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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, 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 BaCO; at ambient temperature was
also evaluated using batch contacts at various BaCO;:SO, 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
TRU
VSL
XRD

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



°C
cm

ug
nCi

um

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



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 St/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,O (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(NO;),, 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-um 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-um 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-um) were used to process small-volume samples.
Vacuum was supplied by the laboratory vacuum system at 19.8-mm Hg pressure.
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Table 2.1. Composition of AN-107 Feed Materials

Archive 1 AN-107 Archive 2 AN-107 Actual AN-107
lAnalyte Units Phase 1 Phase 2 Phase 3
density g/mL 1.20 1.259 1.231
SO, M 0.041 0.053 0.042
COas/titration M 0.7 0.81
CO,/TIC M 0.70 0.66
INO; M 2.2 1.7
NO, M 0.73 0.62
OH M 0.87
HEDTA M 0.0039
EDTA M 0.01
INa M 44 4.8
Ca M 0.0041 0.0043
Al ng/mL 127 2340
Ba ng/mL <0.4 <04
Cr ng/mL 35 43
Sr ng/mL 120 130
Cs-137 wCi/mL 2.02E-2 8.22E-2
Eu-154 wCi/mL 2.66E-2 3.26E-2
IAm-241 wCi/mL 9.73E-3 1.19E-2
Co-60 wCi/mL 6.44E-2 4.92E-2
Sr-90 wCi/mL 1.07E+0 2.46E-1
INote: 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 including precipitation with direct Ba*" addition; a Ca®" addition
(pre-strike) followed by Ba®" addition; and metathesis of added BaCO; 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-strike 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:CO; and Ba:SO4
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(NO;),
solution were added to four samples in mole ratios of Ca:CO;o0f 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:SO, (1:1, 1.4:1, 3:1, and 5:1). However, in the case of the 2:1 Ca:CO;
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(NOs), 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(NOs),; 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 BaSOj, 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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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:COs prestrike and 1.3:1 Ba:SO4 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:COj; 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; precipitate was subjected to a series of washes; each wash was collected in a separate,
clean, tarred, filtration receiver. Both CaCO; 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 CaCOs; precipitate was then washed with
a 2:1 volume ratio of 1M HNOs:precipitate volume. A 200-mL volume of 1M HNO; was added
slowly to each sample of CaCO; 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
HNOs:precipitate volume with 100-mL 1M HNO; added to each reservoir of CaCO;. The CaCOs
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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Actual AN-107, 756.6 mL | ..
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Figure 2.3. Experimental Outline 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:s, 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:s, 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-mL 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.

244 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:SOy, respectively. The
materials were mixed in a shaker for nominally 21 hours, and then allowed to settle. The
supernatants were filtered through 0.45-um syringe filters and analyzed by IC.

Twelve-gram aliquots of the calcium-treated Archive 2 AN-107 were contacted with solid BaCOs
in 1:1 and 3:1 Ba:SOyratios 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 CaCOs; precipitate samples were leached with water that in turn was analyzed by ion
chromatography; BaSQO, 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. lon 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,S0, 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
BaSO, 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 *' Am. Filtrate and CaCOj; 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, **'Np, and
*Pu 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 Procedure

IAnions PNL-ALO-212, Rev. 1

'Water leach PNL-ALO-103, Rev. 1

TIC PNL-ALO-381, Rev. 1

TOC PNL-ALO-381, Rev. 1

INH; PNL-ALO-226

|Acid digestion, solutions PNL-ALO-128

)Acid digestion, CaCOs PNL-ALO-128

Metathesis, BaSO4 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:CO; 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:COs; pre-strike supernatant
resulted in nearly 68% carbonate removal from solution.

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

Ca:COs % centrifuged % SO, % CO;
mole ratio solids removed removed
0.5:1 30 0 NA
1:1 55 6 68
2:1 70 12 NA

NA: not analyzed

The addition of 0.33 M Ba®" resulted in a well-defined, heavy, precipitate that compacted more
efficiently than CaCO;. 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]¢[SO4], ) where [SOs]r is the final measured sulfate concentration and the
[SO,4], 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:COs3, 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 CO5> removal. Dissolved Ba®" remained in solution ranging from 51 to 164 pg/mL.
The chromium concentration also dropped with Ba®* addition, probably co-precipitating as
BaCrO,. Fora 1:1 Ba:SOy contact, 81% of the chromium was removed. The *Sr and '**Eu
concentrations also dropped with increasing BaSO, 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

Ca:CO; Targeted Ba:SO,  Actual Ba:SO, % SOy, % CO;3
Mole Ratio Mole Ratio Mole Ratio Removed Removed
0:1 1:1 0.92:1 6 NA

1.4:1 1.3:1 3 NA

3:1 2.8:1 9 NA

3:1 2.8:1 1 NA

5:1 4.6:1 5 NA

0.5:1 1:1 0.99:1 0 NA
1.4:1 1.3:1 -3 NA

3:1 3.0:1 -9 NA

5:1 5.0:1 -1 NA

1:1 1:1 1.0:1 54 12
1.4:1 1.4:1 69 16

3:1 3.2:1 69 56

5:1 5.3:1 >70 86

2:1 1.4:1 1.5:1 >76 NA

NA: not analyzed

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
CO;3, 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 CaCOj; 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 CaCOs;. Europium and americium
also were nominally 60% co-precipitated. Analytical details are provided in Appendix B.
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Table 3.3. Sulfate and Carbonate Removal of Targeted Calcium Pre-strike, Phase 2 Testing

Volume SO, CO;
Ca Pre-Strike, 0.93:1 Ca:CO;
|Archive 2 AN-107 200 mL 0.053 M 0.755M
IAdded 5 M Ca(NOs),-4H,0 27.9 mL
Dilution factor 1.14
Filtrate 169 mL 0.048 M 0.204 M
% removed (dilution corrected) -3 69
2 M Ba(NO,),-H,O contact, 1.1:1 Ba:SO,
|Archive 2 AN-107 prestrike 100 mL 0.048 M 0.204 M
IAdded 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
IAdded 2 M Ba™* 0.18 mL
Dilution factor 1.02
Filtrate not measured <0.02 M 0.222 M
% removed (dilution corrected) >57 -11

The two ratios of Ba:SOy tested, 0.77:1 Ba:SO4 and 1.1:1 Ba:SO4, 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-cn’,
0.45-pum filter was obtained for the Archive 2 AN-107/BaSOy 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:SO4 contacts) were less than the instrument detection limit of 0.02M
sulfate. Carbonate measured in the Ba®* contacted solutions measured higher than the CO5>
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 BaSOy, 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 CaCOj settling rate as a function of time.
After the 120-minute settling test, nearly 97% of the sample volume still contained slurried solids.
The sub-samples of the CaCOj; 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 CaCOs slurry. After the 2-hr settling test, the CaCOj; 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 CaCOj; 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 CaCO; 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 Ca;(POy),], and Sr. Europium, Am, Pu, and Np also
followed the CaCOs. After the 1M HNO; washes, the Al, P, Eu, and Am remained
disproportionately with the CaCOs precipitate, i.e., partial dissolution of the CaCO; 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
BaSOy slurry required 82 minutes with 94% of the BaSOy, 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 HNOs
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

Recovered
Solution SO, COs Filtrate
Volume Removed Removed Volume
|CaCOj; Precipitation
[Actual AN-107 735 mL
SM Ca™* 107 mL
Dilution factor 1.15
Filtrate 561 mL 5.6% 67.7% 66.7%
BaSO, Precipitation
[Actual AN-107 filtrate from Ca prestrike 531 mL
1.82M Ba** 13.7 mL
Dilution factor 1.03
Filtrate 513.mL 69.7% 6.8% 94.2%
"Grand Total
[Actual AN-107 735 mL
SM Ca™ +1.82M Ba™* 121 mL
Dilution factor 1.16
Final 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

Filtrate after CaCO; Filtrate after BaSO, BNFL-directed
Actual AN-107 Feed precipitation precipitation MRQ
Analyte/Units uCi/mL uCi/mL uCi/mL uCi/mL
B7cs 8.22E-2 7.36E-2 7.33E-2 9.0E+0
N 3.26E-2 6.01E-3 3.10E-3 2.0E-3
5Ey 2.31E-2 4.41E-3 2.17E-3 9.0E-2
2Am 1.19E-2 2.08E-3 1.35E-3 7.75E-4
239py 1.49E-3 6.82E-4 3.88E-4 7.75E-4
PTe 5.90E-2 5.51E-2 4.90E-2 1.50E-3
“"Np 4.17E-5 2.31E-5 1.22E-5 7.75E-4
Total Alpha <3E-2 <2E-3 <2E-3 7.75E-4
Se <1.6E-5 1.35E-5 <2E-6 1.E-04
0gr 2.46E-01 7.85E-03 2.43E-03 3.0E-1
Analyte/Units uCi/mL uCi/mL uCi/mL uCi/mL
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 6.3 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 2.9 600
Zn 7.6 [4.7] 4.4 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-G.
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Table 3.6. Actual AN-107 Feed and Filtrate Compositions, Opportunistic Analytes

Filtrate after Filtrate after
Actual AN- CaCO; BaSO,
107 Feed precipitation  precipitation
Analyte/Units uCi/mL uCi/mL uCi/mL
OCo 4.95E-2 4.12E-2 3.96E-2
'2°Sh 6.00E-4 <3.6E-4 <8.4E-5
1268n/'20Sh 3.80E-4 <2.4E-4 <3.6E-5
Analyte/Units ug/mL ug/mL ug/mL
B 19 [1.8] [1.2]
Nd <3 <2 <2
P 302 48 43
Sb <13 <9 <9
Sn <38 <25 <25
Sr 130 [0.8] 7.0
\% [76] [65] [60]
Y <2 <0.8 <0.8
Zr [2.9] <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-G.
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Table 3.7. Composition of CaCOj; Precipitate Wash Filtrates and CaCO; Precipitate

