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Summary

A series of precipitation experiments were conducted on Htiord 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 CaCOs mole ratios spanning a range of 0:1
to 3:1 to remove carbonate as insoluble CaC03. Similarly barium nitrate was added directly to
the AN-107 aliquots, or to ~e calcium pretreated AN-107 aliquots, giving of BaSOd mole ratios
spanning a range of 1:1 to 5:1 to precipitate sulfate as BaSOd.

Initial bulk carbonate removal was required for successfid follow-on barium sulfate precipitation.
A >1:1 mole ratio of C~C03 WaSfound to lower the carbonate concentration such that Ba would
react preferentially with the sulfate. A follow-on 1:1 mole ratio of BaSOd resulted in 70°/0
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.
Sevenly 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 CaCOJ241-AN-107 slurry was found
to lose fluidity upon standing for< 2 days. Metathesis with BaC03 at ambient temperature was
also evaluated using batch contacts at various BaC03:S04 mole ratios with no measurable
success.
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Terms and Abbreviations

AEA
BNFL
EDTA
EPA
GEA
HEDTA
HLRF
IC
ICP-AES
ICP-MS
LAW
MRQ
NA

;&LP
TIc
TOC
TRu
VSL

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 difiaction
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Units

‘c
cm

g
M
mL

l%
pCi
pm

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 difilculties. Preliminary testing of the LAW vitrification system at the
Vitreous States Laboratory (VSL) indicates a separate molten sulfir layer will form in the melter
(nominally at1150”C) at sulllciently 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).

BNPL 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 sulfbr in the
LAW melter as S02 or S03. 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-1 07 (referred to as AN-107). The pretreated AN-107 liquid waste (supematant) is
categorized as LAW Envelope C waste. Actual tank waste samples were used in these tests.



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 5M
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 Sr/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
adjustmen$ and sub-sampling of this sample was described (Uric et al., 1999). The diluted AN-
107 sample (AN- 107 Diluted Feed) was then processed for Sr/TRU removal with a precipitation
process. The precipitate and entrained solids were removed with a single-tube cross-flow filter
using a O.l-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 99Tc(Bkmchard, 2000). The
effluent from the 99Tcremoval 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(N02)2”Hz0 (Aesar) which did not
speci@ a grade. A 5M Ca2+solution (density = 1.531g/mL) was prepared from Ca(N03)2.4H20.
A 0.33M Ba2+solution (density = 1.063g/mL) was prepared from Ba(N03)2, two Ba stock
solutions were prepared from Ba(N02)2.H20. The Ba(NOz)z solutions were analyzed by
ICP-ABS, 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-cm2, 0.45-pm nylon filter connected to 125-mL
upper and lower reservoirs were used for phase 1 and phase 2 experiments. Millipore@filter
assemblies with 40-cm2 surface are% 0.45-pm polyvinylidene fluoride filter, connected to a
polycarbonate 500-mL, graduated upper reservoir and l-L, graduated lower reservoir were used
for the third phase. Syringe filters (0.45-~) were used to process small-volume samples.
Vacuum was supplied by the laboratory vacuum system at 19.8-mm Hg pressure.

2.1
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Table 2.1. Composition of AN-107 Feed Materials

I
S04

03/titration
03/T’IC
Oj
02
H

DTA
EDTA

a
a
1
a
r

1

Sr
S-137
u-154
m-24 1

CO-60
Sr-90

M
M
M
M
M
M
M
M
M
M

pg/mL
~g/mL
pg/mL
pg/mL
~Ci/mL
~Ci/mL
pCi/mL
~Ci/mL

0.041 0.053
0.7 0.81

0.70
2.2

0.73
0.87

0.0039
0.01

4.4
0.0041

127
<0.4
35
120

2.02E-2
2.66E-2
9.73E-3
6.44E-2

0.042

0.66
1.7

0.62

4.8
0.0043
2340
<0.4
43
130

8.22E-2
3.26E-2
1.19E-2
4.92E-2

pCi/mL 1.07E+0 2.46E-1

‘Note:Blank spacesrepresentnon-analyzedanalytes. Concentrationsare expectedto be similar
to the otherAN-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 Ba2Aaddition; a Ca2+addition
(pre-strike) followed by Ba2+addition; and metathesis of added BaCO~to BaSOd. The second
phase targeted the calcium pre-strike for initial carbonate removal followed by Baz+addition for
BaS04 precipitation, and metathesis of BaCO~to BaSOQ. The third phase incorporated the Ca2+
pre-strike followed by Ba2+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:C03 and Ba:S04
ratios represent mole ratios.

1Test SpecificationSection 5.0, TSP-W375-99-00016,Revision 1, TestSpec~jicationfor Separating
Su~atefrom PretreatedAiV-107,AZ-102, andAiV-102Solutionsby Precipitation,13NFL,Inc., Richkmd,
WashingtondatedDecember3, 1999revisedon December9, 1999andtransmittedto PNNL accordingto
CCIQ:008798.
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2.4.1 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 5M Ca(NO&
solution were added to four samples in mole ratios of CaC03 of 0.5:1, 1:1 (in duplicate), and 2: 1;
one sample had no added Ca2+. 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 supematant was removed, filtered
through a syringe filter, and analyzed for anions. The supematants Ilom the duplicate 1:1 Ca:C03
contact were combined in order to provide a larger working volume for subsequent Ba2+contact
studies. Aliquots of the supematants were then firther processed by adding 0.33 M BaN03 in
various mole ratios of BaSOd (1: 1, 1.4:1, 3:1, and 5:1). However, in the case of the 2:1 Ca:C03
contacg the supematant volume was sufficient for only one follow-on Ba2+contact the 1.4:1
BaSOo contact was selected for study. After the Ba2+contac~ the samples were stirred for 5
minutes, then allowed to stand for 60 minutes. The samples were centrifuged and the supematant
was filtered through a syringe filter and submitted for anion analysis. Sub-samples from the 1:1
CaC03 contact and subsequent Ba2+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:C03 mole ratio was selected for fhrther 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 5M Ca(N03)2 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 tsvo 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(NOz)*in place of Ba(NOs)*;the advantages of the former
reagent is it’s much higher water volubility with a corresponding reduction in added aqueous
volume. A 100-mL aliquot of the Ca2+pre-strike filtrate was mixed with 2.7-mL 2M Ba(N02)2
(targeted 1.4:1, actual 1.1:1 BaSOQ); a 10-mL aliquot of filtrate was contacted with 0.18-mL 2M
Ba(N02)2 (targeted 1:1, actual 0.8:1 Ba:SOd). 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 filte~ flux was determined for the 100-mL volume BaSOd slurry similarly to
the CaC03 filter flu~ except that the slurry was processed through 1 filter unit instead of 2 filter
units. The BaS04 precipitate was washed three times with 10-mL 0.0 lM NaOH and percent
solids determined. The 10-mL sample supematant from the 0.8:1 BaSOa contact was filtered
through a syringe filter. Both filtrates were analyzed by IC, ICP, GEA, and TIC methods.
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Figure 2.1. Experimental Outline of Phase 1 Testing



.,

z-,
!+

!+.

i
‘,

I

\

,.,.<
.::.:

I Archive 2 AN-107, 200-mL

Add 5M Ca2+,0.93:1Ca:C03

~

F&l
EEEl

~ Analyzefiltrate

?~;7y
Filter flux test

analyzefiitrate analyzefikate analyzefi’ltrate

Analyzefiltrate Washsolids,
determine% solids

Figure 2.2. Experimental Outline of Phase 2 Testing

2.5



.:.

2.4.3 Scale-Up Precipitation Test, Phase 3

A scale-up test was conducted with757mLofActualAN-107 waste to more thoroughly evaluate
the targeted 1.1:1 Ca:C03 prestrike and 1.3:1 Ba:S04 contact as well as generate enough low-
sulfate AN- 107 for vitrification tests. A process flow shee~ Figure 2.3, summarizes the general
sample manipulation scheme as well as sampling points through the process. A 107-mL 5M Ca2+
solution, representing a 1.1:1 Ca:C03 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 transfemed 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 fimction 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 Ca2+
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 aliguots from each collection) and filtrate were taken for
analysis.

The CaC03 precipitate was subjected to a series of washes; each wash was collected in a separate,
clean, tarred, filtration receiver. Both CaC03 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 0.0 lM
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 CaC03 precipitate was then washed with
a 2:1 volume ratio of lM HN03:precipitate volume. A 200-mL volume of lM HN03 was added
slowly to each sample of CaC03 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 lM
FIN03:precipitate volume with 100-mL lM HNOj added to each reservoir of CaC03. The CaCO~
precipitates were then washed with 75-mL water each in a 3:1 volume ratio of water:precipitate.
Samples of the washed precipitate were collected for analysis along with samples of the first and
second lM HN03 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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A 13.27-mL aliquot of 1.82M Ba2+solution (as barium nitrite), representing a 1.3:1 BaS04 mole
ratio, was added to the calcium pre-treated filtrate over a 6-rein 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 O.OIMNaOH, 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 0.0 lM NaOH wash, the solids and filtrates were sampled for analyses. Samples
taken for particle size analysis were suspended in 0.0 lM NaOH. The solids were then washed
with 40-mL 1M HN03, 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 HN03, 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”Cto determine the percent
solids present in the washed precipitate.

2.4.4 BaCO~ to BaS04 Metathesis Study, Phase 1 and Phase 2

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

Twelve-gram aliquots of the calcium-treated Archive 2 AN-107 were contacted with solid BaC03
in 1:1 and 3:1 Ba:S04 ratios and shaken for 90 hours (Figure 2.2). After settling, the supematants
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
chromatographysimilar to EPA Method 300.0. Large sample dilutions were generally necessary
because of the high nitrate concentrations resulting in a sulfate detection limit of 2000 pg/mL.
The CaCO~ precipitate samples were leached with water that in turn was analyzed by ion
chromatography; BaS04 solids were not analyzed by IC. The IC solids sample preparation
utilizes a water leach. Barium sulfate solids are virtually insoluble in water, thus IC information
on such a sample would be meaningless. Ion chromatography uncertainty was typically + 15°/0
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 C02 with hot
2M H2S04 and sweeping the gas with an 02 flow into C02 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 sulfixic acid and potassium persulfate with
silver nitrate catalyst for complete oxidation of organic species. Uncertainty was typically M 5’%
where the analyte concentration was greater than ten times the detection limit. Solutions and
BaS04 solids were directly analyzed by gamma spectrometry to determine gamma-emitting
radioisotopes. Calcium carbonate solids were first dissolved in HN03 prior to GEA analysis.
Uncertainty was attributed primarily to counting statistics and ranged from +2% for *37CS
to &25Y0for 24*Am. Filtrate and CaC03 sub-samples were acid digested; BaS04 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
79Seand 90Srfollowed by liquid scintillation and beta proportional counting, res~ecti~~y.
Inductively-coupled plasma mass spectrometry (ICP-MS) was used to measure Tc, Np, and
239Puaf(er acid digestion and dilution; uncertainty was lypically +1O%. Most cations were
measured using inductively-coupled plasma atomic emission spectrometry with an uncertainty of
nominally +15°/0where 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°/0. Ammonia was measured with axiion-selective
electrode on aqueous samples directly or on water Ieachates 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 generaIly high.

Table 2.2. Analytical Procedures

Water leach PNL-ALO-1O3, Rev. 1
TIc PNL-ALO-381, Rev. 1
TOC PNL-ALO-381, Rev. 1

NH3 PNL-ALO-226
Acid digestion, solutions PNL-ALO- 128
Acid digestion, CaC05 PNL-ALO-128
Metathesis, BaSOg cognizant scientist direction
Sr-90 PNL-ALO-476 Rev. 1,-408, Rev. 1
GEA PNL-fiO-450 Rev. 1
Am-24 1 PNNL-ALO-417 Rev. 2,-496,-422
Pu-239/240 and Pu-238 PNNL-ALO-417 Rev. 2,-496,-422
ICP-AES PNL-ALO-21 1
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, viscosi~, TCLP, I&, and Am (by AEA) were cancelled subsequent to
sampling by customer request. The ICP-MS analyses of the BaS04 solids were also cancelled.
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3,0 Results and Discussion

3.1 Survey of Calcium Carbonate and Barium
Precipitations, Phase 1

Sulfate

In all cases, the addition of calcium solution produced copious amounts of CaC03 precipitate.
The Archive 1 AN- 107/CaC03 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 CaCO; are summarized in Table 3.1. The
sulfate concentration, where no Ca2+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 Ca2+addition indicating a small amount of CaS04 precipitated with the CaCOs.
The percent sulfate removal is shown in Table 3.1. The 1:1 CaC03 pre-strike supematant
resulted in nearly 68°/0carbonate removal from solution.

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

0.5:1 30 0 NA
1:1 55 6 68
2:1 70 12 NA

qA: not analyzed

The addition of 0.33 M Ba2+resulted in a well-defined, heavy, precipitate that compacted more
efilciently than CaC03. The dilution factor after Ba2+addition varied slightly for each sample as
water was not added as a make-up volume. Sulfate removal was calculated according to the
equation l-([SO&/[SOd] 2“)where [S04]f is the final measured sulfate concentration and the
[SOA]~is the initial sulfate concentration corrected for the dilution factor. The results of the Baz+
contact are summarized in Table 3.2. Where the Ca2+pre-strike was less than 1:1 Ca:C03, the
sulfate removed by Ba2+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:C03 pre-strike contac~ the Ba2+contact was effective in removing sulfate. The four samples
from this Ca2+pre-strike underwent further analysis by ICP, GEA, TIC, and for 90Sr. The 1.4:1
BaS04 contact, from this calcium pre-strike, resulted in 69% sulfate removal for a final 0.008 M
SO.Iconcentration. Higher Ba:S04 ratios resulted in diminishing returns of sulfate removal while
increasing C032-removal. Dissolved Ba2+remained in solution ranging from 51 to 164 ~g/mL.
The chromium concentration also dropped with Ba2+addition, probably co-precipitating as
BaCr04. For a 1:1 BaSOd contact 8lVOof the chromium was removed. The 90Srand 154Eu
concentrations also dropped with increasing BaS04 precipitation; *37CSand cOCoconcentrations
remained unaffected. Analytical details are provided in Appendix A. Based on these sulfate
removal results, the 1:1 Ca:C03 pre-strike followed by 1:1 and 1.5:1 Ba2+strike were selected for
further study.

3.1
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Table 3.2. Sulfate and Carbonate Removal Afler Ba2+Contacts Following Ca2+Pre-strike,
Phase 1 Testing

0:1 1:1 0.92:1 6 lQA
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

II 5:1 5.3:1 >70 86
2:1 1.4:1 1.5:1 >76 l+A

NA: not analyzed

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

Carbonate concentration of Archive 2 AN-107, determined by titration and combustion, resulted
in 0.8 lM and 0.70M carbonate, respectively. Based on an average of these two results, 0.755M
COS, 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 Ca2+addition. The
filtrate collection rate, or filter fl% 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/rein and 16 g/rein through the 20-cm2, 0.45-pm filter.
The 169-mL filtrate volume represents 74% of the combined Archive 2 AN-107 and added
calcium solution volumes (227-mL). The CaC03 precipitation resulted in a 69°/0carbonate
removal, consistent with the results from phase 1 study. Virtually no CaSOd co-precipitated with
the CaC05. These results are summarized in Table 3.3. Cobalt and cesium concentrations
remained unaffected. Predictably, 90Srprecipitated with the CaC03. Europium and americium
also were nominally 60°/0co-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

Ca Pre-Strike, 0.93:1 Ca:COJ
Archive2 AN-107 200 mL 0.053M 0.755 M
Added 5 M Ca(NO&-4Hz0 27.9mL
Dilutionfactor 1.14
Filtrate 169mL 0.048M 0.204 M
V. removed(dilutioncorrected) -3 69
2 M Ba(NOJz-H20 contacL 1.1:1 Ba:S04
Archive2 AN-107prestrike 100mL 0.048M 0.204 M
Added 2 M Ba2” 2.68 mL
Dilution factor 1.03
Filtrate 98.7mL <0.02 M 0.248 M
I%. removed(dilutioncorrected) >57 -25
2 M Ba(N02)2-H20contac~ 0.77:1 Ba:SOd
Archive2 AN-107prestrike 9.96mL 0.048M 0.204 M
Added 2 M Ba2+ 0.18mL
Dilutionfactor 1.02
Filtrate not measured <().02M 0.222M
A removed(dilutioncorrected) >57 -11

The two ratios of Ba:SOd tested, 0.77:1 Ba:SO1 and 1.1:1 Ba:SOl, 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 fluxof21 g/rein in through a 20-cm2,
0.45-pm filter was obtained for the Archive 2 AN-107/BaS04 slurry. Sulfate concentration
dropped to <0.02M in both filtrates corresponding to >57’%0sulfate 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 BaSOd contacts) were less than the instrument detection limit of 0.02M
sulfate. Carbonate measured in the Ba2+conticted solutions measured higher than the C03z-
pre-strike AN-107 feed. There is no good explanation for this other than the samples may have
absorbed C02 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 BaS04 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 CaC03 and BaSOl, a scale-up test was defined
to further evaluate processing characteristics.

3.3 Scale-up Precipitation Test, Phase 3

Upon addition of the 5M Ca2+solution, solids immediately began to form and continued to form
throughout the Ca2+addition. Figure 3.1 shows the CaC03 settling rate as a fi.mction of time.
After the 120-minute settling tes~ nearly 97% of the sample volume still contained slurried solids.
The sub-samples of the CaCO~ shiny taken for viscosity, particle size, and insoluble solids
measurements were no longer fluid after setting aside for 2 days, thus obviating firther analyses
of the CaC03 slurry. Afier the 2-hr settling tes~ the CaC03 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 fimction 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 CaC03 precipitate mass was 36 lg. 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’XOof the carbonate. These results are consistent with results from the
previous 2 study phases and are summarized in Table 3.4. Each CaC03 precipitate was washed
mice with 0.0 lM NaOH followed by two lM HN03 washes and one water wash. The lM HN03
wash resulted in the production of C02 as carbonate was decomposed. Predictably, each HN03
wash resulted in significant precipitate mass losses, 55~0and 35°/0,respectively. A summary of
the precipitate and filtrate masses, volumes, filtration times, etc., are provided in Appendix C.
The CaC03 precipitation carried other species besides the CaC03. Co-precipitated with the
CaC03 were Al, Fe, P [(probably as Ca3(POd)2],and Sr. Europium, Am, Pu, and Np also
followed the CaC03. After the lM HN03 washes, the Al, P, Eu, and Am remained
disproportionately with the CaC03 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 CaC03 analyses are provided in Table 3.7.

Barium precipitates formed immediately upon addition of Ba2+to the Ca2+pre-treated Actual
AN- 107 filtrate. After a 120-minute settling tes$ the slurried precipitate volume occupied 17% of
the total solution volume. The BaSO1 settling curve is shown in Figure 3.1. Filtration of the
BaSOq slurry required 82 minutes with 94% of the BaS04 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 BaSO1 precipitation. The overall total sulfate removal for the combined Ca2+and
Ba2+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 BaS04
filtrate are provided in Tables 3.5 and 3.6. The BaS04 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 O.OIM
NaOH washes were rapid, taking no more than 1 minute, and did not remove precipitate mass.
The initial 40-mL lM HN03 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 lM HN03
wash actually resulted in a mass increase from 8.7g to 13.2g. The filtrate wash and BaS04
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 fkactions is nominally 1, within experimental
error, except for 90Sr,where it appears an analytical error could have occurred. The washed
BaSOJ material appears to be contaminated principally with Cr.
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Table 3.4. Sulfate and Carbonate Removal fi-omActual AN-107 Scale-Up Tes~ Phase 3

rCtud AN-107 735 mL
5MCa2+ 107mL
Dilutionfactor 1.15
Filtrate 561 mL 5.670 67.7% 66.7%

-. /4...,.,~:.:,,.-.,-
BaSO.@~&jitAion“‘~‘,””::,-~..~+;v Z

;: ,.~e.-,.-..,. ......:...,-..,~.: .>.W-6,=.. . ‘. -y,’?&;.,;. .. .. ,,...::..:--- ‘w~,i~~~ . ....>.J2C.... ..-. . . .. .,*,. ,.,/.
Actual AN-107 filtrate from Ca prestrike 531 mL
1.82M Baz+ 13.7 mL

Dilutionfictor 1.03 II
Filtrate 513.mL 69.7% 6.8% 94.2%

Graud;TotaI .- . ... . ..?’.,R.<.. .~~:~$-~:$A~:$\y.*.>~; ,. .,,,; : .,, .:.. ‘.’, ., ‘;,:., .’ ‘ ,* ‘!..”, ;kh?& .,, “’;. . ... .

Actual AN-107 735 mL

k‘M Caz’ + 1.82M Ba2+ 121 mL
ilution factor 1.16

ird fiitmte 513mL 7’2.O~o 70.5% 62.8% II

3.6



137CS 8.22E-2 7.36E-2 7.33E-2 9.OE+O

154Eu 3.26E-2 6.OIE-3 3.1OE-3 2.OE-3

155Eu 2.31E-2 4.41E-3 2.17E-5 9.OE-2

24]Am 1.19E-2 2.08E-3 1.35E-3 7.75E-4

‘9PU 1.49E-3 6.82E-4 3.88E-4 7.75E-4

‘Tc 5.90E-2 5.51E-2 4.90E-2 1.50E-3

‘7Np 4.17E-5 2.3IE-5 1.22E-5 7.75E-4
Total Alpha <3E.2 QE-3 -QE-3 7.75E41

79Se <1.6E-5 1.35E-5 -QE-6 1.E-04

90Sr 2.46E-01 7.85E-03 2.43E-03 3.OE-I
Analyt&E@ifs. “%~-:i?kc~~ . ‘:‘ “.‘;: ;“,#’@y-$$. :,, ‘ - “’.@Ya:. :: ~~ -. jl@&iL

Ag <().6 <().4 <().4 1
Al 2,340 850 768 75
As a <5 a 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 <(3.9 <().9 35
Mg a a 150

[:1]Mn <().9 <().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 - <5 <5 0.1
Si [321 <9 <9 170. .
u <50 65 <35 600

U(D 8.3 2.9 600
Zn 7.6 [:;] 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(2) 3,500 3,000 3,000 150

N05 112,000 198,000 173,000 3,000
P04 1400 <1()()0 <1000 2,500
So’$ 4,020 3,300 970 2,300

NH~ 8.9 9.7 6.5 150
1) U determinedby kineticphosphorescence
2) F results are suspectdueto peak distortionand retentiontime shift..
Radioisotopereferencedate is 11/1/99
Bracketed resultsrepresentvalueswith errors excecxkg 15Y%2-G.
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Table 3.6. Actual AN- 107 Feed and Filtrate Compositions, Opportunistic Analytes

‘co 4.95E-2 4.12E-2 3.96E-2

%S+b 6.00E-4 <3.6LL4 <8.4E-5

II ‘2’Sn/’2’Sb 3.80E-4 Q4E-4 <~.6E-5

Nd <~ a a
P 302 48 43

Sb <13 <9 <9

Sn ~8 a5
Sr 130 [;:]
w [76] [65] &
Y <().8 <().8
Zr ~2~9] <().8 <().8

No’ 28,800 25,900 29,500

[
Oxalate 1400 <1000” <1000

Radioisotope reference date is 11/1/99
Bracketed ~esuks represent values with errors exceeding 15%, 2-cr.
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Table 3.7. Composition of CaCOs Precipitate Wash Filtrates and CaC03 Precipitate

.-.@:G@mwl!Iii&?&.?+$”.L;<$;-@$;:,;:--- “* “.*-<W*.#,. .

ti:’z::z:;tiwi~’ ‘..--: “j:,g:*g;.:. ;@&~
1.96E-I 2.60E-2 9.77E-4 6.OE-2

‘co 1.20E-2 2.58E-3 6.32EJI 8.41E4 2.80E-4
!~Eu 6.92E-4 c3E-5 1.26E-4 1.84E-3 4.53E-4 2.OE-3
155EU 4.79E=4 3.94E-5 c7E-5 1.34E-3 3.llE-4 9.OE-2

2“Am 2.57E4 3.09E-5 6.37E-5 5.93E-4 1.38E-4 7.75E-4

2’9PU 1.12W 2.05E-5 cIE-5 4.16E-5 1.99E-5 7,75E4

97C 1.45E-2 3.13E-3 8.40E-4 7.06E-4 2.30E-4 1.5E-3
23~p 3.64E-6 .c3E-7 c3E-7 4.37E-7 =QE-7 7.75E-4

‘otalAlpha c7E-4 -QE-4 QE-2 c2E-2 c4E-3 7.75E-4

Ag <0.4 <0.1 <0.3 <0.3 <0.3 1
Al [9.5] 3.14 19.8 9.7 [2.1] 75
As 4 <1 G e, <> 1
B [5.] 4.1 [1.9] 20.2 8.64
Ba <.2 <0.06 [0.74] [0.45] [0.14] 10

Ca 331 132 10,900 17,100 5,330 150

Cd 6.6 1.07 [0.36] [0.95] [0.34] 0.1

co <0.8 <0.1 <1 <1 <1 30

Cr 10.2 2.7 [0.82] [0.36] [0.42] 1

Cu 3 0.67 <0.3 - [0.4] <0.3 17

Fe <0.4 <.1 [0.69] [1.7] [0.97] 150

K 140 [36] c25 -=20 eO 200

La <0.8 <0. I [3.9] <0.5 [1.8] 35

Mg Q <0.3 [11] 80.7 29 150

Mn -=0.8 <0.1 <0.6 <r3.5 <().5 150

Mo [4.1] [0.94] <0.6 <0.5 <0.5 90

Na 25,500 7,150 4,560 1,940 537 75

Nd C2 <0.3 -=1 <1 <1

Ni 54 12 3.9 [3.] [1.2] 30

P [11] 2.6 c1 c1 <1

Pb [2.3] [0.37] [6.1] 21 [8.] 1

Sb <8 <1 <6 <5 <5

Se <0.6 a a a 0.1

Si [~~] 32 <6 <5 <5 170

Sr I [0.54] 0.50 87 76 24

u -=33 <5 C25 -=20 -QO 600
u(l) 0.87 0.16 0.07 0.67 0.17 600

w G3 <5 <5 -=20 Qo

Zn [1.0] [0.34] <o.6 [1.8] 0.85 16.5

Zr <0.8 <0.1 <0.6 <0.5 <0.5

TO@ 4,050 980 390 260 91 1500
T@) 430 150 26 37 13 150

F(3) 900 230 -Q50 Q50 <125 150

cl -=250 <50 -Q50 ==250 <125 25

N02 7,100 1,700 <500 600 a50

NOJ 58,500 12,300 50,700 62,300 16,500 3000

Poa <500 <100 <500 -=500 Q50 2500

so, 1,100 240 <500 760 -Q50 2300

Oxalate -=500 -=100 <500 <500 -Q50

NH; 2.0 0.5 0.2 <0.2 <0.2 150

) Analyzed by kinetic phosphorescence. Bracketed results represent w
) Reported as micrograms C per mL or per g.

