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Summary

A series of precipitation experiments were conducted on Hanford waste tank 241-AN-107
samples in an effort to remove sulfate from the matrix. Calcium nitrate was added directly to
AN-107 sub-samples to yield several combinations of Ca:CO; mole ratios spanning a range of 0:1
to 3:1 to remove carbonate as insoluble CaCOs. Similarly barium nitrate was added directly to
the AN-107 aliquots, or to the calcium pretreated AN-107 aliquots, giving of Ba:SO,4 mole ratios
spanning a range of 1:1 to 5:1 to precipitate sulfate as BaSO,.

Initial bulk carbonate removal was required for successful follow-on barium sulfate precipitation.
A > 1:1 mole ratio of Ca:CO; was found to lower the carbonate concentration such that Ba would
react preferentially with the sulfate. A follow-on 1:1 mole ratio of Ba:SO; resulted in 70%
sulfate removal. The experiment was scaled up with a 735-mL aliquot of AN-107 for more
complete testing. Calcium carbonate and barium sulfate settling rates were determined and fates
of selected cations, anions, and radionuclides were followed through the various process steps.
Seventy percent of the sulfate was removed in the scale-up test while recovering 63% of the
filtrate volume.

Surprisingly, during the scale-up test, a sub-sample of the CaCO3/241-AN-107 slurry was found
to lose fluidity upon standing for <2 days. Metathesis with BaCOs at ambient temperature was
also evaluated using batch contacts at various BaCO;:S0O, mole ratios with no measurable
success.
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AEA
BNFL
EDTA
EPA
GEA
HEDTA
HLRF
IC
ICP-AES
ICP-MS
LAW
MRQ
NA

SAL
TCLP
TIC
TOC

VSL

Terms and Abbreviations

alpha energy analysis

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

environmental protection agency

gamma energy analysis
N-(2-hydroxyethyl)ethylenediaminetriacetate

High Level Radiation Facility

ion chromatography

inductively-coupled plasma atomic emission spectrometry
inductively-coupled plasma mass spectrometry
low-activity waste

minimum reportable quantity

not analyzed

Shielded Analytical Laboratory

toxicity characteristic leaching procedure

total inorganic carbon

total organic carbon

transuranic

Vitreous States Laboratory

X-ray diffraction
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Units

degrees centigrade or celsius
centimeter

gram

molarity (moles per liter)
milliliter

micrograms

microcuries

micrometer
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1.0 Introduction

The presence of sulfate ion in the Hanford low-activity waste (LAW) solutions generates several
potential processing difficulties. Preliminary testing of the LAW vitrification system at the
Vitreous States Laboratory (VSL) indicates a separate molten sulfur layer will form in the melter
(nominally at 1150°C) at sufficiently high sulfate concentrations. A molten sulfur layer in the
LAW melter can lead to accelerated corrosion of the melter and unacceptable operating
conditions (e.g., steam explosion).

BNFL Inc. (BNFL) has been evaluating several methods to mitigate the impacts of sulfate on the
LAW vitrification system including pretreatment technologies, blending of high and low sulfate
LAW solutions, modification to the LAW glass formulations, and volatilization of sulfur in the
LAW melter as SO, or SO;. BNFL is evaluating four pretreatment technologies for separating
sulfate from LAW solutions:

Ion Exchange (SuperLig® 655)
Evaporation
Precipitation
Low-temperature crystallization

This report describes the results of a series of experiments conducted by Battelle to evaluate
precipitation as a process for removal of sulfate ion from the waste currently stored in tank

241-AN-107 (referred to as AN-107). The pretreated AN-107 liquid waste (supernatant) is
categorized as LAW Envelope C waste. Actual tank waste samples were used in these tests.

1.1
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2.0 Experimental

2.1 Sample Description

The initial testing was conducted with a sample of waste from tank 241-AN-107 archived at
Battelle after previous testing (Hendrickson, 1997). This sample was originally obtained as a
multiple grab samples in January of 1997. It was diluted with 0.53M NaOH to approximately SM
Na and 0.125M OH. Cesium was removed using a crystalline silico-titanate ion exchanger. The
cesium-decontaminated samples were transferred to the Radiochemical Processing Laboratory
(RPL) on May 23, 1997 and were archived in the Shielded Analytical Laboratory (SAL). One-
liter aliquots of this archive material were processed with two slightly different St/TRU removal
processes (Hallen et al., 2000a). The first treatment process described provided material called
“Archive 1 AN-107” in this report and was used for phase 1 studies. The second treatment
process described by Hallen provided material called “Archive 2 AN-107” in this report and was
used for phase 2 studies.

A sample of the waste from 241-AN-107 (Envelope C) was received in the High Level Radiation
Facility (HLRF) during the fourth quarter of 1998. The homogenization, dilution, caustic
adjustment, and sub-sampling of this sample was described (Urie et al.,, 1999). The diluted AN-
107 sample (AN-107 Diluted Feed) was then processed for Sr/TRU removal with a precipitation
process. The precipitate and entrained solids were removed with a single-tube cross-flow filter
using a 0.1-micron sintered metal Mott filter (Hallen 2000b). The clarified AN-107 sample was
then processed for cesium removal using an ion exchange process (Kurath et. al., 2000). The
cesium-decontaminated sample was then processed for removal of *Tc (Blanchard, 2000). The
effluent from the *Tc removal testing provided the feed, called “Actual AN-107,” for phase 3
sulfate removal tests described in this report.

The AN-107 feed compositions for each experimental phase are provided in Table 2.1.

2.2 Reagents

All reagents were ACS reagent grade, with the exception of Ba(NO,),-H,0O (Aesar) which did not
specify a grade. A 5M Ca®* solution (density = 1.531g/mL) was prepared from Ca(NOs),-4H,0.
A 0.33M Ba?"* solution (density = 1.063g/mL) was prepared from Ba@NO3),, two Ba stock
solutions were prepared from Ba(NO,),-H,O. The Ba(NO,), solutions were analyzed by
ICP-AES, to ascertain the actual Ba concentration.

2.3 Apparatus

Settling studies were conducted in a 1-L glass graduated mixing cylinder (6-cm internal
diameter). Nalgene® filter assemblies with 20-cm?, 0.45-pum nylon filter connected to 125-mL
upper and lower reservoirs were used for phase 1 and phase 2 experiments. Millipore® filter
assemblies with 40-cm? surface area, 0.45-pum polyvinylidene fluoride filter, connected to a
polycarbonate 500-mL, graduated upper reservoir and 1-L, graduated lower reservoir were used
for the third phase. Syringe filters (0.45-pm) were used to process small-volume samples.
Vacuum was supplied by the laboratory vacuum system at 19.8-mm Hg pressure.

2.1
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Table 2.1. Composition of AN-107 Feed Materials

Umts
g/mL

M
COs/titration M
CO5/TIC M
INO; M
INO, M
OH M
HEDTA M 0.0039
EDTA M 0.01
Na M 4.4 4.8
Ca M 0.0041 0.0043 *
Al pg/mL 127 2340
Ba pg/mL <0.4 <0.4
Cr pg/mL 35 43
Sr pg/mL . 120 130
Cs-137 pCi/mL 2.02E-2 8.22E-2
Eu-154 pCi/mL 2.66E-2 3.26E-2
Am-241 pCi/mL 9.73E-3 1.19E-2
Co-60 pCi/mL 6.44E-2 4.92E-2
Sr-90 pCi/mL 1.07E+0 2.46E-1
Note: Blank spaces represent non-analyzed analytes. Concentrations are expected to be similar
to the other AN-107 feed materials.

2.4 Experimental

The experimental work was conducted in three phases. The first phase was broad spectrum
testing for sulfate removal mcludmg precipitation with direct Ba> addition; a Ca** addition
(pre-stnke) followed by Ba®* addition; and metathesis of added BaCOs to BaSO,. The second
phase targeted the calcium pre-strike for initial carbonate removal followed by Ba** addition for
BaSO, precipitation, and metatheSIS of BaCO; to BaSO,. The third phase incorporated the Ca®”
pre-strlke followed by Ba®* addition on a scale-up test with 756-mL of Actual AN-107 tank
waste'. The tests are delineated in Test Instructions BNFL-TI-29953-061 (Appendix A), -062
(Appendix B), and -071 (Appendix C), respectively. All testing was conducted at room
temperature, nominally 21°C. In the following discussion, all indicated Ca:CQOj3 and Ba:SO,
ratios represent mole ratios.

! Test Specification Section 5.0, TSP-W375-99-00016, Revision 1, Test Specification for Separating
Sulfate from Pretreated AN-107, AZ-102, and AN-102 Solutions by Precipitation, BNFL, Inc., Richland,
Washington dated December 3, 1999 revised on December 9, 1999 and transmitted to PNNL according to
CCN: 008798.
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241 Survey of Calcium Carbonate and Barium Sulfate
Precipitations, Phase 1

The experimental process flow sheet is provided in Figure 2.1. Five aliquots of nominally 30-g
(25-mL) of Archive 1 AN-107 were sampled into 35-mL glass vials. Aliquots of 5SM Ca(NOs),
solution were added to four samples in mole ratios of Ca:CO;0f 0.5:1, 1:1 (in duplicate), and 2:1;
one sample had no added Ca**. Additional DI water was added as make-up volume such that all
final sample volumes were identical at 32-mL, which diluted the matrix by a factor of 1.28. The
solutions were mixed for 5 minutes and allowed to stand for 60 minutes. Solid and liquid phases
were separated by centrifuging at 1500 rpm for 3 min. The supernatant was removed, filtered
through a syringe filter, and analyzed for anions. The supernatants from the duplicate 1:1 Ca:CO;
contact were combined in order to provide a larger working volume for subsequent Ba** contact
studies. Aliquots of the supernatants were then further processed by adding 0.33 M BaNO; in
various mole ratios of Ba:SQ, (1:1, 1.4:1, 3:1, and 5:1). However, in the case of the 2:1 Ca:CO;s
contact, the supernatant volume was sufficient for only one follow-on Ba®* contact; the 1.4:1
Ba:SO, contact was selected for study. After the Ba”* contact, the samples were stirred for 5
minutes, then allowed to stand for 60 minutes. The samples were centrifuged and the supernatant
was filtered through a syringe filter and submitted for anion analysis. Sub-samples from the 1:1
Ca:CO; contact and subsequent Ba”* contacts were further analyzed for inorganic carbon and
selected radionuclides.

2.4.2 Targeted 1:1 Calcium:Carbonate Pre-strike, Phase 2

The 1:1 Ca:CO; mole ratio was selected for further study based on the results from phase 1
testing. The process flow sheet provided in Figure 2.2 summarizes the general sample
manipulation scheme. A 25-mL aliquot of 5SM Ca(NO;), was mixed into 200-mL of Archive 2
AN-107 feed material over a 10 minute period with stirring. The slurry was stirred for an
additional 15 minutes, then allowed to stand for 60 minutes. The slurry was resuspended and
split into two fractions. The filter flux was measured by passing the slurries through two Nalgene
filter apparatuses and recording the filtration times. The filter cake masses remaining in the upper
filter units were recorded, as were the filtrate masses. The filtrates were combined and sampled
for density, IC, TIC, GEA, and ICP measurements.

This study evaluated the use of Ba(NO,), in place of Ba(NO;),; the advantages of the former
reagent is it’s much higher water solubility with a corresponding reduction in added aqueous
volume. A 100-mL aliquot of the Ca®* pre-strike filtrate was mixed with 2.7-mL 2M Ba(NO,),
(targeted 1.4:1, actual 1.1:1 Ba:SO,); a 10-mL aliquot of filtrate was contacted with 0.18-mL 2M
Ba(NO,), (targeted 1:1, actual 0.8:1 Ba:SO,). Each of these latter two solutions were mixed for
15 minutes and allowed to stand for an additional 60 minutes. The volume consumed by solids
was estimated. The filter flux was determined for the 100-mL volume BaSO; slurry similarly to
the CaCO; filter flux, except that the slurry was processed through 1 filter unit instead of 2 filter
units. The BaSO, precipitate was washed three times with 10-mL 0.01M NaOH and percent
solids determined. The 10-mL sample supernatant from the 0.8:1 Ba:SO, contact was filtered
through a syringe filter. Both filtrates were analyzed by IC, ICP, GEA, and TIC methods.
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Archive 1 AN-107

Y

125-mL

No added Ca?*
25-mL

Add Ba*
— |:1 Ba:SO4*

——p 1.4:1 Ba:SO,*
— 3:] Ba:SO.*
—» 3:1 Ba:SO,*

———— 5:1 Ba:SO,*

4.5-mL
Add Ba**
1:1 Ba:SO,*
0.5:1 Ca:COs* > ——p 1.4:1 Ba:SO,*
25-mL - 3:1 Ba:SO,*
- » 5:1 Ba:SO4*
4.5-mL
1:1 Ca:CO5* Add Ba®
25-mL \
}
1:1 Ca:CO3* /
25-mL 4.5-mL
2:1 Ca:CO;* Add Ba*
Y=y > ) P 1.4:1 Ba:SO*

=l T 1

Ba:SO, Ba:SO, Ba:SO,
5:1 10:1 25:1
Metathesis with BaCO,
1:1 Ba:SO4*

P 1.4:1 Ba:SO4*
— » 3:1Ba:iSOs*

5:1 Ba:SO4*

*denotes solids separation after contact

Figure 2.1. Experimental Outline of Phase 1 Testing
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10-mL

Archive 2 AN-107, 200-mL

lAdd 5M Ca*, 0.93:1 Ca:CO;

Precipitate CaCO;

v

Split slurry

—

Filter flux test

0.77:1 Ba:SO,
precipitation

v

Filter,
analyze filtrate

T

\

Filter flux test

100-m 10-mL
1.I:1 Ba:SO, 1:1 Ba:SO4
precipitation metathesis

v v

Filter flux test Filter,

N

Analyze filtrate

Wash solids,
determine % solids

2.5

analyze filtrate

/

Combine filtrate ————p Analyze filtrate

Figure 2.2. Experimental Outline of Phase 2 Testing
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243 Scale-Up Precipitation Test, Phase 3

A scale-up test was conducted with 757mL of Actual AN-107 waste to more thoroughly evaluate
the targeted 1.1:1 Ca:COj; prestrike and 1.3:1 Ba:SO, contact as well as generate enough low-
sulfate AN-107 for vitrification tests. A process flow sheet, Figure 2.3, summarizes the general
sample manipulation scheme as well as sampling points through the process. A 107-mL 5M Ca®*
solution, representing a 1.1:1 Ca:CO; mole ratio, was added slowly to a 757-mL aliquot of the
Actual AN-107 sample while stirring over a 10-minute period. Stirring continued for 60 minutes
after addition of the Ca to ensure complete mixing. The sample then was transferred to a
graduated cylinder. The settling rate for the CaCO; solids was evaluated over a 2-hr period with
the settle solids/liquid interface measurements taken every 10 minutes. After the settling test, the
slurry was re-suspended by cylinder agitation. The slurry was sampled for viscosity testing, as
well as density, insoluble solids, and particle size analysis. Half of the remaining slurry was then
poured through a tarred filtration unit. Filtrate volume as a function of time was recorded, along
with the total filtration time. Filtration was considered complete when the filtrate production was
below 1 drop per 12 seconds. The filtration was repeated for the second half of the Ca**
contacted Actual AN-107 slurry, using a second tared upper filtration reservoir. The filtrate was
collected in the same lower reservoir used for the first half-filtrate collection, thus combining
filtrates. Net wet precipitate masses were recorded along with the net filtrate mass. Samples of
the wet precipitates (representative aliquots from each collection) and filtrate were taken for
analysis.

The CaCO;s precipitate was subjected to a series of washes; each wash was collected in a separate,
clean, tarred, filtration receiver. Both CaCOj precipitate volumes (150-mL) were estimated based
on the graduations of the upper reservoir and mixed with 300-mL 0.01M NaOH, a 2:1 volume
ratio of 0.01M NaOH:precipitate. Mixing was done with a plastic stir rod until all chunks were
dispersed. Vacuum was then applied and the total filtration time recorded. After a second 0.01M
NaOH wash, samples of the wet precipitates were taken for analysis. Samples from the first and
second filtrate washes were also taken for analyses. The CaCOjs precipitate was then washed with
a 2:1 volume ratio of 1M HNO;:precipitate volume. A 200-mL volume of 1M HNO; was added
slowly to each sample of CaCOjs precipitate, with stirring. After reaction and thorough mixing,
vacuum was applied and the total filtration time recorded. The wash was repeated after
estimating the new precipitate volumes (about 50-mL each) at the same 2:1 ratio of 1M
HNOj:precipitate volume with 100-mL 1M HNO; added to each reservoir of CaCOs. The CaCO;
precipitates were then washed with 75-mL water each in a 3:1 volume ratio of water:precipitate.
Samples of the washed precipitate were collected for analysis along with samples of the first and
second 1M HNO; filtrate washes and the water filtrate wash. A fraction of the washed precipitate
was dried to constant weight at 105°C to determine the percent of solids present in the washed
precipitate.
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Figure 2.3. Experimental Qutline of Phase 3 Testing
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A 13.27-mL aliquot of 1.82M Ba”* solution (as barium nitrite), representing a 1.3:1 Ba:SO, mole
ratio, was added to the calcium pre-treated filtrate over a 6-min interval with stirring. The
solution was stirred for an additional 60-min. to ensure complete mixing. The slurry was then
poured into the graduated cylinder for a settling test. The settled solids volume was recorded
every 10 minutes for 2 hours. The slurry was then allowed to continue settling overnight. The
solid was re-suspended by mixing and aliquots taken for density, insoluble solids, viscosity, and
particle size analyses. The remaining slurry was then poured into a filtration unit with tared
upper and lower reservoirs. Total filtration time, gross wet precipitate mass, and filtrate mass
were recorded. The wet precipitate and filtrate were sampled for analyses.

The barium precipitate was then subjected to a series of washes; each wash was collected in a
clean, tared lower reservoir. The precipitate was washed with 40-mL 0.01M NaOH, representing
a 2:1 volume ratio of wash:solids. The precipitate was stirred thoroughly in the wash reagent
prior to applying vacuum. Total filtration time was recorded when vacuum was applied. After
repeating the 0.01M NaOH wash, the solids and filtrates were sampled for analyses. Samples
taken for particle size analysis were suspended in 0.01M NaOH. The solids were then washed
with 40-mL 1M HNO;, representing a 2:1 volume ratio of wash:solids. The solids were stirred
thoroughly into the wash solution in the upper reservoir. After reaction was complete, vacuum
was applied and the filtration time recorded. The solids were washed again with a 20-mL volume
of 1M HNO:;, representing a 2:1 volume ratio of wash:solids, and the filtrate was collected in a
clean reservoir. The solids were washed again with 30-mlL deionized water, representing a 3:1
volume ratio of wash:solids. The filtrates and remaining solids were sampled for analyses and a
fraction of the washed precipitate was dried to constant weight at 105°C to determine the percent
solids present in the washed precipitate.

2.4.4 BaCO; to BaSO, Metathesis Study, Phase 1 and Phase 2

Six-gram aliquots of Archive 1 AN-107 were contacted with 0.2g, 0.4g and 1g aliquots of BaCO;
(Figure 2.1). These aliquot sizes targeted 5:1, 10:1, and 25:1 ratios of Ba:SO,, respectively. The
materials were mixed in a shaker for nominally 21 hours, and then allowed to settle. The
supernatants were filtered through 0.45-pm syringe filters and analyzed by IC.

Twelve-gram aliquots of the calcium-treated Archive 2 AN-107 were contacted with solid BaCO;
in 1:1 and 3:1 Ba:SO4 ratios and shaken for 90 hours (Figure 2.2). After settling, the supernatants
were filtered, sampled, and analyzed by IC, ICP, GEA and TIC.

2.5 Analytical Methods

Specific analytical procedures used to support the solution and solid analyses are listed in

Table 2.2. Solution anions were measured, after sample dilution, using a Dionex ion
chromatograph similar to EPA Method 300.0. Large sample dilutions were generally necessary
because of the high nitrate concentrations resulting in a sulfate detection limit of 2000 pg/mL.
The CaCO; precipitate samples were leached with water that in turn was analyzed by ion
chromatography; BaSOj, solids were not analyzed by IC. The IC solids sample preparation
utilizes a water leach. Barium sulfate solids are virtually insoluble in water, thus IC information
on such a sample would be meaningless. Ion chromatography uncertainty was typically £15%
where the analyte concentrations were greater than ten times the detection limit. Total inorganic
carbon, or carbonate, was measured directly on both liquids and solids by releasing CO, with hot
2M H,SO, and sweeping the gas with an O, flow into CO, trapping solution. Carbon dioxide was
measured coulometrically on a Coulometrics coulometer. Total organic carbon was measured
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similarly except the entire sample was oxidized using sulfuric acid and potassium persulfate with
silver nitrate catalyst for complete oxidation of organic species. Uncertainty was typically £15%
where the analyte concentration was greater than ten times the detection limit. Solutions and
BaSOQj, solids were directly analyzed by gamma spectrometry to determine gamma-emitting
radioisotopes. Calcium carbonate solids were first dissolved in HNO; prior to GEA analysis.
Uncertainty was attributed primarily to counting statistics and ranged from +2% for *’Cs

to £25% for 2! Am. Filtrate and CaCO; sub-samples were acid digested; BaSO, samples were
metathesized with ammonium carbonate and analyzed in 2 fractions: the sulfate-fraction and the
Ba-fraction. The digested samples were processed through radiochemical separations to isolate
Se and *°Sr followed by liquid scintillation and beta proportional counting, respectively.
Inductively-coupled plasma mass spectrometry (ICP-MS) was used to measure *Tc, 2"Np, and
9Py after acid digestion and dilution; uncertainty was typically £10%. Most cations were
measured using inductively-coupled plasma atomic emission spectrometry with an uncertainty of
nominally £15% where analyte concentration was greater than ten times the detection limit.
Uranium kinetic phosphorimetry was used to measure U concentration following matrix
adjustment with typical uncertainties of £4%. Ammonia was measured with an ion-selective
electrode on aqueous samples directly or on water leachates of solids. Total alpha was measured
by directly plating the acid-digested sample onto a planchet and counting using gas-flow
proportional counting. Because of the high beta activity causing cross-talk into the alpha channel,
alpha detection limits were generally high.

Table 2.2. Analytical Procedures

Analyte AR LT Procedure Uit T
Anions PNL-ALO-212, Rev.

‘Water leach PNL-ALO-103, Rev.

TIC PNL-ALO-381, Rev.

TOC : PNL-ALO-381, Rev.

INH; PNL-ALO-226

Acid digestion, solutions PNL-ALO-128

Acid digestion, CaCOj3 PNL-ALO-128

Metathesis, BaSO, cognizant scientist direction

Sr-90 . PNL-ALO-476 Rev. 1, -408, Rev. 1
GEA PNL-ALO-450 Rev. 1

Am-241 PNNL-ALO-417 Rev. 2, -496, -422
Pu-239/240 and Pu-238 PNNL-ALO-417 Rev. 2, -496, -422
ICP-AES PNL-ALO-211

ICP-MS PNL-ALO-280 Rev. 1

U PNNL-ALO-4014

Se-79 PNL-ALO-440, Rev. 7, -474

Total alpha PNL-ALO-4001, -408, Rev. 1

Particle size, XRD, viscosity, TCLP, Hg, and Am (by AEA) were cancelled subsequent to
sampling by customer request. The ICP-MS analyses of the BaSO, solids were also cancelled.
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3.0 Results and Discussion

3.1 Survey of Calcium Carbonate and Barium Sulfate
Precipitations, Phase 1

In all cases, the addition of calcium solution produced copious amounts of CaCO; precipitate.
The Archive 1 AN-107/CaCO; mixtures had to be vigorously shaken by hand as the stir bar was
largely ineffectual in mixing the slurried solids in the 35-mL vial. The estimated centrifuged
solids volumes compared to the mole ratio of added Ca:COj; are summarized in Table 3.1. The
sulfate concentration, where no Ca?* was added, measured 0.034M and is consistent with simple
dilution of the starting material (dilution factor = 1.28). Sulfate concentration dropped slightly
with increasing Ca®* addition indicating a small amount of CaSO, precipitated with the CaCOs.
The percent sulfate removal is shown in Table 3.1. The 1:1 Ca:CO; pre-strike supernatant
resulted in nearly 68% carbonate removal from solution.

Table 3.1. Sulfate and Carbonate Removal from Calcium Contact, Phase 1 Testing

1:1 55 6
2:1 70 12
NA: not analyzed

The addition of 0.33 M Ba®* resulted in a well-defined, heavy, precipitate that compacted more
efficiently than CaCOj;. The dilution factor after Ba®* addition varied slightly for each sample as
water was not added as a make-up volume. Sulfate removal was calculated according to the
equation 1-([SO4]1¢/[SOs4]2) where [SO,]; is the final measured sulfate concentration and the
[SOs]. is the initial sulfate concentration corrected for the dilution factor. The results of the Ba®*
contact are summarized in Table 3.2. Where the Ca®* pre-strike was less than 1:1 Ca:COs, the
sulfate removed by Ba®* addition was inconsequential, i.e., the measured sulfate concentration
was virtually equal to the sulfate concentration corrected for dilution. For the case of a 1:1
Ca:CO; pre-strike contact, the Ba’" contact was effective in removing sulfate. The four samples
from this Ca®" pre-strike underwent further analysis by ICP, GEA, TIC, and for *°Sr. The 1.4:1
Ba:SO, contact, from this calcium pre-strike, resulted in 69% sulfate removal for a final 0.008 M
SO, concentration. Higher Ba:SO, ratios resulted in diminishing returns of sulfate removal while
increasing COs> removal. Dissolved Ba®" remained in solution ranging from 51 to 164 pug/mL.
The chromium concentration also dropped with Ba®" addition, probably co-precipitating as
BaCrO,. Fora 1:1 Ba:SO; contact, 81% of the chromium was removed. The *°Sr and **Eu
concentrations also dropped with increasing BaSOj, precipitation; *’Cs and ®Co concentrations
remained unaffected. Analytical details are provided in Appendix A. Based on these sulfate
removal results, the 1:1 Ca:CO; pre-strike followed by 1:1 and 1.5:1 Ba®* strike were selected for
further study.
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Table 3.2. Sulfate and Carbonate Removal After Ba® Contacts Following Ca®* Pre-strike,
Phase 1 Testing

2:1
NA: not analyzed

>76 NA

3.2 Targeted 1:1 Calcium:Carbonate Precipitation Pre-
Strike, Phase 2

Carbonate concentration of Archive 2 AN-107, determined by titration and combustion, resulted
in 0.81M and 0.70M carbonate, respectively. Based on an average of these two results, 0.755M
CQO:s, the calcium:carbonate mole ratio was calculated to be 0.93:1, slightly below the targeted 1:1
mole ratio. As observed before, copious amounts of precipitate formed upon Ca*" addition. The
filtrate collection rate, or filter flux, of half the CaCO; slurry was determined in duplicate because
the precipitate volume was relatively large compared to the holding capacity of one filter unit
upper reservoir. The fluxes measured 12 g/min and 16 g/min through the 20-cm?, 0.45-um filter.
The 169-mL filtrate volume represents 74% of the combined Archive 2 AN-107 and added
calcium solution volumes (227-mL). The CaCO; precipitation resulted in a 69% carbonate
removal, consistent with the results from phase 1 study. Virtually no CaSO, co-precipitated with
the CaCO;. These results are summarized in Table 3.3. Cobalt and cesium concentrations
remained unaffected. Predictably, *Sr precipitated with the CaCQ;. Europium and americium
also were nominally 60% co-precipitated. Analytical details are provided in Appendix B.



Table 3.3. Sulfate and Carbonate Removal of Targeted Calcium Pre-strike, Phase 2 Testing

= —
Ca Pre-Strike, 0.93:1 Ca:CO;
IArchive 2 AN-107 200 mL 0.053 M 0.755 M
IAdded 5 M Ca(NQO;),-4H,0 27.9mL
‘l]?ilution factor 1.14
iltrate 169 mL 0.043 M 0204 M
% removed (dilution corrected) -3 69
2 M Ba(NO,),-H,O contact, 1.1:1 Ba:SO,
IArchive 2 AN-107 prestrike 100 mL 0.048 M 0.204 M
\Added 2 M Ba™ 2.68 mL
[Dilution factor 1.03 :
[Filtrate 98.7 mL <0.02 M 0.248 M
{% removed (dilution corrected) >57 =25
2 M Ba(NO,),-H,O contact, 0.77:1 Ba:SO,
Archive 2 AN-107 prestrike 9.96 mL 0.048 M 0.204 M
Added 2 M Ba** 0.18 mL
ilution factor 1.02
iltrate not measured <0.02M 0222 M
% removed (dilution corrected) >57 -11

The two ratios of Ba:SQ, tested, 0.77:1 Ba:SO,4 and 1.1:1 Ba:SOy, missed the target ratios of 1:1
and 1.5:1 because the sulfate concentration in the Archive 2 AN-107 was 30% higher than
expected based on sample processing history. A filter flux of 21 g/min in through a 20-cm?,
0.45-um filter was obtained for the Archive 2 AN-107/BaSQO; slurry. Sulfate concentration
dropped to <0.02M in both filtrates corresponding to >57% sulfate removal. A more definitive
sulfate removal could not be calculated because the absolute sulfate concentrations in both
filtrates (1.1:1 and 0.77:1 Ba:SO, contacts) were less than the instrument detection limit of 0.02M
sulfate. Carbonate measured in the Ba?* contacted solutions measured higher than the CO;>
pre-strike AN-107 feed. There is no good explanation for this other than the samples may have
absorbed CO, from the air while waiting analysis. Barium concentrations in the filtrates were
101 and 35 pg/mL. Chromium removal ranged from 72% to 80%, consistent with the phase 1
study. The washed BaSO, precipitate contained 35 weight percent solids. Results are
summarized in Table 3.3, and analytical details are provided in Appendix B. Based on the
successful sulfate removal and filterability of the CaCO; and BaSQ,, a scale-up test was defined
to further evaluate processing characteristics.

3.3 Scale-up Precipitation Test, Phase 3

Upon addition of the 5M Ca®* solution, solids immediately began to form and continued to form
throughout the Ca>* addition. Figure 3.1 shows the CaCO; settling rate as a function of time.
After the 120-minute settling test, nearly 97% of the sample volume stili contained slurried solids.
The sub-samples of the CaCO; slurry taken for viscosity, particle size, and insoluble solids
measurements were no longer fluid after setting aside for 2 days, thus obviating further analyses
of the CaCO; slurry. After the 2-hr settling test, the CaCO; slurry was re-mixed and split in half
for filtering through two filters. The split was necessary because the copious precipitate volume
would nearly fill one Millipore filtration unit upper reservoir (500-mL). An approximate
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filtration rate was determined based on the slurry volume change in the upper reservoir. The
change in filtration rate as a function of time is presented in Figure 3.2. After about 150 mL
filtrate was collected, the flow rate stabilized at nominally 8 mL/min. Each split produced about
280-mL filtrate. In both cases, the wet precipitate volume after filtration was nominally 150 mL
(as measured from the graduations in the upper filter chamber). The combined net mass of the
wet CaCO; precipitate mass was 361g. The individual filtrate masses were not measured; the
filtrates were combined providing a total volume of 561 mL. From a starting volume of 846 mL,
this corresponds to an aqueous volume recovery of 67%. The CaCOs co-precipitated 5.6% of the
sulfate while removing 67.7% of the carbonate. These results are consistent with results from the
previous 2 study phases and are summarized in Table 3.4. Each CaCO; precipitate was washed
twice with 0.01M NaOH followed by two 1M HNO; washes and one water wash. The 1M HNO;
wash resulted in the production of CO, as carbonate was decomposed. Predictably, each HNO;
wash resulted in significant precipitate mass losses, 55% and 35%, respectively. A summary of
the precipitate and filtrate masses, volumes, filtration times, etc., are provided in Appendix C.
The CaCO; precipitation carried other species besides the CaCO;. Co-precipitated with the
CaCO; were Al, Fe, P [(probably as Ca3(PO,),], and Sr. Europium, Am, Pu, and Np also
followed the CaCO;. After the IM HNOj; washes, the Al, P, Eu, and Am remained
disproportionately with the CaCOj; precipitate, i.e., partial dissolution of the CaCQO; did not cause
partial dissolution of the Al, P, Eu, and Am precipitates. A detailed analytical comparison of the
Actual AN-107 starting material and calcium pre-strike filtrate is provided in Tables 3.5 and 3.6.
Wash filtrate and CaCO; analyses are provided in Table 3.7.

