requirements, The total alpha and alpha/AEA data are
also not in good agreement for this hot cell blank. On this blank, the alpha/AEA result 1s probably
more reliable than the total alpha resule. We re-prepped the alpha/AEA from a fresh aliquot, and its
counting data agreed with the onginal alpha/AEA data,

Duplicate samples generally showed acceptable agreement taking into account the statistical
uncertaintics. The only exception s for O for sample LS-05 where the RPD value 15 34%.
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The reason for this difference 1s not known. The LCS and matrix spike recoveries were 102% and
105%, respectvely.

Americium and Curium

The Am/Cm separations were performed for samples 1.5-12 to 1S-16 according to PNL-ALO-417.
The separated fractions were precipitation plated according to PNL-ALO-496 and the samples were
counted by alpha spectrometry according to PNL-AL(O-422. The curium is known to follow the
americium and both these isotopes were traced with **Am. As discussed above for the total alpha,
the hot cell process blank with samples 1.5-12 to LS-14 was contaminated with alpha activity. There
was no significant contamination of the hot cell process blank for the solids sample 1.S-16. The
Am/Cm AEA results are generally in good agreement with the total alpha AEA results indicating
that there is little “*Pu in these samples. The only exception is for the contarinated hot cell process
blank (01-1014 PB), which clearly has a different isotopic mix than the samples. The LCS and
matrix spike recoveries were 99% and 100%, respectvely. RPD values were acceptable taking into
account the statistical uncertainties, Most of the sample activities were well below the requested

MRQ values.
9‘}TC

The technettum in the solids sample LS-16 was chemically separated for analvsis according to
procedure PNL-ALO-432. The scparated fractons were then counted according to procedure
RPG-CMC-408. No activity was detected in cither the hot cell process blank or the laboratory
blank. The RPD value was 23% suggesting some heterogeneity in the sample duplicates. The
matrix spike recovery was low at 79%, probably due to the high salt content from the fusion
preparation. The LCS recovery was 95%. The ¥Tc activities were well below the requested MRQ
values.
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Battelle PNNL/RSE/Inorganic Analysis ...
PO Box 938, Richland, Washington 99352

Project / WPH: 42365/ W58166
ASR#: 6130

Client: S, Fiskum

Total Samples: 2

ICPAES Analysis Report

RPL#: 0101345 | 01-01354

Client ID: “ANC102/104-C-F/A” : “AN102CST-CF/A»

Sample Preparatioﬁ:ﬂ PNL-ALO-106 (0.2mL/20mL)

Procedure: PNNIL-ALO-211, "Determination of Elements by
Inductively Coupled Argon Plasma Atomic Emission
Spectromertry” (ICPAES).

Analyst: D.R. Sanders
Analysis Date (File): 07-18-2001 (A0700)

See Chemical Measurement Center 98629 file: ICP-325-405-1
(Calibraton and Maintenance Records)

M&TE Number: WB73520 (ICPAES instrument)
i 360-006-01-029  (Metder AT400 Balance)

W/() /ﬁf._// 79

Reviewed by
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Battelle PNNL/RSE/Inorganic Analysis ... ICPAES Analysis Report

Two liquid samples (ANC 102/104-C F/A and AN102CST-C F/A) from Analytical Service
Request 6130 were prepared by acid digestion per PNL-ALO-106. The samples were digesting in
the laboratory (i.e., not in the Shielded Analytical Laboratory) by using 0.2 mL of sample and
diluting to a final volume of 20 mL.

In the Analytical Service Request (ASR), Na and K were identified as analytes of interest for this
work along with ‘minors as found’. Thercfore, any analyte detected in the samples besides Na and
K was considered an analyte of intetest; 1.e,, Al, B, Ba, Ca, Cd, Cr, Cu, Fe, Mo, Ni, P, Pb, Si, St, and
Zn. The quality control (QC) resulis for each of these analytes has been evaluated and is presented
below. Analytes other than those detected part of the ICPAES analysis are teported, but have
concentrations less than the method detecuon imit (ML} and have not been fully evaluated for
QC performance.

The attached ICPAES Results (2 pages) presents the final results. Results are from the direct
measurement of the digestates, except for the AN102CST-C F/A duplicate which was measured
following an additional 2x dilution at the ICPAES. The ICPAES measurement results are reported
in ].Lg/mL of liquid sample and have been corrected for all dilutions resulting from sample
processing.

The tollowing 1s a hist of quality control measurement results relative to ICPAES analvsis
requirements of the controlling QA plan A digestion processing blank, laboratory control sample
(blank spike), and duplicate were prepared with the sample. Through a mix up in the processing
laboratory, no matrix spike was prepared from either of the samples analyzed by ICPAES; therefore,
post spike were used to assess mauix interferences. The blank spike was prepared by using 1 mi of a
custom multi-element solution “INT-QC-MCVA-1B” per 20 mL digestate volume.

Process Blank:
Concentration of analytes of interest measured in the process blank were all within tolerance
limit of £ EQL or less than £3% of the concentration in the sample, except for B, Ba, e, and
Si. The sample concentration for B, Ba, Fe, and Si are esscnually the same as the processing
blank concentrations, suggesting that there is lietle, if any, B, Ba, Fe, or S11n the samples.

Blank Spike (laboratory control sample):
"The blank spike recovery for analyvies of interest was within the acceptance criteria of 80% to
120%, except for B, Mo, and Si.  For B the high recovery (i.e., 210%) 1s atrributed to digestng
the BS in glass vials. Silicon and Mo were not included in the BS since the only analytes
identified as required were Na and K.

Duplicate RPD (Relanive Percent Difference):
For those analytes of interest measuted above the estimated Method Detecuon Limie (MDL),
the RPDs were within the acceptance critena of less than 20%.

Matrix Spiked Sample:

No matrix spike was analyzed with this batch of samples.

9/14/2001 ASR 6130 Fiskum.doc Page 2 of 3



Battelle PNNL/RSE/Inorganic Analysis ... ICPAES Analysis Report

Post-Spiked Samples (Group A: all analytes of interest):
All post-spiked analytes of interest in samples tested were recovered within tolerance of 75%
to 125%, except Al and Na. The post spike analysis uses a general spiking solution intended
to be usable on the majonty of sample analyzed by ICPAES. However, for the sample
selected for post spiking, the spike concentration for Al and Na was less than 20% of the
sample concentration and the recovery results are considered meaningless. For these analytes,
the use of serial dilution results is required to evaluate potenual matrix interferences.

Post-Spiked Samples (Group B; other analyres}:

The post spiked analytes (ie., analytes other than those identified as analyzes of interest) were
within tolerance of 75% to 125%.

Serial dilution:
Serial dilution was required for Al and Na, since both the post spike concentrations were less
than 20% of the sample concentradon (i.e., recoveries could not be evaluated). These analytes

demonstrated a percent difference (%4D) within the acceptance criterta of ¥10% after
correcung for dilutton.

Comments:

1) "Final Results" have been corrected for all laboratory dilution performed oa the sumple during processing and
analysis unless specificallv noted.

2) Detection limits (Det. Limit) shown ace for acidified water. Detection limits for other matrices may be

determined if requesred. Method detection hmits (MDL) can be estimated by multiplving the Multiplier times
the Bletection Limit.

3} Rouane peecision and bias is tvpically = 13% or better for samples in dilute, acidified water (e.g. 2% v/v HNO3
or less) ar analvie concentrations greater than ten times detection limit up to the upper calibration level. This
also presumes thar the total dissolved solids concentration in the sample is less than 3000 pg/ml. (0.5 per cent
by weight).  Note that brackered values bseed i the dat report are within ten umes instcument detection himit
{adjusted for processing facrors and labuntory diludons) and have a potendzl uncertamty much grearer than
15%.

%) Abselute precision, bias and detection wmits may be determined on each sample if required by the client.

o

)} The maximum number of significant figures for all ICP measurcments 13 2.

9/14/2001 ASR 6120 Fiskum.doc Page 3of 3



Battelle PNNL/RSE/Inorganic Analysis ... ICPAES Results

Multiplier= 100 100 200 200
RPL#=| 01-1338PB| 01-1345 01-1354 01-1354 D
ClientiD=| Process ANC 102 |AN102 CST-| AN102 CST-
Det. Limit Elank 104-C-FiA C-FlA C-FiA
ugimlL Analytes ug/mL ug/ml. ugimL ug/mL
0.150 Na 1,010 111,000 136,000 145,000
2.000 K - [850] (1.100] [1,100)
Other Analyte Detected
0.060 Al 84.1 8210 8,520 6,730
0.050 B 750 524 B15 755
0.010 Ba {1.3] [1.8] [2.5] -
0.250Q Ca - [150] [190] {190
0.015 Cd - 26.0 321 32.3
0.020 Cr -- 108 119 121
0.025 Cu -- {10} {8.4] [7.5]
0.025 Fe [5.7] [9.4] [9.1] [8.8]
0.050 Ma -- [22} (28] [27]
0.030 Ni -- 188 237 240
0.100 P -- 748 457 455
0.100 Phb -- (67] [88] [84)
0.500 Si 973 1,110 1,250 1,240
0.015 Sr -- 86.5 60.3 52.1
0.050 Zn - [8.5] - -
Other Anaiytes Measured but Not Detected
0.025 Ag - - - -
0.250 As -- - - -
0.010 Be -- - - -
0.100 Bi -- -- — -
6.200 Ce -- -- — -
0.050 Co -- -- - -
0.050 Dy - ~- -- -
0.100 Eu -- -- - -
0.050 La -- - -- --
0.030 Li - -- -- -
0.100 Mg - -- -~ -
0.050 Mn -- - -
0.100 Nd - - -
0.750 Pd - - - -
0.300 Rh - - - -
1.100 Ru - -- -- -
0.500 Sb - - - -
0.250 Se - - - -
1.500 Sn - -- - -
1.500 Te -- - - -
1.000 Th - - - -
0.025 Ti -- - -~ -
0.500 Tl -- -- -- -
2.000 u - - - -
0.050 v -- - -~ -
2.000 w -- - -- -
0.050 Y - - - -
0.050 Zr - - - -

Nate: 1) Overall error greater than 10-times delection fimit is estimated to be within +/- 15%.
2) Values in bracke!s [) are within 10-times dotection limit with errors tikely to exceed 15%.
3) =" indicate measurement is below detection. Sample delection fimit may be found by

multiplying “det. limut” (far left column) by “multipfier” {top of each column).