3) F results are suspect due to peak distortion and retention time shift.

1.39E-I 6.63E-2 1.31E-1 1.20E-2
2.32E-I 3.42E-1 7.81E-1 6.OE-2
1.70E-I 2.51E-I 5.54E-1 6.OE-2
8.85E-2 1.28E-I 2.90E-I 1.20E-3

8.50E-3 9.55E-3 2.21E-2 6 uglg
1.43E-1 2.92E-2 4.85E-2 6 Ug/~
1.64E-4 1.97E-4 4.39E-4 1.8ugig
5.15E-2 uIE-1 3.50E-1 1.OE-3

8.93E+0 1.42E+1 8.94E+0 7.OE+I

I’@g ‘W& ‘“:.7.;’:.: W&:::.’ “-’?titi~
<13 -=7 -=9 900

12,100 21,700 53>100 330
<131) <74 <100 3
392 275 [140]
[17] [25] [38] 600

236,000 360,000 311,500 180

[75] [24] [30] 11
e6 <15 Qo 3

110 [32] 100 120
[31] [14] [13] 18

[51] 79 151 140
<1100 <590 <800 1500

[79] <15 [130] 60
652 1,050 1,120 540
-Q6 [16] [29] 300

[36] <15 QO 6
267,000 50,500 2,250 150

-=53 Q9 [88] 77
480 [82] [72] 160

2,040 2,940 7J1O

[260] 423 549 600
Q60 <150 QOO 12
<130 <74 <100 300
[1200] [360] [225] 3000
1,090 1,690 1,080

<1060 <590 <800 600

31.6 38.5 600
c 1060 <590 <800

31 [35] [45] 6

<6 p4J [62] 600

29,500 13,000 27,800 60
43,200 73,700 77,400 30

5,600 1,100 480 7500

<1700 <680 Q40 230

40.100 4.050 -=$80

334,000 28J50 23,600 450

<3300 -=1400 -=480 600

8,000 4,050 1,400 1200
<3300 <1400 -480

3.8 <5 <0.4 60

ues with errors exceeding 15°/0,2-cr.
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‘@mE’::<$-~gBg$mwm$2:&B3%-;Y fiF2m.FcYm
2.09E-2 5.24E-3 1.38E-3 3.58E-4 1.91E-4 9.OE+O

9.89E-3 2.41E-3 4.87E-3 5.05E-3 1.92E-3
4.45E-4 6.04E-5 1.82E-2 1.15E-2 2.85E-3 2.OE-3

2.97E4 3.65E-5 1.25E-2 7.86E-3 2.72E-3 9.OE-2
2.02E-4 4.02E-5 4.19E-3 3.40E-3 1.30E-3 7.75E-4

7.44E-5 1.12E-5 1.72E-3 1.30E-3 3.97E-4 7.75E-4
1.31E-2 3.23E-3 2.40E-3 1.79E-3 6.05E-4 1.5E-3

2.26E-6 3.53E-7 7.03E-5 2.68E-5 9.45E-6 7.75E-4
NA NA NA NA NA 7.75E-4

8.56E4 4.84E-4 2.72E-2 2.75E-2 8.96E-3 3.OE-I

@rrL :;@J@:’”j :$g~.:y:,~:ifigj .:,p;~- l@rlL

<0.3 -=0.I <0.5 <1 <0.3 1
213 55 21 [5.8] [1.3] 75

. <0.5 <5 <13 <3 1
[;:] <0.1 -=1 -=3 <0.6
42 16 22,100 7,900 4,720 10

308 103 3,080 959 263 150
5.8 1.4 3.7 [1.4] [0.49] 0.1

<0.5 <0.1 <1 G cO.6 30
2.1 0.74 55 56 26 1
~.7 0.70 [0.631 -<1.3 <0.3 17

[0.95] [0.24] ‘[1.0]” [1.5] [0.57] 150
212 50 <40 <lOr) <5 200
<0.5 <0.1 [2.2] 4.5 <0.6 35
<1 <0.2 G <5 <1 150

<0.5 <0.1 <1 -G <0.6 150

p.9] 1.1 [1.1] @ <0.6 90
27,700 7,530 2,630 592 162 75

-a <0.2 [2.4] - <1
47 12 9.9 [:8] [2.1] 30
11 2.7 [9.3] [6.1] [2.11

[6.] [1.4] < <5 <1 1
<5 <1 <10 ~5 <6
<5 <0.5 <5 <13 <3 0.1
<5 <1 <](I <5 <6 I70
3.2 1.5 356 110 33

-QO <4 @o <100 -Q5 600

0.52 0.85 21 18 6.2 600
-=20 [4.8] <40 <100 -Q5
[1.2] [0.45] <1 <3 <0.6 16.5

<0.5 <r).1 <1 -G <0.6

3,640 1,010 923 461 156 1,500
743 349 <33 <33 <7 150

960 290 -=250 <50 <125 150
<500 450 -Q50 Q50 <125 25

8,100 2,000 <500 <500 <50

54,500 13,700 44,600 51,800 20,900 3,000

<1000 <500 <500 <500 -Q50 2,500

<1000 <500 <500 <500 <250 2,300
<1000 <500 <500 <500 G50

0.75 0.25 0.33 0.25 <0.2 150

by kinetic phosphorescence. Bracketed results r
n micrograms C per mL or per g. NA: not analyzed

1.03E-I 1.02E-I 5.24E-2 1.20E-2
1.42E-I 2.45E-I 1.93E-2 6.OE-2

9.80E-2 1.63E-I 1.09E-2 6.OE-2
3.94E-2 5.37E-2 4.38E-3 1.20E-3

NA NA NA 6 u#g
NA NA NA 611~~
NA NA NA 1.8ug/g
NA NA NA 1.OE-3
NA NA NA 7.OE+l

I’@ L@&‘“ ‘“-:’ :,:F#g ‘. XWg
a2 -=110 <110 900
1560 137 35 330
<170 <590 <590 3
580 89 35

263,000 554,000 586,000 600

23,800 35,400 357 180

55 22 <110 11
<53 <190 <190 3
1250 2430 2630 120
72 36 34 18

452 125 222 140
977 <14,800 <14,800 1,500
<53 <190 <)90 60
1110 903 745 540

7 4 3 300

31 16 13 6
154,000 20,700 1,300 150
Qlo ~740 ~740 77
331 50 12 160
136 119 107

<130 -=440 <440 600
<110 <370 <37(I 12

<110 <370 <370 300

8,180 2,180 1,540 3,000
2,490 4,100 56

<4200 <15,000 <15,000 600
NA NA NA 600
125 a700 <3700
191 97 78 6
18 8 12 600

24,000 20,700 17,100 60
24,500 30400 660 30

NA NA NA 7>500
NA NA NA 230

NA NA NA

NA NA NA 450

NA NA NA 600

NA NA NA 1,200
NA NA NA

NA NA NA 60

esent vahres with errors exceeding 150/.,2-G.

3) Kesults arc suspect due to peak distortion and retention time shitl.
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Table 3.9. Mass and Activity Balances for Calcium Carbonate and Barium Sulfate Precipitations, Phase 3

malytc

Al 1,700 477 394

II 14 1.7 0.8
B#) <0.2 I 109
Ca(l) 12s 528 455

cd 20 14 11

Cr 31 20 3.3

Cu 9.3 6.S 5.4
~C 6.4 1.8 1.4

K 520 363 386

MO 12 8.3 6.8
Nn 79,850 58,100 48,60(

Ni 151 110 90
p 219 27 22

Plr 42 14 11

Sr 94 0.6 4
[J 6.0 3.4 1.11

zn 5.0 2.6 2.2

6.0 1.7 9.9 2.4 0.3

3.2 2.2 0.9 5.1 1.4

0.4 0.1

210 72 5,430 4,310 879

4.2 0.6 0.2 0.2 0.1
6.5 1.4 0.4 0.1 0.1
I.9 0.4 0,1

0.3 0.4 0.2

89 20
2.6 0.5

16,200 3,880 2,270 489 89

35 6.4 1.9 0.8 0.2
7.0 1.4
1.5 0.2 3.0 5.4 1.3

0.3 0.3 43 19 3.9

0.55 0.08 0.03 0.17 0.03

0.6 0.2 0.3 0.5 0.1

1,530

4.0

1.1

8,970

0.9

2.9

0.4

4.3

65

2.1
208
15,8

31

NA

I.3

7.9

0

1.6

II

0.2

0.08

0.1

0.04

7.8
0.1

1,020

1.7
0.4
0.2

0.1

0.02

0.04

2.2

0

0.6

4.1

0.06

0.03

0.03

0.01

2.0
0.04

301

0.47
0.11
0.06

0.06

0.03

0.02

1.0 0.09 0.04 0.2 I

0.2 0.2 0.1 3.48

1,060 126 137 3460

148 15 8 2

0.2 0.02 0.0! 0.70

2.6 0.89 0.76 15,5

0.03 0.200
0.05 0.02 0.02 1,30

1.9 87.1

0.05 ( 0.1
126 9.5 4.7 7.7

0.s 0.08 0.06 0.10
0.4 0.10 0.06 0.60

2.6

17 1.8 0<96 0.30

1.00 0.3 0.2 NA

0.5

0.02 0.90 0.23

0.97 0.29 0.06

0.39 0.03

0.51 0.42 0.02

0.29 0.04 0.57

0.42 0,09 0.11

0.27 0.04 0.59

0.17 0.68 0.22

0.23 0.74

0.28 0.58

0.31 0.001 0.61

0.31 0.014 0.60
0.04 0.95 0,10

0.28 0.38 0.27

0.93 0.33 0.04

0.40 0.18

0.35 0.26 0.44

0.0001

0.25

1.01

0.0001

0.04

0.50

0.02
0.20

0.17
0.01

0!0001

0.001
0.003
0,06

0.003

0,10

1.15

1.57

1.43

0.95

0.94

1.12

0.92
1.27

1.14
0.87

0.9 I

0.92
1.09

0.99

1.30

0.58

1.15

sot 2,918 1,850 498 699 130 192 37
\

2425(3) 0.35 0.01 0.17 0.83 1.36
~..
.’ !,~,: “‘I;Ci ,.”,”’::kj?tI’M:’ ‘“’rilCi” ‘”:rOCi,,. .. . .,,! .,. . -. “r’ ““’~f::;li;df,$y~ti~$$;~~@~Jqrnq’ ‘nlCj:.’,z,,,I!$%.. )ndi !:’ rdCi ;~:’,’’ijC~~~T,lildi”

‘co 3.6E-2 2.3E-2 2.OE-2 7.6E-3 1.41i-3 3. IE-4 2.lE-4 4.6E-5 3.8E-3 3.7J3-4 9.7E-5 2.3E-4 8. IE-5 5.6E-5 3.IE-4 0.29 0.10 0.56 0.009 0.96

“CS 6.OE-2 4.1E-2 3.8E-2 1.4E-2 3.OE-3 1.3E-3 2.lE-4 3.6E-5 2.8E-5 7.7E-4 2.113-4 6.6E-5 5.7E-6 5.5tZ-6 9.7E-6 0.33 0.00 0.62 0.0002 0.96

“ml 2.4E-2 3.413-3 1.6E-3 4.4J;-4 6.3E-5 4.6E-4 7.5E-5 2.3E-2 1.6E-5 2.4E-5 8.7E-4 1.8E-4 8.3E-5 1.IE-4 0!09 0.94 0.07 0.005 1.10

% 1.7J3-2 2.5E-3 1.IE-3 3.OE-4 2. IE-5 3.4G4 5.lE-5 1.61:-2 1.lE-5 1.5E-6 6.OE-4 1.3E-4 7.9E-5 6.4E-5 0.09 0.94 0.07 0.004 1.09

‘lAM 8.7E-3 1.2E-3 6.9E.4 1.6E-4 1.7E-5 3.2E-5 1.5E-4 2.3E-5 8.4E-3 7.5E-6 1.6E-6 2.OE-4 5.4E-5 3.8E-5 2.6E-5 0.08 0.96 0.08 0.003 1.12

‘Tc 4.3E-2 3.lE-2 2.5E-2 9.2E-3 1.7E-3 4.2E-4 1.8E-4 3.8E-5 1.413-34.9E-4 1.3E-4 1.lE-4 2.8E-5 1.8E-5 NA 0.28 0,03 0.58 0.10 0.90

‘7Np 3.1E-5 1.3E-5 6.3E-6 2.3E-6 1.lE-7 1.3)3-5 8.4E-8 1.4E-8 3.4E-6 4.3E-7 2.7E-7 NA 0.22 0.41 0,21 0.17 0,83

‘9PU 1.IE-3 3.81;-4 2.2E-4 7.IE-5 1.lE-5 1.lE-5 3.3E-6 6.4E-4 2.8E-6 4.4E-7 8.2E-5 2. lE-5 1.2E-5 NA 0.20 0.58 0,20 0.02 0.98

‘Sr 1.8E-I 4.4E-3 1.21?-3 2.4E-3 1.5E-3 3.4E-1 8.4E-2 5.6E-3 2.6E-1 3.2E-5 1.9E-5 1.3E-5 4.4E-4 2.613-4 2,39 1.42 0.01 3.82
\ c...-II,....I .~*,w,n.;ncfn. f% m,14 tlo inolt,Am #ho mAJI.A~n mA R- m wdl n. thnf tivioittollw nr.-ci.nt in *Iw At+t#Dl AN-1 f)7 Ikvl

.
L ,C,l.,, ”li’u IUv””es!”a .“1 w- ‘!11” ““ !lIW* ””” ..!” ,.....-.s “u ..2.; ; “!. . . . . . . . . . . .!,.., “..~,,, ”.,, ,...J...!.. . . . . . . . . .“....., . ., . . “ , ..,”...

~~ Anrrlytccomposition in BaSO~was by diffcrcncc for “l’c, Np, and *“I)u.
3) ‘IIC given wlfntc value wns not measured but is provided based on tbc Ba value and stoichiomctric 13aSO~composition and could bc biased high.

NrJtc:NA indicates not analyzed cnrply spaces indicntc non-dctcctcd rrmdytcs.
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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 BaC03:S04
molar ratios. Contact with Ca-pretreated Archive 2 AN-1 07 (CaC03 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 ofBa2+toAN-107 tank waste solutions overwhehningly favors BaC03 over
BaSOd formation. Even a 5:1 BaSOA 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, Ba2+addition did result in significant sulfate removal. This gross carbonate
removal was effected by an initial Ca2+pre-strike of 1:1 mole ratio of Ca:C03. This corresponds
to a carbonate concentration reduction from 16 times to 6 times that of the sulfate concentration
(0.2M CO?- and 0.032M SO?~ and is enough to favor the reaction forming BaS04 over BaCOs
upon addition of Ba2+. Using an initial 1:1 CaCOq mole ratio addition in conjunction with the
follow-on 1:1 mole ratio BaSOA 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 CaC03 precipitate is large, consuming nominally 35°/0by volume (including
interstitial liquids) after filtering. The settling rate for CaCOq in the Actual AN-107 matrix is
extremely slow. Upon standing for approximately 2 days, the slurry virtually solidifies.
However, while still fluid, the CaCOq slurry can be filtered at reasonable rates.

Both Ba(N03)2 and Ba(N02)2 were tested and are equally effective for sulfate removal. Because
the latter has a higher volubility (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(N03)2. There is no indication
that the source of soluble Ba2+impacts the precipitation behavior.

The BaSO@aC03 precipitate has relatively favorable processing characteristics. The precipitate
volume is much smaller and less flocculent than the CaC03, and it settles rapidly. Upon standing,
the slurry does not solidi&, but remains fluid. The precipitate can be filtered at reasonable rates
and does not appear to cause filter clogging.

Metathesis of BaC03 to BaSOQat room temperature in the AN-107 matrices tested is not
measurably successful. Initial gross carbonate removal from the AN- 107 matrix also has no
effect on sulfate removal by metathesis.
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Appendix A: Test Instruction BNFL-TI-29953-061 and
Analytical Reports for Sample Analysis

A. 1
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PNNL Test Instruction Document No.: BNFL-TI-29953-061
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Are One-Time Modifications Allowed to this Procedure? &Yes _ No
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Yes No x N/A
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Author
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TI-061 Rev. O
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Applicability
.

This test instruction outlines 3 tests for sulfate removal from AN-107 Archive material.
The first test incorporates an initial carbonate removal using Ca followed by a series of
experiments using various ratios of ~a(N03)2] : [S04]. The second test explores the
metathesis of BaC03 solid to BaS04 as it is contacted with sulfate from the supematant
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, O.OIM EDTA, 0.0039M HEDTA (the last 3 polarities 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 BNl?L 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

I. Calcium nitrate prestrike

1.

2.

Obtain ANl 07 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.

Aliquot 25 mL of AN107 Archive into each of 5 tared vials (40-mL vials containing a
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A 25-rnL aliquot of AN107 &chive material is expected to contain 1 millimole
sulfate, 17.5 mmoles carbonate, 0.25 millimoles EDT& and 0.0975 millimoles
HEDTA.

3. Prepare a Ca(N03)2-4H20 solution by dissolfig 118 g Ca(N03)2-4H20 into @ ‘m
mL water (near maximum volubility) in a 50-mL volurnetic flask. Final solution is

T ~ Ca.

4.

5.

6.

7.

Tare out volumetric flask on balance, add Ca(N03)2, weigh, add water, weigh, stir
until dissolution is complete, transfer to plastic bottle.
~. I &.& ~~ L2.2~p ~. $D “~

Mass of Ca 03)2-4H20

F

//#*m * A ldr~ti l~sy~~

Final mas~e -mL dilution .57/5 .3% ~ Aiw.1 d w~ = /53. /2>
Calculated density 1.531 #LxL

o

i.75
To CA1 add O..~-mL & Ca solutio~ also add~~mL DI water (8.75
n$llimoles Ca providing ~ 0.5:1 CaC03 ratio)

34s 3.50
To CA2 add 1%5-mL & Ca solution and J#S mL DI water (17.5 millimoles Ca
providing a 1:1 CaC03 ratio)

.0
b

5
To CA3 add . -mL 1JM3MCa solution, no DI water (35 rnillimoles Ca providing a
2:1 CaC03 ratio)

~.o
To CA4 add~-rnL DI water

3.5 5 3.5
8.To CA5add ~-niL W Ca solution and JX5 mL DI water (17.5 millirnoles Ca

<a: ~~:/:~q providing a 1:1 CaC03 ratio)

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 supemate from the precipitate by siphoning with a transfer pipet, loading
into a syringe/filter apparatus (0.45pm filter) and filter into a clean vial (35-rnL)
containing a stir bar. The precipitate is to be retained for possible fhture 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 CA1-~ CAZ-~ CA3-% CA4-a, and CA5-a.

12. Split the remaining solution (nominally 25-mL) from the 4 vials as follows:
4W +“.s fiL .z)Whd (Q&={M c 43). -

dL-k?e3\h4irACA1 -4mL to CA1-b,4-rnL to CA1-c,ZGmL to CA1-d, mL to A1-dd,4mL to CA1-e
CA2 -4mL to CA2-b,4-mL to C&!-c, 4-mL to CA2-d, 4- to c -old,4=mL to CA2-e
CA3 4mL to CA3-b,-&KRo-CA3 ~ 4- -d, 4-mL o CA2- ,
CA4 -4mL to CA4-b,4mL to CA4~cl 4=mL to CA4-d, 4-mL to CA2-dd,4mL to CA4-e
CA5 will be used with BaC03 and IX experiments in sections II and III.

~, 5 32
A.4-mL aliquot of the diluted ANJ107 Archive sample (25mL to ~ti from Ca
prestrike) is expected to contain 0.14 millimoles sulfate, 0.035 millimoles EDTA and
0.014 millimoles HEDTA.

12. Dissolve 8.7g BaN03 in 100 mL DI water (this gives a 0.33M Ba solution).
Vcl. $’b.oL. & 62. 2~J3 y

..

Mass of BaN03 d. 7/03 ~
Final mass 100-rnL dilution /68. s3°. ~ ~~ V( ?i#tDL) lu~~ -: ‘“~. 310 YJ
Calculated densitv 1. 063/ . /hl-

14.

15.

16.

17.

. —.- ,.. _
d’

To each of the –b vials, add 0.424 mL 0.33M Ba solution (0.14 millimoles Ba
providing a 1:1 Ba:S04 ratio)

0.5$5 0./73
To each of the -c vials, add Q-&3%&L0.33M Ba solution (&l-&9 millimoles Ba
providing a 1:1 Ba [S04 + EDTA + HEDTA] ratio)

To each of the -d and -dd vials, add 1.27 mL 0.33M Ba solution (0.42 millimoles
B% providing a 3:1 Ba:S04 ratio)

To each of the -e vials, add 2.12 h of 0.33M Ba solution (0.70 millimoles Ba).
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CA1-dd
CA2-dd ..

CA3-dd .JK$,oltsh%

“ CA4-dd /-0. /9 /q /5, 4J o? 7%. .“dw% 5.2870 /4 86 OG /.3757
CA1-e /0. 3 7(2/ j5, &99q 5r 3233 At?.”ow
CA2-e

2..3030
/0, 276 g 15. (j 075 ~, 5.2&z / ?,~?62 4?.2&z3&

CA3-e

CA4-e ./0, j90B /5 4?75 5. 2872 17. %gg 3. 27/3

18.

ti19.

20.

21.

II.

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 supematant 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 Mu-e analyses.

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

Send the IC and TIC sample aliquots in for analyses. Keep remaining supematants .
for possible future testing.

Barium carbonate Batch contact

1. Measure BaC03 (shelf supply, powdery material) into 20-mL vials as follows:

pQ [ BaC03 mass mole ratio

BA1: o.039g 1:1 Ba:S04
BA2: o.197g 5:1 Ba:S04
BA3: o.395g 10:1 BaS04
BA4: 0.986g 25:1 BaS04
BA5: o.0355g 1:1 BaS04 tier Ca prestrike 1:1 ratio of CaC03
BA6: 0.178g 5:1 BaS04 after Ca prestrike 1:1 ratio of Ca:C03

2. Add 5-mL AN107 Archive waste to the first 4 vials (this correlates to about 0.2
millirnoles sulfate). Add 5-mL of CA5 (ANl 07 Archive Ca prestike material) to vials
BA5 and BA6 (this correlates to about 0.18 mmoles sulfate).

Sample Vial tare BaC03 mass Net BaC03 BaC03 + AN107 Net AN107
ID [$) + vial mas<q) mass (j) Archive + vial mass Archive mass
BA1 /6. 8’JZ’C. “/6 . 9%?$3 d, 03$77
BA2 /b, 9/W iy.1[~1 ~. 1942 43. /39$ d“,02 v?
BA3 /q. /3J7& /?. 5302 ‘. 3f7/(.23!5’f% &7, Q/&’7

-&tz.CL , p 3G0-G-C[- C33’
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BA4 /4. ~g43q/
1

/ x 2%% q 8.9’?43 -? 23-85)? 4 5.97 // %
BaC03+ ANIO’YCa Net AN107 %rc.
nrestrike +vial Prestrike mass

3.

J4.

5.

III.

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.

J
Remove samples from the shaker. Filter each sample through a 0.45-~m filter into a
clean 2-dram vial.

Aliquot 3-mL and transfer to Marilyn Steele for IC analysis. Save remaining
supematant fraction for possible additional analyses.

Ion exchange material study

1. Measure the mass of IX material (provided by Rich Hallen) into 20-InL vials as
follows:

~ IX mass Ratio IX capacity to S04

Ixl o.05g 0.5:1
O.lg 1:1

IX3 o.5g 5:1
IX4 log 10:1
IX5 o.05g 0.5:1 after Ca prestrike 1:1 ratio of CaC03
IX6 o.09g 1:1 after Ca prestrike 1:1 ratio of Ca:C03

2. Add 5-mL AN107 &chive waste to the first 4 vials. Add 5-mL of CA5 (AN107
Archive Ca prestike) to IX5 and IX6.
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3. Sealeach smplemd timferto room507. -Place saplesh tiesh&eralongtitia
thermometer and shake on low setting for nominally 24 hours.

4.

5.

.6.

/
Remove samples from the shaker. Filter each sample through a 0.45-pm filter into a

clean 2-dram vial. ..

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

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 l-day intervals until constant mass is
achieved.

Vial tare mass
Initial mass (vial + resig)
Calculated resin mass ~-
Mass l-day heating vial + resin
Mass daj-2 heating vial + resin
Mass day-3 heating vial + resin
Calculated final resin mass

7 of7
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Baitelle PNNU325 BldgVRP&7norganic Analysis .m.

ICPAES Data Repott

Project: 29953
Client: D. Bkmchard

ACLNumber(s): 00-0157 through 00-0172

Client ID: “CA2-a” through “CA2-e”

ASRNumbe~ 5552
--.-------——-.-----——--————---—-——-

Total Samples: 5
----—------------—-------— --——-—-—--

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

~~.(d-l

Analysfi D.R. Sanders ~-

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

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

M&TE Numbe~ ICPAES instrument -- WB73520
Metier AT400 Balance -- Ser.No. 360-06-01-029

/.2 -20-77

UL?m?5!



