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Summary

Thhty jarsof wastematerialfrom tankAW-101 and seventeenjarsof wastematerialfrom tank
AN-lo7 were receivedby Battelle. The contentsof alljarsof AW-101 were mixed to provide a
singlecomposite, aswere the contents of alljarsof AN-107. Each composite was sub-sampledfor
organic,radiochemicaland inorganicregulato~ analyses:reportsBNFL-R.I?I’-OO1(PNWD-2461)
and BNFL-RPT-008 (PNWD-2462). Following sub-samplingfor regulato~ analyses,each
composite was dilutedto specific sodium molar concentrationsto provide the dilutedfeed materials
for allsubsequentprocess testingand characterization.

The characterizationanalysesof the dilutedfeed materialfor AW-101 andAN-107 include:

-- Inductively-coupledplasmaspectrometryfor Ag, m Ba, Q
Q Co, Cr, CWFe, K, ~ Mg, Mn, Mo, N% Nl, Pb, Si, Ti,U,
Zn, and Zr

-- Radiochemicalanalysesfor totalalphaandtotal beta activity,
Am-241, CS-137,Cm-243+244, Eu-154, Eu-155, Sr-90

-- Kinetic Phosphorescence for totaluranium

-- Ion chromatographyfor Cl-,F, NO;, PO;3, and SO~2

-- Inductively-coupledplasmamassspectrometryfor Tc-99

-- Free hydroxidedetermination

-- Total inorganicand organiccarbon

-- pH measurements

Besidesthe analytesof interestedabove thatarespecifiedby the governingtestplan,As, Ce, Q Nd,
P, Sr,Y, CO-60,CS-134,Pu-238, I?w239+240, Cm-242, Br,NO;, and~O;2 weremeasuredandthe
resultsincludedin this report for informationonly.

Only a limitedquantityof dilutedfeed samplefor eitherAW-101 or AN-107 was availablefor
characterizationanalysis.Due to the verylow solidscontent of the dilutedfeeds, the entiresuiteof
analysesfor the solidswas conducted on lessthanfour gramsof wet solidsmaterial. From such
smallquantities,representativesub-samplingis very difficul~therefore,the resultsareconsidered a
“best effort”. However, withthe exception of only a few analytes,the characterizationresultsfor
both the supematantand solids met or exceededthe qualitycontrol requirementsestablishedby the
governingqualityassuranceplan,andmet or exceededthe minimumreportablequantity
requirementsspecified by BNFL.
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units

‘c

g
g/mL
~g/g - pg/niL
~Ci/g - pCi/niL
niL
mmole/mL
Vol”h
wtYo

degreesCentigrade
gram
gramper milliliter
microgramper gram/ microgramper milliliter
microcurieper gram/ microcurieper milliliter
milliliter
millimoleper milliliter
vokime percent
weightpercent
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“ 1.0 Introduction

This report presentsthe inorganicandradiochemicalanalyticalresultsfor AW-101 andAN-107
dilutedfeed materials. The analyseswere conducted in support of the BNFL Proposal No.
29952/29953 Task 2.1. The inorganicandradiochemicalanalysisresultsobtained from the diluted
feed materialsareused to provide initialcharacterizationinformationfor subsequentprocess testing.
Qual@ksurance (QA) PlanMCS-033 provides the operationaland qualitycontrol protocols for
the analyticalactivities.

.

The inorganicand radiochemicalan@es of interestand recommended methods aredefined in the
BNFL Proposal No. 29552/29953 andTest PlanBNFL-29953-6 Revision O. All andytes of
interestdefined by thesedocuments arereported with estimatedmethod detectionlimits (MDL)
provided where analytesof interestarenot detected. Per the QA Plananalysisprotocols, process
blanks,samples,duplicates,blankspikes(or lab control standards)andmatrixspikes (or post spikes)
were analyzed as appropriate. This report presentsonly the resultsfor the process blanks,samples,
and duplicates. Recoveries for quali~ control samples(suchasmatrixspikesand blankspikes)are
discussedin this report and evaluatedfor effect on reportedresultsif they failto meet the
acceptancecriteriaof QA PlanMCS-033. Matrixsp~ post spike,and lab control standard/blank
spikeresults,aswell as calibrationverificationstandardsdat~ areincludedin the Project File 29953
(Record Inventory andDisposition Schedule,TechnicalSupportto BNFL for Phase lB, T2.1).

The AW-101 andAN-107 as receivedmaterialswere dilutedper Test PlanBNFL-29953-1,
Revision O. The resultingdilutedfeedswere sub-sampledfor physicaltesting,ion exchangebatch
contact testing,volubilitytesting,causticleachingtestin~ andradiochemicaland inorganic
characterizationper Test PlanBNFL-29953-6. Figures1.1 and 1.2provide sampleflow diagrams
for the preparationof the AW-101 andAN-107 fluted feed materials,respectively.

The AN-107 andAW-101 dilutedfeeds were preparedin separatefour literglasskettles. A bladed
impellerwas used to homogenize the material.While the dilutedfeeds were being stirred a %-inch
(outsidediameter)stainlesssteelprobe was used to vacuumtransfersub&unples of the
homogenized shrryto 125 ml glassjars. This samplingmethod was shown underTest Plan 29953-1
to provide sub-sampleswith representativesolids content for the “as received” tankmaterials.
UnderTest Plan29953-1, a minimumof five asreceivedsub-samples,with a volume of
approximately125ml each were collectedusingthistechniquefrom differentlocations in the kettle
duringmixing. These sub-sampleswere then settledfor approximately12 hours. After this settling
petiod allsub-sampleshad a similarvokune of settledsolids (i.e., 19-21,%for AW-101 and 18-22%
for AN-107). A similarcomparisonwas not made for the sub-samplesof dilutedfeed sincethese
sub-sampleswere small (generallylessth~ 70 ml) makingan accuratemeasurementof the settled
solids volume difficult.

The dilutedfeed sub-samplingfor radiochemicalandinoqynic characterizationwas performed in
the High Level RadiationFacility(HI-RF). For each dilutedfeed one 125-mL glassjar containing
60 to 70 mL of dilutedfeed slurrywas sub-sampledandtransferredto the Shieldedludytical
Laboratory (SAL) hot cellsfor analysispreparationsand distributions.

1.1
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“As Received”
Analytical Sample

AW-101 CompA 179.28 g
AW-101 CompB 193.06 g
AW-101 CompC 187.63 g
AW-101 CompD 187.65 g
AW-101 CompE 192.30 g

Total 939.92 g
Total 620 XIL

Settled Solids = 127 mL
Liquid. 493 mL

I I

F
Settled Solids = 127 mL

Liquid. 404 mL

1 * t
AW-101-98Comp A

Decant 89 mL
Supernatant

Returned for Diluted

lAW-98-11
IAW-98-12
lAW-98-13
lAW-98-14
lAW-98-15
lAW-98-16A
lAW-98-16B
lAW-98-17A
lAW-98-17B
IAW-98-18A
lAW-98-18B
lAW-98-19A
lAW-98-19B
IAW-98-20A
lAW-98-20B

AW-101‘As Received” Samples

214.80 g
207.80 g
209.50 g
212.30 g
216.80 g

94.37 g
92.64 g
93.58 g
98.37 g
93.04 g

102.44 g
96.91 g -
99.98 g
99.20 g

102.40 g

IAW-98-21A
IAW-98-21A
lAW-98-21B
IAW-98-23A
IAW-98-23B
IAW-98-24A
IAW-98-24B
IAW-98-25A
IAW-98-25B
IAW-98-27A
IAW-98-27B
WW-98-28A
lAW-98-28B
NW-98-29A
IAW-98-29B