Page 1 of 2
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Battelle PNNL/RSE/Inorganic Analysis ... ICPAES Results

QC Performance

80% - 75%-
Criteria> <20% 120% |T5%-125%) 125% |75%-125%| < +/-10%
01-1388- 01-1345 +| 011345 +| 01-1354
QC ID=| 011354 & AES- Post Post @21@3
01-1354 D | LCS-BS| none Spike A | Spike B | Serial Dil
Analytes RPD (%)} %Rec %Rec “%Rec “%Rec % Oiff
Ma 7.1 93.5 nr. 0.7
K 52 103.4 93.6
Other Analyte Detected
Al 3.2 876 n.r. -3.2
B 7.6 2098+ 102.0
Ba 110.3 95.5
Ca 1.0 105.6 97.5
Cd 0.5 106.7 98.1
Cr 22 105.9 93.4
Cu 11.2 107.9 992
Fe 23 109.0 100.5
Mo 13 87.0
Ni 1.3 109.0 100.5
P 0.5 105.3 93.8
Pb 4.6 109.7 100.3
Si 0.8 108.7
Sr 2.9 105.4 §8.1
Zn 114.2 101.9
Other Analytes Measured but Not Detected
Ag 101.2 83.2
As 1036 987
Be 1022 95 1
Bi 104.1 95.9
Ce 84.0
Co 108.5 101.7
Dy 94.0
Eu 1011
La 91.9
Li 106.6 97.7
Mg 1123 1038
Mn 109.8 1021
Nd 922
Pd 85.4
Rh 94.3
Ru
Sb 9% 0
Se 105.0 98.4
Sn
Te
Th 95.1
Ti 94.2
Tl 101.9 837
U 90.3
v 99 .8 92.7
w
A 99 4 93.2
Zr 93.0

n.r. = not recovered; spike at <20% of sample concentration

Page 2 of 2
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Battelle, PNNL / ATAL
Inorganic Analysis / ICP-MS Data Report

Project / WP#: 42365/ W38168
ASR#: 6130

Client: Sandy Fiskum
Total Samples: 8

RPL # Client ID
01-01338 AP101-S3C-F/A
01-01339 AP101-S2a
01-01340 AP101-Sla

01-01345 ANC 102/104-C-F/A
01-01346 ANC 102/104-S1C-F/A
01-01354 AN102 CST-C-F/A
01-01355 AN102 CST-83C
01-01356 AN102 CST-84C

Procedure: PNL-ALO-280 Rev, 1, Inductively-Coupled Plasma Mass Spectrometric (ICP-

MS) Analysis
M&TE Number: WB36913 ICP/MS, VG Elemental
512-06-01-014 Mettler AJ100 Belance
Analyst: James P Bramson
Analysis Date: 9/12/01, 9/17/01, 9/18/01
Analysis Files: Experiment ~ 12SEPO1b, 17SEPO1b, 18SEPO1b

Procedure - 010912b, 010917b, 010918b
Element Menu - CsTeRb, Mult

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

o e k6o
Prepared By

ICP-MS Data Report, ASR 6130 Page 1 of 2



Eight samples, a process blank, and a tlank spike submitted for analysis were analyzed ona

radioactive-material-contained ICP/MS for the requested analyte, Cs'>’,

1. Analysis

See attached ICP/MS data reports for final results and run order for the analytical batch. The
final results have been corrected for all client and laboratory dilutions performed on the sample
during analysis.

2. Quality Control

Duplicate (DUP). In addition to the duplicate sample submitted (AN102 CST-C-F/A), a

replicate analysis on sample AP101-S3C-F/A, was also performed. The RPD for both duplicate
and replicate analyses met the QC criteria of <20%.

Matrix Spike (MS). In addition to the matrix spike samples submitted, a post spike was also
performed on AN1102 CST-C-F/A. The spike recovery for both the ANC 102/104-S1C-F/A
matrix spike and AN1102 CST-C-F/A post sptke met the QC criteria of 75% - 125%. However,
the AN102 CST-C-F/A matrix spike recovery was above this range (129%).

Process Blank (PB). Blank Spike (BS). The PB concentration was near detection limit and below
the MRQ. A post spike of the PB met the spike recovery QC criteria of 75% - 125%. However,
the BS spike recovery (132%) was above the QC criteria of 80% - 120%.

Initial Calibration Blank (ICB) and Continuing Calibration Blank (CCB). The ICB/CCB
standards are 1% high purity nitric acid solution used as the diluent for the samples. The QC
criteria of less than the estimated quantitation limit (EQL, taken to be the lowest calibration
standard}, was met,

Initial Calibration Verification (ICV) and Continuing Calibration Verification (CCV). The
ICV/CCV standards met the QC cniteria of 90-110%.

ICP-MS Data Report, ASR 6130 Page2of 2



Battelle, PNNL, AIAL

Clhiant: Sandy Frgkum ICRiMS Analysis Data Raport Raviewsd by SN ,\j - 3L-61
\WPPrajact, WSE166 /42355 . B

ASALagin: 6130, 0101333 10 01-01358
Report Date:. 11/725/01 ,' Aralyst Rt M—
Wl
//3,/;";

Unlzss otherwise specified, the results are reported in pg snalytalmt of original sample.

Legdn Sample {CP/M5 MDL Cs-132 Rec/RPD
Funbar Hnl 1D pgimd LN * 150 %A
T HMD, ce < 1.B5E-Q5 )
13 HMNO, cean 2.44E.05 = 2830V
SaHMO; ccg2 2.61E-06 = 3.23£.07
133 HMNO, CCB3 < 1.9%5E-08
14 HMO, cced 2.40E-08 = 3.73E-07
123 HMD; cCas 232806 = V.13E-07
1% HNG, 1C8 <  1.54E-08
T3HMND, CCB3 < 2.132-08
18 HNO, cces < 217208
1SaHMNO, 128 <  B.00E-08
4 3% HNO, ceat < 8.42808,
1% HMNO, ccaz < 1.09E.05%
O.1ppb Cs [lea¥s 6§ 85E-00 = 1,25E.08  99%
0.1pph Cs cevi 1.03£-04 = 1,106-08 103%
Q. 1ppb Cs Cove 1.04E-04 = 1.80E-068 104%
O.ippd Cs CcCva 1.026-04 = 1.67E-06 102%
Q.ippb Cs CCvs 1.01E-04 =  3.67E-07 101%
0.1ppb Cs ceovs 1.032.04 = B8.0BE.O7 103%
Tepk Cs 12 9.75E-0¢ = 3.40E-06 898%
1opb Cs cCcv3 9.428-04 = 4.75E-08 94%
1ppE Cs cocvi 9.735.04 = 5.32E-06 97%
1ppt Cs cy 1.036-03 = 3.598-08 . 103%
lppb Cs ooVl 1.038-03 = 1.995-05 102%
Tppb Cs cev? 1. Q4E-03 =  1.17E-05 104%
031-01338 P8 PAOCESS BLANK Samplal 1.B7E.02 7.5%E-03 = 4.93E-04
0101335 PB PAOCESS BLANK post spike Sampled 1.81E-C3 1.03801 = 5.43E-04
Post Spika Concentraticn exgectad 1.00E-01 96%
01-31338 MS5-LECS5/85 BLAMNY SRIKE Sample1& 1.94E-01 6.60E+01 = 9.072-01
Matriz Spike Concentrat’on expectad 5.00L+01 132%
0101338 API0I-53C-F/A Sampla?l &, 41E-01 1.205+02 = 1.732+00
01.07333 AP101-S3C-F/A replicate Sampiall 4.41E-C1 1.27E+02 =  9.35E01 6.0%
0i1-01339 AP1D1-52a 1.85E-03 4.54E4+01 = 4.8B4E-C1
01.01340 AF101-S1a 1.82E-01 §.332+00 = 1,55E-07
01-31245 AMNT 102/104-C-Ffa 1.86z-1 510z +00 = 1.,302-01
01.0123356 AMNC 102/103.S1C-F/A z 2 1ME+Q0 1.302402 = 1.632+00
0101346 MS-MS AMC 102/104-51C-F/A Sampla25 4.31E-01 1.63E402 = 2.132+00
Matrix Spike Concentration expectad i 5.00£+01 73%
0131354 AMI102 CST-C-FiA Sampladl i 1.B5E-01 g.ITE+Q0 = B.YIEO1
0101354 DUP AMI0Z CST-C-F/A Sampla31 1.91E-01 897E+0Q0 = 5.51E-02 9.5%

0101354 AM102 CST-C-F/A past spiks Sampleds I 1.88€.01 1925401 = B.41E-O1
Fost Spike Concentraticn expectad 1.008+01 85%
0101354 M3 AM102 CST-C-FiA Samzle38 % 1.84E-01 7.45E+01 = 3.59c-01
Matrix Spike Concentration expacted 5.00E+01 129%
0101355 AM102 CST-S3C-FA Samgleld 4.28E-0t 1.192+02 = 1.272+00
0101355 AMI02 CST-S4C-F/A Samplzd3 33 1.85E+00 8.95E+02 = B.16E+00