CaCO; precipitate wash filtrates CaCO; precipitate
0.01M NaOH 1M HNO; DI H,O BNFL before after NaOH after DI BNFL
Analyte Wash 1 Wash 2 Wash 1 Wash 2 Wash 1 MRQ wash wash H,Owash  MRQ
Units:.] uCi/mL  pCi/mL puCi/mL  pCi/mL puCimL  uCi/mL nCi/g nCi/g uCi/g uCi/g
Y¢s 2.26E-2 5.48E-3 2.63E-3 8.16E-4 2.21E-4 9.0E+0 1.96E-1 2.60E-2 9.77E-4 6.0E-2
“Co 1.20E-2  2.58E-3 6.32E-4 8.41E-4 2.80E-4 1.39E-1 6.63E-2 1.31E-1 1.20E-2
Sy 6.92E-4 <3E-5 1.26E-4 1.84E-3 4.53E-4 2.0E-3 2.32E-1 3.42E-1 7.81E-1 6.0E-2
By 4.79E-4  3.94E-5 <7E-5 1.34E-3 3.11E4 9.0E-2 1.70E-1 2.51E-1 5.54E-1 6.0E-2
* Am 2.57E-4  3.09E-5 6.37E-5 5.93E4 1.38E-4 7.75E-4 8.85E-2 1.28E-1 2.90E-1 1.20E-3
39py 1.12E-4  2.05E-5 <1E-5 4.16E-5 1.99E-5 7.75E-4 8.50E-3 9.55E-3 2.21E-2 6 ug/g
PTe 1.45E-2  3.13E-3 8.40E-4 7.06E-4 2.30E-4 1.5E-3 1.43E-1 2.92E-2 4.85E-2 6 ug/g
Z"Np 3.64E-6  <3E-7 <3E-7  437B-7  <2E-7  7.75E4 1.64E-4 1.97E-4 439E-4  1.8ug/g
Total Alpha| <7E-4 <3E4 <2E-2 <2E-2 <4E-3 7.75E-4 5.15E-2 <4E-1 3.50E-1 1.0E-3
%Sy 3.75E-3 2.81E-3 6.78E-1 3.34E-1 3.39E-2 3.0E-1 8.93E+0 1.42E+1 8.94E+0 7.0E+1
Units:| pg/mL  pg/mL pgmL  pg/ml  pg/ml  pg/mb ug/s ug/s ug/s ug/s
Ag <0.4 <0.1 <0.3 <0.3 <0.3 1 <13 <7 <9 900
Al [9.5] 3.14 19.8 9.7 [2.1] 75 12,100 21,700 53,100 330
As <4 <1 <3 <3 <3 1 <130 <74 <100 3
B [5.] 4.1 [1.9] 20.2 8.64 392 275 [140]
Ba <2 <0.06 [0.74] [0.45] [0.14] 10 [17] [25] [38] 600
Ca 331 132 10,900 17,100 5,330 150 236,000 360,000 311,500 180
cd 6.6 1.07 [0.36] [0.95] [0.34] 0.1 [75] [24] [30] 11
Co <0.8 <0.1 <1 <1 <1 30 <26 <15 <20 3
Cr 10.2 2.7 [0.82] [0.36] [0.42] 1 110 [32] 100 120
Cu 3 0.67 <0.3 [0.4] <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 <2 <0.3 [11] 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] 2.6 <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 [37] 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
u® 0.87 0.16 0.07 0.67 0.17 600 31.6 38.5 600
w <33 <5 <25 <20 <20 <1060 <590 <800
Zn [1.0] [0.34] <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.
2)  Reported as micrograms C per mL or per g.
3)  F results are suspect due to peak distortion and retention time shift.

Bracketed results represent values with errors exceeding 15%, 2-G.
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Table 3.8. Composition of BaSO, Precipitate Wash Filtrates and BaSO, Precipitate

BaSO, precipitate wash filtrates BaSO, precipitate
0.01M NaOH 1M HNO; DI H,O BNFL before after NaOH after DI BNFL
Analyte Wash 1 Wash 2 Wash 1 Wash 2 Wash 1 MRQ wash wash H,Owash  MRQ
Units:| uCi/mL pCi/mL pCi/mL pCi/mL pCi/mL pCi/mL uCi/g uCi/g uCi/g uCi/g
YCs 2.09E-2 5.24E-3 1.38E-3 3.58E-4 1.91E4 9.0E+0 1.03E-1 1.06E-2 1.64E-3 6.0E-2
“Co 9.89E-3 2.41E-3 4.87E-3 5.05E-3 1.92E-3 1.03E-1 1.02E-1 5.24E-2 1.20E-2
Sy 4.45E-4 6.04E-5 1.82E-2 1.15E-2 2.85E-3 2.0E-3 1.42E-1 2.45E-1 1.93E-2 6.0E-2
By 2.97E-4 3.65E-5 1.25E-2 7.86E-3 2.72E-3 9.0E-2 9.80E-2 1.63E-1 1.09E-2 6.0E-2
* Am 2.02E-4 4.02E-5 4.19E-3 3.40E-3 1.30E-3 7.75E-4 | 3.94E-2 5.37E-2 4.38E-3 1.20E-3
39py 7.44E-5 1.12E-5 1.72E-3 1.30E-3 3.97E-4 7.75E-4 NA NA NA 6ug/g
PTe 1.31E-2 3.23E-3 2.40E-3 1.79E-3 6.05E-4 1.5E-3 NA NA NA 6ug/g
237Np 2.26E-6 3.53E-7 7.03E-5 2.68E-5 9.45E-6 7.75E-4 NA NA NA 1.8ug/g
Total Alpha NA NA NA NA NA 7.75E-4 NA NA NA 1.0E-3
%Sy 8.56E-4 4.84E-4 2.72E-2 2.75E-2 8.96E-3 3.0E-1 NA NA NA 7.0E+1
Units;| pg/mL pg/mL pg/mL pg/mL ug/mL pg/mL ug/s ng/s ng/s ug/s
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 1.4 3.7 [1.4] [0.49] 0.1 55 22 <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] <1.3 <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 <14,800 <14,800 1,500
La <0.5 <0.1 [2.2] <2.5 <0.6 35 <53 <190 <190 60
Mg <1 <0.2 <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 <1 <0.2 [2.4] <5 <1 <210 <740 <740 77
Ni 47 12 9.9 [4.8 [2.1] 30 331 50 12 160
p 11 2.7 [9.3] [6.1 136 119 107
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
u® 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 kinetic 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-G.
NA: not analyzed
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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:CO; 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 BaCO; 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 CaCO; in the Actual AN-107 matrix is
extremely slow. Upon standing for approximately 2 days, the slurry virtually solidifies.
However, while still fluid, the CaCO; 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(NO;),. There is no indication
that the source of soluble Ba>" impacts the precipitation behavior.

The BaSO4/BaCO; precipitate has relatively favorable processing characteristics. The precipitate
volume is much smaller and less flocculent than the CaCOs, 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 BaCO; to BaSQO4 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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Figure C.1. CaCOj Slurry Settling Test at T=2 Hours



Figure C.2. BaSO, Slurry Settling Test at T=2 Hours
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TI-061 Rev. 0
10/13/99

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(N03)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 CAS5. Record the net weight of
AN107 Archive in each vial. : .
Sample ID Tare mass # (4 ) | Gross mass () |Netmass (4) Tare o/ ShT 4
CAl 298714 " 6045694 Jo. 4214 30.0245
CA2 29. 423 ¢ 59 982" 30, 38,26 29 59%8¢
CA3 9. 7408 G0.3/0] Jo. 41 3Y 2. 3967
CA4 29. 3801 £0.35 /8 7T °M|  30.4093 29.943¢
CAS 249, 933 40.4763 J0.33¢5 0.0 88"
Peline 7D 360-C¢ -G /-0 33 Pe0-0¢ -0/~ 02( Feo-Ce-. I
K No Shr ber
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A 25-mL 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(NO3)2-4H20 solution by dissolving 118 g Ca(NO3)2-4H20 into 54

/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.

el

Mass of Ca
Final mass

lavk Faere
03)2-4H20 _ //5. CZD? Aldrih 4657.@4&
“mL dilution .2,/5.3739

Calculated density

i-¥5

¢ 2. ;Sg,

/.5 31 aL"/mL

5.25

e nk faco = 153123

4. To CAl add 0.875-mL LMM Ca solution, also add 2.62-mL DI water (8.75
millimoles Ca providing a 0.5:1 Ca:CO3 ratio)

3.50

3.50

7= 20°C

5. To CA2 add 1-75-mL LD{)M Ca solution and 175 mL DI water (17.5 millimoles Ca
providing a 1:1 Ca:CO3 ratio)

0 5
6. To CA3 add 3?6’-1111_ 10:6M Ca solution, no DI water (35 millimoles Ca providing a
2:1 Ca:CO3 ratio)

.0
7. To CA4 add }{5’ mL DI water

3.5

a5

8. To CAS add 1. 75~mL I-G*OT\/I Ca solution and 175 mL DI water (17.5 millimoles Ca

5 S /: . ﬁ7 providing a 1:1 Ca:CO3 ratio)

e fioke? Sample ID | Vial + Mass after adding | Mass Ca Mass after Mass DI

1o - sample mass | Ca solution ( "J) solution added’4)| adding DI water | water added (4)
CAl £0. 4509 ¢3.0939 2.6430 ¢8.3919 4| 5.2480
CA2 56,9812 £5,305Y 83242 (8. 8156 3.5/02
CA3 ¢C.3i0( 1. 0020 0. £925 7l 0025 - 0,000/
CA4 ¢0.3519 - bo.25 18 - 0.0090) b F 3057 Z.0139
CAS ¢C. 4763 65.27%¢ 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 (0.45um filter) and filter into a clean vial (35-mL)

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

tor 4.5 mlanottad  (oxapt (A43).
CAl —4mL to CAl-b,4-mL to CAl-c,%-mL to CAl-d, %mL to §A1-dd,4-mL to CAl-e
CA2 -4mL to CA2-b,4-mL to CA2-c, 4-mL to CA2-d, 4-mL to C -dd, 4mL to CA2-e
CA3 4mL to CA3 b%o—&ﬁﬁ&m—%—d 4-mINo CA2-4d 4-mi-te-CA3~c
CA4 —4mL to CA4-b,4-mL to CA4-c, &=mL to CA4-d, 4-mL to CA2-dd,4-mL to CA4-e
CAS5 will be used with BaCO3 and IX experiments in sections II and III.

4.5
A 4’ mL aliquot of the diluted AN107 Archive sample (25mL to ;&SﬁL from Ca
prestrike) 1s 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. fladk vare G2.2223 9
Mass of BaNO3 & F/03 4
Final mass 100-mL dilution _/¢ 8, 5507 ¢+ vel fleck) Net maso: /0G. 3/ "j
Calculated density /. OC.3/ 2 [l

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)

0.58%5 c.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).

Sample ID | Vial Tare | Vial + added | 4-mL AN107 Archive | Vial + 0.33M Ba

# SRt 2704 )| sample mass | prestrike mass ( ) |sample+Ba |massadded
CAl-b (0./f60 | /5.50494 a| 5.3244 /3.9620 4 | 0.453¢ 4
CA2-b (0.0955 |15, 4020 Y| 5. 30¢5 /5.85749 ~ | 0. 4¢s4
CA3-b 10. /403 | /4, 92¢eo 4.785% /5.4793 0.553%
CA4-b /0. /4 12 5.4319 5. 2903 /5.8933 £. 4559
CAl-c (0343 /5,64 97 5.3199 l6.2920 | 0.¢243
CA2-c (0.1701 /5 S024 5.3323 [6./225 | 0.¢R0/
CA3-c [C.246L
CAd-c 10. 2258 |15, 512) 5. 58¢ 3 /G./33] 0.¢21/0
CAld (02115 |15 5474 5.3359 Lo G362 /. 3888
CA2-d 0.1562 |15 4863 5, B 2¢; /6.86 4] 1. 3838
CA3d
CA4-d [0.2855 |/5. 58.9¢ 8. 2971 /¢.90 ! /- 3848

Baltnee TP Beb-06 01-633 30-C6-0/-0
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CAl-dd
CA2-dd
CA3-dd Lb¥ 4 0[15fa9
CA4-dd £0. /919 | 15,4809 | +o—FPeet 5.2870 | /¢. 860¢ /. 3757
CAl-e 10.3%:1 1 /5.4£99Y 5,3233 /8. 0929 D2.3030
CA2-e 10.936F | 15.00%5 5. 3288 /7892 2.2 855
CA3-¢e
CA4-e 0. /903 |/5 4715 5280 S /1 Z. F 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.

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

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

20.

Z1.

for possible future testing.

I1.

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

BAI: 0.039¢ 1:1 Ba:SO4

BA2: 0.197g 5:1 Ba:SO4

BA3: 0.395¢g 10:1 Ba:SO4

BA4: 0.986¢g 25:1 Ba:SO4

BAS: 0.0355g 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
BAS5 and BAG (this correlates to about 0.18 mmoles sulfate).