‘rod 3,414.21 g

H=

103.79 g
103.79 g
100.87 g

95.12 g
107.85 g
103.04 g
105.00 g
100.79 g
103.90 g

69.03 g
66.42 g

105.10 g
106.99 g
105.96 g
101.22 g

Composite Sample

Total3,327 g (2,190 ti)
w

SlurryDensity -1.52 g/rnL
Vol% SettledSolids= 20.5%

5 mL Liquid

Feed Preparation

I

r
H20

Physical Properties &
Diluted Feed IX Batch Contacts

Particle SizeDistribution Dilute to 6.5 M Na
141 mL Liquid

58 mL Slurry 1569 mL Composite Sluny Sample+
I 1

89 mL Decant Supernatant+ Solubili~vs Temperature
Archive/Unaccounted For 1161 mL Water

Tot.d 2,819 mL
25 niL Shy

175 mL slurry
I

GUIsticLeach 4 1

157 mL Sluny DILUTEDFEED =
ANALYTICALSAMPLE
inorganic & Radiochemical Analysis

AW-101CA ---68 rnL Slurry

Figure 1.1 Flow Diagram for AW-101Diluted Feed Analytical Sample

1.2
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“As Received”
Analytical Sample

AN-107 Comp A 174.2 g
AN-107 Comp B 142.3 g
AN-107 COmpC 168.6 g
AN-107 Comp D 171.1 g
AN-107 Comp G 169.7 g
AN-107 Comp H 182.7 g

Total 1008.6 g
Total 714 mL

Settled Solids . 139mL
Liquid E 575 mL

+

:=

Final Analytical
Sample Volume

SettledSolids.139 mL
Liquid E 416 mL

d-

7AN-98-19
7AN-98-20
7AN-98-21
7AN-98-22
7AN-98-23
7AN-98-24
7AN-98-25
7AN-98-26
7AN-98-27

AN-107 “As Received” Samples

188.53 g
198.45 g
196.61 g
187.99 g
192.56 g
195.55 g
193.36 g
201.18 g
189.17 g

7AN-98-28
7~-98-29
7AN-98-31
7AN-98-32
7AN-98-33
7AN-98-35
7AN-98-36
7AN-98-37

193.53 g
187.76 g
198.70 g
184.90 g
197.16 g
201.20 g
210:35 g
202.63 g

Total 3226.75 g

Composite Sample

Total 3138 g (2,279 I@

SlunyDensi~ = 1.42 g/mL
VOPXOSettledSolids= 19.5%

Analytical Sample
Sodium Concentration

5 mL Liquid

AN-107 Comp B &
AN-107 Comp H 4 OIMNaOH 19MNa0H

Decant 159 mL + + *

Supernatant Diluted Feed IX Batch Contacts
ReturnedforDiluted Dilute to 7.7 M Na

Feed Preparation 109 mL Liquid

P====i4157’5%L!?%%%%;-SolubilityvsTemwrature

LE2_l 133 mL 19 MNaOH

Total 2,286 mL L=J
I I

I Ultra-filtration

< * 1,893 mL (2,423 g) Slurry

AnalyticalSample

Inorganic and kliochemical Analysis

AN-107 CA ---62 mL Slurry

Figure 1.2 Flow Diagram for AN-107 Diluted Feed Analytical Sample
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2.0 SamplePreparation

2.I Phase Separation

The AW-101 andAN-107 dilutedfeed sub-sampleswerephaseseparatedin the SAL so that
inorganicandradiochemicalanalysescould be performed on eachphase (i.e.,supematantand
solids). The phase separationwas performed by centrifugingand decantingthe supematant,since
previous experienceindicatedthatfilteringof the sampleswould be extremelydifficult. Each
samplewas centrifugedin its originaljar,and following centrifuging,the supernatamwas decanted
to pre-labeledteflon bottles (i.e.,thewet solidsremainedin the originaljar). Table 2.1 detailsthe
quantityof supematantand centrifugedwet solids collected from each sub-sample. There were
insufficientsolids from eitherdilutedfeed to perform weightpercent solids (driedat 105 ‘C)
measurements. Table 5.2 of Report BNFL-RPT-002, Ukr@kration andCharacterizationof
AW-101 Supematantand EntrainedSolids,preseritsadditionalweightpercent andvolume percent
datafor AW-101. Additional datafor AN-107 is not yet available.

Table 2.1 Supernatant and Solids Masses after Phase Separation of Diluted Feed Materials

Total Supernatant- CentrifugedWetSolids
JarlBottIeID0) LabID Mass(g) (2) Mass (g) Wt% Mass (g) Wt%
AW-101 CA 99-0644/0646 89.19 86.92 97.5% 2.27 2.5%
AN-107 CA 99-0645/0647 81.81 77.61 94.9yo 4.20 5.l%

(1) Ja/Bo& ~: ~ . for che~~ -~ DflutedFeed
(2)yo~ -~ ~,ati g followingphase separationactivitiesin the SAL.

2.2 Supernatant Densi~ Measurements

Due to the viscous natureof the dilutedfeed supematits, allsupematant”sampleswere processed
by weight (i.e.,analyticalsub-samplesfor processingweretakenby weightinsteadof byvolurne).
The densityof each dilutedfeed supematantwas determinedusingmethod PNL-ALO-501. The
resultingdensitiesareused to convert reported supematantresultsfrom mass/mass to
mass/volume. Table 2.2 provides the densityresultsobtainedon AW-101 andAN-lo7 dilutedfeed
supematantsfollowing phaseseparation.Table 5.1 of Report BNFL-RM-002, Ultrafiltrationand
Characterizationof AW-101 Supematantand EntrainedSolids,presentadditionaldensitydatafor
AW-101. Additional datafor AN-107 is not yet available.

Table”2.2 Density Results for AW-101 and AN-107 Diluted Feed Supernatants

Jar/BottleIDO) LabID Sample Duplicate Average
Dens@ (g/mL) Density (g/mL) Density (g/mL)

AW-101 CA 99-0644 1.318 1.323 1.32
AN-107 CA 99-0645 1.368 1.360 1.36

(1)Jar/Bottle ID: CA= for ChemicalAnal@ DiluteFeed

2.3 Supernatant Sample Preparations

Diluted feed supernatantsampleswere preparedfor metalsanalysis@y inductivelycoupled plasma
spectrometry~CPl), radiochemicalanalysis,Tc-99 (by inductivelycoupled plasma- mass
spectrometry~CP/MS]), and cesiumisotopic (by thermalionizationmassspectrometry~Sl) by

2.1
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procedure PNL-ALO-128 (HNOJ-HC1aciddigestion). The resultingdigestionsolutionsfrom
AW-101 were clearandthose from AN-107 were slightlycolored (brown). The acid digestion
solutions from both supernatantshad no visibleresidueor precipitate. AUother analyses,except
pfi were performed on a preparedlo-fold waterdilutionof the supematant. Measurementof pH
was performed directlyon the supematants.

2.4 Solids Sample Preparations

Three preparativemethods, PNL-ALO-129 (HNO,JHCl aciddigestion),PNL-ALO-115
(KOH-KNO, fusion), and PNL-ALO-1O3 (waterleach),were performed on thewet centrifuged
solids (includinginterstitialliquid)to provide analysissolutionsfor detemining the analytesof
interest. The acid digestionand fusion preparationswere analyzedfor metalsby ICP, andthe fusion
preparationswere used for allradiochemicalanalysesandTc-99 by ICP/MS). All acid digestion
and fusion preparationsproduced clearsolutionswith no visibleresidue.

Aliquots from the waterleachingof the solidswere analyzedfor soluble anionsby ion
chromatography(afterfiltering)tid cesiurnisotopic by TIMS. The carbon analyses(totalorganic
carbon andtotal inorganiccarbon) were performed directlyon solids samples.

2.2
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3.0 AnalysisResults for Ana.lytesof Interest

Tables 3.I through 3.4 provide the resultsfor allinorganicandradiochemicalanalysesperformed on
the AW-101 andAN-Io7 dilutedfeed materials. Resultsfor samplesand duplicates(where
analyzed)arereported. Although the supematantsampleswere processed by weight,the densityof
the supematantshas been used to provide the resultsin pg/rnL or pCi/rnL, asappropriate. Solids
arereported in pg/g or @/g, as appropriate.