Battelle PNNU325 BldgiRPG/7norganic Analysis . ..
ICPAES Data Report

Five radioactive liquid samples, CA2-a through CA2-e (ACL# 00-0157 through 00-0172), were
analyzed by ICPAES after preparation by the Sample Receiving and Preparation Laboratory
(SRPL). Samples were prep~ed 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 prepmation and analytical dilution. All
results reported are in @nl 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 ICPAESanalysis tolerance
requirements under MCS-033.

Five fold serial dilution:
(Aqueous samples) All results for analytes of interest were within tolerance limit of S 1O%

after correcting for dilution.

Dudicate RPD (Relative Percent Difference):
(Aqueous samples) All analytes of interest were recovered within tolerance limit of < 20%

relative percent difference (RPD).

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

125%.

Post-SPiked Samples (Group B):
(Aqueous samples) AU analytes of interest were recovered within tolerance of 75% to

125%.
Blank Sti.ke:
(Aqueous samples) None required or prepared.

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

12/28/99



f3attelle PNNU325 Bld~RPGhorganic Analysis .m.

ICPAES Data Report

0.mlitv Control Check Standards (aaueous samples):
Concentration of all analytes was within tolerance limit of f 10%
accuracy in the standards: QC.MCVA, QC.MCVB, and
QC_SSTMCV except as follows. Tin and thorium were low, up to
18% in QC_MCVB check standard measurements. Single element
standards of tin at 2 pghnl and thorium at 10 pghn.1measured were
well within tie tolerance limit thus confirming calibration check for
these two analytes. One measurement out of five for silicon in
calibration blank ICP98.O 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 (aqueous samples):
Verification of the high-end calibration concentration for all analytes is
within tolerance of+ 5% accuracy.8

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

concentration except Ba and Zn (greater than 17% to91 % 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 PNIALO-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%.



Battelle PNNU325 Bld~RP&Tnorganic Analysis . . .
ICPAES Data Report

Comments:
1) “Final Results”havebeencorrectedfor all laboratorydilutionperformedon the sampledining

processingand analysisunlessspecificallynoted.

2) Detectionlimits (DL)shownare for acidifiedwater.Detectionlimits for othermatricesmaybe
determinedif requested.

3) Routine precision and bias is typically& 15% or better for samples in dilute, acidified water (e.g.
2% v/v HNOq 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 percent by weight).

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

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

/6Page 4



Battelle PNNURPG/Tnorganic Analysis .- ICPAES Data Report Page 1 of 2

Multiplier= 9.4 43.5 429 I 16.9

ALO#= 00-167-PB 00-167 @s 00-157-DUP @5 00-162 @2

Client ID= Process B/ank ~ ~ ~

Det. Umit Run Date= 12/1/99 12fl199 12/1/89 1211/89

JupmL~ (Analyte) ug/mL ugJmL ug/mL,“— . . .. . . . ...
ugfmL

0.025 Ag

0.060 Al 47.1 47.6 452

0.250 As. . .. .. ... . .. . . . . . . .. . . . . —-.. —.
0.050 B [5.3] [5.6] 12.6

0.010 Ba 3.70 [0.71] 56.1

0.010 Be. .. .. . . .. . ..... .. . . . . . .
0.100 Bi

0.250 Ca [2.4] 736 742 781

0.015 Cd 16.6 16.7 14.7.—.-— .—...” .
0.200 Ce

0.050 co [1.1]

0.020 Cr 9.36 9.50 [1.6]
“....”....-...-.-” . ——

0.025 Cu 11.7 11.4 10.8

0.050 Dy

0.100 Eu ... - —.— .. .—.—
“ 0.025 Fe [0.73]

2.000 K [450] [450] 433

0.050 La. . . . . .. .. ,....-...-...” .. . ...— —.—
0.030 u

0.100 Mg

0.050 Mn. . . . . . .. . .. . . .
0.050 Mo [10] [10] 8.83

0.150 Na 74500 73,100 67200

0.100 Nd—— —— ——
0.030 Ni [0.49] 162 165 140

0.100 P [36] ~6] 31.4

0.100 “ Pb [24] [24] 20.7

0.750 Pd

0.300 Rh

1.100 Ru——...—
0.500 Sb

0.250 Se

0.500 Si [42]
“—...—.— —— . .

1.500 Sn -“

0.015 Sr [0.68] [0.sq [1.q

1.500 Te——...
1.000 Th

0.025 n

0.500 ... TI

““ 2000 u

0.050 v

2000 w [40]
— . ..--------

0.050 Y

0.050 Zn 11.7 [14] [6.1] 10.1

0.050 Zr
Note: 1) Overall error gn?ater than lWimes detectionlimitis estimatedto be within+/- 15%.

2) Valuesin bracketsI are gJ@@ lAfimes detectionlimit wftherrots likely to exceed 15%.

3) ‘–. indicatemeasurementis &w detti-on. Sample detedon limitmay be foundby

multiplying.det. /imT (far left coiumn)by ‘multiplied(topof each column).

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

L1
16.8

00-166 @2

we

12fl199

u mL .—.——

El44.3

——..-.
122

w
k—+——”——

H691

14.3 —.

..—.”....ul”u..—...—.”.”—
w-l
t I

ba–––––
419

..... .. . .

8.54

66,000
I

El
20.1 ....-.——

m–””–-

E=l[44] . ..-...——

El
o.9!q

. .. . .

El[3s] . ....——

13.0

$’(6
12/28/99 @ 9:45 AM
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Battelle PNNURPMnorganic Analysis ... ICPAES Data Report Page 2 of 2

Det. Limit

(ug/mL)..—.— — =.__..H_

% ! !!~!~
................

0.025 Ag
—......— .----... ”-----

0.060 Al 40.6 35.4

0.250 As.. . .———” “.” .—”.—— —-...” . ...”..
0.050 B 10.6

. ... —-.....-.
9.30

. .. ... .... . . —...........””..”.

0.010 Ba 51.1 164

0.010 Be——-. —.”..””—
0.100

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

. ... —--... ...... . .... ..........

0.250 Ca 423

0.015 Cd 12.9 11.1———.-—-. ..”.... ... .. .. . . .
0.200

. . .. . . . . ... . . .. . .. .. .
Ca

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

0.050 co [0.92]

0.020 Cr [1.1]--—.-....——— [0.59].—— . . ... ..- . .. .. ....... ... .
0.025 Cu

. . .. ... ... ... ..
9.43 8.00

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

0.050 w
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

. . . . . . ...
p.rq

.... .. . . ... ...... .. ... . ..... .
[6.71

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 182 [16]-......-”, . . . . . .
0.750 ““ Pd

-——— ... . . . .... . . ..

0.300 Rh

1.100 Ru — . . . -. —.-.
0.500 ‘--- Sb

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

0.250 Se

0.500 Si [39] p5J—....— . ..—.
1.500

. ...—.— .. .. .. . .. . .—.”— ,
Sn

.—..-..” . . . ...”

0.015 Sr [0.q [0.71]
1.500 Te——..— —. .— .. ..— —-.-—— ...
1.000 Th

-—...— ...”-”. . ... ... . .

0.025 Ti

0.500 n. .
2.000

. ..-..........”-- . —— —..-—-.
u

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

0.050 v

2000 w [35] .—, .—..
0.050 Y

,——-— ... ...... . ....... ..

0.050 Zn [3.6] [6.3]

0.050 Zr

Note: 1) Overall error graater than Ill-times detectionlimitis estimatedto be within+/- 15%.

2) Values in bracketsDare - lo-times detti”on limitwithenora likely to exceed 15%.

3) “-” indicate measurementis -w det~”on. Sample detectionlimitmaybe foundby

multiplying‘det. limiF (far left column)by “multiplie?(topof each column).

Data (1) from .A0562 D_Blanchard ASR-5552 AN1 07 Supemate (ALO-128) ICP98 hi.XLS 12/28/99 @ 9:45 AM



Baftelle PNNURPG/inorganic Analysis --- IC Reporf

WO/Project: W53400 / 29953
Client: D. B1anchard

‘~
+-w+ &~45%

ACL” Numbers: 00-00156 through 00-00180 ~* ~- ~.z
ASR Number 5552 -(-x.b>.$-~

fl-~t
$-@l.+

Procedure:
~j [.&~ b~’[” 7

PNL-ALO-212, “Determination of Inorganic Anions by Ion Chromatography”~
Analyst: MJ Steele Analysis Date: October 21-23, 1999

M&TE: IC system (WD25214); Mettler AT400 Balance (360-06-01-03 1) See Chemical
Measurement Center 98620 RIDS for IC File for Calibration, Standards Preparations, and
Maintenance Records.

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 assumenon-complexaqueousmatrices. Actual detectionlimitsor quantitationlimits for specific
samplematricesmay be determine~ if requested.

3) Routineprecisionand bias is typically* 15V0or betterfor non-complexaqueoussamplesthat are free of
interferenceand have similarconcentrationsas the measuredanions.

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 fiuther nitrate dilutions were performed,
since sulfate is the primary anion of interest. The anion results are presented in the table below.

ASR 5552 Bkmchard.doc page 1 of 3
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Battelie PNNL/RPG/inorganic Analysis --- IC Report
.

.

F (1) cl NO, Br NO, (2) po, so, C204
Lab ID Sample ID ug/ml ug/ml ug/ml Ughl ug/ml ug/ml ug/ml Ug/d

00-0156 CA1 2,900 760 21,700 <250 102,000 <500 3,100 1,400
00-0157 CA2 <250 790 22,000 <250 111,000 <500 3,000 800

) 22,600 <250 81,300 <500 2,7oo <500

) 22,800 <250 83,600 1,400 3,300 1,600
Inn nq~n ln A,- 1 a an.-. I -a

‘-l 20,400 <250 111,000 <500 2,800 < 50(3

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 ~A z.R 7 Inn 479 19,300 <250 93,100 <500 <500” <500”
00-0164 IPALR I o~nn I ,L7f) 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 PA, n . 9A- ,4

‘-) 17,000 <250 92,900 <500 2,600 1,100
00-0169 lflA9n I ?ann I onq 16,500 <250 107,000 <500 700 600

100-0158 ICA3 I 2.500 I 81(, 1
—,— - - 1

_—.

00-0159 [CA4 3,000 78(
UUWLQU ILA> I L,/uu I /2(

IVIIL-U I ~>~uu I Ouu

100-0169DUD ICA2-D DUD 2.200 600 I 16.700 I <250 I 108.000 I c 500 I <500 ] 600 I
I -_ -,--- -

RPD ‘o 29 ‘1-- “---n/a 170 nja rJa nia

00-0169 MS Rec CA2-D MS Rec 81% 97% 71% 99% OvrRng o% (3) 102% 104%
Blank Spike Rec Blank spike Rec 104% 101% 104% 104% 105% 102% 105% 103%

00-0170 . , , -,— -– t —- - . _, --- . 1,200
i

00-0171 ) 14.800 I <750 88,700 <500 2;100 900

) I 14500 I<z50 104,000” <500 <500 <500

1,000

ICA4-D I 2.200 I 570 I 16.300 I <250 I 74.000 I <500 I 2,300 I

1 ICA1-E I 2-000 I 53(
I -., --- , . ---

I
100-017;) CA2-E 1,900 52(

) CA4-E 1,900 51(
-. >---
14,200 <250 [ 71,700 [ <500 ] 2,100 I

IcA4-DD I 2.200 I 58: 16.500 <250 ! 75.800 < 500 I 2,5oo 1:200
Iw2z
100-0174

+
100-0175 IBA2 I 3.800 I 1-00
100-017(; [BA3 3,900 1,10

T%-’hI<75OI1OOO100-0177 IRA4
t I

—---
f

----- >--

E&k 3,600 1,000 27,300 <250 98,700 1,300 3,600 2,000
3,600 930 27,400 <250 98,700 1,300 3,900 2,000

0 29,000 <250 97,400 1,600 4,100 2,100
. . . .-

100-0180 IIX3 3,900 1,10(
RPD = Relative Percent Difference (between sample and replicate) ; results not calculated it”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’XO.

(3) The phosphate matrix spike is O%;however, this is not unexpected due to the addition of
barium. The phosphate blank standard spike demonstrated good recovery at 102V0.

ASR 5552 Blanchard.doc page 2 of 3



Batte//e PNNURPG//norganic 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.

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

OualiW 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 *1 0°/0,except for a single fluoride value.



Baftelle PNNURPG/inorganic Analysis --- TOCfl/C Repoti

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

Procedure: PNL-ALO-381, “Direct Determination of TC, TOC, and TIC in Radioactive Sludges

D

and Liquids by Hot Persulfate Metho “
.

M&TE: Carbon System (WA92040); Balance (360-06-01-023) ~[~~~~ ~~~~;f’
T-2, i>. rJ2

Final Results: ~gyy r~- 6 /

+oti~

Sample TIc

(%) m 3“

TIC RPD
Lab Number Sample lD Vol (ml) ugC/ml
00-0157 CA2-a 0.10 2000 0.1190 1680
00-0157 Dup CA2-aDup 0.30 1860 7 0.3532 1580 ‘s
00-0162 CA2-b 0.20 1600 0.2369 1350
00-0162 Dup CA2-bDup 0.30 1500 6 0.3520 1280
00-0166 CA2-C 0.30 1440 0.3506 1230
00-0166Dup CA2-CDup 0.20 1440 0 0.2325 1240
00-0169 CA2-d 0.30 650 0.3418 570
00-0169Dup CA2-dDup 0.40 680 5 0.4542 600
00-0172 CA2-e 0.40 180 0.4508 160
00-0172 Dup CA2-eDup 0.60 180 rda 0.6709 160
00-0380 MS MS ~0Recove~ 0.10 93% 0.1235 93%

RPD= RelativePercentDifference(betweensampleandduplicateheplicate)
nla= Notapplicable;eithersampleorduplicateresultk <5timesMDL

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 standmd materials were used in solid form for system calibration standards as well
as matrix spikes. TIC and TOC percent recovery are determined using the appropriate standard
(i.e., calcium carbonate for TIC or glucose for TOC) in either solid or liquid form.

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

ASR 5568 Blanchard.doc page 1 of 2
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Battelle PNNURPG/.norganic Analysis =-- TOC/77C Repofi

Calibration Standards: The QC system calibration standards were all within acceptance criteria,
with the average recovery being 101 .4% for TIC (no TOC standards were analyzed).

Calibration Blanks: The five calibration blanks run at the beginning and middle of the analysis run
were acceptable, averaging 15.5 pgC TIC. However, the calibration blank analyzed at the end of

the analysis run was 55 p.gC 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 aflected 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 S~ike: 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’%0to 125% recovery acceptance criteria.

General Comments:

●

●

●

●

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

Routine precision and bias are typically +15’%0or better for non-complex samples that are free of
intefierences.

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

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

Report Prepared by: Zzz!’tifz, kJ>@

Review/Approval by: W* ~; b’” Date [AIL -r

Archive Information:
Files: ASR 5552 Bkmchard.doc ASR 55525568 5582.xIs

ASR 5568 Bkmchard.doc page 2 of2
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Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Client: Fiskum

Cognizant Scientist
d

~J

Concur: y T&#vlq - L

Procedure PNL-ALO-450

ALO ID

Client ID

CAI -a

3/1 3/00

Date: 3/;3/60

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

CO-60 CS-137 Eu-154 Eu-155 Am-241

Error ?Ao Error YO Error YO Error ‘%. Error YO

00-0157

CA2-A

3.39 E-2 1.78 E-2 1.29 E-3 8.06E4 4.11 E-4

2% 2% 7% 12?40 34%



Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building
CAI -a

3/23/00Radioanalytical Applications Team

Client: Fiskum

Date: 3/2 /fifi

Date: 3/6?3joQ

Cognizant Scientist ~

Procedure:

Concur: -i-T&lq - k

PNL-ALO-476

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

ALO ID

- Client ID

Sr-90

Error +/-

00-0157 PB
CA2-A

<5. E-5

00-0157
CM-A

4. 16 E-3

3%

00-0157 DUP

CA2-A

4.48 E-3

3%

RPD 7%

00-0162

CA2B

3.40 E-3

3%

00-0166

CA2-C
1.51 E-3

4%

00-0169

CA2-D

2.53E-4
14%

00-0172
CA2-E

3.55 E-4
1o%

Blank Spike 104’?40

Matrix Spike 104?40

Blank <5- E-5

Page 1
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Appendix B: Test Instruction BNFL-TI-29953-064 and
Supporting Analytical Data



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

Title: Sulfate Removal Studies from AN107 Ar~hived Waste

Work Location: Building 325, various Page 1 of 6
laboratories

Author: SK Fiskum Effective Date: New
Supersedes Date: New

Use Category Identification: Reference
Identiiled Hazards: Required Reviewers:

X Radiological ~Author
~ Hazardous Materials ~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? +Yes _ No

NOTE: If Yes then
F? ‘ificati0ns&V8toF~~;F$o\Ti~5~;~Z9@A $~~=~%!il~.reqmrements of a mo 1 lcatlon see

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 @zz#’m kaJ2Lti.d &
SandraK. Fislcum

Tec~calReviewer~ 1‘~~~~~~
Dean E. Kurath

il

BcciY

.. —.—. ....
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Applicability

Thk 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 @3a(N02)2-H20] : [S04]. The second test explores the metathesis of BaC03

solid to BaS04 as h k contacted whh sulfate from the ~~ 107 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, 0.0 lM EDTA, 0.0039M HEDTA (the last 3 polarities 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:C03

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

Volumetric flask m~s /3. If go +
Flask +AN107 Archive mass C?5, 7759
Net AN107 Archive mass /2. 5887
Temperature /8 ‘c

Calculated solution density ofAN107 Archive

1.2

1.3

/.99588y g/mL

Calculate the mass ofAN107 required to obtain a 200-mL volume.

200 mL x l., z~d q JcrmL= da-l. y q~ g AN 107 Archive

Weigh a 200-mL aliquot of ANl 07 Archive into a tared 250-mL polyethylene bottle
containing a stirbar. 282 dz’ / /Q/3&/97

Bottle tare mass 4/,/~ g. ‘ “
AN107 Archive + bottle mass 292. &s/ y g
AN 107 Archive mass .JS}. o?~J 5 g /~q.56 ~&.
(A 200-mL sample of ANI 07 Archive is expected to contain 140 millimoles C03.)

Page 2 of 6
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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 millimolgs Ca.)

AN107 mass+ bottle+ 5M Ca mass 335$ Obao g
Net 5M Ca mass ~$, ~/33 g
Densily of 5M Ca solution 1.531 g/mL
Calculated volume of 5M Ca added 27, 87; mL.

1.5

1.6

1.7

1.8

1.9

Stir the AN107/Camixture for nominally 15minutes andallowto stand for nominally 60
minutes.

Label and weigh both the lower reservoir and upper reservoirof a filtration apparatus
containinga 0.45-pm nylon filter. Have on reserve a secondupperreservoir, labeled and
weighed.

Lowerreservoirmass 3-0, & qo g 12eWti I&X-:” a. ~5~3
Upperresew”oirmass $ 4. / 402 g
Reserveupper reservoir dq, )596 g

Obtaina vacuum gauge meter to measure the house vacuumline and a stopwatch. Measure
the housevacuum. /9. $’ mm&

/
NOTE: This stepwill require 2 analysts. Placethefilterapparatusintosecondary
containment.Hook the~lterapparatusto thehousevacuum.PourtheAN107Archive/Ca
mixtureintotheupperreservoirof the filterapparatus.Simultaneouslystartthestopwatch
andvacuum,measuringthetimeittakesto pullabout90°/0of thefiltratethroughthefilter.
Shutoff thevacuumanddisconnectthehosewhileshuttingoff thetimer.

+..6 ~8aL
Timefor 90% volumepassage Wzn ti Z5 6- secondsor minutes.

Disconnectthelowerreservoirfrom theupperreservoirandmeasurethemassof filtrate.

Gross filtrate mass i/y 9500
“Z.&wJ’=:

g
Net filtrate mass & +, If

?2. 759~ ~
g 4’. /037y

Calculatedmass filtered per second: o, /9~ glsec = //. 9 ‘/m;.
2 0. 2&2J& z/$J~ ‘

1.10 Finish filtering the sample, pulling as much volume of ANl 07 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’%0of the original sample volume
will be consumed b the CaC03 mass/solids, and tha nominally 171 mL filtrate will be
obtained.) ~&~ flfi-~fcfl~ &J~ ~Sy&+

Gross filtrate mass 957,f75&r g
Net filtrate mass &’@ , //c?’

]&:g Cti f. .?3@mL = /4 ~. 05 h L. . .. ..
—---- --- . .

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

““’ ‘ “*
m&&& AJC ati J,=

------- ~<:
gJ I
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1.14 Prepare 2M Ba(N02)2-H20 solution. The Ba(N02)2-xH20 is technicalgrade and is
listed as containing90% Ba(N02)2-xH20. The material also contains7-8%KC104. We are
assuming there is 1water of hydration.

Weigh 5.497gBa(N02)2-xH20 (247.37g/mole) -Actualmass ~ ‘l~~d g. 2. 74//
Tare 10-mL volumetric flask: /&• /05.3

~ 4
/58 W!f’o

~ti,y,”i<c
Dissolve salt in 10-mL DI water in vol. Flask - &kz42,”,a&’ W’f- c+~
Weigh vol. Flask } &@&~ tir. d Y“?$

g &lZZjZY; &@*+ 7- ‘c “‘d ‘( p“~-

J Net mass Ba solution /3 7/63 g
Calculated d~n~ity ]* 3716 g/mL

fytioy C&w .0. %-J/,oecc
Submit 2-mL of the Ba solution for ICP analysis; call samples BaC-64 (barium carrier TI-64).

./--- “

y “““ 1.15 Determine the density of the ANI07 Archive Ca pre-strike filtrate (PS filtrate). Tare a 10-
mL volumetric flask. Add AN 107 Archive Ca pre-strike filtrate to the 10-mL mark and
weigh the solution.

Volumetric flask mass //, 833? %
Flask + AN I07 Archive pre-strike filtrate a~, 20 -t@ 4
Net AN107 Archive pre-strike filtrate 12. J?Q? H
Temperature /?.5 “L J

Calculated solution density of AN 107 Archive Ca pre-strike filtrate /, 23 y g/mL

2 Barium Contacts The suljate concentration is expected to be O.036Min the filtrate.

2.7 Tare 3 LSC vials with caps on labeled Ba-64-l (with a stir bar), BaC03-64-1, BaC03-64-2.
Tare a 200-mL polyethylene bottle, with stir bar, labeled “Ba-64-2.”

2.8 Measure BaC03 into vials BaC03-64-l and BaC03-64-2

BaC03-64-l 1:1 contact ~;eydy ~ “~55 mtil~71 mg BaC03 (0.36 millimoles BaC03) 0. M
BaC03-64-2 3:1 contact 213 mg BaC03 (1.08 millimoles BaC03) 3 i ~

~ ‘~ ~;~” ;

Table 1
Sample ID Description Vessel tare Tare + Sample Gross + Net Ba(N02)2

(g) sample (g) (g) Ba(N02)2 added
Ba-64-l 1:1 BaS04 /7. F.5/c se. S’?2C /2, 33)5 ~.5-2STa.
Ba-64-2

0,2532 5
1.5:1 Ba:S04 49,.5435 /66’, 2357 /23, ?272 /&q 5’od/ g 3.670q ‘)

BaC03-64-l 1:1 BaC03:S04 /~. 9&. / ~, Jqqq lg. 33~s ------------- ------------------

BaC03-64-2 3:1 BaC03:S04 /ff 9 q L? a, Y28$ /28 -J~.3? ------------- ------------------

2.3 Add 10-mL PS filtrate solution into samples Ba-64-1, BaC03-64-l., and BaC03-64-2.
Record mass.

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

2.10 Seal samples BaC03-64- 1 and BaC03-64-2, place into the shaker, and allow to shake for
>12 hours on low speed. ~fi ic~z$/9f

2.-my m.
&3~F jlji /~4 ?:{0h.- 7---28 ‘e

Page 4 of 6



●

#

#

TI-064 Rev. O
10/26/99

$,?
2.11 Add 0.18mL 2M Ba(N02)2-H20 to sample Ba-64-l. Add-k8 mL 2M Ba(N02)2-H20

to Ba-64-2. Stireach solution for nominally 15 minutes and..allowto stand f r nominally60
minutes. Recordmass. - 15 ~~: ~a *4 = &@cL2J “b p+d L - ~

““/.s7. 6%(. cc~.-c ( + &f j@-&aJ
2.12 Filter Flux of BaS04 .-

. .

2.7.1 Label andweighboth the lowerreservoir and upper reservoirof a filtration apparatus
containinga 0.45-pmnylon filter.

Lower reservoir mass 50,6660 g
Upper reservoir mass 3~. O 323 g.

2.7.2 Obtaina vacuumgaugemeter to m the house vacuumline and a stopwatch. Measure
the housevacuum.” /9, 5 m m

u
2.7.3 This step will require 2 analysts. Hook the filter apparatus to the house vacuum. Pour

the filtrate/BaS04 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 c?LwA, /3 &e seconds or minutes

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

Gross filtrate mass // %. ~ <43 g
Net filtrate mass G, y#23 g
Calculated mass filtered per second: @,5 x/? fjsec = c#G. 82 /m!L-

3

2.7.5 Finish filtering ths sample, pulling as much volume of filtrate through the filter as ppctical. .
/+;d 7{W f~m-- / j?2. 4240 44 -(*) !::;: =??.77J

:-L”<-
.-

2.7.6 Connect a clean lower reservoir to the BaS04 upper reservoir.
,--,. -_-,

2.7.7 Wash the solids 3 times each with 10-mL O.OIMNaOH. 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 ovemigh~ weigh.

4
b< -. .-.“;

2.7.9 Sample the solids for ICP and GEA analyses.
:{- ,-

,< ,{
.,

.

2.7

2.8

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

Ba-64-l ~ /0 ~z * @
BaC03-64-l ~ %5f. ~. b ,- ~f ~ .A%c’h”~
BaC03-64-2 ~ IQ “j%r)r l&w- ~ti O(. ~ 4-i-w K

“-3
Filter the supematant solutions through a 0.45-pm filter/syringe apparatus, collecting the

filtrate in clean LSC vials labeled Ba64-1 supematant, BaC03-64-l ‘supematan~ BaC03-64-
2 supernatant.