Sample Vialtare | BaCO3 mass | Net BaCO3 | BaCO3 + AN107 Net AN107

D (4) | +vial masg9)| mass (4) | Archive + vial mass | Archive mass

BAI /6. 832¢ | 1¢.90285 | 0397

BA2 (6. 918F | iz 1151 (. 19¢2 23 /398 é.92 47

BA3 (41386 | 17.5302 | g, 39/¢ |#3.59589 &, 0187
Zolbwe (p 320- 0c-Ci- ¢ 38
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BA4 [6.88934) ) Z 08¢ o | £.9963 4 | 23-85)F 4 S.9% /] 9
Lt / 7 | BaCO3+ AN107Ca | Net AN107 Arc.
prestrike +vial Prestrike mass
BAS /Z. 2888 | (7. 3264 00378
BA6 /¢ F950 | /6. 9593 c. /543

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 0.05¢g 0.5:1

X2 0.1g 1:1

X3 0.5g 5.1

X4 1.0g 10:1

IXs 0.05g 0.5:1 after Ca prestrike 1:1 ratio of Ca:CO3

IX6 0.09¢g 1:1 after Ca prestrike 1:1 ratio of Ca:CO3

Sample Vial tare Tare + IX | Net IX mass | Tare + IX mass + Net AN107

ID mass mass AN107 Archive Archive mass

1X1 [6.995¢ |/9.05/6 | €.C5¢0 F3-0F¢ ( £.0295

1X2 [e.9¢28 |/17.0209 0. 1677 223.088Y £. 0179
17.0532 |IX3 ditfpe pson (12.5740 | € .99 30 23,5845 ¢.0.363

1X4 /¢ . 9835 /86619 | 1.0/39

{X| Ba€O3+ AN107 Ca | Net AN107 Arc.
JH o) 7erestr1'ke +vial Prestrike mass
IX5 16.9072 /6-943/ 6.€ 559
IX6 (F. 0599 |/17.148¢ | 0.0935

2. Add 5-mL AN107 Archive waste to the first 4 vials. Add 5-mL of CAS (AN107
Archive Ca prestike) to IX5 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.
v
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

S}IQ_LD( Q‘I’Krw_ 72 A Mfm B IO/I"{/‘?GI
otk - l‘.t(jf;,m_ Jo/IS/C{Ct.

{er bote e U a0y Confacts.
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Project: 29953 :
Client: D. Blanchard E r

JUP

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

1995 3
Client ID: “CAZ2-a” thr “CA2-e”
aRgh Tl NI
ASR Number: 5552 4 AT B
T 6l
Total Samples: 5
é(jbpd\f1-4rbﬂbj

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

A -0
Analyst: D.R. Sanders LU S

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

/ ) /2 -28 -77
g/ z % Reviezid by
N 10T /-4-80

Concur

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

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 pg/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_SSTMCY except as follows. Tin and thorium were low, up to
18% in QC_MCYVB 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):
Verification of the high-end calibration concentration for all analytes is

within tolerance of + 5% accuracy.

Process Blank:

(Aqueous samples) All analytes are within tolerance limit of < EQL or < 5% of sample
concentration 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 (LCS):
(Aqueous samples) No LCS was prepared for PNL-ALO-128 acid digested samples.

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

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

ICPAES Data Report S
Comments:
D) "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% 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).
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.
S
12/28/99
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report Page‘t of 2

Multiplier= 94 435 [a2e | 16.9 168
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 |ICA2-b CA2-c
Det. Limit Run Date= 121799 121/99 121/99 12199 121/9%
{ug/mL) (Analyte) ug/mL ug/mL ug/mL ug/mL ug/mL
0.025 Ag - - - - -
0.060 Al - 474 47.6 45.2 44.3
0.250 As - - - - -
0.050 B - [5.3] {5.6] 12.6 12.2
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 11.4 10.8 10.4
0.050 Dy - - - - -
0.100 Eu b = - - ==
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] [386] 31.4 30.0
0.100 Pb - [24] [24] 20.7 20.1
0.750 Pd - - - - -
0.300 Rh - - - - -
1.100 Ru - - = - -
0.500 Sb - - - - -
0.250 Se - = = - =
0.500 Si w - - [42] [44]
1.500 Sn - - - - -
0.015 Sr - [0.68] [0.67] [1.7] [0.95]
1.500 Te s - - - -
1.000 Th - - = - -
0.025 Ti - - - - -
0.500 Tl - - = - -
2.000 U - - - - -
0.050 Vv - - - - -
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 [] 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

6576
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report FRgR2nt2

Multiplier= 17.4 171
ALO#= 00-169 @2 00-172 @2
Client ID= |CA2-d CA2-e -

Det. Limit Run Date= 121/99 121/99

(ug/mL) (Analyte) ug/mL __ug/mL
0.025 Ag - - -
0.080 Al 40.6 35.4 -
0.250 As - - =3
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 - - e
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] e
0.750 Pd - s =
0.300 Rh - - -
1.100 Ru - - -
0.500 Sb - - =i
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 v - - -
2.000 W [35) - =
0.050 Y - - =
0.050 Zn [3.6) [6.3] =
0.050 Zr - - e

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

WO/Project: W53400 / 29953
Client: D. Blanchard

_ 29753
ACL Numbers: 00-00156 through 00-00180 m/ >0
ASR Number 5552 +95.%.5.2

—

)
P v rl 7
" i " . gé%Wj ]4,1"53 ’:’N - i
Procedure: PNL-ALO-212, "Determination of Inorganic Anions by Ion Chrdmatography
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 &~ AL L7

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 typically = 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 | of 3



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

F(1) | Cl | NO, | Br |NO,(@2)] PO, | SO, | C,0O,
Lab ID Sample ID ug/ml |ug/ml| ug/ml | ug/ml | ug/ml | ug/ml | ug/ml | ug/ml
00-0156 CAl 2,900 760 21,700 | < 2501 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 CA5 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
00-0169 Dup CA2-D Dup 2,200 600 16,700 | < 250 | 108,000 | < 500 | < 500 | 600
RPD| © 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 CA1l-E 2,000 530 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 X1 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%.
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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.
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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: MI 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 Methof" ey LAT5 3
M&TE:  Carbon System (WA92040); Balance (360-06-01-023) R E ﬁﬂ HB Terh 21>

ann R st
Final Results: i TH+-¢ 1
5o .
Sample | TIC TICRPD | Sample TIC Aensernny U3
Lab Number |Sample ID Vol (ml) | ugC/ml (%) Wt(g) | ugClg | jartet
00-0157 CA2-a 0.10 2000 0.1190 1680 Ara —07
[00-0157 Dup  |CA2-a Dup 0.30 1860 7 0.3532 1580 PODY St
{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
100-0169 Dup  [CA2-d Dup 0.40 680 5 0.4542 600
[00-0172 CA2-¢ 0.40 180 0.4508 160
100-0172 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.
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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:

e 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: ZZ/{ L 2 ZZ; 3fl-)2 4T

Review/Approval by: WRQ@ Date __ /4/f ’77_

Archive Information:

Files: ASR 5552 Blanchard.doc ASR 5552 5568 5582 .xls i
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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 co
T o Date : B!IB\OQ

Concur : 1 \eaung -
()

Procedure: PNL-ALO-450

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

ALOID Co-60 Cs-137 Eu-154 Eu-155 Am-241
Client ID Error % Error % Error% Error% Ermor%
00-0157 3.39E-2 1.78E-2 1.29E-3 8.06E4 4.11E-4
CA2-A 2% 2% 7% 12% 34%
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Client : Fiskum

Cognizant Scientist:

Concur:

iW

!

Procedure: PNL-ALO-476

ALO ID
- Client ID

00-0157 PB
CA2-A

00-0157
CA2-A

00-0157 DUP
CA2-A

RPD

00-0162
CA2B

00-0166
CA2-C

00-0169
CA2-D

00-0172
CA2-E
Blank Spike

Matrix Spike

Blank

Sr-90
Error +/-

<5.E-5

4.16E-3
3%

4.48E-3
3%

7%

3.40E-3
3%

1.51E-3
4%

2.53E4
14%

3.55E4
10%
104%

104%

<5.E-5

\E.CLV\Q'LL
\J

CA1-a

3/23/00

Date : _5'_/_2%&_ o

Date : 2/3]00

Measured Activities (uCi/g) with 1-sigma error
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Appendix B: Test Instruction BNFL-TI-29953-064 and
Supporting Analytical Data

B.1






PNNL Test Instruction Document No.: BNFL-TI-29953-64
Rev. No.: 0

Title: Sulfate Removal Studies from AN107 Aréhived 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 ; __RPL 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, the dificati t anticipated tQ.1 afety. d tati
Tequitements of A modiicanon see SEMS aihe Bares fiimpact safels Bk documentation

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 d Jaoza{{qu 4&3\ T et /(?/97' /%

Sandra K. Fiskum

Technical Reviewer J 9 M 10[27 J 71
Dean E. Kurath

R N

RENMDr
z‘iE‘uuRD

COPY




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(N0O2)2-H20O] : [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. 1870 4.
Flask + AN107 Archive mass X5,7759 ¢
Net AN107 Archive mass p /2 588979
Temperature at ¥ C
Calculated solution density of AN107 Archive
/. 258589 g/mL

1.2 Calculate the mass of AN107 required to obtain a 200-mL volume.

200mLx /2589  o/mL= _I5/ 778 g AN107 Archive

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

containing a stir bar. 282 Sk r6/25/%4
Bottle tare mass A 1653 g
AN107 Archive + bottle mass 292, 35/ 7 g
AN107 Archive mass I95) 235 g /99.56 L.

(A 200-mL sample of AN107 Archive is expected to contain 140 millimoles CO3.)
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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 + 5M Ca mass I35, OpT0

o
o

Net 5SM Ca mass 42, 4133
Density of 5M Ca solution 1.531 g/mL N
Calculated volume of 5M Ca added L7 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-pum nylon filter. Have on reserve a second upper reservoir, labeled and
weighed.

Lower reservoir mass S0, 840 g Aefirve /O’ZJt'f-. 30,553
Upper reservoir mass 239, /402 g
Reserve upperreservoir 39, , 594 g

1.7 Obtain a vacuum gauge meter to measure the house vacuum line and a stopwatch. Measure
the house vacuum. /9.8 mm 1‘?

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.

szmp? re 35 ale

Time for 90% volume passage _J m ., o3 Sec. seconds or minutes .

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

2&;2.-{'1.}'5— 5
Gross filtrate mass  //4 9500 g 2. 3590 &
Net filtrate mass & 4. 1 g ‘5/,?: /0 37F
Calculated mass filtered per second: o, /98 glsec = /7. F ;/ﬁ"—‘fl

“leedsd gy

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 t%g} nominally 171 mL filtrate will be

obtained.) (Mm- }A/fw_/c;.z.ﬁjc A28 - LS
Gross filtrate mass 0757, 9525 g )
Net filtrate mass 209,178 g @t 1 .23 7?/ml c/F .05 ﬁu{, 157

.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).

soml = 12.320/ 4 e e ASC el ,
koo cbu bl e ool
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1.14  Prepare 2M Ba(NO2)2-H20 solution. The Ba(N02)2-xH20 is technical grade and is
listed as containing 90% Ba(NO2)2-xH20. The material also contains 7-8% KCIO4. We are
assuming there is 1 water of hydration.

Weigh 5.497g Ba(NO2)2-xH20 (247.37 g/mole) -Actual mass . 464 g. 2 FHI/
;I";re IIO-mL] v_olt;r;etrlidcglask: = F/]é .kZO?QI.Jj ) d"%(\c 1 "”“f&ﬂé /5.9e 20

issolve salt in 10-m water in vol. Flask - Mefer P sto 1wo - ik ol glol
Weigh vol. Flask + 5@'&}5 I5. L 498 g. dion e, tfaf#f prte }té
Net mass Ba solution /3. #He3 g
Calculated density /e 3He g/mL

f)’(anf colebdil - O ?Sj//dccc.
Submit 2-mL of the Ba solution for ICP analysis; call samples BaC-64 (barium carrier TI-64).