Table 3.1 AW-101 Diluted Feed --- ICI? Results

TankMa& AW101DilutedFeed0)
Matrix Supematant Cent&ugedWetSolids

Dissolution AcidDigest KOH-KNOJFusion AcidDigestO)

L-rbID 99-0648.pb 99-0644 99-0644d (j) 99-0646-pb 99-0646 99-0646-d w 994%46-pb 99-0646

SampleID ProcBlnk Sample DuplicateRPD ProcBlnk Sample Duplicate RPD ProcBlnk Sample

Units llg/rnL l.lg/snL pg/snL 010 pg/g pg/g J!g/g (%) pglg pg/g

BwIst .

k <3 <3 <3 <24 [90] [89] <4 81

Al <7 17,800 14,900 18 [91] 14,700 14JC0 3 <10 14500

Ba <1 <1 <1 <9 [25] [25] <2 24

Ca <31 <32 <32 <235 [1703] [1,700] <41 1,160

cd <2 <2 <2 <14 [34] [35] <2 32
co <6 <6 <6 <47 <48 <44 <8 <10

a <2 61.1 51.1 18 <19 1,640” 1,603 2 <3 1,610

Cu <3 <3 <3 <24 <24 <22 <4 [10]

Fe <3 [5.1] [4.3] [91] 1350 1,430 6 <4 1,430

K <247 25@J 20,800 19 rda n/a n/a <326 172W

La <6 <6 <6 <47 <48 <44 <8 [28]

Mg <n <13 <13 <94 [260] [250] <16 314

Mn <6 <6 <6 [56] 1390 1,440 4 <8 1300

Mo <6 <6 <6 <47 <48 <44 <8 <10

Na [41] 163,000 134,000 20 [13co] 128,1YX 127,000 1 [140] 128,000

Ni <4 [5.4] [4.2] n/a n/a n/a <5 215

Pb <12 [45] [37’I <94 [120] [120] <16 [li9]

Si p2] [145] [115] <470 [VW] [Ulo] [230] 2300

Ti <3 <3 <3 <24 <24. <22 <4 P.6]

u <247 <257 <259 <1,882 [5,800] [5,700] <326 5,400

Zn @.6] [14] [13] <47 <48 <44 <8 [16]

Zr <6 [8.2] [6.9] <47 [200] [240] <8 351

othrrAna@es Detected

As <31 [104] [84] <235 <239 <219 <41 179]

Nd <12 <13 <i3 <94 <96 <87 <16 [29]

P <u 353 293 19 <94 [360] [410] <16 501

Sr <2 <2 <2 <14 [24] [24] <2 [171

:1)Overallerrorforrepomxiresultsisestimaredtobewithin*15%,however,resuk.sinbrack”[ l“arelesstharsthe
mimatedquantitationIevd(i.e.,lMisne-sMDLlistedinTable5.1) anderrori.santicipredto begreaterthan~ls~o.

:2) Solidsaad digestionsresultsnorrnakedto KOH-KNOJfilon sodiumresuk Seenarrzive4.1.

:3) F(PDotdycalcukedwhenbothsampleandduplicateexceedestimatedquamkationlevel.

3.1
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Table 3.2 AN-107 Diluted Feed ~--ICP Results

T& Mhaiaf AN 107DikedFeed 0)
Masrix supunatant ChtrifugedWetsolids

Dissolution AcidDigest KOH-KNOjFusion AcidDigest0
Lubm 99-0644-pb 99-0645 99-0645d (j) 99.0646-pb 99-0647 99-0647-d (~) 99-0646-pb 99-0647 99-0647-d 0)

SampleID ProcBkmk Sample DuplicateRPD ProcBlank SampleDuplicateRPD ProcBlank Sample Duplicate RPD

Units pgAnL pg/rnL pgArlL (%) jig/g pglg Pg/g (%) !-lglg pglg yg/g (%)

B@ List

& <3 <3 ‘ <3 <24 <23 <25 <4 <3 <3

Al <7 4,040 3,820 6 [91] 7350 7,450 1 <10 7,140 7,650 7

Ba <1 [4.1] [4.0] <9 [44] [44] <2 45 46 2

Ca [52] 461 416 10 <235 ~80] [520] ‘ <41 359 377 5

cd <2 48 46 5 <14 [371 [36] <2 33 34 3

co <6 <4 <4 <47 <46 <51 <8 <6 <7

G’ <2 149 142 .5 <19 725 718 1 <3 697 723 4

.@ <3 [22] [20] <24 <23 <25 <4 [19] [20]

Fe [5.6] 1,170 1,110 5 [91] 9,960 8,670 14 <4 8360 8,690 5

K <234 [l#x3] [1240] n/a n/a n/a <326 [670] [647J

La <6 [23] [22] <47 [65] [60] <8 108 112 4

Mg <12 <12 <L? <94 <93 <102 <16 po] [30]

Mn <6 108 106 2 [56] 4,910 5,130 4 <8 4,920 4,989 1

Mo <6 <6 <6 <47 <46 <51 <8 <6 <7

Na [34] 176,000 171,000 3 [1300] 134,030 139,000 4 [140] 134,0Q0 139,0W 4

N1 <4 402 382 5 n/a n/a n/a <5 269 285 6

Pb <u 263 249 5 <94 [580] [640] <16 755 784 4
Si <59 <45 <44 <470 <463 <509 [230] [264] [419]

Ti <3 <3 <3 <24 <23 <25 - <4 [4.5] [4.8]

u <234 <244 <241 <1,882 <1,851 < Z036 <326 <231 <279

Zn [11] [22] [16] <47 <46 <51 <8 64 [671

Zr <6 [42] [44] <47 [110] [92] <8 197 206 4
Oth%kdytes Detected

As <29 [98] [93] <235 <231 <254 <41 m [83]

G. <23 [271 [26] <188 [190] <204 <33 [212] [219]

Nd <u p3] [68] <94 [210] [190] <16 311 326 5
P <12 505 488 3 <94 [SW] [520] <16 418 436 4
Sr <2 [271 [25] <14 <14 <15 <2 [6.2] [6.3]

Y <6 [11] [11] <47 <46 <51 <8 [31] [32]

(1)Overallerrorforreporredresuksisesdmatedtobewithin*15%;howeverresuksinbrackets”[~ arelesstbantbeertkmedquanrkarion
level(i.e.,10-dmesMDLlistedinTable5.1)anderrorisanricipasedro begrraterthanM5%..

(2)Solidsaciddigesrionresultsnormalkedr.oKOH-KN03fusionsodiumresuks. Seenarrative4.1.

(3)RPD osdycaladatedwhenbothsampleandduplicateamid esrima@quamiwionlevel.

3.2



Table 3.3 AW-101 &AN-107 Diluted Feed --- Radiochemical Results

II TankMaterial I AW-101DilutedFeed !
MatrsWDissolution Supematant-Acid Digest centrifugedWetSolids- KOH-KNOJFusion(l)

LabID 99-0648-Pb 99-0644 99-0644-d (2) 99-0646-pb 99.0646 99-0646-d @

SampleID ProcBlnk Sample Dupkate RPD ProcBlrsk Sample Duplicate RPD

Units(%Emortic+ pci/mL VOESTlNMnL Yolzrr I.CMnL %Err 0/0 pcvg %Err jlcilg ?toErr pcilg %Err (%)

C&o (GEA)(j) < 3.E-4 < 1.E-2 < 1.E-2 < 5.E-2 <7X-2 < 7X-2
Sr-90 1.69E-2 21 <5.E-1 < 5.E-1 1.60E-2 12 1.41E+2 4 1.60E+2 4 13