MTE ICPMS VG [WB3E691 3], Mettler 512-06-01-014

Frocadure: PHL-ALO-280 Raev. 3 Paga 1 of 1



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Chemical Measurement Center

Client; &. Fiskum

Cognizant Scientist:

Concur ;

PNL-ALO-476 (Sr-90)

ALOID
Client ID

01-1348 PB
Process Blank

01-1348
AN-102-CST-F/A

01-1349
AN-102-CSTD-F/A

RPD

01-1350
AN-102-53-CST-F/A

01-1351
AN-102-33-C3TD-F/A

RPD

01-1352
AN-102-S4-CST-F/A

01-1353
AN-102-54-CSTD-F/A

RPD

01-1354
AN-102CST-C-F/A

01-1354 DUP
AN-102CST-C-F/A

RPD
Blank Spike

Matrix Spike

Blank

#&%ff@mdﬁ:’--;ﬂ/

RS e

| Ve -
N

Sr-90

Error %

<7.E-3

9.14E+0
3%

822E+0
3%

11%

1.07E+1
7%

1.02E+1
7%

5%

1.05E+1
7%

1.03E+1
8%

2%

1 34E+1
7%

1.45E+1
7%

8%
108%

126%

1.03E-2
36%

File: 01-1336

8/10/01

Date : 5"3/;7 cf

Date : 8|10l0 (

Measured Activities (uCi/ml) with 1-sigma error
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Chemical Measurement Center

Client: S. Fiskum

Cognizant Scientist:

Concur ;

PNL-ALO-450 {GEA)

ALOID
Client 1D

01-1338
AP101-53-644- F/A

01-1337
AP101-33-644D-F/A

(01-1338
AP101-53-C-F/A

01-1341
ANC102/104-644- F/A

01-1342
ANC102/104-31-644- F/A

01-1343
ANC102/104 51-644D- F/A

01-1344
ANC102/104- 52-644- F/A

01-1345
ANC102/104-C- F/A

01-1348
ANC102/104- S1-C- F/A

01-1347
ANC102/104-52C-F/A

01-1348
AN-102-CST-F/A

01-1350
AN-102-83-CST- F/A

01-1352
AN-102-54-CST-F/A

e R

————
—

| Yrang -

Date :

Date :

File: 01-1336

7125/01

2/es7e)
7250 |

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

Co-80 Cs-134 Cs-137 Eu-154 Eu-155 Am-241

Error % Error % Error %  Error % Error % Error %

2.23E-3 4 45E-3 2.1BE+1 <2 E-3 <2 E-2 <2 E-2
12% 10% 2%

2.44E-3 546E-3  2.34E+1 <2.E-3 <3.E-2 <3 E-2
1% 11% 2%

2.38E-3 326E-2 138E+2 <4 E-3 <4 E-2 <4 E-2
14% 5% 2%

3.57E-2 <4 E-4 51B6E+0 2.32E-2 131E-2 9.76E-3
2% 2% 2% 7% 13%

3.51E-2 <5 E-4 1.50E+1 2.28E-2 1.27E-2 6.80E-3
2% 2% 2% 9% 26%

3.65E-2 <7 E-4 1.45E+1 2.26E-2 1.24E-2 1.17E-2
2% 2% 3% 14% 23%

3.50E-2 <2.E-3 514E+1 2.36E-2 <3 E-2 <3 E-2
3% 2% &%

4.09E-2 <5.E-3 1.61E+2 <Q E-3 <6 E-2 <B.E-2
3% 2%

4.05E-2 <5 E-3 162E+2 <1 E-2 <7 E-2 <7.E-2
3% 2%

4.04E-2 <4 E-3 160E+2 <8.E-3 <5 E-2 <6.E-2
3% 2%

5 28E-2 <3.E-3 1.84E+1 8.19E-2 4.77E-2 5.31E-2
3% 2% 3% 12% 17%
5.18E-2 <3 E-3 1.76E+1  7.84E-2  3.84E-2 2.77E-2
3% 2% 3% 14% 28%
5.2B8E-2 <2 E-3 6.59E+1 7.85E-2 3.51E-2 3.87E-2
2% 2% 3% 17% 269%
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ALOID
Client ID

01-1354
AN-102CST-C- F/A

01-1355
AN-102CST-S3-C- F/A

01-1356
AN102C5T-84-C- F/A

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

File: 01-1336

Co-60 Cs-134 Cs-137 Eu-154 Fu-1585 Am-241
Error % Error % Error % . Error % Error % Error %
5.46E-2 <1 E.2 2.05E+2 <4E-2 <3.E-1 <3.E-1
6% 2%

552E-2 <2.E-2 2.10E+2 <B.E-? <4 E-1 <4 E-1
8% 2%

5.46E-2 <8.E-3 2.05E+2 <3 E-2 <2 E-1 <2 E-1
5% 2%

Page 2



AN-102 / C-104 Column Run Analytical Results
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Battelle PNNL/RSE/ Inorganic Analysis ... ICPAES Analysis Report
PO Box 999, Richland, Washington 99352

Project / WP#H: 42365/ W58166

ASR#: 06174

Client: S. Fisloum

Total Samples: 1
RPL#: oo —
Client ID; l AN102/C104-RGN | —

_S_'lmpl(. i’repnmtion:w S.:Il}r“lple prcpﬁfed b}': PNL-ALO-106

| Spectrometry” (ICPAES).

+ Analyst: D.R. Sandess
| Analysis Date (File): 10-22-01 (A0731)

See Chemical Measutement Center 98620 file: 1CP-325-405-1
| {Calibration and Maintenance Records)

fi M&TE Number: WB73520 (ICPAES instrument)
! 360-06-01-029  (Mettler AT400 Balance)

W%ﬂ Zéé,i T j4-02

Reviewed by

Qmol @U\MQQQ 3-14-05-

Concut

2474002

Inductively Coupled Argon Plasma Atomic Emission

Puge 1 of 3



Battelfe PNNI./RSE [ Inorganic Analysis ... ICPAES Analysis Report
1O Box 999, Richland, Washington 99332

One liguid sample (RPL# 01-01732) submitted under Analytical Service Request (ASR) 6174 was
preparcd by acid digeston per PNIL-ALO-106. The sample was digested by using 0.5 mL of sample
and diluting to a final volume of 10 ml.. Analytes of interest (AOI) were specified on the ASR as
Na. All other analytes that were not requested are reported, but have not been fully evaluated for
QC performance.

A summary of the ICPAES analyses of the sample, including QC performance, is given in the

attached JTCPAES Data Report (2 pages). [CPAES measurement results are reported in pg/ml and
have been corrected for dilution resulung from sample processing.

The process blank had detectable amounts of Ag, Al, B, Ba, Dy, and Na present. The Ag, Al, B, Ba,
and Dy were below estimated quantitation limits (EQTL) and were not AOIs. The Na present in the
process blank was at a concentration greater than the estimated EQL and greater than 5% of the
sample concentration. The Na concentration in the process blank is approximately 30% of that
found in the AN102/C104-RGN sample. This is outside of the tolerance limut, and most likely
results from processing the samples by method PNL-ALO-106 as per the ASR. This method uses
glass digestion vesscls and high Na and B values are not uncommon.

Quality control standard results met tolerance requitements for the specific AOD's except as noted
below. Following is a list of quality control measurement tesults relative to ICPAES analysis
tolerance requirements of the controlling QA plan. Blank spikes, Matrix-spikes and duplicates were
prepared with the sample and analyzed. Blank-spike and matrix-spike samples were prepared using
1.0 mL of multi-element solution “INT-QC-MCVA-1B” per 10 mL of digestate volume.

Process Blanks:
The concentration of sodium (the AOI) measured in the process blank was outside the tolerance

limit of £ EQL or less than 3% of the sample. One Na blank concentration 1s approximately
30% of the sample concentration. The other analytes detected in the process blank meet the
<EQL acceptance ctiteria,

Duplicate RPPD (Relative Percent Difference):

The original and duplicate sample (RPL# 01-01732) were outside the tolerance limit of € 3.5%
RPID for Na. This indicates poor precision. The process blank had very high and varnable levels
of Na, which leads to poor precision,

Blank Spike:
Blank-Spike recoveries for the analvee of interest were within tolerance of 80% to 120%.
However, the blank spike recovery for B was outside the tolerance limir at 63% and 51%; most
likely due to high B in the sample blanks.

270 Puaze 20f 3



Battelle PNNL/RSE/ Inorganic Analysis ... ICPAES Analysis Report
PO Box 999, Ruchlund, Washington 99352

Matnx Spiked Sample:
Matris-Spike recovery for the analyte of interest was within tolerance of 75% to 125%.
However, the matrix spike recovery for B was outside the tolerance limit at 61%; most likely due
to high and variable B in the sample blanks.

Post-Spiked Samples (Group A):

No post-spike A was analyzed with this batch of samples.

Post-Spiked Samples (Group B):

No post-spike A was analyzed with this batch of samples.

Eive fold serial dilution:

All analytes above EQL in the sample tested were within tolerance limit of 10% after correcting
for dilution.

Amlytes other than those requested by the client are for information only. Please note bracketed
values listed 1n the data report are within ten times instrument detection limit and have a potential
uncertainty much greater than 15%.

Comments:

1
2)

3)

4)

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

Detection Lmits {IDL) shown are for acidified water. Detection limits for other matrices may
be determined if requested.

Rouune preeision and bias is typically + 15% or better for samples in dilute, acidified water
{c.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
concentraton 1 the sample s less than 5000 pg/ml (0.5 per cent by weight).

Absolute precision, bias and detection Limits may be derermined on cach sample if required
by the client.