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 /s 8337 1
Flask + AN107 Archive pre-strike filtrate 24 20 40 'zs
Net AN107 Archive pre-strike filtrate /P 3703 A
Temperature /2.5 C /
Calculated solution density of AN107 Archive Ca pre-strike filtrate /. o273 7 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, BaCO3-64-2. -

Tare a 200-mL polyethylene bottle, with stir bar, labeled “Ba-64-2.”

2.8 Measure BaCO3 into vials BaCO3-64-1 and BaC(Q3-64-2

ress Lqé.,( [ -

g measured

BaCO03-64-1 1:1 contact 71 mg BaCO3 (0.36 millimoles BaCO3) 0.6 riqs 17 OCH f!’
BaCO3-64-2  3:1 contact 213 mg BaCO3 (1.08 millimoles BaCO3) o2/3 & n{} /7. 955¢ 3"
Table 1
Sample ID Description Vessel tare | Tare + Sample Gross + Net Ba(NO2)2

(g) sample (g) | (g) Ba(NO2)2 | added
Ba-64-1 1:1 Ba:SO4 17,9540 |30. 2295 | /2. 3215|330 525%4| 0.2532 ¢4
Ba-64-2 15:1 Ba:SO4 42,5035 WG 2357 (123, 7272 /eq 90617 | 3.6 Fod ¥
BaCO3-64-1 | 1:1 BaCO3:S04  |/4.93¢) |2 Jv43 | /2 33% -
BaCO3-64-2 | 3:1 BaCO3:S04 (F. 2772 |28 8288 | /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. Of\) /'0/'25 /9 ¢ P00 5 m. w
o6FF  Jji/1 /44 810 a. n Te 28 .
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2.11  Add0.13 mL 2M Ba(N02)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. ~ /5 wd:r0ad = goledld o 7edod coluaws o

~ /57 L'?}{. crnatemeef 157 M/ M&(A)
2.12  Filter Flux of BaSO4 t

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

Lower reservoir mass IO, 666 g
Upper reservoir mass J9. 0 373 g.

2.7.2 Obtain a vacuum gauge meter to measure the house vacuum line and a stopwatch. Measure
the house vacuum. /9. 5 i m

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/mwh, /3 0¢¢ _ seconds or minutes
7

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

Gross filtrate mass _// % ¢ 448 g
Net filtrate mass té, 7788 g
Calculated mass filtered per second: ©.3 «/7 glsec = 20, ¥2 ; /»uk-

2.7.5 Finish filtering the sample, pulling as much volume of filtrate through the filter as practical.
%/uf qress proso-. | 2. 4260 Aot mano (Bém.ﬁ) P21 ™ = A% FEN s
2.7.6 Connect a clean lower reservoir to the BaSO4 upper reservoir. s E

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 /7. 0787 s f

Wet solids + tare 19.93¢ 1~ P07 Yrenofrionc yhom, ?AAL,.- oo

Dry solids + tare /8. 082 G o 74 N aﬂa_ e
2.7.9 Sample the solids for ICP and GEA analyses. B

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 g D e fi20 -
BaC03-64-1 ~ o al . o Do ol ca Olmch
BaC03-64-2 A~ J0 T or &/y) C Aome Ul o g)«'r(,u.{.\,\_j

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, BaCO3-64-1 supernatant, BaCO3-64-
2 supernatant.
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t 4 ' v

2.9 Sample all the filtrates for IC, ICP, GEA, and TIC and submit to the laboratory for analysis.

Babt-2 Aok check

70-mi m;j Yare 12. 1+ %3,

91.:55 2. 4354-7
Net /2. 2360 |
§ o= /,75‘/2/,\1,\ 75 £yoity *aiﬁ
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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
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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 pg/ml was similar
in concentration to the 10201-fold diluted sample.

Barium molarity is calculated as follows:

[Ba] = (ug/ml)ice * {(1g/ml std)reue / (Lg/ml std)wesvren} *
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 agqueous 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 pLg/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 pg/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 (L.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.
1/13/00
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report

Page 10of 2

Multiplier= 388 40.0 39.6 39.9 39.9
ALO#= 00-0268 @5 00-0269 @5 00-0270 @5 00-0271 @5 00-0272 @5
Client ID= |CA PS-64 AN107 Archive Ba-64-1 Ba-64-2 BaCQ3-64-1
Det. Limit Run Date= 1149/99 1149/99 1119/89 111999 1119/99
(ug/mL) (Analyte) ug/mL ug/mL ug/mL ug/mL ug/mL
0.025 Ag - - - - -
0.060 Al 64.8 127 64.0 62.6 65.6
0.250 As - - - - -
0.050 B [6.8] [9.8) [6.9] [6.7] [7.9]
0.010 Ba - - 352 101 7.92
0.010 Be - - - - -
0.100 Bi - - - - -
0.250 Ca 789 1 973 1,000 788
0.015 Cd 221 28.4 21.8 21.2 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] [9.8]
0.050 Dy - - - - -
0.100 Eu - - - - -
0.025 Fe [4.8] [9.3] [3.7] [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) [15] [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 91.7 425 412 42.7
0.750 Pd - - - - -
0.300 Rh - - - - -
1.100 Ru - - - - =
0.500 Sb - - - - -
0.250 Se - - - - -
0.500 Si - - - - -
1.500 Sn - - - = -
0.015 Sr [1.4] 123 [1.8] [1.6] [1.0]
1.500 Te - - - - -
1.000 Th - - - - -
0.025 Ti - - - - -
0.500 TI - - - - -
2.000 u - - - - -
0.050 ' - - - - -
2.000 W - - - - -
0.050 Y - - - - -
0.050 Zn 232 [8.0] [5.9] [4.6] [5.4]
0.050 Zr - [23] - - -

Data (1) from “A0558 S.Fiskum ASR-5568 BNFL Sulfate test 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 “muitiplier” (top of each column).

1/11/00 @ 3:34 PM



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

Multiplier= 39.9
ALO#= 00-0273 @5
Client ID= |BaCO3-64-2
Det. Limit Run Date= 111929
(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 - — = o -
0.020 Cr 292 - - - —
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 185 = i - - -
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.xis 1/11/00 @ 3:34 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Repdrte’ '’

Multiplier= 10201.0 | 1.0
ALO#= 00-0267 @10201 Ba $20 PM
ClientID= |-2M Ba
Det. Limit Run Date= 11/5/99 11/5/99
(ug/mL) (Analyte) ug/mL 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 - - - =
....... 1100 Ru T = - =
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 v - - - -
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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~:-i.. . . 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: MJ Steele Analysis Date: November 01-03, 1999
r _ﬁ Procedure: PNL-ALO-212, "Determination of Inorganic Anions by lon Chromatography"
S > 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.
R

— ™ Final Results:

LabID " {SamplelD . | yug/ g/ 2/ml | < pg/mi
00-0268 Ca PS-64 1,300 | <1000 | 29,400 | <1000 | 205,000
00-0268 Rep |Ca PS-64 Rep <1000 | <1000 | 29,000 | <1000 | 203,000
RPD n/a n/a 1% n/a 1%
00-0269 AN1017 Archive| 1,200 | <1000 | 33,700 | <1000 136,000
00-0270 Ba-64-1 <1000 | <1000 | 32,800 | <1000 | 204,000
00-0271 Ba-64-2 <1000 } <1000 | 34,400 | <1000 | 200,000
00-0272 BaCO,-64-1 <1000 | <1000 | 29.400 | <1000 | 203,000
00-0273 BaCQ0,-64-2 <1000 | <1000 | 29,500 | <1000 | 206,000
00-0273 MS Rec! 102% 120% 107% 110% 115%
Blank Spike Reci  100% 96% 101% 105% 104%

RPD = Relative Percent Difference (between sampie 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

of 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 | of 2




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.

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

* 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:

Approval: W »() L~

Archive Information:

Date /) Z’?‘;

Files: ASR 5568 Fiskum.doc ASR 5463 5533 -36 -68 -71.xls
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Client: S. Fiskum Charge Code/Project: 'W53400 /29953

ACL Numbers: 00-0268 to 00-0273 ASR Number: 5568

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"
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) ugC/g
00-0268 CA PS-64 0.50 2800 0.6160 2280
[00-0268 Dup |CA PS-64 Dup 0.50 2100 29 0.6146 1710
[00-0269 AN107 Archive 0.50 8200 0.6212 6600
[00-0269 Dup |AN107 Archive 0.10 8670 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 | -
[00-0271 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
100-0273 BaCO3 64-2 0.50 2990 Il 0.6093 2450
§00-0273 Dup [BaCO3 64-2 Dup 0.50 2960 1 0.6023 2450
100-0380 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



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 ugC 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:

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

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

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

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

Report Prepared by: %& %\J)‘/z-‘??
Review/Approval by: mh} Date _/}/£-97
o

=

Archive Information:

Files: ASR 5568 Fiskum.doc ASR 5552 5568 5582.xls
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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 HCI 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 Molarity =a ™~ | Molarity Error
Verification Test # Wit. of KAP to neutralize 1000/b *204.23 +H-@1s
7 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

aliquotof  [Vol. of 0.1018M NaOH| Molarity of Acidin | Molarity Error
Titration Id. sample to neutralize Sample +H-@1s
1 20.00 39.88 0.2030
2 20.00 38.92 0.2032
3 20.00 40.04 0.2038
Ave Molarity HCI = 0.2034 0.00042

XS~ o
Analyst/Date O ’
1
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Battelle Pacific Northwest Laboratory 00-0268
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team 11/9/1999

Client : Fiskum

Cognizant Scientist: Wp&z M Date : ///?/7 ?

Concur T—-ﬂzo_hq e Date : Ll 99
()

Procedure: PNL-ALO-450

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

ALO ID 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.E4 1.81E-2 9.62E-3 712E-3 2.90E-3
Ca Ps-64 2% 2% 2% 3% 10%
00-0269 6.44E-2 4.12E4 3.12E-4 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.E-4 <2.E4 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.E4 <2.E4 1.88E-2 9.10E-3 6.38E-3 3.31E-3
BaC03-64-2 2% 2% 2% 3% 6%
< u 9999 4
— | | i
I TRt B T i
B 5 T AL T R
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Battelle Pacific Northwest Laboratory 00-0268
Radiochemical Processing Group-325 Building
12/20/1999

Client : Fiskum

Cognizant Scientist: O‘g K/W Date: / Z/ 20 / 7

Coneur: C Scdeca, s Date: |[2-72¢ - !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%
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Appendix C: Test Instruction BNFL-TI-29953-071 and
Supporting Analytical Data
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Sent By: HP Laserdet 3100; 5083724732,

Nov-15-89 16:11; 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 Location: Building 325, various
laboratories

Page 1of 11

Author: SK Fiskum

Use Caﬁegory Identification: Reference

Effective Date: New
Supersedes Date: New

Identified Hazards: Requircd Reviewers:
X _ Radiological _X Author
_X_ Hazardous Materials _x Technical Reviewer
— Physical Hazards —RPL Manager
__Hazardous Environment __Project Manager
— Other: __RPG Quality Engineer
—BNFL (not required)
Are One-Time Modifications Allowed to this Procedure? X Yes _ No
-4 i i t d
%ﬁ?ﬁ%mén?s’ Bt S BARC on e anficipated 1 impact safety, For 3% SppropaaS.
On-The Job Training Required? Yes or x No
FOR REVISIONS:
Is retraining to this procedure required? Yes x _No

Does the OJT package assocxated with this procedure require revision to reflect procedure changes?