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

. ..

Page 6 of 6



.

\ .,

—

L-
..

+

. . ... . . . ,-..,.. - --.--, --- ,,..s.- T.- , n.w.,~.nm. .,. ,, ..- - -.—- -



Battelle PNNU325 Bld~RPMnorganic Analysis . ..
ICPAES Data Repoti

Project: 29953
Clienti S. Fiskum

——.--—--—-—— -——

ACLNumber(s): 00-0267 through 00-0273

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

ASR Number: 5568

Total Samples: 7
——— —--— ——

Procedure: PNLALO-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-325405-1 File for Calibration and
Maintenance Records.

M&TE Numbe~ ICPAESinstrument – WB73520
Metier AT400 Balance -- Ser.No. 360-06-01-029

Concur

Lmu!
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Battelle PNNU325 BldgYRPGhorganic Analysis . . .
ICPAES Data Report

One radioactive solid sarn~le, Ba Sulfate Solids (ACL# 00-0274) is missing from this report.
Approximately O.12g of the solid was processed using PNLALO-129 acid digestion procedure
but failed to completely dissolve. An attempt to dissolve the sample using a fhsion procedure is
scheduled but has not been completed at this time.

One radioactive aqueous 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 O.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 batiurn standard concentration of 20 pg&l was similar
in concentration to the 1020l-fold diluted sample.

Barium molarity is calculated as follows:

~al = @g/ml)Im * {(p#ml Std).w / @g/ml std)~} *
1.OE-03 (conversion factor to convert p.ghnl to g/liter) /
gram formula wt of barium (137.34 @L) =
mols Ba

ma] = 276000 pghnl * [(20 pghnl “True’’)/(2l.6 pghnl “measured”)] * 1.OE-03) /
137.34 g/L = 1.86M Ba

Six additional radioactive aaueous sanmles, Ca PS-64 through BaC03-64-2 (ACL##00-0268
through 00-0273), prepared by SRPL using PNLALO-128 acid digestion procedure were
analyzed by ICPAES. Approximately lml-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
f.@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, B% C% Cd, Co, Cr, CU, Fe, K,

Q Mg,MI, Mo, N%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.

l&lK!!2
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Battelle PNNU325 BldgYRPWnorganic 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 resultsarewithin tolerance limit of S 10% aftercorrecting for

dilution except calcium in sample Ba-64-l and BaC03-64-l. Calcium
varied by 30% and 22% respectively, between the 25-fold and 5-fold
dilutions. Calcium in three other samples diluted similarlywere well
within tolerance limit. Possibly the two samples thatwere outside the
tolerance limit contained a small amount of particulatematerialhigh in
calcium.

Duplicate RPD (Relative Percent Difference):
‘(Aqueous sample) None prepared.

Post-S~iked Sanmles (Grou~ A):
(Aqueous sample) AU analytes of interest were recovered within tolerance of 75% to

125%.

Post-S@ced %.nmles @rou~ 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.

Oualitv Control Check Standards (a.ciueous sample):
Concentration for all analytes of interest is within tolerance limit of A
10% accuracy except for a slightly high recovery for potassium in the
standard QC_SSTMCV. 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 ~ghnl was
measured twice during the ICP run and the measurement results (102,
102 ~ghnl) were both within acceptable tolerance limits.

Lmm
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Battelle PNNU325 Bld~RP@7norganic Analysis . . .
lCPAES Data Report

High Calibration Standard Check (aaueous sample):
Vefilcation 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 ~ghnl was measured twice
during the ICP run and the measurement results (102, 102 pghnl) were
both within acceptable tolerance limits.

Process Blank
(Aqueous sample) None.

Laboratory Control Standard (LCS}
(Aqueous sample) None.

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

Conunents:
1) “FinalResults”have been correctedfor all laboratorydilutionperformedon the sampleduring

processingand analysisunless specificallynoted.

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

3) Routine precision and bias is typically& 15% or better for samples in dilute,acidiiied water (e.g.
2% v/v HNOSor less) at analyte concentrations greater than ten times detection limit up to tie
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) Absoluteprecision,bias and detectionlimitsmaybe determinedon each sample if requiredby the
client.

5) The maximum numberof significantfiguresfor all ICP measurementsis 2.

Lmm
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Battelle PNNURPMnorganic Analysis ... lCPAES Data Report Page 1 of 2

Multiplkw= 38.8 40.0 39.6 38.9 39.9

ALO#= 00-0268 @5 00-0269 @5 00-0270 @5 00-0271 @5 00.0272 @5

Client ID= CA P.S-84 AN107Amhi Ve Es-34-1 Bs.64-2 BaCOs-64-l

Det. Umit Run Dste= lln9189 lin9n9 lin9i89 lin9i99 lln9n9

_&Q.qQJ_”_(.~&@M&?) ug/mL ugJmL ug/mL ug/mL ugJmL

0.025 Ag

0.060 . Al S4.8 127 S4.o 626 65.6

0.250 Aa——...
0.050 B [6.S] [9.8] [6.8] [6.71 p.e]

0.010 Ba 352 101 7.82

0.010 Be.——.—
0.100 Bi

0.250 0s 769 163 973 1,000 788

0.015 cd 221 28.4 21.8 21.2 21.7

0.200 Ca

0.050 co

0.020 Cr 29.S 35.3 8.06 [5.8] 29.7
.—...””...” -------

0.025 Cu 10.3 ‘ 122 9.88 [9.fq [9.8]

0.050 “w -
0.100 Eu. .. . . .
0.025 Fe [4.8] [9.3] [3.71 [32] [3.8]

2.000 K [620] p20J [690] [680] [590]

0.050 La. . . . .. .. . ..—
0.030 u

0.100 Mg

0.050 Mn [2.1] [3.5J-— . . ..—
0.050 Mo [12] [151 [12] [12] [13]

0.150 Na S3soo lo2@o 86,600 S7aoo 90,500

0.100 Nd

— Ni
—

0.030 195 228 183 189 196

0.100 P 43.6 201 44.1 421 44.2

0.100 Pb 43.0 91.7 425 41.2 42.7
. ...

0.750 Pd

0.300 WI

1.100 Ru—..”.”.””” .
0.500 Sb

0.250 Se

0.500 si --

- 1.500
.——

Sn

0.015 Sr [1.4] 123 [1.8] [1.q [1.0]

1.500 Te

1.000 m

0.025 n

0.500 n.——-
2000 u

0.050 v

2000 w

0.050 Y

0.050 Zn 23.2 [9.0] [5.8] [4.q [5.4]

0,050 n [23]

Note: 1) Overall error gmate rthan lo-times deteciionlimitis estimatedto be within# 15%.

2) Valuesin btaoketsf.7am - lo-times detectionlimit witherroralikely to exseed 15%.

3) ‘-” inticate measurement is -w deteotion.Sample detactiin limitmaybe found by

multiplying‘det. limiF (farleft column)by ‘multiplied(topof each column).

Data (1) from ‘A0558 S.Fiskum ASR-5568 BNFL Sulfate test ICP98 hi.xls Ill 1100 @ 3:34 PM
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BatteIIe PNNURP&7norganic Analysis ... ICPAES Data Report Page 2 of 2 -

MuItip!ief= 39.9

ALO#= 00-0273 @5
Cjjent \& BaC09-64-2

DeL Limit Run Date= lin9t99

(ugJmL) (AnaIyte) uglmL.-—. —..... ——.
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

0.260 Cs 750

0.015 cd 21.6 —... -. .. . . ...—...--...
0.200 — Ce

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

0.050 co

0.020 Cr 29.2. . ... . .....
0.025 Cu

-... ——-.— .. . ... . . .. . .
[9.8]

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

0.100 Eu ~.-—-. I— . . ——. . . . ... . . .. .. ... ....... .. ........

0.050 OY l-l

0.026

2.000

0.050 .

0.030 —

0.100

0.050

0.050 ‘--

0.150

Fe

K

La

u

Mg

Mn—.
Mo

Na

--—El............“.—“.- . . . . . . . . . . . . . . . . . . . . .

0.100

0.030 - : -1+1”--B’---- -

0.100 Pb 42.5—-. - I.._=:E::: ~- ‘::

I IP I 44.6 ‘-10.100

0.750

0.300

1.100

0.500 —

0.250

0.600

1.500 ‘—

0.015

Pd

Rh

Ru

Sb

Se
Si

Sn

Sr B..—--——[ la.......-.” -----

. .

1.500

----+=+---W--1.000

0.025 :H

E= ‘-”:~—......”--..” . . . . . . . . . .-.-. -.”” ”..””..-

. . . — . . . . ..—..— .---. --.-.—

H-----”--B”-”
0.600 m I——..-.
2000 u 1 ------- ~ ~

2.000 w I-....—— ~--—...._.-. ~ -JZE::EI..-:

0.050 v I ‘- “1 I I

0.050 Y
... . ..- .. ..-—

0.050 Zn [3.9]

0.050 Zr

Note: 1) Ovetail error greater than I&times detectionlimitis estimatedto be within+/- 15%.

2) Values in brackets fl ars - lo-times detti.on limit witherrors likelyto exceed 15%.

3) ‘-” inticate measurement & -w deteotion.Sample detectionlimitmaybe foundby

multiplying‘det. IimiF (farleti column)by “mutiplief (topof cash column).

Data (1) from ‘A0558 S.Fiskum ASR-5568 BNFL Sulfate test ICP98 hi.xls 1/11/00 @ 3:34 PM



BatteIle PNNURPG/inorganic Analysis - ICPAESData Rep&?!e’ ‘f 1

‘Lo’=FE?’m nMultiplier=

Client ID= -2M Ba

Det. Limit Run Date= n
(ug/mL) (Analyte) uglmL ug/mL.................................................... . . ..................... .......................... .. ................ .

0.025
..... . ..... . .. . .

Ag . .

0.060 Al

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

.......................... ......................... ................... ......
[3,7001

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

O.1OO Eu... ....... ............... ....... ............... .......................... ............... . ........ . .. .. ........... ...
0.025

.......... . ... ... .....
Fe

-2.000 K

0.050 La.................................................... .... ........... ........ .......................... .. ..... .......... .
0.030 1-i

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

0.100 Mg

0.050 Mn.................................................... ... ...................... .......................... . .......... ... ....
0.050

................ ..... ...
Mo

0.150 Na [5,000]

0.100 Nd.................................................... . .. ..... ............ .......................... . . .. .................
0.030

..........................
Ni

0.100 P

0.100 Pb.................................................... ,......................... -. ...... ................, ... .. ...... .. .. .....
0.750

.........................-
Pd

0.300 Rh

1.100 Ru.................................................." ,... ............. ....... .......................... . . . ... .............
0.500

.......... ............”...
Sb

0.250 Se

0.500 Si.................................................... ......................... .........................< ....... .............. ..
1.500

............... .........
Sn

0.015 Sr [300]

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

...................”... ..
Th

0.025 Ti

0.500 TI.................................................... ,......................... .......................... ......................”.
2.000

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

0.050 v

2.000 w.................................................... .... ....................- .......................... ... . ........... .....
0.050

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

0.050 Zn

0.050 Zr

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

2) Values in brackets Ll are - 10-times detection limit with eirors likely to exceed 15%.

3) ‘--’ indicate measurement is -W detection. Sample detection limit maybe found by

multiplying ‘det. limi~ (far left column) by “multiplie~ (top of each column).

Data (1) from ‘A0551 G Lumetta-D Kurath ASR-5520 ALO-128 AN1 07 ICP98hi.XLS _lIjl 0/99 @ 12:48 PM

..,y. _ ._



Analysis --- lC Report

Clienti 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

jd$
Procedure: PNL-ALO-212, “Determination of Inorganic Anions by Ion Chromatography”,’. !

. ‘- ~ M&TE: IC system (WD25214); Balance (360-06-01-031) --- See Chemical Measurement
Center 98620 RIDS IC File for Calibration, Standards Preparations, and Maintenance Records.

Final Results:

RPD nla nla 170 ,da Iv. nla 0% nla
00-0269 ApJ1017&~hive l,Q()() <1000” 33,700 <1000” 136,000 < moo” 5,100 2,000
00-0270 Ba-64-l <1000 <1000 32,800 <1 ()()0 204,000 <2000” <2000” <2000

00-0271 Ba-64-2 <1000 <1000 34,400 <1000 200,000 <2000” < 2(30(3 < z(m)

00-0272 BaC03-64-l <1000 <1000 29,400 <1000 203,000 <2000 4,600 <2000

00-0273 BaC03-64-2 < ](m) <1000 29,500 <1000” 206,000 <2000” 4,600 <2000”

00-0273 MS Rec 102% 120% 107% 110% 11570 I13% 1129’0 116%

Blanii Spike Rec Ioovo 96% 101% losyo 1049’0 1 02% 104’%0 103%

RPD = RelativePercentDifference(betweensampleand duplicateheplicate)
MS Rec = lMatrixSpikeStandard % recovery
Blank Spike Rec= Blank SpikeStandard% 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°A for all anions measured above the EQL.

Matrix Spike: A matrix spike was prepared and measured for sample BaCOJ-64-2. The spike
recoveries for all anions are within the 75°/0to 125°/0recovery acceptance criteria.

Blank Spike: The blank spike is used as the laboratory control’sample and recovered within the
acceptance criteria of 80°/0to 120°/0.

ASR 5568 Fiskurn.doc p~~~ 1 of ~



Batielle PNNIJRPGlhorganic Analysis --- IC Report

Svstem Blank/Processin~ 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.

oualitv 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 Al 0°/0for the verification standard. The one phosphate result recovered at +1 10/0
above the true value.

General Comments:

This single phosphate failure has no impact on the reported results.

● lle reported “Final Results” have been corrected for all dilution performed on the sample

during processing or analysis.

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

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

Archive Information:
Files: ASR 5568 Fiskum.doc ASR 54635533-36-68 -71.xls 1

/. I

ASR 5568 Fiskum.doc



IBICO!D~Battelle PNNURPGllnorganic Analysis --- TOCfT.C Report

l@_i
Clienti S. Fiskurn 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
(%) ~

TICRPD
LabNumber SampleID Vol (ml) ugC/ml
00-0268 CAPS-64 0.50 2800 0.6160 2280
00-0268Dup CAPS-64Dup 0.50 2100 29 0.6146 1710
00-0269 AN107Archive 0.50 8200 0.6212 6600
00-0269@J AN107 Archive 0.10 8670 6 0.1314 6600
00-0270 Ba-64-l 0.20 2680 0.2451 2190
00-0270 DUP Ba-64-l Dup 0.50 2650 1 0.6080 2180
00-0271 Ba-64-2 0.50 2570 0.6101 2100 -
00-0271Dup Ba-64-2 Dup 0.50 2630 3 0.6127 2150
00-0272 BaC03 64-1 0.50 2980 0.6123 2430
00-0272Dup BaC03 64-1Dup 0.50 2990 1 0.6120 2450
00-0273 BaC03 64-2 0.50 2990 0.6093 2450
00-0273Dup BaC03 64-2Dup 0.50 2960 1 0.6023 2450
00-0380MS MS ‘%0 Recovev 0.10 93% 0.1235 93%

RPD = RelativePercentDifference(betweensampleand 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 AS~ 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 fi-omthe blank

Q.C. Comments:

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

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

ASR 5568 Fiskum.doc page 1 of 2
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Battelle PNNURPGAhorganic Analysis --- TOC~lC Report

Calibration Standards: The QC system calibration standards were all within acceptance criteri~
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 ~gC TIC. However, the calibration blank analyzed at the end of
the analysis run was 55 pgC TI.C. 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 30/o;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 20V0
for all values measured above the EQL, except CA2-~ which has a 29’% RPD.

Matrix Spike: The accuracy of the carbon measurements can be estimated by the recovery results
- fi-omthe 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’%0to 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
intefierences.

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

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

Report Prepared by:

Review/Approval by:

Archive Information:
Files: ASR 5568 Fiskum.doc ASR 55525568 5582.xIs

ASR 5568 Fiskum.doc Page 2 of2
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File: L:hadchem\hydroxide\asr5568-rr
AnalysisDate:1, ~J j2/3/1999 ~‘:

Print Date: 12/6/99

Battelle PacificNorthwestLaboratory
RadiochemicalProcessingGroup-325Building
RadioanalyticalApplicationsTeam

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

AlkalinityofAqueous Solutions,Leachatesand Supernates
and Operationof Brinkman636 Auto-Titrator

Equip# WB76843 ::e-c??
Lab Lot. 525

WI

:td::;ike, y;::

Titrator hitial~lmil,~~~~ ~olaritymillimole
Sample Sample Density Routine pH Titrant

RPG # Sample ID ‘Vol.(mL) wt. (g) g/mL # reading Vol. (mL) pH base

00-00269 AN107Archive 0.300 0.3779 1,260 3 12.124 1.271 10.914 0.259

00-00269 AN107Archive Replicate1 0,300 0.3812 1.271 4 12.189 1,294 10.962 0.263

00-00269 AN107Archive Replicate 2 0.300 0.3802 1.267 5 12.135 1.279 10.940 0.260
QC Data:

Reag.Blk. 5,00 1 4.164

Standard1 0.1018NNaOH 5.000 5.0081 1.002 2 12.213 2.236 10,629 0.4548

00-0269MS An-107+ 2mL O.lNNaOH 0.100 0.1268 1.268 6 11,993 1.366 10.738 0.278

I Buffer Fisher Lot # CMS# Expire Date

10 SBI 15-500 179557 May-O1

4 SB101-500 179554 May-OI

7 SBI07-500 179555 May-O1

‘&-‘p?

-_. _-—.- ----- --7

bp—
— . . ..-..-J

Performance checks

base RPD

0.861 I

OH % Recovery

89.4% Std 1

93.8Yo I MS I

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

I Pipet # H30762 5.00 5,0049

.

.~~,l’>.$-.=

‘l=y”ffw
ASR5568-RR.XIS Page 1 of3 12/6/1999



Battelle Pacific Northwest Laboratory ASR #
Radiochemical Processing Group-325 Building
Radioanalytica]ApplicationsTeam wP#

Hydroxide and AlkalinityDetermination
GoverningProcedures: PNL-ALO-228:Determinationof Hydroxy](OH-)and

Alkalinityof AqueousSolutions,Leachatesand Supernates
and Operationof Brinkman636 Auto-Titrator

Equip# WB76843
Lab Lot. 525

C03

m Found

mzIcl File: L:\radchem\hydroxide\asr5568-rr

m

AnalysisDate:I 12/3/19!)9
Print Date: 12/6/1999

HC03
3rd Equivalence

I Point I Found
Sample I Titrant rnillimoles MolaritY millimolel Titrant I millimoles Molarity millimole

RPG # SampleID Vol. (mL) Vol. (mL) pH base ba;e RPD Vol. (mL) pH base ba;e RPD
I
00-00269 AN107Archive o 0,300 2,447 7.844 0.239 0,797 3.665 4.927 0.248 0.83

00-00269 SampleID Replicate 0,300 2.481 7.914 0.241 0.805 0.93’?40 3.696 4.899 0.247 0.82 0,2%

00-00269 AN107Archive Replicate 0.300 2.483 7.769 0.245 0.816 1.42% 3.701 4.866 0.248 0.83 0.2%

C03 % Recovered

Standard 1 0.1018NNaOH 5,000 2.461 8,056 sample 2,664 3,86

00-0269MS An-107 + 2mL O.lNNaOH 0.100 1.838 8,068 0.096 119.0% sample 2,334 4.82 0.1009 122,2V0sample
Matrixspike recovery is calculatedas follows:

Spike= 2,00 mLO.1018N NaOHwas addedto the 0,.100-mLof sample for each matrixspilke.
SpikeTitrantvol. (sample@. 1mL + spike)- SampleTitrantvol. (averagesampleonly equatedto ,lmL ) * 0.2034N (HCItitrant)= meq. OH
meq OH/ 2.00 mL added= meq OH/mLfound / O.1018N OH added * 100= 0/0 recovered.

Prep recordon 0.2034 M HCIis on followingpage.

ASR5 RR.xIs Paf ~f3 5/1999



Chem Rec_51a

Prep date: 04/18/1999

Preparation of Standardized 0.2 M HCI

wP# I K51300 1

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_l O) to 0.5 L with D1.H20.
20 mL aliquots of 0.2 M HCI were were neutralized to the phenopthalien endpoint using there-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 c 3 ?40 for the measurements

NaOH Molarity verification
Vol. of 0.1021 M NaOH NaOH Molanty =a * Molanty Error

VerificationTest ## wt. of KAP to neutralize 1000 / b ● 204.23 +./- @Is

1 0.80894 38.95 0.1017
2 0.80582 38.84 0.1016
3 0.96233 46.12 0.1022

‘Ve=bakl 0“0003
ahquot of Vol. of 0. IO18M N aOH Molanty of A c[d m Molanty t rror

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

1 20.00 39.88 0.2030

2 20.00 39.92 0.2032

3 20.00 40.04 0.2038

Ave Molarity HCI = , .0.2034 0.00(342 -

.~ f=y&-%>
Analyst/Date

,

ASR5568-RR.XIS 1210311999
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Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building
Radioanalytical Applications Team

Client: Fiskum

Cognizant Scientist

Concur: TT\Z&ha -k

Procedure: PNL-ALO-450

ALO ID
Client ID

00-0268
Ca Ps-64

00-0269
Anl 07 Archive

00-0270
Ba-64-l

00-0271
Ba-64-2

00-0272
BaC03-64-l

00-0273
BaC03-64-2

00-0268

11/9/1999

Date: )/?/77

Date: J!ll.ll?

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

CO-60 Sb-125 SnSb-126 Cs-137 Eu-154 Eu-155 Am-241
Error !/. Error ‘Y. Error ?4. Error ‘?4. Error Y. Error Y. Error Y.

5.48E-2
2%

6.44E-2
2%

5.57E-2
2%

5,30E-2
2%

5.66E-2
2%

5.73E-2
2%

c3.E-4

4.12E-4
28%

-=4.E-4

c2.E-4

c3.E-4

-=3.E-4

<

-=1.E-4

3.12E-4
8%

c2.E-4

c7.E-5

c2.E-4

c2.E-4

1.81 E-2
2%

2.02E-2
2%

1.82E-2
2%

1.78E-2
2%

1.86E-2
2%

1.88E-2
2%

9.62E-3
2%

2.66E-2
2%

8.30E-3
2%

6.70E-3
2%

8.98E-3
2%

9.IOE-3
2%

7.12E-3
3%

1.89E-2
3%

5.64E-3
4%

4.89E-3
3%

6.66E-3
3%

6.38E-3
3%

2.90 E-3
1o%

9.72E-3
9%

3.16E-3
12%

2.31 E-3
1o%

2.90E-3
7%

3.31 E-3
6%

Page 1
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Battelle Pacific Northwest Laboratory

Radiochemicai Processing Group-325 Building

Client: Fiskum

00-0268

12/20/1 999

Cognizant Scientist $~ Date ~ ~z/20if7

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

ALO ID
Client ID

00-0268
Ca Ps-64

00-0269
Anl 07 Archive

00-0270
Ba-64-l

00-0271
Ba-64-2

00-0271 DUP
Ba-64-2

RPD

Blank

Blank Spike

Sample Spike

Sr-90
Error Y.

1.05E-2

6%

1.07E+0
470

6.82E-3
8?40

4.55 E-3

10%

4.92 E-3
1o%

8%

c7. E-4

1I gyo

11i%o

Page 1
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Appendix C: Test Instruction BNFL-TI-29953-071 and
Supporting Analytical Data



Sent By: HP LaserJet 3100; 5093724732; Nov-15-99 16:11; Page 1/1

PNNL Test Instruction Document No.: 33NFL-T1-29953-071
Rev. No.: O

Title: SuJfate Removal from 65MnL of Previously Treated AN107 DF

Work Location: Building 325, various
laboratories

Author: SK Fiskurn

Use Category Identification: Reference
Identified Hazards:

J_ Radiological
_X_ Hazardous Materials

_ Physical Hazards
_Hazardous Environment
_ Othe~

..... .-

P$.lge 1 of 11

Effixtive Date: New
Supersedes Date: New

Required Reviewers:
~Author
~Teehnical Review=
_RPL Manager
_Project Mmager
_RPG Quality Engineer
_BNFL (not required)

Are One-Time Modifications Allowed to this Procedure? ~Yes — NO

NOTE: If Yes then
requirements of a mo & ;$?~&%~’o~~~;%b~%~&~~A I%%%%&%$$:.x? F

..

On-The Job Training Required? Yes or x No

FOR REVISIONS:
1sretraining10lhis procedure required? Yes x No

Does the OJT package associated with this procedure rquire revision to reflect procedure changes?
Yes No x WA

Approval Signature Date

Author * k. &LtiL ‘k
[

. /

:

Technical Reviewgr

w

/

.. .. ., .—.. —

CONTRCMJ3(IP’Y-2.’4:



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 C03, 0.041M S04,
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 analysison the precipitates,particle
size analysis,as well as chemical and radionuclide compositions.

DRD Reference: 12.2.6

ScheduleReference: BNFLdesirescompletionof thistestandanalysesby November30,
1999. Theproductneedsto be deliveredto thevitrificationpersonnelby December3.

Justification

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

Work Instructions

1.0

1.1

1.2

1.3

Pre-strike

Measurethedensityof theANl 07 post Tc IX compositematerial.