Barium precipitates formed immediately upon addition of Ba** to the Ca®* pre-treated Actual
AN-107 filtrate. After a 120-minute settling test, the slurried precipitate volume occupied 17% of
the total solution volume. The BaSO; settling curve is shown in Figure 3.1. Filtration of the
BaSO; slurry required 82 minutes with 94% of the BaSO, slurry volume recovered in the filtrate.
The initial filtration rate was rapid (data not taken—observation only) settling down to nominally
4-mL/min after about 50% of the filtrate volume was collected (Figure 3.2). Consistent with
previous work, 69.7% of the sulfate was removed and only 6.8% of the carbonate was removed
during this BaSO, precipitation. The overall total sulfate removal for the combined Ca®>* and
Ba®* contact was 72% with a combined filtrate recovery of 63%. The sulfate and carbonate
removal and filtrate recoveries are summarized in Table 3.4. Analytical details of the BaSO;
filtrate are provided in Tables 3.5 and 3.6. The BaSO, co-precipitated Cr, while other cation and
anion concentrations (except Ba and sulfate) remained virtually unchanged. Under the tested
processing conditions, measurable Ba remained in solution at 110 pg/mL. The two 40-mL 0.01M
NaOH washes were rapid, taking no more than 1 minute, and did not remove precipitate mass.
The initial 40-mL 1M HNO; wash resulted in about a 50% reduction of precipitate mass as well-
as gas evolution resulting from the decomposition of carbonate. The second 10-mL 1M HNO;
wash actually resulted in a mass increase from 8.7g to 13.2g. The filtrate wash and BaSO,
compositions are provided in Table 3.8.

The mass and activity balances for selected cations and radionuclides and fractional recoveries
are provided in Table 3.9. The sum of recovered fractions is nominally 1, within experimental
error, except for *°Sr, where it appears an analytical error could have occurred. The washed
BaSO, material appears to be contaminated principally with Cr.
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Table 3.4. Sulfate and Carbonate Removal from Actual AN-107 Scale-Up Test, Phase 3

Ry
{CaCOjs Precipitation .

IActual AN-107 735mL

5M Ca?* 107 mL
Dilution factor 115
IFiltrate 561 mL 5.6%
BaSOjPreeipitation +. " o Ena et e U TR ;
IActual AN-107 fiitrate from C 531 mL
1.82M Ba™ 13.7mL
Dilution factor 1.03
Eiltraxe 69.7% 6.8%
GrandTotal ) S T T ~
IActual AN-107 735 mL
5M Ca®* +1.82M Ba** 121 mL
ilution factor 1.16
Einal filtrate 513 mL 72.0% 70.5% 62.8%
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Table 3 5. Actual AN‘107 Feed and Filtrate Compositions, Required Analytes
g L s 3 'WExItf'ate after CaCO; -/ Eiltrate after. BaSQ; 5B B

‘f e Actnal ANELD * -3 mrecipitation -~ 's«prgiiif)ifatxen #
B Analyte/Umts o wCIs fn T i e G L uCi/m
B7cs 8.22E-2 7.36E-2 7.33E-2
B4Eu 3.26E-2 6.01E-3 3.10E-3
35y 231E-2 4.41E-3 2.17E-3
Wam 1.19E-2 2.08E-3 1.35E-3
Bpy 1.49E-3 6.82E-4 3.88E-4
PTe 5.90E-2 5.51E-2 4.90E-2
#Np 4.17E-5 2.31E-5 1.22E-5
Total Alpha <3E-2 <2E-3 <2E-3
ge <1.6E-5 1.35E-5 <2E-6
Ogr 2.46E-01 7.85E-03 2.43E-03
Analyte/Bhnits. - 24 pCUmL I Ry e !
Ag <0.6 <0.4 <0.4 1
Al 2,340 850 768 75
As <7 <5 <4 1
Ba <0.3 <0.2 107 10
Ca 172 941 886 150
Cd 27 - 25 22 0.1
Co 2.1 [1.8] [1.7] 30
Cr 43 36 63 1
Cu 13 12 11 17
Fe 8.6 [3.3] 2.8 150
K 711 646 755 200
La <2 <0.9 <0.9 35
Mg <3 <2 <2 150
Mn [1.4] <0.9 <0.9 150
Mo 16 15 13 90
Na 111,000 104,000 94,700 75
Ni 210 196 176 30
Pb 58 25 22 1
Se <7 <5 <5 0.1
Si [32] <9 <9 170
U <50 <35 <35 600
u® 8.3 6.1 29 600
Zn 7.6 [4.7] 44 16.5
TOC 16,100 13,300 13,100 1,500
TIC 8,160 2,290 2,070 150
Cl <500 <500 <500 25
F® 3,500 3,000 3,000 150
NO; 112,000 198,000 173,000 3,000
PO, 1400 <1000 <1000 2,500
SO, 4,020 3,300 970 2,300
NH; 8.9 9.7 6.5 150

1) U determined by kinetic phosphorescence

2) F results are suspect due to peak distortion and retention time shift.
Radioisotope reference date is 11/1/99

Bracketed results represent values with errors exceeding 15%, 2-c.
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Table 3.6. Actual AN-107 Feed and Filtrate Compositions, Opportunistic Analytes

- a2 107 B precxpxiatmn
:Analyte/Units” ~ pCmE <777 GG 7% 7,
®Co 495E-2 4.12E-2 3 96E-2
155b 6.00E-4 <3.6E-4 <8.4E-5
12%8n/'*°8b W3.§0E-4 B <24E_—§ <3W6E- ‘
- Analyte/Units *~ pg/mL . gL - gl
B 19 [1.8] [1.2]
Nd <3 <2 <2
P 302 483 43
Sb <13 <9 <9
Sn <38 <25 <25
Sr 130 [0.8] 7.0
W [76] [65] [60]
Y <2 <0.8 <0.8
Zr 12.9] <0.8 <0.8
NO, 28,800 25,900 29,500
Oxalate 1400 <1000 <1000

Radioisotope reference date is 11/1/99
Bracketed results represent values with errors exceeding 15%, 2-.
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Table 3.7. Composition of CaCO3 Pre01p1tate Wash Filtrates and CaCO3 Preclpltate

1Cs 226E2 548E3  263E-3 8.16E4 221E4  9.0E+0 1.96E-1 2.60E-2 9.77E4  6.0E-2
“Co 120E2 2.58E-3  6.32E-4 841E4 2.80E-4 1.39E-1 6.63E-2 1.31E-1  1.20E2
By 6.92E4  <3E-5 126E4 1.84E-3 4.53E<4  20E-3 2.32E-1 3.42E-1 7.81E-1  6.0E-2
155gy 4.79E-4  3.94E-5 <JE-5  1.34E-3 3.11E4  9.0E-2 1.70E-1 2.51E-1 5.54E-1  6.0E-2
MAm | 2.57E4 3.09E-5  637E-5 593E4 133E4 7.75E4 | 8.35E-2 1.28E-1 2.90E-1 1.20E-3
2py 1.12E4  2.05E-5 <lE-5  4.16E-5 199E-5 7,75E-4 | 8.50E-3 9.55E-3 221E2  6ugg
T 145E2 3.13E-3  840E4 7.06E-4 230E4 1.5E-3 1.43E-1 2.92E-2 485E2  6uglg
®Np | 3.64E-6 <3E-7  "<3E-7 437E7 <27  1.75E4 | 1.64E-4 1.97E-4 439E-4  1.8ug/g
Total Alphal <7E~4  <3E+4 <2E-2  <2E2  <4E-3  7.J5E4 | S.15E-2 <4E-1 3.50E-1  1.0E-3
%S¢ 3.75E-3  2.81E-3 6 785-1 3.34E-1 339E-2  3.0E-1 893E+0  1.42F+] 8.94E+0  7.0E+1
Units]. Sjig/mL - pg/mL7 el ng/mb s capghl,  pg/ml ng/g glg - ngfd L ~Fugls
Ag <0.4 <0.1 <0.3 <0.3 1 <13 <7 <9 900
Al [9.5] 3.14 9.7 2.1 75 12,100 21,700 53,100 330
As <4 <1 <3 <3 1 <130 <74 <100 3
B 51 4.1 1.9 20.2 8.64 392 275 {140]
Ba <2 <0.06 {0.74] [0.45] {0.14] 10 [n [25] (38 600
Ca 331 132 10,900 17,100 5,330 150 236,000 360,000 311,560 180
cd 6.6 1.07 {0.36] [0.95] [0.34] 0.1 [75] 241 . [30] 11
Co <0.8 <0.1 <1 <1 <1 30 <26 <15 <20 3
Cr 10.2 27 {0.82] [0.36] [0.42] 1 110 [32] 100 120
Cu 3 0.67 <0.3 104] <0.3 17 [31] [14] {13] 18
Fe <0.4 <1 {0.69] [1.7] [0.97] 150 [51] 79 151 140
K 140 [36] <25 <20 <20 200 <1100 <590 <800 1500
La <0.8 <0.1 [3.9 <0.5 {1.8] 35 {79 <15 [130] 60
Mg <« <0.3 [ 80.7 29 150 652 1,050 1,120 540
Mn <0.8 <0.1 <0.6 <0.5 <0.5 150 <26 {16] 29 300
Mo 4.1 [0.94] <0.6 <0.5 <0.5 90 {36] <15 <20 6
Na 25,500 7,150 4,560 1,940 537 75 267,000 50,500 2,250 150
Nd <2 <0.3 <1 <1 <1 <53 <29 [88) 77
Ni 54 12 3.9 3] [1.2) 30 480 [82] [72] 160
P [11] 26 <1 <1 <1 2,040 2,940 7,210
Pb [2.3] 0.37] [6.1] 21 8] 1 {260} 423 549 600
Sb <8 <1 <6 <5 <5 <260 <150 <200 12
Se <4 <0.6 <3 <3 <3 0.1 <130 <74 <100 300
Si {371 32 <6 <5 <5 170 [1200] [360] [225] 3000
Sr [0.54] 0.50 87 76 24 1,090 1,690 1,080
U <33 <5 . <25 <20 <20 600 <1060 <590 <800 600
y® 0.87 0.16 0.07 0.67 0.17 600 316 385 600
w <33 <5 <25 <20 <20 <1060 <590 <800
Zn [1.0] {0.343 <0.6 [1.8] 0.85 16.5 31 [35] [45] 6
Zr <0.8 <0.1 <0.6 <0.5 <0.5 <26 24) {62 600
TOC® 4,050 980 390 260 91 1500 29,500 13,000 27,800 60
TIC® 430 150 26 37 13 150 43,200 73,700 77,400 30
F® 900 230 <250 <250 <125 150 5,600 1,100 480 7500
cl <250 <50 <250 <250 <125 25 <1700 <680 <240 230
NO, 7,100 1,700 <500 <500 <250 40,100 4,050 <480
NO; 58,500 12,300 50,700 62,300 16,500 3000 334,000 28,250 23,600 450
PO, <500 <100 <500 <500 <250 2500 <3300 <1400 <480 600
SO; 1,100 240 <500 760 <250 2300 8,000 4,050 1,400 1200
oxalate <500 <100 <500 <500 <250 <3300 <1400 <480
NH; 2.0 0.5 0.2 <0.2 <0.2 150 3.8 <5 <0.4 60
1)  Analyzed by kinetic phosphorescence. Bracketed results represent values with errors exceeding 15%, 2-c.

2) Reported as micrograms C per mL or per g.
3)  Fresults are suspect due to peak distortion and retention time shift.
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5350 e
. . 524E-2  120E-2
X 1.15E-2  2.85E-3  2.0E-3 | 1.42E-1 1.93E2  6.0E-2
'SEuw | 297E-4  3.65E-5 125E-2 7.86E-3 2.72E-3  9.0E2 | 9.80E2  1.63E-1 1.09E2  6.0E-2
#Am | 2.02E4  4.02E-5 4.19E-3 340E-3 1.30E-3 7.75E4 | 394E2  537E-2 438E-3  1.20E-3
By 7.44E-5  1.12E-5 1.72E-3  130E-3 397E4 7.75E4 | NA NA NA 6 ug/g
*Tc 1.31E2  3.23E-3 240E3 179E-3 6.05E4  1.5E-3 NA NA NA 6 ug/g
%Np 226E-6  3.53E-7 7.03E-5 2.68E-5 945E-6 7.75E4 NA NA NA 1.8ug/g
Total Alph NA NA NA NA NA 7.75E-4 | NA NA NA 1.0E-3
%S¢ 8.56E-4  4.84E-4 2.72E-2 275E-2 896E-3  3.0E-l NA NA NA 7.0E+1
o Usits) pg/ml Cpgfmls s TpgfmLocspgimh oopg/mL pgml | pgfe pgg - lpelg . Whiglg
Ag <0.3 <0.1 <0.5 <1 <0.3 1 <32 <110 <110 900
Al 213 55 21 [5.8] [1.3] 75 1560 137 35 330
As <3 <0.5 <5 <13 <3 1 <170 <590 <590 3
B {1.0] <0.1 <1 <3 <0.6 580 89 35
Ba 42 16 22,100 7,900 4,720 10 263,000 554,000 586,000 600
Ca 308 103 3,080 959 263 150 23,800 35,400 357 180
Cd 5.8 14 3.7 [14] [0.49] 0.1 55 2 <110 11
Co <0.5 <0.1 <1 <3 <0.6 30 <53 <190 <190 3
Cr 2.1 0.74 55 .56 26 1 1250 2430 2630 120
Cu 2.7 0.70 [0.63] <13 <0.3 17 72 36 34 18
Fe {0.95] [0.24] [1.0 [1.5] [0.57 150 452 125 222 140
K 212 50 <40 <100 <25 200 977 <14,300 <14,800 1,500
La <0.5 <0.1 2.2] <25 <0.6 35 <53 <190 <190 60
Mg <l <0.2 < <5 <1 150 1110 903 745 540
Mn <0.5 <0.1 <1 <3 <0.6 150 7 4 3 300
Mo (3.9] 1.1 [1.1] <3 <0.6 90 31 16 13 6
Na 27,700 7,530 2,630 592 162 75 154,000 20,700 1,300 150
Nd <i <0.2 2.4} <5 <1 <210 <740 <740 77
Ni 47 12 9.9 [4.8] [2.11 30 331 50 12 160
P 11 2.7 9.3 [6.11 [2.11 136 119 107
Pb (6] [1.4] <2 <5 <1 1 <130 <440 <440 600
Sb <5 <1 <10 <25 <6 <110 <370 <370 12
Se <3 <0.5 <5 <13 <3 0.1 <110 <370 <370 300
Si <5 <1 <10 <25 <6 170 8,180 2,180 1,540 3,000
Sr 3.2 1.5 356 110 33 2,490 4,100 56
U <20 <4 <40 <100 <25 600 <4200 <15,000 <15,000 600
y® 0.52 0.85 21 18 6.2 600 NA NA NA 600
w <20 [4.8] <40 <100 <25 125 <3700 <3700
Zn [1.2] {0.45] <1 <3 <0.6 16.5 191 97 78 6
Zr <0.5 <0.1 <1 <3 <0.6 18 8 12 600
TOC® 3,640 1,010 923 461 156 1,500 | 24,000 20,700 17,100 60
TIC® 743 349 <33 <33 <7 150 24,500 30,200 660 30
F® 960 290 <250 <250 <125 150 NA NA NA 7,500
Cl <500 <250 <250 <250 <125 25 NA NA NA 230
NO, 8,100 2,000 <500 <500 <250 NA NA NA
NO, 54,500 13,700 44,600 51,800 20,900 3,000 NA NA NA 450
PO; <1000 <500 <500 <500 <250 2,500 NA NA NA 600
SO; <1000 <500 <500 <500 <250 2,300 NA NA NA 1,200
oxalate | <1000 <500 <500 <500 <250 NA NA NA
NH; 0.75 0.25 0.33 0.25 <0.2 150 NA NA NA 60

1) Analyzed by kinctic phosphorescence.
2) Reported in micrograms C per mL or per g.
3) Results are suspect due to peak distortion and retention time shift.

Bracketed results represent values with errors exceeding 15%, 2-.
NA: not analyzed
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Table 3.9. Mass and Activity Balances for Calcium Carbonate and Barium Sulfate Precipitations, Phase 3

‘Has0y gmbmed«.\ 3,“, Pmduct i
D482 | Svash cidon i BaSO
N soluﬁbns nm&‘maﬁz}?‘ﬁlrrajc brcmpitate‘"’ rccovered

: "‘;' ipg”egg‘u W

'Flgtrme riltraxe

LR

st
'o -466 ’00‘46‘1” 0:469! 00»470 ‘00471 004724

- ! Uiits [, mg. g o mg g g mg . mg | mg

3 Analytc

i Al 1700 477 394] 60 17 99 24 03 1530| 79 22 10 009 004 020 | 002 09 023 00001 115
B 14 17 08|32 22 09 S1 14 40| 0 0 02 02 01 348 | 097 029 006 025 157
Ba® <02 1 109 04 0.1 L1 | 1.6 06 1060 126 137 3460 | 039 003 101 1.43

Ca® 125 528 455 | 210 72 5430 4310 879 8970} Il 4.1 148 15 8 2 0.51 0.42 0.02 0.0001 0.95
Cd 20 14 11 4.2 0.6 0.2 0.2 0.1 0.9 0.2 0.06 0.2 002 001 070 0.29 0.04 0.57 0.04 0.94

. Cr 31 20 33 6.5 14 0.4 0.1 0.1 29 | 0.08 0.3 2.6 089 076 155 0.42 0.09 0.11 0.50 1.12
;V:% Cu 9.3 6.5 5.4 1.9 0.4 0.1 0.4 0.1 0.03 003 0.200 | 0.27 0.04 0.59 0.02 0.92
3 Fe 6.4 1.8 1.4 0.3 0.4 0.2 4.3 0.04 0.01 005 002 0.02 1.30 0.17 0.68 0.22 0.20 1.27
K 520 363 386 89 20 7.8 2.0 1.9 87.1 0.23 0.74 0.17 1.14
Mo 12 83 6.8 2.6 0.5 0.1 0.04  0.05 ‘ 0.1 0.28 0.58 0.01 0.87

Na 79,850 58,100 48,600[16,200 3,880 2,270 489 89 65 1,020 301 126 9.5 4.7 1.7 0.3t 0.003 0.61 0.0001 0.91
Ni 151 110 90 35 6.4 1.9 0.8 0.2 2.1 1.7 0.47 0.5 0.08 0.06 0.10 0.31 0.014 0.60 0.001 0.92

Po219 27 2 | 70 14 208 | 04 011 04 010 006 060 | 004 095  0.10  0.003 1.09

P 42 14 1 {15 02 30 54 13 158]| 02  0.06 26 | 028 038 027  0.06 0.99

St 94 06 4 |03 03 43 19 39 3t | o1 006 17 18 096 030 | 093 033 004  0.003 1.30
4 U 60 34 LIL| 055 008 003 017 003 NA | 002 003 100 03 02 NA [ 040 0.18 0.58
Zn 50 26 22|06 02 03 05 01 13| 004 002 05 | 035 026 044  0.10 115

SO, 2918 1,850 498 | 699 130 192 37 2425%| 035 001 017 083 1.36

ey

U me e L Tme me mC @ mEIR RHEE Wil mC Y miCEen e mey
tCo 3.6E2 2.30-2 20E2|76E-3 14E-3 3.1E-4 2.1E-4 46E5 38E337E4 97E-5 23E-4 8.IES SOES 3IE4| 029 010 056 0009 096
WiCs  6.0E-2 4.E2 3.8E-2|14E-2 3.0E3 13E3 2164 3.6E-5 28E-5| 7.7E-4 2.1E-4 6.6E5 S57E-6 55E6 9.7E-6] 033 000 062 00002 096

N

‘ $Eu 24E-2 34E-3 1.6E-3| 4.4E-4 6.3B-5 4.6E-4 7.5E-5 23E-2( l.6E-5 24LE-5 8.7E-4 1.8E-4 83E-5 I[.1E-4| 0.09 0.94 0.07 0.005 1.10
2 SFu L7E-2 2.5E-3  1LIE-3[3.0B-4 2.1E-S 34E4 S5.E-5 1.6E-2 1.1E-5 L5E-6 6.0E-4 13E-4 79E-5 64E-5| 0.09 094 0.07 0.004 1.09
g HAam  8.7E-3 1.2E-3 6.9E-4] 1.6E-4 1.7E-5 3.2E-5 1.5E-4 23E-5 84E-3 7.5B-6 1.6E-6 2.0E-4 S54E-5 3.8E-5 26E-5{ 0.08 0.96 0.08 0.003 112
I e 43E2 3,1E-2 2.5BE-2{9.2E-3 1.7E-3 4.2E-4 18G4 3.8E-5 1.4E-3 49E-4 13E4 I1E4 28E-5 18E-5 NA 0.28 0.03 0.58 0.10 0.90
YINp  3.1E-5 1.3E-5 G6.3E-6]2.3E-6 LIE-7 1.3E-5 84E-8 1.4E-8 34E-6 4.3E-7 27E-7 NA 0.22 0.41 0.21 0.17 0.83

3Py L.IE-3 3.8E-4 22E-4]|7.1E-5 L.IE-§ [.1E-5 3.3E-6 G6A4E-428E-6 4.4E-7 82E-5 2.1E-5 12E-5 NA 0.20 0.58 0.20 0.02 0.98

" St 1.8E-1 4.4E-3 12E-3|24E-3 1.5E-3 34E-1 84E-2 56E-3 206E-1j32E-5 1.9E-5 13E-5 4.4E-4 2.6E-4 2.39 1.42 0.01 3.82

1) Fractional recoveries for Ca and Ba include the added Ca and Ba as well as that originally present in the Actual AN-107 feed.
2)  Analyte composition in BaSOy was by difference for ®Tc, *'Np, and 2°Pu,
3)  The given sulfate value was not measured but is provided based on the Ba value and stoichiometric BaSO; composition and could be biased high.

e e e ey

Note: NA indicates not analyzed emply spaces indicate non-detected analytes.
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3.4 Metathesis with BaCO;

Batch contact of the Archive 1 AN-107 material directly with the BaCO; resulted in no detectable
change from the starting sulfate concentration of 0.041M over the wide range of BaCO;:SO;,
molar ratios. Contact with Ca-pretreated Archive 2 AN-107 (Ca:COs equal to 0.93:1) also
resulted in no measurable sulfate concentration change, despite the drop in carbonate -
concentration from 0.7M to 0.25M. Under these processing conditions, metathesis did not occur
to any measurable extent. Contact at elevated temperature might yield more favorable results.
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4.0 Conclusions

Direct addition of Ba>* to AN-107 tank waste solutions overwhelmingly favors BaCOs over
BaSO, formation. Even a 5:1 Ba:SO, mole ratio addition resulted in inconsequential sulfate
removal in this matrix. It was found that by dropping the carbonate concentration from nominally
0.7M to 0.2M, Ba®" addition did result in significant sulfate removal. This gross carbonate
removal was effected by an initial Ca®* pre-strike of 1:1 mole ratio of Ca:COs. This corresponds
to a carbonate concentration reduction from 16 times to 6 times that of the sulfate concentration
(0.2M CO5* and 0.032M SO,*) and is enough to favor the reaction forming BaSO; over BaCO;
upon addition of Ba**. Using an initial 1:1 Ca:CO; mole ratio addition in conjunction with the
follow-on 1:1 mole ratio Ba:SO, addition, 70% sulfate can be removed from AN-107.

Calcium addition, to effect carbonate removal, has significant drawbacks. The volume associated
with the 1:1 Ca:CO; precipitate is large, consuming nominally 35% by volume (including
interstitial liquids) after filtering. The settling rate for CaCOs; in the Actual AN-107 matrix is
extremely slow. Upon standing for approximately 2 days, the slurry virtually solidifies.
However, while still fluid, the CaCOs slurry can be filtered at reasonable rates.

Both Ba(NOs), and Ba(NO,), were tested and are equally effective for sulfate removal. Because
the latter has a higher solubility (2.9M as opposed to 0.33M), the use of Ba(NO,), results in a
smaller volume increase, i.e., less waste production, than the Ba(NOs),. There is no indication
that the source of soluble Ba®* impacts the precipitation behavior.

The BaSO,/BaCO; precipitate has relatively favorable processing characteristics. The precipitate
volume is much smaller and less flocculent than the CaCO;, and it settles rapidly. Upon standing,
the slurry does not solidify, but remains fluid. The precipitate can be filtered at reasonable rates
and does not appear to cause filter clogging.

Metathesis of BaCOQs to BaSQO, at room temperature in the AN-107 matrices tested is not
measurably successful. Initial gross carbonate removal from the AN-107 matrix also has no
effect on sulfate removal by metathesis.
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Appendix A: Test Instruction BNFL-TI-29953-061 and
Analytical Reports for Sample Analysis
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Applicability

This test instruction outlines 3 tests for sulfate removal from AN-107 Archive material.
The first test incorporates an initial carbonate removal using Ca followed by a series of
experiments using various ratios of [Ba(NO3)2] : [SO4]. The second test explores the
metathesis of BaCO3 solid to BaSO4 as it is contacted with sulfate from the supernatant
material. The third test examines the applicability of ion exchange material to remove
sulfate from solution.

The AN107 Archive material is composed of the following: 0.041M sulfate, 0.7M
carbonate, 0.01M EDTA, 0.0039M HEDTA (the last 3 molarities are assumed based on
known initial concentrations and an estimated dilution factor of 2x).

DRD Reference: 12.2

Schedule Reference: BNFL desires completion of these tests and anion analyses by
October 29, 1999.

Justification

Work was requested by BNFL to provide information for conéeptual design of sulfate
removal system.

Objective

These experiments will help define an optimal method for sulfate removal from tank
waste solutions prior to vitrification.

Work Instructions
I. Calcium nitrate prestrike

1. Obtain AN107 Archive tank waste with Cs and Sr removed from lab 410. The bottle
is contaminated externally so caution (draping/extra gloves) is necessary when
handling this solution.

2. Aliquot 25 mL of AN107 Archive into each of 5 tared vials (40-mL vials containing a
stir bar), labeled as CA1, CA2, CA3, CA4 and CA5. Record the net weight of
AN107 Arxchive in each vial.

Sample ID Taremass ¥ (g ) | Grossmass @) Netmass (4) Tare 2/ ST b
CAl 9.7/ " o 45694 Jo. 4214 30.0245
CA2 9. 433, 59 9951 30. 3826 29.598¢
CA3 29. 1408 20.3/01 Jo. 4134 24.89¢7
CA4 29.282] £0.35 449 °F7 01| 30.4093 29.993¢
CAS 29. 9533 60.41763 J0.3375 J0.058¢

Palane LD 3b0-C¢ -61-033 e0-0¢ -0/~ 02¢ Be0-Ce-. Iz

¥ Ne Shr dre
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A 25-mlL aliquot of AN107 Archive material is expected to contain 1 millimole
sulfate, 17.5 mmoles carbonate, 0.25 millimoles EDTA, and 0.0975 millimoles
HEDTA.

3. Prepare a Ca(N03)2-4H20 solution by dissolving 118 g Ca@NO3)2-4H20 into 56 00
mL water (near maximum solubility) in a 50-mL volumetric flask. Final solution is

5 1M Ca.
Tare out volumetric flask on balance, add Ca(NO3)2, weigh, add water, weigh, stir
until dissolution is complete, transfer to plastic bottle.

Vel

lrok Sfere

é:;?

Mass of Ca(NO3)2-4H20 _//8.co g Aumh AcS qrade

O
Final mass

Calculated density

i-#5

-mL dilution £/5.3% 41

15316[, /mL

5.25

millimoles Ca prov1dmg a 0.5:1 Ca:CO3 ratio)

3.50

3.590

net maBd = /53/2}

To CA1 add 0.875-mL W Ca solution, also add 2-62-mL DI water (8.75

7= 20°C

5. To CA2 add 175-mL LOﬁM Ca solution and 175 mL DI water (17.5 millimoles Ca
providing a 1:1 Ca:CO3 ratio)

0 5
6. To CA3add :fé’-mL 10-0M Ca solution, no DI water (35 millimoles Ca providing a
2:1 Ca:CO3 ratio)

.0
7. To CA4 add}Z/S’mL DI Water

3.5

8. To CAS add WmL LO’OM Ca solution and 175 mL DI water (17.5 millimoles Ca
providing a 1:1 Ca:CO3 ratio)

S ok Sample ID | Vial + Mass after adding | Mass Ca Mass after Mass DI

)mdl’/'f sample mass | Ca solution ( 4) | solution added4)| adding DI water | water added (5)
CAl £0. 4509 ¢3,0939 2.6 430 ¢8.391/9 4| 5.2480
CA2 59.9812 ¢5.3054 5.3292 ¢4 8156 3.5/02
CA3 ¢©. 310! 1. 0020 0. 6925 #0025 - 0,000
CA4 ¢0-3519 ¢o0.35 /8 - 0.6000) bt 3057 7.0/39
CAS 0. 433 | 45.779¢ 5. 3633 ©9. 28 /4 3.5015

9. Mix solutions well for about 5 minutes on a stir plate and allow to sit for 60 minutes.
Centrifuge samples for about 3 minutes at about 1500 rpm.

10. Separate the supernate from the precipitate by siphoning with a transfer pipet, loading
into a syringe/filter apparatus (0.45pm filter) and filter into a clean vial (35-mL)

containing a stir bar. The precipitate is to be retained for possible future analyses.

1 R et e
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11. Remove 3-mL from each sample and place in a 2-dram or smaller vial for TIC and IC
analysis. Label as CAl-a, CA2-a, CA3-a, CA4-a, and CA5-a.

12. Split the remaining solution (nominally 25-mL) from the 4 vials as follows:
fiae 4.5 mb cnofcad

(Lxcept
CAl —4mL to CAl-b4mL to CAl-c,4-mL to CAl-d,

CA2 -4mlL to CA2-b,4-mL to CA2-c, 4-mL to CA2-d, 4-
CA3  4mlL to CA3-b4-mEto CAS=c4=-mEto-€A3=d, 4-mI\o CA2-

CA3).

toC

mL to §A1-dd,4-mL to CAl-e

-dd, 4=mL to CA2-¢

~A-mlto-CAS3=¢

CA4 —4mL to CA4-b4mL to CA4-c, &=mL to CA4-d, 4-mL to CA2-dd,4-mL to CA4-¢
CAS5 will be used with BaCO3 and IX experiments in sections II and III.

4.5

A #mL aliquot of the diluted AN107 Archive sample (25mL to /8/5/mL from Ca

prestrike) is expected to contain 0.14 millimoles sulfate, 0.035 millimoles EDTA and
0.014 millimoles HEDTA.