Yes No _X_NA
| Approval Signature Date
Author M*ﬁ}q t d@é THS /é’?
dra K. Fiskum ‘
“‘ Technical Reviewer ,er L
RichardT. Hallen

CONTROLLED GO7

e Rt -

= £



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. 76/3 g volume /0 mL
Gross mass ZY. e g

Calculated density /- 2249 g/mL (1.232 g/mL expected)
Temperature 9/ °C

Balance ID S00-906-0) -0 2

1.2 Aliquot 10-mL sample for radiochemical analysis (GEA, Sr-90, T¢-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 /. 7§39 g grossmass 28. ?¢ 4o 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 //8-0%59 g (target mass 118.075g Ca(NQ3)2-4H20) Ao
100-mL volumetric tare (2. 5309 g Aldacci , 77%, 2C$ "Qa“?"i 7

Gross mass tare + SM Ca(NO3)2 2/5. 22/ 30 g

Net mass solution /52.¢82¢ & Move I racded J added mare
Calculated density (.52 68 g/mL _ ks mod 5MG
Balance ID 3o - O -&(- 833 (e Z’m fm /

Lolibionm,

25-mL 2M Ba(NO2)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) -
Qe Qeaars
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25-mL volumetrictare g% 8942 ¢

Gross mass tare + 2M Ba(NO2)2-H20 55. s 730 g ]
Net mass solution I3 07238 g oy o ol dpse (ed, MC{_
Calculated density /. 2472 g/mL /Qp-(:.,f?.c)» ad Mﬁc‘]? - BA
Temperature 20 C f i B
Balance ID , 5.m4- CG -0/ - 3R %ﬁiﬁ:ud i
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 /1Y & g Balane : Acculodb Y- 4300
1.5 Calculate the mass of a 630-mL volume of AN107 waste
630 mL * _ 1.2317 g/mL=__ 77597 g
1.6 Weigh AN107 into the flask until the appropriate volume is reached.
Final mass (gross) O/ g
Net AN107 mass r99. 5 g = #3946 mlL
{o)
While stirring, add 9-5mL 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 stirring for 10 minutes.
Measure the final mass.
Start time /(0: 10 End time /O: 90
Gross solutionmass  // 7%7. 5 g
Net 5M Ca added [e3. S g  Calculated volume /0 7.0 mL
St _
1.7 Allow the solution to sit 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.
: TTI96 %
Time Precipitate volume (mL) Supernatant (cm above ppt)
To
/].3% 30 FeQ ()
%30 ¥545 nf i
i.5%13 255

/2:0%:33 g2 5 3
13 e oo 3.8
LN DY 3 ). SX°)

i%:3Y: 30 g¢s 4

2 4Y 30 F4é S e

/2:54: 30 g 4s 5 st pucfiires
[04: 30 240 : 7 .
/1930 239 7

/:29: 30 738

/:37: 3o 33% 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.
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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 ¥ g
Gross mass 29 e 2% g
Net solution mass /¥. 4130 g
Calculated density l. PYL3 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 /3RS ok g (PO CAY)
Upper reservoir mass 224 g :
Reserve lower reservoir S (o g (AMVI03 enz)
Reserve upper reservoir 55 0O g

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

75 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 ‘ol

: e nots ime. o Ha _Mareg wrrp
disconnect the hose while noting the end time 2:4- o mj)l'ar 7 # (m‘j P
ANOICR) gorttime /3. 89 Endtime /4. 3/ i"‘m” SR .
ANIOFCAZ o3 men? STFYg Nek mand m—ﬁ’gﬁ’i’*’-?j Btwt 2. 5F End 3:1F
#ie.  103.2° 2.4 Disconnect the lower reservoir from the upper reservoir and measure the mass of filtrate.

Gross filtrate mass 83 .3 g

Net filtrate mass ¢75. & 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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A

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 503 3 g _
Net filtrate mass 4 78 . @ g = 50/.3 ml (S § ofep 33)

3.4 Weigh the gross filter chamber mass, determine the net wet CaCO3 precipitate weight.

Net wet ppt mass /189.0 gx /.
74['#(*' = ’? 215 T A%,{:gf??-fﬁ ;C;_/;(,_
3.5 Determine the approximate vol%me of precipitate. Calculate the quantity of wash needed (2:1
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

172, |

193
ANECAL  Gross filter mass s | g Ariod €A Z o%;/ 26/ 1 g e
99

{

Shneed =04 endtime). Save the wash solution and label it as TIxx-CaPS-NaOH-wash] .

4
“~r

Precipitate volume: /50 €  ml Added wash volume J60 C mL
Reservoir tare /,,?z £ g grossmass__ ¥02 .3 g netsolution G777 F g
‘Q'N 10+ AStaIt t]l’cn'a: ?}4/" End time 4:52 - ;5‘;~ —; -
NEGFHCAT 2479 N i AN\GTCA L 13e.m. stop
3.6 Wash the sohds again w1th 2:1 voi:me of 0.01M NaOH:ppt volume collectmg the wash in
another CLEAN lower reservoir (note start and end time). Save the wash solution and label it
as TIxx-CaPS-NaOH wash2. (epmaled sdids volnm, Aigom)
Added wash volume Af %0 k12 mL Joowt b I (chmahl solFs Aom ~ foomb Y

Reservoirtare /&4, ( g grossmass (757 net solution __ 55/, [ g
SRRy e ) SR
Reweigh upper reservoir A7 Cq/ =219.9 g net wet ppt. mass ¢4/ /j3/.5 g
AnvICad =21 T Chz 122.9

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: vial tare /¢, £237F g gross mass {?_ ¢8 943 g netmass 0.85C¢C g

TI-71-CaCO3-1 Hgl tare 24 75/ g gross mass 25, O/ g netmass C. / 2¢( g
TI-71-CaCO3-1 Hg2 tare Q5 49(/ g grossmassd5.70(;% & netmass O .2/03 g
TI-71-CaCO3-1 Hg tared & ,7%(» g grossmass &5 7234 g netmass O . /c95 g

Reweigh upper reservoirdweG/ /6.4 g netwetppt mass ANIOFCAI 280 ¢
(G- | Awe1®L  Qu% 3 ANGTAZ [19.3
Vial tare mass /6. 83 89 g
Gross mass before drying 9.2 4 ;/ g Netwetmass 3. /022 g .
Mass 1 after drying 1 9.5929 g Netdrymass ¢ 7535 g
ss Zafte dry 17.588 ¢ g Netdrymass a_ 7497 g
7 lculated % so ‘ThToe % o/g 0.7999

f&(jﬁs ﬁa}'. Nz Here /¢. 36 %’j qress /¥.3630 N& o, 4931

i

/6. 733] /6.8 fecs | ' 986
9. eeeq T T sty eI e o F

~ G220,

T
WB27

1703

Grasse
220.¢

Prce 7
319



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 ¢ 49 g
Gross mass oy 34 &
Net solution mass ‘X, 0895 g
Calculated density /. 2089 g/mL
Temperature o 'C

L dchem Vialtare _(6.722¢ g grossmass o28. 74 95 g netmass /£.026F ¢
cLJW\Da”“‘f /8- ?ra-»shftaw ANIOTF Ca (5 #ffﬂ-‘b FeF -6 ek = G 92 ‘/a' = 53!&{».,/‘.
3.9 Remove aliquots of each of the 0.01M NaOH wash solutio%s (10-mL for radchem¥5-mL ICP,
3-mL IC/TIC/TOC, 3-mL for Hg, 3-mL for NH3—prorate as necessary). Determine density.

First wash Second wash

Volumetric flask tare //, ¢ 80 ¢ g (r0-ml ) /2.056¢Y g
Gross mass D2, 35L S g 20, 19 65 g
Net solution mass (C. 6#43 g /0. /SO g
Calculated density /06 Ft g/mL /.0/40 o/mL
Temperature /2,8 °C GO CC -0O( - 026 \Mlgece. MATE

Kece he - o, 1785 Kede hew. . f0.08 &/

3.10 Wash the CaCO3 precipitate with 2:1 volume ratio solution:ppt with 1M HN g

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 1M HNO3 y'?oo &) mL Ehwak 4

C(gul" st Lower reservoir tare [25.3 g gIoss mass CH.F g net so solutlon SIZ2 5 ¢ Afhr 157 y
Upper reservoir gross mass'gg. 561 . /.2 & net ppt mass _%dioz ca-z 5% g /D #w, e’
Starttime  //.0 3 End time //-/3 = SOl s
W7 Q1 x5oml 7735 St for ANO7cAZ  end 11.%S Cachy
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. ggéd (eecy) mL 1M HNO3 wash /ponmt (ga) _mL

Lower reservoir tare 424. ﬁ % ;ross mass, 388 (. g net solutlon ey 2 g
Upper reservmr Ssmass .o, g  net ppt mass : :
;&ﬁﬁ_ End time 'BP

Start time .
Aavez(9) = ProucyCalt = /2 3y ~°

3.12  Determine the remaining ppt. volume. Wash the CaCO3 prec1p1tate 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. 4252 @) mL DIW wash s mL@

Lower reservoir tare /,2s;/ g grossmass__ %7/, / g netsolution__ /é¢C.o g

Upper reservoir gross mass(42. E;% g8 g net ppt mass CA{ 45.1 glha 38 3‘}

Start time Awror G/ “/2.s7 - /22> End time_Anvo? Cor ﬁéyg; Lo igooe Sk 2f#=

AR L=/2 08 /0704, = 43/3
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. FEOO g

Gross mass before drying .25, 8 552, g Netwetmass <« 0733 g
Mass 1 after drying /8 /9 /5 g Netdrymass /. ¢//5 g

,}%35‘% d? ‘ /8. 18 29 g Netdrymass /. Y029 g
alculated % SOlldS ey 17 59 g/g /- 375¢

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 IM 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 IM HNO3 wash 2" 1M HNO3 wash  H20 wash

10-mL vol. Flask tare /2.0 /1. 2098 a /2 0]2(
gross mass I2. 4 FO8 2: 22, 197 F 2. 101 (

net mass £ /0. 3R /0. 4899 /0. 089
calculated density /. 03895 3/7»(, [0 ¢899 9/~ L /. 0089
Temperature 195 70 [

Balance ID 3N -06 -al-02¢

Aodithe GEA 05T we, e 4394 /0. 0260g

4.0 Barium Sulfate Precipitation

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

and weigh again. The sulfate concentration should be nominally 0.036 M including the dilutions “¢ @€ o/
thus far. AP0

Bottle tare mass /3% 7q g botHorm

Gross mass with sample 777, / g

Net sample mass a2 g

Sample volume 7)Y mL (see density step 3.8)

Moles sulfate Asy Lx Oﬁﬁlg/Bf sulfate=_© 0/9 moles SO4

Calculate a 1.3:1 barium:sulfate coﬁposmon 00247 moles Ba

Calculate volume of 28 Ba addition necessary /757 mL2MBa -

Pl l.52 /. 52m &24g
4.2 Add 2%2a(NOZ)2 -H20 to the AN107 Ca pre-strike sample with stirring. _
Continue stirrin stirring fof {0minutes. Record the start and end time for Ba addition. Sh7td G0 mi.
Start time 3. 6 End time /& -I&

4.3 Weigh the sample and determine the mass and volume of added 2M Ba solution.
Fizse (75 Ba wap/ wife v I*OS

Gross mass _"795 ¥ g " h
.82 Net2M Baadded 74, 3vee g FLO & alet 441 <o addef
“Net volume,/ZM Ba added /3. 5% mL Ba (+72)) _ 15-3%¢¢ g

y d= @tsml =13 &
4.4 Allow the sample to si for 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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il /i /44 To :

s L 5.