CS-134(GEA)(3) <3.E-4 5.60E-2 15 5.64E-2 12 < 5.E-2 < 8.E-2 <6.E-2

CS.137(GEA) 8,67E-4 13 2.50E+2 2 2.1OE+2 2 18 2.25E-1 12, 1.96E+2 2 1.87E+2 2 5

Eu-154 (GEA) < 7.E-4 < 4.E-2 < 4.E-2 < 2E-1 <2E-1 < 2E-1

Eu-155 (GEA) < 7.E-4 < 4.E-1 < 4.E-1 < m-l < 5X-1 < 5.E-1

Pu-2380) 7.08E-6 15 < 3.E-5 < 5.E-5 6.36E-5 30 3.43E-2 9 4.61E-2 7 29

Pu-239+Pu-240(j) 2.49E-6 29 1.65E-4 15 1.37E-4 13 7.42E-5 19 2.48E-1 4 2.56E-1 4 3

Am-241(GEA) <7.E-4 < 4.)2-1 < 4.E-1 < 2X-1 <5.E-1 < 5.E-1

Am-241(AEA) 9.12E-6 19 1.16E-4 13 8.94E-5 14 < 6.E-7 2.53E-1 5 2.43E-1 5 4

@.242 O) < LE-6 < 5.E-6 < 4.E-6 < 5.E-8 < 6.E-4 4.84E-4 45

Cm-243+Qn-244 9.96E-6 18 2.41E-5 31 < 9.E-6 4.93E-7 23 8.45E-3 14 9.49E-3 12

Total Beta 4.48E-2 3 2.75E+2 3 2.25E+2 3 20 5.03E-2 7 4.80E+2 4 4.78E+2 4 0
TotalAlpba c 3.E-4 < 1.E-2 < 1.E-2 C2E-3 4.56E-1 9 5.66E-1 7 22

Alphasum@) 2.17E-5 10 3.04E-4 10 2.27E-4 10 29 1.38E4 17 5.44E-1 3 5.55E-1 3 2
pgld %’OErrp@lL %EST ~g/mL OXXrr Ilg/g %lzrr l.lglg %k pglg Q/oErr

TotafCs(J) -- -- 1.17E+1 2 9.80E+0 2 18 -- .- 9.17E+0 2 - -

TotafU 2.20E-2 2 3.32E+0 2 3.12E+0 2 6 2.86E-1 2 5.42E+3 4 5.46E+3 4 1

TankMatesial AN-107DifutedFeed
MatrWDissolution Shpernatant-Acid Digest CentrifugedWetSolids--KOH-KN03Fusion(i)

LabID 99-0644-pb 99-0645 99-0645-cl (i 99-0646-pb 994647 99-0647-d ~)
Samplei!D ProcBltds Sample Duplicate RPD Proasds Sample - Duplicate RPD

Units(%ErrorHo) Pci/mL %Err pci/mL %& pWmL” Yolk 0/0 I.lci/g %EtT @Wg %OErr pcwg Volkr (%)
CO-60(GEA)(J) < 3.E-4 1.llE-1 7 L15E-1 7 4 < 5.E-2 < 9.E-2 < 9.E-2

Sr-90 < 4.E-3 7.72E+1 5 7.46E+1 5 4 MOE-2 12 1.90E+2 4 1.93E+2 4 2

CS-134(GEA)(j) <3.E-I < 3.E-2 <3.E-2 < 5.E-2 < 8X-2 < 9.E-2

CS-137(GEA) 4.71E-4 27 2.61E+2 2 2.50E+2 2 4 225E-1 12 1.65E+2 2 1.65E+2 2 0
Eu-154 (GEA) < 5.E-4 6.20E-1 4 6.03E-1 4 3 <2E-1 1.44E+0 5 L17E+0 7 21

Eu-155 (GEA) < 7.E-4 4.50E-1 16 2.61E-1 25 <2E-1 9.87E-1 14 6.49E-1 21

RI-238 W 7.57E-6 21 7.02E-3 15 8.36E-3 9 6.36E-5 30 5.OIE-2 7 3.75E-2 9 29

Pu-239+Pu-240(0 4.06E-6 31 3.08E-2 7 3.20E-2 5 4 7.42E-5 19 1.68E-1 5 1.33E-1 5 23

Am-241(GEA) < 5.E-4 5.66E-1 23 2.30E-1 50 < 2E-1 “ 2.49E+0 12 L68E+0 18

Am-241(AEA) 6.61E-6 18 3.93E-1 5 3.64E-1 5 8 < 6.E-7 1.67E+0 5 1.27E+0 5 4

Cm-2420) < 4.E-7 1.60E-3 21 L28E-3 28 < 5X-8 4.18E-3 16 4.24E-3 11

Cm-243+&I-244 3.43E-6 25 1.19E-2 9 L26E-2 10 6 4.93E-7 23 3.67E-2 7 2,52E-2 23

TotafBeta MoE-2 3 4.66E+2 3 4.34E+2 3 7 5.03E-2 7 5.20E+2 4 5.09E+2 4 2

TotafAfpha@) < 1.E-4 4.43E-1 3 4.50E-1 3 2 ‘C2E-3 2.14E+0 4 1.52E+0 5 34

Afpbasum 1.58E-5 12 4.45E-1 4 4.19E-1 4 6 1.38E4 17 1.93E+0 4 1.47E+0 4 27

pg/mL 0/@rr @mL %Err @g/mL V.Err I.WIE %Err Idl? %E5T LIdz %’olh
TotalCs($ -- -- L23E+1 2 1.17E+1 2 4 - - 7.72E+0 2%f0 7.63E+0 2 1

TotafU 9.84E-3 2 7.44E+1 I 2 7.18E+1 2 4 2.86E-1 2 L03E+2 2% 1.03E+2 2 0
(1) TotalcesiusnperformedbyTiMSfmmwaterlrachof solids,notfromKOH-KNOsfwio..

(2) IUDonlycalculatedwhenbothsampleandduplicatehaveerroruncestainties<1096.

(3) Not anandyreof interestspecifiedinTestPlanBNFL29953-6; includedforinfosrnationonly.

(4) AlphaSumequalstbe@AnLor pG/g summationofPu-238,Pu-239+240,Am-241,Cm-24&andGn-243+244.
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Table 3.4 AW-101 & AN-107 Diluted Feed --Tc-99, ToC/TIC, IC, OH, and pH Results

TankMaterial AW-101DilutedFeed

Matrix Supematant Centri@ed wet solids

LubID 99-0648-pb 99-0644 99-0644-d (1) 99-0646-pb 99-0646 99-06464 (1)

SampleID ProcBlnk Sample Duplicate RPD ProcBlnk Sample Duplicate RPD

Units Type ofPrep pg/mL@j vg/mLP) Jlg/mLO) (%) TypeofPrep yg/g@) pglg ~) 12g/gQ) 0/0

,Tc-99 (ICP/MS) AcidDigest <ao2 (<3E.4) 5.88(LOE-1)5.12WE-2) 14 Fusion 0.1(UE-3)20.9(35E-1)20.9(ME-1) o
Tc-99 (ICP/MS) Duecr/Ddution n/a 5.20(8.8E-2)5.24(8.9&2) 1 n/a n/a n/a n/a

TIC HotPersukte 73 2J90 2J20 3 HotPermlfate rda 27#30 n/m

TOC Hot Persulfate <85 1,460 1,660 HotPcrmlfate n/a 20,100 r2/m

TC (sum) 73 3,650 3,780 4 n/a 47,6(XI

Fluoride Duect/Dikion C21 1000 660 40 waterLeach <120 1,600 n/m

Chloride DuedDilution al 3@0 3303 1 waterLeach <120 3700 n/m
Nltie(j) Direcr/Dilution <42 63,5CQ 62@Xl 2 waterLeacb C240 415C5J n/m