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

P.{:;e 3 .f,l)f' 3



Battelle PNNL/RSE/Inorganic Analysis,

... ICPASE Report

Run Date= 1042212002 101222002 10/22/2002

Multiplier= 200 20.0 20.0

RPL/AAB #= 01-01732-BLK 01-01732 01-01732-DUP

ANTD2/C104- ANTQZ/CT04-
Dat. Limit Client 1D= process blank RGN RGNMN-DUP
{ug/mL) {Analyte) {ugfmL) {ugfml) {ug/ml)
0.150 Na 99.1 275 326
Other Analytes

0.025 Ag [0.60] -- -
0.080 Al [10] [6.5] [6.6)
0.250 As - - .-
0.050 B [8.3] [3.6] [4.5)
0.010 Ba [0.21] -- --
0.010 Be -- - --
0.100 Bi -- .- -
0.250 Ca -- - --
0.015 Cd -- -- 4.20
0.200 Ce - - --
0.050 Co -- - -
0.020 Cr - - -
0.025 Cu - -- e
0.650 Dy [6.8] 16.0 --
0.100 Eu - - -
0.025 Fe .- - [0.71
2.000 K - - -
0.050 La .- - --
0.030 Li - -- -
0.100 Mg - - -
0.050 Mn -- - -
0.050 Mo - -- -
0.100 Nd - - -
0.030 Ni - - -
0.100 P - -- --
0.140 Pb .- -- --
0.750 Pd -- - -
0.300 Rh -- -- -
1.100 Ru -- -- --
0.500 Sb -- -- -
0.250 Se - - --
0.500 Si - - --
1.500 Sn - -- -
0.015 Sr - [2.4] -
1.500 Te - -- --
1.000 Th - v -
0.025 Ti -- - -
0.500 Tl - - -
2.000 u -- -
0.050 \'s - [2.4] -
2.000 Lid -- - -
0.050 Y -- -- -
0.050 Zn -- -- -
0.050 Zr -- -- -

Hote: 1) Qverall error greater than 10-tmes detection imit is estimated to ba within +/~15%

2} Vatues in brackets [T arg within 10-times datection limit with errars likely o exceed 15%.

Page 162

3} ~-"indicale measyrement is below detection. Sample detection timit may be

faund by muitiplying "dat. Kmit” (far left columa) by "muitiplier” (fog of each columa),
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Battelle PNNL/RSE/inorganic Analysis.... ICPASE Report

QC Performance 10/22/2001

Criteria> <20% 80% « 120% 75%-125% | 75%-125% | 75%-125% | <+/-10%
04-01732
Qc iD= 01-01732 & 0101732 & |Post Spike A[Post Spike B @uvas
01-01732-0 LCS/BS 01-81732-MS {none) {none) Serial Dil
Analytes RPD {%) %Rec Y Rec %Recg % Rec YBDiff
Ma 16.9 101 100 109 2.6
Other Analytes
Ag 92 93 100
Al 100 53 103
As 102 101 103
B 53 51 61
Ba 93 96 100
Be 100 99 100
Bi 101 100 102
Ca 102 89 103
cd 103 102 104
Ce
Co 104 102 104
Cr 102 100 102
Cu 101 100 103
Dy
Eu
Fe 102 102 103
28 105 106 11
La
Li 103 103 108
Mg 108 102 106
Mn 104 103 105
Mo
Md
Ni 106 103 103
P 102 101 103
Fb 103 102 104
Fd
Rh
Ru
Sh
Sa 102 102 104
Si
Sn
Sr 34 86 75
Te
Th
Ti
Ti 53 96 899
u
v h 396 85
W
Y 97 96 98
Zn 104 104 104
Zr

Shaded resulls exceed acceptance oriteria

Bold results for informalion only: LCS, MS, or Serial Difution concenlration fess than £0L

{a) Na RPD Criteria <3 5%.

Page 2 of 2
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Narrative Page |

%= Battelle

. .. Putting Technology To Work

Date:| 9/21/01

Subject: Hydroxide Analyses for: AN-102/C104 - RGN (0.025M NaOH)
ASR: 6174 RPL# 01-1732

To: Sandy Fiskum /
From. Bob Swoboda (‘ﬁ‘ r/"'zi/o;

A 0.025M NaOH fraction of AN-102/C104-RGN tank waste was analyzed in duplicate for the hydroxide
content following procedure PNL-ALO-228. Direct sample aliquots were analyzed using a Brinkman 836 Auto
Titrator. A 0.0103 N NaOH {ChemRec_72), solution was used as a standard and for the sample spike and
the titrant was a 0.0051 M HCI prepared solution for ali the samples. The attached Report Summary shows
average OH molarity (1st inflaction point} of 0.0036M on the sample and replicate results with an RPD of
11%, which is good considering the very weak base concentration of the sample being titrated. The
hydroxide ug/ml results averaged 61+/- 4.6 ug/ml and was above the required MRQ value of 17 ug/mL which
is equivalent to 0.01M NaCH. The hydroxide recoveries averaged 100% for the standards and the matrix
spike recovery on 01-1732 was 102%. No hydroxide was detected in the reagent blank. The second
inflection point frequently associated with carbonate, showed an RPD of 13%. There wasn't a third inflection

point recorded for this sample. All of the results meet the QC acceptance criteria for spike recovery and RSD
of duplicate measurements. The titration curves are included with the report.

0/\J.lm:.a-¢v g

ASR6174.xls Page 1 of 5 0/21/01



Battelle Pacific Northwest Laboratory ASR

Radiochemical Processing Group-325 Building
Chemical Measurements Center

WPE |W58166

6174

Hydroxide and Alkalinity Determination

Procedure: PNL-ALO-228 Equip # WB76843
Report Summary for ASR # -- 6174 .
Concentration, moles
RPG % Client ID First Point Second Point Third Point
OH conc
ug/mL RPD RPD

01-1732 AN-102/CH04 -RGN 5.7E+01 0.0034 6.0029 none
01-1732 AN-102/C104 -RGN Rep 6. 4E+01 0.0038 11% 0.0026 [3% none

Ave 6.1E+01 3.6E-03 2.8E-03

std de  4.6E+00 2.7E-04 2.5E-04
Reag. Blk.1 0
Standard 3 99%
Standard 4 100%
NS 01-1732  Datrix spike 102%

Note: Results are presented for the first, second, and third inflection points on the titration curves, as
applicable. The first inflection point is generally associated with the hydroxide concentration. The
second and third points generally represent the carbonate and bicarbonate concentrations.

Analyst: [—%M ?/‘U/”
: M-rf-‘-"f-/ ?/&//(/ f

Reviewer: -~
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Barttelle PNINL/RSE [ Inorganic Analysis ... ICPAES Analysis Report
PO Box 999, Richiand, Washington 99352

Project / WP 42365 / W6b567
ASRE: 6281

Client: I. Burgeson
Total Samples: 4

RPL#: 02-00776 | 02-00779

Client 1D Tc-1X-Eluate | AN102/C104-CsE-
Composite Comp 1

) (AN102/C104) |

Sample Preparation: 02-00776 to 02-006778 —PNL-ALO-129; (2-

00779--10x ditution (SAL/vh). Not the same analytes of interest for

each sample. See sample Results for analytes of interest.

" Procedure: PI‘&NI,-ALO-ZH, "Determination of Elements by i
Inductively Coupled Argon Plasma Atomic Emission
Spectrometry” (ICPAES).

Analyst: D.R. Sanders

Analysis Date (File): 01-29-02 (A0761) & 02-19-02

(AD771)

See Chemical Measurement Center 98620 file: ICP-325-4(5-1
(Calibration and Maintenance Records)

M&TE Number: WRB73520 (ICPAES instrument)
360-06-01-029  (Mettler AT400 Balance)

e /Af W APR

Reviewed by

et Rurnal0_305 /02

Concur

3778 F W2 Puze 1504



Battelle PNNL/RSE/Inorganic Analysis ... ICPAES Analysis Report
PO Box 999, Richland, Washington 99352

Four AN102/C104 jon exchange samples (RPL# 02-00776....02-00779) were received under
Analyucal Service Request (ASR) 6281, Three of the samples, 02-00776 through 02-00778, were
subjected to an acid digestion per PNI.-ALO-128. The fourth sample, 02-00779, was simply diluted
by 10x with 0.5M HNQO; soluton, Analvtes of interest {(AOIs) and additional ‘opportunistic
analytes’ for each sample were specified in four individual tables attached to the ASR.  Analvies
other than those idenufied as AOls or opportunistic analytes are included in the results for
informaton only, since these analytes have not been fully evaluated for QC performance.

A summary of the ICPAES analysis resulis for the samples, as well as a summary of the QC
performance, 15 given in the attached ICPALS Report (6 pages). Since the samples have different
AQIs, the results for samples 02-00776 and 02-00777, sample 02-00778, and sample 02-00779 are
presented in different tables, along with the applicable QC performance. The QC performance was
evaluated for two batch runs, since samples 02-00776 through 02-00778 were prepared and analyzed
1n a single barch, with sample 02-00779 being analyzed in a different bacch  ICPAES measurement
resules are reported in flg/ml and have been corrected for dilution resulung from sample
processing.

Quality control check-standard results met tolerance requirements for the specific AOIs except as
noted below, Below 15 a list of quality control measurement results refative to ICPAES analysis
tolerance requirements of the conwolling QA plan (applicable to process blank, post spike
recoveries, and serial diluton tolerance) and QC parameter tables from the ASR (applicable to blank
spike, mawix spike, and dupheate precision.

Analysis Run January 29, 2002 — Samples 02-00776 thrqugh 02-00778

Process Blanks;

No AOIs were detected in the process blank at concentrations above the method detection

Linue, thus mecting the requirement that process blank concentration be < EQL.