Frooam.

11/ 1814

Precipitate volume (mL)
IS
J70
25 0
/70
/95
/30
/20
(13
y/1v)
/05
Vi)
19
95
(0

s Cfure_

4.6 Mix the solution, re-suspending the solids.

Supernatant (cm above ppt

/17-T
()

S Pk
=L h?.

ylo

_fgujufv F

1Y

a3

Vo 34

/5.1

& )

WA

/5.6

5. B

/5. 7

45 2

(7.

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

Gross mass

Net solution mass
Calculated density
Temperature

/2. ]2 62 g
2 29 g
12.099.2 g
/. 2099
P

MAE  3LO-Ce-0r- 026
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
Upper reservoir mass
Reserve lower reservoir
Reserve upper reservoir

Ar /o7 Ba) /2'7..5'

g

prrel 8o

a2k P90

Arler fad i, A £ S g

g

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

20

mm Hg

5.2 NOTE: This step will require 2 analysts. Place the filter apparatus into secondary

,{/;3/%

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.

825 a.m Endtime 2 Y 7 a.

Start time okt
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5.3 Disconnect the lower reservoir from the upper reservoir and measure the mass of filtrate.

Measure the vacuum reading 6o Wy 77
Gross filtrate mass /=T 7439 ¢
Net filtrate mass 6/9. 4 g
Calculated mass filtered per second: g/sec
&0 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 filtermass /72, 7 g

Net wetpptmass __ 22, g
W 26 GHo oor Tubh ¢.;  dme wt® 170843 wt o rescvon AR i
6.0 BaSO4 Sollds Washing wt vl + .aa»?olc % F195T! L}“m il =] 709.6 7

- 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 washl.

Precipitate volume: K0 mL Added wash volume 46 mL
Reservoirtare B4R /2% g grossmass /@ ¥ [/ g net solution __39. ¢ g
Start time 70 06 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. (o g grossmass__/&35.0 g netsolution 40 ¢ o4
Start time ____ -, End time (O [l

.Aﬁﬂf rea T pred? c08.8 .2 rt ok By ot et

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 /2.014Y3 g
Gross mass 29 0F86 g
Net solution mass /2. 0639 g
Calculated density /e 20639 g/mL
Temperature 2.5 gl &

Vedoanor B3e0-0G -ef - 026
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.

1.99859 - GEA | Radchow

-én_ftf /29. & 7/57—055 703.?; Nk 584, <{3 = 4/5‘/7(/ wid,
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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 77605 g gross mass . 2685 gnetmass _£-003C ¢
257693
TI-71-BaSO4-1 Hgl tare )5 §¥3S g gross mass 35334F g netmass o.05/3 g
TI-71-BaSO4-1 Hg2 tares.792% g grossmass £ qi4$ g netmass _p. 42/7 ¢
TI-71-BaSO4-1 Hg tares.(9 4¢ g grossmass 35.9¢ ] g netmass g . (OH &

TI-71-BaSO4-1 NH31 tare P76 |§ g grossmass 9 §9F) g netmass g.087
H-AH-BaSOT-T NH3 2 tare “F_ SIOSSTITass g metnmass _—————————+¢

Vial tare mass (72852 g IS8 = 3!9-"‘ wel moss
Gross mass before drying /8. 2458 g Netwetmass 0. 5606 g
Mass 1 after drying ;;. &0 g Netdrymass _ 0. 33 58 g
Mass 2 after drying [+ /90 g Netdrymass_¢. 3338 g
‘(i"arc’ura’;% % Solids R er AT ¢zs?g/g et

XAD 10.95¢7 = 422206 Nt - 225

6.6 Remove a portion of the dried solids for TIC OC analy51s 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. PR 1-15°T
Added wash volume o Q@yomL
Reservoirtare _ /2577 g grossmass_/75. | g netsolution 50./ g
Upper reservoir gross mass L. 3 g  netmass g F g
Start time __ jo- 45 End time fo0:50

6.8 Determine the remaining ppt vol. Repeat the wash using the 2:1 1M HNO3, collecting the
rinse into another CLEAN, tared r Vs
Precipitate vol. 4 38 (QW Added wash volume v fe) mL
Reservoir tare = /32¥. / g grossmass__/¥Y0.{r g netsolution /4.5 g
Start tlme 1¢24/ End time 1772
N el gmo mag = (O1.B Mt 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 __/lg” O g grossmass_/S7. 3 g net solution _ o%47. 3 g
Stan tlme 11226 Endtime ///SJC

N N s mAass = 13. 36 nt BSO¢* W“‘(”k
6.10 Samp]e each rinse agove for ICP analysns?j mL), Radchen? 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.
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Vial tare mass /7./4‘/7 g

Gross mass beforedrying /9, 0£5% g Netwetmass /. F+/0 g

Mass 1 after drying (8. 012 g Netdrymass & .§¢77 o
Mass 2 after d ing . /8. 0/(8 g Net dry mass 0.8C7/ g
alcfﬁated? Y% sdlids” 7 "8 09 33 o/ 0. %03

T oot

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/analysis. ¢ /7. c8 35 asccs /8.598/

6.14  Sub-sample the wet solids for particle size analys:s (in water) and XRD analysis.
-pﬁfhcf., RA-BE ress . e 753,48
Xﬁb %fﬂv fl?. /526" WQ ,7 J/@!

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-pum nylon filters.

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

7.3 Pass a known volume (e.g. 1-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.

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

-..J\x___

Filter Tare Volume Weight 1 Weight 2 Weight 3
ﬂ;,jZ(Caco3-—1
CaCO3—2
1‘*’& BaS0O4—1 0.,05232 2'0. 200 sl f.02st 6. n250 0.0250 94018}/0. 2n
BaSO4—2 C.0738 -g—ﬁ ﬁ 28 _0.030% 0.0279 g.0350 C-%Za/o.swb
0.0058 3

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
Net mass g

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 TI-29953-071, Rev.

Step #:
Start time: End time:
Time Filtrate Volume
ANIBICA ) /3 5 =
/7:5¢C SO md
/3:5 suom(
05 /50 K
4l zoo w4
)4 13 250 mL
ANOFCAZ 4. 34 £
y o 43 33 50 vl
J¥.%6 | Soml
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Figure C.1. CaCO; Slurry Settling Test at T=2 Hours



Figure C.2. BaSO, Slurry Settling Test at T=2 Hours
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Tead - e
Project: 29953 . .

ST W AR HETR
Client: S.Fiskum T &% P

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-BaS04-H20 wash 1”

ASR Number: 5600

Total Samples: 19

Procedure: =~ PNL-ALO-211, "Determination of Elements by Inductiirely 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-CaPS ppt prior to wash through
T1-71-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 5Sml 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 ug/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.

Quality 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 (aqueous 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 HNOj or less) at analyte concentrations greater than ten times detection limit up to the
upper calibration level. This also presumes that the total dissolved solids concentration in the
sample is less than 5000 pg/mL (0.5 per cent by weight).
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.
1/4/00
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Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report 7292103

Multiplier= 10.0 25.0 50.0 83.3 16.7
ALO#¥= 00-461-PB 00-461 @5 00462 @5 00-463 @25 00464 @5
Process TI-71-AN107 T-71-CaPS- TI-71-CaPS-
Client ID= |Blank TI-71-AN107 DUP filtrate filtrate DUP
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 - 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 - 168 175 975 807
0.015 Cd - 27.4 26.7 25.1 249
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] [11] 12.3
0.050 Dy - - - - -
0.100 Eu -~ - - - -
0.025 Fe [0.44] 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] 24.4
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 v - - - - -
2.000 w - [76] - - [65]
0.050 Y - - - - -
0.050 Zn [1.2] [6.5] [7.2] [4.8] [4.6]
0.050 Zr - [3.0] [2.6] - -

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

detection. Sample detection limit may be found by

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°2°'3

Muttiplier= 25.0 50.0 16.7 10.0 | 2.0
ALO#= 00-473 @5 00-473-REP @5 00-474 €5 00476 €5 00-477
T-71- TL-71-
I-71- TE71- TE71- Bas0O4- BasSo4-
BaS04- BasS04- BaS04- 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 22.9 228 21.5 5.84 1.43
0.200 Ce - - - - -
0.050 Co [1.7] - [1.6] - -
0.020 Cr 6.57 [6.7] 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 [3.0] [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] 1.11
0.150 Na 95,800 99,200 91,800 27,700 7,530
0.100 Nd - - e - =
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 - = - - a=
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 [60] = [56] = [4.8]
0.050 Y - - - - -
0.050 Zn [4.4] [5.0] [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 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

12/3/99 @ 3:22 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report P2%3°'3

Mutltiplier= 50.0
ALO#= 00-480 @5
TE71-
BasS0O4-
HNO3 wash
Client ID= |2
Det. Limit Run Date= 12/3/199
(ug/mL) (Analyte) ug/mL
0.025 Ag — - - - -
0.060 Al [5.8] - - - -
0.250 As - - — - -
0.050 B - - - = w
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 - - - s -
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 - o - we -
1.000 Th - - - - =
0.025 Ti = - - - -
0.500 Tl - - - - -
2.000 u - - - - -
0.050 v - - - - -
2.000 w — - - — -
0.050 Y - - - - -
0.050 Zn - - - - -
0.050 Zr - - - - -

Data (1) from "A0564 S_FISKUM ASR-5600 BNFL-AN107 SULFATE 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).

12/3/99 @ 3:22 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report 7293

Mutltiplier= 78.3 528.8 16.7 25 2946
ALO#= 00-465-PB 00-465 @5 00-466 @5 00467 00-468 @5
|IT-71-CaPS IT-71-CaPS$ - IT-71-CaPs -
Process ppt prior to NaOH wash NaOH wash |IT-71-CaPs -
Client ID= |Blank wash 1 2 H20 wash 1
Det. Limit Run Date= 12/7/99 12/7/99 12/7/99 12/7199 12/7/99
(ug/mL) (Analyte) ug/g ug/g ug/mL ug/mL u 3{5
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 - - - - e
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 54.4 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 Sb - - - - -
0.250 Se - - - - -~
0.500 Si - [1,200] [371 32.3 [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 Tl - - - = o
2.000 u - - - s -
0.050 v — - - ws -
2.000 w - - - - -
0.050 Y - - - s -
0.050 Zn [4.5] [31] [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).

1/4/00 @ 2:30 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report 729203

Multiplier=

125 10.0 10.0 375.5 439.8 I
ALO#= 00-469 @5 00-470 @5 00-471 @5 00-472 @5 00-472-DUP @5
1T-71-CaPs - |[T-71-CaPS$ -
HNO3 wash HNO3 wash |IT-71-CaPS - IT-71- IT-71-
ClientID= |1 2 |H20 wash 1 Caco3-2 CaC03-2
Det. Limit Run Date= 127199 12/7/99 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 - - - p= -
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] 21.3 [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 Ti - - - - -
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 Suifate_ BNFL ICP98 hi.XLS

1/4/00 @ 2:30 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report P3¢ 3°f3

Multiplier= 20.0 I 125
ALO#= 00-479 @5 00-481 @5
IT-71-
BasS04- T-71-
HNO3 wash BaS04-H20
Client ID= |1 wash 1
Det. Limit Run Date= 12/7/99 12/7/99
(ug/mL) (Analyte) ug/mL ug/mL
0.025 Ag - - - - s
0.060 Al 21.3 [1.3] - = -
0.250 As - - - - -
0.050 B - - - e =
0.010 Ba 22,100 4,720 - = -
0.010 Be - - - o =
0.100 Bi - - - - -
0.250 Ca 3,080 263 - - -
0.015 Cd 3.73 [0.49] - o -
0.200 Ce - - - i -
0.050 Co - - - i -
0.020 Cr 55.2 26.2 - = -
0.025 Cu [0.63] - - - =
0.050 Dy - - - - s
0.100 - Eu - - - s -
0.025 Fe [1.0] [0.57] - - -
2.000 K - - - = =
0.050 La. [2.2] - - - w
0.030 Li [0.99] - - - =
0.100 Mg - - - = =
0.050 Mn - - - = -
0.050 Mo [1.1] - - = =
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] - i ”
0.100 Pb - — - - -
0.750 Pd - - - = o
0.300 Rh - - - - -
1.100 Ru - - - = -
0.500 Sb - - - - -~
0.250 Se - - - = -
0.500 Si - - - - .
1.500 Sn - - - - =
0.015 Sr 356 33.1 - - o
1.500 Te - - - = =
1.000 Th - - - - =
0.025 Ti - - s - -
0.500 Tl - - - - e
2.000 U - - - - i
0.050 v - - - - -
2.000 w - - - e =
0.050 Y - - - - =
0.050 Zn - - - i =
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).