Bromide(j) . Direct/Dilution -=21 <4W C380 waterLeach <120 <m n/m

Nhate DKect/DLution <42 125,00Q 121,clxl 3 Waterklch e40 80,900 . n/m

Phosphate Duect/Ddution <42 2#xl l,9c0 3 waterLeach CXO am 2s/m

Sulfate Direct/Dilution <42 1,900 1,800 4 Waterkach C240 C2300 rdm
Mate (J) Drect/Dilution <41 <$20 U60 waterLeach C240 42$300 n/m

m2r201e/mLmrnole/mLm2nole/mL 22m201e/mLrnrnole/m smnole/m
Hydroxide D~ect/Dilution (4) 3.02 3.09 2 n/m n/m 2t/m rdm

pH pH pH pH pH pH

pH Direct n/m 13.58 13.62 0 n/m n/m n/m n/m

TankMaterial AN-lo7DilutedFeed

Matrix supematar2t Centri@ed wetsolids
LubID 99-0644-pb 99-0645 99-0645-d 99-O646-Pb 99-0647 99-06474

SampleID ProcBlnk Sample Duplicate RPD ProcBb2k Sample Duplicate RPD

Units Type ofPrep flg/mLQ) Jlg/2tlr(4 j2g/mLP) (%) TypeofPrep pg/go) pg/g@) Jig/g@) (%)

Tc-99 (ICP/MS) AcidDigest <ao2 (<3.E4)4.40(75E-2) 4.23(7X-z) 4 Fusion 0.1 (1.7E-3) 3.62(62&2) 3.92(a-z) 8

Tc-99 (ICP/MS) Duect/Ddution 4.05 (C9E-4)4.09(7.OW 3.98(6.8=2) 3 n/a n/a n/a 22/a

TIc Duect/Dktion 76 16,-WI 16&0 1 Dm . n/a 18#XJ 17s53 4

TOC Duecr/Ddution <85 30,0W 29,800 0 Direct n/a 31,100 3Z9W 1

TC (sum) D&Dktion 76 46,400 46,(XY3 1 Direst n/a 51@J 5034W 2

Fluoride Direu/Dihtion c17 6300 6,400 2 Waterkch <120 4300 4300 3

Chloride Duect/Diiution <P 1,400 1,400 2 waterLeach 423 <Ixsl <Uw

Nhrite(j) Dues/Ddution d5 51,1C41 51,6W 1 waterLeach C240 30,903 31403 1

Bromide(j) D~ect/Dihnion c17 <490 <480 WaterLeach <Uo clm <lmo
Nitrate Direct/Dhnion C35 161,0W 161,000 0 waterLeaCh a40 lll,OW 111,000 0

Phosphate Duect/Ddution C35 3,0W 3,033 2 waterLeach C240 C2400 awl

Sulfate DKecrfDdution 45 7,900 7,400 6 waterLeacb CM 7,000 7,000 1

@.ake(O Duect/Dilution C34 1300 1300 1 waterLeach a40 3UM 32$300 1

mmole/snLmmole/mL nm201e/mL 2n2nole/mL2mnole/m mmole/m

Hydroxide D~ect/Dilution (4) 0.722 0.712 1 dm n/m r4/m n/m

pH pH pH pH pH pH

pH Duect n/m 1333 1331 0 n/m n/m rs/m n/m

(I)~D O* ~ti ~~ Smple@ dupli~ r~ts above&e.&oldformerhod’sRPDcakukion,(C&&tedpxiortoround@
(2)ValueinparenthesesforTc-99areinunitsof@/rnL forsupermmmsandpCtigforsolids.
(s)Not ananalyteofinrerestspecifiedinTestPlanBNFL29953-fj inckdedforinformationody.
(4 NOtion inktion pointdetectedno hydMx&cdcldated

da - notapplicableto method n/m - notmeasureddueto applicabilityofmedmdOR a~ab~ ofsamplem-
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4.0 QualityControl and Data Evaluation

GeneralComment Due to a mislabelingerror (reportedviaQualityProblem Report 99BNFL-02),
the AW-101 dilutedfeed and AN-107 asreceivedsupernatantswere processed together,and
AW-101 as receivedandAN-107 dilutedfeed supematantswere processed together. ‘II&
mislabelingerrorappliedto the acid digestion,dilutions,and directsub-samplingof eachof the
supernatants. The errorwas detectedand correctedprior to the analysisof dilutedfeed
supematantso Due to this errortherearetwo batchprocess blanksreported: 99-0648-pb for
AW-101 supematantand 99-0644-pb for AN-107 tipematant. This causesminor confusion since
the dilutedfeed laboratorynumbers (i.e.,99-0644 through99-0647) do not include 99-0648 which is
the laborato~ number for the AW-101 asreceivedsupematant. Basedon the batchprocessing of
the samples,process blankslabeled99-0648-pb were processedwithAW-101 supematantsamples
99-0644 andprocess blankslabeled99-0644-pb were processedwithAN-Io7 supematantsamples
99-0645.

4.1 Metals by Inductively Coupled Plasma Spectrometry - Tables 3.1& 3.2

Due to the high radiologicaldose from the aciddigestionandKOH-KNOq fusion preparations,
aliquotswere dilutedin the SAL to reducethe radiologicaldose prior to transferringthe samplesto
the ICP workstation.The acid dissolutionof the AW-101 andAN-107 supematantsandthe
KOH-KNOJ fusion dissolutionand acid digestionof theAW-101 andAN-107 solidswere ydyzed
by ICP in four analyticalbatchesfollowing procedurePNL-ALO-211.

Qua@ control for the ICP analysisconsistsof duplicates,process blanks,serialdilution,matrix
spikes,laboratorycontrol standardsor blankspikes,post spikes,verificationcheck standards,and
high calibrationstandards. Ml qualitycontrol (QC) samplesarewithinthe acceptancecriteria
establishedby the governingQA Plan,MCS-033 exceptthe following

Duplicates: Due to lackof material,no acid digestionduplicatewx.prepared for the AW-101 solids
sample.

MatrixSpikes: As a resultof the dilutionsfor ALARA (aslow asreasonablyachievable)radiation
concerns, the matrixspikesampleswere dilutedsuchthatthe spikeconcentrationwas below the .
estimatedquantitationlevel (EQL). Sincematrixspikesthese concentrationsaremeaningless,post
spikesareused to evaluatematrixeffects.

BlankSpikes For the AW-101 supematant,the blankspikewas subjectedto the sameALARA
dilutionasthe matrixspike,resultingin dilutingthe blankspikeconcentrationto below the EQL.
The blankspikepreparedwiththeAN-lo7 supematantwas not dilutedandproduced recoveries
withinacceptancecriteriaof 80% to 120% recove~.

Post Spikes: For the acid digestionsof the AW-101 andAN-lo7 supematantstin failedto meet the
acceptancecriteriaof 75°hto 125V0. The tin post spikeconcentrationfallsbelow the elevatedtin
detection limit,resultingin meaninglessrecove~ results. Also at 12970recovey, the silicon post
spikerecovey from the acid digestionof the AW-101 solidsis slightlyabove the acceptancecriteria.
The silicon post spikerecoveriesfor allother dilutedfeed samplesareacceptable.
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Although the relativepercent differences(N?D) for AW-101 supernatantwere withinthe
acceptancecriteriaof 209’0,the analytesof interest(withconcentrationsabove l@times the method
detectionlimit)demonstratedRPDs rangingfrom 18% to 20?40.This poor precision betweenthe
sampleand duplicatefor the acid digestionof theAW-101 supernatantis exhibitedin allanalyses
usingthe acid digestionsolutions (e.g., ICP, radiochemimy, andICP/MS Tc-99). This suggests
thattherewas an error in preparingeitherthe sampleor the duplicatqhowever, thereis no
documented evidenceto suggestwhich maybe in error. Sincethe KPDs met the acceptancecriteri~
no effort was made to re-preparethe aciddigestionsfor the AW-101 supernatantsample. The
averagesodium concentration(i.e., 148,500pg/rnL -6.46 molar) is ve~ close to the targetsodium
concentrationfor theAW-101 supematant(i.e.,6.5 molar). In comparison, the averagesodium
concentrationof theAN-107 supematant(i.e., 173,5oo pg/rnL -7.55 molar) is slightlylower than
the targetsodium concentration(i.e.,7.7 molar).