12. Dissolve 8.7g BaNO3 in 100 mL DI water (this gives a 0.33M Ba solution).

Vol. £laock ~are G2.2223 9,

Mass of BaNO3 & #/03 4

Final mass 100-mL dilution /¢ 8. 5507 (+ vzl flesk) Net meso: /0. 3/0 qj
Calculated density

7’

14. To each of the —b vials, add 0.424 mL 0.33M Ba solution (0.14 millimoles Ba
providing a 1:1 Ba:SO4 ratio)

0.585

0.193
15. To each of the — vials, add Q.688mL 0.33M Ba solution (Q.189 millimoles Ba

providing a 1:1 Ba: [SO4 + EDTA + HEDTA] ratio)

16. To each of the —d and —dd vials, add 1.27 mL 0.33M Ba solution (0.42 millimoles
Ba, providing a 3:1 Ba:SO4 ratio)

17. To each of the —e vials, add 2.12 mL of 0.33M Ba solution (0.70 millimoles Ba).

40f7

Sample ID | Vial Tare | Vial+added |4-mL AN107 Archive | Vial+ 0.33M Ba
#ShT B%70g )| sample mass | prestrike mass ( 4) |sample+Ba | massadded
CAl-b /0. /¥ 00 /5.5094 4| 5.3244 /5.9¢.20 4 | O 457 9
CA2-b 10.0155 | /5. 90206 O 5.50¢5 /5.2579 ° | 0. 9554
CA3-b 10./7403 | /4. 92 ¢o 4. 785 # /5. 4793 0.5533
CA4-b /0. 7412 | /75,4339 5.29¢7 /5 .8933 c. 45549
CAl-c 0. 349 | /5.64 FF 5.3199 /6.29:20 | 0. 0293
CA2-c 0.1201 |15 5024 " 5.3323 /. 1225 0.¢20/
CA3-c /C. 246 '
CAd-c 70 2258 | 15.5)2] 5. 286 3 /6. [33] 0.42/0
CAld [0.2115 | /5 5494 5.3359 /. 5362 /. 3888
CA2-d 0.15¢2 /5 4363 5.324( /o 5641 /- 3838
CA3d
CA4-d /0.2855 |/5. s8¢ 5.2971 /6.9 T /<3845
Bolonc. TP Seb-06 01-038 360-06-0(-02%
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CAl-dd
CA2-dd
CA3-dd MK 4 0f15/4q
CA4-dd /0./919 | 15 4809 F—FdbE4 5.2870 | /¢. 8606 /.3752
CAl-e [0.3% 1 |/5.4999 5.3233 /8. 0929 2.3030
CA2-e (0. 976% | 15.6075 5. 3288 /7.8%9¢2a 2.2 5855
CA3-e
CA4-¢e 0. j903 /5. 4715 5.2872 17 . #6 88 2. D9/ 3

18. Stir each solution for about 5 minutes and allow to sit for about 60 minutes.
Centrifuge samples for about 3 minutes at about 1500 rpm.

v19.

Separate the supernatant from the precipitate by siphoning with a transfer pipet,

loading into a syringe/filter apparatus (0.45-um filter) and filter into a clean 2-dram
vial. Retain the precipitate for possible future analyses.

20.

21.

for possible future testing.

IL

Barium carbonate Batch contact

Aliquot 3-mL of the solution for IC and TIC analyses.

Send the IC and TIC sample aliquots in for analyses. Keep remaining supernatants .

1. Measure BaCO3 (shelf supply, powdery material) into 20-mL vials as follows:

ID BaCO3 mass mole ratio

BAL: 0.039¢g 1:1 Ba:SO4

BA2: 0.197g 5:1 Ba:SO4

BA3: 0.395¢ 10:1 Ba:SO4

BA4: 0.986g 25:1 Ba:SO4

BAS: 0.0355¢g 1:1 Ba:SO4 after Ca prestrike 1:1 ratio of Ca:CO3
BAG6: 0.178¢g 5:1 Ba:SO4 after Ca prestrike 1:1 ratio of Ca:CO3

2. Add 5-mL AN107 Archive waste to the first 4 vials (this correlates to about 0.2
millimoles sulfate). Add 5-mL of CA5 (AN107 Archive Ca prestike material) to vials
BAS and BAG (this correlates to about 0.18 mmoles sulfate).

Sample Vial tare | BaCO3 mass | Net BaCO3 | BaCO3 + AN107 Net AN107
D (4) | +vial masg(g)| mass (9) | Archive + vial mass | Archive mass
BA1 (6.832¢ | 1¢.90283 |0 0397 _
BA2 /6. 9189 | /7. 1051 £ 12¢2 £3./398 ¢.62 4%
BA3 141386 | 13.5302 |0 39/¢ |23.59 387 &.0187
Zolbiwer. D 3&0- 06-Ct- © 33
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BA4 /6. 88930 L9856 o | 0.9763 4| P3-851F 4 | 59%/) a4
17 / 7 | BaCO3+ AN107Ca | Net AN107 Arc.
prestrike +vial Prestrike mass
BAS /L2888 | (2. 3264 0.0378
BA6 /¢ . FF50 | /6. 9893 C. 1543
3. Seal each sample and transfer to room 507. Place samples in the shaker along with a
thermometer to monitor temperature and shake on low setting for nominally 24 hours.
v
“4. Remove samples from the shaker. Filter each sample through a 0.45-pm filter into a
clean 2-dram vial.
5. Aliquot 3-mL and transfer to Marilyn Steele for IC analysis. Save remaining
supernatant fraction for possible additional analyses.
III.  Ion exchange material study
1. Measure the mass of IX material (provided by Rich Hallen) into 20-mL vials as
follows:
ID IX mass Ratio IX capacity to SO4
IX1 0.05g 0.5:1
X2 0.1g 1:1
IX3 0.5g 5:1
X4 1.0g 10:1
X5 0.05g 0.5:1 after Ca prestrike 1:1 ratio of Ca:CO3
X6 0.09g 1:1 after Ca prestrike 1:1 ratio of Ca:CO3
Sample Vial tare Tare + IX | NetIX mass | Tare + IX mass + Net AN107
ID mass mass AN107 Archive Archive mass
IX1 /6.9956 |/7.05/6 | €.c5¢0 I3-OF¢ ( £.02YS
X2 1 4.9¢28 (77.090510.1077 | 230889 £.0 129
IX3 WK Yitti g ppen (12,570 | 0. 9930 | 23.3845 (. 0363
X4 (. 9885 1186619 | 10139
11X Ba€O3+ AN107 Ca Net AN107 Arc.
I o)us 7ff)restrike +vial Prestrike mass
X5 16.9072 /6.963! | 6.¢559
1X6 (L0547 |(7.7/48¢ | 0.0955

2. Add 5-mL AN107 Archive waste to the first 4 vials. Add 5-mL of CA5 (AN107
Archive Ca prestike) to IXS and IX6.
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3. Seal each sample and transfer to room 507. "Place samples in the shaker along with a
thermometer and shake on low setting for nominally 24 hours.
Vv
4. Remove samples from the shaker. Filter each sample through a 0.45-um filter into a
clean 2-dram vial.

5. Aliquot 3-mL and transfer to Marilyn Steele for IC analysis.

6. Measure 0.5g resin into a tared vial. Heat the resin at nominally 95°C for 3 days.
Check the mass of resin (after cooling) at 1-day intervals until constant mass is
achieved.

Vial tare mass

Initial mass (vial -+ resin)
Calculated resin mass

Mass 1-day heating vial + resin -
Mass day-2 heating vial + resin
Mass day-3 heating vial + resin
Calculated final resin mass

Sh.(ll*v/r “‘t'fmf- on - A 20/.»« . {o//q/q;q
o€ l'.t(j“f,.m~ (o/IS/C(Ct.

gor botis oo Ut 2aCOy Condacs.
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Project: 29953
Client: D. Blanchard T
R

£

ACL Number(s): 00-0157 through 00-0172

1995 3
Client ID: “CA2-a” through “CA2-¢”
& Tl X [
ASR Number: 5552 T LA T
6l
Total Samples: 5 Aka
Q(QLpJ\;~o~o1)ﬂ7[

Procedure: = PNL-ALO-211, "Determination of Elements by Inductively Coupled [cat-benst
Argon Plasma Atomic Emission Spectrometry” (JCP-AES).
4 H - O T

Analyst: D.R. Sanders prit .

Analysis Date (Filename):  12-01-99 (A0562)

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

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

A /2 -28-97
= Reviewtd by

/v [-£-60

Concur

12/28/99
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Five radioactive liquid samples, CA2-a through CA2-e (ACL# 00-0157 through 00-0172), were
analyzed by ICPAES after preparation by the Sample Receiving and Preparation Laboratory
(SRPL). Samples were prepared by SRPL using PNL-ALO-128 acid digestion procedure.
Approximately 1 ml of sample (weighed) was digested and diluted to a final volume of
approximately 10ml. The final volume was weighed. Concentration is adjusted for dilution from
processing using the weight of final solution divided by sample weight.

Measurement results reported have been corrected for preparation and analytical dilution. All
results reported are in [lg/ml for liquid samples. Weights have been recorded on bench sheets and
included with this report.

Liquid samples contained high concentrations of sodium (approximately 5 to 7%). All other
analytes measured were much lower in concentration.

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

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

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

Post-Spiked Samples (Group A):

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

Post-Spiked Samples (Group B):

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

Blank Spike:

(Aqueous samples) None required or prepared.

Matrix Spiked Sample:
(Aqueous samples) None required or prepared.

12/28/99
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...

ICPAES Data Report

Quality Control Check Standards (agueous samples):

Concentration of all analytes was within tolerance limit of £ 10%
accuracy in the standards: QC_MCVA, QC_MCVB, and
QC_SSTMCYV except as follows. Tin and thorium were low, up to
18% in QC_MCVB check standard measurements. Single element
standards of tin at 2 pg/ml and thorium at 10 pg/ml measured were
well within the tolerance limit thus confirming calibration check for
these two analytes. One measurement out of five for silicon in
calibration blank ICP98.0 was slightly greater than 2 * IDL (up to 2.2
times IDL). The single high silicon reading in the calibration blank is
likely due to carry-over from a previous sample containing high
concentration of silicon. The four other measurements for silicon in
the blank is within tolerance.

-High Calibration Standard Check (agueous samples):

Process Blank:
(Aqueous samples)

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

All analytes are within tolerance limit of < EQL or < 5% of sample
concentration except Ba and Zn (greater than 17% to 91% of sample
concentration). The blank appears to be contaminated with barium and
zinc. Barium and zinc concentration in the blank is about the same as
that found in the samples. The source of contamination is not known.
Since both barium and zinc are very high in the process blanks, sample
measurements for these two analytes should be considered suspect.

Laboratory Control Standard (1.CS):

(Aqueous samples)

No LCS was prepared for PNL-ALO-128 acid digested samples.

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

12/28/99
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Comments:

1y

2)

3)

4)

5)

12/28/99

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

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

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

Routine precision and bias is typically + 15% or better for samples in dilute, acidified water (e.g.
2% vlv HNO; or less) at analyte concentrations greater than ten times detection limit up to the
upper calibration level. This also presumes that the total dissolved solids concentration in the
sample is less than 5000 pg/mL (0.5 per cent by weight).

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

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

Page-4 / 6




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

Page 1of 2

Multiplier= 9.4 435 429 16.9 16.8
ALO#= 00-157-PB 00-157 @5 00-157-DUP @5 00-162 @2 00-166 @2
Client ID= |Process Blank CA2-a CA2-a CA2-b CA2c
Det. Limit  Run Date= 12/1/99 12A/99 12/1/99 12M1/39 121/99
{ug/mL) (Analyte) ug/mL ug/mL ug/mL ug/mL ug/mL
0.025 Ag - - - - -
0.060 Al - 471 47.6 45.2 44.3
0.250 As - - ~ - ~
0.050 B - [5.3] 5.6] 12.6 122
0.010 Ba 3.70 [0.71] - 56.1 86.8
0.010 Be - - - - -
0.100 Bi - - - - -
0.250 Ca [2.4] 736 742 781 691
0.015 Cd - 16.6 16.7 14.7 14.3
0.200 Ce - - - - -
0.050 Co - - - [1.1] 1.0
0.020 Cr - 9.36 9.50 [1.6] [1.3]
0.025 Cu - 11.7 114 10.8 104
0.050 Dy - - - - -
0.100 Eu - - - - -
0.025 Fe - - - [0.73] {0.67]
2.000 K - [450] [450] 433 419
0.050 La - - - - -
0.030 Li - - - - -
0.100 Mg - - - - -
0.050 Mn - - - - -
0.050 Mo - [10] [10] 8.83 8.54
0.150 Na - 74,500 73,100 67,200 66,000
0.100 Nd - - - - -
0.030 Ni [0.49) 162 165 140 136
0.100 P - [36) [36] 314 30.0
0.100 Pb = [24) [24] 20.7 20.1
0.750 Pd - - - - -
0.300 Rh - - - - -
1,100 Ru ot - - - -
0.500 Sb - - - - -
0.250 Se - - - - -
0.500 st - - - [42] 144]
1.500 Sn - - - - -
0.015 Sr - {0.68] [0.67] 1.7 10.95)
1.500 Te - = - - -
1.000 Th - - - - -
0.025 Ti - - - -~ e
0.500 Tl - - - ot -
2.000 ) - - - - -
0.050 \' - - - - -
2.000 w - - - [40] [38]
0.050 Y - - - - -
0.050 Zn 11.7 [14) [6.1] 10.1 13.0
0.050 Zr - - - - -

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

Data (1) from “A0562 D_Blanchard ASR-5552 AN107 Supemate (ALO-128) ICP98 hi.XLS

516

12/28/99 @ 9:45 AM
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report

Page 2 of 2

Multiplier= 17.4 17.1
ALO#= 00-169 @2 00-172 @2
Client iD= |CA2-d CA2-¢
Det. Limit  Run Date= 12H1/99 1211/99
(ug/mL) (Analyte) ug/mL ug/mL
0.025 Ag - - - -
0.060 Al 40.6 35.4 - -
0.250 As - - - -
0.050 B 10.6 9.30 - -
0.010 Ba 51.1 164 - -
0.010 Be - - - -
0.100 Bi - - - -
0.250 Ca 504 423 - -
0.015 Cd 12.9 11.1 - -
0.200 Ce - - - -
0.050 Co {0.92] - - -
0.020 Cr [1.1] [0.59] - -
0.025 Cu 9.43 8.00 - -
0.050 Dy - - - -—
0.100 Eu - - - -
0.025 Fe {0.63] [0.66] - -
2.000 K 379 [320] - =
0.050 . La - - - -
0.030 Li - - - -
0.100 Mg - - - -
0.050 Mn - - - -
0.050 Mo [7.8] [6.7] - -
0.150 Na 59,300 51,700 - -
0.100 Nd - - - -
0.030 Ni 125 107 - -
0.100 P 27.6 23.4 - -
0.100 Pb 18.2 [16] - -
0.750 Pd - - - -
0.300 Rh - - - -
1.100 Ru - - - -
0.500 Sb - - - -
0.250 Se - - - -
0.500 Si [39]) {35] - -
1.500 Sn - - - -
0.015 Sr {0.35] [0.71] - -
1.500 Te - - - -
1.000 Th - - - -
0.025 Ti - - - -
0.500 Tl - - - -
2.000 U = - - -
0.050 \' - - - -
2.000 w [35] - - -
0.050 Y - - - -
0.050 Zn [3.6] [6.3] - -
0.050 Zr - - - -

Data (1) from "A0562 D_Blanchard ASR-5552 AN107 Supemate (ALO-128) ICP98 hi.XLS

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

6/4
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Battelle PNNL/RPG/Inorganic Analysis --- IC Report

WO/Project: W53400 / 29953 | s
Client: D. Blanchard § L ﬁ .g.,: ¥
< 29953
ACL Numbers: 00-00156 through 00-00180 f;:_‘/ > i
ASR Number 5552 T %.12.5-2

.,"

. A‘ Ny 7
" L. . gQ%WI Plaavze "N «.
Procedure: PNL-ALO-212, "Determination of Inorganic Anions by lon Chromatography
Analyst: M]J Steele Analysis Date: October 21-23, 1999

M&TE: IC system (WD25214); Mettler AT400 Balance (360-06-01-031) See Chemical

Measurement Center 98620 RIDS for IC File for Calibration, Standards Preparations, and
Maintenance Records.

Analyst: %M
Approval: %/() Date D283 ’W

Notes:
1 "Final Results" have been corrected for all dilution performed on the sample during processing or analysis.
2) The low calibration standards are defined as the estimated quantitation limit (EQL) for the reported results

and assume non-complex aqueous matrices. Actual detection limits or quantitation limits for specific
sample matrices may be determined, if requested.

3) Routine precision and bias is typicaily £ 15% or better for non-complex aqueous samples that are free of
interference and have similar concentrations as the measured anions.

Final Results:

The 25 liquid samples were analyzed by ion chromatography (IC) for inorganic anions as
specified in ASR 5520. The samples were diluted at the IC workstation up to 2,000-fold to
obtain all anions were within the calibration range. However, at 2,000-fold the nitrate results
exceed the calibration range. Per client request, no further nitrate dilutions were performed,
since sulfate is the primary anion of interest. The anion results are presented in the table below.

ASR 5552 Blanchard.doc Page 1 of 3
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Battelle PNNL/RPG/Inorganic Analysis --- IC Report

F(l) [ C | NO, | Br |NO,@)] PO, | SO, | GO,

Lab ID Sample ID | ug/ml |ug/ml| ug/ml | ug/ml | ug/ml | ug/ml | ug/ml | ug/mi
00-0156 CA1l 2,900 760 21,700 | < 250 | 102,000 | < 500 | 3,100 | 1,400
00-0157 |CA2 < 250 790 22,000 | < 250 ] 111,000 | < 500 | 3,000 800
00-0158 CA3 2,500 810 22,600 | <250} 81,300 | < 500 | 2,700 | < 500
00-0159 CA4 3,000 780 22,800 | < 250 | 83,600 | 1,400 | 3,300 | 1,600
00-0160 CAS 2,700 720 20,400 | < 250 | 111,000 ] < 500 | 2,800 | < 500
00-0161 CA1-B 2,800 750 20,500 | < 250 | 100,000 | < 500 | 2,800 | 1,300
00-0162 CA2-B 2,800 790 21,300 | < 250 ) 111,000 | < 500 | 1,200 700
00-0163 CA3-B 2,100 670 19,300 | < 250} 93,100 | < 500 | < 500 | < 500
00-0164 CA4-B 2,600 670 19,600 | < 250 | 80,200 | < 500 | 2,800 | 1,400
00-0165 CA1-C 2,600 690 19,200 | < 250 97,500 | < 500 | 2,800 | 1,300
00-0166 CA2-C 2,500 660 18,800 | < 250 | 110,000 | < 500 800 700

- |00-0167 CA4-C 2,700 700 20,000 | < 250 | 79,000 | 1,200 | 2,800 | 1,400
00-0168 CA1-D 2,300 610 17,000 | < 250) 92,900 | < 500 | 2,600 | 1,100
00-0169 CA2-D 2,200 800 16,500 | < 250 | 107,000 | < 500 | 700 600
00-016%9 Dup CA2-D Dup 2,200 600 16,700 | < 250 | 108,000 | < 500 | < 500 | 600

RPD| O 29 1 n/a 1% n/a n/a n/a

00-0169 MS Rec [CA2-D MS Rec 81% 97% 71% 99% |[OvrRng! 0% (3) | 102% | 104%

Blank Spike Rec [Blank Spike Rec | 104% | 101% | 104% | 104% | 105% | 102% | 105% | 103%

00-0170 CA4-D 2,200 570 | 16,300 | < 250 | 76,000 { < 500 | 2,300 | 1,200
00-0171 CA1-E 2,000 230 | 14,800 [ < 250 | 88,700 | < 500 | 2,100 900

00-0172 CA2-E 1,900 520 14,500 | < 250 | 104,000 | < 500 [ < 500 | < 500
00-0173 CA4-E 1,900 510 14,200 | < 250 | 71,700 | < 500 [ 2,100 | 1,000
00-0174 CA4-DD 2,200 580 16,500 | < 250 75,800 | < 500 | 2,500 | 1,200
00-0175 BA2 3,800 | 1,000 | 28,600 | < 250 | 97,900 | 1,500 | 3,900 | 2,100
00-0176 BA3 3,900 | 1,100 | 29,000 | < 250 | 98,000 | 1,600 | 4,000 | 2,000
00-0177 BA4 < 250 { 1,000 | 27,800 | < 250 ] 98,000 | 1,600 | 3,900 | 2,300
00-0178 IX1 3,600 | 1,000 | 27,300 | < 250 98,700 | 1,300 | 3,600 | 2,000
00-0179 X2 3,600 930 | 27,400 | < 250 | 98,700 | 1,300 | 3,900 | 2,000
00-0180 X3 3,900 [ 1,100 | 29,000 | < 250 | 97,400 | 1,600 | 4,100 | 2,100

RPD = Relative Percent Difference (between sample and replicate); results not calculated if sample
or replicate less than two times the EQL. The high RPD for Cl is due primarily to the very
low measurement concentrations (i.e., 2.5x EQL).

(1) Areas quantified by IC system as fluoride; however, slight retention time peak shift and peak
shape suggest significant organic anion interference. High probability that little or no
fluoride is actually present in the samples. Although not verified, formate is the most
probable interfering anion.

(2) Nitrite and nitrate results are over range (i.e., exceed highest calibration standard) by factors of
1.2 to 1.8; however, reasonable linearity has been demonstrated for concentrations at two
times the highest calibration standard. Results exceeding the nitrate calibration range by less
than 2x are typically bias low by 15 to 25%.

(3) The phosphate matrix spike is 0%; however, this is not unexpected due to the addition of
barium. The phosphate blank standard spike demonstrated good recovery at 102%.

ASR 5552 Blanchard.doc Page 2 of 3




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

Analytical Q.C. Comments

Besides the duplicate, matrix spike, and blank spike QC, the following are results of analytical
quality control checks performed during IC analyses. In general, quality control checks met the
requirements of the governing QA Plan.

System Blank/Processing Blanks: About 1 system blanks were process during the analysis of
the samples. No anions were detected above reportable concentrations in the system blanks.

Quality Control Calibration Verification Check Standards: Eight mid-range verification
standards were analyzed throughout the analysis runs. Two of the eight analyses were discarded

since the volume of the standard injected for analysis was low due to insufficient sample in the
sampling vial. Of the remaining verification standards, the reported results for all analytes of
interest were recovered within the acceptance criteria of £10%, except for a single fluoride value.

ASR 5552 Blanchard.doc Page 3 of 3
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Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report

Client: D. Blanchard Charge Code/Project: W53400/29953
ACL Numbers: 00-0157,162,166,169,172 ASR Number: 5552
Analyst: MJ Steele Analysis Date:  November 09-10, 1999

Procedure: PNL-ALO-381, "Direct Determination of TC, TOC, and TIC in Radioactive Sludges
and Liquids by Hot Persulfate Method" oy LET53
M&TE: Carbon System (WA92040); Balance (360-06-01-023) ﬁE Rﬂ Tead 21>
g 1
i

&
o I e |

" TY.12.5.72
Final Results: £ ;f £y TH+-¢ 1/
% O t
Sample | TIC | TICRPD | Sample | TIC Aensernny BFF
Lab Number (Sample ID Vol (ml) | ugC/ml (%) Wt (g) ugClg 1 W
00-0157 CA2-a 0.10 2000 0.1190 1680 A —07
[00-0157 Dup  |CA2-a Dup 0.30 1860 7 0.3532 | 1580 =
[00-0162 CA2-b 0.20 1600 0.2369 | 1350
[00-0162 Dup  [CA2-b Dup 0.30 1500 6 0.3520 1280
[00-0166 CA2-c 0.30 1440 0.3506 1230
[00-0166 Dup  {CA2-c Dup 0.20 1440 0 0.2325 1240
100-0169 CA2-d 0.30 650 0.3418 570
00-0169 Dup  [CA2-d Dup 0.40 630 5 0.4542 600
[00-0172 CA2-e 0.40 180 0.4508 160
[00-0172 Dup ~ {CA2-e Dup 0.60 180 n/a 0.6709 160
[00-0380 MS  [MS % Recovery 0.10 93% 0.1235 93%

RPD = Relative Percent Difference (between sample and duplicate/replicate)
n/a = Not applicable; either sample or duplicate result is <5 times MDL

The analysis of the subject samples submitted under ASR 5552 were performed by the hot
persulfate wet oxidation method. The hot persulfate method uses acid decomposition for TIC and
acidic potassium persulfate oxidation at 92-95°C for TOC, all on the same sample, with TC being
the sum of the TIC and TOC. Per the ASR, only TIC analyses were performed on these samples.

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

Q.C. Comments:

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

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

ASR 5568 Blanchard.doc Page 1 of 2
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Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report

Calibration Standards: The QC system calibration standards were all within acceptance criteria,
with the average recovery being 101.4% for TIC (no TOC standards were analyzed).

Calibration Blanks: The five calibration blanks run at the beginning and middle of the analysis run
were acceptable, averaging 15.5 ngC TIC. However, the calibration blank analyzed at the end of
the analysis run was 55 ngC TIC. This high blank appears to result from a memory effect from the
high carbon samples analyzed at the end of the run. The end of run calibration blank has not been
used to calculate the blank concentration. All samples under this ASR were analyzed at the start or
middle of the analysis run and should not be affected by the high end of run blank.

Duplicates: No actual sample duplicates were provided to the laboratory for analysis. However,
the relative percent differences (RPD) between replicates are within the acceptance criteria of 20%
for all values measured above the EQL.

Matrix Spike: The accuracy of the carbon measurements can be estimated by the recovery results
from the matrix spike. None of the aqueous samples in this series of sample was prepared as a
_spike. However, sample 00-0380 analyzed in the same batch had a TIC spike recovery within the
75% to 125% recovery acceptance criteria.

General Comments:

o The reported "Final Results" have been corre;:ted for all dilution performed on the sample
during processing or analysis.

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

¢ The estimated quantitation limit (EQL) is defined as 5 times the MDL. Results less than 5 times

the MDL have higher uncertainties, and RPDs are not calculated for any results less than 5 times
the MDL.

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

Report Prepared by: Zz/ A 2 Z{L;//-/Z/?' ya

Review/Approval by: WS@«; v Date _ J}HTF
— P AEE——— S

Archive Information:

Files: ASR 5552 Blanchard.doc ASR 5552 5568 5582.xls

|

ASR 5568 Blanchard.doc Page 2 of 2



WIS PR e r?(.knk.—w&

Nm. ..\m K mr.u

NONA

v a4 §
xulwvw%
—.,...“ w, .lc.. o

PR

66/LL/LL

E-LYO

| obed

%8 %2y %Y %2 %2 %cCl %1 Xl
¢-3/¢y v-32S'V  €-3deLL  ¢-3.0°1 2-3€9C 36> $-368°C 2-J88's 621000
%8 %t %< %2 %S| %l €vd
e3sy'y $-3C> €-3I¥6'9 ¢€3056 <2-3e9C PG> y-30v°C 2-389°¢ 9.10-00
%91 %L %Y % %< 8-2Zvo
p-ag€’Cc  63Av> P-3€9¢ $-IL6Y C-IAEPL G-T6> S-3A'v> 2-369'C ¢.10-00
%l %9 %V %2 %¢C a-pvo
€-306°L v-3¢> eJegc e-Ieve <Aool vIo> p-3'€> Z-a9v'e 0.10-00
%¥C %S} %8 %2 %2 a-evo
p-365vy  v-3'l> PI2LY  p-A8E9 2Ll v-IE> y-3'c> ¢-361°€ 6910-00
%v2 %01 %9 %2 : %2 a-tvo
¥-3.9'9  $-3¢> €-3¢¢t €397} <39l p-3IG> y-3'e> [ASS VAR 8910-00
%2S %94 %kl %2 %2 AT}
y-360v ¥-3¢> +-3606 P-358'8 <-308°L P39 y-3'e> ¢-30L'€ 9910-00
%\C %6 %S %2 %2 O-lVO
¥-365'6 ¥-3'7> €3aPSL €-388°1 <¢2-386°L  v-3'9> y-3'e> ¢-3al0'y §910-00
%LS %€l %6 %2 %2 gevo
y-302’€e v3IC> v-AL66 €3l 23061 v-3'9> y-3'e> Z-3€8'¢ 2910-00
%2y %€l %9 %2 %2 V-8V0
b-a88°'L tv-3'e> €3t €3IV ¢380C A9 y-3'e> Z-Jeey 0910-00
%V %S %€ %¢C %SG %2 V-IvO
€-3p8’l 37> €3IASLP €320 <Z-32le ¥32le y-3'e> ¢-396° 9510-00
% Jolg o oNT 9% JouT 9% dou3 % JouT o Jolg 9% loug 9% o3 atwain
ipg-wy  [pL-80  gGi-n3 pGL-ng LEL-SD  G2l-9S  9Z1-qsus 09-0D arowv
Jous ewbis-1 Yyum (Juwyion) saniANoy pamsesiy
0S7-0Tv-INd :@inpadold
~
\um__:: : 8jeqg JJ:.US.G&L\_ 1 INduon
m N \ )/ \ /] :9leq JIspualog jueziubon

JNQH“N\/SQ_ -paegoteig [ Juslo

wea: suojeolddy |eonkjeueoipey

Buipjing gze-dnouo) Buissasold |esiwayoolpey
Alojes0qe] ISAMYMON d1j19ed ajjaneq

i




Battelle Pacific Northwest Laboratory CA1-a
Radiochemical Processing Group-325 Building :
Radioanalytical Applications Team 3/13/00

Client: Fiskum

Cognizant Scientist; W Date : 3’//3/&’0

Concur : T ecwng- @ Date:  3[1310Q
()

Procedure: PNL-ALO-450

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

ALO ID Co-60 Cs-137 Eu-154 Eu-155 Am-241
Client ID Error % Error % Error% Emmor% Error %
00-0157 3.39E-2 1.78E-2 1.29E-3 8.06E4 4.11E-4
CA2-A 2% 2% 7% 12% 34%

Page 1



Battelle Pacific Northwest Laboratory CA1-a
Radiochemical Processing Group-325 Building

Radioanalytical Applications Team 3/23/00
Client : Fiskum
Cognizant Scientist: ,;{, W Date : 3/2 5// o
Concur : | leang - LQ, Date : 3[5?5 J 0Q
)

Procedure: PNL-ALO-476

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

ALOID Sr-90

" ClientlD__ —Ermor+-
00-0157 PB <5.E-5
CA2-A
00-0157 4.16E-3
CA2-A 3%
00-0157 DUP 4 48E-3
CA2-A 3%
RPD 7%
00-0162 3.40E-3
CA2B 3%
00-0166 1.51E-3
CA2-C 4%
00-0169 2.53E4
CA2-D 14%
00-0172 3.55E-4
CA2-E 10%
Blank Spike 104%
Matrix Spike 104%
Blank <5.E-5

Page 1



APPENDIX B

R, e PPt . o ML T PN A3




G RIS TN T A R T BT TRES T T TR IR LS T TR T T

Appendix B: Test Instruction BNFL-TI-29953-064 and
Supporting Analytical Data
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PNNL Test Instruction DOCU.II.I‘ellt No.: BNFL-TI1-29953-64
Rev. No.: 0

Title: Sulfate Removal Studies from AN107 Aré_hived Waste

Work Location: Building 325, various Page 1of 6
laboratories
Author: SK Fiskum Effective Date: New

. . Supersedes Date: New
Use Category Identification: Reference

Identified Hazards: Required Reviewers:
_X _Radiological _x Author
_X _ Hazardous Materials _x Technical Reviewer
___Physical Hazards i __RPIL Manager
__Hazardous Environment ___Project Manager )
__ Other: ) __RPG Quality Engineer

__BNFL (not required)
Are One-Time Modifications Allowed to this Procedure? x Yes __ No

NOTE: If Yes, th dificati t anticipated tg.i afety. d tati
R e e R e e A S e Ro e By et O P A opae.

On-The Job Training Required? Yes or x No
FOR REVISIONS:
Is retraining to this procedure required? Yes _x_No

Does the OJT package associated with this procedure require revision to reflect procedure changes?
Yes _ No x N/A

Approval Signature : Date

Author Jpndee K j{é%"‘f“\/ 4 0/7 7/7 7

Sandra K. Fiskum

Technical Reviewer j S Pumath 10[27 ! T
Dean E. Kurath

RECORD
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TI-064 Rev. 0
10/26/99

Applicability

This test instruction outlines 2 tests for sulfate removal from AN-107 Archive material. The first
test incorporates an initial carbonate removal using Ca followed by a series of experiments using
various ratios of [Ba(NO2)2-H20] : [SO4]. The second test explores the metathesis of BaCO3
solid to BaSO4 as it is contacted with sulfate from the AN107 Archive material treated with Ca
for initial carbonate removal.

The AN107 Archive material is assumed to be composed of the following: 0.041M sulfate, 0.7M
carbonate, 0.01M EDTA, 0.0039M HEDTA (the last 3 molarities are assumed based on known
initial concentrations and an estimated dilution factor of 2x). Density is assumed to equal 1.22

DRD Reference: 12.2

Schedule Reference: BNFL desires completion of these tests and anion analyses by November
19, 1999.

Justification

Work was requested by BNFL to provide information for conceptual design of sulfate removal
system.