Duplicate RPD (Relauve Percent Difference):
Per the Quality Conuol Parameter tables included with the ASR, samples 02-00776 and
02-00777 have a precision requirement of <20% RPD and sample 02-00778 has a precision
requirement of <15% RSD (<3.5% RSD) for Na). As part of the batch processing for these
samples, sample 02-00776 was selecred for analysis in duplicate, and is used to estimate the
precision for all samples processed in the batch. Unfortunately, only Na and 3 were detected
at concentrations above the EQL in sample 02-00776, and are the only results available for
accessing precision. It should be noted that no instructions were provided in the ASR to
perform replicate analyses for ‘each’ sample.

Blank Spike:
For the blank spike control sample analyzed with samples 02-00776 through 02-00778, all
AOT@ were within the tolerance it of 80% to 120% recovery except for K, which had a
recovery of 34%. Both the blank spike and marix spike are from the same spiking solution

RENG ZIENK Puge 2of 3



Battelle PNNL/RSE/ Inorganic Analysis ... ICPAES Analysis Report
PO Box 999, Rishland, Warhington 99352

and both demonstrate very low K recoveries. Low K tecoverles have been experiences when
the blank spiking solution has been wansferred to the SAL hot cells in polycarbonate vials.
This may be an explanauon for the low K recovery. However, this can not be verified since
the containers used for uansferring the spiking solution were discarded prior to discovering
the low K recovery problem. Use of polycarbonate containers has been discontinued.

Maerix Spiked Sample:
A marrix spike was prepared by adding 0.5 ml each of stock multi-element standards
‘BPNL-QC part 1" and ‘BNPL-QC part 2’ to 1.0 mL of sample 02-00777, processing, and
dilutng to a final volume to 25 ml.. All AOI were within the tolerance limit of 75% to 125%
recovery except for I, Al, Na, Co, and Sn. K had a recovery of only 35% (Sce blank spike
explanaton). Co and Snwere not included in either ‘part 17 or ‘part 2 of the spiking solution.
‘The matrix spike analysis uses a general multi-element spiking solution intended to be usable
on the majority of samples analyzed by ICPAES. However, for the sample selected for matrix
spiking, the spike concentration for Al and Na were less than 20% of the sample
concentraton and the recovery results are not considered valid. For Al and Na, the use of
serial dilution resulrs is used to evaluate potential matrix interferences.

Post-Spiked Samples (Group A):
Post spike analysis for ‘Group A” analytes was performed on sample 02-00776. All post-

spiked AOIs and opportunistic aralytes in the sample were recovered within tolerance of 75%
to 125%.

Post-Spiked Samples (Group B):
Past spike analysis for ‘Group B’ analytes was petformed on sample 02-00776. There arc no
AOIs n the ‘Group B spiking solution; however, the opportumnistic analytes in the sample
were recovered within tolerance of 75% to 125%.

Serial Dilunon:

Senal dilution was performed on sample 02-00777. ALl AQIs above EQL were within
rolerance limits of 10% after correcung for dilution.

Analysis Run February 19, 2002 — Sample 02-00775

Process Blanks:

No processing, other than dilution with acid, was performed; thus no process blank was
prepared. However, the diluton matrix (0.5 M HNO3) was analyzed and reported. No AOIs
were detected 1n the didution blank at concentrations above the method detecuon limir,

Duplicate RPI (Relate Percent Differcnce):
Per the Qualiry Control Parameter tables included with the ASR, sample 02-00779 has a
precision requireinent of <20% RPD . All AOIs measured above the EQIL demonstrated
good precision, with %RPDs less than 5%.

328200 Page 3 of 4



Bartelle PNINL/RSE/Inorganic Analysis ... ICPAES Analysis Report
PO Box 999, Ricoland, W ashington 99332

Blank Spike:
No sample processing; other than diluton with acid, was performed on the sample; thus no

blank spike saraple was prepared.

Matrix Spiked Sample:
No sample processing, other than dilution with acid, was performed on the sample; thus no
matrix spike sample was prepared,

Post-Spiked Samples (Group A):
All post-spiked AOIs and opportunisdc analytes in the sample were recovered within tolerance
of 75% to 125%.

Post-Spiked Samples (Group B):
There are no AOIs in the ‘Group B’ spiking solution; however, the opportunistic analytes in
the sample were recovered within tolerance of 75% to 125%.

Serial Dilution:
All AOIs above EQL were within tolerance limits of 10% after correcting for dilution.

Comments:

1) The "Final Results” have been corrected for all laboratory dilutions pecformed on the sample during processing
and analysis unless specifically noted.

2y Detection imits (DL) shown are for acidified water. Detection limits for other matrices may be determined if
requested. :

3)  Routne precision and bias is typicaliy & 15% or better for samples in dilute, acidified water {e.g. 2% v/v HNO;
or less) acanalyte concentrations greater than ten Umes detection limit up to the upper calibration level This
also presumes that the total dissolved solids concentraton in the sample is less than 3000 pg/mL (0.3 per cent
by welghs).

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

5;  The maamum namber of significant figures for all ICP measurements is 2.

308/ s Pz 40/ 4



Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Report

Run Date= 112912002 172912002 1/29/2002 1/29/2002 1/29/2002
Muftiptier= 24.9 24.9 24.9 24.9 124.7
RPL/NLAB #= | PB.0Q776 02-00776 | 02-00776-DUP| 02-00777 02-00777 @5
process Te-1X-Eluate-
Det. Limit Client (D= blank Te-IX-Eluate Dup AN102/C104Cs-Rem
{ug/mL) {Analyte) {ugimlL) {ugimi) {ug/mL}) {ug/mb) {ug/mL)
0.060 Al - [9.0] {8.8] 7,840
0.010 Ba - - - -
0.250 Ca - - .- 149
0.015 Cd - -- -- 24.2
0.050 Co - -- - [1.9]
0.020 Cr - -- -- 98.2
0.025 Cu -~ -~ - .-
0.025 Fe -- -- -- [2.0]
2.000 K - - 1,080
0.050 La -- - -- -
0.100 Mg -- - -- -~
0.050 Mn - - - -
0.050 Mo - -- -- 23.4 )
0.150 Na - 278 280 over range 110,000
0.030 Ni - -- -- 145
0.100 Pb - - - §9.1
0.50G Si .- [28] [26] 179
1.500 Sn -- .- - --
0.025 Ti - - - -
0.050 Zn - - -- [4.0]
Other Analytes
0.025 Ag . - - -
0.250 As - - - -
0.050 B - 20.0 19.9 86.4
0.010 Be - - -- .-
0,100 Bi -~ - - -
0.200 Ce - - - -
0.050 Dy - - - -
0.100 Eu - - - .
0.030 Li -- - - -
L 6160 Nd -- - - [3.8]
0.100 P - -- .- 562
0.750 Pd -- - -- -
0.300 Rh - . .- -
1.100 Ru - -- -
0.500 Sb - -- - -
0.250 Se - -- -- --
0.015 Sr - - .- £6.9
1.500 Te . - -- -
1.000 Th - -~ -- -
0.500 Tl - - - -
2.000 u - - - --
0.054 vV - -- -- -
2.000 w - - - -
0.050 Y - - -- -
0.050 Zr - - - --

Noie: 1) Overaii error graater than 10-limes detection Lmit is estimated to be within +/- 15%.

2) Values in brackets ff are within 10-times delection iimit with errars hkely to excesd 15%.

3} ""indicale measurement is below delection. Sample delection limit may be found by

multiplyting "det. fiont” (far feft column) by "multiplier” (top of each column).

ASR 6281 Final 0776 0777 - ASR 6281 Burgzson ASTS1.XLS




Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Report

QC Perfoermance 1/29/02 -- Applicable to Batch Containing 02-00776, 02-00777, and 02-00778

Page 2 of 2

Criteria> <20% BO% - 120% ] 75%-125% | 75%-125% 75%-125% 75%-125% < +1-10%
02-00777
Batch I%(E 02-00776 02-00777 MS| 02-00776 + 02-00776 + @1/@5
Dup LCS/BS | 02-00777 M3 {@5} Post Spike A | Post Spike B| Serial Dil
Analytes RPD (%} %Rec “Rec “%Res %Rec %Rec %Diff
Al - 100 ar 106G 1.8
Ba 1C0 a4 89
Ca 101 161 103
Cd 101 191 103 0.5
Co 105
Cr m 109 104 2.9
Cu 103 g9 103
Fe 105
[ a7
La{a) 102
Mg 108
Mn 105
Mo {a} 103 100 102
Na 0.4 102 Gverrange n 100 3.6 {h)
Ni 165 107 33
Pb 117 120
Si {a) CE RS 116
Sn{a) 88
Ti {a} 98 g2 a3
Zn 103 161 104
Other Analytes
Ag a5
As 103
B 0.3 104 g5 104 1.3
Be a3 95 109
Bi 104 105 100
Ce 100 a8 49
Dy 103
Eu 103
Li 103 aa 101
Nd 101 a7 14
P 1M 107 103 0.2
Pd 80
Rh ag
Ru
5h 103
Se 102
Sr 102 ne 102 2.5
Te 110
Th 55 GE 101
Ti 130
) 105 55 105
Vv g7 a3 S8
w nr 163
L ag
Zr 95 50 101

Shaded resulls did not meet the acceplance critena

fro= pot recovered, spike concentralion less than 20% of sample concentration or sample conceniration <EQL.

(a) Opportunistic analytes; no LCS or spiking required.
{b) Value obtained fram @5 and @25 dilutions.