The KOH-KNOJ fusions for the AW-101 andAN-107 solidswere performed soon afterthe phase
separationof the samples,and it is anticipatedthatverylittledryingof the solids occurred prior to
sub-samplingthe solids for the fusion preparations. However, the acid digestionsfor the AW-101
andAN-107 solidswere performed more thantwo weeksfollowing the phase separation. There
were very few solids remainingfollowing phaseseparationand extractionof sub-samplesfor
KOH-KNOJ fusion preparation,andthe remainingsolidsused for acid digestionpreparation
appeareddry andwere diffkult to extractfi-omthe samplejars. Sincethe samplestakenfor acid
digestionappearto be drierthanthose takenfor the KOH-KNOJ fusion preparation,analyte
concentrationin pg/g was anticipatedto be significantlyhigher. This is exactlywhatwas observed.

The reason for performing aciddigestionon the dilutedfeed sampleswas to obtain potassiumand
nickelresults,sincethese analytesof interestcould not be measuredon the KOH-KNO~ fusion (in
nickelcrucibles)preparations. In order to correlatethe acid digestionresultswiththe KOH-KNOJ
fusion results,consideringthe differencesin the acid digestionand KOH-KNO~ fusion“wet”
fractions,the acid digestionresultshavebeen normalizedto the KOH-KNOJ fusion resultsusing
the sodium results. For identicalsolids samples(i.e.,solidswith exactly the same liquidand solids
fractions),the KOH-KNOJ fusion and acid”digekionshouldproduce-~e samesodkun results. The
normalizedacid digestionresultsfor both dilutedfeed solidsarenearlyidenticalto those results
produced from the KOH-KNOJ fusion, andthe reportedacid digestionpotassiumandnickelresults
should be accuratefor the centrifugedwet solids.

4.2 Radiochemical Analysis - Table 3.3

Gamma Emittersby Gamma EnerwAnalvsis (GEA~

The samplepreparationsfrom the SAL were dilutedfurtherin a laborato~, then packagedfor
gammacountingfollowing procedurePNL-ALO-450. Most of the gammaemissionfrom the
samplesis from CS-137. Other detectedgammaemittersareCO-60,CS-134,Eu-154, Eu-155, and
Am-24L All of these gammaemittersareatmuch lower concentrationthanthe CS-137,andnot all
were detected in everysample.

Two of the three SAL process blankshad detectablequantitiesof CS-137,but atinsignificantlevels
when compared to the CS-137levelsin the samples. No other gammaemitterswere detectedin the
blanks.

“ 4.2
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AUof the sampleand duplicateresultsagreewithinthe expecteduncertainties,except for the
AW-101 supematantCS-137resultsandthe AN-107 solids Eu-154 results. The RI?D of 18?40for
the AW-101 supematantCS-137resultsis significantlyhigherthanexpected from the counting
uncertainties(i.e.,2%). This differenceis also evidentin other analyses(e.g., ICP andtotal beta
activity)and is probably dueto a samplepreparationerror. The countinguncertaintiesfor the
AN-107 solids Eu-154 resultsarereasonablygoo~ at 5°Land 7% for the sampleand duplicate. The
RPD of 21?40for the Eu-154 is most likelydueto sampleheterogeneity.

Sincethe Am-241 activityin both AW-101 andAN-107 is reasonablylow, the resultsfrom the alpha
energyanalysis(AEA) should provide betterArn-241resultsthan GEA. Arnericium-241was not
detectedby GEA in the AW-101 samples,andthe countinguncertaintiesrangedfrom 12% to 50%
for the AN-107 samples. AlthoughAm-241, alongwith Pu-239+240, makesup most of the alpha
activityfor theAW-101 and AN-107 samples,the gammaactivitiesaretoo low to measure
accuratelyby GEA.

Sincegammaenergyanalysesdo not involve chemicalseparations,no samplespikingis performed.

Total Alpha andTotal Beta

For total alphaandtotal beta activitymeasurements,the SAL preparationswere furtherdiluted then
smallaliquotswere evaporatedon planchetsfor countingfollowing proceduresPNL-ALU20, 421,
43o, and 431.

The AW-101 supematantsamplehad no detectablealphaactivityby thismethod sincethe sample
had high dissolved solids,which causedhighmassloadingon the countingplanchet. Due to the
high dissolved solids, samplevolumeswere reducedto minimiz the self-absorptioneffect from the
solids/salts. The other sampleshad high dissolvedsolids,but also hadmore alphaactivity,so that
alphaactivitywas detectableby thismethod. k some cases,a betterestimateof the total alpha
activitycan be obtained by summingthe individualalphaen-htersmeasuredby AEA (i.e.,Pu-238,
Pu-239+240, Arn-241, Cm-242, andCm-243+244). The ‘Alpha Sum” in Table 3.3 provjdes the
sum of the individualalphaemitters. This sum agreesfairlywellwith the total alpharesults,even
for those samplescontaininghigh dissolvedsolids. The poor R.PDsfor the solids samplesare
attributedto sampleheterogeneityandhigh solidsloadingon the countingplanchet.s.

The total beta activityresultsareconsiderablylessaffected by massloadingthanthe total alpha
results,andthe much higherbetaactivityin thesesamplesallowsa smalleraliquotthanalpha
counting requires. The duplicatebeta resultsagreewithinexpecteduncertaintyfor allsamples
except AW-101 supernatant(aswith allthe analytesfrom the aciddigestion,as noted previously).
The SAL process blankshavebeta activityfour ordersof magnitudelessthanthe samples. The total
beta activitiesshow good agreementwith the sum of the beta emitters(i.e.,mainlyCs-137 plus
2 times Sr-90)for allsamples. N.1of the total alphaandtotal betamatrixandblankspikeswere
recoveredwithinthe acceptancecriteria.

Plutonium Americium,andCurium

Plutoni~ arnerichuqand curiumwere separatedfrom the SAL preptitions usingEichrom TRU
resinaccordingto procedure PNL-ALO-417. The separatedfractionswere mounted for AEA by

‘ co-precipitationon a neodymium fluoride (NdFJ)carrier(procedurePNL-ALO-496). Absolute
4.3

,,.-?..:.’, ,., ... .=T7-



activityof the alphaemitterswas calculatedusingPu-242 andAm-243 tracersaddedto the sample
aliquotsatthe startof the chernistryinthe radioamilyticallaborato~. Plutonium-239+240 and
Arn-241makeup most of the alphaactivhyof thesesamples. The AN-Io7 sampleshave about
10 times asmuch Am-241 as Pu-239+240. .

The SAL process blanksindicateddetectableplutonium,but the activitieswere so timeslower than
the lowest sampleand five orders of magnitudelessthanthe highestsample. Two SAL process
blanksand both laboratoryreagentblankshave slightlydetectableAm-241, far lessthan anysample
except AW-101 supernatant,which also hasverylittleplutonium,americiumand curium. The
highestSAL process blankis about 10% of the activityof the AW-101 supematant.

The RPDs for the Pu-238 resultsfor AW-101 solids andAN-107 solids areoutsidethose expected
from the countinguncertaintiesand inexplicablyout of linewith the close agreementof the Pu-239
andArn-241 results. Many of the RPDs for sampleAN-107 solids exceed 20% (e.g.,total alpha
activity,Eu-154,and Pu). However, thereis excellentagreementfor total beta activi~, CS-137,
Sr-90,anduranium. Cmwuninationfrom the SAL hot cellsdoes not explainthis discrepant. Ml
of the Pu-239 andAm-241 matrixspikeshad acceptablerecoveries. No matrixspikewas prepared
for curium.

uranium

Uraniumwas measureddirectlyborn dilutionsof the SAL fusion preparationsby kinetic
phosphorescence following procedurePNL-AL04014. The SAL process blankshave detectable
urani~ but considerablylessthananyof the samples. The duplicatesagee well in allcases. No
uraniumwas detectablein anyinstrumentor reagentblanks. All eightinstrumentcheck standards
demonstratedrecoveriesbetween98% and 102YO.The uraniumresultfi-omkinetic
phosphorescence compare verywellwith the ICP resultswherethe uraniumconcentrationis above
the ICP MDL.