Objective

These experiments will help define an optimal method for sulfate removal from tank waste
solutions prior to vitrification.

Work Instructions
1. Calcium prestrike 1:1 Ca:CO3

1.1 Determine solution density. Tare a 10-mL volumetric flask. Add AN107 Archive to the 10-
mL mark and weigh the solution.

Volumetric flask mass /3. 15 %0 4,
Flask + AN107 Archive mass A5, 7159 J
Net AN107 Archive mass . /2. 5887
Temperature at. 17 C
Calculated solution density of AN107 Archive
/. 235889 g/mL

1.2 Calculate the mass of AN107 required to obtain a 200-mL volume.
200mLx /2589  gmL=_IJ/. 748 g AN10T Archive

1.3 Weigh a 200-mL aliquot of AN107 Archive into a tared 250-mL polyethylene bottle

containing a stir bar. 282 Sk7 reszs /75
Bottle tare mass A, 1653 g.
AN107 Archive + bottle mass 292, 35/ ¥ g
AN107 Archive mass 25) I35 g /99.56 mL.

(A 200-mL sample of AN107 Archive is expected to contain 140 millimoles CO3.)

Page 2 of 6



TI-064 Rev. 0
10/26/99

1.4 Add 28 mL 5M Ca solution with stirring (made previously for TI BNFL-TI-29953-061) to
the AN107 Archive sample. (This will provide 140 millimoles Ca.)

AN107 mass + bottle + 5SM Ca mass 3335, 00 o

o

Net 5M Ca mass 42, ¢{33
Density of 5SM Ca solution 1.531 g/mL .
Calculated volume of SM Ca added L F.899 mL.

1.5 Stir the AN107/Ca mixture for nominally 15 minutes and allow to stand for nominally 60
minutes.

1.6 Label and weigh both the lower reservoir and upper reservoir of a filtration apparatus

containing a 0.45-pm nylon ﬁlter Have on reserve a second upper reservoir, labeled and
weighed.

Lower reservoir mass SO0, 849 g Repurse /er/ SO, 6553
Upper reservoir mass 239 1402 g
Reserve upper reservoir 39, ;5% g

1.7 Obtain a vacuum gauge meter to measure the house vacuum line and a stopwatch. Measure
the house vacuum. /9.8 mm 9(?

1.8 NOTE: This step will require 2 analysts. Place the filter apparatus into secondary
' containment. Hook the filter apparatus to the house vacuum. Pour the AN107 Archive/Ca
mixture into the upper reservoir of the filter apparatus. Simultaneously start the stopwatch
and vacuum, measuring the time it takes to pull about 90% of the filtrate through the filter.
Shut off the vacuum and disconnect the hose while shutting off the timer. s
Z'sz? oL B eLe

Time for 90% volume passage _J m 73 el seconds or minutes .

1.9 Disconnect the lower reservoir from the upper reservoir and measure the mass of filtrate.
'2&3&.1'«.!5 .
Gross filtrate mass __//4_9.5 00 g 923590
Net filtrate mass & 4 1/ g ( Y2. /037
Calculated mass filtered per second: _ 9, /9% glsec = /4.9 g/ 0.2¢694d 2riy)

1.10  Finish filtering the sample, pulling as much volume of AN107 Archive as practical.

1.11  Disconnect the lower filter chamber apparatus. Save the solids for now in the upper
reservoir stored in a plastic bag.

1.12  Weigh the final mass of the filtrate. (It is anticipated 25% of the original sample volume
will be consumed by the CaCO3 mass/solids, and ﬂl} nominally 171 mL filtrate will be
obtained.) ¢ }Afﬁa./cﬂ Lode et Ae22 - oL

Gross filtrate mass 6799, 9585 g - )
Net filtrate mass 9 ., 1/8 g at s »?3"‘}/"‘Z T %9 05 _’fié" Le

1.13  Remove 3-mL filtrate for analysis by IC and TIC, and another 10-mL for analysis by
GEA followed by ICP—Sample ID = “CaPS-64" (calcium pre-strike TI —64).

foml = 12.320) 4  mecoered.ide 45C nd , L

Page 3 of 6
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TI-064 Rev. 0
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1.14  Prepare 2M Ba(NO2)2-H20 solution. The Ba(NO2)2-xH20 is technical grade and is
listed as containing 90% Ba(NO2)2-xH20. The material also contains 7-8% KC104. We are
assuming there is 1 water of hydration.

Weigh 5.497g Ba(NO2)2-xH20 (247.37 g/mole) -Actual mass 3, 4/9¢¢ g. L FH//
Tare 10-mL volumetric flask: Sb, 1053 g : /5,96 %0

. Dissolve salt in 10-mL DI water in vol. Flask - Meafesefdd nat {”ﬁ%- teo ool ool }Léwl;_

% ‘/C";“ < Weigh vol. Flask + 8(V6), .95, 2 498 g LBt s

/1.733 J Net mass Ba solution /3. He3 g

Calculated d§n§ity /- 3He g/mL
KCl(Oy L’I&Md«) -~ O 7—53//aocc,
Submit 2-mL of the Ba solution for ICP analysis; call samples BaC-64 (barium carrier TI-64).
T
¥ 1.15  Determine the density of the AN107 Archive Ca pre-strike filtrate (PS filtrate). Tare a 10-

mL volumetric flask. Add AN107 Archive Ca pre-strike filtrate to the 10-mL mark and
weigh the solution.
' Volumetric flask mass /. 8337

4

Flask + AN107 Archive pre-strike filtrate 24 2040 %

Net AN107 Archive pre-strike filtrate /23703 %

i Temperature /7.5 C /
Calculated solution density of AN107 Archive Ca pre-strike filtrate /. 23 Z g/mL

2 Barium Contacts  The sulfate concentration is expected to be 0.036M in the filtrate.

2.7 Tare 3 LSC vials with caps on labeled Ba-64-1 (with a stir bar), BaCO3-64—1, BaCO03-64-2.
Tare a 200-mL polyethylene bottle, with stir bar, labeled “Ba-64-2.”

2.8 Measure BaCO3 into vials BaCO3-64-1 and BaCQO3-64-2

g measured gress inef e

BaCO3-64-1 1:1 contact 71 mg BaCO3 (0.36 millimoles BaCO3) 20.¢ 1y 1% OCH zJ',
BaC0O3-64-2  3:1 contact 213 mg BaCO3 (1.08 millimoles BaCO3) 2/3 & P /7. 485¢ 4

7 ey
Table 1
Sample ID Description Vessel tare | Tare + Sample Gross + Net Ba(NO2)2

() sample (g) | (g) Ba(NO2)2 | added

Ba-64-1 1:1 Ba:SO4 /17,9570 |30.2225 | /2. 321530 525%a| 0.2532
Ba-64-2 1.5:1 Ba:SO4 42,5035 6. 7357 123, 7272 /990617 ] 3.6 Fo4 ¥
BaCO3-64-1 | 1:1 BaCO3:S04 |/4.93¢) |26 F94F | /2. 33%
BaCO3-64-2 | 3:1BaC0O3:S04 | /7. 057/2 | 259988 |/9.3937

2.3 Add 10-mL PS filtrate solution into samples Ba-64-1, BaCO3-64-1, and BaCO3-64-2.
Record mass.

2.9 Add 100-mL PS filtrate solution into sample Ba-64-2. Record mass.

2.10  Seal samples BaCO3-64-1 and BaCO3-64-2, place into the shaker, and allow to shake for
>12 hours on low speed. O] - /,?8 /9 g 000 .
oFF  /if1/44 2110 o o~ T= 28 °C
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2.11  Add0.18 mL 2M Ba(NO2)2-H20 to sample Ba-64-1. Add_}-8 mL 2M Ba(NO2)2-H20
to Ba-64-2. Stir each solution for nominally 15 minutes and allow to stand for nominally 60

minutes. Record mass. ~ 45wl v0 sl = gollld o yetod ¢
~r57% vol. conacioecl Ay awé&‘f Mc&u

2.12  Filter Flux of BaSO4 -

2.7.1 Label and weigh both the lower reservoir and uppér reservoir of a filtration apparatus
containing a 0.45-um nylon filter.

Lower reservoir mass SO0, 6660 g
Upper reservoir mass J9. 9 323 g

2.7.2 Obtain a vacuum gauge meter to measure the house vacuum line and a stopwatch. Measure
the house vacuum.” /Y. 5 mm

2.7.3 This step will require 2 analysts. Hook the filter apparatus to the house vacuum. Pour
the filtrate/BaSO4 mixture Ba-64-2 (90-mL volume) into the upper reservoir of the filter
apparatus. Simultaneously start the stopwatch and vacuum, measuring the time it takes to
pull about 90% of the filtrate through the filter. Shut off the vacuum and disconnect the
hose while shutting off the timer.

Time for 90% volume passage \3/mch, /3 0€¢.  seconds or minutes
/

2.7.4 Disconnect the lower reservoir from the upper reservoir and measure the mass of filtrate.

Gross filtratemass  // & & 448 g

Net filtrate mass e, TEEE g

Calculated mass filtered per second: _@. 3 «/% glsec T 0. ¥2 ; //mk-
2.7.5 Finish filtering the sample, pulling as much volume of filtrate through the filter as practical.

¢mJ ress mad- | §2. 4266 el o (ered) 1202 = A2 TN L
2.7.6 Connect a clean lower reservoir to the BaSO4 upper reservoir. H T

2.7.7 Wash the solids 3 times each with 10-mL 0.01M NaOH. Continue to pull vacuum until the
solids appear dry. '

2.7.8 Transfer the solids to a tared glass vial, weigh. Dry the solids at 105°C overnight, weigh.

Vial tare /¥- 06787 [7(7
Wet solids + tare /19.93¢ 71 ~ P07 e o ronce sh-om ?4@. , w~fv~0
Dry solids + tare /S, 082 (o y = afF ‘
> / <
LY oL
2.7.9 Sample the solids for ICP and GEA analyses. e T J!

P

2.7 Allow the 10-mL volume contact sample solutions to settle overnight, or centrifuge at 1500
rpm for 3 minutes. Estimate the solids content in each vial.

Ba-64-1 ~/Jo 9 o (90
BaCO03-64-1 ~ ,957’ ot Ao D 52l s olreh ,\3
BaCO3-64-2 ~ 10 T oc Lo - lme ol o /OTN‘f’\/\a)

2.8  Filter the supernatant solutions through a 0.45-pm filter/syringe apparatus, collecting the
filtrate in clean LSC vials labeled Ba64-1 supernatant, BaC03-64-1 supernatant, BaCO3-64-
2 supernatant.

Page 5 of 6
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s - v
2.9 Sample all the filtrates for IC, ICP, GEA, and TIC and submit to the laboratory for analysis.

Bab-2  Jemahy chacks
/G‘m{’ V\(P/p N e /2. /‘/ %2_

Gross . 453&37
et /2. 53609 .
§ = 1744 12.240%9 3 GEA

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

Project: 29953
Client: S. Fiskum

ACL Number(s): 00-0267 through 00-0273

Client ID: “2M Ba” through “BaC03-64-2”

ASR Number: 5568

Total Samples: 7

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

Analyst: D.R. Sanders
Analysis Date (Filename):  11-05-99 (A0551) & 11-19-99 (A0558)

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

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

\

—/3 -2

eviewed b £
7//4)%/% y

Concur

1/13/00
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

One radioactive solid sample, Ba Sulfate Solids (ACL# 00-0274) is missing from this report.
Approximately 0.12g of the solid was processed using PNL-ALO-129 acid digestion procedure
but failed to completely dissolve. An attempt to dissolve the sample using a fusion procedure is
scheduled but has not been completed at this time.

One radioactive agueous sample, 2M Ba (ACL# 00-0267) was analyzed by ICPAES after the
sample was dilute 10201 fold using 0.32N nitric acid because of the high concentration of barium
present in the sample. The sample was first diluted 101-fold by adding 0.100ml of sample to
10.0 ml of 0.32N nitric acid, then 0.100 ml of the 101-fold diluted sample was added to 10.0 ml
0.32N nitric acid and analyzed by ICPAES. Final analytical dilution of the sample is 10201 fold.
Barium concentration results are calculated as shown below and reported as molarity of barium
(mols per liter). Preliminary results were sent by e-mail to the client earlier indicating a barium
concentration of 1.86M. The final results in this report are the same. Concentration uncertainty
is approximately + 10%. Barium concentration was corrected for calibration drift by multiplying

“the ratio of a single element barium standard (“true” value) to the concentration of the standard
as measured by ICP. The single-element barium standard concentration of 20 pig/ml was similar
in concentration to the 10201-fold diluted sample.

Barium molarity is calculated as follows:

[Ba] = (ug/mDcr * {(ug/ml std)rrye / (Lg/ml std)veasuren} *
1.0E-03 (conversion factor to convert pg/ml to g/liter) /
gram formula wt of barium (137.34 g/L) =
mols Ba

[Ba] = 276000 pg/ml * [(20 pg/ml “True”)/(21.6 pg/ml “measured”)] * 1.0E-03) /
137.34 g/L = 1.86M Ba '

Six additional radioactive aqueous samples, Ca PS-64 through BaC03-64-2 (ACL# 00-0268
through 00-0273), prepared by SRPL using PNL-ALO-128 acid digestion procedure were
analyzed by ICPAES. Approximately 1ml-sample aliquots (weighed) were digested and brought
to a final volume of about 10ml (weighed). Processing factor was determined using weight ratio
of final volume weight divided by sample aliquot weight. Concentration units reported are in
pg/ml. Analytes of interest are listed in Table 6.1 Analytical Requirements (“Filtrate, Wash
Solutions ... “) TSP-W375-99-00016 Rev. 2 include: Al, Ag, As, Ba, Ca, Cd, Co, Cr, Cu, Fe, K,
La, Mg, Mn, Mo, Na, Ni, Pb, Se, Si, U, and Zn.

Measurement results reported have been corrected for preparation and analytical dilution.
Weights and volumes used have been recorded on bench sheets and are included with this report.

1/13/00
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

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

Five fold serial dilution:

(Aqueous sample) All results are within tolerance limit of < 10% after correcting for
dilution except calcium in sample Ba-64-1 and BaC03-64-1. Calcium
varied by 30% and 22% respectively, between the 25-fold and 5-fold
dilutions. Calcium in three other samples diluted similarly were well-
within tolerance limit. Possibly the two samples that were outside the
tolerance limit contained a small amount of particulate material high in
calcium.

Duplicate RPD (Relative Percent Difference):

“(Aqueous sample) None prepared.

Post-Spiked Samples (Group A):

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

Post-Spiked Samples (Group B):

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

Blank Spike:
(Aqueous sample) None.

Matrix Spiked Sample:
(Aqueous sample) None.

uality Control Check Standards (aqueous sample):
Concentration for all analytes of interest is within tolerance limit of +
10% accuracy except for a slightly high recovery for potassium in the
standard QC_SSTMCYV. One of two measurement results for
potassium was 18% too high. The other measurement was within
tolerance. A single element standard of potassium at 100 ptg/ml was
measured twice during the ICP run and the measurement results (102,
102 pg/ml) were both within acceptable tolerance limits.

1/13/00
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...

ICPAES Data Report

High Calibration Standard Check (aqueous sample):

Verification of the high-end calibration concentration for all analytes of interest is within

tolerance of + 5% accuracy except for potassium (18% too high). A
single element standard of potassium at 100 plg/ml was measured twice
during the ICP run and the measurement results (102, 102 pg/ml) were
both within acceptable tolerance limits.

Process Blank:
(Aqueous sample) None.

Laboratory Control Standard (LCS):

(Aqueous sample) None.

“Please note bracketed values listed in the data report are within ten times instrument detection

limit and have

Comments:

1)

2)

3)

4)

5)

1/13/00

a potential uncertainty much greater than 15%.

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

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

Routine precision and bias is typically + 15% or better for samples in dilute, acidified water (e.g.
2% viv HNO; or less) at analyte concentrations greater than ten times detection limit up to the
upper calibration level. This also presumes that the total dissolved solids concentration in the
sample is less than 5000 pg/mL (0.5 per cent by weight).

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

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

Page 1 of 2

Multipller= 38.8 40.0 39.6 39.9 39.9
ALO#=  |00-0268 @5 00-0269 @5 00-0270 @5 00-0271 @5 00-0272 @5
ClientID= |CAPS-64 AN107 Archive Ba-64-1 Ba-64-2 BaCOg-64-1
Det. Limit  Run Date= 1119/39 111999 111999 1119/989 1119/99
{ug/mL) (Analyte) ug/mL ug/mL ug/mL ug/mL ug/mbL

0.025 Ag - - - - -
0.060 Al 64.8 127 64.0 62.6 65.6
0.250 As - - - - -
0.050 B 16.8] 19.8) 16.9] 16.7) 17.9]
0.010 Ba - - 352 101 7.92
0.010 Be - - - - -
0.100 Bi - - - - -
0.250 Ca 789 163 973 1,000 788
0.015 Cd 221 28.4 21.8 212 21.7
0.200 Ce - - - - -
0.050 Co - - - - -
0.020 Cr 29.8 35.3 8.06 [5.9] 29.7
0.025 Cu 10.3 12.2 9.98 [9.5] 19.8]
0.050 Dy - - - - -
0.100 Eu - - - - -
0.025 Fe [4.8] [9.3] [3.71 [3.2] [3.8)
2.000 K [620] {720] {690} [680] [590]
0.050 La - - - - -
0.030 Li - - - - -
0.100 Mg - - - - -
0.050 Mn [2.1] [3.5) - - -
0.050 Mo [12] {151 [12] [12] [13]
0.150 Na 83,500 102,000 86,600 87,300 90,500
0.100 Nd - - - - -
0.030 Ni 195 228 193 189 196
0.100 p 43.6 201 44.1 42,1 442
0.100 Pb 43.0 91.7 42.5 412 42.7
0.750 Pd - - = - -
0.300 Rh - - - - -
1.100 Ru - - - - -
0.500 Sb - - - - -~
0.250 Se - - - - -
0.500 Si - - - - -
1.500 Sn - - - el -
0.015 Sr [1.4] 123 {1.8] 1.6] 1.0
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 Zn 232 " [9.0] {5.9] {4.6] 15.4]
0.050 Zr - {2.3) - - -

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

Data (1) from “A0558 S.Fiskum ASR-5568 BNFL Sulfate test ICP98 hi.xls

1/11/00 @ 3:34 PM




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

Page2o0f2 -

Multiplier= 39.9
ALO#=  |00-0273 @5
ClientID= |BaCOg3-64-2
Det. Limit Run Date= 1149/99
(ug/mL) (Analyte) ug/mL
0.025 Ag - - - —
0.060 Al 64.7 - - -
0.250 As - - - _
0.050 B [8.2] - - -
0.010 Ba 8.30 - - -
0.010 Be — - - -
0.100 Bi - - - -
0.250 Ca 750 - - -
0.015 Cd 21.6 - - -
0.200 Ce - - - -
0.050 Co - - - -
0.020 Cr 29,2 - - -
0.025 Cu [9.8] - - -
0.050 Dy - - - -
0.100 Eu - - - -
0.025 Fe [3.7] - - -
2.000 K [580] - - -
0.050 _ La - - - -
0.030 Li - - - -
0.100 Mg - - - -
0.050 Mn - - - .
0.050 Mo [13] - - -
0.150 Na 89,800 - - -
0.100 Nd - - - -
0.030 Ni 195 - - -
0.100 P 44.6 - - -
0.100 Pb 425 - - _
0.750 Pd - - - -
0.300 Rh - - - -
1.100 Ru - - - -
0.500 Sb - - - -
0.250 Se - - - -
0.500 Si - - - -
1.500 Sn - - - -
0.015 Sr [0.96] - - -
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 Zn [3.9] - - -
0.050 Zr - - - -

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

2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) *~"indicate measurement is below detection. Sample detection limit may be found by
multiplying “det. limit” (far left column) by "multiplier” (top of each column).

Data (1) from "A0558 S.Fiskum ASR-5568 BNFL Sulfate test ICP98 hi.xls

1/11/00 @ 3:34 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Repor#e’ o'

Muitiplier= [ 10201.0 | 1.0
ALO#=  {00-0267 @10201 Ba $20 PM
Client ID= (~2M Ba

Det. Limit Run Date= 11/5/99 11/5/99

(ug/mL) {Analyte) ug/mb ug/mL
0.025 Ag - - - - -
0.060 Al - - - -
0.250 As - - - -
0.050 B [3,700] - - -
0.010 Ba 276,000 21.6 - -
0.010 Be -~ - - -
0.100 Bi - - - -
0.250 Ca - - - -
0.015 cd - - - -
0.200 Ce - - - -
0.050 Co - - - -
0.020 Cr - - - -
0.025 Cu - 0.615 - -
0.050 Dy - - - -
0.100 Eu -~ - - -
0.025 Fe - - -~ -
©2.000 K - - - -
0.050 La - — - -
0.030 Li - - - -
0.100 Mg - - - -
0.050 Mn - - - -
0.050 Mo - - - -
0.150 Na {5,000] - - -
0.100 Nd - - - -
0.030 Ni - - - -
0.100 P - - - -
0.100 Pb - - - -
0.750 Pd - - - -
0.300 Rh - - - -
1.100 Ru - - - -
0.500 Sb —_ - - -
0.250 Se — - - -
0.500 Si - - - -
1.500 Sn - - - -
0.015 Sr {300} - - -
1.500 Te = - - -
1.000 Th - - - -
0.025 Ti - - - -
0.500 Tl - - - -
2.000 U - - - -
0.050 \' - - - -
2.000 w - - - -
0.050 Y - - - -
0.050 Zn - - - -
0.050 Zr - -~ - -

Data (1) from "A0551 G Lumetta-D Kurath ASR-5520 ALO-128 AN107 ICP98 hi.XLS

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

11/10/99 @ 12:48 PM
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Battelle PNNL/RPG/Inorganic Analysis --- IC Report

Client: S. Fiskum Charge Code/Project: 'W53400/29953
ACL Numbers: 00-0268 to 00-0273 ASR Number: 5568
Analyst: MI Steele Analysis Date: ~ November 01-03, 1999
N ‘ﬁ Procedure: PNL-ALO-212, "Determination of Inorganic Anions by Ion Chromatography"

- o~ z M&TE: IC system (WD25214); Balance (360-06-01-031) --- See Chemical Measurement

o Center 98620 RIDS IC File for Calibration, Standards Preparations, and Maintenance Records.

& % 4

AT S i“ Final Results:

3 CUF e CLE NG

g LabID.- " [SampleID ~ - | pg/ml | pg/ml | Ughn

T~ 00-0268 Ca PS-64 1,300 | <1000 205 000
00-0268 Rep {Ca PS-64 Rep <1000 | <1000 | 29,000 | <1000 | 203,000 4,700 | <2000

RPD| n/a n/a 1% n/a 1% 0% nfa
00-0269 AN1017 Archive| 1,200 | <1000 | 33,700 | <1000 | 136,000 5,100 | 2,000
00-0270 Ba-64-1 <1000 | <1000 { 32,800 | <1000 | 204,000 <2000 | <2000
00-0271 Ba-64-2 <1000 | <1000 | 34,400 | <1000 { 200,000 <2000 | <2000
00-0272 BaCO;-64-1 <1000 | <1000 | 29,400 | <1000 | 203,000 4,600 | <2000
00-0273 BaCO,-64-2 <1000 | <1000 § 29,500 | <1000 | 206,000 4,600 | <2000
00-0273 MS Rec|] 102% | 120% 107% 110% 115% 112% | 116%
Blank Spike Rec|  100% 96% 101% 105% 104% 104% 103%

RPD = Relative Percent Difference (between sample and duplicate/replicate)
MS Rec = Matrix Spike Standard % recovery
Blank Spike Rec = Blank Spike Standard % recovery

The samples were analyzed by ion chromatography (IC) for inorganic anions as specified in the
governing ASR. The liquid samples were diluted at the IC workstation at 4,000-fold to ensure
that all anions were within the calibration range. Due to the very high nitrate concentrations,
lower dilutions could not be analyzed. Due to this high dilution, the sulfate results are all near
the Estimated Quantitation Level (EQL).

Q.C. Comments:
Duplicates: No actual sample duplicates were provided to the laboratory for analysis. However,
the relative percent differences (RPD) between replicates are well within the acceptance criteria

0f 20% for all anions measured above the EQL.

Matrix Spike: A matrix spike was prepared and measured for sample BaCO,;-64-2. The spike
recoveries for all anions are within the 75% to 125% recovery acceptance criteria.

Blank Spike: The blank spike is used as the laboratory control sample and recovered within the
acceptance criteria of 80% to 120%.

ASR 5568 Fiskum.doc Page 1 of 2
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Battelle PNNL/RPG/Inorganic Analysis --- IC Report

System Blank/Processing Blanks: Approximately ten system blanks were process during the
analysis of the samples. With the exception of only single nitrate value, no anions were detected
above reportable concentrations in the system blanks. Since the nitrate results are very high, this
single QC failure does not affect the reported nitrate results.

Quality Control Calibration Verification Check Standards: Approximately ten mid-range

verification standards were analyzed throughout the analysis runs. Except for a single phosphate
value, the reported results for all analytes of interest were recovered within the acceptance
criteria of £10% for the verification standard. The one phosphate result recovered at +11%
above the true value. This single phosphate failure has no impact on the reported results.

General Comments:

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

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

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

Analyst: ‘/l /VQ,

Approval: Wj)/é) %P‘J Date /. /-] 2 -7

Archive Information:

l Files: ASR 5568 Fiskum.doc ASR 5463 5533 -36 -68 -71.xls

ASR 5568 Fiskum.doc Page 2 of 2




LTES 3

s H

™~ . .
ﬁigﬁﬁg i Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report
Client: S. Fiskum Charge Code/Project: 'W53400 /29953
ACL Numbers: 00-0268 to 00-0273 ASR Number: 5568
AN N Analyst: MJ Steele Analysis Date: November 09-10, 1999
PN : -
R \\" Procedure: PNL-ALO-381, "Direct Determination of TC, TOC, and TIC in Radioactive Sludges
§ :l i\ and Liquids by Hot Persulfate Method"
\- v “ M&TE: Carbon System (WA92040); Balance (360-06-01-023).
Final Results:
Sample TIC TIC RPD Sample TIC
Lab Number |Sample ID Vol (ml) | ugC/ml (%) Wt (g) ugClg
00-0268 CA PS-64 0.50 2800 0.6160 2280
100-0268 Dup |CA PS-64 Dup 0.50 2100 29 0.6146 1710
100-0269 AN107 Archive 0.50 8200 0.6212 6600
100-0269 Dup [AN107 Archive 0.10 8670 6 0.1314 6600
00-0270 Ba-64-1 0.20 2680 0.2451 2190
[00-0270 Dup [Ba-64-1 Dup 0.50 2650 1 0.6080 2180
00-0271 Ba-64-2 0.50 2570 0.6101 2100 | -
100-0271 Dup |Ba-64-2 Dup 0.50 2630 3 0.6127 2150
[00-0272 BaCO3 64-1 0.50 2980 0.6123 2430
{00-0272 Dup [BaCO3 64-1 Dup 0.50 2990 1 0.6120 2450
000273 BaCO3 64-2 0.50 2990 0.6093 2450
[00-0273 Dup |BaCO3 64-2 Dup 0.50 2960 1 0.6023 2450
[00-0380 MS  [MS % Recovery 0.10 93% 0.1235 93%

RPD = Relative Percent Difference (between sample and duplicate/replicate)

The analysis of the subject samples submitted under ASR 5568 were performed by the hot
persulfate wet oxidation method. The hot persulfate method uses acid decomposition for TIC and
acidic potassium persulfate oxidation at 92-95°C for TOC, all on the same sample, with TC being
the sum of the TIC and TOC. Per the ASR, only TIC analyses were performed on these samples.

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

Q.C. Comments:

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

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

ASR 5568 Fiskum.doc Page 1 of 2
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Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report

Calibration Standards: The QC system calibration standards were all within acceptance criteria,
with the average recovery being 101.4% for TIC (no TOC standards were analyzed).

Calibration Blanks: The five calibration blanks run at the beginning and middle of the analysis run
were acceptable, averaging 15.5 pgC TIC. However, the calibration biank analyzed at the end of
the analysis run was 55 pgC TIC. This high blank appears to result from a memory effect from the
high carbon samples analyzed at the end of the run. The end of run calibration blank has not been
used to calculate the blank concentration. Based on the system run, this high blank appears to
affect Samples 00-0271 through 00-0273. Using the higher blank value for the carbon
concentration calculation lowers the reported results about 3%; the reported results have not been
adjusted for the higher blank.

Duplicates: No actual sample duplicates were provided to the laboratory for analysis. However,
the relative percent differences (RPD) between replicates are within the acceptance criteria of 20%
for all values measured above the EQL, except CA2-a, which has a 29% RPD.

_Matrix Spike: The accuracy of the carbon measurements can be estimated by the recovery results
from the matrix spike. None of the aqueous samples in this series of sample was prepared as a
spike. However, sample 00-0380 analyzed in the same batch had a TIC spike recovery within the
75% to 125% recovery acceptance criteria.

General Comments:

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

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

¢ The estimated quantitation limit (EQL) is defined as 5 times the MDL. Results less than 5 times
the MDL have higher uncertainties, and RPDs are not calculated for any results less than 5 times
the MDL.

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

Report Prepared by: %{) / if/2-47
Review/Approval by: m,v Date _/F/£-97
/

P

Archive Information:

Files: ASR 5568 Fiskum.doc ASR 5552 5568 5582 xls
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Battelle Pacific Northwest Laboratory ASR # 5568.01 File: L:\radchem\hydroxide\asr5568-rr

Radiochemical Processing Group-325 Building Analysis Date:|, . : 12/3/1999
Radioanalytical Applications Team WP# W53400 Print Date: 12/6/99
Hydroxide and Alkalinity Determination
Governing Procedures: PNL-ALO-228: Determination of Hydroxyl (OH-) and
Alkalinity of Aqueous Solutions, Leachates and Supernates Analyst: M W
and Operation of Brinkman 636 Auto-Titrator /
Equip#  WB76843 Reviewer: et (2677
Lab Loc. 525
Titrant Molarity Std. & Spike  Molarity OH
HCI 0.2034 NaOH [ 0.1018 1st Equivalence
pH 7.0 reading =| *'6.98 Titrator Initial Point Found
Sample Sample Density Routine pH Titrant millimoles  Molarity millimole
RPG # Sample ID "Vol. (mL) Wwt. (g) g/mL # reading|Vol. (mL) pH base base RPD
00-00269 AN107 Archive 0.300 0.3779 1.260 3 12.124 1.271 10914 0.259 0.86
00-00269 AN107 Archive |Replicate 1 0.300 0.3812 1.271 4 12.189 1.294 10.962 0.263 0.88 1.79%
00-00269 AN107 Archive [Replicate 2 0.300 0.3802 1.267 5 12.135 1.279 10.940 0.260 0.87 1.17%
X QC Data:
73
“ Reag. Blk. 5.00 1 4.164 OH % Recovery
% Standard 1  [0.1018 N NaOH 5.000 5.0081 1.002 2 12.213 2.236 10.629 0.4548 89.4%| Std1
v!."
f, 00-0269MS  |An-107 +2mL 0.IN NaOH 0.100 0.1268 1.268 6 11.993 1.366 10.738 0.278 93.8%| MS
. Performance checks
] Buffer Fisher Lot # CMS#  Expire Date Balance # 360--01-06-037 Vol. Wit.
! 10 SB115-500 179557 May-01 Pipet # H30762 5.00 5.0049
4 SB101-500 179554 May-01 N nn !% a} Pipet # 223382 0.300 0.2998
7 SB107-500 179555 May-01 Eﬁ, i 823 3 4% Pipet # 223382 0.300 0.2997
- F‘g eEXLY Pipet # 223382 0.300 0.2983
FHLEN =
i \
L 29953
Tesl 2T
'r 2 . t'2. 9.z
T - 64

ASR5568-RR.xls Page 1 of 3 12/6/1999




Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Hydroxide and Alkalinity Determination
Governing Procedures: PNL-ALO-228: Determination of Hydroxyl (OH-) and
Alkalinity of Aqueous Solutions, Leachates and Supernates

ASR #

WPH#

Analysis Date:|
Print Date: 12/6/1999

File: L:\radchem\hydroxide\asr5568-rt

12/3/1999

Analyst.__ A _’/':7 P o et IQ,/b/‘i?
Dol j7 479

and Operation of Brinkman 636 Auto-Titrator Reviewer:
Equip# WB76843
Lab Loc. 525
Titrant Molarity CO3 HCO3
HCI 0.2034 2nd Equivalence 3rd Equivalence
Point Found Point Found
Sample Titrant millimoles Molarity millimole Titrant millimoles Molarity millimole
RPG # Sample ID Vol. (mL) |Vol. (mL) pH base base RPD} Vol. (inL) pH base base RPD
00-00269  |AN107 Archive |0 0.300 2.447 7.844] 0239 0.797 3.665 4.927 0.248 0.83
00-00269  |Sample ID Replicate 0.300 2.481 7914 0.241 0.805] 0.93% 3.696 4.899 0.247 0.82 0.2%
00-00269  |ANI07 Archive |[Replicate 0.300 2.483 7.769]  0.245 0.816] 1.42% 3.701 4.866 0.248 0.83 0.2%
CO3 % Recovered
Standard I  10.1018 N NaOH 5.000 2.461 8.056 sample 2.664 3.86
00-0269MS |An-107 +2mL 0.IN NaOH 0.100 1.838 8.068| 0.096| 119.0%/sample 2.334 4.82 0.1009 122.2%|sample
Matrix spike recovery is calculated as follows:
Spike =2.00 mL 0.1018 N NaOH was added to the 0..100-mL of sample for each matrix spilke.
SpikeTitrant vol. (sample @ .1mL + spike) - SampleTitrant vol. (average sample only equated to .ImL ) * 0.2034 N (HCl titrant) = meq. OH
meq OH /2.00 mL added = meq OH/mL found / 0.1018 N OH added * 100 = % recovered.
Prep record on 0.2034 M HCl is on following page.
ASRS™ RRuxls Pas f 3 5/1999




Chem Rec_51a
Prep date:  04/18/1999

Preparation of Standardized 0.2 M HCI

WP# [ K51300 |

Standardized 0.1021 M NaOH will be re-checked and then used to standardized the ~ 0.1 M HCI solution. The 0.1021
M NaOH was prepared in Chem Rec_37 ( see Chem Rec_37 —-prep.date 2-25-98 for original data) and re-verified
against NIST SRM84j Potassium Acid Phthalate KHC8H404 (KAP) = 204.23 g/mole - Barcode # 52232 — (see below
verification check).