1/4/00 @ 2:30 PM



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

O_u A_) 2 evienrs /=19 CO
_/ﬁewewed b}Q

W/d/ » _1-17-00

Concur

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

One agueous 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)icp * 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 Bidg/RPG/Inorganic Analysis ...
ICPAES Data Report

Matrix Spiked Sample:
(Aqueous sample) None.

Quality Control Check Standards (agueous 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 pug/ml) were both within acceptable
tolerance limits.

Process Blank:
(Aqueous sample) None.

Laboratory Control Standard (L.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 nitrite Barium nitrite Barium nitrite
Det. Limit RunDate= | 11M7/99 1117/99 1117/99
(ug/mL)  (Analyte) ug/mL ug/mL ug/mL
| o.025 Ag - - - -
0.060 Al - = = =
| o.100 As - - - -
0.050 B [0.06] - = =
| o010 Ba >129 259 251 -
0.010 Be - - - -
0.100 Bi - - - -
0.250 Ca - - - -
| o.015 cd - - - -
0.200 Ce - - ~ -
0.050 Co - - - -
| o.020 Cr - - - -
0.025 Cu - - - -
0.050 Dy - - - -
0.100 Eu - - - o
0.025 Fe - - - -
2.000 K [8] - - -
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 - - - -
l 0.050 Pb - s==——==== - - - =—====z===
0.750 Pd - - - -
0.300 Rh - - - -
1.100 Ru - - — -
0.500 Sb - - ~ -
| o.050 Se - - - -
0.500 Si - - - -
0.750 Sn - - - -
0.015 Sr 222 211 [2.1] -
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 - - - -
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 measursment is below detection. Sample detection limit may be found by
multiplying "det. limit* (far left colurnn) by “multiplier” (top of each column).

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



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

Final Results:
% L‘gbﬁ) T Slmplem
_[00-00461 TI-71-AN107 3,600 113,000
00-00462 TI-71-AN107 Dup 3,500 112,000 | 1,400 | 4,000 | 1.500
RPD| 3% 1% 0% 2% 7%
00-00463 TI-71-Ca PS filtrate 3,000 | <500 | 25,800 [ 197,000 | <1000 | 3,300 | <1000
00-00464 TI-71-Ca PS filtrate Dup 3,000 | <500 | 26,000 | 199,000 | <1000 | 3,300 | <1000
RPD 0% n/a 1% 1% n/a 0% n/a
00-00466 TI-71-Ca PS NaOH Wash 1 900 <250 [ 7,100 | 58,500 | <500 | 1,100 | <500
00-00467 TI-71-Ca PS NaOH Wash 2 230 <50 | 1,700 | 12,300 | <100 | 240 | <100
00-00469 TI-71-Ca PS HNO3 Wash 1 <250 | <250 | <500 | 50,700 | <500 | <3500 | <500
00-00470 TI-71-Ca PS HNO3 Wash 2 <250 | <250 | <500 | 62,300 | <500 | 760 | <500
00-00471 TI-71-CA PS H20 Wash 1 <125 | <125 | <250 | 16,500 | <250 | <250 | <250
00-00473 TI-71-BaSO4 filtrate 3,000 | <500 | 29,600 | 174,000 | < 1000 | <1000 | < 1000
00-00474 TI-71-BaSO4 filtrate Dup 3,000 | <500 | 29,500 | 172,000 | < 1000 | < 1000 | < 1000
RPD| 0% n/a 0% 1% n/a n/a n/a
00-00476 TI-71-BaSO4 NaOH Wash 1 960 <500 | 8,100 | 54,500 [ <1000 | <1000 | < 1000
00-00477 TI-71-BaS04 NaOH Wash 2 290 <250 | 2,000 | 13,700 | <500 | <500 | <500
00-00479 TI-71-BaSO4 HNO3 Wash 1 <250 | <250 | <500 | 44,600 | <500 | <500 | <500
00-00480 TI-71-BaS04 HNO3 Wash 2 <250 | <250 | <500 | 51,800 | <500 | <500 | <500
00-00481 TI-71-BaS04 H20 Wash <250 | <250 | <500 | 21,100 | <500 | <3500 | <500
00-00481 Rep |TI-71-BaSO4 H20 Wash Rep <125 | <125 | <250 | 20,700 | <250 | <250 | <250
RPD nfa n/a n/a 2% n/a n/a n/a
00-00481 MS [TI-71-BaSO4 H20 Wash MS %Rec | 99% 95% | 101% | 89% | 100% | 104% | 103%
Blank Spike |Blank Spike % Rec 96% 94% | 100% | 103% | 101% | 103% | 101%

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

Leach Blank |Leach Blank T 262 | <70 <140

00-00465 TI-71-Ca PS ppt prior to Wash | 325 [ 5,600 334,000 | <3300 8,000 [ <3300

00-00468 TI-71-CaCO3-1 270 | 1,100 29,100 | < 1400] 4,300 | < 1400

00-00468 Rep |TI-71-CaCO3-1 Rep 270 | 1,100 27,400 <1400 3,800 | < 1400
RPD 0% 6% n/a 12% n/a

00-00472 TI-71-CaCO3-2 190 430 17,300 | <480 | 1,300 [ <480

00-00472 Dup |TI-71-CaCO3-2 Dup 195 530 29,800 | <490 | 1,500 | <490
RPD 21% 53% n/a 14% n/a

00-00472 MS |TI-71-CaCO3-2 MS %Rec 96% 104% | 98% [ 104% [ 102%

Blank Spike [Blank Spike % Rec 96% 103% | 101% | 103% | 101%

00-00475 (4} |TI-71-BaSO4 prior to Wash

00-00478 (4)  [TI-71-BaSO4-1

00-00482 (4) [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-CaCQ,-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:

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

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

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

Analyst: 4/4/@, M Date / // f)/ ﬂ ﬂ
Approval: WZU %/ 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: MJ 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:

Final Results:

Carbon System (WA92040); Balance (360-06-01-023).

TOC RPD

Wt TIC [TICRPD] TOC TC |[TCRPD

ALO Sample ID (@ |meCl)| (%) | (gCle) | (%) | (ugClg) | (%)
00-00465  [TI-71-CaP$ ppt prior to wash 0.0433 | 36.200 27.000 63,200
00-00465 dup |T1-71-CaPS ppt prior to wash dup (analysis) | 0.0071 | 50,100 32 32,000 17 82,100 26

00-60468  [TI-71-CaCO3-1 0.0114 | 72,800 12,900 85,800

00-00468 dup |T1-71-CaCO3-1Dup (analysis) 0.0101 | 74,500 2 13,100 1 87,600 2
00-00472  |TI-71-CaCO3-2 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  |TI-71-BaSO4 ppt prior to wash 0.0162 | 24,600 23,300 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-BaS0O4 - 2 0.0321 | 670 1,800 2,500

00-00482 dup |TI-71-BaSO4 - 2 Dup (analysis) 00240 | 650 n/a 1,700 n/a 2,300 n/a

TIC [TICRPD] TOC |[TOCRPD| TC |TCRPD

ALO Sample ID Vol |(ugC/ml)| (%) | (ugC/ml) (%) (ugC/ml) | (%)
00-00461  |TI-71-AN107 0.10 | 8300 16100 24,400
[00-00461 dup [TI-71-AN107 dup (analysis) 0.10 8200 1 16700 0 24,300 0
[00-00461 MS [TI1-71-AN107 MS Recovery 0.10 | 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 0.20 430 - 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  |T1-71-CaPS H20 wash - 1 2.00 13 91 100
[00-00473  |TI-71-BaS04 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 0.40 740 3600 4,400

00-00477  |TI-71-BaSO4 NaOH wash -2 1.00 350 1000 1,400

00-00479  |TI-71-BaSO4 HNO3 wash - | 0.20 <33 920 920

00-00480  |TI-71-BaSO4 HNO3 wash - 2 0.20 <33 460 460

00-00481  |TI-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. , 110 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
(1.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 ugC TIC and 40 ugC 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
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General Comments:

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

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

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

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

v/
Report Prepared by: % e L
Review/Approval by: L(M‘m Date I%' o

Archive Information:

Files: ASR 5600 Fiskum.doc ASR 5600 Fiskum Solids&Liquids.xls
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CERTIFICATE OF ANALYSIS

A Division of Mallinckredt Baker, Inc.
222 Red Schodl Lane « Phillipsburg, N] 08865
Telephone: (90B) 859-2151 o Fax: (908) B59-9318

4071
KTRT

TESTS
APPEARANCE

HEAVY METALS
IRON
ALKALINITY

CHLORIDE

-INSOLUBLE IN HC1 AND

NH40H PRECIPITATE
SULFATE

SILICA

OXIDIZING SUBSTANCES
ASSAY

FLUORIDE

BARIUM

TRACE METALS
MAGNESIUM (Mg)
POTASSIUM (K)
SODIUM (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% Hax.
89.95 - 100.05%
o.bo15% Max.
0.005% Max.
0.01% Max.
0.01% Max.
0.01% Max.

Report
0.1% Max.

CALCIUM CARBONATE (POWDER) CHELOMETRIC STANDARD ARR (ACS)

RESULTS

Fine, white
powder

0.0002%
0.002%
Passes Test
0.0001%

0.002%

0.004%
0.0005%
0.002%
100.05%
0.0005%
0.002%
.002%
:001%
.005%

.0002%
.002%

lejolecleNel

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

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

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

Date:

YN NS :::' 3 ;-7
*## RETRANSHISSION .-



S
- aldrich chemical co.
chemists helping chemists in research & industry
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CONTINUED FROM PREVIOUS PAGE
STARCH PASS TEST
TITRATABLE ACID <0.002 MEQ/G
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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 SWESSEL
tional terms and conditions of sale. NOVEMBER 7, 1991

aldrich chemical co.

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




) g aldrich chemical CO.

chemists helping chemists in research & industry
%+ 10L139

Y- __ n <14y D

C‘/quff 535-19
PRODUCT INFORMATION

PRODUCT NUMBER: 25307-3 LOT NUMBER: 12603EY.