Volumetric flask tare il. 7(2/4 g volume /0 mL

Gross mass 3Y. cc% g
Calculated density /.2z Y4 g/mL (1.232 g/mL expected)
Temperature g/ -6 “c

Balance ID 3&o- QG-QI -0 2@

Aliquot 10-mL sample for radiochemical analysis (GEA, Sr-90,Tc-99, Pu, Am/Cmtotal
alph+ Np-237), 4-mL for ICP digestion and prep, 3-mL for Hg, and 3-mL for TIC/TOC,and
lC, 2-mL for NH3. (Compositewas already submittedfor IC, ICP, TIC, however, I want a
duplicate submissionfor highest accuracy.) These valueswill comprisebaseline
concentrations. These samplesare labeled TI-71-AN107.
TI-71-AN107(GEA)tare /6. ?327 g gross mass 3~- 76 W g net mass {J. 175/ g

Prepare the followingreagents:
100-mL5M Ca(N03)2-4H20 (FW 236.15 g/mole)
Ca(N03)2-4H20 mass f/8 - o? 5 y

f,. .C.y T&
g (targetmass 118.075gCa(N 3)2-4H20)

100-mLvolumetric tare ~g A(tick, 992,
Grossmass tare + 5M Ca(N03)2 #/5. zi 30 g
Net mass solution /5 2.6ZZG g .fl~~.-ti, ti~tid ~
Calculateddensity {.52 68 g/mL

~’ p“ *“d] d s M c.Balance ID ~Go-QG-e(- 03s
L@+.

25-mL 2M Ba(N02)2-H20 (FW 247.37 g/mole)
Ba(N02)2-H20 mass lA7.3baz g (target mass is 12.3685g Ba(N02)2-H20)

(& dd

Page 2of11 2



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 //?L 6 g 3A : Acc-ti \’- 4@~

1.5 Calculate the mass of a 630-mL volume of ANl 07 waste
630 mL * 1.2317 g/mL = _775.97 g—

1.6 WeighAN107 intotheflaskuntiltheappropriatevolumeis reached.
Finalm~s (gross) /o/q / g
NetANl 07 mass 2%%-s g ~73’4.~mL.

+
[0

While stirring,add . mL 5M Ca(N03)2-4H20 to thewasteto achievea 1.1:1Ca:C03
ratio. Recordthestarttimeandendtimefor Caaddition.Continuestirringfor 10minutes.
Measurethefinalmass.
Starttime /0: /@ Endtime /.0 :20
Grosssolutionmms //?’7. 5 g
Net 5M Ca added /63 . q g Calculatedvolume /0 ~, O mL

1.7 Allow thesolutionto~~t(foratleast60 minutes.

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

~ Preci~itate volume (mL]
T= Iq.q‘~

SuPematant (cm above rmt)
T

s% 0 A-i

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 /d. o Y 92 g
Gross mass #i 4b2* g
Net solution mass ~ 2. q I ~o g
Calculated density ). Jti13 g/mL
Temperature 20 “c

2.0 CaC03 Filter Flux

2.1 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 /JK ~ ~ (ptilo~ CA i)

Upper reservoir mass 4 !3
Reserve lower reservoir /W i,, g (fw to%42)

Reserve upper reservoir ~g

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

/9- 5 mm Hg

2.3 NOTE: This stepwill require2 analysts. Placethefilterapparatusintosecondary
containment.Hookthefilterapparatusto thehousevacuum. PourtheANl 07 /Ca mixtureinto
theupperreservoirof thefilterapparatus.Recordthestarttimewhilestartingvacuum,
measuringthetimeittakesto pullallof thefiltratethroughthefilter. Shutoff thevacuumand
disconnectthehosewhilenotingtheendtime.

e
+@ k k? !@7994 ~k

-k - @o—@a@*d~~d .2
~l~a~~ i Sti time /3.- $? End time ; 4:3/ F
AN[02CAL q~=sw s3. y’3 $&e+

q
-~+~”- ‘) Wt 2:37 ad d:lf

~% ,/~. Z+ 2.4 Disconnectthe lower reservoir fromthe upper reservoirand measurethe mass of filtrate.

Gross filtrate mass 8G3 .$/ g
Net filtrate mass .4%.6
Calculated mass filtered per second: ~sec

2.5 Remeasure the house vacuum.
/9.5 mm Hg

3.0 Final filtration

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

3.2 Disconnect the lower filter chamber apparatus.
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3.3 Weigh the final mass of the filtrate. (It is anticipated 25% of the original sample volume will
be consumed by the CaC03 mass/solids, and that nominally 580-mL filtrate will be
obtained.)