The re-standardized value of 0.1018 M NaOH was reassigned to this NaOH solution with a revised Expiration Date of
Feb. 2000.

Prepared 1- liters of ~0.2 M HC! by diluting 100 mL of 1.029M HCI (Chemrec_10) to 0.5 L with DI. H20.

20 mL aliquots of 0.2 M HCI were were neutralized to the phenopthalien endpoint using the re-standardized 0.1018 M
NaOH. The volume of NaOH is accurate to +/- 0.02mL and the pipitting error is estimated to be < 1% @ 1s. Thus total
error is < 3 % for the measurements

NaOH Molarity veification

Vol. of 0.1021M NaOH| NaOH Molarnty =a * | Molarity Error
Verification Test # Wi. of KAP to neutralize 1000/ b *204.23 +H-@1s
1 0.80894 38.95 0.1017
2 0.80582 38.84 0.1016
3 0.96233 46.12 0.1022
Ave= 0.1018 0.0003

re-certified value

aliquot of ~ [Vol. of 0.1018M NaOH| Molarity of Acid in | Molarity Error
Titration 1d. sample to neutralize Sample +H-@1s
1 20.00 39.88 0.2030
2 20.00 39.92 0.2032
3 20.00 40.04 0.2038
Ave Nolarity HCI=| - - .0.2034 -0.00042

W et >5/75
Analyst/Date O/ .
\
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Client : Fiskum

Cognizant Scientist: WL,ZZ W(/?VV/

00-0268

11/9/1999

Wal1:

7
RITRRR Tet
A T D DY

5 (2

Page 1

Date :
Concur : l ’\-Ra,hq nre Date : Ll 99
J
Procedure: PNL-ALO-450
Measured Activities (uCi/ml) with 1-sigma error
ALOID Co-60 Sb-125 SnSb-126 Cs-137 Eu-154 Eu-155 Am-241
Client ID Error % Error % Error % Error % Error % Error % Error %
00-0268 5.48E-2 <3.E-4 <1.E-4 1.81E-2 9.62E-3 7.12E-3 2.90E-3
Ca Ps-64 2% 2% 2% 3% 10%
00-0269 6.44E-2 4.12E-4 3.12E4 2.02E-2 2.66E-2 1.89E-2 9.72E-3
An107 Archive 2% 28% 8% 2% 2% 3% 9%
00-0270 5.57E-2 <4 E-4 <2.E-4 1.82E-2 8.30E-3 5.64E-3 3.16E-3
Ba-64-1 2% 2% 2% 4% 12%
00-0271 5,30E-2 <2.E-4 <7.E-5 1.78E-2 6.70E-3 4.89E-3 2.31E-3
Ba-64-2 2% 2% 2% 3% 10%
00-0272 5.66E-2 <3.E4 <2.E-4 1.86E-2 8.98E-3 6.66E-3 2.90E-3
BaC03-64-1 2% 2% 2% 3% 7%
00-0273 5.73E-2 <3.E-4 <2.E-4 1.88E-2 8.10E-3 6.38E-3 3.31E-3
BaC03-64-2 2% 2% 2% 3% 6%
= % $L995 $




Battelle Pacific Northwest Laboratory 00-0268
Radiochemical Processing Group-325 Building
12/20/1999

Client : Fiskum

Cognizant Scientist: 0£ W Date: / 3/ 20 / 7 7

Concur: C Scw‘j\;h@ Date : [~2-—‘Ze,j'7
P

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

ALO ID Sr-90
Client ID Error %
00-0268 1.05E-2
Ca Ps-64 6%
00-0269 1.07E+0
An107 Archive 4%
00-0270 6.82E-3
Ba-64-1 8%
00-0271 4.55E-3
Ba-64-2 10%
00-0271 DUP 4.92E-3
Ba-64-2 10%
RPD 8%
Blank <7.E-4
Blank Spike 114%
Sample Spike 117%

Page 1



APPENDIX C

ot 0 2

e,

AP~ el

e a



Appendix C: Test Instruction BNFL-TI-29953-071 and
Supporting Analytical Data
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Sent By: HP LaserJet 3100; 5093724732; Nov-15-99 18:11; Page 1/1
PNNL Test Instruction Document No.: BNFL-TI-29953-071
Rev.No.: 0

Title: Sulfate Removal from 650-mL of Previously Treated AN107 DF

Work Lecation: Building 325, various Page 1 of 11
laboratories
Author: SK Fiskum Effective Date: New

: Supersedes Date: Ne
Use Category Identification: Reference P v

Identified Hazards: Required Reviewers:
_X _ Radiological _x Author
_X_ Hazardous Materials _x Technical Reviewer
___Physical Hazards __RPIL Manager
___Hazardous Environment __Project Manager
___Other: __RPG Quality Engineer

__BNFL (not required)
Are One-Time Modifications Allowed to this Procedure? x Yes _  No

N ments o S R O SIS S B g Wroy it (0 Bl i appropniate.

On-The Job Training Required? Yes or x_No

FOR REVISIONS:
Is retraining to this procedure required? Yes _x No

Does the OJT package associated with this procedure require revision to reflect procedure changes?
Yes No x __N/A

———

Approval : Signature Date

YU @

Author
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Applicability

This test instruction delineates the sulfate removal from a large aliquot of AN107DF for

- subsequent testing in glass vitrification. The material will be received from the Tc removal ion
exchange run. Characterization of the composite material resulted in 0.66M CO3, 0.041M SO4,
and 4.97M Na.

Additional testing will be conducted on the product materials to verify processing acceptablitiy.
These include such parameters as filter flux testing, TCLP analysis on the precipitates, particle
size analysis, as well as chemical and radionuclide compositions.

DRD Reference: 12.2.6

Schedule Reference: BNFL desires completion of this test and analyses by November 30,
1999. The product needs to be delivered to the vitrification personnel by December 3.

Justification

Work was requested by BNFL to provide information for conceptual design of sulfate removal
system.

Work Instructions
1.0 Pre-strike

1.1 Measure the density of the AN107 post Tc IX composite material.

Volumetric flask tare 1. #6/3 g volume /70 mL
Gross mass 2Y. ceSke g

Calculated density /- 224949 g/mL (1.232 g/mL expected)
Temperature 277 °C

Balance ID S69-0& -0 -0 2

1.2 Aliquot 10-mL sample for radiochemical analysis (GEA, Sr-90, Tc-99, Pu, Am/Cm total
alpha, Np-237), 4-mL for ICP digestion and prep, 3-mL for Hg, and 3-mL for TIC/TOC, and
IC, 2-mL for NH3. (Composite was already submitted for IC, ICP, TIC, however, I want a
duplicate submission for highest accuracy.) These values will comprise baseline
concentrations. These samples are labeled TI-71-AN107.
TI-71-AN107(GEA) tare /,. 72835 g grossmass 2. 2¢ 40 g netmass (2. /?5/ g

1.3 Prepare the following reagents:
100-mL 5M Ca(NO3)2-4H20 (FW 236.15 g/mole)
Ca(NO3)2-4H20 mass _//8- 0359 g (target mjss 118.075g Ca(N?éS%Z-IiHZO)

A
100-mL volumetric tare _&2- 530 g Aldaceh , 772, N'aj}A '{/ﬂ
Gross mass tare + SM Ca(NO3)2 2/5. =21 30 g
Net mass solution /52.682¢ & Move ool wmo reeded | \f added more
Calculated density (.52 68 g/mL Co. ofrom Ak, rode SMG
Balance ID Beb-0C-6(- 3% 006240 {m /

25-mL 2M Ba(N02)2-H20 (FW 247.37 g/mole)
Ba(NO2)2-H20 mass _ /2. 3¢o02 g (target mass is 12.3685g Ba(NO2)2-H20)
Qg docar
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25-mL volumetrictare - 8942 ¢

Gross mass tare + 2M Ba(NO2)2-H20 55. 57230

Net mass solution J3 . 0238 ¢ Nt C&Q &Jo dpsolued.  J JLNJ -
Calculated density /. 3472  gmL /@W% ood Macﬁx Pa= .82
Temperature Q0 °C ol % sZ
Balance ID _3.0- OG -01 ~g 3% zw%ifﬁ*gumt yadl

1.3 Clean a 1-L polyethylene bottle, dry and tare the bottle with a 1.5-inch magnetic stir bar.

Tare mass of bottle /14 & g Bolanca : Aco.cfob V- <300

1.5 Calculate the mass of a 630-mL volume of AN107 waste

630 mL * _ 1.2317 g/mL=__775.97 g
1.6 Weigh AN107 into the flask until the appropriate volume is reachéd.
Final mass (gross) LO/Y. [ g
Net AN107 mass X79.5 g = %396 ml
/O

While stirring, add mL 5M Ca(NO3)2-4H20 to the waste to achieve a 1.1:1 Ca:CO3
ratio. Record the start time and end time for Ca addition. Continue stlmng for 10 minutes.

Measure the final mass.

Start time /0: /O End time /0170

Gross solutionmass __// 7%. S g

Net 5M Ca added /Je3. o g  Calculated volume /0 7. O mL
S0

1.7 Allow the solution to ,s»ﬁ: for at least 60 minutes.

1.8 Re-suspend solids and pour entire contents into a 1-L graduated cylinder. Record the total
volume. At 10-min intervals, record the volume of the settled precipitate, also measure
centimeters above precipitate of clear supernatant.

1=19.6 %
Time Precipitate volume (mL) Supernatant (cm above ppt) e
To
[Z.’,ZS’ =20 6O (@]
M 30 AT S n? i
/54130 235G
1253 . o 3 S
(D:2Y°30 L AX)
i7:39: 30 £45 4
2 4Y: 30 Y46 5 mwm
/2:54: 30 - g 45 5 VIRPIS IS
/0430 240 T 7
/1430 £39 7
/1295 30 738
/139 30 23% F

1.9 Mix the solution, re-suspending the solids.

1.10  Sub-sample 10-mL into a tared 10-mL volumetric flask and determine the solution
density. From this material sub-sample 8-mL into a vial and submit for viscosity testing.

Page 3 of 11 3
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Use the remaining 2-mL to determine insoluble solids (see section 7.0). Aliquot an additional
2-mL for particle size analysis.

Volumetric flask tare __/2. 0 ¢/ 9 7 g

Gross mass 2Y 4o 2F g

Net solution mass /¥ 4130 g

Calculated density /. 2913 g/mL

Temperature 20 °C
2.0 CaCO3 Filter Flux

2.1 Label and weigh both the lower reservoir and upper reservoir of a 1-L filtration apparatus
containing a 0.45-um nylon filter. Have on reserve a second upper and lower reservoir, labeled

and weighed.
Lower reservoir mass /25, - g (AIOx CAY)
Upper reservoir mass 24 g :
Reserve lower reservoir o, g (AN 10 eAR)
) Reserve upper reservoir £ 0 g

2.2 Obtain a vacuum gauge meter to measure the house vacuum line and a stopwatch. Measure
the house vacuum.

/19-5 mm Hg

2.3 NOTE: This step will require 2 analysts. Place the filter apparatus into secondary
containment. Hook the filter apparatus to the house vacuum. Pour the AN107 /Ca mixture into
the upper reservoir of the filter apparatus. Record the start time while starting vacuum,

measuring the time it takes to pull all of the filtrate through the filter. Shut off the vacuum and

§%74 7 96 (fv&x'/h«.k
disconnect the hose while noting the end time. ﬁ‘f— 6\ &Mf‘jﬂp/ ‘{ iy ﬂ‘j ) 5
ANOICRN grarttime /3. 89 Endtime /47 3/
ANIOICAZ 4o verd S23.Yg Nek masd #H;j"i&-z; Bt 2. 3F End 3¢
#w.  17-2¢ 2.4 Disconnect the lower reservoir from the upper res€rvoir and measure the mass of filtrate.

Gross filtrate mass 863 .3 g

Net filtrate mass ¢ 75. 6 g

Calculated mass filtered per second: g/sec

2.5 Remeasure the house vacuum.
19.5 mm Hg

3.0 Final filtration
3.1 Finish filtering the sample, pulling as much volume of AN107 as practical. Use AN107
filtrate to rinse the 1-L graduated cylinder to quantitatively (as much as possible) remove residual

precipitate.

3.2 Disconnect the lower filter chamber apparatus.
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3.3 Weigh the final mass of the filtrate. (It is anticipated 25% of the original sample volume will
be consumed by the CaCO3 mass/solids, and that nominally 580-mL filtrate will be

obtained.)
Gross filtrate mass 303.3 g ]
Net filtrate mass 4 I8 e g = 50/.3 pd (sm § o 3'8)
o2 3.4 Weigh the gross filter chamber mass, determine the net wet CaCO3 precipitate weight. .
* ANGAL  Grossfiltermass 277, 4 g Anior A Z - 264 1 A
Net wet ppf mass /89 . 0 &2 /47714 172 A
471“’ Doy "} 2 75- ? NYE / 93- 53. -1 ~5F M‘f_",%?;
* 3.5 Determine the approximate volume of precipitate. Calculate the quantity of wash needed (2:1 T

ratio wash volume to precipitate volume). Place a CLEAN, tared lower reservoir below the
filter. Shut off the vacuum and add the wash solution to the upper reservoir. Allow the wash
solution to contact the ppt. for 10 minutes, then pull the vacuum (note vacuum start time and
Shrred eothds  end time). Save the wash solution and label it as TIxx-CaPS-NaOH-wash1.
4o \breale Yhe— Precipitate volume: /50 € ml Added washvolume . 360 C mL

- ‘ Reservoir tare /025/ é g grossmass_ §92 .3 g netsolution (4 F#.Z2 g

A'E“A'?* Start time f7 End time 4:52 YAl Grassw?
ANEEFCAT /%n ?5‘7 Nl 5 AN\ozcA2  §ji3a.m. 840 swpp 2209
3.6 Wash the sohds again w1th 2 1 volume of 0.01M NaOH:ppt volume collectmg the wash in /9?;’; tZ v

another CLEAN lower reservoir (note start and end time). Save the wash solution and label it
as TIxx-CaPS-NaOH wash2 ST (espmafed jalub velngy, Aisomt)
Added wash volume 5 L P12 T deomi o ¥ (cmald sdiFs hoaw ~Foomt Y

Reservoir tare 734, ( g grossmass 757 g net solution 55/ / g
Start time @EZ“Z i ZE_E(”’E ) End time (2926(2/) /O $53 i
Reweigh upper reservoir gve7 Ca/ =2/9.9__ g net et ppt. mass ¢4/ j3..5

ArviciCod =2/ F Chz  122.7
3.7 Remove a portion of wet precipitate (CaCO3) and cap tightly in a tared 2-dram vial. Suspend
in 2-mL of 0.01M NaOH and submit for particle size analysis. Remove another portion of
the precipitate and submit for XRD analysis. Remove 0.1g in triplicate into tared 40-mL
vials, determine net mass, and submit for Hg analysis. Remove another nominal 2-g aliquot
into a tared glass vial, dry at 105°C to constant weight and determine percent solids. Submit .
dried solids for digestion, ICP, TIC/TOC, and radchem analysis. Submit wet solids for NH3
analysis, in duplicate. Label all samples TI-71-CaCO3-1.

Particle size: vialtare /¢, 822F g grossmass_/7 ;8 43 g netmass 0.85C¢ g

oQ

TI-71-CaCO3-1 Hgl tare .25 475/ g gross mass 25, 50/-2 g netmass C. /2¢( g
T1-71-CaCO3-1 Hg2 tares 496/ g grossmassQs. 70(;4 g netmass 0.2/03 g
TI-71-CaCO3-1 Hg tared s 4, 74(p g grossmass 257834 g netmass Q. /c88 g
Reweigh upper reservoirdwoyG)  2/6.4 g net wet ppt mass ANI07CAI 280 ¢
LG | A1l JuF 3 AN AT [19.3
Vial tare mass /6. 83 89 g
Gross mass before drying 2.9+ 1/ g Netwetmass 3. /022 ¢
Mass 1 after drying 19.5929 g Netdrymass __0.7535 g
%/;ass2afte {7 58 a g Netdrymass o_F497 o
alculated%s oS ee A o/g e.794¢
'/'fb&cfos Pt Ny Sere /6. 36 %’j qress /¥.3630 Nk 0. 4932
fars [ . F33] D e 1681605 Y5 /16l 4 W 0.7986
\?7055 9. 0669 Pag€ 5 of Il 5
kb . 7538’;
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3.8 Remove 10-mL AN107 Ca precipitated filtrate solution into a tared volumetric flask.
Determine the density and submit the 10-mL for radchem analysis (GEA, Sr-90, Tc-99, total
alpha, Np-237, Pu, Am/Cm); remove 4-mL for acid digestion and ICP analysis; remove 3-mL
for TIC/TOC, and IC analysis; remove 3-mL for NH3, and remove 3-mL for Hg analysis.
Label samples as TIxx-CaPS-FILTRATE.

Volumetric flask tare /2.0 449 g

Gross mass 2 I34Y ¢
Net solution mass 1 2. 0895 g

Calculated density /. 2089 g/mL

Temperature o) °C
L dchem Vialtare /6.7.72¢ g grossmass 5. 94 93 g net mass /R.026F ¢
d-o’\‘”*ja”“f Wi e Gross praco ANIOT (’a@ﬂ‘/‘fﬁf@ Fe#. b 6 92. 78, = &53/. 4 ml
3.9 Remove aliquots of each of the 0.01M NaOH wash SOlUth%S (10-mL for radchem%5-mL ICP,
3-mL IC/TIC/TOC, 3-mL for Hg, 3-mL for NH3—prorate as necessary). Detennme density.
First wash Second wash
Volumetric flasktare _//, ¢ 50 ¢ g (/0""1) /2.956¢ g
Gross mass I2. 356 % g 2. 19 65 g
Net solution mass /1C- 6Z63 g /0. /4 o/ g
Calculated density 706 Ze g/mL /.0/90 g/mL
Temperature /2. S °C X0 0 -O(- 026 Slowce, MATE
ecle e - 0. 6/753, Kede heem . /.08 &/

cloudy  autino

3.10 Wash the CaCO3 precipitate with 2:1 volume ratio solution:ppt with 1M HNO! %
collecting the filtrate in a CLEAN, tared reservoir as defined in step 3.5. Weigh the upper

reservoir to determine net ppt loss. _
Volume added IMHNO3 700 &%) Ehwntt

> Lower reservoir tare /2577 g 81oss Tass Qisz ol net solutlon SI172 5 g pofFer 137

Upper reservoir gross mass/gy ooy . /%.2 & net ppt mass S Az 21 o /A A, Css
Start time  // 0 3 End time //-/3 s Sl v
o7 CT  x5oml- 1) 35 Start for ANoTcAz  end 17.%S Cady

3.11  Determine remaining ppt volume. Wash the CaCO3 precipitate again with a 2:1 volume
ratio of 1M HNO3 collecting the filtrate into another CLEAN tared reservoir as defined in
step 3.5. Weigh the upper reservoir and determine ppt. loss.

Volume ppt. P pf (6ecy) mL 1M HNO3 wash fpon/ (ga) __mL
Lower reservoir tare 42¢. 4 % 3fross mass 388 (. g net solution 29?0 Y. 2 g

Upper reseryoir. _gross mass C“E 415 g  net pptmass g .
Start time 77 oy ’%, End time %}&’ i 5%? S
Aveja) = . PracyCaz = /3 .35 ~°
3.12  Determine the remaining ppt. volume. Wash the CaCO3 precipitate again with a 3:1

volume DIW:ppt collecting the filtrate into a CLEAN tared reservoir as defined in step 3.5.
Weigh the upper reservoir to determine ppt. loss.

Volume ppt. 24252 @) mL DIW wash ¥s mL€@

Lower reservoir tare /,2s7/ g grossmass_ %/ / g netsolution _/é¢C.o g

Upper reservoir gross massCAl [27.8 g  netpptmass C#l 45. gcpa 38.8

Start time Ave7 Cs/ “422s7 CP 1235 End time Arye? Cor o osg . .. Jg: o8 St 2f#=
*LI (L") 05 hAr407 8y = 373 -

3.13  If any solids remain, sub-sample the solids and dry to constant weight at 105°C. Pull an
aliquot for TIC/TOC analysis, dissolve the remainder and analyze for Radchem and ICP.
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Vial tare mass /6. 78O0 g
Gross mass before drying . 20.8 553 g Netwetmass <. 0733 g

Mass 1 after drying (8 19215 g Netdrymass /. < //5 g
S gft rgg}g'%g . /3. 18 29 g Netdrymass /. Y029 g
: %alcﬁ%atedg % solids® )~/ Xé /7 50 g/g /- 3750
757,

3.14  If any further solids are available, sub-sample and analyze for TCLP.
3.15  If any further solids remain, sub-sample for particle size distribution and XRD.

3.16  Sample the 1M HNOS3 filtrates and the water filtrate for ICP (5-mL), TIC/TOC/IC (3-
mL), Hg (3mL), NH3 (3mL) and Radchem (10-mL) analyses. Label as per the analytical
table. Determine solution densities.

Ist IMHNO3 wash 2" IMHNO3 wash ~ H20 wash

10-mL vol. Flask tare _/2.08/3 4 [1.1098 o /2. 02
gross mass I2 4708 &_ 22,1997 ° 2. 101 {
net mass £ 0. 38%% 0. 4899 /0. 0X9
calculated density /. 03895 ‘i/'n«L [0 #8993 /L /. 0089
Temperature [9.5°C [

Balance ID B0 -06 ~of-02¢

fade GEA . /0. 320, .43 ‘1’4} /0. 02604

4.0 Barium Sulfate Precipitation

4.1 Tare a 1-L plastlc bottle with a stir bar. Add the remaining AN107 Ca treated filtrate material prote

and weigh again. The sulfate concentration should be nominally 0.036 M including the dilutions “*< € 4
thus far. srro? 4

Bottle tare mass /3% 79 g é o7Ay7

Gross mass with sample 777 ¢ g

Net sample mass Ry g

Sample volume S22/ Y mL (see density step 3.8)

Moles sulfate sy LxO0 Fip sulfate=_© 0/9 moles SO4

Calculate a 1.3:1 barium:sulfate composmon o047 moles Ba

Calculate volume of 23 Ba addition necessary /2.5 7 mL ZM Ba = 594

5% (.52 s2m =g

4.2 Add —i%ja(NO2)2-H20 to the AN107 Ca pre-strike sample with stirring. )
Continue stirrin stirring fof {0%minutes. Record the start and end time for Ba addition. >~” ”“" &0 muse.

Starttime /3. G A Endtime /2 &8

4.3 Weigh the sample and determine the mass and volume of added 2M Ba solution.
Fiose [77 Bb izl ifs ¥ I*OSm<

Grossmass _ 795 % g ! .
/.82 NetZMBaadded 74, 37 g Mo & sldes i ~cd addef
Net volume/ZM Ba added 73.5%F mL by C(2) 15.3%6¢ g,

! d= l,???;/a[ =47 3
4.4 Allow the sample to sitfor at least 60 minutes.

4.5 Re-suspend solids and pour entire contents into a 1-L graduated cylinder. Record the total

volume. At 10-min intervals, record the volume of the settled precipitate, also measure
centimeters above precipitate of clear supernatant.
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Time Precipitate volume (ml.) Supernatant (cm above ppt) 17-T

Ty, </ SSo © P Frb/
a4 (520 F90 G s,
15730 25O 105 putures 3
/S %0 [70 L3 Y

JS:sO (95 4.0
/2590 /30 48

/6:¢9 /20 /5,1
/620 ({3 /5. 32
/630 V777, i
(/% (2] /05 5. 6
/(o450 /IO 725 g
) 7100 Z? [5. 7
2720 5~ 5. 2
1/ 18]% fro0@m. corlbure_  CP f”‘- |

4.6 Mix the solution, re- suspendmg the solids.

4.7 Sub-sample 10-mL into a tared 10-mL volumetric flask and determine the solution density.
From this material sub-sample 8-mL into a vial and submit for viscosity testing. Use the
remaining 2-mL to determine insoluble solids (section 7.0). Aliquot an additional 5-mL for
particle size analysis. Label samples TI-71-BaSO4-suspension.

Volumetric flask tare __ /?. /9 62 g
Gross mass 2Y. I 9Y g
Net solution mass 12.099.2 g
Calculated density /. 2999 g/mL
Temperature 22/ °C

MAE \ed-C6-0r- 0206
5.0 Determination of BaSO4 filter flux

5.1 Label and weigh both the lower reservoir and upper reservoir of a 1-L filtration apparatus
containing a 0.45-pm nylon filter. Have on reserve a second upper and lower reservoir, labeled
and weighed.

Lower reservoir mass Avie7 By 1245 g
Upper reservoir mass Arie? Bp )

Reserve lower reservoir ~ gvro7 B8 4 (,Qz 5 g

Reserve upper reservoir  gwse2bs. PP p g

5.2 Obtain a vacuum gauge meter to measure the house vacuum line and a stopwatch. Measure

the house vacuum.
70 mm Hg

5.2 NOTE: This step will require 2 analysts. Place the filter apparatus into secondary
containment. Hook the filter apparatus to the house vacuum. Pour the AN107 /Ba mixture
into the upper reservoir of the filter apparatus. Simultaneously record the start time and start
the vacuum, measuring the time it takes to pull all of the filtrate through the filter. Shut off
the vacuum and disconnect the hose while shutting off the timer.

,(/;g/qq Start time 325 a.m. End time QY7 Ao
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5.3 Disconnect the lower reservoir from the upper reservoir and measure the mass of filtrate.

Measure the vacuum reading @ ' 1=15-F7
Gross filtrate mass /=T 7439 ¢
Net filtrate mass 06194 g
Calculated mass filtered per second: g/sec
L0 mm Hg

5.4 Finish filtering the sample, pulling as much volume of AN107 as practical, using the Ba
treated filtrate to rinse the graduated cylinder as necessary.

5.5 Disconnect the lower filter chamber apparatus.
5.6 Weigh the final mass of the filtrate.

Gross filtrate mass g
Net filtrate mass g

5.7 Weigh the gross filter chamber mass, determine the net wet BaSO4 precipitate weight.
Gross filter mass _ /s, 7 g

Net wetpptmass 22 g
,Wyd& s Qo o 7246 ¢ ./ ' Jae wt= 170843 et we rescno ofhr ;7,/ "
6.0 BaSO4 Solids Washing wt el + SBPL = jp957] <7nf°~> = /09.L g
i - . e

6.1 Determine the ppt volume. Wash the solids with about a 2:1 volume 0.01M NaOH:ppt
volume collecting the wash in a CLEAN tared lower reservoir as defined in step 3.5. Save the
wash solution and label it as TIxx-BaSO4-NaOH wash1.

Precipitate volume: L0 mL Added wash volume el mL
Reservoir e 82 /27 g grossmass_/@¥. / g netsolution ,22 g
Start time 7006 End time 0:0F

6.2 Wash the solids again with the same ratio collecting the solids in another clean lower
reservoir. Save the wash solution and label it as TIxx-BaSO4-NaOH wash2.

Added wash volume 40 mL
Reservoirtare _/2Y. g grossmass__/¢S5.0 g netsolution 404 g
Start tigne 7000 End time (& [l

s el yTU pioD c08.8 B.2g mh ok B0y ppt e

6.3 Remove 10-mL AN107 Ba treated filtrate solution into a tared volumetric flask. Determine
the density and submit for radchem, ICP (4-mL), TIC/TOC, IC (3mL), NH3 (3-mL) and Hg
(3mL) analysis. Label sample as TIxx-BaSO4-FILTRATE.

Volumetric flask tare [2.0iYF g
Gross mass 2Y. QF 86 g
Net solution mass /2.0639 g
Calculated density /20639 g/mL
Temperature 2/. 5 °C

Wedtrne 3ed- 0 -0l - 0o
6.4 Remove aliquots of each wash solution and submit 10-mL for radchem, 5-mL for ICP, and 3-
mL for TIC/TOC/IC, 3-mL for NH3, and 3-mL for Hg (analytical labs can sub-aliquot for
Hg). Pro-rate volumes as necessary.
#.99859 - GEA| Radchom
masy apfer sgprple
Aot Gf /74, S'W 7‘7,,.0—_{3‘ 708.9; NE 589, ‘/2 489 ¢ md
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6.5 Remove a portion of wet precipitate (BaSO4) and cap tightly in a tared 2-dram vial.
Determine net sample mass, suspend in 2-mL 0.01M NaOH and submit for particle size
analysis. Remove another portion of the BaSO4 ppt and submit for XRD analysis. Remove
another portion of the BaSO4 precipitate into a tared glass vial. Measure the wet weight.
Dry at 105°C to constant weight. Determine the % solids. Remove 3 aliquots of the wet
solids for Hg analysis and 2 aliquots for NH3 determination.

Particle size analysis tare 7 7645 g gross mass q. 7éX5' gnetmass _£-0030 g
25969
TI-71-BaSO4-1 Hgl tare )$5" ¢3S g gross mass 35~F3+F ¢ netmass p. 08/3 g
TI-71-BaSO4-1 Hg2 tareds. 7928 g grossmass J€ 44§ g netmass p. £2/7 g
TI-71-BaSO4-1 Hg tareas. (9 4¢ g grossmass 5. 90 ] g netmass g . /07 &

T1-71-BaSO4-1 NH31 tare ¥ 76 {¥ ¢ grossmass 4.949) g netmass_0.0873 g
H4-BaSO4-TNH3 7 tare g 2rOSSIass g nernEss _—————————~¢

Vial tare mass 7228532 g I 958 = gros wef mos
Gross mass before drymg /8. 2458 g Netwetmass §.9¢06 g
Mass 1 after drying /g A0 g Netdrymass §.33S8 g
Mass 2 ing [+, &/90 g Netdrymass o0.3333 g
‘eﬂargulﬁfe% % Solids 3 Gl g ysTels C- 3367 .
XD 10.95%7 ﬁr s sy = [2.2206 Nt - 257
6.6 Remove a portion of the dried solids for TIC/TOC analysis. Submit another sub-sample for

ICP and Radchem analysis.