Strontium-90

The Sr-90analyseswere conducted accordingto procedurePNL-AL0476, which utilizesSr-Spec
resinthatcontainsa crown-etherfor the selectiveextractionof strontiumfrom the radioactiveand
inactivematrix. After thorough washing,the strontiumis back-extractedfrom the resinwithwater.
The wateris dried onto 2-inch planchetsand countedwith a gas-flow proportional counter
accordingto procedure PNL-ALO+84. Radiochernicalyieldswere determinedwith a Sr-85tracer
counted by GEA accordingto procedurePNL-ALO-450. The beta count rateis corrected for the
interferencefrom the Sr-85tracerandY-90 ingrowth.

The sampleswere analyzedin two batche~the supematantswere analyzedin one batch andthe
solids materialanalyzedin anotherbatch. No analyticalproblems or anomalieswere noted during
the course of analysis.The RPDs betweenthe samplesand duplicateswere equalto or lessthan
13%, wellwithinthe acceptancecriteriaof 20%. Contaminationapparentin the process blankswas
nominallyfour orders of magnitudelessthanthe Sr-90detectablein the samples. Thus
contaminationfrom the SAL hot cellshasno effect on the reportedresults. Samplematrixspikes
and blankspikeswere preparedin the radioanalydcallaborato~ andwere processed with the sample
batches. The blankspikerecoverieswere excellentat 100% and 97Y0. Two matrixspikesresultedin
recoveriesof 1070hand 96°h.
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The AW-101 supematantsampleshaveno detectableSr-90by thismethod. Al@ots for Sr-90
analysiswere chosen by estimatingSr-90activityfrom thetotal betaactivitycounts;however, the
beta from these samplesis essentiallyallborn CS-137. The 0.5 @mL detectionlimitobtainedis
withina factor of threeof the 0.15 pCi/rnL MRQ requested. Due to the cost impact for reanalyzing
additionalaliquotsandthe minimalusefulnessof loweringthe Sr-90reportedvalues,no additional
Sr-90analyseswere performed.

C&urn Isotovic Analvsis

halytical samplesfor cesiurnisotopic analysiswere preparedby aciddigestionof the supematants
andwaterleachingof the solids. The cesiumwas separatedfl-omthesesamplepreparationsby
cation exchangechromatography,then analyzedfor massratiosby TINE following procedure
PNL-AL0452. All sampleshad essentiallythe samecesiumisotopic ratiq i.e.,CS-133: CS-135:
CS-137ratioof approximately59%: 16%: 25V0.

For determiningg the total cesiumconcentration,the GEA CS-137resultsareconvertedto unitsof
pg/mL for supematantsand yg/g for solidsusingthe specific activi~ of CS-137 (i.e.,86.84 pCi
CS-137per pg CS-137). The atom percentof CS-137born the TIMS is used to convert to total
cesium.

Blankspikesand matrixspikesarenot used for thesemeasurementssince absolutevaluesare
calculatedby comparison of the massratiosto the CS-137gammaenergyanalysisresults. Since
naturalcesiumis mono-isotopic, cesiumisotopic standardsarenot cornmerciallyavailable.

4.3 Anion Analysis by Ion Chromatography- Table 3.4

The AW-101 andAN-lo7 dilutedfeed supematantswere diluted5-fold to 15-fold duringthe
preparationof the samplesin the SAL, andwere dilutedan additional100-fold to 1000-fold atthe
ion chromatography(IC) workstationto ensurethatallanionsof interestwere withinthe calibration
range. Solid sampleswere leachedusingprocedure PNL-ALO-1O3 resultingin a SAL dilution
factor of approximately50 for eachsample. The leacheswere dilutedan additional100-fold prior
to analysis.The supematantsand leach solutionsfrom the solidswere analyzedby IC for inorganic
anionsper procedure PNL.-ALO-212. Bromide, nitrite,and oxalatearenot analytesof interestfor
the dilutedfeed material,and arereported for informationonly.

Matrixspikeswere preparedatthe IC workstationimmediatelyfollowing the dilutionand leaching
in the SAL. Except for the fluoriderecoveryfor AN-107 supematant(99-0645),allmatrixspikes
and blankspikesdemonstmtedrecove~es between78°Land 100°h. The fluoriderecove~ for
99-0646was 520A,significantlybelow the acceptancecriteriaof 75% to 125?10.This poor recovery
is largelydue to the inabilityto deconvolutethe fluoridepeak from interferingpeaks. Interferences
from suspectedorganicanionsareprevalentin nearlyallsamples. Basedon the inabilityto
deconvolute interferencepeaksandthe demonstratedpoor matrixspikerecove~, the reported
fluoridevaluesfor allsamplesshould be consideredthe “upper” bounds for the fluoride
concentration.

AUsamplesexcept AW-101 solids (99-0646)were analyzedin duplicate. There was only enough
materialavailablefor a singleleachingof sample99-0646. Where both the sampleand duplicate
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results are above the EQL (i.e.,for IC the lowest calibrationstandardadjustedfor processing and
analyticaldilutionsfactors), the RPD is 10?4oor lessfor allsamplesand for allanions.

In comparingthe phosphorus resultsbetweenthe ICI? (asP) andIC (asPO~3),the IC resultsare
consistentlydouble the resultsfrom the ICP. However, the IC resultsareobtained from very high
dilutions,resultingin phosphate “measured”valuedonly slightlyhigherthanthe instrument
detection limit. The high dilutionswere requiredto control column overloadingdue to the high
nitrateand nitriteconcentrations. Column overload resultsin retentiontime shiftsand peak
distortion,impactingthe accuratequantitationof the detectedanions. Near the instrument
detection limitthe phosphateresultshave avery highuncertainty(e.g.,factor of 2); thereforethe IC
resultsshould be considered only as an indicationof the magnitudeof the phosphorus/phosphate
concentration.

As requiredby the governingQA PlaiI,mid-rangeverificationstandardswere analyzedatthe
beginningof the analysis,afterevery 10injections,and atthe end of the analysis.For allreported
resultsexcept chloride, allanalytesof interestwere recoveredwithinthe acceptancecriteriaof 90%
to 110°hfor the verificationstandard.All chlorideverificationstandardsrecoverieswere within,
88% to 90%. Unfortunately,thislow recoverywas not recognizeduntilafterthe completion of all
the analyses. The low recoveryis suspectedto be dueto anunknown errorassociatedwith
preparationof the mid-rangeverificationstandard. Following the analyses,freshmid-range
verificationstandardsolutionwas preparedand analyzed resultingin recoveriesin excessof 950L
for chloride. Sincethe availabilityof additionalsamplewas limitedandthe verificationfailurecould
be tracedto an inaccurateverificationstandar~the resultshavebeen reportedas analyzed. Since
the low chloride recoveriesdemonstratedon the mid-rangeverificationstandardaresuspectedto be
from a preparationerror,no biasis suspectedin the repotied chlorideresultsfor the samples.

4.4 TOC/TIC Analysis by Hot Persulfate/Coulometry - Table 3.4

The analysesof the AW-101 andAN-107 dilutedfeed sampleswere done by the hot persulfatewet
oxidation method PNL-ALO-38L Although an alternatefurnacemethod was available,,the limited
samplequantityandthe governingtestplanrestrictedmeasurementto one method. Basedon
analyticalinformation from both the dilutedfeed (i.e.,oxalateby IC) andthe asreceivedmaterial
(i.e.,oxalateand fon-nateby IC reportedin PNWD-2461) the major carbon components appearto
be oxalateand formate. Both oxalateandformate demonstratereasonablerecoveries (e.g.,>90%)
when analyzedby the hot persulfatemethod. Although the furnacemethod typicallyprovides a
bettertotal carbon resultson difficultto decompose organicsalts,the hot persulfateresultsare
considered accuratewithinthe acceptancecriteriaof the governingQA plan.