ASRB281 Fina! Q773 0777 - ASR 6281 Burgasan AD761.XLS



Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Report

Run Date= 1/28i2002 1/29/2002 1/29/2002
Multiplier= 24.9 24.9 124.7
RPI/LAB ¥= | PB-00776 02-00778 | 02-00778 @5
Brocess
Det, Limit Client ID= blank Te-IX-Effluent

fugfml) {Analyte) {ug/ml) {ugfml) {ugfmL)}
0.060 Al - 7.890
0.010 Ba -
0.250 Ca 146
0.015 Cd 23.4
0.020 Cr 96.4
0.025 Fe - [2.0]
2.000 o3 - 1,060
0.050 La - -
0.100 Mg -
0.150 Na - over range 109,000
0.030 i - 141
0100 P - 618
0.100 Ph - 67.5
2.000 U - .-

Other Analytes
0.025 Ag .
0.250 Asg - -
0.050 B - 37.7
0.010 Be - -
0.100 Bi . -
0.200 Ca -
0.050 Co - [1.9]
0.025 Cu - .
0.050 Dy -
¢.100 Eu --
0.030 Li - -
0.050 Mn - -
0.050 Mo - 225
0.100 Nd [3.5]
0.750 Pd .
0.300 Rh --
1.100 Ru -- -
0.500 Sh "
0.250 Se -- .
6.500 S - [5%]
1.500 Sn - --
0.018 Sr - 85.3
1.500 Te - .-
1.000 Th - .
0.025 Ti - "
0.500 T .
0.050 \% .
2.000 W - -
| 0.050 hd .-

0.030 Zn - [4.2]
0.050 Zr .-

Page 10of 2

tiate 1) Overall error greater than 10-hmes detection limitis estimated to be within +/- 15%.
2} Values in brackets ] are within 10-tmas delection limit with errers likely to exceed 15%.
3 ™-"indicate measurement is below ¢atection. Sample delection imit may be found by
multiplying "det fimit" {far left column) by "multiober” tlop of each column).

ASR 6281 Final 0Y76 - ASR 6281 Burgeson AJ751.XLS



Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Report

QC Performarnce 1/28/02 -- Applicable to Batch Containing 02-00776, 02-00777, and 02-00778

Page 2 of 2

<15%
Criteria» {Na <3.5%) | B0% - 120% | 75%,-125% | 75%-125% T5%-125% 755%-125% < +/-10%
02-00777
Batch I%? 02-00776 02-00777 MS| 0200776 + Post {02.00776 + Post|  @1/@5
- Dup LCS/BS 0200777 M3 {@5) Spike A Spike B Serial Dil
Analytes RPD {%) %Rec “%Rec %Rec %Rec %Rec % Oiff
Al 160 nr 100 1.8
Ba 100 G4 59
Ca 101 101 103
cd 101 m 103 -C.5
Cr 101 109 104 2.9
Fe 104 1C0 105
K RIS EE s e 97
La {a) 101 98 102
Mg 100 ag 103
Na 0.4 102 over range nr 100 ag™
Ni 103 106 107 33
P {a) 101 107 103 -0.2
Pb 118 17 120
U 105 9% 105
Other Analytes
Ag 99
As 103
=] 03 104 2] 101 1.3
Be S8 3 101
Bi 104 106 100
Ce 106 g5 63
Co 105
Cu 103 G9 103
Dy 103
Eu 133
Li 103 ag 1
Mn 103 1] 155
Mo 103 100 102
~Nd 101 a7 101
Pd B
Rh g3
R
Sb 103
Se 102
Si 116
Sn G5
Sr 102 or 102 25
Te 11G
Th g9 &5 101
Ti 53 G2 93
Tl 100
V a7 53 a3
WY nr 103
Y a3
Zn i3 1019 104
Zr 95 ad 101

Shaded resulls did not mes! the acceptance criteria

a o= nctrecavered, spike concentration less than 20% of sample concentration or measured sample concenltration <EQL.
{a) Opportunistic analytes, no LCS or spiking required.
(8) Value obtained from &5 and @235 dilutions.

ASR 6281 Final 0778 - ASR 8281 Burgssan ADFE1.XLS



Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Report

Run Date= 211972002 2/19/2002 2/19/2002

Muitiplier= 1.0 10.0 10.0

RPL/LAB #= 02-00779-DB 02-00778 02-00779 DUP

ANT02/C104-CSE-| AN102/C104-CSE-
Det. Limit Client ID= Difuen! Blank Comp 1 Comp 1-Dup
{ug/mL) {Analyte) {ugimL) {ugiml) {ug/mL}
0.080 Al - [5.7] [5.8]
0.010 Ba - [0.16] (0.19]
0.250 Ca - - -
0.015 Cd - 2.3 2,38
0.050 Co - .- .
0.020 Cr -- 225 23.3
0.025 Cu - 30.% 311
0.025 Fe - 6.16 6.56
2.000 K -- . .
0.050 La - - -
0.100 Mg -- - -
0.050 Mn - - -
0.050 Mo - - -
0.150 Na -- 775 810
0.030 NI -- 66.6 £8.9
0.100 Fb -- 24.8 25.4
0.500 Si - [20] [20]
1.500 Sn - - -
0.025 Ti - -- -
0.050 Zn - {2.7] [2.8]
ﬂjer Analytes
0.025 Ag -- - -
0.250 As - - -
0.050 B - 7.28 7.47
0.010 Be - -- -
0.100 Bi -- . .
0.200 Ce -- - -
0.050 Dy - .
0100 Eu - .
0.030 Li - - -
0.100 Nd - - .
0.100 P - - -
0.750 Pd - - —
0.300 Rh - - -
1.100 Ru .- . .
0.500 Sh .- -~ -
0.250 Se - - -
0.015 Sr - {1.9] [1.1]
1.500 Te -- - -
1.000 Th -- -~ -
L 0.500 TI -- - -

2.000 U - [170} [180)
0.050 W - -~ -
2.000 W -~ - -
0.050 Y - - -
0.050 zr -- - -

Notel 1) Overalt error grealer than 10-tmes detection limit is estimated to be within +/- 15%.

2) Values in bracke!s {] are within 10-tmes detection limit with errors fikely to exceed 15%.

3) “-"indicate measurement is below detection. Sample detection timit may be found by
multinlying "det. mit” (far left column) by "multiolier” ftop of each column).

Page 1 of 2
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Battelle PNNL/RSE/Inorganic Analysis.... ICPAES Report Page 2 of 2

QC Performance 02/19/02 - Applies to Sample 02-0779

Criteria> <20% BO% -120% | 75%-125% | 75%-125% | 75%-125% <+ 10%
02-00779
QC ID=| 02-00779 & LCSIBS 02.00779 + | 02-00779 + @1/@s
02-00773.D {none) MS (none) |Post Spike A|Post Spike B} Serial Dil
Analytes RPD (%) ShRec %Rec %Rec Y%Rac SDiff
Al 59
Ba 58
Ca 101
Cd 3.2 102
Co 105
Cr 37 101 0.2
Cu 34 101 0.2
Fe 6.3 101
K 101
La{a) 89
Mg 108
Mn 104
Mo [a) 101
Na 4.4 a8 0.3
Ni 3.4 83 09
Fb 2.4 104
Si(a) 106
Sn(a) 92
Ti{a} a3
Zn 102
Other Analytes
Ag 104
As 100
8 26 100
Ee 103
Bi 101
Ce 53
Dy 102
Eu 102
Li 160
Nd 100
P 100
Pd a3
Rh 100
Ru
5h 59
Se 103
Sr 100
Te 100
Th a9
Tl 103
U 104
Y a5
W
Y 53
Zr 100

Shaded results exceed acceplance crleria

{a) Opporiunistic analytes, no LCS aor spiking required,

ASR 6281 Final 0779 - ASR 6281 Burgesan 6369 Sevigny 6371 Sanders AQ771.XLS
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Battelle PNNL/RPG/Inorganic Analysis --- IC Report

Client: I. Burgeson Charge Code/Project: Wo60567 /42365
ASR Number: 6281 Sample Receipt Date: 11/21/2001
Sample Prep Date: N/A Sample Analysis Date: 02/20/2002
Analyst: MJ Steele

Preparation Procedure: None

Procedure:  PNL-ALO-212, "Determination of Inorganic Anions by lon Chromatography"

M&TE: IC system (WD25214); Balance (3 60-06-01-031) Sce Chemical Measurement Center
98620 RIDS IC File for Calibration, Standards Preparations, and Maintenance Records.

Sample Results

F (a) ci NO: | Br | NOs | PO, | 50, | Cyon

Sample ID | Client ID ' pg/ml pg/ml pe/ml pg,a’mi pg/ml | peg/m! i pg/mli pe/ml
MRQ per ASR) 150 3.0 (b) (b) 1 3000 | 2500 | 2300 | (b)
]
. ) H
P EQLI 013 0.13 025 ¢ 013 .25 0.25 0.25 0.2

2 3
Diluent Blank C w013 | <013 | <025 | <003] <023 | <025 | <025 | < 0.23

i EQL 1.5 014 3.0 0.13 3.0 0.25 0.25 .28
(2-00776 Te-TX-Eluate Comnosite 11 3 50 <013} 130 <025 9 2
: !
EQL 290 250 361 290 1.11%) 360 560 560 |
| 0200777 AN2-Te-O-C 6,300 | 1,800 | 41400 | <299 { wmoon | 2200 | 6700 | 1400
EQL | 40 141 560 1 140 1,100 280 280 280
SR T IN-Eftluent Composite 5800 | 1790 | 38300 | <149 [ 98100 | 1800 | 3800 | 130¢
Cn 2o 2 Tap e IN-Effluent Composite Dup 5,800 1,670 3R900 | <140 | 951 1,700 | 6,008 1,300
RiPD 0% (%% 1% fc) (% 6% 3% %
P R3D (=2 L LA {c (DRI L 204 0%e
I |
o EQL!{ 13 13 235 13 | 289 25 26 25
Ll ’ ;\N—1EIE_."C-lEJ-l-CsL'-(".on‘lpl <13 22 < 23 <15 27800 b= a3 <25 < 25
| | |
| Batch QC Samples
[ 0200777 MS AN Te O C M Plec | 9P |o96%a |06% | 94% | e | 93, | 03t | oges
| Blank Spike/1.CS “oRec S 96%% 97 ¢ 997 03%, 95% ] 93, 99%

{a) The fluoride results should be considered the upper bound concentration for the fluoride, since the fuoride peak shape
and retention time suggests the presence o7 co-eluting anion(s), passibly formate or acetare.