6.7 Wash the remaining solids with 2:1 1M HNO3 solution: ppt volume, collecting the rinse into
a CLEAN, tared reservoir as per step 3.5. Weigh the upper reservoir and determine the net
ppt. mass. grR1-13-TY
Added wash volume %%~ @70mL
Reservoirtare /25.¢7 g grossmass /75. g netsolution 50/ g
Upper reservoir gross mass PZ 3 g netmass g F g
Start time  jp- 49 End time /0150

6.8 Determine the remaining ppt vol. Repe‘at the wash using the 2:1 1M HNO3, collecting the
rinse into another CLEAN tared rw &

Precipitate vol. 4 36 V/) Added wash volume _ P&
Reservoir tare - /Y. f g grossmass__JY0.{r g netsolution _ /. 5: g
Start time Y249 74 Endtime __ //-/72

Vpp VoSl gogs mag = (01BNt maw = /3.2
6.9 Wash the solids w1th 3:1 DIW: ppt volume, collecting the rinse mtg another CLEAN, tared

Teservoir.
Added wash volume 3¢ mL
Reservoir tare /45" O g grossmass /S’ 7.3 g net solution _ »47. 3 g
Start time 11220 End time / / f,:’O
S{pr, o {bcﬁ/g, g,va mass = J0) ? ng,{_ xBa\SO-{& eed we« e
6.10 ample each rinse above for ICP analysis (5-mL), Radche analysis (10-mL), Hg

analysis (3-mL), TIC/TOC/IC analyses (3-mL), and NH3 (3-mL). Pro-rate sample volumes
as necessary.

6.11  Sub-sample the solids and place in a tared glass vial. Dry at 105°C to constant welght
Determine the percent solids.

Page 10 of 11 10




Vial tare mass 17./447 g

Gross mass before drying /9, 0§ 5% g Netwetmass__ /. 7+/0 g

Mass 1 after drying (8. 002 g Netdrymass & .§¢77 g

\12 oy (8. 0/(t8 g Netdrymass 0.3(72/ o
Salet atedg llds7 e ,ﬁ;’j;’fﬂy g/g 0.%60%

6.12  Sample the dried solids and submit-for digestion/fusion, ICP and radchem analysis.
6.13  Sub-sample the wet solids for TCLP leach/analy51s #re j3.0835 9gress  /8-508/

6.14 Sub—z{ample the wet solids for particle size analy31s (in water) and XRD analysis.
eSS . m / 53 / 3

ress 18,1528 1 fare i7.3161

7.0 Insoluble Solids (Reference Method 2420D, Standard Methods for the Examination of Water
and Wastewater)

7.1 Tare 4 25-mm diameter 0.045-pm nylon filters.

7.2 Suspend solids from samples retained from steps 1.9 and 4.6 .

7.3 Pass a known volume (e.g. I-mL, depending on visual solids) of a sample through a filter.
7.4 Wash the precipitate with 5-mL DIW.

7.5 Dry the filter/precipitate at 105°C to constant weight.

7.5 Repeat steps 7.3--7.5 for successive samples on successive filters, taking care not to mix up
the samples and filters.

' Filter Tare Volume Weight 1 Weight 2 Weight 3
;ﬂ, CaCO3—1 :
Zm CaCO3—2
BaSO4—1 0.0:232 { 0. 2005, p.025k 8. 0250 0.0250  ©.0185/0. 2nk

BaS04—2 0.0738 3 = -\/L/é 0. Q3028 0.0299 0.0380 0.0@%/0_5”(_,
ZC‘ 1720 4

8.0 Volume Reduction
8.1 Tare a 600-mL beaker. Add the sample with sulfate removed to the beaker.
Measure the transferred mass.
Beaker tare g
Gross mass g
g

Net mass

8.2 The [Na] is expected to equal 4.28M. Calculate the expected Na concentration based
on actual volumes used.

4.97M Na/ DF (Ca addition) / DF(Ba addition)
8.3 Evaporate the AN107 Ba treated filtrate such that the final Na concentration equals
8M (nominally this will be a 47% reduction by volume). Cover, and allow the

solution to cool.

8.4 Transfer the reduced volume with precipitates to a polyethlyene bottle.
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Chart for Recording Sample Filtration Rates Procedure T1-29953-071, Rev.

Step #:
Start time: End time:
Time Filtrate Volume
ANIBFCA ) /3 :,59 i
/7:5¢ S ml
/3:59 s00m(
M 65 /50 L
2731 oo WL
)4 1% 250 mL
AN CAZ Mg 37 Vol
‘ M /333 50 w4
JFi56 /| SomL
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Table C.1. Actual AN-107 Scale-Up Test Detail, Phase 3

Solutions. \ Solids
Reactant " 7| Total _ Wt. % Approx. Wt.
AN107 |and filtrate l?ensity Solution | filtration [Sampléd] Netmiass |Récovered ~Wet solid | volume | Wet solids | Wetsolids |Wt.%|% change
[Description mass (g)|. mass (g) |(g/mL, T~20C)| vol (mL) [time.(min){mass (g)|remaining (g)|.. Filtrate |in filter (g)| (mL) |sampled (g)|remaining (g)|solids| on wash
ICaCO, Precipitation
IAN107 Starting material 926.4 1.224 756.6 26.9 899.5 na na
IAdded SM Ca(NO3), 163.4 1.527 107.0 1062.9
IAN-107+CaCO;, suspended solids, 1062.9 1.241 856.3 12.413 1050.5
Filter 678.6 1.209 561.3 77 36.2 6424 64.6% 361.1 300 29 358.2 39.0
'Wash 0.01M NaOH 671.7 1.068 635 (filtrate) 62 24 291.4 300 -19%
[Wash 0.01M NaOH, 2nd 551.1 1.014 543 (filtrate) 60 24 254.4 300 7.1 2473 24.0| -13%
Wash 1.0M HNO, 517.5 1.039 498 (f.iltrate) 20 24 140 200 0 140 -45%
[Wash 1.0M HNO;, 2nd 264.2 1.049 252 (filtrate) 9 24 91.2 100 0 91.2 -35%
DI water wash 166 1.009 165 (filtrate) 11 24 83.9 50 est. 5g nm 3431 -8%
BaSO, Precipitation
IAN-107 Filtrate from Ca prestrike| 642.4 1.209 5314 642.4
IAdded 1.82M Ba(NO,), 18.35 1.344 13.7
IAN-107+BaSO, suspended solids 1.210 12.099 648.65
Filter 6194 1.206 5134 82 35 584.4 95.5% 22.1 20 0.8728 21 46.4
Wash 0.01M NaOH 39.6 1.061 37.3 (filtrate) 1 24 nm
Wash 0.01M NaOH, 2nd 40.4 1.014 39.8 (filtrate) <1 24 20.2 20 1.63 18.6 345 -3.8%
Wash 1.0M HNO, 50.1 1.051 47.7 (filtrate) 1 24 8.7 10 8.7 -57%
Wash 1.0M HNO;, 2nd 16.5 1.041 15.9 (filtrate) I 24 132 10 13.2 +52%
[DI water wash 29.5 1.012 29.2 (filtrate) 4 24 13.3 10 all 4441 +1%

Notes: na = not applicable, nm = not measured
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Tab i TG
Project: 29953 ' e ':.-:"» i
Client: S. Fiskum T i
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ACL Number(s): 00-0461 through 00-0474, 00-0476, 00-0477, 00-0479 through 00-0481

Client ID: “TI-71-AN107” through “TI-71-BaSO4-H20 wash 1”

ASR Number: 5600

Total Samples: 19

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

Analysis Date (Filename):  12-03-99 (A0564) & 12-07-99 (A0566)

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

M&TE Number: ICPAES instrument — WB73520
Mettler AT400 Balance -- Ser.No. 360-06-01-029
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Four radioactive solid samples and one duplicate, TI-71-CaP$S ppt prior to wash through
TI-71-CaCO3-2 (ACL# 00-0465, 00-0468, 00-0472 and 00-0472 dup), were analyzed by
ICPAES after preparation by the Sample Receiving and Preparation Laboratory (SRPL).
Samples were digested using 1ml of nitric acid, 1ml of hydrochloric acid and diluted to 20ml
with water. Approximately 0.25-gram sample aliquots were prepared.

Fifteen radioactive agueous samples and one duplicate, TI-71-AN107 through TI-71-
BaS04-HNO3 wash 2 (ACL# 00-0461 through 00-0464, 00-0466, 00-0467, 00-0469 through
00-0471, 00-0473, 00-0474, 00-0476, 00-0477, 00-0479 through 00-0480), were analyzed by
ICPAES after preparation by the Sample Receiving and Preparation Laboratory (SRPL).
Samples were digested using PNNL-ALO-128 procedure. One to Sml sample aliquots were
prepared and diluted to a final volume of 10ml with water except sample 00-0479 required
additional acid followed by dilution to 20ml with water. Sample 00-0473 was prepared in
duplicate.

Measurement results reported have been corrected for preparation and analytical dilution. All
results reported are in pg/ml for aqueous samples and pg/g for solid samples. Weights and
volumes used have been recorded on bench sheets and included with this report.

Various samples contained high concentrations of sodium, calcium, barium, aluminum, or
strontium.

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

Five fold serial dilution:

(Aqueous and solid samples)
All results for analytes of interest were within tolerance limit of < 10%
after correcting for dilution except calcium in two samples that were
slightly low (13% and 11%). The two samples affected were ALO#
00-0463 and 00-0464 (aqueous samples). All other samples tested
were within tolerance limits. The reason for the low result is not
apparent.

Duplicate RPD (Relative Percent Difference):

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

1/4/00
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Post-Spiked Samples (Group A):

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

Post-Spiked Samples (Group B):

(Aqueous and solid samples)
All analytes of interest were recovered within tolerance of 75% to

125%.
Blank Spike:
(Aqueous and solid samples)
None required or prepared.

-Matrix Spiked Sample:
(Aqueous and solid samples)

None required or prepared.

uality Control Check Standards (agueous and solid samples):
Concentration for all analytes of interest is within tolerance limit of
10% accuracy in the standards: QC_MCVA, QC_MCVB, and
QC_SSTMCYV. ICP98.0 (calibration blank) was within two times IDL.

High Calibration Standard Check (agueous and solid samples):

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

Process Blank:

(Aqueous and solid samples)
All analytes are within tolerance limit of < EQL or < 5% of sample
concentration.

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

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

1/4/00
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...

ICPAES Data Report
Comments:

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

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

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

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

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

1/4/G0
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report "% 1°'3

Multiplier= 10.0 25.0 50.0 83.3 16.7
ALO#= 00-461-PB 00-461 @5 00-462 @5 00-463 @25 00-464 €5
Process TI-71-AN107 Tk71-CaPS- T11-71-CaPS-
Client ID= |Blank TL71-AN107 DUP filtrate filtrate DUP
Det. Limit Run Date= 12/3/99 12/3/99 12/3/99 12/3/99 12/3/98
(ug/mL) {Analyte) ug/mL ug/mL ug/mbL ug/mL ug/mL
0.025 Ag - - - - —
0.060 Al - 2,380 2,310 852 849
0,250 As - - - - -
0.050 B - 19.4 {18] - [1.8]
0.010 Ba - - - - -
0.010 Be - - - - -
0.100 Bi = - - - -
0.250 Ca -~ 168 175 975 907
0.015 Cd - 274 26.7 25.1 24.9
0.200 Ce - - - - -
0.050 Co - [2.1] - - [1.8]
0.020 Cr - 43.1 42.8 36.9 35.7
0.025 Cu - 13.5 [12] {113 12.3
0.050 Dy - - - - -
0.100 Eu - -~ - - - -
0.025 Fe [10.44] 8.98 [8.6] [3.1] [3.4]
2,000 K - 716 [690] [630] 662
0.050 La - - - - -
0.030 Li - - - - -
0.100 Mg - - - = -~
0.050 Mn - [1.4] — - -
0.050 Mo - 16.2 [16] [15] 14.7
0.150 Na - 110,000 110,000 103,000 104,000
0.100 Nd - - - - -
0.030 Ni [0.79] 208 207 199 192
0.100 P - 306 297 [50] 47.7
0.100 Pb - 58.2 57.9 [25]) 244
0.750 Pd - - - - -
0.300 Rh - - - - -
1.100 Ru - - - - -
0.500 Sb — - - - -
0.250 Se - - - - -
0.500 Si - [32] [31] - -
1.500 Sn - - - - -
0.015 Sr - 131 129 - [0.78]
1.500 Te - - - - -
1.000 Th - - - - -
0.025 Ti - - - - -
0.500 Tl - - - - -
2,000 u - - - - -
0.050 Vv -~ - - - -
2.000 w - 761 - - [65]
0.050 Y - - - - -
0.050 n [1.2] [6.5] [7.2] [4.8] [4.6]
0.050 Zr - [3.01 [2.6] - -

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

Data (1) from "A0564 S_FISKUM ASR-5600 BNFL-AN107 SULFATE ICP98 hi.XLS
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report Page20f3

Multiplier= 25.0 50.0 I 16.7 10.0 2.0
ALO#= 00-473 @5 00-473-REP @5 00474 @5 00-476 @5 00-477
T-71- T)-71-
77-71- T1-71- 77-71- BaS04- BasS04-
BasS04- BaS04- BasS04- NaOH wash NaOH wash
Client ID= {filtrate filtrate REP filtrate DUP 1 2
Det. Limit Run Date= 12/3/99 12/3/99 12/3/99 12/3/99 12/3/99
(ug/mL) (Analyte) ug/mL ug/mL ug/mL ug/mL ug/mL
0.025 Ag - - - - -
0.060 Al 793 788 746 213 55.1
0.250 As - - - - -
0.050 B [1.3] - [1.1] [1.00] -
0.010 Ba 112 113 101 42.1 16.2
0.010 Be - - - - -
0.100 Bi - - - - -
0.250 Ca 922 919 851 308 103
0.015 cd 22.9 22.8 21.5 5.84 1.43
0.200 Ce - - - - -
0.050 Co [1.7] - [1.6] - -
0.020 Cr 6.57 [6.73 6.16 2.08 0.738
0.025 Cu 11.2 [10] 10.6 2.73 0.699
0.050 Dy - - - - -
0.100 Eu - - - - - —
0.025 Fe [3.01 [3.0] [2.6] [0.95] [0.24]
2.000 K 773 [760] 736 212 50.3
0.050 La - - - - -
0.030 Li - - - - -
0.100 Mg - - - - -
0.050 Mn - - - - -
0.050 Mo 13.6 [14] 12.7 [3.9] 1.1
0.150 Na 85,900 99,200 91,800 27,700 7,530
0.100 Nd - - - - -
0.030 Ni 181 184 169 46.9 11.7
0.100 P 43.5 [44] 41.3 11.2 2.74
0.100 Pb [23] 23] 21.6 [6.0] [1.4]
0.750 Pd - - - - -
0.300 Rh - - - - -
1.100 Ru - - - - -
0.500 Sb - - - = -
0.250 Se - - - - —
0.500 Si - - - - -
1.500 Sn - - - - -~
0.015 Sr 7.31 [7.3] 6.68 3.19 1.53
1.500 Te - - - - -
1.000 Th - - - - -
0.025 Ti - - — — -
0.500 Tl - - - - -
2.000 u - = - - -
0.050 v - - - - -
2.000 w 1601 - {561 ~ [4.8]
0.050 Y - - - - -
0.050 Zn [4.4] [5.03 [4.0} [1.2] [0.45]
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 de.
multiplying “det. limit* (far left column) by “multiplier* (top of each column).

tection. Sample detection limit may be found by

Data (1) from "A0564 S_FISKUM ASR-5600 BNFL-AN107 SULFATE ICP98 hi.XLS
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report 23¢3°'3

Multiplier= 50.0
ALO#= 00-480 @5

Ti-71-

BaS04-

HNO3 wash

Client ID= |2
Det. Limit Run Date= 12/3/99
L (ug/mL) (Analyte) ug/mL

0.025 Ag - - - - -
0.060 Al [5.8] - - - -
0.250 As - - - - -
0.050 B - - - - -
0.010 Ba 7,900 - - - -
0.010 Be = - - - -
0.100 Bi = - - = -
0.250 Ca 959 - - - -
0.015 Cd [1.4] - - - -
0.200 Ce - - - - -
0.050 Co - - - - -
0.020 Cr 55.7 - - - -
0.025 Cu - - - - -
0.050 Dy - - - — -
0.100 Eu - - . - - -
0.025 Fe [1.5] - - - -
2.000 K - - - - -
0.050 La - - - - -
0.030 Li - - - - -
0.100 Mg - - - - -
0.050 Mn - - - - -
0.050 Mo - - - - -
0.150 Na 592 - - - -
0.100 Nd - - - - -
0.030 Ni [4.8] - - - =
0.100 P [6.1] - - - -
0.100 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 110 - - - -
1.500 Te - - - - -
1.000 Th - - - - -
0.025 Ti - - - - -
0.500 Ti - - - - -
2,000 U - - - - -
0.050 Vv - - - - -
2.000 w - —_ - - -
0.050 Y - - - - -
0.050 Zn - - - - - -
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 *muitiplier” (top of each column).

Data (1) from “A0564 S_FISKUM ASR-5600 BNFL-AN107 SULFATE ICP98 hi.XLS 12/3/99 @ 3:22 PM




Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report P29 10f3

Mutltiplier= 78.3 528.8 16.7 25 294.6
ALO#= 00-465-PB 00-465 @5 00-466 @5 00-467 00-468 @5
IT-71-CaPS IT-71-CaPS$ - IT-71-CaP$ -
Process ppt prior to NaOH wash NaOH wash I1-71-CaPs -
Client ID= |Blank wash 1 2 H20 wash 1
Det. Limit Run Date= 12/7/99 12/7/99 12/7/99 12/7/99 12/7/99
(ugimL) (Analyte) ug/g ug/g ug/mL _ug/mL uglg
0.025 Ag - - - - -
0.060 Al - 12,100 [9.5] 3.14 21,700
0.250 As - - - - -
0.050 B - 392 [5.0] 4.10 275
0.010 Ba [1.0] [17] - [0.055] [25]
0.010 Be - - - - =
0.100 Bi - -~ - - -
0.250 Ca - 236,000 331 132 360,000
0.015 Cd — [75] 6.60 1.07 [24)
0.200 Ce - - - - -
0.050 Co -_ -— = - -
0.020 Cr - 110 10.2 2.67 [32]
0.025 Cu - [31] [3.0] 0.669 [14]
0.050 Dy - - - - -
0.100 Eu - - - - -
0.025 Fe - [51] - - 79.0
2.000 K - - [140] [36] -
0.050 La - [79] - - -
0.030 Li - - - = -
0.100 Mg - 652 - - 1,050
0.050 Mn - - - - [16]
0.050 Mo -~ [36] [4.1] [0.94] =
0.150 Na - 267,000 25,500 7,150 50,500
0.100 Nd - - - - -
0.030 Ni [5.7] 480 544 11.8 [82]

. 0.100 P -~ 2,040 [11] 2.64 2,940
0.100 Pb — [260] [2.3] [0.37] 423
0.750 Pd - - - - -
0.300 Rh - - - - -
1.100 Ru - - - - -
0.500 Shb - - - - -
0.250 Se - - - - -
0.500 Si - [1,200] [37] 323 [360]
1.500 Sn - - - - -
0.015 Sr - 1,090 [0.54] 0.495 1,690
1.500 Te = - - - -
1.000 Th - - - - ~
0.025 Ti - - - - [7.5)
0.500 Ti - - - - -
2.000 u - - - - -
0.050 v - - - - -
2.000 w - - - - -
0.050 Y - - - - -
0.050 Zn [4.5] [313 [0.96} [0.34] [35]
0.050 Zr — - - - [24]

Data (1) from "A0566 S. Fiskum ASR-5600 AN107 Sulfate_BNFL ICP98 hi.XLS

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

multiplying *det. limit* (far left column) by *multiplier” (top of each column).
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Multiplier= 125 10.0 10.0 3755 439.8 l
ALO#= 00-469 @5 00-470 @5 00-471 @5 00-472 @5 00-472-DUP @5
IT-71-CaPSs - {T-71-CaPS -
HNO3 wash HNO3 wash {T-71-CaPs - 1T-71- IT-71-
ClientID= |1 2 H20 wash 1 CaC03-2 CaC03-2
Det. Limit Run Date= 12/7/99 12/7/199 12/7/99 12/7/99 12/7/99
. (ug/mL) (Analyte) ug/mL ug/mL ug/mL ug/g ug/g
0.025 Ag - - - - -~
0.060 Al 19.8 9.70 [2.1] 51,500 54,700
0.250 As - - - - -
0.050 B [1.9] 20.2 8.64 [140} [140]
0.010 Ba [0.74] {0.45] [0.14] [37] [38]
0.010 Be - - - - -
0.100 Bi - - - - -
0.250 Ca 10,900 17,100 5,330 296,000 327,000
0.015 Cd [0.36] [0.95] [0.34] [29] [31]
0.200 Ce - - - - -
0.050 Co - - - - -
0.020 Cr [0.82] [0.36] [0.42] 96.2 104
0.025 Cu - [0.40] - [12} [14]
0.050 Dy - - - - -
0.100 Eu - - _ - - -
0.025 Fe [0.69] [1.7] [0.97] 145 156
2.000 K - - - - -
0.050 La [3.9] - [1.8] [120] [140]
0.030 Li - - - - -
0.100 Mg [11] 80.7 29.0 1,080 1,150
0.050 Mn - - - [28] [30]
0.050 Mo - - - - -
0.150 Na 4,560 1,940 537 2,190 2,310
0.100 Nd - - - [82] [93]
0.030 Ni 3.91 [3.0] [1.2] [70] [74]
0.100 P - - - 6,940 7,470
0.100 Pb [6.1] 213 [8.0] 521 576
0.750 Pd = - - - -
0.300 Rh - - - - -
1.100 Ru - - - - -
0.500 Sb - - - = -
0.250 Se - - - - -
0.500 Si = - = [220] [230]
1.500 Sn - - - - -
0.015 Sr 86.9 76.3 23.6 1,040 1,120
1.500 Te - - - - -
1.000 Th - - - — -
0.025 Ti - [0.34]) - - -
0.500 Tl - - - - -
2,000 U - - - - =
0.050 v - - - - -
2.000 W - - - - -
0.050 Y - - - [24] [26]
0.050 Zn - [1.8] [0.85] [44] [46]
0.050 Zr - - - [59] [65]

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

Data (1) from "A0566 S. Fiskum ASR-5600 AN107 Sulfate_ BNFL ICP98 hi.XLS
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report P39 303

Multiplier= 20.0 12.5
ALO#=  }00-479 @5 00-481 @5
[T-71-
BasSo4- 1-71-
|HNO3 wash BaS04-H20
ClientID= |1 wash 1
Det. Limit Run Date= 12/7/99 12/7/99
__(ug/mlL) (Analyte) ug/mL ug/mL
0.025 Ag - - - - -
0.060 Al 21.3 [1.31 - - -
0.250 As - - - - -
0.050 B - - — - -
0.010 Ba 22,100 4,720 - — -
0.010 Be - - - - -
0.100 Bi - — - - -
0.250 Ca 3,080 263 - - -
0.015 cd 3.73 {0.49] - - -
0.200 Ce — -~ - - -
0.050 Co - - — - -
0.020 Cr 55.2 26.2 - - -
0.025 Cu [0.63] - - - -
0.050 Dy — - — - -~
0.100 . Eu - - - - -
0.025 Fe [1.01 [0.571 - - -
2.000 K - - - - -
0.050 La 2.2 - - - -
0.030 Li [0.99] - - - -
0.100 Mg - - - - -
0.050 Mn — - - - -
0.050 Mo [1.11 - -~ - -
0.150 Na 2,630 162 - - -
0.100 Nd [2.4] - - - -
0.030 Ni 9.88 [2.1] - - -
0.100 p [9.3] [2.1] - - -
0.100 Pb - - - - -
0.750 Pd - - - - -
0.300 Rh - - - - -
1.100 Ru — -~ — - -
0.500 Sh - - - - -
0.250 Se - - - - -
0.500 Si = - - - -
1.500 Sn - - - - -
0.015 Sr 356 33.1 - - -
1.500 Te - - - - -
1.000 Th - - - - -
0.025 Ti - - - - -
0.500 T - - - - -
2.000 1] - - - - -
0.050 \' - - - - -
2.000 w - - - - -
0.050 Y - - - - -
0.050 Zn - - - - -
0.050 Zr - = - - =

Data (1) from "A0566 S. Fiskum ASR-5600 AN107 Sulfate_ BNFL ICP98 hi.XLS

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

2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) "-" indicate measurement is below detection. Sample detection limit may be found by
multiplying *det. limit" (far left column) by *multiplier* (top of each column).
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Project: 29953
Client: S. Fiskum

ACL Number(s): 00-0456

Client ID: “0.002 M Ba”

ASR Number: 5596

Total Samples: 1

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

Analyst: D.R. Sanders
Analysis Date (Filename):  11-17-99 (A0556)
See Chemical Measurement Center 98620: ICP-325-405-1 File for Calibration and

Maintenance Records.

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

UW /=/9—<COo

\/Reviewed by\ﬁ

ﬁ//()% (-1/7-00

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

One aqueous sample, 0.002 M Ba (ACL# 00-0456) was analyzed by ICPAES in an “as received”
condition and after diluting 5 fold and 25 fold using 0.32N nitric acid. Barium is the only analyte
of interest requested. The original concentration is calculated as shown below and reported as
molarity of barium (mols per liter). Concentration uncertainty is approximately + 10% or better.
Concentration of barium reported is based upon the 25-fold sample dilution. The 25 fold diluted
sample measurement result for barium has nearly the same concentration as that used to calibrate
the instrument (10 pg/ml). The 5-fold dilution measurement is also within about 3% of the 25-
fold dilution measurement for barium after correcting for analytical dilution.

Barium molarity is calculated as follows:

[Ba] = (ug/ml);cy * 1.0E-03 (conversion factor to convert pg/ml to g/liter) /
gram formula wt of barium (137.34 g/L)) =
mols Ba

[Ba] =251 pg/ml * 1.0E-03) / 137.34 g/L.=0.00183 M Ba

Measurement results reported have been corrected for preparation and analytical dilution.
Quality control check-standard results met tolerance requirements except as noted below.
Following is a list of quality control measurement results relative to ICPAES analysis tolerance

requirements under MCS-033.

Five fold serial dilution:

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

Duplicate RPD (Relative Percent Difference):

(Aqueous sample) None prepared.

Post-Spiked Samples (Group A):

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

Post-Spiked Samples (Group B):

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

Blank Spike:

(Aqueous sample) None.

1/14/00
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Matrix Spiked Sample:
(Aqueous sample) None.

Quality Control Check Standards (aqueous sample):
Concentration for all analytes of interest is within tolerance limit of +
10% accuracy for check standard QC_MCVA. All calibration blanks
using check standard ICP98.0 for barium was within two times IDL.

High Calibration Standard Check (agueous sample):

Verification of the high-end calibration concentration for all analytes
in QC_SST check standard is within tolerance of & 5% accuracy
except for potassium (17% too high). A single element standard of
potassium at 100 pg/ml was measured twice during the ICP run. Both
measurement results (103 and 97.0 pg/ml) were both within acceptable
tolerance limits.

Process Blank:
(Aqueous sample) None.

Laboratory Control Standard (I.CS):

(Aqueous sample) None.

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

Comments:

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

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

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

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

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

1/14/00
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report Page 1 of 1

Multiplier= 1.0 5.0 25.0
ALO#=  |00-0456 00-0456 @5 00-0456 @25
Client ID= |Barium nitrife Barium nitrite Barium nitrite
Det. Limit Run Date= 11/17/99 11/17/99 11/17/99
(ug/mL) (Analyte) ug/mL ug/mL ug/mL
| o.025 Ag - OV - S— - ——— .
0.060 Al - - - -
r 0.100 As - =] - s -— ==oommom= -
0.050 B [0.06] - - -
| o.010 Ba >129 | =====—=== 259 s==co=me 251 = -
0.010 Be - - - -
0.100 Bi - - - -
0.250 Ca - - - -
| oo1s cd - P - — - R =
0.200 Ce - - - -
0.050 Co - - - -
I 0.020 Cr - ] - E=———— —_ ========c= -
0.025 Cu - - - -
0.050 Dy - - - -
0.100 Eu - = - -
0.025 Fe - - - -
2.000 K [81 - - -
0.050 La - - - =
0.030 Li — - - -
0.100 Mg - - - -
0.050 Mn - - - =
0.050 Mo - - - -
0.150 Na 2.42 [2.3] - =
0.100 Nd - - - -
0.030 Ni [0.05] - - -
0.100 P - - - -
I 0.050 Pb - ) =—m== - oo m—— - = ——— -
0.750 Pd - — - =
0.300 Rh - = - -
1.100 Ru - - = -
0.500 Sh - - - -
I 0.050 Se - ] - e -— ========= -
0.500 Si - - — -
0.750 Sn - - - -
0.015 Sr 2.22 2.1 [2.1] -
1.500 Te - - - i
1.000 Th - - - -
0.025 Ti - - - -
0.500 Tl - - - -
2.000 U - - — -
0.050 \'4 - - - —_
2.000 w - - - -
0.050 Y - - - i
0.050 Zn - - - -
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 detaction limit may be found by
multiplying "det. limit" (far left column) by "multiplier* (top of each column).

Data (1) from "A0556 TA_Vanderhoogt ASR-5551(tclp) D_Kurath ASR-5582(Na) S_Fiskum ASR-5596 ICP98 tclp.XL9/14/00 @ 8:00 AM




R sl Wy ran > v e R T Pk L

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

Client: S. Fiskum Charge Code/Project: 'W53400 /29953
ACL Numbers: 00-0461 to 00-0482 ASR Number: 5600
Analyst: MJ Steele Analysis Date:  November 22-24, 1999

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

Final Results:
T | 615 [°NOz- | NO3
T LapID o Samplel): gl ugl g |
_{00-00461 TI-71-AN107 <500 | 28,700 | 113,000
00-00462 TI-71-AN107 Dup 3,500 | <500 | 28,800 | 112,000
RPD| 3% wa | 0% 1%
00-00463 TI-71-Ca PS filtrate 3,000 | <500 | 25,800 | 197,000
00-00464 TI-71-Ca PS filtrate Dup 3,000 | <500 | 26,000 | 195,000
RPD| 0% Wa 1% 1%
00-00466 TI-71-Ca PS NaOH Wash 1 900 | <250 | 7,100 | 58,500
00-00467 TI-71-Ca PS NaOH Wash 2 230 | <50 [ 1,700 | 12,300
00-00469 TI-71-Ca PS HNO3 Wash 1 <250 | <250 | <500 | 50,700
00-00470 TI-71-Ca PS HNO3 Wash 2 <250 | <250 | <500 | 62,300
00-00471 TI-71-CA PS H20 Wash 1 <125 | <125 | <250 | 16,500
00-00473 TI-71-BaSO4 filtrate 3,000 | <500 | 29,600 | 174,000
00-00474 TI-71-BaS04 filtrate Dup 3,000 | <500 | 29,500 | 172,000
RPD| 0% wa | 0% 1%
00-00476 TI-71-BaSO4 NaOH Wash 1 960 | <500 | 8,100 | 54,500
00-00477 TI-71-BaS04 NaOH Wash 2 290 | <250 | 2,000 | 13,700
00-00479 TI-71-BaS04 HNO3 Wash 1 <250 | <250 | <500 | 44,600
00-00480 TI-71-BaS04 HNO3 Wash 2 <250 | <250 | <500 | 51,800
00-00481 TI-71-BaS04 H20 Wash <250 | <250 | <500 | 21,100
00-00481 Rep |T1-71-BaS04 H20 Wash Rep <125 | <125 | <250 | 20,700
RPD n/a n/a n/a 2%
00-00481 MS [T1-71-BaSO4 H20 Wash MS %Rec | 99% | 95% | 101% | 8%%
Blank Spike _ |Blank Spike % Rec 96% | 94% | 100% | 103%

RPD = Relative Percent Difference (between sample and duplicate/replicate)
MS %Rec = Matrix Spike Standard % recovery
(1) Fluoride is most likely formate or acetate due to slight peak shift and broadening

ASR 5600 Fiskum.doc Page 1 of 3




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

5 3bab T ) SampleTDy T Dbkl | el uele o igle e lieles | uele I ugled
Leach Blank [Leach Blan 262 <70 | <70 | <140 | <140 [ <140 <140 | <140
00-00465 TI-71-Ca PS ppt prior to Wash | 325 | 5,600 {<1700] 40,100 |334,000 |<3300! 8,000 | <3300
00-00468 TI-71-CaCO3-1 270 | 1,100 | <680 | 4,200 | 29,100 [<1400( 4,300 | < 1400
00-00468 Rep |TI-71-CaCO3-1 Rep 270 | 1,100 [ <680 | 3,900 [ 27,400 [<1400| 3,800 | < 1400
RPD 0% n/a 7% 6% na | 12% n/a
00-00472 TI-71-CaCO3-2 190 430 | <240 | <480 | 17,300 | <480 | 1,300 | <480
00-00472 Dup [TI-71-CaCO3-2 Dup 195 530 { <250 | <490 | 29,800 [ <490 | 1,500 | <490
RPD 21% n/a n/a 53% n/a 14% n/a
00-00472 MS |TI-71-CaCO3-2 MS %Rec 96% | 94% | 100% | 104% | 98% [ 104% | 102%
Blank Spike  [Blank Spike % Rec 96% | 94% | 100% [ 103% | 101% | 103% | 101%
00-00475 (3) |TI-71-BaSO4 prior to Wash
00-00478 9) |TI-71-BaS04-1
00-00482 () [IT-71-BsSO4-2

RPD = Relative Percent Difference (between sample and duplicate/replicate)

MS %Rec = Matrix Spike Standard % recovery

(1) Carbonate solids — approximately 50% of each sample did not dissolve.