The hot persulfatemethod uses acid decomposition for total inorganiccarbon (TIC) and acidic
potassiumpersulfateoxidation at 92-95 “C for total oi-ganiccarbon (ToC), allon the sameweighed
sample,with total carbon (1’C) beingthe sum of the TIC andTOC. Per the analyti~ method
sampleresultsarebias corrected for averagepercent recoveryof systemcalibrationcheck standards
and arealso corrected for contributionfrom the systemblank The TOC/TIC resultsarethe only
resultssubjectedto this bias correction calculation.

The QC for the methods involves system~bration blanks,systemcalibrationstandards,sample
duplicates,andmatrixspikes. The QC systemcalibrationstandardswere allwithinacceptance
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criteri~with the averagerecoverybeing 97% for TIC and 100?4ofor TOC for the supematant
analysisand 96°/0TIC and 98°hTOC for the solidsanalysis.

Due to the limitedquantityof dilutedfeed sampleavailable,the solids fraction from AW-101 was
not analyzedin duplicateand no spikingwas performed on eitherthe AW-101 or AN-107 diluted
feed samples. The TIC andTOC RPDs for the AN-107 solidswere wellwithinthe acceptance
criteriaof 20V0. For the AW-101 andAN-107 supematantsthe TIC andTOC RPDs were less
than7% when the sampleand duplicateexceed five timesthe MDL.

The AW-101 andAN-107 dilutedfeed supematantswere analyzedin an analyticalbatchwith
AW-101 andAN-107 asreceived supematants. one of the “as received” sampleswas chosen for
the batch matrixspikeand demonstrateda recove~ of 103% for TIC and 99% for TOC. No
matrixspikeswere performed on the dilutedfeed supematants.

4.5 Technetium-99 Analysis by Inductively Coupled Plasma/Mass Spectrometty - Table 3.4

The Tc-99 analyseswere performed by ICP/MS per procedurePNL-ALO-281. For the
supematants,the Tc-99 was analyzedon both the acid digestionsandwaterdilutionsof the
supematants. For the solids,the sampleswere preparedby KOH-KNOJ fusion prior to analysis.

The RPDs from both AW-101 andAN-lo7 supematantsand solidswere lessthan 15%; well within
the acceptancecriteriaof 20%. No Tc-99 matrixspikeswere prepared however, post spikeswere
preparedand analyxd atthe ICP/MS workstation. The post spikerecoverieswere slightlyon the
high side,rangingfrom 106% to 115°L,but wellwithinthe acceptancecriteriaof 75% to 125°/0.

The reportedTc-99 resultsassumethatthe rutheniumpresentis exclusivelyfission-product
ruthenium,andtherefore does not haveanisotope atmass99. The calculatedresultsassumethat
everythingobserved atthe mass99 is due to technetium. The observed rutheniummassspectraare
not typicalof naturalrutheniumand areconsistentwithspectraobserved in previoustankwaste
analyses. Therefore, the assumptionthatobserved mass99 is primardytechnetiumshould be valid.

The Tc-99 supematantresultsfrom the acid digestionappearto be slightlyhigheron averagethan
the Tc-99 resultsfrom waterdilutionof the supematants;however, additionalsamplingis required
to verify if the differenceis statisticallyvalid.

4.6 Free Hydroxide and pH Analysis - Table 3.4

Analysisof free hydroxidewas performed following analyticaldilutionof the supematantsin the
SAL. The AW-101 andAN-107 dilutedfeed supematantsampleswere analyzedaccording~o
procedure PNL-ALO-228. The sampleswere titratedwithNIST-traceablehydrochloric acd.
@dity control check standardswere preparedfromNIST-traceable sodium hydroxide. The
accuracyof the check standardsmeasuredwithin2.4°/0of thetrue hydroxideconcentration.

The free hydroxideis calculatedfrom the firstequivalencepoint on the titrationcurve. To verify
thatthe hydroxideequivalencepoint was the firstequivalencepoi.n~AW-101 supematantwas
spikedwith sodium hydroxidestandardthe firstequivalencepoint was identicalto thatof the
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sample (i.e.,pH = 10.27). Recovery of the matrixspikewas 100.2%. The reported RPDs for the
free hydroxideresultsfor theAW-101 andAN-107 supematantsarelessthan4%.

The pH measurementswere performed in duplicateon theAW-101 andAN-107 supematantsper
procedure PNL-ALO-225.
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5.0 Method Detection Limits &Minimum Reportable Quantities

The MDLs for specific analytesof interestvarysignificantlybased on the proceduresused for
preparingthe samplesfor analysis(e.g.,acid digestion,fusion), the samplesize tak~n-forthe analysis,
requireddilutionsfor ALARA safetyconsiderations,andthe magnitudeof interferinganalytes.For
the work presentedin this report, efforts were made to optimizethe samplepreparationparameters
(e.g.,minimaldilutions). Table 5.I provides a directcomparison of each analyteMDL to the target
mi.nirnumreportablequantity(h@) provided by BNFL. The MDLs arenominalvaluesbased on
averagesamplesizesused for analysisof the AW-101 andAN-107 dilutedfeed samples. The
MDLs arepresentedfor both liquidsand solids. Where solids arepreparedby both acid digestion
and fusion, both the acid digestionMDL andfusion MDL areproyided for comparison. The
MDLs thatareshadedand boxed with double linesexceed the BNFL requestedMIQ.

As is evidentfrom the Table 5.1, some analytesof interesthavenot been measuredatthe target
MRQ. As would be expected due to high preparativedihtion factors, fusion preparationshavethe
largestquantityof MDLs not meetingthe targetMRQ. For AW-101 andAN-107, this is not a
significantproblem, sincethe acid digestionof the solidsprovides an apparent100?4odissolution.

Many of the highMDLs from the fusion preparationarewithina factor of five of the targetMRQ;
specifically,calcium,cadmium,copper, iron, uranium(by ICP), CO-60,Eu-154, Eu-155, andtotal
alpha. With furtheroptimizationof samplesize and analyticaldilutions,these fusion MDLS may
improve sufficientlyto meet the targetMRQs. However, the fusion MDLs for cobalt, molybdenum,
and zinc arefrom 8 to 15timeshigherthanthe targetMRQs, andit is unlikelythatfusion
preparationcan be optimized to thisextent. The samplesfor GEA requireddilutiondue to the high
activityfrom the Cs-13fi.therefore, the other radionuclidesmeasuredby GEA (i.e.,CO-60,Eu-154,
Eu-155, andAm-241) did not meet the targetMDLs.

The solids acid digestionMDLs for cobalt,molybdenum,andzinc arewithina factor of three of the
targetMRQs, andwith additionaloptimizationof the digestionpreparationthese MDLS maybe able
to be reduced. Also, the MDLs for TIC andTOC for solidsareabout a factor of two to three
higherthanthe targetMRQs. The TIC andTOC MDLs canbe reduced by increasingthe solids
samplesize although,ALARA considerationsmakethis approachquestionable.

For supernatantanalysis,only potassiumand chlorideMDLs areabove the targetMRQs. The
liquidacid digestionMDL for potassiumis about a factor of threehigherthanthe targetMRQ, and
additionaloptimizationmay be ableto improve the MDL. As for chloride,it is unlikelythatthe
MRQ of 3 pg/rnL can be achievedconsistentlyon tankwastesupernatantsby usingIC asthe
analysismethod. The presenceof other anions (particularlyve~ highnitrate)requiressignifkant
dilutionof the samplesprior to analysisto preventIC column overloading. This requireddilution,
andthe often presence of interferingorganicanions,significantlylimitthe chlorideMDL.

5.1

~. -,-< ,. ..,- . ,, .-,.. ..,..,’TV=A- --



Table 5.1 Comparison of Measurement MDLs to’ Target MRQs
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