PRODUCT NAME: ALPHA-D-GLUCOSE, A.C.S. REAGENT

FORMULA: C6H1206 FORMULA WEIGHT: 180.16

,'—t-_.. P | S T et e )

;;VORD

APPEARANCE :

j P\f WHITE POWDRER
INFRARED. SPECTRUM :. .......... ~LONFORMS TO STRUCTURE AND STANDARD AS
ILLUSTRATED ON PAGE 1908 OF EDITION I,
oo VOLUME 1 OF "THE ALDRICH LIBRARY OF FT-IR
"3 SPECTRAM,
~
s - » i —
OPTICAL ROTATION +52.7 DIZG (C=10% H20 + HH4CH)
LOSS ON DRYING : G.04%
RESIDUE ON IGNITION. i <0.02% qep
" ; 2 eg?f\ A
INSOLUBLE MATTER® 0.C02 % (C=13.3%, H20) «® B
\ WA
ARSENIC . <0.4PPM A\ ANE
CHLORIDE . ' <0.01% y ?/ }q[
J oy
HEAVY METALS . + <5PPM AS PB
SULFATE AND SULFITE <0.005%
ALDRICH warrants that its products conrorm iIcHhe :r:QDrmgiloﬁgo)rsgmgdAn {Riis 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 SHWESSEL
honaltermsandconmhonso!sale NOVEMBER 7 1591

aldrich chemical co.

P.0. Box 355, Milwaukee, Wisconsin 53291 USA = (414) 273-3850

AmnA craa
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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 pgC.

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 21 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 27
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 3.4 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 03/03/98 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

61 |

]TBxAverage = MDL

sy A T P

0 MDL Determination.xls
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Battelle Pacific Northwest Laboratory

File: 00-0461

Radiochemical Processing Group-325 Building

Client : Fiskum

Cognizant Scientist:

Concur:

Procedure: PNL-ALO-4014

ALOID
Client ID

00-0461PB
Process Blank

00-0461
TI-71-AN107

00-0462
TI-71-AN107 Dup

RPD

00-0463
TI-71-CaPS-Filtrate

00-0464
TI-71-CaPS-Filtrate Dup

RPD

00-0465 PB
Process Blank

00-0465
TI-71-CaPS-ppt prior to wash

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

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

00-0468
TI-71-CaCO3-1

00-0469
TI-71-CaPS-HNO3 Wash-1

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

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

1/25/00

%W Date : //25/40

L I&a_v_\&f o« o Date : (/RS]o0

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

Uranium

Error %

4.27E-4
4%

8.17E+0
4%

8.33E+0
4%

2%
6.11E+0
4%
6.06E+0
4%
1%

4 44F-4
4%
3.16E+1
4%
8.74E-1
4%
1.56E-1
4%

3.85E+1
4%
6.95E-2
4%
6.65E-1
4%
1.66E-1
4%
Page 1



ALOID
Client ID

00-0472
Ti-71-BaS04 Suspension

00-0472 -Dup
TI-71-BaS04 Suspension

RPD

00-0473
TI-71-BaS0O4- Filtrate

00-0474
TI-71-BaS0O4 Filtrate Dup

RPD
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
TI-71-BaS04-H20 Wash-1

Before
Run

After
Run

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

Uranium

Error %

7.66E+1
4%

8.91E+1
4%

15%

2.89E+0
4%

2.87E+0
4%

1%

5.16E-1
4%

8.50E-2
4%

2.08E+1
4%

1.76E+1
4%

6.17E+0
4%

Standard
Rec-319-4
Rec-319-2-r
Rec-319-2-r
Blank

Rec-319-3-¢c
Rec-319-3-¢
Rec-319-2-r
Blank

Observed Expected Yield
1.02E-3 1.00E-3 1.020
1.06E-1  1.00E-1 1.060
1.04E-1 1.00E-1 1.040
<2.E-5
1.01E-2 1.00E-2 1.010
9.97E-3 1.00E-2 0.997
1.05E-1  1.00E-1 1.050
<2.E-5
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Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Client : Fiskum

Cognizant Scientist: W Date :

Concur: _T_-—\—Q_a_y\ G - L_Q_, Date :

N\

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

00-0468DUP <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-BaS0O4- 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-BaS04-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

[~/ 4 0
1[14]a000

Alpha
Error +/-

114%

<2.E-6
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File: 00-0461

Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Client : Fiskum

Cognizant Scientist: Mﬂw’/ Date : “ / “i’ / 70

e

Concur : | 1 ouna =l Date : [ 14]2000
D

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

ALO ID Sr-90
Client ID 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
TI1-71-BaS04- Filtrate 3%
00-0476 8.06E-4
TI-71-BaS04-NaOH Wash-1 3%
00-0477 477E-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%
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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-90
Error +/-

8.60E-3

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

103%
126%

3.34E-5
31%

1.35E-4
14%

*Samples were analyzed in two batches.
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File: 00-0461.xls

Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Client: Fiskum

7 /
Cognizant Scientist: %W Date : / / Vi dd

Concur : [ \Ramng - Le Date : 1‘ [ Z!OO
I

Procedure: PNL-ALO-420/421

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

Y g0
ALO ID Alpha %%2 ~Z
Client ID Error +/-
00-0465 5.15E-2
TI-71-CaPS ppt prior to Wash 17%
00-0468 <4E-1
TI-71-CaC03-1
00-0472 3.50E-1
TI-71-CaC03-2 27%
00-0475 BF+SF 6.36E-2
TI-71 BaS0O4 prior to wash 16%
00-0478 BF+SF 1.12E-1
TI-71-BaS04-1 12%
00-0482 BF+SF 1.17E-2
TI-71-BasS04-2 8%
Blank Spike 114%
Blank <2.E-6
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File: 00-0461.xls

Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Client : Fiskum

Cognizant Scientist: W Date : / ///f 17
Concur : T T@cno ~ Zz_ Date : / Z;{Z&)ooo
J

Procedure: PNL-ALO-476 Sr30

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

ALO ID Sr-90
Client ID 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 8.06E-4
TI-71-BaS04-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%
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Measured Activities (uCi/g) with 1-c error

ALO ID Sr-80
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** 1.35E-4
14%

*Samples were analyzed in two batches.
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File: 00-04861.xls

Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Client : Fiskum
Cognizant Scientist: Sﬁ &Mﬁ/ Date : / // ?/ oo
Concur : TT{LQ_V\Q - Date : lt {f” KROOO
)

Procedure: PNL-ALO-476 Sr-90
Measured Activities (uCi/ml) with 1-c error

ALO ID Sr-90
Client ID Error +/-
00-0465 8.93E+0
TI-71-CaPS ppt prior to Wash 3%
00-0468 1.42E+1
TI-71-CaCO3-1 3%
00-0472 8.94E+0
TI-71-CaC03-2 3%
00-0475 BF+SF 6.69E-1 .
TI-71 BaSO4 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

3¢ Battelle

o , ; TR
Pacific Northwest Laboratories s

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
resuits for the isotopes of interest are displayed on the attached spreadsheet.

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 2°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.



JJ1¢f60

Fiskum Analysis

December 22, 1999

Results are reported in ng analyte/ ml of original solution.

Sample Client ICP/MS 997 T 239p
ID ID Number ng/mi 1SD ng/ml + 18D
1%HNO3 9c20a1 0.035+0.005 <0.01
1%HNO3 9c20a10 <0.024 <0.01
1%HNO3 9c20a45 <0.024 <0.008
B SEs=s
00-461PB Process Blank 8c20a11 2507 & <0.13
00-465PB Process Blank 9c20ai2 0.30 = : <0.13
00-461 TI-71-AN107 9c20a14 3450 = £ 1.8 24 * 4
00-462 TI-71-AN107 Dup 9c20a15 3490 = + 2.4 24 # 10
00-463 TI-71-CaPs-filtrate 9c20a16 3080 = * 0.7 11 & 1.0
00-464 TI-71-CaPs-filtrate Dup 9c20a17 3400 = % 22 2 i I - 2
100-465 TI-71-CaPS-ppt-prior to wash 9c20a38 18410 ng/g = * 114 1137 ng/g = 4
00-466 TI-71-CaPS-NaOH wash-1 9c20a39 850 = + 0.33: 1.8 + 0.4
00-467 TI-71-CaPS-NaOH wash-2 9c20a40 184 + i 0.33 + 0.20
100-468 TI-71-CACO3-1 9c20a21 11720 ng/g + + 20 1154 ng/g * 9
00-469 TI-71-CaPS-HNO3 wash-1 9c20a41 49.4 <0.18
00-470 TI-71-CaPS-HNO3 wash-2 9c20a42 41.5 + 0.67 + 0.03
00-471 TI-71-CaPS-H20 wash-1 9c20a36 13.5 £ i 0.32 £+ 0.56
100-472 TI-71-CaCO3-2 9c20a25 12810 ng/g = + 1379 ng/g = 11
100-472DUP TI-71-CaC03-2 Dup. 9c20a26 12900 ng/g * +. 1334 ng/g = 12
00-473 TI-71-BaSO4-filtrate 9c20a27 2860 =+ . 4.4 = 0.8
00-473REP TI-71-BaSO4-filtrate Rep. 9c20a28 2770 = - 6.6 + 1.0
00-474" TI-71-BaS0O4-filtrate Dup. 9c20a29 2950 + * 7.0 * 1.6
00-476 TI-71-BaS04-NaOH wash-1 9¢20a37 769 + + 1.2 % 1.0
00-477 TI-71-BaS04-NaOH wash-2 9c20a44 190 + * 0.18 + 0.08
00-479 TI-71-BaS0O4-HNO3 wash-1 9c20a32 141 = * 27.7 1.2
00-480 TI-71-BaS04-HNO3 wash-2 9c20a33 105 = + 21 + 4
00-481 TI-71-BaS04-H20 wash-1 9c20a34 35.6 = * 6.4 t 1.1
00-481 + spike TI-71-BaS04-H20 wash-1 9c20a35 162 = + 63.3 = 3
Spike Recovery 101% 114%
5ppb Tc-99 9c17a4 4.72 + -
Sppb Tc-99 9c17a19 5.13 =+
5ppb Tc-99 9c17a52 4.79 + .
100ppb Co 9c17a53 <0.024 i
1ppb Np CCV 9c20ab 0.996 =
1ppb Np CCV 9¢c20a47 0.968 = 0.080.
ippb Pu CCV 9c20a7 1.02 £+ 0.09
1ppb Pu CCV 9c20a48 0.979 + 0.013
*Results are from procedure 9ci7a.
tResults are reported in ng analyte/g sample.
DATA REVIEW
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File: 00-0461 xlIs

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-CaC0O3-2

00-0482 BF+SF
TI-71-BaS04-2
Matrix Spike

Reagent Spike

Blank

MM/J Date : ?/Z)’/f"

*T‘Tmy\&._[_a__, Date : 3)!23“1“

Measured Activities (uCi/g) with 1-o 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 3.21E-4 <3.E-6 991E-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 1.71E-4 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

Radiochemical Processing Group-325 Building

Client : Fiskum

Cognizant Scientist:

Procedure: PNL-ALO-440

ALO ID
Client ID

00-0461PB
Process Blank

00-0461*
TI-71-AN107

00-0462*
TI-71-AN107 Dup

00-0463
TI-71-CaPS-Filtrate

00-0464
TI-71-CaPS-Filtrate Dup

00-0468
TI-71-CaC0O3-1

00-0472
TI-71-CaCO3-2

00-0473
TI-71-BaS04- Filtrate

00-0474

TI-71-BaS04 Filtrate Dup

(\}@W Date :

"f/ Date :

Measured Concentration (uCi/g) 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.E-4

<1.E-6

<2.E-6

File: 00-0461.xls

1/13/2000

/-i3%- 0o

//‘/ g/ﬂ o

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
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File: 00-0461.xlIs

Battelle Pacific Northwest Laboratory
Radiochemical Processing Group-325 Building

Client : Fiskum

Cognizant Scientist: CS DM WO Date : 2-(£-00

ok, f PRy
Concur : f‘-W Date : 2"/::7"&0

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
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