3.4 Weigh the gross filter chamber mass, determine the net wet CaC03 precipitate weight.
~~~:~~ I Gross filter mass JY~. q g AAW7Ca z

7

y+~vc

?#X%%jv &+25?; It!& %?-$2
@ /=67+ ;:2; ~’

#-
1{-/6-77 sq 7

I**: 1+.
3.5 Determine the approximatevo ume of precipitate. Calculatethe quantityof wash needed (2:1

9

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

~~>f-&f da end time). Save the wash solution and label it as TIxx-CaPS-NaOH-washl.
& A - Precipitate volume: /SC1 @ mL Added wash volume &do @ mL

3.6

3.7
in 2-mL of 0.0 lM NaOH and submit for particle size analysis. Remove another portion of
the precipitate and submit for XRD analysis. Remove O.lg 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. LabeI all samples TI-71-CaC03- 1.

Particle size: vial tare /4, flza ? g gross mass /?.4 -f143g netmass O.Z>=G g

TI-71-CaC03-l Hgl tareX6751 g gross mass 25. 80/z g netmass G. 12~” i ii!
TI-71-CaC03-l Hg2 tare~.q +9C/ ~ gross m“s~g :t::: : “[:;; g
TI-71-CaC03-l Hg tare .- ‘~ gross mass &?5i?5334 g

.~g
Reweigh upper reservoirxz CY net wet ppt mass ~lo~ CA] I 23. a g

C~!!{&e mass

Mloqwz /jq.3

389 g
Gross mass before drying I ~, ~ 4 // g Net wet mass ~
Mass 1 after drying lq.5q2y g Net dry mass 0.7535 ~

~s2’~e4w+#3 ~g ‘et ‘vm”s~~$alculated % so I s



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
alph~ 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-FILTIUITE.

Volumetric flask tare /Z. 0 q ~q
Gross mass i3Y~ gg24
Net solution mass ~2.o&95 g
Calculated density /.&’ Q&? g/mL
Temperature & ‘c

ggrossmass &?&.9Y $?.3g net mass /2.0267

qwti~qj 22;;2’% z;%% B #Y+&- 7.7.61 ti’dw. y = 5g3L9,?A
&3.9 Remove aliquots of each of the O.OIMNaOH 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 //, 6 g o ~ g (lo-m~ ) /p. ~s(j q g
Gross mass 3~.356+ g 23. /9 b5 g
Net solution mass IG. 47h3 g /0, /qo/ g
Calculated density 1. ok y~ g/mL /. Olqo g/mL
Tern erature

$4
/2. 5 ‘C ~-~~ ‘0(-026 titi .~l~ti

QIC L.- /Q. ~/*p ?dLb- “./c.Qg b/
T3.10 Wash the CaC03 precipitate with 2:1 volume ratio solution:ppt with lM HNO

collecting the filtrate in a CLEAN, tared reservoir as defined in step 3.5. Weigh the upper
reservoir to determine net ppt loss.
Volume added lM HN03 .<OO (@L%)mL Mm& .

CM -+ Lower reservoir tare
-~ .g~!~,Fass~ netsohltionUpper reservoir gross mass~-,..

Start time //:0 3
-g netpptm=s~y ;~”;k~

End time //; /3 ..-
m[o 7 u i y fomk /1..35 ~fzr+ j% Ati:o~~~ ~ CA~ /1:9S c?.dj

3.11 Determine remaining ppt volume. Wash the CaC03 precipitate again with a 2:1 volume
—

ratio of lM HN03 collecting the filtrate into another CLEAN tared reservoir as defined in
step 3.5. Weigh the upper reservoir and determine ppt. loss.
Volume ppt. &Dm~ (%4) mL lM HN03 wash /~Om @.)
Lower reservoir tare z~ft ~
Upper reservoir 0ss mass M‘ F*zs ‘“;~s;et(” t:::tsol~k~

Start time “Y&S.&
mvmo~ = ‘“’ Endtimeti. :’~-

3.12 Determine the remaining ppt. volume. Wash the CaC03 precipitate again with a 3:1
volume DIW:ppt collecting the filtrate into a CLEAN tared reservoir as defined in step 3.5.
Weigh the upper reservoir to determine ppt. loss.
Volume ppt. ~~~d Gz) mL DIW wash 95 mL @
Lower reservoir tare )~$/ g gross mass /. g .g
Upper reservoir gross mass&2 ~
Start time &@7 Cd/ ‘/21z *;dt~;~;;;~~~~~:~-:\~& g,~,a-n.?’. .

ZWJOC4b=]. 5y m/07 U* = /* ~

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.

Page 6 of 11 6



Vial tare mass /6 - woo g
Gross mass before drying 3 S53 g Net wet mass q. 07.33 g
Mass 1 after drying Net dry mass /. /.5

*:$aFj;%g*3 ;:’:;;: ~g ‘etd~mms ;:~z~ ;
.4

3.14 If any fin-ther solids are available, sub-sample and analyze for TCLP.

3.15 If any fiu-ther solids remain, sub-sample for particle size distribution and XRD.

3.16 Sample the lM HN03 filtrates and the water filtrate for ICP (5-mL), TIC/TOC/IC (3-
mL), Hg (3mL), NH3 (3mL) and Radchem (1O-mL)analyses. Label as per the analytical
table. Determine solution densities.

1st lM HN03 wash 2ndlM HN03 wash H20 wash
10-mL vol. Flask tare
gross mass
net mass * i’%; ‘:!r;
calculated density /. 03gy5 ?/& [, o q ~ /. 00S’7
Temperature l?.5°L

22X!DGE43%,0;2$>-o‘b (G. 43q~
4.0 Barium Sulfate Precipitation }

m. O-4+9
>

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

and weigh again. The sulfate concentration should be nominally 0.036 M including the dilutions &e Q/@

thus far. &v/07 -#. . .
Bottle tare mass /=% 79 bo~m

Gross mass with sample~gg
Net sample mass ~g
Sample volume . mL (see density step 3.8)
Moles sulfate A</43 “Lx O@_ sulfate= ~. oiq moles S04
Calculate a 1.3:1 barium:sulfate composition ~, o~~z moles Ba
Calculate volume of 2M Ba addition necessary =.57’ mL2MBa

/. afi / sg@ ‘ .& 243
lg. 344

4.2 Add a
w

a(N02)2-H20 to the AN107 Ca pre-strike sample with stirring.
Continue stirring fo~ minutes. Record the start and end time for Ba addition. fi>flq’ 40 m;. “

Start time /3: 5A End time /J: A-r

4.3 Weigh the sample and determine the mass and volume of added 2M Ba solution. +
.

4.5 Re-suspendsolidsandpourentirecontentsintoa 1-Lgraduatedcylinder. Record thetotal
volume. At 10-reinintervals,recordthevolumeof thesettledprecipitate,alsomeasure
centimetersaboveprecipitateof clearsupernatant.

7
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Precipitate volume (mL)
/3s

9(2

+

Suuernatant (cm above Dpt) /9. z

_JE__
%i5k&d -

,

=“”’

4.6

4.7

Mix the solution, re-&spending-ti-e solids.

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 ~ additi~nal 5-mL for
particle size analysis. Label samples TI-7 l-BaS04-suspension.

Volumetric flask tare /Z. t~ 04 g
Gross mass 29. a/~y g
Net solution mass ) g. ~qq~ g
Calculated density /. 209? g/mL

g/ “c
ti+~ ~fl-w-er-ozG

5.0 Determination of BaS04 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.

5.2

5.2

//,, j3W

Lower reservoir mass j3p/v @a! /243” g
Upper reservoir mass @Vo? & ~ %’~ b g
Reserve lower reservoir A&/o? &I&? /3. .= g
Reserve upper reservoir EBv/07&L Q g

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

d~ mm Hg

NOTE: This step will require 2 analysts. Place the filter apparatus into secondary
containment, Hook the filter apparatus to the house vacuum. Pour the ANl 07 /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. -

Start time 8.’2.5 a .@. End time 9: Y7 Q.-
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5.3

5.4

5.5

5.6

5.7

,&&

Disconnect the lower reservoir from the upper reservoir and measure the mass of filtrate.
Measure the vacuum reading

@
j&tv-’77

Gross filtrate mass /’m 79 37 g
Net filtrate mass
Calculated mass filtered per second:

~mm Hg
c

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

Disconnect the lower filter chamber apparatus.

Weigh the final mass of the filtrate.
Gross filtrate mass !3
Net filtrate mass g

Weigh the gross filter chamber mass, determine the net wet BaS04 precipitate weight.
Gross filter mass //~~ v g

6.1 Determine the ppt volume. Wash the solids with about a 2:1 volume O.OIMNaOH:ppt U
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-BaS04-NaOH washl.

Precipitate volume
Reservoi&me@~ @yX@ ~ gross ~~s ‘~~~~=h ‘~~~solution ‘~q. 6 ‘L
Start time /0.”06 End time /0:0 T

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-BaS04-NaOH wash2.
Added wash volume 40
Reservoir tare 19V. & g gross ::s /4%5. Q g net solution .@. q g
Start time

.~-j@/ m~.d ~70:?G[08. 82
End time [6: ,/6

&.2y & ~ &&y {f?+ *
6.3 Remove 10=mLANl 07 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-BaS04-FILTRATE.

Volumetric flask tare 19. oiY7 g
Gross mass 2’f. 07-$6 g
Net solution mass /’2’. 0639 g
Calculated density i. 2QG3 g/mL
Tern erature d “c
@ti&& C&cl”Q&.;: ?Ou

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 necess~.

//: $’9853 - ~~ A~@.dC~Wti

Q4A-z=t m *+ gi?mp~>

* /2q. g $p-af5- %58.%) AM 5fQ-. Y
3 = +$Y. q mL
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6.5 Remove a portion of wet precipitate (BaS04) and cap tightly in a tared 2-dram vial.
Determine net sample mass, suspend in 2-mL 0.0 lM NaOH and submit for particle size
analysis. Remove another portion of the BaS04 ppt and submit for XRD analysis. Remove
another portion of the BaS04 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 ? 7665 g gross mass ?. 76F5 g net mass G, 0080 ~
a“. ?6+%

TI-71-BaS04-l Hgl tare~g gross ‘ass ~g netmass Q- ~8/3 !3
TI-71-BaS04-l Hg2 tar~.~~ 2% g ~oss mass~ ‘et ‘=s ~- @~~
TI-71-BaS04-l Hg tare~,~ 9%2 g gross mass ~ netmass n. lD~ g

TI-71-BaS04-l NH31 tare Z7A j% g gross mass ?.~’j ~~ g net mass o.~8?5 ~

+3iR. 2%P [4.7sVy -
3

,*S -J z I“?..XZD6 &.- @.z&
6.6 Remove a portion of the dried solids for TIC OC analysis. Submit another sub-sample

ICP and Radchem analysis.

6.7

6.8

Wash the remaining solids with 2:1 lM HN03 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. ~g )f.1%-~>

Added wash volume &~~mL

Reservoir tare A2Z f7 g gross mass i 73Y / 13net solution 59./ g
Upper reservoir gross mass ~~. 5 g net mass Y. 7 g
Start time joy q~ End time /0 :s0

Determine the remaining ppt vol. Repeat the wash using the 2:1 lM HN03, collecting the

rins:i?to~o’e~>;w%.~ddedw:hvo,we=o:LPreclpltate vol.
Reservoir tare - IJY. j g gross mass ]$!0, ~ g net solution ~
Start time /tfj/ End time #/:/z
vt~a.’ We-wl: ~m~ @@&z @/. ~ l&+ w = ]2.2

t6.9 Wash the solids with 3:1 DIW: ppt volume, collecting the rinse int another CLEAN, tared
reservoir. “
Added wash volume Stl
Reservoir tare )~.o g gross ::s ISY.3 ~ net solution a. 3 13
Start time / j~;h End time /’/.”>0

G & ,wc&d;fl
Sf

mu fl- ‘ 10}.
8 ?

/3. 3 I-IQ+dkwq~ ‘{ ~++
6.10 n?ample each rinse a ove for ICP analysis 5-mL), Radche analysis (1O-mL),Hg

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

I

6.11 Sub-sample the solids and place in a tared glass vial. Dry at 105°C to constant weight.
Determine the percent solids.
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6.12 Sample the dried solids and submit.for digestionhsion, ICP and radchem analysis.
6.13 Sub-sample the wet solids for TCLP Ieachhalysis. e iz. e8 +? ~/&s /d. >-~ ~j
6.14 Sub: ample the wet solids for particle size analy~ (in water) and XRD analysis.

y~~L b+

4

{c>> .
r~~ 18. IS@ ~ /.;.;;;;

7.0 InsolubleSolids(ReferenceMethod2420D,StimdardMethodsfor theExaminationof Water
andWastewater)

7.1 Tare 4 25-mm diameter 0.045-~m nylon filters.

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

7.3 Pass a known volume (e.g. l-mL, depending on visual solids) of a sample through a filter.

7.4 Wash the precipitate with 5-mL DIW.

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

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

8.0 Volume Reduction
d

8.1

8.2

8.3

8.4

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

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

4.97M Na/ DF (Ca addition) i DF(Ba addition)

Evaporate the ANl 07 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.

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:
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Table C.1. ActualAN-107Scale-UpTest Detail, Phase 3
,

soiutions
.,

Solids
R6acttint

,..
Total Wt Yo Approx. wt.

AN107 andfiltrate Density Solution filtration Sampled Net mass Rticovered Wet solid voiume Wet solids Wetsolids wt.%%chan~e
Description mass(g), mass(g) (gh& T-20C) vol (mL) timeh(min),mhss(g) remaining(g) .. Filtrate k filter(g) (mL) sampled(g) remaining(I4 soiids Onwash

CaCOJ Precipitation

AN107 Starting material 926.4 1.224 756.6 26.9 899.5 na na

Added 5M Ca(NOJ)l 163.4 1.527 107.0 1062.9

AN-i 07+CaCOj, suspended soiids 1062.9 1,241 856.3 i2.4i3 1050.5

Fiiter 678.6 i .209 56i.3 77 36.2 642.4 64.6% 36i.1 300 2.9 358.2 39.0

Wash O.OIMNaOH 677.7 1.068 635 (tiitrate) 62 24 291.4 300 -19%

Wash O.OIMNaOH, 2nd 551.i 1.014 543 (tiitrate) 60 24 254.4 300 7.1 247.3 24.0 -13%

Wash 1.OMHNOJ 517.5 1.039 498 (tiitrate) 20 24 140 200 0 140 -45%

Wash 1.OMHNOJ, 2nd 264.2 1.049 252 (tiitrate) 9 24 91.2 100 0 91.2 -ss~o

DI water wash 166 1.009 165 (tiitrate) li 24 83.9 50 est. 5g nm 34.3 -8%

BaSOt Precipitation
i

1!N-107 Fiitrate from Ca prestrikel 642.4

Fiiter 6i9.4

G==l=
I water wash I

Notes: na = not applicable, nm= notmeast

1.209 53i.4 642.4

18.35 I 1.344 i3.7

I
i.210 i2.099 648.65

i.206 5i3.4 82 35 584.4

39.6 i.061 37.3 (tiitrate) i 24

I I
40.4 1.oi4 39.8 (fiitrate) <1 24

50.1 1,051 47.7 (fiitrate) i 24

16.5 1.041 15.9 (fiitrate) 1 24

29.5 1.012 29.2 (filtrate) 4 24
d

3=95.5V0 22.i

I nm

3=
20,2

8.7

.13.2

I 13.3

1 1

20 0,8728 21

io 13.2

10 aii

-t

T34.5 -3.8%

-57%

*

+52yo

44.4 +1%



Figure C. 1. CaCOj Slurry Settling Test at T=2 Hours
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Figure C.2. BaSOdSlurrySettlingTest at T=2 Hours
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Battelle PNNU325 Bld@RPMnorganic Analysis .. .
ICPAES Data Report

Projecti
Client:

>fie ------ . . --- ---

~&l> { ,.-., -, ;.; -: <J
29953
S.Fiskum

f ~,ks.1 : ;.. ... ‘:j:;. i“:.;j ‘
! .... -: :-;,::..$::.:.,.--%.Ij
\ ;- ~,:;; $ $ \

J
—---------------------------------------

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 Numbe~ 5600
---. ---—---------------- —-——

Total Samples: 19
----——-—----—-—-——--—-——--—

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

Analyst: D.R. Sanders

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

●

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

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

l.u.m

n7-,zT. +72-.-m-:.: -y --s. .— . . />.7... ..,..-



Batielle PNNU325 Bld#RP6Worganic Analysis . . .
ICPAES Data RepoH

Four radioactive solid sarrmles and one duplicate, TI-71-CaPS ppt prior to wash through
TI-71-CaC03-2 (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 lml of nitric acid, lml of hydrochloric acid and diluted to 20ml
with water. Approximately 0.25-gram sample aliquots were prepared.

Fifteen radioactive aqueous samples and one duplicate, TI-71-AN107 through TI-71-
BaS04-HN03 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 PNNLALO-128 procedure. One to 5ml sample aliquots were
prepared and diluted to a final volume of 10mI 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 Lghnl for aqueous samples and pg/g for solid samples. Weights and
volumes used have been recorded on bench sheets and included with this report.

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

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

Five fold serial dilution:
(Aqueous and solid samples)

All results for analytes of interest were within tolerance limit of S 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.

Duuticate RPD (llelative Percent Difference):
(Aqueous and solid samples)

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

m
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Battelle PNNU325 BldgYRPMnorganic Analysis . . .

ICPAES Data Report

Post-SMced Sanmles (Group A):
(Aqueous and solid samples)

All analytes of interest were recovered within tolerance of 75% to
125%.

Post-SPiked Samples @rouP 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 %rrmle:
(Aqueous and solid samples)

None required or prepared.

Ouality Control Check Standards (aqueous and solid samrdesl
Concentration for all analytes of interest is within tolerance hit of *
10% accuracy in the standards: QC.MCVA, QC.MCVB, and
QC_SSTMCV. ICP98.O (calibration blank) was within two times IDL.

F@h Calibration Standard Check (aaueous and solid sanmles):
Verification of the high-end calibration concentration for all analytes
of interest is within tolerance of k 5% accuracy.

Process Blank
(Aqueous and solid samples)

All analytes are within tolerance limit of < EQL or < 5% of sample
concentration.

Laboratom Control Standard (LCS}
(Aqueous and solid samples)

No LCS was prepared for PNLALO-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%.

LMfm
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Battelle PNNL1325 BklgYRPWnorganic 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 acidifiedwater.Detectionlimits for othermatricesmaybe
determinedif requested.

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

4) Absolute precision, bhs and detection limits maybe determined on each sample if required by the
client.

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

Mm!Q

Page 4.



PNNM7PMnorganic Analysis *.. ICPAES Data Repo~ page I of 3Battelle

r 50.0

00+62 625 r63.3

00-463 W5

16.7

00-464625
Multiplier=

ALO#=

Client ID=

Det. Limit Run Dare=

10.0

00-461-PB

Process
-k

W3199

25.0

-461 @5

.71-AN107

12/3199

77-71-AN107
~P

12/3/99

7f-71-caPs-
-

W3199 L
71-71-caPs-
filtrateDUP

12/3/89

u mL—.—(ug/mL~ (Analyte)

E

u mL-“ . ... . . .. .. .. ..... ...
0.025 Ag

0.060 Al

0,250 As-—... ”-- . .. ... . ... .
0,050 B

0.010 Ba

.!—-----

=
2,380 2,310 652

.—— R-[1.8]--–-E
k-- 1-“-—”--”””+”*0,010

0.100

i-
1
I

1=168

27.4.—.. -“”.-l=E 907

24.9
0.250 Cs

0.015 cd. . . .. . ..... .. . .
0.200 Ce

0.050 co E
-E

175

26.7. . .
1-

it--+ E[1.8]

35.7E[2.1]

43.1.—..—
13.5

42.8.
[12]

36.9

[11]
0.020

:*

— . . . . . .. . . .. . .
0.025

0.050

E
Dy

0.100 Eu. . . . . . .. . .. ....
0.025 Fe [0.44]

2000 K

0.050 La——....——
0.030 Li

E8.98

716 k=-[8.61

[690] k=[3.1]

[630] l==
[3.4]

662

l--=-E--0.100 Mg

0.050 Mn. . . . . .. . . 1=
l--+-[1.4]—

16.2

110,000

I

“R[lq

110,000 k=[161

103,000 R-
14.7

104,000

0.050

---””-E
Mo

0.150 Na

0.100 Nd—.-.
0.030 Ni [0.79]

0.100 P -.

I—
208

E
192

47.7

24.4E
306

58.20.100

~: *

. . . . ... . . ..
0.750

[31]

129

----”-E0.300

--”E

Rh

1.100 Ru—“— “..-——
0.500 Sb

0250 se

0.500 Si. . . . . ..
1.500 Sn

0.015 Sr

t+---

—-----+- —--l-=-
t-w-1.500 Te.——”---- . . . ..

1.000 m

0.025 Ti

0.500 TI E. . ...... . ....... ... .

,I

E[651

-“.-l=
2000 u

0.050 v

2.000 w. . . . . . .
0.050 Y

0.050 Zn

1-

1-

----t==

1=[4.8]-s l+-[1.2]

0.050 Zr 1 I [3.0]

Note: 1) Overall eror greater than 10-times detection limit is estimate

I
tobe within+/- 15%.

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

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

multiplying “det.lim~ (far left column) by *multiplier (top of each cvlumn).

Data (1) from ‘A0564 S_FISKUM ASR-5600 BNFL-AN1 07 SULFATE 12/3/99 @ 3:22 PM



Battelle PNNLZHP&?norganic Analysis ... ICPAES Data RepoH ‘age2‘f3
Multiplier= 2.5.0 50.0 I 16.7 10.0 2.0

ALO#= 00-473 @5 W-473-REP @5 00474 @5 00-476 @5 00-477

~-
~-

~-
Tk71- 71-71- BaSO& BaS04-

BaS04- zro4- Go4- NaOH wash NaOH wsah
Client ID= -e filtrate REP tiltrate DUP ~ ~

Det. Limit Run Data= 1213199 12/3/99 12X3199 121W99 12f3199

(u~mL) (Analyte) ugimL.“.. ”..”—— . ... uglmL.. . ... . .. uglmL. . .. ... ....... ... uglmL.. ... . ..---- . uglmL

‘;.025
....”—”...”..—

Ag
—..............””.

0.060 AI 793 788 746 213 55.1
0.250 As.———..— . . . .... ... .. . .. . . ...... ..... ... .
0.050 B

. . .... ..... ... ....”........””...”.”
[1.3]

. ....... . ..... . .
[1.1] [1.00]

0.010 Ba 112 113 101 42.1 16.2

0.010 Be. . . . ... . . . . . .. .... . ........
0.100

..””” . . .. .....
Bi

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

0.250 Ca 922 919 851 308 103
0.015 cd 22.9 22.8 21.5..-.-— ..-... - 5.64. . . ..... . . 1.43
0.200 ‘.—. Ce

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

0.050 co [1.71 [1.6]

0.020 Cr 6.57.“..—— [6.71 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] [o.9q [0.24]

2000 K 773 ~60] 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 95,900 99,200 91,800 27,700 7,530
0.100 Nd—.—. .—..” ........ .
0.030

—.”.. ”---
Ni

. -— ---- “.- ..“—”. .. ......
181

. .. .. ...... ...........
164 169 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 Rlr

1.100 Ru

0.500 .—. Sb
.—. —- .....“...--- . . . .. . . .. . ... .... .......... .

0.250 se

0.500 Si ——
1.500 . Sn

—— —....—— ..“——.. . . .... ......... . .

0.015 Sr 7.31 p.3] 6.68 3.19 1.53
1.500 Te. . . . .. . .-—-! . . ........ ........
1.000

.. . ....—
Th

. “.”-.—..— . ...... ....... .... .

0.025 -i-l

0.500 l-l——... -.”.......-.”.” ,- —-. .....”
2.000

. . . ... .
U

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

0.050 v

2.000 w [f501 .- __”-_ - ..-..—.-.“—. [56] [4.8]
0.050

. .. .. .. .
Y

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

0.050 Zn [4.4] [5.0] [4.0] [1.2] [o.451
0.050 Zr

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

2) Values in brackets Dare Y&J lo-times detection limit w“therrors likely to exceed 15%.

3) ‘- - indicate measurement is *W detection. Sample detection limit maybe found by

multiplying ‘det. limit” (far Iefi column) by ‘multiplie? (top of each column).

Data (1) from ‘A0564 S_FISKUM ASR-5600 BNFL-AN107 SULFATE ICP98 hi.XLS 1213199 @ 3:22 PM



Battelle PNNM?PMnorganic Analysis =-. ICPAES Data Repo~ paw 3 of3

r50.0

00-460 @5

~-
BaS0.4-
HN03 wash
g

W3199

ALO#=

Client ID=

Det. Limit Run Date=

(u~mL) JAnaIyte)

&

u mL. . .. . . . . ... . . .. . .“” .
0.025 Ag

0.060 Al [5.8]

—....— ——
i-

—.

——-.

..——

.....—-. .

.—.. E
t

t--+-0.250 As

E

. . . . .. ........... ... . .. ..
0.050 B

0.010 Ba 7,900

0.010 Be.— ... .. . . . ...........
0.100 Bi

0.260 Ca 959

1-....-—

—----- E
1-

1-

0.015

:*

--—””.. . ........... . . ...
0.200

0.050 co

0.020 Cr 55.7—...”” . . ...”... ..—.
x= cm

0.050 Dy

0.100 Eu. . . . . .................... ..
0.025 Fe [1.q

2.000 K

0.050 La. ... .... ...... . ........... .
:0 Li

0.100 Mg

0.050 Mn.. . .. ... . .. .. . . . .
= . 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 FM

1.100 Ru. . . . . . . . . . . .. ... . r

0.500 Sb

0.250 se

E-...——

-“ ..—.

1-

E= t-+- -...-——

——...—...-... E
—. E -“----E

——... I ——

%

—...

F=- t=-
1-

.— ------E“–-”-””””::”*0.500

1.500

—— E0.015 Sr

E

110

1.500 Te——.......”-....”.
1.000 1-h

0.025 l-i

0.500 l-l“.— .. .. . . ...-”
2.000 u

0.050 v

——..

,-—.

1-

E-1-

——— --...—

F=—.-. 1- E---
t+---“-–----”+--*2.000

0.050

1-

“E-0.050 Zn

0.050 Zr 1:
Note: 1) Ovel

1-

/error areater than lWimes datwon limit is estimated to ba within+/- 15%..-
2) Values in brackets I are - 104imes deteti.on limit uith errata likely to exceed 15%.

3) ‘-’ indicate measurement is -w deteti.on. Sample detection limit maybe found by

multiplying “det. limit’ (far left column) by ‘multiplier (tap of each column).

Data (1) from ‘A0564 S_FISKUM ASR-5600 BNFL-AN1 07 SULFATE ICP98 hi.XLS 12/3/99 @ 3:22 PM



BattelIe PNNM?P@7norganic Analysis ... ICPAES Data Report ‘age1‘f3

Muftipliek 78.3 528.8 16.7 2.5 294.6

ALO#= 00-465-PB 00-465 @5 00-466 @5 00-467 00468 @5

17-71-CSPS IT-71-CSPS - f7.-7l-csPs -
Process PDt Dn-or to NsOH wash NaOH wash

Client ID= ~k
IT-71-CSPS -

& ~ g H20 wash 1

Det. Limit Run Date= 12/7199 12/7199 W17199 W7199 12/?199

(ug/mL) (Analyte) Uglg _ Uglg ug/mL.——-... ugfmL

-7&5

Uglg

Ag
,.— .. . . . . . . . ..——

0.060 AI 12,100 [9SJ 3.14 21,700

0.250 As -— . ..
0.050 ‘- B

.——— —“.-—-..
392

. .. . .. ... . .. . . .
[5.0] 4.10 275

0.010 Ba [1.0] [171 [0.0551 [2q

0.010 Be—— . .. . .. . . . . .. . .
—;100 Bi

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

0.250 Ca 236,000 331 132 360,000

0.015 cd—.. ———.” t751 6.60“—...... 1.07.——. . [24]
0.200

. .. . ..
Ca

—.--. . .... “... --..—

0.050 co

0.020 Cr 110— —.—- 10.2 267.—. — [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——”... —-...... p9]. ...— .“.
0.030

. ..———
Li

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

0.100 Mg 652 1,050

0.050 Mn. ... .—. —. [lq

0.050 Mo
——

[3q ‘—.”-
. . ... . . . .-... — -

[4.1] [0.84]

0.150 Na 267,000 25,500 7,150 50,500

0.100 Nd . . .
0.030 .- Ni

—.—— . . . ..
[5.7j

- ..—- ..-—
480

-——.—
54.4 11.8 [82]

0.100 P 2,040 [11] 264 2,840

0.100 Pb [260]. . [2.3] [o.371 423
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 U.zl
0.500 l-l.. . . .——.
2000

—. —.... -
U

““.. . . . . .. . . . .. .... . ..—
—

!

0.050

—

v

2000 w—— ,———.
0.050

—- —....-.
Y

..... . . . ... .- ......”...—”...”

0.050 Zn [4.q [31] [0.96] [0.34] [351
0.050 Zr [24]

Note: ?) Overall envr grester than lo-times detection limit is estimated to be within +/- 15%.

2) Vafues in brackets o am _ lo-times detection limit with errors likely to exceed 15%.

3) ‘-’ -indicate measurement is -w detection. Sample dete~”on limit maybe found by

multiplying ‘det. limiF (far Ier?column) by “multiplier’(top of each column).

Data 1) from ‘A0566 S. Fiskum ASR-5600 ANI 07 Sulfate_BNFL ICP98 hi.XLS 1/4/00 @ 2:30 PM



Batfe/le PNNM?PWnorganic Analysis ... ICPAESData Repo~ paw 2 of3

Mu\tfplieti

ALO#=

Cl[ent ID=

Det. Limit Run Date=n12.5

00-469 @5

IT-71-CSPS -
HN03 wash
~

12/7199

10.0

0M70 @5

K-71-CSPS -
HN03 wash
~

127199

0.010 Be. .. . ..... .. . .. ... ... .
=00 Bi

0.2s0 Ca

SE

10,900 17,100

0.015 cd [o.3q [o.951———....”. ...—.
0.200 Ca

0.050 co

0.020 Cr [0.82] [o.3q— . ..-—”-”” . ..-.
7026 Cu [0.40]

0.050 Dy

0.100 Eu—-— . . ... . . . .

B$

. ..”——
0.026 Fe [0.69] [1.71

2.000 K

0.050 La [3.9]. . . ... . .. . . .. .. . ... .
0.030 Li

0.100 Mg [11] 80.7

–“”””-”””””=-e--b0.050

0.050

0.160
‘a w *

0.100 “d—-— . . . . . . I ——
0.030 “i 3.91

e
[3.0]

--=!-”””””””-”ir-B-----E
“-=-?”-””-ia-----t=

--:-””-”-”:-””-H---”-k
0.500 l-l. .. .. . . .
2.000 u

0.050 v

2.000 w——...........”..”—
0.050 Y

0.050 Zn [1.8]

0.050 Zr

mF
IT-71-CSPS -
H20 wash 1

W7199

~-
CaC03-2

%Y7199

J ! ug/mL ! I Uglg—-.— .-

td[2.1] b51,500

.— I I I

----E5----EE
---es---+
---*

——
[0.971 145

-------BE
I I I [28]

-----E----E
I [8.0] I I 521. . .

------PE

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

2) Values in brackets 1 are@@ 10-times detection limit with erroIa likely to exceed 15%.

3) ‘-” indicate measurement is -w dete~.on. Sample detection limit maybe found by

multiplying ‘det limiP (far left column) by ‘multiplie~ (top of each column).

Data (1) from ‘A0566 S. Fiskum ASR-5600 AN1 07 Sulfate_BNFL ICP98 hi.XLS

LJ
439.8 I

00-472-DUP 625

IT-71-