(2) Leached Solids Dil Factor is average Dil Factor for solids, provides equivalent MDL for solids at 1x IC dilution.
(3) Fluoride is most likely formate or acetate due to slight peak shift and broadening

(4) Barium sulfate precipitates not soluble by water leaching and therefore not analyzed.

The samples were analyzed by ion chromatography (IC) for inorganic anions as specified in the
governing ASR. The liquid samples were diluted at the IC workstation up to from 200-fold to
10,000-fold to ensure that all anions were within the calibration range. The solids samples were
diluted from 5-fold to 50-fold following leaching per water leach method ALO-103. Due to the
high anion concentration and the necessity for large dilutions to obtain usable ion
chromatograms, most of the required Minimum Reportable Quantities listed in Table 6.1 (ASR
attachment) could not be met. Attempts to analyze samples at lower dilution resulted in
significantly distorted peaks and significant shifts in retention time making quantitation of the
anion peaks impossible. The reported results are the best available. It should be noted that the
fluoride results are suspect due to peak distortions and slight shift in retention times from the
fluoride calibration standard.

Q.C. Comments:

Duplicates: The relative percent differences (RPD) for liquid samples, as well as the replicate
measurement of the leachate from sample TI-71-CaCO,-1 (00-0468), were all within the
acceptance criteria of 20%. Although no apparent solids (precipitates) duplicates were provided,
sample TI-71-CaCO;-2 was leached in duplicate. The RPDs for this sample are very poor for
those anions above the estimated quantitation level, particularly nitrate (i.e., RPD=53%).
Following leaching approximately 50% of the solids remained undissolved, probably adding to
the difficulty in obtaining good reproducibility on the leachates.
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Battelle PNNL/RPG/Inorganic Analysis --- IC Report

Matrix Spike: Both the liquid and solids matrix spikes measured anion recoveries from 89% to
104%, well within the 75% to 125% acceptance criteria.

Blank Spike: The blank spike recovery was within the acceptance criteria of 80% to 120%.

System Blank/Processing Blanks: Nine system blanks were process during the analysis of the
samples. Only a single nitrate blank was detected in the system blanks above the estimate
quantitation level. Since the nitrate results for the samples is extremely high, this small blank
has no affect on the reported results.

Quality Control Calibration Verification Check Standards: Seven mid-range verification

standards were analyzed throughout the analysis runs. Except for only a single chloride value,
the reported results for all anions of interest were recovered within the acceptance criteria of
+10% for the verification standard. The single chloride failure measured —11%, only 1% below
- the acceptance criteria, and is not considered to affect any reported results.

General Comments:

o 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 limit (EQL) for the
reported results and assume non-complex aqueous matrices. Actual detection limits or
quantitation limits for specific sample matrices may be determined, if requested.

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

Analyst: Wﬂ@ W/@/ Date / // 51 Vi ﬂ
Approval: W%d %f Date /// 7/’/00

Archive Information:

Files: ASR 5600 Fiskum.doc ASR 5600.xls |
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Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report

Client: S. Fiskum
ACL Numbers: 00-0461 to 00-0482
Analyst: M]J Steele

Charge Code/Project:

ASR Number:
Analysis Date:

W53400 /29953
5600
March 16-20, 2000

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

M&TE: Carbon System (WA92040); Balance (360-06-01-023).
Final Results:
Wt | TIC |TICRPD] TOC |TOCRPD| TC |TCRPD
ALO Sample ID (8 [(mgClp)| (%) | (gCl) | (%) | (ugClg) | (%)
00-00465 __ [T1-71-CaPS ppt prior to wash 0.0433 | 36,200 27,000 63,200
[[00-00465 dup | TI-71-CaP$ ppt prior to wash dup (analysis) | 0.0071 | 50,100 | 32 32,000 17 82,100 26
ll00-60468  |TI-71-CaCO3-1 0.0114 | 72,800 12,900 85,800
100-00468 dup {T1-71-CaCO3-1Dup (analysis) 0.0101 | 74,500 2 13,100 1 87,600 2
loo-00472  |T1-71-CaC0O3-2 0.0100 | 77,200 28,900 106,000
{00-00472 dup |TI-71-CaCO3-2 Dup (analysis) 0.0210 | 77,600 0 26,700 8 104,000 2
[00-00475  [T1-71-BaSO4 ppt prior to wash 0.0162 | 24,600 23,800 48,400
00-00475 dup [TI-71-BaSO4 ppt prior to wash dup (analysis) | 0.0266 | 24,400 1 24,100 1 48,500 0
00-00475 ms |TI-71-BaSO4 ppt prior to wash MS Recovery | 0.0185 | 94% 103% 98%
[00-00478  [TI-71-BaSO4 - 1* 0.0132 | 30,200 20,700 50,900
[00-00482  [TI-71-BaSO4 -2 0.0321 | 670 1,300 2,500
00-00482 dup | TI-71-BaSO4 - 2 Dup (analysis) 0.0240 | 650 n/a 1,700 n/a 2,300 n/a
TIC |[TICRPD|] TOC |TOCRPD| TC |TCRPD
ALO Sample ID Vol |(ngC/mb| (%) | (ugC/ml) (%) (rgC/ml) | (%)
00-00461  |TI-71-ANI07 0.10 [ 8300 16100 24,400
(00-00461 dup |TI-71-AN107 dup (analysis) 0.10 | 8200 1 16700 0 24,300 0
ll00-00461 MS |T1-71-AN107 MS Recovery 010 | 101% 100% 101%
[00-00463  |TI-71-CaPS Filtrate 0.10 [ 2300 13300 15,500
[00-00464  |TI-71-CaPS Filtrate Dup 0.10 | 2300 13400 15,700
[00-00466 | TI-71-CaPS NaOH wash -1 020 | 430 - 4100 4,500
[00-00467  |TI-71-CaPS NaOH wash -2 0.40 150 980 1,100
[00-00469  |TI-71-CaPS -HNO3 wash -1 1.00 26 390 410
[00-00470  |TI-71-CaPS -HNO3 wash -2 1.00 37 260 290
[00-00471  |TI-71-CaPS H20 wash - 1 2.00 13 91 100
[00-00473  |TI-71-BaSO4 filtrate 020 | 2100 13400 15,500
[00-00474  |TI-71-BaSO4 filtrate Dup 020 | 2000 12800 14,800
[00-00476  |TI-71-BaSO4 NaOH wash -1 040 | 740 3600 4,400
[00-00477  |TI-71-BaSO4 NaOH wash -2 1.00 350 1000 1,400
[00-00479  |TI-71-BaSO4 HNO3 wash - 1 020 | <33 920 920
00-00480  |T1-71-BaSO4 HNO3 wash - 2 020 | <33 460 460
l00-00481  |Ti1-71-BaSO4 H20 wash - 1 1.00 <7 160 160

* Insufficient sample for duplicate analysis
Shaded samples pH <2; no TIC anticipated
RPD = Relative Percent Difference (between sample and duplicate/replicate)

ASR 5600 Fiskum.doc
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Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report

The analyses of the samples submitted under ASR 5600 were performed by the hot persulfate wet
oxidation method. The hot persulfate method uses acid decomposition for TIC and acidic
potassium persulfate oxidation at 92-95°C for TOC, all on the same sample, with TC being the sum
of the TIC and TOC.

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. Solid samples were analyzed as received (i.e., no weight correction
for moisture content has been applied). ’

Q.C. Comments:

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

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

Calibration Standards: The QC system calibration standards were all within acceptance criteria,
with the average recovery being about 99% for TIC and 97% for TOC. This is well within the
acceptance criteria of 90% to 110%.

Calibration Blanks: The eight calibration blanks run at the beginning, middle, and end of the
analysis run were acceptable, averaging about 14 pgC TIC and 40 pgC TOC. These
calibration/system blanks are considered good and the standard deviations for the TIC and TOC
blanks is within the historical pooled standard deviation used to establish the method detection
limits.

Duplicates: No actual sample duplicates were identified on the ASR. However, the relative
percent differences (RPD) between replicates are within the acceptance criteria of 20% for all
values measured above the EQL, except for sample 00-0465, which has an RPD of 32% for TIC.
Due to total quantity of sample material available, the quantity used for the duplicate analysis was
significantly less than that used for the sample analysis (i.e., 0.007 g versus 0.043 g), and sample
heterogeneity is the most likely reason for the poor precision.

Matrix Spike: The accuracy of the carbon measurements can be estimated by the recovery results
from the matrix spike. Matrix spikes were prepared from samples 00-0461 (liquid) and 00-0475
(solid), and the matrix spike recovery for both TIC and TOC were well within the acceptance
criteria of 75% to 125% recovery. No effort was made to spike the samples that were acidic.

ASR 5600 Fiskum.doc Page 2 of 3

. P e o -
o S BRI T T o P




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

General Comments:

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

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

o The estimated quantitation limit (EQL) is defined as 5 times the MDL. Results less than 5 times

the MDL have higher uncertainties, and RPDs are not calculated for any results less than 5 times
the MDL.

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

| %// .
Report Prepared by: %/& e K
Review/Approval by: ;&Q\%@J“’\\” Date /7/' §-oo

Archive Information:

Files: ASR 5600 Fiskum.doc ASR 5600 Fiskum Solids&Liquids.xls
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PNNL Radiochemical Processing Group: TOC/TIC/TC Calculations **Review** Report - Hot Persulfate Method PNL-ALO-381

Client: Sandra Fiskum Analyzer M&TE: WAS2040 -- 701 :
Project : Balance M&TE: 360-06-01-023
Work Pkg:  W53400 (CMC K88409) TOC STD: Glucose CSM-53219>>>  40.00% Carbon  <<[G]
Analyzed: March 23, 2000 TIC STD: CaCO3 CMS-139285>>> 11.99% Carbon  <<|[C})
ASR: 5600
Raw TIC | Raw TOC
(ug C) {ug C) TIC TOC .
IBIanks: Calibration blank (start of batch) 16.7 36.6 14.1 40.3 <<< Average (ug C)
Calibration blank (start of batch) 15.9 41.9 1.7 3.9 <<< Std Dev (ug C)
Calibration blank 12.3 46.0
Calibration blank 13.1 35.6
Calibration blank 14.9 41.0
Calibration blank 11.9 35,7
Calibration blank 14.5 41.2
Calibration blank (end of batch) 13.1 440 2.16 5.8 <<< Pooled Std Dev (ug C)
6.5 17.3  |<<< Method Det. Limit (ug C)
Total Inorganic Carbon (TiC) Total Organic Carbon (TOC)
{A] Raw [B] [D] Std TIC [E] Raw [F1 {H] Std TOC
TIC (ug) Blk (ug) wt (g) % Rec TOC (ug) | Bik(ug) | wt(g) % Rec
[Standards: Galibration Standard (start of batch) 3/16 1599 14 0.01330 99.4 1190 40 0.00300 95.8
Calibration Standard (start of batch) 3/16 1730 14 0.01480 96.7 1358 40 0.00340 96.9
Calibration Standard 820 14 0.00670 100.3 1133 40 0.00270 101.2
Calibration Standard (end of batch) 3/16 1640 14 0.01370 99.0 970 40 0.00240 96.8
Calibration Standard (start of batch) 3/22 1238 14 0.01020 100.1 1770 40 0.00450 96.1
Calibration Standard (start of batch) 3/22 1037 14 0.00840 101.6 893 40 0.00220 96.9
Calibration Standard (start of batch) 3/23 1081 14 0.00920 96.7 1650 40 0.00390 96.8
Calibration Standard 1208 14 0.01000 99.6 1295 40 0.00320 98.0
Calibration Standard (end of batch) 3/23 1149 14 0.00850 99.6 1177 40 0.00290 98.0
{L] Average TIC % Rec >>>> 99.2 <<{L] [P] Average TOC % Rec >>>> 97.4
|Formulas: Standard TIC % Recovery = ({A-B)/((C/100)*D))*10®+100 Matrix Spike Recoveries:
Standard TOC % Recovery = ((E-F)(G/100)*H))*10°100 TIC % Recovery = (((Q-R)/(L/100))-S*T)*100/U
Sample TIC (ug C/ml) = (1-J)/(K*L/100) TOC % Recovery = (((Q-R)/(P/100))-5*T)*100/U
Sample TOC (ug C/mi = (M-N)y/(O*P/100) TC % Recovery = ((Q™-R™Y(L/1100))-V"C)+{((QTC-RTCY(PH 00))-V™%))*100/UTIC*T0C
|Commenls: Due to the precision carried in the spreadsheet, some results may appear to be slightly off due-to rounding.
The Pooled SD is the averaged SD for a recent list of 12 sample batches. MDL is based upon the Pooled SD. MDL = 3 x pooled SD.
If either the Sample or Duplicate are < 5x md|, then the RPD Is not calculated and displayed as "n/a",
TIC and TOC are measured; TC is the sum of the TIC and TOC results.
Tab: Liquid Samples Archive File: ASR 5600 Fiskum - Solids&Liquids.xls Page 1 of 2
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Sample Results

{I] Raw (] [K] Sam TIC TIC [M] Raw N] [O] Sam TOC TOC TC TC
ACL Number Client Sample ID TIC (ug C) | Blk (ug C)| Vol {(ml) | {ug C/ml) | RPD (%) | OC (ug C|Blk (ug C)| Vol (ml) | (ug C/ml) | RPD (%)| (ug C/ml) | RPD (%)
00-00461 AN107 Starting material 840 14 0.10 8,324 1608 40 0.10 16,097 24,421
00-00461DUP [AN107 Starting material 828 14 0.10 8,203 1 1608 40 0.10 16,097 0 24,301 0
00-00461 MS  |AN107 Starting material 2625 14 0.10 see below 2540 40 0.10 see below see below | /
00-00463 TI-71-CaPS Filtrate 239 14 0.10 2,267 1332 40 0.10 13,263 15,530 )
00-00464 TI-71-CaPS Filtrate Dup 244 14 0.10 2,317 1346 40 0.10 13,407 15,724
00-00466 T1-71-CaPS NaOH wash -1 99 14 0.20 428 830 40 0.20 4,054 4,482
00-00467 Ti-71-CaPS NaOH wash -2 72 14 0.40 146 423 40 0.40 982 1,128
00-00469 Tl-71-CaPS -HNO3 wash -1 40 14 1.00 26 418 40 1.00 388 414
00-00470 T1-71-CaP$S -HNO3 wash -2 51 14 1.00 37 290 40 1.00 256 294
00-00471 TI-71-CaPS H20 wash - 1 39 14 2.00 13 217 40 2.00 91 103
00-00473 T1-71-BaS04 filtrate 435 14 0.20 2,121 2650 40 0.20 13,398 15,519
00-00474 Ti-71-BaSO04 filtrate Dup 416 14 0.20 2,025 2537 40 0.20 12,818 14,843
00-00476 TI-71-BaS04 NaOH wash -1 309 14 0.40 743 1457 40 0.40 3,637 4,380
00-00477 TI-71-BaS04 NaOH wash -2 360 14 1.00 349 1025 40 1.00 1,011 1,360
00-00479 TI-71-BaS0O4 HNO3 wash - 1 15 14 0.20 5 (<mdl) 220 40 0.20 923 923
00-00480 T1-71-BaS04 HNO3 wash - 2 14 14 0.20 0 (<mdl) 130 40 0.20 461 461
00-00481 Ti-71-BaS04 H20 wash - 1 13 14 1.00 -1 (<mdl) 192 40 1.00 156 156
Matrix Spike Results
[Q] Raw MS|[R] MS Blk| [S] Sam |[T] MS Sam][V] Sample] Spike | [U] Spike ms

ACL Number |[Client Sample ID {ug C) {ug C) | (ugCiml)| Vol (mi) (ug C) wt (g) (ug C} | Recovery
00-00461 MS  |TIC Recovery 2625 14 8324 0.1000 832 0.0148 1775 1014 TIC

TOC Recovery 2540 40 16097 0.1000 1610 0.0024 960 99.7 TOC

Total Carbon Recovery (TIC + TOC) 2735 100.8 TC
Preparer/date:___ ! N\\— q 6 b
Reviewer/date; %L%@w ~7 H /J
Tab. .uid Samples Archive File: ASR 560 skum - Solids&Liquids.xls . 2 of 2
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PNNL Radiochemical Processing Group: TOCI/TIC/TC Calculations **Review** Report - Hot Persulfate Method PNL-ALO-381

Client: Sandra Fiskum ! Analyzer M&TE: WAS2040 ~ 701
Project : Balance M&TE: 360-06-01-023
Work Pkg: W48486 (CMC K88409) TOC STD: Glucose CSM-532195>>  40.00% Carbon  <<IG]
Analyzed: ' March 23, 2000 TIC STD: CaCO3 CMS-139285>>> 11.99% Carbon  <<[C]
ASR: 5600
Raw TIC | RawTOC
(ug C) {ug C) TIC TOC
IBIanks: Calibration blank (start of batch)3/23 13.1 35.6 13.5 39.5 <<< Average (ug C)
Calibration blank (start of batch) 14.9 41.0 1.2 © 3.7 <<< Std Dev (ug C)
Calibration blank (end of batch)3/23 11.9 35.7 2,16 5.8 <<< Pooled Std Dev (ug C) (
Calibration blank (end of batch)3/23 14.5 41.2 6.5 17.3 <<< Method Det. Limit (ug C) h
Calibration blank (end of batch)3/23 13.1 440
Total Inorganic Carbon (TIC) Total Organic Carbon (TOC)
[A] Raw 81 D] Std TIC [E] Raw IF1 [H] Std ToC
TIC (ug) | Blk (ug) wt (g) % Rec TOC (ug)| Blk(ug) | wt{q) % Rec
Standards: Calibration Standard 1238 14 0.01020 100.1 1770 40 0.00450 96.1
Calibration Standard 1037 14 0.00840 101.6 893 40 0.00220 97.0
Calibration Standard 1081 14 0.00920 96.8 1550 40 0.00390 96.8
Calibration Standard 1208 - 14 0.01000 |, 99.6 1295 40 0.00320 98.1
Calibration Standard 1149 14 0.00950 99.7 1177 40 0.00290 98.1
[L] Average TIC % Rec >>>> 99.6 [P] Average TOC % Rec >>>> 97.2

|Formulas:

Sample TIC (ug C/g) = (I-J)(K*L/100)
Sample TOC (ug C/g = (M-N)/(O*P/100)

Standard TIC % Recovery = ((A-B)/((C/100)‘D))"1O'6'100
Standard TOC % Recovery = ((E-F)/((GI100)'H))'10'°"100

Matrix Spike Recoveries:

TIC % Recovery = (((Q-R)/(L/100))-8*T)*100/U
TOC % Recovery = (((Q-R)/(P/100))-S*T)*100/U
TC % Recovery = ((Q"-R)/(L/100))-V"%)+((QTOC-RTC)(PF 00))-VTO%)* 100U T 70C

|Comments:

Due to the precision carried in the spreadsheet, some results may appear to be slightly off due to rounding.

The Pooled SD is the averaged SD for a recent list of 12 sample batches. MDL is based upon the Pooled SD. MDL = 3 x pooled SD.
If either the Sample or Duplicate are < 5x md, then the RPD is not calculated and displayed as "n/a".

TIC and TOC are measured; TC is the sum of the TIC and TOC results.

Solid Sample

File: asr5600 fiskum - Solids.x!s Page 1 of 2




PNNL Radiochemical Processing Group: TOC/TIC/TC Calculations **Review** Report - Hot Persulfate Method PNL-ALO-381

Client: Sandra Fiskum ' Analyzer M&TE: WA92040 -- 701
Project : Balance M&TE: 360-06-01-023
Work Pkg: W48486 (CMC K88409) TOC STD: Glucose CSM-53219>>>  40.00% Carbon  <<IGl
Analyzed: March 23, 2000 TIC STD: CaC0O3 CMS-139285>>> 11.99% Carbon  <<[C]
ASR: 5600
Sample Results
[l Raw 1] [K] Sam TIC TIC [M] Raw (N] [O] Sam TOC TOC TC TC
ACL Number {Client Sample ID TIC (ug C) { Blk (ug C)| wt(g) {ug Clg) | RPD (%) | OC (ug C| Btk (ug C)| wt{g) (ug C/g) | RPD (%) | (ug Clg) | RPD (%)
00-00475 TI-71-BaSO4 ppt prior to wash 410 14 0.0162 24,581 415 40 0.0162 23,842 48,423
00-00475 dup [TI1-71-BaS0O4 ppt prior to wash 660 14 0.0266 24,410 1 662 40 0.0266 24,071 1 48,481 0
00-00475ms  |TI-71-BaSO4 ppt prior to wash 1698 14 0.0185 | see below 1509 40 0.0185 | see below see below
00-00465 TI-71-CaPS ppt prior to wash 1575 14 0.0433 36,219 1176 40 0.0433 26,974 63,193
00-00465 dup |TI-71-CaPS ppt prior to wash 368 14 0.0071 50,145 32 260 40 0.0071 31,944 17 82,089 26
00-00468 TI-71-CaCO3-1 840 14 0.0114 72,815 183 40 0.0114 12,947 / 85,762
00-00468 dup |TI-71-CaCO3-1 763 14 0.0101 74,530 2 168 40 0.0101 13,086 1 | 87616 2
00-00472 TI-71-CaC03-2 782 14 0.0100 77,184 320 40 0.0100 28,852 106,036
00-00472 dup |TI-71-CaCO3-2 1635 14 0.0210 77,551 0 585 40 0.0210 26,719 8 104,269 2
00-00478 TI-71-BaS04 - 1 410 14 - 0.0132 30,168 305 - 40 0.0132 20,689 50,856
00-00482 TI-71-BaS04 - 2 35 14 . 0.0321 672 95 - 40 0.0321 1,778 2,450
00-00482 dup [T1-71-BaS04 : 2 29 14" 0.0240 . 648 n/a 78 - 40 0.0240 1,650 n/a 2,298 n/a
Matrix Spike Results
Q] Raw MS[[R] MS Blk| [S] Sam [[T] MS Sam|[V] Sample] Spike | [U] Spike MS
ACL Number (ug C) (ug C) | (ugClg) wt (g) (ug C) wt (g) {ug C) % Recovery
00-00475 ms  |TIC Recovery 1698 13.56 24581 0.0185 455 0.0110 1319 93.8 TIC
TOC Recovery 1509 39.5 23842 0.0185 441 0.0026 1040 1029 TOC
Total Carbon Recovery (TIC + TOC) 2359 97.8 TC

Preparer/date: ~_7% Q< J@&_) 3 j%a

Reviewer/date: %&&'BQ@ ~ 7// /

Solid Sample

File: asr5600 fiskum - Solids.xls
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Procedure: PNL-ALO-381 Analyzer M&TE; \yAQZ,O

--701 Balance M&TE 360-06-01-023

TIC STD: Calcium Carbonate CMS ,1-3298’5/3

T OC STD: Glucose CSM-53219

B T B S e TR

MR e

PR VO NSNS S S

Lab D Client ID volume | sample wt(g) | TIC (ug) | TOC (ug) comments 7‘; (;20,0 OC)

T Blin]od | Rk [— [— [J6.7 | %b g = 0:999%
2 2 e | = )59 1419 EloP3 5]

3 Comstd | 1334 . 0ok 56;9‘ 190 o 09937

4 \!/ -0/49 00 [75 /3% Aﬂlm@@o 09898

5 00 ~4l | | . [md] 0124 [ BLO |[eB |/~ 09944

6 CSMAEH | cb | co02) |20 |/332Y([33 09528

7 COAN [up0 [} 01220 | &Y |36 (| | OB LiSH2

8 n-He3 "0, log) |AHK .%3@2/33:2 e o

9 Oo-4(H | 6 -] |o12l) | KRYY | 423135 0.099%.

1 Eo=16b[ 0. 20239 | 37 | 530 011000

11 o —H )| 04 ook | 72 | AP U3 0r 0o |

12 co—Hb1| 1.0 |10y | 46 | -4&° | U[TF 00999

13 Oo 40| (+O 10582 | 5 { A0 '
ERLCEN M SUY () ©:0]376.002Y4 | /(Y

16 \9/25h0 %\%‘f}& - 13, 136.6 allé%j“
17 CSMSR) (801020804 S[R3 B |10 T = |
18 SISV 0.00%Y 00022 [1O37] 93 |HE10935 | 52 0:9999
19 \MM — —_ [4T14(, 0] 00,9929 ‘H%J_Xll—
20 | @047 Il (20377 29013 | 0,.999% ®.1000

21 [(0-H73| 0.2 10 AHUNBS IDpS0| 0198 W 0939
22 | - SN Lot 10 vosa 1/0%] 1/55 0] 0989 053499
v 23 F@D«\’VQQ\ — | I‘qL{ :ji7,/ Carh%whérg‘r?elepfxls



HOT PERSULFATE WORKSHEET 3/ /1 0 et (emge 2042
}

injection # Lab ID Client ID volume | sample wt (g) | TIC (ug) | TOC (ug) comments
24 | o474 0.2 10,2028 2/)4 12537
25 g~ 74 |0 104267309 lid57
26 |og ~4 77 1,0 _| /02l |360 |jol5
27 log -477 0c2 16.200] 14721220 | 4L 2
28 |po ~480 0 | 62057/372] 130 [ 7]
29 |pg —457 O |[.0300 || /42 VI
—36- STL TS
31 o465 0.0433 /575 |/715
32 [ty 00001 | 3% 1260
33 0043 6.0l4 |Z40 |/ 33
34 Uy i 0.0lo] 963 /163
35 |/ /| QO 515030 JROB_||29S5~
36 | Dhb. | — /4.5 | 4/
37 | Q046 [ MS| (Lqueichom ) 2rigmad Dipss | 225 |2 540
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PRELIMINARY RESULTS --- MW URIE 3/24/2000 /?va Ma\o

Wit TiC TIC RPD TOC TOC RPD TC TC RPD

ALO Number |Sample ID () (ug Clg) (%) (ug Clg) (%) (ug Clg) (%)
00-00465 TI-71-CaP$S ppt prior to wash 0.0433 36,219 26,974 63,193
100-00465 dup | TI-71-CaPS ppt prior to wash Dup (analysis) * 0.0071 50,145 32 31,944 17 82,089 26
00-00468 TI-71-CaC0O3-1 0.0114 72,815 12,947 85,762

00-00468 dup | TI-71-CaCO3-1Dup (analysis) 0.0101 74,530 2 13,086 1 87,616 2
00-00472 TI-71-CaC03-2 0.0100 77,184 28,852 106,036

00-00472 dup |TI-71-CaCO3-2 Dup {analysis) 0.0210 77,551 0 26,719 8 104,269 2
00-00475 TI-71-BaS0O4 ppt prior to wash 0.0162 24,581 23,842 48,423

00-00475 dup [TI-71-BaSO4 ppt prior to wash Dup (analysis) 0.0266 24,410 1 24,071 1 48,481 0
00-00475 ms |Ti-71-BaS04 ppt prior to wash MS Recovery 0.0185 94% 103% 98%

00-00478 TI-71-BaS0O4 - 1 0.0132 30,168 20,689 50,856

00-00482 TI-71-BaS04 - 2 * 0.0321 672 1,778 2,450

00-00482 dup |TI-71-BaSO4 - 2 Dup {analysis) 0.0240 648 n/a 1,650 n/a 2,298 n/a
*Very small sample size for duplicate; results should be used with-caution

** Insufficient sample for duplicate analysis

TiC TIC RPD TOC TOC RPD TC TC RPD

ALO Number [Sample ID Vol {ugC/ml) (%) (ugC/mi) (%) {ugC/mi) (%)
00-00461 TI-71-AN107 0.10 8324 16097 24,421

100-00461 Dup|TI-71-AN107 Dup (analysis) 0.10 8203 1 16097 0 24,301 0
||00-00461 MS |TI-71-AN107 Matrix Spike Recovery 0.10 101% 100% 101%

100-00463 TI-71-CaPS Filtrate 0.10 2267 13263 15,530

00-00464 TI-71-CaPS$ Filtrate Dup 0.10 2317 13407 15,724

00-00466 TI-71-CaPS NaOH wash -1 0.20 428 4054 4,482

00-00467 TI-71-CaPS NaOH wash -2 0.40 982 1,128

00-00469 TI-71-CaPS -HNO3 wash -1 1.00 388 414 {
00-00470 TI-71-CaPS -HNO3 wash -2 1.00 T ; 256 294

00-00471 T|-71-CaPS H20 wash - 1 2.00 S, 3;2: iy 91 103

00-00473 T1-71-BaS04 filtrate 0.20 2121 13398 15,519

00-00474 TI-71-BaSO4 filtrate Dup 0.20 2025 12818 14,843

00-00476 Ti-71-BaS04 NaOH wash -1 0.40 743 3637 4,380

00-00477 TI-71-BaS04 NaOH wash -2 1.00 349 1011 1,360

00-00479 TI-71-BaS04 HNO3 wash - 1 0.20 SNIE33 s 923 923

||00-00480 TI-71-BaS04 HNO3 wash - 2 0.20 Eraly SR il 461 461

l00-00481 TI-71-BaS04 H20 wash - 1 1.00 - [Miwdismdnls 156 156

Shaded samples pH <2; no TIC anticipated
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CERTIFICATE OF ANALYSIS .

A Division of Mallinckrodt Baker, Inc.
222 Red School Lane « Phillipsburg, N) 08865
Telephone: (908) 859-2151  Fax: (908) 859-9318

TESTS

APPEARANCE

HEAVY METALS
IRON
ALKALINITY
CHLOQIDE

-INSOLUBLE IN HC1 AND

NH40H PRECIPITATE
SULFATE

'SILICA

OXIDIZING SUBSTANCES
ASSAY

FLUORIDE

BARIUM

TRACE METALS
MAGNESIUM (Mg)
POTASSIUM (K)
SODIUK (Na)
SILICON  (Si)
STRONTIUM (Sr)

LIMITS

Fine, white

powder
0.001% Max.
0.002% Max.
To Pass Test
0.001% Max.

0.005% Max.

0.005% Max.
0.001% Max.
0.005% Max.
99;95 - 100.05%
0.6015% Max.
0.005% Max.
0.01% Max.
0.01% Max.
0.01% Max.

Report
0.1% Max.