{b) No MRQ defined by client

(¢) Notapplicable: sample and ‘or duplicate concentration <EQL.

The samples was prepared for ion chromatography anion analysis by dilution at 12-fold to
4400-fold tn order to ensure that the anions were measured within the calibration range and that
column overloading was minimized. The stated estinated quantitation limits (EQL) are based
on the lowest calibration standard adjusted for the dilutions used to obtain the reported results.

The minimum reportable quantities (MRQ) are included with the results; the MRQs are based on
tables provided with ASR 6281. Tn gencral the MRQs are met. The exceptions being some
fluoride and chloride analyses. Except for 02-00779, the failure to meet the MRQ is not
considered to impact the results since the fluoride and chloride are at concentrations many times

ASR 6281 Burgeson.doe



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

the MRQ. For 02-00779, the EQL for chloride is 13 ng/mkL (due to the very high nitrate) versus
an MRQ of 3 pg/mL and the measured chloride is less than two times the EQL.

Q.C. Comments:

Duplicates: The relative percent difference (RPD) for the sample and duplicate prepared from
sample 02-00778 (Tc-1X-Effluent Composite) meets the acceptance criteria of <20% of the
laboratory’s QA plan as well as the relative standard deviation (RSD, n=2) of <15% from the
ASR attachment Table 1-5.

Laboratory Control Sample/Blank Spike - (HCV 010912 @4x [LCS 021902]): A Blank Spike
was prepared as the Laboratory Control Sample (LCS) and demonstrate recoveries within the
80% to 120% acceptance criteria.

Matrix Spike (HCV 010912 @2x): A matrix spike was prepared using sample 02-00777
(AN2-T¢-O-C) and the high-range HCV standard solution, Although nitrate was somewhat low
all anion recoveries are within the 75% to 125% acceptance criteria.

Process/Dilution Blank: The diluent used for diluting the samples was analyzed for all reported
analytes. No anions were detected in the diluent blank above the laboratory’s QA plan
acceptance criteria of <EQL.

General Comments:

*  Thereponied "Firal Resulis" have been corrected far 215 ditution performed on the semple during processing or anulysis.

*  the low calibration standards are defined as the estirated quantitation limit (EQLY for the reporied results and assume non-compicx
aqueous matrices. Acwal detection limits or quantization limits for speetiic sample matrices may be determined, i requested.

. Ruoutine precision and bias are tpically =13% or better for non-complex agueous samples that are fres of interfrrence and have sinsilar
caneentrations as the measured anicns.

Z % : >
Report Prepared by: _ Z/ ~ Date _3"0_?0 ’Op:’(

: !/
Review/Approval: hﬁ%ﬁg* // /(i.{ £ Date 3726 7':&
4

Excel Archive Information: ASR 6281 Burgeson.xls
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Internal Distrikution
File/LB
Date February 26, 2002

To Sandy Fiskum

From Stﬂﬂ BOS /jﬁ @94\

Subjest Cesium isotopic analysis ( RPL # 02-00779 )

Sandy

Cesium isotopic distribution analyses of samples AN102-C104 and An102-C124 (dup) have been
completed. Approximately two micro liters of the sample was plated on a rhenium carbide filament
and analyzed on the single stage mass spectrometer (M&TE # WB76849) in accordance with PNNL
technical procedure PNNL-98523-264. Since natural cesium in mono-isotopic, a sample of
rubidium chloride 1sotopic standard (NBS 984) was run to standardize the mass spectrometer. Work
package W60553 will be charged for the analysis,

In addition to the samples a diluent blank was also analyzed. A small **Cs signal was detected for
about 1 minute before it died away. During that time no "’Cs could be detected. Do to the low

concentration of cesium no attempt was made to do isotopic distribution analysis.

Please feel free to call me at 376-5384 with any questions you might have.

Sample Id. AN-102 / C104 RPL # 02-00779

1HCS I.":SCS I_‘TCS
Weight percent Weight pereent Weight percent

AN-102 / C104 60.4 + 0.5 16.7% 0.2 229+ 0.2

AN-102 / C104 (dup) 60.2:+05 16,702 ° 23102
Diluent Blank Unable to analyze | Not detected Not detected

Note: "™Cs was not detected above the background
- z
Concurrence ////V/ ?/ /// AR &

LESH- 1MKLENT (K, UH]
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Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report

Client: 1. Burgeson Charge Code/Project: W60567 /42365
RPL Numbers: 02-00776 to 02-00779 ASR Number: 6281
Analyst: M1 Steele Analysis Date: March 7, 2002

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)

Analysis Results

R N -;'Bes:_t!.“sd-’
RPL Number [Sample 1D . . 5% - 7%, 1 pgCimis:|
Tc-1X- Eluate Composite -

L
02-00776 (AN102/C104) 26 110 72 140 250
02-00777 AN2-T¢-0-C 26 9,100 72 12,300 21,400
02-00779 AN-102/C104-CsE-Comp 1 26 30 72 130 160

Te-1X- Effluent Composite

2-0077 2 2 (
12-00778 (ANID2/CI04) 26 7,800 7 11,200 19,000
. Te-1X- Effluent Composite - .

2- 3 %% 2? %%
02-00778 Dup (AN102/C104) 63 7,900 1 180 11,400 o 19,300 ]
02-00778 MS Recovery 104% 110% 107%

Blank Spike/LCS |Recovery 100% 100%

RPD = Relative Percent Differcnce

The TOC/TIC analyses of the samples submitted under ASRs 6281 are to be performed by the hot
persulfate wet oxidation method. The hot persulfate method uses acid decomposition for TIC and
acidic potassiuni persulfate oxidation at 92-95°C for TOC, all on the same sample, with TC being
the sum of the TIC and TOC.

The table above shows the results, rounded to two to three significant figures, 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, as per procedure PNL-ALO-381.

Q.C. Comments:

The TIC analysis uses calcium carbonate and the TOC uses a-D-Glucose as the calibration,
laboratory control, and matrix spike standars. (The JT Baker, Aldrich, Sigma, and Mallinckrodt
chemical lot numbers and Chemical Measurement System numbers are provided on the raw data
benchsheets). )

The QC for the methods involves calibration blanks, sample duplicates, laboratory control sample,
and matrix spikes per analysis batch. The ASR indicates that the analyses are 10 be performed per
the QA Plan “Conducting Analytical Work in Support of Regulatory Programs™ Sections 4 and §;
the performance of the QC saniples is compared to this Plan.

ASR 6281 Burgeson P.doc Page | of 2



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

Laboratory Control Sample (LCS)/Blank Spike(BS): At 100% recovery for both TIC and TOC, the
LCS/BS samples recovered well within acceptance criteria of 80% to 120%.

Matrix Spike: The accuracy of the carbon measurements can be estimated by the recovery results
from the matrix spike. The matrix spike recoveries (104% for TIC and 110% for TOC) arc within
the acceptance criteria of 75% to 125% recovery.

Duplicates: The precision between the duplicates (replicates), as demonstrated by the Relative
Percent Difference (RPD) between sample and duplicate. With RPDs less than 2%, the TIC and
TOC RPD results are within the QP Plan acceptance criteria of <20% RPD.

MDL/MRQ: Except for the duplicate analysis for the Te-IX-Effluent sample, all estimated MDLs
for the TIC and TOC measurements arc less that one-third of the minimuni reportable quantities for
TIC {150 pg/mL) and TOC (1500 pg/mL).

+  Thereported "Final Results” have been corrected For all dilution performed on the sample during processing or analysis.
. Routine precision and bias are typically £13% or better for non-complex samples that are free of interferences.

. The estimated quantitation timit (EQL) is defined as 5 times the MDL. Results less than 3 times the MDL have higher uncertainties, and RPDs
are ot caleulated for any resuits less than S times the MDL. The analysis MDLs (total ug C) are based on 3 times the standard deviation of 2
set of historical data. The sample MDLs (i ug Ciml or ug Cig) are calculated by using the analysis MBDL adjusted for the sample volume or
weight.

. Some results may be reported as less than (<) values, These less than values represent the sample MDL. (method detection limit), which is
the systern MDL adjusted for the volume of sample used for the analysis. The systern MDL is bused on the attached pooled histarical blank
data. The evaluation and caleulation of the system MDL is included in the data package.