=0s2

12/7/99

I@. . .

H
54,700

[140]

[38]

l-l

H327,000

[31]

l-l

w104 ——
[14]

H ——
156

l++–––”

1
~o]

2,310

[93]

~4]

7,470

576 -—

w

H
1,120

—...

H[2q

[4q

1/4/00 @ 2:30 PM
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Battelle PNNURP&7norganic Analysis ... ICPAES Data Repofl paw 3 of3

Multiplied= 20.0 12.5

ALO#= 00-479 @5 00-481 @5
~-
BaS04- ~-
HN03 wash BaS04-H20

Client ID= ~ wash 7

Det. Limit Run Date= 127199 W7199

(ug/mL) (Analyte) ug/mL ug/mL.—-— ..—..-
0.02S ‘“ Ag

—“.......”. . ...”.” -..”...”-

0.060 Al 21.3 [1 .3]

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

,“””- ””..”
B

...-.. —-”... ..... ....... . .. .. .

0.010 Ba 22,100 4,720

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

-....................”. ..... ....... .. . .
Bi

0.250 Ca 3,080 263

0.015 cd 3.73 [0.49] .. . .. ... .. -“- . . .. .
0.200 — Ce

.——.. ““....””—”...””

0.050 co

0.020 Cr 55.2 26.2——..—— . ...- .. . . .——
0.025

-—.
Cu [0.63]

——.- — .“.-“..-.—

0.050 DY -
0.100 . Eu—— ... .... . .. .. . ,— . ..—
0.025

. .. .. . . . .
Fe [1.0] [0.57’J

. . . ... ... ..

2000 K

0.050 La [2.2]——.- -—. — .—..
0.030

“—.......-<
Li [0.99]

“... —...——

0.100 Mg

0.050 Mn . . .... ..... ..
0.050

,--..——..
Mo [1.1]

. . ... . .. .... -—.- .

0.150 Na 2,630 182

0.100 Nd [2.4] .-”.””. .“..
0.030 ‘— Ni

-—
9.88

—-. —......
[2.1]

..-..— . . ----

0.100 P [9.3] [2.1]

0.100 Pb —.... -- — . ... —-.-... .. .... . ... .
0.750 Pd

0.300 Rh

1.100 Ru —.- ... ....- . .. . . .. . .. —.—-..
0.500 Sb

0.250 se

0.500 Si.— “— -—. . . ... .
1.500

.- ....”----- .
Sn

. . . . . .—

0.015 Sr 356 33.1

1.500 Te ..——. —. ,-——. .
1.000

.. —---- . .. . .. . . . ..
Th

0.025 Ti

0.500 n ..—.-”—.
2000

,— . . . . . . .. . ... . ... . .
u

0.050 v

2000 w . .. .
0.050

,.——
Y

.- —.””. —. ————

0.050 Zn

0.050 Zr

Note: 1) Ovemil errvr areater than l~times detection limit is estimated to be within +/- 15%.

2) Values in brackets [are - 10-times detm.on limit with erroIs likely to exceed 15%.

3) --=. mdicete measurement is &w detaotion. Sample detection limit maybe found by

multiplying “det. lim~ (far left cwlumn) by “multiplied (top of each column).

1/4/00 @ 2:30 PMData (1) from .A0566 S. FiskumASR-5600AN107 Sulfate_BNFL ICP98 hi.XLS



Battelle PNNLL325 Bld~RPWnorganic Analysis mm.

ICPAES Data Repoti

Project: 29953
Client: S. Fiskum

——.-—-.-----—--. ----------—-- ——--———

ACLNumber(s): 00-0456

Client ID: “0.002M Bay’
---—----———-----——--—-———-—-—

ASR Numbe~ 5596

Total Samples: 1

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

Analysti 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 Numbe~ .ICPAES instrument -- WB73520
Metier AT400 Balance -- Ser.No. 360-06-01-029

)./$f-Go

i-/7-Do

Concur

M4L!u2



Batielle PNNU325 BldglRPMnorganic Analysis . . .
ICPAES Data Report

One aqueous sample. 0.002 M Ba (ACL##00-0456) was analyzed by ICPAES in an “as received”
condition and after diluting 5 fold and 25 fold using 0.32N nitric acid. Barium is’the only analyte
of interest requested. The original concentration is calculated as shown below and reported as
molarity of barium (mols per liter).’ Concentration uncertainty is approximately ~ 10% or better.
Concentration of barium reported is based upon the 25-fold sample dilution. The 25 fold diluted

sample measurement result for barium has nearly the same concentration as that used to calibrate
the instrument (10 pghnl). 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:

ma] = @g/ml)Im * 1.OE-03 (conversion factor to convert pghnl to @liter) /
gram formula wt of barium (137.34@) =
mols Ba

ma] = 251 pghnl * 1.OE-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 <1 O% after

correcting for dilution.

Duplicate RPD (Relative Percent Difference):
(Aqueous sample) None prepared.

Post-Suiked Sarmles (Group A):
(Aqueous sample) All anal~es of interest were recovered within tolerance of 75% to

125%.

Post-Srilced Samples (Group B):
(Aqueous sample) All analytes of interest were recovered within tolerance of 75% to

125%.

Blank SDike:
(Aqueous sample) None.

~
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Battelle PNNU325 BldgYRPG/7norganic Analysis . . .
ICPAES Data Repofi

Matrix spiked Sarrmle:
(Aqueous sample) None.

Quality Control Check Standards (acweous sanmle):
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.O for barium was within two times IDL.

High Calibration Standard Check (aaueous sanmle):
Verification of the high-end calibration concentration for all analytes
in QC_SST check standard is within tolerance of &5% accuracy
except for potassium (1770 too high). A single element standard of
potassium at 100 pghnl was measured twice during the ICP run. Both
measurement results (103 and 97.0 j@@ were both within acceptable
tolerance limits.

Process Blank
(Aqueous sample) None.

Laboratory Control Standard (LCS>
(Aqueous sample) None.

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

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

processingand analysisunless specificallynoted.

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

3) Routineprecision and bias is typically&15%or better for samplesin dilute, acidifiedwater(e.g.
2% v/v HNOgor less) at analyteconcentrationsgreater than ten timesdetectionlimit up to the
uppercalibration level. This alsopresumesthat the total dissolvedsolids concentrationin the
sampleis less than 5000 pg/mL (0.5percent by weight).

4) Absoluteprecision, bias and detectionlimitsmaybe determinedon each sample if requiredby the
client.

5) The maximum numberof significantfiguresfor all ICP measurementsis 2.
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Battelle PNNL/RPG./7norganic Analysis ... ICPAES Data Report Page 1 of 1

Multiplier= 1.0 5.0 25.0

ALD#= 00-0456 00-0456 @5 00-0456 @25

Client ID= Barium nitr~te Barium nitrit e Barium nitrit e

Det. Limit Run Daf&- 11117199 1lA7199 11117199

(uglmL) (Analyte) uglmL uglmL uglmL

0.060 Al
—

1
0.100 As

..........................
0.050

.........................
B [0.06]

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

I
0.010 Ba >129 259 251

0.010 Be............. ............... ......... . .......... ..........................
0.100

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

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

0.250 Ca

I
0.015 Cd ,.........................
0.200 Ce

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

0.050 co

I
0.020 Cr ,........................, .........................
0.025 Cu

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

0.050 m’ -
0.100 m........ ... .. ........ ........... ....... . .. .......... ...............,
0.025

.................. ......
Fe

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

2000 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

1
0.050 Pb --

>..... ........... ........!
0.750 Pd

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

0.300 Rh

1.100 Ru........... .............................. . ....... . ........ ........... ...
0.500 Sb

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

I
0.050 Se

—
0.500 Si. .... .... .... .............-” - ....”....” .............. ... .......
0.750

.........................
Sn

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

0.015 Sr 2.22 . 211 [2.1]

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

................. .......
Th

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

0.025 1-l

0.500 n....... ....... ........ ... .. .. ..... . .... .... ......... . ........... ..
2.000

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

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

0.050 v

2.000 w. ................ ............ .................... ..........................
0.050

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

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

0.050 Zn

0.050 Zr

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

2) Values in brackets ] are - lo-times detection limit with errors likely to exceed 15%.

3) ‘-”. indicate measurement is &w de~ection. Sample detection limit maybe found by

multiplying *det. Iimir (far left column) by ‘multiplier’ (top of each column).

Data (1) from .A0556 TA_VanderimOgt ASR-5551 (tclp) D_Kurath ASR-5582(Na) S_l%kurn ASR-5596 lcP98 tclp.XL~/l 4/00 @ 8:00 AM



Battelle PNNURPGllnorganic Analysis -- IC Report

Clienti S. Fiskurn Charge Code/Project: W53400 129953
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 Ion Chromatography”
M&TE: IC system (WD25214); Balance (360-06-01-031) --- See Chemical Measurement
Center 98620 RIDS IC File for Calibration, Standards Preparations, and Maintenance Records.

Final Results:

I@:%::;:>%3.y!%~ ::~o>::: :.’3X+$ ,.~f$q$ “$c~oi:;::.
.,,-.~~. -.. ,.?,~,....$: -,

;~”:,La~:@’ ~~ ~::~~~,: .:s “:.Sarnpl~. ‘j ~%;kj:>f;i; ~jiyiiii$ 2@/iiil<: :ji-@iii’ -::@rnIK’ ::&jrnf.::’ +.$lglrnf .“.jlgm;
:“?‘,’+‘,+ :,;.5$”‘:

.. .. . ... .,-. -..!.-w.<-.,.-. . .. . . ..&..!...... .. . ,+”.. J,... . . ._ +,.,.,... ...... ., -. . .-.. .-:. .. .
- 00-00461 TI-71-AN107 3,600 <500 28,700 113>000 1,400 4,100 1,400

00-00462 TI-71-AN107 Dup 3,500 <500 28,800 112,000 1,400 4,000 1,500

RPD 3~o nla o% l% 0% 2% 7~o
00-00463 T1-71-CaPSfiltrate 3,000 <50(I 25,800 197,000 <1000 3,300 <1000

00-00464 TI-71-CaPSfiltrateDup 3,000 <500 26,000 199,000 <1000 3,300 <1000

RPD o% da 1% 1% nla Ovo nia
00-00466 TI-71-CaPSNaOHWash1 900 <250 7,100 58,500 <500 1,100 <500

00-00467 TI-71-CaPS NaOH Wash 2 230 <50 1,700 12,300 <100 240 <100

00-00469 TI-71-Ca PS HN03 Wash 1 <250 <250 <500 50,700 <500 <500” < 5(30

00-00470 TI-71-Ca PS HN03 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-BaS04 filtrate 3,000 <500” 29,600 174,000 <1000 <1000 <1000
00-00474 TI-71-BaS04 filtrate Dup 3,000 < 50(I 29,500 172>000 <1000 <1000 <1000

RPD Ovo nla Ovo lVO nla nla nla
00-00476 TI-71-BaS04 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 < 501) < 50(I <500

00-00479 TI-71-BaS04 HN03 Wash 1 <250 <250 < 5(XJ 44,600 <500” <500 <500

00-00480 TI-71-BaS04 HN03 Wash 2 <250 <250 <500 51,800 <500” <500” <500

00-00481 TI-71-BaS04 H20 Wash <250 <250 <500 21,100 <500” < 5(J3 <500”

00-00481 Rep TI-71-BaS04 H20 Wash Rep <125 <125 <250 20,700 <250 <250 c 250

RPD rrla nla n/a 2% nla nia nla
00-00481MS TI-71-BaS04H20 WashMS%Rec 99% %’% 101% 89~0 Ioovo 10A~o los~o
BlankSpike BlankSpike7. Rec 96% %% Ioovo 103% 10I% los~o 101%

RPD= RelativePercentDifference(belweensampleandduplicatekeplicate)
MS%Rec= MatrixSpikeStandard % recove~
(1) Fiuol-ide is most likeIy fomate or acetate due to slight peak shift and broadening



Baftelle PNNURPG.Zlnorganic Analysk --- IC Report

1. I
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Leach Blank Leach Blank

... .,*.- ..* :. -:fl,:+. t.. . : ----- s. ~,.!,.... . . J*.,, . ?....&
262 <70 <70 < ]40 < ]40 <140 <140 < ]40

00-00465 TI-71-Ca PS ppt prior to Wash 325 5>600 <1700 40,100 334,000 <3300 8,000 <3300

00-00468 TI-71-CaC03-l 270 1,100 <680 4,200 29,100 <1400 4,300 <1400

00-00468 Rep TI-71-CaC03-l Rep 270 1,100 <680 3>900 27,400 <1400 3,800 <1400

RPD o% nla 7~o 6% nla 12% n.la

00-00472 TI-71-CaC03-2 190 430 <240 <480 17,300 <480 1,300 <480

00-00472 Dllp TI-71-CaC03-2 Dup 195 530 <250 <490 29,800 <490 1,500 <490

RPD 21’%0 nfa nfa 53% nla ] l~o nla

00-00472 MS TI-71-CaC03-2 MS OARec 96% 94% 1Oovo 104% 98% ] 04’% 102%

Blank Spike Blank Spike Y. Rec 96% 94~0 100’%0 lo3’%o 101’%0 103% 10I%

00-00475 (4) TI-71-BaS04 prior to Wash

00-00478 (4) TI-71-BaS04-l

- 00-00482 (4) IT-71 -BsS04-2

RPD = Relative Percent Difference (between sample and duplicate/replicate)
MS %Rec = Matix Spike Standard Y. recovery
(1) Cabonate solids - approximately 50°/0 of each sample did not dissolve.
(2) Leached Solids Dil Factor is average Dil Factor for solids, provides equivalent MDL for solids at lx IC dilution.
(3) Fluoride is most likely formate or acetate due to slight peak shift and broadening
(4) Btium 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 fi-om200-fold to
10,000-fold to ensure that all anions were within the calibration range. The solids samples were
diluted fi-om5-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:

Du~licates: The relative percent differences (IUD) for liquid samples, as well as the replicate
measurement of the Ieachate from sampleTI-71 -CaC03-l (00-0468), were all within the
acceptance criteria of 20°/0. Although no apparent solids (precipitates) duplicates were provided,
sample TI-71 -CaC03-2 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=53Yo).
Following leaching approximately 50% of the solids remained undissolved, probably adding to
the difficulty in obtaining good reproducibility on the Ieachates.

ASR 5600 Fiskum.doc Page 2 of 3



Baftelle PNNL/RPGllnorganic Analysis --- IC Report

Matrix Spike: Both the liquid and solids matrix spikes measured anion recoveries from 89% to
104’%0,well within the 75’XOto 125’%0acceptance criteria.

Blank Spike: The blank spike recovery was within the acceptance criteria of 80% to 120Y0.

Svstem 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.

(?ualitv 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
-1-1(Jo/.for the Verification standard. The single chloride failure measured –11 ‘/o,only 1‘/obelow

the acceptance criteri~ and is not considered to tiect any reported results.

General Comments:

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

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

&

/ L9d

Approval: Date ~ / “ o~

Archive Information:

I Files: ASR 5600 Fiskum.doc ASR 5600.xls

ASR 5600 Fiskum.doc Page~ of 3
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Baftelle PNNURPGllnorganic Analysis --- TOCITIC Report

Client:
ACL Numbers:
Analyst:

S. Fiskum Charge Code/Project: W53400 / 29953
00-0461 to 00-0482 ASR Numbe~ 5600
MJ Steele Analysis Date: March 16-20,2000

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

M&TE: Carbon System (WA92040); Balance (360-06-01-023).

Final Results:

I Wt TIC ITICRPDI TOC ITOCRPDI TC ITCRPDII
ALO Sample ID (g) (1%Ck) (%) (!U3Ck) (Y.) (1’%w (%)
00-00465 TI-7 l-CaPS ppt prior to wash 0.0433 36,200 27,000 63,200

00-00465 dup TI-71-CaPS ppt prior to wash dup (analysis) 0.0071 50,100 32 32,000 17 82,100 26

00J30468 TI-71-CaC03- 1 0.0114 72,800 12,900 85,800

00-00468 dup TI-71-CaC03-lDup (analysis) 0.0101 74,500 2 13,100 1 87,600 2

00-00472 TI-71 -CaC03-2 0.0100 77,200 28,900 106,000

00-00472 dup TI-71-CaC03-2 Dup (analysis) 0.0210 77,600 0 26,700 8 104,000 2

00-00475 TI-71-B2S04 ppt prior to wash 0.0162 24,600 23,800 48,400

00-00475 dup TI-71-BaS04 ppt prim to wash dup (anrdysis) 0.0266 24,400 1 24,100 1 48,500 0

00-00475 ms TI-71-BaS04 ppt prior to wash MS Recovery 0.0185 94% 103~o 98’%

00-00478 TI-71-Baso4 - 1* 0.0132 30,200 20,700 50,900

00-00482 TI-71-B2S04 -2 0.0321 670 1,800 2,500

00-00482 dup TI-71-BaS04 -2 Dup (analysis) 0.0240 650 nfa 1,700 n/a 2,300 da

TIC TIC RPD
ALO

TOC TOC R.PD TC TC RPD
Sample ID VO1 (pgC/ml) (%) (wgC/ml) (%) (pgC/ml) (%)

00-00461 TI-71-ANI 07 0.10 8300 16100 24,400

00-00461 dup TI-71-ANI07 dup (analysis) 0.10 8200 1 16700 0 24,300 0

00-00461 MS TI-7I-AN107 MS Recovery 0.10 101% IOovo Iolvo

00-00463 TI-7 l-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 -HN03 wash -1 1.00 26 390 410

00-00470 TI-71-CaPS -HN03 wash -2 1.00 37 260 290

00-00471 TI-71-CaPS H20 wash -1 2.00 13 91 100

00-00473 TI-7 l-BaS04 fikrate 0.20 2100 13400 15,500

00-00474 TI-71-BaS04 fikrate Dup 0.20 2000 12800 14,800

00-00476 TI-71-BaS04 NaOH wash -1 0.40 740 3600 4,400

00-00477 TI-71-BaS04 NaOH wash -2 1.00 350 1000 1,400

00-00479 TI-71-BaS04 HN03 wash -1 0.20 <33 920 920

00-00480 TI-71-BaS04 HN03 wash -2 0.20 <33 460 460

00-00481 TI-71-BaS04 H20 wash -1 1.00 <7 160 160

* Insufficient sample for duplicate analysis

Shaded samples pH Q; no TIC anticipated

RFD = Relative Percent Difference (between sample and dupiicateheplicate)

ASR 5600 Fiskurn.doc page 1 Of 3



Batfelle PNNURPGilnorganic Analysis --- TOCfTIC Report ~

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

The table above shows the results, rounded to two to three significant figures. The raw data bench
sheets and calculation work sheets showing all calculations are attached. All sample results are
corrected for average percent recovery of system calibration standards and are also corrected for
contribution from the blank. Solid samples were analyzed as received (i.e., no weight correction
for moisture content has been applied).

Q.C. Comments:

The TIC standard is calcium carbonate and TOC standard is et-Glucose (the certificates of purity are
attached). The standard materials were used in solid form for system calibration standards as well
as matrix spikes. TIC and TOC percent recovery are determined using the appropriate standard
(i.e., calcium carbonate for TIC or glucose for TOC) 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 criteri~
with the average recovery being about 99°/0for TIC and 97°/0for TOC. This is well within the
acceptance criteria of 900/0to 11OO/O.

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

Duplicates: No actual sample duplicates were identified on the ASR. However, the relative
percent differences (RPD) between replicates are within the acceptance criteria of 20% for all
values measured above the EQL, except for sample 00-0465, which has an RPD of 32°/0for 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°/0to 125°/0recovery. No effort was made to spike the samples that were acidic.

ASR 5600 Fiskum.doc
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Batfelle PNNURPGllnorganic Analysis --- TOC/TIC Report

General Comments:

●

●

●

●

The reported “Final Results” have been corrected for all dilution performed on the sample
&

duxing 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 RYDs are not calculated for any results less than 5 times
the MDL.

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

Report Prepared by:

Review/Approval by:
( \-

— ‘ate4=-
Archive Information:

Files: ASR 5600 Fiskum.doc ASR 5600 Fiskum Solids&Liquids.xls
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PNNL Radiochemical Processing Group:

Clienk Sandra Fiskum

Project:

Work Pkg: W53400 (CMC K88409)

Analyzed: March 23, 2000

TOC/TIC/TC Calculations **Review* Report - Hot Persulfate Method PNL-ALO-381

Analyzer M&TE: WA92040 --701

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

CSM-53219Z>> 40.00% Carbon <<[G]

CMS-139285>BS 1i .99% Carbon <<[c]

TOC STD: Glucose

TIC STD: CaC03

ASR: 5600
Raw TIC I Raw TOC [

j..
I I I

I (U9c) I (U9c) I
IBlanks: lCalibration blank (start of batch) 16.7 I 36.6 14.1 40.3

1.7 3.9

cc< Average (ug C)

<<< Std Dev (ug C)lCalibralion blank (start of batch) I 15.9 I 41.9

lCalibralion blank I 12.3 46.0

!Calibrationblank 13.1 I 35.6

lCalibratlon blank I 14.9 I 41.0.
Calibrationblank 11.9 35.7

Calibrationblank 14.5 41.2

Calibrationblank (end of batch) 13.1 44.0 I 2.16 i 5.6 ccc Pooled Std Dev (ug C)

<c< Method DrX.Limit (ug C)! 6.5 I 17.3

Total Inorganic Carbon (TIC) Total Organic Carbon (TOC)

[A] Raw [B] [D] Std TIC [E] Raw [F] [H] Std TOC

TIC (ug) Blk (ug) Wt (g) % Rec TOC (ug) Blk (ug) Wt (g) % Rec

Standards: CalibrationSlandard (start of batch) 3/18
. ...................

1599 14 0.01330 99.4 1190 40 0.00300 95.8

CalibrationStandard (start of batch) 3116
..................<.......

1730 14 0.01480 96.7 1358 40 0.00340 98.9
CalibrationStandard

.....................,,,,,,
820 14 0.00670 100.3 1133 40 0.00270 101.2

CalibrationStandard(end of batch) 3/16
..........................

1640 14 0.01370 99.0 970 40 0.00240 96.6

CalibrationStandard (start of batch) 3/22
,.,!.,.............!!..,,..

1236 14 0.01020 100.1 1770 40 0.00450 96.1
CalibrationStandard (start of batch) 3/22

...........................
1037 14 0.00840 101.6 893 40 0.00220 96,9

CalibrationSIandard (start of batch) 3/23
...........................

1081 14 0.00920 96.7 1550 40 0.00390 96.6
CalibrationStandard

. . . ... ..............
1206 14 0.01000 99.6 1295 40 0.00320 98,0

CalibrationStandard (end of batch) 3/23
..,...,...,,,,.......!,,,.,

1149 14 0.00950 99.6 1177 40 0.00290 98.0.,,,..,,,.,,,.,,,,,,,,,,..!

>.................... . . .
[L] Average TIC % Rec >>>> 99.2 <<[L] [P] Average TOC % Rec >>>> 97.4

,,,
,!,

;,

Formulas: StandardTIC % Recovery= ((A-B)/((C/lOO)*D))*lOe*l 00 Matrix Spike Recoveries:

StandardTOC % Recovery= ((E-F)/((G/100)*H))*l0“100 TIC % Recovery= (((Q-R)/(UIOO))-S”T)”lOO/U

SampleTIC (ug C/ml)= (I-J)I(K’U1OO) TOC % Recovery= (((Q-R)/(P/lOO))-S*T)*100/U

Sample TOC’(;g C/rnl= (M~N)l(O”P/100) TC V. Recovev = ((((QT’c-RT’c)WJIOO))-vT’c)+(((QTOc-RTOc)W/lOO))-VTOc))*lOO/UT’c’TOc
<

T“--”
Due to the precisioncarried in the spreadsheet,some results may appear to be sllghlly off due’to rounding.

The Pooled SD is the averagedSD for a recent list of 12 sample batches. MDL Is based upon the Pooled SD. MDL = 3 x pooled SD.

If either the Sample or Duplicateare< 5x mall,then the RPDIs not calculatedand displayedas “n/a”.

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

Tab: Liquid Samples Archive File: ASR 5600 Fiskum - Solids& Liquids .xls Page 1 of 2

,
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Sample Results

[1]Raw [J] [K] Sam TIC TIC [M] Raw [N] [0] Sam TOC TOC 1-c TC

ACL Number Client Sample ID TIC (ug C) Blk (ug C) Vol (ml) (ug C/ml) RPD (%) Oc (Ug c Blk (ug C) Vol (ml) (ug C/ml) RPD (%) (ug C/ml) RPD (%)

00-00461 AN107 Slarting material 840 14 0.10 8,324 1608 40 0.10 16,097 24,421

00-00461 DUP AN107 Starting material 820 14 0.10 8,203 1 1608 40 0.10 16,097 0 24,301

00-00461 MS ANI 07 SIarting material 2625 14 0.10 see below 2540 40 0.10 see below see below
(.0

00-00463 T1-71-CaPSFiltrate 239 14 0.10 2,267 1332 40 0.10 13,263 15,530

00-00464 T1-71-CaPSFiltrate Dup 244 14 0,10 2,317 1346 40 0.10 13,407 15,724
00-00466 T1-71-CaPSNaOHwash -1 99 14 0.20 428 830 40 0.20 4,054

00-00467

4,482

TI-71-CaPSNaOHwash -2 72 14 0.40 146 423 40 0.40 982 1,128

00-00469 T1-71-CaPS-HN03 wash -1 40 14 1.00 26 418 40 1.00 388 414

00-00470 T1-71-CaPS-HN03 wash -2 51 14 1,00 37 290 40 1.00 256 294
00-00471 T1-71-CaPSH20 wash -1 39 14 2.00 13 217 40 2.00 91

00-00473

103
T1-71-BaS04Iillrale 435 14 0.20 2,121 2650 40 0.20 13,398 15,519

00-00474 T1-71-BaS04filtrate Dup 416 14 0.20 2,025 2537 40 0.20 12,818 14,843

00-00476 T1-71-BaS04 NaOHwash -1 309 14 0.40 743 1457 40 0.40 3,637 4,380

00-00477 T1-71-BaS04 NaOHwash -2 360 14 1.00 349 1025 40 1.00 1,011 1,360

00-00479 T1-71-BaS04HN03 wash -1 15 14 0.20 5 (<mall) 220 40 0.20 923 923

00-00480 T1-71-BaS04HN03 wash -2 14 14 0.20 0 (cmdl) 130 40 0.20 461 461

00-00481 T1-71-BaS04H20 wash -1 13 14 1.00 .1 (<mall) 192 40 1.00 156 156

Matrix Spike Results

I I [Q] RawMSI[R] MS Blkl [S] Sam

ACL Number Client Sample ID (Ugc) (Ug c) (ug Clml)

00-00461 MS TIC Recovery 2625 14 8324
TOC Recovery 2540 40 16097

Total Carbon Recoverv (TIC + TOC) ~

~ MS Sam M Sample Spike [U] Spike MS

-

Preparer/dale: , ?Itiam (
!

Reviewer/date: 9 l!d~

,

Tab. .uid Samples Archive File: ASR 560 ;kum - Solids& Liquids .xls 20E2



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

Client: Sandra Fiskum

Project:

Work Pkg: W48486 (CMC K88409)

Analyzed: March 23,2000

ASR: 5600

~ I TIC I TOC I

TOC STD: Glucose

TIC STD: CaC03

Analyzer M&TE WA92040 -701

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

CSM-53219>>> 40.00V0Carbon <<[G]

CMS-I 39285>>> 11.99% Carbon <<[c]

,-. .-.
Blanks: Calibration blank (start of batch)3/23 13.1 35.6 13.5 39.5 cc< Average (ug C)

Calibration blank (start of batch) 14.9 41.0 1.2 3.7 ccc Std Dev (ug C)

Calibration blank (end of batch)3/23 11.9 35.7 2.16 5.8 ccc Pooled Std Dev (ug C)

Calibration blank (end of batch)3/23 14.5 41.2 6.5 17.3 cc< Method Det. Limit (ug C)

Calibration blank (end of batch)3/23 13.1 44.0

Total Inorganic Carbon (TIC) Total Organic Carbon (TOC)

[A] Raw [B] [D] Std TIC [E] Raw [F] [H] Std ToC

TIC (ug) Blk (ug) Wt (g) YO Rec TOC (ug) Blk (ug) Wt (g) O/. Rec

Standards: Calibration Standard 1238 14
.............................

0,01020 100.1 1770 40 0.00450 96.1

Calibration Standard 1037 14
....................... .....

0.00840 101.6 893 40 0.00220 97.0

Calibration Standard .” . 1081 ;4
............................

0.00920 96.8 1550 40 0.00390 96.8

Calibration Standard 1208 14
,,,.,,,......................

0,01000, 99.6 1295 40 0.00320 98.1

Calibration Standard 1149 14
.................!.......!...

0.00950 ‘ 99.7 1177 40 0.00290 98.1
.............................

.. [L] Average TIC %,Rec >>~> 99,6 [P] Average TOC % Rec >>>> 97.2

Formulas: Standard TIC % Recovery= ((A-B)/((C/lOO)*D))*10’’*100 Matrix Spike Recoveries:

Standard TOC % Recovery = ((E-F)/((G/l 00~H))*106”l 00 TIC % Recovery= (((Q-R)/(l_/l 00))-S*TYI 00/U

Sample TIC (ug C/g)= (1-J)/(K*UIOO) TOC % Recovery = (((Q-R)/(P/l 00))-S*T~l 00/U

Sample TOC (ug C/g = (M-N)/(O*P/l 00) TC % Recovery = ((((QT'c-RT'c)/(Ul OO))-VT'c)+(((QT0c-RT0c)/(PFlOO))-VT0c))*lOO/UT1c+T0c

lComments: IDue to the precision carried in the spreadsheet, some results may appear to be slightly off due to rounding. I
I

The Pooled SD is the averaged SD for a recent list of 12 sample batches. MDL is based upon the Pooled SD. MDL = 3 x pooled SD.

If either the Sample or Duplicate are c 5x mall, then the RPD is not calculated and displayed as “n/a”.

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

Solid Sample File: asr5600 ffskum - Solids.xts Page f of 2



PNNL Radiochemical Processing Group: TOC/TIC/TC

Client: Sandra Fiskum

Project:

Work Pkg: W48486 (CMC K88409)

Analyzed: March 23, 2000
ASR: 5600

Sample Results

Calculations **Review** Report - Hot Persulfate Method PNL-ALO-381