RESULTS

Fine, white

powder
0.0002%
0.0025%
Passes Test
0.0001%
0.0025%

0.0045%
. .0.0005%
0.002%
100.05%
0.0005%
0.0025%
0.002%
0:001%
0.005%

0.00025%
0.002%

It is hereby certified that the above is a true copy of the actual
analysis of the lot indicated.

Mark Featherston
lManager, QA/QC
Mallinckrodt Baker,
10/09/96 wwr

P.O. # 708706
4 X 125g containers
Accepted: _yw-— |

Date:

/h7

(s 14235
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ALDRICH warrants that its products conform to the information contained in this

Aldrich Chemical Company
and other Aldrich publications. Purchaser must determine the suitability of the -
product for its particular use. See reverse side of invoice or packing slip for addi- DAVID SHESSEL
tional terms and conditions of sale. : NOVEMBER 7, 1991

aldrich chemical co.

P.O. Box 355, Milwaukee, Wisconsin 53201 USA * (414) 273-3850
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PRODUCT INFORMATION

PRODUCT

PRODUCT NAME:

NUMBER: 25307-3

ALPHA-D~GLUCOSE,

LOT NUMBER: 12603EY.

A.C.S. REAGENT

180.16

FORMULA: C6H1206 FORMULA WEIGHT:
. f_“_s.\'_ ™

APPEARANCE 9 s““"()F%[L ITE POWDE
EARANCE i ; K\JD\{ HITE POWDER

INFRARED, SPECTRUM + ..o = CONFORMS TO STRUCTURE

A
AS

AND STANDARD

ILLUSTRATED ON PAGE 1908 OF EDITION I,

. VOLUME 1 OF "THE ALDRICH LIBRARY OF FT-IR
3 SPECTRA™M.

OPTICAL ROTATION +52.7 DEG (L=10% H20 + NH4CH)

LOSS ON DRYING  ° G.04%

RESIDUE ON IGNITION. <0.02%

. * ege\ ;\

INSOLUBLE MATTER® 0.C02 % (C=13.3%, H20) w Ao

‘ A

ARSENIC .« <0.4PPM N \\\e\ﬁ@

CHLORIDE . ' <0.01% ¥ V/ Iq[

IRON <5 PPM (-/\C(/{/\\l\g

AVak
HEAVY METALS . + <5PPM AS P8
SULFATE AND SULFITE <0.005%

V. Suneald

ALDRICH warrants that its products comorm &ﬂ he m[?ormg{xon contamec(,'\n tﬁxs
and other Aldrich publications. Purchaser must determine the suitability of the
product for its particular use. See reverse side of invoice or packing slip for addi-
tional terms and conditions of sale.

Aldrich Chemical Company

DAVID SWESSEL
NOVEMBER 7, 1691

P.0. Box 355, Milwaukee, Wisconsin 53201 USA « (414) 273-3850

P e NI

aldrich chemical co.

030-5/49
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Carbon -- Method Detection Limit Determination

The Method Detection Limit (MDL) for carbon by hot persulfate or furnace oxidation is estimated by taking the
average of the standard deviations (SD) for blank measurements taken over a period from February 12, 1998 to
June 3, 1998, and multiplying this average SD by 3. The estimated MDL is in ugC.

TOC = Total Organic Carbon; TIC = Total Inorganic Carbon; TC = Total Carbon

"Hot File ASR Laboratory
Persulfate Seq # | Date | Project | Number | ALO Numbers | TICSD| TOC SD
95 | 02/12/98| 17654 4593 98-02061/02063 0.7 13.1
96 | 02/19/98| 17654 4598 98-02099/02108 2.5 7.7
98 | 03/04/98| 17654 4625 98-02206/02207 1.5 1.4
99 | 03/05/98| 17654 4635, 4646 | 98-02305/02307 2.1 7.8
103 | 03/27/98| 17654 4692, 4693 | 98-02997/03005 0.8 3.7
106 [ 03/20/98| 17654 4733,4734 | 98-03287/03294 1.3 2.7
108 | 04/22/98| 27297 4701 98-03043 1.0 3.3
109 [ 04/24/98| 25396 4588 98-02031 6.6 3.5
) 98-03698/03699,
111 | 05/18/98| 17654 4799, 4804 03713 1.7 3.3
98-03413/03416,
113 | 06/03/98 | 17654 4751, 4831 03916/03917 34 11.5
Average 2.16 5.80
|[3xAverage = MDL__ 6.5 17.4 |
Furnace File ASR Laboratory
Oxidation Seq # | Date | Project | Number | ALO Numbers | TC SD
97 [o03/03/98| 17654 4637 98-02312/02313 2.6
101 | 03/11/98| 17654 4659 98-02535/02538 1.8
102 [ 03/25/98| 17654 4689 98-02974/02975 1.8
105 | 04/13/98| 17654 4735 98-03295 2.7
4735, 98-03296, 03299,
105 | 04/14/98| 17654 4736,4738 03303, 03317 0.1
98-03321/03323,
105 | 04/15/98| 17654 4739, 4741 03327/03328 0.9
105 | 04/16/98| 17654 4742 98-03329/03330 3.0
107 | 04/22/98] 17654 4756 98-04355/04357 2.2
110 [ 05/06/98| 17654 4786 98-03619 2.5
112 [ 05/21/98| 26019 4794 98-03665 2.8
Average 2.04

Prepared By: %L/ j/ %ﬁ/

T UTITRRT S e

[3xAverage=MDL 6.1 |

vy e o
v YR

0 MDL Determination.xls
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Battelle Pacific Northwest Laboratory

s . . ! - _ ' 1
Radiochemical Processing Group-325 Building | 2.5 2 y" /
Client : Fiskum ' e e« e
Cognizant Scientist: ,W&WM/ Date : / ),/ 2 // 7@ E% E': gj/ '& %"j] Uj

—— H sH:
Concur: 2ounq - Date : l&l a\lcﬁ T
LY ?

Procedure: PNL-ALO-450 Gamma Energy Analysis

ALOID

Client ID

00-0461
TI-71-AN107

00-0463
TI-71-CaPS-Filtrate

00-0466
TI-71-CaPS-NaOH Wash-1

00-0467
TI-71-CaPS-NaOH Wash-2

00-0469
T|-71-CaPS-HNO3 Wash-1

00-0470
TI-71-CaPS-HNO3 Wash-2

00-0471
Ti-71-CaPS-H20 Wash-1

00-0473 *
Ti-71-BaSQ4- Filtrate

00-0476
TI-71-BaS04-NaOH Wash-1

00-0477
TI-71-BaS04-NaOH Wash-2

00-0479
TI-71-BaS04-HNO3 Wash-1

00-0480
TI-71-BaS04-HNO3 Wash-2

00-0481
TI1-71-BaS04-H20 Wash-1

............... )
Measured Activities (uCi/g) with 1-o error
Be-7 Co-60 Nb-95**  Tc-95m** Y-88 Sn-113 Sb-125 SnSb-126 Cs-137 Eu-154 Eu-1565  Am-241
Error % Error % Error % Error % Error % Error % Error % Error % Error % Error % Error % Error %
<1.E-3 4,04E-2 1.12E-3 2.45E-2 6.73E-4 4.11E-4 4.90E-4 3.10E-4 6.71E-2 2.66E-2 1.88E-2 9.68E-3
2% 8% 2% 3% 14% 25% 7% 2% 2% 3% 3%
<1.E-3 3.41E-2 1.04E-3 2.18E-2 1.67E-4 <3.E-4 <2.E-4 6.09E-2 4.97E-3 3.65E3 1 72E-3
2% 6% 2% 7% 2% 2% 4% 8%
<3.E-4 1.12E-2 3.20E-4  7.66E-3 <8.E-5 <4.E-5 212E-2 6.48E-4 4.49E-4 241E-4
2% 5% 2% 2% 3% 5% 10%
<2.E-4 2.54E-3 7.46E-5 1.83E-3 <4.E-5 <2.E-5 5.40E-3 <3.E-5 3.86E-5  3.05E-5
2% 10% 2% 2% 19% 32%
<1.E-4 6.08E-4 3.29E-5 5.85E-4 <4 .E-5 <2.E-5 2.53E-3 1.21E-4 <7.E-5 6.13E-5
2% 16% 2% 2% 5% 47%
<9.E-5 8.02E-4 <1.E-5 2.44E-4 1.74E-4 4.72E-5 2.25E-4 2.10E-5 7.78€E-4 1.75E-3 1.28E-3 5.65E-4
2% 7% 3% 12% 6% 11% 2% 2% 3% 7%
<3.E-5 2.78E-4 <3.E-6 5.32E-5 6.15E-5 1.18E-5 8.88E-5 9.43E-6 2.19E-4 4.49E-4 3.08E-4 1.37E-4
2% 5% 2% 16% 5% 8% 2% 2% 4% 7%
<2.E-4 3.28E-2 9.06E-4  2.20E-2 <2.E-4 4.63E-5 <7.E-5 <3.E-5 6.08E-2 257E-3  1.80E-3 1.12E-3
2% 2% 2% 22% 2% 2% 3% 4%
<2.E-4 9.32E-3 2.83E-4  7.08E-3 <6.E-5 <2.E-5 1.97E-2 4.19E-4 2.80E-4 1.90E-4
2% 5% 2% 2% 3% 6% 15%
<6.E-5 2.38E-3 8.29E-5 1.84E-3 <2.E-5 <8.E-6 517E-3 5.96E-5 3.60E-5 3.96E-5
2% 6% 2% 2% 5% 10% 15%
3.42E-4  4.64E-3 <6.E-5 441E-4  461E-4  6.00E-5 <7.E-5 <3.E-5 131E-3 1.73E-2 1.19E-2  3.99E-3
23% 2% 4% 2% 18% 2% 2% 3% 3%
3.12E-4  4.85E-3 <5,E-5 1.10E-4 249E-4  2.34E-4 <6.E-5 <3.E-5 3.44E-4 1.10E-2 7.55E-3  3.27E-3
24% 2% 10% 3% 7% 4% 2% 3% 3%
9.90E-5  1.90E-3 <2.E-5 3.42E-5 8.77E-5  7.69E-5 <2.E-5 <6.E-6 1.89E-4  3.82E-3 2.69E-3  1.29E-3
18% 2% 8% 3% 6% 3% 2% 3% 3%

* Sample 00-0473 also contains Se-75 at 6.73E-5 uCi/g +/-8%.
** as of November 1, 1999 12:00 PDT

Page 1
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Battelle Pacific Northwest Laboratory 00-0475
Radiochemical Processing Group-325 Building '
Chemical Measurements Center 2/15/2000

Client : S. Fiskum

4
Cognizant Scientist: WQL&W/ Date: 2-/5S-00
——

\

Concur : " lrewne - o Date: R][S]QO
\J

Reference Date: November 1, 1999, 13:00 pm
Measured Activities (uCi/g) with 1-sigma error

ALO ID Be-7 Tc-95M Se-75 Co-60 Eu-152 Y-88 (Cs-137 Sb-125 SnSb-126 Eu-154 Eu-155 Am-241
Client ID Error%  Error % Error% Error% Error% Error% Error% Error% Error% Error% Error%  Error %
00-0475 <2.E-2 3.85E-2 1.03E-1 <2.E-3 547E-3 1.03E-1 <3.E-3 <7.E-4 1.42E-1 9.80E-2 3.94E-2
T1-71-BaS04 Pr 4% 2% 7% 2% 2% 3% 8%
00-0478 <3.E-2 3.65E-3 1.02E-1 <3.E-3 8.88E-3 1.06E-2 <3.E-3 <8.E-4 245E-1 1.63E-1 5.37E-2
T1-71-BaS04-1 24% 2% 5% 6% 2% 3% 8%
00-0482 <7.E-3 <7.E-4 460E-4 524E-2 <7.E-4 146E-3 164E-3 <7.E-4 <3.E-4 193E-2 1.09E-2 4.38E-3
T1-71-BaS04-2 24% 2% 8% 10% 2% 3% 9%
00-0465 <4.E-2 6.93E-2 1.39E-1 <3.E-3 799E-3 1.96E-1 3.77E-3 2.65E-3 2.32E-1 1.70E-1 8.85E-2
TI-71 CaPS pp1 4% 2% 6% 2% 30% 8% 2% 3% 8%
00-0468 <2.E-2 6.10E-3 6.63E-2 5.54E-3 1.16E-2 2.60E-2 558E-3 4.12E-3 3.42E-1 2.51E-1 1.28E-1
T1-71-CaCO3-1 16% 2% 9% 3% 2% 12% 4% 2% 3% 7%
00-0472 5.70E-2 <4.E-3 1.25E-1 1.24E-2 2.27E-2 8.14E-4 9.36E-3 1.00E-2 7.58E-1 5.38E-1 2.75E-1
T1-71-CaC03-2 19% 2% 6% 3% 46% 11% 3% 2% 3% 3%
00-0472DUP 7.32E-2 <4.E-3 1.36E-1 1.35E-2 2.28E-2 1.14E-3 1.08E-2 1.01E-2 8.03E-1 5.69E-1 3.05E-1
T1-71-CaC03-2 18% 2% 6% 3% 40% 10% 3% 2% 3% 3%
RPD 25% 8% 8% 0% 33% 14% 1% 6% 6% 10%

Paae 1



File: 00-0461

Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
1/25/00

Client : Fiskum

Cognizant Scientist: % W Date : { / 2s, /ﬁ 4

Concur : I mmfj -l Date : (Z&S’ [OO

Procedure: PNL-ALO-4014
Measured Concentration (ug/ml) with 1-c error

ALO ID Uranium
Client ID Error %
00-0461PB 4.27E-4
Process Blank 4%
00-0461 8.17E+0
TI-71-AN107 4%
00-0462 8.33E+0
TI-71-AN107 Dup 4%
RPD 2%
00-0463 6.11E+0
TI-71-CaPS-Filtrate 4%
00-0464 6.06E+0
TI-71-CaPS-Filtrate Dup 4%
RPD 1%
00-0465 PB 4.44E-4
Process Blank 4%
00-0465 3.16E+1
TI-71-CaPS-ppt prior to wash 4%
00-0466 8.74E-1
TI-71-CaPS-NaOH Wash-1 4%
00-0467 1.56E-1
TI-71-CaPS-NaOH Wash-2 4%
00-0468 3.85E+1
TI-71-CaCO03-1 4%
00-0469 6.95E-2
TI-71-CaPS-HNO3 Wash-1 4%
00-0470 6.65E-1
TI-71-CaPS-HNO3 Wash-2 4%
00-0471 1.66E-1
TI-71-CaPS-H20 Wash-1 4%

vf'
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File: 00-0461

Measured Concentration (ug/ml) with 1-c error

ALOID Uranium
Client ID Error %
00-0472 7 .66E+1
TI-71-BaS04 Suspension 4%
00-0472 -Dup ) 8.91E+1
Ti-71-BaS0O4 Suspension 4%
RPD 15%
00-0473 2.89E+0
TI-71-BaS0O4- Filtrate 4%
00-0474 2.87E+0
TI-71-BaS04 Filtrate Dup 4%
RPD 1%
00-0476 5.16E-1
TI-71-BaS04-NaOH Wash-1 4%
00-0477 8.50E-2
TI-71-BaS0O4-NaOH Wash-2 4%
00-0479 2.08E+1
TI-71-BaS04-HNO3 Wash-1 4%
00-0480 1.76E+1
TI-71-BaS04-HNO3 Wash-2 4%
00-0481 6.17E+0
TI-71-BaS04-H20 Wash-1 4%
Standard Observed Expected Yield
Before Rec-319-4 1.02E-3  1.00E-3 1.020
R Rec-319-2-r 1.06E-1 1.00E-1 1.060
un Rec-319-2-r 1.04E-1  1.00E-1  1.040
Blank <2.E-5
After Rec-319-3-c 1.01E-2 1.00E-2 1.010
Run Rec-319-3-¢ 9.97E-3 1.00E-2 0.997
Rec-319-2-r 1.05E-1 1.00E-1 1.050
Blank <2.E-5

Page 2



Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Client: Fiskum

Cognizant Scientist: M‘%WVW/ . Date :

Concur : | lvang- l_g,, Date :
\J

Procedure: PNL-ALO-420/421
Measured Activities (uCi/g) with 1-c error

ALOID Alpha ALOID
Client ID Error +/- Client ID
00-0461 <3E-2 Blank Spike
TI-71-AN107

00-0463 <2.E-3 Blank
TI-71-CaPS-Filtrate

00-0466 <7E-4

TI-71-CaPS-NaOH Wash-1

00-0467 <3E-4

TI-71-CaPS-NaOH Wash-2

00-0469 <2E-2

TI-71-CaPS-HNO3 Wash-1

00-0469DUP <2.E-2

TI-71-CaPS-HNO3 Wash-1

00-0470 <2E-2

TI-71-CaPS-HNO3 Wash-2

00-0471 <4E-3

TI-71-CaPS-H20 Wash-1

00-0473 <2E-3

Ti-71-BaS04- Filtrate

00-0476 ’ <5.E-4

TI-71-BaS04-NaOH Wash-1

00-0477 <2E-4

Ti-71-BaS04-NaOH Wash-2

00-0479 3.13E-3

TI-71-BaS0O4-HNO3 Wash-1 21%

00-0480 3.84E-3

TI-71-BaS04-HNO3 Wash-2 10%

00-0481 1.45E-3

Ti-71-BaS04-H20 Wash-1 9%

Page 1
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Error +/-

Alpha

114%

<2.E-6

File: 00-0461




Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Client: Fiskum

Cognizant Scientist: Mﬁwﬂ/f/’/ Date :

e

Concur : |l keing “lo Date :

Procedure: PNL-ALO-476 Sr90
Measured Activities (uCi/g) with 1-c error

ALO D Sr-90
Client D Error +/-
00-0461 2.01E-1
TI-71-AN107 3%
00-0463 6.49E-3
TI-71-CaPS-Filtrate 3%
00-0466 3.51E-3
TI-71-CaPS-NaOH Wash-1 3%
00-0467 2.77E-3
TI-71-CaPS-NaOH Wash-2 3%
00-0469 6.53E-1
TI-71-CaPS-HNO3 Wash-1 3%
00-0470 . 3.18E-1
TI-71-CaPS-HNO3 Wash-2 3%
00-0471 3.36E-2
TI-71-CaPS-H20 Wash-1 3%
00-0473 2.01E-3
TI-71-BaS0O4- Filtrate 3%
00-0476 8.06E-4
TI-71-BaS0O4-NaOH Wash-1 3%
00-0477 4.77E-4
TI-71-BaS04-NaOH Wash-2 3%
00-0479 2.59E-2
TI-71-BaS04-HNO3 Wash-1 3%
00-0479 DUP 2.58E-2
TI-71-BaS04-HNO3 Wash-1 3%
RPD 1%
00-0480 2.64E-2
TI-71-BaS04-HNO3 Wash-2 3%

Page 1
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ALO ID

Client ID

00-0481
Ti-71-BaS04-H20 Wash-1

00-0481DUP
TI-71-BaS04-H20 Wash-1

RPD

Blank Spike*

Matrix Spike*

Blank *

Blank*

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

Sr-80
Error +/-

8.60E-3

3%
9.13E-3
3%
6%
105%
109%

103%
126%

3.34E-5
31%

1.35E4
14%

*Samples were analyzed in two batches.
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Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building

Client: Fiskum
Cognizant Scientist:

Concur:

Procedure: PNL-ALO-420/421

ALO ID
Client 1D

00-0465
T1-71-CaPS ppt prior to Wash

00-0468
T1-71-CaCO3-1

00-0472
TI-71-CaC0O3-2

00-0475 BF+SF
TI-71 BaSO4 prior to wash

00-0478 BF+SF
T1-71-BaS04-1

00-0482 BF+SF
T1-71-BaS04-2

Blank Spike

Blank

W Date :

T \reng - Lo Date :
\J

Measured Activities (uCilpff) with 1-c error

Alpha

Error +/-

5.15E-2
17%

<4E-1

3.50E-1
27%

6.36E-2
16%

1.12E-1
12%

1.17E-2
8%

114%

<2.E-6
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Client : Fiskum

Cognizant Scientist: W%W?/ Date :

e S
Concur : | Jietng~ls. Date :
J

Procedure: PNL-ALO-476 Sr890
Measured Activities (uCi/g) with 1-o error

File: 00-0461.xls

) oo

[

KXO0O

F

ALOID Sr-90
Client 1D Error +/-
00-0461 2.01E-1
TI-71-AN107 3%
00-0463 6.49E-3
Ti-71-CaPS-Filtrate 3%
00-0466 3.51E-3
TI-71-CaPS-NaOH Wash-1 3%
00-0467 2.77E-3
TI-71-CaPS-NaOH Wash-2 3%
00-0469 6.53E-1
TI-71-CaPS-HNO3 Wash-1 3%
00-0470 3.18E-1
TI-71-CaPS-HNO3 Wash-2 3%
00-0471 3.36E-2
TI-71-CaPS-H20 Wash-1 3%
00-0473 * 2.43E-3 Note: * sample reported in uCi/ml.
TI-71-BaS04- Filtrate 3%
00-0476 8.06E4
TI-71-BaS04-NaOH Wash-1 3%
00-0477 4.77E4
T1-71-BaS04-NaOH Wash-2 3%
00-0479 2.59E-2
TI-71-BaSO4-HNO3 Wash-1 3%
00-0479 DUP 2.58E-2
TI-71-BaS04-HNO3 Wash-1 3%
RPD 1%
00-0480 2.64E-2
TI-71-BaS04-HNO3 Wash-2 3%

\pF g < et i oo
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Measured Activities (uCi/g) with 1-c error

ALOID Sr-90
Client ID Error +/-
00-0481 8.60E-3
TI-71-BaS04-H20 Wash-1 3%
00-0481DUP 9.13E-3
TI-71-BaS04-H20 Wash-1 3%
RPD 6%
Blank Spike** 105%
109%
Matrix Spike** 103%
126%
Blank ** 3.34E-5
31%
Blank** 1.35E4
14%

*Samples were analyzed in two batches.
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File: 00-0461.xIs

Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Client : Fiskum
Cognizant Scientist: ;ﬁ W Date : / // 7/0 0
Concur : | TLam -l Date : ‘ll [f” KROOQ
A

Procedure; PNL-ALO-476 Sr-90

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

ALOID Sr-90
Client 1D Error +/-
00-0465 8.93E+0
TI-71-CaPS ppt prior to Wash 3%
00-0468 1.42E+1
T1-71-CaC0O3-1 3%
00-0472 8.94E+0
TI-71-CaC03-2 3%
00-0475 BF+SF 6.69E-1
TI-71 BaS0O4 prior to wash 4%
00-0478 BF+SF 1.03E+0
TI-71-BaS04-1 4%
00-0482 BF+SF <6.E-3
TI-71-BaS04-2
Matrix Spike* 126%
99%
Reagent Spike* 109%
106%
Blank for CaCO3 batch 1.02E-2
14%
Blank for sulfate batch 2.27E-1
3%

*Note: Samples were analyzed in two batches.
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Project Number

S%Battelie

s . Intemal Distributi
Pacific Northwest Laboratories ntemal Distribution

329 File
Date December 22, 1999 Mike Urie

To. Sandra Fiskum

From Tom Farmer

Subject ICPMS Analysis BNFL samples
(ALO# 00-00461 throught 00-00481)

Pursuant to your request, the 24 samples that you submitted for analysis were analyzed
on our radioactively-contained ICPMS for the selected analytes. The concentration
results for the isotopes of interest are displayed on the attached spreadsheset.

Dilutions of Isotope Products standards for *’Np and #°Pu, an Amersham *Tc
standard were used to generate the calibration curves. Independent standards, from

. the same vendors, of each analyte were used as the continuing calibration verification
(CCV) standards. Duplicates and a spiked samples were also analyzed. The 1% high-
purity nitric acid solution used to dilute the standards and samples was used as a
reagent blank.

The %®Tc values reported assume that the Ru present is exclusively fission-product Ru,
and therefore does not have an isotope at m/z 99; i.e., everything observed at m/z 99 is
due to *Tc. From the appearance of the Ru isotopic abundance, this appears to be a
reasonable assumption; the fingerprint exhibited is obviously not natural.

A uranium hydride interference correction was performed for #°Pu.

The results include your dilutions and are reported in ng analyte/ ml (ppb) of original
sample + one standard deviation. Results for samples 00-00465, 00-00468, 00-00472
and 00-00472DUP are reported in ng analyte/g (ppb) of submitted sample + one
standard deviation. -

If you have any questions regarding this analysis, please give me a call at 372-0700 or
James Bramson at 376-0624.
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Daffl:% ;"_‘L_-»,- -
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Lot [

) /, 6/40 Fiskum Analysis
December 22, 1999
Results are reported in ng analyte/ mi of original solution.
Sample Client ICP/MS . 5 27y ;’E 2%py,

D 1D Number ng/ml + 1SD # nglml + 1SD 22 ng/m! + 1SD
L _
1%HNO3 9c20al  0.035+0.005 0.005% <0.03 iy <0.01
1%HNO3 9¢20a10 <0.024 o <0.03 L <0.01
1%HNO3 9c20a45 <0.024 B <0.02 5 <0008
00-461PB Process Blank 9c¢20ai 2.0 + 0.6%  <0.32 Z <0.13
00-465PB Process Blank 9c20ai2 0.30 0.21 3 <0.32 : <0.13
00-461 TI-71-AN107 9c20a14 3450 # 1603 60.1 % 1.8y 24 4
00-462 TI-71-AN107 Dup 9c20a15 3490 = 1107} 58.1 % 2.4?; 24 * 10
00-463 TI-71-CaPs-filtrate 9c20a16 3080 =* 801 81.5 = 0.7} 11z 1.0
00-464 TI-71-CaPs-filtrate Dup 9c20a17 3400 = 220{5 34.1 * 22§ 11 % 2
100-465 T1-71-CaPS-ppt-prior to wash 9¢c20a38 18410 ng/g = 290111233 ng/g * 11;}§‘r137 ng/g % 4
00-466 TI-71-CaPS-NaOH wash-1 9c20a39 850 =* 303 517 + 0.33} 1.8 £+ 0.4
00-467 T1-71-CaPS-NaOH wash-2 9c20a40 184 % 10;‘% <0.42 0.33 + 0.20
100-468 Ti-71-CACO3-1 9c20a21 11720 ng/g =+ 250i$1280 ng/g * 20i:t154 ng/g + 9
00-469 T1-71-CaPS-HNO3 wash-1 9c20a41 49.4 * 3.2it <0.44 <0.18
00-470 TI-71-CaPS-HNO3 wash-2 9c20a42 41.5 + 4.0% 0.62 + 0.21} 0.67 = 0.03
00-471 TI-71-CaPS-H20 wash-1 9c20a36 13.5 = 1.0% <0.33 ‘s 0.32 =+ 0.56
+00-472 TI-71-CaCO3-2 9c20a25 12810 nglg * 9971588 nglg = 2711379 nglg + 11
1+00-472DUP TI-71-CaCO3-2 Dup. 9c20a26 12900 ng/g =+ 30i11657 ng/g +. 30 11334 ng/g + 12
00-473 TI-71-BaSOQ4-filtrate 9c20a27 2860 = sof 17 + 2: 4.4 £ 0.8
00-473REP TI-71-BaSO4-filirate Rep. 9c20a28 2770 = 1403 18 =+ 5 6.6 % 1.0
00-474" TI-71-BaSO4-iltrate Dup. 9c20a29 2950 = 50k 17 = 3.0i: 7.0 1.6
00-476 TI-71-BaS04-NaOH wash-1 9c20a37 769 % 124 3.2 = 0.4} 1.2 * 1.0
00-477 T1-71-BaS04-NaOH wash-2 9c20a44 190 = 20% 0.50 =+ O0.11§; 0.18 + 0.08
00-479 TI-71-BaSO4-HNO3 wash-1 9c20a32 141 = 74 99.7 + 5.7% 27.7 = 1.2
00-480 TI-71-BaS0O4-HNO3 wash-2 9c20a33 105 + 0.2 38 = 4% 21 4
00-481 TI-71-BaS04-H20 wash-1 9c20a34 35.6 # 2,75 13.4 = 0.4 6.4 % 1.1
00-481 + spike  TI-71-BaS04-H20 wash-1 9c20a35 162 =+ 0.61; 62.9 £ 2.04 63.3 + 3
Spike Recovery 101% i 99% i 114%
Sppb Tc-99 9c17a4 4.72 + 0.15: ifj
5ppb Tc-99 9c17a19 5.18 + 0.03% ¥
5ppb Tc-99 9c17a52 4.79 £ 0.39%] ¥
100ppb Co 9c17a53 <0.024 ; E
1ppb Np CCV 9c20a6 ?g 0.996 = 0.049?;
1ppb Np CCV 9c20a47 ¥ 0.968 * 0.080;;

i i
ippb Pu CCV 9c20a7 i 1.02 + 0.09
1ppb Pu CCV 9c20a48 i “ 0.979 + 0.013
*Results are from procedure 9c17a.
tResults are reported in ng analyte/g sample.
DATA REVIEW
. e
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File: 00-0461.xls

Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Client : Fiskum
Cognizant Scientist:

Concur:

ALO ID
Client ID

00-0461
TI-71-AN107

00-0472
TI-71-CaCO3-2

00-0482 BF+SF
TI-71-BaS04-2
Matrix Spike

Reagent Spike

Blank

B e T A e

S/M/W{/-ﬂ/ Date : ?/Z)"/fﬁ
—T—/(—,;_a y\& e Date : 22_[2_3LQ_Q

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

Pu-239 + Cm-243+
Pu-240 Pu-238 Pu-236 Am-241 Cm-244 Cm-242
Error +/- Error+/- Error+/-  Error +/- Error +/-  Error +/-

1.19E-3 3.21E4 <3.E-6 9.91E-3 4.06E4  4.26E-5

5% 8% 5% 8% 20%
2.32E-2 7.21E-3 <2.E4 2.71EA1 1.05E-2 1.17E-3
5% 8% 5% 7% 17%
5.29E-3  1.35E-3 <3.E-6 4.38E-3 1.71E4  1.66E-5
4% 5% 5% 11% 17%
104% 90%
107% 97%

<6.E-6 <2.E-5 <2.E-5 <8.E-6 <4 E-6 <4 E-6
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Battelle Pacific Northwest Laboratory

File: 00-0461.xls

Radiochemical Processing Group-325 Building

Client : Fiskum

Cognizant Scientist:

Concur:

Procedure: PNL-ALO-440

ALOID
Client 1D

00-0461PB
Process Blank

00-0461*
TI-71-AN107

00-0462*
T1-71-AN107 Dup

00-0463
TI-71-CaPS-Filtrate

00-0464
Ti-71-CaPS-Filtrate Dup

00-0468
Ti-71-CaCO3-1

00-0472
T1-71-CaC0O3-2

00-0473
TI-71-BaSO4- Filtrate

00-0474
TI-71-BaS0O4 Filtrate Dup

1/13/2000

(\}@ ctpete—"_ Date: L/’_&_@o

-/ﬁ/ Date : /730

Measured Concentration (uCifg) with 1-c error

Se-79

Error %

<2.E-6

1.23E-5
24%

1.36E-5
30%

1.51E-5
3%

1.18E-5

5%

<9.E-5

<1.E4

<1.E-6

<2.E-6

of Se-79.

*Note: The beta energy spectra for samples 00-0461 and 00-0462 do not show a peak for Se-79.
Hence, although counts were observed above background, Se-79 is most likely not present in these
samples. Samples 00-0463 and 00-0464 clearly show peaks in the beta energy spectra indicative

Page 1




Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Client : Fiskum
Cognizant Scientist: : C— S OM WO Date :

, r
Concur : W Date :

Measured Concentrations {ug/g) with 1-c error

ALO ID Ammonia
Client ID Error +/-
00-0465 3.75
TI-71-CaPS ppt prior to Wash 11%
00-0468 < 5.0
TI-71-CaC03-1

00-0472 < 4,
TI-71-CaC03-2

00-0472 Dup < 4,
TI-71-CaC03-2

00-0475 BF + SF < 6.
Ti-71 BaS04 prior to wash

00-0478 BF + SF < 18.
TI-71-BaS04-1

00-0480 0.24
TI-71-BaS04-HNO3 Wash-2 18%
00-0482 BF +SF < 4,
TI-71-BaS04-2

Page 1
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