Report Prepared by: W@ /%/’ P Date «3-& 0 7_
Review/Approval by: (ﬁﬂg,/éé C,C/é{, Date 3—§ —2 <

Excel Archive File: ASR 6281 Burgeson xls
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£ Battelle

.« « Putting Technology To Work

Client; Ingrid Burgeson Date:| 01/16/02

Subject; Hydroxide Analyses for: ANZ2-Te-O-C
ASR: 6281

Two samples of AN-102 / C-104 tank waste (the first, 02-0777 with Cs removed and the second, 02-0778
with Cs and Tc removed) were analyzed in duplicate for the hydroxide content following pracedure PNL-ALO-
228. These samples were analyzed using a Brinkman 636 Auto-Titrator. A 0.1186 N NaOH (ChemRec_57)
solution was used as a standard and sample spike and the titrant was a 0.2040 M HCI prepared sclution for
the liquid fraction. The attached Report Summary indicates good RPD on the OH molarity (1st inflection
point) on the sample and replicate results.  The hydroxide results were all well below the required MRQ
value of 7.5E+04 ug/mL.  The hydroxide standard recovery was 98 % and the matrix spike recovery was
96%. No hydroxide was detected in the reagent blank. The second and third inflection points frequently
associated with carbonate and bicarbonate, showed excellent RPD, well below the +/- 20% reguired. All of
the results meet the QC acceptance criteria for spike recovery and RSD of duplicate measurements.
Following is the report summary, the sample results calculated from the raw data, and the record file for the
standardized acid and base used. Also included in this report are copies of the titration curves.

Prepared by: r\— ghn_(ﬁ,je./ Date: Jo 17 e

S tnr Date: [~/ 7T

Reviewed by

ASRE281 xls Page 1 of 5 01/17/02



Battelle Pacific Northwest Laboratory ASR 6281

Radiochemical Processing Group-325 Building

Chemical Measurements Center WP# [W60567

Hydroxide and Alkalinity Determination

Procedure: PNL-ALQ-228 Equip # WB76843
Report Summary for ASR # -- 6281
Concentration, moles / Liter
RPG # Client ID First Point Second Point Third Point
OH cone
ug/mL RPD RFPD

02-0777 AN2-Te-0-C 3.1E+Q3 0.18 1.29 0.84
02-0777 AN2-Te-O-C Rep 2.9E+03 0.17 6% 1.29 0% 0.86
02-778 Te-IX-Effluent 3.6E+03 0.21 1.21 0.79
02-778 Te-1X-Effluent Rep 3.6E+03 .21 0% I.16 4% 0.81

OH conc (ug/mL) = M {g/L) * 17,000

Reag. Blk.1 0
Standard 3 98%
MBS 02-778  Matrix spike 96%

Note: Results are presented for the first, second, and third inflection points on the titration curves, as
applicable. The first inflection point is generally associated with the hydroxide concentration. The
second and third peints generally represent the carbonate and bicarbonate concentrations.

Analyst: {qﬁi/f—;), decleee. [ —(7-02__

Reviewer: 47 : &Wz--’-'cé /’/5r -7
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Inteenal Distribution

File/LLB
Diate h[a[ch 12, 2002
To L. Burgeson and S. Fiskum
From ]4. R GrCCﬂ\VOOd

Subject Radiochemical Analyses for ASR 6281

Samples of the Tc-1X eluate composite and cffluent for tanks AN102 and C104 were analyzed for
gamma emitters, *'Sr, total alpha, Am/Cm, U and Tc as pertechnetate according to ASR 6281. The
analyses were petformed on direct sample matetial prepared by acid digestion in the laboratory. The
attached reports list measured analyte activities in units of uCi/ml. The reported errors (1-6)
represent the total propagated error including counting, dilution, yield, and calibraton errors, as
appropriate. Laboratory and process blank values given with each analysis are the best indicators of
the method detection limits, taking into account the actual sample sizes and counting times used for
each analysis,

Gamma Spectrometry

Sample aliquots were directly counted for gamma emitters according to procedure PNL-ALQ-450.
Since no sample preparation was involved, no labotatory blanks or spikes were prepared for these
analyses other than the standard laboratory control samples and background counts. Measured
activities or detection limits generally met the requested MRQ values except for sample 02-779
where the high level of Cs-137 made it tmpossible to meet the MRQ values after 14 hours of
counting. *Te and ®"Tc dominated the gamma spectrum for sample 02-0776.

Total Alpha

The total alpha activity was determined by evaporating small alquots of the samples onto planchets
according to RPG-CMC-4001. The samples were then counted on Ludlum detectors according to
RPG-CMC-408. Alpha activity was detected in all of the samples except for 02-0779; however, the
detection limits were well below the requested MRQ value. Blank and matrix spikes gave good
recovery and no alpha activity was detected in the reagent blanks.

Americium and Curium

The Am/Cm separations were performed according to PNL-ALO-417 for sample 02-0779 only.
This test was cancelled for sample 02-0776 since the GEA detection limit was well below the
requested MRQ value, as specified on the ASR. The separated fractions were precipitation plated
according to PNI.-AL(O-496 and the samiples were counted by alpha spectrometry according to
PNL-ALO-422. The curium is known to follow the americium and both these isotopes were traced
with *’Am. The americium radiochemical ylelds were acceptable, averaging about 96%. The LCS

E5-1900-00]1 (8794



MW, Urie
March 12, 2002
Page 2

and matrix spike recoveries were acceptable at 95-98%. No Am or Cm activities were detected in
the reagent blanks. The *'Am activities measured by alpha energy analysis are in very good
agreement with the GEA data.

Strontium-90

The St separation was performed according to PNL-ALO-476 and radiochemical yiclds were traced
with ¥St. The separated fractions were then beta-counted according to RPG-CMC-408 and gamma.
counted according to PNI-ALO-450 (for ¥Sr determination and "V'Cs impurity assessment), '¥C
was not observed in the gamma counting, indicating a clean strontium separation. The process
blank prepared with the acid digestion in the laboratory was found to have a low level of Sy
contaminaton that is negligible except for sample 02-0776 where the level in the blank is about 10%
of the sample actvity. The reagent blank did not show any contamination. The LCS and matrix
spike showed good recovery at nearly 100% in both cases. Duplicate analyses showed acceptable
agreement with RPD values of about 11-16%. The detection limits as well as many of the
measurements were well below the requested MRQ values.

Uranium

Uranium was measured by kinetie phosphorescence analysis (KPA) according to procedure PNL-
ALO-4014. Duplicate analyses were in good agreement with RPD values below 3%, 1.CS and
matrix spike recoveries were nearly 100% and laboratory blanks did not show any uranium
contamination. The uranium measurements and detection limits were well below the requested
MRQ values.

Tc-99 Not done yet.
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Battelle Pacific Northwest National Laboratory
Radiochemical Chemical Science & Engineering -325 Building

Ciient : |. Burgeson
ASR: 6281

Cognizant Scientist; . g / ﬂ W Date :

Concur : \ ] Camg- [_Q_ Date :
J

Procedure: PNL-ALO-417/496/422 Americium
Frocedure: PNL-ALO-420 & 421 for Alpha

Measured Activities (uCi/m!) with 1-sigma error

Cm-243+
ALCID Alpha Am-241 Cm-244 Cm-242
Client ID Error % Error % Error%  Error %
02-776 2.40E-5
Te-1X-Eluate Composite 28%
AN102/C101
02-777 1.10E-2
AN2-Tc-0-C 9%
02-778 1.12E-2
Te-1X-Effluent-Composite. 10%
AN102/C104 Removed
02-778 DUP 1.21E-2
Te-1X-Effluent-Composite 9%
AN102/C104 Removed
RPD 8%
02-779 <2.E-2 1.22E-3 6.12E-5  <6.E-6
AN102/C104-CsE-Comp 1 3% 13%
02-779 DUP <2.E-2 1.13E-3 6.BBE-5 <7.E-6
AN102/C104-CsE-Comp 1 4% 13%
RPD . 8% 12%
Blank Spike 109% '
Blank Spike 02-779 104% 95%
Matrix Spike 107%
Matrix Spike 02-779 108% 98%
Blank <2.E-5
Blank 02-779 <2.E-6 <7.E-7 <6.E-7 <3.E-7

Note: Samples were analyzed in two batches.

Page 1 of 1
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Battelle, Pacific Northwest National Laboratory filename 02-0776
Richland, WA 3/5/2002
Radiochemical Processing Group

Client: I. Burgeson ) Report prepared by: <_ Qo{e@g.& 59.07.
ASR 6281 1% '
Concur: Wﬁw/ S-5-07

Procedure RPG-CMC-4014 Rev 1, Uranium Analysis by Kinetic Phosphorescence
Chem-Chek Instruments model KPA 11R uranium analyzer

Lab Measured uranium concentration,
Sample iD Hg U perml # is Detection Limit
Tc IX Eluate Composite, 02-0776 1.77E-3 + 2% 4.E-4
AN102/C104 02-0776 Dup 1.80E-3 * 2% 4.E-4
AN2-Tc-0-C C2-0777 8.22E-1 * 2% 4 E-2
Te IX Effluent Composite,  02-0778 6.98E-1 £ 2% 4E-2
AN102/C104
AN102/C104-CsE-Comp 1 02-779 1.69E+2 + 4% 2.E-1
02-773 Dup 1.65E+2 + 4% 2.E-1
Blank 0776 2.27E-4 + 5%
Blank Q777 315E-2 t 4%
Blank 0779 1.55E-1 t+ 5%
Matrix spike 0776 88%
Matrix spike 0779 103%
LCS 0776 ' 102%
LCS 0779 103%
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Appendix E

Cesium Ion Exchange and Batch Contacts Testing Personnel



Appendix E: Cesium Ion Exchange and Batch Contacts
Testing Personnel

Cognizant Scientists
S. K. Fiskum

D. L. Blanchard

S. A. Arm

B. M. Rapko

Hot Cell Technicians
F. V. Hoopes
M. A. Mann

Analytical Support
S. J. Bos

J. P. Bramson

L. P. Darnell

. T. Farmer, 111
. Fiskum

. Greenwood
. Sanders

. Soderquist
. Steele

. Swoboda

. Thomas

. Trang-Le
J Wagner

. W. Urie
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Neguib Hassan
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Aiken, South Carolina 29808

Jim Marra
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Aiken, South Carolina 29808

Charles Nash
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Aiken, South Carolina 29808
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Harold Sturm
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