Analyzer M&TE: WA92040 --701

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

TOC STD: Glucose CSM-5321 9>>> AO.O()%!OCarbon <<[G]

TIC STD: CaC03 CMS-139285>>> 11.99% Carbon <<[c]

I I I [1] Raw I [J] I [K] Sam I TIC TIC I [M] Raw I [N] I [0] Sam I TOC I TOC TC TC I
IACL Number lClient Sample ID I TIC (ug C)

00-00475 TI-71-BaS04 ppt prior to wash 410

00-00475 dup TI-71-BaS04 ppt prior to wash 660

00-00475 ms TI-71-BaS04 ppt prior to wash 1698

00-00465 T1-71-CaPS rmt Drier to wash 1575

00-00465 dup lT1-71-CaPS ppt prior to wash 368

00-00468 lT1-71-CaC03-l 840

00-00468 dup lT1-71-CaC03-l I 763

00-00472 lT1-71-CaC03-2 782

00-00472 dup T1-71-CaC03-2 1635
.. .

00-00478 T1-71-BaS04 -1 410

00-00482 lT1-71-BaS04 -2 I 35
.... .,

00-00482 du~ lT1-71-BaS04 ~2 29

wP-l+M-
14 0.0266

14 0.0185

14 0.0433

14 0.0071

14 0.0114

14 0.0101

14 0.0100

14 0,0210

14 0.0132

14, 0,0321

14 0.0240

(Ug Clg) RPD (%) Oc (Ug c Blk (ug C) Wt (g)

24,581 415 40 0,0162

24,410 1 662 40 0.0266

see below 1509 40 0.0185

36,219 1175 40 0.0433

50,145 32 260 40 0.0071

72,815 183 40 0,0114

74,530 2 168 40 0.0101

77,184 320 40 0.0100

77,551 0 585 40 0.0210

30,168 305 40 0.0132

672 95 40 0.0321

648 nla 78 ~~ 40 0,0240

(Ug Clg)

23,842

24,071

see below

26,974

31,944

12,947

13,086

28,852

26,719

20,689

1,778

1,650

Matrix Spike Results

[Q] Raw MS [R] MS Blk [S] Sam [T] MS Sam lVl Sample Spike [U] Spike MS
ACL Number (Ug c) (Ug c) (Ug Clg) Wt (g) (Ug c) Wt(g) (Ug c) 0/0Recovery
00-00475 ms TIC Recovety 1698 13.5 24581 0.0185 455 0.0110 1319 93.8 TIC

TOC Recovery 1509 39.5 23842 0.0185 441 0.0026 1040 102.9 TOC

Total Carbon Recovery (TIC + TOC) 2359 97,8 TC

c_
Preparer/date:

Reviewer/date:
/

RPD (?’o)

17

8

nla

(Ug Clg)

48,423

48,481

see belov

63,193

82,089

85,762

87,616

106,036

104,269

50,856

2,450

2,298

-i

RPD (%)

--=--

3
2

2

--i nla

Solid Sample File: asr5600 fiskum - Solids.xls Page 2 of 2

.



HOT PERSULF E WORKSHEET

Procedure: PNL-ALO-381 Analyzer M&TE* -701 Balance M&TE: 360-06-01-023

TIC “STD: Calcium Carbonate CMS-
1u

OC STD: Glucose CSM-53219

njection # Lab ID Client ID volume sample wt (g) TIC (Ugj TOC (ug)

.b. J@ –(-! — ~’

7 %$1

—

L
2 ,, -_r?x- ‘rnf’ A59f_ .’ ____——. —_

_..=_.-l---- I_!r’iJ@’w! } ~ 1~’1.

1—.-—..

comments
7-=20!0 “d

13 I
14—. —. ——-----

— -w -& /1;

o~–1+~
.—-— —

$ $i&f%‘[ ?J
--.-.—- —. —- .

“P @. . .
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OOJ” c-_Q;_ ._’ _:. —— -
15

k

gl

/~

—.-——. — --
16 .——- ... --
17 I

——!—__J_!+’J/v J. Xw- I
,, -rvtw~l

18 I
.- 1 -1-
IY——. ——---

, *R! =-J

20 I (WP14-7 I

’94 lm.. il72

221-

1

I



injeclion #
.—— —..

24

25

26
——

27

28—----
29

31

32

33

34
35
36——.
37

38

39
40

41
42

—.

43

44
—---

45
———

46

47
48

49

~ 50

Lab ID

i

Client ID volume
——.—-

00”+74 (2.— —.— -- —

06-474$ +, -~ ,
——

P() -q 77———.— -.l..!Q_
y~ H47r ‘ Q,~——-—-—._
@ -’4Ls@ [-7I2
L2uLz@zL___lldL

1 I

sample wt (g) ] TIC (ug) I TOC (ug) [ comments
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J@’bJ’()
‘PRELIMINARY RESULTS tit o==-MW URIE 3/24/2000 y#A~~\vd

,

I I I Wt I TIC I TIC RPD I TOC I TOC RPD I TC TC RPD II

ALO Number Sample ‘n I l.. \ It ..- fi l,”\ I f%) I (ua C/a) I f%) I fua C/a) I ~“~~ II

~

3 Iu (YI \uy Wy) (,, .--,,.. \,”/

---- --- T1-71-CaPS ppt prior to wash 0,0433 36,219 26,974 ‘6;,19~’

00-00465 dup T1-71-CaPS ppt prior to wash Dup (analysis)’ 0.0071 50,145 32 31,944 17 82,089 26

00-00468 T1-71-CaC03-l 0.0114 72,815 12,947 85,762

00-00468 dup T1-71-CaC03-l Dup (analysis) 0.0101 74,530 2 13,086 1 87,616 2

00-00472 T1-71-CaC03-2 0.0100 77,184 28,852 106,036

00-00472 dup T1-71-CaC03-2 Dup (analysis) 0.0210 77,551 0 26,719 8 104,269

00-00475

2

T1-71-BaS04 ppt prior to wash 0.0162 24,581 23,842 48,423

00-00475 dup T1-71-BaS04 ppt prior to wash Dup (analysis) 0.0266 24,410 1 24,071 1 48,481 0
00-00475 ms T1-71-BaS04 ppt prior to wash MS Recovery 0.0185 94!40 10370 98”L0
00-00478 T1-71-BaS04 -1 0.0132 30,168 20,689 50,856

00-00482 T1-71-BaS04 -2 ** 0.0321 672 1,778 2,450

00-00482 dup T1-71-BaS04 -2 Dup (analysis) 0,0240 648 nla 1,650 nla 2,298 nla

* Very small sample size for duplicate; results should be used with caution
** Insufficient sample for duplicate analysis

I I TIC TIC RPD TOC I TOC RPD ] TC TC RPD II
ALO Number Sample ID Vol (ugC/ml) (%) (ugClml) (%) (ugClml) (%)

00-00461 TI-71-ANI07 0,10 8324 16097 24,421

00-00461 Dlql TI-71-ANI 07 Dup (analysis) 0.10 8203 1 16097 0 24,301 0

00-00461 MS TI-71 -ANI 07 Matrix Spike Recovery 0.10 101% 100% 101%

00-00463 T1-71-CaPS Filtrate 0.10 2267 13263 15,530

CaPS Filtrate Dup 0,10 2317 13407 15,724

10-00466 T1-71-CaPS NaOH wash -1 0.20 428 4054 4,482

10-00467 TI-71 -CaPS NaOH wash -2 0.40 146 982 1,128
m.nrkm~ T1-71-CaPS -HN03 wash -1 1.00 :~~j@~~#;;! 388 414 [

!100-00470 T1-71-CaPS -HN03 wash -2 1,00 (&$&3~&&, 256 294

r00-00464
0,

()

o“ ““ ,“”

ITI-71-I

00-00471 ]T1-71-CaPS H20 wash -1 2.00 ~ifg”{,,$!*1.~q.~?.,$,,i\ I 91 I 103 I II
nn-nnA7Q ITI.71 -Rn.Q~zi filfrato I 0 7fl

IL

,+</.,:4 Lk,ul,-.):tc! .T-

1
Vv-uu-rl u , ,–, ,–WU” VT !!!.!”.” --- J 2121 13398 15,519

“-JO-00474 TI-71 -BaS04 filtrate Dup 0,20 2025 12818 14,843
00-00476 T1-71-BaS04 NaOH wash -1 0,40 743 3637 4,380

00-00477 T1-71-BaS04 NaOH wash -2 1.00 349 1o11 1,360

00-00479 T1-71-BaS04 HN03 wash -1 0.20 g$&#&<,33$&&’ 923 923

00-00480 T1-71-BaS04 HN03 wash -2 0,20 ‘ ‘33W?’ql~~#@*-$C+. , .&~ 461 461

00-00481 T1-71-BaS04 H20 wash -1 ‘lOoo 7@J$&7~f$&\ 156 156

Shaded samples pH c2; no TIC anticipated
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~..-fZkRODT
CERTIFICATE OF ANALYSIS”’,...:,-.....;>:-:-.. A Oitision of MallinckrcxltBaker,tnc

222 RedSchoolLane ● FMIlipsburg, N] 08865
TeIephme (908) 859-2151. Fax (908) 859-9318 ‘,

~>:.-
;tTIZh{ : cALCIUM CARBONATE- (POWDER) CHELOMETRIC STANDARD ARR (ACS)

L

TESTS “ LIMITS RESULTS
~

APPEARANCE Fine, white Fine, white
powder powder

HEAVY hiETALS 0.001% hiax. 0.0002%

IRON 0.002% hlax; 0.002%

ALKALINITY To Pass Test Passes Test ~

CHLORIDE 0.001% hiax. 0.0001%

.INSOLUBLE IN HC1 AND 0.005% hlax. 0.002%
NH40H PRECIPITATE

--

SULFATE 0.005% Max. 0.004%

SILICA . 0.001% Max. \ 0.0005%
~

OXIDIZING SUBSTANCES 0.005% hiax. 0.002%
/-..

;) ASSAY 99.95 - 100.05% 100. 05%
..-.~

FLUORIDE 0.0015% hiax. 0. 0005%

BARIUhi 0.005% Max. 0.002%

TRACE hiETALS
MAGNESIUhi (Mg) ~ 0.01% Max. 0.002%
POTASSIUhi (K) 0.01% Max. 0,001%
SODIU},i (Na) 0.01% Max. 0.005%
SILICON (Si) Report 0.0002%
STRONTIUhi (Sr) O.l%’ Max. 0.002%

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

..

. .
..-

. ..... .“....

Mark Featherston
I,ianager, QA/QC -..... .. .. .. . .

hiallinckrodt Baker, Inc
10/09/96 wwr ~=os # 708706”” “-

4X125g containers
Accepted:

Date: 31 -.. . ..
. . . . .. . . . .-

,.”...
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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-
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PRODUCT INFORMATION

PRODUCT NUMBER: 25307-3 LOT NUMBER: 12602Ey.
,

PRODUCT NAME: ALPHA-D-GLUCOSE, A. C.S. REAG&NT
,

FCIR14ULA: C61-!1206 FORMULA HEIGHT: 180.16

$<-------- -—

. .

7

~ FwX)RD
APPEARANCE

.-

;
:= (-;opy ‘/“ ‘0”’E3 .

INFRARED. SPECTRUM ~._--_.. - -CifNFOf7HS TO STRUCTUR5 ANO STANDARD AS
ILLUSTRATED ON PAGG 190f3 OF EOITIOi4 1,

.

./=.. .
VOLUME 1 OF “THE ALDRICH L13RARY OF FT-IR

‘L3
S?ECTRA’l.

LOSS ON OR$ING 0
. .

RESIDUE ON IGNITION.
.

“INSOLU8LE MATTERs

ARSENIC ●

9
CHLORIOE ●

.

0
.

IRON

HEAVY METALS
●

G. 04%

.
<0.02Z

●

0.c02 Z (C=13.3Z, H20)
*

<0.4PPM

<0.017:

<5 PPt4

* C5?P?’! As P3

ql

.
SULOFATE ANO SU~FITE <0.005% -

CONT/P#JEq O!. NEXT. P$G”
T A Ll$l--

ALDRICH warrants that its!xoductsconrorm o helnorma ioncontalne mt%s 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- 3AVID SWESSEL
tionalterms andconditionsof sale. NOVCH6ER 7, 1991

/-

0 >

. @ aIdrichchemicalco.W P.0.Bo.355, Milw..kee, ~isconsi.53201"SA-(414) 273-38M,
030.51R9
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Carbon -- Method Detection Limit Determination

<f

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 ~gC.

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

Hot File ASR Laboratory

Persulfate Seq # Date Project Number ALONumbers TIC SD TOCSD

95 02/12/98 17654 4593 98-02061/02063 0.7 13.1

96 02/19/98 17654 4598 98-02099/02108 2.5 7.7

98 03/04/98 17654 4625 98-02206/02207 1.5 1.4

99 03/05/98 17654 4635,4646 98-02305/02307 2.1 7.8

103 03/27/98 17654 4692,4693 98-02997/03005 0.8 3.7

106 03/20/98 17654 4733,4734 98-03287/03294 1.3 2.7

108 04/22/98 27297 4701 98-03043 1.0 3.3

109 04/24/98 25396 4588 98-02031 6.6 3.5

98-03698/03699,

111 05/18/98 17654 4799,4804 03713 1.7 3.3

98-03413/03416,

113 06/03/98 17654 4751,4831 03916/03917 3.4 “11.5

Average 2.16 5.80

13xAverage = MDL 6.5 17,4 JI

Furnace File ASR Laboratory

Oxidation Seq # Date Project Number ALONumbers 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

~3xAverage = MDL 6.1 1

@L.\
Prepared By: /.

. 0 MDL Determination.xls
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-p’+ At~s3
Battelle Pacific Northwest Laboratory l-~lz
Radiochemical Pro@ssing Group-325 Building

~>. (>c5-.2
yl/1

Client: Fiskum

CognizantScientist ( Date:

[1

(;:$9 “Fiiiii

TTaM - b.

,;
Concur: Date:

~$1
‘Ajy~r.:

“ t!jj j
Procedure: PNL-ALO-450GammaEnergyAnalysis -- .. ...--...”-. .-J

Ft,-. 00-0461

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

Be-7 CO-60 Nb-95** Tc-95m** Y-88 Sn-113 Sb-125 SnSb-126 Cs-137 Eu-154 Eu-155 Am-241ALO ID
Client ID

00-0461
TI-71-ANI 07

00-0463
T1-71-CaPS-Filtrate

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

00-0467

TI-71-CaPS-NaOH Wash-2

00-0469
Tl-71-CaPS-HN03 Wash-1

00-0470
Tl-71-CaPS-HN03 Wash-2

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

00-0473 ●

TI-71-BaS04- Filtrate

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

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

00-0479
TI-71-BaS04-HN03 Wash-1

00-0480
Tl-71-BaS04-HN03 Wash-2

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

Error % Error Y. Error y. Error Y. Error % Error % Error % Error % Error Y. Error % Error %!o Error %

CI .E-3

Cl .E-3

<3.E-4

<2.E-4

<1.E-4

<9.E-5

~3.E-5

<2.E-4

~2.E-4

<6.E-5

3.42E-4
23%

3.12E-4
24%

9.90E-5
18V0

4.90E-4
25%

<3.E-4

<8.E-5

<4.E-5

<4.E-5

2.25E-4
6%

8.88E-5
5%

<7.E-5

<6.E-5

<2.E-5

<7.E-5

<6.E-5

<2.E-5

3.IOE-4
7%

~2.E-4

~4.E-5

<2.E-5

<2.E-5

2. IOE-5
11%

9,43E-6
8%

<3.E-5

<2,E-5

<8.E-6

<3.E-5

<3.E-5

<6.E-6

2.66 E-2
2?40

4.97 E-3
2%

6.48 E-4
3%

<3.E-5

1.21E-4
5%

1.75E-3
2%

4.49E-4
2%

2.57E-3
2%

4.19 E-4
3V0

5.96E-5
5%

1.73E-2
2%

1.1OE-2
2%

3.82E-3
2%

1.89E-2 9.68E-3
3% 3%

3.65E-3 1.72E-3
4~o 8tio

4.49 E-4 2.41E-4
5% 1070

3.86E-5 3.05E-5

19% 32%

<7.E-5 6.13E-5
47%

1.28E-3 5.65E-4
3~o 7%

3,08E-4 1.37E-4
4% 7%

1.80E-3 1.12E-3
3% 4%

2.80E-4 1,90E-4
6% 15%

3.60E-5 3.96E-5
10% 15%

1.19E-2 3.99E-3
3~o 3%

7.55E-3 3,27E-3
3% 3%

2.69E-3 1.29E-3
3V0 3%

6,71E-2
2%

6.09E-2
2%

2.12E-2
2%

5.40E-3

2%

2.53E-3
2%

7,78E-4
2Q/0

2,19 E-4
2%

6.08 E-2
2%

1.97 E-2
2%

5.17 E-3
2%

1.31 E-3
2%

3.44 E-4
4?fo

1.89 E-4
3%

4.04E-2
2?L0

1.12E-3
8%

2.45E-2
2%

6.73E-4
3%

1.67E-4
7%

4. II E-4
14%

3.41E-2
2%

1.04E-3
6%

2.18E-2
2%

1.12E-2
2%

3.20E-4
5%

7.66E-3
2%

2.54E-3

2%

7.46E-5

1o%

1.83E-3

2%

6.08E-4
2%

3.29E-5
16%

5.85E-4
2%

8.02E-4
2%

<l, E-5 2.44E-4
7%

1.74E-4
3%

6.15E-5
2%

<2.E-4

4.72E-5
1270

1.18E-5
16%

4.63 E-5
22%

2.78E-4
2%

<3. E-6 5.32E-5
5%

2.20E-2
2%

3.28E-2
2%

9.06E-4
2%

9.32E-3
2%

2.83E-4
5%

7,08E-3
2%

I,84E-3
2%

2.38E-3
2%

8.29E-5
6%

4.64E-3
2%

<6.E-5 4.41E-4
4%

4.61E-4
2%

2.49E-4
3%

8.77E-5
3%

6.00E-5
18%

2.34E-4
7%

7.69E-5
6%

4.85E-3
2%

<5.E.5 I, IOE-4
1o%

1.90E-3
2%

~2.E-5 3.42E-5
8%

* Sample 00-0473 also contains Se-75 at 6.73E-5 uCi/g +/-8%.
●* as of November 1, 199912:00 PDT
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00-0475Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building
Chemical Measurements Center

Client: S. Fiskum

~==
/

Cognizant Scientist: c

Concur: wl -

Reference Date: November 1, 1999, 13:00 pm

Measured Activities (uCilg) with 1-sigma error

ALO ID Be-7 TC-95M Se-75 CO-60 Eu-152 Y-88 CS-137 Sb-125 SnSb-126 Eu-154 Eu-155 Am-241

Client ID Error ?40 Error YO Error, ?40 Error YO Error ?40 Error ?40 Error YO Error YO Error YO Error YO Error ?40 Error YO

2/1 5/2000

Date: g?-i~- 00

Date: &/ (S/00

00-0475 <2.E-2

TI -71 -BaS04 Pr

00-0478 <3, E-2

TI -71 -BaS04-l

00-0482 <7. E-3

T1-71-BaS04-2

00-0465 <4, E-2

TI-71 CaPS ppl

00-0468 <Z,E-Z

T1-71-CaC03-l

00-0472 5,70 E-2

TI -71 -CaC03-2 19%

00-0472DUP 7.32 E-2

T1-71-CaC03-2 18%

RPD 25%

3.85 E-2

4%

1.03 E-I <2. E-3 5.47 E-3

2?40 7%

1,03 E-I

2%

<3. E-3 <7, E-4 1,42 E-I

2%

9.80 E-2

3%

3.94 E-2

8%

3.65 E-3

24%

1.02 E-I <3, E-3 8,88 E-3

2?40 5%

1,06 E-2

6%

<3, E-3 2,45 E-I

2%

1,63 E-I

3?40

5.37 E-2

8%

4.60 E-4 5.24 E-2 <7, E-4 1.46 E-3

24% 2?40 8%

<7. E-4 1,64 E-3

1o%
<7. E-4 <3. E.4 1.93 E-2

270

1.09 E-2

3%

4.38 E-3

9%

6.93 E-2
4%

1.39 E-I <3. E-3 7.99 E-3
2% 6%

I,96E-I
2%

3.77 E-3
30?40

2.65 E-3
8%

4.12 E-3

4%

1.00 E-2

3?40

1.OIE-2

3%

-1%

2,32 E-I
2%

I,70E-I
3%

8.85 E-2
8!40

6. IOE-3

16%

6.63 E-2 5.54 E-3 1.16 E-2

2% 9% 3%

2.60 E-2

2%

5.58 E-3

12%

3,42 E-I

2%

2.51 E-I

3%

1.28 E-I

7%

<4. E-3 I,25E-I 1.24 E-2 2.27 E-2

270 6% 3%

8,14 E-4

46%

9.36 E-3

11%

7.58 E-I

2%

5.38 E-I

3%

2,75 E-I

3%

1.36 E-I 1.35 E-2 2.28 E-2

2?40 6?lo 3%

1.14 E-3

40?40

1.08 E-2

1o%

8.03 E-I

2%

5.69 E-I

3%

3.05 E-I

3%

<4. E-3

870 8% 0% 3370 14% 6% 6% 1o%

Paae 1
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File: 00-0461

Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building

Client: Fiskum

Cognizant Scientist

Concur:

Procedure: PNL-ALO-4014

ALO ID

Client ID

00-0461 PB

Process Blank

00-0461

TI-71 -AN I 07

00-0462

TI-71-ANI07 Dup

RPD

00-0463

T1-71-CaPS-Filtrate

00-0464

T1-71-CaPS-Filtrate Dup

RPD

00-0465 PB

Process Blank

00-0465

T1-71-CaPS-ppt prior to wash

00-0466

T1-71-CaPS-NaOH Wash-1

00-0467

TI-71 -CaPS-NaOH Wash-2

00-0468

T1-71-CaC03-l

00-0469

T1-71-CaPS-HN03 Wash-1

00-0470

T1-71-CaPS-HN03 Wash-2

00-0471

T1-71-CaPS-H20 Wash-1

Measured Concentration (ug/ml) with l-a error

Uranium

Error %

4.27 E-4

4%

8. 17E+0

4%

8.33E+0

4%

2?40

6.11 E+O
4?L0

6.06E+0

4cxo

170

4.44E4

4%

3.16E+I

4’?40

8.74E-I

4940

1.56 E-I

4?40

3.85E+I

4%

6.95 E-2

4%

6.65 E-I

470

1.66 E-I

470

Page 1
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File: 00-0461

ALO ID

Client ID

00-0472

T1-71-BaS04 Suspension

00-0472 -DUf)

T1-71-BaS04 Suspension

RPD

00-0473
T1-71-BaS04- Filtrate

00-0474
TI-71 -BaS04 Filtrate Dup

RPD

00-0476
T1-71-BaS04-NaOH Wash-1

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

00-0479
T1-71-BaS04-HN03 Wash-1

00-0480

T1-71-BaS04-HN03 Wash-2

00-0481
T1-71-BaS04-H20 Wash-1

rlBefore

Run

L-JAfter

Run

Measured Concentration (ug/ml) with l-a error

Uranium

Error YO

7.66E+I

4%

8.91E+1

4%

159’0

2.89E+0

470

2.87E+0

4%

170

5.16 E-I

4%

8.50 E-2

4%

2.08E+I
4%

1.76E+I

4%

6.17E+0

470

Standard
Rec-319-4

Rec-31 9-2-r

Rec-31 9-2-r

Blank

Rec-31 9-3-c

Rec-31 9-3-c

Rec-31 9-2-r

Blank

Observed Expected Yield

1.02 E-3 1.00 E-3 1.020

1.06E-I 1.00E-I 1.060
1.04E-I 1.00 E-I 1.040
c2.E-5

1. OIE-2 1.00 E-2 1.010

9.97 E-3 fl .00E-2 0.997

1.05 E-I 1.00 E-I 1.050

<2. E-5
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File: 00-0461

Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building

Client: Fiskum

Cognizant Scientist

Concur

Date: -.Hfz”
l/14 Jaooo

——
Lcvn q - k Date:

Procedure: PNL-AL0420/421

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

ALO ID

Client ID

Alpha ALO ID

Error +1- Client ID

Alpha

Error +1-

<3 E-2 Blank Spike 1-14?4000-0461

TI-71-ANI 07

CZ.E-3 Blank <2. E-600-0463

T1-71-CaPS-Filtrate

<7 E-400=0466

T1-71-CaPS-NaOH Wash-1

<3 E-400-0467

T1-71-CaPS-NaOH Wash-2

00-0469

T1-71-CaPS-HN03 Wash-1

<2 E-2

00-0469DUP

T1-71-CaPS-HN03 Wash-1

<2. E-2

00-0470

T1-71-CaPS-HN03 Wash-2

<2 E-2

00-0471

T1-71-CaPS-H20 Wash-1

<4 E-3

00-0473

TI-71 -BaS04- Filtrate

00-0476

T1-71-BaS04-NaOH Wash-1

<5. E-4

<2 E-400-0477

T1-71-BaS04-NaOH Wash-2

3.13 E-3
2170

00-0479
T1-71-BaS04-HN03 Wash-1

3.84E-3

10%
00-0480

T1-71-BaS04-HN03 Wash-2

00-0481

T1-71-BaS04-H20 Wash-1

1.45 E-3

9?40

Page 1
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File 00-0461

Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building

Client: Fiskum

Cognizant Scientist Date: ,[ldfl’

Concur:
——

i 1 @llQ -L
‘ate: w~

Procedure: PNL-ALO-476 Sr90

ALO ID

Client ID

Measured Activities (uCifg) with l-a error

Sr-90

Error +/-

00-0461

TI-71-AN107

00-0463

T1-71-CaPS-Filtrate

00.-0466

T1-71-CaPS-NaOH Wash-1

00-0467

Tl-71-CaPS-NaOH Wash-2

00-0469

T1-71-CaPS-HN03 Wash-1

00-0470

T1-71-CaPS-HN03 Wash-2

00-0471

T1-71-CaPS-H20 Wash-1

00-0473

T1-71 -BaS04- Filtrate

00-0476

T1-71-BaS04-NaOH Wash-1

00-0477

Tl-71-BaS04-NaOH Wash-2

00-0479
Tl-71-BaS04-HN03 Wash-1

00-0479 DUP

Tl-71-BaS04-HN03 Wash-1

RPD

00-0480

T1-71-BaS04-HN03 Wash-2

2.01 E-1

3%

6.49 E-3

3%

3.51 E-3

3%

2.77 E-3

3%

6.53 E-I

3%

3.18 E-I

3%

3.36 E-2

3%

2.01 E-3

3%

8.06 E-4

3%

4.77E-4

3?40

2.59 E-2 ,
3%

2.58 E-2

3%

1v.

2.64 E-2

3%
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File: 00-0461

ALO ID

Client ID

00-0481

Tl-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 l-u error

Sr-90

Error +1-

8.60 E-3

3%

9.13 E-3

3%

6%

105?40

1 09%

103%

126%

3.34 E-5

31%

1.35 E-4

14%

*Samples were analyzed in two batches.
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Fi]e 00-0461 .XIS

Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building

Client: Fiskum

Cognizant Scientist

Concur:

Procedure: PNL-ALO-420/421

ALO ID

Client ID

00-0465

T1-71-CaPS ppt prior to Wash

00-0468
T1-71-CaC03-l

00Z0472
T1-71-CaC03-2

00-0475 BF+SF

TI-71 BaS04 prior to wash

00-0478 BF+SF

T1-71-BaS04-l

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

Blank Spike

Blank

Date:

--i--Ti.aw.LL Date

Measured Activities (uCi/fi) with l-o error

““9’-
Alpha

#@

~/-@ ~

Error +1-

5.15 E-2

17?/0

<4 E-I

3.50E-I
27%

6.36 E-2

16?L0

1.12E-I
12’%0

1.17 E-2
8%

114%

<2. E-6

///f.@

1/17100
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Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building
,-

Client: Fiskum

Cognizant Scientist: Date: L@

Concur: 7 71ZXr7. - L ‘ate: *“”

Procedure: PNL-ALO-476 Sr90

ALO ID

Client ID

00-0461

TI-71 -AN I 07

00-0463

T1-71-CaPS-Filtrate

00:0466

TI-71 -CaPS-NaOH Wash-1

00-0467

TI-71 -CaPS-NaOH Wash-2

00-0469

T1-71-CaPS-HN03 Wash-1

00-0470
TI-71 -CaPS-HN03 Wash-2

00-0471
T1-71-CaPS-H20 Wash-1

00-0473 *
TI-71 -BaS04- Filtrate

00-0476

T1-71-BaS04-NaOH Wash-1

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

00-0479
T1-71-BaS04-HN03 Wash-1

00-0479 DUP

Tl-71-BaS04-HN03 Wash-1

RPD

00-0480
/- Tl-71-BaS04-HN03 Wash-2

Measured Activities (uCi/g) with l-o error

Sr-90

Error +/-

2.01 E-1

3%

6.49 E-3

3%

3.51 E-3

3%

2.77 E-3

3%

6.53 E-1

3?L0

3.18 E-I

3%

3.36 E-2

3%

2.43 E-3 Note: * sample reported in uCi/ml.

3%

8.06E-4

3?40

4.77 E-4

3%

2.59 E-2

3%

2.58 E-2

3%

170

2.64E-2

3%



File: 00-0461 .XIS I

ALO ID

Client ID

00-0481

Tl-71-BaS04-H20 Wash-1

00-0481 DUP

T1-71-BaS04-H20 Wash-1

RPD

Blank Spike**

Matrix Spike**

Blank **

Blank**

Measured Activities (uCi/g) with l-o error

Sr-90

Error +/-

8.60 E-3

3%

9.13 E-3

3%

6?40

105?40

109?40

10370

126!4.

3.34 E-5

31%

1.35 E-4

14?40

●Samples were analyzed in two batches,
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File 00-0461 .XIS

Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building

Client: Fiskum

Cognizant Scientist

Concur:

Procedure: PNL-ALO-476 Sr-90

ALO ID

Client ID

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

00-0468

T1-71-CaC03-l

00;0472

T1-71-CaC03-2

00-0475 BF+SF

TI-71 BaS04 prior to wash

00-0478 BF+SF

T1-71-BaS04-l

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

Matrix Spike*

Reagent Spike*

Blank for CaC03 batch

Blank for sulfate batch

4&eed!_Date:
TTiavw -L_ Date:

Measured Activities (uCi/ml) with l-a error

Sr-90

Error +/-

8.93E+0

3%

1.42E+I

3%

8.94E+0

3%

6.69 E-I

4%

1.03E+0

4%

<f3.E-3

126%

99%

109%

106%

1.02 E-2
14?40

2.27E-I

3%

*Note: Samples were analyzed in two batches.



g#Battelle
ProjectNumber

----

Date

To.

From

Subject

Pacific Northwest Laboratories

December 22, 1999

Sandra Fiskum

Tom Farmer

ICPMS Analvsis BNFL samdes

InternalOiatribution

329 File
Mike Uric

(ALO# 00-00461 throught 00-00481 )

Pursuant to your request, the 24 samples that you submitted for analysis were analyzed
on our radioactively-contained ICPMS for the selected analytes. The concentration
results for the isotopes of interest are displayed on the attached spreadsheet.

Dilutions of Isotope Products standards for 237NPand 239Pu,an Amersham ‘~c
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 1Y. high-
purity nitric acid solution used to dilute the standards and samples was used as a
reagent blank.

The ‘9Tc values reported assume that the Ru present is exclusively fission-product Ru,
and therefore does not have an isotope at m/z 99; i.e., everything observed at m/z 99 is
due to ‘9Tc. 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 239Pu.

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.



Fiskum Analysis
December 22, 1999

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

Sample Client lcP/Ms ●99~ c
,~D ~ ~ ,m~p

ID ID Number nglml * *. * ISD I ngtm~p~ ISD

1%HN03 9c20al 0.035*0.005 o.oo5$~
$.<0.03
~~

<0.01
1%HN03 9c20al O <0.024 ...

L. <0.03 ., <0.01
1%HN03 9c20a45 <0.024 & <0.02 ~ <0.008

00-461 PB 9c20al 1 2.0 * 0.6:$,
2..

<0.32 j <0.13

00-465PB
00-461
00-462
00-463
00-464
tOO-465
00-466
00-467
tOO-468
00-469
00-470
00-471
too-472
tOO-472DUP
00-473
00-473 REP
oo-474-
00-476
00-477
00-479
00-480
00-481
00-481 + spike

Process Blank
Process Blank
TI-71-AN107
TI-71-AN107 Dup
TI-71 -CaPs-filtrate
TI-71 -CaPs-filtrate Dup
TI-71 -CaPS-ppt-prior to wash
TI-71 -CaPS-NaOH wash-1
TI-71 -CaPS-NaOH wash-2
TI-71-CAC03-1
TI-71 -CaPS-HN03 wash-1
TI-71 -CaPS-HN03 wash-2
TI-71 -CaPS-H20 wash-1
T1-71-CaC03-2
TI-71 -CaC03-2 Dup.
TI-71 -BaS04-filtrate
TI-71 -BaS04-filtrate Rep.
T1-71-BaS04-filtrate Dup.
TI-71 -BaS04-NaOH wash-1
TI-71 -BaS04-NaOH wash-2
TI-71 -BaS04-HN03 wash-1
TI-71 -BaS04-HN03 wash-2
TI-71 -BaS04-H20 wash-1
TI-71 -BaS04-H20 wash-1

9c20al 2
9c20a14
9c20a15

9c20al 6
9c20a17
9c20a38

9c20a39
9c20a40
9c20a21
9c20a41
9c20a42
9c20a36
9c20a25
9c20a26
9c20a27
9c20a28
9c20a29
9c20a37
9c20a44
9c20a32
9c20a33
9c20a34

9c20a35

0.30 *
3450 *
3490 *
3080 *
3400 *

~841 O nglg k

850 *
184 k

t1720 nglg k

49.4 *
41.5 *
13.5 k

~2810 nglg k
t2900 nglg *

2860 k

2770 k
2950 f

769 &
190 *
141 k

105 *
35.6 &
162 ~

Spike Recovery ~j
.,;

101% 99% $$ 114%

5ppb Tc-99 9c17a4 4.72 k 0.153
,;;
&*

5ppb Tc-99 9c17a19 5.13 * 0.03:; $;

5ppb Tc-99
;4

9c17a52 4.79 ? o.39~j

>4 Ii
100ppb CO 9c17a53 <0.024 >;

$
.i

ii+
;

1ppb N@ CCV 9c20a6 L i0.996 & 0.049i’~
1ppb F@ CCV 9c20a47

~;
0.968 k 0.080:j~,;

i. i:;

1ppb PU CCV 9c20a7
\.’ 1.!
?.: ‘f: 1.02 i 0.09

1ppb pu CCV /[ $:
9c20a48 ,,. 0.979 * 0.013

“Results are from procedure 9c1 7a.
tResults are repo;ed in ng analyte/g sample.



File: 00-0461 .XIS

Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building

Client: Fiskum

Cognizant Scientist

Concur:

ALO ID

Client ID

00-0461

TI-71-ANI 07

00-0472

T1-71-CaC03-2

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

Matrix Spike

Reagent Spike

Blank

Date: 3/2j+

Date: 3/ 23/OC]
—.

[ 1)6?rw -L

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 +1- Error +/- Error +/- Error +/-

1.19 E-3

5?40

2.32 E-2

5?40

5.29 E-3
4%

104’70

10770

<6. E-6

3.21 E-4

8%

7.21 E-3

8%

1.35 E-3

5%

<2. E-5

<3- E-6

<2. E-4

<3. E-6

<2. E-5

Page 1

9.91 E-3 4.06 E-4

5% 8V0

2.71 E-1 1.05 E-2

5V0 7%

4.38 E-3 1.71 E-4
5% 11’%0

90%

97%

<8. E-6 <4. E-6

4.26 E-5

20%

1’.17E-3

17%

1.66 E-5
17Y0

<4. E-6 “

.,-.. .-.. ..n’-



File: 00-0461 .XIS

Batielle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building

Client: Fiskum

Cognizant Scientist

Concur:

Procedure: PNL-ALO-440

ALO ID

Client ID

00-0461 PB

Process Blank

00=0461 *

TI-71-ANI 07

00-0462’

TI-71-AN107 Dup

00-0463

T1-71-CaPS-Filtrate

00-0464

T1-71-CaPS-Filtrate Dup

00-0468

T1-71-CaC03-l

00-0472

T1-71-CaC03-2

00-0473
T1-71-BaS04- Filtrate

00-0474
T1-71-BaS04 Filtrate Dup

1/13/2000

-: /:::0
Measured Concentration (uCi/g) with 1-C error

Se-79

Error ?/.

<2.E-6

1.23E-5
24’%0

1.36E-5
30%

1.51E-5
3%

1.18E-5
5%

<9.E-5

<1. E-4

<1. E-6

<Z.E-6

‘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

of Se-79.

1.I

Page 1



File: 00-0461 .xls

Battelle Pacific Northwest Laboratory

Radiochemical Processing Group-325 Building

Client : Fiskum

Cognizant Scientist: c so&?2f~ Date : 2- (gad

Concur :
~

Date : ~-[f+o

Measured Concentrations (ug/g) with 1-u error

ALO ID

Client ID

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

00-0468
T1-71-CaC03-l

00-0472
T1-71-CaC03-2

00-0472 Dup

T1-71-CaC03-2

00-0475 BF + SF

TI-71 BaS04 prior to wash

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

00-0480

TI-71 -BaS04-HN03 Wash-2

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

Ammonia
Error +/-

3.75
11’%0

< 5.0

< 4.

< 4.

< 6.

< 18.

0.24

18%

< 4.

Page 1

z - —----- .m -..Ve- --- .>.... .. -. ,.--... ,-,
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